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To: Users of CPR~GS programs 

From: Frances C. Bernstein 6/7/76 

7600: From now on, our standard 7600 program binaries will be maintained 
in the following places: 

1. SN=CHEM ID=CPR~GS 

2. SN=ISTRY ID=CPR¢GS 

3. main catalog (SN=SYSTEM default) will have only 

ACCESS , ID=ZZGCPR~GS 
CALCMP , ID=ZZGCPR~GS 
SETCMA , ID=ZZGCPR~GS 
RMC~PY , ID=ZZGCPR~GS 
CPR~GS , ID=ZZGCPR~GS directory 
MAKBIN. , ID=ZZCCPR~GS 
MAKBCDS, ID=ZZGCPR0GS 
MAKBCDL, ID=ZZGCPR0GS 
WHATIS , ID=ZZGCPR~GS 

4. Tape· (.7 track) 

Thus there are two common ways to use the programs~ 

1. Attach the programs from a private pack or from the 
main catalog if it is known to be there. 

2-. Use ACCESS to find a binary and put it in the catalog. 
In this case it is important to know that 
ACCESS will no longerbe available with ID=CPR~GS. 
Thus one must 

ATTACH(ACCESS,ID=ZZGCPR~GS) 

and then ACCESS(_, ID=CPR0GS) • 
This will search for the binary in the following order 

1. ,ID=CPR0GS 
2. -, ID=ZZGCPR¢GS 
3. ~,ID=CPR~GS, SN=CHEM (or ISTRY) 

if CHEM (or ISTRY) is mounted 
4. Tape 

When the binary is found it will be put in the main catalog 
(under ID=ZZGCPR~GS) with the account number of the job 
doing the ACCESS. The default retenti:on period, in this 
case, is one day but a longer retention period may be defined 
on the ACCESS card by the RP parameter. Note that permanent 
file storage is very expensive. 

At present, if ACCESS has to use a tape to find the binary 
(i.e. if a pack is not mounted) it is able to use a tape 
even if the job has TPO on the job card. 



6600: The following· 6600 binaries will be maintained in 

ACCESS ' ID=CPR¢GS 
CALCMP , ID=CPR¢GS 
SETCMA , ID=CPR¢GS 
RMC¢PY ' ID=CPR¢GS 
EDIT ' ID=CPR¢GS 
BUPD140, ID=CPR¢GS 
MAKBIN , ID=CPR¢GS 
MAKBCDS, ID=CPR¢GS 
MAKBCDL, ID=CPR¢GS 
CPR0GS , ID=CPR¢GS directory 

As in the past any other binaries are obtained by 

ATTACH(ACCESS,ID=CPR¢GS) 
ACCESS(_. _. , ID=CPR¢GS) 

the main catalog 

and it is necessary to specify MTl on the job card if the tape 
will be used by ACCESS. 

F<>r furth~r information please consult the ACCESS writeup or e:pcak to 
F. Bernstein or H. Bernstein. 

J 
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General Notes 

1. Anyone who wishes to receive additions and corrections to his/her 
copy of the CRYSNET manual .should complete the attached form and 
include 20 removable labels with address typed on. An attempt will 
then be m&de to keep all such manuals current. 

2. Please notify Frances C. Bernstein, Thomas F. Koetzle or Herbert J. 
Bernstein of any errors or problems in the use of this manual or 
any programs described. 

3. Most writeups which include control cards show 

ATTACH(_, ID=LPR¢GS) 

to localize binary of the desired program. Because of heavy 
permanent file changes most programs can no longer be localized 
in that way. The following is a brief description of the new 
procedure for each machine. 

7600: Using the disk pack one must put YDl as one of the 
parameters on the job card, i.e. 

J¢B,CP70,YD1. 
ACC¢UNT( . · ) _,_ 
M¢UNT(VSN=CUEH0l,SN=CHEH) 
ATTACH(_, ID=CPR¢GS , SN=CHEH) 

One may currently use TPO which indicates no tapes 
for such a job provided there are no other uses of 
magneti~ tape. Mounts are usually performed very 
quickly but,. if· large charges are imposed for them, 
one may have to use ACCESS as follows 

J¢B,CP70. 
· ACC¢UNT (_· ;_) 

ATTACH(ACCESS,ID=CPR¢GS) 
ACCESS(_,ID=CPR¢GS) 

ACCESS will bring the program in from tape and CATAL¢G 
it if the binary is not ·already in the catalog. Because 
tape might be used one may not specify TPO on the job 
card unless one is certain that the binary has already 
been put in the catalog. 

6600: One must use ACCESS to bring binary in from tape unless 
it is already in the catalog 

J¢B,MT1. 
ACC¢UNT( · · ) _,_ 
ATTACH(ACCESS,ID=CPR¢GS) 
ACCESS(_, ID=CPR¢GS) 

The MT parameter specifies the maximum number of 7-track 
magnetic tapes in simultaneous use for the job and may 
need adjustment for a particular job. 



4. DISP~SE is of great use in directing files to a given terminal and 
in segmenting these files. See enclosed memo. 

2 

5. The source code for all the programs is available on an ~LDPL using 
CDC UPDATE. The ~LDPL is. available on magnetic tape C206 (record 
type S must be specified on the 7600). The ~LDPL is also on the 
7600 disk pack as ~LDPL,ID=CPR~GS and is also record type S. 



Hailing List for CRYSNET Manual 

I wish to receive updates to the CRYSNET manual. I have included 
20 prepared mailing labels. 

Name and address: 

I no longer wish to receive updates to the CRYSNET manual. 

Name and address: 
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CRYSNET MANUAL 
____ 0_4./13'/7 6 -----~I~NTRODUCTION 

l'NTAODUC"--'T'-"I~O-'-'N _____________ _ 

THIS MANUAL DESCRIBES THE HARDWARE AND SOFTWARE WHICH TOGETHER MA~E UP 
THE CRYSTALLOGRAPHIC COMPUTING NEtWORK fCRYSNET), ·THE MANUAL IS 
INTENDED AS A USERS GUIDE AND ALSO PROVIDES .GENERAL INFORMATION FOR 
PERSONS WitHOUT ANY EX-PE-RfENC-EWITH THE SYSTEM, ------

CRYSNET IS A NETWORK OF INTELLIGENT REMOTE GRAPHICS TERMINALS (FIGURE 
I~i) TH~T ARE USED TO COMMUNICATE WITH THE CDC CYBER 70/76 'COMPUTING 

----s=Y-:-:;;;S-TEM ~T THE BROOKHAVEN NATI-ONAL LAf30RATORYCBNL-,cEN71fiLS_C_fENT"I'""F-I .. C..--
COMPUTING FACILITY rCSCF), TERMINALS ARE IN ACTIVE USE BY FOUR ·RESEARCH 

----G=R.-.OUPS lNTH~Ff~LD ,o·F-:cRYSTALLOGRAPHY, LOCA fE"DAT BNL, THE--lNSTI-TUTE ____ . -
FOR ·cANCER RESEARCH ~lCR), JOHNS HOPKINS UNIVERSITY, AND TEXAS A ~NO 1M 

-----=-u=NIVERSlTY, .A"FTFTH GROUP--;Al THrliforCAL -F-OUNDATION OF-BUF-FALO.-torA-=s--
USEO A .TERMINAL WITHOUT GRAPHICS CAPABILITY TO COMMUNICATE WITH BNL ·ON A 

-----~L-=E=s=s~FREQUENT BASIS THAN THE FOUR GROUPS MENTIONEo-ABOVE, 

A PROTEIN DATA BANK HAS BEEN ESTABLISHED AT BNL, TO ·sf<frfE-IN 
MACHINE~READA8LE FORM ATOMIC ·cooRDINATES AND OTHER CRYSTALLOGRAPHIC DATA 

----=,=o=R--:M,..,-A.-::C=--RoMOLECULES, THE DATA BAN~ OPERATES IN COLLABORATI·ON WIT:H ·THE 
CRYSTALlOGRAP~IC DATA ·cENTRE ~CAMBRIDGE, ENGLAND), AND DISTRIBUTES DATA 
UPON REQUEST 'TO MEMBERS OF THE-SCIE.NT-frt~C COMMUNITY:---THE-~BANKClH~-R-EN-TL_Y_. 
INCLUDES DATA FOR MORE 'THAN 20 PROTEINS, THIS STRUCTURAL INFORMATION 

-----=c.-A .. N-EfEA'CCC:SSE-DAT BNL O-flfEC-TTI8Ytl1EC-RYSNE-tGRTP1flCS_T_E-~toH-N1H:-s .----

MORE 'THAN T~O YEARS OF ~XPERIENCE HAS BEEN ACCUMULATED WITH CRYSNET, 
DURING THIS PERIOD, IT ~AS BEEN DEMONSTRATED THAT THE TERMINALS, WHICH 

--PtfOVTD-~Ac-c·rs-r,.-o A L AME"fFAS'IfffiR'D-;.-G-mE-RA'rroN--:-c·o-MPU lE-RtP-CUS 
STAND~ALONE DNTERACTIVE GRAPHICS CAPABILITY, ARE -USEFUL FOR COMPUTAT~ONS 

----.I<T;N,....,_,.,..C....,RY_S_'r.Al:LCfGlrA"PR Y , A1fi1JfN-A\J7fR_IETY_O_rOTHE R-AP-PCI'"CA-TTO·Nri·s--w ELl: , 
BATCH AND INTERACTIVE JOBS MAY BE ·RUN FROM THE 'TERMINALS ON THE :CYBER 
70/76, 'THE TERMINALS CAN ALSO BE USED TO COMMUNICATE-W-ITH C(}~lPUT-tNG.----
CENTERS 'OTHER THAN THA.T AT BNL, ALTHOUGH IN THE CASE Of' NON.CDC .CENTERS 

----T=A~I s--RE"QlJTRE S THrAC"CWrS IT I OPrO'FfWP'R'O.FR'rA""T£AO-O'TTTO'NA"LC"0P'~ON"rc-A-TTO·N·s~
SOFTWARE FOR 'THE 'TERMINALS~ ·sMALL:COMPUTATIONS ARE CONVENIENTLY .CARRIED 

----...ourOJrTJiiE TE~ MTfif~IliiTC-ar.tPUT£R-s-THElifS£1:VE'r,-ANIJA"LTErFrA"R"rC1rSUIT~Bl:'E-
ROUTINES FOR :CRYSTALLOGRAPHIC CALCULATIONS HAS BEEN ASSEMBLED, -----------------

INTERACTIVE GRAPHICS IS NATURALLY OF GREAT UTILITi FO~ THE EXA~INATION 
0~-01:£'Clf0(~S'TRUCIUR'E"r.-WrTlri'Ht.~-g-a,-TWA_R_E'_PR-OOUCED-F'OR-Tffr-C"R Y.SNE"T 
TERMINALS CPOP 1ij40;VECTOR GENERAL COMBINATION), IT IS POSSIBLE TO 

----..0-rs-Pl:"ArQ U IT E C.lRUr-STRUCTOR'£s-1frTFruP-T<rSE"VER"~LTHO-US'.lNo-.lTO'I~ s·-,--------
STARTING FRO~ A LIST OF ATOMIC 'COORDINATES~ MODELS CAN BE VIEWED IN 
STEREO, :MAtifPiULA.TE-0 I1N REAL TI1'4E, AND-ROTA,.-~0-fOP-RO[)lfC-rA-RE-ALfS·t-rc,.-----
KINETIC~DEPTH EFFECT~ SOFTWARE HAS BEEN DEVELOPED TO DISPLAY MOLECULAR 

-----.~-OUE'Cr5UP.ElHffl·p·o-sE D-UP·o·rc-ONTO"UR.EIJEl:'E'C"TR-Olr.OEN'S'IT·v-r.t-AP'S-, -A;N D-T.H'I'S ---
••ELCTRONIC RICHARDS BOX" PROGRAM IS CURRENTLY BEING USED ~N ~TTEMPTS TO 

----FTTAPlC1D·E~O'FI'HEPJR-OTE'IlrS-T'A PAYCOc·o·c-c"Ac-NOC'CE'A-SE-T'O-rTS ---
HIGH~RESOLUT~ON ELECTRON~DENSITY MAP. THUS, IN ADDITION TO MANY 

----·l:fElfOWS'Ffff£'0---:-JIWArrTA"GC:S-r'O R T A E 0 rs-Pl:Av-oF""STR U CTUR A L R-E-Slll:'T-S , · TA ~
CRYSNET GRAPHICS 'TERMINALS ARE PROVING TO BE USEFUL IN THE SOLUTION .NO 

------..RE"F'fffE"MefrT-O'FS-T-RU c·Tu FfE-S • 
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THE PRESENCE OF THE CRYSNET TERMINALS IN A CHEMISTRY DEPARTMENT, TWO 
BIOPHYSICS DEPARTMENTS, AND A CANCER RESEARCH CENTER, HAS LED IN THE -
RELAtiVELY SHC~T SP~N OF 'TWO AND A HALF YEARS TO 'THE EXPOSURE-oF 
SCIENTISTS FROM A RANGE OF DISCIPLINES TO MINICOMPUTERS AND COMPUTER 
GRAPHICS, A !NUMBER •OF EXCITING NON.CRYSTALLOGR.APH IC APPL IC.ATIONS-OF ______ 
GRAPHICS HAVE BEEN EXPLORED, THESE INCLUDE THE STUDY OF 
CHEMICAL·REACTION PAlHWAYS, DISPLAY OF THEORETICAL ELECTRON.OENSITY 
MAPS, EXPLORATION OF ·MOLECULAR CONFORMATIONS _DEDUCED FROM ·NMR OATAt #~NO 
A VARIETY ~~-EOAGOGtCAL USES, 

TR~r~PLE"~e·N-t-A T I ON -C-FC-RYSNE-THA-s-rRYOL VEb-AI:ARGE_C_()tiU.rfl~E-N'IT--0 
DEVELOP GRAPHICS ·sOFTWARE WRITTEN FOR A PARTICULAR TERMINAL HARDWARE 
CONF 1GURTtTON, . SINCtCOMPUTE:R GRAPHI""C-S HARWA-RE IS EVCfLV fNGRAProrv9fT 
HAS BEEN IMPOf;TANT TO MAKE THE SOFTWARE ADAPTABLE TO OTHER HARDWARE 
CO'NFTGlJ'RA.TT(rffS ~.-. fFfE"R'El~crR-r.-T-HeDE"Cl-S10N WA-S-~DE TO w·t:rt,..TEAS-r4U_C_H_OF _____ 
THE GR~PHICS ;SOFTWARE AS POSSIBLE IN A HIGHER•LEVEL LANGUAGE, NAMELY 
rcrRT'~AN ·• T Frr-rO~CTSTO-N""'WA_S_P_A'V_E_[J.O-FftAI'I[JT'R~B-A-STC~O'CE-CULAR-OTSP.LA·v- --
PACKAGE FOR 1HE POP l l/VECTOR GENERAL SYSTEM HAS BEEN MOO IF lEO ·r.o RUN 
IN TE-RACfiVELY ONTHE:"'ClrC 6600, AND-'fODRAW Pl-C'TUfrE-s-:-oR-A-fEKlFfO'RlX 
STORAGE.;;TUBE 'TERMINAL AT ~OHNS HOPKINS~ SOME OF THE GRAPHICS ROUTINES 
HAVE ALSO BEEN MOO IF I~D TO RUN ON A NOVA COMPUTeR. 

I'fr'TAE S 0 C'CE"~lJI'}IiG:S'eC'T-fO NS o·rT-fff51Ulii1TALtWe:-lfrt.:'LD-E-Sl:-RTB.elN_S_O_tt1e:---
DETA tL 'THE TEf;MINAL HARDWARE 1 TI-lE ACTUAL OPERATIONS OF THE TERM I;NALS, 
OPERATIONS OF THE BNL CENTRAL rACILITY, AND GIVE DOCUMENTATION OF THE 
TERMINAL AND :CENTRAL-0:.S I TE SOFTWARE·, 

r CRYSNET IS 10NE OF A NUMBER OF PI·ONEERlNG EFFORTS IN THE 1USE OF 
--~""-o-C ..... O.....,tt1POTER NEiWO'R~tN·a-y-rc·FfE"fH:-s·r~~N'O-BTo-c·FrEM'I'S-TRY, AN'[JlNVOl:VE'S-A' 

COMPLEX ·coLLABORATIVE EFFORT AMONG SEVERAL INSTITUTIONS·, 
----A~C""'K=N.iO:.,..,W.;..,..L~EMElNT IS DUE JrOlrTHESP"ECIAL CONTRTB..,.u=T.,.I .... O'"'N:-:S-=-...-TO..-=-:C'"'R'""Y:.-.S'""NT.liE"'"T.-..•O .. F ___ _ 

LAWRENCE Ce #INDREWS, ~HELEN M, BERMAN, FRANCES C, BERNSTEIN, HERBERT ~. 
-------.B'£RN'STEl:w;-<JRT!1Alrrr."C"'AflP-B'EL~C-AR'R'ELLt. H-;-s-;-clfi ANG...,-wACTE_R_C • ·~--

HAMILTON, ~ON~THAN C~ HlNSON, DANIEL D~ JONES, DAVID KLUNK, THOMAS F, 
·---f(OETZLE, EDuA'Frr';rifEYE R, •C'A_R_L~M'O'RnfC·T-cr;-sus-~ur~sEV·IAffi_R_e_IUNG---=----

STODOLAe MORRIS M·, STRONGSON, STANLEY M~ SWANSON, GRAHEME ·~. B, 
---~WfLLIAMS, AND THOMAS v. WILLOUGHBY, IN ADDifiON TO THESE-!N01V!OUALS, 

MANY USERS OF THE S~STEM HAVE, THROUGH THEIR COMMENTS AND ENTHUSIASM, 
----'KELP EO -c-RYSNE'IroG_R_Oi ·• . TA~E·r;-CR'IS_O_F-AU-T'FfES-Elfs·E-RSAR-~OE-EP.t:-.-Y~----

APPRECIATEO. 

ANY COMMENTS OR CRITICISM SHOULD BE DIRECTED TO 

CRYSNET PRO~ECT 
· B RO C~H AVEl'rNA-'ri-crt\fA-LLA'EfO.RT'fO-R Y 

CHEMISTRY DEPARTMENT ---------------------.- ·rco-mcr~rs-s_A ______ _ 
UPTON, L.I~t NEW YORK 1i973 

OR -T~LEPHONE ;5i6~345~4379/~384 ON 'THE BELL SYSTEM (6640:.4379/4384 ON 
------~FTS), ----

-------------------------------------- ___ , 
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_______ C_R~Y-~~NET MANUAL 

04/13/76 
HARDWARE AND SYSTEM ·SOFTWARE ·------------------------------------ ·------ --

1------------=I--=:.I~,_C-=.;R:._:_Y.:...:S=N--=E=--:T:.__:·T--=E~RM IN AL HARDWARE AND SYSTE_M SOFTWARE _______ _ 

THE HARDWARE CHOSEN FOR THE CRY~NET TERMINAL WAS SELECTED FROM 
f---- -C-0-MT·f£RC I-ALLY .AVAf'LA9LE-CCfMPONE-N'fs-. -tHOUGH--SOt•lE-OF--'fHE-0-Rl'GlNAC _______ ---

COMPONENTS OF THE TERMINAL ARE NO LONGER READILY AVAILABLE, THEY ALL 
r------.,;fA-vrcu R.R.ENT-FUtH:-t-roN AL-£-QU-tV-ALEN Ts·-. -I F·--o-N·E-ASSEM BLE_S_A __ TERM IN Al-~F R-OM ___ _ 

PRECISELY SUCM COMPONENTS, THEN THE EXISTING SOFTWARE WILL RUN WITHOUT 
AL TERAT I·O-N • I Ft:cfCAL REQUIREMENT-S MANDATE CHANGE-S, TH-ERE-fSV-E-RY-L iKE_t:Y __ _ 
TO BE SOME IMPACT ON 'THE SOFTWAREe RANGING FROM TRIVIAL CONVERSIONS OF 

r------... S..,.,U B-RO'O T-IJ.fE-SAlN"OOEVI-e-~C-FUVE-RS-;-iLLTA£ WAY T-0___,-T-OTALR E-C:-REAT·ro-N-.-0 F-THE ____ -
SOFTWARE PACKAGE~ WE WILL ATTEMPT TO ASSESS THE IMPACT OF SOME LIKELY 

I-----..CRANG'E's·. TH-tS--,-S'HOULC-ACLOw-nfr-R-E'AOER-T'O--EXTRAP-OLAT·E-TO--THE_,PRE'CfSE __ _ 
CHANGES ·ONE MIGHT CONTEMPLATE • 

ALONG WITH 'THE HARDWARE, SOME ·cOMMERCIALLY AVAILABLE SYSTEM SOFTWARE 
1------=p-A·' CK A-GES HAVE' EfE'ENO_B_TA-INEl>----;--T HE-SeSE RVE-AS_A_BASE ___ F_O R--TAE-RE-ST-0 F-TiHE --

SOFTWARE. SO~E NECESSARY CHANGES HAVE BEEN MADE IN THESE PACKAGES, SO 
r------.. T-FfEFfEWO'(J'(D-B'EA--NON.;,T-RTVrAL[MP_A_C_TWER-~ONE'-TO-SECECT-EVEN-DlFFERENT ______ _ 

VERSIONS OF P~ECtSELY THE SAME PACKAGES~ WE WILL ATTEMPT TO ASSESS. THIS 
r-----=t =M P ACrA-SWE LL AS THAT F-<fRMA"J:rD WA R'E~CH A N-c;-£ S • 

r------------------------------------------------
·1. ·OVERVIEW 'OF 'THE :HARDWARE 

THE M•JOR HARDWARE -COMPONENTS OF THE TERMINAL AREi 

M~NICOMPUTER WITH DISC AND MAGTAPE 
r---------~~.·~PLAY SYST~ 

CO~MUNICATIONS GEAR 
_PRINTER/PLOTTER 
CARD READER 

-~HE MINICOMPUTER SEES 'THE OTHER DEVICES AS PERIPHERALS, AND PROVIDES 
------,C'E~lTFf~C"ONTR-C'LO-FIM E I R· o-PUfA"ITO~T-H·~-C-o-titMUNTC·A-iro-Ns-GeA'Fr-PRO v·ro-E·s-AN--

INTERFACE BETWEEN THE COMPUTER AND A LINE TO THE CENTRAL COMPUTER. ·1HE 
------.,0:::-:;ISPLAY .syS'f'SVPROVHiES INTERACTIVE DISPLAY OriMAGE_S_S-TOR~C-ttrT-HE 

MINICOMPUTER. THE PRINTERiPLOTTER PROVIDES A PERMANENT RECORD OF THE 
----o r-sp·~~STa~rnu-uE"Se~RlJP'R-[N'T_E.IJRE'C1'fR_D_S_Otr'PR-O-GRAMSRUrE-fTAE-R---;-O'fii__,.TAE __ _ 

MINICOMPUTER 1CR AT THE CEN~RAL SITE·. THE CARD READER PROVIDES A MEANS 
-------:--.orus·E R D ATA!N.PUIT-<fll'fr-s-y·s·Tor.--TRr-~irJG-IAPe-o·N-THEfo4-fNTC 0 MPUTE'R-lS ___ -

ALSO USED FOR DATA !NPUT, ESPECIALLY FROM EXPERIMENTAL DEVICES ~NO OT~ER 
----=c=-oM=PUTERS-.-s--xNc~E""R-£15 NO Dt"RE'cr-cffOSS~CONNEC'fiONSETWE"Eir'tRE 

PERIPHERALS, IT IS POSSIBLE TO OMIT, SAY, THE ·coMMUNICATIONS GEAR AND 
-----.S-TTt:LFfAVE A VTA'B'CrDTS-P'l:"A-YSYSTEr.-~LTE.RN'A-TTV E'CvtO-NE-~A-rADD--:o·TfofE'R 

COMPONENTS, SUCH AS ·PAPER TAPE EQUIPMENT, WITHOUT LOSS OF T~E EXISTING 
----'FUftfCTfON's';-lll'fUrTAr-FrARU\IrAR~CO.NSTTTOTES-ARE'A_S_ONA-BL·V-STANO--ARD _________ _ 

INTELLIGENT REMOTE BATCH GRAPHICS TERMINAL~ -------------------
THE MINICOMPUTER CHOSEN IS A DIGITAL EQUIMENT CORPORATION CDEC) 

P-O'P~lt/4~1w.ERE-AR~-ANY-EQUIVAt::E_N_T_M'_A_Cl·fiNE'S-AV-ArCABCE-FRO~-o·T,~ER ___ _ 
VENDORs. ONCE ASSEMBLY LANGUAGE DEVICE DRIVERS FOR THE DISPLAY, 

-c-CTMJroNTCAITON's-G~A'R-,-oPEFfA-T'OlrC-ONs-m:EtAND-PRrNTE.R/PCOTTER-H'AVE -BEEN-
. CONVERTED, THE REST OF THE SOFTWARE SHOULD NOT PRESENT INSURMOUNTABLE 

---------------------------------------------------------------------- - -----
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PROBLEMS, SINCE IT IS WRITTEN LARGELY IN FORTRAN. THE PRINCIPAL 
REQUIREMENT I·S THAT ·ONE HAVE SOURCE OF-ESSEN-TIAL SYStEM PROGRAMS-;-:o-R 
ASSURANCE THAT THE DESIRED FEATURES ARE ALREADY PRESENT~ THE SINGLE -- MOST DIF-FTCULT TASK WOULD BE THE-CONVEFfSfONOF-THECOMMlHH.CATf<fN-s···cooE-;-----
THIS COULD EASILY ABSORB FOUR MAN•MONTHS OF A SKILLED PROGRAMMER. THE 

r--------,s=E;;-:;c=o,. .. ND--:rAsK WOULD EfE TO P-REPARE-A-SUPPO-RTPACKAGEFOR_T_H_E_DfS-Pl.lfy;-wHICH--
COULD REQUIRE ALMOST AS MUCH TIME • FOR SOME OTHER MACHINES, SUCH AS 'THE 

I-------=D--=-A=T7A'"""'G=E·NERAL I~OVA, PACKAGES FOR THESE PURPOSES ALREADY EXISr;-SHARPLY 
REDUCING THE :REQUIRED EFFORT • 

THE DISPLAY CHOSEN IS A VECTOR GENERAL 3D2. THIS DISPLAY PROVIDES 
1------=REAl~ffME Rot-~l'fON_O_F_DEPTH.;.-cU£"0-IMAG_E_SO-FVE~YfffGHR£-S-OLUTfON-. -MUCM_. --

OF THE DISPLAY SOFTWARE, WHILE WRITTEN IN FORTRAN, DOES ASSUME AN 
r---~A~R=c~H~ITeCfDRE .ALLOWING THE USE OF 3 BY 3 TRANSFORMS TO CONTROL THE~-------

PRESENTATION •CF A PREVIOUSLY DRAWN DISPLAY·. WITHOUT THIS FEATURE, 
~----=R=E--=-A~L~~trM-~TERACTION WOULD BE LOST, SINCE ·TH~ CPU CHOSENI1S-NOT~--------

POWERFUL ENOUGH TO -lOTALLY REDRAW IMAGES IN ONE FRAME TIME. THUS IT IS 
1-----.-L _..I K=E"'L-.Y;--:-,;;;;TH AT-:-oc NV E R S I;O N -TOAP 0 WERF'OLSVS-i'E M-Su Clr AS EVA NS ___ A_N b 

SUTHERLANDtS ·PICTURE SYSTEM WOULD BE POSSIBLE WITHOUT LOSS OF FEAllJRES. 
CONVERSION TO LESS POWERFUL DISPLAYS, SUCH AS TECTRONIX STCRA-(fE~-IUB-ES-;----
WOULO ~NTAIL .A LOSS ·OF MOST REAL~TIME INTERACTION. • 

-----

ADDITIONAL :coMPONENTS WERE CHOSEN FROM THOSE AVAILABLE WHICH HAD 
f-------.I-..N'"'T=E""RF'AC-ES TO THE PDP~l t/40. ft'-SHOULD-BrNOTE-OTHATTHEEQUfPMUn-wA·s--

NOT ·OBTAINED FROM A ·siNGLE VENDOR. THIS RESULTED IN A LOWER PRICE FOR 
SOME -coMPONENTS. IF ONE DOES NOT WISH TO FACETHEPROBLEMS o-,::-DEAL-I'"~N=G:----

1--
WITH MULTIPLE VENDORS, IT IS POSSIBLE TO PURCHASE ALL OF THE TERMINAL 

--T~OUGlftSAY, TRE-01-SPLAY V!ND-OR • MOA_£_S-£R-l0US-TliANP-lJR-CffASE-PR-OBCE-MS __ _ 
IN A MUlTIPLE VENDOR -SITUATION ARE MAINTENANCE PROBLEMS~ UNLESS ONE MAS 

r-------.E...-.:XIR"EJ4"ELrtm<Hri~FfOUsr-~£rN"TEWAiif~O"Nr-M"lfSIARR-A-~GE-CflNTRA-CTS-~OR 
SERVICE WITH :EITHER THE VENDORS OR A SERVICE ORGANiiATION. FOR THE 
COMPONENTS ·cHOSEN, SUCH 'CONTRACTS ARE AVAILABLE, ANOO-OS_£_£lrT-0---p·RO-\FUfE--
ADE~UATE COVE~AGE~ IF SUBSTITUTIONS ARE MADE ONE MUST CAREFULLY VERIFY 
THE AVAICABILITY ~SERVTCE. 

IN ADDITION TO ARRW<ftwrSERYICE FOR TH~SYSTEMtON~USIA~o-t:NSUR-E -
ADEQUATE SUPPLIES, POWER, ENVIRONMENTAL CONTROL, AND IN.;,HOUSE SUPPORT. 

· 2 • O'Y £RVT£WIOrtFfr-:-sys·T-EM-s-OFTi-ARE 

THE M~JOR SYSTEM SO~TWARE COMPONVfTS--OF THE TERMINAL AREI 

0 ts-c-0-PE"ifiirffG-SYSTE"Mfs-nr<JCEUSER J 
LOAQER WITH OVERLAY FEATURES 

~-------------aR'T-RANCOllP!LERA-N0-0B\IE-CI-iUi4rS'Y-ST-EM 
DtSPLAY SUBROUTINE PACKAGE ' 

~-------------~-OG~~rrc 

i'lfE--cfrsccrP-~~THlG_S_YS rEl~--PR-OVT[)tS1~-rlrA_S_r~OR-TH£_R_E s·t-or-THE 
SOFTWARE. IT PROVIDES DEVICE DRIVERS, A FILE SYSTEM AND OTHER PROGRA~ 

-s·eR·\rrcEs-F'UR~SI~GI:e(fS~-·. -TRE--.:-0-A-DE"Fr~ITA-0-VERLA_V_C_A_FlBII:IiiES--Al:Lo·ws-·-

LARGE PROGRAMS TO BE SEGMENTED FOR THE LIMITED ~EMORY OF THE COMPUTER. 

r1.;.2 
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THE FORTRAN COMPILER AND OBJECT T~ME SYSTEM PROVIDE THE SUPPORT 'FOR lME 
LANGUAGE IN WMICH MOST OF THE SOFTWARE IS. WRITT-EN. 'THE-OISPLA'r· 
SUBROUTINE PACKAGE PROVIDES THE INTERFACE BETWEEN THE APPLICATIONS :CODE 
AND THE DISPLAY. 

----·· 

THE OPERATIING SYSTE•M IS DECDOS/BATCH VERSION 9. TH ISO_P_ER A t-lfNG 
SYSTEM •HAS NO PARTICULAR ADVANTAGE OVER SEVERAL OTHER CURRENT SYST.EMS, 
BUT WAS CHOSElt\ AS THE ONE SUITABLE SYSTEM AT THE ·T-IME OF PURCHASE ·OF ·f~-
TERMINALS (J~NUARYt 1•973, • THE MOST SERIOUS IMPACT OF SUBSTITUTING A 
DIFFERENT--OPERATING .SYSTEM WOUU)B-E ON THE COMMUNICATlONSCOtlE. 
MULTI•USER SY.STEMS COULD BE CONSIDERED, BUT WOULD PROBABLY REQUIRE EXTRA 
MEMORY A·l~fOMOffEOISC--:--CXPACITY 'THANW-~AVE-PR'OVlDE_D.-. -THE __ C.ENT-RAL---:-s·ItE _____ 
COMtotUNICATIONS PROTOCOL IS NOT WELL SUITED TO UNATTENDED USE, AND THUS 
wOULDR.ECU I RE--rFO-FfeGR-OUND SLOT I:N A MULTiwUSER SYSTEM, 

THro-o·sinT-CH LOADER-ALLOWS B"'OT~S-[NG-CE.,--CEVELMANi.TALOVE'RLAY--:-s·e~EME-,--
WHICH IS USED BY MOST OF THE PROGRAMS, AND AN AUTOLOAD SCHEME WHICH r.s 
u·sE·[JBy--:-s-olif~C-O.tllVE'FfS-IOPrFR-OlrO'N~S-CREK~TO-THE-OTHER-CAN-Be-QUITE 

---

TEDIOUS ·BUT r.s FEASIBLE. 

THE F·ORTR•N COMPILER AND OBJECT TIME SYSTEM ARE DEC STANDARD ·PRODUCTS 
WITH A FEW SUB RO-UT'l'N'rc-RAffGTS-,.-o--rAC-rt:rTAT.El'NPUT-rFfOM-THE-1< E·va·O"jfRD-JiN'D ___ 
ASYNCHRONOUS INPUT iOUTPUT. • ·cONVEAS I ON TO ANOTHER COMPILER WOULD 
R-O'BAB1.~-Q"'7Fff"Q'OTRE--:-soTJR'C-E:C"OlfE' OF THrC'OlifP-ILE"R-rlsEt:r.-e-oTWlOOt:D-VERV __ _ 

LIKELY REQUIRE SOURCE' ·ecCE AND SPECIFICATIONS OF 'THE OBJECT TIME SYSTEM. 
f------.THE DISPLAY SU BROUT HIE ·PACKAGE 'CHOSEN IS VECTOR GENERAL t S rOR.TRAN 

DRAWING PACKAGE VERSION 6, WE HAVE HAD MOST UNFORTUNATE EXPERIENCE WITH 
--.L-rA·TE'R VERs-rowro·rT'RTS-.P-AC-KAG-~SEVE"RALS.UBR-O(fT.fflfE"'S-:-I~THTS-\lER5I;ON 

HAVE BEEN MODIFIEOe WHICH MAKES CONVERSION DIFFICULT~ ONE -SHOULD 
~---.c-ows-rD£FfAliiY:CFfANl;eAS_R_E-QUTR'T~G-A"'Il::E'A-ST ___ TWO-~-~nr.lofONTR'S-OrEFTO'R·T-,-

DIA NOST CS HAVE BEEN THOSE-PROVIDED BY tHE EQUIPMENT VENDO-RS, ·ONE 
to4UST HAVE THESE ROUTI;NES IF ONE IS GOING TO RELY ON ANY SERVI'CE ·O~MER 

-TlfArTH AT P ROYrD E[JgYTFf~VE'FHrO'R---;--ANIJ-0 NE-I S-WECL-ADV ISED-T'O-;-O'Bt'A-IN~THE·tir·
IN ANY :CASE·. 

l ~ DE'TAil.-yD111AR-DwA·Rrc·ofiF-fGUAlT-I•O 

Wr-FRESEWr:rFO_S.S'liJcr-CONFl'GUR'"ATIO.IilrO·R-THErfA'R·D-WAR~FRTCE'S-W IL['NOT- .. 
BE INCLUDED SINCE THESE ARE CHANGING RAPIDLY AND ARE SUBJECT TO 

~-----.;Nc.-EGCfiDfTON. A T~EI1MrO-FTtffS--wRIT-ffifG---;--t.-:rs~Poss fSLE--10 A SSEMEfLE 
SUCH .A 'TERMINAL FOR ABOUT $lcici,6cio, INCLUDING SOFTWARE LICENSES. 

WE. WISH TO I~AKE IT ABSOLUTELY CLEAR THAT, THOUGH WE WILL GIVE 
CONFTG1Jff'A"TTONr·oNC'fTOlrTH~\7ENDOR"rWITH-wHICFrW~HAV~DIRE'CI 
EXPERIENCE, ~HIS DOES NOT CONSTITUTE AN ENDORSEMENT OF THE PRODUCTS OF 

------.T1i£5E VEN [J<rR-S!lTtfRl:F.E'R"E'NC"E_T_CrANYd'Tt·rE·Jrs;-wrM"£.A"EL Y P1fES'E.NIA-R-AN_G_E_o_r-
CONFIGURATIONS WHICH WE KNOW WILL DO THE JOB. 

~---------------------------------------------------------- - -----
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j~i~ MINICOMPUTER 

THE MINICOMPUTER IS A DEC PDPiii40~BS COMPUTER, WITH KEll~E EXTENDED - INSTRUCTION SET, I<Ell•F FLOATING fNSfRUCTION-SE-t-;-l<wll•L LH{E_F_R.EGUEN-cy·--
CLOCK, BM873~YB RESTART LOADER, RKll~DE DISC CARTRIDGE DRIVE, TMll•EA 

r------=-=N---I'NEwTRACK lrt•-GNETIC TAFfE TRANSPORTtA-ND-DbTi-;;_A P--tR--rPRE--RALMOlJNtrNG ________ --
PANEL. 

VENDORI DIGITAL EQUIPMENT CORP. ITEMI 11/40•B:-::=S--------------·--
PREREQUISITESI NONE STATUSi MANDATORY 

r-----------------------------------------------~------------------------

DESCRIPTIONI ·PDP~ii/40 COMPUTER. iil40 CENTRAL PROCESSOR WITH 28K 16 
1---------=e~I=T..---:-;W=o-R"DP-AR ITY CORE MEMORY, LAJ6 DECWRfTER ANOC-ONTROL-(DL 11-•A) , 

CABINET. 

ALTERNATIVES~ il145~Bw, il/S~~BW, iiiSO·BSe OR OTHER MORE POWERFUL 
CPUS MAY BESUBSTITUT£-0. ·coMMUNICATIONSCOOE- WILL RUN, BUT-ALL-F'-OR-fRAN
CODE MUST BE 'RELINKED, AND PROBABLY SHOULD BE RECOMPILED. 

~--------------

VeN-()<fRt OIGITAL .. ~~UJPMENT CORP. 
PREREQUISITES~ ll/40 

ITEM i t<ETt-~E-
STATUSa MANDATORY 

------·------------

DESCRIPTION~ EXTENDED INSTRUCTION SET CEIS) OPTION. PROVIDES 
r--·-----=E=xT .. ,.,E""'N ... D"""E.-...·D-=MANTPULAT~O,-FTXEO POJ:NT NUMBE'Rs---.--stGNEDftiff.EGeR-·MUL_T_fPLY 

AND DIVIOEe AND LONG SHIFTS. 

VENOORt DIGITAL EQUIPMENT .CORP. ITEMI I<Ell~F 
r------------.P .... 'IR ... It::~:RE'QlJTSTT-E'S I KE i i·,;.E S-TATtTS-1 --tifA.flD-AT-O'RY __ _ 

----------..-0...-.ESCRTFTTON I .FLo-~rrr-<rPTT<m'. PROV!OE'S-F'L'O-AIHfG-FO·IN~Dtr-, -----
SUBTRACT, MULTIPLY, AND DIVIDE~ 

AlTERNATIVESi 'THIS OPTION IS NEEDED TO ALLOW THE CPU TO KEEP UP WITH 
-------..TrrH ..... E-oTS-~~1 T Is IN"~ElJTo·R~~o·R~PlHiJERF'O~CPUS.--wFI rcR--TliKE _______ _ 

INSTEAD 'THE 'PPii,;.B FLOATING POINT PROCESSOR. ONE MIGHT ALSO CONSIDER 
~ j.,;,~EX TENDED AFrrTlfM'ETTc-El:EMENTt!rONr-Ts-C·o-NsTfO-INEo-To-OS£10-NE' __ _ 

OF 'THE .LESS POWERFUL :CPUS. 

V'ElWOR i 0 rGTnLE'QUfPlifENT-c-ORP ·• rTE·Ml-·Kw-i-l~L 
PREREQUISITES~ iiiCPU STATUSI DESIRABLE 

---------·--------

DESCRIPTIONt LINE FREQUENCY REA~,;.TIME CLOCK. 

ALTERNATIVES i ONE 'COULD OMIT THIS ITEM WITHOUT IMPACT ON THE 
----______,S OYfWAR"e-e-EXCE"'Ffl'fAA-ITFrro·p-e-f1AT-rrvrsYS.fE'M_C_OUCD-t'J 01'_T_R_A_c·K--TA ~T1-M E-O'F 

DAY~ ONE CAN SUBSTITUTE A ~Wit~P, PROGRAMMABLE REAL•TIME CLOCK, OR HAVE 
-elrTFr!NifftSYS'rE- • -------

I--i--4:----------~----------------

------------------· 
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VENDORi DIGITAL EQUIPMENT CORP·, ITEM. I B~873•YB 
PRER~QUISITESI 11/CPU STATUS I DES-fRABCE -------· 

DES C-R-fPTION I RESTART LOADER, C-ONTAI"NSROM WITH 800-TST-RAP-PROGR. AiiCFOR
(TUlOe PAPER TA'PE, DISCS (Rt<11e RPl1t RJS03t RJS04, RJP04) MAGNETIC TAPE 

TU16)t DrcTAPE-AND CASSETTE. 

A L TTR~ l-'fiVE""S 1 
OOT _____ _ TH rs-O'PTHfN~LL 0 W S-O'NE_'f_ORE_S_T-ARTTA~!fYS_T_E"~-wlT Ri 

TEDIOUS ENTRY OF A BOOTSTRAP PROGRAM BY HAND, DEPENDING UPON THE 
DEVrteS-rFfO'M 'w ATC:H O-NEf.TtuHrwrs-HiO-RE_S_T_AR-TIO"NE-~ffGAT-CAO-OSE-Ti'F4 ~

MRii~DB (DISCS, DECTAPE, MAGTAPE) AND/OR BM792•YC (CARD READER), IF THE 
svS-fElnHlES.,-C""'TINC-L'O DE S'UC:H A 

_A ___ _ 
L oAD-Elflr'fE"S'IA~'JO-F"!Hrs·ysTEriFT.E'R 

CRASH SITUAT~CN 'CAN BE QUITE TI~E ·coNSUMING, THIS CAN BE TOLERATE 
ON£HAS-PAPE:-Fr TAPE EQU rPlf£ NT-AN 0-PU T-S--,"ff~-OTHE·R-B1rO-'f-S T_R_A_P_S_ON-Pl·P E 
TAPE', 

V :wo<fR 1 DIGITAL EGUIPMENTCORP, 
PREREQUISITESi iiiCPU 

ITEM I Rt< 11-•DE 
STATUSi MANDATORY 

DESCRIPTIONI 1'.2 ·MILLION d6 BIT) WORD DISC CARTRIDGE DRIVE AIND 

D IF 
R------

c-ONTR'OL :UNIT·. EX_P_M~CAlU:-~iOA-T"O'I.iL0-,--8RJC0-!)0E_C_PAClrDTSc-DffrV E·s -, -lT ___ _ 
I MICRO~SEC~NDS PER WORD TRANSFER RATE, 70 MSEC ACCESS TIME, 
1------------------------------------~------------~----~---------------

Li ALTERNATIVES i SIMILAR DISC SYSTEMS FROM OTHER VENDORS WHICH LOOt< TO 

II 

---T'R~SY-ST£lriT,rc T LY L IKEAJrRK'o!;-lfA'"rllr:-SOB-SirTUT£0 , l A'R-G'ER-DTS_C_ SYS TE"Ms--· . 
. SUCM.AS THE RPii~CE -~AY BE SUBSTITUTED HERE, BUT CAUTION MUST BE 
I------EXERCISED, n-l'f()'I'A~-rs-CrffAYr-O'RTVERS"-A'V'A1L"'ABI:~rOFrTHr"'SYSTEM-

CHOSEN~ 

EN DO R i D1~G"f'T~fLeGVrP"M"E'N'T--,-C-OR-P ·, 
PREREQUISITES~ iiiCPU 

rT-ElfiTM l i~E-A 
STATUSI MANDATORY 

DESCRIPTION~ NINE~TRACt< MAGNETIC TAPE TRANSPORT AND CONTROL UNIT, 
EXPANDS ·to A 'TOTAL orEIGMT TUlO TRANSPORTS C!fEVEN OR NlNeTRACt<'7)-,--=--4-:-'5----
IN/SEC, ·800 BPI NRZI~ 

ALTERNATIVESi THE SEVEN TRACt< TMii~FA MAY BE USED INSTEAD, IF LOCAL 
RE'GUI'R"EME'N'iSI~I(eTffi~S-lrE-S·na-BL"£-;--O'R-IVE-SFR-OM-OTRER-'JEN0-0-RS-W Ht'CH ______ _ 
APPEAR IOENTtCAL TO THE SOFTWARE MAY ALSO BE SUBSTITUTED, 

V E...-o-OR_I_D-rG"i'f-A~-QUrP-~Ef.fT-C'O-RP , 
PREREQUISITES• ll/CPU 

r·rE·.n--oo it:. A 
STATUSI MANDATORY 

-------------------------- -------------------·. 

i 
r-

DESCRIPTIONI PERIPHERAL MOUNTING PANEL~ A PREWIRED SYSTEM UNIT 
o-E-S-rG'N"E·D-TO'R lfJ OUN"'fTffGUP---.o-F"OO-Rs-JilALt_P_E.R1_P.AE"JnLCON r·R-O(LE'R-(SP-c-,.------
INTERFACES, 

------

ALTERNATIVES~ :THIS ITEM IS NEEDED FOR THE CONFIGURATION GIVEN, TO 
--Al:'J;OrfNSIA-CI:~ifO'f~rorTH~PE'R-IPRER"'ACS_F'R.Ofi4-0-THEFrVE'NDORS-,-rF-EVE'~MORe---

PERIPHERALS A~E CHOSEN, A BAii~ES EXTENSION MOUNTING BOX AND H720 POWER 

1--------------------------------------- - ---
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SUPPLY PLUS BUS CABLE MAY WELL BE NEEDED~ 
H960 CABINET, 

3.2. DISPLAY SYSTEM 

ONE MAY ALSO NEED AN EXTRA 

THE DISPLAY SYSTEM IS A VECTOR GENERAL 3D2 DISPLA~ SYSTEM, WI'H ·cot 
CONTROL OIALSt AD1 A TO D CONVERTER WITH 8 CHANNEL MULTIPLEXER, :MX1 
ADDITIONAL E~GHT~CH~NNEL MULTIPLEXER, DI2 ANALOG DEVICE INTERFACE, IM1 

------:;-,I N'""'"TENSITY MODULATION FEATURE, DEC 1 PDPli-INTE-RF AC£--;-ss-1 SUBffOU-T-tiNE·S-TACK-
FACILITYt AND PPl PHOSPHOR PROTECT CIRCUIT, 

VENOORI VECTOR GENERAL, INC, 
PREREQUISITESI DECl 

ITEMI ·3D2 
STATUSI- MANDATORY 

OESCRIPTIONI HIGH RESOLUTION DISPLAY SYSTEM WITH THREE~OI~ENSIONAL 
---~RO,.....TAION AND TRANSLATION. THIS IS A RANDOM oirAW-SYSi'E-.r;-wrTHA-REFFfE-SH-. ---·-

DISPLAY CAPABLE OF SHOWING ABOUT 6000 STROKES WITH i~96 BY 4096 
RESOLUTION, 

ALTERNATIVESJ THE EVANS AND SUTHERLAND PICTURE SVSTEM-PROVfDf: ..... s .. -.A.------
VIABLE ALTERNATIVE, ~ITH SIMILAR FEATURES AND SLIGHTLY GREATER 

----..F=L--E=x,....,I SILTY, .A SMALL -S-TORAGrtffSPLAY-;-SOCH AS-T-~fE-:-tE:c'rRO-NlX 40 i-o;-wOO(O--

~ 

I 

OFFER GREATLY REDUCED CAPABILITIES~ THERE ARE MANY DISPLAYS BETWEEN 
THESE EXTREMES • A CHANGE TO ANY OF THESE WILL REQUIRE SIGNIF._.IC....,A .. N' .. T.---
PROGRAM~ING EFFORT TO DEVELOP INTERFACE ROUTINES, UNLESS THE VENDOR 

---P=R..-.OVI"OTSROUT-fNES<fF-;-CAPAEr:tl:x--t'Y s Dfn:TRTOfFfCfSEUSE-IJAERE-. -TFfE ______ _ 
APPLICATIONS :CODE WILL HAVE "TO BE .CHANGED· SOMEWHAT • SINCE ROTATI-ON 

----..M·-,_·~nn-c·esAR-riR-ANSllfr"'T-TTD--vtA-c-tJMMO"..r-S"L CJc-t<_S_F .. ln~-~fAX-IMAL_S_P .. EE-D--;--I.ND -iAE' ___ .. 
DISPLAY SCALDNG ROUTtNES ARE USEDt SO THAT A PICTURE SPACE IN THE RANGE 
FROM •20,48 '110 .20,48 IS ASSUMED. VECTOR GEfifERAL NOW OF-F-ERS A 303 
SYSTEM, WHICH IS COMPATIBLE, BUT IS SOMEWHAT FASTER~ 

----------..vre'"lENlTOR i VFCTO"FrGE N E Ri\1:9HfC, 
PREREQUISITESI ADltMXl 

I TEM-1 --en 1 
STATUSa MANDATORY 

DESCRIPTIONI CONTROL DIALS~ CONSISTS OF TEN MANUALLY~OPERATED DIALS 
OO"""TA-RrlJS"E"orrCfRS-EN·OTffG-N"O"M"ER_I_C A L D ATArCJTR~C-O"MP"OT E R-r-o·Fr IJS E""ll"N DE A--
PROGRAM 'CONTROL·, 

ALTERNATIVESi THESE DIALS ARE USED BY THE APPLICATIONS CODE FOR SUCH 
----..F=E"'A~TU..,.,RES AS DYNAMIC CONTR'OLOF--olfl'ENTAT.!ON, WITHOUT TAE~ONE WOULD_B_E __ 

-

OBLIGED TO TYPE IN NUMBERS FROM THE KEYBOARD, SEVERELY DEGRADING THE 
REAL;, T I M-rCH A:-ffCT-E~R-IS_T_ICS-OF-tRE:-CC:fOE ~ ONE-c·out::·o-sua-S liTO r·£-A (~4"0 s·T-~N "(--
ANALOG TO DIGITAL SYSTEM WITH TEN 12~BIT INPUTS. 

ITEMI ADl VE~Ri VECTOR GENERAL, INC, 
PREREQUISITESI 012 STATUSI MANDATORY ----------------

DESCRIPTONI ANALOG TO DIGITAL CONVERTER WITH EIGHT~CHANNEL 
--.wc-fTP"LE"XER • ----·--------------· 

1------------------------------------------·----·-· 

rt~-~""76 ________________________ --------

-·-----------------------------·-·-------------·-------·-----·----
... ·~--------------------~-------~ 
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ALTERNATIVES 1 'THIS CONVERTER -SUPPORTS THE CONTROL DIALS. IF AN 
ALTERNATE DEVICE IS lUS£0, THE CONVERTER MAY NOT BE NEEDED. 

VfNDORi VECTOR GENERAL, INC~ 
PREREQUISITESI AOl 

ITEM I MX 1 
STATUS~ MANDATORY 

DESCRIPTIONI ADDITIONAL EIGHT~CHANNEL MULTIPLEXER~ 

ALjERNAjiVESi LEAVING THIS OUT ·WOULD DISABLE FIVE OF THE DIALS tN 
--------co· i ·. 

VENDORI VECTOR GENERAL, INC, 
--------~PRER£QUISITESi . 302 

DE-s-CR-rP-TTO~AfJAl'OlrcrEVTCE I NTER"rA-C 

ITEMI DI2 
STATUS~ MANDATORY 

AlfER-NATIVESI I~~IALS ARE ;NOr-NlE~~~fHfS MAY~~MfrfcD ,A(SO. 

VENDOR~ VECTOR GENERAL, INC, ITEMI I~i 
-------~P~R--E...-RE"Q(JTS-!i£5 i 3tr2· · S"TAI{fg-t-crp-TrOffA·~~L----------I 

OESCRIPTIONi .INTENSITY MODULATION. PROV!D"ES DEPTH SIMULA.TION BY 
VARIAT~ON OF .THE INTENSITY OF THE Z~AXIS DRAW, ALSO PROVIDES A PLANE 

--.elJTO"rrWffr~LOWre-oN'rR-OII:'E"D-FfE~V ~Lll"rrTGUffE~S"ECTrOflfS • 

AL f.El(ffl"TTV~S i 'TlU s FEATUReGFfEATLY . EN~Cr-rTKr-REAl:l~O-rr-ro·R-Ai.N 
MODEL. FOR VIEWERS WHO ARE ESPECIALLY ADEPT AT VIEWING ·STEREO PAIRS, IT 
MIGHT NOT BE !NECESSARY TO HAVE THIS FEATURE, 

VENDORI VECTOR GENERAL, INC, ITEMa DECl 
-------.P""'RI"P'E...,..R..,..E"""'QUTS"rt-r-s I l i IC"PU s·rAIUS_i_ffANrJA"T~O"RY 

DESCR l'PT ION 1 INTERFACE TO :cC»iPUTER ~ PROV [DES BOTH PROGR A~MED AND ·DMA 
TRANSFERS TO 'THE DISPLAY. 

--------------------------------------------·· 

ALjERNATIVESi A NEWER INTERFACE IS AVAILABLE WITH ITS OWN REFESH 
-----..-B'IJFTEfrM"EliofORY, US~<rrTRTrrNTERrA-crw·om:D-GR~~T1: rREDTJCrTHE-CPu-c:-o·A·o-.-

IT WOULD REQUIRE CHANGES IN THE DRIVING SOFTWARE, BUT NOT IN THE 
-------.A:-.;;P....,P:rL,-IffTTONS :coDE~ ABOUT TWO MAN•WE-!KS orpR-OGRAMMERflME---wouL£JSUF'riCE-

FOR THE .CHANGEs·. 
-----------------------------------------------

VElifOOR i VE-CTO-rG-ENr-R7fl-, -rRC, 
PREREQUISITESI DECl 

I TElit-i -ss·i 
STATUSI DESIRABLE 

DESCRIPTIONi SUBROUTINE STACK FACILijy~ ALLOWS DISPLAY LIST :CONTROL 
---=-oF--crrFfE-C'IIJA-o-rR-At'JS-F-r-RBE""TW£-E-NfA.EIH-SP-t:AY_C_O_NT-RO L[E"RAN D-fAE-PR OC ESS(>"f~~-

AND DIRECT GR~PHIC SUBROUTINtNG~ 
---------------------------~----------------------------------------

----------------------------------------------------------------------------
rt~-~~7--------------------------------

-------------------------------------------------------------------- -- ----
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ALTERNATIVES 1 THIS- FEATURE -IS NOTHEA-VILY USED -BY THE APPLICATI-ONS 
SOFTWARE AT P~ESENT. IF ONE WISHES TO PUSH THE DISPLAY FOR MAXIMUM 
IMAGE COMPLEXITY, IT IS BEST TO TAKE THIS OPtiON. -

·---

VENDORI VECTOR GENERAL, INC ITEM I PPl 
PREREQUISITESI 3D2 STATUSI DESIRABLE 

D-ESCR-fPTION I PHOSPHOR PROTE-CT ·ciRCUIT • IF DEFLECTI-0-NfS NOT 
PROVIDECt THE DISPLA~ IS BLANKED TO AVOID BURNING A HOLE lN THE -SCREEN. 

3 • 3 COMMUN 1CAl-tONS--GE-AR 

TlfE COMMUN-lCATIONS GEAR IS A DECDUll WITH SANGAMO TA201AIB3/4S ·MOOE~
AND DEC DLl i~E WITH 10MNITEC 702A1 'TELEPHONE COUPLER·. 

VENlrOR1-SANGAM<f-ELECTRIC-COt•fPANY fTEM I --TA201A/B3/4S 
P~EREQUISITES~ DPii OR D~il ~TATUS~ MANDATORY 

DE~CRIPTION~ MODEM FOR SYNCHRONOUS, SERIAL, BINARY DATA AT 2000 BAUD. 
---..,;..e:o-~fNeC'rS--,-T_O_W.EDfR!-Ct-CTSt A~lCE-tfrAl.-HfG-N£-1'\l<rR-t<V I A A CD"T_D .. rRE CT-AC_C.ESS--

ARRANGEMENT. 

ALTERNATIVES a THERE ARE MANY VENDORS OF EQUIVALENT MODEMS.· ONE MUST 
--BeC .. ER_T_A'TrfRl_T_fffE:'ff'crD .. Elrrs--r(fR-FfALF ~DlJ .. P-t:E X 2 0 0 0 B AUIYlfS~O-VE-R~TAE--

DIRECT DISTANCE DIALDNG NETWORK IN A MANN!R COMPATIBLE WITH WESTERN 
-----E-CECTl~Tc-2-oTA-rr.-rrSE'TS~ O'N'r-MUS'IEJ~CERIAIN TAA'T-Af.lfliifTERrA'CE'"IO-THE 

TELEPHONE LlNES IS AVAILABLE FOR 'THE MODEM CHOSEN·. A GOOD PRACTICE I-S 
TO RENT ADATl-SET F-ROM THE TELEPlfONE ·coM-PANY WHILE GETTiNGSTAI'fT-Err;-A_N_D_ 
THEN PURCHASE A MODEM AFTER EVERYTHING IS WORKING WELL~ THE MODEM 

---·cFfO"S~fru-SIR"~~AS.rA"NDAFm-ET.rRS'2-:r2-c-n~TER-FACeT-OW-ORJ<-wiT~THEIJP 1_1 ___ _ 
OR CUll. 

IF ONE WISHES TO WORK WITH A COMPUTER CENTER THAT HAS DEDICATED LINES 
---_,.O,...,.R--.H...,.. I .... G..,..H""'E,_R-Slf£-~0-0 I AL~U ~0-0EMS, OlifrM'o-S-'l'US'E--rtTO'trEM-SP'EC!FTE'[JBYI'ff~ 

CENTER~ PRESENT SOFTWARE HAS BEEN USED WITH DEDICATED LINES AT SPEEDS 
----.OFlTP T·O 9"'clrOrfAlJ • 

VENCORI DIGITAL EQUIPMENT :CORP~ ITEMi OUii~DA 
-------pl{El{E"QUTSTf£"5 I 1 I7C .. PU srtros-.--~r-uiO-A"fCfR .. 

trE"s-c-RtPTrwi-c·OWTwcrr:-rmrsyr-rCRR"<rNous-McmE'f. 

-----At:TE'R'N-~ifVE'Sl---nt"r-OI:trEJrCP i i.~c-~c-~~-B~tJSEo-TNSTF:A~SOFTW.AR~ts--i~fOI __ _ 
PROVIDED FOR 'THE DQii~DA OR DVii~DA SYNCHRONOUS INTERFACES. IF THESE 

----.A,...RruSEtrtONE WO'Ol:lJFfJVrTO INV£"STO'N'I~ORD£R-OrfW<J~AN~E£1(s-To"" ___ _ 
PROVIDE CODE FOR THE PROTOCOL. 

V ENrrCf~OTGTrA"c:-E"Q.liTP.MENT-c-0-R IT. rTE·Mi-ocr-i~E 
PREREQUISITESi ll/CPU STATUSI DESIRABLE 

·rt-;e-· 
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r--·-----=D:-:::E=-==s::-.::c=R'"""'I=P-=T-=-I-=-o~N~I -C::--:Oo--::N=T=Ro-::Oc,-L--=F-=-o=-R·-A.,-S"""'Y_,.N__,Co-:-:-:.HR=-=oe7'N·:-o-o-u-,-s---=M..,..,O==-=o:-:E-M~. ____,o=-=-N-=E::---:-cM:-:-:U=s=T--=sp=tcTF'YTHE __ _ 
DESIRED BAUD ·fCATE·, A RATE OF 300 BAUD IS SUITABLE FOR MOST CENTERS, BUT 

--r;feft_F_O_R_A_CL. THE-RANG EOFffAfE"SA-LL OWEO-tSCONT-FUlLLE-DBYA_C_RYSTAL-ON ____ - . 
THE BOARD, GFCOUP 4 ALLOWS 306 BAUD AND SPEEDS UP TO 9600 BAUD, GROUP 3 

r-----=o .. O'ES~O-'f-ALL o-rsUCH !H I-GH-SPEE·O~BUi'-I N-CLUD·e:-s 18 o o BAUD--;-w-FriCtf-Slfi T_S _______ _ 
SOME CENTERS, 

VENDOR~ OMNITEC .CORPORATION 
-------..PR-£REQU I'SITES I DL 11 

·-o·E"s·c·RTP.TTO·N-1-AS"YlifC"R"R"O·N-OUStifO·o·E"~-wTTI"fA_C_OUSii_C_A'~fO-IJA_A_TEl~E-P·H-ONE 

COUPLER, 

ALTERNATIVESi 'THERE ARE MANY ALTERNATIVE MODEMS FOR ASYNCHRONOUS USE~ 
F-0-RPfO"S-IC"E'~TE-Frs-;-ot'leWA NT S 3 OO_B_A'lJD(3oCFIAR"ACT E_R_S_P_E R_S_E_C_O NO ) 
CAPABILITY. 'FOR SOME CENTERS, ONE WOULD LIKE 1200 BAUD, OR 1800 BAUD 

---- c-A"~·BTI:"r Tv • .er-C£RTATN T:H E M"o-D·E-~c"Fro·s·Ew-M"A-T·c·RE-s~THE-c·E'NT"E"R-;--TArs-Mo·D-E'M-· 

INCLUDES ANSWER AS WELL AS ORIGINATE CAPABILITY. BE CERTAI:N TO TAt<E ·ONE 
----w.-.-f'rH~Hrs---,:-EATUFf£1.,-you WISH TOUS"efR-rlfO-OEliiTO-SUPP-0-FfT AN INC"O"MTNG -~ 

. TERMINAL, 

OE"SCRIPTIO.N I THrs-TS A COtrrlfO.IXElr""rO·Ril"f~V£R·s-A"TE"c-Ml-TRTXlTO-OA 
PRINTER/PLOTTER~ IT PROVIDES BOTH BYTE BY BYTE AND DMA DATA TR~NSFERS 
TO THE DEVlCE, USimrRt:GTSTERS SIMILAR TO THE DEC LP:i i F:oR--,-TlfrP·R-INT-ER-,---

AU-E"RWTlVE"~fFfE'WO~O-MAC"O"NT-FfOLCE"R-t;rA--vsr-usE·r;.-s-nrc·E-~0-N·E--;-0 F-:-TAE ___ _ 
SOFTWARE ACTUALLY USES THE OMA LOGIC. THIS LIMITS ONE ONLY IN TERMS ·OF 

-----F ... UiURr-EXP_A_N_STo·,..,--:-o-rC"OU~RE"Q_U_Ilfrff«rrA-STE"riR-A"ffSF ER-5"\fiTH---c-E·ss-cpu-~:·o ~D-. --
IF ONE TAKES 'THE DEC .LVii INTERFACE, 'THE PLOT DRIVER WILL HAVE TO BE 

-----;;;R=E=v~I-=sED <ABOUT ONE MA:N.WEEK) • IF ;ONE TAKES A COMPLETELY DfFF-ERE;-NT" __ _ 
VENDORtS DEVICE, ABOUT TWO MAN~WEEKS W~LL BE REQUIRED FOR -NEW DRIVERS, 

---rlANOA""S'OUTIWO~-Al~f~E'K-s-TcrR-AP·P·crc-A-TTONS-C"C)[)E"frriHE_P_AGE-LA_V.OOI-Is·-----· 

DIFFERENT. 

V E"fm""'O"R 1 V £R5 A. T-E"-- rf~l MATRIX 1100A 
PREREQUISITESI C~PDP11 <DMA) STATUSi MANDATORY 

nus IS AN :ELECTROSTATIC PRINTER/PLOTTER, IT PRINTS AT 500 LINES PER 
-fUfirUT~re·y-ri7-rfN"CFirA"~OI:lrP-APE"R-. -rrPRTNTS-f3·2-CH'AR'ACTER·s-PER ___ _ 

LINE~ IT PLOTS ioo DOTS TO THE INCH, WITH i024 DOTS ACROSS A PAGE AT 

------------------------------------ - -----
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i~2 INCMES PER SECOND SCAN RATE~ 
~"'---

ALTERNATIVESi THERE ARE MANY MODELS OF THIS DEVICE, AND SEVERAL 
ALTERNATE VENDORS, MUCM OF THE SOFTWARE ASSUMES THE AVAILABILITY OF A 
PRINTER, IT IS POSSIBLE TO DO SUCH PRINTING ON THE CONSOLE DEVICE, BUT 
MOST CONSOLE ·OEV tCE:S ARE TOO SLOW· FOR ANY QUANTITY OF tfAT-A--;-Howt:vE·R-, -I"F
MONE~ IS TIGHT, AND !OMETHING MUST GO, ONE CAN 'TAKE JUST THE PLOT .LOGIC, 
AND MAKE A SOFTWARE 'CHARACTER GENERATOR, THE PLOT ·cAPA-BILITY IS ~-
ESSENTIAL TO THE GRAPHICS IN ORDER TO GET HARD COPV~ ONE COULD 
SUBSTITUTE A :CAMERA, BUT SUPPLY COSTS THEN RUN VERV HIGH, IFO-NE TA-IfES __ _ 
A DIFFERENT VENDORtS DEVICE, IT S~OULD BE NOTED THAT THE SOFTWARE ·OFTEN 

r-----~A~s=s~u~MES 132 C~ARACTER LINES, AND 100 Dots-to 'THE INCH PLOTTING-ON 1024 
DOT WIDE RASTERS~ IT WOULD 'TAKE ABOUT TWO MAN;WEE~S TO GO THROUGH THE 

r-----A..--P'PLI-CATTONS .CODE ANC CHANGE TOANOTHER PATTE'RN, ITWOULO TAKE-A8-CU'T -
TWO MAN~WEEKS to ·wRITE A DRIVER FOR A DIFFERENT DEViCE~ 

3.5. CARD READER 

VENOORI DIGITAL EQUIPMENT CORP, 
-------~P~R~E~REQUISITESt 11/CPU 

ITEM i CRii 
STATUSt DESIRABLE 

0-E-s-c-RTPTrON 1 PUN Clf£-OC-AFlD--R-E"AO-E]~AN'O-CCHift_R_OLUNI T , 3oo-:-c-~n~ D-S7M INUT·E·;-

ALTERNATIVESt ANV -SUITABLE UNIT RECORD PERIPHERAL SUPPORTtb BV THE 
HOST SYSTEM MAY BE USED TO MEET LOCAL REQUIREMENTS~ THE MAIN 

----=-co-~rD-E-PATTO'NfS-fR'eAV A n:ABlLl TY ·O-FAUXfCIA~EQU H»'M£N_T_T:o-·p-R E-P-AR-E 
INPUT FOR THE SYSTEM~ THUS IF CARD KEY~PUNCHES ARE AVAILABLE, ONE 

~---SFfOUL 0 'T"Al< E A CAR-[Jl(£'Al1E'R-, --rrsH-OlJLtlB·Ef'I-O'TED-T-HA-rA--CA_R.CIR_E_A'D-ER-:·D-R-IVER-. 
FOR THE :CR1l !HAS BEEN MODIFIED 'TO ALLOW USE OF THE ·cDC 026 -cHARACTER 
SET, AND TO ALLOW USE OF ASCI I 256-COlfrFOR-BINARY INPUT • lF -fHESE;;------
FEATURES ARE •DESIRED t AND ANOTHER :CARD READER IS .CHOSEN, THE DRIVER F·OR 

c-------.~nTFrl'IR'E"A 0 ER W fl.:[t1A'VrTOB'rA-CiE'R-E~T-HTSWO-OCD-R-EQU fRE--A s-ou T-~aNE 
MAN~WEEK OF P~OGRAMMlNG EFFORT~ 

11·10 

-
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4·. DETAILED ;SOFTWARE CONFIGURATION 
~--~---------------------------------------

4.1. DISC OPERATING SYSTEM 

THE DISC OPERATING -SYST.EMt LOADER----wiTH OVERLAY FEATUREs·, A·Nb-F:-0-Rt'R~N---
COMPILER WITH OBJECT TIME SYSTEM WERE ALL OBTAINED AS PART OF THE 
DOSIBATCH•ll 1CPERATI!NG SYSTEM • . 

. V!NDORt DIGITAL EQUIPMENT CORP~ ITEMI QJ250·AD 
------._._, R"E-R£QUTS-I'rE-S t l f /C-Putl6K ~E-,.r,-Rt<TftT~ i l -----------

STATU$1 MANDATORY 

~ DESCRtPTIONI DOS/BATCH~ii. THIS IS BOTH A KEYBOARD O~IENTED PROGRAM 
I------DE-YELO-P-~EfifiS-Y S'fE-M;A:ND-ABATC:lrOFfi'ENTE_D_~Hre-P-ROCE_S_S_l_fii"G_S_YS-TE ~I"T 

CONTAINS MONITOR, EDITOR, MACRO ASSEMBLER, LINKER, LIBRARI~N, DEBUGGDNG 
~---T\rO-CIP'EFUPHE-p-AL.-tlifTE-~CH A-:-N'G~P-RllGR_A_M_F_I'CE"-01'- rClfYe_F_ORT-RA-N'-rv-c·oMP't [ER ___ _ 

AND OBJECT -T~~E SYSTEM, FILE COMPARE, VERIFy, AND DUMP PROGRAMS, AND 
1--------..0THER UTILIITES. THIS IS THE NINE"·TRACK MAG-f'AP-ERE-LEASE~O-'f'Fi£R-1ofE-D"'"I ...... A--

ARE AVAI.LABLE. 

ALTERNATIVES~ VERSION 9 OF THIS ·sYSTEM IS KNOWN ·ro SUPPORT THE 
1--------...C....-RY=·s ..... iiN'"'It:: .... T,.,.,. S"O"F"TWArfc--rr-A¥01HE'frCO~PUT-ElriSU'5EO,-o]•4£MlfST-O-r.C (ftJR~SE ____ _ 

-

OBTAIN SOFTW~RE FOR THAT MACHINE. IF THE SAME TYPE ·oF COMPUTER lS 
CHOSEN, BUT ~PPL !CATIONS MANOA 'fE:-rEATURES NOT FOUND IN THIS SYS't'E""'M.-,-.=oN....,E __ _ 
HAS A WIDE R~~GE OF AVAILABLE SYSTEMS FROM WHICH TO CHOOSE. THE 

--e-cr~f'C"A-TTO'N'S-SOF"TWA"R'r-A'NDTlf~rl1S"P-GfYS-OP-P'OR'T-e-OD'E_A_R.~T'Arll'OS-.... T ------
DIFFICULT TO :CONVERT~ 'THE COMMUNICATIONS CODE IS IN ASSEMBLY LANGUAGE, 

1--------..A"NO AS S1JM£511tl~Fll:r:-SYS'tnrC'CJNVENT10NrOrO'O'S7B-A'TC'R",-Tff~STAfHfA-R 0 
DOS/BATCH KE~BOARD DRIVER HAS BEEN REPLACED TO ALLOW KEYBOARD INPUT lO 
BE PENDI:NG WHILE MESSAGES ARE P~INTED OUT. ABOUT FOUR MAN•MONTHS-F-OR.--
CONVERS~ON WOULD BE REQUIRED. 'THE SOFTWARE SYSTEM FOR THE DISPLAY IS 

1----------,A.-.• L--.. 5.-,0 .. .---..I'TlN,--A"SS'EJfB'L Y . L A'N'GUAGr.-BUT-RAS-F'O'RTR-AN-E-QU-IVAl."'E'fii"S11'n:"A_R_G-rP_A_R_T,-·. ---
THE ACTUAL DEVICE DRIVING CODE DOES NOT CONFORM TO DOS/BATCH 

1-------...c-crNVrnTTO'ff~ND -rHO~E'Q1JrRE'S-AC-C'E'S_S_i<JT~DTS-PLAY-DTRE'CTl:'V-F'R-OMIA~-·--. 

-USER PROGRAM. THIS ~OULD CAUSE -SOME DIFFICULTY IN A :SYSTEM WITH MEMORY 
f------...PRCffrr"'tTClrTN'US~~. F 0 R FURTH E"RC-0M~ONTHE 0 I SP-LAY S OF"T W A REIS_E_E;i;-----

BELOW. 

1--------------------------------------------------------------------------------

~----------------------------------------------------------------------------

I 1·•11 

--------------------------------------------------------------------- -- ---
-- --------------------------------
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THE F·ORTRAN OBJECT Tit-lE SYSTEM HAS BEEN MODIFIED TO INCLUDE AN 
ASYNCHRONOUS INPUT/OUTPUT FEATURE (BUFFEI/BUFFEO)t WHICH ALLO~S .A 
DISPLAY PRO-GRAM TO RUN W'HILEWA tfl'-NG-F(fFCi<EYB-0-iRDINPUf-;-~usE--OF--AINOtHER -
OPERATING SYSTEM OR DIFFERENT LEVEL OF THE FORTRAN COMPILER WOULD 

--------"----=R"""E""Q-:-:U..-.IfrE:-E-Il'HE-P-rc~fA'~rG-E_I_N_THE-Of!fPLAY-PRO-CfRA~rs-;-:-oR--RE-fNTFf<roucTI,OfrbF ____ .. 
THIS FEATURE, OR USE OF AN EQUIVALENT FEATURE, ABOUT TWO MAN~WEEKS 

------~S~H~O~U~L~D~BE AL~OWED FOR SUCH A CHANGE. 

FURTHER, THE FORMAT SPECIFICATION l"NT!RPRET~R HAS BEEN M01ffF'_I_EDT0 
ALLOW TERMINATION OF -NUMERIC INPUT FIELDS BY CO~MAS, AND TO ALLOW A 

--------..B:-'-·--i.F=o--RM..-A....-..TSP-£l:TFICATlON FORSIMILARLY TE-RMfNATE-D ALP-HANUME'R-lC-tNPll't~--------
PART OF 'THIS 'FEATURE WAS ADO~TED BY DECt BUT NOT ALL OF ITt SO AGAIN ·USE 

-------=o=F-A~O~I=FFERENT SY.STEt-1, OR VERSION OF THE SAME SYSTEM, WOULD IMPLY A 
CONVERSION EFFORT~ ·HOWEVER, IN THIS CASE ONE COULD LIVE WITHOUT THE 

-------=F=E-=AT=u~RES AT llHE EXPENSE-OF~dff£CUM8£-RSOMEINPUi' 'TO THE-PRCHrR-~f;•fs-;--·Al.--c--. 
THAT IS REQUtPED IS ·ro EDij OUT ALL B~FORMAT SPECIFICATIONS AND REPLACE 

----.fFfEMWI'fH A~FO-Rl4A_T_SPE_C_I'FTC_A_T_HrNs-,-A-B-OUT-Ol4r-.rA·N~WEE-K-S'H0llCD-BE--AL[O-WED ____ _ 
FOR THI-S TASK, 

VENDORI VECTOR GENERAL, INC, 
-----------.-:P......,tfEREQOTSlTE S 1 QJ 25 0 , 3 02, DEC l 

ITEMI FDP;6 
STATUSI MANOATORY 

0 E S'C'RTFTTON I P:O RTR~rrtU"iTN'<rPACl(AGE ·• TtffS_I_S_A_C'OCCECrTO-trOF 
SUBROUTINES ~0 ALLOW FORTRAN PROGRAMS ON A DEC PDP11 TO GENERATE AND 

-------,t•fOUTF'Yr'TCTURE'SoN~Ci_O_R_G'EN~R-A'~O'fSP'CA'YSYS-TE-- • 

ALT!RNATIVES 1 FOR OiffnENT HARDWARE, fAE CFf!ATION OF AN-EGUlVICENT 
PACKAGE ABLE 'TO SUPPORT THE CRYSNET PROGRAMS SHOULD TAKE ABOUT FOUR 

----------.M..-.A'Iit.M'ONTffS-,-,C N TRr-:-S"A"~rffA--RDYA'R"EtrtTrNOIR-E"A_S_(rffA B Cr-i<r-rA'K ~O-R ____ _ 
CREATE A DIFFERENT PACKAGE, OR EVEN A DIFFERENT VERSION OF THE SAME 

----------..pntA~CK'A'Gr.-ONl:'E'S's-T~c-To-o-o-s-o ·, IN F'ARTrCULA'R"'tflffA'!rffOi~-e£E~----
POSSIBLE TO GET RELIABLE OPERATION OF THE SOFTWARE WfTH RELEASE ·7 ·OF THE 

--__,.snmelfA(;£. t F suP-p-o-Ffrrcrrs-~-e:-rrALF"E"Al'UR'E's-RE""ourA"e-sofir-T-o- -rAl< r-su-cr-· 
~ PACKAGE, ABOUT TWO ~AN~MONTHS FOR CLEAN~UP AND CONVERSION SHOULD BE 
ll:l:'O'W E 0, ONr-MTGffiAl:'SOWTS"FrrO-rAl< r-TA E"Trt:E"'-M-ANAG'E'MEN T-P-ACK'A GrfrMP') , 
THOUGH THE EXISTING SOFTWARE OOES NOT NEED IT, 

1---------------------------------------------------------

------------·------------------------------------------------------

-------------------------------------~=--:-----------------------------II-12 -
-------------------------------------------~----------------



CRYSNET MANUAL HARDWARE AND SYSTEM ·SOFTWARE 1--- -04/13/76 
------

---· 

1--
4.3·. DIAGNOSTICS .. 

FOR EACH DEVICE PURCHASED, ONE NORMAL~Y RECEIVES A DIAGNOSTIC -P~OGRAM~ 
INS_O_M_E_C A s·EslrAEVEND 0 R MAY R-EQ-lTHfE-E-,rP[I·c-n·-sp£ C IF_I_C A 'f-I:-0 fif-:-o·F-TFfi s---- -
REQU I RE·MENT liN ORDER TO DELIVER THE ITEM. SINCE IT IS COMMON TO PROVIDE 
SUCH DIAGNOSTICS ON PAPER TAPE, AND THE CONFIGURATION GIVEN DOES NOT 
INCLUDE A PAPER TAPE READER, ONE MUST REQUEST A COPY EITHER ON 'CARDS ·OR 
MA GNE"r-t7C_T_A_P_E-.-n:-TH EAB-0 VECONF-rGUR AT-IOlr'I-SlTSE-0 , AN·O-'flfE-DI-AG-NOS-i'-rc·s----
ARE WRITTEN ~s DOS FORMAT BINARY FILES, A UTILITY IS AVAILABLE T·O LOAD 
TR'E-OTAG'N()S-Tl-C s. -----

-

s. SUPPLIES 

A TERMINAL :SUCH AS -SPECIFIED HERE CONSUMES LARGE QUANTITIES OF 
SUPP~rES • IT IS NOT POSSIBLE TO GillE !XACT QUANTITIES, SINCE-THESE -

DEPEND 'UPON ·ACTUAL PA'TTERNS OF usE·. SUFFICE IT·TO SAY THAT ONE :MUST 
A R-RAff<feT!ffEl:v-D-EllVE-RY OF 

PAPER FIOR PRINTER/PLOTTER 
TONER Alf\D DISPERSANT FOR PRI·NTER/PLOTTER 
PAPER.~OR CONSOLE DEVICE ~IF HARDCOPY) 

1-- R 1 B B-owrF'o-R-c-ows-o-~o-EvrcrtrFrrAR-o-c·op·y , -

MAGNETIC TAPES 
0 I 5 c P"A"C'Ks 

-

IF 'EXTRA·DEVtCES ARE ADDEO, SUCH AS PAPER TAPE EQUIPMENT, SUPPLIES MAY 
WELL B~E'ElrE'C-F"CfF<Tll~THE-R'~~CTElU>fAT-rVE.NO-O'FfS-F'O_R_M_O_ST_O_r TRE ____ 
ITEMS REQUIREC, AND ;ONE IS WELL ADVISED TO VERIFY RESPONSE TIME 'TO 
OEL I VERVR'E'GO£S'TSeS'IN-CE IT I s--POO_R_P_R"ACTI'C-rto-s·T-OCI<-T0-0-fff"A_fJ .. ICY 
IN~HOUSE. THIS IS ESPECIALLY TRUE FOR 'THE PAPER FOR THE PRINTER/PLOTTER 
WHICH CANNOT :BE USED IF STORED FOR TOO LONG<fRUNDER I M P R O_P_E_R 
CONO IT I·ONS • 1CNE CAN EASILY USE 1000 SHEETS OF THIS PAPER A WEEI<, -SO A 
PUR Cft'AS'rcrrArfo-z-e:·fre'"o'XE"S_P_E_R_Q U AR-TE-Fr\i'OU(O--e E-A-FA-IR-f'S_T_X:Ml-le:-F:o R-T'HE ____ 
FIRST YEAR. 'WITH THA'T ;SORT OF A LOAO, ONE COULD USE SIX BOTTLES OF 
TONER F·OR T H·e:-ve:-A-~\ITTrOIA'~SUP·Pl.-r'E'SIS_2_0_0_0 __ rs-A-F_A_rF~r3'U o·GEIFO R 
.SUPPLIES FOR 'THE FIRST YEAR, IF NO OTHER EXPERIENCE IS AVAILABLE T·O MAKE 
AN ESTIMATE. THE VA·RIANCE OFfHIS NUMBER IS VERY LAFfGE • 

-

--

1-- ---

1-· - - --

x-x ... iJ 
- -----

--



~----~C_R7~Y7S7NEc7T~M_A_N~U~A~L ______________________________ H_A~R~OW_AR_~ __ A __ NO __ S_Y_S_T~~~SO __ FTW_A_R~--
04/13/76 

. ' 
6, MAI!NTENANCE 

ONE MUST AR~ANGE TO HAVE THE EQUIPMENT MAINTAINED~ THERE IS NO WAY TO -
AVOID THIS EXPENSE, IF ONE DOES NOTHING, DEVICES WILL FAIL SOBAOLY AS 
TO REQUI'RE TOTAL REPLACEMENT, ·IF ·ONE PERFORMS MAINTENANCE IN-HOUSE, ·ONE 
MUST INVENTORY SPARESt TRA INP-EOPLE, AND PAYSALAR IEs;---tF'-ONEU!res-·------· . 

1-----__:,VENDORS, ONE I~UST PAY F·OR THEIR SERVICES, BY ANY TECHNIQUE, MAI:NTEN~NCE 
ON EQUIPMENT 10F THE TYPE CONSIDERED HERE COSTS AN AVERAGE OF·ABOUT 10 --
PER CENT OF liHE PURCHASE PRICE PER YEAFf, THIS PRICE GOES UP IF ·ONE 
REQUIRES VERY FAST REPAIRS, AND GOES DOWN I~Olf~N~TAlrD~NG-O=E~L-A~~y=s-,----

. MAif'lt-ENANCE CONSIST.S ·OrTHFfErMAJOR SE-RVIcE·s 

eMERGENCi MAINTENANCE 
~---------~P~R~~ENTIVE 'MA=~N=T=E~N~A~N~c=E~----------------------------------------

ENGINEERING CHANGES 

ALL OF THESE -ARE NEEOED IN SOME FORM, 

6.1. EMERGENC~ MAIN~ENANCE 

WHEN SOMETHING .BREAKS, ·ONE WISHES TO HAVE IT REPAIRED~ ONE C~N EI,HER 
SHIP IT 'TO THE PERSONS WHO WILL DO THE WORK, OR HAVE THEM COMET·O THE--
EQUIPMENT, SHIPPING EQUIPMENT IS USUALLY SLOW ANO CHEAP. SHIPPING 

--py-o-Pl:E IS lfSIDD:Y FAS~ND-EXP"E'IIfSI'V~rT.,.-fSff'O_T_REAS_O_NA_B_C~T-0-'S'fflP,------
ESPECIALLY HEAVY OR DELICATE EQUIPMENT. EXCEPT IN CASE OF VERY EXTENSIVE 

~------...-R,E'PATR'S ·• IN . ~ NrEVEN'Tflif<rS-IP'E'OP~C"A'NwOIA'I:CO-W'JRE-CO'I~fG--O'O·w~-P£"RTO-IJS----
WHICH ·ARISE UPON RETURN OF EQUIPME·NT F·OR REPAIR, AND THUS WISH 'T•O 

1----~AfrRANGE TO HA'VE SERVf.a-PrOPLE COlifrl'O~THEM, 

O'N E ··CAN llm'JlifCJ~Off'A'VrSERVTC-e:-P'E"O'P~C-m4~E'rTRE_R __ O_~itrTO~C"AL 1: t 

BASISt '0R ON .A tSERVICE :CONTRACT• BASIS, IN ON~CALL SERVI:CE, ONE ·PAYS 
~CTU'~C'O'STr.CJF EA C'FIC'A"I:I: ~ WITH A SE'R'VTC~C'O'tifTR')'CT-, -oNE_P_A_Y:s-·-rn:-AT-

RATE', MOST V.ENOORS 'TEND 'TO GIVE PRIORITY TO SERVICE FOR CUSTOMERS ON 
----==s£"RVt'"C"'~O'IiTRACT, OUR E"XP-ERrE"NCE HAS BE"£1rl'FrATSUCHC"'O-NfFa'-C_T_S_AR_E_e·F'T-E-w--

THE ONLY WAY 'TO OBTAf:N LIMITED DOWN TIME·. IT IS USUALLY POSSIBLE ·To 
----.-H""Avr-A:C'ONTFfA'CT-Wf:ffT-rrtrWii'H·P-E'~Al:'rt-E'S-rO'R-rA'fi:UR-rT-O_R_E_SP'<rN'O-i I'TFffN-A' 

GIVEN PER IOO, AND MOST SUCH CONTRACTS ·cOVER PARTS AND LABOR F·OR .EVEN 'THE 
-----,M"crsrc-ATA"STRO-F'ATC-rA'TCOR.E'S ·, 

6~~~ PREVENTIVE .MALNTENANCE 

AS EQUIPMENT IS USED, VARIOUS PARTS BECOME DIRTY, WORN, ELECTRICALLY 
~<ITNAL.-ORIO'T·H·E'R'iTS~NEELJ-0-rA'O"JUSTMENr;--R-ATRER-TH'A-N ~fA-IIF'OR ______ _ 
TOTAL FAILURE, IT IS GOOD PRACTICE PERIODICALLY TO CLEAN PARTS, .CHECK 

1-----,FOR WEAR , AN IJROln:f!TGlll-o-S'TTC-s-;--T'R'E"'-rrS-~R-C"'Al'I..---A-NIJSHO-OCI:JIJO_S_OM ~OrTRI_S __ 
HIMSELF, HOWEVER, MOST SERVICE CONTRACTS INCLUDE PREVENTIVE 

f-------..M"'A-r~T~ffC'~ffl[JEVEN-rrONrfsotr.-C-ALLII-T-:rSwt-SE_T_O_B_R_rKG-rN-THE 
SERVICE PEOPLE PERIODICALLY TO CHECK OUT THE EQUIPMENT CAREFULLY, 

-------
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THE USER HI!t-'SELF S~OULD ASSUME RESPONSIBILITY FOR CLEANING-'·TAP-E DRIVES 
BEFORE EACH USE, THE PRINTER/PLOTTER ON EACH PAPER CHANGE, AND THE 
FILTER ON THE VECTOFfGENE-RAL DiSPLAY EACH MONTH. THIS LATTER-fTE.MC-~N---- .. 
CAUSE REALLY ·SERIOUS PROBLEMS IF NEGLECTED, 

6,3, ENGINEERING CHANGES 

THERE IS ALSO NEED AT TIMES TO UPGRADE EQUIPMENT;----tHrs-ls DONE FOR 
SEVERAL REASONS~ MAINTENANCE IS EASIER FOR A SERVICE ORGANIZATION IF 

-----A;...L,_L____,T"trE--:-TQlJTPtT!NTTOB-E~NDLEOIS ON THE-SAM-ELEVEL, PR_0_8-(E_M_SWH lC~H,....---
CAUSE FREQUENT FAILURES CAN OFTEN BE REMEDIED BY GOING TO A LATER 

___ _,;::,.VE""FfSION OF THE HARDWARE. DEVI~r-PUFOff~NC£ MAY BE---rM"PROVEO, H~RCWARE-
MAY BE MADE :COMPATIBLE WITH OTHERt NEWLY INTRODUCED HARDWARE AND 

---___,S...,.OF'TWAR.E, MA I NT-E-NANC~NTRACTS_O_F"f-EN!NCt:UD-E SO~E~SUC-HUP-GI:fA-O[:S..--wfTH--
THE REST AVAILABLE FOR AN EXTRA FEE. THE USER MUST ASSUME 

----R-E"5P""OWS-rB"TC"rT·Y-r0frEVAl:U KrtfifGIReUES'rR-ABTCI"n-OJr"E""A-C.rsOCR_C.R A"N"Ge,-----
SINCE THESE ·cAN OFTEN INTRODUCE NEW PROBLEMS, HOWEVER IT IS DIFFICULT 
TO AVOfC SUCH CHANGES FOREVER, AND IT f'S--wTSE-w-stHE'DULEI'R'E"M AT -5-0lifE'--
STEADY RATE DN CONSUlTATION WITH THE SERVICE ORGANIZATION, 

·7 • POWER t :ENV IRONMElNTAL :CONTROL, lN•HOUSE SUPPORT 

IN OffD'E"FrT-ORUN A TE"R-tTI"'NALSlTCH ISJ'RAT-s-p£"'CTF-fE'D-----.rERE-;-O"N·E-tlflfSTHAV~-
ADEQUATE ELECTRICAL ·POWER,. ENVIRONMENTAL CONTROL, AND IN-HOUSE SUPPORT, 

---~fR'E-rri'C''IC'OliFTGUJfA'ffO-~WI1I-D'E"'fE'R~-n~·E"""H~-p()w£ RNEEOE--o-·. -I F-0-NrUS-Es·--=--
PRECISELY 'THE EQUIPMENT GIVEN, THEN ONE NEEDS TWO SINGLE PHASE, 1[7 
VOLTt 30 AMP :CIRCUITS, AND ONE SINGLE PHASE 11·7 VOLTt 20 AMP CIRCUI..._T.-,~A-=-s
AN ABSOLUTE MINIMUM FOR THE EQUIPMENT, OTHER OUTLETS WILL -BE NEEDED IN 

----~T.....-H ..... E..-SAM'eR-cr~F'OlCTE"S'I~lJfPJfENrliNDL.TGlfiS • TH~ENVI'R-ONK~NIA-~C-(rf'rTFfO L:-
WILL AGAIN DEPEND ON THE EXACT ·coNFIGURATION, BUT ONE WOULD DO BEST ·lo 

-------.-AI:L01r3-otlfCfO~ro-FER A OUR FIE ATLO'A'c-rN-AR'O-Ow-H£1:DAT_2_0-----n£CiREE's-··-----· 
CENTIGRADE, PLUS OR MINUS ONE DEGREE CENTIGRADE, WITH 40 TO 60 PER CENT 

-----.RElATIVE HOM fC I TY ·, F·OR IN O::.Hou ~rs-u-P-F~'CfA,.---oNr-RE-QU I RE"'S"SO MC"R-E"'S_P_ONs-feLE.---
PERSON TO ACCEPT THE BURDEN OF MANAGING THE USE AND MAINTENANCE ~F THE 

-----E"QUrFKEN T, ·Ofi'CE IT f.rTNST~IX'E'rrtTRTrS'ROUClJ"Rf"Q'U:n~rNOf'fO R E- 'TFfAN-2 o----
PER ·cENT OF HIS TIME~ ?HIS DOES NOT INCLUDE THE .TIME OF lN~HOUSE REPAIR 

-----FE'OPLE, fr-Tfir£'Y-;uf£'!U'SE 0, TR~s-y-STETr~fA'N-;\-GER-W I CC~AV rAfifU CH-RE'AYrrR-- ... 
BURDEN WHEN lHE SYSTEM IS BEING PURCHASED AND INSTALLED~ ALL SUCH 

----A~RRANCfER'ENTS, FOR POWeR, .ENVIRONMENTA-c-c-CfNTROL, A·ND IN•HOUSE-SUP'POf:fT, 
SHOULD BE MADE WITH THE HELP OF THE ACTUAL EQUIPMENT VENDORS, 

r
! 

~------------------------------------------·------

-------·----

--- -· 
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8 • PURCHASE t INSTALL AT tON, AND ACCE=P:__T:...:.A...:..N.:..::C:_.-E::::~---------------

THE MOST T~~E~OONSUMfNG EFFORT lN OBTAINING SUCH A TERMIN~L IS THE - PERIOD ·OF AClllJAL PURCHASE, INSTALLATiON ANDA-CCEPTANCEOF--fHEHA~DWAR_E ____ _ 
AND SOFTWARE. ONE MUST, OF COURSE COMPLY WITH THE REGULATIONS OF ONEtS 

r---INSTITUT-ION~~D---,-UNDt:NG-.AGENC-fESUreuvlNG-SUC'lrEGUIPME~fT-;-oN·E:-FAC-ES ____ _ 
THE DIFFICULT CHOICE -OF GOING OUT FOR BIOS, OR JUSTIFYING A SOLE•SOURCE 
AQUISIT~ON. WE CANNOT SETTLE THIS QUESTION HERE. HOW~VER, ONE -SHOULD 
BE CERTAIN TO MAKE CLEAR THAT ONE IS BUYING A FUNCTIONAL SYSTEM, NOT A 

1-------,c=o=L---,-L-..E....-C'TfON OF PARTS. THUS ONE SHOULD INCLUDE IN THEPlfRCHASE 
SPECIFICATIONS OF EACH COMPONENT, THE REQUIREMENT THAT IT FUNCTtON 

-----,w"""t=T~IN 'THE SY.STEM AS A WHOLE. IF ·ONE IS NOT iNAPOSI_T_I'ON---.f0-00.-----
SOFTWARE CONVERSIONS :OF GREAT MAGNITUDE, THEN ONE MUST REQUIRE T:HAT THE 
SYSTEM RUN 'THE PORTI•ONS OF THE EXISTING SOFTWARE NECESSA-RYF-OR THE ---
APPLICATION· AT HAND~ IF ONE IS NOT IN A POSITION TO UNDERTAKE MAJOR 

--~M~A----1.-;-:NT=ENANCE llNwHOUSEt THEN ONE MUST-, AT THE TtME OF PURCHASE, ·INSI-ST 
UPON THE AVAILABILITY OF ADEQUATE VENDOR MAINTENANCE AT AN AGREED PRICE. 

---=:FU"""RTHE-R---;-~'f,I-!E TIME-:OF-PURCHASE ONE-MU_S_t_ MAKE.FfifANGEM£-fffS_t_O_Ii-NST-Al,.L 
THE EQUIPMENT AND SYSTEM -SOFTWARE. THE PRICE ONE PAYS FOR THIS ·SERVICE 

---....-A=PPEARS MIGH, BUT IS WELL WORTHT,.--SINCE ONrMuSi' OF-TENCONfR-ACT_F'O_R:----
fHIS SERVICE IN ORDER TO HAVE WARRANTEES IN FORCE~ ONE SHOULO REQUIRE 

----.THAT ACC£lfTANC'E-OF'"tlfr-EGUIPM£l'l'F'ff0-IS'TART'lJN·T-lr1'HE-ENT-t'R_E_SYSTEMA_A_S,---
BEEN INSTALLED·. ONCE ONE HAS INDICATED ACCEPTANCE OF PART OF A ·SYSTEM A 

---..... PElffFRE~LIN'S'T'A'ITEO----:-LA'T-ERfifA_'\'_R'E·v·e-A'~AOE-F'E'C'T-If~IHE-O'EfJ-IC~-A"rcH-D·o·Es-·-----
NOT VIOLATE ·1~E DEVICE SPECIFICATIONS~ SUCH DESIGN DEFECTS ARE :COMMON. 

1-----A ...... eCEPTANCrSH"ouLD-FlE CARR-fED OUT Wl-i'lrCAR£';-~CONSC-I OlfS~f-fEMPt-,-TO ___ _ 
DISPLAY WEAKNESSES DN ANY PARTS~ THIS WILL CONSUME MUCH TIME FOR THE 
USER, BUT AVOID G'R£'AT.ER 'TR-OUBlE LATE'R IN TRr'I:TF'~O-,-----.r·RE-E'QU!P'MElllf--T-. --

. AtC£PT~NCE CRITERIA SHOULO BE AGREED ON IN ADVANCE AND PROVEN TO M~VE 
~--.,..B~Bl'-AWlfrTTE'trRE'C'O'R-~A"rm·mE'o-BYT'HElJSE'R-;-R-AifiE'R-T'RA~Ili'Y-ToH e-----

VENOOR. PARTIAL ACCfPTANCEt OR .CONDITIONAL ACCEPTANCE, OR .NYTHING ELSE 
LESS THA-t~ FULL ACCEPflNCE IS USUALLY A MISTAr<£. ONE IS ·soflf£_T_IME'S-,-Cl'Rc£·o--· 
INTO SUCH A POSITION, BUT THEN ONE IS ADVISED 'TO HAVE THE SITUTATION 

--------cs-P'ELLED ·OUflTNP-A[NFUL o·E-TTrC1NWlflT-UfG--.--wl'TFnrAR-S"H_P_E'NAL'TlES-f:.'O_R ___ _ 
FAILURE 'TO MEEf ANY OEFERRED DEADLINES~ 

---------------------'~-- ......................... ____ ..,.,....,.. _______ _ 

• 

1-----------------------------------------· 

-
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TERMINAL OPERATIONS ---

----------------------~l=l~l~~~:C~RYSNET TERMINAL OPERATl~·O~N~S ____________________ _ 

1. 'TERMINAL 10PERATl10NS OVERVIEW 

. A 'CRYSNET TERMINAL IS RUN nHANDS·ONn BY ONE PERSON AT A TIME. ONE 
FUNCTI.ONS AS tCNEtS OWN COMPUTER OPERATOR, ONE MUST KNOW HOW TO START 

-----=THC70E. MACHIN-"£·, INCLUDiiNG EACH(fF THE_P_E_FffPlfE-RAL DEVICESOtiiEW-IU:-usE-.-,0-NE _____ _ 
MUST KNOW HOW TO PROPERLY STOP EVERYTHING ONE HAS STARTED, ONE MUST 

-----=K'NOWRlrrro-A-IJNTH~P'ffO_G_FCAMS-OfirEtr£-tOs;-Fro-w--ro-T-£R-~il N ATeTHEM··--~N o--Hor--- - --
TO DECIDE IF 'TROUBLE HAS BEEN ENCOUNTERED~ IF TROUBLE HAS BEEN 

--~ElfCOUNlERED, 1CN"E MUSIS'eABLE TO 0('f('RM-INE-trflf£rAOCT-fS!N_O_N.Et.S-US£, 
EQUIPMENT FAILURE, HARDWARE FAILURE, OR SOMETHING ONE DOES NOT 

----.. u=NO-ER-Si'A¥~E :fTHE-R-;-C:fNE MUSTI(NOW HOW_T_OCORR-ECT-T-FfOUBCE-;-OFf-ROW--t-0 ______ _ 
REPORT 'TROUBLE TO SOMEONE ELSE WHO CAN DO SO, SOME KEY USER MUST KNOW 

---Howrcr-c-R-EA-TEtl.fP'O-ATEt-~O-a-AC-KlJP--OPER-AT-I'NG--SYS-TE MS·M-A IN T-A-rN-LOG·s-lJN o----
MANUALSt ORC£R SUPPLIES, CLEAN EQUIPMENT, REPLACE PAPER PRODUCTS, RUN 
D I AGNO-S"''T-I.c-r~ND CALL IN SE-RV I C€PE"O-PCE~, -,-Tl.ffS-KEYUS£-R-MUST-ALS-O~E-tfSURE __ _ 
AN EQUITABLE 'CISTRIBUTI•ON OF ACCESS TO THE MACHINE, AND MONlTOR THE 

--__,.C'""'ONTlrACT-~No-:-FUNDS-KECE-SS ARY!O-fH"£-:-C-0-NTfNUED~EXrS-"f£NCE_O_F_f~-E----

FAC!LITY, 

THIS DISTINCTION BETWEEN· USERS AND THE KE~ USER I~ SOMEWHAT 
------.:-A-=R 'ffF IC I A L, fNSOM-£-:5HOP""S, THEF'UNCTT-ow-o~ry USER-Wil:LO'E VOL V E-O-N"7C"NE __ _ 

UNFORTUNATE SOUL, WHO DOES EVERYTHING FROM CLEANING UP TO CHASING 
---v·E'ND"o·R'st'W.ff!L-y--m-OTH ERs-THrFUN"CTrOl'fS--wTa::-BE1rrsiR-I'BUT-Eli-M•fON6lCC ______ _ 

USERS, WE WlLL MAINTAIN THE PRETENCE fHAT THE KEY tiSER IS A DISTINCT 
---..... p·ERSON • A'No-SAVE. TlifEiOE'SCRTFTTO'fr'ar-MTs-R£SP-ONS'flffi:TTrrS TO THE~No-OFrt>--

THIS -CHAPTER I 

THE BASIC REFERENCE FOR THE OPERATION OF THIS TERMINAL IS nTHE 
---,-_,o...,oor.S..-J ... B.-.A.....,T C'ffl'rlNOlJtrOl{'tl , 0 E c-PUBLTCATTONrillJTI!B~Ir o-e-c,;. i i- ,;.-01)-sffA,;. -A .o-;--T Fftre-o-oK--

CONTAINS INF·Qf;MATION ON ALL 'THE MAJOR SYSTEM UTILITY PROGRAMS, IT ALSO 
----..P-....ROV!OES COMPLETE -veNlrOlrtrO-COllENTl'TTO.~F'OFrP40SIUSER5-;--S-OJ(E 

CIRCUMSTANCES WILL REQUIRE REFERENCE TO ••THE DOS~BAtCH SYSTEM M~NAGERtS 
GUlDEn, DEC PUBUCATION NUMBY'RLf£-C~l i.;.OSMGA~A~O. NORMALLY ·ONLY'f-~fE-i<E07Y=--
USER WILL HA-VE NEED •OF 'THAT MANUAL, A USER WITH INtEREST IN THE 

-----...I f'ffERWALrorm~sT-E'M SHOULD'FrEAIJTtlHE_O_O_S/B-A "fCH SOF-TWA~E-SUFfPORT ____ _ 
MANUALn, DEC 'PUBLICATION NUMBER OEC.;.ii;OSSMA·A,;.O, AND "THE DOS/BATCH 

__ ____,_ -oEYf"crll"ff:rv£rrp-l"cK·AG·r-P-FfO'G-R'AMt•fEFSfifANtTAI: ,,-,-lrE"C--PlfBLfC-AT·ro~NO~ BE_R ______ _ 
DEC;ii.;.OODPB,;.A.;.O, AS WELL AS THE ttPOPii PERIPHERALS HANDBOOK•• (ORDER BY 
TITLE FROMLfe-C) • A ·PROGRAMMER WISHING TO PRt:fGRAMFOR THE DISPLAY .SHO~U~LD=-----
REAO "FORTRAN DRAWING PACKAGE REFERENCE MANUAL (FOP) ''• VECTOR GENERAL 

----,.-o..-rwG-';rM.-s-Elr.'c;-ro-e-2 3 • ----

Ill•l 

-· ----
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2. GEtTING ON THE 'TERMINAL 

IN ORDER TO GET ON THE TERMINAL, ONE MUST FIRST ARRANGE THE RIGHT lO 
GET ON, ARRANGE A TI'p.tE TO GET ON, AND--THEN AC-TUALLY--GETON-.--CfNE--MUS_T ____ _ 
KNOW HOW TO START UP THE DEVICES NEEDED, AND INFORM THE SYSTEM OF WHAT 

------~O~NE WISHES TO CO. 

2.1. ARRANG~NG ACCESS 

ACCESS TO '1HE TERM~NAL IS ·CONTROLLED BY THE KEY USER~ ONE MUST 
ARRANGE WITH iH IM ·yo BE ENTERED AS A VALID USE-R IN HIS REc·O-ROS~NO-B'E 
GIVEN A USER IDENTIFICATION CODE~ THIS "UIC'' IS A PAIR OF NUMBERS USED 

----~-~r=o~SEPARATE 10NEtS FILES ON ALL MEDIA FROM THOSE BELONGIN~t.O-OTHERS. 
USE OF 'THE WRONG UlC 'CAN .CAUSE GREAT CONFUSION AND POSSIBLE LOSS OF DATA 
ONE MAY WISH'T-0 RETAIN, SOME USE-RS WILL BE RUNNlNGONLY-A-LHftT-EO-SET ___ _ 
OF APPLICATlO~S PROGRAMS, AND WILL NOT REQUIRE THE ABILITY 'TO RETAIN 
FILES. SUCH ,A USER 'MAY BE GIVEN A UIC THE SAME AS THAT USEDBY •OT1fE=R.,---
USERS IN A S~p.ttLAR SITUATION~ SUCH A USER MUST BE AWARE OF THIS ~NO 

-----=~=-E=TC7":'u=RN.........,..T·0 fHE KEY USER FOR A NEW UlCtfrHIS NEEDS CHANGE-;-REQUIR-liNG.-----
THAT HE HAVE lf!AORE GENERAL ACCESS TO THE SYSTEM. 

2~2. GETTING TIME 

O'fifC'r'ON~I S AOTFfO'RTIEO . T o-us~TRrT'E'Rlifrtii'A~O-R!MUS-(ST'U:-L_M_AKe'P-RO'P_E_R __ 
ARRANGE~ENTS 'FOR EACH SESSION ON 'THE TERMINAL~ NEAR THE TERMINAL, ONE 

-----:=C""A ..... N--...-F..-;INIM'IIO TWO.BOOI<S, ·ONE IS A LOG BOOK, fNDTCATING CURRENTtJs·ro·rTHE..---
TERMINALt ANO ONE IS A -SIGN.;.up BOOK INDICATING FUTURE REQUESTS F•OR 'TI:ME'• 

----..I ...... F>-'Tr.N~NE Is :STGNE'IJlNilifEL:'<rcrB-Ol!l<tAN'DI'fO,;.CJN"rRAs-RE'Q-UE'STEOIHE 
IMMEDIATELY ~OLLOWlNG PERIOD, JUST TAKE THE MACHINE~ OTHERWISE, ONE 

----fifUST FINO A SUITABLE FRE~PERTOD I·N THrsrGflf.tup-so·orANr£NT~r 
REQUEST, THE KEY USER WILL ESTABLISH THE MAXIMUM PERMISSIBLE S~NGLE 

----:T..-.I......,M,._E-,Ff'GU£"S'T:'J NO -NUMifElf(fFtf£QOlSTS--nftrEACH U S-E~.c-I T-rSilrsU"'JUY ___ _ 
IMPROPER TO SIGN FOR MORE THAN ONE FUTURE SLOT AT A TIME, AND F·OR •MORE 

-----.T~-~ONr-FfOURA'IAI-I~E • rF A USElrTS-O~THrTE-R-~TtorAc-A·T~TR~TIMr-o·F---
ENTERING A REGUESTt IT IS CONSIDERED COURTEOUS 'TO ALLOW THE USER WHO IS 

-----,o-.r-..-LFA'sr-R"A'~fifO'Ur!Or:-INrS11RTs-OrRE.fr\iO'RKIEVE'trirTFrA'IO.S'E"R' __ _ 
SIMPLY T•OOK TIME MACHfNE WITHOUT ENTERING A REQUEST·. HOWEVER, A ·USER WHO 

-----..T"A;AK=E.r.S.....__T"'HEMAO'AlNEArT-E'RR £QUESTS ·H AVr-B'E'E-NPLACED IN TR·rs-rc;-N.;,up-e-o-ot<·rs--
RESPONSIBLE ~OR PAC~NG HIS OR HER WORK TO BE OFF 'THE TERMINAL AT THE 

----=pff(fPE-rT-rt~ • 

~--------
2.3. TURNING ON THE TERMINAL 

IF ALL EQUIPMENT IS PROPERLY TURNED ON AT THE START OF THE SESSION, 
--s-K'rPIFrrrsE'CTIO'N-;---!Rr'lfE"S-S'A_G_EifA-Cfif21flfS'O-ACI:"'r~-EAlfS-T HAT-- s·o-ME-TFfiNG-FfA_S __ 

NOT BEEN TURNED ON. IN THAT CASEt READ THIS SECTION. 
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THIS SECTION ASSUMES THE STANDARD TERMINAL CONFIGURATION. IT ~lLL 
HAVE TO BE MOCIFlED TO ~EET ACTUAL LOCAL CONDITIONS~ 

. -"'-----------
THE PRECISE EQUIPMENT WHICH MUST BE "TURNED ON VARiES WITH THE 

---C~ONDI-TT-ONrN '~HlCH tHE_,.-E-RMlNAL HA_S_B_E-EN LEF-T-BY THE--LA-S'f-;US-ER.-----
NORMALLYt ELECTRONIC EQUIPMENT SHOULD BE LEFT ON AT ALL TIMES. THIS 
GREATLY INCREASES THE ~IFE AND STABILITY OF COMPONENTS. HOWEVERt :SOME 
PARTICULARLY I~OI.SY DEVI'CES MAY HAVE BEEN SWITCHED OFFe OR LOCAL 

---.REl;ULATI-:-ONSMAV EVEN HAVE REQUrt~-ED A COMPLE-TE--POWE_R-_DOWN OYE"RNTGHT • IN 
ORDER. TO UNDERSTAND THE METHODS F·OR TURNING ON EQUIPMENT, ONE MUST 

----..ROLrZeTHAT-FOR-EACHCfEYICefR_E_R.EAR~USUALLYCONTROLSY.S-TE~S-NlrT ____ _ 
NECESSARILY OCNTROLLED BY SWITCHES ON THE DEVICE. IN THAT CASE, ONE 

---=M~UST BE CAREF1UL TO fUFn"retr"TlfE CONT-R"OL-rrE""C_T_IfONIC_S_BE-rO-FfEIUR-NIJiGJ<ff.r"T"A"E--
DEVICE~ SINCE 'THE COMPUTER ITSELF IS "THE ULTIMATE CONTROL DEVICE, IT 

---=sH"O'ULD :B-r-TlffU,EOON FlRST---;--5-I-NCeTHE-OTSPLAY HAS PARi'_I_CULARLY -B""AD.----
POWER•UP/POWE~~DOWN .CHARACTERISTICS, IT SHOULD BE TURNED ON NEXTe AND 

---.-LE"F"TO-r.-Tf1ElNONE"StfOUL0-TUR'"N-O-NETC-FtOrTHrPE"R-I"PHER-Al:s--::o-NE-THINtfS-:O~E--
MIGHT NEED IN THE SESSION. THE POWER SWITCH LOCATIONS FOR A TYPICAL 

---S=-:-YSTEl4 JR E AS FOLLOWS I 

COMPUTER -~ THERE IS A REMOVABLE KEY ON 'THE LEFT OF THE FRONT 
----------l·-wu-or-T-~C"OlifPU'rE"R:-rrSFrOULDALWAYS-B~T"ffER~R-OIA'T I ON.---

TO 'THE :EXTREME -COUNTER~CLOCKWlSE POSITION TURNS ~FF THE 
-----------.C~O,.....,MPUT-ER AIND ~OST ASSOCIATE-DPERIPHERALS MOUNTED WITHI:N ·tHE 

COMPUTER CABINETS. THE 1NEXT CLOCKWISE POSITION PROVID.ES POWER 
-------..Tr.ooO.-. ._T ... Hrt-OMP'UT-E'R ANDIH~rsrPElUl'"R£'R_A_LS-.-TH£rTNALC'CO'ti'<"WlS_£ __ _ 

POSITION SHOULD NOT BE USED, AS IT DISABLES THE .CONSOLE 
--------..·vrrCffeS-O'N'r~EE'CfS-TOSTAR-rT'FfE-SYS-'rE~t"T-rs-B·E-s-rr-o-e·E--- -·-------- ....... 

CERTAIN THE ••HALT~ENABLE" SWITCH ON THE RIGHT OF THE FRONT 
PANEL IS LN THE HALT POSITION BEFORE APPLYING POWER. 

DISPLAY _,; 'THERE IS A POWER SWITCH AT FLOOR LEVEL ·ON THE REAR 
-------~F"IFJ~BP'L AY, S'O'"R~~T-<JT'Rrl:E"F"TA_S_O'NE--rAC-E'S-fiF·R-O"fi4,..------

BEHIND~ DOWN IS OFF, UP IS ON~ DO.NOT USE A FOOT TO WORK 
-----------.T ... HTlt~n~s.----.os;o';-cWI'rCR • USE A HANlrtEVEN IF ONE MUST GE1' ON ONE t-S~-KNEES 

TO ·CO so·. . 

-------DTS'c-o-RTV~TR'ER-~rs-NCJS£P"'AJrATrPO)fE"r.SwTT-CF!OfrRO'ST-M'O-DEL"S--
OF 'THE DISC DRIVE, BUT 'THERE IS A HRUN,;.LOAD" SWITCH WHICH 

---------cORIROLS M0""1-"Q-R-p-OWER. THIS SWTTtliSHOULD B~IN'f'HELO-A"O.------
·PoSifiON WELL BEFORE ANY POWER~DOWN OF THE COMPUTER, lO ALLOW 

---------....TMrTOR THE AEA'Irs-To-R-ETRTCT·., WITfrADTS-CINITffTS"'-SWITCH __ _ 
SHOULD BE IN 'THE RUN POSITION AT ALL TIMES. ONE SHOULD VERIFY 

________ ....,TtfATIHe-DTS-c-TFrAITs-rN-, fifA'TCKE'S'_A.STGN--<rNIRr-OR TVE -----
INDICATING WHICH DISC SHOULD BE MOUNTED~ 

0 PER A T"O'R-c-O-N"S-O-cr-O"Evrc·E~-H'E-RE_A_Rr~O-NY-AL T E"R-ffA·T·E-OP E'R"A T·o R ---
CONSOLE DEVICES ,;. SOME WITH A KEYBOARD AND HARD·COPY PRINTER, 

----- AlitrS'O'M'E\IflFI-Al(E·y B"<JA_R.[JA'N[J_O_I SPI~Ay;--u SUALLV-PO~ ER-- W TLL'"-Br--·-
CONTROLLED BY THE POWER SWITCH ON THE COMPUTER. HOWEVER, A 

------------------------------------------- - ---
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r-----------------------------~--------------------

MAG~ETIC TAPE DRIVE ·• IT IS VERY UNDESIRABLE TO 'TURN THE POWER 
OFF FOR nns DEVICE·. THERE IS AN noN.;,OFFu SWITCH ON THE LOWER 

I--------.L.---.E..-.F..-.T------P.-::A~N.EL CUPPERLEFT SWITCH) BUT THIS IS B-ESt TAPEDlfiiTHE ____ _ 
ON ·POSITION • ONE SHOULD CHECtc THAT THE nuN IT" SWITCH IS SET 

I---------.TO .~ NUMBE"R-MATCHTNG--r-LABEL-ON THE_D_R-IVE. 

f-----------------------------:----------------
PR~NTER/PLOTTER ; THERE IS A- POWER SWITCH ON 'THE UPPER RIGHT 

r---------...-.OF 'THE 'TOP ,OF THE PRINTER. 

f-------------------------------- ------------

CARC READER ; THERE IS A POWER SWITCH AT THE TOP REAR OF THE 
READER, ON THE LEF-TFACING IT FROM-T-HE-REAR, ON THE RlGHT 
REACHING OVER FROM THE FRONT AS MOST PEOPLE DO~ 

ONE SlfOUL OBEAWARE~TH ATSOTfE_O_F-~TllE-P-:-OwE-RSW ITCHE-S-DO NClT-fOT-ALt:·-y---=------
DISCONNECT ALL WIRES WITHIN A DEVICE 'FROM THE POWER LINES. IF ONE MUST 

r----~E~N~T~E~R~EGUIPMeNT WITHOUT CERTAIN KNOWLEDGE OF- ITS WORKINGS, IT IS BEST~TO __ _ 
DISCONNECT POWER BY THAOWI~G ALL BREAKERS AND TESTING WITH A METER. ·ONE 

--=sHmOULDAI:'S'o-arAWAFfEIHA-TWff~-,-O-WER-rS.AP"PCr£D_T_c:ri'Ari1EV1CES---;-O'r-lR t"S __ _ 
TERMlNALt THEY DO NOT MAKE NOISES 'THAT ONE HIGHT INTERPRET AS EQUIPMENT 

1----·rrE"s-TlHTYIN"G---rr.S ELF·. SFrO-ULLISU-CfiN"<rf'SES-B~RE-I{RD-, D-rs-c-0-fUiiE-CIP_O_iER'~AT __ _ 
ONCE·. 

2.4. 

THE VERY F'YR-ST ACT-ION TO BETAKENAT fHE STARTOFAS-ESSF'ONfS-T•O~S-IGN 
THE LOG BOOK. THIS ,MUST BE DONE FOR 'TWO REASONs·. FIRST, BY SO DOING, 

I---...-O-.-N"C-~f's-F"O"R'CE·IJTO-T0-0-KA-ITHrL~rG"7"1Hro-rANtiSE·E-I'F-IHE_P_R lOR-us·E-R 
ACTUALLY SIGNED OFF 'THE MACHINE. IF THAT USER DID NOT SIGN OFF, PERHAPS 

----·FfrrrN-o,.--D-m.;rr,-AND-sFro1n:D-B-~A-sKErr.-sE·c-o"No~Tl1E-.:-o-a--Boo-rrs-y-Hr-:o-Nt:Y ____ _ 
RELIABLE RECORD OF PROBLEMS WITH THE 'TERMINAL·. BY KNOWING WHO WAS USING 

I----"'T""A'Ef{"ACITNrA"T-,-A-RT-ftOl:t~--tl1l£"Sfti_S_OTT-E'fr~A-SfE-rt-o-OEF'"Ilfr-PROBCE'~rs 
PRECISELY. 

ONCE ALL EQUIPMENT IS ON, ONE MUST GET THE RIGHT PROGRAMS RUNNING~ 
-----r~PFHYG'R"AM'S-DO-N<JIR£STtrf'"--rrr-rHr-co-RFliTER-rTSEI:~EXCEPIWHEN-IHEY-ARE ____ --

ACTUALLY RUNNING~ ALL PROGRAMS MUST COME EITHER FROM TAPE OR DISC. 
~----,fifO-S'TPJJrm~rRUN BY "'Ust'R"S_A_RetOWTlHf(J:!lJBY A tDlm'OtrPRO'GR-A-t•CC-I{I:l:EEJTHr--

nDOSiBATCH OPERATING -SYSTEM"• SOME 0 I AGNOSTICS RUN OUTS IDE THIS 
----,E-NVllrQN'tl£Nre-F-OR---.REt<rtS£Er'ff~SECf:f0-~0N-ftRUfrNINcrMA"rNTEN'"ANCE __ _ 

PROGRAMS''• FCR OTHER PROGRAMS, ONE MUST FIRST LOAD THE OPERATING 
-SYSTE,..-=;--rrrt'f~C"A'SIOSE~EFTIIfr-t-rA"CffiNE'-Ifr!TS-NOR-M'AL"CONO rTlON·-, ------

THERE IS LITTLE TO DO, SINCE A COPY OF THE MONITOR SHOULD STILL BE IN -------

I-ri~-.-4,_---------------------------

----------------------------------------------------------·----



r--------------------- - -- -------

CRYSNET~MA_N_U~A~L~--------------------------------~T~E_R~M~I·_N_AL= __ OPERATIONS 
r------~0 4·-.,-"'--:1:-::3c-/:-=7 6 ·4

-----·· -- ~ 

r-----------------------------------------------------------------

EXECUTION. IF 'THERE HAS BEEN A POWER FAILURE, HOWEVER, OR 'THE PRIOR 
r-----,.-,-us=-"'ER RAN FROM A DIFFERENT cftsc;-oNE MUST nRE-BOOTiiTHESYSTE·M • -T-0 ---0-0--:-.=so-:=----, --

SEE ttBOOTSTRAP PROCEDUREn, BELOW. 
-----------------~---=----=c__ ___________________________ -·-. -

WHEN THE MO~ITOR IS WAITING FOR A COMMAND TO RUN A PROGRAM, IT WILL 
r-----H,..:-:AV(-pf:fiNTED --- ---------- .. --

THE :COMPUT-ER -AND MOST PROGRAMS EXP'ECICOMMANO'SOR-OAT~FffOM-ftn~-~I<EYB-0-ARD ____ _ 
TYPED AS LINES OF CHARACTERS TERMINATED BY A CARRIAGE RETURN ("NEW LI'NEu 

1--------;;;;0-..-N-"""SOlifE--:-CONS-OLE-S) • 'UNT!LfHAT--TE-Rl"-lNA''rmG-CJofARA-CTER-rS--i'YPE_D_;-·Tl-JElfSER ___ - -
IS 'FREE 'TO CHANGE HIS MIND ABOUT THE CONTENTS OF THE LINE. ONE ·MAY 

r----..,E-RASE---r:-S"-INGCE CHARACt""'EP-BYTYPTfifG---..--RUEfOUi'...---rtfOEL" O_N_S_O_MrMifCHlNE"S-=-) -.----
THE TERMINAL 'WILL RESPOND BY TYPING THE CHARACTERS ERASED, IN THE ORDER 

r------E-RAS-ED-;-'BEIW!ENR-EVE-RSE_S_CA_S'RE_S_;----ANEIIiifRE-LI'NE -MAY-B-eER·A-sE·o--BY-TYPING ___ _ 
nCONTROL-~U" .(It-! OLD DOWN 'THE nCONTROLn KEY AND WHILE STILL HOLDING IT 

r--------o-E.PR-E-SS-11011 l • ---------

J"l 
L.·O NNN ,NNN 

1-----------------------------------------·----·----

WHERE THE FIRST COMMAND C'•Fin FOR FINISH) CAUSES THE MONITOR TO -BE 
1-------=RtrR-ESAEO rROtJ. THE DISC, ANOT"HESECONOCOMMANO f"L0" FOlfl:OGfN")=----------

IDENTIFIES THE USER TO THE SYSTEM. THE NUMBER IN THE LOGIN COMMAND 
---=uTrNN"t'f;fifNN"'•tTrT·FfE_A_S_STGN"E"trO_I_C_,-r.-cr.--tri o-o-.roo••--. -TRE"FfE""T.S~O-p-ONCT-lfA_T_TON---

OTHER n~AN A ·BLANK BETWEEN THE "L0" AND THE DIGlTS OF THE UICt WHtCH ARE 
1---------,s-EPAR-Al£0 IN l\o--mOUp-fi\JfiffJER"ANNJtrS£FrN'lJMSElr13'V---.--eOMM"~fRe-FTR-ST ____ _ 

TIME A ·uSER ~OGS IN, HE MUST ALSO 

RU PIP 
'/fiN . 
c.OONTROL-·D) 

IN OROER TO ·c~EATE 'THE "TABLES ON DISC NEEDED TO WRITE FILES. THIS IS 
~----~N~ORMALLY D~Nr-BY~fHE KEY USER. 

O-ff~CAJrN"~UfrA'lfR"O-(fffA14BYlJS"r-OF-TRE'TRUNIIC-Oli1MlND • IriRE-PR-OGR-AM"---· 
IS MAINTAINED ON 'THE DISC AS PART OF THE LIBRARY UNDER THE UIC Cltlle 

l-----cAN"trFfl"S-nf~JlifEifPFrO:W"A-Mn, TREN-0~-'YRmrtRE-PR-0-GlrArS-U~P-l:'fBY--------------

RU nFfRONAMn 

F-Olr"E"XA-.-..P"cr-ToO-RUfr'T"H'~P"R_O_G-RA"l4P"R\fC-T"Nt"O-Nefllf"GHrTYP_E _______________ ----

RlJP R"J-CTN 

WH I c·AWOUQJS'f"AR~lf<JFfA~C-ftrllf"fOEXE"C-UT-f"Ov.--RtrwEVElftNll"T--ALL---
PROGRAMS ARE I~AINTArNED UNDER "l•l"• SO ONE MUST BE AWARE OF THE 

1-------plrO-C"E'OlJR"ES-rO-R-RU~N-t.-N"GP_R_O_GRA"M·S-RE"S"'fD I"N"G-£C!E~ A E-RE • -------------

IF THEr'R"<rG'~A-torR"E"STOE-rA"M-Ofif<r-TArF'li:ES"-oN-o-rsc--orA"-P"ARTTC"UL-AR- USER ______ -
WITH UIC nNNN,NNNn, ~NO NAME nPRONAM11 1 THEN ONE WOULD RUN THAT PROGRitM 

I-I I ~5-----------------------------

-------------------------------------·-------------- - --------



RLJ nPRONAM II [ ttNNN, NN.N!L',J.-------------------

IF THE PROGRAM RESIDES ON A MAGNETIC TAPE, ONE MIIST MOUNT 'THAT TAP£_ . .___ 
PUT THE ·UNIT 10N LINE AND TYPE THE COMMAND 

WHERE ttUNITtt IS THE !UNIT NUMBER. OF THE 'TAPE DRIVE, nPRONAMtt IS TlHE 
PROGRAM NAME, AND ttNNN .NNNn IS 'THE UIC UNDER WHICH THE PROGRAM WAS 
WRITTEN ON TAPE, FOR EXAMPLE 

RU MTO~S40lO,LDAt20~~0l 

BE WARNED THAT OVERLAYED PROGRAMS :CANNOT BE RUN FROM TAPE, 

ONCE A PROGRAM HAS BEEN STARTED, IT IS IN CONTROL, AND THE OPERATING 
INSTRUCTIONS 'FOR THAT PARTICULAR PROGRAM MUST BE FOLLO..W.E ..... D_.._. _______ _ 

3, :GETTING ·OFF 'THE 'TERMINAL 

WHEN ONE IS DONE RUNNING WHATEVER PROGRAMS ONE WISHES TO ·USE, ·ONE tS 
___ ____,_,_R.-cESE_QN.SIBLE F•OR CLEANING ANY UNNECE.S.SARY FILES FROM THE DIS.C..e RETURNitN_G __ _ 

ANY 'TAPES OR :CARD DECKS TO THEIR STORAGE AREAS, TURNING OFF THOSE FE~ 
DEVICES WHICH SHO!!LO NORMAlLY BE ·SHIIT DOWN (THE CARD READER AND ·PRINTER 
IN MOST INSTALLATIONS), AND SIGNING OUT FROM 'THE LOG BOOK, NATURALLY, 
ONE SHOULD POLICE THE AREA FOR ANY BOOl{S_~PERS OR OTHER ·PERS..QNA...__ __ _ 
EFFECTS LEFT IN COMMON AREAS, 

3,1, .ENDING A SESSI--ON 

TO TERMINATE A SESSION, ONE.___M_U.ST STOP ANY RUNNING PROGRAM, DE_l_E~-~-·t_ __ · 
FILES WHICH ABE NOT NEEDED, AND EXECUTE THE "Fin .(FINISH) :COMMAND TO 
ALLOW T~E NEXT tJSER tO I OGIN·, 

. 
TO TERMINATE A PROGRAM FOR WHICH NO OTHER TERMINATIO_N IS PRQ_v_I_D_E_Q_~ClN_E___ 

MAY ·USE 'THE COMMAND 111< ILL II, TO MAKE THE MONITOR PAY ATTENTION TO TH I.S 
COMMAND, ONE :tJ AY FIRST HAVE 'TO n.E_E..__!!.c_QNTROL•C". IN THAT :C_A.S_E_..__iME ____ _ 
COMMAND "WA ITtt' SHOULD BE 'TYPED BEFORE ttl( ILL" TO ALLOW AS MUCH 
INPUT/OUTPUT 'TO STOP AS POSSIBLE·, BE WARNED 'THAT TERMINA.UN.G.__A__P_RD_G.RA.M_ __ 
THIS WAY OFTE~ CAUSES FILES WHICH WERE IN THE PROCESS OF BEING WRITTEN 
TO BE IMPROPERLY TERt-I INATEO, SUCH FILES MUSI__B_LO..ELEI.EILB_E.E.O_B_E_~L.E.A'_V..I!NG__ 
THE MACHINE ·10 ANOTHER USER, THIS IS DONE BY RUNNING PIP AND USING TlHE 
II/DEII SWITCH, FOB EXAMPLE 

RU P 

III.;,6 
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EOITOR .• TMP/DE 

TERMINAL OPERATIONS 

A LIST ·OF ALL CURRENT FILES MAY BE FOUND ey· USE OF THE "lOin SWITCH • 
FOR EXAMPLE 

RU PIP 
'/OI 

WHICH WILL .LtST 'THE 'NAMES OF FILES ON THE CONSOLE, WHILE 

·AU. PIP 
L I'C/DI 

T~SE"S-STo-trrTSEl:F IS EN.o-EIJBYIYPTflrG-TR~C'OlffirANO---riFTf•-c FTtlrrS·R) • ·O-NE 
SHOULD 'THEN SIGN OUT ·OF THE LOG BOOK, NOTINa ANY ~NUSUAL EVENTS WHICH 
WERE NOT VET :fijEC"CfRll'E' • 

IF ONrfS ·UN ABLE T;-OTE-RlffNAieA--:-s·ES-S'llJirFJR-O'P-ERL V , 01lr!'Ff0U ('[JfiCrT~U'S_T __ ._ 
WALK AWAY~ IF AT ALL POSSIBLE, GET HELP~ IF NOTe PLEASE .LEAVE .A LARGE 

---.. 5....-I GNIO'I'R'A.riFF"E"C'IIA"P·Ell-T-OTff·E,.-A_Clt.I'NE ·• THTS'WI~G-lV~·rRr-N"EXT--U'S-~~--· 
A 'CfoiANCE 'TO ST A IGHTEN 'THINGS OUT BEFORE HE WORKS WITH A :CLOBBERED ,0 tSC 
AND LOSES A SESSION. 

~~i~ TURNING OFF EQUIPMENT 

~QUIPMENT tS .POWERED DOWN BY FIRST TURNING OFF THE DEVICES 
---....-.E(['C'Tlft'C"ALLY 'F URTHE"S'!rR""O-~rc<rfifPUT'E-AAfiiO--ruRN f'NG-O-FrTFfE"7'COM-P~U''f'E'R 

LAST~ :EXCEPT tN AN :eMERGENC~~ ~0 iUSER ·sHOULD 'TAKE tT UPON IHlMSELF 'TO 
--~.,;,.TUAN'aFrA'NY'TQ'Oll~'N!'NtliHEN 'HE· 'ffTrN-o·ra-EEff""TCllJII.EXP'Crc·rtCrTCr"',lJ.RN-:-oFF ·, 

THE ·ONLY DEVICES WHICH SHOULD BE 'TURNED OFF IN THE NORMAL :COURSE ·oF 
----=E""N""OWG .A SE""ss-ION ARr'TR'E:CARD ·READER .AND PlffN''fERiPLOTTE-R. ALL OTHEP..----

OEViCES :SHOU~C BE LEFT ON. 
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4. FILE SPECIFICAT~ONS 
--~~-------------------------------

DOS/BATCH MAKES EXTENSIVE USE OF nFtLE SPECIFICATIONS•• lO IDENTIFY 
WHICH DEVIC-ES AND PORTZ.ONS OF DE:vi·c£s ARE"T-OEfE US-ED-·ev-A'P-ROGR-AMF·(fR _____ _ 
ITS DATA. A FILE IS .SPECIFIED BY A CHARACTER STRING SUCH ASI 

WHERE nDEV" I·OENTIFIES "THE DEVICE, nUN IT". IDENTIFIES THE UNIT IN CASE OF 
-----;AMULTI'PLE UNIT DEVICE, nFtLNAMI"IIDENTIF-IES WHICH ONE 0-F MANY FlCE·s-:ciNA ___ _ 

••FILE•STRUCTUREDn DEVICE IS BEING USED, nEXT" PROVIDES AN OPTIONAL 
----=E'"'""x=T=EN..-.-.S lO"'NT1l'"THE F ILE·N AME TO FURTHElfS-EPARA f£-F-fLE·S--;--ANO-nN-NNtNN-N~,~, --I'"""S,.--------

THE UIC FOR 1~E USER WHO MADE THE FILE~ 
-------~-------------------

A ·DEVICE N~t-IE AND 1UNIT NUMBER ARE ALWAYS TERMINATED By A COLON. IF. 
THE -cOLO'N IS .LEFT OUT, TME0-£V-tCE NAME LOOKS LII<E A FIL.ENA~f£T0-IHE.-----·-
SYSTEM, INSTEAD OF LIKE A DEVICE NAME~ THE ONLY DEVICES WHICH WILL HAVE 

-------.Uc;-;N ITfiffilflfE-R~C N AN ORIJI NARY CRYSNE""TTER M-fNAL A-RETAEflfAG_N_E_li-C-TAP-r-D"R-rvE--
AND THE DISC. THE DEVICES ARE~ 

~-~-'---------------------------

CR i :CARD READER 
---------=K--s--=-a -------.:t""ONSOLEKEYBCfARD"ANO-PR rNTERlOR_D_ISP-L AY) 

PTI :CONSOLE PAPER TAPE READER/PUNCH (NOT ON ALL) ~ 
------------...-....-R .... , - ·HTG"HS"P-E"E-Df)-A-PE"R--,.-,,-E-R-E""AD_E_R_( i\fQ"IO-w--i(LT£Rt'11~rA·I:-·s--=,---· 

PPI !MIGH SPEED PAPER TAPE PUNCM ~NOT ON ALL TERMINALS) 
-----------.-.,v L.-. -=-a - · V ER SATE C LIN EP""Ff"ftifT-ER(NO-F CfFfT RAN C AI:Ufl_A.Grc-<rNfFfO'L'-:-) --

LP• " n n " " " (WITH FORTRAN :CARRIAGE CONTROL) 
-------.-.-.. p,....,- VER_S_A-rE""c PLOIT£" 

MTO i !MAGNETIC TAPE UNIT 0 (USUALLY NINE 'TRACIO 
----p;fT 11 N AG-N"E""T-l'""C~TAP"ruNlT 1 ( USUALLY-SEVE~i-RA_C_K....,-) --------

DKOj ·DISC UNIT 0 ~USUALLY HAS SYSTEM ON IT) 
·--------...D=K-=-171- ,OTSC UNIT 1 CNO T ON ALL -TERMINALS-::--) __;::__~--------• 

SYI ,SYSTEM DEVICE (DKOI) A COMMON DEFAULT 
--------mJro-1- :NULL D"E"Vlcr-frNITffTTr-5"1NK-,-s-ouR-CeO-rE"OF"tS) 

•lriTfifAl'fflfif~~NY-:-STXI:£TTERS ·O"frD-TGT~TO-ro£NTrF'Y A F Ilrl7N'DTS-C'Cr~-
TAPE·. "EXTtt '~AY BE ANY THREE LETTERS OR DIGITS TO EXTEND tHE FILENAME. 

-----=,:":""', ·.-..OBJllf"SOSU ALLY us-!"IJF"OlrlfOORVC-OI>eP"ffO-OUc·rn----avfffrc·o-M"P-niRfti-;&:o-'Ar,-;n,-----
IS USUALLY USED FOR BINARY CODE PRODUCED BY THE LINKER. IT IS GOOD 

----,P-R"O"G"RAJ-lflTN-crP~ACTlt"e:-to-vs·EtT;F"T-Nlt--,-o~rORTR-,Urs-o·uR·ce;-c·ooE""-ANtrtt-;M"A-Ct'.-, ----· 
FOR MACRO SOURCE :CODE. 

IN M~NY SYSTEM MESSAGES, ESPECIALLY A002 (DEVICE NOT READY) AND FOt2 
----':'t,..FTce-NO-ITOU.NDTt'TH~-tU AL OEV ICrlfAM-E"""APPE'"ARS-rNACOD_E_D_rO-Rl4:cA-CCE·o----

nRADIX-.;.50"• 'THE :CODE-S FOR THE DEVICES ON THE TERMINAL ARE 
----------------------------------------·----

0 1~2620 FOR CR I 
---------__,o-r.s-2"7-o-rmnJl(~--------------------------- --

046600 FOR LPI 
--------------~0~'2-l40ir~~~M~·r•l------------------------------

063200 FOR PPI 
---------------oo!"3_2_0r0_R_P.....--RI------------------------------. 

01·5270 FOR SYI 
--~----r~~~4~-ro~v~.~------------------------------

106ooo FOR VPI 
--------~-~ 

:rrx-;;-a.------------------------ ·-

----------------------------------------------------
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FOR EXAMPLE IF A PROGRAM STOPS WITH 

A002 012620 

'. :s. ·BOOTSTRAP PAOCEEDURES 
-~~~~~-----------------------------------------

THIS -SECTlON IS NORMALLY FOR USE BY THE KEY USER. FOR OETAILEO 
INFORM AT ION ·ON-eooTS'f'RAP-PR(fC.EOUffE""S-;-ONE-!RoUt:O-R-EFER-~T-0--APPEtifDfX-G -OF--·---· 
THE ttDOSIBATOfo! HANDBOOK"• 

THE CRYSNET TERMINAL IS USUALLY RESTARTED FROM DISC. 'THE EXACT 
P-R-O'C-Elru ReD£P-ElllrsuP-ON w HI CHB-OOTS'T'FfA·P--OEVTC·E,-rF-ANYI-EXTS-TS-nr· TllE 
MACHINE. THE~E ARE T!HREE MAJOR POSSIBILI'TIESI THE MRli-·DB, 'THE 

-----elf873·VA t OR .Blfe-7.3~V-8 • AU.---r-FrRE-~FrA''lr-S'rMfLA'R-OP.ERA.TfN"G-INSTAUCTIONSI __ _ 
EXCEPT 'THAT 1ME "START ADDRESS•• ·IS DIFFERENT. A LABEL -SHOULD BE PASTED 

------o U~E"cTL:Y ABOVE tH"~S-0Lr5WfrctrR£-"GTS'1.E'If'WTTH-:-T-HE-:-C-O_R_R_£C-'r-AD'D'RE·s·s ·• ·--

ALL NEE OED .E QUTP~EN T · S'ffOUI::lJ'BrFO-wER'EDtJ~TFfr-C-OR-RE'C·rsYST!lirO'TS·c---- . 
SHOUlD BE IN 'THE DRIVE A·ND uQN LINE 11 • THERE IS A SET· OF 18 SWl'f.CHES ·ON 

-----TFf~O'rTH~C-OM"POTER WITfrNUMB'ERS-OTRR-OU'CJFr'fr;--TRES~A"RrC'AlLED'--
THE ~SWITCH REGISTER"• TO THE RIGHT OF THESE SWITCHES ARE ••LOAD 

·----A,......D ...... OlfE'"'SS"• 11HAL"TIENABL£n, AND STARTn SWfl'CH'E""SN£-EDED TOBOOTS'fffA·p THE 
COMPUTER. 

l ·. MOVE 'THE nHALT iENABLEn SWITCH TO nHAL T"·· MOMENTARILY DEPRESS 
uSTA-RT n TO Cl:£'A~AN'Ytuli~ ~ ·-----

2: SET THE CORRECT AIYDRESS IN fFiESWITCH REGISTER 1 

ff3 l l 0-F"O'Rf'fR 1 i 
7l3riiri FOR BM873~YA ----------.-3-0YO_F'O.rSlie·T3wYB _______________________ _ 

THUS OR T E I.,R11 ONE WOULD RAISE SWITCHES 17t 16t 1St 14t 13t l2t lOt 
9, 6t AND 3 ~NO LOWER TME OTHER NUMBERED SWITCHES~ THE BM873~YA WOULD 

1-----·e-~T'Rr"'S"A'MEt~EXCE·P·rnrA·rs-wrrC"H 6 W o-uLo-B"~O-Ollf'.ftW RlLE"-T'FfE_B_M_8 7-3-;ye-·---· 
WOULD HAVE SWITCH 6 DOWN AND SWITCH 4 RAISED. 

3 • MOVE nHAL T iENABLE" TO nENABLEtt'• 

4·. DEPRESS nSTARTn AGAIN. 

AT THtS POD~T THE COMPUTER SHOULD ASK FOR THE DATE AND TIME. IT tS 
---p o·s·s·rar-r-oN~NAO'O-s-·TER'ti4'!N"Ac-i<rGEIA-BC'A.Ct\l:fN r-rN·s TE"A'o-:--l~THA T-C-KSE"--. Q~ ' • • 

TYPE 11 NEW l.INEu AND THE SITUATION ·sHOULD Cl.EAR ITSELF • ON SOME ·OTHER 

1-------------------------------·----·---------------- -
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1----=--M--::0:-:=-D:=-ELS OF ADOS· TERM IJNALS, ONE IS OBL IGEO. TO TYPE ·u INSERTn BEF·ORE •_•N-=E . ..:c...W __ _ 
LINE"• 

-----=::-:-=-:==-~~~~-=~=----==---~~~=--=--,--:=-~:----=~---=-=-=-==--=:-=-=;:---=~--=--:.--7",.----::--·-s. ENTER c~·TE AND Tit-lE, TYPE 'THE DATE AS TWO DIGITS FOR THE ·DAY, A 
HYPHEN, THE FIRST THREE CHARACTERS OF THE MONTH, A HYPHEN, AND lHE LAST 
TWO DIGITS OF THE YEAR. FOLLOW WITH A ttCARRIAGE RETUR-Ntt (ttNEW LINEtt •ON 
SOME TE~MINA~S)~ THE COMPUTER WILL THEN ASK FOR THE TIME. REPLY WilH 

r---~T~HE=-=-=T=-::I:-:=:ME ON ''Tit-lE BASI-S OF A 24~HOUR CLOCK, WITH A COLON BETWEEN THE HOURS 
AND MINUTES, -AS IN ni:3i-45"'• FOLLOW WITH A ttCARRIAGE RETURNtt (ttNEW .LI!NE" 
ON SOME 'TERMDNALS), 

6. AR"SW~RIHrl>IALOG~QUESTIONS·, THE COMPUTER WILL ASK I"FYOU WI-SHA ______ _ 
DIALOG·. THE .ANSWER SHOULD BE ttyn FOLLOWED BY A ttCARRIAGE RETURN•I. IT 

r----,-,W,_.I.-L~L--:-;;.Ttf£NASK A SERIES OF QUESTIONS ABOUT VARIOUS DEVICES-,--EXCE:-P-1'-FOR _____ _ 
THE -QUEST ION '"CHANGE :CARD READER DEF AULTStt 1 THE ANSWER SHOULD BE ttNtt 

1------;;;;:F=O:---cLL:-:O=w-=E~C BY A ·ttCARRlAGE RETURN", T-HE ANSWER FOR THE :CARD READER SHOULD __ _ 
BE nyu 'F•OLLOWED BY A ttCARRIAGE RETURNn'. THE ANSWER 'TO "BINARY SUPPORTtt 

r-----:;;;S"'H ..... 077U...--.LD ·NORMALLY BE "N"• BUT IF ONE WISHED TO RUN DIAGNOSTI-CS-FR_O_M-:C-MfOs;----

1--

IT WOULD HAVE TO BE ·uyu·. THIS WOULD REQUIRE 'THE USE OF THE "IFAtt -SWITCH 
WHEN RUNNING 'PIP··ro :COPY CARD DECKS IN AS SOURCE ·coDE, THE CORREC-'t~CARD--
CODE DEFAULT •CEPENDS ~N THE INSTALLATION~ IF A CDC .CENTRAL SITE tS 
BEING USED, nCDC 026" MAY DESERVE A nyu, (THIS IS TRUE AT BNL), 

'THE SY·S'f"fM;SHOULD 1NOW 8E ALIVE WITH A nson ON THE ·coNSOLE-.-rT.-----
SOMETIMES HAPPENS THAT A ·BOOTSTRAP WILL HANG PART WAY THROUGH, OR !JUST 
AT 'THIS 'POINT, THIS 1USUALLY IS DUE EITHER TO A DIRTY DISC OR T·O A DISC 
AT AN lMPROPER 'TEMPERATURE', IN EITHER :CASE, ONE :CAN OFTEN ·GET ·ON THE 
AIR BY ;JUST ·t.-RYOO~~OOTS'rRAPP'RrfC'E'OUFf~AG_A_IN·. IF THI-S;ST_l_CLD'O-ESfijrr-:t::;;;;.T.-----
WORK, TRV ANOTHER DISC~ IF IT ·sTILL FAILSt REQUEST SERVICE. 

6, MOUffT-t'fftflMED lA 

! N RUNNTN'G THE TERMTNA L, IT I 5 ·O'F'TEw-NECE"SS'"A'RYT-o-MOUNT-.0-GNITfC 
TAPES, :CARD ·DECKS, DtSC PACKS, AND PRINTER PAPER·. THE GENERAL RULE I;S 

f----...-NEVErFfOlfCE AINYf'RTNG ·tHAT SE'EMS :sWCI<~ IFINOOUB"'TA&ouf-INS-TRUC'T-UfNS' __ _ 
FOR HANDLING .A DEVICE, •ONE SHOULD ASK FOR HELP, IT IS QUITE POSSIBLE TO 

~-~ .. T"O-iALLY ,C'E'ST~QY-A-O"rs-c-:-O"RTV~O-rTAP'ElrR-rv~-e-v-:-C-AA.ECE"S_S_tifE-s·s-;-·~T'FfE-FTR-ST __ _ 
TIME ONE HANDLES ANY EQUI'PMENT ON 'THE TERMINAL IT SHOULD BE UNDER 'THE 

e----~ s··IO'P'E'AVTSTO'N'·--:-cn~-Al'IEXP'£R-IE'ffCED I NOJVTOU"A-L , 

-

l-----------------------:=-=-;--:c-7--------------------·---
I I l·•l 0 
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6.1. to40UNTING 'TAPE REELS 

MAGNETIC TAPES CONSIST OF HALF~INCH WIDE MYLAR COATED WITH IRON OXIOE, 
WOUND BE.TW~EN TWO PLASTIC FLANGES ON A HUB. ONE MUST NEVE:-R-EXE-RT·--------
PRESSURE WHIOM WOULD PRESS THE FLANGES TOGETHER. AS MUCH AS POSSIBLE, 

f-----=TH,-:-::.E-TAP_E_SHOULD BE HANOLED~ THE HUB. SH~CEM~GNETiC TAPE_S_A-REVE-RV~--
SENSITIVE TO •0 IRT, CARE MUST BE TAKEN NOT TO HANDLE THE OX IDE OF TME 
'TAPE. 'NATURALLY, ONE MUST NOT SMOKE NEAR MAGNETIC TAPES (NOR NEAR ANY 
COMPUTER EQUIPMENT). 

IN OROER TO MOUNT ~ MAGNETIC TAPE, ONE STARTS WITH THE TAPE IN ITS 
---...... c,.A=NN ...... rsT-E""RO-R~PE-SEAL, AND i'H£-'FA_P_E_D_RIVE_F_RE-E. HANIYLING-TH~T.APE-lfY 

THE HUB, REMOVE IT FROM THE CANNISTER AND CLOSE THE CANNISTER. THEN 
OPEN TAE 'TAP'Ecnrrn-oooR <THE"Rr!SALAT-CH otrtME LEF'-T ATifSOUJ.S-HO-UL:C.ER-
LEVEL)~ PLACE THE T~PE FIRMLY ON THE LOWER HUB WITHOUT PRESSING 0~ THE 

------.fAPrTCA-mfE"S"';' -'"'TURff . ..,.TFfE ·HUB L CfCt<:CLO'Cl<WTSEUNT-l'L"'TFt'E:-TAPE-rSrl-RML·v 
HELD·. PUT TME "BRAKE RELEASE/LOAD" SWITCH IN THE BRAI<E RELEASE 

-----,p-o-nrro·rr.--rRrroW-g-Fr11fUB-5FfOUI:[Jlf0ii'URN-FREEI:Y-·.-THRE"A'D--TffrilPg-lJ P 
OVER THE LOWER TAPE 'GUIDE, THROUGH THE SLOT IN FRONT OF THE HEAO, ·OVER 
TAE RUBBC:RCA'"P-S'Yl~ANDTlfE:-N ALL THE w;w-t-OIH£1:£-F"T"T_O_C_OMEARO'UN0--1HE----
UPPER TAPE GUIDE, AND THEN BACK TO THE RIGHT TO WIND AROUNO TME TAI<E~UP 
REEL·. WINO Aeo01'TIVEJUJfNS-:-o-rt-A'P-g-ONT·o-rHr-TA-t<E~UP~-E-ELAND-T.ffE.NMOVr--
THE nBRAKE RELEASEILOADn ·swiTCH TO LOAD~ ONCE THE TAPE HAS LOADED INTO 

~ 'THE VA~C'Ol:UMN"~trT~TI'f~O-N LINE7-0FrCI"NET•-s·wrTcFtTO----.-eo"FrLI!Ng-•.-AN--o--I 

THE nFORWAROiREWINDIREVER-SEn SWITCH TO nFORWARDn·. PUT THE nSTOPISTAAT" 

~
, -----::S,..,....W"""ITCA FIRST ·ro nsTO'JfillNO THEN TO nSfART"• THE TAPE SHOULIJNOWMOVE ____ _ 

·FORWARD TO LO~D POINT. IF IT SEEMS TO RUN AWAY, PUT THE nSTOPISTARTtt 
-swiTCJrrr•TS"lfC-P", THEtiF-ClRVAtm/lf£WTNO IREVER·sg-.-r-sw ITcHTO--.e:-R·EWTNDIIA'f;jQ.-----

1 

THEN PUT THE IISTOPISTARTn SWITCH f.O ttSTARTtt AGAIN. 'THE TAPE SHOULD 
I-I ---..R-EW{NITI'-crL<fA1Jp-O-lN T ·• Flm-LLY , PUITHEIIO'NL.Tr~rE 10-rF---:-t:rN-E...--:-swrT'O'FfiO----:HO_N __ 

LINE"• 

TO DISMOUNT A TAPE, ONE MUST PUT THE noN LINE/OFF LINEtt SWITCH TO nOFF 
r----.-l .... INe_rff~FfEWINLrTHrnP E, ~'ND-TffE'frl'UT-T'REttB-R'A-~C:-RELE'ASE/LOA.DIIS-~rfTC-Hro---

nBREAI< RELEASEu·. AFTER A FEW MOMENTS, ONE SHOULD OPEN THE DOOR, AND 
1----G£Nl'l:rWINO OFF TRE'Il'PE TO THe-LOWERrfEEL, AEMovr-ritCI:O·s-~·THr-D·o-o...-R __ _ 

AND RETURN THE TAPE TO ITS CANNISTER • 

. 
6 ·• 2~0UNTwro-rsc-s 

D I SC"S'SlfOULiC BE HANDLED WITH EVEN GR-EAT-E"RCTfrE_,.THAN M AGNET-n-TAFrr-s • 
WHEN NOT IN ;USE 'THEY -SHOULD ·BE 'EITHER EXACTLY VERTICAL, OR EXACTLY 
H0lfl-~SOil1AITllE"fW ILL NO-riAFfP. -

iOfifO'UNT A ,Ut-S'e-tO!ift:S'iA'FfiS-Iii TFrTAe:-llTS-c-OUIOrrT S-R·A-CTr'AWD·-:sAG -~No--·--
WITH THE DRIVE FREE~ ONE CAREFULLY OPENS· THE DOOR OF THE DRIVE AND THEN 
SLIDES TRE 0 ts-cllTHCHflYONTALL Y, WITH THE RATS_E_OP_O_RTrO"NON_T_O_P-:P-OTNffN_G ___ 
TO THE REAR OF THE DRIVE, AND THE LABEL OF THE OISC DIRECTLY TO 'THE 
FR-O'I'TT • NO s-r.crffrrrC""A"rrr-l'~OUN'IO·F-rO'R_C_erS-REQUIREO-. -rrONr-BENDS~THE---.. 
GUIDES, THE DRIVE MUST NOT BE USED. ONCE THE DISC IS IN PLACE, ·ONE 

- -CLtrs-gs-TRELrO-C'~~OVESIKe:-••RUfUL'O'A·o-el-SYITCH lO-u R'ON"•~---

fii-~ii 
---. 
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TO UNLOAD A DISC, ,.OVE THE nRUN/LOAD" SWITCH ·To ULOADn AND WAIT FOR 
THE tit,OADn Ll·GHT TO COME ON. THIS MAY 'TAl<£ A FEW MINUTES. THEN ONE 
OPENS· THE DOOR OF THE DRIVE BY PULLING FORWARD AT THE-TOP A·ND Do=w..,..,.N.,--.----
THIS- LEVERS 'Tl~E PACt< OFF 'THE SPINDLE-. THEN PULL STRAIGHT OUT • THE PACt< 

·--=s.....,Ho=uLD-BERE'TlURNED TO ·-rts BAG -AND RACK-AND-~fHE-DOOff()F-:-T-t<rE-blftvr·sHOULD __ _ 
BE ·cLOSED • 

6.3. MOUNTING :CARDS 

:CARDS ARE L'OADED liNTO 'THE CARD READER FACE-DOWN, l2 EDGE UP, WITH l!HE 
CARD WEIGHT RESTING BEHtND THEM~ ONE ·PRESSES THE READY BUTTON AND WAITS 

---~~F=OR THE READY LIGHT ·ro :COME ON. 

THE CARD. READER SHOULD SHUT ITSELrOF'-F AFTER THE LAST-CAfrD-IS:R!AD-;-------

' ' 6.4. MOUNTING PAPER 'TAPE 

THE ONLY SPECIAL PRECAUTION ABOUT MOUNTING PAPER tAPE IS TO BE tERTAIN ---:-:.r ..... H=A·T,...-,.T"'Hr:5PROC t<ErlfOL!SAR-E ·o\J'E'lr'TME_OR_IV-EW"RE"EL. TH-£"01-RE"CT.I cn~-OF-FE_E_D __ 
SHOULD BE MARKED -ON 'THE READER·. 

6.5. MOUNTING PRINTER ·PAPER 

· INSTRUCTIONS FOR MOUNTING PRINTER PAPER ARE ON 'THE FRONT ·COOR :OF 'THE 
----FJRTN1'E R ·• ONr-sR·O-Ul:lf--e-E'l.E'RYCAR-E'FlJ'LTO-lR·R~N-G£-T11eP"lP£Fr.'S'O--TH-li-TH!__.--

BLACI< END~OF~PAGE MARK IS ON THE .LEFT UNDERSIDE OF THE PAPER AS IT FEEDS 
ou • 

-7. ·RUNNING DIAGNOSTICS 

MOST :DIAGNOSTICS ARE NOT ABLE T:O RUN IN THE NORMAL OPERA'TING SYSTE·M 
----...ETT'N VTfHJ'NKENT • TflEYPif.('fiJE'I:<TlOETl-PR'OfirTR~n-oE"c-OTA-GNOSTrc--DTS'c-P·A-ct<·,,-, -----· 

PAPER TAPE OR MAGNETIC TAPE. FOR DISC OR MAGNETIC TAPE, ONE BOOTSTRAPS 
---TRr-KE'O'IVMI~N'o-TREWIYFE-s-TRErf'lM.~OrTHr-DTA-GNO-S'T·rc-;-rO~F'APERIAPE't

ONE LOADS THE uABSOLJUTE LOADERtt .tSEE THE ttOIGITAL PDPli PROGRAMMING 
----CAR"C")V I A Tff£1llfO-<Jrs·np-t;oA-D~--;--A-mJT'R'ErSTA"R.TSTHr-D-IA-GNlrSiTC-. --Tf4E 

MOST COMMON -STARTING ADDRESS IS ·200. 

111·12 
---------- ------ --------
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TERMINAL OPERATIONS 

. 
8. :CRY,SNET 'TERMrNAL ·PROGRAMS AND -LIBRARIES 

WRITEUPS OF THE PROGRAMS SUPPLIED AS PART OF 'THE CRYSNET TERM~NAL 
r----=s=o=F T=wc:,-.A.-.R.--.i.Ec---7-A=R E •0 E SCRIBED IN DETAIL IN A PP E NO I X 1 • THE .EXACT P R=o=G-.;.R.-A=M Sio--A~"Ta---

ANY INSTALLATION WILL VARY, SINCE IT IS VERY EASY 'TO INTRODUCE NEW CODE. 
1------..A--..M,..O ... ...,NGii~lePRO-GRAMS~NDl:TBRARIESAVilUBLEA"R-r'fHE FOLLOWTNG 1 

F""TI'llre ·.-o-B J 

. THrs-fS A M"'ODT,-1 EO FO"AlrOr-TlfE='SiANtfAifODEC,.--0-R'fAANO-B--;]'ECT-T"UlE-SYS-T E-.r
WITH THE FOL~OWING ROUTINES ADOEDI ------------------·-

BUFFER-~ :SUBROUTINES FOR ASYNCHRONOUS I/0 ~BUFFEt/BUFFEO) 
..... -------------.ro-c-tf£1< ·• A sUB~ffOU t~tllfE-r-0-R'ASY~fCHR·o-N·crus-r/o 

OELFIL -~ A SUBROUTINE 'TO DELETE A FILE FROM FORTRAN 

THIS IS A MODIFIED VERSION OF 'THE VECTOR GENERAL 'FOP VERSION 6 LIBRARY 
1-------....-w· rnr:-s-o F T W A"R-~Tn-,.-R:-o-UTT~E""S-n·ID-~TFfR·E'~D'TM.El'fSTON"A-L'1:'ftifrAN-o-P·o·s-rTTOfr 

ROUTINES (TL~NE AND 'TPOSTN). f-------------------.;..._:_ ______________________ __ 

PLTLIB.OBJ 
-

THIS tS A LIBRARY OF VERSATEC PLOTTING SUBROUTINES. PLOT IMAGES ARE 
~---...B,_..,U,..I...--L_T_'up-orADTSC-BlJF FER A'N'D~C-OP'IEo-OUrT<f"'TRE'V'ER-S'rrE'C • 

VECTOR .;oBJ 

THIS IS A L I 8 RA~O'rR-OuTTffE'rFll'FrV£'C'T'O'Rf4Alfl'PUOT-t'O'f·.fs:--·I·rG-R'E"ATCY 
ENHANCES 'THE :READABILITY AND MAINTAINABILITY OF CODE. _A VERSION OF 

~crrr.s-Al:'S"rAVA"ll:"ABLE F'OrTR~CirC-6'6"00-A'N[Jf.ffotSEE"""p-;-,V~l-;3-).-.---

VJOLIB.·OBJ 

·rATrrrA"Irlllo-lrrOW"AL-cilfR A·RYF-OR-TFfE-'I'E"C'T-OR_G_E.NER ALATCO'WHTG 
EXTENSIVE THREE~DIMENSIONAL OPERA~IONS. 

'THIS tS THE COMMUNICATIONS PROGRAM FOR USE AGAINST CDC -CENTRAL SITES. 
~-------.....-x,rsnmL"ATE"s~c-oc '2 o o :s-E"R""rE""ro-s-~rtER'MTN"ALTA"s-cTro~-e-c·o,.-ANo-rNccurrE·s---

coDE FOR THE 'TRANSMISSION OF NON-STANDARD TAPE FORMATS • THE PROT·OCOL 
l---·suWCJR"r.SL:"fl\fE S FRCJM"2ll_O_oB"A'Oo-TFJR'OU.GFrCfoO_O_B_AUOI1TnrSYN"C'RR'O.NO'Os-~MO 0 EM"S-.--

S4010eLOA 

THTS"'Trr-PR"O'G·R-A~I'OS-nfO·LA-T-E'AitCTR-ONTXI+cno-,-o·s-nrG~T'RE-VE'CT;o·R 

GENERAL DISPLA~~ INFUT AND OUTPUT MAY BE DOS FILES IN PLACE OF PAPER 
---.A"Pt. ·• 
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~----~~~~-------------------------------------------------------------· ALLD.LDA 

_ THIS IS A PROGRAM TO COMPUTE MOLECULAR GEOMETRY • DISTANCES t ~NG.LES t 
TORSION ANGLES AND PLANES MAY BE COMPUTED~ 

BUILDR'.LDA 

THIS tS A MOLECULA~~MODEL BUILDING PROGRAM WHICH ACCEPTS DISTANCES, 
ANGLES AND TORSION ANGLES TO PAODUCE A MODEL. 

CART.LDA 

'THI-S IS A PROGRAM TO ·coMPUTE CARTESIAN COOR"DINAT£5R£"1:ATIVE-TOANY 
GIVEN PLANE·. 

CALCSF·.L·OA 
~------~~--------------~--------~-------------------------

THIS PROGRA~ CALCULATES ·sTRUCTURE FACTORS~ 

CONTUR'.LOA 

'THiS ts A PROGRAM ·ro CONTOUR ELECTRON~DENSITY MAPS AND PATTERSON 
------F"'U ......... NC"'"T'""I,....,.O¥r<r~T HEVEAS ATECPLOTT-ER • · THE MAP-fNP-UTl-SGE.NE~-At_E.D---:AS AN 

OPTION ·OF THE PROGRAM FOURR • 

DECAV.LOA 

THIS ·PROGRAM CALCULATES THE DECAY CURVE FOR ·sTANDARD INTENSITY· DATA 
--------.A ... N""'D---pu)TS r HE · c-uAve--:-crrnrr-ve-R-s AT e-c-P-co·T·r·E- • 

EXTCAC.L A 

. THIS ·PR"O"~CALCULA"TE"!rA:'"S"E"C"ONlTA"R"'fE"KifffCTro·N~c-o·E-FFTCTENr(fS"I:NlrTHE 
FILE OF •OBSERVED AND :CALCULATED STRUCTURE FACTORS WRITTEN BY THE 
sTRUCTURE FACTOR -~CULATIO~~O"GRA~~AL~S • 

. ---·--------------====---------------------------------
T t'1 Is· ts A P R""O-G"R""Attr!OC"OllPUTe-A"TO"fUC-VTB-R-AITO~P""AR""AM"ETER-sr-R-0-M 

TEMPERAT-URE FACTORS AND 'TO DISPLAY THE RESULTS ON THE VECTOR GENERAL 
---o-rSPl:"A"Y • 

rA-C£S-rS-AfrAro-Tfrlrf"FTfft"N'"GC"RYSTA--c--CJE"Ol40'R_Y_BYC-ALCULA"T!ff<rE"QU-Ait~oN·s-- ·-. 
OF ·cRYSTAL~SURFACE PLANES AND THEIR DISTANCES FROM THE ORIGIN. PROGRAM 

---·rA-CE"rP-fHW[[YE"s---AOTSPCA"Y"O-re-anclfrrco·MPOiE·o-AN"D-ME-ASUREIJ"C_R.'i'"S"IALF·o·R--
COMPARISON. .A VERSI•ON 'OF -FACES IS ALSO AVAILABLE FOR THE CCC 6600 AND 

---=---~7=:-:-6..--:0~-o ( SEE P f \J ~ 8 ) ·• 

F"O U Rlr;CC~ 

nrrrrs-A-wO"GR"A1ir"i<JB"e-USE"£r-F"Olrifi~C-Oli1PUIKITO-ro-rcR"Y"Si~-IIO-GRA FH"lC 
FOURIER SYNTHESES. 'THIS. VERSION OF THE PROGRAM IS INTENDED F,OR !USE F\OR 
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LISTFC.LOA 

Q!IPS·, 

THIS PROGR~~ PRODUCE A COMPA~T· LISTING OF F OBS AND F CALC. THE 
REFLECTION INPUT IS THAT GENERATED By CALC.S.E.____A.ND RESIDES ON FOURR.DA-'t..e----

THIS PROGR~,_. ·CALCULATES STRUCTURE AMPLITUDES FRO!LRA.W_OAIA_.__ _____ _ 

PABAML.·. L..C A 

THIS PROGRAIM PRODUCES A COMPACT LISTING OF FINAl ATOMIC PA·RAMETERS • 

. . 
THIS PROGR~,_. PICKS ·OUT AND LIST5.__1M_QSE PEAK5.__E_BOM A PRnl:.OU.SLY RUN 

FOURIER :EQUAL TO OR ·GRE,rTER THAN A GIVEN RHO VALUE. 

PRJCTN .• LDA 

PRJCTN IS A PROGRAM FOR DISPLAY ·OF MOLECULES AS STICK BONO FIGURES 
ALLOWING FOR INTERACTIVE ·ROTATION ABOUT AXES• GEOMETRY ·cAL_tULATIONS AND_ 
PLOTTING ARE .INCLUDED. LIMITED EDITING OF THE DISPLAY IMAGE IS 
PERMITTED • A VERSION OF PRJCTN yO PRODUCE CALCOMP PLOTS I·S A..V..AILABIE 
FOR 'THE -CCC 666ri AND 7600 ~SEEP IV~ll). 

THIS PROGR~~ CHECKS STANDARD REFLECTIONS FROM DATA COLLECTIONS. 

SANDA.LOA 

THIS IS A PROGRAM.TO ·coMPUTE INTRAMOLECULAR AND INTERMOLECULAR 
D-ISTANCES. A VERSION OF SANDA lS· AVAI.LABLE FOR THE ·coc 6600 .AND "7.:.6Jl0..__ __ 
.(SEE P IV.;.l2) • 

SCALER.LDA 

THIS IS A PROGRAM ·yo COMPUTE THE SCALE AND TEMPERATURE FACTORS BY 
W I L S 0 N •· S MET H C 0 AN 0 . T 0 · C 0 M PUT E E t S AN o___o_s_r A IN A_5_S_O_c_I_A_t_E_D_S_T..A"_ll_S_T_I_c_s_,.__ __ 

STIPL.LDA 

THIS I. S A P R 0 GRAM T 0 D IS PLAY SPACE . F I LLULCLM Q.llE.LS_o.E___M_O_LE_C!J_LE_5__W_li..uH __ _ 
STIPPLED SURFACES (HIDDEN SURFACES RE~OVED). 

III-·15 
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9. INSlALLING AND MAINTAINING SYSTEMS 

THE KEY USER MUST INSTALL AND MAINTAIN COPIES OF THE SYSTEM IN SOME 
----c-=o.,...,.HE~RE-NT MANNER. IN A SYSTEM WtTH ONE DISC DRIVE, USERS WILL BE SHARlNG __ _ 

SPACE ON A ·cO~MON DISC. IN THAT CASE, THE KEY USER WILL ALSO HAVE TO 
----=E=-N-SUR_£ __ -ENOUGM-F-REES-PAC-EONTHEOfSC-TO ALLOW US-EFULWC>"Frt<-fO_B_E_OONE'; ____ _ 

THeTWOP-RO-G RAMS NEEOE_D_F_O_R_SUCHM AINT_E.ffANC_E_~ RE--•IVE·R-rFYiiA liiO 
nROLLIN"• Al-SO, WH6N THE DISC FILLS UP, FILES WILL HAVE TO BE -SAVED ·ON 

---=T....,A PE-AlfO-O"ELE-f~0-8 Y-,-TilfePR OGR AM nP-rP" • 

9.1. INSTALLING A SYSTEM 

CRYSNET SYSTEMS ARE USUALLY PROVIDED AS nROLLIN" FORMAT TAPES. IN 
------,o=R..-..DER------,.-0-IWSf~LL SUCH A TAPE-O"NTO A-IYt:-s-CeONE-MUST-:-S't-AFnwr'fFI_A_O_I~SC.----

FREE FOR WRITING ON 'THE DRIVE, AND THE ROLLIN TAPE MOUNTED AND ON LINE. 
----..ol'fr-t«fSITfi"E'rB_O_O_T_S_TlO-P-nf£-rA FfE-·. -F-crR-A-~RTI-,;.0-B-TFf£-BO-OT-S rA RPA-DOR~E'SS--

IS 7j3i~6. ~OR A BM873;YA THE BOOTSTRAP ADDRESS IS -~730~0. FOR A 
BM873•Yifl'Ff~OTST-RAP ADL1RESS IS 7731 i 0 • TRr-ME-SSAG£11RO"LL IffV7-ii-A-NC A 
""" SHOULD APPEAR ON 'THE CONSOLE. ONE THEN TYPES 

OKI)FO<MTOtCNET~RW 

FOLLOWED BY A CARRIAGE RETURN (NEW LINE ON SOME MACHINES). THIS WILL 
--. --c-Alfse!Frr'PlHfcrR-Alri<fT(fRM_A_ITHE 0 I-s-C'P-ACl<AND-TR'"ENC11FfYT-F"Ol"LDTS-C' __ _ 

IMAGE ONTO THE DISC. 'THE PRIOR ·cONTENtS OF THE DISC WILL BE LOST. WHEN 
----T .... H£-••-~~J"FfP-E""A""R"S90N-~M""A"'YB"O-O"TSTR"A-JrTHrD"I-SC--~ 

9.2 • MA INTAITNING A :SYSTEM 

AIF{E:'GULAlrlNT.ERVALS-.--.Ff£1(-EYUSER--SFfOOCD-lfO 1:[--AB 1!.-C KUP '"'7C"O P ~--orn~ E------· -
CURRENT SYSTS~ TO TAPE, ROTATING AMONG AT LEAST THREE TAPES, AND AT 

---1:'0-SITWo-trrsc-PAC"I<"S~T"(J[)'"o---s·otrlf'rKEY OSEfrSlofOOCo-·B·o-aTSTR·Ap-rcopy·--oF--· 
ROLLIN. 'EITHER FROM A ROLLIN TAPE AS ABOVE, OR FROM THE COPY THAT IS 

---=KE"P"ION 'THE S"YST-EMOTS"""C-;-r~fR£-S-E""COllrJCA_S_E"IO-N.rn-sT--coG-nrOl•lOER11lel_" __ _ 
AND RUN 'THE PROGRAM nCtLUSn. ONE 'THEN TYPES 

RO.LLIN .• CIL/BO 
-------------------------------------·------

WHICH WILL LO~O ROLLIN. ONE THEN MOUNTS A TAPE WHICH MAY BE 
------,OVERWRITTEN, ·i I TH A WRTT"EtriN<r!NSTALL£0, ANEJTYP.E"S --------

MT~tC"NE"T<rrKTIRW/~Aicr~M~~yy 

-rOU:O'WE"C-e-rr·aRRUGrREiURN-,-wRE·R~fDO-,,--y-g-TRe-TWO-CTG-rTs-o rTf! E 
CURRENT OAT, 'IIMMM" IS Tt-!E THREE LETTER ABBREVIATION OF THE CURRENT 

I I-I.------=-1-=-6---------------------

----------------------------
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MONTHt AND nyyu IS THE .LAST TWO DIGITS OF THE CURRENT YEAR, THE ENTI:RE 
DISC WILL B~ :COPIED TO TH~-TAPE:--· 

--PER-IOD-re-ALLY THE I<EY USERSH1:fuLD RUN THE PROGRAM nVER-fFY•r-T-0-IiNSURE 
THAT THE DISC HAS NOT BEEN CORRUPTED~ THE SEgUENCE 

--~---------~------

RU VERIFY 
SY 
FIX 

WILL DETECT ~NO CORRECT ERRORS AND PRINT THEM ON 'THE PRINTER, SEE 'THE 
1-----=-=-..... o·o-s /BAT-Clr"FrAi"N"CfB 00 1<" F-0-RMO~E-0-ETA-ILS ·• 

rRr'"SWT'fCH 1 u /F R "--:-oNlr~R--p-1 P ALL OlifSOlifE-11)-cff~Cl(rOR AVA rLABTr-:s-PAC-~ 
IT IS EXT~EMELY OIFFtCULT TO RUN WITH FEWER THAN 3ri~ BLOCI<S FREE, WHEN 

1----""T"H.,.,AT,A-p-P-EJ~St ET'THE-R •U s-E-RSMU !rRElifO-V.~S-<rM£-0-,-,.H~IRF-rLE-StOR-·T-fifE-KE·v·---
USER HAS TO DC IT FOR THEM~ IT IS BAD PRACTICE TO DELETE FILES WITHOUT 

---r-I·Rs·rc-o-p-y-r~TlfE-MT-O~IA_P_E:--s-oc-~IAfJES_S_A_OHI:O_B_E_~·E·P-IA_S_LO-NG--AS 

POSSIBLE, USERS 'TENC TO DISCOVER A NEED FOR SUCH FILES JUST AFTER THEY 
----.-.HA\lE-eEENPJE"RVANE·NTLY LOS • 

·9 ·.~Re-c-o-~lfEE-p-[N'G.------------'---------,------------

WEK£-v-:us-e,; MUST ASSUME RESPONs-lBILITY---,.OR MAINTAINING -~TTfN 
ESSENTIAL REOCRDS ABOUT THE TERMINAL~ FOR THE USERS, HE SHOULD MAINTAIN 

-A-usrcrr..-s-STGWE-tJOTCTSIA¥ACRTNE LOtr.'a_O_C1KtAlQOA-:-STG-~UPtr<ro-tr.--~A'C"A __ _ 
OF THESE MAY ·BE IN WHATEVER ·F·ORM $UITS THE INSTALLATION, BUT .SOME 

----...PlrC1VTSTO~MUs-r-~A C E I ~TAE-.:-O-G•EfO-OrrOR-R·e-c-o·R·o·nrG-THe-i.H1E·s·-crru-sE..----
AND INITIALS tCF EACH !USER, ONE MUST ALSO MAINTAIN MAINTENANCE RECORDS 

-----~FOR EACH PART OF 'THE TERMINAL, THIS MAY BE ~ONE IN 'THE SAMEIQJG•BOOI<~,---
OR IN A ·SEPARA'TE MA I!NTENA'NCE .LOG,;.BOOI<·, ONE MUST ALSO I<EEP A REOORD OF 

----~A IN TENAWC~OJ(TlfTCTr,ANlJAIT~crrTEI:E'P.HlrfJrNOfiiB E-R:s-,-o-r.T.HE-·P·R·cp·ER·---· 
SERVICE PERSOkS FOR -T~E VARIOUS COMPONENTS OF THE TERMINAL, 

II1-·i7 
1-------------------------------------,----- -- ---
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IV. CENTRAL SIT! OPERATIONS 

1-
THE CRYSNET TERMINALS COMMUNICATE WITH THE CDC CYBER 10116 COMPUTING 

SYSTEM .AT THE BNL CSC-F. THE ·cYBER 10116 SUFfPORTSBOTH BATCH AND 
INTERACTIVE JOB PROCESSING~ AN EXTENSIVE LIBRARY OF CRYSTALLOGRAPHIC 

r-----p-=-=ROGRM,fs-rS~INTAINECA_t_'fA·E-CSCFIANDilfi'SS-OF-fWA-RE-ffAS-IfEEN-AOJ:PTED ---
TO ALLOW CONVENIENT 'USE FROM THE .CAYSNET TERMINALS~ THE TERMINALS ALSO 
PROVIDE ACCESS TO THE PROTEIN DATA BANI<, A LIBRARY OF M-ACROMOLECULAR 
STRUCTURAL DATA STORED AT THE CSCF~ 

PROSPECTIVE CRYSNET USERS SHOULD CONTACT THE BNL APPLIED MATHEMATICS 
---=D--EPARTMEN-~INQUIRIES-RE'GARDI-NG--T]fEUS.EOF'--THE CSCF~SH01JC_D ___ B_E_D_fffEt-'fEO--

T0 

MR. D~ A. ·RAVENHALL 
------------.-cAP....;PLIED MATHEMATICS DEPARTMENT 

BUILDING 51-5 
BROOKHAVEN N~A=T~Io=N~A~L~L~ABORATORY 

UPTON, NEW YORK 11973 

A BOOKLET ENTITLED ttA GUIDE TO THE USE OF BROOKHAVEN NATIONAL 
LABORAT-ORY tS :CENTRAL SCIENTIFIC COMPUTING FACILITY BY OTHElf-fifEMB·E-RS-OF 
THE -SCIENTIFIC COMMUNITY•• IS AVAILABLE FROM THE APPLIED MATHEMATICS 

-------;D ~PTf:fl'MENT • 

1. :HARDWARE 

THE CSCf=' IS EQUIPPE·D WITH A CDC '1600 AND TWO CDC 6600 t·s • ·THE '7600 !HAS 
65 i536 6 O•B IT WORDS ·OF ·.sMALL ·cORE MEMORY (SCM) A~D 51:2,0 0 0 WORDSOF-
LAAGE CORE Me~ORY CLCM)~ ONE 6~00 HAS 98,306 60~8IT WORDS ·OF CENTRAL 

---· M-~-O-ffDWQ~O'THeRrf'A-S.6 5 ,53 6 wo·R"crror-c-ENTRTL'lf£MO_R_Y ·• THE6-60 0 t s----
SHARE 1w5 MILLION WORDS OF EXTENDED CORE .STORAGE fECS) • THE 6600 t-S 

-------.SERVE A's-T/~STATI"OWrFO'frffle:-T600-.-GENER'Al:l:''f'tTffEANTElrC-(llrSY.STEM-,---
WHICH SUPPORTS REMOTE~JOB ENTRY AND INTERACTIVE ACCESS, IS ·RUN ON THE 

----.-L ...... ARGE""R-:-<fF THE TWO 6600 t:s. THE 'T600 HAS i-2 CDC! 84-4 DISC -DRlVES 
.fAPPROXI'MATEL·v 140 MILLION WORDS :CAPACITY)·. BINARIES OF ALL 

---C'ENT'RAC~-STTr:C'RYS'IAI:L0-G'RA7P'FrrcP'FrO_G.ff'AtiifS-lR·e:-cuR·R-E'N'Tl: Y ~fAUiiA-IN ED-:·o·N-T.iO ___ -
PRIVATE ~44 DISC PACKS ·wHICH BELONG TO THE CHEMISTR~ DEPARTMENT. THE 

---...,.60'0 0 • s-E"'A"Cfrffi"V£1lf<Jetrro60-ms-c-olrrvES ·• THES'e:--66_0_3tSfWiffftFrFROVfC·E--· 
APPROXI~ATELY· i4~ MILLION WORDS CAPACITY PER 660~. ARE SOON TO BE 

---~REPC"l'CE D WI TFI 844 ORTV£5 • TFiE'C'co-oTs-ALSo-strARE E I Gfflttrc-e-4rD"rs·c 
DRIVES CAPPRO~IMATELY 21 MILLION WORDS CAPACITY)~ SEVEN ANO NINE~TRACK 

--~A'GNETTc-tAp-e:-OR"TV·e:-s-ARrAVA'ICl~O~INe:-To-THeo6_0_0_•·s-. -THESeD~TVES .. __ _ 
ARE :usED BY ·llt-E 6600tS ·To STAGE TAPE FILES TO 'THE 7600. TAPES MAY BE 

---,-,.w RTTTEtrAIOfJN"S'ITIE'S"'70'r2"<fO , 55~, o·r~ro-o-rn,·rtsEVETrTR" ACK)-J.No-ao--o-oR·--·-
i6oo BPI (NINE 'TRA·Ct<) • INTERCOM ·REMOTE COMMUNICATIONS ARE -SUPPORTED 

-----T-rr;HFf01TGlr'C~7 011 ~ 791 F'RONr.ENrrlfRO'C"ESSO'Ffs ·• 

r-----fffEC-RYS-NE'IT'£'RMmAL""S,-O-RlfALLY AlrE-.u-NDLE-0-0NO-fR_E_CT·D-rA"LT-E'CE.P'HO_N_£ 
LINES. SYNCH~ONOUS ·coM~UNICATIONS SPEEDS FROM ·2000 TO 4800 BAUD ARE 

-p·o-s-s·nn:-rwrnrorREcr.~OTA'LCn<rE·nc;-e-oo-e-A"o·D~-e:-aurR·e:-s---rD·E'o-rc-A'TED 
CHANNEL)~ THE FRONT~ENO PROCESSORS ARE ALSO CAPABLE OF HANDLING 
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INTERACTIVE KEYBOARD 'TERMINALS ON ·DIRECT,;.DIAL LINES AT SPEEDS OF 110 AND 
· 300 BAUD (AS'11~CHRONOUS). TELEPHONE NUMBERSFOR COMMUNICATI·ONS PORT-S 

AREa 

·2000 
4800 
300 
110 

BAUD 
BAUD 
BAUD 
BAUD 

(TWO PORTS) 

·To e-m t6,;.34s:.xxxx !NUMBERs o-NF'TSTOlAL 664:.xxxx. 

rOlrP-L'trTTillGtTHr:c-s-c~s-Av-A-I-c-AB-LrAir<JFr.crNr.-K"A-G-~E·T-:rC~A-P·rD-R-lv·E-N--- -
·CALCOMP 835, 1'-HICH. PROVIDES BOTH .35MM FILM STRIP AND PAPER PLOTTING • 

2 • :SYSTEM SOFTWARE 

OPERA.TING 'SYSTEMS I·N ·USE ARE .CDC SCOPE 2~ l ON THE 7600 AND SCOPE 3~4 
----...,O~THE 66 0 015 • lNn:lfC-<f~ ·4. 2 rs_SO_P_P-ORT£0-0-ND-E·R-s-c-o-PE-3 ·.-4-.-TFfE-UO ---

STRUCTURE IS 'THAT PROV IDEO BY THE :CDC RECORD MANAGER • MAJOR LANGUAGES 
---=su,_,.~'1'E·C ARtFORTRAN (BOTH FTN ANORUN COMPlLER~COB-OL, ALGOLtB-ASTC..-,-

ANO THE ASSEMBLY LANGUAGE COMPASS. FOR DETAILED INFORMATION REGARDING 
-sYs-T~s-<rFTif~lfEel'lfr~~Alr~R1S--:-f1£F£R_R_E.~IO_,.Tf4eF_O_[L0W TN'G_Cll_C 

PUBt..tCA'TIONSt 

•7600 

SOOPE ·2~~ REFER~NCE MANUAL ~P~BLICATION NUMBER 60342600) 
-----------~~~~~SERt-~~crr~r-16~3~-~600) 

---~7o~~~~~~~~-----------------------------------------------------~-

:coflP"Ass 3 ·REFERENtE MANUAL f-60360900) 
FORTRAN EXTENDED 4 REFERENCE MANUAL ~60305600) 

----------------~L~a~J~o~E~RIR~R~Cr-MAN~~a~~~4~~,~------------------

RECORO MANAGER REFERENCE MANUAL (60307300) 

6600 
. . . -

INTERCOM ·4 REFERENCE MANUAL (60307100) 
----------,--se~r.4-FfE'F£REfrc~~lNUA~6o-J-o-.,·zo-o"",---------------· 

SOCPE .3.4 :usERtS GUIDE .(60358700) 

3 ·• : C'R.YSTA'U:<fG"R-APH t-C'P'R_O_G_R A M"S 

. TR"mB'R'A"Rr<rr.CRY.-SiAJ:l:CYG'FrA_P.Ffi-c---::p-R"OG.FrlfifS-frlVA-fCAB-C~O·N-e-aTH-THE 
6600tS AND ON THE 7600. AS MENTIONED IN SECTION i ABOVE, EXECUTABLE -·-----

1--------------------------·-------------------------------- -·. --·---
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BINARIES FOR 'THE 7600 ARE STORED ON TWO PRIVATE DISC PACKS BELONGING 'TO 
r----=T~HE BNL CHEMtSTRV DEPARTMENT-. FO-R THE 66oo--;-Bf;;fARIES ARE STOREDON __ _ 

MAGNETIC TAPE, AND MAY BE ATTACHED TO THE USERtS JOB WITH THE UTILITY - ----pROGRAMACCEss-:--souRCE"CODE FOR ALL PROGRAMS-X$ AVAILABLE-IN-THE--F(fRM ___ _ 
OF A CDC UPDATE FILE ON MAGNETIC TAPE C206, AND AS A PERMANENT FILE 
NAMED OLD1fL 0~-0NEOF-THE-·PRI VATE--DTSC-P-A'CKS ( 76 0 0 ONL V).-P£-RMANE-~{T 
FILES CONTAINING SOURCE CODE OR BINARIES FOR CRYSTALLOGRAPHIC PROGRAMS 
ARE :CATALOGED UNDER IO•CPROGS, EXCEPT FOR FILES PERTAINING- SPECIFiC.,A;-:--L'7L'7CVc--
·To THE ·PROTE~N DATA BANK, WHICH ARE CATALOGED UNDER ID=PDB. THE TWO 

~----~c=H=E=M~I~STRV PRI~ATE PACKS ARE IDENTIFIED BV SN•CHE~ND-SN~rsfnv, 
RESPECTIVELY, 

SAMPLE JOB -SET;UPS, SHOWING CONTROL~STATEMENT SEQUENCES FOR EXECUTION 
OF .CRYSTALLOGRAPHIC PROGRAMS, FOLLOWI 

7600 
i. JOBOl.CP70e~Di,T77~TPO~EC60~ SAMPLE 7600 JOB 

----------------2=---'--, -.A.-.c...,.c ... OuNr, M U RPHY9 8 99 ·• ----
3, MOUNT,VSN•CHEMOl~SN•CHEM. 

---------4~. -.A.-:::T=T="A""'C,.,.::,H-,=T-.-A=P£1, DA fi--;TD•MURI'£1P;..H...,.V~.------------------------
5e REQUESTiTAPE3~•PF~ 

----------------6-;--'.~. --.A"'"·T=--TAC~, AVS--:-ORT;"tOaCP~-OGS ... SN=CHE"r.-
7. FTNeR•3eA~ELaA,SVSEOIT,OPT~2. 

--------------•• -R-EW!N'Oil:'Gl • 
9. COPVL~AVSORTeLGO,PROG~ 
10. PROG. 
ii. REWINDeTAPE3. 

---------------.1~'2 • C"A't-Al:fO-GtTAP£3, R£5UrrstTD"iJ4UR-P"RY, XR•MuR·P-AY9R·P-~il-49jfc=8-99 • 
13, REWINDeTAPE3 1 

~-------~~~ .• ~.--7~/8/9 
15, SOURCE CODE FOR ·suBROUTINES TO BE REPLACED 

~------------~l~6~.-=7~J.=81~9 

1"7. DATA 
~---------------~1-~D~F~FILE 

1. JOB STATEMENT i -CP70 FCfFf .EXE-C1TfTOlr0--w-TRE 7600 
VOl FOR -~OUNTING OF A PRIVATE DISC PACK 

~---------------r-7r--ri~~rr-r~c~cr-s~~~~--s---.----------------------
·TPo NO STAGING OF MAGNETIC TAPE FILES. 

~------------.~~~~~~--·rr~rr-~~GEUiriC~s-•A~PRESEN-T-.------------------------
EC60 TO ALLOCATE 60,~00 ~OCTAL) WORDS OF .LCM STORAGE. ------

2. ACCOUNT STATEMENT MUST GIVE USERrS NAME AND ACCOUNT ·NUMBER. 
-------

3. MOUNT STATEMENT TO MOUNT THE PRIVATE PACK IDENTIFIED 8V SN•CHEM, 
~---__,T o-M'OUNITH£'10Tf4E'frp-A'C'J<t-trS~M'OUNI,VSN-.rSTR.YTtSNatSTRYI-m-THt~·c-KS£""'------

REPLACE -SN•CHEM BV SN~lSTRV ON CONTROL STATEMENT 6 • 

4. THE OAT~ FOR 'THIS CALCULATION ARE ASSUMED TO BE STORED ON A 
I--------P'E'RUN~NITICErf'AlfElJ'c-A-IAUND'Elrt'D'iil4UR-PHV ·• ----------------

-- 5 • TFfts-C'ONTR'O~STJTE'M.ENIA"SSTGNS-n-t"riAPE'310_A_PERM'A-NEN'r.rtl:·~E----
DEVICE·. 

I V·~3.--------....,----------------- -- -----

~------------------------------~--------------------------- ---------·-------
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6. ATTACH .STATEMENT· TO ATTACH THE BINARY CODE FOR PROGRAM AVSORT • 

·7. FTNSTA'TEMENT INCLUDEO ONLY IF SUBROUTrNES ARETO_B_E_R_E_C_dl~·p-n:·E-D-;----

8 ·• FrE-WPrD;S-TA-T£M£tfT-rs REQUlffE-DArTlfi_S_P_O_rNT--rF-su·B-ROUTrNES-:-A·R-r-lC ___ -
BE RECOMPILED, 

9~ COPYL CREATION ·OF BINARY WITH RECOMPILED SUBROUTINES INCLUDED -ONLY 
t------..iorN.--C ..... Ol'iJUtf"C-IIOfrWI T H ·F""ff.r'STATE MEN T • 

l 0 ·• EX£"C1fT1:-cr;r-sT A TE"M-£fll T WOULOBE AV soR·r:-;-nrTHEAB-SENC·E~o·rc-o·KTR_O_l: ____ ·-
STATEMENTS ·7.~9 ~ 

ii~ REWIND 'FILE T•PE3t WHICH ·coNTAINS RESULTS OF THIS CALCULATION., 
---...... B,...ErCfRr:S-AVTNG- AS~P-E~IH4AN ENT-rtr~%-T1S AL W"AYS-AtrooD_P_R_A_C-TTC·E-T~O-------

REWIND .A FILE BEFORE :CATALOGING IT • 

12. SAVE TAFE3 AS A PERMANENT FILE WITH THE NAME RESULTS -UNDER 
----.I ...... D.-,•-..M..,.OR"PH Y , W fllr"PA SSWO~~URlfAYAffDRE.T"£fifi'1-0Fr"P·E-RrtfD 14 lrAY.S .--------

ALTERNATIVELY, TAPE3 MIGHT BE SAVED AS A POS,~STAGED MAGNETIC TAPE FILE~ 
---nrnrrs:as~l'P""OlfOUCIJll~<rM-fT-TElJOI'r"Tlfe-JoB __ S_T_AT-EME"ffT • 

13 • A'R"EWTNo-AF T E R . CAT lL<rCITNtrrrG·cro~STAND"A"RU--:PR"A-CirC E • 

14 • S'"~-~O"F RECO"RD .:0 MULTtPONCl1£0 7/8/9 IN COLUMN 1 

fs-';--rwCl:Uae--ONLY IF SO B"R"OOT I NE S--A-RrTO-~RE'"c·o-MPT[E ·• 

-------rj r.-tN"Cl:U~ONLY IF SUB"R"'OUT I NES-A'Re-TlJSe-RE'C"OMPTCEU'-.---------

l 1-';$£ £ 0 E T. A 1 L EOPlf"<fGR AM WRtrEU P S t APPEND I X 2 ) F 0 R O"~scFn:-p-T-IOf.llfF 
DATA·, 

i8, PQR JOBS ·suBMITTED IN "THE FORM OF CARD DECKS FROM THE CRYSNET 
T"ERltrtN"ACS , THE A p·p·R-OP"RTJir-END ,;.o-J=:~;rcr-rs-roE·c-END--;;Or.rrcr-c-~R-IJ~ffT.H 
MUL~IPUNCHED liliiiO~t/6/7/8/9 tN COLUMN i~ THIS IS EQUIVALENT ·To THE 

-----=-s~CfP~N·O~or.rtLE CARD W fl'H MUlTI"PUNCHE-o-677/8/9 IN COLUMN 1. 

6600 

1 • :JOB-o-r.ri·firrrr.Mil;~c-6o-·. --s-AMPLr66 o o~oe 
·2. ACCOUNT~~URPHY,899e 
3 .• ATTACH , ACCESS, fDaCFfR""O"'G ...... S',---------------------------------
4~ ACCESS,AVSORT,IDaCPROGS~ 

1-----------------5 • FTNtfr.39AtEt:=AtSYS"'ED-rT90.P"T•2"·. 
6, REWINC,LGO, 

f----__:_ ___________ ,.---c·o·pyLfAVS"O.R T-.-c-G-09P·RcrG·, 

8~ REQUEST,TAPEi,E,HDtVSN=NlOOOieNORING~ 
f-----------------..9.=.-R-r-GUE"STt''fllJE2~b--.v.·s""N=flffOOCf2tRlN=G--.----

i o. PRoo·. 
>----------------~1~1-.~7~/~e·/~9------------------------~-----------------

1"2. SOURCE 
------r3-;r7-8/9 

14, DATA , _________ __ 
CODE FOR -SUBROUTINES TO BE REPLACED 

·-----------------

rv-=-~-r-4--------------------~---------

1----------------------------------------------------------·---------- -· ---· 
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15. END~OF·~F ILE 

NOTES ----------
~. 

JOB STATEMENT I MTl FOR USE OF AN ON,;,LINE SEVEN,;, TRACK MAGNETIC 1. 
TAPE. 'TMIS T.~PE MAY BENEED-to-e·vu'fiLlT-YPRO-GRAM·--ACCE·ss;-NT2-F;OR--0 SE 
OF TWO ON,;,LINE NINE~ TRACK MAGNETIC TAPES FOR DATA FILES. GENERALLYt 
USE OF 'TAPES 'FOR LARGE DATA FILES IS PREFERRED TO THE 

'THE 
Ni'~--u·sEOF--PERMANE 

FILES, ESPECI~LLY ON THE 6600 WHERE FILE SPACE OFTEN IS VERY TIGHT, ANO 
PERMANENT FILE CHARG-ES MAY BE OU IT_F._Hl GH • 

-- --- ---- -··· -3. ArfAC~HE urtL1TY ~OGRAM ACC~SSe 

4. ACCESS 'wiLL ATTA'CH THE BINARY coorFORP"ROG~AMAV-SlHf,.--t-F A 
PERMANENT FILE WITH 'THIS NAME APPEARS IN THE SYSTEM DIRECTORY. IF NO 

-----::s=u.-:.C..-H"F-rCe.-Extsls, ACCESS WILL -e-FfiNG A ·coPYINFR(5MTAPE'A"N_D_CR-EAT£_A __ _ 
PERMANENT FILE WITH NULL RETENTION PERIOD. 

8~ REQUEST THE DATA TAPE NlO~Ole THIS IS A STANDARD SCOPE tRT~S) 
NlNE·TRACK, 800 BPI, LABELLED TAPE. 

· 9. REQUEST TAPE Nl0002 ON WHICH THE RE-SULTS-WILL BE WRITTE-N~-HIS 
WILL BE WRITTEN IN TME -SAME FORMAT AS TAPE NlOOOl·. 

----

AS MAS BEEN MENTIONED ABOVE, SOURCE CODE FOR ALL CRYSTALLOGRAPHIC 
-PR"'lfff'WS-rrAYAfcrEfL!A_SA_Prrocn~Afi4l:[BRARYF-O"RUSE""'WfTHC'O-C~UPOATE-ON ____ _ 

BOTH THE 6600tS AND 'THE 7660~ TO ACCESS THE PROGRAM LIBRARY USE 'THE 
----F--acL~~~r~~E~TSi 

76001 ATTACH,OLDPleiD•CPROGS,SN•CHEM. 
6600tSi REQUEST,OLDPL~E•Ht,VSN•C206, ~SCOPE RT•S TAPE) 

CRYSNET USERS MAY WISH TO PRINT .LARGE JOBS AT 'THE CSCF, AND ARRANGE TO 
----;-H:-aA~V~OUTPUT MA ILE·D • IN THrs ·cAsE--;--rAE_F_H~STTHRE~-HARACftR-S--;-cl'rT-HE-

JOBtS NAME SHOULD BE D77~ INSERTING ONE OF THE STATEMENTS 

DtSPOSEeOUTPUT~oPR=C~ST=MFA~ ~FOR 7600 JOBS) 
---------D-r.-wo-s·etoUTPUTt-OP-r.c... ·( rOlr6_6_o_o\ro·B-s, ----------

AFTER'TAE ACOCUNT CA·Rlr-il.LL CAus·E~J'O'rTOPlflNTAt-c-Tlfrcs-C'F • 
ALTERNATIVELY, LONG •JOBS APPEARING IN 'THE TERMINALtS OUTPUT QUEUE :CAN BE 

----D""IVE R-iE o-,-Efv-:-EXE"ClfTTffG-·nr~rN T'ER-CllflrC'O'ftfMA'N.D 

fVERTIA ·• 

wHERE AASTAN'IrSTO-FrT·ME LAST TWO-clfAlfA-Cl'E"FfS-CJrfH£Jcre-fsNAME • TAr-017 
DESIGNATION C~USES A 1JOB TO BE DELIVERED TO THE DATA SERVI'CES GROUP, 'WHO 

----A Ff~R-E'"S FfOliTSlB-LE-F"CfR~K'~TC"lfifG_O_OrP U T • T H£\JSE rs·FI OOCD-fNS E'R-Iff["S----:t4 A-IC.IlN"G--
ADDRESS IN HLS DAYFILE WITH COMMENT STATEMENTS. 

tv.:.s ·-------------------··-
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THE BROOI<HA~EN LIBRARY OF CRYSTALLOGRAPHIC PROGRAft1S CONTAINS AN 
EXTENSIVE SET OF ROUTINES FOR DATA ACQUISITION AND INITIAL PROCESSING, 

1--- ---sTRUCTUFfESOUlJ T I ON AND REFINEMENT, AND-S-TRUCfu-ifE- ANALYSt-s-.-THE -GENERAL -

LOGICAL FLOW 1CF MAJOR PROGRAMS IS INDICATED IN FIGURE IV~l. IN ADDITION 
TO THr-P-ROGRAfl'S SHOWN IN THIS FIGURE,-THELI91fARY-fN_C_i:UDE-S a --------

HE~M ... PROTEIN REFINEMENT PACKAGE (METHOD OF LOCAL CHANGE) 
LEASTSQ . .;, MULTIPLE ISOMORPHOUS REPLACEMENT PHASING PROGRAM 
ORTRAN .. RECIPROCAL SPACEF""OUR-IER~TRANSFORM SEA-RC-H ·-

AND SEV£-RAL O-THER PROGRAMS OF LESS GEN~AAL APPL-ICATION·. THE-F-OLLOWING----
UTILITY ROUT~NES ARE ALSO AVAILABLE I 

ACCESS .,;. -FILE RETRIEVAL UTILITY 
--------.... 0-IT ·• -CONTEX'rElHTORUTTLfTY....-------------

RMCOPY .;, COPY UTILITY ·USING RECORD MANAGER 
--------TYP-rST ~ UT'I'LTTYllO-euM£-N"TATTO_N_P~o-G·R-~nr--------

A LIST ·OF TFIE COM~TE CONTENfS-orTR"~-LUfRARY!SGIVE"NIN~TABLE._IV:~l 1 
AND A BRIEF DESCRIPTION OF INDIVIDUAL PROGRAMS FOLLOWS~ DETAILED 

----...PROG~AMD-Ol:UMENTATrON-r"S---;w-All-ABLrtlrAp-P-ENO I X 2 ·• 

AB"Sl 

ABSOR IS A 'PROGRAM TO :CALCULATE ABSORPTION CORRECTIONS FOR DATA FROM 
AN EULERIAN FOUR.;,CIRCLE GONIOMETER BY THE ANALYTICAL METHOD OF 

--DEM£1JLE-N'l~~~D-TO~PA • P-ROG-RAMAB'S-OR-RE AOSPfE-FLE--c-T I ON S-E-T-TTNG-ANGLE'S ___ _ 
ANO RAW INTENSITY DATA PRODUCED BY PROGRAM PROCK~ THE CALCULATED 

----A.-.8s-O_R_P_T'I:-OffCO-FfR-~Cl-rONSAR-rstiB-SE:cm·ENTLY AP-PLI"ED-BYPR-0-GRllr"CORD-AT-.-------
PROGRAM ABSOR BREAKS THE CRYSTAL UP INTO HOWELLS POLYHEDRA, AND 
CALCULATES THE ABSORPTION CORRECTI·ON BASED UPON THESE PO.LYHEDRA-. ABSC_R __ _ 
ALSO CALCULATES THE ABSORPTION.;,WEIGHTED MEAN PATH LENGTH THROUGH THE 

----c·lf'f"STAL AND mfEUNT'JV£Cf"CfR-stfe-QlJI'R-ED-rcrR-C-Ol4PU1'-AT-rO"frOr:un~s-o-TA-O-PfC---·----. 

EXTINCTION CO~RECTIONS. SEVERAL CHECKS HAVE BEEN BUILT INTO THE PROGRAM 
-----To-INSUffE'IREAC"CU~~O'"rTR~C"~t:-COI:ATfONs-AN[)TO-N'OT~C"~SE"s-WHE'Rr ·rHrs-·---

ACC~=:~y B;A~:gg~E ·cOMPROMISED'. ABSOR IS THE BROOKHAVEN VERSION ·OF A 
-------~R~ TON ET Al. 

A-ve-AWG 

A'Vlf"ANG IS AF~O'<JRA,-rltrC"AL:COI:"A-TEfi4 e-~rrv.-a:oE"rA"N0--'7AR-rA"NCE"S"-O'"rA-- s·A MP lr-·· 
POPULATION. 'THE PROGRAM IS OFTEN USED 'TO COMPUTE AVERAGES ·OF BONO 

-----.01 STANCES AND ANGLES BU'T MAY BE USEtrFORO~FfGfOANTTfiES, ·SUClrAS ___ _ 
TORSION ANGLES, DISPLACEMENTS FROM LEAST.;,SQUARES PLANES, ETC. 

----·---

AVSORT 

AVSORT IS A PROGRA~ TO SORT AND AVERAGE EQUIVALENT REFLECTION DATA. 
P"FrOCftnlrAV"S"O RT R rAlfs F·• * 2 0 AfA-pfro·ou c-ErB"v--PR-tfGPA M-B N.CAB_S_O_R_C"(fRIJAt9_A_NO-
PREPARES A FILE SUITABLE FOR INPUT TO THE STRUCTURE FACTOR LEASl•SGUARES 

----.FfFfQ(fRAlrFLTmJS-·.-T1lr-Plr«rG-~AMtifAKE_S_EXT'ENS-I"VElJSeO·F--CtMf76-<Hf; ___ OR- Ets-- --
~6600)~ IT tS QUITE FLEXIBLE IN OPERATION, AND CAN HANDLE UP TO A TOTAL 

-orlstOO-oREF"l:rCTrOt'fs-..--vtTA-M It:-CElr!NDTCE"s-0 p-j0--4-9"';"--PR OYIS ro·rrrs- M-A crr-
TO DEFINE ANY LAUE SYMMETRy, AND OPTIONALLY TO EXCLUDE EXTINCT -------

1------------------------------------------------------ - ----
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REFLECTIONS. STATISTICS ARE CALCULATED TO INDICATE THE DE_-G-..:.R_E..,:..::..E---"-OF'-------
1---...,..A=GR=E~EMENT AMOt\G SYMMETRY--RELAT-ED REFLE-CT-IONS. 

BNLABS 

BNLAB-SISA PR(fGRA'M TO-CALCULATrAND-APPLY LO-RENi'~P-OLA·R-ftA-TI·ON-,--IIND-
ABSORPTION CO~RECTIONS TO DATA FROM AN EULERIAN FOUR~CIRCLE 

1----D:::'-CI=-=:FFRACT-OMETfR • ABSORPTION-WEIGHTED MEAN PA.TH LENGTHS AND=--u-=-N-=-I=-T .....,.v-=ECTORS 
NEEDED IN THE COMPUTATION OF EXTtNCTIO~ CORRECTIONS ARE ALSO CALCULATED. 
PROGRAM BNLABS READS REFLECTION _SETTINGANGLE~ND RAW INTENSITYD-AT_A _____ . 
PRODUCED BY PROGRAM PROCK. F-••2 VALUES ARE OUTPUT IN A FORM SUITABLE 

---=-F=o=R---..-.IN'""PUT TO 'THE SORTING AND AVERAGING-PRO-GRAM--wsoRT-;-OR MAY B-E-us·to ____ _ 
DIRECTLY WITH THE STRUCTURE FACTOR LEAST~SQUARES REFINEMENT PROGRAM 
FLINUS. THE .ABSORPTION CORRECTION IS COMPUTED-BY [ffV:fS-ION OF-THe 
CRYSTAL INTO .A GAUSSIAN GRID WitH THE NUMBER OF GRID POINTS -SPECIFIED BY 
THE lUSER. A ·GRID OF UP TO 5000 POINTS MAY BE SPECIFTEO--;--TtfENU~fEFa~cA_L __ _ 
INTEGRATION MAY BECO~E QUITE 'TIME-CONSUMING FOR LARGE GRIDS, AND 

-----=T=H=E=R .... EFofrE!N 'THE CASE(HtC-RYS-TAlSWITH_S_EVEREA-EfS(fR.PT-iO~P"FfOGR.AMAB_S_OR--
WHICH CALCULATES ABSORPTION CORRECTIONS BY AN ANALYTICAL METHOD, tS 

---_,PR='EFERRE-COVER-PROGRAMBNLASS • -

COMJfAR1 

-----..P-R1l1H~~c-Olifp-ARE\flLLC'AlrRYOUT--:-SrATIS-TTC-Al:-~-c-o·~ P-AR-t'S-Of.fS-<Jrt'X PER !MENT-Al::--· 
RESULTS. 'TESTS USED ARE FULL AND HALF~NORMAL PROBABILITY PLOTS, 
CHI~SGUARE, ~~D CONTRASTS. THEPA'OGRAM MAY S'EtfSEDTOCCfMP'AR·£-TWOSE.TS 
OF ATOMIC PARAMETERS (E.Ge X~RAY AND NEUTRON DIFFRACTION RESULTS) OR 'TO 

-c-O-M'PA'RrTW<JSE'iror.STRU'CTUR~ACiO·R·S-fE-;G.TO-e-S-ANrJTCACc->. IT X:rAI:'S'O---
POSSIBLE TO 'CARRY OUT COMPARISONS BETWEEN ALL POSSIBLE PAIAwWISE 

---c·oMB INATrON'S'C'rQp-'fo-SEVEN"'-s·ETrOF AT0l4 I~C-Ff'AR-At(ETER·s-mrOTR£R' _____ _ 
QUANTITIES OF INTEREST. 

COORD 

COORD IS A 'PROGRAM TO PRODUCE PUBLISHABLE LISTINGS OF AT,OMIC 
----..prrA...-RlJfET!l'S • T RTs-P'R'aGlfA'RAc-C£lfT·SAl·O'MTc-F'AlfA'KETERS-o·TREfrO~PUN.Cl'fED 

CARDS OR A FILE WRITTEN BY THE FUNCTION AND ERROR PROGRAM FREDFUN. 
---...-s--TAr-ENTIIiOARlJO!Vl-i'TTOWs, IF'SUPPLIED, ARE LIS1'ED WITAIHrF"AlfAME'fElfS-.-----

PROVISlON IS lfl'ADE FOR MERGING TWO ATOMIC PARAMETER FILES, AND FOR 
---ClfmGTNG-fff~IITO'tf!N'A'KErG'lVEl'rTR.ERETN·. 

c-cmrr.-r-
CORD AT Is A PROG'RArrT'OAPPLY LOREfflze-P"O'CARUA-T'I'Ot-TIC-C)lJNTER-ooO-;;'f'Ifil·~-

AND ABSORPT~O~ ·coRRECTIONS TO OBTAIN PROPERLY SCALED F-••2 VALUES FROM 
---.....-RJ:\rTNTEffSTTrtfA'TJlOlJTFU'IBl'~O-G-~A~FR'O·cx-;-LO'FfENTz-;-F<JL'A'R fPifoO-rAND __ _ 

COUNTER DEAD~TIME CORRECTIONS ARE CALCULATED BY PROGRAM CORDAT, WHEREAS 
----AlJS'O'RPiT<»tC'OR'RE'CTrON's-A'RE"PTA-SSElJFR·o·M-PRO-GRAtrAB'S'O~TRUs-t!FINO 

ABSORPTION COPRECTIONS ARE PERFORMED ~OR CALCULATIONS OF MEAN PATH 
LENGTHS AND ON IT VEC''RllrsmsElJ-i(J't"~PUT-rE'XTIN'C-TTO'~-c-aR·R'E'CTI·o·N"S)flN 
DATA REDUCTION ONE CAN PASS DIRECTLY FROM PROGRAM PROCK TO PROGRAM 

---c-o-R-IJAT·. rr-,;lfsO'R-P-Tl-O]rOR-Exl·r~c·rro'frc-oRR·E·c-TTON'S_A_R~NEEDEDtO-N~O'SE·s-n-4-· 

ADDITION PROG~AM ABSOR. CSEE FIGURE IV~lA)e T~E OUTPUT OF PROGRAM 
-C'OFm'ATTs-5lJITABC~-F:-ariNPOf-'T'0-.-Tlf~SOR·T·ING-AND-·AfJER-AGHfG--PRO.GR·Ar----

AVSORT, OR MAY BE USEC DIRECTLY IN LEAST-SQUARES REFINEMENTS WITH 
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PROGRAM FLINus·. 

DE COL ---------------------------------------------------------------
DECOL IS A ·PROGRAM "TO DECOLLATE POOL TAPES WRITTEN AT THE REACTOR 

EXP-EFfi·M-El'ITAL:-c·c)ffTROLF-AC-:fl:·tTVfREC.F).-St_E_p;-sc·A-N-PROF-IL."E·-o·AT-A -ARE---
PRODUCED BY ~~E NEUTRON AND X~RAy DATA ACQUISITION SYSTEM CNEXOAS) TH~T 
RUNS THE FOUA•CIRCLE OIFFRACTOM·E-fERS AT-THEtfiG~ FLUX BEAM REAC.T·ClR-- -
~HFBR)~ DECOL SEPARATES DATA WHICH ARE INTERMIXED ON THE POOL TAPES 

I---... F'ROM"D-fFF"EREf41EXP.ER.ffi4ENTAL_S_'tT'FIO"tifS-AT-·TH£tfFB-R,-AND_P_R_O_OlfCE-S-SEP-AR.ATr--· -
FILES FOR EACM USER. THESE FILES ARE SUITABLE FOR INPUT TO PROGRAM 

1----p-R-0-C""KiififfCR:"CALCULAT·E·s-rRTEG-FU.-TEIJINT~NS.fTIES_F.RO~--STEP.;.s·cAN-PROFILE ___ -
DATA·. 

OISCOR 

PROGRAM DISCOR IS ·USED TO OBTAIN BONO DISTANCES CORRECTED F·OR EFFECTS 
o-rTAERMAL-M"OTro·N-ACC"O.R"Ol fH~-TO-TH~METH.OD ·-oF-BUS.ING-ANO--CEVY-.- tHE ______ -
UNCORRECTED ~NO THE tLOWER~BOUNDt ~MINIMUM), tUPPER~BOUNOt CMAXLMUM) 

r----c=--o-RR !"CT-E"D--s-OliCLffS-T-,\tfC£S , ARE CAL C-UL A T-E-o-ACoN·G-WfTHTH E-C-0-RR.EC-T EO,---.o__ ____ _ 
DISTANCE ASSU~ING UNCORRELATEO MOTION OF THE BONDED ATOMS. 

FACES 

FACES IS A ·PROGRAM :USED AS AN AID IN DEFINING CRYSTAL GEOMETRY. THE 
'----=p=Rocf~S-i'ARTS-wT1'11CO ORIH NAT£-SoF-CRY-STA-lVE·R-tTc·E-S--;-AND-CAL CULA-T£-s·----

EQUATIONS OF :CRYSTAL -SURFACE PLANES AND THEIR DISTANCES FROM THE ORIGIN. 
-T~o-s-trrTrP-o-s·s1-BLE T crM"E·A-SlfRrTKrVERTErco-oRo-nfAT-~rD I RE"C Tl:~--;0 N 

PHOTOMtCROGR~PHS, ANC CA~CULATE EQUATIONS OF SURFACE PLANES. PROGRAM 
-----FA"CE"~Y-"A-LSO B~OS'E"rr-JC)FTNIJONWEl-GHTE.JJI:E'A-sr.so·lJA.REs-PL"ANES-THROUGH'--

COLLECTlONS OF ATOMS~ THE PROGRAM CALCULATES THE INERTIA TENSOR fT) ·OF 
THE INPUT POIINTS ABOUT 'THEIR CENTERCfF MASS. TH.E BEST PLANE t-S:SOUGHT ___ _ 
BY FINDING THE EIGENVECTOR OF THE LARGEST EIGENVALUE OF T. 

FLINUS FLIN80 

FLINUS IS A PROGRA~ TO CALCULATE STRUCTURE FACTORS AND CARRY OUT 
----,.F=U.,..,..L~L-~~'TTM-7-A;-.TR IX LEAST--SQUARES R·E-FHfEM'EN'fso,.--cRySTAL STRUCTURES-;--PR(fGR-AM 

FLINUS IS THE BROOKHAVEN MODIFICATION OF THE OAK ·RIDGE PROGRAM ORFLS, 
-------.FLINlTrrs-nr~s·TA-NOl-Ff0-1n~·L\~"ER St-orAN"O--A-CCO"WS-OP- TO-SO--ATOMS-A NO-UP -·r.o-- ----

270 VARIABLES (SS8 PARAMETERS, INCLUDING THOSE NOT REFINED). FLIN80 IS 
----.A-S"P.El:l_A_L'IER_S_I"CHiiWA-fC"Aw-rct:._T_A"t<E-OP--TO_e_O_A_T.OMs--, BUT-\iiAICH-rs--ClMITE·C--

TO 262 VARIABLES~ THESE PROGRAMS PERMIT INCLUSION OF ANOMALOUS 
----,D"""'I SPERS I-ON ANC ISOTROPIC AND ANISO'TROPlCEX'ffNCfl: ON CORREC-T.-:;;;_ I ... o=N=s-.------

FM"OIYl 

l--------1!'1[rmri-rs-A-.PR-O"G"R-,\"frTo-FERrORM""l:EAS·r.sQlfAR·Es--REF'INEMENTS-·oF--UN!T-~C-ELL- --
CONSTANTS AND ORIENTATION ANGLES, USING AS DATA SETTING ANGLES OF 

1-----""· EFLECTTON·rcre-s·El:fVE'0-0-frAtrEUl:E"f:fi-A"N-rO'UR~C-rR"'CLE-G-OlifCH~-Ef£R-. -p·R·ov·rsroN __ _ 
HAS BEEN MADE OPTIONALLY TO REFINE INSTRUMENT CONSTANTS ci.E. 

1----..,ME'CFfA'NTC'"ALZER"'OE""S-,-;-ANIJTO-~(LOW-FOR-SYMMETRV-C:O.NSTRA"INTS- ON_C.E[L-- ------
PARAMETERS. ·PROGRAM FMUOl WILL ACCEPT UP TO A MAXIMUM OF 150 

-R-EFTE"C'lTON"rii~-.HE-1:£'A.ST~S-QUARES_P.R'OCEDoRr.--TH£"-PROGRA~ MAY-ALSO- BE _____ _ 
USED TO CALCULATE SETTING ANGLES FOR A LIST OF REFLECTIONS, BASED ON "THE 

I· 
I 

fV-~8.---------------------------- ---------
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REFINED ORIENTATION ANGLES~ 

FREOFUN 

FREOFUN IS 'THE BROOKHAVEN MODIFICATION OF THE OAK RIDGE FUNCTI·ON AND 
ERROR PRO<H~AM-ORF-FE .-PROGRAMFRE:OFUN WiLLCALCULA T·E--E-STtMATEO---,-STA-tH)ARD ----. 
DEVIATIONS OF A VARIETY OF FUNCTIONS OF ATOMIC PARAMETERS (BOND 
DISTANCES, BO~D ANGLES, DIHEDRAL ANGLES t ETC,), AND WILL CO~P..,...,U-=T=E----
LEAST•SGUARES PLANES~ THE PROGRAM WILL ALSO GIVE ROOT MEAN SQUARE 

----=c'""'O-;-:cMPONEN_T_SOF-fAE-RMAL MOTION ALONG_P_R.l'NCTPAL A-XES, ANO-CORRECTlONS-OF·-- ----. 
BONO LENGTHS FOR THERMAL MOTION~ IN THE CALCULATION OF STANDARD 

-----..OEV I ATl()NS t F·-FfEDFUN :USES THE V A-ffi A-NCE-;-C:-0-VA-RIANCE--MA-tRfX-OUTP-UT-·ey---------- --
PROGRAM FLINUS. 

GENATM 

GENATM IS A PROGRAM BY R~ SHIONO DESIGNED TO DETERMINE NEW POSITIONS 
---~f:-.ATOMlc·s-riE-S)G-fVEN:C_E_RTAIN KNOWN-PcnfiTIONS-A-NO-CONStR_A_INTS;-THE _______ _ 

PROGRAM~S MOST COMMON USE IS TO PREDICT HYDROGEN ATOM LOCATIONS FROM A 
-----:-:K=N=o-:-:-w.--;LEDGE OF 'THE~-RAMEWORK TO WHICHTHE HYDR(fGEN ATOMS ARE-----eotliO-EO • 

CONSTRAINTS MAY BE SPECIFIED IN TERMS OF BOND ANGLES AND TORSION ANGLES, 
-----...ORNl\irP-Osn'IIONS MAY BE DE-FINE-D TO--LfEALONG~S-PECIFI"ED-INT_E.R.A'TOt•ft-c---·· 

VECTOR, OR NORMAL TO A PLANE. -----------------------
HERM 

HERM tS THE BROOKHAVEN VERSION OF PROGRAM REFINE2 BY J. HERMANS ET AL. 
-F-O"FfMO-OEL BU trO-IlfG~firJ"ENERGYKINIJ4TZAT roN OF P"ROT£1N-S-TRIJC-T{ffrE·s-.- THE'-

PROGRAM ADJUSTS A GIVEN SET OF COOROINAT£9 OF A PROTEIN 'TO OBTA~N AN 
----.A "P-PJfO-Xl-MAfE"cv-ftrEALlZ-E"o-s·iRUC-TlTFfE~UR~-NG----;ifO"OEGBU!LOlN"G98(H·lO--:-LENG-,R Sl--- -

BONO ANGLES ~~D DIHEDRAL ANGLES ARE IDEALIZED BY THE METHOD OF ~OCAL 
CHANGE, IN WHICH ONE ArOM IS MOVED AT A TIME, SEVERAL PASSES~A~~E----
MAOE THROUGH 'THE "ENTIRE MOLECULE·. FOR ENERGY MINIMIZATION, ENERGY 

---...-;C0lif'T1ITBUTTON S FOTOE"F"OlWA"ITO"rars-crNDLENG-TFfstBOND-ANG-[E"S-,-AND-F"rXE"O 
DI~EDRAL ANGLES ARE MINIMIZED ALONG WITH TERMS FOR NON~BONOED 

-----,InrN'""T~E-R A'"CTTON"r.mc TORS I O"N""ArFCrTENT-rAl.-ENER"GY, 

I~ 

I NVTRP I 5 A PR-O""Glf,{~lo-P~A-RE'l"ATRrC£s-DESC1U-B"fNGSP""A-CE"".;GROUJr _______ -- -· 
SYMMETRY FOR IUSE IN ·PROGRAM AVSORT, PROGRAM INVTRP ACCEPTS 3X3 MATRICES 

----F·O"FrRE""W.S"F"A"Cc-SYMMETRYIR"A-N"SF"ORM"AiTONst ___ A"N[JF"O.RMS-THE"rR-IN"VERSe-------- ·--
TRANSPOSE FOR USE IN RECIPROCAL SPACE. THE PROGRAM PRODUCES A PUNCHED 

----.DECl<O""F t BlOCl<OATA-SW<fP"STWR"rctrS·P-£"C"rno-TFfrlNVERSr-T-ra¥sP'"OSE ----
MATRICES, tBLOCK DATA SYMOPSt MAY BE USED DIRECTLY IN PROGRAM AVSORT, 

JIMDAP ---·----------
PROGRAM JIMCAP IS TME BROOKHAVEN MODIFICATION OF FORDAPt 'THE 

nJUR_!ER-_SYNfA"ESlSP"FfO GRAM BY A • i-Al:KfN ·• J Il4EfAP-lS-QUfreFCEITS"CE't A"f~J"C __ __ 
PROVIDES FOR .AUTOMATIC PEAK SEARCH AND PLOTTING OF CONTOURED MAPS, F·OR 

---COMPUTifTTO"frCrtr"""Fo·uRIE-FftOTF'_F.E"R""E"NCrro·uRl£R-O"R-OROHfAR'Y-P.ATTER·s·o~-----------··--

SYNTH~SES, Jl~OAP READS A FILE PRODUCED BY THE STRUCTURE FACTOR 
---ce-A"sr-s·atrARE"s-PR"O""GlfA~F"LTNOS";""-FOlrt"OMPUiA"iTOw-O~-sHARFE"N"ED--OR ________________ _ 

ORIGIN.REMOVEC PATTERSON SYNTHESES, JIMDAP READS A FILE PRODUCED BY 

-------- ----------- -··· 
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PROGRAM XDATA. 

LEASTSQ ----------------------------------------------------------------------- . 

PROGRAM LEASTSQ IS THE BROOKHAVEN MODIFICATION OF THE MULTIPLE 
r-------r=s-=o•M"'O-RPMOUSREPLACEMENT (M IR) PHAS-ING--PR-OGRAM BY M • FHlSSMAN~f-E"T---.AL.-.--------

LEASTSQ IS A LEAS~~SQUARES PROGRAM TO REFINE HEAVY~ATOM PARAMETERS IN AN 
t----:=-:IS='":O~M:-:;;;ORPHOUS ·sERIES ANO ·To OPTIMIZE PHASES -CALCULATED BY THE M IR ,MET HOC • 

PROGRAM LEASlSQ INCLUDES THE EFFECTS OF ANOMALOUS DISPERS~ON AND ALLOWS 
FOR UP TO 10 ISOMORPMOUS DERIVATIVES. 

LIST 

LISrTS A PFfOGRA-rr-T"ll"FfRODUCE A ltsroF"S"TRUCTURE FAC-TOTDTTAF-"OR 
PUBLICATION~ THE PROGRAM READS A FILE PRODUCED BY THE STRUCTURE FAClOR 

r------.L.._E ... A.....,ST-~S-(f0l_R_ES PROGRAM FL INUS, AND ·PRO-DUC-ES A l ISt-H.JGS"OTTABl:Er-OR 
REDUCTION TO "FIT ON ~N 8 1~2 X 11 INCH PAGE. A TOTAL OF 6800 

f----R~FLE-c-T-rONS---;-C~-NB-EAC-COMODA-T~Il9WfT-H2o'-ooR-£FLECT_I_O_NS-LISTElr-PElr P-AGE _____ _ 
AFTER REDUCT~ON~ A LISTING IN StNGLE~COLUMN FORM MAY ALSO BE PRODUCED. 

MULTAN 
~----------------------------------------------------~----------------------

MULTAN IS 1ME PACKAGE OF DIRECT METHODS PROGR~MS BY G. GERMAIN, P. 1 

r------r:Mrii A-..I-rrN-, -.l~fil·. WOOLTs·o-rr.--T-~U~IA"~P-A"CI<-AGrCO~iS-rs T-s-arETG.ffT ! 

PROGRAMS I 

NORMAL 

PROGRAM NOA~AL ·cAlCULATES NORMALIZED STRUCTURE FACTORS (EtS), 
~----------------------------------------------------------------'------------· 

MULTAN 

PROGRAM MULTAN IS "THE DIRECT~MElHOOS PHASING PROGRAM WHICH FORMS "THE 
1----...,H~AA-TOT""THE ·p A~G-E~"Rr-P-R-<fGR A"lr!t'rC-CUD_E_S_S_ICfJ.IA--TWO-·R-ELAT·ro-tfS-~fiPSt;P S_l ___ _ 

iERO TEST, OO~VERGENCE MAPPING, AND MULTI;SOLUTION WEIGHTED TANGENT 
------R' EF'TNElilEN T • ·P Ro-<JRAfiff(lJ[TAlifAOIO-~ATrc-A"C~~-Ilfl:·~eff0-0-SE-OR-rG-nr·A-N D,----------

ENANTIO~ORPH~tiEFINING REFLECTIONSt OR OPTIONALLY THESE MAY BE SUPPLIED 
BY THE --USeR. THE PROGRAM ASSIGNS AReT't-RARYPHASES "TO A NUMEf£-ROF 
GENERAL REFLEC~IONS, AND USES THESE IN A WEIGHTED TANGENT REFINEMENT 

----...PRO"C"£DUR"E"t!CJG.EN£RA TE tilJ~T·rP-~~0-~UTTO~fSrOir"P.FflS.ES-OrR·EF."I:·E·c-T·I,O NS-~I"TH-

LARGE E VALUES'. 
-----------------------------------------------------------------------------

EXPAND FFT SEARCH DANFIG MFRP 

·rMESE FIVE ·PROGRAMS TOGETHER ALLOW FOR GENERATION OF E~MAPSt AUlOMATIC 
P·E""~S"E""~-C"R"IWG-,-PLOITTfifG-ONPT"Al'"E"R-:-o·rTR"rA~S-TRUCTlJR_E_S __ , A-~ 0-R·E c·o·G~·tTI-oN· ------
OF MOLECULAR "FRAGMENTS. 

----------------------------------------------------------------··-·· -

SF 

PROGRAM SF .ALLOWS FOR CALCULATION OF PHASES FROM PARTIAL STRUCTURES, 
-------.,Af'f[JfffeS"E""r:r~rAS-eSJ.f"AY"fffE_N_BE_R_efNTR-OOUC-E·D--AS -STl-RTTNG_P_AASES-·rN-:MUlTAN;--· -

---------------------------------------------------------------·-

------------------------------------------------------------------· 

------------------------------------------------------·----------- -. ---·--
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NANOVA 

NANOVA IS A PROGRAM TO ANALYZE FOR CORRELATIONS BETWEEN 
ABS tFO.FC) /SI·C:MA CFO) AND FO, AND BETWEEN ABS-fFO.FC) /S-IGMA CFO) AND 
SIN~THETA)/L~~BDA~ IT IS OFTEN ·USEFUL TO PERFORM SUCH AN ANALYSIS OF 

----:-:V
7
AR I ANCEAFTfR REFINEMENT OF A STRUCTURE, IN ORDER TO TEST THE 

APPROPRIATENESS OF 'THE WEIGHTING :SCHEME, AND ALSO TO LOOK FOR 
,___ __ D-=-EFICIENCIES IN THE PARTICULAR MODEL UPON WHICH THE REFINEMENT I.S BASED. 

PROG~AM :NANO~A ·CALCULATES THE MEAN ABSCFO·FC).ISIGMA~FO) FOR INTERVALS OF 
FO AND SIN CTHETA)/LAMBDA, AND GIVES F STATI-STICS FOR USE IN TESTSFOR -
SIGNIFICANT :CORRELATIONS. 

ORTEP2 

ORTEP2 IS ~ME OAK RIDGE THERMAL 'ELLIPSOID PLOT PROGRAM BY C~ JOHNSON. 
---.=p~RO~G=RAM ORTEP2 PRODUCES CALCOMP PLOTS (OPTIONALLY IN STEREor-oF:CRVST~A~L---

STRUCTURESe WITH ATOMS REPRESENTED AS THERMAL ELLIPSOIDS. PROGRAM 
~~--::.";OR_...t-EP-2 I'NCt:UDES AUTOMATIC OVE-Rl:APREMOVAL. . ---

ORTRAN 

ORTR~N IS liHE OAK ·R IDGEFfECIPROCAL S-ff"AC-EFOURIER.iTRANSF-0-RMS-EA.ACFftNG 
PROGRAM BY W~ BUSING AND W~ THIESSEN~ PROGRAM ORTRAN WILL SEARCH THE 

---... R·~c-rP-R1rC~S-P-J"C-rorTlf~o-R~ALfZE-ErS-TR1JC-TUR_E_FAC_T_OlrsrOA-TFrE---ro-uR-IE_R ____ _ 
TRANSFORM OF A KNOWN MOLECULAR FRAGMENT • SEARCHES MAY BE :CARRIED ·OUT 

----;;F"""O .... Rc-..-M"'ORE THAN ·ONE ORIENTA TllYN OF A M0-LECULAR-FRAGMENT;-AN0--:-TH£_S_E ______ _ 
ORIENTA~IONS :SAVED, 'THUS DEFINING 'THE ORIENTATION OF REPEATED STRUCTURAL 

--uNT~. 

p·olilPI 

PC)ffPJfrTS~PROGRAM BY E. PAFfTHE ET lL • FOR THEfN'f£Jf5r~CALClJLA_T_!:-ON 
OF POWDER PATTERNS. ·PROGRAM POWPAT IS QUITE GENERAL, AND MAKES 

---p'R-OYI'S'f'atrtr<rrc-lC'CULKIT<rfrO'rl'NTE'N'S-rT!E-S-:-F'O_R_A.CL"'SPTCrG·R-OUP-s-. ~TRE 
PROGRAM INCLUCES LP :CORRECTIONS FOR POWDER PATTERNS RECORDED WITH A 

---M'or:.r<reffROM"A_TO·Ff-n~mlf~~E'OlifETR'rmr;GUTNTE~orwocFrF·o-cosrNr~MER'Al.:.-Nn-
PRovrsroN IS iMADE FOR ABSORPTION 'CORRECTIONS. 

PRJCTNC 

PRJCTNC IS 'THE VERSION OF PROGRAM PRJCTN FOR THE CDC 7600 AND ·6600, 
---AN[J\t.tl:l:I'R-ODVCPC'AC'C'OMfr::C~Dlf'A-WUHJS--orM·ot:£'COI:E's-m-sTERE'o-;-AN ______ _ 

INTERACTIVE VERSION ·OF ·PROGRAM PRJCTN FOR THE PDPi l DRAWS MOLECULAR •NO 
----=oCR"YS1'AL'"S-TRUCTUR'E"SON THE VECT_OJrG_EN'E"RALOTSPLAV-fSEC:-p-fft'~YS) • 

PROGRAM PRJC~~ REQUIRES SIMPLE INPUTt AND WILL ACCEPT ATOMIC 'COORDINATE 
---~-----rrrr.RA-v-SYS-T£forrORl4.-I<Hf-ITINUs-rOR.M"AT • tl4A-m:;·c11AHrD·R-AW!NGS-o,-----

PROTEINS CAN ·BE MADE. DIRECTLY, BY READING ATOMIC COORDINATES FROM 'THE 
---PROTET~trli~AN~PRo-G.R'A~..-JCT~~fli:LA·c-c-oMOtrAir-CJrA'TO·Ms--AND--OR A-w-lup------

TO 200 &ONDS. 

PROCK 

PROCK IS A 'PROGRAM FOR INTEGRATION OF PEAl< PROFILES AND SUBTRACTION OF 
-BACKGROUNO-s-;-p·R-CfGR-ATrPlfO'C-trlS-fFirF'tRST_S.TAGr·I ~rPRO-CE.SSTN G-o-E·co·cL A-TEO __ _ 

DATA FROM THE DIFFRACTOMETERS RUNNING UNDER THE RECF SYSTEM 1 PROCK ----

rv..;.11 
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PROVIDES A NU~BER OF PROFILE~INTEGRATION SCHEMES, INCLUDING USE OF THE 
uMINIMUM- SIGM~ <I) II" foolETHOD OR A SM-OO'fMING ALGORITHM. nfEOu'fPtTfOF ---
PROGRAM PROCK, WHICH INCLUDES INTEGRATED INTENSITIES, BACKGROUNDS AND 

-SE-TTft'fG-~~rGLS"S-CORREC'f£DFORM£CMANICAL ZE-RoE·s-ANO AX I-S-PAR-tT-lES-i-TS _____ -
SUITABLE FOR llJSE AS !iNPUT 'TO PROGRAMS ABSOR, BNLABS, OR CORDAT • 

SAO IAN 

SADI~N IS A PROGR~M WMICH ·cALCULATES INTER•ATOMIC DISTANCES AND ANGLES 
----I...--.N;--;--::;;CRYSTAL STfHJtTURES • PROGRAM S~C-IAN SEARCAE'SFORAo:-fNTERATO-MtC 

DISTANCES AND/OR BONO ANGLES WITHIN 26 UNIT CELLS SURROUNDING THE 
RE-F-ER·ENcr-ar;rrrc-E:LL, U PT-0 SPE C-I-F-rE_D_L IMl-TS-. -fHE-P-ROG-RAMlfAND-CE·S-AfW ___ ---
SYMMETRY FROM TRICLINIC TO CUBIC~ PROGRAM SADIAN CAN ACCOMODATE 200 

·--A 'r~-s~-S"Yt'if~E'TRY O'P'E'R-AfTONS-;-A_N_D_,_ETGlfrl-A-fTrc-E-T-RANS"O_T_I_ONS • ----

SANDA ----- --------------~------------------------

· s-~NO-A-rS-A'P"R1rG·R-,n~-B-vR-;-slf10'~0-rO"R~C-ACCUL-AT-ro·N·-mrrN T ER· A T-0-fiftC-
D I STANCES AND BONO ~NGL!S 1 PROGRAM SANDA PERFORMS FUNCTIONS SIMILAR 'TO 

---TFftfS£--:-Ff£-R'FlrR-Mrn-eyp-~-OCfRAT-ls~o-rAN ~. S-ANDA-"WI'u::A-CC-OMODAT-EUP--fo-f·rs------· 
ATOMS, •No 192 SYMMETRY OPERATIONS, A VERSION OF SANDA IS ALSO 

----.A .. VA-I"LABLrrO'R----rA-E-P"'"PTl-'rSE-~--~-fJ.• i 5) • 

SCAT I'S-,--p-lf"o-GR Aflf ·r:oJf'FfO DUC£-X--:-R'AYSCATTER IN G--;-F A C-TO-RCARD-S!NA-ro-R-ffT __ _ 
SUITABLE FOR IUSE IN THE STRUCTURE FACTOR LEAST~SQUARES PROGRAM FL INUS, 

-pR-O-CfFfA'~S"C'Aj:t"ON'T"~TtfS-'nrrc-O'E'FrrCTENT-S-r<JR-2Y2-A-TlfMSANO-TO-~-s--------

DlSTRIBUTED BY 0~ CROMER FOR ·cALCULATION OF SCATTERING FACTORS BY THE 
---M'ETff<ro-:-o-r~cR-atiff'RA'NO J , f.fA-NN ~ 

STRON 

S-Tlf01fG1 S A P-FfOGRA~ TO ·cALC Ul: A·Ty-R"EF"CE"C_T_I_Ol'fSWI_T_A_Sl'_R_O_N G--:-NEUT·R-0 t'I-
INTENSITIES, FOR A KNOWN STRUCTURE, PROGRAM STRONG WILL LIST ALL UN~GUE 

-----R'Ef'LE"CTTON's---A"P-P'R'O'PlrrA-rr-!CJTFr~S£RTrC"ELLTYP~iRTCA-ftA-V~-A lr[NTEN'S rrv-
ON AN ABSOLUT.E ·SCALE =GREATER THAN l·.o·. A SEPARATE LIST OF REFLE-CTIONS, 

-----,w,...,.-,ITHtN A s·PE'CIFIED TWO THETA RANGEA-ND SORTEtlON"INTENSt-i'-v.-t-S-PRODUCE·o·--
FOR 'US£ IN CONJUNCTI·ON WITH 'THE RECF CRVSTAL•ORIENTATION PROGRA'M ORIElNT • 

----.PR-CfG-R-;ur-s--,-R-OlrCfWTLLAII"OlrUP-T'020""0A"T"'JrS-PER-"Utn-Tc'E-LLTACE:NT'R_I_C __ ) OR- -·up--
TO 400 ATOMS 'PER UNIT CELL CCENTRIC STRUCTURES). 

TLS6 

TLS6 IS THE BROOKHAVEN MODIFICATION OF THE RIGID~BODY MOTION ANALYSIS 
PR_O_G_RAMIJi1v;-5Cff0lifAI<E_R_AN·o~TROEB-COO"D-.-fHrP_R_O_GR-AM-C-ACC-UCATE"S-T.HE ________ _ 
BEST FIT 'TO OBSERVED THERMAL PARAMETERS FOR A GENERAL RIGID.BODY MOTION 

l----·oE-S'Clf[BE"IJ'[~TER~'S-O"rTR-A-NS.LA'T.I'O-~T-,-,-1:-I'BR-Aii-ON-fCTI AND--s·c RE\f-lS ,----------
TENSORS. INTERATOM:tC DISTANCES ARE CORRECTED FOR EFFECTS ·OF THERMAL 

~-----.:-MOTIOlrBAS£1JilJP-oNT"H"~c-ALcTil.-AT-Eov.-ALUE"S--o·F L. 

TO"Rs-nr 

TO'R'S'row-TrTRr-BRO'OI<'H"A'VE~M-OOTFTCJTTO~Or·rpR-o-GR-AfifrOR--CAI:ClJC'ATTON--oF- ---
TORSION ANGLES BY G. L. GARTLAND AND R. SHIONO. TORSION ANGLES ARE 1-----------------------------_...:.._ _______________ .. 

---------------------------------------------------------------- - -----
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CALCULATED IN THE STANDARD IUPAC~lUB CONVENTION, WITH ZERO TORSI·ON ANGLE 
COR.RE-SPO:ND ING TO THE CIS CONFORMATlON. PROGR~M TORSION CAN -~CC-OMOC ATE 

1---
UP TO 1.00 AT,O~s·. 

TRACER 
--

TRACER IS A CELL~R~DUCTION PROGRAM BY s·. LAWTON·. PROGRAM TRACER 
PERFORMS A BUERGER REDUCTION, TO ·cALCULATE THE REDUCED UNIT CELL 
CORRESPONDING TO THE INPUT CELL PARAMETERS·. PROGRAM TRACER EXAMINES 'THE 
NIGGLI MATRIX CORRESPONO"TNG TO TH£RE.OUC-E"0-CEL-L .-SPEC l AL RELA_T_I~ON"S-HlPS ____ 
ARE SOUGHT WHICH IMPLY CELL DIMENSIONS THAT CONFORM TO A PARTICULA-R 
CRYSTAL 'CL"Ass. 

VECTOR VECTRl 

VECTOR IS A LIBRARY OF -SUBROUTINES FOR HANOLING COMMON GEOMET-R-ICAL A-ND ___ 

CRYSTALLOGRA~~IC COMPUTATIONS IN 3,;.SPACE·. THE FUNCTIONS PERFORMED 
I NCL UOEVE_C_T_OR SUM, ·D IFFE-RENC-Efj"ND_R_oT·A-TTON, AL IGNM-£t~r1'--0F--~T-w·o-P-AtR-S-;-OF 
VECTORSt-MATRIX INVERSION AND TRANSPOSITION, AND CALCULATION OF 
ORTHOGONALIZATION MATRICES. PROGRAM VECTRl IS A REVERSE.POLISH -NOTATION 
KEYBOARD CALOULATOR ROUTINE. IT EMPLOYS THE LIBRARY VECTOR AND ·cAN BE 
USED TO 'TREAT SCALAR-S, :3-SPAC£-v-E"t'tlrR-S---;---ANO 3X3 MATRTCES-.-sE·FrA·R-AtE . -

REGISTER STACI<S ARE AVAILABLE FOR :SCALARS, VECTORS, AND MATRICES, AND 
ONEM-ElifO_R_Y SLOT-lS AVA-TL A-SLE-F""OR EAC_H .• SCALA·R-;-SC-ALAR, VEC.l(fR~VECTOR, 
MATRIX,;.VECTOR, AND MATRIX•MATRIX MULTIPLICATION ARE SOME TYPICAL 
OPERATIONS 'THAT CAN BE PERFORMED. A -VERSION OF VECTOR IS ALS"f) A'VA ILABLE -

FOR THE PDPil ~SEE P~ I I l·•l 3) • -
XDATA 

XDATA IS A PROGRAM TO CALCULATE -SCALE FACTORS AND OVERALL TEMPERATURE 
c----. ....,F::-:A:-::C=T=o--R-=s___,FROM WILSON PLOTS • PROGRAM XOA_T-APROOUCES SCALED-STRUCTURE ----

·FACTOR DATA SUITABLE FOR INPUT TO THE STRUCTURE FACTOR LEAST.;.SQUARES 
-----..P1Hll3_R_A'M F L INUS:--XDATAALS"Ot:rFf<rOUCES OA-TASU lTA-B-(E_F_O_Rl_NP-tJT_T_O_TA £----

FOURIER SYNTHESIS PROGRAM JIMDAP FOR THE CALCULATION EITHER OF ORDINARY 
-.,-----..PU~E"S'I"~SWA""R.PUJ"ElJPTrTElrS"(JWIO'R-SlfA"R.P£NEn-P-ATTERS-ON-w lTH ·---

ORIGIN REMOVED'. 

IV-•13 
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~~ PROTEIN D~TA BANK 

THE PROTEIN DATA B•NK IS A COMPUTER~BASED LIBPARY OF STRUCTURAL ·DATA, 
-W~fiCH SE-RVES .AS AN ARCHIVAL STORAG-EMEDI"UM FOR STRUCTURE-FACT-CH~s-,-PtH•-SES 

AND ~TOMIC COORDINATES FOR MACROMOLECULES, THE DATA BANK IS MAINTAINED 
AT BR-OOKHAVEN ON A CDC UPD-ATE PROGRAM-LIBR-ARY, ANDC.AN-EfEACtESS-ED--V-IA-·.-
THE CRYSNET TERMINALS. A COPY OF THE FILE IS KEPT IN CAMBRIDGE, ENGLAND 
AT THE CRYSTALLOGRAPHIC DATA CENTRE, THE DATA BANK DISTRIBUTES DATA -~--
UPON REQUEST •ON MAGNETIC TAPE I BROOKHAVEN HANDLES DISTRIBUTION WitHIN 

-----,T .... HE u.s. AND :CANADA, AND CAMBRIDGrOUTSIDE NORTH-AM-ERIC~ -~-

fRE'TQ'RM'A'f •0 F AT OTft'CC-00-FrDT~fA.,..fE-OAfA!frfRE"-EfA NK-!S-0'£-S-CR-IB.E'D-rN 
DETAIL IN APPENDIX 3~ EXTENSIVE DESCRIPTIVE INFORMATION IS INCUUOEO AT 

------.TH~FILE FOREACH P'Ro·T'~Hf. AT-OMIC ·cooFfiiTfiAT.EffE-C1lRrfS-nfE...---
EACH 132 CHARACTERSI THEIR FORMAT IS A MODIFICATION OF TH~T EMPLOYED IN 

---,--THE-R'EAL·~ SPAC'E ·-FrE"F-fREM£WfPR0GR AMcrF-R~Dt AMO-filD-. -P-Rl:fGR_AM_P RO-fN-lS-(fSE_[f __ - -
TO PROCESS CONTRIBUTED DATA INTO THE STANDARD FORMAT, DOCUMENTATION 'FOR 

---P-R-(fG-R'AlrP-Fro-rrrrs-f~lUDC:lr-fNAP.PEN'O_I_X2, ------

A ~OGRAM SEARCH IS AVAILABL~TO RETRtCVr-ATOMIC COOR-DfNAT~~T~rAOM 
THE BANK, THESE DATA MAY THEN BE USED AT THE CRYSNET TERMI:NALSt F·OR 

----..E=X-.AM=PLE_,.ro DtSPLAY STRUCTURAL F'EATURESClNTHrYE-CTOR-GEN.ERALCRT-wl'nr 
PROGRAM PRJC~N (SEE P, III~15)~ WITH PROGRAM SEARCH, IT IS POSSIBLE TO 

---ExTffC T ATOlrrrCOolUffNAT'E-S-rCfR- ALLA-iOMS\~TffffNA-S-PE"Cl-rfElJR A'IHOS-OF_A ___ --
TARGET ATOM ~OR GROUP OF ATOMS) IN A PARTICULAR PROTEIN, SEARCHES MAY 
BE SELECTIVE, E,G, TO EXTRACT ONLY ALPHA·CAR90N ATOMS, ETC, TOEXECUTE.----· 
PROGRAM SEARCH ON THE CCC 7600t FOLLOW THE SAMPLE JOB SET-UP GIVEN 

--B'ELCfW I 

1 ·, J 0803--.:CP'71>---.-Yo11E"C 6 4 t T 'T'TtTP-0 ·, 
2, ACCOUNT,~URPHY,899, 
3~ MOUNTeVSN•ISTRYl,SN•ISTRY, 
4, ATTACH,BUPOi4o,ICaCPROGSeSN•ISTRY~ 

--------..,5-,-AIOiTTA-CfftOLO-PI:fP-DB-PL t rDi'P-D'BtS-FfiTS-TR=y-"--',-----------
6, BUPD140,Q,D,e,CaTAPE1, 

------------~7~,--~R~E-T~URNt~F·~.,------------------------------------------

8, ATTACH,SEARCH,IC•PDB,SN•ISTRY, 
9, FILE~TAPE12,RT•Z 1 BT~C,FL•80, 
10, REQUESTiTAPE12~•PF~ 

---------~1~1-.~~~{RC I 

12, REWINOeTAPEt2, 
--------..,..13...--,~CAT-Al:"O-GirA'FE"f2tSEAR_c-R_CJOTJJOfrORPRJCTNtRP:I?-I----:----- -----------

~~~~ID•MURPHY,XR=MURPHY,AC•899,ST=MFA, 
-------------~174-,~REWIND,rAPE12, 

JS, COPYSBF~TAPE12e0UTPUT~ 
-------------~6£~.~1~1~81 

17, •COMPILE,THERMOOl 
---------re. 77-879 

~~~~i2345678901234S6je9oi234~67890 
-----------;.--,19 I _ 1 1 999 I -----=-2---------------

20t ··99 
2 i • E R"[(.;c:rr.;;-n 
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·4. BUPD140 IS A VERSION OF CDC UPDATE FOR 140-CHARACTER .LINES. 

S. ATTA'CH ·Ti~E PROTEIN DATA BANK PROGRAM LIBRARY • "THE FILE PDB.PL IS 
STORED ·ON SNz=ISTRY, BUT DUE TO SPACE LIMITATIONS IS NOT KEPT ON SN•CHE~f. 
DECKS CONTAINING STRUCTURE FACTORS AND PHASES ARE NOT KEPT ON THE-FILE---=-
POBPL. "THESE DECKS "EXIST ON A PROGRAM LIBRARY WHICH MAY BE STAGED tN 
FROM MAGNETIC TAPE C495 t:SEVEN-TRACK, -556 BPI, LABELLED "TAPE, Rl=S-):-'.~---

6. WRITE -r~E FILE FOR A PARTICULAR PROTEIN ON TAPEle 

. ·9 •. THIS FILE StATEMENT SPECIFIES THE SCOPE ~.4 (6600) DEFAULT FORMAT 
FOR ·cooED FILE·. 

i3~ tATALOG ·tAPE12t WHICH ·CONTAINS ATOMIC COORDINATES IN A FORMAT 
-----=s-:-:-u-=I=TA-;-,B;;;;:-;'LE FOR INPUT ·r.o PROGRAM PRJCTN. "TAPEi2 IS ·cATALOGED O.N THE ·6600, 

FOR EASY ACCESS VIA fNTERCOM. ---· ..... - .......................................................... _ .. _________ ~-~--------,------------· 
i~~: THIS CARD SHOULD BE REPEATED ONCE FOR EACH SEARCHING OPERATION 

---=c~AR~R;;-;;t--roouT. TAPE12 WILL CONTAIN~ONE-F'fLEf-OR EACH OPERATlON. 

1"7. THERMOOi _IS THE DECKNAME ON 'PDBPL FOR THERMOLVSIN. TABLE I\'•2 
GIVES A :COMPLETE .LlST ·OF DECK NAMES FOR PROTEINS CURRENTLY ON FILE • 

l9·. 'THIS 'CARD WILL .EXTRACT ALL ALPHA CARBON ATOMS IN A PROTEIN. FOR 
DETAILS :CONCERNING OTHER POSSIBLE TYPES OF SEARCHES, SEE THE -PROGR"'""A-=M:----
DOCUMENTATION IN APPENDIX 2. 

·20 • ·tERMINATOR 

----------------------------=-~--------------~--------------· Iv .• ts 
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a. Data Acquisition and Initial Processing 

FMUDl NEXDAS· DECOL PROCK 
BNLABS 

unit cdl and orientation- r- ne\itron and x-ray data r- decollation of f-a. integration or 
Lorent~, polarization, and 

matrix refinement . collection under RECF RECF pool tapes step-scan profiles 
absorption correctio~ 

(Gaussian method) 

ABSOR CORDAT 
ORIENT calculation of absorption r- . application of Lorentz 

crystal orientation corrections (analyti~ method) polarization, absorption, 
·and dead-time corTeCtio~ 

AVSORT 
sorting and averaging 

of intensity data 

NANOVA COMPARE - analysis of r- normal prob-
variance ability plots 

b. Structure Solution and Refinement· 

XDATA 
preparation of 

coefficitm~ for Patterson 

JIMDAP 
Patterson synthesi.! 

-

MULTAN 
direct methods package 

c. Structure Analysis 

TLS6 
FRED FUN DISCOR 
function and ..:....,. 

error thermal motion 
corrections 

HORTEP2~ plots 

FLINUS 
structure factor 
least-squ~ 

SANDA 

COORD LIST 
coordinate r- structure 

lists factor list3 

FIGURE IV-I. General Flow or Brookhaven Crystallographic Computer Progranu. 

FIGURE IV-1 

IV-16 

-

'---

f-:-
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CENTRAL SITE OPERATIONS 

TABLE IV..;,i·, -eROOI<HAVEN LIBRARY OF CRYSTALLOGRAPHIC PROGRAMS FOR USE ·ON 
CDC 7600 AND ·6600 • ----

PROGRAM PURPOSE 

ABSOR CALCULATE ABSORPTION CORR-ECTIONS--riNAL YTI CAL METHOD) 
ACCESS FILE RETRIEVAL UTILITY 

------~AV~B~A~N~G------~C7AL~C~U=L~A~·T=E~ME~A=N~S~A·N~O~V~A~R~I~A~N~C=Es~~CD~t~S~T~A~N-CE=S~A~7N=O~A~.NGLES) 

AVSORT SORT AND AVERAGE EQUIVALENT REFLECTION DATA 
----=B~NL,-A-=-e--s.,-------A=-=e=-=s=o=R=P=T---I o=N:-;----,A~N=O~L P CO RR E C'fx-<fN S C GAUSS I AN IN T EG-FfAt1 0-~r,-· 

COMPARE CARRY OUT STATISTICAL COMPARISONS OF EXPERIMENTAL RESULTS 
COORO.----------p,...R=oo..,u,.....c~PUBLfSHABLE .L:"IS'rnrcrsoF_A_i'OMlCP-ARAMET.ER_S ______ _ 
CORDAT APPLY :CORRECTION FACTORS TO F•*2 AND SIG (F**2) 
OECOL OECOLLA'TE RECF POOL TAP-ES 
DISCOR CORRECT BONO DISTANCES FOR THERMAL MOtiON 
EDIT CONTEXT EDITOR UTILITY 
EFACTH CALCULATION OF NORMALIZED STRUCTURE FACTORS 
EXAMOR PROCESS ORA-CLE:TAPES--i•'OR-Pf:fOC-1< --- ------------

FACES DETERMINE CRYSTAL BOUNDARY PLANES 
fLIN~S FULL·MATRIX LEAST.SQUARES--REFIN~MENT 
FMUDl LEAST;SQUARES REFINEMENT OF CELL CONSTANTS AND ANGLES 
FREDFUN CRYSTALLOGRAPHIC FUNCTIONS AND ERRORS <WITM-CCfRFfELATlONS_) __ _ 
GENATM GENERATION ·OF NEW ATOMIC POSITIONS WITH GEOM. CONSTRAINTS 

---..,..,..HERM MODElBU ILO-INGAffDE-NER-crv-MINlliflzAflON orP-R-OlElNS ___________ _ 
INRSCL INTERLAYER SCALING OF X~RAY PHOTOGRAPHS 
INVTRP PREPARE SYMMETRY MATRICES FOR AVSOR=T.-------------
JIMDAP FOURIER SYNTHESIS. 

-...-L--E AS_T_S"Q MULTTP'CE!SOM"CffrPFfOU SR'~-C-E ME'N-IP1iASlffG-P"FrOG_R_A_~ 
LIST PREPARES LIST OF REFLECTION DATA FO~ PUBLICATION 

-----.MULTAN . O'rR"eCIM"ETFf<rD-s-PACl<A'G-~E""fGlfiPlrO-G-frAMS.-:-)------------------
NANOVA CORRELA"TIONS OF DEL TAiSIG AND FOBS, DELTA/SIG AND ·SINT /L 
OMULT EARL r£"RV~If'SION OF-MULlAN(l)NEP-ROGR AM 0-NL vr· -----

·ORTEP2 THERMAL ELLIPSOID PLOTTING PROGRAM 
----o-RTRA"N Rrc-~o-c-A"LS-PAC"Er""O'UR]-E'~-R-,UrSTOR.-.rSE""AR-Cl1 

POWPAT INTENSITY CALCULATION OF POWDER PATTERNS . 
-----...PRJCTNe PROUUCEI:"!NEL)l;'AWt"NGs-OrM"Ot:rCUCE's-<rN-c-At:t-oM"p-FJ:'OTTER 

PROCK INTEGRATION OF PEAK PROFILES AND SUBTRACTION ·OF BACI<GRND 
- PROlN PREPARE DATA FOR P-ff(ffEfNDATA BAN.i< 
RMCOP~ COPY UTILITY USING RECORD MANAGER 

-------=s:-.-AOlAN SEA~CH-F'"OR-I NT~R~ATOMTC-o-rsT_A_NC_E_S_ANDA"NG'CE-S 

SANDA CALCULATE DISTANCES AND ANGLES 
------.....,sc-Ar- P-R-eP_A_R.eX~ R-A-YS_C_A_TT£Rlf·fG- F-A c·;oR-S-F'OR-FCfNOS 

SEARCH RETRIEVE COORDINATES FROM PROTEIN DATA FILES 
$TRONG CALULATE REftLECTIONrwt"TH STRONG NEUTRON lN'tENS_I_T_IES 
TLS6 RIGID~BODV MOTION ANALYSIS (SCHOMAI<ER~TRUEBLOOD METHOD) 

--~TORSI ON CALCULACT'r-T-<fRS IlfffAffG'CE"'S --------
TRACER CELL REDUCTION ~BUERGERS METHOD) 

----,.yp-rs-T U TTCfTvtrO-c-(l)TENrA_T_rorP·Ro-G·R-AMr----------------------
VECTOR LIBRARY OF 'THREE.;.CIMENSIONAL LINEAR~ALGEBRA ROUTINES 
VECTRl CALCULATOlrPROGRAM FO"R_S_CALARSIVEC-fOR-S--;-ANO-~A-fR·-rc·E-S,...----
XDATA OBTAIN SCALE AND TEMPERATURE FACTORS FROM WILSON PLOTS 

r---------------------------------



CRYSNET MANUAL ___ .:::_ CENTRAL SITE OPER~TIONS 
04/13/76 

TABLE IV.•2e 

PROTEIN DATA ·8ANKi DECK NAMES FOR PROTEINS CURRENTLY ON FILE 

DECK PROTEIN CONTRIBUTOR CONTENTS• 

CHYMOl. TOSYL ALPH4~CHYMOTRYPSIN 0~ M, BLOW ~C 
CHYM02 TOSYL ALPHA-CHYMOTRYPSIN 0, M1 BLOW AC 
CHYMOF TOSYL APLPH4~CHYMOTRYPStN 0~ M, BLOW SF 

-----:;;;;c=M.......,PF6Aoi MYOGEN ·cR~FINEOS"ET F6A) R~ H, KRETSINGE'•R:----A.-:C..-------
CMPF6HOi MYOGEN ~REFINED SET F6H) R~ H, KRETSINGER AC 

---=c....-.MPF6Ioi MY0-GENTR~FlNE-0SET-F6I) R_, He KRETSING£-R~--A~-c~------
. CONCNAOl CONCANAVALIN ~ 1<, O, HARDMAN AC 

---.~COlrCNAOr-:-c-oNcANAVALI!N A G, M, E"OEl:JfA-N A-CIA 
·cPASE~i CAA80XYPEPTIDASE A W~ N, LIPSCOMB AC 

---"""'""CT-P"""S"""G-N 0 i CH ¥11 OT-RYP-StiNO-CfEN J ·, · KRAUT AC ____ _ 
CYTBSOi CYlCCHROME BS F~ S, MATHEWS AC · 

---cyT·B·S-(f2--CYi'C"ClfR-Oll~-B! r.-~-A-TlfEW-5 T A 
CYTOC20i CYlCCHROME C2 J~ KRAUT AC 

---..0 I-SMUT o j SUPEROX I-0-~tsmfTASE ·c ALPHA-:-e)D~NO J ·• RTCHARD-s-o:trA"c..-------
FLVDXNOl FLAVODOXIN M~ Le LUDWIG AC TA 

---..,...,H---OOXR"B 0 i OE"O )C ¥~H£ll0l;L0-flli~TRU~N) ~4". F, P-E-RUTZ A-CIA' ___ _ 
HIPtPRoi HIGH POTENTIAL IRON PROTEIN J~ KRAUT AC 
H 50 E H 8 0 i D"E""O X Y. ~ FfElif0-~0"8 IN C HO_R_S_E ) t•4, F , P£RlJT Z A-C-IA 
HSMEHBoi MEl~HEMOG~OBIN (HORSE) M~ F, PERUTi AC TA 
LAMPl HEMOGLOBIN <SEA LAMPREY) W, A HENDRICKSON AC T""A ____ _ 

LAtlfP"REYO 

LDHoi 

LDH02 

W, E, LOVE 
W, A, HEN~RICKSON 
w·, E, LOVE 

l ACTA"""T·E~RYO"~O-G_E.ff"A-S"~P"O""').--~M_,_ .• ---.G-;-R1lSSM ANR 
(UNREFINED .SET) 
LACTATE DEHYDROGENASE tAPO) 
<·REF INEO SET) 

M, G, ROSSMANN 

L OB"G-·p~D~O;;....;-i~ ...... o--=~c.-..G~L~YC£raLilERY DE-;. 3,;.PrfOS"lfffA'rE~OS5ti4 ANN 
DEHYDROGENASE tGREEN SUBUNIT) 

AC__..-A 

l CTBUPIJ~-2-----1"'1D.-:--,;.Gt:YCER AL·OE H yo&;~<rS"PlfA"T~. G, Ro·s-S14ANN 
DEHYDROGENASE <REO SUBUNIT) 

L"f ROll 0 0 _i;.-· -.-l.,...,.Y S"OZVME ·c SOLVENT MOLE CU L rs~-=-, - ... R~, 'O"'I"'At-4 0 N D A Cl A 
LYRSSDOl LYSOZYME ~REFINED SET RSSD) R~ DIAMOND AC TA 

---,c'Y·R"S"-6Ao~<rlY~RUTN"ElJS"ETrrs-'eA) R', 0 I AlifQ"ND...-------.-ciA'------
LYRS9Aoi LYSOZYME ~REFINED SET RS9A) R~ DIAMOND AC TA 

---...--[ V R"st·2-Al&:"V SO ZVMrTRE"F'TN"ElJS"E"IR"St-2 A.-.).-----R, o·rA"fifO-Nlr- A-c---rA·----
LYRSi6oi LYSOZYME ~REFINED SET RS16) R~ DIAMOND AC TA 

---T-L=Y.S'"""'OW201 LYSOZVMr1REFINEO SE"T W2) R, D_IAMOND .AC .T ..... A ____ _ 
M~OGLOi MYOGLOBIN J~ C, KENDREW AC 

, C. WATS"""O=N--------------------
PAPAtN6i PAPAIN J~ DRENTH AC TA 

·---R-C""AR"P""O 4 f"fYGG"EN' _____________ .• A-,-KR-E f"S-lH"GER-- SF ______ _ 
RCARPOS MYOGEN ~HEAVY ATOM OATA) R, H, KRETSINGER SF 

..----=R.-rH'UMOEA02UE·OXY.~H£lif<fG~rN (HUMAN) Jlf, r.-P-E-RUTi S-F......------
I • 

- • AC ·= A'rcrMTrc-O-OFfiYHfA"lE""S-,-rA ·a TOlrSTON-AN"GIIS~S-F~snro·cTURE-TACT_O_R_S __ _ 
AND PHASES, 

IV~18 



CRySNET MANUAL CENTRAL SITE . OP.ERATIONS 
-·-04/13176 
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DEC I< PROTEIN CONTRIBUTOR ·coNTENTS• 

RNASES01 RIBONUCLEASE s F·, M, RICHARDS AC r-
H .• w • WYCKOFF .. . 

RUBYOl RUBREDOXIN (UNREFINED SET) L, H, JENSEN. AC 
RUDOXN02 RUBREDOXIN JENSEN AC -L_. H_e . ·-
STA·PHNOl ST~PHVLOCOCCAL NUCLEASE F, A, COTTON AC 

'. E, E, HAZEN 
SUBTLEl SUBTILISIN BPN t J·. KRAUT AC 
"TERNRYO 1 .LDH NAD PYRUVATE COMPLEX ,._. G_. RO$SMANN A·c TA 
·i'HERMOOl "THERMOLYSI'N :(UNREFINED -SET) e. w. MA-TTHEWS AC 

. THERMOO? · "THERMOL YSI:N ('REFINED SET) e. w,·MATTHEWS AC 
TORSNAOl · TORSION ANGLES ( l i ·PROTEINS) E~ A, KABAT TA 

-· 
T:~ - ··- T·. wu 

"TRtNOl PANCREATIC "TRYPSIN INHIBITOR R·,_ HUBER AC --"TRIN02 ·PANCREA'TIC 'TRYPSIN INHIBITOR R. HUBER AC TA 

-• ... A·c ·o ATOMtC :COORDI;NATES, TA .a TORSION ANGLES, :sF :a STRUCTURE FACTORS 
AND ·PHASES, 

--

1--

- .... 

.. 

.. 

--

-
# 

--

' -
IV•l9 

- -··· 
' 

-- --------



I N 0 E X 

ACCEPT~NCE · It~l6 
CENTRAL :SITE ICPERA.TlONS IV;.1 

CRYSTALLOGRAPHIC PROGRAMS IV~2 
--...,.H-.-A R...-.0 W A-A E IV • i 

LIBRARIES 
~-----~v~ECT0~~13 

PROGRAMS 
ABSOR IV.·~ 

------------------------

AV8A'NG IV·•6 
--------rA"'VS""'O""R_"i'_tV~-6,.----------------------------------------

BNLABS IV.~7 
-------~C~M~A~E~~~~V7·~~7~-------------------------------------

COOR0 IV.~i' 
-------~c~ I .~7 

OANFIG IV~io 
-------~~~OL IV.~8~--------------------------------------

DISCOR rv.;.e 
--------,-.~xP-A-~-o-rv~io ________________________________ _ 

FACES IV..;,8 
-------=FFT IV.~ l 0 

FLINUS "FLIN80 I'V.•8 
-------FliWIJ1 I V.•8 

FREOFUN IV.;,9 
GE:NATM ~--------~--------------------------------

HER~ IV-,;,9 
INVTRP v.9 
JIMOAP IV~9 

--~L~E~A~~~IV~~rl~O---~----------------------·--~-----------------

LIST IV~10 
-----------,M"F'R P IV.;, 1 0 

MULTAN rv.~io 
------~.NrrA-rrNOVA IV-~ i 0 

NORMAL ·IV~·i 0 
·ORTEP2 IV:,;. l.l 
ORTRAN tV,;.1l 

-------....POWP A'T IV:~ "f~-------------------------------------------------

PRJCTNC :IV,;. l l 
PROCK · I v; .. i l 
SAOIAN tV~i-2 

-------~:5-ANO A I v;.;, 1' 2 
:SCA·T IV~ 12 

------"'--,· .snR""cA rv.:.lo 
SF IV.;,lO 
STRONG tV-•12 
TLS6 IV.;,12 

~------··r~~S1~~-~~v~-~1~.2~---------

·rR~CER IV.~i3 
1-------.TTyrec c;CTR i IV~ r3 _________ _ 

XOATA IV.•t3 
PlfCJTEli.rDA'r.r-B.-A""T7N=I<-I ...... v-=-.'-:;;· l,_..· 4----
SAMPLE JOB ;SET·,;.UPS IV•3 

I-------,..SYSTEJrS"<r~f\IJAR~.,.v.-"-,;. .. 2-----------------------·-------------
DIGITAL EQUIP~ENT .CORP 
Bfif~~B Il.;.5 
CR11 Il•10 



ooii.;.A II-·5 
1------=-:=~~~;;.-::-~-------------·-----------------·· 

DLll~E ll•S 
ouii.;.oA II,.;.e 
t<E 11-~E I l•4 
t<El i~.;.F I l.;_4 -

f------:t<=w 11-•L I l•4 · ------

QJ250.;,AO II,;.ii 
f---~--~==~~~~~-------------------------------------

RI<}l-.OE II·•S 
"TM 11-~EA · I 1·•5 

f-----~~---:c--=-=----:=-=---:-------------------------------
11·•40•8S I I-·4 · 

ENVIRONMENTAL CONTROL ll.;,i5 
l--~--;iiF;..I,...G..;=;.U_,R ES 

tv,;.j "FLOW OF ·cRYSTALLOGRAPHIC PROGRAMS IV•16 
I·•l ·• :CRYSNET 'TERMINAL 1•3 

HARDWARE II-,;.1 
1-------:;;;C"A"~RO READER I l•1 0 

COMMUNICA'TI•CNS -GEA·R I l,;.8 
1------·=c=oN.-.'F I·GU RAT I•O N I l•J 

DISPLAY SYSTEM Il,;.6 
~--~--~p=R~I=N~T=E=R~•PLOTTER I~l-~~9~-----------------------------

IN~TALLATION Il,;.i6• 
INTRODUCTION l•1 
IN,;.HOUSE lUPPORT tt,;.15 

1----~t<~E~Y~i~USER---Ilir.,;.~l--~---------------~--------------

MAtNTENANCE It,;.i4 
EMERGENCY Il•l-4 
ENGINEERING CHANGES Il,;.is 

----P---REVENTIVE I 1•14 
OMNITEC .CORP 

~~----~7=o~2~1---~~-~~-~~9-_--------------------------------------------

POWER ll,;.ts . 
~-'-----=P:-=R:-=O:-:TETN~Or.A--aT,-7A-. ...-B -:-;AN=t<-=-----;;l,-·•"71------------------------------,------

PURCHASE Il;.l6 
1--'-------;..~ Aw-G-Af.fO~ELEC"f.~TC-::-ClHlPAN Y 

tA20iA,;.B3,;.4S ll,;.8 
1-----.s.,.i·u· ........ -~s 1 z.,;.l. J __ _ 

SYSTEM :SOFTWARE 11~1 
~------::;;cc=oNT!GURATI;CN I l•ll 

DIAGNOSTICS Il,;.i3 
l-----o-r-s-c-;-oFERATTN-GSYSi!l41rt.i i 

DISPLAY SUBROUTINE ·PACKAGE IJ.;.t2 
1-------,F~O"RTR-A"lrC"O-fifP""t"I:E-R--rrei i 

.LOAOE·R I I-,;.1 l 
1-----:-.=:-:;TERM I NAL OP_E_,R..-cA.--;;T~I;-:;;0:7":N=s-"""I I~l;;:-':.:.'-:l:--:::3:----------------~------,------

ARRANGlNG ACCESS til•2 
1-------e-0-0T-ST-RAP-P'R OCEE-OUR-rs-·-I,-..I-'"I---'-,;.=-9 ---------------------------

COMMUNI CAT I1C NS :CODE I I I-,;.13 
).,------E'N!JffiGAS'E"S-s-ro-N-fl'-..l·-=-,;.-.6----------------------·----

FtLE .SPECIFICATIONS III-;.8 
f-----GE-ffTfrGO"FrtH£1-E"R1~-lNAL I I I-.:.6 

GETTING ON 'THE "TERMINAL III,;.~ 
-------G .. ""'E=-T rnrG T I f'tE iII- .;;2 
-

INSTALLING ~~NO MALNTAINING SYSTEMS III•16 
--_'[:'0"(;-BUOl< I ll ,;.4 

MAINTAINING A SYSTEM III•l6 

lfiD_E..,.X--=-,;.2=----------------------------

-----------------------------------------------· 



MANUALS III_;,i 
MOUNTI·NG ·cA~o-·s~------:I::-:I'-=I:--·•-l~2-------------------------
MOUNTDNG OtSCS IIl~ii 
MOUNTING MEDIA IIl•lO 1-

MOUNTI!NG PAPER ~·T~A~P:::E~_...,·. ;..:I I~I~.,;,~i~2~-=--------------------
MOUNT1NG PRINTER P•PER IIl•l2 
MOUNTING 'TAPES III~ii 
OVERVIEW IIl•l 
PROGRAMS ANC LIBRARIES 

---------=A--.--L-,-Llf;Lo A I I l• i4 
AMO .• LDA . I I x..;.i·J;~--.------·--------------------------:-.-,rolt:cm';CO-A i I J.,;, i4 
~CALCSF,LOA I~i~t~~~i~4 __________________________ ~--

-----:~CART ,LOA I I l-·14 
.·.coNTUR,LOA III·,;,i4 · 

------,TO~CA'Y;L~ . Itl~·-~1~·.4~---------------~---------~---
ELLIPS,LDA Ilt~i4 

-------EXY~~c;t~-~I~.,;,~i~.4-------------------------------

~ACES~LDA III,;,i4 
------....._FlfPITif;OB~ I I 1.;. iJ 

FOURR~LOA IIt~i4 
------.F ..... T ... N..--L-.-1 r.oe~ I I I,;, iJ 

HI<LTRN ,LOA I I z.,;,i;.s:;_ _______________________ _ 
-----~t~x~c;c~~rtt,;,i 

MSREC.LOA Ilt.;.i~ 
------=p-.--.ARM~L.LDOA Ill•15 

·PECI<ER, LDA I I I-,;, is 
---~PLtL1'8";-0-BJ I I l.;.i3 

PRJCTN,LDA III~iS 
---·---...R-S-lC ·,LOA ··I . ..,I J:,.:;·::...j· i~-5....::--=-----------------------

SANOA~LOA lii.;.is 
·scALER,LDOA Ill•iS 
ST!PL~LOA lit~is 

-----~s~4:-;o~i"""~ a-'-·. co A til,;, i:J 
VEClOR,OB~ IIl.;.i3 
VJOL IB,OBJ . rrr.-i~-;.-------------------------.. -

RECORO KEEPING Iit.;.i7 ROLL I'N TAPES I i,..;l..::.•.:;..i~6 =--:..___ ______________________ _ 

RUNNING DIAGNOSTICS IIt,;,i2 
~---~~~~u-~~~~~rr~~II~I~·-~4~---------------~-

TERM!NAL PROGRAMS AND LIBRARIES IIt,;,i3 
1------TORNTffa-OFF EQUTP~rtr.-7---------------------

·ruRNI:NG ON 'THE 'TERMINAL 111.;.2 
VECTOR ·GENERAL INC 

AOi Il-~6 
~---~coi~It.;.6~_-------~-----------------------

DEC1 I l•7 
1------or2 11 . .;.7 _ 

FOP.;.6 I l.;. t2 
~-----~I~M~l~Il~7~~-------------------------------

1--

MXl II~7 
PPi rt.;.a--------------------------------
ss i I 1.;.7 

--~3D~II.;.6~------------------------------

VERSATEC 

INCfEX.;.3 

1------------------------------------ -··---
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BROOKHAVEN NATIONAL LABORATORY 
CHEMISTRY DEPARTMENT 
UPTON• L.I., NEW YORK 11973 

AMD - CDC 200 UT SIMULATOR 
ME~ORANOUM 

H. J. BERNSTEIN• 01-FEB-75 

AMD - CDC 200 UT SIMULATOR 
CRYSNET UTILITY PROGRAM RELEASE 

HERBERT J. BERNSTEIN 

******************************************************* 
* * 

SOFTWARE DEVELOPED UNDER CONTRACT NO. AG-370 
WITH THE NATIONAL SCIENCE FOUNDATION AT 

BROOKHAVEN NATIONAL LABORATORY 
DEPARTMENT OF CHEMISTRY 
UPTON• L.l.t NEW YORK 11973 

UNDER THE AUSPICES OF ERDA. 

* DIRECT INQUIRIES TO ***** CRYSNET PROJECT ****** 
* * * NO WARRANTY OR REPRESENTATION• EXPRESS OR * 
* IMPLIED• IS MADE WITH RESPECT TO THE * 
* CORRECTNESS• COMPLETENESS, OR USEFULNESS * 
* OF THIS SOFTwARE, NOR THAT.USE OF THIS * 
* SOFTWARE MIGHT NOT INFRINGE PRIVATELY * 

·* OWNED RIGHTS. * 

NO LIABILITY IS ASSUMED wiTH RESPECT TO 
THE USE OFt OR FOR DAMAGES RESULTING FROM 
THE USE OF THIS SOFTWARE 

THIS TAPE CONTAINS T~E MATERIALS NEEDED TO INTRODUCE A SIMULATOR FOR A 
CDC 200 SERIES USER TERMINAL IN DOS VOS-08 OR V09-19t ASSU~ING ONE HAS 
A DEC DP11 SYNCHRONOUS INTERFACE AND BELL 201A COMPATIBLE MODEM ON A DEC 
PDP11 WITH AT LEAST 16K OF CORE. A DRIVER FOR A DUll IS ALSO INCLUDED• 
BUT IS NOT YET FULLY TESTED. 

THE CODE WAS wRITTEN BY G.H.CAMPBELL• AND H.B. CHIANG OF BROOKHAVEN 
NATIONAL LABORATORY, USING THE UTEX 11 TWOSIM 11 PACKAGE AS A MODEL 
<UTEX-CC-TPB-133• THE UNIVERSITY OF TEXAS AT AUSTIN• OCTOBER 1973>• 
MODIFIED BY T. V• WILLOUGHBY OF THE UNIVERSITY OF LEEDS, AND EXTENSIVELY 
REVISED.BY H.J. BE~NSTEIN OF BNL• A SERIOUS ATTEMPT HAS BEEN MADE NOT 
TO VIOLATE CONTROL DATA CORPORATION SYSTEM STANDARD 1.10.020 TOO 
SERIOUSLY• AND STILL HAVE THE CODE WORK; 

ONE NEEDS THE STANDARD DEC RELEASE MATERIALS FOR DOS OR BATCH SINCE 
THE CIL MUST BE RECONFIGURED TO INCLUDE-A NEW DRIVER <DV.MR> AND THE 
DRIVER DV.KB MUST BE REPLACED. TO GET NOTICE OF UPDATES• PLEASE 
REGISTER WITH: -

HERBERT J. BERNSTE1N 
CHEMISTRY DEPARTMENT 
BROOKHAVEN NATIONAL LABORAORY 
UPTON• L.I., NEW YORK 11973 

PHONE <516> 345 4378 

AMD - CDC 200 UT SIMULATOR 1 01-FEB-75 



BROOKHAVEN NATIONAL LABORATORY 
CHEMISTRY DEP~RTMENT 
UPTON• L.I., NEW YORK 11973 

AMD - CDC 200 UT SIMULATOR 
MEMORANDUM 

H. J. BERNSTEIN• 01-FEB-75 

THIS IS THE THIRD RELEASE OF THIS PACKAGE, AND THE SECOND TO BE 
DEPOSITED IN THE DECUS LIBRARY. THIS VERSION OBSOLETES THE PRIOH 
VERSIONS <08-JUN-74t AND 10-MAY-74)• CORRECTING MOST KNOWN BUGSt AND 
INTRODUCING SEVERAL NEW FEATURES• IN PARTICULAR• THE CODE NOW SUPPORTS 
BOTH ANSI AND BCD 200 UT PROTOCOLS• AND-~ORKS AGAINST CDC INTERCOM 

·VERSION 4.2, AS WELL AS SEVERAL NON-STANDARD CENTRAL SITE PROTOCOLS. 
COMMAND STRING SWITCH LOGIC HAS BEEN OVERHAULED• AND SWITCHES ARE NO~ 
AVAILABLE TO SPECIFY SITE ADDRESS• TRANSMISSION CODE• CARRIAGE CONTROL• 
END-RECORD CHARACTER• ETC. ON INPUTt TAB CHARACTERS <CONTROL-I> ARE 
CONVERTED TO 1-8 BLANKS TO MATCH STANDARD DEC KB OUTPUT FORMATTING• 

THE DRIVER HAS BEEN MODIFIED TO ALLOW FOR OTHER DEVICES GOI~G NOT 
READY BY TRANSMITTING AN IDLE MESSAGE. THIS SHOULD AVOID A MAJOR CAUSE 
OF DISCONNECTS• 

THE PROGRAM IS NOW BEING MAINTAINED IN CDC UPDATE FORMAT, AS FURTHER 
CORRECTIONS, AND ADDITIONS ARE MADEt THEY WILL BE MADE AGAINST THE 
SEQUENCE NU~BERS ON THE RIGHT OF THE LISTINGS. FUTURE REVISIONS ARE 
ANTICIPATED. 

IF YOU HAVE A PRIOR RELEASE OF THIS PACKAGE• BE SURE TO REPLACE THE 
DRIVER FOR THE MODEM <OP.MAC OR DU.MAC> AS WELL AS AMDt SINCE OLD 
VERSIONS OF THE DRIVER WILL NOT HANDLE .THE CHANGED SPECIAL FUNCTIONS• 
AND THE NEW AMD WITH OLD DRIVERS WILL CLOBBER LOW CORE. 

THE KNOWN DEFICIENCIES IN THIS VERSION ARE AS FOLLOws: 

DIAGNOST1C w~ITE IS NOT SUPPORTED. CODE FOR THIS MESSAGE 
TYPE IS AVAILABLE AND WILL BE.INCLUDED WHEN A CENTRAL SITE IS 
FOUND THAT SUPPORTS THIS MESSAGE. . . 

THE PROGRAM CANNOT BE USED IN BATCH MODE. NO SOLUTION IS 
YET AVAILABLE• 

THE PROGRAM CANNOT BE RELIABLY TERMINATED BY TWO CONTROL-D 
COMMANDS IF THE CENTRAL SITE STOPS POLLING• THUSt TO ENSURE 
PROPER TERMINATION OF OUTPUT DATA SETS• THE USER SHOULD 
EXPLICITLY TERMINATE THEM BEFORE TERMINATING THE PROGRAM. 

IN SOME CASESt THE KEYBOARD OUTPUT LOGIC DF THE SI~ULATOR 
APPEARS TO FAIL TO START A NEW LINE AT THE SAME POINT THAT A 
REAL 200 UT DOES. THIS HAS APPEARED AS A CHARACTER INTENDED 
FOR COLUMN 1 PRINTING IN COL0MN 86. NO CHARACTERS ARE LOST• 
ANn POSITION rs· USUALLY RECO~ERED WITH THE NEXT LINE. THE 
CAUSE IS NOT YET KNOWN• 

WHEN RUNNING THE SIMULATOR• THE USE OF CONTROL-Ct PR TO 
TERMINATE A PRINT OUT ON A TTY MAY CAUSE THE TTY TO CHATTER 
WITH A STRING OF NULLS• .A SECOND CONTROL-C FOLLO~EO BY A 
CARRIAGE RETURN APPEARS TO ST6P THE THE CHATTER. THE PROBLEM 
APPEARS TO BE DUE TO THE PENDING KEYBOARD INPUT OF THE 
PROGRAM. RESOLUTION IN THE KEYBOARD DRIVER IS PLANNED. 

AMD - CDC 200 UT SIMULATOR 2 01-FEB-75 



BROOKHAVEN NATIONAL LABORATORY 
CHEMISTRY DEPARTMENT 

AMD - CDC 200 UT SIMULATOR 
MEMORANDUM 

H. J. BERNSTEIN' 01-FEB-75 UPTONt L.I., NEW YORK 11973 

THE FILES ON THIS TAPE ARE: 

AMD.DOC 
FEATSW.MAC 

PRAMTR.MAC 

MATCHR.MAC 

AMD.MAC 
DP.MAC 
DU.MAC 
KB.MAC 

SYSTEM.MAC 

- THIS NOTE. 
- DOS V08-08 DEC STANDARD FEATURES SWITCHES 
USE THE V9-19 VERSION FROM RELEASE ~ATERIALS 
FOR THAT SYSTEM. 
- NECESSARY DEFINITIONS FOR KB.MACt ETC., 
FOR V08-08. USE COPY FROM RELEASE MATERIALS 
IF U~DER V9-19. 
- A LITTLE ROUTINE wHICH MUST BE LINKED WITH 
THE KEYBOARD DRIVER. 
-THE PROGRA~ WHICH SIMULATES A 200 UT. 
- DOS DRIVER FOR DPll 
-DOS DRIVER.FOR DUll (PRELIMINARY) 
- EXTENSIVELY REVISED KEYBOARD DRIVER. THE 
ESSENTIAL FEATURE USED lS THAT WHEN KB INPUT 
IS PE~DLNG• WRITtS TO KB STILL GO THROUGrl. AS A 
LITTLE BONUSt THE DRIVER WILL READ BINARY PAPER 
TAPES FROM DEVICE PTI. 
*** WARNING UNLESS YOU CHANGE THE SYMBOL 
KBQUCH IN KB.MACt WHEN YOU RUN WITH THIS 
DRIVERt AN * WILL APPEAR WHENEVER THE DRIVER 
WANTS INPUT•*** 
*** ALSO CONTROL-0 CAUSES AN EOM STATUS 
AND WILL TERMINATE MOST UTILITIES.*** 
- TYPICAL RECONFiGURED VOS-08. 
NOTE• OUR DPll IS AT INTERRUPT VECTOR 300, 
YOURS MAY BE ELSEWHRE, IN WHICH CASE, CONFIGURE 
HERE AND CHANGE t~E DEFINITIONS IN MR.MAC. 

AMD.OBJtMATCHR.OBJtKB.OBJ,DP.OBJ•DU.OBJ - OBJ'S• 
"·LST - LISTINGs· OF ASSEMBLIES. 
KB.LDA•DP.LDA,DU.LDA - DRIVERS USiNG VOS-08 DEFINITIONS 
AMD.LDA - 16K VERSION OF A~D. -
".MAP - LOAD MAPS. 
DOSMTR.LCL - A V08-08 SYSTEM WITH THESE AND OTHER DRIVERS IN. 
TAPE.DIR - CHECKSUMMED DIRECTORY OF THIS TAPE 

JUST FOLLOW THE DIRECTIONS IN THE SYSTEM MANAGERS GUIDE' AND YOU 
SHOULD GET THIS IN ~ITH NO TROUBLE. IF.NOTt PLEASE CALL. ONCE YOU HAVE 
THE DRIVERS IN, AND AMD.LDA IN UNDER 1;1, THEN YOU CAN RUN AMD. YOU 
WILL GET A LINE GIVING THE NAME AMD, AND THE DATE 22-JAN-75, FOLLOwED BY 
A LINE WITH A #. ANSWER WITH A DOS COMMAND STRING. THE FIRST TIMEt 
TYPE /HE FOR A LIST OF SWITCHES ·ALLOWED. YOU DO NOT HAVE TO SPECIFY THE 
DATA SET-PLAYING THE ROLE OF LINE PRINTER UNTIL YOU ACTUALLY HAVE 
SOMETHING TO PRINT. FOR MANY CENTRAL SiTES• YOU MUST SPECIFY THE SITE 
ADDRESS WITH THE lSI SWITCH TO IDENTIFY THE TERMINAL TYPE CE.G. ISI:l6l 
FOR AN ANSI 200 UT AGAINST CDC INTERCOM VERSION 4.2, OR /SI:l60 FOR A 
BCD 200 UT>. 

GOOD LUCK. 
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AMD - CDC 200 UT SIMULATOR 
CRYSNET UTILITY PROGRAM OPERATING INSTRUCTIONS 

THIS NOTE IS INTENDED TO PROVIDE INSTRUCTIONS ON HOW TO RUN THE 200 UT 
SI~ULATORt BIJT NOT BE SO SPECIFIC AS TO LIMIT COMMENTS TO A PARTICULAR 
CENTRAL SITE. THE SIMULATOR IS CODE WHICH ALLOWS A PDP-11 RUNNING UNDER 
DOS TO ACT AS A STANDARD CONTROL DATA CORPORATION REMOTE 
BATCH/INTERACTIVE TERMINAL FOR 2000 BA0D COMMUNICATIONS VIA DIAL-UP 
TELEPHONE LINES. THIS SIMULATOR WILL TALK TO CENTRAL SITES DEMANDING 
ANSI OR BCD PROTOCOLS. YOU NEED NOT KNOw WHAT THE CENTRAL SITE REQUIRES 
PROVIDED TH~ CENTRAL SITE TRANSMITS AT LEAST ONE MESSAGE BEFORE THE 
TERMINAL HAS TO. 

IN ORDER TO RUN THE PROGRAM ONE MUST hAVE BOOTED IN DOS AND LOGGED IN 
UNDER A VALID UlC• THEN 

RUN AMD 
TO LOAD THE PROGRAM. THE PROGRAM ~ILL THEN TYPE OUT 

AMD 22-JAN-75 
#* 

AND WAIT FOR A COMMAND STRING. THE PROPER REPLY DEPENDS ON THE 
PARTICULAR CENTRAL SITE. ONE DOES NOT HAVE TO PROVIDE ANY DATA SET 
SPECIFICATIONS AT THIS TIME• BUT ONE ~AY HAVE TO SPECIFY THE PROPER SITE 
ADDRESS• AND POSSIBLY THE CODE SET <SEE SWITCHES BELOW>. THESE ONLY 
HAVE TO BE GIVEN ONCE• NOT ON EVERY COMMAND STRING. IF YOU ARE PLANNING 
ORDINARY REMOTE BATCH AS "AN EXTERNAL BCD TERMINAL WITH CARD READER AND 
LINE PRINTER• THE PROPER CCOMMAND STRING IS 

LP:/SI:160/CO:E<CR: 

WHILE IF YOU ARE NOT READY TO SPECIFY PARTICULAR DEVICES• AND WANT TO 
FOLLOW• SAY• INTERCOM VERSION 4.2, CONVENTibNS. FOR AN ASCII. TERMINAL• 
THE·PROPER COMMAND STRING IS 

/SI:161 

LATER YOU COULD SPECIFY THE LINE PRINTER AND CARD READER 3Y TYPING 
CONTROL-D TO RETURN TO COM~AND MODE• AND THEN TYPING 

IF YOU HAVE FILES ON DISK TO TRANSMIT• THEY WOULD REPLACE THE CR:, IF 
YOU WISH TO WRITE YOUR OUTPUT•SAY• ON MAGTAPE• THAT WOULD REPLACE LP:. 
ONLY ONE OUTPUT DATASET IS ALLOWED, BUT AS MANY INPUT DATASETS AS WILL 
FIT ON ONE LINE ARE ALLOWED. <A MODEM LOG OUTPUT DATA SET IS ALLOWED 
FOR DEBUGGING PURPOSES.> THE ARE MANY SWITCH OPTIONS AVAILABLE• wHICH 
WILL BE DESCRIBED BELOW. FIRST WE WILL RUN THROUGH THE CGMMON CASE OF 
USING A LINE PRINTER AND CARD READER. 

ONCE YOU HAVE TYPED THE FIRST COMMAND STRING• YOU MAY DIAL THE CENTRAL 
SITE. AS SOON AS THE CENTRAL SITE ANSWERS SwiTCH TO DATA MODE• E.G. 
PULL UP THE WHITE BUTTON ON MANY TELEPHONES. THE PROGRAM SHOULD NOW 
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PRINT SOME CENTRAL SITE MESSAGE TO INDICATE CONNECTION. ·NOW THE 
KEYBOARD OF THE CONSOLE SHOULD BE LIVE TO THE CENTRAL SITE. 

FOR SOME CENTRAL SITESt THE CONSOLE wiLL BE TREATED EXACTLY AS IF IT 
WERE A DISPLAYt AND WILL ATTEMPT TO PERIODICALLY REFRESH• SAY• QUEUE 
DISPLAYS. THE PROGRAM IS TRAPPED TO NOT OUTPUT IDENTICAL SCREEN IMAGES. 
WHEN ANY LIN~ IS TYPED AT THE CONSOLE A LAST REPEAT OF SUCH A SCREEN MAY 
PRINT. SO~E CENTRAL SITES ALSO PAUSE WHEN THEY BELIEVE A FULL SCREEN 
LOAD HAS BEEN TRANSMITTED, AND CONSIDER THE NEXT LINE INPUT ONLY AS A 
PERMISSION TO DISPLAY THE NEXT LOAD~ 

WHEN READING IN CARD DECKS• ~N END-OF-RECORD IN 026 MODE IS A 7-8-9, 
AS FOR CDC 200-UT!S• BUT IN 029 MODE• THE END-OF-RECORD MUST BE AN 8-3 
PUNCH. IN EITHER CASE• A # SIGN IS TR~ATED AS AN EOR. AN END OF ~ILE 
MA~ BE PUNCHED BY PUTTING 17 IN COLUMNS 2 AND OF AN END-OF-RECORD CARD. 
THE CDC END-OF-FILE CARD 6-7-8-9 IS NOT RECOGNIZED. AN END OF FILE WILL 
ALSO BE TRANS~·ITTED ON READING A STANDA~D DEC EOF (12-11-0-1-6-7-8-9) 
CARD PAIR. 

IF THIS IS A NORMAL INSTALLATION OF THIS PACKAGE• THE SYSTEM WILL 
PRINT AN * WHENEVER INPUT FROM THE KEYBOARD OF THE CONSOLE CAN BE 
ACCEPTED. IF OUTPUT INTERRUPTS YOUR INPUTt THE INPUT ACCEPTED THUS FAR 
WILL BE REECHOED• 

WHEN YOU WISH TO SIGN OFFt BE SURE TO SIGN OFF FROM THE CENTRAL SITEt 
THEN TYPE CONTROL-D FOLLOWED BY KB:<CRt TO CLOSE YOUR FINAL OUTPUT 
DATASET. THEN TERMINATE BY HANGING UP-THE TELEPHONE AND KILLING THE 
PROGRAM. 

NOW LET US CONSIDER THE GENERAL CASE• .THE COMMAND STRINGS FOR THIS 
PROGRAM ARE OF THE FORM: 

PRINT DATA SETt LOG DATA SET ~ CARD READER DATA SETS 

WHERE THE PRINT DATA SET IS WRITTEN WITH ALL INFORMATION DIRECTED 9Y THE 
CENTRAL SITE TO A PRINTER• THE LOG DATA SET IS WRITTEN WITH FORMATTED 
BINARY RECOPDS CONSISTING OF THE NON-TRIVIAL MESSAGES TRANSMITTED FROM 
THE TERMINAL TO THE CENTRAL SITE• AND THE CARD READER DATA SETS ARE READ 
IN TURN AS IF THEY WERE THE TERMINAL CARD READER. IF THE PRINT DATA SET 
IS NOT SPECIFIED• THEN WHEN THE CENTRAL SITE ATTEMPTS TO TRANSMIT LINE 
TO THE PRINTERt THE MESSAGE 

*** PRINT FILE REQUIRED *** 
INPUT CONTROL-D AND COMMAND STRING 

WILL APPEAR. AT THAT TIME A COM~AND STRING wiTH A VALID PRINT DATA SET 
MUST BE PROVIDED TO CONTINUE EXECUTION~ IF THE LOG DATA SET IS NOT 
SPECIFIED• NO LOG WILL BE WRITTEN• IF THE INPUT DATA SETS ARE NOT 
SPECIFIED, THE CARD READER WILL APPEAR ~OT READY TO THE CENTRAL SITE. 

THE PRINT DATA SET AND THE CARD READER DATA SET MAY BE SPECIFIED WITH 
SWITCHES. A LIST OF THIS S~ITCHES MAY BE OBTAINED BY TYPING CONTROL-D 
FOLLOWED BY A COMMAND STRING INCLUDING THE SWITCH /HE ON THE PRIN~ DATA 
SET. AS MANY AS TEN SWITCHES MAY APPEAR ON ONE PRINT DATA SETt BUT ONLY 
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ONE SWITCH MAY APPEAR ON A CARD READER OATA SET. 

THE VALID S~ITCHES FOR THE PRINT DATA SET ARE: 

/KB - ECHO KEYBOARD TO PRINTER 

WHEN THIS SWITCH IS GIVEN WITH A PRINT DATA SET, THEN ALL 
LINES DIRECTED BY THE CENTRAL SITE TO THE CONSOLE ARE ALSO 
COPIED TO THE PRINT DATA SET. THIS S~ITCH IS TURNED OFF 
~HENEVER A NEW PRINT DATA SET IS SPECIFIED. 

/KB!N - DON'T ECHO KEYBOARD TO PRINTER 

/8U: - CLEAR PRINT BURST LOGIC 

THIS SWITCH CLEARS THE SPECIAL PRINT BURST LOGIC SET BY THE 
NEXT TWO SWITCHES. THE SYSTEM IS INITIALLY IN THIS STAT£. 

/8U:E - BURST ON END-OF-FILE 

WHEN THIS SWITCH IS SETt IF THE CENTRAL SITE TRANSMITS AN 
END-OF-FILE TO THE TERMINAL PRINTER, THE CURRENT PRINT DATA 
SET WILL BE. CLOSED~ AND A NEW ONE REQUESTED. THIS S~ITCH 
HOLDS UNTIL EXPLICITLY OVERRIDDEN. 

/BU!N - BURST ON NAME 

WHEN THIS SWITCH IS SET, THE CURRENT PRINT DATA SET WILL. BE 
CLOSED WHENEVER THE ·CENTRAL SITE TRANS~ITS AN END-OF-FILEt OR 
A LINE WITH THE CURRENT END-OF-RECORD CHARACTER <DEFAULT ~) IN 
THE FIRST PRINTABLE POSITION. THE REMAINDER OF THE .LINE IS 
TAKEN AS A NEW ORJNT DATA SET SPECIFICATION 

!CO - SET ASCII ·coDE 

/CO:E - SET EXTERNAL BCD CODE 

/CO!I -SET INTE~NAL,BCD CODE 

/nE - SET DEBUG MODE 

WHEN THIS SWITCH IS SET, TRANSMISSION ERRORS WILL CAUSE 
MESSAGES OF THE FORM ERRNNN TO BE PRINTED AT THE CONSOLE• IT 

_HOLDS UNTIL DEFEATED. THE EXACT MEANING OF THE MESSAGES CAN 
BE FOUND IN THE SECTION ON UTILITY ROUTINES IN THE INTEKNAL 
DOCUMENTATION. 
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THIS SWITCH HAS EFFECT ONLY FOR THE CURRENT SPECIFICATION. 
THAT IS• IT MUST BE GIVEN EXPLICITLY EVERY TIME fT IS ~ANTED~ 

/CC:F - USE FOCUS CARRIAGE CONTROL 

THIS S~ITCH SETS UP CARRIAGE CONTROL FOR A NON-STANDARD BNL 
SYSTEM• FOCUS. IT SHOULD NOT BE USED IN GENERAL. 

lSI -USE SITE ADDRESS FROM CENTRAL <DEFAULT> 

/SI:NNN- USE SITE ADDRESS NNN 

ION - READ INPUT STRING ONLY ·ONCE 

/ON:N - READ INPUT STRING REPEATEDLY <DEFAULT> 

NORMALLY THE PROTOCOL WILL RESTART THE CARD READER DATA SET 
SPECIFICATIONS AFTER RUNNING· TO THE END. WHEN THE /ON SwiTCH 
IS USED A NEW COMMAND STRING MUST BE ENTERED BEFORE THE CARD 
READER DATA SET SCAN WILL BE RESTARTED. /ON:N UNDOES THlS 
RESTRICTION. 

IRE - FORCE READ OF INPUT DATASET 

THIS SWITCH FORCES THE FIRST READ OF THE CARD READER DATA 
SET BEFORE ANY REQUEST FROM CENTRAL. THIS IS EQUIVA~ENT TO 
THE Fl SWITCH ON A CDC 734. 

/RW:N - DEFEAT MAGTAPE REWINDS 

/RW:Y - ALLOW MAGTAPE REWINDS <DEFAULT> 

/LM - SET LINE MODE (DEFAULT> 

18M - SET BLOCK MODE' 
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/ER - USE • AS END-OF-RECORD CHARACTER 

/ER:NNN - USE CODE NNN AS END-OF-RECORD CHARACTER 

THIS SWITCH SETS THE CODE TO BE USED ON CARD READER 
EN~-OF-RECORD CARDS• AND IN THE /BU:N LOGIC. FOR EXAMPLE• 
/ER:45 WOULD ALLOW A ~ TO FUNCTION AS THE END-OF-RECORD 
CHARACTER• WHILE /ER:O WOULD PREVENT ALL USE OF END-OF-RECORD 
CARDS. 

/EN - END CURRENT CARD READ FILE 

CUR~ENT CARD READ FILE TO BE THIS SWITCH CAUSES THE 
PREMATURELY TERMINATED• 
THE OUTPUT DATA SET• NOT 
SPECIFICATION. 

N 0 T E THAT T HI S S W I T C H MUST APPEAR o·N 
THE.CARD READER DATA SET 

/FO - SET FOCUS MODE (080LETE> 

/FO:N • DEFEAT FOCUS MODE <DEfAULT) 

TWO SWITC~ES ARE ALLOWED FOR CARD READER DATA SETSI /NR AND /EF. THE 
FIRST CAUSES TRANSMISSION OF THE NEXT CARD READER DATA SET TO START 
WITHOUT THE TRANSMISSION OF AN END-OF-RECORD CARD• WHILE THE SECOND 
FORCES TRANSMISSION ·OF AN END-OF-FILE CARD. ONLY ONE OF THESE TwO 
SWITCHES MAY APPEAR ON A GIVEN CARD READER DATA SET. 

YOU MAY MAKE THE PROGRAM REVERT TO COMMAND MODE AND WAIT FOR FOR A 
COMMAND STRING. A SECOND CONTROL-D wiLL TERMINATE THE PROGRAM. COMMAND 
STRINGS MAY ALSO BE INPUT ON THE FLY BY STARTING THE LINE WITH 
CONTROL-A. 

IF YOU wiS~ TO CHANGE ONLY SWITCH SETTINGS AND THE CARD READER DATA 
SET SPECIFICATIONS• USE THE PRINT DATA SEt NC:, WHICH WILL LEAVE THE 
CURRENT PRINT DATA SET UNCHANGED. 
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AMD - CDC 200 UT SIMULATOR 
CRYSNET UTILITY PROGRAM INSTALLATION INSTRUCTIONS 

TO INSTALL THIS PACKAGE FROM THE RELEASE MEDIUMt ONE SHOULD BE RUNNING 
UNDER DOS, BE LOGGED IN UNDER UIC 1t1t AND HAVE THE DEC DOS/BATCH 
RELEASE MATERIALS AVAILABLE. WE WILL uESCRIBE A FULL INSTALLATION FROM 
SCRATCH. OF COURSE ONE MAY SKIP THE CREATION OF FILES FOR WHICH THE 
ONES ON THE RELEASE MEDIUM SATISFY LOCAl REQUIREMENTS. IN PARTICULAR• 
THE ASSEMBLY STEPS FOR AMDt .MATCHRt ANU KBt MAY BE SKIPPED FOR ALMOST 
ALL INSTALLATIONS• AND THE ASSEMBLY STEP FOR MR MAY BE SKIPPED IF THE 
DP11/DU11 TO BE DRIVEN IS THE FIRST AND HAS INTERRUPT VECTORS AT 300. 

IN ALL THAT FOLLOWS• WE WILL USE uMR.~ IN PLACE OF EITHER 11 DP." OR 
"DU.'' HOWEVER• BE WARNED THAT MR WITHOUT A FOLLOWING PERIOD REA~LY 
MEANS JUST THAT. THE SYSTEM KNOWS EITHER DRIVER AS DV.MR. 

WE ASSUME YOU HAVE ONE MAGTAPE DRIVE• AND A COPY OF THIS RELEASE AND 
THE DEC RELEASE ON MAGTAPE. IF NOTt SUBSTITUTE THE APPROPRIATE DEVICE 
FOR MTO: IN ALL THAT FOLLOWS• 

1. BRING FILES ONTO THE DISK FOR ASSEMBLIES AND EDITS. 
$RUN PIP 
••• MOUNT THE AMD RELEASE TAPE ••• 
~sY:cMTO:MATCHR.MACtAMD.MACtMR.MACtKB.MAC 
••• NOW DISMOUNT ~HE AMD RELEASE TAPE AND MOUNT DEC RELEASE 
TAPE ••• 
#SV:<MTO:RMON.LDAtRMONeSTBtTAILBeLDAtSYSTEM.MACtCONFIG.MACtCFM 
C.MAC 
#SY:<MTO:PRAMTR.MACtFEATSW.MAC 
~·c 
.KI 

2. PERFORM EDITS OF SYSTEM.MACt MR.MAC. 
$RU EDIT 
WSYSTEM.MAC<SYSTEM.MAC 
*R 
*GtUDDEV=tlC•l• 
••• NOTE THAT WE JUST SAID 1 USER DEFINED DEVICE ••• 
*GteMACROtGt4ti/CMRt300tl74770>/ 
••• NOTE THAT 300 IS THE INTERRUPT VECTOR FOR THE DP11 
••• AND 174770 IS THE MODEM RECEIVE STATUSt 
••• <160010 SHOULD BE USED FOR DUll) 
••• WHICH WOULD NOT BE GIVEN IN AN 08-08 SYSTEM 
••• BE SURE THESE NUMBERS MATCH YOUR HARDWARE ••• 
*EX . 
••• NOTE THAT UNDER 08-08 THE DEFINITION OF· GDVU2 IS MISSING 
••• YOU REALLY SHOULD PUT IT IN BEFORE THE Ex ••• 
~MR.MAC<MR.MAC 

*R 
••• NOTE THAT THE NEXT LINES AHE JUST FOR 
*G•174770t-6Ctl74770, 
*G•l74772t-6C•l74772t 
*Gtl74774t-6Ctl74774t 
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OG•l74776.-6Ctl74776, 
OGt300•-3C•300. 
OG,304•-3C•304• 
••• SUBSTITUTE YOUR DPll REGIISTERS AND VECTORS IN 
••• THE RIGHT HALF OF EACH COMMAND ••• 
0 EX 
••• THIS IS THE END OF THE DPll PATCHES ••• 
••• THE FOLLOWING IS JUST FOR DU.MAC ••• 
OR 
OG•DUREGS• 
OG,l60010t-6C•l600lO, 
oG,304•~3Ct304• 
••• SUBSTITUTE YOUR DUll REGISTERS AND XMIT VECTOR ••• 
0 EX 
••• THIS IS THE END OF THE DUll PATCHES ••• 
•c 
.KI 

3. ASSEMBLE ALL MODULES. 
$RUN MACRO 
~CFTBLeOBJ/EN:CDR<CFMAC~SYSTEMtCONFIG 
••• YOUtLL BOMB HERE IF YOU DbN•T HAVE FIXES OF DIGITAL 
••• SOFTWARE NEWS• DEC 73, DOS-11 ~37 INSTALLED IN 08-08 ••• 
#AMD/EN: CDR<·AMD 
#MATCHRlENJCDR~MATCHR 
~KB/EN:CDR~PRAMTRtFEATSWtKB 
#MR/EN:CDR<MR.~AC 
#'f';. 

eKI 

4. PERFORM ALL LINKS. 
$RUN LINK 
#CFT8L~RMON.STB•CFTBL/B:O/E 
#AMD~AMD/8~34000/E 
#KB~KB•MATCHR/8:0/E 
#MR<MR/8:0/E 
ft.-C 
.KI 

5 •. CLEAN UP WITH PIP A BIT. 
$RU PIP 
# ... BAKIDE 
#MATCHReMAC/DE 
#AMD.MAC/DE 
#MR.MACiDE 
#KB.MAC/DE 
#F'EATSW.MAC/DE 
#PRAMTReMAC/DE 
#5YSTEM.MAC/DE 
~CFMAC.MAC/DE 
#CONFIG.MAC/DE 
#RM')N,STB/DE 
I#CFTBL·OBJ/DE 
#IMATCHR.OBJ/DE 
#AMO.OBJ/DE 
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#MR.OBJ/DE 
#KB.OBJ/DE 
#USER.LDA~KB.LDAtMR.LDA 
#KB·LDA/DE 
#MR.LDA/DE 
#'f'C 
.KI 

6. BUILD A NEW MONITOR CIL. 
$RUN CILUS 
#ttNEWMON.LCL•RMONIBUtCFTBLtTAILd/E 
#NEWMON.CIL~NEWMON.LCLtUSER/E 
.. R DV.KB:QV.KB 
.. I DV.MR 
.. E. 
#NEWMON.CIL/80 

AMD - CDC 200 UT SIMULATO~ 
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••• NOW YOU SHOULD BE ABLE TO LOG IN AND RUN AMD 
••• IF ALL IS WELL COME BACK TO CILUS AND HOOK ~EWMON.CIL••• 
#NEWMON.CIL/HO 

·1. tLEAN UP EXTRA FILES. 
$RUN PIP 
#USER.LDA/DE 
#CFTBL•LDA/DE 
#RMON.LDA/DE 
#TAI"LBelDA/DE 
#NEWMON.BAK/DE 

NOW YOU ARE nONEl WE HOPE. 
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AMD - CDC 200 UT SIMULATOR 
INTERNAL DOCUMENTATION FOR AMD.MAC 

THE ORIGINAL VERSION OF THIS INTERNAL DOCUMENTATION WAS PREPARED BY G. 
H. CAMPBELL OF THE APPLIED MATHEMATICS DEPARTMENT. 

THIS IS THE INTERNAL DOCUMENTATION FOR THE PROGRAM AMD• A SIMULATOR 
FOR A CDC 200 USER TERMINAL. PLEASE NOTE THAT THERE IS NO 
IMPLEMENTATION OF THE MESSAGE TYPE DIAGNOSTIC i~RITEt AND THAT A BUFFER 
LOAD OF CARDS CAN CONSIST OF FEwER THAN 12 CARD IMAGES. 

1. NOTATION CONVENTIONS USED. 

THE FIRST TWO CHARACTERS OF A NAME OF THE BUFFER AREAS• ETC. ARE HD 
FOR LINE BUFFER HEADER• AB FOR THE ACTUAL BYTE-COUNT ENTRY IN THE LINE 
BUFFER HEADER• BF FOR THE BEGINNING OF.LINE BUFFER• LK FOR THE LINK 
BLOCK• FI FOR THE FILE BLOCK• THE LAST TWO CHARACTERS ARE LP FOR THE 
DATA STREAM OUTPUTt CR FOR THE DATA STREAM INPUT• KI FOR THE CO~SOLE 
INPUT• AND KO FOR THE CONSOLE OUTPUTJ MH FOR THE MODEM INPUT• MS FOR THE 
MODEM OUTPUT. CIRCULAR BUFFERS ARE DEFINED BY A TWO-CHARACTER DEVICE 
MNEMONIC• THE LETTER Z AND ANOTHER TWO CHARACTER DEVICE MNEMONIC 
INDICATING THE DI~ECTION OF DATA FLOW T8ROUGH THAT CIRCULAR BUFFER. THE 
CIRCULAR BUFFER POINTERS ARE DEFINED BY THE BUFFER NAME FOLLOWED BY AN 
Ft I• Ot OR L FOR FIRST• INt OUT• OR LIMIT. 

FOUR MACROS ARE USED TO IMPROVE READABILITY: CALL• RETURN• PUSHt AND 
PULL• THEY ARE DEFlNED ON LINES AMD$.72 THROUGH AMD$.95. A PC CALLING 
SEQUENCE IS USED WITHOUT AN ARGUMENT LiST. 

THE MAJOR CONSTANTS USED BY THE PROGRAM ARE DEFINED BETWEEN LINES 
AMD$.96 AND AMD$.164. EXCEPT FOR THE FOLLOWING, IT IS NOT REC6MMENDED 
THAT THEY BE CHANGED. THE SYMBOL EORA .<AMD$.135> DEFINES THE DEFAULT 
FOR THE CHARACTER TO FLAG AN END-OF-REC6RD CARD. IT MAY BE CHANGEb To· 
ANY SUITABLE CHARACTER. IN PARTICULAR~ IF ONE USES 029 PUNC8 CARD~' 
CHANGING TO 76 <t~l WOULD MAKE THE 7-8-9 CARD AN END-OF-RECORD CARD IN 
THIS MODE. MOST OF THE BUFFE~ LENGTHS MAY BE CHANGED• BUT WITH CAUTION~ 
THE MODEM BUFFERS MAY BE SHORTENED FOR CENTRAL SITES THAT WILL TOLERATE 
THIS• BY REDUCING LBMD (AM0$.148) AND LWMD (AMD$.149>.KEEPING A TWO TO 
ONE RATIO• AND CUTTING NCPT CAMD$.163> TO THE MAXIMUM NUMBER OF CARD 
IMAGES. THE PROGRAM MAY BE MADE CONSIDERABLY SMALLER BY REDUCING THE 
SIZE OF THE tiRCULAR BUFFERS CONTROLLED BY LBMK CAMD$.156) AND LBLC 
(AMD$.157). BE CERTAIN TO LEAVE ENOUGH ROOM FOR TWO CARD IMAGES C162. 
CHARACTERS>. 

THE MAJOR FLAGS AND VARIABLES USED BY THE PROGRAM ARE DEFINED BETWEEN 
LINES AMD$.166 AND AMD$.205. THOSE BETwEEN SGLB AND EGLB ARE CLEARED ON 
PROGRAM START OR RESTART. IT SHOULD BE NOTED THAT THE LOCATION SWID 
CAMD$.204) DEFINES THE SCREEN WIDTH IN.TERMS OF LBKO. IF ONE HAS A 
CONSOLE WHICH CAN PRINT FEWER THAN 80 CHARACTERS ON A LINE• SWID SHOULD 
BE RESET• E!THEP. BY REDEFINING LBKOt OR BY CHANGING THIS LINE. 

2. OVERVIEW OF DATA FLqW 

THE PROGRAM MUST MANAGE DATA FOLOWS IN THE FOLLOWING DI~ECTIONS: F~OM 
THE CENTRAL SITE TO THE TERMI~AL CONSOLE• FRO~ THE CENTRAL SITE TO THE 
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TERMINAL LI~E PRINTER• FROM THE TERMINAL CONSOLE TO THE CENTRAL SITE• 
FROM THE TERMINAL CARD READER TO THE CENTRAL SITE• FROM THE TERMINAL 
CONSOLE TO THE PROGRAM ITSELF .<TO CONTROL OPERATION OF THE PROGRAM>• AND 
FROM THE PROGRAM TO THE TERMINAL CONSOLE <TO INFORM THE. OPERATOR OF 
INTERNAL STATES> •. . 

THE CIRCULAR BUFFERS PROVIDE THE MAIN HOLDING AREAS FOR DATA. EACH 
CIRCULAR BUFFER HAS A SET OF POINTERS ASSOCIATED WITH IT TO CO~TROL ITS 
USE: FIRST, INt OUTt AND LIMIT. THE ~UFFER CONSISTS OF THE MEMORY FROM 
FIRST THROUGH LIMIT-1. DATA IS ENTERED AT IN• AND REMOVED AT OUT. THE 
BUFFER IS EMPTY WHEN IN=OUTt AND FULL WHEN IN=OUT-1. DATA FLO~S FROM 
DEVICE ORIENTED BUFFERS INTO AND OUT OF THE CIRCULAR BUFFERS. FOR 
EXAMPLE• CONSIDER THE CASE OF DATA OUTPUT. DATA COMES IN TO A BUFFER 
ASSOCIATED WITH A MODEM, IS MOVED TO A CIRCULAR BlJFFEq, ~DZLP• . 
INDICATING IT IS IN TRANSIT FROM THE MODEM TO THE LINE PRINTER·, AND THEN 
IS UNPACKED LINE-BY-LINE FROM THAT BUFFER INTO A LINE BUFFER FOR THE 
LINE PRINTER. THIS SAME PHILOSOPHY IS-APPLIED TO THE OTHER THREE DATA 
STREAMS. DATA IN THE CIRCULAR BUFFERS IS HELD IN THE FORMAT THAT THE 
MODEM DRIVERS EXPECT TO FIND IT. ANY REFORMATTING THAT IS NECESSARY IS 
DONE BETWEEN THE DOS LINE BUFFER AND THE CIRCULAR BUFFER. 

THE CONTROL FLOW IS GOVERNED BY A SMALL MAIN PROGRAM. ~HICH SIMPLY 
CALLS IN SUCCESSION SUBROUTINES FOR HA~DLING THE MODEM, CARD READER• 
LINE PRINTEQ• KEYBOARD RECEIVE• AND TELETYPE PRINT. EACH OF THESE 
SUBROUTINES TESTS A DEVICE FOR BEING READY• AND IF IT IS READY• 
INITIATES THE NEXT TRANSACTION WITH THAT DEVICE, IF THERE IS ONE. IN 
GENERAL• THESE ARE STRUCTURED AS A SMALL CONTROL ROUTINE TO TEST FOR AN 
ACTIVITY THAT SHOULD NOW BE INITIATED ON THAT DEVICE• AND UPON 
DISCOVERING SOME ACTIVITY, THEN CALLS ANOTHER PROGRAM WHICH IN FACT DOES 
IT. A PECULIARITY OF THIS CODE TO BE MENTIONED NOW• IS THE MANNER OF 
HANDLING KEY80ARD INPUT- OUTPUT. SINCE-STANDARD DOS ALLO~S ONLY ONE 
OPERATION IN ONE DIRECTION AT ONE TI~Et WE MUST USE THE REVISED ~B 
DRIVER TO REMOVE THAT RESTRICTION. 

3. THE KEYBOARD RECEIVE PROCESSOR. 

THE PORCESSOR HANDLES THE DATA FLOW FROM THE TERMINAL CONSOLE ~EYBOARD 
TO EITHER THE CENTRAL SITE, OR THE PROGRAM ITSELF. IF A LINE IS 
INTENDED FOR THE CENTRAL SITE• IT IS PASSED ON TO THE ROUTINE ML~ 
(AMQ$.578 THROUGH AM0$.604). IF THE LINE IS INTENDED FOR THE PROGRAM 
ITSELF• IT IS PROCESSED BY CSI (AM0$.606 THROUGH AMD$02.40). LINES 
INTENDED FOR THE PROGRAM MAY BE ENTERED BY FIRST TRAANSMITTING AN 
END-OF-MEDIUM FROM THE KEYBOARD (CONTROL-0 OR CONTROL-Ct END> AND THEN 
TYPING THE LINE FOR THE PROGRAMt OR BY SIMPLY STARTING THE LINE wiTH 
CONTROL-A. KRP RECOGNIZES THE END-OF-MEDIUM STATUS• RELEASES THE 
DRIVERt AND INITIALIZES A NEW ONE WITH THE NAME CMI. IT THEN READS ONE 
LINE FOR CSI• AND REVERTS BACK TO THE NAME PCI. IF THAT LINE READ 
CAUSES A SECOND END-OF-MEDIUM• KRP TERMINATES THE PROGRAM IMMEDIATELY· 
IF THE LINE IS NOT SO FLAGGED FOR THE PROGRAM AND IF THERE IS ROO~ IN 
THE CIRCULAR guFFERt IT IS MOVED TO THE CIRCULAR BUFFER• AND ANOTHER 
READ INITIATED. IN THE PROCESS OF MOVING DATA TO THE CIRCULAR BUFFER 
ALL CONTROL CHARACTERS• OTHER THAT TAB ARE IGNORED. A LINE IS 
TERMINATED BY A CARRIAGE RETURN, LINE FEED• OR FORM FEED. TA9S AKE 
CONVERTED TO 1-8 BLANKS TO MOVE TO COLUMNS 9, 17• 25• ETC. 
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THE CSI MODULE MAY BE ENTERED AT CSI TO MOVE A LINE FROM THE KEY30ARD 
BUFFER TO THE COMMAND 8UFFER (STRIPPING THE FIRST CHARACTER>• OR AT CSI4 
TO PROCESS A LINE ALREADY THERE. THE SWITCHES FOR THE FIRST OUTPUT DATA 
SET ARE MATCHED AGAINST THE LIST AT CSISW <AM0$.611>. ANY THAT MATCH 
ARE INTERPRETED BY THE EXECUTION ROUTINES IN THE SAME LIST. NO ERROR IS 
REPORTED FOR FAILURE TO MATCH. IF A NE~ PRINT DATA SET IS GIVEN THE OLD 
ONE IS CLOSED• BUT THE NEW ONE IS NOT XET OPENNED. NO ACTION IS TAKEN 
ON THE CARD READER DATA SETSt UNLESS THE SWITCH /EN IS USED ON THE 
PRINT DATA S~T. ANY EXISTING LOG DATA SET IS CLOSEDt AND THE NEw ONEt 
IF GIVEN• IS OPENNED. 

THE PRINT DATA SET SWITCHES ARE HANDLED BY THE ROUTINES ECKBt SCOOt 
SDEB• SSITEt SLM• SBMt CARCONt SEORt HELP, ENDCRt SFO AND SBU (AMD$.746 
THROUGH AMD$02.40). THE COMMENTS· IN THE LISTING SHOULD BE CONSULTED FOR 
DETAILS. EACH IS A SUBROUTINE ~HICH ASSU~ES THAT RO POINTS TO THE FIRST 
VALUE• WHILE Rl HAS A COUNT OF THE VALUES. 

4. THE TELETYPE PRINT PROCESSOR. 

THIS PROCESSOR HAS TO CHECK FOR MESSAGES TO BE TYPED FROM A VARIETY OF 
DIFFERENT SOURCES. IF THE DEBUG SWITC~ IS SETt YOU MUST CHECK FOR ERROR 
TYPE-OUTSt OR FREE MEMORY TYPE-OUTSt AS WELL AS THE NORMAL KEYBOARD 

.OUTPUT STREAM. THE ERROR TYPE-OUTS COME FROM THREE POTE~TIAL SOURCES. 
ONE IS THE MODEM DRIVER ERROR REPORTING BUFFER. ANOTHER IS THE FREE 
MEMORY REPORTING BUFFER• AND A TH1RD IS THE GENERALIZED ERROR MESSAGE . 
REPORTING BUFFER· ALL OF THESE WILL BE COVERED SEPARATELY. I~ MOVING 
CONSOLE OUTPUT TO THE TELETYPE BUFFERt A CARRIAGE RETURN LINE FEED IS 
INSERTED UPON DETECTING EITHER AN EOL OR A CARRIAGE RETURN CODE AND THE 
LINE IS COMPLETED FOR OUTPUT. UPON DETECTION OF AN END OF FILEt A FORM 

. FEED IS EMITTED. THE LOCATION CSTRT I~ USED TO HOLD THE CURRENT LINE 
POSITION. wHEN THE NUMBER OF CHARACTERS ON A LINE IS AT LEAST THE VALUE 
HELD IN SWID• THE LINE IS TERMINATED AND PRINTED, AND A NEW LINE 
STARTED. IN ALL CASESt TRAILING BLANKS ARE STRIPPED. 

S. THE LINE PRINTER PROCESSOR· 

IN ORDER TO HANDLE THE CARRIAGE CONTROL CORRECTLY AN UNUSUAL 
PHILOSOPHY IS ADOPTED IN FORMATTING LINES FOR PRINTING. EACH LINE 
BEGINS WIT~ THE LINE TERMINATORS NECESSARY FOR THE PREVIOUS LINE• PLUS 
ANY NECESSARY CARRIAGE CONTROL FOR THE CURRENT LINE. COMPRESSED ZEROS 
AND BLANKS ARE EXPANDED DURING FORMATTI~G OF THE PRINT LI~E IMAGE. IN 
DETAIL• THE ACTION TAKEN ON ENCOUNTERING THE CARRIAGE CONTROL CHARACTER 
IS AS FOLLOWS: A CARRIAGE RETURN IS INSERTED IN THE BUFFER; THEN FOR 
SINGLE SPACE• A LINE FEED IS INSERTED. FOR DOUBLE SPACEt TWO LINE FEEDS 
ARE INSERTED. FOR PAGE EJECT A FOR~ FEED IS INSERTED• AND FOR SUPPRESS 
SPACE A VERTICAL TAB IS INSERTED <UNLESS THIS IS THE VERY FIRST LINE OF 
THE FILEt IN WHICH CASE NOT LEADING CARRIAGE CONTROL IS USED FOR 
SUPPRESS SPACE>. IF THE FIRST CHARACTER OF THE LINE IS AN ESCAPE, IT 
MIGHT GENERATE ZEROS OR BLANKS, SO THE LINE IS CONSIDERED NOT YET TO 
HAVE A FIRST CHARACTER. 

THE CARRIAGE CONTROL SET USED IS DETERMINED BY THE CODE SET, AND IS 
PICKED UP FROM LOCATIONS CARCt CARC+1t AND CARC+2 FOR DOUBLE S?ACEt 
EJECT• AND SUPPRESS SPACE RESPECTIVELY• T~E VALUES THE TERMINAL SEES 
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FUNCTION 

DOUBLE SPACE 
PAGE EJECT 
SUPPRESS SPACE 

ALL OTHER CYARACTERS ARE TREATED AS SINGLE SPACE CONTROL• 

6. THE CARD INPUT PROCESSOR. 

IN ORDER TO AVOID DOS TAKING CONTROL AWAY ON DEVICE NOT READY 
CONDITIONS, THAT CARD INPUT PROCESSOR IS COMPLETELY SHORT- CIRCUITED 
UNLESS A FLAG R~C <FOR READ MORE CARDS> IS SET. THIS FLAG IS SET ONLY 
BY A CENTRAL SITE REQUEST FOR CARD INP0T DATA. IF THIS FLAG Is· SET AND 
IF THERE IS ROOM IN THE CIRCULAR BUFFER-FOR ANOTHER CARD IMAGE• THEN A 
TEST IS MADE TO SEE IF WE HAVE AN INPUT DATA SET DEFINED. IF THERE IS 
NO INPUT DATA SET CURRENTLY ACTIVE• WE-SET A FLAG TO ASSUME THE CARD 
READER IS NOT READY• AND CALL THE ROUTINE NEXTIN TO ANALYSE THE STORED 
COMMAND STRING. THE ROUTINE NEXTIN• SIMPLY CALLS CSI2• ASKED IT TO SET 
UP THE LINK BLOCK AND FILE BLOCK FOR THE NEXT INPUT FILE. IT RETURNS A 
FLAG INDICATING EITHER NO VALID COMMAND .. STRING AVAILABLE .OR THERE IS NO 

-NEXT ENTRY, OR THE NEXT ENTRY IS CURRENTLY SET UP. IF THE~E IS NO VALID 
COMMAND STRING, THEN AN IMMEDIATE EXIT is TAKEN FROM THE ROUTINE, 
LEAVING THE CARD READER NOT READY FLAG SET. IF THERE IS NO NEXT E~TRY 
THEN CSI1 IS CALLED TO RESTART THE ANAYLSIS OF THIS COMMANDSTRING F~OM 
THE BEGINNING AND NEXTIN IS CALLED AGAIN. IF AT THIS POINT THERE IS 
STILL NO VALID COMMAND STRING OR NO VALID NEXT ENTRY• AN EXIT IS TAKENt 
LEAVING THE CARD READER NOT READY FLAG SET. OTHERWISEt THE CARD READER 
NOT READY FLAG IS CLEARED AND THE NEXT DATA SET IS INIT•ED, OPE~ED• A . 
READ INITIATED, AND A RETURN TAKEN. IF UPON ENTRY• THERE wAS AN ACTIVE 
DATA SET AND THE READ FOR THAT DATA SET HAS BEEN COMPLETED, IT iS TESTED : 
FOR BEING AN FND-OF-FILE. ON AN END-OF-FILE CONDITION THAT DATA SET IS 
CLOSED AND RELEASED, AND THE NR SWITCH -IS TESTED TO DETE~~INE ~H~T~ER TO 
SEND AN END-OF- RECORD AT THIS P6INT OR NOT. IN EITHER CASE• NEXTIN IS 
AGAIN CALLEDt AND IF ANOTHER DATA SET IS AVAILABLE IN THE COMMA~D S~RING 
IT IS INIT•ED OPENED AND A READ IS ISSUED. IF THERE ARE NO MORE DATA 
SETS AVAILA8LEt AN END-OF-FILE IS PUT INTO THE BUFFE~• AND THE READ
MORE-CARDS FLAG IS CLEARED. IF WE ARE NOT AT END-OF-FILE THEN THE FIRST 
CHARACTER ON THE NEXT CARD IS tHECKED. IF THIS CHARACTER IS A 43-0CTAL• 
THEN THIS IS ASSUMED TO BE AN END-OF-RECORD FLAG ANO AN END~OF-RECORD 
CARD IMAGE IS OUTPUTTED. OTHERWISE, ~H£ CARD IMAGE IS SIMPLY MOVED TO 
THE CIRCULAR BUFFER, IGNORING ANY CONTROL CHARACTERS• AND BLANK PADDING 
TO 80 COLUMNS• 

7. THE ~OD£M PROCESSOR. 

THE MODEM PROCESSOR WORKS IN CONJUNCTION WITH THE PROCESS INPUT 
MESSAGE ROUTINE TO HANDLE THE MODEM DIALOGUE. IF AN OUTPUT IS IN 
PROGRESS, IT TESTS TO SEE IF IT IS CO~PLETE• AND IF so, INITIATES AN 
INPUT. IF AN INPUT IS IN PROGRESS• IT TESTS TO SEE IF IT IS COMPLETE• 
AND IF IT IS COMPLETE• CALLS THE PIM ROUTINE WHICH WILL PROCESS THE 
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INPUT MESSAGE AND INITIATE THE NEXT OUTPUT. THE.PROCESS INPUT MESSAGE 
ROUTINE FIRST CALLS ANOTHER ROUTINE TO-CHECK THE FORMAT OF THE MESSAGE 
AS WELL AS SET CERTAIN FLAGS FOR THE TYPE OF MESSAGE READ AND THE 
TERMINATING E CODE. OUTPUT VARIABLES FRO~ THIS ROUTINE A~E THE SwiTCH 
TMit WHICH IS ZERO IF A POLL WAS RECEI~EDt ONE IF A ~RIT( ~AS RECEIVED; 
ESCWt WHICH IS -1 FOR AN E1t 0 FOR AN E2, AND +1 FOR AN E3 TERMINATOR. 
ADDITIONALLY• THE VARIABLE NBDI IS SET to INDICATE THE NUMBER OF DATA 
BYTES IN THE MESSAGE• THHE FORMAT CHECK ROUTINE ALSO TESTS ANY ER~OR 
STATUS RETURNED BY THE DRIVER. IF THE RESULT OF THE FORMAT CHECK IS AN 
ERRORt A NAK RESPONSE IS SENT. <N.B. THE FORMAT CHECK ROUTINE ALSO 
ESTABLISHES THE SITE CODE TO BE USED IN-RESPONSES BY THE FIRST VALID 
MESSAGE IT RECEIVES. THUS THIS S_IMULATOR CAN BE USED ON A MULTI-DROP 
LINE WITHOUT MODIFICATION, BUT ONLY IF NO OTHER TERMINAL WILL CONTEND.>. 
THE ACTION OF THE PROCESS INPUT MESSAGE ROUTINE CAN BEST BE UNDERSTOOD 
BY REFERENCE TO THE CODE. THE FOLLOWING THING SHOULD BE NOTED. THE 
MAXIMUM NUM8ER OF CARDS TO BE SENT IN A GIVEN BLOCK IS DEFlNED. BY THE 
ASSEMBLY TIME PARAMETER NCPT. AN E2 RESPONSE TO A READ-~ORE-CARDS 
REQUEST IS GIVEN ONLY IF THERE IS NO DATA AVAILABLE IN THE BUFFER• AND 
THE CARD READER NQT-READY FLAG IS SET. ANOTHER CHARACTERISTIC IS THAT 
AT ANY POINT WHERE AN AUTO-READ CAN BE SET UPt A CONSOLE MESSAGE ~AY BE 
SENT INSTEAD• IF ONE IS WAITING. . 

IN ORDER TO PREVENT LOOPS OF REREADS OF THE CARD READER DATA SETt THE 
FLAG CNR IS SET NEGATIVE wHEN THE LAST. DATA SET SPECIFICATION HAS BEEN. 
PROCESSED BY CIP• PIM TRANSMITS E2 READ MESSAGES IN THIS CASE TO INFORM 
THE CENTRAL SITE THAT THE CARD READER IS NOT READYt AND FORCES RMC CLEAR 
TO KEEP CIP FROM READING ANY MORE CARDSt DESPITE THE CENTRAL REQUE~T. 
THE SITUATION CAN BE CLEARED ONLY BY KRPt WHICH CHANGES CNR FROM 
NEGATIVE TO POSITIVE WHEN A NON-COMMAND INPUT LINE IS READ. 

THE CONVERSIONS FOR THE CHARACTER SET CHOSEN _ARE DONE BY THE ROUTINES 
WRMOD <AMD$.1385 - AMD$.1452) AND TMREAD CAMD$.1536 - AMD$.1579) USING 
THE TABLES SET UP BY THE MACRO CHTAB AND ITS CALLS 
(AMD$.1453-AMD$.1535>. NO BIAS IS USEDt SO THE TABLES ALLOW FOR FULL 
128 CHARACTER CO~VERSIONSi EVEN THOUGH ONLY 64 CHARACTERS ARE USED. 
WRMOD CONVERTS MESSAGES FROM THE TERMINAL TO CENTRAL FROM ASCII TO BCD 
IF NECESSARYt TRANSMITTING THE ASCII FROM BFMSt OR THE BCD FROM BFMS2. 
TMREAD TRANSLATES IN PLACE IN BFMRD FROM SCD TO ASCII• IF NECESSARY• 
USING THE ESCAPE CHARACTER TO FLAG THE MESSAGE CODE (33 FOR ASCIIt 76 
FOR EXTERNAL BCD• 136 FOR INTERNAL SCD>. ONLY 63 CHARACTERS ARE vALID 
IN THE BCD SET. FUNCTION SEQUENCES ARE FLAGGED BY AN ESCAPE. IF THE 
CODE IS EXTERNAL BCDt THE FUNCTION IS THE SAME AS IN THE ASCII SET, 
EXCEPT THAT 120 IS CONVERTED TO 100. IF THE CODE IS INTERNAL SCOt THE 
FUNCTION IS CONVERTED FROM INTERNAL BCD-TO EXTERNAL BCDt AND THEN 
TREATED AS EXTERNAL BCD. THE CHARACTER SETS USED ARE AS FOLLOWS: 
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ASCII EXT !NT ASCII EXT INT ASCII EXT INT ASCII EXT !NT 

SP 40 120 060 0 060 112 100 II 100 115 115 p 120 047 047 
041 052 052 1 061 101 101 A iOl 061 121 Q 121 oso 050 

It 042 114 114 2 062 102 102 B io2 062 122 R 122 051 051 
# 043 136 076 3 063 103 103 c io3 063 123 s 123 122 062 
$ 044 053 053 4 064 104 104 0 l04 064 124 T 124 123 063 
% 045 116 116 5 065 lOS 105 E 105 065 125 u i25 124' 064 
t. 046 137 077 6 066 106 106 F 106 066 126 v 126 125 065 
• 047 055 055 7 067 107 107 G 107 067 127 w 127 126 066 
( 050 134 074 8 070 110 110 H ilO 070 130 X 130 127 067 
) 051 074 134 9 071 111 111 I 111 071 131 y i31 130 070 
* 052 054 054 • 072 100 112 J il2 041 041 z 132 131 071 • 
+ 053 060 120 l 073 077 137 K 113 042 042 t 133 li7 117 

' 054 133 073 ~· 074 072 132 L 114 043 043 \ 134 075 135 
- 055 040 040 = 075 113 113 M 115 044 044 J 135 132' 072 
• 056 073 133 ,. 076 057 057 N i16 045 045 .,. 136 ---
I 057 121 06i ? 077 056 056 0 i 17 046 046 4t 13 7 135 075 

B. UTILITY ROUTINES. 

THERE IS A SMALL ROUTINE WHICH• IF DEBUG MODE IS SET, .COMPUTES THE 
FREE CORE AVAILA~LE• AND SETS UP A TYPEWRITER OUTPUT OF THIS 
INFORMATION. THIS ROUTINE IS CALLED wHENEVER A NEW DATA SET IS 
INITIALIZED. THERE IS ALSO A SMALL ERROR PROCESSOR ~HICH ·Is ENTERED 
WHENEVER AN ERROR IS DETECTED WITH AN APPROPRIATE ERROR CODE· . IF THE 
DEBUG MODE IS SET, THIS ROUTINE STORES THAT ERRbR CODE IN A TABLE FOR 
LATER OUTPUTTING BY TELETYPE PRINT PROCESSOR. IT HAS THE CHARACTERISTIC 
THAT IF THIS ERROR TABLE FILLS UP, IT CONTINUOUSLY STORES THE NEGATIVE 
OF THE LAST ERROR CODE• IN THE LAST LOCATION OF THIS TABLE, UNTIL ·rT 
BECOMES FREE AGAIN. POSSIBLE ERROR MESSAGES FOLLOW: 

1. DRIVER REPORTED ERROR. 

2. INPUT MESSAGE SMALLER THAN MINIMUM SIZE. 

3. MESSAGE DOES NOT START WITH SOH. 

4. ERROR IN SITE ADDRESS. 

5. ERROR IN STATION ADDRESS. 

6. UNRECOGNIZATBLE MESSAGE-TYPE CODE. 

7. INPUT DOES NOT END WITH ETX. 

8. NO ESCAPE Elt E2• OR E3 AT END OF WRITE MESSAGe. 

20. SYNTAX ERROR IN COMMAND STRING. 
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22. IMPROPER TERMINATION OF KEYBOARD LINE INPUT. 

23• PRINT LINE TOO LONG. A PECULIARITY OF THE TYPE-OUT OF THE ERRORS 
REPORTED IN THIS TABLE IS THAT THE NEGATIVE VALES WHICH ARE STORED wHEN 
THE TABLE FILLS UP ARE CONVERTED IN OUT~UT AS DECIMAL FULL-~ORD POSITI~E 
INTEGERS. 
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BUFFER$ IS INTENDED TO PROVIDE ASYNCHRONOUS I/0 CAPABILITIES'FOR 
FORTRAN PROGRAMS• 

. INTRODUCTION 

BUFFER$ IS AN ASSEMBLY LANGUAGE CMACR0-11) ROUTINE WITH ENTRY POI.NTS 
BUFFEI AND BUFFEOt WHICH FILL THE. ROLES ·oF THE BUFFERIN AND BUFFEROUT 
STATEMENTS FOUND IN MOST FORTRAN COMPILERS. TO ALLOW FOR THE VARIABLE . 
NUMBER OF BYTES PER ELEMENT IN BYTEt INTEGER• REAL• AND DOUBLE· PRECISION.· 
ARRAYSt AN OPTIONAL FORMAL PARAMETER HA~ BEEN PROVIDED IN WHICH ONE CAN 
SPECIFY THE NUMBER OF BYTES PER ELEMENt. THE DEFAULT OF ONE BYTE-PER 
ELEMENT WILL CAUSE INCOMPATABILITIES WiTH OTHER SYSTEMSt UNLESS A 
VARIABLE IS USED TO CARRY THE INFORMATION. . 

THE DESCRIPTION OF THIS ·coDE IS INCOMPLETE WITHOUT REFERENCE TO THE 
WRITEUP OF IOCHEKS. 

USE 

BUFFER$ IS CALLED TO START A READ OR A WRITE. CONTROL IS RETURNED 
BEFORE THE OPERATION IS NECESSARILY COMPLETE •. THE CALLS ARE OF TH~ 
FORM:. 

CALL BUFFEICIUNtiMODtiA(1)tiA(N) GtNBYT) ) 
CALL BUFFEOCIUNtiMODtiA(1~tiA(N) i•NBYTJ ) 

WHERE BUFFEt IS CALLED TO START A READ• AND BUFFEO IS CALLED TO START A. 
WRITE. THE PARAMETERS ~AVE.THE FOLLOWING MEANINGt 
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NOTE 

BUFFERS - 12/02/75 
AUTHOR - H. BERNSTEIN 

IUN - LOGICAL UNIT NUMBER, THE FORTRAN UNIT NUMBER ON WHICH 
THE OPERATION IS TO BE DONE. -

IMOD - THE MODE OF THE TRANSFER, 0 FOR ASCII• 1 FOR FORMATTED 
BINARY• 2 FOR UNFORMATTED ASCII• 3 FOR UNFORMATTED BINARY. 
THE USER SHOULD BE CAREFUL T6 MATCH THE MODE TO HIS . 
APPLICATION. NOTE THAT IMOD OF o, FORMATTED. ASCII IMPLIES THE 
TRANSFER OF THE LINE TERMINATION CHARACTERS <CRt LF) AS WELL·. 
AS THE DATA• AND THAT IMOD OF lt FORMATTED BINARY• DOES NOT 
MATCH THE FORTRAN UNFORMATTED BINARY WRITE FORMAT, WHICH . 
CONSISTS OF MULTIPLE FORMATTED BINARY RECORDS FOR EACH FORTRAN. 
LOGICAL RECORD. 

IA - THE ARRAY OF DATA TO BE READ OR WRITTEN. 

N- THE DIMENSION OF THE ARRAY IA. THUS.IA(l) IS THE:FIRST ~.· 
ARRAY ELEMENT TO TRANSFERt AND IA(N) IS THE LAST ELEMENT TO 
TRANSFER. THE TRANSFER WILL ~OVE A CONTIGUOUS CORE IMAGE. 

NBYT - THE NUMBER OF BYTES PER ARRAY ELEMENT. THIS PARAMETER 
IS OPTIONAL. IF IT IS NOT GIVEN• THE ARRAY IS ASSUMED TO BE A 
BYTE ARHAYe OTHERWISE• GIVE NBYT OF l FOR A BYTE ARRAY• 2 FOR 
AN INTEGER ARRAYt 4 FOR A REAL ARRAY, AND~S ~OR A DOUBLE 
PRECISION ARRAY. THE USER IS ADVISED TO USE A VARIABLE STORED 
IN· A COMMON FOR THE PARAMETER TO EASE CONVERSION OF CODE TO 
MACHIN~S WITH DIF~ERENT WORD SIZES. .. 

THIS CODE CAN INTERFACE ~ITH FILES HANDLED BY THE STANDARD FORTR~N I/O 
STATEMENTS, BUT NOT WHILE A BUFFER OPERATION IS IN PROGRESS. RANDOM 
FILES CAN BE READ AND WRITTEN BY USING AN IMOD OF 3, TO MATCH THE 
STANDARD FORTRAN CONVENTION OF UNFORMATTED BINARYt AND SETTING THE 
ASSOCIATED VARIABLE TO THE DESIRED RECORD NUMBER. A DEFINE FILE 
STATEMENT SHOULD BE EXECUTED BEFORE THE.FIRST BUFFER CALL• THE RECORD. 
LEN~TH IS TAKEN FROM THE ARRAY LENGTH ~NO SHOULD AGREE WITH THE ARRAY 
LENGTH IN THE DEFINE FILE STATEMENT, OR THE FILE MAY BE GROSSLY 
MISPOSITIONED.· 
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IOCHEK$ - 12/02/75 

AUTHOR - H. aERNSTEIN 

IOCHEK$ 

DEC PDP 11 
DEC DOS/BATCH V8' V9 

PURPOSE 

BROOKHAVEN NATIONAL LABORATORY 
CHEMISTRY DEPARTMENT 

CRYSNET PROGRAM WRITEUP 

.GLOBL IOCHEK' LENGTH 

PAGE-l 

IOCHEK$ PROVIDES ROUTINES TO CHECK THE STATUS OF ASYNCHRONOUS 
INPUT-OUTPUT OPERATIONS FROM FORTRAN. 

INTRODUCTION 

IOCHEK$ IS AN ASSEMBLY LANGUAGE ROUTINE <MACR0-11> PROVIDING THE 
COMPANION ROUTINES TO BUFFER$, SO THAT ONE CAN CHECK FOR COMPLETibN OF 
AN ASYNCHRONOUS I/0, AND DETER~INE THE AMOUNT OF DATA READ. 

USE 

TWO FUNCTIONS ARE PROVIDED' IOCHEK TO· DETERMINE THE 
A TRANSFER, AND LENGTH TO PROVIDE THE LENGTH IN BYTES 
COMPLETED READ BY BUFFEI <INCLUDING TERMINAL CR LF>. 
ARE REFERENCED AS FOLLOwS: 

WHERE 

M = IQCHEK<IUN> 
L =·LENGTH<IUN> 

CURRENT STATUS OF 
OF THE LAST 
THESE FUNCTIONS 

IUN - THE LOGICAL UNIT NUMBER FOR WHICH BUFFEI OR BUFFED WAS 
CALLED· 
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+ NOTE 

IOCHEK - AN INTEGER FUNCTION VALUE OF: 
1 - FOR I/0 STILL IN PROGRESS 
2 - FOR I/0 COMPLETE WITHOUT ERROR 
3 - FOR I/0 TERMINATED BY END-OF-FILE. 
4 - FOR I/0 TERMINATED BY ERROR 

IOCHEK$ - 12/02/75 
AUTHOR - H. BERNSTEIN 

PAGE-2 

LENGTH - THE LENGTH IN BYTES OF THE READ DONE BY BUFFEI bN 
THIS UNIT. SHOULD BE CALLED ONLY AFTER AN IOCHEK CALL RETURNS 
A VALUE OF 2, FOR NORMAL COMPLETION. 

TO GET THE NUMBER OF ARRAY ELEMENTS' RATHER THAN BYTES' THE LE~GTH 
RETURNED BY LENGTH SHOULD BE DIVIDED BY THE SAME VARIABLE USED AS NBYT 
IN THE CALL Tn BUFFEI. HO~~VER, IF AN INTEGER ARRAY WAS USED ~ITHOUT 
THE /ON SWITCH FOR THE COMPILER, THE RESULT wiLL BE TWICE THE DESIRED 
RESULT• 



------. ---- ------------ ---- -·---- . ·-·-·· 

----- A-L.l-g____...- U-1.1-1-2/--1--6------
01-JUL-75 AUTHOR - H. L. :AR~ELL 

------------- --··· ... -· -~----·-------------·----· 

t-- ----------· ---A-L-L 0-""'-1-----

P. RO.OJ(.ltA-V-S~LN.A-ll!lNA.L-LAB 0-RA-.T.O.RY ----· 

CHE:r1!STRY DE:PARTM!:NT / 
.. __ ... -

·- --·-~--·- ·--------- --- --· 

C-R-Y-S-N.g..l--P-R-0-G-RA-H-W-~-I...r-~UP- ' ·-

-- ·-

DEC PiJP-11 (-

~C-D.rJ.St-8-~~_;.c -------------- ----

-

n.~~I-P-f-.I-0-N···-······· ··- ··· ·· · .......... .. 

A-b-b-9--I s A ~~~A-M-T-G--G-0-M-P-YT~ M-Gb.-EC-UL-A-R-G-EOM-E-T-R-'f.........-WR,I-T .. T-.EN--8-Y-H--L --·· 

CARFi.~LL OF THE INSTITUTE FOR CANCER RESEARCH. EACH OF THE 11AJOR 
!';.!=11M£~~¥ CAL G U l' T I O~~I-D-E:-0-S-Y--A--.SZ.P-AR-A-T-~'ii-~R-l-A-Y~W-H-I-C.H-MA-'t-B-~ ---
CALL EO I~ ANY O~DER .• 

-------- ·----
PURPOSE 

-
CALCULATES DISTANCES, ANGLES, TORSION ANGLES, PLANES. 

r-- - ·- .. 

- --------·-·- ---
LIMITATIONS 

- -
100 ATOMIC COORDINATES 
'+..8.-S..¥~ ~ E T R ¥-.Q.g.E.RA.l.!-0-N.S -
so ATOMS IN LEAST SQUARES PLANES 

-- - - -· -·· 

SWITCH SETTINGS 
~--·-
! 2 UP - INPUT VIA UNIT 1 AND TTY 

I

,_: ---------~2-00W.~I-f:.l.P-lJ..T-.. V.I-A--UN-I-l--1--0.NL-Y----
0 UP - SHORT OUTPUT 

LOGICAL U~ITS 

1 PARAMETERS FOR NPAR (DEFAULT CR:) 
r-- -------------&- __ Q...T..~.EJ~-.LN.P..U.T--LDE.E.AU L-T. ..... K 8..:. >---:---------·---------·-- ---···· 

SWITCH 2 MUST BE UP ' 

.O.UJ_P_lJ..!..._l.O.E.E.AU.LT-LP-.1. )_ _______________ --------·-----·-·----·-

------------·-· --· ---·-----·-------------·-· 



--·---~---·-------~-· -~· ---··-----------------·--·-· ---·--· ... 

--------A-u:·o---·u·t-1-t-ct-7 6---
01-JUL-73 AUTHOR - H. L. CAR2::LL 

------·--------------------·--·-------·-----------

r-- --- ---------------------Ab-b-0---2---

~0-fE ------·-·-----·--------··. 

I-N- 0 ~ OS-J(-.-l-Q-A-b-b-0 ~-~:W-U-T-t-I ... '.I--A-00-I-T-I-0-N-T--0--C-0 O-R D-IN- A-T-E---S.l--l=-0-3.E-S-.X+-~-N-O-E--D-
VIA TIE c::u 

I --- -----· -
1. LOAD ALL CAF.:OS IN CF: 
~-S-W-I--T-C-!oi-E-S-2-A-N-0-0-MU-S-T~-U-P-------- ---·-

3. RUt·l ALLO 
' -AS-CO-Q.R.D-I-N-A-T-E-S-AR-C:-BS:.lN.G- R.-E.A.D---I-N-~--------- ·- ---. 

FLIP SWITCH 2 DOWN 
- 5-.-S-0b-€-I-N-P-IJ..l--I-S-N-O-W-G R' - ·-------·-

o. TO REACTIVATE KB: AS INPUT DEVICE, 
--------------f-U-P--S-~I-T-G-I:i---2---5-A.G--K--UP--D UR--1-NG --- ---

THE TYPING OF THS KB: MESSAGE 
-- W-H-I-C-!:i--IN3-ICA-TE S.-T-HE--COMPL E T-I ON--------:-------------·----

OF A ROUTINE 
--· --- -·-------------

--E-rS-.----f-0-_;,~-A--G-+ I-V~l=-:~K-!3-l-F-D~;--G A-l.--C U b-A--T-I-ON--0 F---P 6-A-NE--S-r-F-b-I-P--S W-I--T-G-H-2- UP --
DURING TH:: TYP!~G OF tTOFSION ANGLES COM PLETEOt. INPUT DEVICE IS TH::N 

-------K-8 I • - ---- --------~----------------· ·-·-----·-------

r- --

1-N-T-ROiliJ.G--T--I- 0-~' ---· --

- 1=-H-I--~I-S--A--P-RG.;;.RAM-:f-0-C-A-L C-U L-A-T-E---M-01---E CU L-AR--GE 0 H ET-R Y--- CD .I-ST-A-N CE-S--.--A-N G L-E-S--.----
TORSION ANGLES AND LEAST SQUA2ES PLANES) ON THE PDP-11. THE PROG~AM 
C:l!':-4SI3T o=- . -I..H-~~..A.li..lLCA.U.-LN.~-RQ.lJLLI.N.E:-A-ND-S-O.V-E R. U\_y_g_Q.UT-LN.E S.. .. --.T.H ES£---A-~-E-L---

- R.Q.UJ_I..N.E---LUN.C-T-LO.N------_____________ _:____ ________ ~-~----· ---------------

------- --------
1---- ___ , ----------------------------·-·-------------·----·-·----------------·---' 

ALLO MAIN CALLING ROUTINE 
NE. ..... A ~P---P-ARAl-'1-EJ-ER-lNP-lH-----------. ____________________ _:_ __ _ 

OIST DISTANCE CALCULAT10N + BONO ANGLES 
-----------A-NG- 6-0ND-A-NGb.-5:--GA-L-CUL-A-l--10-N--------- ----· -------------------------

TORSN TORSION ANGLE CALCULATION 
---------P-1:;-A-N-F-S L--£A-S-T---SQU,A·I~ES--Pl:ANE-S---- ------- -------·----------------,--·------------ · 

-----A-N-'t---GNE O-~HE-2~U-T-I-N-E-S-M-A-Y-B&:---C-A-L-b--E-D----F--R.-OM--T-HS:-R.E-SI.O-EN-T--P--R-OGRA-M---
(ALLD). NPAR IS ALWAYS CALLED FI~ST IN CROE~ TC LOAD THE N~CESSAPY 

---P--A-RA-M.g-'t:~~-S--<-T-I-T-L~~G-A-b-b-D-I-ME-N-S-I-O~~S-~SY-i1-H-E-T-R,Y-·-I-NF-O-R-MA-T-I-O-N•---A-T-O~IC------------
COORDI~AT~S AND ~SO~S) •. AFT~2 PARAMETER LOADING IS COMPLETE, ANY OF THE 

---R OU-'f--I-~~--S-'1--A..'L--B-~CA--L l-E D-I-N--ANY --0-F<. DE R-.---------- --,---------------·-·--·-·· ·-----------·---- ---- ---------· 

---A-@~.-I-E-F---OE--SG--J;,..!-P--t:--IO-N--GF----S-A-CH-OF--T-HE--ROUT-I-NE-S--I--S---G-I-V-EN--8Eb0'.4-.----------------· 

A-b-b-0 - T-H-I-S~~ OU-'f--I-N-&----I-S-G-0 !;_ ~--F-, &-S-I-DE-N-T--A N 0---S EF-V-E-S-- ONL-Y -T-0--C AL-L-I-N--T-HE------ . 
REQUEST~O ~OLECULAR GEO~ETRY ROUTIN~S. THE INPUT TO THIS 

------------RO-U-t:--1-N~---MA-Y.--COME- F-K-0~1--FOR-'f:·l:u~ N----lOG ICA l.:-·--UN!-T---1 .. - <CR.- 0--.· OR----F;;; 0~--o--·--- -·-···
C<B:) • 

NPAR - P4RAMET~R INPUT FOUTINE. THE PURPOSE· OF THIS ROUTINE IS TO 
j----------------l-OA-D-l"-H5:--NE-CSS-SAR-Y----FlA f',A11 E-T-ERS----FOF.--T-HE -CALCUL-A-TI 0 N---OF--- -T-H S----------------

- - - ·- - •• - ~ ~ u ... I ,;- ..... n II 'T T 1"'1 T u ":" c::: _C a I I T I N j:' ~ ll y n N I y c n M F 
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01-JUL-75 

DJ-S+ • 

"N-G.b-

~-SN -

---- -----

-----

-----------·-·-- ----- --------A-1;-t-D-- 0-1:·/-1-2-!-7-6-
AUTHOR ~ H. L. CAR~ELL 

----------------------Ab-b-0--3-- · 

F---R.-G-~QR-T-Q-A-N-b-0-G-I-G-A-6-UN-I--T-1---t C- ;;:--:--l-------··-------·---

I C----DI-S-T-AN C-ES---AND--A-N~ LE-S..--W-1 T--HI-N--A--G-IVEN--·. -GA.bG-U-L--A+-ION-Of'-I-N-T-~R~A-T-0~-
RADIUS. UP TO 124 A!::JAC ENT CELLS ARE SEARCHES. INPUT VIA 
L-0-G.ICAL UN--I-"L-1-t.CF..,.:..)_Q.R --6--( .. .:<B-1.) ... _____ _ 

G-A-b-C-IJ.b-A+-I-G-N-G~ B-ONO- A-N-G-b-g..S--A-S--S-P-E C--I-F-IED--A-T-I-N P U-T--g.A-C-H-BO--N 0----
ANGLE DESIFEO MUST BE RE 0UESTED SEPARATELY. INPUT VIA UNIT 1 
( C-Rl-l--0..~6-t-.KS.l-l------

C.A-L-C.U-L-A-T-I-O.N-0-£...--r-C-RS-I--O.N---A-N-GL-~-S---A-S-SP--E--C-IF-I-E-D---8-Y--IN-IW.T-----E.A.CH.-.---
TOP.SIGN ANGLE DESIRED ~u ST BE SPECIFIED. INPUT VIA UNIT 1 
( ~?_..l-)-..Qc~~.(-1(3-S-) 

t::tb-A-N-E-5--~~&AS-T--S-Q.UA-R:&S-P-l-A-N~CA-L C. UL-A-T-I.ON--T-HE---A--T-OMS-U.SED--T-0-.DEF.-I-NE---T--HE---
PLANE A~E SPECIFIED AT I NPUT TIME. IN ADDITION, THE 

-C.Q.Q.R.O.I-~0-F---A-t.l-+H£-UCM-S-~-DR-A-G-I-V-E N-SJR.UC.tl.l--R-~Rt L-A--LI.V.E:-T-0---
THE PLA~E MAY BE CALCULA TE!J. INPUT VIA UNIT 1 <CRO OR o 
.1-K--S-t-\ 

--IlteUT OAT~~ESCRl~T-LON 

Tf:IE Ii!P-J :r !0 A L-L-D-M-A-¥--C-0-M-E E:EOM-T.Ji£.-KE-¥-B-0-A R0..~-0-R-E-RO.M-SO.ME-OEll-tC.E----
ASSIGN EO TO UNIT 1, AS DETERMINED aY SWITCH 2. SOME OF THE DATA INPUT 
F-O~~f<--&.--0-I...f"-~Q.-E~-E-P--E,N.O.I-NG-0 N-WH-I-C-r-i-f--ORM-0-F---I-NP-U.:L-IS-SEL--EC-T-ED-... ---··--·--
THE USER ·-t AY CATCH THE PROG;;i.AM AT THE RIGHT TIME, I.E. AFTER AN OVERLAY 

.l-iAS gEAD All LI.S-tl.A.T A , BIII BE-£0£ .. E-I-L-'iAS-E.IUI.S..I:iE.Q_J_'L2.I N.G-I-!.S--.C.OJi.2 LE-T-I.!h"'4---
BOARD INPUT AFTER RUNNING FROM CAFDS. LINE, TO - &:" ... _,-I ALLD TO REVERT TO KEY 

LN-A.N.t-CAS..S ,_L'J.e:UI-LO-AL.L Q.____C_Q_N..S-L$.! :.$_0.F-G.i.O..UP-.. S-O.E'-!lA..:tA.._£QJ~-1'-HLS.E.L.E.C.t£D-.-~ __ _ 
OVERL~YS. THE FI~ST CARD OF EACH G~OUP SELECTS THE OVERLAY. TH~ 

OllE 0 LA't. N°AR ~liS! e= E XE.C.UJ.EJL.E-I.P.. s.I. ,_.AN!L .. LS.E.C.OND .... AJ: .. T-E.M P-J __ J_Q..._EJ( E.C.UTE... .. .LT ____ _ 
WILL T~R:M!NATC: THE PROGRAM. TI-J.£ F IRST CARD OF £ACH GROUP IS ACTUALLY 

--~-~0 E-A-~E--~-0-:.U.LNE, All D. T H.-I.S-CA.RO..,_.Qg_L-tN£_ER..Ot~LUiLK.SY-3.0.AR.!l, _______ _ 
IS OF THE FORM 

~OUT,NCALL 

---------=------~2...l2 l IF S w.l..t.CI:LLO.C~N .. ,_F..E.A.O..-F.f...OM.-UN.I1'--L-------------
<I2,I1l IF SWITCH 2 UP, READ FROM UNIT o 

~lQll I - OU.Ie.UI_Utu._r_N_UM8.E£.,__MUSJ._8~5----- ··-·--·-------------------------
NCALL - ROUTINE NUMBER 

____________ __,..__-_'-""o __ f'.At1_E.T_E.....L!.N.e.U_L_(~_f?.AR_} _______________________________________ _ 

FORCES EXIT WHEN USED AGAIN 
1 - · DI S.I.ANC~D..I.S.IJ_AND._.3.0NO._ A.N_GLES_.lA.NGLL __________________ _ 
2 - BONO ANGLES (ANGLl 

------------------3~0-RS.I-C.N-A.N.G.L-E-S--<-T.O-R.SN-l----------·---------------------------------------·~ 
~ - LEAST SQU~RES PLANES (PLANES) 

, ____ _ 

O. OVEPL~Y SEL~CTION CARD 
t.·!.O.U...t. . ._~ C A.L-L-------- ------------- ------- ... ------ ----- ·· ·---····-- · -------------------- ---·-- ··- -------·· ·· · --

.11""TI""'l~ Tr- ~1-tTTr"L.!.., nf"I.J\~ c::::-1\n ccn~.t 11:\ITT 1 



·------ -··-·----· -·--·- ··- . ------- ····- ----~ --···--- ·-··-····---------- --

-------·---------- -··A·tt:-D-- --(l-1-/1-2·/-7 6--
01-JUL-73 AUT;-tOR - H. L. C.AR.~ELL 

- --------···-·-----··----·------· ···---------~ -- ·--.... ---·-·--------·-

------·------···--·------·---- ·---------A-b-b-0-4----

H-2-,-I-1-l--!-F-S\H-TGH-2--UP-,--REA-0- F-R~OM--UNIT---6-------·------------··--· 
~OUT GIVES THE OUTPUT UNIT NUMSER, MUST Be C3 
-N-G-A-b-6---;'M:l-S-l--BE-l:&~------------- - --

E. G. 0500 
- - --- -. 

r---- TH-E F--G-6-k-G-W-l-N-G--0-A-T-A-~-HQ..Ub-0-Bg S-€:--1--U·P--I-~ A-D V-A-NG-&---.QF--~\JN-.Q N--G-A.~ D S-0-&C-K-,-0-R----
TAPE DEPENDING ON FILE ASSIGNMENT FOR UNIT 1 

- - -----·---·-·-----------·--------------~-------- .. ·-·· 

1. TrTLE toO ALPHANUMERIC CHARACTEF.S) (1CA6l 
----------------------------------·-----·-

2. A.a.c. ALPHA, BeTA, GAMMA, NTYP, ~FMT, (6F10.::,2I2) 
G E-b-b--P-AR-A 1'4-&-T-E-R.-s- - ·---- ··----

A , s, ,.. IN ANGSTROMS. '.1 

-·· - AtP-I+A-.,--6~-T-A-y--G-A-M M·~I-N---9£ f;RE E S ,------·-------------------------·---·----·---
NTYP = 1 UCLALS4 FORMAT FOR C"OOF,OINATES 

-- A-T-9 M----l-A-8-E-~·bA&-T-·Ott-G-A-R 0-- ·---· - ---------· 
UCLALS4 FORMAT <3F1u.s, 1+0 X, Ao> x,v, z, LABEL 

----,'-}f-~--=--2 X P.-A-Y-F-OR MA-T-F-0 R--G-OOR-OI NA-T&S----------- ·--~ 

ATOM LABEL FIRST ON CAP.D 
--· vRA-'f...-F-Q.R-M-A-T--(...f-X.-rA·or-3F-<r.-4-J---LAS-EL-r--X-rY ..-Z·--··-·-· -------·-·--·--· 

NFMT = a FIXED FOR~1A T 
r-- ~.:r.-=--1-V-A-R-I-A-BL-E---E-OF- MA-T -- - ------------

F'OP.MAT SPECIFICATION CAF..O MUST BE INCLUDED 
-· -----

3. NAT OM, NEQ, NC~N, NSIG (!;!3) 
-· N-A·HH4----N-9--.-0F-A·:r-.oM-&-l-0--B E---IN P U-T-(-MAX----·=--1 0 0 }------~---·-------·--· 

NEQ - NO, OF SYMMETRY EQUIVALEtH POSITIONS TO 3E READ. 
N~-N----,.Q...-N:O--G-£-N-1'-C:-cq_-O-F--S-V-MMf-T-R-¥-I·MP.l-IEO-A-T--T-HE--OR-lGI-N--------·· r 

- 1 CENTER OF SYMMETRY IMPLI~D AT THE ORIGIN 
'------'--" -- ------P-0-S-I-'L-I-0 N-S-R-&-b-A-1=-~·0-B-Y--I-T-W-ILL- 8:£--G~N~ RA-T.~-0 ------·-----------·-- . 
1 

NSIG FLAGS INPUT OF ESTIMATED STANDAFb DEVIATIONS. 
f---------------N-S-I-I.:r=-G-r-N-0·-E:-SGt-S--T 0-·B &-INPUT----------·---------···-·-··--------·-·--···-----·-·---

NSIG=1, ESD~~ TO BE INPUT 
_1 ---

NOTEI ALLJ DOES NOT TREAT CELL CENTERIN~ (A,s,C,~·,I) EG& FOR SP~CE GROUP 

F
: C-2_,_-A.L-L-4-C-A-RO-S--MU-S-"t:--9-E P-U.N.CH&D----·----·-------------·-·--------·-----·-·-----·----· ---·. 

4, S-'t-.'1,'1-&-1=-R-Y--I-N-~Q.R;'-4-A-T-I-O.N-C.A~,OS---( .. N&Q.-CA·RD S--0 F----T.H I S--T--Y. P E.J--F ORM A-T--( .. 3:J.·-·A-1-l---·-··---·-· 

~-----CO-t.S--1-----3-U--S-V-M-M::T-R-Y--I-N.~O-R"MA+-I-O-N---ON-E-&QU-I-V-ALEN-+--P-O.S-I-1-I-O-N--P-~P--C-A-R-D-.--+-HE-·--
GENE~~L ~QUIVALENT INFORMATION FOUND IN THE INTERNATIONAL TABLES IS 

~ ---SU-F-F--~C--1&-N-f--A-N.Q-S~ 0-U b~B.£--P-.U N-CHED---V··~-F~-SA.T I--M .----I-N--T-H &:--C A.S-E--- Of-·-A-·--C.E L-b-- WH-I-CH-··-·-- -
/ IS A,a,C,I OR F CENTERED, IT IS NECESSARY THAT ALL POSITIONS ARISING 
11------,F-~~~ki-~ :-E-N-l-~R-I-t4G-G-Ot-i-O-I-+-~I~ON-S-8&-EX .. P_l-I~I..f.L--Y--PUNG.HED...-----------·---.. ---·------·· 

--NO-r-E----I-.F-----U:i .£ ~-b-b--l:i-A-S---5 ~-E-N--CO D SO-AS-CE N-T-F.,O-S-Y. M.M E-i p_ r-C--<-N C E-N-·'"'---·1- )_,_Q 0--N 0-T---
PUNCH THQSE POSITIONS RELATED TO THE GENERAL SET aY THE C~NTER AT THE 
O.R:-I-G-I-N. -----·--·---·---·---------·--·----------·-----··-----------·-----

-··----~Q-T-t.=-r..-.-T-H~-R:E-A-0-!-N!;-QF-I-NEOR·}~~-T--ION--GN---ANY:..--G·IV-EN-··GAF.O -•'~-.,.MU·S.Y-•••· -8-E---·----·-·----··-· 
TERMINdTED 3Y A PEFIOD. 

-----------------------·-------------------
E.G •.••• FO~ SPACE GFOUP P21 (3 AXIS UNIQUE), NEQ= 2. THE FOLLOWING l 

1 -----C-A-RO-S-W-GUb-L'~-BE-·-·::;-S.Q·U-I-~E-0---<-PUNCH SD·~STAR-T.,ING-·- IN---COLUt~N···-·1-) 1-- ·------·· ··- ------- ·----- -·--·k.:-



ul-JUL-75 
-------------A-t-1=0-il-1-/-1-2-/-1-6-

AUTHOR - H. L. CA~~ELL 
·-------·----·----- --··-·----··-- ------------·----·------------· 

------A-b-b-Q---5--··. 

-------------------·•-X-r1-I-2-+-Y-..---Z.._------------------

-----~~~~--CAR.~·~------------------
~OR NFORM = 1: <UCLALS4) FOKMAT <3F10.5,4QX,Acl 

---------C.Q-b..S..-.-..1-~4--X-C-0 OKD-I-N-A-l.E-1N--CE-b-L--f:RA-C-T-TON-----------
COLS 11-20 Y COOPOINATE IN CELL FRACTION 

----------C.O.L.S-2-.~-0.R-0-I...~-A-!E-HLCELL-£?.. A-C-T.ION------
COLS 71-76 ATOM IDENTIFICATION 

------~~G-~t-=-Z I C XR-A-Y--7-ll-l-f:-OR-M-A-l=--{-1-X-•-A-&-~3F-8-.-4.-). 
COLS 8-13 ATGM IDENTIFICATION 

----------b-Cb-S-----1_._-&-1 X C OQ.R-Q-.I-N.A-f-£-lii--C~ l-b-F-R-A C-.T-I-ON.S--
COLS 22-29 Y COO~OINATE IN CELL FRACTIONS 

-----------G-0-~--3-7-Z-C-O-DR,D-I--N-A-+E-I-N-~L-L-F-RAC-T-I-ONS----------·-----

7. ~SOtS FOR THr NATOM COOP-UL~AlE~--------------------------

----T-HH-€-5 E C f! ~- O-S-A-R.E--I--N.c.L--1J.D.€-D-O.N-L-'t---I-F--N-S-I-G---1-.--NO--A-T-OM--I-o.&Nl'-I-F-I-CUI..O..~-I-S.----
REAO SO T1AT THEY MUST HAVE TH£ SAME INPUT ORDER AS THE COORDINATE 
CAR~S. 

FORMAT<3F10.5) 
------~Q~L~S-•1=-·l~;l_~F~s~n~o~F-~-----------

COLS 11-20 EDS OF Y 
01 S 21-3fi ESD 0£ 7 

----------·- -·---·---
INPUT TO DIST A~D ANGL 

----~~~~~~--S~L~~LO.N-~~-------------------
NOUT, NCA LL 

--------

--------------~~.I..E-SW..llC-l:l-2-0.0.W.N-+-RE-A-D--ER.O~·LUN.I.T-1-.----
{I2,I1) IF SWITCH 2 UP, R~AO FROM UNIT 6 

NQIIT M!ISI BE 5-----------------
NCALL ~UST BE 1 

--------------------------
DISTJ AN[) ANGLt REQUIRES. 1 LINE OF INPUT EITHER ON !<81 0~ CRt 

-------~-~-1~0Ji..~A.R-~T..A-R2-~NA-I~N-A..J~NO.I---N.SJ.~NC-I-~NC-J-..-DHA-X---DBOND--·· 

---------1NilC-l0o.l.lR!;.-,1L.--T~H'l.-"o..-OcuG.H.-N.O...iU--LN.CLUS-I\tE O£.EI-N-E--t.H.E-O..RIG.I.N--AI-Ot:1S--A-80l1J ____ W.HIC.H .. _TH.E---
DIS- TANCES WITHIN A RADIUS OF OMAX ANGSTROMS A~E TO BE COMPUTED. 

NTA~t THROUGH NTAR2 INCLUSIJE DEFINE THE TARGET ATOMS TO BE SEARCHED 
-----!.0 0 E I C" c "! I.NE.-I.£ ANY OLAJ_Q!tS-N.I.A.R.L.-LHP.. OU.G.H_.NJ .. AR--AE E W.I.l-HLN..-UMA.)L ________ _ 

AMGST~OMS OF NOR1 TH~OUGH NOR2. 

NAI, NAJ ~RE THE MINIMUM AND ~AXIMU~ NUMBER OF TRANSLATIONS ALONG THE 
-- t.A--t-----A..X..IS-LaC.LU~-0...-lJL-!.HE:---!l-lSLU·! C-L-SE-A£C H ------------------·-·-·-----------·----

------1'1-.fU..-.N.£U.._NCL,_~-C.LA.l?.P.U_I_Q __ T HE--- t G.t. _AN D -.tC t ... 0 I P..~ C T.I.O.NS-.R E.S P-.EC L! V ELY_._ __ ·---· 
IN MOST INSTANCES A 27 CFLL SEARCH DEFINED SY -1,1,-1,1,-1,1 FOR THE 

----!-H.E..E-E-~L-L.-D-l-2-EC-LI-O.NS-W-I-l .. L--B-E-MC.RE--!.HA.N-.. SU.F-flEIE-N..T-ECR..--F-I-NO.ING--A.LL-----:__ ___ _ 
DISTANCES WITHIN THE DMAX RADIUS, THE SMALL~R THE VOLUME FOF THE 

-----~A~-:i_,_T--1-S:-F--;:.s.T-~~"-T-H~--CA LCU LA-T--I-ON-- -W-I-L-L-BE --C OtiPL E.T-SDe-- -------- ·------ ----- -·-. ·- -·----·-· 



-

------------·------------ -------

-------------A-t.ti)---01.-It-2-/-7·6----· · 
THOR - H. L. CARRELL 01-JUL-75 .AU 

·------------

-- ---------- ·--------Ab.-l.ll--6----

-----· -·-·--------·-------------
D~Al( IS THE MAXIMUM DISTANCE FOR THE s::ARCH. 

THE BOND ANGLr:: CALCULilTION ROUTINE CONSISTS 'GF ALL 
N-0-R-~-I-NG·b-LJ-$,;-IJ-E-T-~iJ-C.G &-S.S-I-V-~¥-S-5-K-V-~-A-S-T-HE-IJ.E F.~+S.X-0-
ANGLE CALCULATION. THE. 2 END ATOMS AF.E CHOSEN FROM 
I-NC-b-Y--S+~W-I-l'-14--:r.H::: q_g.s_.r~I-C-T-I-0-N---+-HA-f..-l=.H-E-3--A-f!lM-S--I- N--fc 
AT l'r.05T 2 U~HQUC: SYt1METF.Y EQUIVALENT POSITIONS AND T 
MA-X-I-1iU+'1-.Q..I-S-r.A-N-C-S:-iJ£.j:..~i~E-N-T-l:lE-V-E~T-E-X-A-T-OM--A-ND-I-T-S .... E NO 

- -·--
!NPUT TO ANGL 

OWING NOR1 TH~OUGH 
F----A--3--A-T-Oi'1-BOND--
NTAR1 THROUGH NT_AR2 
ACH-A-NG-L-E--CA-~C.U.P-Y-----· 
HAT QMAX IS THE 
PO.I-N-T---A-T-0~'1 S--

f---·-------·---·-· - ---·-------

-

1-·-

'-· 

----

0-.--.Q-\1-E-F--b-4-¥--Sc·b.--&G--T-I-f.}~G-AR:O ·--------·--------· 
NOUT, NCALL 

----· I-T--1-------·-------·-(-2-I-2-l---f.F--S.W-I-T-G-H-2- -0-0 W-th--~ ~ A-0-F--R_.O M--U-N-
<I2, I1) IF SWITCH 2 UP, R.EAD FROM UN IT o 

N-Q IJ.+-M.Y-S-T-El€-':"' ·----
NCALL ~UST BE 2 

--------·--------------·-··---
ANGL: EACH ANGLE DESIF.Eu MUST BE SPECIFIED INDIVIDU ALLY. 

FOR 

FOP. 

!~PUT FROM \.JN!T 1. 
-B-0-N-J.---A-N-G-l: :: G-GG-E:........CA-R-9-s---t--l--5-I-3-J--S W-1-"'j:G H--2-I-S-- 0 0 WN ----·----

COLS 1-2 TRANSLATION ALONG A AXIS FOP.. A TOM 1 
~".nb-S---J-•4--r..R-A-NSb-A-T-I-GN-AL-ONG-,-.a---A-X-I-S-FOP:--A· T 0 M. --1------
COLS s-o TRANSLATION ALONG c AXIS FOR A TOM 1 
C..O-LS--7 -a E.Ql~I-V-A-L-E-N.L--R-0-SI-T-I-ON-N.UM.SER-F-OR -A-LOH---1-----·---· 
COLS 9-1G ATOM NUMBER· FROM INPUT ATOMS F 0?. ATOM 1 

T-OM--2-·------------·-------· 
TOM 2 

C Ol-S--1-1---1-C?-l=F-A-N S b-A-T-I-0 N--A-1..-0N G --A---A-X-I-S-F--0 R--A-
COLS 13-14 TRANSLATION ALONG e AXIS FOR· A 
G-0-b.-S--1:5---1-0-1=-R-A-NSLA-f..I-ON-···A·l ONG--G--A-X IS ·--FOR -A-· T 0 M-· -2·-·--------·---------- ·---
COLS 17-1 a EQUIVAL=:NT POSITION NUMBER FO~. ATOM 2 
G-Ob.-S---1..:3---2-4-A-l=-G-M-NU-MH~F.-FR 0 14-- I-NPU-T-- b- I S-1=--F- 0. R.--A-T OM---2-----_:_ ____________ _ 

COLS 21-2 2 TF.ANSLATION ALONG A AXIS FOF A 
GO-t.S-Z.J--2-4--T--K, A-NS-l-A-+-I-0 N-AL--ON-G-8-A-.X. I-S-- F.O R:-- A. 
COLS 25-26 TRA~SLATION ALONG c AXIS FOF. A 

TOM 3 
T 0 M-. -3-----------·------
TOM 3 

OL-s---2 7---2-3--eQUI·V A-i:=E-N-T--'-P·OS·lT--10 N-·· NUM BE E---F-0 R ·· A·T OM-3---------··----- ··-
COLS 2 3-3 () ATOM NUMBER FROM INPUT LIST FO R ATOM 3 

-----------·----
THE ANGLE CALCULATION IS TERMINATED BY -1 PUNCHED IN COLS 9-10 

---·- ---·--
T~LETVP:. INPUT: 

·------·---------·-···--------------·---·---- ---··-·-- --·-··-·--·----·----·--·-----·-·-··· 
FOR TELETYPE INPUT THE ATC~ NUMBERS ARE INPUT FIRST FOLLOWED BY THE 

-S-Y-.'1 M-E-"f:-~-Y----C-G-Q-E-F-G-R---T-H-~-A-T-0;"1-S-:--N-A-1~--N A-Z.-,-N-A-3- 7 --N A- (-1· h-N 3-(--1-) .,_ N G· (-1-l- ,-NE Q -(-1-h---
NA(2), N8(2)y NC(2), NEQ(2), NA(3), NB(3), NC(3), NEQ(3) 

IF THE ~QUIVAL~NT POSITION NUMBER IS tOt IT IS ASSUMED TO BE tit THUS 

---1-F----T-H ~-A-T-O·M-S--;·N---T-H S--AN Gl E-··CA-LG ULA--T I-0 N · ARE· IN-· 1 -M 0 L E C-UL E-- I-N-· T-HE·-· S-~-M €------·--- . 
ASYMM~TFIC UNIT, ONLY THE ATOM NUMBERS NEED TO BE SPECIFIED. THE ANGLE 

I-~G-~-NA-t----N-A-~---~A-b--.--T-H-~T-€-1..-~T-¥-P-~:__L·I-N-£-OF---I ~~PU-T~\JJU-S-T---8 &--+E-RM-lN-A-T--~-D--8 Y--A-·--·-·
COMMA t,t AND C~R2IAGE PETUFN. 



--- ·----------------------------·-· 

---------------- :\·l:-t:-8--0-1-/-1-2-1-7·6---. 
01-JUL-75 AUTHOR - H~ L. CARRELL 

-------·------------A-b-b-0 --7----

----l.-N-P-U-l---+-G--+.-G-~-S-f''l--1 -· -------------------··-------·-------------------·-· 

a. OVERLAY SELECTION CARD 
~~ 0 II T , N.CA-LL-

(2!2) IF SWITCH 2 DOWN, READ FROM UNIT 1 
--- ---------~LZ-,-l-1 a IF S.W.UCILZ-U.E.t--REA Q_.EF. OJ'L.UN.!L-0-------------

NOlH MUST ·sE 5 
----------~~~IC~~~-~~at~~-----

----F~:-~OR-I-~ II T F R.O-M-lJ.NI-'t-1 . ...._ ___________ _ 

TOFSION ANGLE CODE CARDS. 4 ATOMS PER ANGLE SWITCH 2 DOWN. 
-------~FOR~~~+-----------------------

COLS 1~2 TRANSLATION ALONG A AXIS FOR ATOM 1 
----------'C-0-b S 3 - '+ T R-A-N.S.~T-lON-A-b-0-N-G-B--A-X-I-S-~0-R-A-T.-DM-1;------------

COLS 5-6 TRANSLATION ALONG C AXIS FOP ATOM 1 
----------CO-L S 7 -8.---E.!W-I-V-A.L.~N.l-P-O.S.I-!..I.ON--NUMHER.--F-O.F~A-T-DM--1-----------

COLS 9-1.0 ATOH NU~BER FROM INPUT LIST FOR ATOM 1 
------CO.l.S 11-2 ~.A).O.£.__W_QR.DS-E.OP--A-T-O.M-2__:_._ 

COLS 21-30 CODE WORDS FOR ATOM 3 
-------------C-O-LS--2~l.=3-0.-C.O.D-E-W.0.2.0.S--E.O-~~A-L0.~4----

---------,--L~ I 0.~-I-OJNLA.N.G.l..-E-:--CA-L.CUL.UI-ON--IS-!.ERM.I.NJLT..£ 0-B.:t-2-U.~CH.I.N.G-~1-IN-
COLUMNS 9 AND 10 

FOP. INPUT FROM UNIT ol 
--------------

TELETYPE INPUT IS SIMILAR TO TH~T FOR BONO ANGLES EXCEPT THAT ~ ATOM 
-----Cv-OD~-.._r: ~>P- ~I-F--:r.c.A.l-I-nbl-S-~.E-N£C.E.SS.A.E.¥.---!.£EH.I.N.A.I.E--UN£--~·I.II.!::LC O.HMLA.N .. uD--

CARRIAGE RETURN. THE TORSION ANGLE 1-2-3/2-3-4 IS CALCULATED. 

,_. __ ..:___!_NE..U_L_I_Q_.£.U\.N£.S, ______ _ ---·-------·-·--·------·--

-----------------------~------------·---

O. OVERLAY SELECTION CARD 
N.QtJT, N.CA. ------------- -------------

<2!2) IF SWITCH 2 OOHN, READ FROM UNIT 1 
(.2-4ll-L!L-S.IiiJ..C.I:L2-U.P-, __ i.E.A.D-. E.F_QM __ U.N.l.T--6 

~JOUT MUST BE 5 
_____ aC.AI 1 '1 us.LsE-.4------·-------·---·------~---·--··-----------------

--C.A.l..-C-U....A.L~S-T..HE.-~LI-Ol'LO.S-T-!::l=-2-UtN.::.-D.SE.I NED--3-Y-T..HE---USf.:rt..--UP--'t0-3.0-----.----
ATOMS MAY DEFINE THE PLANE. THE PROGRAt-' WILL THEN COMPUTE THE 

----C.O.O~D-I-N~-T~S-OF--T-H~-&N-T.-I-f.<.-~-ATOM---ARRAY- ---~~I T-H----FE S ?£ C T---- TO-PTH E----P LANE-- F-0 R- --A-S----------· 
MANY .SYMM~TRY COO~ SETS AS DESIRE~. 

FOR INPUT FROM UNIT 1: 



1----·-------------- ------------------------------------------·--------·--------

1-----~--------------------------------------------·.A-Lt-D----:-0-17'-1.-P:t-76-··· 

01-JUL-75 AUTHOR - H. L. CA?~ELL 

1-----·-----------------------------------·------·-···----------

------------------------------------·---------------A-b-b-D----3---

r------------N-A-P-,-<-~I-T-l&(-: h-I-=--1-,-1-iH-~------------- ----------·-------- · 
COLS 1-5 NUMBER OF ATOMS TO BE INCLUDED IN THIS 

f-------------GA-b-G-U-t:-A+-I-G-N--G-Nb-¥-U-S-~-D-~0-C-A·kG-Ub A-+-E-P LAN E-MA-X-:.5-~'--------
COLS 5-~~ SUBTITLE FCR THIS PARTICULAR LEAST SQUARE5 PLANE 

r------------l'-"fg_-L ~ A-S-T-S-Q-UA-R-&S-P-b-A-N &S-C-A-b C-UbA-T-I-0 N-I--S--T-E-RH-I-NA-T-~-0-S-Y-A------1--
PUNCHEO IN COLS 4 AND 5 OF THIS CARD 

2. ATOH SPECIFICATIONS FO~_I'!AT<SISI3)l 

SPECI~ICAT!ONS FOR 5 ATOMS AR~ PUNCHED ON THESE CARDS SO THAT NAP/5 
---~;,C.A-R-!l-S-A-R-E~-CE-S--S-A-R-Y-I-F-N-A-P--=-U-C-:1-GO-Ub:O--S->--OR-N-A-P-1-5-+-1-lF--N-A-P=O--<-M-ODUL0-5-.)-------· 

COLS 1-3 TRANSLATION ALONG A AXIS FOR ATOM 1 
.. --G·Gl-S-----4---0--1=-Ft-:A-N-S-b-A-+-I-ON-A-b-GNG--B- A-X-I-S---f-OR-A-TO-M-1----------------------

COLS 7-9 TRANSLATION ALONG C AXIS FOR ATOM 1 
' ----G-Gt-S----1--G-4-2-€Q-U-I-V.-A-b-E-N-~-P-OSI-1-I-ON-NUM&-E~::-F-OR'-A-T-OM·-1-----·--···------------
~ COLS 13-15 ATOM NUMBER FROM INPUT LIST FOR ATOM 1 

1- 3. s YMHE TRY coo:: c AF.D FOR T~A NSFORMA TI ON OF--C-O_O_R_D_I_N_A_T-ES-T~-T-H-E --A~I A~-----
I-----S-'-S-~'4--W-l:i-I-CH-D~-SCR.-1-3-E-S--T-:!:i.E:-P-b-AN~-T-H-I~I-S-U.SE-F-UL-I-F-T-H-E-U..SER--~ANT-S-r.HE----

RELATiON OF THE ATOMS NOT INCLUDED IN THE PLANE WITH RESPECT TO THE 
f--.--P-l-ANE-..--'-t.Hl-rN·£3-y.N-G-,-~~--+4-I-4-->--R€AO-LNG--GF--S-Y..i1i1E-TR-.Y---GOOE--GA.f~OS--T-f:RH~I-NA-T-ED--H.Y-------

l- A CARD ·wiTH E~;1; 0 ~~~~~E-~A-~~D I.~~U-L-P-.RlNT-ED-O.U.-L------ ___________ _ 

' :~-'--~-----'~~I-T-b-E-0-F--~-h-A-N.E-C-1-5-A-4-)----

---· ----1.,.-1.-I--NE ~-E·~-A-T-0-,"t--E-A-CH-LI-N~-C.QNS--I-S-T-S--0-J;"_J-_ A-T-OH--NUM-BER-9---A-TRA-NSL-A--T-I-0~--------
- B TRANSLATION, C TRANSLATION, EQUIVALENT POSITION NUMBER END OF LIST IS 

--0.£-N.(}-~9--B-Y-A--T-0M-t\IIJ~8-ER--0F--<-O-I-F-A· T-0 M---NU-M 8 E ;:;,-.. 0 N L Y~-1 S---IN PUT-,---T-HE-- SY ~1M &-T-RY-·-~-----· 
POSITION o,o,O,l IS ASSUMED. 

3. 51\HE ~S 3 ABOV~, TO TERMINATE READING OF THESE CARDSt' SIMPLY 3IT 
___ _(_CJU---2-L..A-N.E--C-0-D j:' , 9 UJ---1-N-IH E--RS~Al-~.0-E.P~--0 F--.t. H E--1-N.P-UT---A-T 0 M-L I .ST. ---A- -C.O H.M A------- ... -

MUST ;oME AFTER THE EQUIVALENT POSITION NUH9ER. 
------------------------·----------------------·------------ .. ------- --------------. -

INPUT IS MUCH FASTER THAN TYPING ALL THE CARDS NEEDED FOR CRI NOTEI .KB: 

------~N~U-+.-----------------------------

-----------------------------·------



1-

r-

r--

.. 

---.-

01-JU~-75 
-

C:: A!tR-1.-E-P...UIII. 

c:t•R-U-:U.-bn 
I 

~R-A-M-~:k"'-P-lJ-+---I'.At4P-b-&-~ 
NOUT,\ICALL •• •5,1 

CALCULATE ANGLESCBLANK=YESJ• 

PRINT DISTANC~SCBLANK=YESJ• 

--------- -·----·---

---------·------At;;-1=8-0-1-/-1-2-1-7-6---·
HOR - H. L. CARRELL AUT 

------·---·--·-~----· .. ····-----

·-------·---- A-b-b-0-~-9----

-

-· 

-----

ENTER NOR1, N0~2, NTAR1 9 NTAR2,NAI,NAJ~NBI,N8J,NCI,NC J, DI'1A X, OBONO 
•1-.--?...-t--.r:::: ·---~t~, 1 '"' 1' 1 ' 2 • 0--;-2~ 

~-E AN-G-L-._~-~Y~S-)...~ ... '{0 -----------------------· 

AA-I-N+----1}-I-S--~"1 C F S ( \3.6-AN-K=-¥-gs.)_•.Nn 

I='MTI="l:' Mn~~' NT A.g...1~N-T-A-R-2-9..N.tLI-,..N-A-J-,..NBI-t-NB.J-,..NC-I-~Nr 
• 

·----------
OISTA\ICE CALCULATION COMPLETE 

----------------
NOUT,'ICALL •• •5,2 

ANGLE CODE ••• •1,2,3, 
--

ANGLE cooE ••• •4,5,6,o,o,o,1,o,o,o,z,o,o,o,1, 

ANGLE CODE ••• • 

ANGLE CALCULATION COMPLETE •• 
·----------------

~muT,'ICALL •• •5,3 

TORSIJN ANGLE COOE •• "'1,2,3,4, 
··-- -----·-- -------·---

TORSION ANGLE CODE ••. •5,6,7,~,o,o,o,2,0,0,G,2,Q,O,Q,2,G 
---------------------------~-----·-

TORSION nNGLE CODE •• • 
·--------

TORSI)N ANGLES COMPLETED •• 
1111'1UI~CALI ••• t;_.._J... 

____ I.£L£..I.Y. 0 ~ I N.2..UI ---···-------------·-
SUBTITLE ••• •SGG PLANE OF ATOMS =1,2,3,4,5 

-----·----- ------·-----··----
SYMMETRY CODE FOR THE ATOMS IN CALCULATION 

- -~·-· -- ·-------·-----·------------------
"'2, 
.. 3, ------------·--···-·------·-•• --- .... -·· --------- ---••M-o~O 

.. 
~--·-----c:::-v_M_M ___ .:_r_c_v_~_n_n =- _-_-_ ~-.i .-~ -_ ~-~ -~--~-r-_-"-1 ;;:-_-~--·----------···--·--·~--~· .. ····-·---·--·----~--···--···- --·--·-----·--·--- --· -·---·--·---·· 



01-JUL-75 
-----------------A·t:·l:-E)--Q-1:-·/-1-2-/-7-6-

AUTHOF - H. L. CARRELL 
---·- -------

____________________ _:_ _________ A-bl-D---1-C----

-•--G--r·C-,4-r.:r-----~-------

---~H-E--Q.U.I-II--M..-E-N+-~O-S-I-+-I-O-N-N-O-.-t-N-E-l---I·-S-t:-OO-b-A-R-G6- ------
REENT~~ CODE •• TERMINATE THE INPUT WITH A COMMA. 

--------------------------------·-----
SYMMET~Y GODE ••• NA,N8,NC,NE •• 

----~~~~-~~~1~~,-------------

S-Y-M-t-'1 .. ~ T-~,-¥----C-Oa&.....--.-N-4N-~NIM-N-&------,. -----------------------------------------·----·-------·----

TELETYPE INPUT 
----SUB-T-I-f-b-E-.-.--.-,.--------------- ----=--------

S-Y-I•lM-&T-~¥--G-.Q-~-F-Q.P.,-T-H-E-A-T-OM-S--Ii>I----GAbCUb.-A-T-1·0~------------------------·--------------· .. 
------· -- ---------- ----------------

NOUT,~CALL .... S,O 
-------

END OF RU~••••• 

.. -----------·--

____________ .;.._ ______________________________________________________ ---·-----··--------

------------,:--------·-----·------·------------.. -----------------·--·--·-·--·-----·· 

,. 

------------... - ... -----·--·-- ---·--.. ·------·--------------------·-·-

------------------------· ... ··----···---·----------------·-·--··-··--- ·- -----·--·-· 

--·------·----· 

·-------·-------------
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CALCSF IS A PROGRAM TO COMPUTE STRUCTURE FQCTORS' WRITTEN BY H. L• 
CAqRELL OF THE INSTITUTE FOR CANCER HESEARCH. 

PURPOSE 

CALCULATES STRUCTURE FACTORS 

LI"'1ITATIONS 

?4 EQUIVALENT POSITIONS 
100 ISOr:=Wt-liC ATO!<lS OR .Q NUi"ll:iEq OF ATOMS OETER"'INEO BY 
"!I SO + 2-:~~-IAN = l 0 0 

· i'! I S 0 = ~J UMBER 0 F I S 0 T R 0 P I C AT 0 rv1 S 
NAN = ~UMBER OF ANISOTROPIC ATO~S 

LOGICAL UNITS 

l 
7 
5 
4 

FILE ASSIGNMENTS 

INPUT OTHER THAN HEFLECTION DATA <DEFAULT CR:l 
REFLECTION DATA F~O~ ~S~EO <DEFAULT SY!HKLOAT.DATl 
PRINTED OUTPUT <DEFAULT LP!l 
OUTPUT TO FOUR!EH PROG iOEFAULT SY!FOURR.DATi 

1 M U S T q F A S S I G NED I F 0 T H E R T H .ll. ;,1 C H : 

-
·'l R : I F I T T S D E S I ~ ED T 0 ~ U :\J A F 0 U R I t: k S Yf\! THE S I S I M ;"1 ED I A T ELY A F T E R 
qtJ11if\IIf\JG CALCSF, IT IS f>!ECESSAKY TO l)t:-ASSIG!'J THE FILES BY! 

FI 
AND THEN LnG IN AGAIN. 
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INPUT 

CALCSF-2 
AUTHOR: H. Lo CARRELL 

CALCSF - 03/18/76 

THE INPUT TAPE (LOGICAL UNIT 7l MUST ~E A NUN-FORMATTED• ·BINARY FILE; 
WITH THE FOLLOWING INFO~MATION FOR EACH REFLECTION: 

H·K•l•~OTINt F08St SIGMAFt S!NL• Flll •••• FilUlt WHERE NOTIN 
INDICATES 08SERVED I=Ol OR UNOBSERVED 1=1> F08StSIGMAF ARE THE OBSERVED 
STRUCTURE AMPLITUDE AND ITS ESD. Fill ••• FilOl ARE FO~~ FACTORS FOR 1 TO 
10 ATOMS• as WRITTE~ BY THE DATA ~EDUCTION PROGRA~ MSRED 

CARD READfR: CONTROL INFORMATION 

OUTPUT 

PRINTER~ ~EE ATTACHEn EXAMPLE• 

QISC: (QPTTONALl IFOURR.OATl-A NON-FORMATTED BINARY FILE FOR INPUT TO 
T~E FOURIER SYNTHESIS PROGRAM. EACH RECORD CONTAINS HtKtltNOTINtiFOlt 
IFCl' IFO~FCl, ALPHA 

INPUT CARDS 

THE FOLLOWING INPUT DATA MUST BE SUPPLIED BY THE. USER AT EXECUTION TIME. 

1. FILE ASSIGNMENT 112A2l FILEN.Ai'v1E OF "INPUT DATA FILE 
EXA~PLE - MTO:JUNK 

THIS CARD IS NOT USED IN OLDE~ VERSIONS OF CALCSF. 

2. TITLE CARD 115A4l 

3. NSFtNEQV,NCENT•LAT~NSUPPtNFOURRtNEMAPI3I5t4XtAlt3I5l 
~SF - NUMBER OF ATOMS TO ~E INPUT 
~IE Q V - N U M 8 E R 0 F S Y M i-1 E T R Y E Gl U I V ALE N T P 0 S I T I 0 N S N 0 T R E L A T ED 

AY A CENTER OF SYM~ETHY AT THE ORIGIN NOR BY LATTICE 
TRANSL~TIONS AS I• 8, ETC. MARGINS OtO 

i\ICENT IOl/IU ••• IACENHdCl/ICENTRICl 
LAT PtBtAtCtF OR I 
NSIIPP 10l/(ll/(2l/13l ••• (DO·NOT LIST REFLECTION 

DATAl/(LIST ALL DATAl/ILIST OBSERVED DATA 
ONLYJ/ (LIST U~OBSERVEO DATA O~LYl 

~FOURR IOl/llJ IDO NO WRITE FOURIER FILEl/IDO WRITE FOURIER 
FILE> THIS FILE CONTAINS 
H•~•L•NOTINt/FO/,IFC/t/IFO/-/FC//,ALPrlA FOR EACH 

' REFLECTION. 
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4. SCALE•SLMIN,SIMAX,wTMIN,BCRYST<5F10.6l 
SCALE SCALE FACTOR FOR FOBS 
SLMIN - ~INIMUM SINE I FOR C~LCULATION OF E'S 
SLMAX - MAXIMU~ SINE I FOR CALCULATION IF SLMAX 4 O. THEN 

ALL DATA WITH SINL > SLMIN WILL BE USED. 
0T~IN - ~INIMUM WEIGHT OF REFLECTION TO BE WRITTEN TO FOURIER 

FILE. IF WTMIN :0.0 THEN ALL OBSERVED DATA ~ILL BE GIVEN 
W = 1.0. IF NEMAP = 1 THE~ ONLY DATA WITHE > WT~IN WILL 
BE USED. 

BCRYST - OVE~ALL TEMPERATURE FACTOR TO BE USED IN CALCULATING 
E VALUES •. <IF TEMPERATU~E FACTORS ARE o.o, BCRYST WILL 
BE USED AS THE ISOTROPIC TEMPERATURE FACTOR.) 

5. FDP(10l•FDPP(10) (2 CARDS> 2(10 F6.2J 
ONE CARD WITH FOP FOR UP TO 10 ATOMS 

DELTA F 1 - REAL COMPONET OF ANOMALOUS SCATTERING FOR ATOM TYPE 
- SAME ORDER AS FORM FACTOR CURVES ~ERE INPUT. 

ONE CARD WITH FDPP 
DELTA F11 

- IMAGINARY 
USE BLANK CARDS IF THERE IS NO ANOMALOUS SCATTERING. 

6. EPS (7) (7F5.0l 
EPSILON VALUES TO CALCULATE E 1 S FOR THE SEVEN CLASSES OF 

REFLECTIONS: 
HKL,HKO.~OL,OKL•HOO,OKO,OOL• THESE CAN BE TAKEN AS THE 

THEORETICAL V~LUES OH AS I HOSE REFINED BY SCALER <WILSON PLOT) • USE 
BLANK CARD FOR STRUCTURE FACTOR CALCULATION. 

7. 1-JGP (8) (8F5.0l 
THE PARITY GROUP WEIGHTS FOR THE EIGHT PARITY CLASSES OF 

REFLECTIONs·: 
GGG,GGU•GUG,GUU,UGG,UGU•UUG,UUUo AGAIN THESE CAN BE 

THEORETICAL OR COME FROM SCALER. USE BLANK CARD FOR STRUCTURE FACTOR 
CALCULATI0"-1• 

8. THE NU~·J~8ER OF EACH TYPE OF ATOM UP TO 10 TYPES. FNA(10l (10F5.0) 
BLANK CARD FOR STRUCTURE FACTOR CALCULATION. 

9. SYMMETRY EQUIVALENT POS~TIONS (3UA1l 
1 CARD FOR EACH OF THE NEQV POSITIONS. THESE ARE PUNCHED AS 

GIVEN IN THE INTERNATIONAL TABLES' E.G. x,y,z - x,y,z, ETC. 

10. NXYZ.XTEM <I5,F10.2l 
i\1 X y Z ( 1 ) I ( 2 l • • • ( A T 0 ·'-1 L A b t L LA S T D N C 0 0 R D I N A T E C A R D ) I ( A T 0 1"'1 

LA8EL FIRST Oi\l CUOROINATE CARD> USE 1 FOR LI"lUS OUTPLJT, 2 FOR FMLS 
OUTPUT. 

XTEM F~CTOR 8Y 1HICH 812' 813, 823 ARE TO BE MULTIPLIED SO 
THAT THE A~ISOTROPIC TEMPERATURE FACTOHS CONFORM TO THE FOLLOWING 
EQUATION Frq THE TE~PE~ATURE FACTOR 

EXP<-H*H*811-K*K*B22-L*L*~33-H*K*812-H*L*dl3-K*L*B23) 

11. FNlT <l5.!~4) 

FORMAT OF CDORDI~ATE CARDS 
SEE DESCQJPTJON OF CARD 13. 
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FOPMAT OF TE~PER~TUHE FACTOR CARDS FOR ANISOTROPIC 
TEMPERATUR~ FACTORS. (SEE 8ESCRIPTIUN OF. CA~O 13l. USE A BLANK CARD 
HERE IF TE~DE~ATURE FACTO~S AHE ISOTRUPIC AND cl ON ATOM CARD 0.0 

13~1 COOP~INATE CARDS x.y,z,8,G•ITbL•ATOM LA8EL OH ATOM 
LABEL,x,y,~·B•G• ITBL' ~S OETERMI~ED ~y CARDY (NXYZl. 

x.y,z THE FRACTIONAL ATOMIC COORDINATES FOR EACH ATOM. 
8 ISOTROPIC TEMPE~ATUHE F~CTO~. IF THIS IS 0.0 

OR J-:<LA:\.J~ THE!\1 CAI-<LJ 12 • 2 :'II LL BE ~EAD. 
r, THE OCCUPL\1\ICY F1~CTUR (USUALLY 1.0 U;\jLESS THE 

ATOM OCCUPIES A 5~~CIAL ~OSITIO~l • 
IP~L ;'HJMBER OF THE FORi'4 FACTOR FOR THIS ATOM. IF 

THE ATOM IS A CAR80N ATU~ AND THE FORM FACTOR 
FO~ CARBON IS THt FIRST• THEN ITdL - 1. 

13.2 TEMPERA.TlJRE F/~CTOR CARDS B1lod2~'833,812,813,823 (ANISOTROPIC 
TEMPERATURE PaRA~.) IF 822 IS LESS THAN OR EQUAL TO O, THE~ 811 wiLL BE 
TA.KEN AS THE ISOTROPIC TE~PERATURE FACTOR. 

RESTRICTIONS 

ll 24 Ut\II0lJE E(~Uiii.A.LENT POSIT!ili'JS 

2l 100 ISOT?QP!C .~TOi"!S OR A Nl1:+:3ER OF .AT0i''IS nr:TF.R~-11\IED BY THE 
REL~TIONSHID NIS0+2·:<NAN=lOO, 'JoJHERE 1\llSO= i\ld•"18ER OF ISOTROPIC ATOMS. 
NAN = NUMBER OF ANISOTROPIC ATOMS. 

THE INPUT TaPE (LOGICAL UNIT 7l MLJST 8E A NON-FORMATTED, BINARY FILE 
'~TTH THE FOLLOWING INFORMATIO~ FOR EACH REFLECTION: 

H,~•LtNOTIN,FOBS,SIGMAF•SINL,F(1J ••• F(10)' 
t~niCATES OBSERVED (=Ol OR U~U8SEqVEO (=ll 
0 q S E R V E D S T R U C r 1J R E .£\ fvl P L I T lJ U t. A N D I T S ES D • 
FQDM FACTORS FOR 1 TO 10 ~TOMS. 

THIS FILE MAY 8E WRITTEN AT DATA ~EDUCriO~ 

.,.JHERE NOTIN 
FU8S,SIGMAF ARE THE 
F(ll ••• F<1Ql ARE 
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SAMPLE RUN 

Cl\RO l\IPUT 

'•HO:t:DCIT.O.l\T 
ETHYLENEQIAMI~E CITRATE 
17 1 1 p u 1 ·o 1 • u 40 
2.2 14. 4. 16. 

x,y,z 
2 

(7X.A4,2X,3FA.5,F7.3,F8'5'I3l 
ATOM 1 o.:,11ao 0.17060 0.1636U 
ATO~ 2 0.5-{590 0.45i70 0.29250 
ATOtvl 3 0.80'340 0.52930 0.30750 
ATOM 5 0.76270 o.ou750 0.27'730 
l\ T 0 ~I 6 0.61410 o.o3t~8o-o.J305o 

ATOM 7 0.57440 0.26320-0.22800 
ATOM 8 0.29370 0.30640 -.07U6U 
ATOM 9 0.69650 0.421::370 0.2744d 
ATOM 10 0.36520 0.25970 o.J763u 
ATOM 1 1 0.98100 0.12660 0.54390' 
ATm-1 14 0.71750 0.27360 0.22560 
.ATOM 15 0.64410 t).17500-0.1960U 
ATOM 1f:> 0.85950 0.1244U 0.412h0 
ATOM 17 0.77550 0.22420 0.02220 
ATOM 19 0.83560 0.27640 0.43830 
ATOM 21 0.21570 0.23340 0.20530 

. ATOM 22 .Q.21140 0.33650 0.09150 

K8 If\! PUT 

RU CALCSF 
STRUCTURE FACTOR CALCULATI;J'\J 

5-METHYLCHRYSENE. 

2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
c.2 
2.2 
2.2 
2.2 
2.2 

o.o 

1 • 0 
1.0 
1 • 0 
1 • 0 
1. 0 
1 • 0 
l. 0 
1. 0 
1 • 0 
1 • 0 
1 • 0 
1 • 0 
1 • u 
1 • 0 
1 • 0 
1 • 0 
1 • 0 

N S F = 3 l 1\1 E Q V = 2 '·J C EN T = 1 L .4. T T I C E = P 
SCALE FACTOR FOR FCALC= 1.000 

·o.7 

1 
1 

'1 

1 
1 
1 
2 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 

T H E L m11 E R A ''' [) UP P E R L !"-11 T S 0 F S I i\J (THE T ~ l I L A <'18 f) A A R E 0 • 0 0 0 AND 0 • 0 0 0 

RE~PECTIVELY 
vJT M HI= 0 • 0 0 0 
R(OVERALLl= 0.00 
EPSILON VALUE~ FOR THE ~EFLECTION ZO~ES 

HKL OKL HOL HKO HOO UKO OOL 
1.00 1.00 1.00 1.00 1.00 1.uo 1.00 

P A P I T Y G R 0! I P 1•1 E I G H T S 
GGG Gr.:.u <3UG GUU uG:3 UGU · UL.JG UUU 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

CELL CONTE~ITS MID ANOr·1ALOUS SCATTE'-< 11\IG VALUES. 
AT0~1 TYPE "'0• F!)P Ft)PP 
I ~I P lJ T E 0 U I II ll L E !'.iT P 0 S I T I 0 1\1 S • 

1 :.<,v.z 
2 -X.l/2+Yd/2-Z 

I•\!PlJT ATO·'--ITC PARA'1EfE~S 
NO. ATOM X Y Z G. d11 ~22 d33 
813 

1 1 0.3613 o.6981 o.UJB~ 1.oooo 6.150 
2 2 u.3424 o.5333 -u.0043 1.noo 9.135 

o.o 

t312 
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3 3 0.3740 0.4247 -0.0031 1.0000 1U.25l} 
4 5 0.5952 0.3237 0.1':561 1.0000 o.;27ts 
5 6 0.6527 0.3246 0.2067 1.oooo 8.706 
6 7 0,73U9 0,4H3H 0.3152 1.0000 1U.21<+ 
7 A 0.7453 0.63~8 0,3552 1.0000 9.174 
tl 9 0.7022 0.8159 0,3531 1.0000 b.510 
9 1 0 0.6358 0.8315 0.3009 1.oooo 1. 16 r 

1 0 11 0.5042 0.8553 0.1tj99 1.ouoo 7.9d9 
1 1 12 0.4417 0.1:3643 0.1435 1.0000 ~.901 

12 13 0.4202 0.6759 0.0907 l.ouoo 7.149 
13" 14 0.4717 0.5067 0,0947 1.0000 4.9d6 
14 15 0.5373 0.5059 0.1487 .1.0000 6.623 
15 16 0.5526 0.651::10 0.1957 1.oooo 6.239 
16 17 0.6169 0.6705 0 •. 2491 1.0000 5.87d 
17 18 0.6b63 0.472>3 0.2555 1.ooou 7.711 
18 19 0.5828 0.1364 0.1061 1.0000 1:1.883 
19 2 0.0243 0.~149 O.OY58 l.oooo 7.630 
20 3 0.0454 Ll.7396 0,06qg 1.0000 5.576 
21 4 0.0932 0.5583 0.1048 1.0000 9.375 
22 5 0.1945 0 •. 4 7 3 7 0.3125 1.0000 5.760 
23 7 0.1945 0.5437 0.4739 J.oooo 6.896 
24 8 0.1700 0.7240 0.4972 1.oooo 8.742 
25 0.1214 0.9103 0.4621. 1.0000 1.957 
26 1 1 n.0642 1.0089 0.2778 1.0000 5.77<+ 
27 13 0.0799 0.7917 0.1944 1.oooo 7.428 
28 14 0.1050 0.6099 0.1709 1.0000 9.18!:S 
29 17 0.1281 o.aou7 0.3699 1.ouuo b.608 
30 18 0.1693 0.6197 0.3961 1.oooo 8_.455 
31 19 0.2298 0.2910 0~3080 1.0000 8.d45 

TI~E 18:31:33 
SCALE FACTOR FOR F08 = 0.23260 NSU~~= 0 NFCOR~= 1 
Sltv!Ii'J= 0.0000 SLM.I~X= u.OOOO .,~P'I!N= 0.0000 
TOTAL NO. OF nATA = 2772 NO~ UNOBSERVED = 1045 
R(CONVE~Tin~ALl= 0.422 R(w~IGHTEDl= 0.65692 
2772 DATA WRITTEN ONT0 THE FOURIER DATA FILE. 
SUM/DLFI<ORSl= 10812.322 SU~/FOB/<085}= 25629.420 SUM/FCALC/(OBSl= 
20827.623 
SUM W*DLF*nLF = 36712'3.8125 SUM -W*FO*FU = ts50721.6250 SUM W*FC*FC= 
68A549.4375 
SUM/DLF/(UN08l= 3344.4514 SUM/FO/IUN0ci}= 2272.1790 SUM/FCI<UN08J= 
3550.2039 
R FACTORS FOr< THE REFLC:CT I 0~1 GROU~S(UbSERVED DATA ONLY) 
GROUP 0 SlJiviFQBS SU·"1f1LF SU•·J!FC •\1 0. 
HKL 0.4?1 0.1706E 05 0.7l!::l7t: 04 U,1334C: 05 13 0 4· 
OKL 0.395 o.1428E 04 0.5640€ OJ li.1346E 04 100 
HOL 0.405 0.4B92E 04 u.1Y!j2E 04 U.4548E 04 241 
HKO 0.398 0.10~~E 04 0.4370t: 03 u.7026E 03 47 
HOO 0.~94 o.5115E 03 0.354YE OJ u.:::lblOE 03 15 
OK 0 o.~2s o.2t\8SIE 02 0.2384E 02 U.8'143E Ol 2 
OOL 0 o I~ ;:>q o.A1J4E 03 0.263<+E 03 U.5178E U3 18 
~~ 4 XH= 21 ~~'ll X K= 5 '-1~-<L= 23 F 0!'--H\ :(= 2~2.73 FC•J~AX= 198.19 DFI"'AX= 
H P!DEX CH A i\1!11=.: S 21 TUlES. 
K I 1\1 DF.: X CH ll ''~~S 1 0.'3 T I,._., E S. 

114.63 
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"CART." 

Program to compute cartesian coordinates relative to any given plane. The input 
consis~s of the crystal ccoordinates of the desired atoms, the symmetry equivalent 
positions, the transformation matrix, ·and the symmetry code cards for each calculation. 
The transformation matrix may be obtained from the least squares plane calculation in 
ALL D2 and the symmetry code cards from the distance calculation .in ALL D2. 

INPUT: XYZ,+-/123456~ 

A. Title Card (cols 1-72) 

B. NAT,NEQ,NTPY (3I5) 
cols 1-5 NAT-/I of atomic coordinate card!; to b.e read 

6-10 NEQ-11 of sym. equiv. pos. cards to be read (including those related 
by a center of sym. at the origin) 

15 NTYP-("0" or blank)/(1)-(UCLA COORES.)/(XRAY COORDS) 

C. Equivalent Position Code Cards 
cols 1-45 (4.5Al) 

Punched as found in the International Tables (same as for ALL D2) 
ex. cols 12345678910 

x,y,z 
1/2-x,y,z 

D. Transformation Matrix Cards (3 cards) (4Fl5.7) 
(T)(X)=(X') 
where (T) is the transformation matrix 

(X') the cartesian coorrlinates 

E. Atomic Coordinate Cards· 
NAT cards in UCLA or XRAY format as specified by NTYP 

F. Symmetry Operation.for calculation of coordinates (4I3) 
cols 1-3 II of translations in "a" direction NA 

4-6 II II 
II II "b II II NB 

7-9 II" II II II C II' ·II NC 
10-12 equiv. pos. II NE 

as many "F" cards are used as calculations desired. 

"CART." 'program usually takes less than 1 se~ond of computer time 

2 or more runs may be made back to back by placing a "-1" for NE in the last "F". 
card and following this card with all cards "A" through 11F" for the next compound. 
CXQT ABC. CART IS NOT REPEATED FOR EACH ADDITIONAL CMPD. 



0003 
0004 
0005 
0006 

A002 
$CO 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
001.4 
0015 
0016 
0017 
0018 
0019 
0020' 
002·1 
0022 

. 0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 

16:04:51 09-NOV-73 PAGE 1 
I 

C.f4R_TE S REAL NAME 
DIMENSION AC3>~BC3>~CC3>~DC3>~TC12>~TRC24~3>~SSC3~3>~RNC3) 

1S C24~3~3>~XC100>~YC100)~Zc100)~NAMEC100>~IEQC45) 
DIMENSION NEQC14) 
COMMON NEQ 
READC1177>CNEQCJ>~J=1~14) 

77 FORNATC 14Al) 

012620 

700 
1 

101 

.. }· 

READ( 1.~1) ( TC I) I I= 11 12) 
FORMATC12A4> 
PRINT 10l~CTCI>~I=1~12> 
FORMATC 12A4 > 
READC1~2>NAT~NEQV~NTYP 

2 FORMATC3I 5) 
PRINT 1021NAT1NEQV 

...... 

102 FORMATC1H0 I5~13H ATOMS INPUT.~5X~I5~22H EQUIVALENT POSITlB 
PRINT 103 

· 103 FORMATC28H0INPUT EQUIVALENT POSITIONS. /5H0 NO.-
. DO 2 0 I = 1 ,~ N EQ V 

REA DC 11 3 ) ( I EQ ( J b J = 1 I 4 5) 
PRINT 4~I~CIEQCJ),~J=1~45> 
CALL EQPOSCIEQ~RN~SS> 

3 FORMAT( 45A1) 
4 FORMATCI5o~4Xo~45A1> 

DO 19 J= 11 3 
TRCIIJ>=RNCJ) 

18 
19 
20 

DO 18 K= 1~3 
scI ~J.~K> =SSCJ.~io 
CONTINUE 
CONTINUE 

. ' 

REA DC 11 5) (A ( I ) .I B ( I ) ~ c ( I ) I D ( I ) I I= 1 .I 3 ) 
5 FORMATC4F15.7> . 

PRINT 120 
PRINT 5o~CACI>~Bii>o~CCI>o~DCI>o~I=1o~3). 
PRINT 105 
00 2 5 I = 11 NAT 
! FC NTYP • EQ·. 1) GO. TO 23 
REA DC 1.~ 6)XC I b YC I b Z C I b NAMEC I> 
GO TO 24 

). 



·~ 
I 

02 
$CO 
0038 
~~39 
0~40 

0041 
~042 

~043 

~044 

~~45 

~~46 

~~47 

~~48 

0~49 

~~5~ 

~051 

0052 
~~53 
0054 

23 READC1~7>NAMECI>~XCI>~Y~I>~Z<I> 
24 PRINT 127~NAMECI>~XCI>~YCI>~Z<I> 
25 CONTINUE 

PRINT .128 
3~ READC1~8~END=99>NA~NB~Nc~NE 

lFCNE> 700~99~ 731 
731 PRINT 1~6~NA~NB~NC~NE 

TA=NA 
TB=NB 
TC=NC 
PRINT 111 
DO 40 I= 1 ~ NAT 
XC=TRCNE~ 1 )+TA 
YC=TRC NE~ 2) +TB 
ZC=TRCNE~3>+TC 

XC=XC+SCNE~1~1>*XCI>+SCNE~t~2>*YCI>+SCNE~1~3>*ZCI) 
YC=YC+SCNE~2~1>*XCI>+SCNE~2~2>*YCI>+SCNE~2~3>*ZCI> 

FORTRAN V0 0 4A 16:04:51 ~9-NOV-73 PAGE 

ZC=iC+SCNE~3~1>*XCI>+SCNE~3~2>*YCI>+SCNE~3~3>*ZCI> 
XP=AC1>*XC+BC1>*YC+CC1>*ZC+DC1> 
YP=AC2)*XC+BC2>*YC+CC2>*ZC+DC2> 
ZP=AC3>*XC+BC3>*YC+CC3>*ZC+DC3> 
PRINT 11~~NAMECI>~XP,YP:-.ZP. 

4~ CONTINUE 
11~ FORMATCSX~A4~sx~3F1~·4> 

GO TO 3~· 

99 STOP 
6 FORMATC3F1~.5,40X~A4> 
7 FORMATC7X~A4,2X,3F8.4> 
8 FORMATe 4I 3 > 

2 

~~55 

~056 

~~57 
~~sa. 

~~59 

006~ 

~~61 

~062 

0063 
0.064 
~065 

~066 
0~67 120 FORMATC34H0COORDINATE TRANSFORMATION MATRIX /10X,2HVX~ . . 

A~02 012620 
$CO 

113X~2HVY,13X .. 2HVZ~ 13X~ 1HD. ) 
0~68 105 FORMATC/25Hii:liNPUT ATOMIC COORDINATES I 

138H0 ATOM X Y· · Z 
127 FORMATC2X~A4~2x~F12·4~2F112l·4> 
128 FORr1ATC 1 H0 ) 

) 



0eJ72 
0073 

TESI GOORDl 
122H AFTER TRANSFORMATION./ 
228HeJEQUIVALENT POSITION CODE IS~lHC~4I4~1H)) 

111 FORMATC45HeJ ATOM X Y 
END 

.· l 

ROUTINES CALLED: 
EQPOS 

BLOCK LENGTH 
MAIN• 2871 (013156)* 
.$$$$ •.. 28 (0eJ0eJ7eJ) 

**COMPILER ----- CORE** 
PHASE 

DECLARATIVES 
EXEC UTABL ES 
ASSEMBLY 

USED FREE 
00610 eJ4535 
00767 04378 
eJ1727 06335 

.... 

#EQPA~KB:<CR: 

FORTRAN VeJeJ4A 16:16:11 '09-NOV-73 PAGE 

SUBROUTINE EQPOS< I EQ,RN., S> ... 
DIMENSION IEQC45>~NEQC14>~RNC3>~Sc3~3>~RC3~2> 
COMMON NEQ .. 

1 

0001 
0eJ02 

'00eJ3 
0004 2 FORMATC////@ IEQC@~I2~@)=@~A1~@. THIS IS NOT A LEGAL 

1 /@ THE ONLY ALLOWED CHARACTERS .. ARE @ 17C2X~Al>) 
0eJeJ5 
((J((J((J6 

0eJ07 
0eJeJ8 
00eJ9 
0eJ1eJ 
0eJ 11 
eJ012 
0013. 
0014 
0015 
0016 

AeJ02 012 620 
$CO 

N=1 . ~ .. 
K=1 .. . .. ' . 

-SS=1· 
DO 1 I=1~3 
RCI~1>=eJ. 

RCI~2>=1; 
DO 1 J= 1 :,· 3 
SCI~J>=0·0 

1 CONTINUE. 
DO 13 I= 1 ~ 45 

DO 5 J= 1 ~ 14 
IFCIEQCI).EQ.NEQCJ)) GO TO 6 

. ': ~ 

0017 5 CONTINUE 

z ) 

CHE 



e 

00 8 
0019 
~020 

0~21 

6 
7 

Go To < 1 ~ 7 ~ 1~ 8 ~ 9 ~ 1 0·~ 1 •~ 1 2 ~ 1 2 ~· 1 2 ~ 1 2 ~ 1 2 ~ 1 3 ~ 1 4 b J 
SCNIJ)=SS . 

0022 
~023 
0024 
~025 
~026 

~027 

0028 
~029 

~030 

0031 
0032 

A002 
$CO 

A002 
sco 
0033 

. 0034 
0035 
~036 

0037 

ltC 

8 

9 

10 

1 1 

12 
13 

012620 

012620 ' 

. 14 

1 5 

.. BLOCK 
EQPOS 

GO TO 13 
N=N+1 
K=l 
SS=1• 
GO TO 13 
SS=-1· 
GO TO 13· 
K=K+1 
GO TO 13 
R(N~K>=J-7 

CONTINUE 

DO 15 I= 1~ 3 

·, 

RNCI>=RCI~1>iR<I~2> 
CONTINUE 

·RETURN 
END . . . 

LENGTH 
423 (~01516>* 

.• $$$$. 28 (000070) 

**COMPILER ----;.. CO~E** 
PHASE 

DECLARATIVES 
EXECUTABLES. 
ASSEMBLY 

USED FREE 
00449 04696 
00607 04538 
01315 06747 

·I'l'Kl 
$RU LINK 
LINK V11A01 
HCARTES<CARTA~EQPA~FTNLIB/L/U/E 

·.' 

.. 
.. 

;.~ ... 

. · .. 

.. . . ~: .. .. 

·.: . 

. ~ . . . ~: 



r 

I. 

HIGH LB-11 T: 

LINK V11A01 
ltC 
.KI 
$AS KB:~s ,. ·; 

$AS CR~l 

$RU CARTES 
. ~ .. .. 

FORT001009 FILE-DOES NOT EXIST I OR IS ALREADY OPEN 
NAME SEQ 
MAIN• 00005 

$AS KB: ~ 5 
' $AS CR: . .1 

$RU CARTES 

ANTHRACENE 

7 ATOMS INPUT. 4 EQUIVALENT POSITIONS. 

INPUT EQUIVALENT POSITIONS. 

NO. 
1 x~v~z 
2 1/2&X~1/2-Y~z 

3 -x~-v~-z 
4 il2-x~1/2&Y~-z 

FORT006000 CONVERSION ERROR 
NAME SEQ 
MAIN • 00029 

COORDINATE TRANSFORMATION MATRIX 
VX VY. 

6.9016218 ·-2.6191590 
-2~7635620 . -5~3858752 
-4~~451401 -0~7520110 

INPUT ATOMIC COORDINATES 

: . . 
·.,/, 

. ·'· •. ·. 

. -' 

vz 
-1·4314660 
- (21' .. 8 4 51 3 2 0 
11 .• 0385323 

.o 
-0.0009930 

0" .. 0000000 
-0.0004630 



, 

·o 

y z 
0.0875 0·0291 0. 3659 
0.0041 0. 1 792 -0.3161 
0·1189 0.1555 0.2806 
0.0606 0.2587 -0-.1824 
0·.0590 0·. 0821 0.1382 
0.0301 0.1309 -0-.0898 
0' .. 0874 0·.208 5 0·.0473 

CARTESIAN COORD! NATES OF MOLECULE 
AFTER TRANSFORMATION. 

mUIVALENT POSITION CODE 

ATOM X 
A 0·0034 
G 0'.0101 
B 0".0105 
F 0' .. 0009 
c -0-.0065 
E -0·.·00 71 
D -0.0113 

CARTESIAN COORD! NATES OF 
AFTER .TRANS FORMAT! ON. 

mUIVALENT 

A 
G 
B 
F 
c 
E 
D 

ATOM 

,1350 00000.0 

POSITION CODE 

X 
0.8654 
1 ... 658 7 
1 ·• 5347 
2"·"0656 
1 • 1334 
I·. 3881 
1 ... 790 5 

ISC 0 

y 
-0.7076 
~0·. 7093 

·-1··4030 
-1···4064 

' -e·. 1222 
. -0.7122 

-1-.4044 

MOLECULE 

ISC 0 

' y 
-5.3145 
-3··'6987 
-4·.- 6481 
-3.5402 
-4:.-7574 
-4···2224 
-4-.0786 

0 

0 

0 1) 

z 
3e6445 

-3···6419 
2'.4753 

-2-.4653 
1"·2123 

-1-.. 2185 
-0·.0065 

. ;'· . .-.· -. 

1 2) 

z 
12.2282 

5·.1616 
11 ·• 2491 

6·'.4637 
9'.8758 
7"·"5183 
8' .. 8470 

8 $. 

.. 

.. 



-

a 

I 

.. · 

ltC 
.KI 
SFI 
TIME: -23: 15:54 

DOS V08-02 

.$ 

SLO 40.,1 

DOS V08-02 
• ... 

. , 
SDA 12-NOV-73 
STI 10:03:00 
SLO 40.tl ) 

"DATE: -12-NOV-73 
TIME:-10:03:08 
$AS CR:, 1 
SAS KB:, 5 

: ... · 
SRU CARTES 

ANTHRACENE .· . ."· 

7 ATOMS INPUT. 4 EQUIVALENT POSITIONS. 

INPUT EQUIVALENT POSITIONS. 

NO. 
1 x.,y,z 
2 1/2+X~1/2~Y,Z 

3 -X,-Y.,-Z 
4 1/2-X,l/2+Y,-Z 

COORDINATE TRANSFORMATION MATRIX 
VX VY 

6.9016218 ~2-6191590 

-2.7635620 -5.3858752 

vz 
-1.4314660 
-0.8451320 

D 
-0.0009930 

1.0093020 



-: 0 • 7 52 0 I I 0 11 .~3as323 

- . INPUT ATOMIC COORI::INATES 

ATOM X y z 
A 0o0875 0.0291 0.3659 
G 0.0041 0.1792 -0.3161 
B 0 ol 189 0.1555 0.2806 
F 0.060 6 0.2 58 7 -0 ol824 
c e .e 590 0.0821 0.1382 
E 0.0301 0.1309 -0.0898 
D 0.0874 0.2085 0.0473 

CARTESIAN COORDINATES OF MOLECULE 
AFTER TRANSFORMATION. 

EQUIVALENT POSITION CODE IS< 0 0 0 1 ) 

ATOM X y z 
A 0.0034 0.3017 3.6445 
G 0.0101 0.3000 -3.6419 
B 0.0105 -0.3937 2. 4753 
F 0.0009 -e.3971 -2.4653 
c -e .0_065 0.2871 1·2123 
E :-0.0071 0.2971 -1.2185. 
D ·-e.e11J -0.3951 

.CARTESIAN COORDINATES OF MOLECULE 
AFTER TRANS FORMAT! ON. 

EQUIVALEN-T POSITION CODE IS< 

A 
G 
B 
F 
c 
E 
D 

ATOM 

13 50 000000 

$FI 
TIME:-10:07:47· 

X 
. 0.8654 

1. 658 7 
1 • 53 4 7 
2.0 656 
1 • 1 33 4 
1.3881. 
1 • 790 5 

y 
-4.3051 
-2.6894 
-3.6388 
-2. 5309 
-3.7481 
-3.2131 
-3.0 693 . 

-0.0065 

1 2) 

z 
12-.2282 

5o 167"6 
11 • 2 491 
6.4637 
9. 87 58 
7.5183 
8. 84 70 



PROGRAM NAME 

PURPOSE 

LIMITATIONS 

SWITCH SETTINGS 

LOGICAL UNITS 

. FILE ASSIGNMENTS 

CONTIJR 

contour Fourier 

default values 

· 4 LP for headings on plot 

5 DKO:CONTUR.DAT output from FOURR 

6 KB for error output 

7 input control card file 

~F plot Ul.e 

only if different from default 
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CONTUR 

Program to contour electron density maps and Patterson Functions 

to the Versatec Matrix Printer/Plotter. The map input is generated as 

an option of program FOURR. In addition, the user must supply certain 

control information: 

lnEut Check List: 

l. ORID, NUMCOP, TITI.E 

2. NUMSKP, SYMTY~, XLEN, YLEN, BETA 

3. SKIP CARDS 

4. LEVEL CARDS 

.? •. EOF CARD 



-·· 

I: 

t,; 

c 
{ .· 
c 
c 
c 
r 

\ 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

. c. 

( 

c 
c 
c 

·c 
c 

c 
v 

r 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

L. 

c 
( 
E~~. 
c 
c 
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U~HL;l:: 

TillS PI='OG~ill·l ur;rs FIVE Ili'lHISETS. EnCH DATA SET 
HAS A J:I(HlliLT \'t"lLUE WIIICII 1·1tW U[ O'v'l.YRU•IIEH AT RUII TitlE. 

LU 

4 

5 

6 
7 
PF 

DEFAULT 

LP: 

DI~O: COIITUF:. r•AT 

KB: 
CR: 
DKB: TEMCOH 

USE 
-------------------------------USEfl TO l.IRITE llEf)IliHGS liFTER r1 
PLOT. IF HG1D!NGS tlOT l'ESI~:ED 
IT tltW fl!=' CHfUIGE[l TU THE TTY. 
8 Hlt)P.V 1'1H11 F II. E OF THE TYf-'[ 
THAT f.OLIP.~ Pf.:l1l•UCF.S. All'l' FILE 
THAT H1Y::i THE RIGHT FORfbH tht'( BE 
USED. TilE USEP. IS l-IAP.tiED TiltH 
THIS FILE NAtiE LJILL BE OVEf.:l.lh'ITTEH 
BY THE FOUr.P. P~~OGF.m·t. IF Tfl[ USEP 
WISH~S TO St.l'.'F HIE FOURP. ~[SUL TS. 
HE l"bW f;'E'-~I~H-IE THIS FILE. 
AND A~.S I G~l THE tiElJ FILE ~li'll IE TO Uti IT 
FIVE FOR COIITCtUF: I NG 
USED FOP. EPPOP OOTPUT. 
CONTROL FILE FOR CONTOURING. 
THIS IS THE PLOT FILE. THE USER 
MAY RE-ASS I Gil IT TO All'( PLOT FILE. 
A PLOT FILE f·iUST BE A COtiTIGUOUS 
FILE Otl AN RK DISC OF AT LEAST 256 
BLOCKS. 

THE BINARY FILE HAS THE FOLLOWING FORMAT: 
THE FIRST RECORD HAS 12 LJORDS. HIID SPECIFIES 
THE SIZE OF THE GRID TO BE INPUT. 
THE TL.IEL \lE l.IORt•S ARE THREE SETS OF FOUR LJORDS. THE FIRST 
DEALS WITH THE SECTIOtiCPAGE TO PHGEl. AND THE SECON!l DEALS 
WITH THE VERTICAL A>~IS(DOJ. .. e~ THE PAGE>. AND THE THIPD 
DEALS WITH THE HORIZOIITHL A:<:JS. THE FOUR l.DRDS ARE It-ITEGERS 
WITH THE. FOLLOWitiG t1EHHING: 
WORD 1: GP.Ifl SIZE 

. WORD 2: START PO I NT 
WORD 3: NUMBER OF PO I tHS 
WORD 4: INCRHIENT 

EACH B rt·~ARY F.'ECOP.D FOLLOWING THAT HAS All THE DH~S ITY 
VALUE FOr;: AN arT! RE LitlE. 

THE CONTROL Fll~ CONTAINS THE FOLLOWING: 

- COHTP.OL CAP[• #I -

CONTROL CARD 
COL. I: 

COL •. 2: 
COLS. 3-4: 
COLS. 5-16: 
COLS. 17-80: 
COIHROL (APD 
COLS. 1-3: 
COL. 4: 

•1: 

#2: 

- COIITROL.CHF:V #2 -
-SKIP CARDS(!F ANY) -
- LEVELS CAF.'DS -
- END OF FILE -

•y• OR 'W. ·y· SPECIFIES THE ?PitiT!tlG 
OF All OF:TH•JGOIIHL GF:ID Oil THE CONTOUR. 
BLAtW 
NU~~EP OF COPIES ~ESIPED OF EACH ~~CTION. 
F.'ESEPVEI·. 
Tl TLE FOF: COtHOURS. 

~IU~tE:EP OF SECT! OtiS TO Sl~ IPCMA>> HJO>. 
S'rl111ETP.r' T"(PE: 
O=PUJT l•ATf, ~-.s ·~!\.'Ell. 
I "Tor· ~!HLF OF h;Ti~ J·; G.IVl:l-1. PEFLEC T ftl?rJUT 

HOF· i:li_:~IT~~·- ~1: :r-:;. 
2=8(JlT011 Ht.<LF Ui· [11'1TH IS G !VEil. 
3=LEFT HHLr Gr !·11TH 1 S G l'iEII. 
4=RIGHT Hrti.F fl :•HTi~ IS Ll\HI. 
S"UPPF.F: LEFf f•ll11i•hiiiT IS GIVUI. 
6=UPPr.~· Plt",HT t·•lt.•[oF'HIIT IS GI\HI. 
7 "Lmrr:r- LE r r c:~ '"r.j:·,·,rlr 1 ·:; r.t·-.:ur. 
8•LOI.I[P P !GilT I.•U!il•i:HIIT IS L 1\.'EIL 

COLS. 5-111: X LEIIGTH 
COL~. 15-24:. 'l' LEIItJ Til: Y-l Ul/;/-lf:ll 1:.. 11~[ 'F'ftTIO 

OF 11 tr: It:< I~ •. 
COLS. ;:>c:;-::.1: f;ltf,L[ f;[TI..II.I.H :~ (lllf• '!'ffl DETi•< ltJn). 
SI'IP CI•F·v.rrF COL'", t-:~ 11F u:~;· tluH-:::u·r,,, n1u: r•JI' 
rftCII SU T If ttl TU Lf: r,1· I r·H:tJ. 
CuLS 1-c: 11u1 n :r F· nr rr If" •:r:•. r Flll n1 r:r. st: wrr: [l. 

<"A' If' UtJ;•[(, lh(,' r 0111 Ill 11tl'o' ,·.~··L·f I·', 
Lrvr.t.s Ct.tl·'l•c·: 
OIIF Hlf.ll~ttll LF'1U. [ttl:r (itlllltlii·ii· 
COL s J--•~: u \ILl 111 '·"" r tiiiJ··. 

I 

1 

t 
•. 

I ~ 

-
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CONTUR 

Description of Input: 

1. GRID, NmtCOP, TITLE (Al, lX, 12, 12X, 64A1) 

GRID: 

NUMCOP: 

TITLE: 

'Y' or 'N'. 'Y' requests the printing of an orthogonal 

·grid over the contour. 

Number of copies. 

64 character title. r 
.2. NUMSI<P, SYMTYP, XLEN, YLEN, BETA (I3, 11, 3F10.6) 

NUMSKP: number ·of skip ca;ds 

SYMTYP: 

XLEN: 

YLEN: 

BETA: 

SymtYp Data supplied 

0 All (for electron density use SYMTYP ... O only) 

1 Left half 

2 Right half 

3 Top half 

4 Bottom half 

5 · Upper left quadrant 

6 Upper_ right quadrant 

7. Lower left quadrant 

8 · Lower right quadrant 

Length of x~axis divided ay the leagtk implies ~y 

~'be E'OIJBR output • · ~ 

Length of Y-axis divided ay the leagt'A implied by. J)O~""' t,c;..., \ ~ 
the FOUR& eyt~~t. 

Angle·between X-axis andY-axis. If S~O.O then 

SYMTYP is set to 0. 

3. In any order, the skip cards (if any) specify any sections. the 

user does not wish contoured.. The format is I6. 

4. Electron dens.i ty contour interval cards speci.fy the· levels to be 

contoured. They must be in order, from lowest to highest •. The 

format is 16. 

o )tt.BN 
•. \1. • 

•. t-; 
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CON'l'UR 

. s.· End of file. This is generated automatically on disc and magnetic 

tape files~ On cards,. this is a multipunch in column one (12-11-o-

1-6-7~8-9) followed by a blank card. On the teletype this is done 

by typing a controf 'D'. 

More sophisticated users ·should refer to the program listing. 

Sample input to CONTUR: 

S.JUJ CONTtm 

ASB 5 BB7777 
-·- SAS KBt , 7 -··--. ~ 

sea 

91\1.\ ·12 
CTA FOtnU Dt PHASED ·ON--1.5-ATOHS·- R•26·6 

13.96 9B•B 

__ ...:.__·---·-----
•9~ 

··--.- *'"1--------~---------------------
.,~, 

*2B, 
*3B, 
•.QB, 
•se, 

---*69, · 

*"'' •se, 
*90, 
*'D -

. ·-- --- ---·- ------- ---·------------ _ __;_ _ __;_ ___ _ 



'' ,• 

1._ 
! 

•• 

L 

Plot headings: 

( ':: ... ·. 

GRID START 
SECT!C~ 
VERTICAL 
HCR!ZO~iTAL 

S~TP.'f TYPE: 5 

24 0 
:;~ e 
~lj E) 

x-L~i:;TH 1. ooacoeeo 
Y-LEfl~TH C. 72439089 
EET~ : S0.008COO 

· Page 5 of 6 

:. 

·, . 

CON'l'Ull 
~: ' .. 

-------- ----------·-···· 
,; . .,:';~:-. . . ·~··:/ .. 

~- ···. . . . . -. : ... 
t·::>ll SH~RPEt~ED ORiG.IH R:::~cv~D PATTER~ot; 

· ·· .. S!:::CTIOH 13 

IUCREMEHT 

i< .. · :: ·: · ... 
. . · •. ·t•. · .. ·~ ... . . .· ... . :;· ·._ ........ :. ; . ?. ~<·. 

.. ·~· .... >.-!.!~.:· :.·:. 
.. ·. \· ·:··. ·~: -:·:: 

· .. · .. 

.~ ... 

·:.· 

10 LEVELS. ·.· ·- · 
se 1ea !SO 200 :so Joa ~eo Goe saa· 0 

. 
:. 

, .. : •· . ·.'; .:~ . 
. I ,. '· 

.. : =: · •.. 
: ; .... 

•. : 

·~ I ,.. • ,, 

..... 
· ... 

/ 
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FORTRAN V0 0 4A 17:09:02 02-NOV-73 PAGE 1 . 

0001 
0002 
~003 
~004 

0005 
0006 
0007 

0008 
0009 
0010 
0011 
0012 
0013 

0014 
0015 
0016 
0017 

0018 
0019 
0020 
0021 
0022 
0023 
00.24 
0025 
0026 
0027 
0028 
0029 

: 0030 
0031 
0032 

. 0033 
0034 
0035 

0036 
0037 
0038 
0039 

c 
REAL I 0, I T, I C 
DIMENSION 10(20,3>,ITC20,3),ICC20o~3),RATC20),TC20) 
DIMENSION AMPC20) 

1 FORMATCI5> 
2 FORMATCF5·2,3F10·0> 
3 FORMATCF9.2,3F15·1> 
4 FORMATC61H0 MA 

lRONG> >. 
5 FORMAT< 5H0TAU=,F16·8 
6 FORMATC41H0 MA 
7 FORMATCF6.2,3F12·0> 

I CWEAK> I CMED> 

,30HCFROM SETTINGS IC3> GE 10000.)) 
ICOBS> ICT> ICC> > 

8 FORMAT( 5H0TAU=,F16·8o~39H0CFROM HIGHEST SETTING FOR STROND 
9 FORMATCSH0TAU=,F12.8o~39H0CFROM ALL SETTINGS OF STRONG PEAli 

F=10000. 
C 888 READC 5, l>NSET 

c 

c 
c 
c 

c 
c 

888 READU, 1) NSET 
IFCNSET.LE.0>GO TO 501 
YRI TEC 6~ 4) .. 
DO 10 I= 1, NSET 
READCS,2>AMPCI>,IOCI,1>o~IOCio~2),IOCI,3> 

READC112>AMPCI>,IOCI,l)o~IOCI,2>,IOCI,3> 

10CI,1>=0·«l*IOCI,l>-
IOCI,2>=0~l*IOCI,2> 

IOCI,3>=0~1*IOCII3> 
WRITEC6,3>AMPCI>,CIOCI,J),J=1,3> 
RATCI>=IOCI,1>1IOC1o~1) 

10 CONTINUE 
. DO 1 1 I = 1 , N SET 

11 ITCI,2>= IOC1,2>*RATCI> 
DO· 12 1=2o~NSET 

IFCIOC1,3>-IOCI,2>>13o~13,·t2 

12 CONTINUE 
13 N=I-1 

: :.' . . : ..... 

FRA C = C I 0 C 1 , 3 > - I 0 C N:, 2 > >I C I 0 C I , 2 > - 1 0 C N, 2 > ) 
FTT=ITCN,2)+FRAC*CITCI,2>-ITCN,2>> 
ITC1o~3>=FTT 
DO 14 I=2,NSET 

14 ITCI,3>=FTT*RATCI> 

TAU FROM HIGHEST SETTING OF STRONG PEAK. 

TAU=CITCNSET,3>-IOCNSETo~3))/CITCNSET,3>**2> 
WRirEc6,8>TAU 
NT=1 
.GO TO 40 

· ... 

TAU CALCULATED FROM ALL SETTINGS FOR STRONG PEAK. 



0040 
0041 
0042 
0043 
0044 
0045 

_ _... ....... -· . 

25 NT=2 
STAU=0·0 
DO 1 5 1 = 1 , N SET 
ANUM=ITCI,3>-IOCI,3> 
DEN=ITCI,3>**2. 
TCI>=ANUM/DEN 

FORTRAN V004A 1 7:09:02 02-NOV-73 PAGE 2 

0046 
0047 
0048 
0049 
0050 

0051 
0052 
0053 
'11054 
0055 
0056' 
0057 
0058 

. 0059 
0060 

'00Ql 
0062 
0063 
0064 
0065 
0066 
0067 

. 0068 
0069 
0070 
0071 
0072 
0073 
0074 
0075 

c 
c 
c 

15 STAU=STAU+TCI) 
FN=NSET 
TAU=STAU/FN 
WRI TEC 6, 9 >TAU 
GO TO 40 

TAU CALCULATED FROM SETTINGS WERE INTENSITY GT. OR EQ. HI 

· 26 NT=3 
STAU=0.0 
FN=0• --
DO 3 C1J J =. t ,. N ~ ET 
DO 29 J=2, 3 
IFCIOCI,J>-F>29,28,28 . 

28 STAU=STAU+CITCI,J>-IOCI,J))/CITCI,J>**2> 
FN=FN+l. . 

29 CONTINUE 
30 CONTINUE, 

TAU=STAU/FN 
WRI TEC 6, 5> TAU · · · 

40 WRI TEC 6, 6> 

: .. 

DO 16 I=l ,NSET · 
DO .17 J=t:..3 

17 ICCl,J>=Cl-.0-SQRTC1·0-4•0*TAU*IOChJ,)).)/C2·0*TAU) 
16- CONTINUE 

DO 2 0 I= 1 I N sET 
WRITEC6,7)AMP<I>,IOCI,2),ITCI,2),ICCI,2> 
.WRI TEC6, 7 >AMP( I>~ I 0 C I:.. 3) ~I TC I~ 3 >~ICC I~ 3) 

20 CONTINUE 
GO TO C25,26,50>,NT 

50 G.O TO 888 
501 CALL.EXIT 

·END 

ROUTINES · CA.LLED: 
SQRT , EXIT 

LENGTH BLOCK 
MA'IN• 1563 (00(?066>* 

I. 



r 

I LET~ 
PHASE . US 

DECLARATIVES 
EXECUTABLES 
ASSEMBLY 

ltC· 
eKIL 
'SRUN PIP 
PIP-11 V7A01 
1/DI 

DIRECTORY DK0: [ 40, 1 l 

02-NOV-73 

HELEN .MES 
FORTRN.LDA 
EDIT ~-LOA 

LINK ··LOA 
BUD 
GRAPH .FTN 
FTNLIB._.OBJ 
GRAPH -.·osJ 
QUAD ·.FTN 
QUAD -.-OBJ 
COINC ·.oBJ .. 

.RUNPIP .. 

TOTL 
TOTL 

ltC 
·KIL 

BLKS: 
FILES:. 

~RUN LINK 

1 
29 
13 
14 

1 
1 

120 
2 
1 
1 

1.6 
1 

200 
12 

01-NOV-73 <233> 
02-NOV-73 <233> 
02-NOV-73 <233> 
02-NOV-73 <233> 
02-NOV-73 <233> 
02-NOV-73 <233> 
02-NOV-73 <233> 
02-NOV-73 <233> 
02-NOV-73 <233> 
02-NOV-73 <233> 
02-NOV-73 <233> 
02-NOV-73 <233> 

. -··. 

LINK V11A01 
ICOINC<COINC,FTNLIB/L/E 

TRANSFER ADDRESS: 052454 
LOW LIMIT: 052454 
HIGH LIMIT: 077460 

LINK V11A01 
ltC 
·KI 
$AS CR:,t 
$RUN COINC 

:; .. 

.. ;·_ 

..... ~ .. 



6-~~ 
7·8~ 
9· 50 
12·8~ 
1 5.30 
19.50 
22'•'30 
25·"50 

11 69.2 
1486.0 
1827.5 
2518.4 
3019.1 
3791 ·•· 6 
4278 .• 3 
4965.9 

6788.4 
8640·3 

10515·1 
14121 .• 4 
1 68~6. 5 
21275 .• 2 
23924"· 6 
27443.·2 

l 1 - I , --r;::w-;-:r -

16136.3 
20655·4 
25022·2 
'33420'• 8 
39524· 7 
49463·3 
55070·4 
62557.4 

TAU= 0e000001550CFROM HIGHEST.SETTING FOR STRONG PEAK> 

MA 
4· 50 
4' .. 50 
6' .. 00 
6 .•. 00 
7·.·80 
7·.·80 
9' .. 50 
9' .. 50 

12·.·ae 
12"·"80 
1s:.-30 
15.30 
19 ... 50 
19.50 
22'.-30 
22'•"30 
·25.-50 
25 ... 50 

TAU= 

MA 
4· 50. 
4' .. 50 
6' .. 00 
6'.00 
7' .. 80 
7'.-80 
9' .. 50 
9'.-50 

12' .. 80 
12·.·80 
15 .• 30 
15.30 
19"· 50 
19·.- 50 
22.30 
22.30 
25.50 

I COBS> 
4864. 

11 792 ... 
6788 .. 

16136. 
8640 ... 

20655 ... 
10515'.-
25022 ... 
111121 .. 
33421 ... 
1680 6.-
39525· 
2121 s·. 
49463·. 

. 23925.-
55070"· 

. 27443 ... 
62 557·.· 

0.~000013'i0CFROM 

I COBS> 
4864. 

11792 ... 
. 6788·.-
16136 ... 

8 640 ... 
.· 2065s·.· 

10 51 5·.· 
25022 ... 
14121 ... 
33421 ... 
16806. 
3952 5. 
21275.-
49463 ... 
23925"· 
55070'.· 

I C T) 1 CC> 
4864. 49CCH • 

11936 .. 12016"· 
6735 .... 6861 ... 

16527'.- 16561 ... 
8560 ... 8759 ... 

21005 ... ·21363 ... 
10527 ... 10692·.-
25833"· 26076. 
111507' .. 1 4!14 s·.-
35598 ... 35358·.-
1.7391 ... 17269 ... 
42676· 42297 .. 
21840·.· 22027'• 
53594· 53979"· 
24644 ... 24884.-
60474 ... 60799·.· 
2860s·.- 28722·. 
70194 ... 71iH 94·; 

·· . . ·: 

ALL SETTINGS O_F STRONG PEAK> 

I CT> ICC> 
. 4864. 4897· 
11936 ... 11989-.-. 

67.35 ... 6853 ... 
16527·.- 16511 ... 
. 8560 ... 8745 ... 
21.~0s·.- 21277 ... 
10 527. 10672 ... 
2 5833 ... 2 5947 ... 

'14507 ... 14407 ... 
3 5598 ... 35115 ... 
1 7391 • ·1 7214 ... 
42676 ... 41941 ... 
21840 ... 21936 .. 
53594 ... 53378·. 
24644 ... 24767"· 
60474 ... 60019 ... 

0 s·.-



TAU= 0e00000134CFROM SETTINGS IC3) GE 10000.) 

MA 
4e50. 
4·.·s0 
6"·"00 
6".-00 
1-.·80 
7" .. 80 

·9.-50 
9"· 50 

12 ... 8.0 
12.80 
15"·"30 

. ts·. 30 
19·.· 50 
19·.· 50 

•22.". 30 
22 ... 30 
2s·.-50 
2s·.-s0 
$ 

I COBS> 
4864 •. 

11792·.· 
6788·.-

16136·.-
8640·.· 

206ss:.-
. 10s.1 5.-
25022·.-
14i21 ... 
33421"· 
16806" .. 
3952 5 • 
21275 ... 
49463".-
23925".-
55070·.· 
27443" .. 
62557" .. 

I CT> 
4864. 

11936 ... 
673!;".' 

1 6527".-
8560" .. 

2J00s·.-
10 527" .. 
2 5833".-

-14 507".-
35598".· 
1 7391" .. 
42676". 
21840".- . 
53594".-
24644 ... 
60474 ... 
28605·.~ 

"70194".-

ICC> 
4896. 

11984 ·•· 
6851·.-

16500".-
8742·.-

212 59~-
10667. 

: 2 5919 .. 
14398'; 
35062. 
17202 ~ 
4186s·.· 
21916 ... 
53249· •. 
24 742".
S9853"· 

.28530".-
68894" ... 

I 
/ 
i . 

r 
/ 

• ? 

' 
~-

/ 



PROGRAM NAME 

~URPOSE 

LIMITATIONS 

SWITCH SETTINGS 

LOGICAL UNITS 

DECAY 

·.calculated the decay curve for data and plots .the curve 

on the'VERSATEC printer/plotter 

6=~KB for input information 

FILE ASSIGNMENTS . none necessary 

log in as [1,11] 



L· 

Page 1 of 4 

DECAY 

A program to calculate first and second order decay curves from 

the observed intensities of check reflections. The program will also 

.produce plots of the standard intensities as a function of time. The 

reflections used arc those read onto file STDFIL [1,11] by the program 

RSTD. In order to run tiis program with plotting, it is ne_cessaty for 

the user to log in under [1,11]. The only input supplied by the user 

at execution time is via the teletype and is described below. 

INPUT: (via· TTY) 

TITLE (~H ) 

run identification 

NSTD, NTOT, ISTRT (315) 

NSTD - No. of check reflections ~10) 

NTOT- Total No. of check refiections on the STDFIL [1,11]. (this 

no·. is supplied by program RS'ri).) 

If the user desires to use .some.no. of data less than the 

no. of·data on the file then NTDT may be less than on the 

file, ·however, the following must be true: 

NT~T (MODULO (NSTD) ) = 0. 

ISTRT- Number of the first.check reflection which is to be used 

H,K,L 

in the calculation for the current run. This has been done 

so that if a user wishes to use only a portion of the data, 

he may specify the check reflections to be included. All 

reflections included in the range ISTRT to NTDT will be used. 

SINTEN (3!5·, F10.2) 

The h,k,t and initial intensity of the deck reflection, there 

must be 1 entry for each of the NSTD check reflections. 

D"" ~ h ~.Q. ~ ti~ ..,~("'; 

~ ~ '\ l> ""'. ~"' 

. . • 
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DECAY 

The remaining input concerns the plotting of the check reflection 

inform3tion. When the an3lysis of the check reflections is complete, 

the following will be printed on the teletype: 

·PLOT DECAY CURVES (BLANK-YES)* 

if plots are to be m~de then carriage return 

1f plots are not wanted, type in 

if curves are to be plotted, the 

the TTY: 

. * ENTER PLOTFILE FILENAME •• 

Typ·e in TEMCON <Cr> 

NO <Cr> 

following will 

.· ... 

be printed on 
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DECAY 

Sample input 
(N.B. must log in ·as 1, 11; no file assignments-are required) 
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PROGRAM NAME EXT CAL 

PURPOSE calculate extinction correction 

LIMITATIONS 

SWITCH SETTINGS 

LOGICAL UNITS 7 HKL data usually DK0 _or MT0 

l input control information 

FILE ASSIGNMENTS 1 and 7 must be assigned 



.• • ----·--···· 

·~-

EXT CAL 
EXTt:nL ••• 
PIWGRAI·I lU Cnt.CllUHE SF.:Cmll'nP.Y FXTtNCTIOH COEFF IC lENT 
USIIIG TilE FILE OF Ol1SEP.VE['I t'!NI• Ct"lLCULIHEO SH~UCTIJP.E FACTORS 
~!HEN l:l'y' THE STRUCTURE FACTOR 04LCUUHION PIWG~~~~M. 

DitiENSION TITLECIB> 
HRIT" I 
HWOTeS 
NH~Lc7 . 
CRLL SETFILCNRIT,'O', IOERR.'CR') 
CALL SETFILlNL.IOT..'[t',IOERP..'.LP') . 
CALL SETF!UtiHI L.'HI~LNlT.l!AT' .IOERP..'DK' .0,8) 
REAl' OIP.I T. I! TITLE 
FORihH( 18Atl.' 
RE~)O <tiR IT. 2) S I • 52. 53. S4. 55. 56 
READ (llj;~ IT. 2 t TTII. Hlt·"ltl. FOI!nl. SCHLE 

St.S2,S3.S-L~-':.' .. S6 ... TIIESE APE THE COEFFICIENTS FOR THE L 
FORI·IHTtt.F 10.6t . · . · ~ 

CALCLIU~T!OII (1!- SltllTHETH}:n.?/LAI!8D~n:+2 BY THE ~,~-
EOU~)T 1 m1 s~.f:hS 1 'H-+H+S2,+·K·•,1< +53-+ L:t L +~.-l•·H..-r: +SSHr·•L +56-tK *'-
nr-1. .. 2- THETt.l (.IF· THE tl!ji~OCHFOI·1.:; TOR -
AU:.II. .• X-RA·i· l...IHV'ELEtiG TH (AIIt~SH:CiiiS l 
FOI'lltl. .. IIIH 11\t..JII \/t4LUE OF FOEt•:, TO GC USED Ill TilE CtlLCULnTION 
SCALE .•• SCALE FACTOR TO PLHCE .FOOS ON A850LUTE SCALE 

ALAt12 ~ALAI"I·n!L At! 
COSI1=(Ct'; IP bTTtl/ 180. ) 
Cll1=COSI hCOSI1 
NUSE=O 
NDAT=O 
SUI·II~LP =0. 
5UtiW=8. 
SUMt.JAL ~0. . 
I..JR I TE ( ~ll.JOT. 1 0) TITlE 

10 FORt1ATC/' SECOt1DAR'•' E>-,T IHC.TJOU COEFF IC IEIH DETER~II~IATJOW // 
!IX. 18A4> · . · . 

. wRITE(HL.IOT.IlJSLS?.S3.S4.SS.~;6 
11 FORI1ATt,./' THE INF·UT COEFFICIEI·iTS FCR THE CALCULATIOH 

I OF S llh THE T;:(: i::,1::;:: ,·:_ .:;: :cra:.tc.t:?. AF:E; ' /' S l =. F I D, 6, ' S2=:" 
2F10.6' S3='FI0.6' S4='Fl0.6' S5='FI13.6' 56=' 
3FIU.6/I 
WRITE ( IIWOT, 12) TTI'1. ALAtl. FDriHI. SCALE 

12 FORI·fAT(' 2-1HETt4 OF I·I,JtiOCI-iF:OliHTOP ='F8.2/' ::.:-I'·AY WAVELE~IGTH=' 
IF9.5/' F08tl1!ti!I·1UI·fJ='FlD.3/' SCHLE FACTOR ='ri0.5> 

LJR 1 TE (~II...IOT. I :::1 
13 FORMAT(///' H K L SIN~ FOB FCAL FC/FO 

1 lOBS BETA 8Ert:r~:iOBS ALPHA') 
20 P.E~tfJIItH1"L.EIH•=30liH.!I":. IL.IiOT.FOB.FCAL.uLF.PHI 

tl!JAT~IH,AT+I . . . 
IF(F08-FC1111tli20.21.21 

21 FJ~IH 
FK =II~ 
FL= IL 
FOS=(r08~SC~LEJi~2 
SS(J =F _1'1 F J I~. I +FI:: ·' Fl:"":-2 +FL:t:FL:t·S 3+r J·., Fl'::t.S .. hF J:t'FL :r.SS +FL:I'FK:~<S6 s 1 IlL~ ~.-.t,~·r' ·:.-~.c,) · 
SSO, ~.S('• AI. 1~1 12 
r o~.o ,. 1 . u- -:":/1 
CST•I.O-~.OtSSD~COSO 
s TT ·~ 2 . (r:·~.t:·~· r r-:. ~.o 'c C(J' .1 
[;ETIP·I.I.i.t·tl.'lll•·t'l.t.O·I{Tit.•CST.tCST)/( ( I.O+CTII~CST) t:·t:2l 
PI~ l( Tl H IJJ':_,-,, / t I, (H C 111) 
P2"((0SI1tl.l.r'~•:>' /~ I.O+COSII! 

·. 
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These are coefficients 
from DATRDN-XRAY-72 

-



FLP•O.~~(Pt~P2).~TT 
SJOBS •Fll'::>+ FLP 
FI<AT;FC~tL/fL18 
SETA.! e[:[ TthSJOUS 
ALPHR=!f~AT-l.Ul/8ETRJ . , 

EXT CAL 

WR 11 E (tU .. ICtT • .:ll 1 H. ~~~-. 1 L. SWL FOB. FCAL. FRAT. SJOE:S. CETt-1. 8[TAJ. 
!ALPHA 
5Ut1HL P =Slll lrtl P+t4LPHt~ 
Slltll,J=SUI ll.I+[:E TAJ 
SUMl .. h~L "~.UI U..IHL +t:tl PHt~ ·t-CE TAJ 
NUSE "Nu-:..E·+ 1 
GOTO 20 
FORI'IHT (:: ).1. FS .. 1. ?F9. 2. F9. 4. F 12. El. FIB. 4. F 12. El. E 15. 5 l 

30 t..IR-ITEOH .. IOT.S•t·llq~T.tiiJ';E · . · . 
FORtiHTl-·15' h'tltl F'Et.t[•·FFWM REFLECTIOt~ FILE. 'IS' DATA 
1 Wl-111 FOB.GE .FCtllltt. '> 
ALP 1 ~SUI·li4LP / t FLOHT ~ tiU'3E l ) 
ALP2 =SUI ll.JHL ,.SUtR,I 
lJR I TE ( tiWOT. t: l HLF' I. HLP2 
rORl·114TI>.·· HVU:t:tGE Vi.tLUE FOR f.'tLP~AtUNLJ~IGHTED' ='~IS.S/ 
I' AVERHGE VHLUE FOF-: HLPHA\t..!EIGHTED> ='E15.5l 

·REWltl[l t~Hf.L . 
END 
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. EXTCAL 

Sample Input: 

F032 100000 
StC 
eKI 

. "S*AS D<0:HI<LDAT.-\,\. D.AT,7 
$trAS KB:, 1 
S*RU EXR\R\ TCALC 40; 1 l . . • 
•·0B3004,.001282~.ee3328, 
•26.3,1.5418,30.,.1~066 

~ile with HKL Data 

--

~age 3 of 3 



PROGRAM NAME· 

PURPOSE 

LIMITATIONS 

.SWITCH SETTINGS 

LOGICAL UNITS 

FILE ASSIGNMENTS. 

ELL IPS 

displays molecules with thermal ellipsoids 

SO atoms ·anisotropic 

160 atoms isotopic 

1 input atomic parameter 

6KB 

1 must be assigned to. CR, DK0 or MT0 
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ELL IPS 

PROGRAM - ELLIPS] Ali input on unit 1-- must be assigned additional entries 

on KB 

Program· to compute atomic.vibration parameters from temperature· factors· 

and to display the .results on the Vector General display. An· input file is 

required consisting of 1) a title card, 2) cell parameters and 3) the 

coordinates and temperature factors. Some other input is required through 

the teletype. The limits are SO atoms anisotropic or 160 atoms isotropic. 

The following relcition must also hold. 

NAN = number anisotropic atoms 

NISO number isotropic 

16 (NAN) + 5 (NISO) ~ 800 

The input file is expected on logical unit 1!1 and must '!lave the 

following organization: 

1. RUN TITLE (up to. 60 characters - 1SA4) 

2. a, b, c, a, S, .. y (direc·t cell parameters 6FlO.S) 

3. coordinates and:temperature factors 

(a) coordinate.card 

ITYPE = 0} 
ITYPE = 1. 

X, Y. z·, LABEL 

fractional· coo.rdinates and atom label 

as for· anisotropic thermal paramete·rs in 

ORTEP 

---- - --------------------------------------------------------~~ 
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ELL IPS 

E • 6 as for ·isotro.pic thcrma 1 ?li ~a;:,cters 

1TYPE • 7 in ORTEP 

for the coordinate cards, the label may be either firet or last and the fotillat 

is specified at run time. through the teletype. 

The .format of the temperature factor cards is specified at run time. 

However, remembe·r that even for isotropic temperature factors, 6 ~'.ij 'swill 

·be r~ad even though only ~l is to he used as the isotropic temperature 

factor. 

Various options concerning the display of the atom array and printing 

of output are available at ·r.un time and are self explanatory at execution 

time. 

The dials on the display have the following functions. 

1, 2 and 3 rot<;tion about X, Y, and z 

5 control i11tensjty and window· 

6, 7 . scale 

8, 9, 10 translation of X 
' 

Y, and z· .· 

The follo\oling is ·3 sample run of the program. 

) 

) 

~ 

'·· 
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ELL IPS 

Sample input for logical unit 1 

MCLMSZ r-r.:(" LiLES. A AND 8 /) 
29.449.11.47 3.825.90 .• 188.91.90 .• 

-.19.::.92 .880.::.9 . 21643 1. eaaaa t· c 18 
.002:39 .c1.::.8-1 .·oo:?~;9 -.00i39 -.0£1052 .aas3a 1 c 18 .-.c::--. 
• L·. I o ... 1 10:-8 .33855 1. 00001) 2 c 18 ........ ,-. ... 
.•·'- C...• • - ' .C:J934 .CD464 .OS152 .00138 .00169 c 18 . !C315 • C:t:, 1 t.O .29:2;"0 1. 0130(.113 2 c 28 
• C·C2~~ .c :0~·2 .CO..!:?! .00260 . 001 f'2 -.08093 c 28 
.cs:::;::.J -.c.::s..::J . 2 ;-:::t-2 1. 00000 2 c 38 
. 0~~::37' .0 lC I:'" ,[;[15:5? .IJI)I93 .U0116 -.130282 c 38 

-.::-2:.:.1 -. c: . .;J:J . :::cc,:?? 1.00000 2 c 48 
• CC:;::?..! . ce:t·.;3 . 005:3:3 . £101 12 .00068 -.00193 c 48. 

-. ! -!:.so . !~ :t·s . ..:15001 1.00000 2 c 58 
. c:~:..:..: .. 0 !Ct .. 3 . co:::~J .00458 . OIJ5f'6 .813419 c 58 

- . 152:=::- .:E:~;s .5107'7 1. OO•JOO 2 c f.B 
.c~·.;?s· .c :.236 .0!025 .00518 .00747 .00605 c 68 

-. ~:;:::.9 . ~.; :·c:7 .553b5 1.00000 2 c rB 
. .:c:: -:•J • c.::::<::-::: .01004 .00519 .00877 .80393 c 78 

-.033;";" .::..::~3 c:;- ·-·-• - ., .... 1 b. 1~00000 2 c 88 
.t·25;:3 .. co:-ss • (1();"32 .00339 .006.:15 .00169 c 88 
.0:353;"" .22153 , ·-.-- 1.00000 2 c . 98 • ... ....;:=' ':' ( 
.82..23-l • cc·~·-"9 ·. OC.J76 .00032 .00127 .00101 c 98 

-.o. =·=·~ .o::;.:t;- .:::ib:?2 1 . 8000>] 2 C108 
. c~~:o7 .CC~77 .Ct!S:'.J .00080 .00167 .00106 C1BB 
.·;J::.:~~· . i.?~ . .::·o • 3;"'?::::3 1.00000 2. c 1.18 
-~~J:~5 .CCSS2 . caJ~39 .00088 .00108 .00137 c II 8 

-.e1:;::; .8~353 . 35! ;-:;, 1. 00080 2 C128 .-.. -.- -.-
.l.··-·.:..~~~ • 0i);";J2 .00..118 .[30043 .00034 -.013043 C128 

-.c:·:::~.:: 1 --1 ... :: :> · • .:. .-!3034 1. 0000.8 2 C138 
. C·:'.23.J ~ cc:·3:.:? • OC!6.23 .• 08.191 .00306 .00281 C!38 

·-. o.:::::J .2...:!..!9 .47'155 1.00000 2 Cl48 
,;;..~::::1 .cc-:.7-l .cos;-s .00094 .00315 . 00046 C148 
.c-:.-:- ..;;] • 2:?6E.6 .50849 ·1. 00000 2 C158 
.. ;~~~-7,~~ . ec:: 23 .00703 -.00193 .00867 -.00158 C158 

·- ' .: .:. ' :> -.c.::::::s::: ":" .~·~~..., . ~· ... -·- ~ 1. 00000 2 C168 
. c::.:::ts . c 1 ! :::9 . oo:~~2 -.00205 -.00022 .08274 C168 

1-r:-+..1 . 2[,336 ---c:- 1. 00008· 2 C178 . . ,.:..:. _, -·=-
.c.J::.s .01326 • C;~S22 -.00004 .80118 .88484 Cl?B 
l~S:J 1E:16:: ~q-~.- 1.08000 2 Cl88 . . . .;._ ... ~~=-

.c.:·:::o ~017'~1 .00631 .08151 .00230 .00559 C188 

. : :~ :-::3 . o::-::~:-2 .2SS!7 1..00001) . 2 C!98 

.c.:-.:.?t .01-:-33 . c·o.;s.3 .00282 .00344 .€10349 C198 . ~~.; l::-8 -.O!c:S3 .25-+55 1.00800 2 C20B 

.[:~~~~1. .O!:::.::J .00663 .00468 .00265 -.08048 C208 

.f~9~5 .4-?551 .43159 1. 0oooo· 1 c 1A 

. c.:..;s .01...:16 .OC::?3J -.oofos .08484 -;00845 c 1A . ..;~:...;~ .3918::? .24510 1.00000 2 c lA 
• ['C· 221 . co·::cs .CO~C1! .80828 .08323 -.00263 c !A 
.:3s:-c...: .50242· 19<-lOb 1.00003 2 C·2A· 
• L~;J235 .EIIC:?i .00592 .130139 .00327 -.08192 c 2A 
• ..!5(: 7' 4 . s::::-36 .23151 1. 00(100 2 c 3A ""'.-.- .-. .., .C:!C57 .C0608 -.00807 .00337 -.00006 c 3A • t.:..~C-0 

.:c.:-5::? .~:3150 .31361 1.00000 2 c 4A 

.cc~271 • CC:::;-3 .00709 -.000134 .80438 .80123 c 4A 

.6-.;0~G .2:~-1..1 .60624 1. 80000 2 c SA 
C"-:o ·.:. • ·t..·-·-- .0~:.::3 .00662 .00182 .00236 .08864 c SA 

.5SCC.J ·-t -••• -• .:.L~-, ,. .6b982 1.00008 2 c 6A 

.('tJ..;~~ . 0 IC;·:-8 .00759 .00264 .003:33 .00086 c 6A 

. :.:.:~.5 13i:!i 6 .652~6 1.00!JOO 2 c ?A 

.~.::~:::8 .OlC:C.S . 0(1720 .013196 .00286 • 00277 c 7A 

.53211 15234 .5717'1 1. 00000 2 c BA 

.C:L:521 .007''35 .009.?3 -.00088 .00723 -.08022 c 8A 
• ..:6~25 .277~b .<41596 1. 00000 2 c 9A 
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ELL IPS 

Sample input for logical unit 1, ctd. 

··--··-· ·- ··-·-····· . .. -- ... 

.cc:.:2 .crs:::~ .CC6::2 -.00167 .00438 -.00272 c 9A 

.57:-38 ';1.2r; .4S033 1.08000 2 G18A 

.002cJS __ 0~!:' I .00588 -.00126 .88329 -.a8282 -~-· C1ElA 
• - •• c; 

• '-::0 J. .; - .3:;sss .34..!27 1.00000 2 C 11A 
-~·0175 .007"'(;9 .oo:;3s ~.00079 .00351 s. 00281 C 11A 
. 51:- ~8· .~535'::' .3~~~9 1. oeooa 2 C12A 
. .:·:32 !5 . c~~:-.:2 .OC:551 -.00064 .00344 -.80052 C12A 
. =~·:::-6 .3:.;=-.:: • S21JS8 11.00000 2 Cl3A 
. c·tJ::.r .c::::-1~ • CC'56..J .00036 .003..J:3 -.00025 1 Cl3i=l 
. ~:::.c .25:313 .50125 I. COOOO 2 CI4A 
.~2-2?9 . c::.::t..s . cc~.99 -.00019 .0134:31 -.08108 1 C 14A 
. .:.c:-~:3 .2G2S4 .41229 1.00008 2 Cl5A . .:: .. :.:~~ .e:::::-.?6 • 0 !Ot:8 -.00343 .00580 - .. 08284 Cl5A 
. t3-l!J c:; ":• • .: ., . -- ...... • ...:9550 . 1.00000 2 C16A 
. .:·2·:~~ • C~:2C7 .CJ774 -.00264 .00359 -.80300 1 Cl6A 
.::.5~~5· . :::~~3:::3 19166 1 .• 00000 2 Cl7A 
. r.:~ ~ ::J ~cl·tS7 .OC826 -.00188 .00295 -:-.08729 Cl?A 
.2::.:::9 .3;:[;31 .0~754 1.00000 2 C18A 
• c:-::..:s .o:::..:o .(t0777 .00129 .08325 -.885132 1 ClSA 
. ::·:-~·J::. • ..;..!139 .05'391 1 . 00000 2 C19R 
• ~:,::,2~5 .Oi::-5-l .006~1 .00224 .00243 -.aa6S4 1 Cl9A 
--- ..._ 4 

• ~~.:'t.,.. ... .~2925 .09982 1. 00000 2 C20A 
.·CC294 .Cl-:13 .00694 .00230 .00293 -. 00221. C20A 



PROGRAM NAME 

PURPOSE 

LIMITATIONS 

SWITCH SETTINGS 

LOGICAL UNITS 

FILE ASSIGNMENTS 

FOURR 

calculates Fourier synthesis 

Defaults 

1 -.CR. input file (see check list) 

2 - DKO:CONTUR.DAT (if contouring as specified) 

.4- DKO:TEMCON[l,ll] temporary file for I/O 

5 - LP 

6 - KB 

only if different from default 



PROGRAM: FOURR New Version 5/1/75 

PURPOSE: ·calculation of Fourier synthesis 

MACHINE: PDP 111/40 (DOS-V08) 28K 

DESCRIPTION: FOURR is a program to be used for the computation of crystallographic 
Fourier syntheses. This version of the program is intended for use 
for triclinic, monoclinic or orthorhombic space groups. The program 
consists of· the main routine and five (5) overlays. The overlay 
programs and their functions are: 

OVERLAY 
SYMMET 
EXPAND 
NCFOU 
FOUPRT 
PECKIT 

Function 
Input of necessary Fourier control information 
Expands reflection data to simulate space group Pl 
Fourier summation 
Prints Fourier and writes file for contouring program 
Searches the Fourier for the electron density maxima greater 
than a user specified value 

The communication between the overlays is accomplished by labeled common and temporary 
data files. The following files are used in the course of a run: 

LU. File: . Data Type 

1 CR: Fourier control information 

5 LP: Printed output 

7 DK0:FOURR:DAT Reflection data file, normally written by CALCSF or PATT 

3 MT0:SCRACH,DAT Floating point output of Fourier synthesis. This file has 
been relegated to a magnetic tape due to the usually limited 
available disk space 

4 TEMCON[l,ll] This is the file to which the expanded reflection data are 
WRITTEN where they are used by the summation routine. 
TEMCON must be a file of at least 512 contiguous tracks 
of 256 words. 

2 DK0:CONTUR,DAT Integer output file of the electron density map and is used 
by the contouring program CONTUR 

1(8) DK0:PEAKER,DAT Output file of electron density maxima providing the. peak 
search overlay. PECKIT is used. 

The user must supply the control information on punched cards, a disk file of 
reflection data, namely FOURR,DAT under the current [UIC] and a magnetic scratch tape 
on MT0:. The remaining files are assigned by the program and if either CONTUR,DAT or 
PEAKER,DAT files are present on the disk under the [UIC], they will be deleted from 
the directory and replaced by the files generated by the current run. 



LIMITATIONS: 

6896 Expanded reflection data 

61 Calculated grid points in either direction within the grid sections 

500 Electron density maxima 

CARD INPUT: 

I. Title 

II. Control card 1 

III. Control card 2 

IV. Sytlliiletry cards 

v. Grid card 

VI. Peak search parameters 



I. TITLE (15A4) 

II. MAPANS, CONANS ,NTYP ,NEQ,MAXH,MAXK,MAXL, IORDX, IOFDY, IORDZ ,NSPAC ,NCOL,PRMAX 
(2A1,10I4,F9.0) 

MAPANS = N 
= y 

CONANS = 1 

= 2 

= 3 

= 4 

NEQ 

Do not print map 
Print map 

FOBS MAP 

FCALC MAP 

llF MAP 

2 
FOBS MAP 

Number of symmetry cards exclusive of lattice centering or
center of symmetry. These are the unique summetry relations 
as given by the International Tables, Vol. I. 

MAXH,MAXK,MAXL The maximum values at /h/,/k/,/1/ respectively to be used 
in the map 

IORDX = 1 if x-axis to be page to page 
= 2 if x-axis to be vertical on the page (down· the page) 
= 3 if x-axis to be across the page 

IORDY, IORDZ as for IORDX but referring to y-

(IORDX+IORDY+IORDZ=6) 

NSPAC = 
-· 

NCOL = 
= 

1 
2 

3 
4 

single space printed map 
double space printed map 

· 3 print columns/density point 
4 II II· II" II 

and z-axes. 

PRMAX <0.0 do not rescale density map for printing or for CONTUR.DAT 

>0.0 scale the density for printout so that the point of maximum 
density printed is = PRMAX (normally 0.0) 

The default values for NSPAC is 1 and for NCOL the default is 3. Default PRMAX is 
0.0 however if NCOL=3, all density points >999 are printed as .999 and if NCOL=4 
if p>9999 p _is set to 9999. 

III. VOLUME,FOMAX,FLMAX,DFMAX 

IV. Symmetry Cards: (30Al) 
NEQ CARDS 

(4Fl0. 5) 

Punched as in International Tables as for CALCSF 
e.g. space group P21/C 

X,Y,Z 
-X,l/2+Y,l/2-Z 



v. NX,NSX,NNX,NDX,NY,NSY,NNY,NDY,NZ,NSZ,NNZ,NDZ,SCALE,FZRO,PRMIN 

VI. NOPIK,RHOMIN (Il,F9.0) 

NOPIK = 0 
~ 1 

Do not search for electron density maxima 
Search for electron ,density maxima 

RHOMIN Minimum value of. p(xyz) to include in the search. Values of p<RHOMIN 
are ignored. 



PROGRAM NAME HKLTRN 
, 

PURPOSE This program transforms the h, k, 1 indicies of a set of reflection 

data so that axes may be interchanged or lattice centering changed. 

LIMITATIONS One transformation matrix; Two lattice conditions 

SWITCH SETTINGS None 

... 
·.[·' 
·' 

,. ~ -LOGICAL UNITS KB: is 1. The matrix (etc.) is input from the keyboard. 

FILE ASSIGNMENTS Assign the input data (magnetic tape or disc file 

usually) to unit 7 • 

. . 



I 
I. 
I 

I~ 

.( 

HKLTRN 
. 1. 

Input: Assign a binary data tape or file with the name list IH, IK, IL, NOT, 

(F(I), I = 1, 13) to file 7. (see exampte). 

1. Transformation.matrix 

au al2 al3 h 

b21 b22 b23 k 

c31 c32 c33 1 

h 1 - a11h + a12k + a131 

k' = b21h + b22k + b231 

1 1 = c31h + c32k + c331 

2. Lattice test co-~ciiEt6n~· ~1 ,a2,a3 

e.g. for 1 1, 0, 1,, 1
, h + 1 wouid be tested. 

9F8.3 

.... 
-- ... 3I5/3I5 

(2 cards) 

Two cards are necessary even if. the second is blank. Two conditions 

would be needed for I centering. 

3. Modulus for the test, i.e. for h + 1 = 2n, MOD = 2. IS 



, 

r
\ 

EXAMPLE OF HKLTRN 

INPUT & EXECUTE HKLTRN 

ASSIGN FILES •• THEN TYPE CO FOLLCJWED BY A CARRIAGERETURN •. 

A005 001111 
$AS Ml10:AJVUAC.DAT, 7 
$CO 

ENTER TRANSFORMATION MATRIX,LATTICE TEST MATRIX, 
AND THE MODULUS OF THE TEST.(DEFAULT=2) 
*0.5,0.0,0.5,0.0,1.0,0.0~=.5,0.0,0~5, 
*1,0,1, 
* *2, 

A002 052140 
$CO 

THE NUMBER OF REFLECTIONS READ IS 3320 

'· ··' 

THE NUMBER OF REFLECTIONS TRANSFORMED AND WRITTEN ON THENEW TAPE IS 1663 

II 



. !,.:. 

FORTRAN V004A 12:00:02 23-MAY-74. PAGE 1 

tl001 
!>002 
!>003 
0004 
0005 
0006 
0007 
0008 
0009 

0010 
0011 
0012. 

0013 
0014 
1>015 
0016 
0017 
0018 
0019 

1>020 
0021 
1>022 
0023 
0024 
1>025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035· 
0036. 

0037 

·C 
c 
c. 
c 

1 

2 

3 

99 

20 

100 

4 

HKLTRN ••• 
PROGRAM TO TRANSFORM H,K,L AND ELIMINATE 
LATTICE EXTINCTIONS. 

DIMENSION F(13),T(3,3),LAT(2,3) 
NRIT=1 
NHKLIN=7 
NHKOUT=4 .. 
CALL· SETFIL(NRIT, 'D ' , IOERR, 'KB ' ) 

. :· 

CALL SETFIL(NHKLIN, 'HKI.DAT .DAT' , IOERR, 'DK' , 0. 0) 
CALL SETFIL(NHKOUT, 'HKLNEW.DAT' ,IOERR, 'DK' ,0.0) 
WRITE(NRIT, 1) 
FORMAT(' ASSIGN FILES ~.THEN TYPE CO FOLLOWED BY A CARRIAGE 
1RE1URN. I /) ' 

PAUSE1lll 
WRITE(6,2) 
FORMAT( I 1 ENTER TRANSFORMATION MATRIX, LATTICE TEST MATRIX, 'I 
1 ' AND THE MODULUS OF THE TEST.(DEFAULT=2)'1) 
READ(NRIT,#)((T(I,J),J=1,3),I=1,3),((LAT(K,L),L=1,3),K=1,2),IMOD 
FORMAT(9F8.3I315I315I15) 
NRED=0 
NWRIT=0 . . 

. READ(NHKLIN,END=100) IH,IK,IL,NOT,(F(I),I=1,13) 
· NRED=NRED+ 1 

ITEST=MOD( (IH*LAT(I, 1)+IK*LAT(1,2)+IL*LAT( 1 ,3)+ 
1IH*LAT(2,1)+IK*LAT(2,2)+IL*LAT(2,3)),IMOD) . 
IF(ITEST .EQ.0) GO TO 20 . 
oo·To 99 
FH=IH 
.FK=IK 
·FL-IL 
FHP=T(1,1)*FH+T(1,2)*FK+T(1,3)*FL 
FKP=T(2,1)*FH+T(2,2)*FK+T(2,3)*FL 
FLP=T(3,l)*FH+T(3,2)*FK+T(3,3)*FL 
IHP=SIGN(1.0,FHP)*(ABS(FHP)+'/J.005) 
IKP=SIGN(1.0,FKP)*(ABS(FKP)+'/J.005) 
ILP=SIGN(1.0,FLP)*(ABS(FLP)+'/J.005) 
WRITE(NHKOUT)IHP,IKP,ILP,NOT,(F(I),I=1,13) 
NWRIT=NWRIT+ 1 
GO TO 99 
ENDFILE NHKOUT 
WRITE(6,4)NRED,NWRIT 
FORMAT(' ·THE NUMBER OF REFLECTIONS READ IS', 17 I 
11 THE NUMBER OF REFLECTIONS TRANSFORMED AND WRITTEN ON THE 
2NEW TAPE IS' ,171) 

END 

ROUTINES CALLED: 
SETFIL, MOD SIGN , ABS 

SWITCHES = I ON 

BLOCK LENGTH 



• MAIN. 877 (003332)* 

**COMPILER ----- CORE** 
PHASE USED FREE 

DECIARATIVES 00366 05503 
EXECUTABLES 00847 05022 
ASSEMBLY 01510 07276 



PROGRAM: LXEDIT H. L. Carrell 

LXEDIT IS A LINE EDITOR FOR FORMATTED PDP 11/40 FILES. IT IS A 1 (ONE) PASS EDITOR 
AND THE RESULT IS AN .UPDATED FILE AS SPECIFIED BY THE USER. THE LINE EDITOR DOES 
NOT SEARCH FOR TEXT BUT SIMPLY COUNTS LINES AND PERFORMS INSTRUCTION(S) SUPPL~ED BY 
THE USER. THE INSTRUCTIONS ALLOWED ARE DELETE, INSERT, REPLACE AND EXIT. THE 
INSTRUCT10NS ARE GIVEN AS FOLLOWS: 

DELETE 

$D(N ,M) 
~ is punched in cols 1 and 2 

N is the sequence number of the first line to be deletec 

M is the sequence number of the last line to be deleted 

if M=~ or <Nl then M set equal to N and only 1 line, namely N will be deleted 

INSERT 

·$In, 

~ is punched or typed in cols 1 and 2 

n the sequence number of the line just before which the trailing cards will be 
inserted. The current insert instruction is terminated when the next instruction 
is encountered. 

REPLACE 

$RN,M, 

$R punched in cols 1 and 2 

N,M, the lines of sequence number ! through and including M will be replaced by 
the cards following until a new instruction is encountered. 

The $RN,M, instruction is equivalent to either: 

A. $DN,M, 

or 
$IM+l, 

B. $In, 
$DN,M, 

The files for the run are specified by the user via the teletype at execution time. 

Input edit file, command file < 

output file < input edit file, edit instructions file 



LISTFC (12/74 version) 

The purpose of this program is to produce a compact listing of Fo and Fcalc. 

The reflection input is that generated by CALCSF and resides on.FOURR.DAT. The 

remainder of the input is entered via the teletype at run time and is self-
··~---

explanatory. In order to run LISTFC, login on same UIC as FOURR.DAT was pro-
I 

L_. · duced under. This program resides on disk 01, 04 (any disk conta~ing CALCSF). 

-~-· 

J . 
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< a.. 6 > 
8 42 34 
2 141: 16 
4 57 51 

l 
3 
5 
7 
9 

8 
2 
4 
6 
8 

1 
3 
5 
7 

8 
2 
4 
6 

c ,, ) 

c 

c 

( 

29 29 
57 -46 
13:1: -sa 
34 2a 
14• 09 

'" ·2) 
49 -43 
llZ 06 
55 53 
21Z 19 
36 -35 

'" 3 ) 
23Z 29· 
13ll 82 
15ll 15 
14Z 87 

'" 4 ) 
28 -39 
16Z -16 
34 27 
2ex ea 

( '· 5 ) 
1 43 -35 
3 24z -11 

( 18.. e ) 
e. 1sx -36 
2 66 -6e 
4 . 14:1: 09 
6 35 23 

( 18.. 1 ) 

1 14:1: e1 
3 29 32 
5 31 26 

( 18.. 2 ) 

8 68 63 
2 .17Z 24 
4 15X 22 
6 14:1: 88 

( 18 ... 3 ) 

55 -51 



PROGRAM NAME 

PURPOSE 

LIMITATIONS. 

SWITCH SETTINGS 

LOGICAL UNITS 

FILE ASSIGNMENTS 

MSRED 

calculates structure amplitudes from raw data 

6 KB input for. item number 11 

l all other inputinformation 

1 may either be assigned to CR or DKO 
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MSRED 

All input except (lD cnn be typed on cards either formatted as sped!led 

or unformnttcd and with entries &eparnted by commas with no blanks. aD 1a 

entered from the teletype when the program calls for KB input. 

1~ TITLE Columns 1-60 (15A4) 

2. CELL CARD a,b,c,a,~ •'{•>.. (7-F10.5) 

3. ORIENTATION MATRIX from the diffractometer. (jf(O,f:>):; c.D"-ll. 
4. NDECAY, NABS, NLP, NBACK (415) 

. 5. 

6. 

NDECAY Application of decay correction for crystal stability.and type 
of correction (~0;1,2 ••. ). See 1. below. 

NABS Application o! Absorption correction and type (=0,1,2 ••• ). See 
9. below. 

·NLP Will monochromator two theta LP corre.ction be a'Oplied and read lcyes, O=no. 

NBACK Application of background correction and type. (c:O,l,2 ••• ) See 
8. bel~~ 

Two-theta monochromator ( 1f Nl.P=l) 

~ r=,o. s-
CUTOFF • slOt ( ..:f5 I Fl:G. 6) 

(F10.3) 

·cuTOFF = e~. T\ x sigma .. cutoff for "unobserved" reflections 

SIGM "' ESD for decay C(Jrt'ection (usually 0.022) 

7. AD(l).," depending on .NDECAY value. Read if NDECAY > 0. 
1:' 

(a)* AD(l), AD(2), AD(3) (only tf NDECAY a l) 

coefficients for correction for decay 

CORR"' AD(l) + AD(2)•T + AD(3)·T2 where T ~exposure 
time in hours. 

(b) (AD( I). AT(I), I a 1, NDECAY) 

poi~ts in the decay correction curve 
• t 

AD(I) correction fa~tor at time AT(I) 

this read only 1£ UUF.CA\' ::!: 2 

a maxlmam o[ 100 p~lntG allc~c~ 

(3F10.5) 

. (8F10.5) 



c 
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MSRED 

8. Backe round Correct ion Cards. Thh curd only appcou 1f NIIACK > .0. 

* (a) BT - peak to backsround time ratio read if N8ACK ~ 1 (F10.5) 

(b) ntn(Il), BCD(I) D 1•1, NBACK 

'mB - 29 

NBACK ~ 2 (8F10.5). 

BDC - backsround 

30 points maximum currently 

9. Absorption Correction C~rds ( o711~ ,.f NA ~5 ~ .i) 

(a) ellipsoid of revolution (NABS • 1) 

(b) curve A(tp) (NABS > 1) 

10. Specifications for elimln~ting space gruup systematically absent 
reflections. 

(a) ICELL . (15) 
(lattic~ type specification) 

1 - P; 2 -A; 3 - B; 4 C; 5 • I; 6 -F. 

(b) ICR, IHT, IKT, ILT, rMOD (515) 

up to 7 of these cards are read. 

If less then. 7 are to be read, ·a blank card will t'erminate the 
readin$ of the cards. 

ICR is the reflection class 

class HKL OKL HOL HKO HOO OKO OOL 
ICR 1 _2 3 4 5. 6. 7 

' 

The test is performed in the following ·manner. 

IT = MOD (IHT·h + IKT·k + ILT· .2., IMOD) -'( ::. 
if IT a 0 then reflection is allowed by symmetry -

.J 0 II is not ~llowed by symmetry 
o::. 

Tests arc performed only on the reflection groups specified. 

Thus lf space group is P2 1/c 

·where absences arc 

h 0 £ t • 2n + 1 

( 



. MSRED 
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0 k 0 k • 2n + 1 

0 0 1 2. • 2n + 1 

The following 4 cards would be used 

IGR IT II ITK ILT IMOD 

3 l 0 1 2 

6 0 1 0 2 

7 0 0 1 2 

I CELL = 1 

11. TFRST, ILST, ISKP (315) 

DATA LIMIT SPECIFICATION 

IFRST 

This entty allows the user to .specify the data which is to be read 

from .the raw data tape. for reduction·. This is done because of the problems 

which arise during data collection which allow the recording. of unwanted or 

even "garbage" data. By the.careful use of this frQ:y, th~ data may be 

culled for the desirable data so tha.t later painful elimination. of ineaning-

less data may be. avoided. If the user is so fortunate that the data 

collection. went .~o~ithout error; the input here is 

· IFRST = firs-t sequence ·number on the tape 

ILST = last sequence number on the tape 

ISKP = 0 

A second card ~o~ith IFRST·~ 0 will then terminate the data reduction. 

12. NTABL 

13. FMT 

number· of structure facto-r ·tables 

format for f-t~blc cards 

(IS) 

(15A4)· 

14. f tnblcs in the format specified. There must be 21 values/table with 
sin 9/~ up to ].2. 



MSRED 

. l~AIJ DRTA · :cESSOR~~ 

AJV-UAC 

:A~ l~-M~Y-7~ TIME 11:54:24 
1 P;;:SL.IMIN~RY INPUT. FOR DATA REftUCTION 

FOR ••• ~;v:...uriC 

-;.."'!-~! ;::·:cT CELL PARRt"ETERS*"~~ 
A= 1C.171C ALPHA= 99.86 COS<ALPHA)=-0.17124 
S= l2~C992 EE~R = ?3.~0 CCS<8ETAl t-0;05931 
C • S. 6:"1 ~ G.:.i'-..'1A = 91 • 47 COS ( Gnttr·tA ~ =-0. 02565 
1.";:::..:.Ji'~= 8CS.S4 CUSIC A:!GSTf<.Ot1S • 

.. :-;~:::: ~RCCA:.. CELL PRRAr.tETERS:~:::: 
~~=C.:325~ ALPHA~= SO.C3 COS(ALPHA*l= 0.17312 
s~=O.CS3?5 SETA~ • 86.29. COS<8ETA*l = 0.06468 
C"'=:J.1:2.,;i G.:ltt·.i=!~= 87.91. C0S(Gi4t1MA*)= 0.03641 
\'.:·LL..~~ .... J.C012394tJ1 "CUBIC A:;GSTROM. 

:;~··.C:LEN::;Trf = ·1. 5.j1SO A~lGSTROi1S. 

· Page 4 of 4 

SIHCALPHA)• 0.98523 
SINC8ETR) ~ 0.99824 
SIN<GRMMAl= 0.99967 

SIHCALPHA*)= 0.98490 
SIN<BETA*l = 0.99791 
SIN<GAMM~*)= 0.99934 

T~:: CCEi='F !C lENTS FOR THE CALCULATION OF S UHTHETA) **2/LAMBDA*-'1<2 
! ~ T..;E E0~iATI ON . 
s:.;=S: ~H~·H+S:.-;.;~-t:K+S3*L*L+S·HH:IX+SS*H*L+S6*K*L ARE 
Sl= o.co:~2839 52• 0.0017~174 S3a A.005S1171 
:~= ~.C:C:c~:.:·s: SS= O.OCO-l8594. 56= 8.08110793 

=-<-?:~:;T~TIC:l ~~ATRI>:.M~ 
C.c::~7 -D.CSC37 ~0.06336 
c.c~;g:- o.co:sr o~o26C6 

-2.~:~~1 -C.C2lSS 0.13521 

P 1 't';.;~) DATA •• 2-THETiHMONOCHROMATOR) •26. 30DEG. . . 

DATA WITH ICMEAS) > 0.00:4-"SJGMAC I> WILL BE CONSIDERED OBSERVED. 
C.l3220 IS THE 'INSTRUMENTAL STABILITY CONSTANT. 

~0 EACKGROUHD .TO BE SUBTRACTED. 
Ktl ~SSCRPTIOH CORRECTION. 

lATTftE TYPE IS 

NO TESTS FOR SPACE .GROUP. ABSENCES ARE TO· BE ~DE. 

PRELIMINARY IHPUT COt'PLETE. 

14-~Y-74 

-N::'.:liA REDUCTION·** 
FCP. ••• RJV'-uAC 

IFRST• ILST•. 422. 

11:54:31 

ISKP• e 



J 

.. ·. ·.· 

I •• 
PROGRAM NAME PARAML 

PURPOSE produces a compact listing of final atomic parameters· 

LIMITATIONS 100 atoms 

SWITCH SETTINGS all switches down 

LOGICAL UNITS ·1 all input (control statements and parameters) 

FILE ASSIGNMENTS 1 should be assigned whether .CR:, MT0:., or DK0: 



-

PARAML 

Program Description 

This program cr·eates a compact listing of all final atomic parameters 

of a given compound containing as many as 100 atoms. The atomic coordin~tes 

and temperature factors are listed as shown. in the sample output. Only 2 

characters can be listed as E.S.D. values so care should be taken in determin

ing the NX and NH values on the third input c~rd. 

Input Uescription 

The following data should be set up in advance of run on a deck of cards 

or magnetic tape. All input MUST be entered via the same device, which is 

assigned logical unit 1. 

026 CARD 

1) TITLE 60 Alphanumeric characters (10A6) 

2) ASTAR, BSTAR, CSTAR (3Fl0.5). 

·Astar, Bstar, and Cstar are the a*, b*, and c* reciprocal cell axes 

respectively. The last page of this program description gives a summary,of 

reciprocal cell relations. 

3) NTP, NAT, NAN, NX, NH (3I5, 13I2) 
i.. 

NTP = format for the input atomic parameters 

1 =UCLA format (3Fl0.5, 40X, A6) atom label last on card 

2 =XRAY format (7X, A6, 3F8.5) atom label first on card 

NOTE: UCLA FORMAT MUST BE USED IF ANY ISOTROPIC ATOMS ARE INPUT. 



I 

• 

NAT = total number of atoms to be included in the parameter listing 

NAN = number of atoms with anisotropic temperature factors 

NX (9I2) = the exponent of the factor tONX which multiplies the 
anisotropic atomic parameters to obtain the corresponding 
list values • 

a) The first 3 fields contain the value of NX to be applied to the 
anisotrop·ic x, y, z coordinates and their E.S.D.s respectively 
in the following equation: 

(fractional x, y~ and z coordinates and E.S.D.s)*lQNX = listed 
values 

b) The remaining 6 fields of NX values contain the value of NX to 
be applied to the E.S.D.s of anisotropic temperature factors 
Btl' B22' B33' B12 , B13 , and B23 respectively, as in the 
following example: 

(input B11 value)* 4.0/(ASTAR)**2 = listed B11value 

(input Bll E.S.D. value)*(4.0/(ASTAR)**2)*1QNX = listed BttE.S.D. 

. . . . 

NH (4I2) = the exponent of the factor 10NH which multiplies the 
isotropic atomic parameters to obtain the corresponding 
list values. - ·. 

a) The first 3·fields contain the value of NH to be applied to the 
isotropic x, y., z coordinates and their respective E.S.D.s. The 
calculation is exactly the same as in NX a) with toNH replacing 
wNX. ··~· 

b) The remaining field contains the value of NH to be applied to 
the E.S.D. of the isotropic temperature factor B of each isotropic 
atom as follows: 

input B value = listed B value 

(input B E.S.D. value)*loNH = listed value 

NOTE: Incorrect values in the NX and NH fields is the most common source of 

error in this program. A Rand calculation of the given examples for a 

typic~l B11 and its E.S.D. and an isotropic B E.S.D. will ensure a 

proper selection of NX and NH values. A typical NX field is 4 4 4 

222222 and a typical NH field is 3331. (I ~;~J.. ~ ~~) 



t~'(f3&ff 1 

4).Anisotropic coordinates and temperature factors. 

Two cards are read for each anisotropic atom input (NAN). The first 

.card contains the x, y, z coordinates; [UCLA(NTP=l)=(3Fl0.5, 40X, A6) or 

XRAY(NTP=2)=(7X, A6, 3F8.5)]. 

The second card ontains the anisotropic temperature factors; 

[UC1A=(6Fl0.5, lOX, A6) or XRAY=(l3X, 6F8.5)]. 

5) Isotropic coordinates and temperaturefactors. 

NTP MUST BE 1 IF ANY ISOTROPIC ATOMS ARE INPUT. 

One card in the UCLA format (4Fl0.5, 30X, A6) containing the x, y, z 

coordinates and isotropic temperature factor is read for each isotropic atom 

input (NAT-NAN). The isotropic atoms follow the last anisotropic atom input. 

6) Anisotropic coordinate and temperature factor E;s.D.s 

Two cards are read for each anisotropic atom input. The first card 

contains the coordinate E.S.D.s (3FlO.S), and the second card contains ehe 

temperature factor E.S~D.s (6Fl0.5). 

7) Isotropic coordinate and temperature factor E.S.D.s 

One· card is read for each atom input (3Fl0.5, FlO •3).. As mentioned 

in 5) NTP .MUST EQUAL 1 if isotropic atoms are included • 

EOF 

BLANK 

( 

. CARD 

CARD 



PARAML 

SUMMARY OF ANISOTROPIC TEMPERATURE FACTOR CONVERSIONS 

C = 1.0 for XRAY format input; C = 2.0 for UCLA format input 

·Input temp. factor Listed temp. factor 

B11 *4.0/(AS~)**2= Bu 
, 

B22 *4.0/(BS~)**2= B22 

B33 *4.0/(CSTAR)**2= B33 

B12 *4.0/C*ASTAR*BS!AR= B12 

B13 *4.0/C*ASTAR*CSTAR= B13 

Bz3 *4.0/C*BSTAR*CSTAR= .. B23 





.. 

· ·TH1E:-·10:01:44 
CRYSNET 20-APP-74 

. : . . ros v0a-0a 

. $1cLO 40~ 2 
· · rATE:-24-SEP-74 

TIME: - 1 0: 0 4: 0 1 
· $lie AS CR: ~ 1 

S*~: 1\APAML 
$lc t c 

.. ···•* FI . .. . .. . . . 
\ . I . .. -· 

~~~ 

M~~oUfrd~;a·~ . 
. ~ JPC{JJ1h.. ~ ~~ ~ p 
~~rn LP: 

p,qj'('AML · fKobRAM IS oN OISK ~It 

UNO£~ Ul C. lf-t/1 2 



-'*********************************************-o!<********************************* * - * * PARAMETER LISTING * 
* * * FOR * * CTA FINAL COORDINATES 9/9/74. * 
* * 
******************************************************************************** 

FOR THE 16 ANISOTROPIC ATOMS THE FOLLOWING APPLY: 
X MULTIPLIED BY 10** 4 

allli-1118111i'8DI!I __ ,.CIIfll!j;"irii6ijit:."'l'iq;~~-a td IGilr ULJIIIV'~"·' 

1 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
e; 
"'9 
r 
8 
9 

lt~ 
2U 
3N 
3A 
38 
21 
::02 

31 
41 
·? ....... 

51 
52 
es 
91 
92 
93 

Z MULTIPLIED BY 1B** 4 

FOR THE 16 REt1AIHitiG ATOMS THE FOLLOWIH.G APPL'r': 
X ~~LTIPLIED BY 10** 3 . 
V MULTIPLIE7D BY 18>1<>1< 3 
Z MULTIPLIED OY lEI** 3 

X y z B11 822 .. 
-1745( 6) 2116 ( 3) 5710( ED .5.70(26) 3.03( 16) 

-18( f.) 3341 ( 3) 8821( 5) 9.33(31) 4.12(17) 
-777( 5) 1833( 3) 8525( 6) G.78C24> 3. 42 ( 15) 

785( 6) 36()6( 3) 1557( 6) 7.43(28) 4.96(19) 
-1021 ( 6) 2801 ( 3) 2696( 6) 5.89(22) 6. 2~' (22) 

878( 6) 1356( 3) . 905( 7) . 9. 48(31) 2. 4t.:( 13) . 
667( 6) -197( 3) 485( 6) 8.37(31) 2.90(15) 

-G5·) C 7) 2824( 4) 6287( 7) 5.16(31) 2.50(19) 
824( 8) 2668 ( 4) 5477 ( 8) 5.58(36) 4.08(24) 
956( 9) 3468(0 6) 4260 ( 11) 5.89(41) 5.37(34) 
146 (11) 4273( 5) 5030 (12) 9.47(56) 4. 59(34) 

-1120 ( 8) 3856( 4) 5875( 9) 6.54(37) 2.94(20) 
-~80 ( '8) 2653( 4) 80·-B ( 9)' 5.22(34) 2.8BC22) 

153 n 1 > 3271( 6) 2751(10) 6.94(44) 5.76(39) 
1167( 9) 453( 5) 1212( 9) 6.24(38) 3.40(23) 
2184(10) 355( 5) 2541 ( 12) 8. 10(49) 03.98(26) 
'. yo z 8 " -263( 9) 232( 4) 634( 8) 9.2(16) 

-168( 8) 220( 5) 454( 10) 4.7(17) 
-12:3 ( 7) i50(. 4) 594( 10) 5.8(17) 

59 ( 17) 3!8(11) 90(22) ' 12.8 (39) 
-44(25) 359(15) 2 (31) 14.1(61> 
171( 7) 27-1 ( 4) 630 ( 9) 3;5(17) 
;'4( 8) 193 ( 5) 4~5( 9) 8.1(17) 

197 ( 7) 363( 5) 413( 9) 4.8(20) 
-18( 9) 487( 5) 429 ( 9) 6.5(17) 

92 ( 7) 456( 5) 586(12) 12.2(17) 
-107(' 8) 399( 5) 702(11) 5.9(17) 
-190( 7) 389( 5) 518(10) 2.5(19) 

14( 8) 148 ( 5) a <11 > 7.0(18) 
242( 9) -25( 4) 269( 9) 7.6(16) 
264( 9) 84( 5) 272(18) 12 .4(20) 0 
162 ( 9) 46( 6) 361 ( 11) 9.6(18) - G. 

B33 812 B13 
3.e3( 19) -e. 12 c tn -0.44(23) 
3.e7C18) -l.e1C22) -e. 75 C2t> 
3.64(18) -e.23( 19) -e. 79c2en 
3A7 < 18> -1.96 (22) 0.31 (20) 
3°.35(18) -1.511 (20) -0.03( 19) 
5.64(23) 0 0.39(18) -2.03(28) 0 

4. 87 (24) 0.01 CB> -0.49(23) 
2.64(23) -0.2BC22) -o .40 <24> 
2;97(25) 0.19(27) 0.03(24) 
4.94(35) -0.58(32) 1. 22 (33) 
6.04(43) -0.35(37) 1. 18 (48) 
3.72(28) 0.33(25) -0.40 (31) 
3.08(28) 0.24(23) -0.05(26) 
2.98(30) -0.94<:::7) -a. 14<35> 
3.30(30) e. 18 c~n 0.57(29) 
5. 26 (41) e. 17 <33> -1.19(41) 

B23 
-e.24(18) 

e.CEH16) 
0.63(15) 
6.78( 17) 

-0.37(21:1) 
0.37(18) 
0.21(17) 
0.02( 17> 
0.09<22) 
a. ss <3U 
IL63C32) 
0.20(24) 
0.01(22) 
a. 19<32> 
0.43(23) 
0.53(28) 

·n !· :: 



PROGRAM NAME 

PURPOSE 

LIMITATIONS 

SWITCH SETTINGS 

LOGICAL UNITS 

FILE ASSIGNMENTS 

LOCATION OF PROGRAM 

PECKER 

TO PICK OUT AND LIST THOSE PEAKS FROM A PREVIOUSLY 

RUN FOURIER EQUAL TO OR GREATER THAN A GIVEN RHO VAWE. 

A MAXIMUM OF 600 PEAKS MAY BE FOUND 

NONE 

· 1 output file of PECKER (PE;AKER.DAT) DK0: 

2 input file (from FOURR) CONTUR.DAT~ DK0; 

5 printed output file of PECKER; default LP: 

1 and 2 Ml.JST BE ASSIGNED as follows: · 

AS DK0:PEAKER .. DAT, 1 

AS· DK0:CONTUR.DAT, 2 

DISK 01 (on any disk containing the FOURR program) 

r 

\\ 
1. 

:\ l . 
'I 
:I 

< 



'LIJ~I t(f3 

PECKER (12/74 version) 

This is a program which searches the CONTUR.DAT file of a previously run 

FOURR program for those peaks equal to or greater.than a specified rho value. 

The output consists of a list of the found peaks in order of decreasing rho 

magnitude. Tha grid coordinates and the· fractional coordinates of the found 

peaks are listed. 

NOTE: The FOURR program must be run first and the file CONTUR.DAT must 

be created as specified on the 2nd control card in the FOURR program. CONTUR.DAT 

will overwrite a previously produced CONTUR.DAT file on a disk under the same 

UIC. · ·coNTUR.DAT is the file searched by PECKER to find the peaks written on 

PEAKER.DAT and printed on the line printer. PEAKER.DAT and FOURR.DAT (input 

file to FOURR program) must be deleted from the· disk after PECKER is run. 
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.- ··· .:~ .: .. ::. ;:,B.-~J-~:~ -:·;.:~i2]_2Il~f~~~Ei_ifs~)f2~.:~I·:'.~~~--~j:·~~:c __ ~---1 
FA S S: 1 · · · ·- -- ·: - .· : " ··. -~·.· .. 
FASS: 2 
PASS: 3 

·: .. :.:·PASS: 4 
:_PASS: 5 

PASS: 6 

: . . ·~ 

~j-Fov~R~· ·.:··. 

·· .... 

: :~: ~ ~:· ~:.r~;.: ~:~~~~·~ FOuRR ... c· -~; :~d:~· • ... ··~.· :•'''f'': 
,_ F \l FE (l{ El\ .~··. , : '.': ; .: < C, ' {"''F '•;·: ·./; .. 
FO URI EF. FE.AK ~EP.R ru • -· · . : -- ~ ;rra;/-pe_ fot.e 

.~· . . : 
·: ..... · 

JViOCMINIHtM> FOR 'IHE SEAFQ{ I S'?*2e~ · __ 

.·~~Mt~~ ..... \ .. 

MIS 0 FI EN 1'.A1'I ON IN M .AF. 
Y= 2J Z= 3) CX= U 

PAGE- 'TQ PAGE .AXI-~C 1, 2, OP 3>?* 3 

. VEF.1'I CPL .OX I SC I:O \N 'JH·E PAGE> ( 1, 2, 0 F ~> ?* 1 

F.AGE iO FAGE PXI S 1 S Z 
. \ "EF 1'I CPL PX 1 S I S X 
HOFIZON1'P.L PXI S 1 S Y 
~* FU PI F 
FIF 24-AFF-74 
f». FO UR F. • I: A 1' ,-. F EP..K EF.. tA 1'/· t E 

.I 

~~ -~ouRR ~ 

• 

.. -..· ._, 
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·. ,• ~ . 
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r . 

·.·_:, 
.-'.1 

~: .. . 
. ' . 

; 

• 

~ / )~·:.{;{_{):?:;; .. 
*"' "***f'OURIER PEAK SEARCH*******'Iolol< · 

ONLY THOSE PEAKS WiTH DENSITY GREATER THAH 2eltJILL BE P ICKJ;J) 

GRID SETUP OF HAP 
HO. START'.':· .. CALC · DELTA 

PAGE TO PAGE 68 ·.a ,. 31 

.. r:. : Y , :~ . ·: . ~ ~ 
1 
1 
1 

VERTICAL 6B 
HORIZONTAL 68 

.. ; ,.· .... i 

''·/·. '·: ···:·· . 
• !• .••• ·; 

i 
j .. 

LIST OF THE MAXIMA AHD THEIR COORDIHATES(UNREFIHED) 
NO. · GR IDX GRIDY GRIDZ · X Y Z RHO 

1 12 
2 8 
3 5 
4 7 
5 9 
6 . 21 

15 17 . \ 0.2ElE'l : 0.25E'l '0.283 .. 6S 
1s. ··•·. 6~··-~~; ..... 13.-133·-'· 8.2se .. ··a.10e ,.~ .. ss · 
16 18 . 8.083·: 13~267 8.16? 45. 
13 16 ··.-.i.':: .. 13.117 ·' 0.217 13.267.: .36 . 
17 14 ... ·:·. 0.1513 ;. 13.283 0.233 29' ·.: 
1s 29 ~ a. 350 '. a. 25a a. 483 29 · 

7 4 
8 7 

16 ·:: 14 ... :,: 0.067 ..... 0.267 a.233 27· . 
13 . 11 .·~'·;~·· 8.117 .'·: a.217 .. a.183 26 ':.: 

9 9 
lei 11 
11· 5 
12 8 
13 7 
14. . 9 
15 29 
16 3 
17 . . 22 
18 22 
19 4 
26 7 
21 15 
22 26 
23 '22 
24 22 

18 _·. _:/·:;_.:. 21 ·?T~:" a.15E'l·.: ... :, 0.3~a a.35a 
2
26

5 
•.. ·:: 

15 ... , ... 11. ·,;:~. a.183 . a.2;Ja a.183 
t8. ·: .. :;:. 17 ·:.;;',~:.:a.083 ·~.~.·0.167 a.283 · 24 :.:·. 
14 ·. · ..... ::~ 23 ·.' .. :.:~.:·.a. 133 : ... 0. 233 a. 383 · 24 · 

~ ~ ,~-<~~ 1 g .::·.Y.;~:.·.:: ~ ~~ ·J:·:: :: ~~~ . . g: ~~~ ~~ · .. · . : 
15 · ... ·i,_·11 .. )i;:;:: 0.483 /'. a.25a E'l.183 22 · .. 
17 .-.. _._, .18· :::.;.' .. a.05a :.-.0.283 0.3aa 22; · 
4 . : .· 2 :.;_:,;::-,,.a. 367 :·.:· a. a67 a. El33 21. · 
5 ..... :.;'1 . 2 ::.::.·'~·~:~~-a. 367 .'.'·'•; a. 883 a. 833 21. · 

. 16 .::···:. 23·,·.·:1.):. a.El67 .· .. a.267 .. 0.383 21· 
· 13 _.·. -:· '·'\> · 3 : '·'·•··f."· a 117 .. ,_:···· a 217 .. "' "'5r.\ 2"'. • -~·.·r:···~:· ·:. .. :!.;:.:r: .... • ..•. ·-::; • • tJ.tJ tJI tJ 

· 15 ·'-''''" ·14 ···~':i::/-t· a 25E'l .~;-: a 250 .· e 233 20 
· 1s ·. ::)J· 14'(~~:~:f-~0:433 ;:.:::.:e:2sa • e:233 20 

14 •';.;:<."·22·:·;~,-~,::0.367';", 0.233 0.367 28' 
1s ... , .. ,_,,_. ·22 ,.~ .. <'./ ... e 367 ,. ·· a 2sa e 367 20. 

,. ,· 

.• .. 

. ~ 

.• 

" . 
·' . 

. ._._ .,, ·· .. , ... 

' 
; . 

· .. ~ . . 



!)l-JiJL-7l~ 

n 1 -J .j ;,i -7 ") 

u~Jc r:·J-1 
,. .. .;_, r ,.. ~; ~ s : L • .,; c c 11 ~~ D L I s H , L • ·a ,\, D ~ ~ · ., s 

~f.: VI St>J: L. t>:•.i')PE•·;S' H. 8E~~·iS TE J.'j 

PqJCTN - 02/14/76 

"' W•')f)~ ~.r.. \1 ;:_,,! ·.j ·~ T I t•i'• .:..L U\'j;,)q C. TO~ y 
~H~~·rsr~Y UE~A~T~E~f 

n E c Po o -1 1 1 4 o + ·I c:. 3 C' 2 
f) E (' f1 0 S I q 4 T C ~.; 9-< 0 r. + '·I G F !) 0 6 

DE:SCR I PT I Ql\l 

P~JCTN I~ o pPOGQ~M FOR DISPL~Y OF ~OLECULES AS STICK BONO FIGURES 
~LLOtrJP,iG FflC: p.r~~i\CTIVE 9()TA.TJOr·.l llqUI..Jl; AX::s. IT to;.A."i \<~P!TTEI\l ~y L• 
'K(:Ai'IL)l.ISH tH T!-1~ '1\IIVE>~SITY OF ·.,··~·;Hlr',GTrJ;\l I:\1 ;,;uy OF 1972 FO~ THE: CDC 
~400 A~·!D CtLr.0~·~P PL'HTF:><. IT ''lA~·5 ;•lOUIFif.D S~Vr~~f.L T{'"1ES 3Y L. A}·JD;;tE'·IS 
4T lJ.I:.!. M.!F\ ~y L• .t\ 1·Jl)P.E>IS t~.:JfJ H. SE'W.STC:l.\J l~:T ;3°00KHAVF.:!\i \JATIO,'·lAL 
LACO~~TOPY. THE pqoG~A~ INCLUDES PLOTTING Q~O ~OLECULAR GEO~ETRY 
CO~H.i!\.NDS. 

PURPOSE 

DISPLAYS V01_ECULES AS STIC~ 2G~0 FIGURES. 

LIMITATIONS 

690 ATOr.i\S 
~ 7 4 s 0 :'J !) s 
r:; f1 q .<H·I G F. .- ( cp.J G F. ) C n ~-; f"' A -'J') S 
:::> 4 S y 1.'1 '1 f. T rJ. Y ( '5 Y '·4 T ) 0 P ;: ~ ll T I 0 ~.iS 

T :-l F.: C ()!) ~H 0 F A. T () ··~ S P.l C L i .I 0 E S T H !') S E G C: .··~ E R c. T E 0 8 Y S Y '•1!-1 E T P Y n P E C? A T I 0 N S • 
E A C: H R ,tH.! G F.: I"' 0; : ~A A "-.: ;J q E f) :.J C t S T HE i': U ···18 E k U F 8 0 N D S A. L L 0 ~·; ED 8 Y 0 r·.i E • T H E 
LATTICE ca~~4NO ~LL0 1~~ ALL SPBC~ GOQUPS TO 9F.: HANDLED WITHIN THE LI~IT 
OF. ;:;4 SY~;;~.:;::Toy n~t:·~J\TI0;\iS. 

Sl.<l ITCH SETTINGS 

] l U0 - L FiT ;j()•\IQ. LEi\JGTr-iS AS Ti-it:Y 1.''o:.- co;-..;PUTEO 
f)iHT'H1 S~TUP DF DlSPL~Y 

}4 UF - OISPL~Y CI°CL~S IF SC:LECTED 



uqJCP-l-2 
01-JUL-74 
0 1-,J ~'\J-7 ') 

AUTHoqs: L· MCCANDLISH9 L. AMD~EwS 
;.;. t. \1 I S Ei) : L • A~! 0?. E ,., S , 1-1. 8 E R 1\.o S T t I "i 

OI.AL FUNCTI0"JS 

1 Y - !', X I S E i J I_ t: ~ .U. ;-.,; G L E: ( u P i-' L 1 t: D L .C1 S T ) 
? X-4'<.IS ~ULt:~ MJF·L:: U1Pr"LIED FI.:~STl 
1 7-~XIS EUL~? Q~GLE (APPLIED SECO~D) 
"- PiT::>JSITY OFFSET 
~ INTE~SITY SC~LE 
·'= POT.~ T I ·'J;-.1 ·~I'. H: 

PRJCT~ - 02/14/76 

s·diTC~En OFF OQ ON RY CAR~IAGE 2ET~RN 

1 n ST r:: ~~ ~I) f) I S ~' L A Y 
CSNTOQL REGION - SINGLE I~AGE 
TO .:=,-p;HT - , . .q.·;;r;T-t.EFT S fEI'.1EO 
TO LEFT - UP-DO~N STEREO 

TH~ Y-AXTS IS V~~TICAL 0~1 THE SCREE~· THE ~-~XIS RUNS HOPIZO~TALLY• 
T '-l f=" ?. -/I X I S T S P E ~,.) ;:: \)1) T C LJ L ~ :~ H 1 T'i E S C F<: E E t~! • THE I NT DiS I T Y 0 F F SET .A C T S 
S0Mf0HAT LT~~ A B~ISHT~ESS COriTPOL, ~HILE INTENSITY SCALE WORKS LIKE A 
C')I\ITRAST cr.~'TqOL· !\ 1"-iEGATT\fE SC·~LE (CC~l ~·JILL ALLIJ·;i THE PHEN<;ITY 
JFFSET TO C0~TROL A CUTOFF 0 LANE IN THE ?-OI~ECTION. 

LOGICAL UNITS 

1 
. e.. 

C) 

7 

. 
READ COMMAND INPUT FILE 
K E Y q 0 A P I) HIP 'JT ( 0 E F AU L T K 8 : ) 

. KEYSOA~D OUTPUT (0iFAULT K9:) 
P L 0 T iJ ~-i I T ( I) E F A U L T 1J P : ) 

Ti-<ERE IS ~.i0 VAUJF: TO THt: USER I·\1 DOPJG ASSIG~'!ivlENTS OF THE LOGICAL 
W'IITS. Ql\1 T;..jt co:·JTRA.:;>Y, T~TS CA:,I CAUSE HiEXPLICABLE FAILURES OF THE 
PPOGRAM. T!-iiS rt..JFOC?t-'ATIO~! IS. !1\iCLllDEO OiJLY TO· FACILITt-TE TRI.\Clo'!G 
LISTir--JGS. 

I NTPOOUCT I o~.l 

pCJCHI T.S f',i\• I\!H::~.u .. CTIIfE PROGRA;'•l TO OISPU\Y ''10LECULES .ll.S STICK d0\10 
FTG!JPE5~ R0T.1TE Tf-1E FTi3U:-'E3• OBT.i\U,J GEO··~ET~Y CALCULAT!01\JS' A;'-10 PLOT THE 
i) I s D L A y E 0 T '·:1 :\ r; E • 

. PiPUT TO Tf-IE · PROG=<.lly -.;~y CO~"F. FROi"l TME K~Y~OARC), OR FR0·\.1 A VARIETY OF 
SYSTEM D~VIfES. SO~E OF T~~ OUTP!JT ~AY 8E SI~ILA~LY DIRECTED. 

T'-i E P R C' G !::> !l '·; :.l.!f) P >\ S I i~ T >II") :,i .!l J () o P r ll S t S • F I R S T C 0 0 R D I f\! A T E S ' C ~ L l 
i\l~="nRr .. ~tlTIO~··'• sy),;,.,;;::rqy. U\!D CJT~Eo I•,1 ti.GE DEFI"li"'lG CO"'L"lA"IOS A~E REA.O Ph 
LA~GELY p,: !'.~·' O~i)E~-p:·)t 0 ~'·!!JJ:~~T FtJq ... ,, •. ThE '"0LECULA.R li-'AGE F0~!·4EO F::;d)i..-1 

T ~ ~=" S E I T E '·1 ~ T ·~ T :1 E :,J P L\ S SF iJ i) l'i T 0 ThE SEC 0 ~-i [) u '-1 AS E 0 F THE P P 0 G u <\ M ~ ;.J H I C H 
nrsPL~Y~ T~GT !~1GF A~0 BLLn~s T~E USE~ TO CO~TROL ITS O~!ENTATION• 
q 'I T A T I 0 ~j o r n: ~ p. =·.1 !) T n S .,, 1: T C-i F ~ n ··.1 S U·J G L E T 0 S T:: q E 0 V I E :~ .. S • THE IJ S E P ·'•1 A Y 
fl·') c::l")·,!r: LI'•'IT~D ~f)!Tf.\; 1 ; OF Tl-E DIS;..:>LflYt~U I"''.AGE, If,•t~Uiq'E A80UT ITS 
s:::rfv'f=:TPY, [1~.!!""\ oLnT '.J(I,GI'lus 'tr:::.,;s. 



P r: J C T ·'l - 3 
0 l - '-) l Jl. - 7 .:._ 
~) l -,j L\".! -7 ~ 

i:uT>;CJ>:;•:;: L. ··/·CCM·CLISH• L• A\JI)~E~JS 

~~VISEO: L. A~OCE~s. H. 8~~N~TEIN 

~~JCTN - 02/14/76 

\·'I.!CH n~=" T~{:" DI';?t_·\Y ~r)TTI'.:r; l." l)t'p'·Jt. I-.i n::~:.;S OF ''AfOIJt ,'~I.\•'IES 11 • THESt: 
·-1'J~T 3E.Cq('.I'T'!EG A!_')~IG ·'IT"..J Tf-'E C:JO-dJl',J~TES I"l TI-'E FIRST :>HASE. THEY 
'1 ~ t: '·A 0 D T F ! :.T: I ~ ·.:; Y -~ A ~ T ~ Y I <; U S ED ·1 Y tl U iJ P.1 G f:> '-) r~ 11 F. tJf :i A ;" 0 E I G H T C rl A 1-d\ I. T E ~ 
f() r•-n: ST.X .~(r:t:ofE·1. .~(hf. •JF. TH!·~ C0J'1 i''fll\i!)S• f..:3. ''•~''lGC:''• ~CCF.PT fHE ~iJLL 
r: I ~ ~ T C H Ll. r< t.J' T >:: o '·! '' · ·i 0::: ~ '.•i'-i I L 5: 0 T !-" E -~ S ~ L LLH 0 :'I L Y T ~ E S I X C H A ;~.A C f E R :'1 A 1A E 0 F 
TYk 1HO'A• p.: '.J~ATC'·iT\!G. '''!~,J~':S Ar~A !'1ST CO:vt~A"IDS THE: CHARAC fE·~ tHH 1 IS USEO 
T ·'1 ;v• Ll T C Y Cl '·• Y <\ c-' D i:l. L L C : ~ A,..., -'\ ( Tf: ~ S • T :-j lJ S C /J. ·::· 1 :.; Tl., L ,,, A T C H C fl 0 1 • C l\ l 1 , Cl\ A 1 ' 
F::T!. 

TI-lE Sfll~i.=TI-l A~!i) C::IGi-!TH C:-L'I.Pil.CF:~s ARC: DET=:q'-1!:\IED 8Y THt: TR~~'iSLATION 
~S~="D AND Tw~ SYM~ETRY OP~~~TION ~SEO. THE SY~METPY OPEHAT!!JNS A~E GIVEN 
L ':: T T E R S F P n ··~ " 11 " P-H 0 U G ~ 11 X-" t l'.J T rl E · 0 k DE R L\J :.J '1 I Ci-t T 1-f E U S E R P ~ t) 1/ I D E S 
T~~u. Ti-4Ic:: L;:'TT>::~ SEC0·"E'3 THE EI~;:-iTH ChAPilCTEP OF TrlE .AT0"' .\JANIE. THE 
r::; :. II F o\j rr~ c..., !'. p tl r T E ~ I r::; ' 1 Q If I F ~· () H~ .L\ \1 s LA T I 0 '\i s A ~ E ~.i E ED ED • L E T T E ~ s A R E 
:JSfJ; FI.JOTwr_:·:; rJ()·!;·,J r:-;f: AL 0 H./l,~ET A3 ··lORE TRtH·ISLf..TIO~·S A~E USED •. 

c::n~E POPTJn~s OF THE pqnGRA~ r·~VOKE INTERACTIVE DIALOGS W!TI-f T'-IE USER. 
I\' ~ E "I F. R ~ L • 'V' E :·AU S T !? t: C :l REF U L T 0 A. N S ·u E R THE n U E S T I 0 '\1 S AS .A 5 K E I) • \oJ rl.E N 
"llJMERIC H-l~I.!T IS ~;::r:)IJESTED• THE LAST f\ilH·,8E9 SYOULD 6E TER~4UIATED ~y 4 
(()PMA. 

OATA INPUT 8EFORE DISPLAY 

r::~T!I. Ii'-IPIH t:JEF·J~E Tblt: DISPLAY C'..)·!··JSI:::iTS OF CA~D II•IA1.3ES qE.AD F~QM THE 
~~YPOAPD o~ d~Y .0T~E~ FILE. IN ~OST CASES• TrlE OROE~ OF THESE C4PD 
I \~ (I (': F. s 0 0 E c: Wj T '1 A T T E q • . T H u s II ( E L L II i'-"1 A y A p 0 E A ~~ E I. T H E q g E F 0 p E 0 R A F T E ~ 
11 ii T 0 >.1 11 i..i I n" T ~ E 'S ~ • ~ t: EFFECT • E .A C H CAR U I MAGE C 0 rH A lr'l S A '< E Y ~JO ~ 0 I N 
C01 .. 'J"-11\JS l THPOIIGY 4. THIS KF~Y'.•JO::?D f)fTEK'-'1l~·iES TYE. F0~"'1J.IT OF' PiE ~EST OF 
T y E c A 0 0 P·' :~ G F • spEc I A L c A~ E MusT g E EX E q c I s E I) ''il T H ' 1 ;.< f'! G E II ' II AT 0 M II ' 

11 SY'n"• ll\lr: 11 l_ATI"' SP.IC~ TYEIR P~RA~>-!ETE'=<S 00 1\JQT STA.RT IM~EDIATELY 
!\ F T E R T :-i E ~< ':' Y :,; () P !) • 

DMAX: Sf.T ~fi.'lX.I'.-l!.J:-1 ~(V·ifJI\!t3 :?ADIUS {A4,Fl0.5i · 
- PBQAMET~~~ ------------ C~~O ARSE~T ---------- CAHO PRESENT ----------

1 - 4 II f) '··~ .~. X II : 1 • 7 A i\j G s T P. 0 it.! s 
s~l4 MAX gnND 0IST 

V.t\LUE A.SSIGNED .. . 
------------------~-----------------------------------------------------
\1 !") T t: -- fl • '1 .\,: E .D· f\i S C :4 t C ·< u T ') ''i 1·.1 A 1-·i E V ::; • ~ A 0 I I J S L I S T . 

!) Nl !I'.! : S E T ·'' T '·I I lvl I J ·.~ '1 :') ;\j ~) T '\J I) :) !~ D I LJ 3 { C. 4 ' F 1 0 • 5 ) 
- C/'.qll,'.'f::Tt:r;;c ------------ (uc;D t\:iSE'·iT ---------- C.Li.~D DP.ESt:tH ----------

1 - 4. " o .... , r ~-~~· : o • o L'.i\1 G s r ;.:.. o ,.., s : v A u 1 E A s s I G N t: o 
~- l 4 · .. ; I ~' ~ ~ '; D D f c:: T 

------------------------------------------------------------------------



01-JI!L-74 
i) l -J !\ ,\i -7 6 

~RJC f•\J-4 
AUT~oqs: l• MCCANDLISY~ L. ANO~E~S 

,.;; t V I Sf. I) : L • U. 1'J iJ ~· !:: uJ S ~ rl e 3 E R ~~ S T t: I \! 

P~JCT~ - 02/14/76 

LII\IE: Si:T ·:::')I_Jn LP-I:::s Fnc q"'GF.: P4l 

- PA~AMETEc~ ------------ CA~D A8SF~IT ---------- CARO PRESENT ----------

1.1 -::; E LA S T .;, G 0 C: S E T 
-------------------------------------------------------~----------------
NIJT~ -- SOLI0 LI~ES B?E T~E UEF~ULT IF NO ~OOE WAS SET. T~IS COMMAND 
NIJLLIFIES t,W( PRE'J!OI..IS llf)ASI-! 11 , 11 \) 1lT ••, 0~ 11 P!)·(i,J 11 CQovl:"lM-iDe 

DASH: SET Q4S~ LINES FOR ~~GE (A4l 

- P~RAMETEP~ -----------~ CAPG AgSENT ---------- CAR0 P~ES~~iT ----------

USE LAST '-10Dt: SET 

N 0 T E -- T !-q c::: c f) M ·'-'1 ~ ''ID i\ll J L l I F I E s A "' y c k' t v I 0 u s II L I '~ E II ' II D 0 T II ~ 0 q II p 0 I N II 
CQMV.AI\!D. 

DOT : SET n:iT !\~OOf. f()~ P~'IGE ( 0,4 l 
- c~~AMETE~c ------------ ~ARD ASSE~JT,---------- CARD PRESENT----------

.. . US E Ul S T :.~; 0 D E. 5 E T ; . SFT ·.noT ~~1f1DE 

------------------------------------------------------------------------
•\IOTE -- T!-q:::: ~I)M\1A1\IO 1\.JULLIFIES /l"lY PKEviOUS ;ILI"JE"' ''DA.SH", OR 11 POI~I" 
C 0 \I~ A f\1 D • 

POif\J: S~T !7:r'10 P'H~·!T MOf1E FOR RI'JGE (A4l 

- c~pa~~TEo~ ------------ CA~D ABSENT ---------- CAR0 PRESENT --------~-

1-5 "PnJ~.IT" • US E. LA S T il<i 0 DE:.. S E T SET END POI~T ~ODE 

------~-~-------------~-----~-------------------------------------------
!,.Jn T E -..:. T 1-1 T s r. 0 ;--,; '·1 AN f) i\1 u L L I F I E .s .ll i\j y p ~ E v I () u s II L p,J E li ' II I) As H " ~ () q "D 0 T II 

C 0 '-1 ~·! .A •'l D • 

cELL : DE F pI i=' u (\; I T c E L L ( .A 4 ' F l 7 • 5 ' 2 F 8 • 5 ' 3 F g • f, ) 
- P~Pa~ETE~S ----~------- CA~D A4S~NT ---------- CARD PRESENT ----------

). - 4, II C ~ Ll .... II 
5-21 f, 

2?.-29 p 
:'::\11-37 c 
l~-4t- 1.\L:l'-i!i. 

t. 7-S ~ ·~~ E: T r, 
C::."'-6''- (;'.l,'·i.",:'l 

ACCEPT INPUT ATO~S 

AS BEING IN CART-
: E '3 t A N C 0 0 :=i D J:"i A T E S 

( 0 P T H 0 1; 0 ;\I L1 L ;.\ X E S 0 F' 
L E)·l G T H. l L\t'o! G s T ;'? 0 ·' 1 ) 

IJB.UJES ASSIGNED 

------------------------------------------------------------------------



01-JUL-7t~ 

o 1-'""Ju\J-71) 

PP JC Ti\1-S 
AUTri0PS: L. ~CCANCLISH~ L• ANOQE~S 

~EVISE8: L. ANDPE~s, ~. ~ER~STEIN 

PQJCT~ - 02/14176 

q N G I: : C 0 t\~ T '-' n L 2 i) ~.J !J I i'! G 0 F !\ T 0 ~ .. , S ( A 4 ~ 5 < A 8 ' 2 X ) ~ 2 F 1 0 • 5 > 

- D6POMETE~S ------------ CAPO ASS~NT ---------- CA~D PRESENT ----------

1 - f... II q o'! ~ J: II 
t:;- 8 Ll'-'!=" 1\l(,DE 
o-14 ~~:::~-::.1/EO 

15-20 ~T4~T PA~GE 1 
25-10 E~n PANGJ: 1· 
3~-40 START RANG~ 2 
45-~0 ENn PANGE 2 
55-64 DM~X FOP R~GE 
65-74 OMJM ~oP ~~GE 

30ND ALL aTo~s ~ITY 

SEPARATIO~ LESS TH~N 

D~AX A~D G~EATEP 

THAN o:•.1I!'J 

80NO ATOMS IN RANGEl 
TO TYOSE IN RANGE2 
~HE~ ThE 5E~A~ATION 

IS LESS THAN D~A~ 

AND GREATEP THAN D~IN 

------------------------------------------------------------------------
NOTE -- EArH QANGE IS SPECIFIED gy AN ATOM NA~E TO MATCH. LI~E ~ODE MAY 
RE THE L-::FT JUSTIFIED C!-iCIR!\CTERS 

LPJE 
DASH 
OOT 

\JOTE -- D~~l'.X=fl.O cAEA:-!S TAKE VALUE FOri DivJAX FQOt-1 LAST· DM.AX CARD. G•'""ll\t 
HAS A SI~ILAP MEANING. IF NO NAMES APPEAR IN ONE RANGE, THE~ ~OTH 

P 1H1 G F. S .t• P 7: t\ .~ S U t"l e: •J THE SA '··1 f. • IF THE :; l:. C 0 :•ll) ,'.J.A ~1 E 0 r ~ P A I ~ l S ,,., .f S S I II) G ~ 
IT IS SET E:!IJt:~L TO THE FI~ST. IF Ot·1LY rr;E F!,;.('ST NAiviE OF TnE FIRST qAI'iGE 
.4PPEARS' 4~1[1 "'0 :•JAMES APPEAR FOR THE SECOND RA1"iGE, THE ''lA 1.1f.:D ATO~ IS 
~f)!\;OEO TO llLL r.THERS. IF SYN!Iv1ETRY CAFWS ( 11 SY'H 11 l ARE USED, THE SIX · 
CH6RACTEO ~TO~ NA~ES ~UST gE EXTENDEO T~O CHARACTERS ON THJ: EXTR~ME . . . . . . 1 

qiGHT OF EACw FIELD. <t.f. IN COLUMNS 21-22, 3i-32, 41-42, .A~D 51-52) 
AS T f R I S K S A? E R E C 0 W~ END E 0 ' AS I N "C,A l 0 1 ~H~" ' W-ILE :S S 0 1\J E I S TRY IN G F 0 P. 
SPFCI~L EFF~CTS. 

~0TE -- T~E START OF A RANGE 0ILL 8E.THE FIRST MATCH OF THE ~AME GIVEN, 
ANO THE EN~ OF A RANGE WILL BE THE LAST MATCH OF THE NAME -GIVE~. 

SIZE: SET PICTURE SIZE. (AlO,FlO.Sl 
- DAR~METEP~ -~----~----- CARD A9SEN1·---------- CARD PRESENT ----------

/ 

1 - 4 I I s T 7 F. I I : l ~ I i\1 c '"1 E s I F G A I :"i VALUt:S ASSIGNEO 
S-14 M8X x-nt~E~SION : IS AT MI~IMUM 

------------------------------------------------------------------------
'10T':: -- T00 LARGE A VALUJ:: '-l.!lY SO'JEEZC:: THE PICTU~E AGA.I!\!ST THE SIDES "I)F A 
L p.q T I I\! G C U;:; E • 



01-Jl.JL-74 
0 1-'-1 ~1\!-76 

P~JCT\J-6 

AUTHOPS: L• MCC~~DLIS~, L• 6NO~E0S 

FEVISE0: L. ANDRE~S· H. BERNSTEI~ 

PRJCTN - 02/14/76 

ATOM: PROiiTD~=" A.T0'-1 •\,t\·~E ~:.JJ COQQi)I;\IATE·S (ll4,3X•A6,3F8.5J 

- ~dQAMETEns ------------ C~PO ~RSE~T ---------- CARD PPESE~iT ----------

1- 4 "ATI"\~' 11 

8- 1 3 .'l. T 0 '.,; ''J A Yl i='. 

14-21 X 
2?.-29 y 
30-37 z 

"H) A T 0 ••1 S 0 R US r VALUES ASS I r.;NED 
~EAD COH.YtAi\10 <8ELO'~l 

------------------------------------------------------------------------

READ: READ COORDINATE FILE (A4l 
- D~RAMETE9S ------------ CARD ABSE~T ---------- CARD PRESENT ----------

]- 4 ili.i[!IQII '·J8 ATQiv!S f'JR USE 
ATOM COM~AND (ABOVEl· 

START SPECIAL 
S E G ·'~ E i'i T F 0 R 
RE.AD HIG FRO._, 
Ui'!IT 1 i,HTH 
INTEqACTivE CUES 

. . 
------------------------------------------------------------------------
t-J 0 T E -- S E F. · S E C T I 0 i'J " I N P U T T 0 R E A f) C 0 M M A ~.i D 11 8 E L 0 1.>1 • 

NOR~·'!: SET TNITIA.L VIE'-1 (i!.4,2!A.6,4XJ l 

- PAPAMETEDS ------------ CARD AgSENT ---------- CARD PRESENT ----------

1-4 11 f\IQPfv1 11 

S-10 NA~E l~T ATO~ 
1 s-20 NA.i..XF. 2ND u. nw 

I N.I T !.A L V I t: t-. 
f)Q~·iN z-.1\X.IS 

INITIAL VIE~.ol 
D 0 i•l •\I V E C T 0 R 

. C 0 !'! 111 E C T I \l G 1 S T 
ATO~ TO 2ND ATO~ 

----------------------------------·-~---------------'--:'-----------------.---
NOTE -- US~S ONLY SIX CH6qACTER ATO~ NA~ES. THIS MAY CAUSE SO~E 

·coNFUSION IF SY~~ETOY IS USED. IN THAT CASE THE FIR~T MATCH, USUALLY 
THF FIRST SYMMETqY ELE~~NT, WILL BE USED. 

P L A. N .: s E T I \! I T I .1\ L V I E ;,; < A 4 , 3 ( u, 6 • 4 X l l 
- P~RA~ETE~S -----------~ CAqD ABSE~T ---------- CARD P~ESENT ----------. . . 

1 - 4 II p Ll!. f\i II 

5-10 NU,~f 1ST ATOM 
15-20 ~AMf ?NO ~TO~ 

2 5-3 0 f\! u \.! ~ 3 R D A T 0 ~-~ 

H! I T I A L V I E ~\1 
DOt,.N Z-A :<IS 

I !\J I T I A L V I E ··I 
OC\ITQ PL.~NE OF 
THE 3 A. TOMS 

-------------------------------------------~----------------------------
\JOTE 



01-J!JL-74 
01-,.Jll\1-76 

PRJCT . ..J-7 
~UTHOPS: L• ~CCANDLISHt L. A~DQE~S 

HEVI5E8: L. A~0~E~s~ H. BER~ST~IN 

PRJCTN - 02/14/76 

s y M T : P,l D I IT s y M .., E T q y 0 ;:;> E ~,._,~ T I 0 N ( A 4 • 2 X ' 7 4 .il l) I) P. ( ll£+ • 2 X ' 9 F 9 • 6 ) 

- DAPQMET~~~ ------------ CAPO A~S~~IT ---------- C~RD PFES~~T ----------

1 - 6 II 5 y · .. q D y II '-! ') ~··! 0 D I F I c A T I l) [\1 A P P L Y T H I S. S Y '-1 0 P 
7-80 sv~vETRY Qi:>~RATIO~ 

------------------------------------------------------------------------
~OTE -- INP~T SY~METRY INCLiJDING x,y,z, ThE IDE~TITY TRA~SFO~~' EITHER 
AS T~ T~E J'IT~RNATI0NAL TA3LES, 0~ AS ~0~5 OF A MATRIX, THEN THE VECTOR 
T'-':1 lll\! S L A T l(l ' : • F r) R E X £1. :'" D L E : 

SY~T?Y -Yol/2+Y•-? 
()q 

~YMTRY -1 •• o •• o.,n •• I.,o.,o.,o.,-l.•O•,o.s.o •• 
SY~~ETRY oo~~ATJI)NS QELATEO BY ~ CENTER OF SY~METRY AT THE ORIGIN NEED 
!'! 0 T 8 E I "' F U T I F THE 11 1_ AT I ' 1 C A R D • 8 EL 0 w ' I S USED T 0 P R 0 If I DE SUCH 
S Y l\o1 M E T C< Y • 

U~TI: p;P!!T LATTICE < a4,4X~Al •2 <tid) 

- DBRAMETE?S ------------ CARD A~SENT ---------- CARD PRES~NT ----------

1- 6 11 ll~TICE" 

9 CEMTRICITY C0D€ 
12 Lt\TTTCE TYPE 

ACENTRIC PRIMITIVE ADO LATTICE OPS 

------------------------------------------------------------------------
i\IOTE -- TH:::: cn1TRI<:rrv coo::: ~-~Av BE ".ll" FoR ACEi'HRrc, oR "C 11 FOR 
C~~'1 TROSY;•l!'<~~T~TC. P1F. L-~TTICE TYPE ·,~AY dE 11 F''• 11 A' 1 • 11 8 11 • "C"' 11 ! 11 , OR 
"F". 

BOX.: SET IIOLUV.E TO :jE FILLED <A4,6Fl0.4) 
- P4\RM·1ETEr.>c; --------·---- C.~RD .I\8SE;\lT _____ ..;. ____ CARD PRESEr,rT ----------

1~ 4 "Rnx II 

~-14 L 0 ,,!c:- R X LP-1J:T 
lS-24 LO'-''c:- 0 y L!:'-AIT 
25,;,.34 LO·,,r-R l LI""tT 
35-40 U0 PER X. L I'-AtT 
45-54 upa;:p y LP-IIT 
55-A4 UPCF::P z LI~IT .. . 

IF SYH')PS GIVE'-J, 
SYMOPS CIPPLIED 
~s ~EAt) 

r-.1 o CELL TRAi'-:SLATIONS 
A.PPL I E1) 

BOX. 
CELL 

: 

FILLED USI\lG 
T R A \J S LA T,I 0:\1 S 

. . . 

------------------------------------------------------------------------
N0TE LIMITS A~E tN CEL~ EDGE FRACTIONS. 

FILE: ASST~~ IN~UT FILE (A4,6A4l 
- PARAYETE~~ ____ ,;,. _______ CAPO A8SE~T ---------- C~RO P~ES~NT ----------

1- 4 "FTLE." FILES ASSIG~EO Tl 6 
5-27 FIL~ InfNTIFT~q 

C A liS f: D I S P ! .. /'}, v C 0 "1•\1 .fl. !\II) S T 0 ·l E R E .r:. !) F ~ 0 1-1 A F I L r: • 



0 1-,l'.JL -7"-
0 1-J [1;1.1-7") 

END : END C~OSE 0NE I~PUT (A4l 

AUTHORS: 
Rc\/ISC:D: 

::~q JCT!\I-3 
Lo MCCANDLISH, L. A~D~E~S 

Lo A~OREWS• H. RE~NSTEIN 

PRJCT~ - 02/14/76 

- PARAMETERS ------------ CAPO 48SENT ---------- CARD PRESENT ----------

EXPECT 00RE I~PUT START CO~PUTATIO~ 

---------------------------------------~--------------------------------

C 0 t\1 T ~ 0 L -f) :,q L L R E A i\1 S \JJ ERE D BY 
TYPE COMMAND FILE NAME 

REPLY WITH t~ O~OI~ARY ~OS FILE IOENTIFIER (OEVICE:FILECUICl) AND THAT 
FILE t.q LL != E qEA.') U''IT I L "END 11 IS ~EACHED .AT ·.-JH I CH PO I NT U,JPUT IS 
T~PMINATED ftMD PROCESSING gEGINS• OR A~ EOF IS REACHED AND ''TYPE COMMAND 
FILl: ~'-IA1VIE" .~DPEA.~S ~GAl~.!. KB: IS A LEG.4L ~EDLY. 

INPUT TO READ COMMAND 

; .. HEf\1 TYE :::> E u D CiJ ,._,,.., .ll.f\lf) IS E NC 01YHEPED' T!-iE FOLL Qi•! I ~~G SE QLJ ENCE 0 F 
PROMPTS IS nUTPUT T0 UNIT 5 (K8:) 

TYP~ ATiJM FILE NA~E 
A TOt-1 r--.! t1 '"tE 

0 \IOi\IE 
1 c-IRST 
~ LAST 

TYPE ~ORMAT 8LANK= 
SKIP~! CARDS--ENfJ ''liTH em..,~~~ 

qEAD ~~ AT0'"1S--Ef'~D •JITi-i co:..;;.~o, · 

IF NO EOF W~S DETECTED THE NEXT LINES ~ILL ~E: 

TYPE--
1 STOP R~AfJ 

;:: SKIP 
~ DE.£10 
4 "·lfl;l FOR:·Jiu.T 

~PETU~N TO COM~ANO INPUT> 
(GO SKIP SOME CA~OSJ 

(GO READ SO~E MO~E ~TOMS) 
( G E T 4 ~,1 E ~,, F 0 R :'HI T l~ ,'.I f) R E A fJ S 0 ,"1 E M 0 R E ) 

IF Al\J Eoc- IS DETECTED, THE REPLY IS u-::·u :~tF.·l~·li\tG YOU ARE 8ACK IN 
CO~MANO YOn~ CONTROL-D ~ILL GET ON~ SAFELY OIJT OF TH~ READ LOOP UNLESS 
O~IE 1-il\S Tyoc::n 11 4 11 FOP. t-.IEY FOO~AT OPTlCJ;,i. 

T~US IN G~Q~p TO !JSE T~E ~EAO COM~ANG TO I~P~T ATO~IC COOPDINATES' ONE 
YtJ~T HAVF. A ~ILE WITH NO MO~E TH4~ ONE S~T OF COOPOINATES ~Eq LI~E, A~IO 
i'< ... , 0 !.J T HE F rl D '" ~. T • THE F I q c; T Q u E s r I r] '"'' ( II F I L E ·\1 A ul E II ) s H 0 u L 0 R E A '\j s L•i E RED 
'd I T H A· S T A \! n u i=?Q D 1.) .S F I L E I f) Ei'·! T I F I E Q , t: • b • 11 C R : 11 • . T H E 11 A. T () i·l! 1\1 A ·"1 F.: 11 



01-JllL-74 
01-J~r\I-7S 

PRJCT"l-9 
AUT~ORS: L. MCCANDLISH• L. ANDqE~S 
~EVISEO: L. ANORE~s, H. 3ER~STEIN 

pqJCTI\j - 02/14/76 

'}I J ~ S T I 0 i\J ~ F ~ l.l I P E S .A q E ~ L Y 0 F 0 I F T HE ~ E I S N f) !'J A tv! E F I E L D , 1 I F T HE !\1 A :'-1 E 
FI~LO C1~Ec REFORE THE COORDINATES, ANO 4 IF THE ~AME FIELD CO~ES AFTER 
T H 1:.: . C 0 0 P I) p.: A T ~ S • T H E !'I r>;.: E MUS T T Y P E A F n ~ ·"1 A T SPEC I F I C A T I 0 ''I • PJ C L Ll D I N G 
OPEN AND CLOSE PA~E~THES~S. NOT~ THAT I~TE~SPEqSED TEMPERATURE FACTOR. 
c A 0 0 s c A !\I c.: f c:; f<I D p ED F~ y I N c L u D Ii'l G .A II I .. I ,\J THE F 0 p v; A T • 0 1\j E THEN 
oqoviDES A ~KIP COU~T <O~ CARRIAGE RETU~N IF ~O~E ARE TO BE SKIPPED> 
FOLLOWfO Ry A RE~D COUNT. 

DATA INPUT AFTER DISPLAY IS UP 

0"1CE Tl-iE CCVv1MAI\ID 11 EI\l0 11 HAS BEEr·J GIVE~!, WHETHER FROo-1 THE KEY30A~D OR 
FRO~ A ~ILE, DRJCT~ CO~PUTES THE CONNECTIVITY IMPLIED BY ~NGE, DMAX,. AND 
DMTN AFTE~ APPLYING THE SYM~ETRY OPERATION. THE !MAGE IS SCALED AND 
CENTERED A~,ID .PUT 0<-J THE OISPLAY SCREEf'! l\i THE CHOSEN ORIENTATION. \IIHEN 
~IRST PUT UP• THE !~AGE IS STATIONA~Y. HITTING THE CARRIAGE RETURN <NEW 
LINE ON SO~E ~ACHI~ES> WILL STA~T THE. IMAGE ROTATING ABOUT THE SC~EEN 
VERTICAL AXIS. IT ~AY 8~ STOPPEO AGAIN 2Y HITTING THE SAME KEY. AT ANY 
TIME. THE US~R MAY TYPE A COMMAND. AFTER PROCESSING TrlE COMMAND' THE 
PICTURE WILL AGAI~ BE STATIONARY. 

THE c 0 ~-1M A t'-.1 [) 5 II D I s T II ~ Ut~ i\j G L II ' A i'JD II T R s (\Ill ALL 0 il/ TEMp Q R A R y c H AN G E s I 1\.1 THE 
I~4GE TO DTSPLAY INT~RESTING GEO~ETRIC FEATURES VIA INTE~SIFIED 80~!DS. 
C!) !·.··~AN OS S UC' H AS 11 CL R 11 A i'ID 11 PLOT" CMJ ~E1'-1CJ VE SUCH PORT I 0 NS 0 F THE p·, AGE. 
II \1 A M E II I s s T M I L .A. R L y T E ... , p 0 R ,L\ q y ~ . II 8 0 N D 1' A N D II u N 8 D II s H 0 u L D 8 E u s E D F 0 R 

. ~'-'ORE PERMMrENT CHI\NGES. 

DIST: 8QI~HTEN 90~D AND COMPUTE LENGTH (A4,2A6) 
- PARA~ETEPS ------------ EFFECT OF COMMAND -----------------~----------

1...; 4. 11 DIST 11 

5-10 1ST ATO~ NA~E 
11-16 2t-IQ .IHOt·-1 \IA~"E 

8RA~ .R0NO BR)GHT AND PRINT LENGTH 

-----------------------~------------------------------------------------
i'-1 0 T E -- I F \t () i\1 M1 E I S G I V E 1\J , C 0 ~i :J: JT E F 0 R A L L !H 0 t-1 S • I F 0 N E N A ME 
A P P E A P 5 • C 0 M PUT E F 0 q T H A T · A T 0 f'..i 0 t\lL Y • . U.J T H!:: C AS E T H A T D A T A. I S 8 E I N G 
COMPUTED FOR ~OPE THAN ONE COMBINATION OF ATO~S• A PRO~PT WILL BE GIVEN 
F 0 q T H E 11 P o PH F I L E " • T HE A f\1 S wE Q S H 0 lJ L 0 8 E L P :· , F 0 R E X. A ,-.; D L E , I F T H E 
VOLUt--1E OF OUTPUT IS EXPECTED TO 8E LARGE.· CARRIAGE RETURN GIVES LP: AS 
THE.OEFAULT. 

ANGL! BRIGHTEN ANGLE AND ~9!NT DEGREES <A••3A6) 
- PARAMETEPS ------------ EFFECT OF COMMAND ----------------------------

1- 4 li A~-·r-L II 

5-10 1ST ~TQM NAME 
11-16 2ND ~TO~ ~A~E 
1 7- 2 2 3 R n A T 0 -.~ ~·I A:~ E 

i\I('IT~ -- S~!=" "i0TE F•')R "D1ST 11 



01-JUL-74 
01-JA!'J-76 

PRJCTN-10 
AUTHoqs: L• MCC4NDLISH• L• ANDREwS 

REVISED: L. ANDPE~S• H. BERNSTEI~ 

PRJCT~ - 02/14/76 

TRSN: - RRIGHTEN TOQ5IO~ 4NGLE AN0 PRINT DEG~EES <A4t4A6> 
- oaqA~~TER~ ------------·EFFECT OF COM~AND ----------------------------

1 - 4 " T ;:;: s :<,; II 

5-10 1ST ATOM ~AME 

11-16 2N0 ~TOM ~A~E 

17-22 3Qn 1TQM NAME 
2 3-2 8 4 T ~ II, T 0 :·~ i'l A~~ f. 

DRAW A~GLE BRIGHT AND PPINT bEGREES 

------------------------------------------------------------------------
'\JOTE -- SEE NOTE FO:~ "DIST" 

CLR : CLE~P DISPL~Y ITEMS ADDED (A4•16> 
- PARAMETER~ ------------ ~FFECT OF COMMAND ----------------------------.. . 

1- 4 "CLP II 

5-10 # nF tTE:.lS 
TE~PORARY DISPLAY ITEMS CLEARED 

----------------------~-------------------------------------------------
NOTE -- SOME IMAGES CONSIST OF A LARGE NU~BER OF DISPLAY ITEMS. <I.E. A 
8RTG~T SONG ~OULD CONSIST OF TWO OIS~LAY ITEMS, A ~OVE AND A D~AW) 

GEOM: op I ~.IT MOLECULAR GEOi•IETRY ( 44) 
- PARAMETERS --~--------- EFFECT OF COMMAND ----------------------------

1- 4 "GFOM" PRINT ''DIST 11 t "ANGL''' "TRSN" OUTPUT . . . 

-------------~----------------------------------------------------------
NOTE -- THTS COM~AND GIVES A COMPREHENSIVE CALCULATIO~ OVER ALL 90~DED 
.ATOMS OF THF t:lUANT!TIES 09TAINED SINGLY BY THE 11 DIST 11

' 11 ANGL 11 .AND 11 TRSN" 
COMMANDS. Tf-IE OUTPUT FROr'l "GEO~"- SHOULD ~10R!VIALLY BE DIRECTED TO THE 
PRI~TEP 5Y ANSWERI~G THE FILE PRO~PT ~ITH 4 CARRIAGE ~ETU~~. 

BOND/UNBD: CREATE OD RE~OVE BOND (A4) 
- P~RAMETEPS ------------ EFFECT OF COMMAND ----------------------------

1 - 4 II ~J) ~! [) II I II u N 3D II 

.. . 
ENTER DI4LOG TO CREATE/REMOVE BONDS 

~.J 0 T f. -- T H ;:: c () ~ ... 11,·1 /~ :\J D s II 8 0 N D II ll f\l D II u N 8 0 It A R E I DE :'H I c A L • T HE y R 0 T H s T A R T A 
D I ,ll L 0 G : .. , H I c 1-1 6 s K c:; II q 0 !\1 D 0 R u N 8 D II ' T () IIi H I c H 0 N E Mus T R E p L y LH T H E I T HE R (J F 
THE f!..JO C 0 '-1 ~·' A !'InS A G A I N • I F T HE C 0 M ~~~A N D I S 11 8 0 i\1 D 11 0 !'IE ~v I L L B E A S ~ED 
''LI:"'-JE• DAS~· OOT, oq POPIT 11 , TO ;.~HICH ONE MUST PEPLY ~JITH 0:\JE OF THE 
F ')up L T ~I E T y p E s • F 0 R E I Fi E q II R 0 N D " 0,... If u '\1 B 0 II ' 0 j\1 E I s T H E N A s ~ E () F 0 R 
11 FTPST ATO)' !\!1\ME• n~~Ax, or . .q:\J 11 , T') '•iHICH O~·'E REPLIE<:; ·"'TH A FULL EIGHT 
CHARACTEP ~TnM NA~E• FnLLOWED SY 2Fl0.4 NUMRERS. IF DMA~ IS ZERO• IT IS 
fC~ E .ll TED AS P.' F P!I T Y • T H f-: SA ~·1 E I '-l o \J T I S q Eel U I R f: i) F 0 ~ THE fJ U EST I 0 f\J 
11 SECOi'IO AT01·; ~:A'4t, D·~AX, QMit-J 11 • IXLL 80i·JDS tv!EETING 80TH SETS OF 
0 M t1 :X I f) f • .q ~.: ~ E c; T P I C T t 0 i\J S A P E U.t S E o T E I) . I F " :::. 0 ., l 0 11 :.J ~ S R E J U E S T E D • D :" A l( I D '"' I N 
A R ~~ I G \i oDE il Fop "u '·.! 8 n • • • g u~ N K L I '! r:~ I r'),... u r s CA u s E T HE o r A Lor; T o g A c i(, u ~ 
01\lf: OUESTI!"'i'l•, FPJU.LLY -<ETIJ~"il-•\iG fO Tr.E DISPLAY CO~Il"'ANOS. 



Ol-J!.IL-74 
.. 01-JAi-J-7f:l 

A. Li T i-1 0 :.( S : 
REVISED: 

o;:~JCT·\l-11 

L. MCC4NDLISH• L. ANDRE~s 

L • Ai'JO R E 'tl S • :1 • 8 E R 't S T E I •\J 

PRJCT~ - 02/14/7h 

C I R C : D I S P '- .l\ Y C I :~ C L!:": S A ~ () l I i'll D 4 T 0 "'1 S ( A 4 ' A 6 • F 6 • (J l 
- PARA~ETEQS ------------ EFFECT OF COMMAND ----------------------------

1- 4 11 CTt;>C" 
S-10 .uTn"' :-.lAME 

11-16 RAr:'I!IS 

0I5PLAY CIMCLES 

~-----------~-------------------------------------------~---------------
NOTE -- THIS COM~A~n HAS B~E~I RE~OVED IN SOME VERSIO~S OF PRJCT~. 

N~t-1E: 0!5°U'IY ATQ'--1 ~iA·AF.S (A4,,A8l 
- PtRAMETEPS ------------ EFFECT OF CO~MA~O ----------------------------

1 - 4 " r,! t:l ~· f " DISPLAY NAMES OF N4MED ATOMS 
~-12 NA~E TO M4TCH 

NOTE -- IF SYM~ETRY HAS BEEN USED• A FULL EIGHT CHARACTER ATO~ NAME IS 
q E \) ll I q F. D • T F I HH:oi I I s u c; E f) .I N c 0 L !) ~<1 i\j s 1 1 A :\) i) 1 2 • T H E s A H E A T 0 '-1 I N A L L 
s Y M ~ E rc~ Y E L F MEN T s ''J r L L .1\ c q u I R E A "' A :.,, E • I F • sA v , " A A " I s usE o I N coL u,.., N s 
ll AND 12, n~E THE ~E 0 qESENTATIVE IN THE FiqST SY~~ET~Y ELEMENT WILL BE 
•\! A ~1EO. 

ORTP! PRINT ORTEP ANGLES (A4l 
PARAMETE~S --------~--- EFFECT OF COM~AND -------~--------------------

1- 4 "OqTP" 
. . . 

PRINT ANGLES IN ORDER 1, 3• 2 

------------~------------------------~----------------------------------
~OTE -- THF ORDER QF ANGLES GI.VEN IS x, z, Y. IN SOME VERSIONS OF 
0 RJCTN• T~~ X ANn Z ANGLES APE THE N~GATIVES OF THE ONES ~EOlJIREO 3Y 
ORTEP. TH~ RnTATIO~S .ARE ABOUT THE x, y, Z AXES.OF THE REFERENCE 
COORO p.iA TE SYS TE''-<1 I \I ORTEP. 

CHNG - CH~t-.!GE V.ALUE OF CO:\JTROL DIAL (A4,A6•Fl0.4l 
- PARAMETrPs -~-----~---- EFFECT OF COMMAND -------------~--------------

1 - 4 II c f-J ~! G II 
CS-1 0 FU~.iC T I Of\1 \1 Ar1E 

1 1 -2 n r-.J F.: '" V b. L U E .. . 
PROVIDES A USER VALUE FOR T:-iE GIVEN FU1\JCTI0l\] 
AND DISCO~NECTS IT FQQM THE DIAL 

~-----------------------------------------------------------------------
"J0TE -- EA('!-4 OIAL HAS A FIJ\JCTIOI\i :'IA.'~t_ ASSOCIATED '."!TH IT. T~ ALLOvl '<00M 
F 0 P J 0 Y- S T T C '-< fi\i T R I E S ' THE C 0 t--iT D 0 L !.1 I A L S A q E ·'I U :n 8 fRED F P 0 '-~ 4 T,.; R 0 UGH 1 3 • 
"c Wi G " A L L n "' c:; Qi\t E To ;',j I ·.,, I c \ o I A L s F ~ o ii! T HE K F.: y 8 o A P n • THE I N I T I A L 
F I p.: C T I 0 ~.J !\! !'. M ~ S A '.J i) A S S I G ~.J H::: 1\JT S A R E A S FULL 0 '·' S • 



Ol-JUL-74 
01-J.fll\!-76 

Y-AXIS 
X-AXIS 
Z-A XIS 
IOFSET 
I SCALE 
POTPAT 

ORJCTi'J-12 
AJT~GPS: L· MCCANDLISH, L• ~NDRE~S 
~EVISE): L. AND~E~S, H. BERNSTEIN 

PRJCTN - 02/14/76 

F U ·\.i C T I 0 i\l 1\ S S I G \'I ~,1 E i'J T 

4 <DIAL 1) 
5 ('1IAL 2) 
6 (IJIAL 3) 
7 ( D·I.A L 4) 
8 (DIAL 5) 
9 <OIA.L 6)· 

I''JTENS I TY OFFSET 
I •\I T ENS 1 T Y S C A. L E 
qQTATION ~~T€ 

T Y E VA L IJ E S T 0 8 E G I 'I EN R .A.: i\J G E F R 0 ··~ - 2 0 • 4 ci T 0 + 2 0 • 4 8 T 0 M A T C H E X T R E ,-.,~ E 
COUNTER-CLnCKWISE THROUG~ EXTREME CLUC~wiSE ~OTATION. THIS IS JUST A 
R~!\!GE OF PtJPF ~>-Jll?~f3ERS. '\liTH NO SPECIFIC illlE_ANING. 

RENM: PENaM~ CO~TP0L DIAL FUNCTION (A4,A6,A6) 
- DA~A~ETEPS ------------ EFFECT OF COMMAND -----------------------~----

1 - 4 II p E "-1 "" II 

6 -1 0 0 L D !\! A. t..; E 
1 1 - 1 6 [\IE ,,; i\! Cl Nl f 

CHANGE OLD FUNCTION NAME TO NE~ 

------------------------------------------------------------------------
\lOT!: -- SEE ~-'(HE Foq C'-ING. 

AS G N : A S S I G ~-i · C 0 :·H P 0 L D I A L T 0 F U r·.J C T I U ~'·i I A 4 • A 6 d 5 ) 

- PARAMETEos ------------ EFFECT OF COM~AND ----------------------------

1 - 4 II A ~ G ~·! II 

5-10 FUNCTION NA~E 

11-15 NE•·I NIWBER 

CHANGE CO~TROL DIAL ASSIGNED TO FUNCTION 
GIVING ?OSITIV~ NUM8ER (4-13) FOR DIAL <1-10>: 
OR· NEGATIVE FOR I~CRE~ENTAL MODE, 0 FOQ NONE : 

-------------------------------------------------------------------------
"NOTE -- SEE WHE FOR. CHNG 

VALU: PRI~T CUPRE~T ASSIG~MENTS AND VALUES (A4) 
- PAPAMETEC~ -~---------- EFFECT OF CO~MAND ----------------------------

1- 4· "Vt-LI!". PRPH -LIST OF CURRENT VALUES A•\ID ASSIGNi-1ENTS.·: 

------------------------------------------------------------------------,. 

PLOT: PLOT CURRENT DISPLAY (A4l 
-PftPAMETEP~ ------------ EFFECT OF COMMA~D -----------------------------

1- 4 "PI !"'T" : ':~~lER OTAI_OG TO cq~_ATE PLOT It'vlAGE 

~J()Tf -- TH>: ntA.L0G '''ILL ASi~ FOR fHE 11 PLOT FILE" FIRST. A CA~~IAGE 
RETURN WILL CAUSE IJS~ OF VP:~ T~E VE~SATEC PLOTTER. OTHER OEVICES CAN 
i=3 E A S S I G !\1 E I) T () S A V E THE >J L () T I tvt A G f. • 3 E ,,; A P •'-i E 0 ThE I ·A ~ G E I S T 0 0 L A R G E T 0 
g E S T !) ,o E !) fl c: li L I "'l ~ E D F I L E 0 !\i D I 5 C • T r, t: N E X T ~ LJ E S T I 0 \J A 5 r< S F 0 R 
CEil.lTP,iETf9c: PEP Af\iGSTPO··.A, t'-JU~·~BEP OF Ir·lAGES• .A:-.ID Z-OFFSET. THE At'-JSv•EQ 
SHOULD 9E ru~~E ~U~~Eos, SE?APATEO ~y COMMAS• 0~ JUST A CARRIAGE 9~TlJRN. 



01-JUL-74 
01-JAN-76 

PRJCTN-13 
i> U T H 0 R S : L • Nl C C ~ N D l I S H , L • 4 ~I D R E \1/ S 

REVISED: L. A~ORE~s, H. BE~~STEIN 

P~JCTN - 02/14/76 

CE~1TI~ETEPS PI="D ~1\JGSTR0'-1 IS A FLOATPiG PO!f'1T •\lU·"lEER CONTROLLING THE 
PICTURE SI7E. Ii=" T'"iE ;:)ICTI.L~E :.dLL ,\JOT FIT f)t" n~,JE PAGE FO~ THE SIZE • 
GIVEN, IT I~ SPOKE~ INTO ~ULTIPLE P4GES. IF THE SIZE GIVEN IS ZERO• THE 
PICTU~E 11iiLL 13E SCALED TO FIT ONE PAGE. ~.il?viAGE I~ THE NUi.1'3ER OF 6 
DEG~EE ROTATI0NS TO PLOT. THE FIRST PLOT ~Ill AGREE ~ITH THE LAST 
SCREEN tMA~F. THE NEXT IMAGE IS ~OTATED SIX DEGREES AROUND THE Y-AXIS 
IN THE POSITIVE SENSE. IF NI~AGE IS ZE~o, ONE I~AGE ~Ill 8E PLOTTED. 
THE Z OFFSFT CONTROLS THE USE OF OOT SKIP~ING TO SIMULATE DEPTH CUEING. 
A LARGE NUM~EP C999.l ~ILL SUPPRESS ALL SHAOII\JG. 

NOTE ON NUMERIC INPUT 

wHEN USEn IN THE STANDARD CRYSNET RELEASE SYSTE~, 0 RJCTN ALLD~S 
\J 1. I~~ E R I C F I ~ L D S T 0 R E T E R ·'H ~J 4 T E 0 8 Y C 0 M N: A S • T H E C 0 r,; iv! A I S P A ~ T 0 F T H E 
FIELD• ~JOT 6. SPECIAL COW-1ANO. THIJ<:;, IF A FOR"1.A.T SPECIFIES Fl0.4 INPUT• 
A FULL TEN DTG!TS MAY 8E TY 0 ED, OR FEWER DIGITS MAY BE TYPED• AND THE 
FIELD TERMTN~TED BY A COM~A. HO~EVER• AN ERqOR MA~ RESULT IF A FU~L TEN 
DIGITS APE TYPED A~D A CO~MA IS ~DDEL AS WELL• SINCE THE CO~~A WILL THEN 
BE IN THE NEXT FIELD• AND TER~INATE THAT OHE INSTEAD OF THE ONE 
PHEt--JDED. A COr-1-'-li\ 11/ILI_ ALSO TERt·HNATE Ai'l .~-FIELD• BUT NOT A~J A-FIELD• 
SO S0,\i1E FLEXI.RILITY IS ALL!'"1WED 0"1 ttqNGE 11 CO~liAA;-,IOS. HO~iEVER~ AT0,'-1 NA!"'ES 
(WHICH ARE ALPHA8ETIC INFOOMATIONl MUST RE SPELLED OUT WITH ALL TRAILING 
'=il.ANKS. 



COM'.AANDS 
ANGL - 8P!GHTEN A~GLE AND PRI~T nEG~EES P~JCTN-9 
OSGN - ASS IGt--.t COI\JTROL DIAL TO FUi"CT (01\1 PRJCT!'t-12 
ATOM - ponvroE ATOM ~AME AND COO~DINQTES O~JCTN-6 

8 0 t-1 D - C R E l\ T E 0 R R F..: ~>M) '1 t: 8 0 N D P R J C Tf'.!- l 0 
ROX - sc:-T VOLW~E TQ 8E FILLED PQJCTN-7 
CELL - DEFINE UNIT CELL PRJCTN-4 
CHNG - CHANG~ VALUE OF CONTROL DIAL PRJCTN-11 
CIRC - DISPL~Y CIRCLES A~OUNO ATO~S PRJCTN-11 
CLR - CLEAR DISPLAY ITE~S PRJCTN-10 
DASH - SET DASH LINES Foq RNGE pqJCTN-4 
DIST - R~IGHTEN 80ND AN~ CO~PUTE LENGTH PRJCTN-9 
f)f'/.AX - SFT MA.X t~UM 80\IOII\JG RADIUS PRJCHJ-3 
DMIN - S~T M!Nt~UM BONDING PADIU~ PRJCTN-3 
noT - SFT DOT MODE FOR Ri\JGE PRJCT~-4 ·· 
E~'!D - E~m PHASE ONE INPUT PRJCTN-8 
FJLE - ASSIGN INPUT FILE PRJCTi\1-7 
G E ') ~ - P !-J I i\1 T M 0 l E C U L A R G E 0 ME T R Y PH J C I N- 1 0 
L A T I - I 1\! o U T L AT T I C E P R J C TN- 7 
LI~E - SET SOLID LINES FOR RNGE PPJCTN-4 
NAME ~ DISPLAY ATOM NAMES PRJCTN-11 
NORM SET INITIAL VIEW PRJCTN-6 
ORTP - POINT ORTEP ANGLES PRJCTN-11 
PLAN - SET INITIA~ VIEW PRJCTN-6 
PLOT -.PLOT .CURRENT DISPLAY pqJCTN-12 
DO IN - SFT 0.10 P() If'IT .vtODE FOR RNGE · PRJCTN-4 
READ - R~AD. COOROINATE FILE PRJCTN-6 . 
PEN M - . R F.~~ t: ME C 0 NT R 0 l 0 I.A L FUN C T t !) N P ~ J C T I\J -1 2 
RNGE - CNITROL 80!\ln!,,JG OF ATOMS DRJCTN-5. 
SIZE - SET PICTURE SIZE PRJCTN-5 
S Y M T - I r-.1 P I JT . S Y i'-H"! E T q V 0 P 1=.: R AT I 0 ~~ PRJ C TN- 7 
TPSN - BRIG~TEN TORSION ANGLE AND PRINT DEGREES PRJCTN-10 
U~RO - CREATE !)q REMOVE 80ND PRJCTN-10. 
VALU - PRINT CURRENT ASSIGNMENTS 1\ND VALUES PRJCTN-12 

cn~~AS TO T~RMINQTE FIELDS PRJCTN-13 
OAT~ INPUT AFTER DISPLAY ts UP PRJCTN-9 
iJA.TA INPIJT Rf.FORE !IISPLI\Y PRJCTN-3 
OIAL FUNCTIONS PRJCTN-2 
PHROOUCT I 0\t PRJCTN-2 

. LI~ItATIO~~ PRJCT~-1 
LOGICAL IJ!'..JTTS P~J~Ht-?. 
~IIJM8 F.:R T C P,tP UT Pq .. IC T:-..1-13 
~E AD COMMA'-If} HiPIJT PRJCn.l-8: 
STEREO DISPLAY P~JCTN-2 

SWITCH.SETTINGS PRJCTN-1 
SYMMETQY pqJCTN-1 



PROGRAM NAME RSTD 

PURPOSE checks standard reflections from data collection 

LIMITATIONS 

SWITCH SETTINGS 

LOGICAL UNITS 6 KB for input information 

FILE ASSIGNMENTS none 

must log in as {1,11] 

magnetic tape with data must be mounted 

3 
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$ TO COMPILE USE 
RUN LINK 

SANDA., L?: <SANDA. SRC/ ON/ CK tU 

. LINK.' Vll.A01 
i• 

·#SANDA< SANDA/ CC., FTNLI BlL/ U.iE 

. TRANSFER ADDRESS: 
LOW LIMIT: 024164 
HIGH LIMIT: ·077460 

LINK 
#t c 
·KI 

VllA01 

$AS CR:" 4 
$AS. LP:" 5. 

...... 

$AS DK:.JUNK, 3 · 
.$ NOTE*******ON 
NOTE ESPECIALLY 
RtJN. .SANDA. 

I350 

$I AM GOING TO .PUT 
· LP: t·U 
RUN PIP 
PIP- 1 1 V7 A01 
IJUNK/DE 

HR\R\LP: < CR: 

#tC 
........ 

.·KI 

; . 

$F'I 
Tit1E:--1 5:39 13 

OOS V08-02 

'·· 

024164 
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t'10iJ1 
0002 
[ii:)iJ3 

0004 
DC:IJ5 
o;~:o6 
[i007 

DtJOB 
o:JiJ9 

0010 
OiJ I 1 
13012 
(12\ 13 
tiO 14 
[i[i 15 
0016 
0017 
0018 
ti019 
2• 0::: i) 
0021 
(1:~122 
[iJ2.3 
0024 

!3025 

00:?6 
CiJ?7 

. c·.~i23 
[1;_-1?9 
1_1:_1".;.1) 

C:J32 
[.lj33 
2:(134 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

I HTRA!·10LECULAR AHD I till:: I-!.! lOLECUl.(-lR D I SHlHCE.S 
CRYSTALLOI:;I~IlF'H'i' UlC:OF:1HOI~Y. Uti IV. OF PI TTSE:URGH 

I<.SIHOI-10 ni-ID SHIRLEY S.C.!CHU . 
!"lAY 1 ::)G4 HIID FEBRUARY 1965 

R. SH 101-10 
APRIL 1968. FEB. 1969. HOV. 1969. 

SCRATCH TAPE ON UNIT 3 
lSI =0 FOR LIHUS ATOM FOR!1AT <ALSO UCLALS), I FOR XRAY-63, 

2 FOR ORFLS 
IS2=2 FOR DECIMAL FRACTIONS, 1 FOR GRID COORDINATES 

FRANCES C. BERNSTEIN BNL 9/73 
FIX UP FORMATS FOR FOCUS 58 CHAR LIMIT 

COf'11'10H A 1. A2. A3 .• B 1 ~ 82, 83. TITLE 
COI'II'IOH U.V .. L.J.C1.C2.C3.tH 
D I ilEJIS I ON C I ( 12) • I I ( 12) • J 1 ( 12) • C2 C 12) • I 2 ( 12) , J2 ( 12) , C3 ( 12), 

2 I3C12>.J3Cl2> .UC40>.VC40).WC40>.P<7>.NPC3.40).AIDABC40) 
Dll'lEI·ISIOH TITLEC20).!·1SY<?>.ORCDC3) . 
D I f1EHS ION TST< 4. 60) .KST< 3 .. 6el). NT< 51::1) 
DATA ltSY / 2H-Z.2H-Y.2H-X.2H .2H+X.2H+Y.2H+Z / 
REL.JIIID 3 

C CONSTANTS FOR ALPHABETIC +X.-X.+Y ETC;. 
READ 71. <TITLE<K>.K=1.2B> 
PR HIT 70. TITLE 

C RE~D THE CELL COHSTRHT CARD · 
PERD 73. A1.A2.A3.81.82.B3 
J TRII =27 
READ 78. N.M.NCARD. DMAX.DMIN,IAGL.DANG.ITRN.ISOR.TR.TS.TT.IS1.IS2 
151 = lSI + I 
IF CDMAX .EO. 0.0) DMRX = 1.7 
IF CTR .EO. 0.0) TR 1.0 
IF CTS .EQ. 0.0) TS ~ 1.0 
IF <TT .EO. 0.0) TT = 1.0 
QR = 1 ./TR 
OS = 1./TS 
QT = I. /TT 
IF ( I TRt·l ) . 87. 87. 86 

85 JTRN= I 
87 IAGL= IAGL+I 

IKARD =IKARD+ I 
C READ SYI"WIETRY CARDS 

PEAD 75. CCI(K). IICIO.JICIO.C2<K>. 12CK>.J2<K>.C300. 13CIO.J3(f(). 
1K = L 11) 
PRIIH 79 
DO 61 L= L 11 
K I = I I C U +4 
K2=J I CU +4 
K3= 12 (L) +4 
K:.i=J2(U+4 
K5=I3CU+4 
1(6=J3 (L) +4 

6 1 PP I liT 80. L. C 1 C U • t·JS'r (I< l> • tt3Y Cl<2) , C2 ( U • f'IS'( ( 1<3) • M:3'r ( 1<4) • C3 ( U • 
H1S'/(1(5). l'lSY0(6) . 

IF CDI=HIG) 88. 88. 203 

e 
~--------------------~--------------------------------~ 

~ v 



FORTRAN 

()036 
D037 
f'il"?.8 
tJ039 
0041) 
0041 
0:)42 
0043 
Bt'l44 
0045 
[jJ~6 

13047 
co.:;s 

. 0049 
oo:.o 
E;;:;:, I 
0::!52 
Oi~·~:.3 

0054 
c::y:.s 

B0':·8 
00':·9 
?o::JE,I) 
3061 

~!:'163 
3064 
?1065 

)066 
IIJ€,7 
iQ68 
;:Jf-9 

t\71 
0?2 
::373 
iJ?4 
i)75 
IJ?6 
077 
"\-. ..... 

'-'I •=-
0;""3 
:::12;) 
Y31 

. .:. :· 
:·:: -l 
i .. :.·s 
,;:::6 
.--·"7' : ... 
.-.:::a 

Vf. 15:2?:36 13-NOV-?3 

88 DANG=DI1AX 
208 GO TO C 20 I. 97. 3el 1 L IS 1 
30 I THJ 302 I<= I. t·t 

READ 303.UCKl.V(K).W(Kl~AIDAB(K) 
GO TO (302.305l.NCARD 

305 READ 303 
302 CONTINUE 

GO TO 204 
201 DO 202 K = I.N 

READ 203. AIDAB<Kl.U(K). V(K), W<K) 
GO TO <202.205). NCARD 

205 READ 203 
202 COIHINUE 

GO TO 204 
9? · DO 146 K=I.N 

READ ?4.AIDABCKl.U(K).VCKl.W(K) 
GO TOC15L 152J. IS2 

151 UCIO = UCKH:(!R 
VCIO = VCKH:QS 
LJ( 10 = W C K ) *0 T 

152 GO TO C 146. 14?l. NCARD 
14? PEAD 74 

146 COIH HIUE 
2EI4 PR I IH 8. DMAX. Dl1 IN 

PRINT 93.Al.A2.A3.81.82.83 
PRINT 190 
DO 191 K = 1. N 
PRINT 192.K.AIDAB<Kl.UCK). V<Kl. WCK) 

191 COIH INUE 
PRIIH ?2 

C ADJUST THE COORDINATES TO WITHlN ONE HALF 
DO 39 L=LN 
NP (I. U =EI 
HPC2.U=0 
NPC3.U=0 
IF C I~RN ) 180. 180. 39 

18El IF C ABSWCUl-0.5) 64. 64• 63 · 
63 HPC1.Ll=SIGHC1.0.U(L)) 

IF CUCL)) 65. 64. 66 
65 UCL)=U(L)+l. 

GO TO 64 
66 UCLl=U(L)-1. 
64 IF ( ABSCVCU ) -0.5 ) 67.; 67. 68 
63 IIPC2 .. U=S!GIHI.O.VCUJ 

IF CVCLJ) 69. 67. 51 
69 \l(LJ=\ICU+I. 

GO TO 67 
51 VCL)=VCLJ~1. 
67 IF C Ft8:3U·HU ) -0.5 ) 39. 39. 52 
52 IIPC3.U =SIGH( l.O.I>JCU) 

IF CWCL)) 53. 39. 54 
53 WCLJ=W(L)+l. 

GO TO .39 
54 WCLl=WCLl-1.· 
39 COIH IllUE 

D 1'1 I II= Dl'1 I lf*Df1! H 

PAGE ' 

. .1' 

. ·. 
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DD91 
OIY32 
D1)93 
CiCi94 
[:fJ95 
;:-::-:~6 

;)t197 
CiJ98 
C\~1'39 
DIBO 
0181 
0][12 
t\103 
0104 
0105 
012i6 
0107 
0108 
01B9 
G I 10 
C I 1 1 
0112 
0 j 13 
Dll4 
[1) 15 
OJ 16 
01 17 

Ell 18 
I) 119 

3120 
0121 
i?l1:.·z 
0123 
C.) 124 
0125 
0126 
13127 

0128 
0123 
0130 
!3131 
1'1 1"32 
1)133 
·=·! 34 

c 

c 

c 

4B 

41 

42 

43 
44 
~!S 

47 

"18 
43 
5[) 

9 

1TWO =DI"1AX+Dr1AX 
lWlA = DI-1TIJJ0 
Dl"lB = Dr·Jn.JO 
Dl'lC = D11TLJO 
JA=1 
JB=l 
JC=l 
Dr-lSQ = N1AX*DI1AX 
I F C 8 1 ) 43, 4El, 43 
JA=2 
IF <82) 48, 4L 48 
J8=2 
DI1C = DI'IAX 
IF C83) 9, 42, 9 
Dl"lB = Dr·JAX 
DnA=Dr1i-lX 
JA=3 
GO TO 9 
IF <82) 44, 46, 44 
IF C83) 9, 50, 9 
.J8=2 
IF (83) 
f•f:A = DT-lA~-< 
GO TO 50 
IF (83) 
Dr-~B=Df'lAX 
JC=2 

9, 47, 9 

9, 49, 9 

LOOP FOR THE STARTING ATOM 1-N 
DO 61:1 L=LN 
KDIS=El 
FOR THE ENDING ATOMS 1-N 
DO 62 K=LI'I 
PC4)=0.0 
f(5)=UCK) 
PC3)=-PC5) 
PC6) =VUO 
PCZ)=-PC6) 
P ( n =LHn 
PC 1) =-PC?) 
GO THROUGH ALL SYMr1ETRY RELATIONS 
DO 62 . I= 1, M 
f11 = I 1 C 1 ) +4 
1·11 =J 1 ( I )+4 
f12 = I 2 ( I )+4 
t·i2=J? r r J +4 
113= I3 c I )+4 
113=J3( I)+4 

:~I:.:. I if-·;->O 
::,I ?.6 IIP'a'=(J 
Jl3? NPZ=O 
D I 38 I J =I A8S C I 1 < J) ) 
;::; ! 33 IF ( I J ) 11' L 11 L 1 10 
Jj_:;;:J 110 IIP><=t·IP:<+IlPC IJ,I()a:ISIGt·l( 1, I 1 ( IJ) 
J1~1 111 IJ=IABSCJ1C!)) 
'3142 IF C IJ) 113, 113, 112 
131-13 112 ltP><=tiPX+NPC I.LI(H<ISIGIH LJl ( J)) 

1-M 

PAGE 



FORTRAN V( 

0144 
01"15 
{:1]<46 

!:11'-17 
Ci j -~3 
Bl49 
0150 
Bl51 
Bl52 
0153 
n1s4 
IJ155 
til 56 
0157 
Bl58 
0153 
Bl6B 

113 

114 
115 

116 
117 

118 
119 

120 
121 

13-NOV-7'3 

I J =I ABS ( I 2 ( l) ) 

IF ( I.J) 115. 115. I14 
HPY=IlPY+HP (I J, 10 *IS 1 GtH I. I 2 ( I)) 

IJ= lABS CJZ (I)) 

IF ( IJ) II7 .. 117. II6 
HPY=HPY+IIP ( IJ.IO*IS IGIH 1. J2( 1)) 

I J =I ABS ( I 3 ( I)) 

IF ( IJ) 119. 119. 118 
HPZ=NPZ+NP<IJ.K)*ISIGNC1.13(J)) 

.IJ=IABS<J3(J)) 
IF ( IJ ) 121. 121. 12el 
NPZ=NPZ+NPCIJ.K)*ISIGNC1.J3(1)) 
X=C1<I>+P<M1)+P<Nl) 
Y=C2< I HP CMZHP 0~2) 
Z=C3CI>+PCM3)+PCN3). 
DO 62 J=1.JTRH 

-
PAGE fit 

0161 1 1 

GO TO ( 1 1. 12. 13. 14. 15. 16. 17. 18. 19. 2B. 21.22. 23.24.25.26. 27. 28. 29.30 

. 1-31.32.33.34.35.36.37).J . 
E=X 
R=Y 
G=Z l1163 

0164 
0165 
Bl66 
0167 
n168 
IJ163 
~~ 170 
0171 
0172 
0173 
Bl74 
0175 
IJ176 
lj 177 
0178 
0179 
0180 
BIB! 
-~1R? . 
)183. 
0184 
o1:::s 
o 1:::5 
0187 
BI88 
fli :=:9 
J13D 
:· i3I 
:: l :::2 
J!S3 
Jl9'-l 
) I 55 
) I ::•.:;; 
) 137 
i I 93 

12 

13 

14 

15 

16 

17 

18 

19 

2B 

NTRR=555 
GO TO 45 
E= 1. +X 
NTRR=655 
GO TO 45 
E=X 
R= 1. +Y 
IHRR=565 
GO TO 45 
R=Y 
G= 1. +Z 
IHRP=556 
GO TO 45 
E=-l.+X 
G=Z 
NTRR=455 
GO TO 45 
E=X. 
P=-I.+Y 
NTRR=545 
GO TO 45 
R=Y 
G=-1. +Z 
HTRR=554 
GO TO 45 
E= I. +X 
R=1.+Y 
G=?. 
II"! PR=665 
GO TO 45 
E =>< 
G = 1. +Z 
IHRR=566 
GO TO 45 
E= 1. +X 

·.: j 

, i 
I 

1: 



FORTRAI'I VBB• 

0199 
n""'nn 
n:::·ot 
t:12~~2 
0203 
020~ 
0205 
rJ::?B6 
t1:-=-n7 
<:1203 
t::~209 
0210 
0211 
0212 
B213 
8?14 
':1215 
t1216 
0217 
0218 
0219 
0220 
[1??1 

(:1223 
0224 
[1225 
B226 
'3227 
A7?8 
0223 
(.1230 
0231 
B232 
1)233 
~234 
0?-:.o:"i 
1:!236 
0237 
8238 
0239 
B24B 
0241 
f··242 

C>.?-i-l 
~. - •• C' 
u.::-J 
~:; .... :c 
;""' ~· 17 
._._~ .. 
,=j.::~3 

;:-.::-13 
02":.0 
oz:-, 1 
82~52 
0253 
0254 

21 

y 
IHPP =5~F\ 
GO TO 45 
E=-!.+X 
R=-1. +Y 
G=Z 
NTRR=445 
GO TO 45 

22 E =>< 
G=-l.+Z: 
NTRR=544 
GO TO 45 

23 E=-1. +X 
R=Y 
IHRR=454 
GO TO 45 

24 E=l.+X 
R=-1.+Y 
G=Z 
NTRR=645 
GO TO 45 

25 E=-1. +X 
R= I.+'( 

.IHRR=465 
GO TO 45 

26 E=X 
G=-l.+Z 
NTRR=564 
GO TO 45 

27 P=-1. +Y 
G = 1 . +Z: 
IHRR=546 
GO TO 45 

28 E=-1. +X 

29 

31 

32 

33 

R=Y 
IHRR=456 
Gil TO 45 
E=1.+X -
G=-1.+Z 
IHRR=6.54 
GO TO 45 
R= 1. +Y 
G= I. +Z 
HTRR=666 
GO TO 45 
G=-I.+Z 
IHPR =61S4 
GO TO 45 
P=-1.+'( 
G = 1 . +Z 
llTRR =646 
GO TO 45 
E =- 1 . +>< 
R= 1. +Y 
IHRR=466 
GO TO 45 

15:27:36 13-NOV-73 PAGE 



FORTRAN VC 

0255 
02'56 
02~,7 
o.::.a 
0?:.~ 
o:6o 
G.?.:-1 
O.?t·2 
D263 
8~'f,4 
0.?£.5 
C·:2f·6 
c.::t-7 
c:rc.s 
02t·9 
0270 
D271 
0272 
0273 
0274 
0275 
[1276 
0277 
0278 
1.:1279 
0280 
0281 
D?:=:? 
iJZ83 
CCS4 
c~z;::s 

G236 
0287 
0288 
[i289 
L12'30 
0291 
02~2 
;_.;293 
2·294 
0295 

0297 
0298 
0299 
::'1300 
;~,3D I 

~.:.02 
::cr3 
3Cl4 

307 

c 
c 
c 

34 

35 

36 

37 

45 

55 

56 

57 
58 
59 
81 
82 

84 

85 
140 
122 

130 

131 
132 
133 

134 
135 
136 

137 
138 

148 
173 
175 
175 
174 
142 

E"' 1. +X 
R=-!.+Y 
G=-1. +Z 
tHRR=644 • 
GO TO 45 
E=-l.+X 
R= 1. +Y 
IHRR=464 
GO TO 45 
R=-1. +Y 
G= 1. +Z 
tiTRP=446 
GO TO 45 
G=-1. +Z 
HTRR=444 
D4=B. 
DI=Aili'<UCU-E> 

i5:27:36 

IF CDI-DMAl 55. 55. 62 
DZ=AZ*CVCLJ -R) 
IF CDZ-DMB) 56. 56. 6~ 
D3=A3*CWCU -G) 
IF CD3-DMC> 57. 57. 62 
GO TO (58. 59. 84). JA 
D4=D4+D2*D3*BI 
GO TO C 81. 82). JB 

13-NOV-73 PAGE 

D4=D4+D3*Dl*B2 • 
GO TO C 83. 84). JC 
T14=fl4+fl I ~t:fi?*P.3 
DIST=DI*DI+D2*D2+D3*D3+D4+D4 
IF CDIST-DMSQ) 85. 85. 62 
IF C DIST l 62. 122. 140 
IF C DIST-DMIN ) 62. 122. 122 
D IST=SQRTCD IST> 
IF· C IIPCI.U ) 131L 132. 131 
E=E-l.El 
GO TO 132 
E=E+I.El. 
IF C HPC2~L) 133. 135. 134 · 
R =R- 1 . 0 
GO TO 135 
R=R+1.0 
IF C NPC3.L) 136. 138. 137 
G=G-1. 0 
GO TO 138 
G=G+1.0 
IITRR =IITRR+ C tiP C 1 . L) -IIPXl * 180+ (liP C 2. L) -t·IPYl :t:10+NP C 3. L) -NPZ 
GO TO C 1~8. 148. 141 l. l~GL 
IF STORAGE SPACE IS TIGHT .. THIS SORTING PART t1AY BE Ol'lniTTED OR 

L I liKED 
Of'liT THE D ISTAIICE TO ITSELF 
IF C DIST ) 173. 173. 174 
IF C IHRR-555 ) 174. I ?5. 174 
IF ( L-K ) 174. 176.. 174 
IF C I-1 ) 174. 141. 174 
!F C ISOR ) 142. 142. 149 
11TX=C I C I) *1tl0. 
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B3BB fY=C2Cil*100. 
B3B9 nrZ=C3(Il*100. 
0310 PRINT 77.L.K.DIST.E.R.G.J.NTRR 

C PRINT 77.L,K.DIST,E,R,G.MTX.MSY<M1),MSY<Nl),MTY,MSY<M2),MSYCN2), 
C 1MTZ.MSYCM3l.MSYCN3l,I.NTRR . 

0311 GE = E*TR 
C312 GR = R*TS 
B313 GG = G*TT 
0314 GO TO 141 

C PREPARE FOR SORTING THE DISTANCES 
0315 149 KD!S=KDJS+l 
8316 KSTCI.KDISl=K 
0317 KST<2.KDISl=I 
0318 KSTC3.KDISl=HTRR 
0313 TSTCI.KDIS)=DIST 
03:0 TST<2.KD!Sl=E 
0321 TSTC3.KDJ~)=R 
b322 TSTC4.KDIS)=G 
G323 141 GO TO C 62. 92. 92 ) , IAGL 
~3:4 92 IF CDIST-DANG) 98. 93. 62 
C?-25 93 !,..!RITE (3) L.ICDIST.E.R.G. I.tHRR 
~326 62 CONTINUE 
'3327 IF C ISOR ) 60.. 60, 160 

C START SORTING DATA 
0323 160 HDATA=KDIS 
0323 IF C HDATA l 60, 60, 161 
0330 161 MI=HDA1A 
0331 163 M!=MI/2 
0332 IF C Ml ) 164, 170. 164 
;y::-.33 164 1"12=tiDATA-t11 
0334 1"13=1 
;:r:.35 !55 114=1'13 
~336 166 1"15=M4+M! 
8337 IF C TSTC!.M4>-TSTC1.M5) 168. 168, 167 
0333 167 DO 169 IJ=1.4 
C~::-:.3 A HOLD =TST C I J ,1'1~1) 
t:r.::..:m TSTC I J, 1·14) =TSTC I J. M5> 
0341 169 TST<IJ.I15)=AHOLD 
03~2 DO 172 IJ=!.3 • 
tl343 IHOLD=KS.T< IJ.t'14) 
03~4 KSTC!J.M4)=KSTCIJ,M5) 
03-45 '1?2 I<STCIJ .. r··JS>=IHOLD 
::-.::;.;,:; 1·14=1'14-r·H 
c~::-1? IF ( 114-1 ) 168, 166. 166 
~3~3 158 1"13=1"13+1 
;:,-;~...;3 IF C 113-fl2 ) 165, 165. 163 

C EI·ID OF SORT II'IG 
03':·0 !?t:l DO 171 IJ=LNDATA 
,:·,:_-.:.J 1 :f<STC2. IJ) 
:::;.·:,z l·lT><=CICIH~lOO.O 

03':·3 1'1Tl=C2 C I) :t~ 1 DO. 0 
(1;'34 l'lTZ =C3 C I)* I f)lj. 0 
TY:.s 1"11 =I I ( I) +4 
~::::.6 Hl=JICI)+4 
835? 1"12=12CI)+4 
03:'·8 112=J2 (I) +4 

-~· ----~----------~-• 
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,. 

!:1359 
0360 
['1351 

D3f.2 
D:~,;3 

'Y:~f.~ 
0365 
B3f.6 
0367 

0368 
03t·9 
0370 
i3311 
0372 
03?3 
0374 
0375 

0376 

0377 

0379 
0386 

0381 
0382 
IB83 
0384 

0385 
E:'l386 
0387 
0388 
0389 
IB9el 

1"13= I3 (I) +4 
l'l3=J3 C I) +4 

171 PRIIH 77.LKSTC1. IJ). CTSTCIK. IJ>.IK=L4L LKSTC3. JJ) 
C 171 PRIIH 77.L.KSTCL IJ). CTSTCIK. IJ), IK=L4),f'1TX.1'1SYCI'll).MSYCIHLMTY. 
C lr1':.'( U12) , f'15'(( 1'12) • MTZ, f1SY Cf'13) • 11SY C N3) , L KSTC 3. IJ) 

c 
c 

60 CO liT IIIUE 

99 
GO TO C 38. 99. 99). IAGL 
L=O 
K=8 
DIST=O. 
WRITE C3l L.K.DIST.E.R.G.I.NTRR 
GO TO CALCULATE ANGLES 

THIS SUBROUTINE MAY BE SEPARATED IF' troT EtWUGH STORAGE 
CALL AHGLE 

38 PR IIH 94 
STOP 

8 FORMATC6X.5HDMAX=.F6.2.2X.5HDMIN=.F6.2) 
70 FORMATC1H1.20A4) 

71 FORIIAT C 20A4 ) 
203 FORI'IAT ( A4. 2X. 21 X.. 3F9. 6) 
303 FORMRTC3F10.5.40X.A4) 

C 72 FORI'IAT C 3)(, @ATOI·JSGI, 3X. @D I STAHCE@ .. 6X. @X@-. BX. @Y@. 8><. @Z@. 1 OX. @SYI'IMETR 
c 1 '{1:;). 12>< .. IZtTRUI.@. 2><. /) 

72 FCIPIIAT C3:< .. 5HATOI'IS.3X.9HDISTANCES.6><.1HX.8X.1HY.8X.1HZ;5X.3HSYM.2X 
2 • .c1HTRUD . . 

73 FORr··r,~T C 3F7. 3. 3F?. 4 ) 
7 4 FOi;:rrt=n C 7>< .. H4 .. 2><. 3F:3. 4) 

75 FORf1AT C F11.6. 212.Fll.6.212.F1.1.6, 212 
77 FORMATC1XI3.I4.F10.4.2X.3F9.5.3X.I3.2X.l3) 

C 77 FORMRT<1XI3.14.F10.4.2X.~F9.5.1X.I3.2A2.I3.2A2~I3.2A2.1X.I3.2X.I3) 
78 FORMRTC314.2F6.2.14.F6.2.214.3F4.0.214) 
79 FORMATC3X.3HNO •• 4X.8HSYMMETRY) 
80 FORf1ATC lX. 14.3 CF?. 3. 2X. 2A3)) 

93 FORf1AT ( 1H .4X.2HA=.F8.3.4H. B=.F8.3.4H. C=.F8.3./7H. COSA ... F7.4.•·J··· 
1 ?H. COSB=.F7.4.?H. COSCa,f7.4 ) 

94 FORI1AT.<5H .END.) 
19~ FORMAT C4X.llHINPUT ATOMS.SX.lHX.BX.lHY.BX.lHZJ. 
192 FORMATC1X.I4.2X.A4.2X.3F10.5) 
193 FORI1AT C 1H 1) 
711 FORMATC1H1.20A4./) 

HID 

ROUTINES CALLED: 
ABS • SIGN • lABS • ISIGN. SQRT • ANGLE 

SWITCHES ~ /ON,/CK 

BLOCK 
11A IH. 
.x.r::r.x.. 

LENGTH 
5297 (024542)* 
414 (001:::74) 

*·cconp ILER ----- CORE;fq: 
PHASE . USED FREE 

DECLRRRTIVES 00785 04902 
EXECUTABLES 01727 83880 
ASSEMBLY 03205 05319 

•'!. :i. .. 

l I' 

,· 

. .. ~· ·-· . 
•. • • •,J ~· 

,·l.. 

• 

,·, 

'• 

. ' :. ' 
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01301 
. 0002 

0003 
0004 
('1(105 
!:;;)06 
CCitJ? 
OliOS 
[!('tiJ3 
DiJlO 
DJ I 1 
[liJ 12 
[";013 
CiJ14 
l:;iJ I 5 
0016 
B017 
0018 

OB19 
~~;o:o 

c.:~c 1 
(iiJ22 
C'LJ23 
[iiJ24 
t'lD25 
o;Jz5 
[iiJ27 
0028 
Of'129 
!JCJ30 
[;;j31 
G032 
OlJ33 
::::•:)34 
JL1.:~s 

tJU.:•':-
;J~J:,? 

!JI_i 38 
IYJ33 
[iO~iJ 

C·J-H 
::.·~-~2 

:::·::144 
CJ~5 

C ALCULATION OF ANGLES FROM DISTANCE PROGRAM RESU~,~ . 
C CALCULATES ALL ANGLES. REJECTS REDUNDANT POSITIONS 
C BY R.SHIDNO APRIL 1963 
C MODIFIED MARCH 1965 
C REV lSED FOR NELJ FORr-1AT DEC. 1966 
c 

c 

41 

I? 
38 

39 
30 
31 

C32 
c 
c 

32 
10 
23 
34 

36 
37 
35 

1 1 

12 

25 
26 
27 

15 

SUBROUTINE ANGLE 
COIU1DN A. 8. C. COSA. COSB. COSC. TITLE 
THESE VALUES ARE IN COMMON TO SAVE STORAGE SPACE 
COMMON X.Y.Z.D.M.NS.NT . 
DIMENSION MC12J.XC40J.YC40J.ZC40J.DC12J.NSC12J.NT(50) 
DIMENSION TITLEC20) 
REWHID 3 
VLP=IHC 
KRP=IHJ 
PRINT B.KLP.KRP.KLP.KRP 
READ (3) Nl.MC1J.DC1J.XC1J.YC1J.Z(1J.NS(1).NT(l) 
NO =l·ll 
I= I 
GO TO 3(] 
I= I+ I 
PEAD (3) HLIHD.D<Il.><Cil;.Y(I).Z(ILNSCil.NTCI) 
IF CN1-NOJ 11. 30. 11. 
IF 0'11-r-H I)) to. 31. 10 
IF CNSCIJ-1) 10. 32. 10 
IF C NTCIJ-555 ) 10. 46. 10. 
CENTRAL ATOM WITH ZERG DISTANCE 
GO TO 38 
IF < NTCIJ-555 ) 10. 38. 10 
IF c Del) J 38. 38. 23 
IF C I- 1 ) 1 7. 1 7. 34 
II=I-1 
DO 35 N= 1. I I 
IF (/'~(I) -XUD) 35. 36. 35 
IF CYC I) -Y(I~)) 35. 37. 35 
IF CZCIJ-ZCNJJ 35. 38. 35 
COIHIHUE 
GO TO 17 
K =I -I 
IF CK-2) 18. 12. 12 
K1=K-1 
r•O 43 J = 1. K i 
K2=J+1 
DO 14 L=J(2.K 
A 1 = 0( (J ) - >< ( U H~A 
B 1 = C '( (J ) - Y ( U HB 
C 1 = ( Z C J ) - Z C U J *C 
IF CAl) 27. 25. 27 
IF CB1J 27. 26. 27 
IF CCI) 27. 14. 27 
DS=A 1*A I +B 1+8 I +C 1*C 1+2. :t:CA 1*8 1*COSC+B f:t:C 1*CDSA+C l*A I*CDSB) 
AG=.5*C-DS+DCJ)*DCJJ+DCL)*DCL))/(DCJ)*D(L)) 
IF CAGJ 15. 16. 15 
AGSQ =AG;t,AG 
IF CI.-AGSQJ 28. 28. 29 



FORTRAN 

[,0.::J6 
("Oil .• l7 
[J(l.:.lr:J 
('!).:13 

C.-~i'50 
Ci_;:, 1 
LiJ52 
o;-,:.3 
c···J':·~ 

t:JE156 
0057 
0058 
0059 
OCI60 
0061 
0062 
[:''1?163 
;_· .- ~~1 

tJB65' 
0066 
0067 
0068 

0069 

29 

13 

28 
42 

15:30:42 13-NOV-73 

AGL=ATANCSQRTC1.0-AGSQ)/RGl*57.29578 
IF UlGU 13. 42. 22 
AGL = 18B. +AGL 
GO TO 22 
AGL=O. 
DS=SQRTCDSl+0.001 
IF CDCJ)+DCLl-DS) 13. 13. 22. 

PAGE. 

16 RGL=90. . 
22 PRINT 3.~(J).KLP.NSCJl.NTCJl.KRP.NO.MCLl.KLP.NS<Ll.NTCLl.KRP.DCJl. 

1DCU .. RGL 
14 
43 
18 
40. 

19 

· COIHIIIUE 
CotHII~UE 
IF <H1> 19. 19. 40 
M<l>=M<I> 
XC 1> =X< I> 
Y<l>=YCI> 
Z < l) =Z <I> 
D<ll=D<Il 
tiS C ll =t-IS ( J) 
liT( I) =IHC Il 
GO TO 41 
RETURN 

; '· •• ,! 

·'I·.': 

3 FORMATC1X.I3.1X.Al.J3.J4.1X.A1.2J4.1X.Al.J3.J4~1X.Al.2F7:3.F7.2) , · ~. 
8 FORMAT< IX. 6HATOM a. llX. lHA. 2X. 6HATOM c. 9X. 1HD. A 1. 2HBA. A 1. 2X. 1HD. · .. · . i ..• : '.r ' .· 

1Al.2HAC.Al.2X.5HANGLE> 
END 

ROUTINES CALLED: 
ATAN • SQRT 

SI.J ITCHES = /Ot-1. /CI< 

BLOCK 
AIIGLE 
. :r.:r.:r:r.. 

LEHGTH 
1033 (004036) * 
3913 ( 00 1414) . 

;J::.i:cotlP I LER ----- CORE** 
PHASE USED FREE 

DECLARATIVES 00545 05062 
EXECUTRBLES B884? 84760 
ASSEMBLY 01657 06867 

... 

•!',· ... ~ 



EST OF ~·I
NO. 

1 0.000 +X 6.000 +Y 0.000 +Z 
2 B.BOb -X 0.500 +Y 0.000 · -z 

Dl""lA><= Z.BB DMIN= 0.00 
A= 7.407. 8= 5.301. C= 14.614 

COSA= 0.0000. COSB=-0.1500. COSC= 0.0000 
HlPUT ATOf"1S X Y Z 
I CL 0.11339 0.25000 0.12018 
2 01 0.60052 0.40669 0.07084 
3 02 0.41?29 0.63305 0.14558 
4 c 0.56695 0.59213 0. 1I089 
5 CA 0.69447 0.8I566 8. I2665 
6 CB B.?Z7?5 0.903I8 0.22712 
? CG 0.8I323 O.?I232 0.29498 
8 CD! 0.?2962 0.5I44? 0.33I56 
9 CE2 1.02I79 0.43208 0.33648 

IO CZ2 1.1884I 0.42698 0.44?98 
II CH2 I.33?84 0.5??96 0.43793 
I2 c:3 1.3I337 0.78493 0.37863 
I3 CE3 I. I5347 8.849?8 0.32755 
I4 C~2 1.00203 0.70184 0.33623 
! s 11 o. 8t:.7?9 o.? -'l:JOO · o. o·::r.:::34 
16 NE1 0.85489 0.38I44 0.39248 
17 HD2 e. 3332 1 a. 48865 e. 13462 ' · 
18 HA El.63B?5 El.96992 0.El8283 .,. 
19 H1 El.92523 El.58401 0.12225 
20 HZ El.85B62 0.72247 El.02488 
2I H3 0.96026 0.89282 0.10754 
22 HB1 El.59453 0.96505 0.24322 
23 HB2 El.8I288 1.07103 0.230)9 
24 HD1 0.58833 0.45648 1:).31921 
25 HEI ~.82644 0.23441 0.43032 
26 HZ2 1.2~06El El.26219 0.49376 
27 HH2 1.469B8 0.52868 8.47622 
28 HZ3 1.43840 0.89571 0.37192 
23 HE3 I.14332 1.El1El31 1:).28121 
ATOMS DISTANCES X Y Z 
2 4 1.1893 0.56695 0.59213 El.11El89 
3 4 1.3044 0.56695 0.59213 0.11889 
3 17 0.9847 0.3332I 0.48865 O.I3462 
4 2 1.1893 El.60052 0.40669 0.07B84 
4 3 1.3044 0.4I?29 0.63305 O.I4558 
4 5 1.51I3 0.69447 0.81566 B.I2665 
4 17 1.8970 0.3332I 0.48865 8.13462 
5 4 1.5II3 0.56695 0.592I3 0.11889 
5 6 1.5241 0.72775 0.903!8 0.227I2 
5 15 1.4790 0.86779 0.74900 0.09384 
5 18 1.1004 0.63075 0.96992 0.08283 
6 5 1.524I 0.69447 0.81566 0.12665 
6 7 I.4899 B.8I323 0.71232 8.29498 
6 22 1.0983 0.59453 0.96505 0.24322 
6 23 1.08?6 0.8I288 1.07183 0.23019 
7 6 I.4Rqg A.7?775 A.~A318 ~.22712 
7 8 1.3670 0.72962 0.51447 0.33156 
- I4 I.4~Rs 1 .nn?n~ o.7~t84 n.33G23 

.. , 

.;., 

3 
9 
9 

10 

T 
16 
2.:.1 
10 
14 
16 
9 

1 . ::·.:. ;·u 
I.::.·,,: •:C. I 
1 • (J?:::it~:: 
I. 3:::::12 
1. 4123 
1. 3669 
1.3892 

u. :.': ]·-;·.:· ·) 
!J . ::: ~~~. 1 j~-. :."1 
0. ~~i::.::.::·.:. ~; 
I. I8~::]c)} 
1. 00203 
El.854El9 
1.02179 

I).("" J2~.7o 
U. :~:;;;:I ,J,l 
U. cj';'.;;;,.):j 

. 0 •• :J2G:J8 
0.70184 
EJ. 33144 
0.49208 

u. :~'~J. :·:.:::.-:: 
u. ~:;J.:>l::: 
fJ . 3 I :::t:;=: I 
Cl. 'l--11·:..:,::; 
0.33623 

"0.39248 
0.39648 

' ' 

.... _, ·:' 

· ... ,. :-:·!. . . 1.·: 

.-·1 :··· 

J .. : f-. 

SYM TRLN 
l 555 . ,· 
1 555 ·•. 
1 555 
1 555 
1 555 
1 555 ;· .. ·-··.I· 
1 . 555 
1 555 
1 555 
1 555 
1 555 
1 555 
I 555 
1 555 
1 555 
I 555 
1 555 
1 555 

. I C'CI:' 
._l._l._j 

I a::cc 
._I . .J.J 

1 cr.:c ._ .. _ .. ...) 
1 c:a:-:c 

...J...J,J 

1 555 
1 555 
1 555 ,•,I' I 



lB 1 1 1. 1. 33704 0. 57796 0.43793 1 555 
10 26 1. 1. 20060 0.26219 0.49376 1 555 
1 1 10 1 • .;J•:••.:•CJ 1.18841 0.42698 0.44?98 1 555 I 

1 1 12 1. 3322 1.31337 0.78438 0.37863 1 555 
1 1 27 1.0834 1. 46908 0.52868 0.47622 1 555 
12 1 1 1. 3922 1. 33?£14 0.57796 0.43793 1 555 
12 13 1. 3821 1. 15347 i:l.84978 0.32755 1 555 -· 
12 28 1 . 1::1759 1. 43840 0.89571 0. 37192 1 555 .-

13 12 1. 3821 1.31937 0.78498 0.37863 1 555 
13 14 1. 3899 1.00203 0.70184 0.33623 1 555 ·: ...... 
13 29 1. 0831 1.14332 1.01031 0.28121 1 555 
14 7 1. 4385 0.81323 0.71232 0.29498 1 555 . -. 
14 9 1. 4123 1. 02179 0.49208 0.39648 1 555 
14 13 1.3899 1. 15347 0.84978 0.32755 1 555 
15 5 1. 4790 0.69447 0.81566 0. 12665 1 555 
15 .19 1. 0321 0.92523 0.58401 E'l. 12225. 1 555 -, 

15 20 1 .0066 0.85062 0.72247 0.02488 1 555 . . ~ ; . .•' 
15 21 1. el243 ei.96El26 el.89282 0. 10754 1 555 '•'. :. ~ : : ·-
16 8 1. 3761 el.72962 0.51447 0.33156· 1 555 .. ;. I' 

16 9 1.3669 1. 02179 el.49208 0.39648 1 555 . :: : .. · . ' 
16 25 0.9946 0.82644 0.23441 0.43032 1 . 555 '•: '1··· ... , .. ' I 

17 3 0.9847 el.41729 0.63305 0. 14558 1 555 
17 4 1 . 897El 0.56695 0.59213 0. 11089 1 555 'I I, 

·' 18 5 1. 1004 0.69447 EL81566 0. 12665 1 555 t:':!!_: ... : .·,,· ·-... 
19 15 1.1:1321 el.86779 0.74900 1:').09384 1 555 . ·, 1!.1.::,;.,,;:. :;_; 1'.: '. 

19 20 1. 6227 0.85062 0.72247 0.El2488 1 555 , ; ~-~ ::! : : I ; :_:: :: 1 , 

. . 

19 21 1. 6763 el.96026 0.89282 1:1. 10754 1 555 ~ :'{! .. · .. · !' :; 

20 15 1. 0066 0.86779 0.749El0 0.09384 1 555 ::• ~.I I ... ' '•i 

20 19 1. 6227 0.92523 0.58401 0. 12225 1 555 I''• I,.' 

21:1 21 1. 6248 1:').96026 0.89282 0. 10754 1 555 " 
I . . ·- . ··' . 

21 15 1. 0243 0.86779 0.74900 0.09384 1 555 
21 19 1. 6763 0.92523 0.58401 0. 12225 1 555 
21 20 1. 6248 0.85862 0.72247 0.02488 1 555 .. -. 
22 6 1. el983 0.72775 0.90318 0.22712 1 555 
22 23 1.7492 0.81288 1.07103 0.23019 1 555 ., 

23 6 1.0876 0.72775 1?.1.90318 0.22712 1 '555 .... 
-,7 22 1. 7432 0. 59-153 {). 96~505 0.24322 1 555 ~·J 

24 8 1.0796 0.72962 0.51447 0. 331~56 1 555 
?~ 
-J 16 0.9946 0.8541)9 0.381"~4 0.39248 1 555 
26 10 1. 03:·8 1. 18341 0.42638 0.447'98 1 555 
27 1 1 1. t1834 1. 33704 0. 57796 0.43793 1 555 
28 12 1.0753 1.31337 0.784'33 0.37863 1 555 
2'9 13 1.(1831 1. 1534? 0.84978 0.32755 1 555 

P.TU11 8 A ATOI·l c D <BI-I) D U:lC) AHGLE 
4 ( 1 "'"'"' ._I._I.J ) 3 17 ( 1 555 ) 1 . 304 0. 9:35 111.17 
2 ( 1 o=o=c:-

..J _I.J ) 4 3 ( 1 555 ) 1. 189 1. 304 125.54 
-, ( 1 ~-=- ) 4 5 ( 1 555 ) 1. 189 1.511 123.44 - .J J .:J 

2 ( 1 =·:·5 ) 4 17 ( 1 c:'t:"C' 
.J.J.J ) 1. 1 r::g 1. 837 96.59 

.j ( 1 555 ) 4 5 ( 1 555 ) 1. 304 1 . 5 I 1 111.01 
;. ( 1 "'"'"' ) 4 17 ( 1 555 ) 1. 304 1 . C::J7 28.35 ·-'·-'·J 
5 ( 1 c;:.:c:: 

..JJ.:.J ) 4 17 ( 1 C"C'C' 
.J J.J ) 1. 511 1 . :3~3? 139.96 

-4 ( 1 ':055 ) ~ 6 ( 1 555 ) i. 51 I 1. 524 113.11 .J 

4 c 1 "'"'"' ·-' _, .J ) 5 15 c I 555 ) 1. 51 I I. 47:3 10:3.44 
-'1 ( 1 s:.s ) 5 18 ( 1 "'"'~ .J J.J ) I. 511 1. IE11J 1[16. 87 
t; c '1 I::"'C'::' 

. .J _, J ) 5 15 ( 1 c; t..- a= 
.)._l.J ) .1. s;:::,l I . "I?St 111.24 

6 ( 1 c- c C' 
.JJ.J ) 5 18 c- 1 a=r.: c: 

. .J._I . .J ) 1. 524 1 . I 013 109. 13 
15 ( 1 cc~ ._I.J.J ) ~ 

.J 
1,-, 

0 ( 1 CC"C" 
.J._I.J ) 1. 4?';l 1. 100 10?.:33 

"' .J ( 1 "'C'"' .J.J.J ) 6 7 ( 1 C'C'C 
. .J,_J,J ) 1.524 1.4':.11) 115.20 

"' ( 1 c C" 1:' ) 6 22 ( 1 ~c~ ) 1.524 1 .1JSt:3 1136.06 .J .J.J J .J._I . .J 

5 ( 1 555 ) 6 23 ( 1 555 ) 1. 524 1. o:::::.: 107.33 
7 ( 1 .:·c r: -•.J . .J ) 6 22 ( 1 C"C.:C 

.J .J .J ) 1. ~130 1. 098 Ill. 46 
7 ( 1 555 ) 6 23 ( I 555 ) 1. 4:::HJ 1. o::;s 110.01 

22 ( 1 "'"'~ ... •...JJ ) 6 23 ( 1 ~~~ ..J..J..J ) 1. 038 1. 088 186.31 

------ • A 



6 ( 1 . , 7 8 ( 555 ) 1.490 L367 127.53 • 6 ( 1 o=· 7 14 ( 555 ) 1. 45113 1. 438 126.48 ._1::.1._ 

-=- ( 1 ~~~ 7 14 ( 555 ) 1. 367 1. 438 1 [16. 01] ,_, ._I._I..J 

7 ( 1 555 ) 8 16 ( 555 ) 1.367 I. 3?.6 1 ltl. 32 
7 ( 1 555 ) 8 24 ( 555 ) 1. 367 1.088 129.62 

16 ( 1 s:.s ) 8 24 ( 555 ) 1. 376 1. 880 120.06 
Jlj ( 1 555 ) 9 14 ( 555 ) 1. 389 I. 412 122.27 
10 ( 1 CCC 

-··-'..J ) 9 16 ( 555 ) 1. 389 I; 367 138. 12 
14 ( 1 ""= c ·-'·-'·.J ) 9 16 ( 555 ) 1. 412 1.367 107.62 

9 ( 1 555 ) 10 II ( 555 ) I. 389 1. 387 117.01 
9 ( 1 cc=c= 

·-··-'·-' ) 10 26 ( 555 ) 1 . .389 1.096 128.93 
I 1 ( 1 555 ) 10 26 ( 555 ) I. 3B7 1 . 096 122.06 
10 ( 1 555 ) I 1 12 ( 555 j 1.387 1. 392 121.26 
10 ( 1 s: .. s ) 1 1 27 ( 555 ) 1. 387 1 . 083 118.40 
12 ( 1 5~55 ) 1 1 27 ( 555 ) 1.392 1. 883 120.32 ']·:,. 

1 I ( 1 =·55 ) 12 13 ( 555 ) 1. 392 1.382 121.67 
1 1 ( 1 555 ) 12 28 ( 555 ) 1. 392 1 . 076 119.81 
13 ( 1 555 ) . 12 28 ( 555 ) 1.382 1.1376 1 19 .. 3 1 
12 ( 1 <: <: <: ) 13 14 ( 555 ) 1.332 1. 390 113.35 ._I...J.J 

12 ( 1 :.55 ) 13 29 ( 555 ) 1.382 1. 083 120.38 
14 ( 1 555 ) 13 29 ( 555 ) 1.390 1. (1:33 121.27 

7 ( I 555 ) 14 9 ( 555 ) 1.438 I. 412 107. 15 
7 ( 1 555 ) 14 13 ( 555 ) l. 438 1 . 390 133.40 
9 ( 1 555 ) 14 13 ( 555 ) 1.412 1 . 390 119.44 
<: _, ( 1 :o55 ) 15 19 ( . 555 ) 1.479 1. 0.32 113.42 
"' ( 1 555 ) 15 20 ( 555 ) 1. 479 1. 007 11 1 . 87 J 
<: ( 1 ·-' 

c-cc-
._I._I . ..J ) 15 21 ( 555 ) 1.479 1.024 110.26 

19 ( 1 555 ) 15 20 ( 555 ) 1. 032 1. 807 10.5. 48 ·.· 
13 ( 1 :.ss ) 15 21 ( 555 ) I. 032 1.1~124 109.20 
Zel ( 1 555 ) 15 21 ( 5~5 ) 1. 807 1.024 106.26 '• 

8 ( 1 555 ) 16 9 ( 555 ) 1.376 1. 367 108.91 . ' t': 

8 ( 1 555 ) 16 25 ( 555 ) 1.376 0.995 125.97 
9 ( 1 <: <: <: ) 16 25 ( 555 ) 1. 367 0.995 125.03 JJJ 

3 ( 1 555 ) 17 4 ( 555 ) 8.985 1.897 39 .. 88 \' 

15 ( 1 555 ) 19 20 ( 5<)5 ) 1.0::c;2 1.623 36.72 
15 ( 1 555 ) 19 21 ( 555 ) 1.032 1.676 35.24 .. 
:::J 1 '555 ) 19 21 ( 555 ) 1.623 

.. 
1.6?6 58.98 . '·' ·::· 

I"' 1 c:- t:- r= 2CJ 19 ( -=~=t= ) 1 .01'17 1.623 37.81 . .) ·-'-' J .J.J.J 

! :. 1 :.'55 20 2.1 ( cc=r-
._1.) :J ) 1.00? 1.625 37,24 

13 1 5::~5 20 21 ( 555 ) 1.623 1. 625 62.15 
1"" 1 CCC 21 19 ( "'"'"' ) 1.024 1. 676 35.55 . _, ..... _ •. J ._I,J . .J 
1 C" •. J ( 1 l:C:C" 

._I._I.J 21. 28 ( 555 ) 1 .824 1.625 36.50 
13 ( 1 <: "'""' ._.I._I.J 21 20 ( <: <:"' .J.J . .J ) 1. 6?6 1. 625 5:3.86 

t• ( 1 555 22 23 ( 555 ) 1. 898 1. 749 36.64 
6 ( 1 555 23 22 ( 555 ) 1. 888 1. 749 37.06 

EHD. 



TEST OF SAl 
7.~07 5. 3[ 4. 614 e. -. 15 e. 

29 2 - --~ 1 ll e 1.· 1. 1. El 2 
1 2 3 

-1 .5 2 -3 
CL .958400 1.000000 . 113391 .250000 .120180 

.01578 
01 .. 57:·001) 1 . OBOOOB .600516 .406686 .870842 

.02058 .02198 .00507 -.00546 .OB163 -.00290 
02 .575000 i.oooooo .417291 .633B52 . 145583 

.01494 .03417 • tll3697 -.00529 .0022B -.00458 
c .662600 1.000000 .566946 .592134 . 110891 t. 

.01314 .01763 .00312 -.00326 -.08011 -.00027 - . 
CA .662600 1.000000 . 694474 .815664 . 126655 

.01226 
CB .6626(10 1. 000000 .727750 .903178 . 227·116 

.01309 .01500 .00287 .00248 .08036 -.00081 
CG .66261:10. 1. 01:10000 .813229 .712315 .294984 

.012513 
CDI . 6626EH:l 1.000001:1 .729616 . 514466 .331562 

.01465 
CEZ .662600 1. 000001:1 1. 021785 .492077 .396484· .. 

.. 
. EH576 

czz .66260el 1. fl00000 1. 188407 .426982 .447981 . '· 
.01874 

CH2 .66260fl 1.000000 1. 337037 .577964 .437928 I 

.B1618 
CZ3 .662600 1. 000000 1.319366 .784983 .378631 

.01331 
CE3 .662600 1. 000000 1.153465 .849778 .327547 

.01347 
CD2 .66260el 1.00eJOOeJ 1.el02033 .701845 .336228 

.01263 .01725 .00223 .El£1021 . BB 117 -.00020 
H .950000 1.00800!) .867793 .7490131 .093844 i• 

.01603 .02181 .08319 -.00301 .00184 -.00014 
I~E 1 .950600 1.eJ00000 .854089 .381441 .392481 

.01897 
HOZ -.3720130 1.000000 .333207 .488650 .134618 ' " .131737 
HA -.372000 1.00000eJ .630753 .969921 .082834 

.022{)4 
HI -.3720130 1. 000000 .925232 .584012 . 122251 

.02{)17 
HZ -.372Bt30 1. 000000 .850619 .722473 ·.024877 

.{)2563 
H3 -.372000 1. 800000 .960255 .892816 . 107538 

.02{)64 
HBl -.372000 1 . 0013800 .594533 .965052 .243218 

.{)2051 
HBZ -.372000 1 . fl0l)000 .812877 1.071033 .230190 

.02480 
HDl -.372000 1. 00B000 .588331 .456478 .319208 

.{)1857 
:-JE 1 -.37zaoo 1.000000 . 826438 .234407 . .430316 

.02519 • o--.:.,::.3.;1 0 0!)611 -.(1[151~5 .QOC:'II .00672 
:-IZZ -. 3?~:Clt10 I • OC:OFHJO 1.200600 • ?f)2·1 ::.:::: . ~~)3?63 

. 02727 . 03:-.:;Gz . [i(t~3? 7 • CJ0536 . o IJ cJ ::n .00536 
L-1''""") 
' :~1..:... -.372080 1.0013000 1. 4~907? .52E:678 .476218 

.02189 
HZ3 -.372000 I .1300800 I. 438402 .895715 .371917 

.01738 
:-!E3 -.3720B0 l.OOBOOf.l 1. 143317 1. 010307 .281212 

. 021 16 

A ~ ~ 



PROGRAM t~AME 

PURPOSE 

LIMITATIONS 

SWITCH SETTINGS 

LOGICAL UNITS 

SCALER 

Wilson Plot and E's calculated 

1 for input information 

CR is default 

FILE ASSIGNMENTS ·. 1 must be assigned if other than CR 

I . 
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SCALER 

Program to. compute the scale and temperature factors by Wilson's 

method and to compute ·lEI's and obtain the associated statistics. The 

program may be recycled in order to refine the scale factor for the zonal 

reflections and the parity groups until the IE I statistics are satisfactory. 

For the ·recycling process, the weighting factors of the reflection. class and 

parity group are· varied. For the first two (2) cycles, the Wilson scaling 

is run. Thereafter, .only the weighting factors are varied while the scale 

and temperature· factors. are not varied. 

The reflection input for this program is the reflection·file produced 

by MSRED. The input, other than the reflection data, is described below and 

is expected to be on logical unit 1, (the default device is the card reader). 

INPUT: 

1. TITLE (20A4). 

2. KN2, KN3, KN4, · KNS, KN6, DAMP(l); DAMP(2), EMIN (512, 3F6.2) 

l<l'n (0)/(1) - (normcl1)/(anisotropic temperature factor) 

KN3 (0)1(1) - (do Wilson scaling)l(scale and temperature 

·factors supplied) 

KN4. (O) I (1) ""' (normai) I (replace F(obs) w.ith unitary structure factor) 

KNS (0)1(1)- (do not list IEI)I(list reflections with lEI ~ EMIN) 

K:N6 · Number of cycles to be run. · If KN3 "' 0 and KN6 ~ 2, 2 cycles 
of·Wilson scaling will be run and remaining cycles will be 
concerned ·only with the weighting of the re.flection classes 
and parity groups. 

DAMP(1). damping factor for change of reflection class ·weights (E). 
The default value is 0.4. A value of 1.0 disables the damping. 

DAMP ( 2) damping factor for change of parity group weights. · The 
default value is 0.-4. A value of 1.0 disables the damping. 

EMIN the mi niunim value of I E I .to be lis ted if KNS = · 1. 



c 

l. 

SCALER 
Page 2 of .4 

3.* SCALE, TEMP, SCAU, TEMP1, TEMP2 (5F8.3) 

(this card is not read if KN3 • 0) -
4 •. (FNA(I).. I a 1,10) (lOFS.O) 

FNA - no. of atoms having the scatt.ering of type I atoms. Thus if on 
the file of reflection data, the order of form factors on the re
flection record is 1-C, 2-N, 3-H 
and there are ·2oc, 16N and 36H atans 

20. 16. 36. 

5. (ATME(I), I= 1,10). (lOFSJJ) 

f(sin e/A a O)· for the corresponding atoms on the reflection record. 

6. WG(I) - Epsilon values f.or the 7 reflections 

7. 

WG(l) - E(psilon) 

WG(2) - E(psilon) 

WG(3) - E(psilon). 

WG(4) - E(psilon) 

WG(5) - E(psilon) 

WG(6) . 

WG(7) 

for h k Q, 

forb k 0 

for Ok Q, 

for h 0 2. 

for h 0 0 

0 k 0 

0 QQ, 

default value for all E values is 

WGP(I) - weighting for the 8 parity 

I Group 

1 ggg 

2 ggu 

3 gug 

4 guu 

5 ugg 

6 ugu 

7 uug 

8 uuu 

the default value is 1.0. 

1.0 

groups (8F5 !l ) 

. 
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SCALER 

8.* NR, IFA, IFB, AMIN, AMAX, FACT (315, 3F7.3) 

* 

NR - Number of sin 9/A ranges for division of the data 

IFA - (0)/(1)/(2) 

IFB - 0 

(use all reflections as is)/(do not use 

unobserved data) I (use unobserved data 

with F(obs) multiplied by FACT) 

AMIN - minimUm value of sin 9/A to be included in scaling 

· AMAX - maximum value of sin 9/A to be included in scaling 

·The data within AMIN and AMAX will· be divided into equal 
volume elements in reciprocal space. 

FACT - factor by which unobserved F(obs) values are to be multiplied 

This card is necessary only if KN3 = 0. 

The card is re~d.only once per run. 



Sample Input: 

SCALER· 

• 
•• s~ e~ e.; • 1 ~ • 6~ 1 • e 

A002 1 0 55~0 "·tw- cv:toi ~ sco 

S*Fl· 
TIMEs-11: 39:59 
CRY. SN ET 0 6- FEB- 7 ~ 
OOS V08-08 
!* 

Page 4 of 4 
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BNL CRYSTALLOGRAPHIC COMPUTER PROGRAM 

. . 

PROGRAM·: ABSOR ( INPUT~-OUTPUT,-PUNCH .-TAPE6 ,.TAPE4-t TAPE3) 

ABSOR IS A P-ROGRAM TO CALCULATE ... ABSORPTION CORRECTIONS FOR DATA 
FROM A 4-CIRCLE GONIOMETER B'f THE ANALYTICAL METHOD OF DEMEULENAER 
AND TOMPA ., IT"· IS A MAJOR RE..V lSI ON OF THE PROGRAM AGNOST ,. 8 Y 
L .. TEMPLETON AND- 0 •. TEMPLE,TON ·As DESCRIBED IN ABSTRACT E.l 0, 
AMER.CR·YST ... ASSOC.,~ STORR-S-•~CONN •. ,.I-973-.-. 

·Moor-F:;Eo::~:oR>sN:L~'I--NPui~:t~-~i~-Pu·i~,.--;o-iFF-~A-croMErER P·ARrT~,. ~No 
. DETERMH1ATION ·oF· .Q-UAfltTIT:iE:-S- NEEDE:D FOR: EXTINCTION --CALCULATIONS BY 
FLI EG HOLLANOE.R'" JA-N ••. 1·975_,: ~ AND PUT. THROUGH- *T lOY* TO BE.. CLEANED 

up.. ' . :. -·-. ~ ,.-: ~:_-_ .. :~::' :!;' ·_ ;;: ,:1]:;~;: >_';~,;} \ :_::_,; . _:_.. . . . . . . ; 
·AN~ OVEP.VTEw:•.QF THE ·ANAb.YTrCAL.METHOD FOR CALCULATION OF . 

ABSORPTION· CORRE:C.TION 1-S -GTVEN IN THE PAPER. ANALYTICAL METHOD FOR 
· . A-BSORP·TIOW CORREC:TtON · t·.BY~: ~N,-_,;w.:.;.AL(:dck:,.; WHICH: APPEA-RS IN . 
· CRYSTALL.OGRAPHI:C COMPUTING-··.;,:- F~~.R.;. AHMED.,, ED.,. MUN.KSGAARD '~ 19·70,. 

p. 2 71 ., . . ' ·'- :. . ~):~ > ,::;~ __ /::.~J~;-~::-~~-~.~."~f~-.. ~~:?;~·-· " . > '. > 

THis: PPOGRAM- .FOLLOw-s·. tHt~-~·aAs:r·c< OUTLINE. GIVEN IN. THE PAPER. FOR 
BREAKING ·THE CRYSTAL UP: INTO: HOWELLS .POL.YHEDRA AND FO ~ CALCULA T. I ON . 

. OF THE. ARSORP·T'lON ·CORR.EC.Ti!ON:·.THEREAFTER.: . SEVERAL CHECKS HAVE BEEN 
8Ull:T ,-INTo.: THE.· PROGRAM- :TO; :rNSURE :THE A-CCURACY. OF THE CALCULATION 

-_AND. TO ~lCliE'' ·cAS.ES~· W:HtRE\ r·Hts.:: ACCURACY MAY" HAVE BEEN COMPROMISED •. · 
:-sPECTFTCA't:.L.Y~ .. ·THE''VOuUM.E .. OFi"THE'. CRV·STAL AS; DETERMINED DURI.NG THE 
.·cALCULATTON·· FUR ~A·.· G;fVEttrREFISEC.T ION- 1:5 COMPARED-· To· .THE VOLUME.- . 

· CALCULATED' tNDEPENDENTLY-.-.~ EARILY~,tN: THE.: PROGRAM~·· TO· BE SURE THAT.· 
. · ··ALL P~ARTS:. OF· THE::·CRYST>Al:J.;HAVE~· MADE;:' THEIR:· CONTR-IBUTION.· TO THE· . , 
:: Ass·oRP'T'ro·N. coRREc.rr:of.i~·\:f~eF'tl::crrotts::. FbR··wH-r.cw THERe·-· rs~ AN; ERROR .. oF:;- · · · . ,, ·. - - . . .. ": . .;., ;, . . . . "". . . .. . -~- .. - ' . . . - . ~ \ . ~ 
. ·, O.e.O·l' PERCEN-T' ·o~ GREATER·:tNt·C'OMPUTED' VOLUME.· ARE ... FLAGGED IN· THE.· 

PRFNTEo,·:~ot}TPuT >so -~rH~r"THE-' usER" cAN' 'cHECK' -THEM~.-· .·· .· ... - . .,_ : .' · · 
• • ' a ~' •"" • '0 :.,.-1. .,·' ,-·,_, 'b -:~ ~:',', ~'!:"·::-:~·"·,;:=·;~:- .... :....~.< ~·. ··.~.~. ·:- 0 ,

0 

• ,._ ...,, .... • ~ • "• ~· ....... -

'. THE· ABSORPTION->coRREciio~/1s~ P·A.SSED·. o.ur OF. THE PR,OGRAM· AS A 
· . VARIABLE COR ~oJHI'CH, I:s; APPL!:EET-~AS A, MULTI.PtiER TO NETI lN. PROGRAM 

CORDAr •. · E.G.-tc·-CORRECTED:>tNTENSTTY:-·COR*NETI'.~ THE· ABSORPTION 
- CORRECTTOt-.i IS. NOt.:·APPI2.tED'.TOYTHE_<INTENSITY. .IN· A-B·SOR .. : : . 

---·· . · . ::· .. :·- -.. ,;: ~~-: /:_.: :· . .-.. ::·.·-~\.·\·~·-.:~:;-iH:~;_:~:;i~\:'_:<:·_·-.:~~>><,;~·,,~·-· : ... ·.··. ~ .-· / .· . 
'· . · 'THE PROGRAM-" At.S.O · ·cAt.CtJt::A,TES;·: .QUAN'Fl":TlES;-~ TO· AL.tOW .·FOR THE . · .. .:-' ..... - . 

- APP·L[CATION 'AND ~REFi:NEMEN't.:.--o.P~·-::]:·.soTROP·IC AND ANISOTROPIC._ EXTINCTION. ~ 
CORRECTIONS IN FLINUS •. ~::::r.HE: .. Qt]ANttTIES:· ARE~- TBAR,-. THE ABSORPTION ' 

. WEIG·HTEO PATH: LENGTH OF- THE .. lNCOMING AND OUTGOING BEAMS THROUGH 
TH~ CRYSTAL~ AND THE ·COMPON~NTS OF TWO VECTORSP XN AND XNSOt ~HICH 
ARE USED FOR AN-lSOTROPI C . .:E-X.TINCliON CORRECT IONS., <SEE· P •. COPPENS • 
.EVALUA T'I ON OF A·BSO.R-P·TIO~.f: AND. EXTINCTION....... ,.. P. 255 IN 
CRYSTALLOGRAPHIC COMPUTING:.,.) 

TBAR IS CALCULATED AS· TBAR = -LN(FTRANS./MU ' WHERE FTRANS IS 
THE TRANSMISSION FOR THE GIVEN REFLECTION (=1.0/COR>. THIS IS AN 
APPROXI~ATION• ~UTA RE~SONABLE ONE FOR-MODERATE ABSORPTION. XN 
AND XNSO ~RE TWO UNIT VECTORS WHICH ARE EXPRESSED AS THEIR 
CO~PONENTS ALONG REAL CELL AXES OF UNIT LENGTH. XN IS 
PERPENDICULAP TQ THE PLANE-CONTAINING THE INCIDENT BEAM <VECTOR 
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SO> AND THE DIFFRACTED BEAM ~VECTOR SJ. THE DIRECTION OF XN IS 
PARALLEL TO THE VECTOR CS X SO>. XNSO IS A UNIT VECTOR PAR~LLEL · 
TO CXN X SO>. THUS XNt· SO AND XNSO FORM A RIGHT-HANDED 
ORTHONOP~AL VECTOR TRIPLE IN THAT ORDER. NOTE THAT THESE VECTO~S 

DEPEND ON THE SPECIFIC SETUP USED FOR DATA COLLECTION AND THAT 
THEY MUST BE TRANSFORMED ALONG WITH THE H,K,L IF ANY CELL 
TRANSFOR~ATIONS ARE APPLIED AFTER DATA COLLECTION. ALSO NOTE THAT 
THEY WILL NOT BE THE SAMEt· IN GENERAL, FOR REFLECTIONS EQUIVALENT 
BY SYMMETRY~ <SEE ALSO THE FLINUS· WRITEUP~> 

_THE PROGRAM PERFORMS ITS CAL~ULATIONS IN PART USING A COORDINATE 
SYSTEM BASED ON THE DIFFRACTOMETER SET.UP AND CRYSTAL ORIENTATION, 
WHICH MOVES WITH THE CRYSTAL~ AS THIS SYSTEM IS DIFFERENT FOR THE 
DIFFERENT DIFFRACTOHETERS"AT BNL, IT IS DESCRIBED IN SOME DETAIL 
BELOW. 

FQR THE PICKER *XRAY• UNIT AND THE *MAIN* NEUTRON DIFFRACTOMETER 
THE COOPDINATE SYSTEM WHICH IS RIGHT-HANDED AND MOVES WITH THE 
CRYSTAL. IS AS' FOLLOWS., WITH ALL SETTING ANGLES ZERO' X IS TOWARD 
THE BEA~ SOURCEt· Y· IS COUNTERCLOCKWISE FROM X LOOKING DOWN ON THE 
HORIZONTI!L PLANE ,. AND· Z r.s· UP.· FOR THESE MACHINES THE SENSES' OF 
ROTATION OF THE ANGLE~·AT THE ZERO OF ALL. ANGLES ARE ' FOR THETA•· 
OMEGAt PH~~ V GOES.INTO X FOR~ ROTATION ~FOR CHI ,. Z GOES INTO Y 
FOR + ROTATION.. THIS; ·GIVES. NEGATIVE PARITY CSAME AS DEFINITION OF 
HAMILTON IN VOLUME FOUR OF INTERNATIONAL TABLES> FOR ALL THE 
ANGLES,.. AND AT TRUE. CHI>=· 0 .. 0 THE. MACHINE POSITIONS THE CRYSTAL 
ABOVE·THE GONIOMETER· HEAD. 

- ~ 

THE *SATT*·NEUTRONiDIFFRACTOMETER WORKS IN A LEFT-HANDED 
COORDINATE. SYSTEM· A'T·: THE REACTOR. THIS- IS CONVERTED TO A RIGHT
HANDED SYSTEM' •. BY" MANIPUtATION OF THE. U MA-TRIX <"SEE CARDS 6 > .. THE 
R IGHT-HANDEO' SYS.TEM ."IS .. AS FOLkOWS •· WITH All:.. ANGLES AT TRUE ZERO,. X 
IS~ TOWARDS THE~ SOURCE:,.. y·: IS CLOCK~ISE FROM X LOOKING DOWN ON THE 
HORIZONTAL PLANE. AND,·. z-.·r.s, DOWN.. FOR _*SATT* THE SENSE OF ROTATION 
OF'THE ANGLES AT' ZERO OF ~LL'ANGLES·Is AS FOLLOWS. FOR THETA~ 
O~EGA Y"· Y GOEs·- INTO x· 'F-OR +- ROTATION <NEG. P:AR I TY > • FOR PHI, X 
GOES INTO Y-·-FOR +· RO.TAT,!ON· CPOS ... PARITY).. FOR CHit· Y GOES INTO Z 
FOR +-ROTATION CPOS •... PARITY·).. AT TRUE CHI =' 0.0 THE MACHINE HANGS 
THE CRYSTAL BELOW THE G-ONIOMETER HEAD. <WE NORMALLY WO~K AT TRUE 
CHI NEAR 18a ON THIS MACHINE.) . 

. . ·>· . :·, ~ .. : \~. ··<·':-**.**NOTE****:· 
..... : ........ ~· ' .i, ~ - • :' :t.• ••' .,_. .. . - -... ~~ < ~ 

...... .- .. - ~ . 
~EE ALSO·.THE WR-ITEU~.FOR PROGRA~·PROCK AND INPUT CARDS 6 BELOW 

.• 

FOR THE PROPER ~ANDLING.OF *SATT* DATA~ 
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****• TAPE FILES ***** 

JAPE3 IS LISTED RESUlTS· FOR ALL ~EFLECTIONS FOR OFF-LINE 
·-.-:··_PRINTING- . .. 

',~~ FORMA r ( 3F4~0 ~Fa .S,2F8 .4t4F7 .2' 2 !6 ,.6F6 .3 t F8 .4 tF 12 •. 8) 
H'•K',.L~TRANSMrSSIONt•· ABSORPTION CORRECTION < 1'/TRANS) ,. 
NORMALIZING SCALE·_.FACTOR~· TWO· THETA.- OMEGAt CHit PHI•· 

..... , ~ NRE.F. <FROM· EXPT' •. )·,. INTERNAL SERIAL' NUMBERt COMPONENTS OF 
· ~ · .. \ ·.NORMALS,.- TSAR,., VOLUME OF CRYSTAL AS CALCULATED FOR THAT 

_.. ... ,I • _.._'" 

·· ·· · ~ ··PARTTCULAR REFLECTION... ~ . , . · . · 
• ;_ ... ~ - . , .~ ' ' i • 

. TAPE~ is sc"o>ouTPui·," r'ti· BE ~INPUT -~b CORDAT. 
: FORMA.T'C313,.2Fl 0 ;.l.,F 10.-3 ,.:F7 .. 4,·2FT .. 2, 2F3. 0, 2F8. 0 ~I 2, I 6, 

6F6 .a·,f:a·.S) . .... . . 
H ,.t< ,.L,.OBS•BAK ,..sea ,.coR ,"pHI ,.CHI ,.st.:O ,.SLB t08S2 • BAK2,. I D .... NREF, 
EXT;rTBAR:. >. . .. ·; .. ·, · ·· 

.. • ... ~ .:· ~ .. - : ~ ... • ~ -, '\ . • • \-.i-- • 

. -~COR:· rS:. .THE·_- A~S,.ORPTION, CORRECTION· FACTOR TO BE AP?L I ED 
- ·. --. ,. ·BY•· CORDA;r'.. EXT IS ~ VECTOR CON.TA.INING ·THE COMPONENTS TO 

, . · ,: .THE.·NpRMALS .US~D. FOR. EXTINC.Tl!ON CORRECTIONS AND TBAR IS 
. .._ :_·-·.THE ABSORPTION·.WE!GHTEO PATH"· LENGTH.. ALL. OTHER 
.. . . . VARIABLES ARE~· PASSED THROUGH- ABSOR FROM PROCK. <SEE 

. · · - · T.APE6·). • . • - · 
·' • - • • • ·.·.-· '... ,, --- t • 
. . .. ~ :-' ... 

~ - J. ·-

' • ' TAPE6 rs.· I.NPUr TAPE. AND IS OUTPUT FROM PROCK., 
. -~ ;_ ·':, :· ~ . • .• EITHER *St10RT* RECORDS ,. .. ao CHARACTERS t~ W.ITH 
_ ...... ~ · .'-· -. - ~ 'F:ORM-Ai-rf3.F·J .. o,,..zFlO,.;.r ,.F6 .. 3 ~3F-7 .2 9-2F3 .,Q, 2F·8 .. o t·I 2 >· 

. "' : ·.,~·~, · .. ~·OR·, ~LONG .. ~ RECORDS-~· 90t CHARACTER-S,. WITH 
FORMAiT'. C3F3.0\·2F:tO· .. l•F·l 0· • ."3,.3F7 .• 2 ,.2F'3 .0 t·2F8 ... o ,..I2,. !'6 > 

• • :~::. ' • • < ·C-ONTA~ININ'G-· •· -~ . · . . • ·~ :. - •• ; ·· ~ . ..... .. ··- . - ' . . '~ . .. : . > ·- __ ,.;, :t:-t,.K.~t;·,.oss,.8AK';sce~OM~PH(~tH·I~SL·O·,.-.sLB~OBSi,sAt<2tiDt AND .· ~ 
· ,. :..-. -·IN. THE. CASE OF, *fiONG*~ RECOROSr NREF .FROM. THE EXPERIMEt•H ... ~ 
• . •. - ,.. SEE.'PROCK. WRITEUP. ·FOR: DEFINITIONS. OF VARI-ABLES. .. • ·· ·. ·~ ·· 

·'· - ,p .. .to': - ~ · ..... ' ... ' ·... . . 

-· 
'• 
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**'*** INPUT CARDS ***** 

CARD 1 ~ C8A.l0 ). -· TI.TLE 

-. ·' 
..j,_-,_ 

CARD. 2;· _.. (6Fl:(l..4): - REAL. CELL. P'ARAMETERS 
· •. A-~;.'&, .. .' :c:~: AND ALPHA,. BET:A ~· GAMMA ' .. ~ ' ~~ . -. '-.,· .-.> ·. OR"COS<At..) OR COS<BET> 

. • -r .~- .,.· ~ • ·: ... ~ .. • ~ 
OR COS(GAM> 

::.. • .z ' _ ... . \ ~-. . . . - ~ ·' \• 

CARD· 3 .- £!61'5) -· ICNfl6l 
CON:fROL INTEGERS. . • . • -

'. ICN fJ!_, 2 ·,··,~·10.~-12.~15 ~16) ARE -NOT. USED Af .PRESENT. 
~ . ' .... . . . .... 

. . . 
.. .. .... 

I.CN f3l -·coLUMN 15· . · · 
• ~ . ~ .: 'AP~LI~t ~NLY TO REFLEtTIONS LISTED ON CARDS 7 OR IF 

·~· : PROGRAM I~ ASKED TO CALCULATE ANGLES~ 
.-... "",.:~· :::-- ·0,. OAT-~::.COLLE~TED lN BISECTING POSITION, OMEGA = o.o 

-·• ·: .~-~-- ·:.TRUE .. CH-I, I·N· F'IRST OR FOURTH QUADRANT. 
·:: 1.9- 'DATA- ·COLlECTED' IN PARALLEL. POSITION~ TRUE CHI =· 90 •. 

. :, . : . TRUE, OMEGA IN THIRD OR FOURTH- QUADRANT.·. 
ICN (4-)·. ~- COLUM~ --~20 

., •. <GENERAT.ES THE CORRECi PARITIES: FOR ANGLES ON BNL MACHINES. 
"'-. 'APPtiE'S ONLY TO REFLECTIONS LISTED ON CARDS 7 OR IF 

•· ·. · · · .· ·PROGRAM rs ASKED ro CALCULATE ANGLEs •. 
· ·. · > ,···:::. 0 ,., .*MA-IN*·· OR *XRAY* 0 IFFqACTOHETER. 
_::. .. · .. :: l~; .;;SAT-T* D!FFRACTOME.TER USED. 

: TCN·.<S) -:· COLUMN: '25. . . -. -• · . · ~ a·~ NO 'PUNCH. otiTPUT ... 
- • .'.:_"\;,.·.!'-,..:PUNCH .OUT CARDS· F'OR ORTEP DRAW-ING QF .. CRYSTAL • 
. ·>ICtH.6>, ~ COLVMN.:..26.-3o. · · ~ - - -· . . •.. - ·;. ~. · -
·., ::' .. ~ .•. ~L 1·NFACES_ -~. t::;I~~BER1. OF; .CRYSTAl;'. FACE-~,._ SEE CARDS 8 .,_ 
-·· ICN·( 8')- ,- COLUMN~ 40· · · "' . • · .. :. . · .. . ' 

.' .• _· • "•: .. ~::: •'9 ~ .~ARO_· INPlJ:f'~. SEE ·_CARDS .·1.0 BELOW. . _ ·.. , 
•; .. ·--

· . '·.,- =' t"r- TAPE6- INPUT FROM- PROGRAM PROCK (SEE ABOVE> .. 
~- ~-- . : :j~ .. z.,. T.APE6 .INPUT FROM PROCK, itLONG*' RECORDS CONTAINING 

. ·' . . REFLECTION NO .. FROM THE EXPERIMENT •. 
· tCN C9·) . -~ COUJMN • 4-l-45: 
_.···.~- ~~-fli;. ·:sETTlNS: ANGLES ARE CALCULATED FOR N ·REFLECTIONS~ SEE 

. . __ ~; .: .. : _.:' •. ~-- _-CARDS"' T BELOW •~ . .., ... _ 
. ·.- ICN C'l·,J,:') -?COLUMN 5-l-55 . . . •.• - . .. . . ..... ·. 

•. -••. : p _ ·-.i ·a, :·No,RMAL,_.CASE.:.·. - . • .. ·. .. ...-
> ~ . :i:.' N:~ INCREMENT FOR SERIAL NO. OF· REFLECTIONS. 

ICN.C:Ll >. WILL BE ADDED TO THE SERIAL NO. READ FROM 
TAPE6 <IF ANY>~ AND INTERNALLY GENERATED SERIAL 

. NUMBERS WIL~. START WITH N+l • 
. . ICN<l3) -COLUMN 65: 

:_0~ PROGRAM CALCULATES ORIENTATION MATRIX~ USE C~RDS S. 
· = lr PUT IN ORIENTATION MATRIX, USE CARDS 6 •. 

ICN(l6) - COLUMN-70 
= Or CALCULATE ANGLES ~IT~ THIS PROGRAM. 
= 1, TAKE ANGLES FROM INPUT REFLECTIONS. 

.· 
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CARD 4 - C2Fl0.4) WAVELENGTH~ CHIZERO 
WAVELENGTH IN ANGSTROMS. 
CHIZERO NORMALLY= 0.0 SINC~ wE READ IN TRUE ANGLES 

FROM PROCK.. .IT IS NEEDED ONLY IF WE ARE CALCULATING 
___ A~GLE~ FOR THE INPUT DATA ·<NOT THE CHECK CARDS). 

. - -

C'AROS 5- -·USE ONLY' IF' ICN-C'I3> = 0• - C3FlQ.0,.4Fl0 •. 4-l- -· 3 CARDS 
H,.K,.L:~TWOTHETA,.OMEGA,.CHt~PHI 

-. -TRUE VALUES· OF SETTING ANGLES FOR THREE NON-COLINEAR 
.REFLECTIONS'~ PROGRAM· WILL USE .JHESE TO CALCULATE THE 
Ofti.ENT~A.T.ION: ~ MA TR .. t·x .• ~ ~ :,! ·~. • ~ . .. 

, r • .. ~. " .. ~ 

\ .... . .~ ~ 

·.,. 

CARDs- 6 - · usE.~oNI: v: IF tcN tf3·> · :: 1. 
<; <u rr-.J > ,.J=l ,.3-> ,.r=l ~-3;) 

< 3Ft0·.-7) - THREE CARDS 
... ~~ .. ~. .. 

3 CARDs •. · .EI\CH- CARD*CONTAINS' ONE ROW OF THE U MATRIX AS 
PR INTEO our· BY THE. COMPUTE~S AT THE REACTOR.. ·FOR itXRAY* AND 
*MAIN* TH~ U MATRIX SHOULD 8~ INPUT EXACTLY AS PRINTED. FOR 
*SATT* THE SIGNS'OF THE ELEMENTS OF THE SECOND AND THIRD ROwS 
OF THE MATRIX .SHtiULO ~E REVERSED. FROM THE WAY THAT THEY ARE 
PRINTED 00~~ "sEE~~UB~OUTINE U~ATRIC ~NO THE ~RITEUP FOR 
eROGRAM PR_OCK •. , ~ ... 

,# ·, ... ~ ' • ' ...... 

• . ' ~. •.• • I • , ...... :., .... ~, 'r ~ .. 

l·h-· K'.-. L,. ARE INDICES OF· A CRYSTAL FACE AND D=DISTANCE IN C.'i 
FROM TH~T FACE ·ro AN.ORIGIN THAT MUST BE· INSIDE THE CRYSTAL-<D 

-·GREATER THAN o· ... o) .• ,. EXACTLY,NFACES CARDS a,. ONE CARD· FOR EACH 
. BOUNDARY· PLANE·~· MUST BE. ·INPUT:. -. . ·--· · ,· :'·:~~~ . -. :~· '>·_; :~ ~· .. ;,\ :·.< •. ~ ... ,·· :,: :·· :- ~ :· ·• ,. 

CARD 9· _.- (Fl,O;;_(;,,·:·~ MU -

MU = ~8SORPTION COEFFICIENT IN 1~0/CM. 

CARDS 10 -SEE ICN(8) -· (3F3.0~2Fl0.l~F6.3~3F7.2,2F3.0,2F8.Q,I2> 
H,K,L,OBS,BAK,SCB~OM,PHI,CHI,.SLO,SLB,OBS2,BAK2,ID 

DATA INPUT ON CARDS.. ID = 0 FOR DATA CARDS. ID = 2 TO 
TERMINATE READING OF DATA. SEE PROCK WRITEUP FOR DEFINITION OF 
VARIAPLES. 
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ACCESS 

ACCESS-1 
AUTHOR: H. J. BERNSTEIN 

REVISED: H. J. BER~STEIN · 

ACCESS - 06/03/76 

BROOKHAVEN NATIONAL LABORATORY , ·· 
CHEMISTRY DEPARTMENT 

CRYSNET PROGRAM WRITEUP 

CDC CYBER- 70/74t CDC CYBER 70/76 
CDC SCOPE 3.4, CDC SCOPE 2.1 

PURPOSE 

ACCESS IS INTENDED TO PROVIDE A REPLAC~MENT FOR THE REQUEST/STAGE 
CONTROL CARDt WHitH WILL COHERENTLY STAGE TAPE FILES INTO THE CATA~OG. 
ACCESS CAN ALSO HANDLE COPIES FROM PRIVATE PACKS. 

INTRODUCTION 

ACCESS IS A FILE RETRIEVAL PROGRAM WRITTEN BY H. J. BERNSTEIN FOR 
SCOPE 3.4 AND SCOPE 2.1. COMBINING THE MAJOR FEATURES OF THE PROGRAMS 
ACtESS AND OBTAIN WRITTEN BY THE SAME.AUTHOR FOR BNL SCOPE~ THE 
EXTERNALS ARE SIGNIFICANTLY DIFFERENT. MOST RECORD MANAGER• PF, STAGE 
AND REQUEST CARD PARAMETERS ARE. VALID. CONTROL CARDS MAY~EXTEND OVER. 
SEVERAL PHY~ICAL CARDS. ·DIRECTORIES ARE FORMED FROM THE SAME PARAM£TERS 
AS ARE USED ON THE' CONTROL CARD. ·THE RECORD MANAGER IS USED FOR ·THE 
COPY LOGICt_SO MOST TAPE FORMATS CAN BE HANDLED. T~E PROPER HANDLING 
FOR RANDOM FILES• :HOWEVER• HAS NOT YET BEEN DETERMINED. UNFORTUNATE~Yt 
TAPES. MAY NOT BE REQUESTED DIRECTLY FROM INTERCOM, SO AtCESS CANNOT BE 
USED INTERACTIVEL.Y" UNLEss· THE FILE DESIRED IS ALREADY IN THE CATAL.OGe 
THUS THE INTERCOM USER IS OBLIGED TO TRY ·AN ACCESS• HAVE IT BOMBt AND 
THEN SUBMit A BATCH JOB TO· CREATE THE FILEt VIA ACCESS. UNLIKE THE 

.SITUATION UNDER BNL SCOPE, SCOPE 3.4 JOBS MUST ALLOW FOR A MAGTAPE <MTl 
OR NTl> ON THEIR JOB CARDS.TO USE ACCESS. 
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USE 

ACCESS IS A CONTROL CARD OF THE FORM 

ACCESS<FILEtPARAMltPARAM2•••••PARAMN) 

. ACCESS-2 
AUTHOR: H. J.·BERNSTEIN 

REV I SED : H-. J • ··BE R N S T E I N 

ACCESS 06/03/76 

WHERE FILE.IS THE NAME BY WHICH THE JOB IS TO USE THE FILE ACCESSED, AND 
EACH PARAMI IS OF ONE OF THE FOLLOWING FOR~S. 

KEYWORD . 
I<EVWORO=VALUE 

·VALUE 

THESE PARAMETERS COMBINE MOST. OF THOSE USED ON ATTACH• CATALOG, FI~E' 
STAGEi AND. RE~U~ST CONTROL CARDS• AND HAVE SIMILAR MEANING. 

IT IS IMPORTANT THAT A FILE CARD FOR THE FILE APPEAR BEFORE THE ACCESS 
·CONTROL CARDt RATHER THAN AFTERt SINCE ACCESS MAY ACTUALLY-WRITE THE 

FILE• THE FILE CARD PARAMETERS GIVEN ON THE ACCESS CONTROL CARD APPLY 
TO THE TAPE READ• NOT TO-THE DISC· FILE WRITTEN. 

IF A DiRECTORY EXISTS IN THE SYSTEM CATALOGt THE USUAL USE IS 

ACCESS<FILE,PFN=PFNAMEtiD=IDNAME) 

WHICH WILL ATTEMPT FIRST TO ATTACH THE FILE WITH·THE NAME="PFNAME" AND 
THE ID 11 I DNA ME" t AND THEN WITH THE. I D AS GIVEN' BUT WITH ·THE CHARACTERS 
"ZZG" PLACED IN FRONT. IF EITHER ATTACH WORKS' ACCESS EXITS. IF BOTH 
ATTACHES FAIL• THEN ACCESS WILL AT-TEMPT TO ATTACH·A DIRECTORY WITH PFN 
"IDNAME 11 AND ID "IDNAME"• IF THAT ·FAILS A DIRECTORY ·.OF I'D· AS GillEN BUT 
WITH ·"ZZG" PL~CED IN FRONT WILL. BE USED. _THE Di~ECTORY SHOULD BE AN 
RT=Z~ BT=C FILE OF CARD IMAGES CONTAINING-ADDITIONAL ACC~SS PARAMETERS 
TO I.DENTIFY THE TAPE. ·T'O BE USED FOR THE FILES. THE PARAMETERS ARE 
MATCHED TO THE" REQUESTED FILE BY SEARCHING FOR A M·ATCHING· PFN AND IO • 

. AT PRESENT•· ACCESS IS AVAILABLE AS.·A PERMANENT FILE BY 
ATTAC~<ACCESS,ACCESStiO=CPROGS) ON MFA• OR. 
ATTACH(ACCESS,ACCESStiD=ZZGCPROGS> ON MFZ. ACCESS IS NOT -AVAILABLE ON 
MFB. IT WILL-EXECUTE IN A·VARIABLE=FIELO LENGlH USUALLY LESS THAN 20K 
OCTAL• THE EXECUT10~ TIME VARI~S GREATLY·, DEPENDING ON EXACT FILE 
STRUCTURE •. 

THE PARA~ETERS ON THE ACCESS CONTROL CARD ARE GIVEN BELOW. 
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ACCESS-3 
AUTHOR: H. J. BERNSTEIN 

REVISED: H. J. BERNSTEIN 

ACCESS - 06/03/76 

THE FIRST GROUP OF PARAMETERS DEFINE THE TAPE FILE TO BE· USED IF THE 
ATTACH FAILS. 

DENSITY SETTING PARAMETERS 
HY 800 BPI• 7 TRACK ·· 
HI 556 BPI,. 7 TRACK· 
LO · 200 BPI,. 7 TRA.CK:. · ~· 
PE 1600 BPI•· 9 TRACK! 

. HD aoo BPI• 9 TRACK. 
DEFAULT. IS HI 

'DEVICE TYPE 
MT .. 7 TRACK 
NT 9 TRACK 

NOT NEEDED IF DENSITY IS GIVEN 

CONVERSION CODE 
US CONVERT ·FROM: ASCII 
EB CONVERT ·FROM EBCDIC 

MEANINGFUL ONL.Y·FOR 9 TRACK TAPE 

STATION 
ST=GGG STAGE FROM STATION •GGG 

MEANINGFUL ONL~ ON CYBER: 70/76~· 
APPLIES ONLY TG THE TAPE. FILE~·NOT THE·DISC~ 

VSN ~ 

VSN=REEL REEL NUMBER OF l4PE TO READ· 
USED AS· DEFAULT FOR PFN 

LABELING 
··E, EXISTING LABELLED TAPE 

DEFA0LT IS UNLABELLED 

.~ . 

NO RECOVERY" ~· 
NR ACCEPT DATA WITH PARITY ·ERRORS~ .. 

REFER TO SCOPE 2 REF MANUAL AND SCO~E 3.4 REF MANUAL 
CAN CAUSE UNEXPECTED RESULTS 

THE ABOVE PARAMETERS ARE USED TO FORM AN INTERNAL REQUEST O~·STAGE FOR 
A FILE NAMED ZZZZZIN IN THE CASE THAT AN ATTACH· FAILS. TH·IS FILE WILL 
BE COPIED TO THE FILE NAMED FILE• USING THE PARAMETERS BELOW TO DEFINE. 
THE FILE CHARACTERISTICS OF THE TAPE. IF NONE OF THESE PARAMETERS ARE 
GIVEN, THE. TAPE IS TREATED AS RT=S• BT=C, MBL=Sl2·o.·· THIS is NOT THE 
STANDARD SCOPE 2el DEFAUL~' AND CANNOT BE COPIED SAFELY TO A DEFAULT 
RT=W FILE• SO A FILE CARD WILL BE NEED.ED. 
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ACCE~S - 06/03/76 

BLOCK TYPE ,_~ 
BT=C CHARACTER COUNT BLOCK• DEFAULT 
BT=K RECORD COUNT 
BT=E EXACT . 
BT=1 ·INTER~Al CONTROL WORD 

THESE AND OTHER FILE SPECIFICATION ARE. FOR 
THE TAPE ONLY• THE DISK FILE IS.WRITTEN AS 

RT=StBT=C ON CYBER 70/74 
RT=W ON CYBER 70/76 

WHICH MAY BE OVERRIDDEN BY A FILE CONTROL CARD 

·TRAILER COUNT 
CL=LENGTH <DECIMAL> FOR T FORMAT RECORDS 
CP=COUNT <DECIMAL) 

·cONVERSION· MODE 
CM=YES CONVERT CHARACTERS 
CM=NO NO CONVERSIONt DEFAULT 

ERROR· RECOVERY 
GOS ALLOW 10 PARITY ERRORS 
GOS=NNN AllOW NNN PARITY ERRORS 

RECORD LENGTH. 
FL=NNN LENGTH IN DECIMAL 'CHARACTERS 

· ~ILE ORGANIZATION - AL~AYS SEQUENTIAL 
BuT· THE. 0 lSC COPY MAY BE WORD:. ADDRESSABLE 

T FORMAT HEADER 
HL=LENGTH <DECIMAL}· 

D. FORMAT LENGTH 
LL=LENGTH (DECIMAL>~ 

·D FORMAT START 
LP=NNN 

MAXIMUM BLOCK LENGTH 
MBL:NNN 

DEFAULTS TO 5120 

MAXIMUM RECORD LENGTH 
MRL=NNN 

:~ 
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RECORDS PER BLOCK 
RB=NNN 

RECORD MARK CHARACTER 
·RMK=NNN 

RECORD TYPE 
RT=D DECIMAL CHARACTER COUNT 
RT=F FIXED LE~GTH 
RT=R RECORD MARK 
RT=S SCOPE LOGICAL• DEFAU~T 
Ri=U UNOEII'"I NED 
RT=W CONTROL WORD 

·RT=Z .ZERO BYTE 

T FORMAT TRAILER 
TL=NNN 

ACCESS-5 
AUTHOR: H. J. BERNSTEIN 

REVISED: H. J. BERNSTEIN 

ACCESS - 06/03/76 

THE USER MUST BE VERY CAREFUL TO,CORRECTLY SPECIFY THE TAPE FILE 
CHARACTERISTICS WITH THE PARAMETERS ABOVE, AND THE DISC FILE 
CHARACTERISTICS WITH A FILE CARD APPEARING BEFORE THE ACCESS CONTROL 
CARO• UNFORTUNATELY~ THE RECORD MANAGER CAN EXPEND A GREAT DEAL OF CP 
TIME TRYING TO COPY BADLY MATCHED RECORU· TYPES. THE USER MU~T BE 
ESPECIALLY- CAREFUL TO SPECIFY RT=Z~ ~T=Ct· FL=NNN~ RATHER THAN RT=S• WHEN 
TRYING "TO WRITE A FILE OF LINE IMAGES FOR SCOPE 3.4, THOUGH IF BOT~ TAPE 
AND DISC ARE ~T=S• THE RESULTS WILL BE CORRECT~ THE NEXT PARAMETERS ARE 
AL~O NEEDED IF HANDLING CODED·9 TRACK TAPES• SINCE THE RECORD MANAGER 
WILL IGNORE THE CONVERSION MODE WITHOUT THEM UNDER SCOPE 3o4o 

SCOPE S-TRANGER TAPES AND-!· LONG TAPES 
S STRANGER TAPE <IGNORED ON 70/76) 
L LONG TAPE <IGNORED ON 70/76) 

THE NEXT. GROUP OF PARAMETERS SPECIFY THE PERMANENT FILE TO BE ATTACH~D 
AND/OR CATALOGED• WHEN NO DIRECTORY IS USED• THEY ARE NOT PARTICULARLY 
NE~DED. HOWEVE~~ ALL USERS SHOULD·BE AWARE THAT ACCESS DEFAULTS TO 
MR=l• SO IF A FILE. IS TO BE PURGED,~ THE PARAMETER MR= SHOULD BE 
SPECIFIED <A COMMk OR PERIOD DIRECTLY FOLLOWS THE MR=>. ALTERNATIVELY, 
TH~ PARAMETER· REPLACE MAY BE USED TO FORCE AN OLD COPY OUTt AND NOCOPY 
USED TO PREVENT A NEW CATALOG. ~ 

PERMANENT FILE NAME 
PFN=NAME NAME TO USE FOR ATTACH AND CATALOG 

DEFAULTS TO QQACCESSQQNNNNNNNNNNNNNNNNNNNNVSN 
WHERE NNN ••• UNIQUELY IDENTIFIES THE FROM AND COPY 
VALUES USED. 
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ACCOUNT NUMBER 
AC=ACCOUNT 

CONTROL PASSWORD 
CN=NAME 

CYCLE NUMBER 
CY=NNN 

EXTEND PASSWORD 
EX=NAME 

USE~ IDENTIFICATION 
.ID=NAME · . 

DEFAULT ID=TAPEFILES 

ACCESS-6 
AUTHOR: H. J. BERNSTEIN 

REVISED: He J. BERNSTEIN 

ACCESS - 06/03/76 

LciWEST CYCLE NUMBE~ (ATTACK USE ONLY> 
·LC USE LOWEST CYCLE 

; 

MODIFY PASSWORD 
·. MD=NAME · 

:MULTIREAD ACCESS 
MR 

PRIVACY PROCEDURE 
-. PP=NAME 

PASSWOR.D 
PW=NAME ONLY ONE PASSWORD AT A TIME 

READ PASSWORD· 
. RD=NAME 

RETEI\ITION PERIOD. 
RP=NNN 

DEFAULTS TO ONE DAY 

SETNAME. 
SN=NAME 



05-MAR-75 
23-MAY-76 

TURNKEY PASSWORD 
TK=NAME 

EXCEPT READ 
XR=NAME 

ACCESS-7 
AUTHOR: H. J. BERNSTEIN 

REVISED: H. J. BERNSTEIN 

ACCESS 06/03/76 

NEW PFN 
NPFN=NAME 

ALLOWS ·A DIRECTORY MATCH TO CHANGE TO A NEW PFN-

NEW ID 
NID=NAME 

ALLOWS A DIREC!ORY ENTRY MATCHED TO CHANGE TO A NEW ID 

DIRECTORY PFN · 
DPFN=NAME 

DEFAULTS TO THE ID OF THE FILE ATTACHED 

DIRECTORY ID 
DlD=NAME 

DEFAULTS TO THE ID OF THE FILE ATTACHED· 

THE NEXT GROUP OF PARAMETERS ALLOW THE "TAPE" FILE TO BE ATTACHED FROM 
DISC. 

SET 11 TAPE 11 FROM-DISC 
DlSC 

EQUIVALENT TO VSN=~~*~~~~ 

TAPE I_D. 
T ID=NAME. 

TAPE SETNAME.· 
TSN=NAME 

IF THIS ·PARAMETER IS USEDt THE JOB-MUST CONTAIN A "MOUNT" 
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ACCESS-8 
AUTHOR: H. J. BERNSTEIN 

REVISED: H. J. BERNSTEIN 

ACCESS ~ 06/03/76 

THE REMAINING PARAMETERS CONTROL THE· DETAILED HANDLING OF THE SKIP AND 
COPY· IT SHOULD B£ NOTED THATt UNLIKE THE BNL SCOPE VERISONt THERE IS 
NO LEVEL NUMBER CONTROL. THE USER MUST SPECIFY THE TYPE OF COPY AND THE 
COUNT SEPARATELY• FOR EXAMPLEt COPYStCOPY=3t TO COPY THREE SECTIONS• 

WAIT FOR BUSY FILE 
WAIT 

SPECIFY FILE FROM TAPE TO COPY 
COPYP COPY PARTITIONS 
COPYS COPY SECTIONS 
COPYR COPY RECORDS 
COPY•NNN COPY NNN OF THE UNITS SPECIFIED 
FROMP SKIP PARTITIONS 
FROMS SKIP SECTIONS 
FROMR SKIP RECORDS 
FROM=.NNN SKIP NNN-1 QF UNITS SPECIFIED 

DEFAULT IS TO COPY TO END OF INFORMATION• SKIPPING 
PARTITIONS. HOWEVER THE DEFAULT SKIP COUNT IS ZERO-· 

USE PHYSICAL TAPE IF BUSY· 
Busy· 

USE .. PHYSICAL TAPE 
·NOCOPY 

MAKES ACCESS ACT LIKE A STAGE/REQUEST CARD 
WH!CK QUIT$ WITHOUT COPYING TO DISC' 

( 

.. 

REPLACE EXISTING FILE ., 
. REPLACE ., 
IF FILE EXISTS• PURGE Il AND REPLACE IT 

MAXIMUM' SIZE OF .FILE TO <::A-TALOG 
. SIZE=NNN 

GIVEN· lN CHARACTERS• DEFAULTS TO 5000000 ON CYBER 70/76 
AND 1250000 ON CYBER 70/74 

USE PREVIOUSLY REQUESTED/STAGED TAPE 
· USETAPE 

PREVENTS ACCESS. fROM. ATTEMPTING TO GET THE. TAPE 
·.T~E USER MUST PROVIDE THE FILE ZZZZZIN. 

CORRECT POSITION INFORMATION 
POS=NNN 

PROVIDES ACCESS WITH THE ACTUAL CURRENT 
POSITION OF ZZZZZIN. THIS IS NEEDED WITH THE 
USETAPE OPTION TO ALLOWc ACCESS TO CORRECT THE 
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·~ .. '. 

FROM INF.ORMATION <DEFAULT POS=l >. 

ACCESS-9 
AUT~OR: H. J. BERNSTEIN 

REVISED: H. J. BERNSTEIN 

ACCESS - 06/03/76 

THE ABOVE TWO OPTIONS ALLOW ACCESS TO GET MULTIPLE FILES FROM ONE 
TAPE• POS SHOULD BE SET TO THE LAST FROM- +1·. NO DIRECTORY ~ILL BE 
USED• 

USE .A LOCAL F!LE AS THE'TARGE' FOR THE COPY 
USEDISC 

PREVENTS ACCESS FROM ATTEMPTING EITHER AN ATTACH OR 
CATALOG OF THE FILE IT CREATES. 

·ACCESS USES THE PERMANENT FILE PARAMETERS GIVEN TO ATTEMPT AN ATTACH 
OF A COPY OF THE. TAPE FILE .FROM THE CATALOG, USING A PFN OF 
QQACCESSQQNNNNNNNNNNNNNNNNNNNNVSN IF NONE WAS GIVEN ON THE CONTROL CARD. 
IP THE ATTACH FAILS BECAUSE THE FILE DOES NOT EXISTt THE TAPE SPECIFIED 
IS REQUESTED AND COPIED IN~O THE CATALOG• TO BE AVAILABLE FOR THE NEXi 
USE OF -ACCESS. THE COPY USES THE RECORD MANAGER• WITH THE TAPE FILES 
DESCRIBED BY THE RECORD MANAGER FIELDS ON THE ACCESS CONTROL CARD, AND 
THE CATALOG FILE DESC~IBED BY A FILE .CONTROL CARD, WHICH MUST APPEAR 
PRIOR TO THE ACCESS CARD. 

IF NO REEL NUMBER IS GIVEN• AND THE FILE DOES NOT EXIST~ ACCESS 
ATTEMPTS TO ATTACH A DIRECTORY FROM-.WHICH TO GET THE REEL·,NUMBER AND 
OTHER DATA. THE DIRtCTORY MUST BE AN RT=Zt BT=C FILE WITH· CARD· IMAGES 
OF THE MISSiNG INFORMATION IN COLUMNS·1 THROUGH· 72 OF EACH CAROt. 
STARTING W1TH PFN=NAMEt AND TERMINATED BY A PERIOD. ANY FIELD GIVEN IN 
THE DIRECTORY OVERRIDES TH£ SAME FI!LO lN THE CONTROL CARD. THE 
DIRECTORY APPEARS AS PACKETS OF CARDSt EACH BEGINNING WITH PFN=NAMEt SO 
THAT NAME MATCHES THE NAME OF THE PERMANENT FILE TO BE ACCESSED~ IF THE 
ID OF THE FILE IS NOT TAPEFILESt THE ID=NAME PARAMETER MUST APPEAR BOTH 
ON THE CONTROL CARD AND IN THE DIRECTORY. FIELDS IN THE DIRECTORY 
PACKETs· ARE OF EXACTLY THE SAME FORM AS THOSE ON THE CONTROL CA·RD t AND 
MAY CONTINUE OVER AS MANY·CAROS AS'·ARE NEEDED1 EXCEPTt UNLI~E THE . 
CONTROL CARD, ONLY COLUMNS 1-72 ARE SCANNED • NO FIELD MAY CROSS· FROM· 
COLUMN 72 OF ONE ~ARD TO COLUMN 1 OF THE· NEXT.~. IF THAT OCCURS• ONLY THE 
PORTION ON THE SECOND CARD· WILL BE-USED• 



• 
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MESSAGES 

ACCESS-10 
AUTHOR: H.· J. BERNSTEIN 

REVISED:· H. J. BERNSTEIN 

ACCESS - 06/03/76 

ALL OPERATING SYSTEM MESSAGES HAVING TO DO WITH TAPE I/0. AND CATALOG 
USE MAY A~PEAR. IN ADDITlON~ ACCESS ISSUES THE FOLLOWING ·MESSAGES. 

UTOOO -·ILLEGAL PARAMETER - NNNNNN CONTENlS 
IS ISSUED WHEN ACCESS DETECTS AN INVALID FIELD IN THE CONTROL CARD OR 
DIRECTORY. NNNNNN IS THE FIELD NUMBER• AND CONTENTS ARE THE CONTENTS OF 
THE FIELD IN ERROR. .FAILURE TO USE AN = ON A KEYWORD REQUIRING IT OFTEN 
CAUSES THis· ER~ORe 

·UT023.- ACCESS TERMINATED 
IS ISSUED JUST BEFORE THE ABNORMAL TE~MINATION OF ACCESS FOR ANY REASON. 
PRIOR MESSAGES sHOULD CONTAIN THE REASON. 

·UTCOO -DIRECTORY REQUIRED 
I~ ISSUED WHEN ACCESS HAS INSUFFICIENT· INFOR~ATION TO LOCA~E THE FILE 
AND MUST ATTA'CH 'A DIRECTORY. IF THE. DIRECTORY IS NOT -THERE• THIS 

'MESSAGE WILL BE FOLLOWED BY AN ABORT BY T~E OPERATING SYSTEM •. 

UTCOl - NNNNNNNNNN CHARS WRITTEN 
GIVES THE DECIMA~ ~UMBER OF CHARACTERS ~RITTEN BY ACCESS TO THE. DISC. 

UTC02 - FILE CATALOGED 
IS ISSUED BY· ACCESS AFTER THE. DISC FILE HAS BEEN PLACED l~ THE ·CATALOG. 

UTC03 -· FILE NOT IN DIRECTORY 
ts ISSUED WHEN ACCESS WAS ABLE TO ATTACH THE DIRECTORYt BUT COULD NOT 
LOCATE THE DESIRED PFN AND ID • 

. PFNNN - PERMANENT FILE ACTION ERROR 
REPORTS THE FAILURE OF THE ACCESS ATTEMPT •TO ATTACH THE FILE WITHOUT A 
TAPE. COPY. · NNN IS THE E~ROR· STATUS RETURNED BY THE SYSTDh ANYTHING 
O.THER THAN PFOl~ OR PF025 WILL BE FOLLOWED· BY AN A·BORT. 

UT020 RT=U MUST HAVE BT=KtRB=l 

UT02l - UNIDENTIFIED DATA EXIT TAKEN 

UT030 - COPY COMPLETE 

UT031 - EOI ENCOUNTERED 

UT032 - EOP ENCOUNTERED 
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UT033 - EOS ENCOUNTERED 

ACCESS-11 
AUTHOR: H. J. BERNSTEIN 

REVISED: H·• J. "BER~STEIN 

ACCESS - 06/03/76 . 

UT034 - RECORDS/SECTIONS/PARTITIONS -
REPORTS THE TOTAL. DATA TRANSFER IN· SKIPS AND COPIES 

·NN. ·NN 

UT037 - ERROR WHILE COPYING 

·RMNNN - ERROR ON FILE-NAMED XXXXXXX 
REPORTS A RECORD MANAGER ERROR NUMBER NNN WHICH ABORTS ACC~SS •. 

UT200- DATA IS LEFT-JUSTIFIED• ZERO· FILLED· 

UT201 - EXCESS DATA WILL BE TRUNCATED 

UT202- F/R/Z DATA-TRUNCATED 

UT203 - FILE IS NOT SEQUENTIAL (. 

UT204 - LIBRARY. COPY MAY BE· LESS THAN ONE PARTITION 

.THE UNDETA1LED MESSAGES ABOVE ARE THE SAME AS FOR-·THE SCUPE 2 COPY 
UTILITIES.· 

EXAMPLE. 

TO ACCESS THE THIRD FILE ON A TAPE OF SCOPE. 2 BINARIES WRITTEN IN THE 
SYSTEM DEFAULJ.·RT=W FORMAT, THE FOLLOWING ACCESS CONTROL CARD WOULD 
WORt<·. 

ACCESSCFILEtVSN=Xl234•RT=W•BT=ItMBL=5120t 
COPYPtFROM=3> 

NOTE THAT THE COPYP WAS NEEDED TO FORCE A COP~ OF JUST ONE FILE AND THAT 
THE RT=W WAS NEEDED SINCE THE DEFAULT TAPE FORMAT ASSUMED BY ACCESS IS 
RT=S· 

IF INSTEAD WE WISHED TO USE A DIRECTORY AND FIND THIS SAME FILE 8Y 
NAME• WE WOULD FIRST HAVE TO CATALOG A DIRECTORY• SAY BY THE FOLLOwiNG 
JOB 

JOB CARD ••• 
ACCOUNT CARD • • • 



05-MAR-75 
23-MAY·-76 

~CCESS-12 
AUTHO~: H. J. BERNSTEIN 

REVISED: H. J. BERNSTEIN 

REQUESTtDIRt*PF. 
FILE<DIRtRT=ZtBT=C•FL=BO> 
COPVBF<INPUTtDIR> 
REWIND•D·IR. 
CATALOG<DIRtDI~tiD=DIRtAC=NNNtRP=999tXR=DIR> 
7/8/9 
PFN=MVNAMEtiD=DIRt . 
VSN=X1234tRT=WtBT=ItMBL=5120tCOPYPtFROM=3• 
61718/9 

ACCESS - 06/03/76 

AFTER WHICH THE FI~E WILL BE AVAILAB~E BV 
ACCESS<FI~EtPFN=MYNAMEtiD=DIR) 

WHICH WILL EITHER ATTACH ·THE FILE• OR IF IT IS NOT THERE READ THE 
DIRECTORY DIRt FIND THE TAPE INFORMATION AND COPY THE FILE INTO THE 
CAT~LOG •. 

.\ 



ACCESS-13 

I N D E X 

ACCOUNT NUMBER ACCESS-6 
AC=ACCOUNT ACCESS-6 

BLOCK TYPE ACCESS-4 
BT=C - CHARACTER COUNT ACCESS-4 
BT=E - EXACT~ ACCESS-4 
BT=I - INTERNAL ACCESS-4 
BT=K_ - RECORD COUNT ACCESS-4 

CONTROL PASSWORD ACCESS-6 
CN=NAME ACCESS-6 

CONVERSION CODE ACCESS-3 
EB - EBCDIC ACCESS-3 
US - ASCII ACCESS-3 

CONVERSION MODE ACCESS-4 
CM=NO ACCESS-4 . 
CM::YES ACCESS-4 

CYCLE NUMBER ACCESS-6 
CY=NNN ACCESS-6 

DENSITY ·sETTING PARAMETERS 
ACCESS-3 

HD - aoo BPI ACCESS-3 
HI - 55~ BPI ACCESS-3 
HY - aoo 9PI ACCESS-3 
LO- 200 BPI 'ACCESS-3 
PE - 1600 BPI ACCESS-3 

DEVICE. TYPE ACCESS-3 
MT - 7 TRACK ACCESS-3 

. NT - 9 TRACK ACCESS-3 
DIRECTORY .ACCESS-2 

POS=NNN - CURRENT POSITION 
ACCESS-8 

FILE ORGANIZATION ACCESS-4. 
INT-RODUCTION ACCESS-1 
LABELING ACCESS-3 

E - EXISTING ACCESS-3 
LOCAL DISC FILE ACCESS-9 

USEDISC ACCESS-9 
LOWEST CYCLE NUMBER ACCESS-6 

LC ACCESS-6 
MAXIMUM BLOCK LENGTH ACCESS-4 

MBL=LENGTH ACCESS-4 
MAXIMUM RECORD LENGTH ACCESS-4 

MRL=NNN ACCESS-4 
MAXIMUM SIZE OF FILE ACCESS-8 

SIZE=LENGTH ACCESS-a 
MESSAGES ACCESS-10 
MODIFY PASSWORD ACCESS-6 

MD=NAME ACCESS-6 
MULTIREAD ACCESS ACCESS-6 

MR ACCESS-6 
NEW ID ACCESS-7 

NID=NAME ACCESS-7: 
NEW PFN ACtESs-7· 

NPFN=NAME ACCESS-7 . 
NO RECOVERY ACCESS-3 

NR· ACCESS~3 
PASSWORD ACCESS-~ 

PW=NAME . ACCESS-6 DI.RECTORY IO ACCESS-7 
O!D=NAME. ACCESS~7 

DIRECTORY PFN ACCESS-7 
DPFN=NAME ACCESS-7 

· · PERMANENT FILE NAME ACCESS-5 
PFN=NAM~ ACCESS-5 

PHYSICAL TAPE IF BUSY . ACCESs-a 
BUSY ACCESS-8 D FORMAT LENGTH ACCESS-4 

LL=LENGTH,· · ACCESS-4 .. NOCOPY ACCESS-8 
D FORMAT START' ACCESS-4 

LP=NNN . · ACCESS-4 
ERROR RECOVERY. ACCESS-4 

I GOS ACCESS-4 
GOS=NNN ACCESS-4 

EXAMPLE ACCESS-11 
EXCEPT READ PASSWORD ACCESS-7 

-XR=NAME. ACCESS-7 
EXTEND PASSWORD ACCESS-6 

EX=NAME ACCESS--6 
FILE FROM TAPE TO· COpy· ACCESS-a 

COPYP - COPY PARTITIONS ACCESS-8 
COPYR - COPY RECORDS ACCESS-a 
COPYS - COPY SECTIONS ACCESS-8 
COPY=NNN - COPY NNN UNITS 

ACCESS-a 
F R O_M P - S K I P PART IT 0 N S ACCESS -a 
FROMR - SKIP RECORDS ACCESS-a 
FROMS - SKIP SECTIONS ACCESs-a 
FROM=NNN - SKIP NNN-1 UNITS. 

ACCESS-a 

PRIVACY PROCEDURE ACCESS-6 
PP -. ACCESS-6 

PURPOSE ACCESS-1 
READ PASSWORD ACCESS-6 

RD ACCESS-6 
RECORDS PER BLOCK ACCESS-5 

RB=NNN ACCESS-5 
·R~CORD LENGTH ACCESS-4 

FL=LENGTH ·ACCESS-4·· 
RECORD'MARK CHARACTER ACCESS-5 -

RMK=NNN ACCESS-5 
RECORD TYPE ACCESS-5· 

RJ=D- DECIMAL CHARACTER-COUNT 
ACCESS-5 . 

RT=F - FIXED LENGTH , ACCESS-5 
RT=R - RECORD MARK ACCESS-5 
RT=S - SCOPE LOGICAL ACCESS-5 
RT=U - UNDEFINED ACCESS-5 
RT=W - CONTROL WORD ACCESS-5 
RT=Z - ZERO BYTE ACCESS-5 

REPLACE EXISTING FILE ACCESS-8 



RETENTION PERIOD ACCESS-6 
RP=NNN ACCESS-6 

SCOPE STRANGER TAPES AND LONG 
ACCESS-5 

L - LONG ACCESS-5 
S - STRANGER ACCESS-5 

SETNAME ACCESS-6 
SN=NAME ACCESS-6 

SET "TAPE" FROM DISC ACCESS-7 
DISC ACCESS-7 

STATION· ACCESS-3 
ST=GGG ACCESS-3 

TAPE ID ACCESS-7 
TID=NAME ACCESS•7 

TAPE PFN . ACCESS•7 
TPFN=NAME ACCESS-7 

TA~E SETNAME ACCESS-7 
· TSN=NAME ACCESS-! 

TRAILER ·coUNT ACCESS-4 
CL=LENGTH ACCESS-4 
CP=COUNT ACCESS•4 

~URNKEY PASSWORD ACCESS-7 
TK=NAME ACCESS-7 

T FORMAT HEADER ACCESS-4 
HL=LENGTH ACCESS-4· 

T FORMAT TRAILER ACCESS-5 
TL=LENGTH ACCESS-5 

USE ACCESS-2 
USER IDENT!~ICAT[ON ACCESS-6 

ID=NAME ACCESS-6 
USE ·sT~GED OR REQUESTED FILE. 

ACCESS-B 
USETAPE ACCESS~8 · 

VSN ACCESS-3 
VSN=REEL ACCESS-3 

WAIT FOR BUSY FILE ACCESS~B 

ACCESS-14 

f.' 

TAPES· 

~-

' . 



c 

' c 
c 
c 
c 
c 
c 

NAME:· 
AUTHOR;. 

· DATE; 
MACHINE:. 
COMPILER:. 

AVBANG 
T' KOETZl.E 
SEPT 7'3 
co c o6oa 
Fm:. 

BNl.. 

C.**************************'*********:********·**************************** c .., 
C · C'AL.CULAT'ION OF MEAN VALUES AND VARIANCES FROM A SAMPLE POPULAT.lON * 
c . . * 
C******************************•**************************************** 
c· * 

INPUT 
c 
c. CARD 1 C9A6) 
c coLs: 1-54 
c· 
c .CARD 2 < 9·A6 >. 
c COLS· 1-54 
c COLS 1- 4 

c .. CARD 3· (10'F6 .. 3) 

c C'O L S·~ 1'- 6 
c C.OLS 7-12: 
c COLS·. 13-18 
c COLS 1'9-24 
c 
C.: 

.TI.TLE 

PAR AM 

XC 1') 
S(1) 

X(2) 
S(2) 

TITLE CARD 
ANY ALPHANUMERIC INFORMATION 

SAMPLE IDENTIFIER 
ANY ALPHANUMERIC INFORMATION 
PUNCH STOP TO TERMINATE JOB 

SAMPLE POPULATlON 
MEASUREMENT 
ESTIMATED STANDARD DEVIATION 
MEASUREMENT 
ESTIMATED STANDARD DEVIATION 
A'ND SO ON 

*· 
* 

·*' 
•• 
* 

* 
* •· 
* 

•• 
•• 

C.*·*****-****'*·******"'.,.***·***'*':******'·************'*******.************·******** 
c * 
C INCLUOE AS MANY CARDS 3 AS NECESSARY FOR· EACH SAMPLE POPULATION *' 
c: . TERMINATE EACH· SUC~ POPULATION WITH X(-1) BLANK *' 
C F 0 L L 0 W . BY A It E W C A R 0 2. AND S 0 0 N 1t:· 

c * 
c AN OBSERVATION WITH· S(!} NEGATIV~ WILL ae lG~ORED * 
c * 

. C.********:*..,:****·****'******'**·******·**·*******·******·******************"****** 
c * 
C oUTPUT * 
c * 
c 
c. 
c 
c 
c 
c 
c 
c 
c 

INPUT NEASUREMENTS AND ESTIMATED STANDARD: DEVIATIONS· 
RANGE AND NUMBER OF OBSERVATIONS 
XBAR =MEAN VALUE= SUM(X(I))/NOBS 
SIGMA OF POPULATION = SQRT(SUM((X(!)-XBAR)**Z)/(NOBS-1)) 
S I G-M A 0 F ME A N = S I G M A 0 F P 0 PULA T I 0 N I S Q RT ( N 0 B S ) .. 
WXBAR =WEIGHTED MEAN VALUE= SUM(X(l)/S(l)**2>/SUMC1,/S(l)**2) 
EXTERNAL SIGMA OF WEIGHTED MEAN = . . 
SQRTCSUM((X(I)-WXBAR)**2/SCI)**2l/CSUM(1./SCI)**2)*(NOBS-1))) 

* •· 
* 
* 
* 
* 
* 
* 

C*********************************************************************** 



NAME: AVSORT AUTHOR: G.J.B. Williams (most recently) 

CORE: lOK8 + NOBS
8 

(more than 40K if 
subrout1nes are replaced) 

ECS: (6 * NOBS) 8 

DATE: December 1974 

PROGRAM AVSORT (INPUT,0UTPUT,TAPEl,DATA,TAPE3,SH¢RTl,TAPE2=DATA,TAPE4=SH¢RTl, 
TAPE5=INPUT,TAPE6=¢UTPUT) 

I. PURPOSE: 

Sorting and averaging of equivalent reflection amplitudes. 

II. FILES: 

A. TAPEl-BCD or binary Purpose-input 

B. DATA-Binary 

C. TAPE3-BCD 

III. LIMITATIONS: 

Purpose-output to be 
used in LINUS 

Purpose-output 

.24999 reflections 
-50 ~ any Miller index ~ 49 
· 300 equivalent members of a form 

20 index triples to exclude from agreement factors. 

IV. REPLACEABLE ·SUBROUTINES : 

A. IMP-reads BCD or binary taRe for input. 

B. REJECT-rejects systematic absences. 
C. SPACE-transforms indices. 
D. FORM-checks indices for correct 

member of form 

V. DECK SET UP 

A. JOB CARD 

IDENT ,FH,FK,FL, SF, WEIGHT ,SCALEN, 
El,E2,E3,E4,E5,E6,E7,ICN 
FH,FK,FL,IREJ 
FH,FK,FL 
IFORM,H(3 elements) 

1. TIME LIMIT - 3 minutes (try 200a seconds) 
2. FIELD LENGTH 
3., NUMBER OF TAPES 
4. ECS or LCM 

- 40K8 + NOBS 8 + ~lOK8 for subroutines 
0-3 

- (6 * NOBS) 8 



B. CONTROL CARDS 
FTN(SYSEDIT) if using subroutines 
ATTACH(AVGE,AVSORT,ID=CPROGS) 
REQUEST(TAPEl,,,,) 
REQUEST(DATA,,,,) 
REQUEST.(TAPE3; , , , ) 
L0AD(LG0). if using subroutines 
AVGE. 

C. DATA CARDS: 

CARD 
L Title card 
2 •. Cell constants 
3. Control card 1 

(systematic. absences) 

FORMAT 
8Al0 
7F9.6 
12I5 

NOTE: 
NOTE: 
NOTE: 

PAGE 2 

NAME: AVSORT 

input tape. (only if needed) 
output tape, binary (only if needed) 
BCD output. (only if needed) 

(no. of variables indicated by no . .of fields) 

4. Liniit card 
5. Control card 2 

(concordance limits) 

(6F5.0,2Fl0.5) 
(4Fl0.5) 

6. Control card 3 
(option sel~ction) 

(9IS) 

7. Indices to exclude from (315) 
agreement factors (if needed) 

8. Reflection data (Il,F3.0,2F4.0,F1L3,Fl0.3,F3.0,6F6.3,F8.5) 
if data is input on cards 

9. Terndnator (as above but. this card is not necessary,--
if it is supplied it should have a 1 in cc 1.) 

D. SUMMARY FILES: 

L SH0RT1 



NAME: AVSORT 

AVSORT - Dec/74 
Author: G. Williams 

(most recently) 
Page 1 of 13 

Brookhaven Crystallographic Computer Program 

TIME: very fast (see Example) 

CORE FL: 40K + NOBS
8 

ECS FL: (6 * NOBS) B 

Pur~ose:. Sorting, averaging of equivalent reflection intensities (either For 
F* 2) and sigmas, and general preparation of reflection data for further analysis. 
For description of program and restrictions on redimensionable arrays, see Method. 

AVSORT supersedes program ECSORTH. 

PROGRAM AVSORT (INPUT,0UTPUT,TAPE1,DATA,TAPE3,SH0RT1,TAPE2=DATA,TAPE4=SH0RT1,TAPE5= 
INPUT,TAPE6=0UTPUT) 

. Input Data: 

1. (8Al0) TITLE will appear as first record on OUTPUT and SHORTl. 

2. (7F9.6) (RCP(I),I=l,6) reciprocal cell constants, (a*,b*,c*,cosa*,cosS*,cosy*) 

ELAMBA wavelength in Angstroms 

*NO.TE* if the user is employing either subroutine IMP or SPACE to transform his/her 
indices to those which co~respond to a different unit cell from that used 

3. (12I5) 

col. 

in data collection then he must input the cell parameters for the NEW cell 
here. This is because the program calculates sine for both the input and 
generated (during the search phase) indices to check against the limits 
see below. 

Control Card 1. 

1- 5 NOBS 

6-10 IUN 

.GE. total number of reflections input on TAPEl or on cards. 

= 0, normally(only the input reflections are considered) 
= 1, for inclusion of unmeasured (i.e., reflections 

acceptable but not in input list), in order, on the 
output file(s) (see Me'thod). 

Following specify the moduli of the h,k,~ of the unmeasured reflections 
permissible (acceptable for the user's space group). These tests are 
applied only if there are no measurements of an index triple ~ IUN # 0. 

11-15 IHK = 0, all orders permissible. 
= 1, h+k = O(mod 2); permissible for hk~ 

16-20 IHL = 0, a.o.p. 
= 1, h+~ =O(mod 2)' permissible for hk~ 



4. 

21-25 TKL 

26-30 IHKL 

31-35 IHKO 

36-40 IHOL 

41-45 IOKL 

46-50 IH 

51-55 IK 

56-60 IL 

AVSORT ~ Dec/74 
Author: G, Williams 

(most recently) 
Page 2 of 13 

= O,a,o.p. 
= 1, k+R. = O(mod 2), permissible for hk.Q. 

0, a,o.p. 
= 1, h+k+.Q. = O(mod 2), permissible for hkR. 

= 0, a.o.p. 
= 1, h+k = O(mod 2) permissible for hkO 
= 2, h = O(mod 2)' permissible for hkO 
= 3, k = O(mod 2), permissible for hkO 

= o, a,o.p. 
= l, h+.Q. = O(mod 2)' permissible for hOR. 
= 2, h = O(mod 2) ' permissible for hOR. 
= 3, .Q, = O(mod 2), permissible for hO.Q. 

= 0, a,o.p, 
= 1, k+.Q. = O(mod 2), permissible for Ok.Q. 
= 2, k = O(mod 2), permissible for Ok.Q. 
= 3, R. = O(mod 2), permissible for OkJI. 

= 0, a.o.p. 
= 1, h = O(mod 2), permissible for hOO 

= 0, a.o.p. 
= l, k = O(m9d 2)~ permissible for OkO 

= 0· a,o.,p, 
' = 1, .Q. = O(mod 2), permissible for OOR. 

*NOTE* the tests provided do. not comprise an exhaustive list of ·the possible 
systematic .extinction conditions, Tests not given here may be programmed 
into SUBROUTINE REJECT which is called, for EVERY generated triple 
between the sine limits, before the above systematic absence information 
is applied. If IUN=l then ALL reflections which are between the index 
limits·, ·can pass the above tests, and not excluded by REJECT will appear 
on.the output file. In high synnnetry groups this implies that both 
hkJI. and khJI. (for example) will be output. 

(6F5.0,2Fl0.5) 

col. 1-5 XHL H index lower limit 

6-10 XHU H index upper limit If ALL of XHL thru XLU are 

11-15 XKL K index lower limit input as zero (blank) then the 
program will determine the 

16-20 XKU K index upper limit search limits internally from 

21-25 XLL L index lower limit the extreme values returned 
by subroutine SPACE. See METHOD 

26-30 XLU L index upper limit if you plan!£ input these values. 

31-40 XSINTL sin(THETA) lower limit 

41-50 XSINTU sin(THETA) upper limit 
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If BOTH of XSINTL and XSTNTU are input as zer·o (or blank) then these 
variables are reset to 0.0001 and 1.0 respectively. 

5. (3Fl0.5) 

col. 1-10 

11-20 

21-30 

31-40 

C1 

C2 

C3 

C4 

Not currently in use. 

Haximum allowable deviation, expressed as multiples 
(fractions) of the individual sigmas. 

Haximum allowab·le ·deviation, expresse~ as- a fraction 
of the·estimated·deViatiort af·an·individual·reflection 

"from FHEAN. 

Fractional non-Poisson contribution to the variance (see 
below). Used only in the concordance testing. 

All values for cl, c2, or c3 input less than or equal to 0.0 are reset to 
999 .. 99. 

The above 3 parameters are used to test for significant deviations of any 
one determination from the unweighted mean of all the contributors. 

If we define: 

F 

11 

(J 
~F> 

= <IF.) /n i.e. the simple mean 
l. 

.- IF-F.I i.e. the deviation for any one value · 
l. 

= the standard deviation of the mean as derived from the input a's for 
individual observations plus non-Poisson contributions as specified by C4. 

cr 8 = <<IIF-F. 1 2 )/n)~i.e. the estimated standard deviation of an individual 
reflection as determined from the spread of the contributors to F 

A.. If there are TWO OR HORE CONTRIBUTORS to F the tests,· and the order in 
which they are applied, are: 

(i) if 11 ~ ci .F .... reject F. Note Test (i) is no longer applied. 
l. 

(ii) if 11 ~ c2 .a <F> reject F. 
l. 

(iii) if 11 > c3. 0 S reject F. ,. 
l. 

Rejected measurements are flagged with 2 or 3 asterisks on the printed 
output depending upon which test they failed. If, because of bad data or overly 
stringent cri_;eria, all contributors to a form are rejected then the program will 
recalculate F and cr 8 ·excluding the datum with the largest IF-F. I and recycle through 
the contributors bypassing the excluded me·asurement. · Only one1 such recycling will 
occur. 
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B. If there are TWO OR MORE contributors then a modified cr F is formed as defined 
by cr<F> ~,; 1/nl:(cri2 + C42Fi2) and·it ·is this cr<F> which is used in test (ii) above. 
Two reflections are counted as ·/DISPARATE DOUBLY DETEID.UNED/ if either· determination 
deviates by more than c2cr <F> from the: unweighted mean. 

C. · If there is only ONE DETERMINATION for a reflection then ~=0,0 and the reflection 
will pass all three tests above. THERE ARE NO STATISTICAL TESTS IN THIS PROGRAM 
WHICH WILL PASS JUDGEMENT ON THE FITNESS OF A REFLECTION AS LEAST-SQUARES INPUT. 

6. (9I5) 

Col ICN denotes source of the reflection data. 

= 1 implies data on cards·-see INPUT below 
= ... 2 read card images. from file TAPE! 
:;_ .3· unformatted records· from file TAPE! 

6-10 !BCD = a· do not write coded output fi·le· TAPE3--see OUTPUT below 

7. 

11-15 

16-20 

21-25 

26-30· 

31-35 . 

36-40 

41-45 

(3I5) 

Col 1-5 
6-10 

11-15 

> 0 write processed data in coded form to· TAPE3 

IBNRY ~ 0 do not write unformatted file DATA 
> 0 write unformatted information to DATA 

IPRNT =·0 do not list reflections on OUTPUT 
> 0 produce full listing on OUTPUT 

NEXCL !his is the number of reflections (~20) which the user 
wishes to exclude from the agreement factor calculations .• 
The monitor reflections should be excluded to avoid biasing 

ISF 

JORDH·

JORDK 

JORDL 

the statistics · 

This integer may be used to distinguish data batches which 
are to be merged later, For reflections to which_ there 
corresponds at le~st one measurement the !SF value is 
simply transferred to the output media. For the 
unme~sured (~_t_hetic) reflec-tions a dummy value of 99 
is output. ·FLnrus uses· this integer· as a ·scale factor· 
numb~.!=' and so a oositive value (usu~llv 1) should he . .!:!-'?_~---

These three integers specify the order in which the user 
wants the data sorted. The index with order indicator 1 
will vary most rapidly in the final outputs; 2 will denote 
the index of intermediate acceleration· and 3 the least. 
rapidly varying. 

OMIT IF NEXCL = 0. 

KEXCL(I,l) There should be NEXCL ,of these cards, each bearing 
KEXCL(I,2) the indices of one reflection to exclude from the 
KEXCL(I,3) agreement factor calculations. NOTE: use the re-

arranged indices here if the input indices are not 
those to be output 
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8. (Il,F3.0,2F4,0,Fll.3,Fl0,3,I3,6F6.3,F8,5) 

Reflection data here, on cards, if ICN=l. 

9. (Il,F3.0,2F4, 0 ,Fll, 3 ,FlO. 3, I3, 6F6, 3,F8. 5) 

Terminator reflection (a dummy with LSENT=l), Actually this record is a 
"Linus blanket" since an EOF(5) check can sense the end quite adequately. 

Output 

DATA Binary, suitable for least squares input, Compatible with LINUS, etc. 

Each logical record contains: 

I SENT 

IHHH, IKKK, ILLL 
FAV 
WAV 
ISF 

(ETEMP (K) , K= 1, 7) 

ETEMP (8) 

(PAD (I), I:;;;l, 18) 

data list terminator (=0 for good datum, = 1 on 
dummy terminator record) 

Miller indices (h,k,~) 
Weigh,ted average; F or F**2 
Sigma of FAV (see Method) 
.Scale factor number (= input value (Card 6 above) for 

measured ref,= 99 for synthetic ~atum). 
Components of normals (K=l,6), and T(K=7), 
for absorption and extinction (see Program BNLABS).

Sigma(FMEAN), included if user desires this 
information at a later date. 

All = 0, Dummy fields for later use. 

DATA terminated with. a dummy reflection bearing ISENT = 1, followed by an ENDFILE. 

TAPE3: BCD 

Each logical record contains the same information as records on DATA, 
with the exception that the records are not padded with the 18 dummy words, 
and the intensities and sigmas have been scaled such that SFmax is .LE. 9999999. 
Scale factor applied is indicated. Also, if ETEMP(8) .GE. 999.9, it is 
set = 999.9. Formatted according to the following: 

F¢RMAT(Il,I3,2I4,Fll.3,Fl0.3,I3,6F6.3,F8.5,F5.1) 

Terminated identically as DATA. 

Punch: To obtain punched output the user must write a small program which 
will read either of the above two output files extract the information he 
needs and transmit this to cards. *NOTE* the records of TAPE3 are each 
of 85 characters and so a simple copy to PUNCH will not work. 
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PRINTED: (on File OUTPUT) Title, cell constants, wavelength, and control integers. 
number of reflections read, and number of these accepted. Data search 
limits (user specified or program determined, and relative locations 
(in octal) of sorting arrays~ Location of MHKL (number accepted) is the 
last location required by the program. This is checked internally, and 
in subsequent runs the requested FL should qe rounded up to the nearest 
lOOOK above this. The program does RFL down, in any case, to the proper 
location. (Necess·ary ECS field length noted for future reference). 

Each reflection output: (Header lists FTERM, but input may be F or 
F**2). List of equivalent reflections, including individual intensities 
and sigmas, components of normals, T, and the reflections position in the 
input list .. (One or more asterisks denote reflections that have been 
rejected, based upon the ·users criteria).· 

Averaged data for DATA/TAPE3 is then listed: Miller indices, rearranged 
as per *SPAC~*; weighted average intensity; sigma of average; scale factor 
number; sin(THETA); number of equivalent_reflections followed by the 
number rejected; components of normals, T (averaged over all the contributors); 
sigma(FMEAN) and its fractional vaule, based on FMEAN. 

The proper components of normals are output by the program, with the 
following exception: if .the *SPACE* rearranged indices do not in fact 
appear in the equivalent reflections list, then there will not be a set 
of normal components which correspond to the orientation of the h,k,i values 
to be written on DATA/TAPE3. In this case, AVSORT puts out the set of normals 
corresponding to the last reflection in the equivalence list. *NOTE* IF SYMMETRY 
EQUIVALENT .REFLECTIONS ARE AVERAGED THEN THE RESULTING DATA SET WILL BE QUITE 

. UNSATISFACTORY FOR THE DETERMINATION OF ANISOTROPIC EXTINCTION PARAMETERS AND THE 
COMPbNENTS OF NORMALS· WILL BECOME USELESS QUANTITIES. · HOWEVER IN MOST CASES THE AVERAGED 
TBAR TERMS SHOULD REMAIN USEFUL FOR THE EVALUATION OF ISOTROPIC EXTINCTION. 

If under certain conditions, all n of n equivalent reflections are 
rejected, the program recalculates FMEAN deleting that·reflection which 
exhibits the worst (unweighted) agreement, and reexamines the equivalence 
list. Agreement factors are·not affected, as rejected reflection are always 
included in the calculation of R and WR. 

~ A series of 4 asterisks precedes the scale factor number to flag a 
reflection that has only two contributors, whose two intensities do~ 
satisfy the acceptance criteria set by the user. · The averaged data is · 
output on DATA/TAPE3, the asterisks appear only on the printed output for 
reference purposes. 

Agreement factors out out after end of data. Mostly self explanatory, 
except: 

Number of reflections for least squares input is Number on DATA/TAPE3 

Number of disparate Doubly Determined Reflections is number flagged 
with **** on printed output, The (h,k,i) are tabulated. 
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SHORT FORM PRINTED OUTPUT: (on file SHORT!) This file contains summary 
information abstracted from the complete output described above. SHORT! 
consists of lines containing 60 characters and is designed for printing 
on a teletype, The contents of SHORTl are as follows: 

1. Title, cell constants, wavelength, control integers. 

2. Number of reflections read; data search limits and program storage 
· requirements. 

3. Listing of bad observations determined . 
a. Disparate doubly determined reflections are·fl:agged ****· 
b. Individual bad observations (for reflections with more 

than 2 observations) are flagged with two or three 
asterisks depending on which test was failed. In this 
case the mean F2 is printed but not flagged. 

4. Agreement factors and summary giving number of reflections 
as well as number rejected. 

For a typical run processing 1300 reflections of which about 40 were 
rejected, SH¢RT1 contained about 110 lines of output. 

Replaceable Routines: 

SUBROUTINE IMP 

The version supplied is a general routine suitable for most input 
purposes. It reads BCD cards or file, or binary file as per the 
following coding: 

SUBROUTINE IMP(IDENT,FH,FK,FL,SF,WEIGHT,SCALEN, 
1El,E2,E3,E4,E5,E6,E7,ICN) 
GOTO(l,4,5),ICN 

1 READ 2, IDENT,FH,FK,FL,SF,WEIGHT,SCALEN,El,E2,E3,E4,E5,E6,E7 
IF (EOF (5)) 6, 3 

2 FORMAT(Il, F3. 0 ,2F4. 0 ,Fll. 3,Fl0. 3, I3, 6F6. 3 ,F8. 5) 
3 RETURN . 
4 READ(l,2) IDENT,FH,FK,FL,SF,WEIGHT,SCALEN,El,E2,E3,E4,E5,E6,E7 

IF(EOF(l))6,3 
5 READ(l ) IDENT,JH,JK,JL,SF,WEIGHT,SCALEN,El,E2,E3,E4,E5,E6,E7 

-u·-(EOF (I)TO,T · · . . 
FH=JH 
FK=JK 
FL=JL 

6 IDENT=l 
RETURN 
END 

For other special purposes, *IMP* should be altered. Specifically, 
the rejection of reflections if desired, based upon any criteria, 
so that they will not appear in the input list. The only other 
way of rejecting reflections on input is via the sine limits above. 
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This subroutine is called after the generated indices have been 
checked against the sine limits but before the systematic absences 
(card 3) are _ interrogated to ensure that the index triple is indeed 
wanted. This routine will be most useful if the user wants to reject 
a specific triple or if he/she wants to have unmeasured reflections 
output but cannot specify all of the systematic absences appropriate 
within the tests supplied, The version supplied is a dummy. If IREJ=O 
the index triple is accepted, rejection occurs if .REJ=l 

SUBROUTINE SPACE 

This subroutine applies the diffraction symmetry by transforming 
the indices into th~ desired, The routine supplied is a dummy version 
of the second procedure (see below) which applies only the identity-transforma
tion. If the diffraction symmetry is triclinic, monoclinic or orthorhombic 
then the first procedure will probably be the most useful and popular. 
The example of a replacement version for SPACE appropriate to a·monoclinic 
pattern should clarify this first approach. 

SUBROUTINE SPACE(FH,FK,FL) 

C THIS VERSION APPLIES 2/M SYMMETRY AND ALWAYS RETURNS THE REFLECTION 
C IN THE +H,+K,:+/-L QUADRANT 

FK = ABS(FK) 
IF(FH) 1,2,3 

1 FH = -FH. 
FL = -FL 

3 RETURN 
2 FL = ABS (FL) 

GO TO 3 
END 

For diffraction data obtained from crystals of high symmetry the 
logic involved in writing a special subroutine according to the above 
procedure can become exceedingly complex and so to avoid unnecessary 
brain strain a second procedure was developed. 

In this method the two tasks , (i) indeX transformation and 
(ii) testing _if the new triple is the one desired are separated, Reciprocal 
space symmetry matrices are provided via BLOCK DATA SYMOPS to SUBROUTINE 
SPACE and these are used to generate new index triples from the FH,FK,FL 
supplied. As each new triple is generated SUBROUTINE FORM is called to 
check for acceptibility. The user must program into FORM those restrictions 
he wishes to apply to the generated triples, for example in a trigonal 
situation (c unique) he may require that 2 ~ 0 and that h?k~o. Such 
conditions could be programmed as: 



SUBROUTINE FORM(IFORM,H) 
DIMENSION H(3) 
IFORM = 0 
IF (H (3) • LT. 0 • 0) 
IF(H(2).LT.O.O) 
IF(H(l).LT.H(2)) 
IFORM = 1 

1 RETURN 
END 

GO TO 1 
GO TO 1 
GO TO 1 
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Note that IFORM=l impliesacceptance whereas IFORM=O instructs the program 
to apply another symmetry transformation and try again. 

If the program is unable to satisfy the users requirements in 
this regard then a message is produced and the original indices input 
are returned to the main program. · 

The BLOCK DATA SYMOPS subprogram must contain the number of 
symmetry transformations to be applied (NEQV ~ 24) and twenty-four 
3x3 symmetry matrices, onlr the first NEQV of which need be non zero. 
The dummy version supplied is listed below. 

----·---- ·-----·-----·-······-··· 
~LQCK 06T4 SYMGPS 
r: 'J ·v, r•i 0 ... , I S Y [1.' E i] If I ''i E n 11 • S < 3 ' 3 • 2 4 l 

----'-~-
")fj,T.~ 'tf.>-.vl 11 
·!~TA«S<I•J• 1ld=1•3l.,._J:::l,3ll 1., o., o., o., 1., u., u •• o., 1.1 
')'H.A < <S <I ~J, 2>, I=l ,3> •J=1 ,Jl I o.' o.' o. • 0 •' lT;-;-o-:.,--u·~--,·-o-:,· ,-o.l _______ _ 
•) 4 T A ( ( :3 ( I ~ J ' 3 ) ' I ::: 1 ' 3 ) ' J ::: 1 ; 3 ) I 0 • ' 0 • ' 0 • ' 0 • ' 0· • ' 0 • ' 0 • ' u • ' 0 • I 

------,,---
:) il T .t. < < S < I , J , 4 l , I= 1 • 3 l , J = 1 , 3 l I G • , 0 • ' u • ' 0 • • -u·~·;-v~-,:~ -o-;-;-o-;7 ___ _ 
~4T~<<s<I•J• S>•I=1•3l•J=1t3ll o., o., o., o~, o., o., u., o., 0.1 
1~T~<<S<I•J• 6l •I-1•3) •J=1•3ll u., o., o., o., o., u., u., o., u.l 
04T~<<S<I•J• 7l •I=l•3>•J=1•3>1 o., o., o., o., o., u., u., o., 0.1 
:') !\ T A. ( <S (I, J' 8 l 'I::: 1 '3 l -; J= l' J l I 0.' 0 •' U • • U •' 0 •' 0 ~--;·---u-;-;--u ;t(j .-~..,....,.--
'! !\ T A ( ( S ( I , .J , '1 l , I= 1 , 3 l , J= 1 , J l I 0. ' 0 •. ' 0. ' 0 • ' 0 • • 0 • • u • • 0 • ' 0 • I 
•"'! .•\ T /.1 < < S < I , J , 1 0 l • I= 1 , 3 l , J = 1 • 3 l I 0. ' U • • 0. ' U • • 0. ' o;-;--u-;-;--- o--:,··-,--(y-~T---
·!O.TA<<S<I.,J,1ll.,I=1•3>.•J=l•3ll o •• o., o., o., o., u., u., o., 0.1 
•""'~ " T !}. < < S < I , J ' 1 ~ l , I - l ' .J l , J- 1 ' .J ) I u • ' 0 • • 0 • ' 0 • • u • ' 0 • • u • ' o-;-;--u.-r-
! •\ T ~ ( ( S ( I , J , 1 3 l , I = 1 • 3 l ' J = 1 ' 3 l I 0 • • 0 • • 0 • ' 0 • • 0 • ' 0 • ' 0 • ' 0 • ' 0 .I 
;;'HA< <S<I•Jd4l d=1•3l ,J:::1,3ll o., O., u., o., O.-~··-o-;;-0·~--,--·o-~-,--lf'~/---

:lllT . .:.\((:3(I•J•l5l•I=l•3l•J=1•3ll o., o., o., o., u., o., 0., u., 0.1 
:1 .-\ r cd < s <r • J , 16 > , I -1 , 3 ' , J = 1 , 3 > 1 u • , o • , o • , u • , u • , o • , u • , o • , o-.-~.---

;·~_~ T A t ( S ( I , J , 1 7 l , I = 1 , 3 l ' J = 1 , 3 l I 0 • ' 0 • ' · 0 • • 0 • • 0 • ' U • ' 0 • ' 0 • ' 0 • I 
\)AT A < ( S ( I , J , l ;j l ' I::: l ' 3 l 'J = 1 ' J l I u • ' 0 • ' U • •· U • ' U • ' U • ' U • ' 0 • t 0 • I 
-)~TA(('-3(I•J•19l•I=l•3l•J=1•3l/ u •. , o., o., o., Q., U., o., u., 0.1 
:; AT A ( ( 5 ( I , J , 2 0 l ' I= 1 • 3 l 'J = l • 3 l I U • ' 0 • ' U • ' U • ' U • ' U • ' u • ' 0 • ' 0 • I 
r;.:\TA<<S<I•J•21l•I=1•3l•J=1,]l/ o., Q., O., (J., o., u., v., o., 0.1 

'I.A T .~ ( ( S ( I , J , c 2 l , I= 1 'J l • J= 1 ' 3) I 0. ' 0 • • 0 • ' 0 • ' 0 • ' 0 • ' u • ' (J • , 0 • I 
·I :l T A. ( ( ::; ( I • J , ~ 3 l ' I = l • 3 l , J = 1 ' 3 l I 0 • ' 0 • ' '(J • ' 0 • • 0 • ' U • ' U • ' u • ' 0 • I 
·)~TLI(('5<I•~J.c,..)•I-l•Jl•..J-ltJl7 u., u., u., \J., u., u., u., u., 0.1 
;::- ., i) 

Lest the user despair at this stage, be aware that a separate program (INVTRP) has 
been written which will produce, from user-input real-space symmetry matrices, a 
complete card deck for the BLOCK DATA SYMOPS subprogram appropriate to his/her 
reciprocal space symmetry. · 
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Example: 4637 reflections have been processed o.n the 6600 under s·coPE 3.4. 
They re<!uired. 77K of ECS. The iD:clusive range of_ (h,k,R.) was 

(0,-15,~ll) t.o (14, 13, 10) 

The time required was 60 10 sec. . This program will run in considerably 
less time on. the 7600 under SCOPE · t .1 without any . modifi c~tion. 

Program Termination: 

STOP 777 in day file for normal program exit. 

Method: An input reflection is tested for inclusion in the sin6 · 
range, and rejected if out::side the range. Accepted data are then 
stored in arrays MHKL (packed indices), KEXl and KEX2 (packed · 
components of normals), SF (intensity), WEIGHT (sigma), and 
EX (T). All arrays other than MHKL are written onto ECS almost 
immediately. 

HHKL is. an array which ._contains 3 packed integer variables per 
word. Two of these integer v.ariables- are. themselves packed. quantities 
and each contain 3 reflection indices. · Each word in 11HKL then contains 
7· i.tems. The words in MI:lKL contain the following packed .information. 

60 bits = 

MHKL(N+1) = 

X = 

N = 

HKL 

'·MHKL' = 

20 characters, arranged as follows: 
(highest order bits--------lowest order bits) 

0 "01377 2001062 2001062 
X N 'MHKL' HKL 
bits 57-59: ·bit 59 is the sign and is not affected 
by right shifts, consequently it must never be set. 

reference index, i.e., this labels the Nth reflection 
accepted. Necessary as a label for sequencing other· 
arrays. Nth reflection is stored in location (N+l) 
since routine *QIKS* uses location (1) for sorting. 

the packed indices as read in, for the Nth reflection 
accepted. Routine *PACK* converts (h,k,R.) to an 
integer variable, HKL: 20010628 = 52485010 = (2,-2,0) 

the Nth (h,k,R.) indices as rearranged by routine 
*SPACE*. Temporarily stored in location MHKL(N+l) 
until the variables N and HKL are computed and added, 
in their proper bit assignments. In the example 
above, the (h,k,R.) have not been rearranged. 
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*****MHKL is currently dimensioned for 25000 (= 24999 reflections), The maximum 
number of reflections is not determined by the size of N (= 3777778 = 13107llo), 
but by the number of bits available for HKL and MHKL, This is a direct function 
of how routine *PACKT* packs the indices, Currently, *PACKT* computes an ·integer 

50505010 

and adds to it H*lOOOO + K*lOO + ~. 

505050 
+ HOOOO 
+ KOO 
+, L 

= HKL 

Consequently, the limits of the program are defined by the way *PACKT* packs the 
indices, not by the size of MHKL, This must be taken into consideration if more 
than 24999 pieces of data are to be processed in one run, The permissible ranges 
of (h,k,~) are 

(~50,-50,-50) to (49,49,49) inclusive, 

See Example~ also, 

If data beyond any of these individual h,k, or ~ limits are nec~ssary, 
substantial reprogra.mining must be done, If greater than 24999 pieces of data, 
all within these limits, are desired, simple increase of the dimensions of 
MHKL in all pertinent routines is necessary and sufficient. If more than 300 
observations of any one reflection (and its equivalents) exist, then the 
dimensions of the following arrays must be altered, as must the EQUIVALENCE 
statement in which they appear: 

FTEMP, WTEMP, SIGMA, HTEMP, KlTEMP, K2TEMP, and EXTEMP 

The MHKL array is sorted by *QIKS* in ascending order on the *SPACE* rearranged 
indices; HKL and N are carried along with the sortingprocess, (*COMPARE* and 
*MOVE* are used by *QIKS*, *COMPARE*. abstracts from MHKL the proper bit. content 
for sorting. The remaining arrays in ECS are then rearranged according to the 
new order specified in MHKL, and rewritten onto ECS, 

The program then generates such reflection triplet beginning at the low 
limit on each of the three indices and ascertains,if its value. is in the array 
MHKL, If the program generated triplet is not equal to the next value of MHKL· to 
be tested, but is less than this value, it is treated as unmeasured, (If its value is 
less than the next value of·MHKL, there are no observations of the particular '(h,k,~), 
since MHKL has been sorted). The unmeasured reflections may or may not be output on 
DATA/TAPE3, depending upon the value of IUN. If the (h,k,~) is equal to the next 
value of MHKL to be tested, all equivalent reflections are removed (moving right up 
MHKL) and treated as below. If the (h,k,~) is larger than the next value of MHKL, 
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then the program moves up MHKL until it finds a value equal to, or greater than the 
(h,k,i), and treats it as above, The latter case may occur depending upon how the 
user employs the routines *SPACE* and *REJECT*. The process continues until all 
values between the index limits have been checked. 

The averages are computed as follows: 

FAV = (L(l/SIGMA**2) * F) I (l/LSIGMA**2) 

WAV = l/SQRT(L(l/SIGMA**2)) 

AVF • LF (all reflections, accepted or rejected: used for 
agreement factors) 

ETEMP(8) = SQRT(l/(n-1) * L(ABS (F-F )
2

) 
n 

Although the program tests on the. ETEMP (~P C?lcu~ated~above, ·this is converted to 
the estimated·standa:td deviation·of.themean by dividing by SQRT(n), 
~., 

ETEMP(8) = ETEMP(8)/SQRT(n) 

This value is output as SIG(FMEAN). 

Four agreement indices are provided by the program. These are computed from 
·ALL measurements of the multiply determined reflections except those EXPLICITLY 

EXCLUDED BY THE USER using the NEXCL and K.EXCL options· des.cribed on page 4. 

In the following d~finitions Wi and Fi are the weight (1/cr~) and value associated 
with the ith measurement. Assume that the index j runs from 1. eo N over all of the 
multiply determined reflections for each of which there exist a variable n. (n.>2) 
number of measurements. J J-

The index i ranges from 1 to n~ and specifies a contributor to the mean. The 
simple mean is denoted F. and the wJighted mean by F .. 

J J 

Then 
N ni L- F .. . 1 . I 

j=l n; i=l 1 ,J 

N 

I 
j=i 

N n. 

R 
\' 

1 
\'J w . . I F . . - ~ . I 

2 = _,.,j---'~ l;;;.._._n._j --'1::...· ~...;:;1;..__1_J __ 1 J __ J __ 

N A 
L IF .I 

.. 1 J J= 



where 

• 

N 
I ln .. F .I 

j=l J J 

N 
n. 

J " L L w .. IF ... - Fl 
R7 = j=l i=l ~J ~,J 

4 
N 
\' .1\ " !.. n .• W •• F. 

j=l J J J 

n. 
A J 
w. =I w .. 

J i=l ~,J 
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Brookhaven Crystallographic Computer Program Writeup 

PR~GRAM BNLABS (INPUT, ¢UTPUT ,PUNCH, TAPE2, TAPE3, TAPE4, TAPE5=INPUT, TAPE7=PUNCH) 

Purpose: This is the second stage in processing of x-ray or neutron 
four-circle diffractometer data. Lorentz-polarization factors are 
applied, absorption corrections are made, and the necessary quantities 
for making extinction corrections in the Zachariasen approximation are 
calculated (Zachariasen, Acta Cryst~ · 23, 558 (1967); Coppens and 
Hamilton, Acta Cryst~ A26, 71 (1970))-.- For details on the absorption 
correction see Coppens' et al. (Acta Cryst. ·18, 1035 (1965)). Input 
data is ass.umed to come from PR¢CK (HFBR andPicker data). 

BNLABS SUPERSEDES PR¢GRAM DATAPH 

This program uses the true setting angles in the calculation of 
transmission factors, mean path lengths, and components of vectors 
for anisotropic extinction. The true angles are read from cards or 
tape produced by PR¢CK (see new writeup). 

The input of true angles.guarantees correct processing for 
reflections collected in any setting. If the true setting angles 
are not available and must be generated from the orientation matrix 
the angle calculation option will give setting angles in the hemisphere 
defined by -900 ~ x(true) ~ 90°. These angles will be mqdified by the 
~er St)ppl:ie4 w(true) values (usually zeJ;o) but wtll nevertqeless 
be·incorrect for reflections collected in .the upper hemisphere. This 
implies that the components of normals, transmission factor,. etc. will 
be wrong for the reflections which were collected with lxl > .90°. 

Field Length: (41000) 8 + (4*NtN2*N3) 8 

where N1, N2 and N3 are. the number of Gaussian grid points. 

Time Required: Two examples may serve as a guide. These examples 
were run on a CDC 6600 under the old BNL SC¢PE operating system. 

1) No absorption: 1302 reflections in 18.3 sec CP time • 

. 2) 512 point grid and 8 planes: 2185 reflections in 540 sec CP time. · 
Run as an A .job. 

Files Required: TAPE3 input, optional 

TAPE4 output, optional 

TAPE2 output, optional 

(From PR¢cK) 

(BINARY) 

(BCD) 
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Input: 

Card 1. F¢RMAT(1X,79H) Title. Punch in columns 2-80. 

Card 2. F¢RMAT(7F9.6) Reciprocal Cell Constants, Monochromator 26 
a*,b* ,c* ,coso.* ,cosS* ,cosy*,2em (may omit 26m for neutron data) 

. B 
Card 3. F¢RMAT(9F8.0) ((U (I,J) ,J=1,3) ,I=1,3) where UijB is 

U matrix defined by Coppens and Bednowitz and is printed out 
or the NEXDAS command.LS at the HFBR. If·the transformation 
is defined as ·in Hamilton's International Tables article: 

* A : UA 
0 

inverted normalized 
by ¢RIENT 
matrix U 

* where A are the reciprocal cell coordinates, and A0 is an orthogonal 
system fixed in the goniometer head, then the uB matrix here is obtained 
from U by dividing the rows uf U by a*, b*, c* respectively and taking 
the transpose. See appendix. If absorption and extinction corrections 
are undesired, ·this matrix is irrelevant. Columns of the U matrix 
should be normalized to unity. The program prints the matrix out as 
input and after normalization. 

Note (which can be understood by BNL users only): To process data from 
XRAY or MAIN, the orientation matrix input to. BNLABS should be exactly 
as typed out by NEXDAS at the HFBR. The parity (all negative for both 
machines) arid mechanical zeroes used in the data collection programs 
should be input to PR¢CK, which will produce true values of w, x and ~. 

The detector on the H6S neutron diffractometer moves in the opposite 
sense from that o~ the main machine or the Picker. The diffractometer 
coordinate system (an,bn,cn) with which we work during data collection 
is thus left-handed for this diffractometer (see below). We also 
find it convenient to call x 0° when the goniometer head is at the 
bottom of the circle (true x ~ 180°) with respect to the sense of 28 
for this machine. In order to obtain true setting angles referred 
to a right-handed diffractometer coordinate system, and to maintain 
consistency between the three machines, the following procedure 
should be observed while processing data from SAT'l;' using PR¢CK and 
BNLABS. 

(1) add 180° to x0 used in data collection and ·input this value as 
CHIZER¢ in PR¢CK. Insert w0 and ~ 0 used in data collection 
without any change. 

(2) reverse the parity of. phi, so the parity input to PR¢cr< becomes 
-w, +x, ~' rather than the-w, +x, -~ used by NEXDAS for the satellite machine 

(3) The U matrix input to BNLABS should have the signs of the 
second and third rows reversed from the way they are typed 
out of H6S3. 

uf 
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Card 4. FORMAT(l6I5) Control Integers (ICN(I),!=1,16) 

ICN(l) Cols 1-5 

(2) Cols 6:._10 

= 0 
= 1 

= 0 
= +1 

no absorption correction. 
absorption correction is applied. 

no quantities are calculated for extinction. 
Quantities necessary for extinction correction 
in LINUS (the Brookhaven least-squares program) 
are calculated. · · · 

= -1 Vector components but not T are calculated for 
extinction. 

(3) Cols 11-15 non-zero. A subroutine SCALE is called which may 
be used to scale data relative to standards 
collected during data collection procedure. 

(4) Cols 16-20 = 0 use input setting angles. 
= 1 calculate setting angles from matrix (above) and 

value of omega supplied with each reflection. 
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(5) Cols 21-25 = -1 Apply neither Lorentz nor polarization corrections.· 
= 0 Apply Lorentz and polarization corrections -

for the X-ray case. 

B 

= 1 Apply Lorentz correction only - for the neutron case. 

(6) Cols 26-30 

(7) Cols 31-35 

(8) Cols 36-40 

Determine status of BCD output. 
= 0 no punched card output of reflections, no BCD tape. 
= 1 for punched card output in format s~itable for 

input to LINUS or AVSORT. 
= 2 for output on BCD TAPE2 in format suitable for 

input to LINUS or AVSORT. 

Determines status of binary TAPE4 for least-squares input. 
= 0 for no TAPE4 output. 
> 0 for new TAPE4 output. 

0 for card input as described below. · } check 66-70 
1 for input from TAPE3 as described below. this card 

(9) Cols 41-45 = 0 normally. 
:/: 0 for setting angles check. If ICN(9) is not zero 

this card should be followed by ICN(9) cards of 
format (3F3.0,F9.3) with h,k,t and true value of 
omega. The program will calculate and print the. 
setting angles for these reflections. 

(10) Cols 46-50 No longer active. 

(11) Cols 51-55 0 full information printed out. 
1 abbreviated printed output. 
2 messages only output after each 10 reflections processed. 

(12) Cols 56-60 No longer active. 

(13) Cols 61-65 No longer active. 

(14) Cols 66-70 = 0 standard input format. 
> 0 long records containing scale in Fl0.3 and sequence 

number at end. (see the PR0CK write-up) 

The inactive fields on card 4 and ICN(I), I = 15-16 are read in (ai3 integers) 
and are available to the user-supplied· subroutines for whatever. purpose. 

Card 5. Op·tional F0RMAT(3F3.0·,F9.3) cards for angle check .• 
Refer to ICN(9) above. These cards contain h,k,t and w. 

Card 6. Optional - supply only if ICN(l) or ICN(2) is +1. FORMAT(4I5) 
Specifications for grid for absorption or extinction correction. A 
Gaussian integration formula is used. The first three fields define 
the number of grid points in various· directions. The product of these 
three must be less than the second dimension of GRID in the main program. 
The version of program available is compiled for this dimension equal to 5000. 

Cols 1-5 Number of Gaussian grid points along a. must be even numbers 
Cols 6-10 Number of Gaussian grid points along b. } in the range 2-16, 

Cols 11-15 Number of Gaussian grid points along c. or 24, or 32. 

Cols 16-20 Number of boundary planes 
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Card 7. Optional (supply if Card 6 supplied). FORMAT(4F10.4) 
One .card for each boundary plane. These are given in terms of the 
Miller indices of crystallographic planes and the perpendicular 
distances in em of these planes from an arbitrary origin within 
or on the surface of the crystal. 

Cols 1-10 h 

Cols 11-20 k 

Cols 21-30 R. 

Cols 31-40 distance in CENTIMETERS *NOTE* CENTIMETERS NOT.mm. 

Card 8. FORMAT(I5,7F10.5). Reflection batch card. 

Cols 1-5 IQ Scale factor number IQ will be punched on output cards 

Cols 6-15 

Cols 16-25 

Cols 26-35 

Cols 36-45 

Cols 46-55 

if NSCALE is set to 1 in IMP; for other values of NSCALE 
the scale factor number is taken equal to NSCALE. 

Wavelength of radiation in R. 
the program will calculate cr 2(I-B) as 
(I+B) + c12(I-B)2 + c22(I t d-I) 2 

correc e 
The three terms represent the statistical error, 
a proportional error and the uncertainty in ·the 
absorption correction. I (WCH) recommend c 1=c2=0 
and change weights in the least-squares program. 

The term c1 is often called the "ignorance factor" 
and is designed to .allow for unknown factors affecting 
the experimental stability. In many X-ray situa
tions the dominant contributor to c1 is the 
uncertainty· in the scale factor which accounts for the 
decomposition of the crystal. This scale factor is 
usually computed from the monitor reflections and its 
uncertainty should be obtainable from the spread of 
these data. A. recent paper (UcCandlish, Stout and 
Andrews, Acta Gryst. A31, part 2, 245-249 (1975). 
bears on this· problem7nd should be consulted. 
Although t-lCH 's suggestion above undoubtedly has merit it 
seems that a better procedure would be to perform some 
analysis of the monitor reflections and to modify the 
variance accordingly. Unfortunately the small amount of 
programming necessary to implement this approach has not 
been included in the current version of the program. 
Refer to program CORDAT if this is a problem. 
The c2 term probably should be included at this stage 
because after this program has been run only the 
Icorrected term is available to the user, who cannot 
then incorporate Ic r -I into his/her calculations. o r uncorr 

~' absorption coefficient in reciprocal em. 

Scale factor by which F2 is multiplied. Must not be zero. 
1.0 is often appropriate. 
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Card 9. FORMAT(6I3) standard reflection indices. This card supplied 
only if subroutine SCALE is called as specified on Card 4 in field 3. 

H1, Kl, L1, H2, K~, L2 

Card 10. Reflection data cards as called for by subroutine IMP. 

For input from PR~CK the routine is. called CALL IMP (FH,FK,FL,S,B, 
SCB,OM,PHI,CHI,SLO,SLB,OBSFI,BACFK,IDENT,NSCALE,ICN,JSEQ) 

A call is made to this routin~ to read each reflection in turn. 
The first 14 arguments must be returned by the subroutine to the 
calling program. ICN(16) are the control integers which may be 
used by the programmer. Only the ones described under Card 4 (above) 
have special meaning in the program, and the others provide s9me 
flexibility in data manipulation. NSCALE is a scale factor number 
which is simply transferred to the out:ptit. IDEN'l' should be returned 
as 0 if this is a reflection. 

This is a reflection. 

A 

IF(IDENT .EQ. 0) 
IF(IDENT .EQ. 1) 
IF(IDENT .EQ. 2) 
IF(IDENT .EQ. 3) 
IF(IDENT .GT. 3) 

New cards 8 and 9 plus new calls to IMP will be made. 
Run is terminated •. 
A complete new run with new title, etc. is started. 
New Card 9 plus new calls to IMP will be made. 

The routine supplied· requires cards in the following format if ICN(8)=0. 
IF ICN(8)=1~ BCD TAPE3 input in the same format is required. 
FORMAT (3F3.0,2Fl0.1,F6.3,3F7.2,2F3.0~2F8.0,I2)--but refer to ICN(l4) above 
and to the PR¢CK writeup for the case of LONG inp~t records. 

Cols 1-3 

Cols 4-6 

Cols 7..;..9 

FH = h 

FK =.k 

Fl = 5I. 

Cols 10-19 S 

Cols 20-29 B 

Cols 30-35 SCN 

Cols 36-42 OM 

Cols 43-49 PHI 

Cols 50-56 CHI 

Cols 57-59 SLO 

Cols 60-62 SLB 

Cols 63-70 ~BSFI 

Cols 71-78 BACFK 

Cols 79-80 IDENT=2 

total count over those steps of the scan deemed_ to compr1se tlie peak. 
total count over those steps considered to be background. 

scale factor applied to this reflection 
(if left blank, SCB is set = 1). 

(true) at which reflection was collected. 

(true). 

(true). 

number of points in peak. 

number of points in background. 

corrected number of counts for statistics if 
smoothing or scaling was done in PR~CK. 

corrected number of counts in background. 

for data termination (cards only) if TAPE3 input 
is used, E¢F for data .termination. 

JSEQ For LONG input records see the PR¢CK writeup. 
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IMP as defined above may be changed to vary input format. 

A 

SUBROUTINE SCALE(IH,IK,IL, ISIG,M,NSCALE,NREJ ,JM,H1 ,K1,L1 ,H2,K2 ,12, TODAY ,JSEQ) 
This routine is called shortly after IMP for every reflection. 

IH,IK,IL are i1iller indices of reflection. 
H1,K1,L1,H2,K2,L2 are integer Miller· indices of the monitor 

reflections. 
ISIG is the net peak count. M is the integrated background count. 
NSCALE is the scale factor number as supplied by niP. 

·NREJ may be returned not equal to o, and reflection will be rejected. 
JM is serial counter of the reflections as they are read in. 
TODAY is a scale factor--initially 1.0--which may be calculated by 

this routine and multiplies the scale factor on the Input cards 
and that specified on the hatch card. 

The routine supplied does the following: 

1) Sets NSCALE = 1. 

2) If the two standard reflections have occurred together in either 
order after the first such occurrence, the old scale factor is 

· multi.plied by 

·old Total·net peak·count·far·the·two·reflections 
New Total net peak count for the two reflections 

Initial scale factor is 1.0. 

3) If this factor lies between 0.98 and 1.02, the routine returns with 
SCLA equal to the old scale factor. If it is outside this range, 
the routine returns with SCLA equal to the new scale factor. 

For various reasons the user may consider the stepped scale function 
(immediately above) unsatisfactory and prefer to write his/her own 
routine which will provide a smoothly varying scale factor as a 
function of reflection sequence number. It is for just this purpose 
that JSEQ, which is the true RECF (previously MSCS) sequence number 
associated With the reflection. Note that JSEQ is only available if. 
LONG records were output by PROCK and read into this program. 

Output: 

Binary TAPE4, or cards or BCD TAPE2 v7ith FORMAT(3I4,Fll.3,F10.3,I3,6F6.3,F8.5,F5.1) 
Following data is included, one record for each reflection. 

JDENT = 0 normally. 
= 1 qn dummy record following last reflection. This dummy record is 

NOT output to PUNCH. 

FSQ = [S-(SL~/SLB)]*B*)1/Lp)*(1/ABS)*(Scale factor from subroutine 
SCALE)*(scale factor from reflection batch card) 



• 

BNLABS 
Revised by .G.J.B. Williams 
February 1976 

Page 8 ot 9 

cr
2(FSQ) ·= [~BSFI+((SL~/SLB)**2)*BACFK]*{correction factors and scale 

factors as for FSQ) 

Non-Poiss.on error cart if desired be added in by supplying proper 
information on Card 8. WCH does not like to do this here. 

JSCL 

XN(l) } 
XN(2) 
XN(3) 

scale factor number (integer) 

components parallel to a, b, and c in R of the unit vector 
normal to the plane containing the incident and diffracted 
beams. 

XNS~(Z) components of unit vector normal to incident beam in the XNS~(2)} 
XNS~( 3 ) plane of the incident and diffracted beams. 

TBAR mean path length for this reflection--weighted by absorption. 

(The last seven quantities may be used in calculation of anisotropic 
extinction corrections (Coppens and Hamilton, 1968.) 

PAD A 5 character pad to retain compatibility with AVSORT as input 
to FLINUS. This pad is NOT output on the records to PUNCH. 

Appendix 

Definition of ~~e J ~~trix 
The u.13 matrix relates the reciprocal lattice axes a*, b* and .c* :to 

the orthogonal right-handed goniometer head axes X, Y and Z. 

At zero values of the setting angles~' x and w the.axes are defined 
as follows: Y lies iu the plane of t:he incident and diffracted beam and 
in the plane of the x circle in a direction such that the incident beam 
arrives at the ·origin .. (crystal) from the positive x, positive "1... direction. 
X is paralled to the x axis and therefore bisects· the angle between the 
incident and diffracted beams (see figure). Z is parallel to the <P.· axis., 
such that the coordinate system is right handed. 

If X, Y and Z are unit vectors parallel to the goniometer head axes 
X, Y and z-; U is-defined by: 

Therefore: 

cos(a*,X) 

cos(a*,Y) 

cos(a*,Z) 

[ 
a* b* c* l 

Ta*T ' Tb*T '. Tc*T 

cos (b*,X) 

cos (b*,Y) 

cos (b~ ,Z) 

cos(c*,X) 

cos(c*,Y) 

cos(c*,Z) 

, 

A 
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Note carefully that this U matrix "UB" is related to Hamilton's U matrix 
UH by the transformation 

UH(l,J) =a* UB(J,l) 

UH(2,J) = b* UB(J,2) 

UH(3,J) = c* UB(J,3) 

Hamilton's UH is used in G~N~9 and in volume IV of the International 
Tables for Crystallography. 



BNL CRYSTALLOGRAPHIC PROGRAM 

CAD4 - 6/22/76 
AUTHOR! M. GRESS 

. PROGRAM CAD4CI~IPUT,QUTPUT,TAPE1,TAPE2,TAPE3,TAPE4,TAPE5•TAPE6t 
TAPE7tTAPE8tTAPE9tTAPE10tTAPEl6,TA?£17=0UTPUT> 

THIS DATA REDUCTION PROGRA~ FOR THE CAD-4 DIFFRACTO~ETER 
IS A MODIFICATION OF THE DATA REDUCTION PROGRAM SUPPLIED BY 
ENRAP-NONIUS. THE OUTPUT IS EITHER RAw INTENSITIES FOR ABSOR 
OR FSQ'S FOR AVSORT OR FLINUS. 

----------------INPUT CARD 1 
FORMAT (5!2,3F1Q.6) 

IFIL = NUMBEH OF INPUT DATA TAPES 
!FORM = 0/1. WRITE OUTPUT DATA TAPE16 SUITABLE FOR ABSOR 

<ABSORPTION CORRECTIONl/AVSORT OR FLINUS 
!TAP = 0/1 DO NOT/DO WRITE DIFFRACTOMETER RAW DATA ON 

NB 
TAPE17 

= NlJ~BER OF t3ACKGROUND POINTS AT EACH END OF THE 
SCAN <ZERO OR BLANK !~PLIES NB=l6l 

!SKIP = ~UMBER OF SECTIONS OF RECORDS TO SKIP CCARDS 2> 

ATNN 
FLAMB 
TTMON 

LIMIT 99 
= ATTENUATION FACTOR 
= WAVELENGTH 
- TWO THETA FOR MO~OCHROMATO~ (NORMALLY 26.6 FOR 

COPP~R 0~ 12.2 FOR MOLYBDENUM; ZERO OR BLANK 
!~PLIES NO MONOCHROMATOR WAS ~SEDl 

INPUT CARDS 2 <OPTIONAL) 
FORMAT <2Il·O.> 

ISKIP1•ISKIP2 
ONE CARD FOR EACH SECTION OF REFLECTIONS TO SKIP CI.E. FOR EACH 
SECTION• ISKIP1 1S THE FIRST R~FLECTION TO SKIP AND ISKIP2 IS 
THE "LAST l 

----------------OUTPUT FILES 

TAPE 16 FOR ·ABSOR 
IH,IK,IL·OBS2,BAK2,SCB,OM,PHI,CHI•ISL,ISB,OBS2,BAK2,ID,NRl 
FORMAT <3!3,2Fl0e1tFl0.3,3F7.2•2I3•2FB.O,I2tl6l 

TAPE16 FOR AVSORT OR FLINUS 
JEND,IH·•TKtiL•FSQ,SIGI•JSCL,EXT<7l 
FOR~AT <Il•I3,2I4,Fll.3,Fl0.3ti3•6F6·3•F8.Sl 

TAPE17 
IHtiK•IL·DATCOLCOOES,PSI•NPI,IBL,IPK•IBR•CitSIGCI•THETAt 
PHitOMEGAtCHitSCAN,SCANT~tNRltOSCALE 

FORMAT C3I4t4X,A6tF7.2ti4•16,!7tib,Fl0.2,F9.2tF8.3,4F9.3, 
F6.ltl7·F7.3l 

----------------
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BNL Crystallographic Computer Program Writeup 

SC0PE.3.4/2.1 

PR0GRAM C0MPARE(INPUT,0UTPUT,TAPEl,PL0T,TAPEll=PL0T,TAPE6=0UTPUT,. 
F0UR, TAPE2=F0UR) 

Purpose: 

Carries out statistical comparisons, including x2 tests and preparation 
of normal probability plots, for two sets of atomic parameters or between 
two or more structure factor data sets. The program may also be used to 
perform comparisons ·between all pair-wise combinations of up to 7 sets of 
quantities of a general nature. · 

Operating characteristics: 

Field length (51K) 
Time 5 seconds for 200 pairs of atomic parameters on the CDG 7600. 

Limitations: 

Input: 

A. A maximum of 450 pairs of atomi~ parameters may be accommodated. 
B. Up to 2248 pairs of structure factors may be compared. 
C. Isotropic temperature factor~ are currently not permitted. 
D. For multiple comparisons up to 7 sets of up to 100 parameters 

may be used. 

Card 1 F0RMAT(8Al0) 

eels 1-10 Identification for first data set. 

11-20 Identification for second data set. 

21-60 Will appear on plots. 

61-80 .Will appear on printout but not on plots. 

Card 2 F0RMAT(8Il0) 

Number of 

A 

eels 1:-10 

11-20 

21-30 

31-40 

41-50 

parameters •. . } In.each set of crystallographic parameters. 

51-60 

Number of atoms. 

Number of unrefined position parameters. 

Number of unrefined thermal parameters. 

= 0 no normal probabili.ty plot. 
= 1 printer plot only. 
= 2 printer plot and CALC0MP plot. 

= 0 comparison of structural parameters for two 
sets of crystallographic results. 

= 1 structure factor or other general comparison 
between two or more parameter sets. 
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Cards 3 If col. 60 of card 2 above contains "1" skip this paragraph 
and see "B" below. 

A. (for cc 60 of Card 2 ~ 0) The user has opted for a comparison 
of two sets of crystallographic parameters (fractional coordinates 
and anisotropic thermal vibration terms). The parameters of each 
set are supplied· in independent decks each of which is an FLINUS 
style parameter deck (Without the leading'scale and overall B cards 
or the t.railing extinction term(s) card). Each parameter deck must 
be preceded by one card containing the unit cell parameters if 
conversion of the Sij's to Uii's is desired. If no conversion 
of the thermal motion terms i~ required (U's supplied) then this 
preceding card should be blank. The set-up of 'these cards is: 

(i) 

(iia) 

(iib) 

(iic) 

(iid) 

(iii) 

(iva) 

(ivb) 

(ivc) 

(ivd) 

Cell card for parameter set 1 (real or reciprocal, degrees 
or cosines in 6F9.6; use a blank if Uij's are supplied). 

Name, x,y,z for atom 1 of parameter set 1 (A6,21X,3F9.6) 

Name, a ,a ,a for atom 1 of parameter set 1 (27X,3F9.6.) 
X y Z 

s11 ,s22 ,s33 ,s 12 ,s 13,s23 for atom 1 of parameter set 1 (6F9.6) 

a0 ,a 0 ,a 0 ,a 0 ,a.a ,aa for atom 1 of parameter set 1 (6F9.6) 
~11 ~22 ~33 ~12 ~13 ~23 

Cards (iia) - (iid) repeat for NAT¢M groups. 

Cell card for parameter set 2. 

Name, fractional coordinates 

Coordinates, standaxd deviations 

s11 , etc. 
l 
I 

Temperature parameters standard deviations_j 

Comments as 

ab ave apply. 

For· the user who does not like this procedure the input routines 
GETP and READP may be_modified. 

Now read under Card 4 below. 

B. (for cc 60 of card 2 = 1) A choice between a comparison of two 
sets of crystallographic structure factors or multiple two-l-Tay 
comparisons between all,pairs of up to 7 sets of generalized 
parameters still exists. If a single comparison of two sets 
of structure factors .is desired, skip this section and read C below. 

The various parameter sets (up to 7 sets of up to 100 parameters each) 
are supplied separately: a parameter identifier, the parameter and 
its standard deviation on each of NPAR cards. Each set of parameters 
is preceded by a card containing an identifier for the set and the 
input deck is preceded by card bearing the number of sets and the 
number of parameters in each. 

A 
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(i) (2ll0) 
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cols· . 1~ 10 NSET 

.. "lh·20 NP.AR 

No. of sets of parameters to G~.ARE 

No. of parameters in each set 

(ii) (AlO) repeats NSET times 

cols 1-10 Title for J'th parameter· set TITRE(J) 

(iii) (Al0,2Fl0.4) repeats ·NP.AR times 

cols .· 1~10 NAME(I,J) parameter identifier 

11-20 F(I,J) 

.ll-30 . S(I,J) 

parameter value 

· sigma valua 

CQ}MPARE will use the standard SFUl routine to carry out NSET (NSET-1) /2 
pair-wise comparisons of NSET sets of parameters. 

C. A simple comparison of structure factors is desired. To exercise 
this option supply two blank cards here and use the alternate SFIN 
routine listed below instead· of that supplied by default. 

:· . --- ...... _-··:-=-··- -·-----~--·. ··-···~·.:;_~: .. ~--::-::·:::.:..::.:.::~--~ 

SUBROUT!.NE"' SF"!.N CX .. ID.NF .. NPAR .. KSET .. LSET) 
COMMON .TARC36B8J .. XAR C 151) .. 8ARC3B 1) .. IDXC 151) .. IDS C381) 

LTITLE(8) .. Ie<8) .. iljR(63) . 
. COMMON NDFC 9) . 
COMMON TITREC?) .. NAME< 1El0 .. 7) .FC 100. 7.) •. 5( 100. 7) 
DIMENSION XC225B).IDC2256) . 
REAL ID 
DO 1 I= L 2248 . 
. READ CZJ IH .. IK;.IL.Tl..JO .. FO.FC .• CO.SI.DEL~SIGMA 
IFCEOFC2Jl2.3 . 

3 ENCODEC9. 4. ID C I)) IH. IK. IL 
4 · FORMAtC3 I3J 
1 XCIJ=DEL/SIGMA 

t-lf=-2248 . 
RETURN 

2 NF=I-l 
RETURN 
END 

Note that this will process only the first 22.48 structure factors, 
which is currently the limit. A different SFIN routine will be 
needed if file F~UR contains other than.structure factor data in 
the standard form.. Array X contains t:./cr values and array ID contains 
coded identifiers for these values. SFIN is called· if and only if 
col 60 is non-zero. 

Card 4 Blank if reinitiation of the program starting with Card 1 is 
desired. Otherwise a 1 .in colUmn 1 for final termination. 
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FILES (1) If CALCC;6MP plots are requested, the data for the plot are 
written on file PL¢T. 

·¢UTPUT: 

(2) TAPE! (BCD) will have the same statistical information as 
appears on the output file in a form appropriate for direct 
reproduction for publication~ 

(3) Fc;6UR may contain structure factor or other data. 

The output consists of a tabulation of ~/a for each parameter 
. xcxz 

x, a (xl) '.xi' a (x2) ' xcxz a (xcxz) ' a (xcxz) 

2 Information for x tests for all parameters 
Contrast tests on mean parameters 

Normal probability plots for positional and thermal parameters 
or for structure factors. 

A 

For understanding of contrasts, see P.amilton, Acta Cryst. A25, 194 (1969). 

The principal crystallographic reference for Normal Probability Plot Analysis 
is: Abrahams and Keve, Acta Cryst~ ·~, 157-165 (19.71). 

Note This program will always attempt to initialize the PLOT package 
and so the CALCMP routines must be supplied. 
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Brookhaven Crystallographic Computer Program 

COORD 

Field Length: <20K Time: <5 sec 

Purpose: 

This program, which is a revision and correction of an earlier 
program of the same name, is designed to produce a publishable listing 
of atomic parameters. Either cards or files produced by FREDFUN may 
be used to input the atomic parameters. Standard deviations, if supplied, 
are output with the parameters. 

Input Quantities: 

Card 1 TITLE .F9}RMAT ( 10'A8) 

Card 2 Cell parameters (real or reciprocal) 
F9}RMAT (6F9. 6) 

Card 3 Control integers F~RMAT (8I3) 

cc 1 - 3 

4 - 6 

7 - 9 

10 - 12 

NAT~ 

NANIS9} 

The number· of atoms. (Maximum is 62) 

The number of atoms with anisotropic thermal 
parameters. It is assumed that these all 
occur in the input stream before any isotropic 
atoms are encountered. · · 

IF~RM. = 0 Transform the input S's to U's for the 
anisotropic atoms. 

= 1 Transfopm the input U's to S's. 

= 2 No transformation of the parameters for 
anisotropic vibration. 

See Note 4. 

IPUNCH = 0 ·No punched output. 

= 1 Punch x,y,z and U's together with their cr's 
if present; only meaningfut if IF~RM = 0 or 2. 

A· 

13 - 15 I9}PT · = 0 Read parameters and sigmas from file(s) previously 
prepared by 9}RFFE(FREDFUN)--The file name(s) is 
(are) TAPE16 and TAPE17 • 

= 1 

= 2 

Read parameters and std. errors from cards. 

Read parameters, but no errors, from cards. 



16-18 MERG = 0 

= 1 

= 2 

= 3 

19-21 ISCA 

22-24 JSCA 

A 
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No file merge and no new atom titles. 

No file merge· but read new atom titles from cards. 

Merge two files (TAPE16 & TAPE17), non~ atom names. 

Merge two files and read new atom names from cards. 

See Note 3. 

A scale factor (input as a power at 
integerise the thermal parameters. 
to card output. 

ten) used to 
Not applied 

Scale factor as above--for the coordinates. 

Carcl(s) 4 .A.tom parameter t:ards (j.f T9)PT = 1 nr 2) 

F0RMAT(A6,21X,3F9.6,/,6F9.6,/,3F12.7,/,6F12.7) 

Either two or four cards are read for each atom depending on 
whether I0PT = 1 or·2. The parameters are: Name,x,y,z,T11,Tz2,T33, 
T1z,T13~T23,.crx,cry,crz;crTn,crT22,crT33,crT12,crT13,crT23 where ·Tij is interpreted 
as either a f3·. • or a U:. depending on the setting of IF0RM. 

~ ~ . 

Card(s)· 5 Alias atom names 

F0RMAT ( 8 (A6 , 4X)) 

These are read only if MERG = 1 or 3. The atom names supplied 
here replace those read in with the parameters from either TAPE16 or cards. 

Notes 

1. The format used for punching the parameters on cards,is the same as 
that used to read them in. 

2. If the.parameters are to be input from a file prepared by FREDFUN 
than this must have the filename TAPE16. 

3. If the tiser opts to merge two files then this is done in the 
following way: 

(i) The atom names read from TAPE16 are retained--those 
from .. TAPE17 are rejected. 

(ii) The unweigh ted mean of the two parameters is used for 
the final output. 

(iii) The larger of the two standard deviations is chosen 
for publication. 

If the user wants to change this procedure he can do so by supplying 
his own version of SUBR0UTINE C0MBIN. Apart from the arbitrary choice 
of the atom names from TAPE16 over those from TAPE17 these two files 
are treated the same. 
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4. The·relationship between the sij terms and the uij terms is: 

u .. 
~J 

= 2 * *' 21T a. a. 
~ J 

and so whatever factors (o~ two) are present in the S's (or U's) 
then these are also present in the U's (or S's). 

G. J. B. Williams May/75 

A 
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BNL CRYSTALLOGRAPHIC COMPUTER PROGRAM 

PROGRAM C0RDATCINPUTtOUTPUTtTAPE5=INPUTtTAPE2tTAPE4tTAPE8> 

THIS PROGRAM READS DATA FROM PROGRAM PROCK OR PROGRAM ABSOR AND. 
APPLIES CORRECTION FACTORS TO GENERATE PROPERLY SCALED VALUES OF 
FSQ AND SIGFSQ FOR INPUT TO PROGRAMS AVSORT OR FLINUStETC. THE 
EQUATIONS IT USES ARE AS FOLLOWS --

RAWI=SCB*CCOBS/SCB>*TAUCOR-CSLO/SLB>*CBAK/SCB>> 
FSQ=SCLCN)*(l/LP>*ABSN*RAWI 

RAWSIGSQ=SCB*SCB*CCTAUCOR**4l*CCOBS/SCB>+C0.5-Cl/12))*SLO> 
+ CCTAUCOR*OBS/SCB>**4)*CSIGTAU**2> 

+ CCSLO/SLB>**2>*CCBAK/SCB>+CO.S-Cl/12>>*SLB>> 
SIGSQI= RAWSIGSQ + CP*RAWI>**2 + CRSIGCN)*RAWI>**2 

+ (Q*RAWI>**2 
SIGCFSQ)=SCLCN)*(1/LP>*ABSN*SQRTCSIGSQI) 

OBS•BA~•SLO•SLBtSCB ARE PASSED FROM PROCK CSEE PROCK WRITEUP>. 
SCB IS THE NORMALIZATION SCALE FACTOR USED BY PROCK TO PUT ALL 
REFLECTIONS ON A COMMON SCALE. ABSN IS THE ABSORPTION CORRECTION 
PASSED FROM ABSOR. TAUCOR IS AN EMPIRICAL CORRECTION FOR DETECTOR 
DEADTIME CSEE CARD 4 AND SUBROUTINE NETCLCl. 

THE PROGRAM ALWAYS WRITES A BCD OUTPUT FILE SUITABLE FOR INPUT 
TO AVSORT. I~ CAN ALSO BE TOLD TO WRITE A BINARY FILE FOR INPUT 
TO FLINUS. 

CORDAT WAS WRITTEN BY FLIEG HOLLANDER~ JAN. 1975 WITH AID .FROM 
LARRY ANDREWS AND GRAHEME WILLIAMS. IT HAS BEEN MODIFIED C 4 FEB 
75> TO SCALE SIGCFSQ) CORRECTLY AND TO HANDLE CORRECTLY THE PROCK. 
NORMALIZATION FACTORS CSEE SUBROUTINE NETCLC AND EQUATIONS ABOVE>. 

INPUT CARDS 

CARD 1 - 8Al0 - TITLE 
IDENTIFIE~ FOR THE COMPOUND AND CRYSTAL 

CARD 2 - 7Fl0•6 - AtBtCtALPHtBETtGAMtELAM 
CELL PARAMETERS AND WAVELENGTH CIN ANGSTROMS> 
EITHER REAL OR RECIPROCAL CELL MAY BE INPUTt AND ANGLES ~AY BE 
EITHER IN DEGREES OR EXPRESSED AS COSINES. 

CARD 3- l6I5- ICNCI>•I=l•l6 
CONTROL INTEGERS -- ONLY THE FIRST SIX ARE USED AT THIS TIME 

ICNCl> - COL. 5 
= Q, NEUTRON DATA 
= l• X-RAY DATA 
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ICN<2> -COL. 10 
= Ot TAPE2 DATA FROM PROGRAM ABSOR 
= lt TAPE2 DATA FROM PROGRAM PROCK, WITH *LONG* RECORDS 

CONTAINING THE EXPERIMENTAL REFLECTION NUMBER. 
= 2, TAPE2 DATA FROM PROCK• SHORT RECORD CARD IMAGES. 
= 3t CARD .DATA FROM PROCK• SEE CARD SET 8. 

ICN(3) -COL. 15 
= o, NORMAL CASE• NO BINARY FILE WRITTEN. 
= l• BINARY FILE WRITTEN ON TAPE 8t SUITABLE FOR INPUT 

TO FLINUS 
ICN(4) - COL. 16-20 

= Ot MONITOR PRINTOUT OF PROCESSING. ONLY REJECTED 
REFLECTIONS AND EVERY 100TH ACCEPTED REFLECTION 
WILL BE PRINTED OUT• 

= l• PRINTOUT OF ALL REFLECTIONS PROCESSED. 
= Nt MONITOR PRINTOUT OF PROCESSING. REJECTED 

REFLECTIONS AND EVERY <N>TH ACCEPTED REFLECTION 
WILL BE PRINTED OUT• 

ICN(S) - COL. 21-25 
= Ot NORMAL CASE. 
= Nt N REFLECTIONS TO BE REPLACED OR DELETED USING 

CARD SET 7. UP TO 100 REFLECTIONS ALLOWED. 
ICN(6) - COL. 30 

= JSCL - BATCH IDENTIFIER NUMBER REFERENCED BY FLINUS. 
NEEDED IF MORE THAN ONE CRYSTAL USED IN DATA COLL. 
AND IN CERTAIN OTHER CASES• 
IF LEFT ALANK (NORMAL CASE>• JSCL = 1. 

CARD 4·- 6Fl0•6- TTMtP,QtREJtTAUtSIGTAU 
TTM = MONOCHROMETER TWO THETA~ NEEDED FOR XRAY DATAt 

IGNORED FOR NEUTRON DATA. 
P =IGNORANCE FACTOR TO INCREASE SIGMAS ABOVE.COUNTING 

STATISTIC. NON-POISSON CONTRIBUTION TO SIGMA. 
Q = FRACTIONAL ERROR IN ABSN. ADDS A TERM TO THE SIGMAS 

TO INCREASE THEM FOR ERROR IN ABORPliON CORRECTION. 
**** SEE EQUATIONS ABOVE FOR FORM OF P AND .Q 'ONTRIBUTION 

TO SIGMA. IT IS STRONGLY RECOMMENDED THAT P NOT 
BE USED IN IN COMBINATION WITH THE RSIG FACTOR 
AND THAT Q NOT BE USED UNLESS A TRUE MEASURE OF· 
THE UNCERTAINTY IN THE ABSORPTION CORRECTION IS 
AVAILABLE •. 

REJ = REJECT REFLECTION FROM DATA SET .IF FSQ IS NEGATIVE 
AND ABS<FSQ>.GE.<REJ*SIGFSQ). IF LEFT BLANK, REJ=S.O 
IF REJ.LT.6.Q THEN ALL NEGATIVE FSQ WILL BE REJECTED 

TAU = EFFECTIVE DEADTIME CONSTANT (MICROSECONDS> AS DET
ERMINED BY A LEAST-SQUARES ANALYSIS OF SEVERAL 
REFLECTIONS MEASURED AT DIFFERENT BEAM CURRENTS 
<X-RAY> OR INCIDENT BEAM ATTENUATORS <NEUTRON>. 
USED TO SCALE OBS IN THE EQUATIONS ABOVE. 
<ALSO SEE SUBROUTINE NETCLC FOR USE OF TAUtSIGTAU.> 
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NORMALLY BOTH TAU AND SIGTAU ARE ZERO OR BLANK. 
***PLEASE NOTE THAT TAU AND SIGTAU ARE STRONGLY 

DEPENDENT ON EXPERIMENTAL CONDITIONS, ESPECIALLY 
COUNTING TIME PER STEP AND PEAK WIDTH~ *** 

***DO NOT INPUT TAU AND SIGTAU UNLESS YOU HAVE 
DETERMINED THEM EXPERIMENTALLY. *** 

CARDS 5- 8(I5tF5.3) - <NREF(J),SCL(J))tJ=ltl6 ~-TWO CARDS--

REFLECTION NUMBER AND SCALE FACTOR AT THAT NREF. THE SCALE 
FACTOR WILL BE INTERPOLATED LINEARLY BETWEEN GIVEN NREF(J) 
BASED ON THE NREF OF THE REFLECTION. NREF(J) MUST BE IN 
INCREASING NUMERICAL ORDER• BUT THE NREFS OF THE DATA NEED NOT 
BE SO ORDERED. BOTH CARDS MUST BE PRESENT, BUT FIRST BLANK 
FIELD TERMINATES APPLICATION OF SCALING. ANY REFLECTION HAVING 
AN NREF OUTSIDE THE SPECIFIED RANGE WILL BE SCALED BY 1.0. TWO 
BLANK CARDS GIVE SCALING BY 1.0 TO ALL DATA. 

CARDS 6- 8(I5tF5.3) - (NRSIG(J),RSIG<J>•J=ltl6) --TWO CARDS--

REFLECTION NUM8ER AND RSIG CONTRIBUTION TO SIGSQI AT THAT 
REFLECTION NUMBER. RSIG IS THE FRACTIONAL ERROR IN THE <DECAY> 
SCALE FACTOR DETERMINED FROM THE STANDARDS. SEE EQUATIONS 
ABOVE FOR THE FORM OF THE CORRECTION. INTERPOLATION AND READING 
OF THE CARDS IS THE SAME AS FOR CARDS St EXCEPT THAT RSIG =0.0 
FOR UNSPECIFIED NREF OR TWO BLANK CARDS. A CONSTANT TER~ CAN 
BE INPUT HERE OR WITH P ON CARD 4 -- THE USE OF THESE CARDS 
TOGETHER WITH P ON CARD 4 IS NOT ADVISED. 

SCALING AND RSIG CONTRIBUTIONS CAN BE INPUT FOR SHORT R~CORD 
DATA. THE PROGRAM AS~IGNS NREF IN INPUT ORDER. THIS IS NOT 
REALLY A GOOD IDEA DUE TO THE WAY THAT PROCK HANDLES THE DATA 
AND REORDERS IT. 

CARDS 7 - 5ISt2Fl5.3 - IHtiKtiLtNREFtiCODEtRAWitSIGRAWI· 

DELETION/REPLACEMENT CARDS -- EXACTLY ICN<S> CARDS -- UO NOT. 
INPUT THIS CARD SET IF ICN<S):O • 

PROGRAM TESTS TO MAKE SURE THAT IHtiKtiLtAND NREF MATCH, THEN 
EITHER DELETES <ICODE=-1> THE REFLECTION FROM THE OUTPUT DATA 
SET OR REPLACES <ICODE=+1) THE NET INTENSITY <RAWitABOVE) AND 
ITS SIGMA <SORT<RAWSIGSOltA~OVE> wiTH THE VALUES GIVEN ON THE 
CARD. WHEN SHORT RECORDS ARE INPUT NREF IS NOT TESTED AND THE 
FIRST OCCURRANCE OF THE HtKtl IS REPLACED OR DELETED. GOOD FOR 
FIXING·UP SOME KINDS OF DATA COLLECTION ERRORS. 
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CARDS 8 - 3I3•2Fl0.1,F6.3,3F7.2t2F3.0,2F8.0,I2 -
IH,K•L•OBS•BAK•SCBtOM•PHitCHI•SLO•SLB•OBSFI•BACKFK,IDENT 

CARD INPUT OF DATA .FROM PROCK. USE ONLY IF ICN(2)=3 • SEE 
PROCK WRITEUP FOR DEFINITION OF VARIABLES. 

CARD 9 - 999 IN COLUMNS 1-3 -- ENDS READING OF CARD 8 DATA. 
999 IS *NOT* WRITTEN ON OUTPUT FILES. 

NOTE THAT CARD 1 AND CARD 2 FOLLOWED BY 6 BLANK CARDS INDICATES 
PROCESSING FOR ABSORPTION-CORRECTED NEUTRON DATA WITH NO DECAY 
CORRECTION , NO RSIG CONTRIBUTION AND NO DELETION OR REPLACEMENT 
OF REFLECTIONS. THIS IS THE STANDARD CASE FOR A REASONABLE DATA 
SET. 

****·* TAPE FILES 

TAPE 2 - INPUT FROM PROCK OR ABSOR. <SEE SUBROUTINE IMP) 

TAPE 4 - BCD OUTPUT TAPE FOR INPUT TO AVSORT. . 
FORMAT<I1ti3•2I4•F11.3tF10.3ti3t6F6.3tF8.5) 
JEND,IH(3) tFSQ,SIGFSQ,JSCLtEXT(7) 
JEND=O FOR REFLECTION DATA• JEND =1 FOR DUMMY 
RECORD AT END OF DATA. 
EXT CONTAINS EXTINCTION INFORMATION FROM ABSOR. 

TAPE 8 - BINARY OUTPUT TAPE FOR INPUT TO FLINUS. 
4*INT•2*REAL•INT•7*REALt18*REAL 

. SAME INFORMATION AS BCD TAPE• 
PLUS 18 FIELDS OF PADDING FOR CONSISTENCY WITH FLINUS. 
(PADDING IS FILLED WITH 0.0) 
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THIS THEN ALLOWS THE PROGRAM TO BE EXECUTED. FIRST ONE MUST REQUEST 
t-----i(~6-o-o-o-t--e-R-SIA-G~-<-7-o-o-o-->-r-t-tE-?OOt-r~A-PE..:..:..A-Nti_:_TitE_u-5·E-R-f-A·PE"S-,-?-RO·v-I-o·r-NG---------·-

WHAT~~ER FILE CAR6S ARE NEEDED Td-SPECt~y THE BLOC~I~G. THE POOL TAPE 
S n~...,.:. D HAVE T H€-F-i-LE ·- N A r-tE--'F-APE 9 erA-~ HE U S·E-R-T-A-P.E-5-s-t+o-t:tt-0-H-A-IfE--1tA-M-ES---
FORMED FROM ~TAPEI .AND THEiR $ATELLIT~-~UMBERS. ~OR-EXAMPLE~ ON THE 

~----6-o-o-o-.-o-N-~M""tGH--t-~A.-v"- - ·- ./- . - -- - -· . .. . . - ----

. "'tiE-s-r.,..-jA'P"E9"9-t-Hth-E-rttS-.-s-,-N-TTV-s-N=I'tX'X"X·xx-x-...-?O o-t:-'f·A-p-E 
~EQUESftTAPE3;HOtN9S,VSN=NYYYYYY. USER TAPE - -

_ .... _.. ,.._, . . .. . . . . . . . - - . -
1-----------~ r.~.+-...-:-~...~+, =f*PE 9? t RT-F, 8~-K 'CM=-¥-~5-~~rM-B-l.;=~rRS·= ~ ,)-_ -------

FllE<TAPE3tRT=~tBT=ItMBL=51~0) 
r--------~--rt~O~~ttEs~A-~-~~----·---~·-·-----------------

LDS.ET (FILES-=TAPE3) . 
-------------fr-~E~co~t~~---------~--------------------~-----

1-----~E ON THE 7000t ONE WOutfl~H~A~V~F_---------------------------

1----------~~iAUEil~ftOTu'i:tSTV·Sr-t=·N"x-X"x-x-x-x-rPo-o-~li?"E::c-------------
STAGE(TAPE3tPOST~HDtNtVSN~NYYYYYi> USER-TAPE 

c----------sF~Hir+t~_ E ·<-ffl€-CJ-9-,.-R-f-=f-,-e-'f=t\•-etwt=-"fES.:;.F-t:::-e-tl-t·R-Bi::·r > - - . --------
D E c 0 l. ;. .. · . - . . - .. - - ··- . - . 

OF COURSEt ONE MAY USE' PERMANENT FILES INSTEAD bF TAPES. 

INPUT DATA 

TAPE99 - RECF POOL TAPE DATA 

THE DATA ON THIS TAPE CONSISTS OF CODED CARD IMAGES• 80 
-------ettA-R-A-e-T-E:R-S-P.ER-e-A-R-£>-;--:.-w-I-rrr--:A~RiH-fR-AR-Y-ttS-E~&A-rA-=--t-N--eOtl.IM-NS 

THROUGH-72t-THE.SATELLITE NOM~ER IN COLUMNS-73 AND 74 <I2>t 
--------AN&-k--5-E-Gu-E-N-eE-N-UM-8-ER--f-~eoftJM-N-s--4-5--8-a-r-e-E C 6 L C AN-StJRv-fv·E--8-A-&D -

SEQUENCE NUMBERS' BUT ALL SEQUENCE NUMBERS-AFTER THE FIRST BAD 
---------tlNE-WTf-f.-·9 E TR E-A-ff-f}-A-S-l:~-0Ro-E-R--'H>·.:..B-E-=-5-t-A-GE-~r6-fH-HEF----

7000, THE .. tAPE-MUST BE PRO~ERLY TERMINATED. IF-THIS IS-NOT 
-------- 'fHE-e-A·SE-,~·N-e-=-·e-A-N--A-rrEMPT-5-T-A·GE--B·Y-8·1;-()e~-,-OR-- D O--'fH·E--RtJN-ON.:-T-t-+E----

6000~ ... . . . -

INPUT - CONTROL CARDS FOR THE RUN 

CARD· 1 - TITLE - ANY 80 CHARS • PLEASE INCLUDE REEL NO. 
------f!l--A·R-o--2-P"A·R-A-ME-1-E-R 5-F-&R--·-F-I-R-S-T-~;~ SER--H-2-t-2-l6-,-6-X.·r6-A-l-o->----· 

SAT No IN COL 1-2 . ~ . .. ·-
--------------------------tfr~f-S~fN&~rN-ee~L~3-&6---

HIGHEST SEQO~~CE NO IN COL-9~14 
--------------:-------t-B-t;-A-N~I-F-A·E L .. A-Rt-T-O--B-~T-A-~E-N-),_. ____ _ 

COMMENT IN-CdL 21-80 <lNCLUSE.REEL> . .. . . 
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Brookhaven Crystallographic Computer Program 

NAME: DIS COR TIME: < 208 SECS 

CORE: 40K8 

PROGRAM DISCOR (INPUT,OUTPUT,TAPE1,TAPE2). 

Purpose: This program is used to obtain bond DIStances CORrected for thermal 
motion according to the method of W. R. Busing and H. A. Levy, Acta Cryst., 
17, 142 (1964). · The uncorrected and the "riding motion corrected" distances 
are output along with the "lower bound" (minimum) and "upper bound" (maximum) 
bond lengths. It is the user's responsibility to select the best estimator 
of th~ bond distance fr.om these. 

Input~ Four kinds of cards may be input. 

A. Title card - FORMAT(8A10) 

B. Cell card - cell edge lengths may be in either R of ~-l and the 
angles may be either degrees or cosines of angles. FORMAT(6F9.6) 

C. Atom parameter cards for each group. Two cards per atom in FLINUS 
style. Parameters for the "heavy atom" must be first in each group 
and there must be cards for at least 3 atoms. DISCOR defines an 
axial system from the coordinates of these three atoms and so they 
must not be coplanar. If the ~ser wishes to correct a single 
distance (e.g. ~C-H) for thermal motion then he should supply 
the C atom, the H atom and any other position (e.g. the cell.origin) 
as the third atom. All three of these atoms should have associated 
thermal parameter cards which bear sensible coefficients. 
FORMAT(A6,21X,3F9.6,/,6F9.6) 

D. STOP!, STOP2 or STOP3 directives. 

After STOP! follow with another group of cards C from the 
same structure. 

After STOP2 follow with a complete set-up for another structure 
i.e. cards A,B,C. 

After STOP3 is encountered no further computations will occur 
i.e. this denotes·an exit from the program. 



DISPOSE IS A CONTROL CARD THAT IS VERY USEFUL IN DIRECTING FILES TO 
TER~INAL~ AND SEGMENTING SUCH FILES. 

IN GENERAL• THE OUTPUT FILES ASSOCIATED WITH A JOB <BASICALLY OUTPUT 
AND PUNCH>- ARE RETURNED TO THE TERMINAL FROM WHICH THE JOB WAS SUBMITTED 
OR ARE-HANDLED AT _THE CENTRAL COMPUTER IF THEY CAME IN FROM THERE. ~HEN 
A JOB REFERENCES OUTPUT OR PUNCH <OR ANY OTHER FILE NAME) A FILE OF THAT 
NAME IS CREATED IF IT DOES NOT ALREADY EXIST. IT IS A LOCAL FILE WITH 
AN INDICATOR OF WHERE IT IS TO GO AT JOB COMPLETION. 

IF ONE WISHES TO HAVE ONEtS PUNCH-FILE GO TO CENTRAL AT JOB CO~PLETION 
ONE WOULD USE 

6600 DISPOSE<PUNCHt*PU=C> 
7600 DISPOSE<PUNCHtST=MFAt*PU=C> 

TO DIRECT PRINT FILES TO CENTRAL AT JOB COMPLETION ONE WOULD USE 
6600 DISPOSE<OUTPUT•*PR=C> 
7600 DISPOSE<OUPTUTtST=MFAt*P~=C> 

TO DIRECT FILES TO A TERMINAL <A~ IN ALL EXAMPLES> AT JOB COMPLETION 
ONE WOULD USE 

6600 
66oo· 
76.00-
7600 

DISPOSE<PUNCHt*PU=IAM) 
DISPOSE<OUTPUTt*PR=IAM> 
DISPOSE<PUNCHtST=MFAIAMt*PU> 

· DISPOSE<DUTPUTtST=MFAIAMt*PR> 

THIS IS ESPECIALLY USEFUl FOR JOBS SUBMITTED AT SOME OTHER TERMINAL OR 
CENTRAL• 

IT IS MOST IMPORTANT TO REMEMBER THAT DISPOSE CARDS MUST BE· PLACED IN 
THE CONTROL CARD DECK IN. SUCH A POSTION THAT THEY WILL BE EXECUTED UNDER 
THE PROPER CIRCUMSTANCES~ IN ADDITION• DISPOSE CAN BE USED FOR FILES 
OTHER THAN PUNCH AND OUTPUT. THE PU MEANS PUNCH, PR MEANS PRINT• ALL 
FILES WILL BE GIVEN A NAME IDENTICAL TO THE JOB NAME. 

BY REMOVING THE * IN ANY OF THE FORMS ABOVE ONE TELLS THE. SYSTEM TO 
PERFORM T~E .ACTION NOW INSTEAD OF WAITING FOR JOB COMPLETION. THE FILE, 
.AS IT IS NOW WHEN THE DISPOSE IS ENCOUNTERED, IS GIVEN THE JOB NA~E AND 
DISPOSED· .~ NEW PUNCH =OR OUTPUT FILE WILL .BE STARTED AT NEXT USE IN THIS 
JOB. THIS IS AN EFFECTIVE METHOD OF SPLITTING A LARGE OUTPUT FILE•. 

·· · SENDING PARTS OF IT TO A TERMINAL OR CENTRAL. BY ESTABLISHING A COMP~EX 
s·E QUE N C E 0 F C 0 NT R 0 L CARD S 0 N E C A N BE. Q U I T E F L E X I B L E • 

EXAMPLE D555X• 6600 JOB 
ACCOUNT • • •. 
FTN<A> A FORCES ABORT ON COMPILATION ERRORS 
DISPOSE(OUTPUTtOUTPUTtPR=C) SEND COMPILATION LISTING TO 

·cENTRAL FOR LATER DELIVERY IF NO CO~PILATIO~ ERRORS 
LGO. 
DISPOSE<PUNCHtPU=C> SEND PUNCH TO CENTRAL IF EXECUTION OK 
EXIT. 
DISPOSE<PUNCH> ELIMINATE PUNCH ALTOGETHER IF ANY ERRORS 

IN THIS EXA~PLE• IF THERE ARE NO ERRORS THE COMPILATION LISTING AND 
PUNCH GO TO CENTRAL FOR DELIVERY AND THE EXECUTION OUTPUT PLUS DAYFILE 



GOES TO THE ORIGINATING TERMINAL• 

EXAMPLE DSSSXtCP70,TP0. 7600 JOB 
ACCOUNT•••· 
FTN. 
LGO. 
BKSP<*•*> FORCE ERROR TO.SEND CONTROl AFTER.EXIT. CARD 
EXIT. 
DiSPOSE(OUTPUT•ST=MFAtPR=C) 

. HERE THE ENTIRE 00TPUT EXCEPT THE DAYFILE IS SENT ~0 CENTRAL. 

EXAMPLE DS5SXtCP70tTPO. 7600 JOB 
ACCOUNT••• 
FTN. 
LGO~ 
BKSP<*•*> 

.EXIT. 
DISPOSE<OUTPUTtST=MFAIAM•PR) 

-~OtSPOSE(OUTPUT~ST=MF~IAMt*P~> 

ONLY THE DISPOSE CARDS DIFFER FROM THE PREVIOUS EXAMPLE. THE FI~ST 
DISPOSE SENDS THE ENTIRE OUTPUT EXCEPT FOR THE DAYFILE TO TERMINAL AM. 
THE SECOND SAYS TO SEND THE OUTPUT FILE AT JOB COMPLETION TO AM BUT IN 
THIS CASE THE OUTPUT FILE CAN ONLY CONTAIN THE DAYFILE AT JOB 
COMPLETI6N. THUS. THE· DAYFILE IS SEPARATED FROM THE JOB AND CAN BE 
PRINTED SEPARATELY. FOR LARGE OUTPUT FILES ONE CAN THUS EXAMINE THE 
DAYFILE FIRST AND THEN DECIDE WHEN ·AND WHERE TO PRI~T THE OTHER OUTPUT. 

"THIS SHOULD BE U~ED WITH CARE SJNCE BOTH FILES· WILL HAVE THE SAME NAME 
AND A~E DIFFICULT TO MA~IPU~ATE .AT THE TERMINAL· ~ECAU~E MOST COMMANDS 
<PRIOR•DIVERT,EvicY,ETC> AFfECT ALL FILES OF T~E SAME NAME IN THE TABLE. 
IF THE LARGE FILE GETS TO THE PRINTER FIRST ONE CAN THEN DO RTNtNNN· 
WHERE_ NNN ts A PRIO~ITY CHOSEN TO BE LESS THAN THAT OF THE DAYFILE• 

FURTHER DET~ILS.CAN.BE FOUND IN THE SCOPE 2.1 AND 3.4 REFERENCE 
,MANUALS OR BY ASKING FRANCES C. ~ERNSTEIN 
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___________ EDIT_.~ _Q_L/.3J.~1.5 _____ _ 
AUTHOR - T.CURETON 

R E.ILISED- ~- H ._ -BERNS T E I N- ---

---------------------------------------RAGE~l---·-· 

' ,_ -ED-I--T-------

BROOKHAVEN ~ATIONAL LABORATORY 
----------------~C~H~E~~S+R¥-~~~~~&Ni+-----------

----------------CR-Y-SN.g_'f-_RRQ.GRA.too1-W.R-I-T-EUP----·-·---------·-·---·---

----CIJG-CY-B-~R-7-0-.l-1-4-t-~~G-C-¥-H-~R-7-0-1-1-6---------·'--------- . -------· -------- --··· 
CDC SCOPE 3.4, CDC SCOPE 2.1 

PROGRAM EDITCZZZZZAtZZZZZBtZZZZZCtZZZZZDtiNPUT=ZzZZZAtTAPEl=ZZZZZBt 
---+T 1\P-~2-=-Z-Z-Z-Z-7-G-t-0-I.JT-P-U-T-=.Z Z-7.-1--ZD-t-T-A P- E 3-=-l-Z-Z-Z-Z A-t-T-AP-~4-::.Z Z-Z Z-lD->---

PURPOSE • • • 

THIS PRO~PAM I5 A CONTEXT EDITOR WHICH ALLO'~S THE USER TO PERFOR~ BOTH 
----t..-l+I N.E--~U.LF;-A-N-9--CO-N-T-E-X-+--E.D-I-LI-NG-O.~A-T-E-X-T--C-B.CD->--.f-I-L.-E-SUCH-;-AS-A-.-S.O.U.RCE---

PROGRAMt OIITPUT LISTING OR DATA. THIS PROGRAM WAS ORIGINALLY WRITTEN TO 
~E T H f ~0 0 F 0 CIJ->-€-0--I-T-Q.Q--G.N-A-~0-0-CQ.M.P-U-T-~R-AS-A-B.A.CK U p_:__E-D-I-1=0-R----

HOWEVERt T~F DEVELOPMENT OF THE PROGRAM REVEALED SO MANY POTENTIAL 
IMP~ 0 V ~MEN T S A 1\l D A P P l I C 0. T I 0 N &-A-FH-,<;..~-RG-~S€-I-M-P-RO-V~M.E-N+-S-T-H-A-T--T-H.f::---
PROGRAM HAS STAND-ALONE VALUE. IT HAS SINCE BEEN BACK CONVERTED TO RUN 

---+I*NTERACTI-~¥-~~T-~~.------------------------

-------+T-"1-H ~·l+t>-G-E-ti-S-€-1+--I--S-A-5-UP-~Sg..:T-f).F--T-!:i E-F-0-G-Y-S--~Q-l-T-GQ.M M-A-ND-S--~0-S-T-O.F----
THE FOCUS FDIT COMMANDS OPERATE ESSENTIALLY THE SAME EXCEPT FOR THE N 
C 0 ~MAN 0 , '"' ~ T C H I! AS 8 E EN ~ED E F" IN ED ' AND THE GL~W-H I C H-H-A-5-13-~~N----
EXPANDED TO INCLUDE ANOTHER TEST CONDITION AND A LOOP NESTING 

---t-C 1\-P-A-B I L I T Y .-FI::J-~R-M{)-P.E-.-~t:-~0-S.:r--A-1::-L--RE-S-T-R-I-~-T-I-0 N-5-H-A-V-&---8-E-EN-c- DROP P 5-D--A-ND--· 
SIX NEW COMMANDS PLUS A COM~ENTS FEATURE HAVE BEEN ADDED. THESE 

---+I M-P-P.-G-V-E-~N-i=-5---H-A-v-E----GR-~A-lt-V--E-X-P-~N 9Ef>-"F H E-P-0W-~-~N O-VeR S-A-T--l-1;;-I-T-.Y-OF-T HE--
EDITOR LAI\I(;UAGE. 

THOSE USFn TO THE PRIOR BNL SCOPE VERSION SHOULD NOTE THAT THE J 
---G0M~N-G-H·A-5-HE-EN-GH-I\NG-E9--B·A·€-K---T-0--AGPEE-W·IT-H--T-HE-FOGU5-ME-AN-I-NG-·-I\ND ·THAT--·- ·· -

IN ORDEP Tn ALLOW U5E I~TERACTIVELY UNDER INTERCOM• THE FILE HANDLING IS 
----&-I-FFER-EN-T-.--I-N-P-AR-T-I-·GI.-JI::-A-P·-~T-HE-i.;-·I-1\~E-I::ENG-T-H--·~US-T--BE---G-I-VEN -·I N---T-HE ·-INPUT------··· 

DATA (2-3 DIGITS ON THE FIRST LINE TERMINATED BY A COMMA, SIMPLY AS THE 
FinST CAPO IN BATCH AND AS A. nES~::ll-lJ.N-Q.E-R-1#-T-eRG-OM-)--A-Nf>-NO-l·t--
ON THE CONTROL CARDt WHILE FOR BATCH USE, ALL FILES INCLUDING !~PUT AND 

----0-U-T-P-U-'f--M-IJS-'f--BE-G-I--VEN-[-XPLI C-I TLY---ON--THE- -CON-TROL-CAR-D-·----- .. -· --.- ... -· ------------- .. 

USAGE •••. 

THE PROGP~M IS AVAILA8LE AS A CATALOG FILE WITH PFN ED!Tt AND 
- -·-·--ID=CPROGS • ----THE PROGRAM-REQUIRES. NO-t.10RE- THAN---30-0 0 0 CM WORDS· -T-0 EXECUTE--

0~ THE CDC CYRER 70/74. AND LESS THAN THAT ON THE CYBER 70/76. THE TIME 
--REQUIRED Tn--EDIT A-FILE- CAN VARY W-IDELY· ACCORDING TO -THE -SIZE OF THE 

FILE AND THF MEDIU~ CTAPE OQ DISK), THE LINE LENGTH SPECIFIED (~AX=l35>t 

----T-I-+E-NI:JM-8-ER--A-F-p-A-S-SE-S--R-E-T-W-EE-N-T-HE---+I::S-T--ANf>-WORK-F-I-l:-E-5-.-AND-T-H~0MMANO---

SEQUENCES. 



_ ___ ___ -· ___ -· _ E DJ t __ --- 0.1131 1_7_5 __ _ 
02/03/72 AUTHOR - T.CURETON 

----Ll-1-0.2L7-4. _______ _ _ _____ __REV-I..S.ED-~-H ._8 ER t-1 5-T-E-LN--

I-------------------------------------------P-AG.E-2------

METHOD ••• 
·------------ --- -----·-

THE PROGPAM IS ESSENTIALLY A COMPILER/INTERPRETER FOR A SIMPLE TEXT 
I-l-I N G C 0 "' T g 0 l L A N..G.UA.G F w H I C H Q.Q.ER A T E S 0 N-A-l-.LN.GA..~ T-L"1E-B.A.S IS--E.A-CI:i---

INPUT LINE CONTAINS A SEQUENCE OF EDIT COMMANDS WHICH DIRECT THE EDITING 
I----O.I~--A..-T-E-X-LF-I-k-E-..--EA..CJ=I_.L..-lN.E-Lc;_s£e.AR.AJLL..y_CH E.CK E(L£0fLS..Y..N.:t.A.x_,___co.MP-lL-E.D.t---

AND THEN EXFCUTED IN INTERPRETER MODE. 

THE TEXT FILE IS EDITED TO A WORK FILE (WHICH MAY 8E THE END PRODUCT>• 
ON CCWMAND ( P) • MAY A~ COP~g_f:U..CJL_."J:.....-!.H.E-SO.URCE:-F-1-l..-E--E:.O-R--F-URl-HE-R---

EDITING. T~IS pROCESS MAY AE REPEATEn UNTIL THE DESIRED RESULT IS 
1----~CCOMPL ISH.E:.n-13-0-D:L..E'-I-.L-E-S.-A.RE-R.E-.WO.UN[LA..L_COM.PLE-T-I ON._AND-EI-TH.EB-MA..Y-B.E------

USED AS TH~ END PRODUCT DEPENDING ON THEIR CONTENT. 

1-----~u....r'l--.t::.u-I.~.-T~C_.~O..~-~M.M.A N 0 L I...N.E-M.A.'L-CO N.:U.I-.N.__A_$.E.Rl£.S_OLCOM 2LE.t.E-E.O...LLCQM MAN D S----
OPTIONALLY PRECEEDEn OR SEPARATED BY 8LANKS AND/OR COMMENTS. EDIT 

OS APE EXECIITED I..N.-A-LE.E . .'t TO !U.GHI-S.E.Q.UE..NCE-E.X.CEE..LW.HE.N_,"40D.IELE.[)_ ___ _ 
BY GLOP.AL COMMAND LOOPS. COMMENTS BEGIN AND END WITH A o AS A 

r----~~~~~-~~~_._~:.!u.L..lli.U-S-E..O.U.-Cl.W-0 MM.E.bt.TS.~-t.l::i E-£_I.NAL-O.E.LI.M-I-t.ER--I-S----
OPTIONAL. rOMMENTS AND BLANKS O!JTSIDE OF COMMANDS ARE IGNORED. 

AN EDIT COMMAND CONSISTS OF A SINGLE LETTER CODE FOLLOWED BY SOME 
1----~....,_._~~...I...P.-<-,!-.'' c..t.UQ.g__. S 0 M E-C..OM.M.AN.DS-RE.Q.ULRE-A--S-lN.GL E M 0 OJ'...E.I-E.fL LE...T_t.E..ILTQ.__ _____ _ 

FURTHER DEFINE THE COMMAND WHILE OTHERS ALLOW AN OPTIONAL UNSIGNED 
M PER T 0 P R 0 V I 0 E A R E.e.E-'t..I-4-I 0 N C 0 UN-!..--$.E...\LE.RA.L-CQM.M A..N.O.. c;_R E.Q UIR E-----

ONE OR TWO TEXT STRINGS TO DO TEXT PATTERN MATCHING AND REPLACEMENT OR 
I----....1.-L"c.;;l.L.D.....I...--.1.-U.l-'L..___b._!.E X I SIRULG IS D.E.ELN.E.D-.A..S_T.IiE__SER.l.£.S__O.L_C.I:i.ARAC..T£RS..._B.E.t.W E EN ____ _ 

TWO OCCURANCES OF A DELIMITE~ CHARACTER. A DELI~ITER CHARACTER IS 
1----~-L-..1'-'-"-'"-u.--=-...__'-'--'-'-·' c ..... H ........ A-R~A C,__T....__,__,Et~ WHICH I MJ~ED.l.UE I Y E OLLQ.W.5_U:f.E_ __ C_0.!-1M.AN[LC..O_D E_AN.D ____ _ 

MAY BE ANY CHARACTER• INCLUDING A 8LANK. WHEN TWO TEXT STRINGS ARE 
l-----=.~;;...uu,~:LI;_I..L..S---1-l:u:....-l=--l--.I:L~____;:).~.J,..ll.u.--J....rll.l..C~I eUIIwD~E...:::S._A.LL-C.H.Ae.A.c..I.E.P_s_aE...!..\~.E.EN..._!J:iE-£.1.RS.L.AND. ____ _ 

SECOND OCCI!PENCES OF THE DELIMITEq AND THE SECOND STRING INCLUDES THOSE 
I----...!..U...-L-ILEE..N_._Lt:I£__$_E.C.o.ND._A_NfLJJ:i.lP.J)_O_C_CU R E~LCE5_. ___ L.NU LLO.R.. E.MET.'l_ SJ:.R1N G __ l S .. ----- __ _ 

DEFINED AY ADJACENT DELIMITERS. 
---------------

A LOOPINr, MECHANISM IS PROVIDED IN THE GLOBAL (G) COMMAND 
1----~~~;:)....WOLUJ'-1.-Jw.=r:..-w.c.~.Q.......j,LL..L.L..uO..I!'.!W...;:~S>-~-I..cHu:E...-LI IL::Su:E~RC--JT_Q__QE.E..l..NE_C.QN 0 I I I 0 N AL-C.O M MAN[)_ _______ _ 

LOOPS. THF CAPABILITY FOR NESTING L00PS TO 8 LEVELS IS PROVIDED. THE 
_______ G.LO B. A L_ .C.O.M M A 1'\J.O. ___ s_T RU.CJ.U.R E-T .A K E.S __ t.W 0_ F_O Rf':15_._._ •--·-- ____________ --------- ---~----- _____ _ 

.. C:<C.OND><SEQ> . 
r,<CONQ>(<SEQ>)<EXIT> 

IN THE FIR~I FORM <ORIGINAL SYNTAX>• THE LOOP SEQUENCE <SEQ> CONTAINS 
ALL SUBSEQIIFNT- COMMANDS ON .THE SAME LINE.. AND DOES _NOT. ALLOW NESTING OR 
AN EXIT SEntJENCE OF C0"'11v1ANDS. IN THE SECOND FORM <SEQ> IS DELIMITED BY 
BALANCFD P.APEN.THES IS AND_ MAY BE FOLLOWED AY AN EXIT_ SEQUE...NCE .. <80TH MAY .. 
INCLUDE NESI~D LOOPS). THE PARENTHESES ENCLOSING THE LOOP SEQUENCE ARE 

----'--~A-SE..E..C..I--A.L--S--'lN..!..A-X-C.AS.f~-TI:lE-LEF-L.!?. A.RE.N-15-..R E Q U lR ED EQR _A L L-lN N E R __ LO 0 p_s_ ___ _ 
AND IS PART OF THE INITIATION SYNTAX SUCH THAT NO BLA~JKS MAY APPEAR FROM 

________ THE G. THROtJr,H THL T.EST CONDIT.! ON. TO THE_ LEFT.. PAREf\1. __ THE RIGHT P.ARE.N 
APPEARS AFTFR A SEQUENCE OF COMMANDS• WHICH MAY CONTAIN INNER LOOPS• AT 



1-----------------------------·-----------------------ED LT-~.o LL.3_L/. 7.5. ___ _ 
02/03/72 AUTHOR - T.CURETON 
1110 2/J..._"-~------------------------------- .RE-V-I-SED---~--H---8 ERNS-TElN----

-T~~Y-N-T-A-X-1::-~-V.E-b--Of--A-C:.O-MM-A.ND--COOe:-.--T-HE---A-S-S.O.C-lA-l=I-ON-O-F--bE-F-T--A-ND-R-IGH-T----
PlRENTHESES OF A LOOP FOLLOWS THE RlJLES OF ALGEBRA FOR PARENTHETICAL 

-----~E'-X-P-R-E-S-~-0 N.S- -- · -------------------

T 1 ~ r..r "c A .., (:,... "'~"'~... n ~ r:- T t..l ~ e THE' C 0 f\1 r) I T I 0 N F 0~€-RM-I-N-A--"f...l-N-G-T-t:i-E-b-0-0.P----
SEQUENCE ANr TAKES ONE OF FOUR FOR~S ••• 

f-----------·-------·------------------------------·-
L<STP> ••• TO LINE BEGINNING WITH <ST~> 

~-------~~P--> • • • 1=-Q-b-I-N.g_-G-QN-l-A-I-N-I-N-G-<-S-T-R-> 
E •••••••• TO END OF FILE OR END OF LINE 

--------~Y-'4--> •• • • COUNT TO < N-YM > T I Mg...S--+I:H~-0-IJ.G-~---b-OO't'P'------------

----HT H-E' T H I R-~~{}~-M-E-X-I-l--S-0-N-E'-N-G-9 Y.N-T E'-R-I-NG-1=-~E-E'-NG-Q F--F--I-b-E'-ON-1=-A P E-1-0.R ·9-I-F--N-0--- -· 
LINE ADVANCING COMMANDS ARE IN <SEQ>, ON THE END OF THE LINE. THE LAST 

---F-C).RM_C-Q.tJ.N-"f-:c;_~~O.F--T-t-ME' S--rnR-G.U G-loi--T.H-e;...._L.Q.O.P-A-N-0-E-X-I T-S- A F-T-~-R-<-fl.llJM>----
Tt~ES. 

THE EXECUTION OF A GLOBAL COMMAND SEQUENCE OBEYS THE FOLLOWING ••• 
--------1-. F I P ~ T , .A. T E S-1=--0F--T-b!E-<-G-0-N.Q->-I--5--M-A-D-E--AN-D-I-F-M ET 9-T-HE-L 0 OP--I-5----·

BYPAS~FD AND THE CORRESPONDING <EXIT> SEQUENCE IS EXECUTED. 
-----~~-~W+.-S~~~~~l~N.G-E'-h~~X-~T-E~~-------------

2 • 1rJ !=' T l E I" I THE L C) 0 P • EACH "'I! 1.J [}.A...l:.,A L IN E' I S---T-E-5-T-E' ~0-R-~E-b-<-S-+-R~>---
ANO T<eT~> CONDITIONS FOR EACH INITIATED LOOP BEGINNING ~ITH THE 

-------O.IJ.T-~F-I-R-S-+-.--T-""-I--S-A-b-b-O-W-S--HQN.O-R-I-N-G-E'-)<-I-l=-C-O.N.D-I-T-I-ONS---0-F--OU.+E-R 
LOOPS ~HEN INNER LOOP CONDITIONS ARE A SUBSET OF AN OUTER 

----------~~~~1-~.-------------------------------------------------~-

3. FOP AI'<! END OF FILE CONDITION• THE EXIT &E-W8J.C-F.:---0F-T-H-E-F-Hl-S-"F--- ---
OUTER ~E TYPE LOOP, WORKING OUTWARD, IS TAKEN. 

4. UPON REACHING THE END OF A LOOP ·SEQUENCE, FOR A G<NUM> LOOP THE 
-----C-GUN-"f:--t-s.-"-OE-G-R-g-M.[N-,:g.g._._AND-E-X:g.e-u-1=-I-ON:....~I-S-RESIJME-Q--A-S----I-N-R-UbE--1-·- ---·----------

------'5-. I F--A-f-A-#¥-T-I-~A-C-9-M-M-A-N9-G-A-N-NO-'f-8E-E-x-G-I:J-l-E'-Ih--T-H E--'3-X-E'-G-tFH-ON-OF---· 
THAT FniT LINE IS TERMINATED AND THE NEXT EDIT COM~AND LINE IS 

,_ --···----------E-XE-CUT-t=.=-D.--T-HI S--~~.y. -BE---1-JSED-TO--· ADVANTAGE. ---IN--S-OME- GA-SES •-BUT -CARE·- · -
MUST 8E TAKEN THAT THE COMMANDS ON A LINE DO NOT DEPEND ON THE 

, _____ · ------SUCCE~·t;F-l:JL-·'·EXE-CUT I ON-·-OF- COMMANDS--ON -A--PR-EV-1-0US-L:-I NE .- - - ---

-----~.--W H F N A S Y t+f-A-~At-E-~~5-EN·€-OUN-T-E-R-ffi--I-N--T-HE-------
CO~PILATION OF A CO~MAND LIN~ AN ERROR MESSAGE IS PRODUCED AND 

·- ---·· ·--------·· FURT·HF:-P-- PROCESSING IS T-ERMI!'IAT-ED -~-I TH--AN ·-ABORT---FROM -T-HE PROGRAM-····-

THE ~ULE~·OF SYNTAX AND- USAGE OF· THE COMMANDS IS GIVEN· IN- THE -· · - --
FOLLOWING SYNOPSIS WHICH IS DESIGNED TO 8E A CONDENSED USER-S ~ANUAL. 

·- ·------·----------··-- -- ---- ----·--·---------·-- -- ----- -- ···---· --------· ---·-----



1---

-

02/03/72 
1 1-/--0-2-' 7 "-

--------- --·--- ··- -· -- ·-··- ··------ ..... ------ ... --------- ... -ED-IT -----0 1 I 3-1-1--7-5----
AUTHOR - T.CURETON 

-----R~-V-I-S&-D--,..--H-..--RERNS-T[-I-N----

-PAGE--4---· 

~I-+--G-0-N-T-&-X-T----~Q-I-1=-0-~-------------------

PR-Q-GR-A-M-GA-1::-~.-.-A+-1=-A-G "'-<-g_D-t-1=-,_~D-I-T+I-D =-G-P-R.OGS->------

INPUT •• 
TO DEl • • 
TAPE2 •• 

. t'liJlRIJ+ • • 

EDIT. -- FOR USE UI\JDE~ IT 
&::" n H+I-N-P U T • T 0 P-g....l- • T APE 2-+0-U-+-

F:'f)IT CO~·H-1ANDS <130 CHAR/LINE> 
T EX T--E--I-6 E ::t:Q 1;\.g.._g_()_I-1=-&-0--C-M.A--Y--8-~ 

IIIORK F:'ILE OR END RESULT 

ERCO~ 

Rl-J.:r-.)._.._.....---BA-1=-CH-M-00-E---------

RE.W.R--I-1=-T-E-N->---------------

R IJ N#-I--hi-G--C-0-MM-E.N+-ARY-A-P\J.O-f;l-I-~ I~ 1\J ('} ' I 

UN 0 E R HJ + E PC() M A-SKS F 0 R F I 6-E--T4-f:.Q...!-T- ------------· -
FIRST INPUT COMMAND MUST R.E CHAR/LINE (MAX=l3S=DEFAULT) IN ANY CASE. 

c---~---=-=C.,..,OIJ.'M.M.A 1\1 D- -N.O-T-E- -..S.E.-~N-Lt-C.S>-=-~----
A<STP1~<~TQ2> 3.4,6 AFTEq <STRl> INSERT <STR2> 

1-----......,_,loo...0)-......,.........,..~~2 > 3 • 4, 6 R.E£0R~.:LR-1->-I-NSE.IU-<...<; .. TR2->-'----------
CC<NUM>l 7 COPY .CNU~> LINES TO TAPE2 

1-------LL~I.JLJ.J.-""-""~---'----_!,,.~~E-c..N.U.H . .>_LUIE..j..S -- ---------·------
SKIP TO EOF ON TAPEl 

I------"---------L-~4.---"'-F-J.I--'-"NIL..E.N[LD£_CilRRE.N . .T_LlN.E ... --
E 4 

G<COI\ID >< SF:Q > 9 GL08AL.EDIT LOOP SEQUENCE UN~IL CONDITION MET 

2 GLOBAL EDIT LOOP WITH NESTING AND EXIT SEQUENCE 
I-------P-----------e:;,__ __ -=.v.t.-'-J--I.E..X-I-C-O.Q_I£[LANQ__SK.I_p----I.Q_NEX-LL1NE __ --· 

I<STR> INSERT LINE <STR> BEFORE START OF LINE 
1------v-----------J:\-ES-T-~LCURP..E.N .. LED-I-LP-A.SS-

K[<NUM>l COPY <NUM> CHARACTERS TO TAPE2 LINE 
1--------k-~~~-----'~eH-~-t;--4-.1-'C A+ E b I~-R-E..('.,_I.N.N-I-N.G-W..I-T-I:L.<S:Y:R>- -------------

t-1 g,q MULTI-LINE INSERT FRO~ INPUT UNTIL BLANK LINE. 
1------t-~1 --------J.---NE .. W-S-CA.N-0-F-T-A.~E..L-L-I-N E- LT-A P-E.2-.L-I.N.E-S A.V..E.OJ___ -------· 

0 PRINT CURRENT LINE CUSED IN UNVERIFY MODE> 
f-------t!..----,----4-----SKIJ~-T-0-~ OF--1=-A.R.E-L,_CQP-:V--T-A.e.E2-B.AC.K-.. .l-0-T-A P. E 1.---

Q 

1---------~~~~> 
S<MODE> 

1--------T-<.S-T-R.>-c..._ __ 
u 

9 QUIT EDITING, CLOSE AND REWIND FILES 
3 • 4 ...O--R-E.al-A-CE-<-c:;..T-R-l->-W.I-!..H-<.S..!.R2..>--------------

SET MODE •• C =COPY <DEFAULT), D =DELETE MODE 
4 .. ._6---S.CA~T 0---b-I-Nf -CO N-tA-.I..I~LI..I'l.G-!E X .. .T- -<S-T R.>--------- -----.----- ... -- ----

LJI\IVER IFY MODE 
--V·-------------5---V-ER-I-F-Y-MODE------------- ---- -------·····---. -- ----

w 2 WRITE OUTPUT LINE 8UFFER ONLY CNO ADVANCE> 
·f---,I~J.M..>-C-j:,j.A.RA-b-T-~S-4W-I-NP.IJ.."L-b-I-N E---

z ZERO <CLEAR> OUTPUT LINE BUFFER ONLY 
---------*-<COMMEN-T.c::.>.[ * ]----------------·-··-----·------------------- ------------------- -- --------·--------- ---- . - ... --

IGNORED• 2ND * REQUIRED FOP FOLLOWING COMMANDS 

1-----t-t::-·G-€-f.II.I:J---------------------- --------- -----· -- --- -. -- ..... --
[X] ••••• D~NOTES X IS OPTIONAL 

-----------<-NU~->--•·•-.-AN--l-JI\JS-I-GNEO--DECI-MAL--NUMBER .... ------------------------ - ---- .. --
<STR> ••• A CHAR~CTER STRING BRACKETED BY A DELIMITER CHARACTER 

-------<-CON!)>-..-.--- F:X-lT--- T-ES-T--.-.-- E-- <-TO- EOF-). , ___ L<S TR > •-T-< S-TR > •- OR--< NUM >- TIMES 
Tt-IROUGH 

1-----~&€4->--.-.--:..-A-€-0-M-M-A-N-Q._,.<;~QUE-NGE--13X-C-l:l:lf>.-I-I\JG-G-~--M---A-ND-G-----···-···-·-- --- --· ------------- -
<LOOP> •• A LOOP C0M'-1AND SEQ INCLlJDING INNER LOOPS~ EXCLUDING M, Q 

---------<EX I-T>-- •-··- EXI T--C0MMAr-.ll) SEQUENC~ I NCLUD P-IG ANY- OUTER- LOOP SEQUENCE 

-------- . ···-··------------- .. 



1--------------------------------------------------------- EO-I.T- ~-0-1 /3.1 /75----··-
02/03/72 AUTHOR - T.CUPETON 

l----1-1-1-021-7-4...--.------------------------------- REV-I-SED--~-H.- -8ERNS.T-E.I.N---

f-----------------------------------------P-t\.G~--5---· 

- ------'-------------------------------------------
NOTES 

1-----~G-Q.MM.A-N.~R-E-Q&F-!-N.~R-Q.M-~0-G-IJS-€-Q..I-T----------- -------------
2 - C n M M A I'! 0 A OD I T I 0 N A L T 0 F 0 C US ED I T 
":I - 1'\ II. II V 1'\ II. I 1:" • C:: T 0 " M II V Q 1:" 1:" M 0 TV -- . - -
4 - LINES/CHAPACTERS SKIPPED APE NOT COPIED IF IN DELETE MODE 

1-----~I-N-I-~~Wb-+--M40-E;,-------------------------------
6 - A STPING MATCH MAY INCLUDE 8LANKS EXTENDING PAST END OF LINE 

1-

7 - ~II.IIIM> - 1 IF ~~~~~F-~&0----------- --------~-----
8 - IF NnT AT START OF LINE, POINTER IS ADVANCED ·To NEXT LINE 
9 - ~10 MOPE COMM.A~!OS MA.Y FOLLO'" 

····----·~--

_____________________ .. __ _ 

---------------· 

. . ·-- . - .. --- . -· -------.------- ------- --------------· --·--·- -· -··- - ------· ---·------·-- ----· ---. ---------------- ·--··--------·-

--------·-·- - ------------------- .. 

-------- _ __;_ _____________ .. __________ --------------

------------------

------ ·-------------------------------------------



NAME: EFACTH 

CORE: 30K8 or 40K8 (if replacement 
subroutines used) 

AUTHOR: F. Bernstein. 

DATE: January 1974 

PROGRAM EFACTH(INPUT,0UTPUT,PUNCH~DATA,SH0RT,ERRMSG,TAPE5=INPUT,TAPE6=0UTPUT, 
. TAPE7=PUNCH, TAPE12=DATA, TAPE14=SH0RT, TAPE15=ERRMSG) 

I. PURPOSE: 

To calculate normalized structure factors (E). 

II. TAPES: 

A. DATA-Binary Purpose-input Format-ISENT,FH,FK,FL 

Iii. LIMITATIONS: 

A. Number of atom types. Dimension-12 

IV. REPLACEABLE SUBROUTINES : 

A. IMP ~ read~ input data 

B. MOMENT - puts in correct epsilon 
if space group is not P2/a, 
P2/c 

V. l)ECK SET UP 

A. JOB, CARD 
1. TIME LIMIT - rv100 sees 
2. FIELD LENGTH - 40K8 
3. NUMBER OF TAPES - 1 
4. ECS · none 

B. CONTROL CARDS 
ATTACH (EFACTH,EFACTH, ID=CPR0GS) 
FTN(SYSEDIT) 
REQUEST (DATA,;,,) 
L0AD(LG0) 
EFACTH. 

ARGUMENT 

FH,FK,FL,FOBS, ISENT 

·FH,FK,FL,DEVIDE 

NOTE: If supplying subroutine. 
·NOTE: If input on tape. 
NOTE: If using subroutine. 

I . 



C. DATA CARDS: 

CARD 

1. Serial#,title card 
2. Cell constants 
3. Scale,temp.,etc. 
4. Scattering factor cards 
5. Number of atoms 
6. (Data) 

. D. REMOTE FILES : 

ERRMSG 
SH¢RT 
¢UTPUT 
PUNCH 

FORMAT 

I5,9A6 

PAGE TWO 

NAME: EFACTH 

6Fl0.6,2I5 
2Fl0.5,I2,I3,2I5,4Fl0.5 
7(F4.2,F6.3) or LINUS format 
12FS.O 
I4,F3.0,2F4.0,F9.3 if data on cards 



.. ___________ P R QG .R A M__ E E ~-c_ T H ( I N_ ~-U T. , .a U_T P_U T. , P l,! N C _H , D A T A , S H 0 R T , E R R M S G , TAP E 5 = t N P U T , 
1TAPE6=0UTPUT,TAPE7=PUNCH,TAPE12=DATA,TAPE14=SHORT,TAPE15=ERRMSG) 

___________ c -----·--·--------· ·-··--- -· 
C FRANCES C. BERNSTEIN 9/73 8NL 

.. c__ _______ ,_GE_NE.RA.lE... VI=~_Y __ StiORT F.ILE ... ERRMSG ANa. MEDIUM FILJ:. .. SHQRT FOR 
C C 0 N V E N I E N C E F 0 R REl'..OTE t! S E R S 

c. ---·------·-·----- ··-- - ------·-···-· ·- ---··-·--·-----·--- ··--. 
C DATA IS THE INPUT TAPE 

__ c_ lMP RIJl).ILNE SUPPU_ElLR£A~_C_Ll.@$ _____ 0_R._.EL.PL~.S._QI.\T.A.JAP_E, I .E .... 
C EcSORTH OUTPUT TAPE 

_ ... C.~~-!;E.A.CT-GEN.ER8.l~S __ e_-_~Ac.JQRS. ... ______ .. _____ ....... . 
C 6600/7094/7040//FORTRAN4///BEONOWITZ,A.L.// 
C BROOKHAVEN NATIONAL LABORATORY. UPTON, N.Y. 11973 

... -··c·--·-GT.vi:·N A-~~--A8-so·c-u-i"e-·s·CA-CE·---,:·,AcT·oP<K=FoasiFCAL) AND A t4F.AN ISOTROPTC 
C TEMPERATURE FACTOR THIS PROGRAM WILL GENERATE THE STANDARD NORMALIZED 

-·--·---- C S TR u-CTU-RE-F'AC {oR OR e-F ACTO RO-N. B.G.OTAP·e···ari P L!N CH ED 0 UTPU T ~. 

c ·---·-------··-·--·-···-------· ____ J.~fY.I. ... l~!-~~l!~I.IQ __ NS _ ... _ . . . . _ 
C*********************************************************************** 
C OPTIONAL INPUT REQUEST FILE DATA 
c *·;,·**'*'*"*·*-;, ** •• -;·. *;** ** **** :;;·**** .. *---:;*·* * * *-· ** . 
C***************************************** 

------···----t- EFACT GENERATES--YHEE-FACTO_R_S .FR-Oi'A-OR.SERVED DATA~ . - ··-· ···--· 
C EWALD WILL COMPUTE RECIPROCAL CONSTANTS FROM THE DIRECT VALUES. 

- ... _ C'---Miii.._T ____ T:t·iO -S-U Bi:f(ft.ff UJ e·s -,-· M ((l. T 2 .. AND M U L T .3 F 0 R MULTI P L I C IT Y • 
C MOMENT FOR THE DETERMINATION OF THE EPSILON FACTOR. _VARIABLE SUB 

-··c ·-------·-! ~ P ·-- ------ v A-R f<\ a'L··E··-s·ua-RO ljt'I N E . F-0 R -TAPE 0 R CAR 0 INPUT. . 
c * ** ** ****It**** k ** ** ** ** ** ** ** ** ** **~* *~!..~~-· ~~"...!.~~-*-- ** *~ ~-*- **--~* .*.* ~*- ~*. ... **.*_?"_ ~~--
c INPUT DATA 
C**•*****•********k********************k************************~******* c Cre-r·r--1---·-·--1 ¢(fRi·fA'tTI"s-;·9i\6_> _________ --------- ---- -·· ...... . 
C1-5 NSERI SERI~S NUMBER FOR KEEPING TRACK OF COMPUTATIONS. 
C6~70 ----COMPo- ...... (Cd~·1PO(if I·:1·-,-<}) . ·ccf;;!POUNo NA~E . 
C*****************1t***************************************************** ---;c·Tt Ef"' 2 2 FOR MAT ( 6 F 10.6, 2 I 5). --··- --·----· ·-·--- ·- ···-··-- --· -------
C1-10 A EITHER A AXIS REPEAT OR 1/0(100) 

--. --· .. crr::-z·o-·-s--------·-.E'fi"H_ER_BAi-fs-ire·PEAi"-·aif-l!o<OiO> --· 
C21-30 C EITHER C AXIS REPEAT OR 1/0(001) 

.. - C31 ;;;·4o--c·a-s·A------c·a!f!~iE.-(fF·- A C-PHA ·oR· -A~fG CE--BE T\.1 E E~.( < 0 01 > AN o < 01 OJ . 
C41-50 COSB COSINE OF BETA OR ANGLE BETWEEN (001) AND (100). 
C51-60 CCSC COSINE OF GAMMA OR AN~B-E-TW·E·E·N·--f10o)· ··:(ri6 .. (0·10-) :·· .. ----··-----· 
C61-65 NREC .EQ.O FOR DIRECT LATTICE CONSTANTS. · · ·-- - c ··-- --- ----- ---·--- . G T·-:o-·TdR- lfe· cTP.R o ci: L. ..... I N P-ll T • . · ·· ·· · ·-- · 

C66-70 ISFOBS .GT.O IF INPUT COEFFICIENTS ARE F**2 .• LE.O IF THEY I'RE F 
····c71:. 80--·-·s 6Li~A'")C-·-r.,·i~ {(MUr·f· STN (t H .. E T.A >"/ CA MB DA T 0 8 E USE 0 IN THIS PROGRAM. 

C IF ZERO THEN SOLMAX IS SET TO _2_~9- .... ·--···---··-------------- ·---··---· ······--····. 
C******k**************************************************************** 
CITEM 3 3FORMAT(2F10.5ri2,I3,2I5,4F10.5) 
t ,-:.. ro ---· ·s c· "A- c · E' -·--A. ifs ·o_i__u r e:~ -s c A. L -E ·-- ·F i c· T a R- ;: R aM w I L s o N s T A. r I s T r c s , K = F o s s i F c A L 
C11-20 BTE~P TE~PERATURE FACTOR ~ROM WILSON STATISTICS, 
Ci1:.:zz--t~~F0R·M----·iF···-~·(;r·:·--·a-use·--CL-r'NiJ-S .. FORMAT FOR F0Rt4 FACTORS, 

___ C~ 4 CAR _[)S PER TAB L_E ··-----·--- __ --·· . ·---- ..... _ ...... . 
C IF .EQ. 0 USE FORM FACTOR TABLES IN FORMAT SPECIFED BELOW 
C23-25 NT~L NO. OF F TABLES INPUT, I.E. TH~ NUM8ER OF DIFFERENT ATOMS 
C26.:.Jo·-NPUNfH·-·· {F -.G·T·.- d .. PUNCff.H ;K··;L ,EFACTORS 
C31-35 NFORM IF .LE. 0 PUNCH FOR~AT IS (3I5·F5.3) 
C .... ·----··-·-· -----·---rr::·-·~G-T .--0---REAO ITEM ___ 6 FORMAT FOR PUNCH - UP TG 80 CHARS 
C36-40 INTAPE £F .GT. 0 REFLECTION DATA IS READ BY I~P SUBROUTINE. 



. ·-c ------------ TrT~-·-a--·REAO--ffEM·--7-riAT A.' 'cA-RDs_ .. IN E c s ORTH FORMAT 
C41-SO WLOLIM LOWER LIMIT ON THEE-FACTORS TO BE LISTEO ON SYSOUT. 

- ·-c· 5 ,-~-6-o-wTfPi'!_M ___ uP· p E_R ... LTM fro"N"' --THe--E-:-;: A 'c T 0 R s . T·o .. ~ E' L ! s T E D 0 N s y s 0 u T . 
C61-70 PLOLIM LOWER LIMIT ON THE E-FACTORS TO BE PUNCHED OR TAPED. 

·--C71-80PUPLIM UPPER LIMIT ON THE E~·FACTORS·r·a·--BE-·PU--~J(I:feo·-·aR TAPED.----- .... 
C rF ALL E-FACTORS ARE DESIRED ON THE LIST ANO/OR PIINCH OUT ·-·c ·- ,, _______ L-EAV·E-TH e· "'Cis" r·· ·F-~tJUR- \fA'R l-AB L es-· B.L AN I(. . .. .. 

C*********************************************************************** c 1 Te·ii--4--- ________ 4_F_O_R.MA"fTt (F 4-~--2 ·~--F6 .-3 >) .. --- ------ .... . ...... 

__ C_ TH R F. E CAR _li__f_QB__E_A ~_H__TY P_~_Q_L_~-~_9M ____ ..... _ ..... _ _ ___________ .... ___ _ 
C (SLAM(I,J),FTBL(I,J),J=1,21) 

. ___ C ________ . ___________ fl_Y.f.J U_~~ __ Q£_$_UL~Jtf E_IA.L _Y.S ___ :~_T_OM t C SCATTERING . FACTOR_ . _ .. _ 
C******~***********************************************************~**** 
CITEMS. 5FORMATC12F5.0) ·- c--------- ------<FoAror~nT> :r=r~ NT-IfCT- -.. ----- -------- -· 

. C · THE NUMBER OF EACH TYPE OF ATOM IN ORDER OF ITS F TABLE 
·-c MAXIMUM NUMBER OF OIFFERENT_A .. fOr.fsrs··-12~ ...... ---------- .. -----·------

C*********************************************************************** 
C**** REFLECTION DATA STANDARD CARD INPUT FORMAT WHEN INTAPE .LE.O 
C.J T E ~__? _________ ~f .. 9_~~A_T_(_I ~ -~} .... 9 .. ! _?_f_ 4...!_9 1E9_._ 3?.. ....... ... _. 
C REFLECTION DATA INPUT 
C1 ISENT = 0 NORMA~L~l~Y~---------
C = 1 TO TER~INATE 
C2-4 FJ H VALUE 

.. - ........ -----· -· -----------
cs-8 FK K VALUE 
C9-12 FL L VALUE 

---'CT3-21 FOAS --F-OBS OR. lOBS VALUE ---·-------- ....... . ----- -· -·--·---

C**** WHEN INT.~PE .GT. 0 THE TERMIN.ATION INDICA.!Q.~ .. .J.§.~~I_T=.1 .... J:1_~-~-"f .. JL~----S~_T. __ 
C Sy THE IMP SUBROUTINE. INPUT MAY BE IN ANY FORM. 
C********NOTE****** 

... · .. c ... ·-·-·-rTTiffs~l\ c"E ___ GRa·uP-fsot1fe'R·-~fH";ur-fRTCITNTc-,-- -Me No c·L r N fc ·a R 
C 0 R T H 0 R H 0 r·1 B I C T H E S U B R 0 U T I N E M U L T W I L L H A V E T 0 B E M 0 0 I F I E D • 
c ___ .... _1fot"ewe·cc--r~iA_f_M.iJCr'!"i>_l. .. rC"rfv-·i="At.fd'R·s ·ARE·oeTeRrHNeo a·v LOOKI-NG AT 
C COSINES OF CELL ANGLES. IF ALL ARE ZER_Q_! ___ C_~,~~__!~ __ AS_~tL~Ep_~_Q __ ~ .. ~----
C ORT.HORHOMBic. IF COS ALPHA AND COS GAMMA ARE ZERO BUT COS BETA 
C IS NOT, CELL IS ASSUMED TO BE MONOCLINIC. IF COS ALPHA OR COS ----... t ______ G_A--;-.;;MAi-~~a-rz_i:_R a~cei L Is A S"siT~fe o---,r'a-·-~ie .. __ T R fc cr N i-c:··~ -------- ·.. ·--- · ----------
C************************ 

c 
C I F N PUN c H _ G T • 0 T H EN T H E -E---::F:-A---:C:-T-0:-R-::S:--A-R---:E- -P U _N_C_H ·E-0 - (J'IJT : -- - . - .... ----- ----- _____ .. _ 
C TO OBTAIN BCD TAPE OUTPUT• REPLACE FILE PUNCH ON THE PROGRAM 

. --t. -------- -EYEcUrTf)N-·CARDBy-A- -;:-r L EN A}fe·-t:nn c w-eAN ·-a E . A·s s I .G N Eo To . A 

C PHYSICAL T~PE. 



___ _:_ ________ ... $ UJ~ RO Ul_llLLriO.M.E N_T..(F:.r.t .. ~ E.K.t.f_t._~_Q EVJ_Q_i; __ L___ ____ __ .. ___ .. ___ ... 
C FOR THE SPACE GROUPS P21/A,P21/C, OR P21/N, 

IF<FH.EQ.O •• AND.FL.EQ,O,) DEVID_~ = 2*DEVI_D§ __ · -------------
IFCFK.EQ.O.>OEVIOE = 2kDEVIOE 

____ 1 L!i.!::.l..lJ.R N --·--------·-~----------- . _ ............. ___ . . 
END 

.... ___ -- ----· ---------- ·---

............. ·--~_IJ_P-:_.RQ.VIJl!E IMP< F~_L.E.!CJ.J,., __ ~QBS_,J_S_ENI.L ________________ : ___ . 
REA0(12) ISENT,FJ,FK,FL,FOBS 

____ g_!;TU~N 

ENO 



EXAM0R- May, 1974 
Authors: L. Andrews 

T. Koetzle 
Page 1 of 2 

Brookhaven Crystallographic Computer Program Writeup 

NAME: EXAM<lR FILES: 4 TIME: 4 sec/1000 refl. 

Core: 25K 

Purpose: Process tapes written by 0RACLE to remove garbage reflections 
that bomb PRQCK 

Input: 

PRQGRAM EXAMQR(INPUT=ll0,0UTPUT,TAPE1=750,¢RACLE=750, 
TAPE2=QRACLE,TAPE5=INPUT,TAPE6=0UTPUT) 

Card 1 (2I5) 

Use: 

col. 1-5 NF number of files to process 

6-10 NR number of records to process 
(used orily if NF=O) 

NF and NR both equal to zero causes the program to read 
· to double EOF (or EOT). Program always stops at double EOF. · 

A tape with local file name 0RACLE is read and"TAPEl is written 
for input to PR¢CK. · TAPEl will consist of a single file 
regardless of the number of files on the 0RACLE tape. 
For reflections with bad data nothing is written on TAPEl and 
a brief summary is written on OUTPUT. In the summary are: 

H,K,L 

2THETA 

NO.PTS. 

INDEX 

indices found on tape 

the value of 2theta found on tape 

the recorded number of points in the scan 

the number of the first element 
which contained illegal data 

BAD DATUM the octal value found in the field specified 
by INDEX 

·Possible values for INDEX and their meaning are: 

INDEX CONTENTS(INDEX) 

.11 H 

12 K 

13 L 

14 STEP SIZE (in .01 degrees) 



15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

29 to 28+NP 
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Monitor counts 

No. points on each side used in 
the background determined in 
AXDA/ANDA 

Scan range measured in .01 of 
a degree 

Attenuator scale factor 

No. of points in scan (NP) 

Total counts accummulated in scan 

Total counts in background obtained 
by approximate integration by AXDA/ANDA 

Phi 

Omega 

(measured in .01 degree) 

(measured in .01 degree) 

Two theta (measured in .01 degree) 

Chi (measured in .01 degree) 

Data for NP steps 
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Brookhaven Crystallographic Computer Program Writeup 

NAME: FACES FILES: 2 T~ < 10 sec 

CORE FL: 37K 

Purpose: An aid in defining crystal geometry by calculating equations 

of crystal surface planes and their distances from the origin. (It may 

also be used for finding unweighted best planes through atoms.) 

PROGRAM FACES (INPUT,OUTPUT,TAPE5=INPUT,TAPE6=0UTPUT) 

Itl.puL! 

Card 1. Scaling (lattice) parameters (6Fl0.4) 

column content 

1-10 X scale constant 

11-20 y II II (usually same as x) 

21-30 z II ri ( " " II II) 

31-.,.40 the angle, or its cosine, between y and z axes 

41-50 " II II II II .II 
X " z II 

51-60 " II II " " " X " y II 

Note that these parameters may be used to apply a scale factor to the 

lattice used in defining the coordinates. 

Card 2. NUmber of vertices for plane (IS) . (May be zero - but card must be present) 

column content 

1-5 number of points to define the plane, 30 maximum (one per card) 

Card 3. Coordinates of vertices (3Fl0.4) (Omit if No. of vertices = 0) 

One card for each vertex,_ up to the number of cards specified on card 2. 

colurim 

1-10 

11-20 

21-30 

content. 

x coordinate 

y coordinate 

z coordinate 

Cards 2 and 3 may be repeated in groups, for up to a total of 30 planes. 

. Card 4. 

Card 5. 

Note: 

Real-space cell FORMAT(6F9.6) 

h, k, £., dist FORMAT (4F10. 4) 
} 

Used to obtain -a picture of the 
crystal as described by these cards. 

Cards 4 and 5 are used in the PDP 11 version only. 

t 



Output: 
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The scaled distance from the origin to the best plane and the direction 

cosines of the normal to the plane are listed. Each vertex is listed with 

its distance from the best plane. The angle(s) between the normal to the 

current plane and the normals of all previous planes are also listed. 

Method: 

The inertia tensor (T) of the input points about their center of mass is 

calculated. The best plane is sought by finding .the eigenvector of the 

larsest eigenvalue of the inertia tensor. 1 The power method2 is used to 

determine the eigenvector. If the dot product of the determined eigenvector 

and the ve.ctor to the center of mass is negative, the eigenvector is inverted 

through the origin. The distance of the plane f.rom the origin is the dot 

product of that eigenvector and the vector to the center of mass. The 

distance of each point from the plane is 

dist (x,e ) - IIC.mll 
·' 0 

where II em II is the modulus of the vector to the center of mass, X is 

the vector to the desired point and e is the·eigenvector normal to the 
0 

plane (all vectors are defined as originating at the origin) •. 

2 2 
- f:xiy i l;(y. +z. ) . 

l. l. 

- J:xiy i 
2 2 

T = J:x. +z. 
l. l. 

..;.J:x.z. 
l. l. :...J:y izi 

where x., y., and zi are referred to the center of mass. 
l. l. 

If the inertia tensor is wt.itten as: 

A -H -G 

T = -H 

-G 

B 

~F 

-F 

c 

-J:x.z. 
l. l. 

-J:y izi 

2 2 L (x. +y. ) 
l. l. 

then the representation of the inertia ellipsoid as "bilinear form in 

this tensor is 

((Tv),v) 

-H 

B 

-F 

where (a,b) is the dot product of a.and b. 

-G l -F 

c 
v,v = canst 



i.e. 

Const = Ax
2 

+ By2 + Cz
2 

- 2Hxy - 2Gxz - 2Fyz 

FACES - MAY 1974 
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This ellipsoid may be thought of as the best ellipsoidal representation of 

the input masses. The largest eigenvalue of the tensor, T, corresponds to 

the narrowest waist of the ellipsoid. In the space of the eigenvectors 

(i.e., with the principal axes of the ellipsoid along the coordinate axes, 

and Tin the diagonal form), the largest eigenvalue is the largest of the 

three sums I<x2+y2), I<x
2
+z 2), I<y2+z

2
), and it thus corresponds to the shortest 

principal axis. Its eigenvector is normal to the best plane in the least squares 

sense. Another way to view this is that the normal is the worst least squares 

line; this is because the sum of the squares of the distances of the points 

input from the normal is the largest· of the three sums above. 

Use: If the crystal is photographed, the views in the photo can be traced 

onto graph paper. Then the coordinates need only to be read off the 

graph paper. Appropriate scale factors can be determined by measuring 

the crystal. Note that the photos need not be from orthogonal directions. 

On the PDP 11/40: Switch 1 turns off the VG dials 
Switch 2 turns on the rotation 

References: 

1 C. Scheringer, Acta Cryst., B27, 1470-72 (1971). 

2 S. D. Corite and C.de Boor, Elementary Numerical Analysis, 2nd Ed., 

McGraw Hill, N.Y., 1972, p. 177. 

B 
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NAME: FLINUS AUTHOR: L. Andrews 

CORE: 55K or 37K + Matrix (whichever is larger) 
Matrix= (nvl+nv)/2 

DATE: October 1975. 

Note: CM yarameter must be specified on the job card. 

PR~GRAM FLINUS(DATA,F~UR,PUNCH,INPUT,¢UTPUT,TINY,SH~RT,TAPE20=F¢UR,TAPE14=DATA, 
TAPE5=INPUT,TAPE6=~UTPUT,TAPE2l=TINY,TAPE22=SH¢RT,TAPE19=TAPE20) 

I. PURPOSE: 

Full matrix least squares refinement of crystal structures. 

II. TAPES: 

A. DATA-Binary·or coded. 
Purpose-data input 
This file WILL be rewound. 

B. F~UR-Binary Purpose-output 

.Contents-ISENT,FH,FK,FL,SIG, 
SCALE, (E(I) ,1=1,25) 

Contents-IH,IK,IL,SINT/L,F~,FC, 
C~,SI,DEL,SIGMA,EXTINC 

FILE 1. ¢RFFE (FRED'J~'UN) file (parameters, 
parameter selection 
variance-covariance matrix) 

FILE 2. Fourier FILE (input to JIMDAP, LIST, etc.) 

III. LIMITATIONS: 

A. NV-numbel.' of varia:bles 
B. NP-number of parameters 
c. NA-number of atoms 
D. NQ-number of scale factors 
E. NS-number of symmetry cards 
F. NF-number. of form factors 

IV. REPLACEABLE SUBROUTINES: 

A. WEIGHT-weighting 
B.· ACCABS-reject structure factors 
C. C~NV-convergence 
D. PATCH-special positions 
E. RESETX-constraints 
F. RESETB-constraints 
G. RESETE-constraints 
H. EPATCH-set symmetry constraints 

on extinction 
I. NSHIFT-se.ts limits on change of 

parameters 
J. CARDIN-reads card input 
K. TAPEIN-reads tape input 

DIMENSION 

270 
558 
50 
5 
24 
15 

ARGUMENT 

FH,FK,FL,F,SIG,SCALE,El,E2,NREJ 
FH,FK,FL,F,SIG,FC,NREJ 
WRL,NC~N,WR 
I,TJ ,HJ ,HHJ 
X,Y,Z 
X,Y,Z 
EC 

EFPIP 

PNEW,P¢LD,DELTA,I 
ISENT,FH,FK,FL,F,SIG,SCALE,EFPIP 
LD,ISENT,FH,FK,FL,F,SIG,SCALE,EFPIP 



V. DECK SET UP 

A. JOB CARD 

1 .. TIME LIMIT - variable 

PAGE TWO 

NAME: FLINUS 

2. FIELD LENGTH - 37K + (nv2+nv)/2 or 55K, whichever is larger 
3. LINE LIMIT - variable 
4. NUMBER OF TAPES - 0-2 
5. ECS - none 

B. CONTROL CARDS (NOTE: 

*FTN(SYSEDIT) 

Cards marked (*) are needed only if using subroutines.) 

ATTACH (FL INUS , FL INUS , ID=CPR~i'GS) 
REQUEST(DATA,,, ) (If 

. REQUEST (Fii'UR, , , ) (If 
input on tape.) 
output on tape.) 

REWIND,L~. 
C~PYL(FLINUS,LG~i',FLIN) 
RETURN(LG~,FLii~S) 
FLIN. 

If no subroutines, no saving files, minimum control cards are 
ATTACH(FL INUS , FL INUS , ID=CPR~i'GS) 
REQUEST(DATA,,, ) 
FLINUS. 

C. DATA CARDS: 

CARD 

1. Title card 
2. Control card 1 
3. Control card 2 
4. X~ray scattering factors 
5. Symmetry cards 
6. Cell parameters 
7. Parameter cards 

8. 
9. 

10. 

Scale 
Overall temp. 
Atomic position 
Temperature parameters 

Extinction parameter 
Temperature parameter selection 
Data (if on cards) 
Parameter selection 

D. SUHMARY FILES: 

Fli'RMAT 

8A10 
2413 
10I3,5Fl0.5 
8F9.3 (4 cards per table) 
3(F15.10,3I3) 
6F9.6 

8F9.6 
F9.6 
A6,3X,5F9.6 (for each atom) 
6F9.6 or 6F25.6 if using connnas 

for each atom) 
6E12.5 
72!1 
I1,F3.0,2F4.0,2F9.3,F3.0,7F6 •. 3 
72!1 

A. TINY -minimum necessary information, R factors, max shifts. 
B. SH~i'RT ·- list of input, large shifts. 



PAGE THREE 

NAME: FLINUS 

For fixed atom contribution these are the control cards: 

* 

FTN(SYSEDIT) 
ATTACH(FLINUS,FLINUS,ID=CPR¢GS) 
REQUEST(DATA,,, ) ' 
REWIND(LGY') 
C¢PYL(FLINUS,L(;0,FLIN) 
RETURN(L(;0,FLINUS) 
FLIN (,FIXED) 
RETURN(FLIN,DATA) 
REIVIND (FIXED) 

*FTN(SYSEDIT) 
REQUEST(F¢UR,,, ) 
ATTACH(FLINUS,FLINUS,ID=CPR¢GS) 

*C¢PYL (FLINUS ,LGY' ,FLIN) 
*RETURN(LG¢,FLINUS) 

FLIN(FIXED) 

Only needed if some subroutines need to be changed in the second 
execution. Remember that you may have changed the weights in the 
first run, and you probably don't want to change them again, and 
if you eliminated reflections, they are not available on file FIXED. 
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Brookhaven Crystallographic Computer Programs 

Purpose: These programs carry out full-matrix least-squares refinement of crystal 
structures. FLINUS is the standard version for teletype use (50 atoms maximum; 
270 variables) and FLll180 is a special version which will take up to 80 atoms 
but which.is limited to 262 variables. For further general information on the 
method of this program, the user may refer to the Bus.ing-L.evy-Martin writeup of 
the program ¢RFLS. 

Input data: 

I. Title FORMAT(8Al0) 

II. Control card F¢RMAT(24I3) 

1. cols 1-3 NC = number of cycles. 
= 0 for a single structure factor calculation. 

2. cols 4-6 NV = number of parameters varied. Must be zero if NC1 = 

3. cols 7-9 IC¢NV = 0 for no convergence test. 
= 1 if a ·convergence test (see below) is applied. 

4. cols 10-12 IC0RR = 0 if complete correlation matrix is printed out. 
rF 0 if only correlation coefficients with 

IPI > 0.50 are printed out. 

5. cols 13-15 IW = 0 if user-supplied standard deviations are to be 
used for weighting. 

IW = 1 if all observations are given unit weight. 
(Note that the WEIGHT routine described below is 
called in both cases.) 

6. cols 16-18 not used 

7. cols 19-21 IT = 0 for no parameter output on cards. 
= 1 for parameter output on file PUNCH 

8. cols 22-24 IXFE = 0 for normal operation. 

o. 

= 1 for writing output tape suitable for input to ORFFE 
(FREDFUN) , the Busing-Levy function and error 
progr-am. (Written on file F0UR) 

9. cols 25-27 IWHS¢ = 0 if scale factors applied to F 
calc 

for print-out and 
Fourier tape. 

= 1 if scale factors applied to F for print-out and 
Fourier tape. obs 

Refiriement is not affected by this indicator. 
If UJHS¢=1 
then F b (printed) 

0 s = F b (input tape)/Scale 
0 s 

(input) 

Note that the extinction term is applied with 
the Scale factor. 



10. eels 2S-30 

11. c-.nls 31-33 

12. cols 34-36 

13. eels 37-39 

14 •. eels 40-42 

15. eels 43-45 

FLINUS 
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IWHET = -1 for a new data tape written on file F¢UR with 
Acalc and Beale in EFPIP(lO) and EFPIP(ll) for 
later use in fixed atom contribution mode. 
CAUTI¢N: list on tape is ISENT,FH,FK,FL,F,SIG, 
SCALE,(E(I),I=l,25) and any modifications made 

· in these quantities by SUBR¢UTINE WEIGHT will be 
perpetuated. 

-=: ~·0 -for: -no·.e~t:ra· ~ape· 
= 1 for.normal Fourier input tape written on file F¢UR 

......... ·--·----·-----
IWHRT ~ 0 reflectiou uata from cards, uses CARDIN described 

below. A tape or disk file is written. 

= 1 reflection data from file DATA read by 
SUB~UTINE TAPEIN . 

. IWHTF = 0 program will stop if non-real temperature factors 
encountered. 

= 1 program will not stop, but diagnostics will be 
printed out. 

IWBCD = 0 structure factors printed· out on every cycle. 
= -1 no print,.out of s trueture factor:;;. 
= 1 structure factors printed out preceding first and 

following last cycle only. 
This does not affect the F~UR tape which, if requested, 
is always written once and once only following the 
last structure factor calculation. . . 

IWHPS = number of sets of starting parameters. 
= 0 or 1 for normal operation. 
= greater than 1, the refinement will be repeated for 

IWHPS different sets of initial parameters. In 
this case, the parameter selection cards for the 
first cycle must be followed by new parameter 
cards, new parameter selection c~rds, new parameter 
cards, etc. (See below). NC cycles will be 
carried out for each set, and the number of para
meters varied must be the same for each set~ 

IWHPK = 0 for normal operation. 
= 1 if a separate parameter selection card is supplied 

for each of the NC cycles. The parameter selection 
card for the first cycle must be followed by a 
card specifying the values of NV, N¢DIV, and 
N¢MAT for the following cycle ,new parameter 
selection cards, etc. (See page 9.) 

(Note: that IWHPS and IWHPK should not both be 
non-zero. Note also that IWHPK cannot be 
used to change from isotropic to anisotropic 
refinement.) 



16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

cols 46-48 

cols 49-51 

FLINUS 
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NQDIV = 0 Normal calculation of derivatives. 

A 

1975 
Andrews 

= 1 Derivatives are not calculated but are taken from a 
F¢uR file written on previous cycle. 

N~T = 0 for normal operation; 
= 1 if inverse matrix is not calculated but is taken from 

F0UR file written on previous cycle. 
The program will set N0MAT to 0 if N~DIV is 0 

cols 52-54, 55-57 
IMUCH 

MA..'fil, MANY2 
= lOOO*MANYl + MANY2 

cols 55-57 

cols 5.8-60 

cols ·61-63 

cols 64-66 

cols 66-69 

Only the first !MUCH reflections will be used in the ~ 
s.tructure factor calculation and refinement. 

See entry immediately above. 

ITCH = 0 for normal operation. 
=19 if derivatives and matrix are to be writt.en on 

F0UR for later use. 
Any other integer will act as 0. 

IFIX = 0 normally 
= 1 for fixed atom contributions: EFPIP(lO) and 

EFPIP (11) are added to Acalc and Beale respectively. 

ID0VES !t.F l/cr(F) default is 10. Reflections with ratios above 
· this will be printed on file SR¢RT. 

NUTS ll /cr For. puram~ters - parameters with ll/cr above this 
value will be printed on SR0RT f~le. if you use 0, 
all·variable parameters are printed. 

III. Control Card 2 F¢RMAT(lOI3~F10.5) 

1. cols 1-3 IFSQ = 1 for refinement on F 
= 2 for refinement on p2 

2. 

3. 

4. 

cols 4-6 

cols 7-9 

colS 1D-12 

NF 

NA 

Note - the program will not transform the input 
quantities and it is the user's responsibility 
to supply F or F2 as appropriate. 

not used. 

The number of x-ray form factor tables. NF should 
be zero for neutron diffraction. NF must include 
number of extra tables included to account for 
anomalous dispersion: see below. If NF is negative, 
the scattering factors are read one per card, one 
card per scattering factor, up to ABS(NF) cards. 
The latter option is included 'to handle neutron 
scattering factors (not X-ray) from these cards 
so anomalous scattering can be included. 
(untested, Feb. 1976) 

The number of atoms in the atoms list. 



5. 

6. 

7. 

8. 

9. 
10. 

cols 13-15 

cols 16-18 

cols 19-21 

cols 22-24 

cols 25,..,27 

cols 28-30 

cols 
cols 
eels 
eels 
eels 

~1-40 
41-50 
50-60 
61-70 
71-80 

NS 

NQ 

NAS 

FLINUS 
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Number of symmetry cards. NS is the general space
group multiplicity in the acentric case and is equal 
to half this number if ICENT=l. 

Note that it is not always necessary to include 
symmetrY operations which specify lattice centering 
but if the user is incorporating corrections for 
anomalous dispersion then he has need for caution 
here.· In particular, if the non-lattice centering 
symmetry operations involve non-centrosymmetric 
translations e.g. 1/4, 1/3, etc. such that 
1/4 ~ -1/4 as a fractional coordinate (whereas 
1/2 = ~1/2 in this context) then the lattice 
centering operations must be included. 

The number of scale factors in the parameter list. 

The number of atoms for which anomalous scattering 
tables are provided. This is not just the number 
of tables but the total number of such atoms in 
the asymmetric unit. Note the "anomaloUs atoms" must. 
be stacked in the input stream ahead of tae normal 

nQt ~~ed 
scatterers. 

JEXT = 0 no extinction correction 

FLAME 
LAMBDA(2) 

LAMBDA(5) 

= 1 isotropic extinction cOt't'ection 
= 2 anisotropic extinction correction Type I crystal 
= 3 anisotropic· extiiH~tion correction Type II. crystal 
= -2 or -3 isotropic converted to anisotropic 

A for scale factor 1 
A for scale factor 2 
~ for scale factor 3 
A for scale factor 4 
A for scale factor 5. 

. Fl0.5 
Fl0.5 
Fl0.5 
Fl0.5 
F10.5 

This allows extinction to be calculated properly for 
different. wavelengths. 

IV. Scattering factor tables F~RMAT(8F9.3) or (F9.3) 

Four cards are provided for each of NF tables. These are the scattering factors 
in order sin6/1- = 0.00 [0.05] 1.55, a total of 32 numbers. These tables are 
omitted if NF = o·~or neutron diffraction problems). IF anomalous scattering is 
to be taken care of, three sets of cards must be provided for each type of 
anomalous s::atterer, e.g. 

0 
Set 1. f for anomalous scatterer 1 
Set 2. 6. f' for ·anomalous scat terer 1 
Set 3. 6. f" for anomalous scatterer 1 
Set 4. f 0 for anomalous scatterer 2 
Set 5 ·and 6. t>.f' and t>.f" for anomalous scatterer 2. 
etc. concluding with one set each for the normal scatterers. 
Form factors for anomalous scatterers must come first. 

If NF is negati~e, then neutron scattering factors are read (ABS(NF) of them), 
in F9.3 format. 
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V. Symmetry cards F0RMAT(3(Fl5.10.313)) NS cards. 

VI. 

The transformed x', y', z' are assumed to be given by the following 
expressions: 

x' = tx + r1x + I 2y + I
3

z 

y' = ty + Jlx + J2y + J3z 

z' = tz + M1x + M2y + M3z 

The card is then punched 

cols 1-15 t 
X 

cols 16-18, 19-21, 22-24 Il,I2,I3 

cols 25-39 t y 
cols 40-42, 43-45' 46-48 Jl,J2,J3 

cols 49-63 t z 
cols 64-66, 67-69, 70-72 Ml,M2,M3 

If ICENT = 1 do not include cards for positions related by the center of symmetry. 

Cell constants F0RMAT(6F9.6). 

cols 1-9 . a* in reciprocal Angstroms OR a in Angstroms 

cols 10-18 b* .II b 

· cols 19-27 c* II c 

cols 28-36 cos a* or a* in degrees II cos a. or a in degrees 

cols 37-45 cosS* or. S* II II cos a or a II 

cols 46-54 cosy* or Y* II II cosy or y II 

No indicator is necessary to specify which type of cell parameters are 
on· this card. 

VII. Parameter Cards 

.A. Scale factor cards F0RMA! (8F9.6). As many cards as necessary for NQ 
scale factors. The scale factor multiplies Fcalc or divides Fobs on output 
depending on IWHS0. Use the 11F11 scale factor for refinement on either For F2• 

B. Overall temperature parameter F9. 6. This ~Yill be added to all temperature 
factors~ 
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C. Atom parameter cards for all atoms. Two cards as follows for each atom. 

Card 1. F¢RMAI(A6,3X,5F9.6) 

cols 1-6 

cols 7-9 

Any six Hollerith characters to identify the atom. 

Blank 

cols 10-18 X-ray scattering factor number (or neutron number if NF < 0). 
The number of the scattering factor table containing f 0

, i.e., 
the non-dispersive part of the form factor. This is of course 
the number of the only table for nondispersive scatters. It 
is a real number and so a decimal point should be in~lqded here. 
NWO*T*E-anomalousiy scat-tering atoms must be the first ones. 
If NF = 0, this field contains the neutron scattering factor 
itself. 

cols 19-27 A multiplier applied to the scattering factor. This will 
usually be 1.0, unless symmetry conditions dictate otherwise. 
It may also be looked upon as .a partial occupancy factor. 

cols. 2~36 X 

cols 37-45 y 

cols 46-54 z 
} Fractional coordinates for this atom. 

Cc:lrd 2. F¢RMAT(6F9.6) (if you use input separated by commas_, format is 6F25.6) 
(Don't worry, the six 25 col~ fields can· be read from the one card. ) 

cols 1-9 B , the isotropic temperature parameter, if this is to be input. 
au, if anisotropic temperature parameters are input~ 

cols 10-18, 19-27, 28~36, 37-45, 4~54 e22' ·a33t el2' e13' e23" 

Isotropic temperature factor for atom i is defined by exp(-B sin26/A 2). 

Anisotropic temperature factor expression is defined by 
2 . 2 2 exp(-(e11h + e22k + e33i + 2e 12hk + 2e 13ht + 2e23ki)) 

D. F0RMAT (6E12.5) Extinction parameters. 

cols 1-12 

cols 13-24, 

Isotropic g or g11 

25-36, 27-48, 49-60, 61-72 g22' g33' g12' gD~ .g23' 71 (1.970). 
as defined by Coppens and Ham~Iton, Acta Crys~. A26 

. use blank if no correction 



VIII. 

IX. 

A 
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Temperature parameter selection card. F~RMAT(80Il) 
Temperature parameter selection integers for each of the non-group atoms. 

1 for isotropic temperature parameter 
2 for anisotropic temperature parameter 
3 for isotropic to be converted to anisotropic before refining 

(if the 2nd or 3rd field on the TF card is non-zero, it won't be converted) 

Reflection data entered on cards at this point if IWHRT = 0. 

The cards are read by a subroutine CARDIN (see below), and the Ft>RMAT is 
controlled by this subroutine. 

!SENT 

H,K,L 

FSQ 

SIG 

SCALE 

= 0 except for a final card (not included in the calculation) 
for which !SENT = 1. 

=indices of the reflection (floati~g point). 

2 = observed F or F magnitude. 

= standard deviation assigned to this observation. 

=scale factor number (floating point). 

E(l), E(2), E(3), E(4) --extra floating point inputs. 

In FLINUS and FLIN80, up to 25 E(I) fields are available. The first seven 
of these must contain the following information if extinction is to 
be refined: 

E(l), E(2), E(3) 

E(4), E(5), E(6) 

Components of the vector normal to the plane 
containing the incident and diffracted beams. 
These are components of a unit vector defined 
with respect to unit triclinic·axes parallel to 
the. real crystal axes. Thus, if the vector is 
denoted by N, we have. 

1 

N' cosy 

cose 

cosy 

1 

COSet. 

· cos8 

coset. N = 1 

1 

Components of the vector lying in the plane of 
the incident and diffracted beams which is per
pendicular to the incident beam. The normaliza
tion is the same as for the first vector. 



X. 

E(7) 
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TBAR, the mean path length in the crystal for this 
reflection, appropriately corrected for absorption 
as suggested by Zachariasen and as treated by 
Coppens and Hamilton 

E (7) = T = 
where t"is the path length. This is presently 
approximated in·both BNLABS and ABS¢R by 

£-nA 
T = ---

~ 

where A is the absorption. 

Parameter selection cards. (FORMAT ( 72 Il) 

Punch 1 in column if ·corresponding parameter is to be varied. 
Punch 0 in column_if corresponding parameter is not to be varied. 
The parameters are ordered as follows: 

NQ scale factors. 
Overall temperature parameter. 
Atomic parameters. 
Extinction parameters. 

There are either 6 or 11 parameters, 
If all atoms are isotropic, these parameters are 

1. Scattering factor number. 
2. Atom multiplier. 
3;4,5. x,y.,z 
6. B. 

If any atom is anisotropic, there are eleven parameters for each atom; for 
the anisotropic atoms, parameters 6-11 are S11, s22 , S33' 812' 813,S23· 
For isotropic atoms parameter 6 is B, and pa~ameters 7-11 on the parameter 
selection cards· must contain zeros. 

NOTE": These cards. can be tedious to punch~ Any card may be terminated by 
$ and the selection fl"ags continued on the next card. Comments may 

then be punched following $ e.g. 

11$ 2 SCALE FACT¢RS 

0$ ¢VERALL TEMP. PARAMETER 

001011$ AT¢M A INVARIANT Y 

001111$ AT¢M B 

101111$ AT~M C 

0$ IS¢. EXT 

THIS IS NORMALLY THE END OF THE DATA DECK. However, if either IWHPS or 
IWHPK is non-zero, more cards must follow. 



IWHPK non-zero: 

XI. FORMAT(3I3) NV, N~DIV, N~MAT for second cycle. 

X. Parameter selection cards for second cycle. 

XI. NV, N~DIV, N~~T for third cycle. 
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Continue until there is a total of NC sets of parameter selection cards. 

IWfil'l:i non-zero: 

VII. New parameter cards, for second parameter set. 

X. New parameter selection cards, for second parameter set. (At this point, 
a sequence of XI and X cards may follow if IWHPK is non-zero). 

VII. New parameter cards, for third parameter set, 

X. New parameter selection cards for third parameter set (Type XI and X cards 
if IWHPK is non-zero) 

Continue until IWHPS sets of parameters have been provided. 

Extinction refinement in LINUS 

Extinction may be refined either isotropically or.anisotropically. 
The extinction correction, which multiplies the otherwise unmodified F 

1 
2;is 

defined as · ca c 

E = 1 

( 
+ T eF

2 g)~ 
1 

V sin26) 

where E is the printed correction term, g is the refined parameter, and 

where p = 2.0 for neutron diffraction 

p = 2.0 (1. + cos 426) I (l. + cos 226) for unpolarized X-rays. 

F
2 

is the calculated squared structure factor on an absolute scale. g is the 
extinction parameter which may be constant for all reflections or derived from an 
anisotropic tensor as described below. 

T is the average path length in the crystal for this reflection. It is appropriately 
modified for absorption, as indicated above on p. 8. 
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2 3 -4 
V = (V 11 /A ) x 10 for neutrons if the scattering lengths are expressed 

ce in 10-12 em • 

. 2 3 -4 
V = (V 11 /A ) x 10 x 12.593 for X-rays if the scattering lengths are 

ce expressed in electrons. 

The quantity 12.593 is (mc 2;e2) 2 • 
-8 The wave lengths are always in 10 em. 

Note that the number printed out to the extreme right on the structure-factor 
list is always·E.(the extinction correction for F2), regardless of whether the 
refinement is on F2 or F. Note also that in the printed output E is applied to 
eitl1er Fobs or Fcalc in the' same way that the scale factor is applied--depending 
on the value of HJHS~ (see p 1). 

Interpretation of the extinction parameter g 

Isotropic extinction 

For isotropic extinction, we refine the parameter g as defined above .. 
It is stored as the.first extinction parameter, EC(1) or G11. It may· 
be interpreted as follows: 

Type 1 ·crystal· (extinction dominated by mosaic spread): 

* n (rms mosaic spread in seconds) = 5.8186/g (see below) 

Type 2 crystal (extinction dominated by particle size). 

r (radius of mean particle) = gA X 10-4 em 

(A in em - 8 and g as defined above) 

Anisotropic for !ype I crystal 

The mosaic spread is given by a three-dimensional Gaussian described by a 
tensor Gij: · 1 

g = (N'GN)~ 

where N is a unit vector with components Ni relative to axes of unit length . 
which are pa~allel to the real crystal axes. The vector N is described on page 7. 

We may diagnonalize the tensor G in a space with metric 

H = 
1 

cosy 

cosS 

cosy 

1 

COSCI. 

cost3 

CO SCI. 

1 

to reduce it to a principal axis system. The diagonal elements may then be 
interpreted as follows: 

* 

n (rms in direction i) = 5.8186/SQRT(G .. ) 
~~ 

4 5 • 8186 X 10 = 
number of seconds in 1 radian 

2;;-
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Anisotropic for Type·II·crystal 

The particle shape is ellipsoidal and described by a tensor G ..• 
~J 

g = 
-k 

(N'BN) 2 

where N is a unit vector in the plane of the incident and diffracted beams and 
perpendicular to the incident beam. The components are expressed relative to 
axes of unit length which are parallel to the real crystallographic axes. 

Again we may diagonalize the tensor G in a space with metric H to obtain the 
principal axes of the mean particle shape ellipsoid. These may be interpreted 
as follows: 

r (in direction i) 

Reliability indices 

= 
-4 10 X A/SQRT(G .. ) 

~~ 

The R-factors produced are the standard crystallographic terms--they are 
defined by 

R = 

wR = 

s = 

Note that in all of these expressions F , F and k may be synonymous with 
F

0
2, F 2 and k2 respectively if the use~ iscrefining against the F 2 's. · 

Note also that negative F
0
2's enter into these calculations exactl? as shown •. 

Subroutines 

The following subroutines may be tailored to fit any user's particular needs. 

WEIGHT 

SUBROUTINE WEIGHT(FH,FK,FL,F,SIG,SCALE,E1,E2,NREJ) 

E1 is dimensioned 25. 

This subroutine is calied after each reflection is read on each cycle. 
It may be used to change any of its arguments. If NREJ is set non-zero, the 
reflection. is completely omitted from the calculation. 

The dummy routine supplied sets NREJ = O,but does nothing else. 
NREJ #0 for rejection 

S! J 8 p 0 1J T I t\1 E !.•J F: T G H T ( rl f, H 2 • H 3 • F , S I G , SCALE ' t: l ' t 2 ' r-J ~ t J ) 
GAT~ tO /6H~F:IGHT/ 
I F ( I Q • N E • fl ) C A L l F I P S T ( I f) ) 

1\iRtJ - 0 
RFTUP"i 



ACCABS 

SUBROUTINE ACCABS (FH,FK,FL,F ,SIG,FC,NRJT) 

A 
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This subroutine is called following the calculation of structure factor 
for each reflection. It may be used to reject structure factors from the 
least squares refinement or list by conditions on FC (the calculated 
structure factor). Set NRJT = 1 for rejection; otherWise set NRJT = 0). 
Note that it is quite easy to violate the principles of least squares by 
ove~.ly liberal. use of the subroutine. 

~URC?QU TINE ACr ARS ( H 1 • H? • H3, F • S I G, FC_;'...:..N~R_J~T_:_> __________ _ 
C~---INSEC?TEO BY R.T~OMAS AND P.COPPENS, l96R--ALSO KNOWN AS THE 
C SPANISH ACCAqS TN HONOR OF I.8ERNAL (COURTF~Y 0F S.J.LA PLACA) 

DATA ID /6HACC•RS/ 
IF (!0 .NE. 0) CALL FIRST(IO> 
qETIJRN / 



SUBR~UTINE C~NV(WRL,NC~NV,WR) 
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This routine is called at the completion of every structure factor 
calculation following a least squares cycle. WRL is the weighted R factor 
prior to the refinement cycle, WR is the weighted R factor following the 
refinement cycle. The subroutine must return to the main routine with 
NC~NV = 1,2, or 3. 

If NC~NV = 
If NC~NV = 

If NC~NV = 

1, the refinement continues in a normal way. 
2, the main program will assume that convergence has 
been achieved, and the program will terminate after 
putting out correlation matrix and taking care of 
any tapes. 
3, the main program will assume that the refinement 
has diverged, and the program will terminate after 
taking care of tapes. The correlation matrix is not 
put out, and an ¢RFFE tape is not written if it 
was requested. 

The routine supplied sets NC~NV = 3 if the weighted R factor increases by 
10% and sets NC¢NV = 2 if the weighted .R factor changes by no more than 1/10%. 
THIS R¢UTINE IS CALLED ¢NLY IF. Cols 7-9 of card 2 are non-zero. . 

-
SU8ROUTINE COI\'V (\1/RL•NCONV,v.!Rl 
G I) 0 = '" R I W R L 
IF ~G00-1.10> 1050,1050,1250 

1050 IF (G00~0 .• 990l 1200,1150,1100 
1100 IF (G00-1.001) 1150d150.1200 
115 o r.:cONV=2 

Rt:TURN, 
1200 NCONV=1 

qf:TURN 
1250 NCONif=3. 

PF.:TUPN 
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SUBR¢UTINE PATCH(I,TJ,HJ,HHJ) 

This subroutine is necessary for refinement of atoms in some special positions. 
In the calculation of one structure factor, this routine will be called NA times for 
each of the NS symmetry positions. On each entry, the argument I defines the atom 
which is being considered so that. I=l ,2, ..• ,NA on successive entries for a given 
symmetry position. The remaining arguments represent the transformed indices and index 
products. On the first entry for each symmetry position, that is, for I=l, these 
arguments will have been set by the program according to the information on one 
symmetry card. It is the task of this subroutine to modify these quantities 
appropriately for special position. ON SUCCESSIVE ENTRIES FOR THE SAME SYMMETRY 
POSITION THESE ARGUMENTS WILL RETAIN THE VALUES SET PREVIOUSLY BY THIS SUBR¢UTINE. 
THE MAIN PROGRAM DOES NOT RESET THEM UNTIL IT ADVANCES TO A NEW SYMMETRY POSITION. 
The array HHJ is irrelevant when isotropic temperature factors are used, so that no 
difficulty will be incurred by including a subroutine prepared·for the anisotropic 
case in an isotropic refinement. The statements required may be outlined as follows:· 

SUBR¢UTINE PATCH(I,TJ,HJ,HHJ) 
DIMENSION HJ(3), HHJ(6) 

Interrogate I with one or more IF statements to determine 
whether the values of the arguments.are to be modified. 
Set the values of the argumen:ts appropriately. · 

RETURN 
END 

The dummy routine supplied does nothing but print out a: mes.sage on first entry. 

s09ROGTINE-·P~rtH ci.TJ•HJ,HHJl 
· C---- DIMENSION HJC3) ,~ H~J(6) 

DATA ID/5HPATCH/ 
IF CIO .NE. Ol CALL FIRSTCID> 
R~TURN 
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SUBR¢UTINE RESETX(XYZ) 

This subroutine is called once near the end of each cycle of least squares. 
It is entered after the main output of the adjusted parameters·but before the auxillary 
output on cards or tape. The array XYZ contains the atomic coordinates. The 
statements to be included are 

SUBR¢UTINE RESETX(XYZ) 
DIMENST¢N.XYZ(3,80) 

Set the values of the constrained coordinates 
. equal to the appropriate functions of the parameters 
which have been refined. 

RETURN 
END 

The dummy routines supplied does nothing but print out a messAge on first entry. 

DATA ID /6HR~~ETX/ 
IF (TO .11-!E. f1l CALL FIRST(IDl 
P.E TUR!'t 
E i'-1 D 

.. 
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SUBR~UTINE RESETB(BETA) 

This subroutine is called once near the end of each cycle. It is 
entered after the main output of the adjusted parameters but before the test for 
positive-definite form and before· the auxillary output on cards or tape. The 
statements to be included are as follows: · 

SUBR~li'l'fNE RESETB(BETA) 
DIMENSI~N BETA (6, 80) 

Set the values of the constrained.parameters equal 
to the appropriate functions of those which have been 
.refined. 

RETURN 
END 

The dummy routine supplied does nothing but print out a mes.sage on first entry. 

SUBROUTli'-!E qESETB <BETA> 
DATA ID /6HRESETR/ 
IF <ID .1\IE. n) CALL FIPST<ID> 
P[TURf\.1 

__ _f_f':l_Q __ -. 
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SUBR~UTINE RESETE(EC) 

This subroutine is called once near the end of each cycle of least 
squares .. It is enteTed after· the·~ain output of the adjusted parameters but 
before the test for positive-definite form and before the output on cards and tape. 
It is used in case the extinction parameters have been constrained. The statements 
to be included are,as follows: 

! 
' SUBR~UTINE RESETE(EC) . 

DIMENSI~N EC(6) 

Set the values of the constrained parameters 
equal to the appTopriate functions of those 
that have been refined. 

RETURN 
END 

The dummy subroutine supplied does nothing but print out a message on first 
entry 

<;;lJBROUTINE ~F:SETE<EC> 
n~TA ID /6HRESETE/ 
IF' ( IO .NE. 0) CALL F'IqST< IC)> 
PEPJPN 
ENO 



v. 
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SUBR¢UTINE EPATCH(EFPIP) 

This subroutine is called only if extinction is anisotropic. It may 
may be used to set symmetry or other constraints on refinement of the 
extinction parameters. ~or example, in a tetragonal crystal we may wish 
to cons train g

11 
= g

22
, g

13 
= g

2
j = g12 = · 0 ~ . 

An appropriate patch might pe as follows: 

c 
c 

c 

SUBR¢UTINE EPATCH(EFPIP) 
DIMENSI¢N EFPIP(25) 
EFPIP(l) = SQRT(EFPIP(l)**2 + EFPIP(2)**2) 
E"fPIP(2) = 0,0 

THIS FIXES THINGS UP FOR TYPE 1 EXTINCTION. 
WE WOULD REFINE ONLY Gll and G33 

EFPIP(4) = SQRT(EFPIP(4)**2 + EFPIP(5)**2) 

EFPIP(S) = 0.0 

THIS FIXES UP IN SIMILAR WAY FOR TYPE 2 EXTINCTION 

RETURN 
END 

The subroutine could also be used to calculate the appropriate vectors in 
EFPIP if this had not been done by the processor. 

The dummy subroutine supplied. does nothing but print out a message on first entry.· 

SU~ROUttNE EPiTCH <EFPIP> 
DAT~ I.D/6HEP~TCH/ 

IF CID .NE. 0) CALL FIRST<ID> 
RETURI\1 
END 



A 
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NSHIFT 

SUBR¢UTINE NSHIFT(PNEW,P¢LD,DELTA,I) 

· This subroutine is entered afte·r the least squares refinement as each 
parameter I is being corrected. P¢LD is the value of the parameter prior 
to the cycle, DELTA is the shift, and PNEW = P¢LD +DELTA is the new 
value of the parameter. The routine may be used to. change PNEW· usually to 
aid in the convergence. The routine supplied modifies the extinction 
parameters in a way which aids convergence when the starting values are far 
from the correct ones. This part of the routine should not be changed. 
Partial shifts may be applied to other parameters, if desired, by rewriting 
the routine such that instead of the statement. 

a statement 

/ 

IF (IF FLAG • EQ . . 0) RETURN 

IF(IFLAG .EQ. 0) GO TO 1 

1 statements to apply partial shifts to other than 
extinction parameters, GO TO 1150 if a partial shift 
is applied, otherwise: 

RETURN· 
END 

Note that if this routine is replaced, you don't need to include commons. 



COMMO~ /DERIV/ ~~DX~DA08t080XoD~D6•DADAI•DADF!tD9DAI• 
2 ognFI•DFOC.GFDS~OFDTOtDC,DY 
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cnu~o~ /REAL/ A,AJtATQM,~.PETA•ELANKSoECt~FP!PtEKTINC.~.FStFXorlJ•rl 

1HJ,OJAG•LA~B~t,P,pHVQL,POoPRCPo~CPtROWoSC•SFtS!GoS!GYOoSINTrlL•S~OO 

2~oSQPTA8tS0STGoTFI•TITLE•TJoTO•TStVtV(lLUME•X•XYZ•YO,UOVE•DOVES 
2oS!N?T 

COMM0N /CCAP~l/ ~C•NVoiCONVoiCOR~.I~•IPolT•IXFEoi~HSO,I~HET,I~HRTo 

1 T ,,, rl T F • 1\oJ ~ C D • fl!il-.f P S , I w i-i P K • ~-~ 0 0 I V ' N 0 M A T ' t<~ A NY R 1 ' M A N Y R 2 ' I T C H , I 0 0 V E S • N U T S 
COM~ON /CCARn?/ IFSO•!TF•NFoNAtiCENToNStNQ,NAS•~ANISO,JEXTtFLA~~ 

cn~MON /I~TE~~/ IC•IEFLAG•!EXT,IEOF•!FFLAG,JFI~•lHKlo 
2 !MUCH• !STE.P, l"'Al ToJTF•KI •LABEL,NCY,I\JU~E;.;.T,NI-1tNOoNP,NX 

C----A~ ~·J~T 3E Diu~NSIONED AT LEAST N*(N+1l/2 To HOLD THE MATRIX 
C IN THF P~ST IT HAS BEEN DIMENSIONED N*CN+3l/2 

COMM('II\1 AM ( 1) 
PF:.AL LA"190AC'i> 

c-----~.~v=270 

~IME~SION VC?70>• DVC270), OIAG(270), P0<270J, RO~C270) 
C----1'-'~=55R 

n I ~ E "' S I 0 N P < c; c:; 8 > , t< I ( 55 8 > • () C C 55 8 ) 
C----NA=t;O 

~IMENSION ATn~c'ill 

DI~E!\JSION SFcc;nl, AI (50l • XYZC3t50l' t?ETAC6,50l' D/IDFI <SOl • DBDFI < 
1c;Ol • QADAI <50) • DE<OAI<SO>, OAOX(3,50l, 08DXC3.50) • DA0'3(6t50l, 080 
2 PCAo50ltJTF1~0l 

C----N0:5,NS=24oNF=15 

c 
c 

nr~~F.NSIO\J SCC5>• DFDc;CSlt TSC3t24l• FSC3t3o24lt FXC32tl5l 
~nU!VALENCE (RLANKSoiaLANKl 
I: 0- U I V A L E f\1 C E < !") C • D V l 
E Q 'J 1 VA L PICE ( T H K l ( 4 ) d 0 ) 
F~UIVALE~CE C!~·I~CH) 
DIMEN~ION EFPIP<25>• ECC6J, LABEL<21l, TITLECBJ, X(4), 5QSIG<2>, 

1 IHKL(4), "'!J(3>• HHJ(6), RCP(6)9 PRCP(6) 
DIME~SIO~ 1H~L~C3) 

EQUIVALENCE CTHKL•I~KL3l 

n p1 E "' S I 0 N 0 F [) r ( ~ l 
. C0~~0N IIOI L"•LE•LFoLI•LO•ITINY,ISHRT1tiSrlRT2 

OATA ID /6HNSHIFT/ 
IF (ID .t-IE. Ol CaLL F!RSTCIDl 
IF CIFF"LAG .~0. 0) RETUFW 
IF CirFLAG oGF. 4l GO TO 1200 
IF CPOLD .LE. n.O) qETUP.N 
I F < P "·' E Ill • L ~ • 0 • 0 l . G 0 T 0 1 0 5 0 
IF (A>-<S<DELTAl .GT• 0,5*POLOl GO TO 1100 
PETUP~~ 

105U PNEW=O·S*POLD 
Gn TO 1150 

1100 Crli\ITP•UE 
FACTC'R=1.0 

PNEW=POLD+((P~F~+POLQ)/(2.0*POLDll**FACTOR*DELTA 

.1150 ~qiTE CL0•1300l 
:..: u IT E" < I T I "'I Y , 1 2 ~ 0 l I 
RF TU C:H,I 

1 2 o o r F < != o L o * P '" E \o: • ' T , - n • 1 > G n T n 1 o c:: o 

1250 FnPM~T C25H P~PTJtl SHIFT FQq PAPaM.IS> 
1300 FnP~AT C55H0~0TE***FULL SHIFT NOT APPLIED TO FOLLO~ING PARA~ETEA 

l 
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CARDIN 

SUER¢UTINE CARDIN(ISENT,FH,FK,FL,F,SIG,SCALE,E) 

Reads in reflection data cards in a format to be specified 
by user. (E(I),I=l,7) have special meaning for the extinctio.n 
refinement. 

The use of this routine is wasteful in terms of paper, time and 
mouey. A better procedure is to produce a file, called DATA, which 
contains the reflections and to modify TAPEIN accordingly. 

·- . 
S IJ 8 R OlJ T I f\1 E Ct. P 0 IN ( I SENT • F H, F K • F L • F ' S I G, SCALE , E > 
0 Ti-lE N S I 0 f\1 E < 7 l 
DIMENSION IFMTC20l 
CO~MON IIOI LD•LE•LF,LI•LO•ITI~Y,ISHRTl•ISHRT2 
DATA ID /6HCAPDIN/ 
Q4TA IF~T/4H<Il•,4HF3.0•4~,2F4,4H,0,2,4HF9.3,4H•F3.,4H0•7F, 

X 4H6.1l, l2'.l-4H I 
IF <ID .NE. Ol CALL FIRST<IDl 

10 PEAD <LI•IFMTl ISENT,FH.FK•FL•F•SIG•SCALE•E 
IF <ISENT.cO.~l READ<LI•20> IFM.T 

20 FORMAT <20A4) 
.,~ ----~~~~~~~~~~------=---~----------------~--------------------------IF <ISENT.EQ.9) GO TO 10 

c 
c 

W~ITE <LO,l05n> ISENT.FH•FK,FL•F•SIG,SCALE,E 
PETUPf\! 

1050 FORMAT <Il•F3.0,2F4.0,2F9.3,F3.0•7F6.3) 

The routine supplied will read cards containing quantities corresponding 
to the formal arguments of the subroutine in FORMAT (Il,F3.0,2F4.0, 2F9.3, 
F3~0,7!6.3) and return these to the·calling routine (PRELIM). The cards 
read are written to OUTPUT from CARDIN and written to the file DATA by 
PRELIM. The user may change the. FORMAT to be u~ed in reading his/her cards 
by supplying a dummy first card containing a 9 in eel, a new FORMAT specifi
cation on the second card and following these with the reflection data. 
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TAPE IN 

-~ 

. i .. ,, ~ .. . ·· ,. 

SUBR0UTINE TAPEIN(LD,ISENT,FR,FK,FL,F,SIG,SCALE,EFPIP) 

Reads in the data tape. EFPIP is dimensioned for EFPIP(25). LD is the tape 
number supplied by the calling program. The routine supplied (listing below) 
will read either coded or binary input without the user having to inform it of 
which to expect. Two different coded formats are also permitted. The data file 
may be terminated with either ISENT=1 or an end-of-file. If the first data card 
is of the form col 1 col 80 

9 9 

the next card must be the format specification starting with an open parenthesis 
and ending with a close parenthesis. The data will be read by · · 

READ(LD,IFM!)ISENT,FH,FK,FL,F,SIG,SCALE,(EFPIP(IU).IU=1,8) 

Data cards then follow. 
.. 

SUBROUTI~E TAPEIN CLU•ISENTtFHtFKtFLtF•SIG,SCALE~EFPIP> 
c· 

, C . THIS VERSION OF TAPEIN FOR FLINUS READS THE BJNARY INPUT RECORDS 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

- - .. - ·- .. -- -· - ·- -- -· .. . .. --·- .. ·- - ··- -- - - - ·-· ... ··- - - I 

ANb THtN D~CTriEs WHETHE~ THE H•K•L A~D SCALE VARIABLES ARE WRITTEN 
AS INTEGERS OR FLOATING POINT '- APPROPRIATE ACTION IS TAKEN TO 
ENSURE THAT T~E H,K,L ARE RETURNED TO THE CALLING ROUTINE AS 

FLOATING POINT QUANTITIES. 
GJB WILLIAMS JAN/18/75· 

FURTHER REViSED TO ACCEPT THE TWO COOED FORMATS 
HJB• 18-JAN;..75 

OTMENSION IR6Y(7), FRAYC7), IRAYIC~), EFPIP<2S> 
DIMENSION IFMTC20) 
E~UIVALE~CE CIRAY<l>•IRAYT<l>> 
EdUIVALENCE <IRAY(1),FRAY<l>> 
QATA MSK/777700000dOOOOOOOOOOB/•INTG/O/tiENTER/6HTAPEIN/ 
LD=LU 
IF (JfNTER.EQ.O) GO TO 30 
CALL FIRST <!ENTER> 
ITEST=O 
CALL INMODE CJTESI) 
IF (JTEST.GT.O~ANO.IT~ST.LT.S> GO TO 30 
REWIND LD 
READ CLD> IRAYI C 1) dRAYT <2> 
IRR=IRAYTC2>.AN~.7777B 

IF CIRR.EQ.O) Gn TO 10 ··------------------------------------------
IF CIRR.EQ.77778) GO TO 10 
IRR=IRAYT<2>.a~O.MSX 

IF CIPR.EQ.M~t<.OR.IRR.EQ.O) GO TO 10 
T =5 

IFC!RAY(l).EQ.1H9)GO TO 110 
ITST=IRAYC2l.AND.77B 
ITEST=4 
IF <ITST.EQ.}D.> ITEST-3 
REWIND LD 

------~GO_T_Q_3~0-------------------------------------------------------------



c 

10 REtll !!'II) LD 
R'E 4 D C L D > I R t. Y , E F P I P 
ITEST=l 
f)() 20 I=2o4 
I~="CIRAYCI>.EI':I.OlGO TO 20 
JTEST=IRAYCI>.A~Q.~SK 
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IF CJTEST.EO,MSK,OR,JTEST.EQ.INTG) ITEST=2 
20 CONTINUE 

REI.</ I ND LD 
30 GO TO C40,40.60o70d20>' ITEST 
40 READ CLD> IR.6YoEFPIP 

ISFNhdf?AY C 1 > 
F=FRt.YCS> 
S!G=FPAY(6) 
IF CITEST.GT,l> GO TO 50 
FH=FRAYC2) 
FK=FRAY(3) 
FI_=FPAY(4) 
SCALE=FRAYC7l 
GO TO 80 

50 FH=IRAY(2) 
FK=IRAYC3) 
FL=IPAY(4) 
S(:AU-==IRAY !7) 
GO TO '30 . 

1975 
Andrews 

60 READ CLDo90> TSENT9FH,FK,FL,F,SIG,SCALE, <EFPIPCIU> dU=1,8> 
Gn TO 80 

70 READ CLD,l00) rc:;ENf•F.H•FK•FL,F,SIG•SCA.LE•<EFPIPCIU>•IU=lot3l 

90 CO"-..TINUE 
IREP=O 

IF CP~EP.NE.I)) GO TO 30 
P.FTIJRf\1 

120 READ CLDolFMT). ISENT,FH•F~·FL•F•SIG•SCALE• <EFPIP<IU> ,IiJ=l•8) 
GO TO 80 

110 RE.~I) (LD,l30) IFMT 
130 FOR~1AT (20A4) 

Gf\ TO 30 

90 FORMAT CI1,F3.0o2F4.0,F11.3oFl0.3oF3,0,6F6,3,F8.S,F5.1l 
100 FOR~AT Cll•F3,0~2F4,0,2F9,3,F3.0,7F6,3,F5.1) 

A 
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Tape and Disk Files 

DATA 

Contains reflection data. It may be supplied as an input tape. 
If input is on cards, the cards can be copied. onto this file by CARDIN., 
but it is better to use TAPEIN for most cases. 

Binary or coded file. One record per reflection. 

For each reflection: 

ISENT,FH,FK,FL,F,SIG,SCALE,(E(I),I=l,25) 

ISENT = 0 After last reflection, a dummy 
reflection with ISENT=l terminates 
the data input. This is supplied 
automatically by AVS~RT BNLABS and C~RDAT • 
. The .. DEFAULT. suhroutine . TAP.EIN _.will . st.op_,_a_t -~OX_ • .___--'-· 

FH;FK,FL = indices of refl<=>ction. 

F = ·F or F2 

SIG = standard deviation of F or F2 "for use in weighting. 

SCALE = scale factor number (an integer) for this 
reflection. 

E(I), I= 1, 25 are extra input at discretion of user. For 
refining extinction coefficient in Zachariasen 
approximation or for adding fixed contributions to 
structure factors, these fields may have special 
meaning~ 

The file is terminated by a record of the same 
length with ISENT = 1. 
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F~UR contains input files for FREDFUN and for JIMDAP. These are separated by 
a single end-of-file, and will be preceded by the derivatives if these are 
written out. 

1. The FREDFUN file consists of the parameters, parameter selection information 
and error matrix in the order specified in the program listing. This file 
is terminated by an end-of-file mark. 

2. The Fouri~r fil~ is written if requested on the first control card. 
It consists of one record per reflection as follows. It is a binary file. 

IH,IK,IL,S,F0,FC,C~,SI,DEL,SIGMA,SPLAT 

IH,IK,IL are fixed point indices 

S is sinS/A. 

F~ is the appropriate amplitude for an observed Fourier. 

FC is the appropriate amplitude for a calculated Fourier. 

C~ is the cosine of the calculated phase angle. 

SI is the sine of the calculated phase angle. 

DEL is the appropriate amplitude for a differenc~ Fourier. 

SIGMA is the standard deviation of the reflection. 

The quantities have been appropriately modified if anomalous.dispersion is 
present, and F~ has b~en multiplied by scale and extinction factors.· 

If the calculation was on F2 rather than F, F2 and f1 F2 values will be 
written on tape. 

The Fourier file is terminated by an end-of-file mark only, not by IH = 999 
as in some earlier versions of the program 

F~UR may be used for storage of derivatives and matrix between 
cycles. See listings for order of information. This file is 
written only if requested on the control card. 
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TINY file of output for use on teletype. Gives error mes.sages, R factor 
and maximum shifts. 

SH¢RT 

SH¢RT file of least squares shifts and structure factor information for 
reflections with A /a greater than specified by NUTS (control ca-rd 1) 

Dimensions 

NV-- number of variables 
NP--number of parameters 
NA--number of atoms 
NQ--number of scale factors 
NS--number of symmetry cards 
NF--number of form factors 

FLINUS 

270 
558 
50 
5 
24 
15 

Maximum FL for maximum NV is (1500008) 

FLIN80 

262 
889 
80 
5 
2.4 
15 

Execution FL (S5000)
8 

or (370008 +matrix) whichever is larger. 
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NAME: FMUD1 TIME:· <17 B SECS 

Purpose: 

FMUD1 allows convenient input of setting angles and performs least-squares 
refinement of unit cell constants, orientation angles, and machine zeroes. The 
correction of w values from the neutron spectrometers is done automatically, 
and default cr values are provided for setting ang.les. 

PR~GRAM FMUD1(INPUT,~UTPUT,TAPE5=INPUT,TAPE6=~UTPUT) 

Input: 

Card 1 F~RMAT(9A6) (TITLE(I) ,I=1,9) 

eels. 1-54 BCD title 

·card 2 F~RMAT(4F10.0) ANGZER(4),ANGZER(1),ANGZER(2),ANGZER(3) 

Machine zeroes 29 0 ,w
0

,x0 ,<P 0 • Display readings at true zero r..till 
be added to computed settings to obtain scale readings. 

Card· 3 F~RMAT(F10.5,3I5) FLAMB,ITECH,IC~RSW,INPSW 

eels. 1-10 Wavelength in R 

Card 4 

11-15 

16-20 

21-25 

ITECH=O 
I TECH=! 

IC~RSW 

INPSW 

Setting angles from a coupled (9/29) instrument (X-ray) 
Setting angles from an uncoupled instrument 

(Neutron machines) 

set non-zero to print correlation matrix 

set non-zero· to print U matrix input data 

F~RMAT(3F2.0) (PLUS(K),K=1,3) 

Parities of·w,x,<P in Hamilton convention. See International Tables, 

-1 -1 -1 
-1 +1 -1 
-1 -1 -1 

F~R H6MAIN 
F~R H6SATT 
F~R XRAY7 

Vol. 4, p. 276 for: definitions. 
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(F¢RMAT(3F4.0,4F9.2,3F8.2) (H(J,I),J=l,3),2THETA(I),¢MEGA(I), 
CHI(I) ,PHI(I) ,WAY¢(l~I) ,WAY¢(2,I) ,WAY¢(3,I). The last 
three quantities are cr(2S),cr(x),cr(~). cr(2S) and cr(x) are 
preset to 0.05 and 0.08 if not specified. cr(~) is set as 
follows ' 

0 cr(~)o _x_ 

0-55 0.02 
55-65 0.03 
60-65 0,04 
65-70 0.06 
70-75 0.08 
75-80 0.12 
80,-.85 0.20 
85-90 1.0 
90- 20.0 

Reflection data to refine cell constants, orientation angles, 
and/or machine zeroes by least squares. 150 reflections maximum. 
(20-29 independent reflections well~distributed in reciprocal 
space give good result.s.) Program will use observed settings 
for first three reflections to calculate initial cell constants 
and orientation angles so be sure first three reflections have 
indices that are linearly independent, 

Card 6 F¢RMAT(F4;0) 999 Termination indicator 

Card 7 F¢RMAT(l3Il) (~Y(I),I=l,l3) 

selection flags for refinement of a,b,c,cosa,cosS,co~:y, 

~s'xs,ws,wo,xo'~o' 28 o' 
· Here ~ · , x , w are the orientation angles defined in 

s s s 
International Tables, vol. 4, pp 280-281. 

KEY(I) = 1 parameter I is refined 
. = 0 parameter I is not refined 

Card 8 F¢RMAT(3F4.0,F9.2) .((H(I),I=l,3),¢MEGA) 

. h ,k,i list ·of reflections for which FMUDl will calculate and 
print setting angles. ¢MEGA is the offset (in degrees) from 
the bisecting position which the program will use in the 
setting angle calculation (usually ¢MEGA will be zero). 
Terminate with h=999. The list can be omitted entirely 
using 1 card with h=999. 

(end of input) 
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The following subroutine may be supplied by the user: 

SUBR~UTINE PATCH (A,~RT,ANGZER) 

This is used to get parameter restrictions into the least-squares refinement. 
For example, if material is cubic, we set 

A(2) = A(l) 
A(3) = A(l) 

and refine only A(l). 

A(6) are cell constants 

~RT(3) are orientation angles ~s' 

SUBR~UTINE PATCH (A, ~RT, ANGZER) 
DIMENSI~N A(6), ~RT(3), ANGZER(4) 

: : :: : } . instructions 

RETURN 
END 

X , and w s s 

A dummy routine is supplied. 

Output: 

Output has been condensed to 58 columns to fit a teletype, 
and.consists of the following: 

1. Siunmary of input information and reflection data (optional). 

2. Cell constants, U matrix and orientation angles initially 
determined from the first 3 reflections •. 

3. Cell constants, orientation angles and machine zeroes with 
-standard deviations after each cycle of least-squares 
refinement. 

4. Calculated setting angles at convergence for reflections 
used in the refinement,. and the differences from the original 
reflection data. · 6 = obs-calc. · 

5. Refined cell constants, orientation angles and U matrix; 
correlation matrix (optional). 

.. 
6. Settings for special list of reflections, if any. 
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NAME: FREDFUN Files 3 Time Short 

FL : 45K + MATRIX* 

This is a slight modification of Busing-Levy ¢RFFE with least
squares plane option. 

PR¢GRAM FREDTI~(F¢UR,INPUT,¢UTPUT,TAPE5?INPUT,TAPE6~UTPUT,TAPE12=F¢UR, 
TAPE19•TAPE12,TAPE16) 

* Sufficient field length :to accommodate.variance-covariance matrix 

= 
NV(NV + 1) 

2 

Minimum FL (45000) 8 

Maximum FL (45000) 8 + (37000)10 (156000) 8 



1··.·-~ 
I 

FREDFUN. Crystallographic function and error program. 

DATA INPUT FOR .FREDFUN 

1. FORMAT(12A6) Title. 

2. FORMAT(24I3) Control integers. 

1-J IC (1) Variance-covariance matrix wi 11 

0 not be used 
1 read from tape prepared by 'FLINUS n.rogram. 
2 read from ca~ds 

! 
I 
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'•-6 rC(2) N11mher of otrllctut"c pnr:unetora to be read from cards. 
H IC(2) "'0, l>llrmuctcr:l will uc read from tapa. 

7-9 IC(J) Cell parameter errors are 

0 not to be used 
1 read in the form of standard errors 
2 read in the form of a variance-covariance matrix 

10-12 IC(4) The number of symmetry cards to be read. .Maximum 48. .Minimum 0. 

13-15 IC(5) Order of variance-covariance macrix if read from cards. Zero. if 
read from tape 

16-18 Irrelevant 

l')-2L IC(7) Period of pos.ition paramet'-!rs in the parameter list if read 
from cards. 

22-24 IC(8) Position of first .position parameter in parameter list if read 
from cards. 

25-27 IC(9)·Period of temperature factor coefficients in parameter list if 
read. from c·al';'ds. 

28-30. IC (10) Posit ion of first temperature factor coefficient in parameter 
list. if read from cards. 

Jl-33 NF, number of fi 1es to be skipped on tape prepared by FJ'_,INUS (As of 1973 
t~is should always be 0 ). 

34-36 NT, number of translation cards to be read in. May be zero. 

37-39 IDR = 0. Direct cell constants will be read in . 

• 
IDR = 1. Reciprocal cell constanti will be read in. 

3. FORMAT(8F9.4) Atomic parameters if supplied on cards. In same FO&~T as for 
FLINUS Scale factor and overall temperature factor cards must be supplied even 
if blank. Also two cards for each at om as in FLINUS. 
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Thus the position parameters for atom I start with P(J) where J ziC(7)*(1-l) + IC(8). 

Thus the temperature factor coefficients for atom 1 start with 
P(K) where K = IC(9)*(I-l)+IC(l0) 

4. FORMAT(72I 1) Parameter select ion integers. As many cards as necessary 
provided only if the matrix is read from cards. Identifi~s those parameters 
which _are represented in the variance-covariance matrix. Punch 1 in 
column I if parameter I is represented. Otherwise O; 

5. FORMAT(6gl2.6) Varian~eaeovariance matrix if read from eardg, 

Card SA. 1-12 Scale factor by which whole matrix is multiplied by the 
program. 

Cards SB. N(N+l)/2 elements of variance-covariance matrix in order 

ll,l2, •.. ,1N,22,23, .•.. 2N,33, ... NN 

6. FORMAT (6F9.4) Cell parameters. A,B,C,C~S(o( ),COS(~),COS( !(\) if IDR = 0 
Reciprocal cell parameters in same order if IDR m 1. 

7. Cell parameter errors, if requested. 

If IC(3) =1, FORMAT(6F9.4) Standard deviations on the six cell pa·.:-ameters. 

If IC(3) = 2 FORMAT(8F9.4) Error matrix for cell parameters 

Card 7 A. 
Card 7B. 
Card 7C. 

~,AB,AC,AALPHA,ABETA,AGAMMA,BB,BC . .. . 
BALPHA,BBETA,BGAMMA,CC,CALPHA,CBETA,CGAMMA,ALPHAALPHA 
ALPHABET A ,ALPHAGAMMA, BETABETA, BETAGAMMA, GAMMAGAMMA 

Note that errors for di-rect ~ must be provided even if reciprocal cell 
.parameters are read in on previous card. 

8. Sytmnetry cards. FORMAT (3 (FiS.5 13I3)). _See write-up of LINUS for 
complete description. FORMAT is identical. 

9. Translation cards (Optional) 3Fl0.8. See SADIAN writeup for complete description. 

10. Instruction cards as indicated on the following page and as discussed in 
more detai·l in the Oak Ridge publication on ORXFE. (Publication Number 59-4-37) 

11. Blank card. ='=:·. 
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Instruction cards for functions. 

Molecule designation a lOOc + s 

' 

FREDFUN - Oct.:. 1975 
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Atom designation = 6 digit integer made up in ·the following way: 

1000 a + 100 c + s 
a is the number of the atom in the parameter list. 
s is the number of the symmetry transformation to be applied. May be zero. 
c defines the unit cell translations as follows. (!his t~~nslacion i~ 

app.lied after the aymmet~ transfo.rmation • .) 

NB If one wants +1 on any of the cell edges then it can be produced by 
- subtracting: 1 from "the other. atom". Sytmetry element number 0 is the 

identity transformation. It is always present (internal to the program) 
and need no.t be supplied. 

c 
X'r··· y" Z" 

0 xl y' z I 

1 x'-1 y' zl 
·2 xl y'-1 z I 

3 x 1 -l yl-1 z' 
4 x' y' z·'-1 
5 x'-1 yl z 1 -l 
6 xl y';..l z'-1 
7 x'-1 y' -1 z'-1 

The function designation is always in columns 1·3, e.g., Function 376 is punched 
376 in columns l.-3. 

FUNCTION 001. One interatomic distance . 

4-9 atomic"designation 1 
10-15 atom designation 2 

FUNC!ION 101 All distances less than dmax between atoms in two molecules 

4.-6 
7-9 

10-12 
. 13-15 
16-18 

Number of atoms in the parameter list 
Molecule. designation 1 · 
Blank · 
Molecule designation 2 (May be same as 1.) 
Integer lO*dmax in Angstroms. If left blank will be set to 4.0 A. 

FUNCTION 201 All distances less than dmax between all atoms in the basic 
·.molecule and all molecules formed by all combinations of 

c ·, s·, and t • 

4-6 Number of atoms in the parameter list. 
7-15 Blank 

16-18 10*dmax 

FUNC!ION 002 2 Angle defined by three at~ms 

4-9 Atom designation 1 
10·15 Atom designation 2 (vertex) 
16-21 Atom designation 3 

FUNCTION 102 

FUNCTION 202 

Calculate all angles between atoms within one molecule if 
short sides < dmax. 

Same as 102 for all molecules formed by all combinations of c, s, and t. 
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FUNCTION 003 Dihedr~1 angle between planes each defined by th~ee atoms. 

4-9, 10-15, 16-21 Atom designations for first plane 

22-27, .28-33, 34-39 Atom designations for second plane 

Note that if 10-15 and 16-21 are equal, angle is obtained between the 
second plane and the vector described by (4-9) ~(l0-15) 

FUNCTION 004 ·- -
4-9 ' 10-15 

16-21, 22-27 

Difference between two interatomic distances 

Atom designations for distance 1. 
Atom des.ignat ions for distance 2. 

FUNCTION 005 Difference between two angles, e&'h defined by three atoms 

4 - 9 , 1 0. l :; ' 16·- 2 1 
22-27, 18-33, 34-39 

atom designations for angle 1 
atom designations for angle 2 

FUNCTION 006 The sum of several angles, each defined by three atoms 

4-6 Number of angles to be summed. 
7-12, 13-18 19-24 Atom designations for angle 1 

25-30; 31-36, 37-42 Atom designations for angle 2 
etc. 

FUNCTION 007 RMS component of thermal motion along principal axis r 

4-9 Atom designation 
10-li r = 1,2, or 3 

.. 
FUNCTION 107 Same as 007 for each of the three vaiues of r 

4-9 Atom designation 

FUNCTION 207 Same as 107 for each atom of a given molecule 

4-6 number of atoms in parameter list 
7-9 molecule designation 

FUNCTION 008 Angle between principal axis r of atom 1 and a vector 
defined by atoms 2 and 3. 

4-9 Atom designation l 
10-12 r = 1,2, or 3 
13-18 Atom designation 2 
19-24 Atom designation 3 

FUNCTION 108 Same as function 008 for ea_Fh of the three values of r 

4-9 
10-12 
13-18 
19-24 

Atom designation l 
Blank 
Atom designation 2 

·Atom designation 3 

.. 

:?. 
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FIJNCT I ON 208 Same as 108 for each atom in a given molecule 

'• • (I 

7-'1 
10-12 
13-18 
19-24 

N11mhor of at omn ln pnrllmotor liot 
Mul~culo Jcalgnatlun 
Blank 
Atom designation 2 
Atom designation 3 
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FUNCTION 009 RMS component ~ :.:1ermal motion of atom along principal axis r 
projected on a vector defined by atoms 2 and 3 

Input same as 008. 

Same as 009 for each value of r· 

Input same as 108. 

FUNCTION 209 Same as 109 for all atoms in a given molecule. 

Input same as 208. 

FUNCTION 010 Angle between principal axis r of atom l and axis i of a 
Cartesian coordinate system. The latter is defined by 
atoms 2, 3, 4, and 5 as follows: Axis 1 is the vector 
(2,3). Axis 2 is (Axis l) X (4,5). Axis 3 is (Axis l) X (Axis 2). 

4-9 Atom designation l 
10-12 r = 1,2, or.3 
13-15 i = 1,2, or 3 
16-21 Atom designation 2 
22-27 Atom designation 3 
28-33 Atom designation 4 .. 
34-39 Atom designation 5 

FUNCTION 110 Same as function 010 for the nine .combinations of r and i. 

Input same as 010, but columns 10-15 blank. 

FUNCTION 210 Same as function 110, but for all atoms in a given molecule.· 

4-6 
7-9 

16-39 

Number of atoms in parameter list 
Molecule designation 
As in function 010 

.FUNCTION 011 RMS component of atom 1.- along principal axis r, projected on axis 
i of a Cartesian system defined by four atoms as in function 10. 
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RMS compont•rlt of l11<•rmal <llHplacement of atorn 1 in tho 
direction of a vector defined by atoms 2 and 3, 

4-9, 10-15, 16-21 atom designations 1, 2 and 3. 

FUNCTION 013 · RMS radial thermal displacement of an atom 

4-9 Atom designation 

FUNCTION 014 

4-9; 10-15 

FUNCTION 015 

4-9' 10-15 

FUNCTION 016 

Interatomic distance corrected for "riding". 
The second atom "rides"·on the first atom. 

atom designations 

Interatomic distance corrected for independent motion. 

atom designations 

Least squares plane (NB. FREDFUN will fail on three atom planes) 

4-6 Number of atoms 

7-12, 13-18, 19~24~ 25-30 etc. atom designations 

A maximum of twenty atoms can be handled with this function. If 
the matrix is input from tape, the p.rogram will. not handle atoms 
with no errors, i.e., certain special positions or unrefined, nor 
will it handle atoms related by symmetry, because there is complete 
correlation between parameters. Although 'errors on coefficients of 
p~ane are meaningless, the~~-of-sg~ares value printed out may be 
tested as chi-square with n-3 degrees of freedom. 

For atoms in special positions or related by symmetr~ the following 
option should be used: 

Following the designation of atom numbers for atoms which are to 
be included in the least squares plane, sufficient fields must be 
provided for a weight for each atom, that is, a three. column fi'eld for each 
atom. (I3 format)If !he field for the first atom is zero or blank, 
the atoms are weighted according to the information obtained from 
the least squares variance-covariance matrix input to ORFFE. If 
the· first field is not blank or zero then it. and subsequent fields 
contain the w~igh~ to be assigned to the successi~e atoms in the 
least squares determination of the plane; the variance ... covariance 
matrix from the l.east squares is completely ignored in this case. 
Thus, if one is considering ten atoms and wishes to find the plane 
through the first six atoms but only to determine the deviatio~s 
from the plane of the last four atoms, the fields for the weights 
should be 1111110000. If the weights are· to be determined from the 
least squares variance-covariance matrix the weight field should be 
zero for all atoms. Even in this case it is necessary to provide 
enough fields for weights to be assigned, using continuation cards 
if necessary. · 
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N.B. FOR ALL FUNCTIONS. Only the first 23 fields on a,card are to be 
considered part of an instruction. If a non-zero integer is punched 
in the 24th field (columns 70-72), the instruction ·is continued on 
the following· card. Up to 10 cards may be used if necessary. 

If there are constraints on the parameters, and if errors are to be 
computed properly, subroutines SETA and SETP must be provided. 

SUBROUTINE SETA(A), DIMENSION A(6), COMMON if required 
SUBROUTINE SETP (P) ,· DIMENSION P (890), C01-U10N if required 

Maximum number of Paramet~rs = 890 

(NV • (NV + 1) ) Maximum size of matrix (37000) 10 = 1 

Maximum number of parameters varied NV = 270 
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Brookhaven Crystallographic Computer Program 

Name: GENATM 

Core: 15 K8 

Time: < 58 sec 

PR~GRAM Gill~ATM(INPUT,~UTPUT,PUNCH,TAPE5=INPUT,TAPE6=~UTPUT,TAPE7=PUNCH) 

Purpose: This program was designed to determine new positions (atomic sites) 
given certain positions and geometric constraints. Its most common purpose 
is to predict hydrogen atom locations from a knowledge of the framework to 
which the hydrogen atoms are bonded. 

This program was written by R. Shiono of the University of Pittsburgh. 
It was installed at Bl~ by L. C. Andrews and G. J. B. Williams. 

Given a set of unit cell constants and a set of atomic coordinates, this 
program generates a new position with a given distance from an atom specified 
with various geometric conditions such as bond angles, torsional angles. The 
condition also includes the direction parallel to a specified vector or 
perpendicular to the specified plane. 

Once any position is generated, its coordinates wi~l be stored in the 
program and this new position may be used for any further generation of 
positions. 

Generation·options 

The following drawings illustrate the various options available in 
generating a new atomic position. 
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1) Title Card (20A4) 

Any alphanume~ic information on a card. The contents will be reproduced 
on the output. 

2) Unit Cell Constant Card (6F9.6) 

Cols .1-9 
10-18 
19-27 
28-36 
37-45 
46-54 

a in R units 
b in R units 
c in R units 
cosa or alpha in degrees 
cosS or beta in degrees 
cosy or gamma in degrees 

This is the standard format for the unit cell constants. 

3) Control Card (2I5) 

Cols 3-5 Number of atomic coordinates to be read. The maximum number 
allowed currently is 150, including those atoms to be generated. 

1Q 0 For the input coordinate cards, only the positional 
parameter cards are present. 

l The. temperature factor cards are interspersed and to be 
skipped by the program in reading. 

2 The estimated standard deviation cards are also present 
and to be skipped. 

4) Coordinate Cards (A4,A2,21X,3F9.6). 

This is the standard coordinate card format commonly used by many programs. 

Cols 1-6 

28-36 

37-45 

Any six Hollerith characters (or blank) for the identification. 

X (fractional COordinate) 

y 

46-54 z 

The temperature factor and the estimated standard deviations cards may 
follow the positional parameter cards as in the Structure Factor program. 

5) Specification Cards (5I5,3F10.3,4X,A4,A2) 

Cols 4-5 This column specifies the option to be used.to generate .a new 
atomic position or two. 

0 (blank) Place an atom in the direction of a line making 
three equal obtuse angles to the three intersecting lines 
at the apex. In Fig. 1, thus choose the direction with 
~P1 = ~P2 = ~P3. 
This requires four atomic specifications, i, j, k, and 2. 
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13-15 

18-20 

23-25 

26-35 
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1 Place an atom in the direction of a line coplanar with two 
intersecting lines, making equal angles to .each. In Fig. 2, 
~1 = ~2. 

The next three options generate two atomic positions (see Fig. 3). 

2 Place an atom in two directions making equal angles to the two 
lines intersecting at the apex. Two positions are symmetrically 
located on the b.isecting plane of the angle formed by the two 
lines. 
In this option, specify the angle ~ and the program generates 
the positions to have ~ = ~ 1 = ~2 = ~3 = ~4. 

3 Same as above except the angle to be specified is w 

~1 = ~2 = ~3 = ~4 
4 Same as 2 above, except the program chooses the positions 

to make all five angles equal. No angle specification is 
necessary. 

~1 = ~2 = ~3 = ~4 = w 

5 Place an·atom in the direction of specified bond angle and 
in the plane having the specified torsional angle. 
Note that this option generates the bond from kth atom. 
The definition of the sign of torsional angle follows the 
convention, that is, a positive angle for the clockwise 
rotation of the plane looking down j - k. (Fig. 4). 

6 Place ~atom on the direction of a line parallel to the 
vector jk. In Fig. 5, atoms i and j may be the same atom, 
which is the case in Fig~ 5'. 

7 Place an atom on the directio~of a J:ine parallel to the 
n~al o~a plane defined by jk and jt in the expression 
(jk) x (jt) (Fig. 6). 

10 Calculate the angle between two directed lines formed by 
atoms i,j and k,t 

__:.. ~ 

ij, kt (distance and angle only) 

Specify the ith atom. The atom i is the apex of the angle 
and the starting positi?n of the new bond except inthe option 

Specify the jth atom 

Specify the kth atom 

Specify the tth atom. This is used only in the option o. 
Desired distance from the apex atom i to the generated 
position(s) in R units. For option 5 (torsion angle), the 
distance is from k. 

5. 
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36-45 Angle to be.formed between the generated bond and one of 
the given bond. 
This is required in options 2, 3 and 5. 

46-55 Torsional angle with a sign for option 5. 

60-65 If some identification is required on the generated coordinate 
card(s), up to six alphanumeric characters may be punched here. 
They will be reproduced on the output cards. 
The field may be left blank. 

All generated atomic positions are stored in sequence following the 
original atoms read in. Therefore any newly generated position may 
be used as the basis of further generation. As many specifications 
as necessary may be used until the generated positions fill up the 
assigned dimension of the atomic ar:ray (currently 150). 

a) Printer 

The following information will be printed: 

1) Option 0 

Distances:. ij, ik, H. 

·Angles: 

Fractional coordinate for atom p. 

2) Option 1 

Distances: ij , ik, ip 

Angles: LJik, L_jip, LkiP 

Fractional coordinate for atom p. 

31 Options 2, 3 and 4 

Distances: ij, ik 

Distance: ip 

Angle: L_jik 

Angles: L:Jip, L_kip 

Fractional coordinate fo·r ·atom p. 

Distance: iq Angles : . L_jiq, L kiq 

Fractional coordinate for atom q. 

Angle: L,Piq 

4) Option 5 

Distances: ij, jk, kp Angles: Lijk, Ljkp Torsion angle ijkp 

Fractional coordinate for atom p. 
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5) Option 6 \ --Distances: . jk, ip 

Fractional coordinate for atom p. 

6) Option 7 

Distances: jk, ji, ip 

Fractional coordinate for atom p. 

7) Option 10 

Distances: ij, kr ----"' ----"' 
Angle: ij•ki 

b) Card Output 

For each atomic position generated, a card will be.punched in the 
standard coordinate card format of the Structure Factor, Least-squares 
programs. 

F!ilRMAT(A4,A2,21X,3F9.6) 

Cols. 1-6 Any alphanumeric characters punched on columns 60-65 of 
the Specification Card will be copied here. 

28-36 X fractional coordinate 

37-45 y 

46-54 z 

Note for ·QEtions z· 
I 3i and 4: 

When the program generates two atomic positions with one of those 
options, the atbmS are generated in the followi·ng order in terms of 
the torsional angle. · 

First atom p: Torsion angle j-i-k-p (+) 
j-k-i-p (-) 

k ./p 
--i----
./~ 
J q 

Second atom q: Torsion angle j-i-k-q (-) 
j-k-i-q (+) 



Title Card 
Unit Cell Constant Card 
Control Card 
Specification Cards (as many as necessary) 

·composition of·the Program 

. 1) Main Program 

2) Subroutines 

AGCI/}S , C~SAG, DIFV, MATV, MV, NRDIR, VV 

GENATM November 1975 
Author: .R. Shiono 
Corrections: L. C. Andrews 

G.J.B.Williams 
Page 7 of 7 



HERM - November, 1975 
Author: J. Hermans 

Brookhaven Crystallographic Computer Program 

PR¢GRAM HERM(INPUT,¢UTPUT,TAPE5=INPUT,TAPE6=¢UTPUT,TAPE7,TAPE8) 



I 
I 

MODEL BUILDING AND ENERGY MINIMIZATION OF PROTEiNS 

MDnual for using the system 

REFINE2 

Built by: J. Hermans, D. Ferro, J.E. McQueen and Shirley Wei 
Department of Biochemistry 

JUNE 1975 

University of North Carolina 
. Chapel Hill, N. C •. 27514 

Dr. Jan Hermans 
Departmen·t of Biochemistry 
School of Medicine 
University of North Carolina 

. Chapel Hill, N. C. 27514 

telephone: (919) 966-4644 

I 



1.1. 
1.2. 
1. 3. 
1. 4. 
1.5. 
1.6. 
1. 7. 
1. 8. 
1.9. 
1.10. 

2.1. 
2.2. 
2.3. 
2. 4 .. 
2.5. 
2.6. 
2.7. 
2.8. 
2. 9 •. 
2.10. 

3 .1. 
3.2. 
3.3. 
3.4. 

3.5. 

3.6. 
3.7. 
3.8. 
3.9. 
3 .10. 
3.11. 
3.12. 

TABLE OF CONTENTS 

References 

Part 1: MODEL BUILDING 

Principle o.f the program 
Molecular description: tree list and dictionary 
Ring structures 
Pit stop for new users 
Input molecular listing 
Pit stop for use with a new set of data or new problem 
Cycle control 
Ring closure, margins and flexible zone 
Error messages 
Storage requirements 

Part 2: ADDITIONAL INSTRUCTIONS FOR ENERGY MINIMIZATION 

The calculated function for each atom 
Instinsic barriers 
Non bonded energy 
Neighbor table 
Hydrogen bonds 
Non bonded cutoff 
Group table 
Cubing 
Crystal lattice 
Storage 

Part 3: SEQUENTIAL LISTING OF INPUT DATA AND OPTIONS 

I/0 file numbers, test flag 
Objective, title 
Error code, two print codes 
a. Selection or exclusion of residues from dictionary 
b. Dictionary 
Building the tree list matrix 
a. Ad.ditional dictionary members (option) 
b. Renumbering (option) 
c. Sequence from residue names 
d. Modification by insertion 
e. Chain termination 
f. Modification by replacement 
g. Solvent 
h. · Termination. 
Pit stop to test tree list matrix 
Parameters for hydrogen bonding 
Parameters for barriers to internal rotation 
Items needed to read input molecular listing 
Molecular listing 
Calculation of missing coordinates 
Slaves and masters 

i 

1 

2 
2 
5 
5 
6 
6 
6 
7 
7 
8 

9 
9 

10 
10 
10 
11 
11 
12 
12 
13 

14 
14 
14 
15 
15 
15 
15 
16 
16 

. 16 
19 
19 
19 
19 
19 
19 
20 
20 
21 
21 
21 



,.-· 

• 

TABLE OF CONTENTS (cont'd) 

3.13. Pit stop to test the input conformation 22 
3.l4i Flexible zone 22 
3.15. Generate surrounding molecules via symmetry operations 23 
3.16. Cycle control, program termination, weights, intermediate printout 24 
3.17. Final output 24 

4.1. 
4.2. 
4.3. 
4.4. 

Part 4: PROGRAM STRUCTURE, ERROR MESSAGES, BLOCK DATA 

Program structure 
List of error messages 
Block data 
Saving additional input data for later output 

Part 5: IMPLEMENTATION DEi:'ENDENT FORTRAN STATEMENTS 

FIGURES 

Figure 1 
Figure 2a 
Figure 2b 
Figure' 2c · 
Figure 3 
Figure 4 
Figure 5 
Figure 6 

APPENDIX: Sample iisting (input and output) 

ii 

25 
25 
27 
28 

29 

31 
31 
32 
33 
33 
32 
34 
35 



'. 
1 

References 

1. J. Hermans and J •. E. McQueen, Computer manipulation of (macro)molecules 
with the method of local change, Acta Cryst. Vol. A, 30, 730-739 (1974). 

2. J. Hermans and D. Ferro, Representation of a protein molecule as a tre.e 
and application to modular computer programs which calculate and modufy 
atomic coordinates, Biopolyme~s 10, 1121-1138 (1971). 

3. L. Katz and C. Levinthal, Interactive computer graphics and representa
tion of complex biological structures, Ann. Rev. Biophys. Bioeng. 1, 465-
504 (1972). 

4. D. Poland and H. A. Scher.aga, Energy parameters in polypeptides. I. Charge 
distributions and the hydrogen bond, Biochemistry i, 3791-3800 (1967). 

5. J. Hermans; D. R. Ferro, J. E. McQueen and S. C. Wei, Use of energy calcu
lations to refine and understand structure and function of proteins, 
Symposium on Environmental Effects on Structure and Properties, Jerusalem, 
April 1975, to be·published. 

( 



2 

Part 1: MODEL BUILDING 

1.1. Principle of· the program. This program changes a given set of coordinates 
of a protein to obtain an approximately idealized structure. To do this, 
the program calculates the follawina function for each atom: 

Fltr a! E [(&-1o~2 + (6-6~)2 +~(~-po)2] 
Where 1 is a bondlength, e a bondangle and p a dihedral angle. The sub
scripts o indicate the ideal values, and the sum is taken over those fixed 
parameters which are affected by the position of the atom being considered. 
Only those parameters are used which belong to a set necessary and suffi
cient to define the structure. ~or example, the position of CA of a VAL 
affects the following parameters: 

distance 

angles 

dihedrals 

to N, · C and CB 

C-N-CA, N-CA-CB, N-CA-C, CA-CB-CGl, CA-CB-CG2, 
-CA-C-N, CA-C-0 

CA-c-N-cA, CA-C(-N ,-0 ) , N-CA (-CB,-C), CA-CB
(-CGl, -CG2), CA-C-N-CA 

The dihedrals N-CA-C-N, C-N-CA-C and N-CA-CB-CGl do belong in the necessary 
and sufficient set, but are not fixed, and are therefore not considered, and 
e.g. the bondangle CB-CA-C is not a part of our minimally sufficient set. 
In addition to the function r1c·r, the program calculates· the function F t 

~t--·. f 't'-(X~X0)~. 
Where X is the position of the atom, X0 a target position (here the given 
starting coordinatea). The prograa attempts-to minimize the function 

G • wt • rt + "ttr -;-·rltr. 

To this end, the first and second. derivatives of G (£1. and G2) with respect 
to the x,y,z components of the coordinates of the atom are calculated, .and 
the coordinates then chanaed by~' so that, in matrix form, 

~ x A ·;;,-~ -§.t 

i· e. , to approximate a pew position where G1 = 0. This is done for each _ 
atom, and the process is repeated more than once for all -the atoms. After 
running through all atoms,· the ratio Wt/Wltr should be changed, in order to 
get a fairly smooth transition from one structure to another. 

1. 2. Molecular description: tree list and dictionary. In order to find those 
bondlengths, angles and dihedrals which are involved for any given atom, 
the program needii for each atom a list of items, called the tree list ma-trix -
(cf. Hermans and Perro, reference 2). The items are, in order, backchain, 
one forward chain, key for dihedral ~, key for dictionary kd; ~ is zero 
or negative if the dihedral is frozen; if positive, its value is used as a 
pointer when doing energy minimization• kd points to a table of ideal values. 
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The ordering of the atoms and the chaining scheme are subject to 
requirements approximately as suggested in reference 1. Only a single 
forward chain is given and for that reason the connectedness of hydrogen 
atoms is usually not known via the forward chain with the heavier atom to 
which they are bonded but only via their own backchain. The ordering must 
satisfy the following requirements. (1) Every atom must be backchained to 
an atom occuring earlier in the list. (2) For any atom, the forward chain 

· listed in the tree list must be the atom of highest number bonded to the 
atom. This atom is then also the fo.urth atom for defining the dihedral for 
the preceding bond, cf. Figure 2, case I. (3) A hydrogen atom is not given 
as the forward chain unless hydrogens are the only atoms attacked. With 
rule 2, this must then be. the last listed of the attached hydrogens. 

The first atom of the list carries a backchain of zero or smaller, 
which indicates the 'root'. If the list covers more than one molecule 
(e.g. Ribonuclease-S), each piece starts with an atom with backchain less 
than 1. It is unfortuilately necessary that all starting atoms have a true 
degree of exactly 1 (or 0 if this is an isolated atom, e.g. a water molecule 
without hydrogens). I.e. only a single atom may be backchained to any 
starting atom. 

The dictionary and the tree are created by subroutine TREBIL, on the 
basis of an input dictionary (TREBIL can· drop the hydrogens from the 
standard input dictionary). The dictionary is usually a member of a parti
tioned data set. Notice how the dictionary is divided in residues. Extra 
residues in exactly this form may be given in the same input stream as the 
sequence (useful if input dictionary and sequence are not in the same stream). 

Connection between residues is obtained by specifying (exactly) one 
backchain smaller than 1 and (exactly) one forward 
of atoms in the residue. The exact value of ~hese 
immaterial. The chains as given in the dictionary 
first atom of the residue. 

chain larger than the # 
unsatisfied chains is 

are calculated w.r.t. the 

Bondangles and dihedrals must be in degrees. The cis conformation is 
given by a dihedral of zero. B.ondangles must be 0<6<18o:- (Consult the 
current protein dictionary for guidance in building additional entries, or 
a dictionary for other types of macromolecules.) 

Each ideal value is listed with the highest numbered of the atoms which 
determines. it. I.e. bondlength holds for atom and its backchain, bondangle 
for atom, backchain and double backchain •. Dihedral for atom and three 
backchains. Notice that the indication of a variable dihedral (kp) occurs 
at the higher numbered atom of the two on either side of the bond, i.e~ 
with the atom where the value would be listed if the dihedral were fixed. 
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Table I. Use of the Treelist Matrix 

TREE(l) = See section 2.9. 

TREE(2) = backchain. Must be less than atom #. Value of zero or lower 
indicates the start of a new chain. 

TREE(3) ::. highest forward chain. No atom with higher number is backchained 
to this atom. Value of zero indicates that no atoms are back
chained to this atom. 

· TREE(4) = movability. +1 = movable, 0 = not movable. By subtracting 10 
from these two values we indicate slaves of movable or nonmovable 
atoms (-9 or -10), 

TREE(5) = key for dihedral. Value of 0 indicates that the dihedral is 
frozen. Positive value is a pointer to array VRO containing 
barrier , multiplicity and origin. 

TREE(6) = key .to dictionary of ideal values, atomname (and force constants · 
in .version 3). 
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The rules of the preceding par. do not cover one case, namely the 
definition and use of the dihedral angle at a fork, cf. Figure 1, case II. 
As said, the dictionary value of p for the atom (*) in case I is used to 
obtain the correct dihedral for the bond (.2-b) if this bond is not freely 
twistable. If it is twistable, as indicated by a positive k for atom (b), 
then the value of p is unimportant, except that it may be usgd to calculate 
starting coordinates for atom (*) if these had not been provided. Atom(*) 
is the highest forward chain of atom (b) and is li.sted as such with atom 
(b). Any other forward chain of atom (b), such as (+) is found by virtue 
of its being backchained to atom (b). The value of the dihedral listed 
with atom (+) indicates by how much atom (+) is out of the plane (l,b,*) 
by rotation abou~ bond (1-b). 

It is an advantage of the.use of dihedrals of type II that differences 
of handedness~ such as between an L- and D-residue are handled effectively, 
whereas no distinction is made between enantiomorphs when no use is made of 
type II dihedrals and all the bondangles are idealized, although by do,ing 
this one may still obtain a precise conformation. It is an annoying con
sequence of this very advantage that i.t becomes essential that names and 
coordinates of atoms CGl and CG2 in valine correspond. In many sets of 
protein coordinates there is no systematic correspondence of this kind. 

An L- and aD-residue differ only.in a single dictionary element. 
Simultaneous use of D- and L~residues of the same chemistry requires two 
entire building blocks in the input dictionary, but only one new atom would 
be created in the used dictionary (DICT2). However, with use of the CHANge 
option (cf. 3.5.f) the need for additional entire building blocks can be 
avoided. 

1. 3. Ring structures. Ring struc.tures in general~' and, if one so wishes, 
flat ones may be treated by using the correct chains everywhere. Because 
of the rules governing forward and backchains, the conforuatiqn of the ring 
near the closure will not be. ideally maintained, since the closing connec
tion is not known to most parts of the program. One obtains ring closure 
by having several additional, dummy or slave atoms, which have the coordi
nates of real atoms on one side of the closing connection, but are logically 
connected to the atoms on the other side of the closing connection. 

The dictionary of December 1974 distributed with the program uses only 
a single dummy atom to define a closing bond for each ring, and the bond is 
known only to one of the atoms on each side of the closing bond. For 
precise work, ~least three dummy atoms must be given on each side. of the 
bond. For example, for proline, one may use the building block of Figure 
2a and b. This structure also has the merit of providing flexibility to the 
ring, by virtue of the nonzero values of k for the side-chain. A less 
flexible preset ring geometry obtains if tgese k are set to zero, and 
appropriate fixed dihedrals given in the last co~umn. Extended dictionary 
entries for proline and phenylalanine are given in Figure 2b and c. A 
similar entry for tryptophan contains 44 atoms, of which 20 are dummies. 

1.4. Pit stop for new users. Try building a tree of your choice with your 
sequence by specifying STOP on the card read following the sequence (cf. 3.6). 



1.5. Input molecular listing. A variety of input formats is acceptable. 
Identification of atoms is by atomname and residue name or residue number. 
Also, the coordinates may be scaled (to get A from fractions) and atom and 
residue names may be translated if they are not as in the standard dictidn
ary. 

System a. Two types of cards: 

i. residue name, # atoms, code 
i.i. (several) atom name, coordinates 

.Residue card is distinguished from the atom cards by a unique code. This 
format is available as so-called elegant output. 

System b. i. coordinates, atom name, residue name (atom-plus-residue) 

ii. Coordinates, atom name, blank (atom, only) 

(cf. Diamond) 

System c. Atom name, residue number, coordinates on all cards 

(cf. X~ray system) 

.1.6. Pit stop for use with a new set of data or new problem •. Specify GOON at 
input 3.6 and LTHR at input 3.13 and yon will get tree plus eoordinat~s, 
also a listing of all bondlengths, angles and dihedrals, and ideal values. 
This is an important check on the input, for. example possible exchange of 
CG and OG in THR, CGl and CG2 in ILE and VAL, and punching errors. 

1. 7. Cycle control. For the sake of efficient program execution, the refinement 
is divided into blocks of cycles over all the atoms (subroutine CNTRL). 
Control cards can be used to specify if in~ermediate output is wanted, and 

. to specify the number of cycles-and starting and ending weights for the 
five· types of terms. The weights change exponentially from the starting to 
the final values. In energy refinement, each call of CNTRL causes the 
calculation o·f a table of nonbonded contacts •. 
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l·a· Ring closure, margins and flexible zone. As mentioned, ring closure may 
be obtained by specification of dummy atoms, which are connected to one . 
part of the molecule, but which are 'slaves' of 'master' atoms in another 
part of the molecule. A slave always has the same coordinates as the mas
ters, and moves only if its master moves. An atom which is its own master 
and slave never moves. An atom which is a slave is not included in non
bonded interactions, except when it is its own master-slave. 

· A single flexible zone of contiguous residues may be selected. The 
real atoms outside this zone wilf behave as master-slave atoms within the 
flexible zone. 

1.9. Error messages. Many .errors are flagged in a unified manner. These are by 
and large those errors which the user can correct by changing his input. 
The format of the messages is:. 



1. 9· (cant' d) 

WARNING 
ERROR 

8 

{sEVERE ERROR} OF TYPE 
"FATAL ERROR 

routine, identification~ item (fixed), item (float), 

[item(char.) 

The ~ item is printed three times with, respectively, I, E and A format. 
The severity of the error is from 1 through 4, in agreement with the 
message. Fatal error (4) will cause immediate termination of execution. 
With severity 2 or 3, execution continues, but later cancellation may occur 
in case the error code specified as input 3.3(1) is not 'GOON'. 

1.10. Storage requirements. The block data subprogram sets the required dimen
sions. Linkedit the block data subprogram first, ·then the other modules 
in any order. The size of the dimensions always should be equal to the 
.starting values of integers which may be reset down (but not up) by the 
program if storage exceeded requirement. The _automatic preparation of con
sistent block data subprograms is described in section 4.3. 
· ·rn-tej."er ··- . ~. ····-- .. . ---·-- ····--·-··- As_!ociated .!.r..!.ais --···-----

NRES (II of residues in molecule) SEQ (2 ,NRES+l) 

NAT (II of atoms in molecule) X(3,NAT), X1 O,NAT)' TREE (6,NAT) 

NMAS (II of master atoms) MASTER (2 ,NMAS+l) 

NSLAV (II of slave atoms) "SLAVE ("2 ,NSLAV) 

NADC (II of atoms in: used dictionary) DICT2 ·(4 ,NADC)" 

NBB (# of building blocks) RESNAm;,:. (NB&) ·. 

The subroutines must be recompiled if NBB exceeds 30. The standard 
dictionary provides 22 residues. If NBB > 30, the arrays KEYBB and NATBB, 
of length NBB+l and NBB must be changed in subroutine. TREBIL. The 
storage for the dictionary is later used for the· coordinates. If the 
number of atoms in the dictionary, NAD>(6*NAT-62)/5 , then one must give 
the· array X· (but not Xl or TREE) larger dimens;lons of (3,(5*NAD+62. )/6),. and 
"initialize MAD accordingly. ·Otherwise, NAD must be initialized to zero. 
(For CDC replace 6 by 3 in the above expressions) 

Entries in the dictionary with the same atomname, bondlength, angle 
and dihedral are combined. The used dictionary (DICT2) is therefore 
shorter than the input ·dictionary. The hydrogen atoms may be removed from 
the dictionary by specifying NOHY under input 3~ 2. i. 

If the above listed arrays are given, the item MODE may be initialized 
/4HMODL/. Among these arrays, only Xl is optional. If Xl is omitted, MODE 
must not be initialized to /4HMODL/ or to /4HBOTH/and may only be given the 
value-r4HENER/. Other arrays must then be included, cf. Section 2.10. 

If either MODL or NOHY is specified, then certain subroutines are 
never called and need not be loaded. These are: 

SETLAT, SETABHB, SETBAR, NAYBOR and RFENER. 

----···--~-
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Part 2: ADDITIONAL INSTRUCTIONS FOR ENERGY MINIMIZATION 

2.1. The calculated function for each atom is 

F1 ~ K1 ~ ~(!j-10 )2 + Ke ~ ~(ej-60 )2 + Kp E ~(pj-p 0 )2 

+~ ~ (-Aij/rijG + Bij/rij 12 + Cij/rij) + Kd; ~Eb{l-cos n(~j -~0 )} 

These are the energy contributions for deformation of.(a) bondlengths, 
(b) bondangles, (c) fixed dihedrals, (d) nonbonded energy and (e) torsional 
potential. The first 3 terms are also used when model building, the last 
two only when energy minimizing. (The calculation of the 4th term is done 
in a new subroutine RFENER, that of the last is done by an extension of the 
subroutine RFIDEAL used also to calculate the first 3 terms.) Each group 
of terms is weighted according to the weights K1 through Kd. At the end of 
the refinement, these should be given values to make Fi the energy of the 
interactions of the atom i with its surroundings. In this version of the 
program, all bondangles as a group therefore have the same force constant, 
as do the bondlengths and the fixed dihedrals. 

If the coefficients A, B, C and Eb have been given values to let the 
unweighted 4th and 5th terms come out in kcal/mole, then we suggest values 
of the weights of (300, 30, 15, 1 and 1). However, as with the model 

. building .it is advantageous to let the weights have different ratios at 
earlier stages of the refinement. Thus if one starts from a conformation 
which has been model-built, then one should give terms 4 and 5 relatively 
high weights in the beginning, and let these come down gradually. And it 
will be advan~ageous to let the weight for the bondlength deformation (term 
1) be relatively small at some stage.·. 

The prog.ram still works with a minimum set of geometric constraints, 
the same set used by the model building program. One advantage of this is 
that one program and one dictionary can be used for both purposes. A 
disadvantage is that if noticeable (usually local) strain in bondangles and 
dihedrals occurs, then this strain will not be distributed correctly. We 
have developed another version of REFINE·· with which the local strain is 
distributed more correctly over the structure, and which allows t:he use of 
a different force constant for each different type of bondlength, bond
angle and fixed dihedral. Any journal articles in which we report results 
of energy minimization will describe results obtained with that program. 

2.2. Intrinsic barriers. These are calculated according to 

Eb is the barrier to rotation; n the number of minima of the potential and 
~ 0 a position of minimum (~ zero) energy. The values of Eb, n and ~0 are 
read in routine SETBAR, together with a key, which will be the index of 
this vector in the array BARR. The key, k~, used to retrieve the items in 
the course of the calculation is the fifth item of the treelist matrix, 
which is set equal to the sixth item in the input dictionary. Zero value 
of k~ indicates that there is no term to be considered. Each barrier is 
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2.3. 

taken into account only for any four atoms in the following set: atom i, 
its backchain, its double backchain, and its main forward chain, which is 
always the last of the forward chains given in the tree list matrix. The 
pertinent k$ is listed with atom i, and the twistable bond is, of course, 
the bond between i and its backchain. 

Non bonded energy. The first two dictionary values are the square roots of 
Aii and Bii: ~i and Bii are in kcal/mole•A6 and kcal/mole•A12 • The third 
is the partial charge. These three parameters are 
read by subroutine TREBIL into array VDW, which is parallel to the array 
DICT2 which contains atom name and the three ideal geometric parameters. 
~· is obtained as ~~i·IAji' etc. The charges, C, are to be given as 
fr~ctions of the charge of che proton. The 'dielectric constant', DC, 
initialized in the bl~ck data subprogram converts CiCj/r with the C's in 
these units and r in A, to kcal/mole. 

2.4. Neighbor table. The neighbor table is calculated in subroutine NAYBOR. 
This calculation is made efficient by using Katz & Levinthal's method of 
'cubing' (cf. Section. 2.6.). Three additional common blocks are required. 
Two of these are workspace used only in NAYBOR (BXVC and IBLKAD). TABLE 
contains the list of neighbors; if the list is very long, it is written onto 
a disk file. In that case the block TABLE is used to contain 
a part of the list. Since new contents of TABLE will be read a number of 
times during each cycle over the atoms, its length should be chosen for 
economical input from disk. A value of 6515 x 2 bytes is currently just 
right for one track. For a small molecule, the length could be decreased, 
and for a moleculP. which b just a little too big, the length should be 
increased, since n9 disk in- or output is done i.f block TABLE is never 
fill~d. * 

The entries in TABLE have the following format. For each atom: a 
positive integer is the number of a nonbonded neighbor of that atom. A 
negative number is to beconverted to its absolute value, and signifies a 
hydrogen bonded neighbor. The positive number following a negative entry 
is a key to retrieve from a separate array the constants Aij and Bij to be 
used. An entry equal to the number of the current central atom signifies 
the end of the nonbonded neighbors for this atom. A zero entry is an error. 

Atoms further removed than a certain distance are not considered to be 
nonbonded neighbors. The cutoff distance is the square root of the item 
RL2, set in the block data subprogram. 

2.5. Hydrogen bonds. We use the method of Poland & Scheraga (reference 4) which 
assigns different A11 and B11 to hydrogen bonded atoms. We use twp new 
arrays: ABHB, conta1ning th~se A's and B's, and KEYH, a key indicating 
what H-bonding, if any, is possible, for each atom type. I.e. KEYH is also 

* On a machine with 'extended' core the entire ne·ighbor table might be in 
that part of the core storage, even when the molecule is large. 
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parallel to DICT2. These arrays are set in subroutine SETABHB. The ~ey is posi
tive for a hydrogen and negative for an acceptor atom, zero for non hydrogen 
bonding atoms. The two keys are combined as follows to obtain the index to 
retrieve A and B from the array ABHB: 

index= -keyhacc + nacc·(keyhdon -1) 

where nacc is the total number of acceptor types. 

A hydrogen bond is considered to be present if, in addition to the 
types being donor and acceptor, the distance between the donor and acceptor 
is less than the square root of the value specified by RL2HO, and if the 
cosine of the angle made by the bonds leading to the two atoms is greater 
than the value specified for COSMX. This test on the angle made by the 
bonds does not distinguish between carbonyl and OH oxygens, although it 
probably should. The test is omitted if either of the bonds is undefined. 

2.6. Non bonded cutoff. Since we work with a table of neighbors, there is no 
problem of a non bonded cutoff creating discontinuities during the calcula
tion. Of course, there may be a small discontinuity when the table is 
recreated, but we do not believe that this is a serious problem. 

However, a cutoff on distance alone is not satisfactory, because one 
now often excludes a portion of a dipole from the neighbors. The effect of 
this can be quite severe. One must take care to have the neighbor table 
represent an electrically neutral environment for each atom (although this 
may not be possible if there are charged groups in the molecule and counter
ions in the solvent). 

We also require reciprocity of interaction; for example, a bond or a 
non bonded contact between atoms i and j is to be taken into account at 
both atoms i and j. 

A result of the two requirements is a more complex calculation of the 
neighbor table. In our current version, electrically neutral groups of 
bonded atoms are permanently identified. If any atom in one group (I) 
interacts with any atom of another similar group (J), then all the atoms of 
group J are included in the list of neighbors of any atom belonging to 
group I, and vice versa. 

2.7. Group table. In each dictionary building block, the atoms are appointed to 
neutral groups (i.e. groups for which rei ,;. 0). 

a. Actual groups should have any positive number at the first atom of the 
group in the listing. 

b. A negative number indicates that this atom is not part of a group, and 
this should be used for any neutral atom. 

c. ~indicates that this atom should be given the same group number as 
the atom to which it is backchained. Notice again: any time a positive 
group number occurs, a new group· is created. The first atom of a 



2. 7. (cont'd) 12 

residue (and any number of atoms backchained to it) may be made part of 
a group started in the preceding residue, by giving zero for the group 
number of this (these) atom(s). 

A table of groups is created by TREBIL, and a complementary table of 
atomnumbers ordered by groups (and an associated vector of keys) is also 
set up (array GRP in block TABLE). These arrays are used only in subroutine 
NAYBOR. 

2.8. Cubing. This is done exactly as described by Katz & Levinthal (reference 
3). We use cubes with an edge of 2 A, giving 3 boxes on the cutoff distance 
of 6! used by us (cf. items NBRAD and RL2 set in block data subrpogram). 
The number of boxes required is, of course, a function of the size and 
shape of the molecule• The program will halt with a message if more boxes 
were required than space had been given for. 

2.9. Cry~:~tal lattice. If thiS is asked, the program will generate symmetry 
related surroundings of the central molecule. The atoms within a 4 A 
distance of the (moving portion of the) central molecule will be selected 

· and placed in a pseudo residue named LATT at the end of the molecular list
ing. Every time a central atom moves, its symmetry related copies will move 
also; this is not unlike the behavior of slave atoms. The surrounding atoms. 
are not bonded to other atoms (backchain is zero for all of them), and can 
only participate in nonbonded interactions. 

When generating ~he lattice, one must specify for a number of symmetry 
related molecules the symmetry matrix and the translation. The new coordi
nates ~' are obtained from the matrix!'!' the old coordinates ~and the trans
lation t, with 

. IW\ . 3 

x'j =i~l ~jxi + tj 

(The matrix is read in as Mu_, M21, M31, M12, ; ·;, M33 ·) 

The calculation of .the first and second derivatives of the nonbonded 
energy with respect to the coordinates of any atom is different when the 
two. atoms are a symmetry related pair, unless the.symmetry operation is the 
identity matrix, i.e. this particuiar copy was obtained as a result of a 
simple shift of the central molecule. (Because we use a cutoff distance, 
screw axes in large unit cells do not lead to s1.1ch pairs.)· 

. . 

This feature makes use of the first column of the tree list matrix, 
which contains a pointer to the next symmetry related atom. (Zero indicates 
there are no (further) symmetry related atoms.) For the surrounding atoms, 
the columns in the treelist have the following meaning: 

(1) pointer to next higher atom with same master 
(2) backcha:!n· ( .. 0) 
(3) index of the surrounding molecule to which this atom belongs 
(4) movability (3 1) 
(5) number of the master atom 
(6) key to dictionary 

These atoms also belong to groups, and the array GRP must be made large 
accordingly. 
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2.10 Storage. (cf. Sections 1.10 and 4. 3) The following additional blocks are 
required if the nonbonded energy is to be calculated. Both the 'variable' 
dimensions and the initial values of corresponding integers are set in the 
block data subprogram. 

block array 

/TABU./ AREAl (LREC) halfword 

/BXVC/ BXVC (NAT) halfword 

/IBLKAD/ KEYBOX (NBX+2) halfword 

/ECON/ EPARM (3,NADC) fullword 

/HBOND/ ABHB (2;25) fullword, 
KEYH (NADC) halfword 

/GROUP/ GRP (2,NATGR) halfword 

Some of the items were defined in Section 1.10. LREC may be chosen equal 
to (one half) the track size on disk if the neighbor table is to be written 
on that medium. NBX =number of cubes; NATGR = (number of atoms in groups+ 
number of groups + 2) .2!. (number of atoms) whichever of the two is greater. 

If a larger array ABHB is needed, then subroutines NAYBOR, SETABHB and 
RFENER must be recompiled. 

~· !......-- -·· ··-· •••• ---- .---.---

The size of the array /VRO/ BARR (3,20) is determined when compiling 
subroutine SETBAR. 

The dimensions of array /XZ/ Xl (3,NAT) can be given as (3,1) ~hen 
doing energy minimizations. In that case, MODE must be initialized to 
I 4HENER/; ·.notice the initialization of Xl (3, 1). If all the arrays of 
1.10 and 2.10 are given, MODE may be initialized to /4HBOTH/. With 
use of data specification of BOTH or MODL, and if ENER is not specified 
as the objective, the array Xl will be used to retain the original 
coordinates, and these will be printed next to the calculated coordinates 
if on~ specifies either TREE or LTHR at 3.16.a, or LTHR at 3.17. Therefore, 
if one wishes this listing.(and the differences) when. doing· energy minimi-
zations, then one uses BOTH as objective and keeps WT(l), cf. 3.16.~ at 0 . 

. In case· a crystal lattice is to be generated, one also needs to set 
NLAX, the maximum number of surrounding molecules, and to allocate·the·array 
MTYP in /WTSC/: 

/WTSC/ MTYP (NLAX) fullword 
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Part 3: SEQUENTIAL LISTING OF INPUT DATA AND OPTIONS 

The cardreader is assumed to be file number 5, the printer file number 
6. It is impossible to work ~ithout allocating datasets to files 5 and 6. 
File 5 is called Input in this section. 

(file: Input) one card; Format (7I5) 

6 file numbers, test flag 

The file numbers are for default is suggested medium 

(1) dictionary in 7 (cards), (disk - member of p.d.s.) 

(2) tree out 6 (printer) 

(3) coords. in 8 (cards), (disk - member of p.d.s.) 

(4) coords .. out 2 (cards), (disk - member of p.d.s.) 

(5) sequence in 5 '(cards) 

(6) neighbor table 0 must be: disk- sequential data 

(Suggested units in parentheses.) Defaults indicateq apply when unit is 
read as 0. The test flag is best left at zero. If used, it will give a 
report on the bonds, bondangles etc. taken into account for every atom. 

set 

-----·---··-·-· 
3.2.a.(file: Input) one card; -Format (2(A4,6X)) 

3.3 

obiective, · enVirotUilent 

Objective may be one of four choices: 

MODL (model building with hydrogens) 
NOHY (model building without hydrogens) 
·BOTH (choice deferred until cycle control specified, Section 3.16) 
ENER (energy calculation) 

The selected objective is compared with the value of MODE set in the 
block data subprogram. MODL and NOHY _are. compatible with data specifica-
tions of MODL and BOTH. The objective ENER is compatible with data specifi
cation of BOTH and ENER, and the objective BOTH only with a prior specification. 
of BOTH. 

Environment may be: 

LATT -to specify extension to a crystal structure with use of symmetry 
operations specified later. (Use this only with energy calculations.) 

Other -only the central molecule(s) will be considered. 

b. (Input) one card; Format (20 A4) 

A title describing this run (80 characters) 

(file: Input) one card; Format 3(A4,6X) 

error code, two print codes. 

(1) error code: 

GOON - refinement regardless of error 
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blank - no refinement if severe error occurs 

other - no refinement in case of error. 

These errors do not include the Fortran errors, but only those errors which 
are flagged by REFINE2 in processing input data. 

(2) first print code: 

other: entire dictionary will be printed. 

GEOM: only the geometric part of the dictionary will be printed. 

blank: no part of the dictionary will be printed. 

(3) second print code: 

blank: large errors in bondlength, etc. will be flagged during execution. 

other: this flagging will not occur. 

3.4.a.(file: Input) 

i. SELE · 
{EXCL } 
other 

all cards: Format (A4) 

ii .. residue names (any # of cards only if SELE or EXCL on preceding card) 

iii. END 

With SELE, only the following residues will be selected from the dictionary·. 
With EXCL, then the following residues will be excluded from the dictionary. 
With any other specification, the 'name' cards and END must be omitted. 

Notice that the description of a residue can be replaced by first excluding 
it, then reading it in differently (but with the same name) in the supple
mentary dictionary .given ahead of the sequence (Section 3.5). 

(The names to be selected or excluded are placed at the end of the 
array used also for the names o·f the residues copied from the dictionary. 
As a result: If more than one half the residues in the dictionary are to 
be used, then use EXCL, not SELE.) 

b. (file: tree in) dictionary (cf. 1,2)·. Many cards; terminate with END . 
The first card of the dictionary is a title card which is copied. to the 
printer. The formats are described in Section 3.5. 

3. 5. (file: sequence in) 

Optional: First card may be 

(a) i. DICT Format (A4) 

Following this card, additional dictionary members may be read, with 
any number of the following groups of cards: 
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ii. residue card: A4,6X,I5 (residue name and # of atoms) 

iii• atom cards (one or more): A4 (atom name), 5I2 (degree through k ), 
3F5 (bondlength, angle, dihedral), 3F6,22X,I3 (three energy para~-

.. eters and group flag) . 
.. "Of the five parameters following the-name, only the second (backchain), the 
third (forward chain) and the fifth (key for dil:ledral) are used. (The 
four.th replaces the third when it is the larger of the two.) The last four 
parameters are only required when energy minimization is to be performed. 

iv. END terminates the reading of the supplementary dictionary. 

Optional: 

(b) i. PIEC (Format A4; must be first card or first card after supple-· 
mentary dictionary.) 

ii. residue #, atom # (Format 2Il0, one card, only if preceding card 
was PIEC card.) 

The provided residue and atom # will be used on input and output as the 
numbers of the first residue and first atom in the molecule, even though 
internally these numbers are both = 1. (Notice that residue- and atom
numbers in error messages are internal numbers.) 

Cards or groups of cards described under c, d, e, f and g may be mixed to 
produce the molecular description. 

(c) residue name Format (A4) 

This should be one of the names read· as a residue into the dictionary, 
either under 3.4 or under 3.5.a. Each card will lengthen the molecule by 
so many· atoms. 

(d) i. INSE Format· (A4) 

With this instruction one. adds the atoms specified by the next sequence 
name. to the preceding residue, i.e., one increases the atom count, but not 
the residue count. On the card following INSERT, one specifies the residue 
and the connectors. Residues to be inserted must have either one or two 
unsatisfied chains if the insert is to be·hooked up to the rest of the 
molecule. These will be set by the program following the specification of 
connectors: 

ii. Sequence name,~,KON2,KON3, KLAS,LEADER Format (A4,6X,6I5) 

Inserts can be of three types, depending on the connectivity; see 
Figure 4. The connectors ·are: KONl in x, to y; KON2 in y, to x; KON3 in 
x .£!. y, to z.. Therefore, the identification 

of free floating is by KONl • any, KON2 • 0 KON3 <= 0 

of side group: insert by KONl <= 0 KON2 > 0 , KON3 <= 0 

of main chain insert by KONl <= 0 , KON2 > 0 , KON3 > 0 
~...;..;.;;;...... _ __;;... 
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As is usual in other situations, the -values of KON are dete"i:·mined wlth 
respect to the current location, the last atom of unit x being counted as 
0, the one before that as -1, the first atom of the insert as +1, etc. 
(This is the case even when the insert actually appears inside the portion 
already ·built.) · Only the side chain inse-rt may require a value for Kl.AS 
If kLA5 is nonzero, then the bond before KONl will become a variable dihedral 
angle and the class of the new dihedral will bE set to the value of KLAS. 

The dictionary description of the atom which is designated as KON3 
must have a forward chain pointing outside the range of its residue. This 
must not be true of KONl in a side chain insert. The atoms of mainchain 
and free inserts appear after the last atom of the current residue. On the 
other hand, the atoms of a side chain insert will appear immediately after 
KONl, if KONl is not a hydrogen atom, and will replace KONl if KONl is a 
hydrogen atom. Let KONlA be KONl in the former case, the backchain of KONl 
in the latter. The highest listed forward chain of KONlA will be the atom 
designated as KON2 unless KONlA already has a forward chain· greater than 
KON2. 

Ex!,_mE,.l~ of use of INSERT 

(A) Assume the existence-of building block 

csx 3.(d b fl f2 ·1tpr 

SGX 1 -2 2 0 11 

CBX 1 1 3 0 10 

CAX 0 2 0 0 0 

(which is needed to specify overlap between disulfide crosslinks). 
Then the following three cards in the sequence (assuming we do not 
use hydrogens) 

------css 

INSE. 

csx -2 1 -1 11 10 

will do the following: Make the first forward chain of SG (atom -2) 
point to atom-SGX (atom +1), identify C of CSS (= -1) for backchaining 
the following residue, and set kp for SG to a nonzero value of 10. 

(B) Add building block 

FMET 2 

CF 1 -1 2 0 1 0 0 0.0 

OF 1 1 3 0 0 1. 24 0 o.o 
Then starting_the molecule with 
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.. -.-- . --
FMET 

INSE 

MET -1 1 7 blank 

will give as first residue FMET (formylmethionine), 'the atoms of MET 
being chained between the two of FMET and the next residue. 

(C) Add three short building blocks 

HZ 1 

HNl 1 -1 2 0 0 0 0 0 

HX 1 

HN2 0 0 0 0 0 1.00 110 120 

STRT 3 

HN3 0 0 0 0 0 1.00 110 -120 

N 0 0 0 0 0 1.00 0 0 

CA 0 0 0 0 0 1.47 110 0 

The charges of N, HNl, HN2, HN3 are not shown, but should be set to 
model an NH 3+ group .. Many of the zero elements are zero because these 
are no.t used. Then use the following cards to. begin a chain with 

·alanine 

HZ 

INSE 

ALA ·o 1 9 0 1 

INSE. 

HX -9 1 -1 0 

With this beginning we obtain. two extra hydrogens; the first residue 
. is called ALA. The 'chemistry' of the first few atoms is then set 
with the option described under (f) below. 

If the value of the last item (LEADER) is not zero, then the name of the 
current residue will be changed to the name of the inserted part. 

It is possible to give one or more residues with no atoms, and use an 
·INSERT to change the name of any residue to the name of one of these dununy 
residues. 
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(e) . CAsT Format (A4) 

This card terminates the chain. A new chain may be started, which will 
not be logically connected to the other chain(s) here. Always terminate 
the molecule with this card. .~: put this card before ENDS card. 

(f) i.. CHAN Format (A4) 

With this option the types of individual atoms in the molecule can 
be changed. (Type includes description of: bondlength, bondangle, dihedral 
and atomname, and in the case of energy calculations also the values of 
the energy parameters and the group index.) These groups of cards must 
be place~ d..~.rectq __ ~~~er _the_ card_~_escribin~ the -~-e-~~~ctj,v.g__~esidues. 

ii. atom name in residue just built~ residue name, atom n·ame to replace 
the former atom with. (any number of cards. Format: 3(A4,6X).) 

iii. END Format ( A4) ; ends this group . 

!x~l!: this example completes what we began in example (C) above. 

CHAN 

HN STRT HN3 
N STRT N 
CA STRT CA 

END 

(The group index of HNl should be • 1, that of N in STRT • 

(g) i. SOLV Format (A4) Gnat ye~ implemented) 

.ii. residue name, integer (k) Format (A4,6X,I5) 

these two cards are equivalent to the sequence 

[(c) followed by (e)] repeated k times. (Put a CASToff 

card before the SOLV card.) 

(h) ENDS Format (A4) 

Terminates the construction of the molecular listing. 

3. 6. (fil.e: Input) one card; Format (A4) 

0 .) 

This is a pit atop with which the ~nexperienced user can test his under
standing of tree list matrix and how it is put together. 

3.7. (file: Input; cf. Section 2.5) (Skipped if MODL speci!ied) 

Several times: groups of 2 or more cards. 

Group (a): ~group (2 or more cards) 

i. First card: TYPE, type # {DONO} -...... __ ~....;;. ' ACCE Format: (A4,X,I5,10X,A4) 

11. One or more cards: atomname, {residue name} Format: (A4,16X,A4) 
ALL 

Group (b): Value group (2 cards) 
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I 
I i. First card: VALU, donor type #, acceptor type # Format: (A4,X,2I5) 

ii. Second card: ~j, !ij Format: (2Fl0) 

Type numbers establish correspondence between Type groups and. Value 
groups. (Array KEYH will contain+ or - the last entered type number, array 
ABHB, the values of A and B with the indexing scheme described in 2.5.) 

Termination (c): Reading of END rather than TYPE or VALU terminates. 

Notes: A key can be set using ALL, then reset using a residue.name. A key 
can be set to zero (not a hydrogen bonder). The order in which the groups 
are presented is immaterial. 

3. 8 ~- ··--( fiie: Iriptit ~-·. c£"_---·Sec .. tion 2. 2 )·
(Skipped when MODL specified) 

(a) any number of times: 

many cards; last is END 

spec, index, O.Sxbarrier, multiplicity, value of x where E = 0. 
(A4,I6,3Fl0.2) 

(b) END (format A4) 
(angle· in q~_g-~ees) 

3.9. (file: Input) Input preparative to reading coordinates. 

(a). II- transia,t:ed .. atomnames ,_.II translated residue names (Maximum· = 10) 
(2I4) .·J, .. -

(b) atomname in input; atomname in dictionary, residue name in dictionary. 
several cards; Format 3(A4,6X); as many cards as specified under (a). 

(c) residue name in input, residue name in dictionary. several cards; 
Format Z(A4;6X); as many cards as specified under (a). 

(d) scale factors (3F10.5). If first ·is blank or zero, all three factors· 
are set to unity. Otherwise blank will give factor of zero: 

·-- ··--·· 
(e) and (f) depend on the type of molecular listing which is used as inp-ut.. 

In all systems, the coordinates are assigned to the atom of ·the same· 
name in the current residue. The systems differ in the method by which a 
change in residue number is flagged. The options are: 

A. The use of a special card (residue card) identified by a code. 

B. The use of a special field, containing the next residue's name or 
number (blank • no change in residue). 

C. The use of a common field containing the residue number, a change 
being evident from the ch~nae in number, (a blank or the same number 
as before meaning no change). 
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----------- ------. ·---------··-··--··.- ·--·--· --·-· ···-·----------

(e) Input: three format specifications, a~ and a flag. Format: (20A4) 

On one card, three separate format specifications, each enclosed in 
parentheses. The first 20 columns contain the format for reading the 
coordinates, columns 21-40 contain the format ·for reading the residue name 
or number and the code-field and columns 41-60 that for reading atomname. 
Notice that sometimes all information is present on the same card; ali 
cards of the molecular listing are read with A-format, and decoded (=reread) 
up to three times. (One uses X-format to skip e.g. the atomname when re
reading the coordinates from the card image.) Furthermore, the penultimate 
4 columns on the format card can contain a ~ for distinguishing the 
residue cards = cards not containing atomname and coordinates. These are 
identified by having this string in the columns specified by the second 
item of the second format given as input e. However when the last 4 columns 
are blank, this code is ignored, and information about residues is expected 
on (some of) the atom cards. (Notice that the code may be= all blanks.) 

(f) NAME 
{XRAY } 
other 

Format (A4) 

NAME specifies that residue names are used for determining residue 
boundaries, 

XRAY specifies that the input atomnames will be 'split', as in xray 
system cards, ~ that resicfue numb-ers- are used for determining ···--
residue boundaries. 

Any other spec implies that residu~ numbers are used for sequencing, 
without the split atomname option. 

(For examplea, see Figure 5) 
-·-------·--· ------. 

molecular listing. This ... J,isting contains atomnames, .residue identification 
and· coordinates:.: The--input of the molecular ·listing termin-ateswitn-the 

··-reaal.ng of (a-,--a--card having 'ZZ' for atomname, (b) a card belonging to a 
residue with number higher than is needed for the molecule specified under 
3.5 (or with End of file- not yet implemented). 

3.11. (Hie: Input_) ____ -·- ···- --------- ---------
one card; Format: 2(A4,6X) 

{ADDA ·} 
NOAD·_ and a spec 

If ADDALL is specified, all atoms whose coordinates were not read ~n 
will have coordinates computed, and if, in that case, 'spec' was not blank, 
then the first 10 cycles of refinement will be devoted to improving the 
positions of the atoms (~odel building only) since ADDALL does not always 
give a perfect result (e.g. when the added atoms bridge a gap). 

3.12. (file: Input) 
SLAV 

{NOSL} 

one card; Format: (A4) 

ThlH section ~kipped when NOSL specified. 

(a) i. AUTO (optional first card) Format (A4) 



2la 

Not yet implemented modification of 3.9 

Input 3.9.f may contain~ words (format: 2(A4,6X)). If the first is 
NAME, then the second word determines the assumed origin of the input listing 

ALL: first residue read in is #1 
other: this residue has the same number a~ the residue set with the 

PIEC card at 3.5.b. 

Residues below the range will be skipped. If a residue is encountered above 
the range, reading terminates with awarning. Out of.order residues will be 
flagged and processed according to the residue number on the data cards. 
Misnamed residues will be flagged and processed as the next residue in the 
sequence. 
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ii. residue names (several cards, up to 10) 

iii. END 

Each atom with 'X' or 'Y' _in its name in a residue of a type read in 
after AUTO will become the slave of that atom in the same residue with name 
identical to the portion of the name of the slave preceding the 'X' or '·Y'. 
E.g. CDX2 will become the slave of CD. 

(b) Residue name, residue number, atomname of master, then same .three items 
for slave, Format: 2(A4,X,I5,X5,A4,X) 

Termination: ENDM (Pormat A4) 

These items must be le.ft blank for master, if master is same as in 
preceding card. The masters must be given in increasing order of atom 
number. 

If in any residue any masters are assigned using method b, then the 
automatic action will not take place. I.e. if any master is assigned 
explicitly, then all masters in that residue must have all their slaves 
assigned to them explicitly. 

3.13. (file: Input) .one card; Format: 3 (A4, 6X) 

. REFI 
{STOP} , identification, form of output list of coordinates 

TREE 
LTHR 

REFI will aive refinement; none of the others will. 
LTHR will give no refineunt, will live list of bondfemgths, angie·s·;·----
dihedrals, and a tree liat with coordinates • 

. STOP will give neither of these listings. 
TREE will aive· only treelist and coordinates. 

-· ·-- .. ···-·· ""(u, iii) Output of coordinates in form which can be reread by "this. 
prograa will occur if form is specified as XRAY or ELEG. The 
identification will appear on the outpu-t records' also at head of 
list of bondlengths, etc. Specification of ORTE will give cards 
which can be used to draw plots with ORTEP. 

If REFI was .specified, the result of the refinement will be 
saved in the specified ·form. If the. program does no.t complete norm,ally, 
nothing will have been written on the file specif~ed for coordinates 
out. 

3.14. (file: Input) one or two cards 

LMIT 
~ {other} one card; Format: (A4) 

ii. two limits. one card, only if preceding card read LMIT; Format: (2!5) 

Only if the first card re~ds LMIT, a card actually containing the 
limits is to be provided. Only the atoms within the (inclusive) range 
spanned by the residues specified as limits wil~ move. 
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3.15. (file: Input. Two or three groups of cards) This input given only if 
LATT specified at 3.2.a.(2) 

a. block for limit on atoms to be copied to lattice (tWo cards, optional) 

i. LMIT . (A4) 
ii~ lower·limit~ ·upper·limit (215) 

b. block for symmetry operations 

i. ~,matrix (5X,I5 ,9F7) 

as many cards of this kind as necessary to a maximum of 6 
1 < type < 6. Type values should be different. 

ii. END (A4) 
terminates this block 

Note: If the last 6 values of the matrix are zero, then the first 
three elements become the diagonal of the matrix. 

c. block for molecules to be generated 

i. .EI£!, translation vector (5X,A5,3F7) 

type can be l through 6 and should correspond to one of 
the supplied types. 
A maximum of 20 cards can be given •. 

ii. END (A4) 
terminates this block 

Action: Each of the specified atoms will be moved. to a new 

position !.' .. !_ x !. + !J. where !,.. are the coordinates, 

M the matrix of given type and t the translation. The· - -
matrix should be a rotation matrix, the translation is 

to be given in Angstroms •. 

. ~: If the matrix type of a surrounding molecule is g:i,ven the 
value·zero, then no rotation is performed, only a translation. 
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3.16. (file: Input) several times (2 or 3 cards); last card has 'zero' 

One or more instructions for the control of the next group of several 
cycles of refinement. 

(a) PRIN 
# of cycles, {LTHR } 

other 
Format: (I5,5X,A4) 

Zero # of cycles is used in order to cause normal termination of program 
execution. 

Specification of PRIN will cause printout of tree list and coordinates of 
the movable part, only. 
Specification of LTHR will cause printout of bondlengths, bondangles and 
dihedrals, then of tree list and coordinates. 

(b) { OLDW } , i h other we g ts Format: (A4,6X,6Fl0) 

One or two of these instructions must be given. Last one may not have 
'OLDW"'I'9pecified. Specification of 'OLDW' implies that the following weights 
are the starting weights for the next cycles. Otherwise, these are the 
final weights. (The weights change exponentially.) Specification ot any 
final weight as zero will cause that weight not to change. The weights are 

____ ;-_e~~. in this ord~t:; 

1: for approach to ·target 
2: for idealization of bondlengths 
3: for idealization of bondangle 
4: -for idelaization of dihedrals 
5: for vanderWaals & repulsive energy 
6: torsional energy 

... --···- The weights··· (array .. WT) ····are set and reset .. in. subroutine CNTRL. The 
members of WT are used for different purpo~es in correspondence with the 
above scheme. 

3 •. 1]. (file: Input) one card; Format: 3(A4,6X) 

STOP •· 
{TREE}, identification, form of output ·ust, printcode 

LTHR 

Except for the absence of the option REFI, the resulting action is as for 
3.13. The printing of the treelist can be controlled as follows: 

blank: only the moving atoms will be listed 
other: the entire central molecule will-be listed 
LATT: list will describe all atoms; i.e. both in molecule and in crystal 
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Part 4: PROGRAM STRUCTURE, ERROR MESSAGES, BLOCK DATA 

4.1. Program structure. Figure 6 shows the relation between large data struc
tures, program elements, input commands and input and output data struc
tures. Program elements used only once are white. Overlay of the colored 
routines on the core used by the white routines is obviously advantageous. 
Elements marked in red are used when doing model building calculations, 
those marked in yellow are used when doing energy calc~lations. One does 
not need the disk file in energy calculations with small molecules. 

4.2. List of error messages. 
Sever-

Error type Meaning of error ity Meaning of item 

no message Terminates because of earlier errors 

FIXTREEl 

FIXTREE2 

FIXTREE3 

.FIXTREE4 

AYBORl 

NAYBOR3 

NAYBOR4 

READXl 

READX2 

READX3 

READX4 

READX5 

REFINEB 

REFINEE 

REFINEM 

REFINEN 

:FINEl-A 

RFENERl 

SETABHl 

SETABH2 

Atom backchained to atom with too low a forward chain 

Forward chain.below atom's number 

Atom's f.w. chain to atom with .backchain not equal to 
that atom's II 

Termination be'cause ·of one of the above errors 

, Too many boxes 

'First' atom in group, but group already begun 

More groups under simultaneous consideration than 
storage permits 

Number of residue .not equal to current or one higher 

Name of next residue ' name ace. to sequence 

No atom of this name in residue 

Residue number above range of molecule available 

Double assignment 

Specified objective • BOTH, wrong MODE 

" II • ENER, II " 

II II • MODL, II II 

II II • NOHY, II II 

Wrong instruction for setmarg (not SLAV or NOSL) 

Zero atom II as neighbor 

Type not 'DONO' or 'ACCE' 

Donor or acceptor # out of range 

3 atom II 

3 atom II 

3 atom II 

··-·- .. --~--- ·-. ·-·*•" • ····-

4 number of boxes 

4 current atom II 

4 atom II 

2 residue number 

2 residue name 

3 atom name 

1 0 

3 atom number 

4 MODE 

4 II 

4 " 

4 II 

4 instruction 

4 current atom II 

2 type 

3 donor II 
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Sever-
Error type .· Meaning of error (action) ity Meaning of item 

SETBARl 

SETLATl 

SETLAT2 

SETLAT3 

SETLAT4 

SETMARGl 

SETMARG2 

SETMARG3 

SETMARG4 

SETMARG5 

MARG6 

SETMARG7 

TREBILl 

TREBIL2 

TREBIL3 

TREBIL4 

TREBIL5 

TREBIL6 

XOUT 

Index below zero or too high (>20) 

Type of matrix of symmetry not in range 1 thru. maximum 
permitted (= 6) 

Type of operation not within range 1 thru 6 or this 
matrix has not been read in 

More symmetry operations than maximum 

Have generated too many atoms 

Residue name not ac.~o~d:f.ng to number in sequence ou 
master-slave card. (Use number, ignor.e name.) 

Atom name not same as a~y in residue. (Skip this pair.) 

.More masters and/or slaves than storage. (Stop) 

Residue numberis outside range 

Cannot find master with appropriate name 

Too many 'autom~tic' residues 

Automatic residue longer than allowed in setmarg 

Not enough storage in dictionary, treelist or blank common 

Preceding building block does not have an unsatisfied 
forward chain. (Hookup· will be in error.) 

Residue name not in dictionary 

Third connector forinsert does not have an.unsatisfied 
·forward chain. ~Will give nus take in tree list.) 

Atom with group # •. zero 

Too many selected or excluded names 

Manner specified for output molecular listing was neithe.r 
blank, XRAY, ELEG nor ORTE. (Stop) 

1 

2 

2 

2 

4 

3 

3 

4 

3 

3 

3 

3' 

4 

3 

3 

3 

'3 

3 

4 

---·-····-··-

index 

type 

type 

maximum 

. atom II 

residue name 

atom. name 

·-·-nr~Ns. 

number 

atom II 

residue name 

residue· II 

DIME 

atom II of atom. 
with unsatis fi.ed 
backchain 

name 

· 3rd· connector 

atom II 

name 

specified 
manner 

The severity accorded to each error is a matter of taste. It is not 
difficult to modify the severity: Find the appropriate statement CALL 
ARROW and alter the first parameter. Any particular message can be given 
at only one place in the program. 
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4.3. BLOCK DATA Subprogram preparation 

This can be· done with a Fortran main program. The input to this program 
, consists of cards containing keyword and value. 

Format (A4,1X,I5), (A4,6X,Fl0) or (A4,16X,A4), depending on the data 
type of the value. 

The table gives all keywor.ds their associated types and shows when a 
value is to be provided. 

Table I. Input Specifications for Make-block-data Program 

keyword· integer real alphabetic 

MODt. ENER MODE a X 
X X NRES X 
X X NAT X 

·do·not ·use! NBB X 
X X NADC X 

do not use! KTES X 
X x: NMAS X 
X X NSLAV X 
X X NAD X 

X NOON X 
X NACC X 

do not sive NBRA X 
X NBX X 
X .NATG .X 

opt. ocb X 
opt. RL2b: 
X 'LREC X X 
XC NLAX X 

opt. opt. .JSAVd x. 
X X END 

a) The allowed values of MODE are: 'MODL', 'ENER' and 'BOTH'. 

b) Defaults will prevail if not set. 

c) Provide.a value for NLAX only in case a crystal lattice is to be 
generated .• 

~ JSAV if set to 1 will generate an array for saving one word for 
each input atom at reading time, to be copied to output mol. listing. 

Result. The output of the Make-block-data program is a source listing of 
the block-data subprogram, and can be compiled as the first loaded portion 
of the refine program. 

Remark. The program uses Tape II 1 for data input (INPUT or SYSIN), tape II 
3 for messages (OUTPUT or SYSPRINT) and tape II 6 for the output listing of 
the subprogram. 



4.4. Saving additional input data for later output. 

Save a word for each atom in input stream (A-format). 

i. Set JSAV to 1 when making blockdata. This will give 

an array of dimension (NAT) in block TIIERMO. 

2. If the word to be saved for Atom #1 is blank on the card, 

it will become '0' (left adjusted). 

3. Atomo for which no cards wet:e given in the input will 

have the field set to 'blank' on output. 
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4. The field will be read according to the fourth item in the 
format for reading the coordinates (cf. input 3.9.e, columns 
1-20.) 

5. Output of this field occurs in subroutine XOUT. (Has not yet 
been implemented.) 

6. The.storage for block TIIEBMO should ideally be in 'slow' or 
'extended' eore. 

} 
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(For users of other than IBM 360) 

Part 5: IMPLEMENTATION DEPENDENT FORTRAN STATEMENTS 

5.1. Halfword integer arrays have·been used where desirable. 

5.2. Main program: CALL DATE (IDATE) to obtain calendar date. 

5.3. System 360 Fortran does not have comparisons with characterstring constants. 
As a convention I have in all cases named the variable, which is given the 
desired constant value in a DATA statement, by concatenating '$' and the 4 
characters of the value. E.g. $TREE is initialized to 4HTREE and $ to a 
blank fullword. (In CDC version 'I' or 'IQ' replaces each '$' .) 

I have used three d'ifferent methods for character manipulation. 

5.4. In subroutine XOUT atomnames are to be split. E.g. CGl into C and Gl, but 
FE3 into FE and 3. The first half of each name is tested versus the names 
of an array (presently: FE, NA ... ~· ), and split into one and three if 
not found there and into two and two if found. The splitting is done using 
equivalent arrays of bytes and half words, overlapping the fullword contain
ing the name (ANAM). 

5.5. In subroutine READXX. split atomnames must be put together. C and Gl must 
become CGl; FE and 3 must become FE3. Arrays of bytes are equivalent to 
several wprds. The second character of the first part of the name is tested 
by moving the second byte of the name into an otherwise blank work, and 
-~~mp~rin~ this wi~h a blank wo.-rd. The new name is obtained by moving bytes. 

The cards containing the coordinates are read with A-format, then 
reread, which is done with a.read from pseudo unit 99. The rereading is 
done several times. 

5.6. In subroutine TREBIL a test is done on all atomnames in the dictionary 
to see if they begin with H. The test is performed by calculating the 
logical AND of the name and the hexadecimal mask FF 00 00 00, and comparing 

. the result with the hexadecimal field 80 00 00 00. 

5.7. · In the CDC version of the program in READXX and XOUT the· string handling 
operations are done with DECODE and ENCODE statements. Themeailing of 

· these statements is as follows 

DECODE (80,i5,FIELD) VARl, VAR2 ••• 

is similar to a READ (n,lS) VARl, VAR2, I.e. 15 stands for a Format 
number or variable Format name, VARl, VAR2 for a list of variables to be 
read. Instead of from tape number~' the characterstring to be decoded is 
taken from the area FIELD. The number of characters in the field to be 
read (80) is also indicated. ENCODE works the other way round, i.e. pro
duces a chara~er field from variables. If one uses A-format, these state
ments produce rearrangements and concatenation of strings. For example, a 
DECODE with format (lX,Al) produces a variable with as first chacter the 
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second character of the field; the remaining characters. of the variable will 
be blank. Or, ENCODE of two variables with format (A2,A2) will produce a 
field containing the first two characters of the first variable, then the 
first two characters of the second variable and the remainder blank. ·But. 
the field is of course also a variable which can be used in subsequent 
statements. 

In CDC Fortran the. statement 

VAR = A.AND.B 

produces in VAR the logical 'and' function of the words A and B. The 
masking (in TREBIL) is now done with octal fields of 10 characters. 

·The wordlength is most often assumed to be 4. 
i," v ;,. j longer wordlength, except when the masks are used. 

has bean taken care of.) 

) 

This works fine with· ,,., .... ,.Junts 
(In the CDC ver~ion this 
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FIGURES 

Figure 1 

* 
1 2 II 

· p changes distance from 1 to * 
* 

case I p changes distance from + to * 

in both cases atom '*' is the highest iisted forward chain of atom b. In 
case II + is anather atom bonded to b in the forward direction. The 
forward chain for + need not be listed with atom b. The arrows follow 
forward chaining. 

Figure 2a. Better building block for proline 

PRO 13 
··- ------· . ··~-----·--· .. .. ··-·····-·-··. d b fr f2 !P' 1 9 p 
(1) N 2 -1 2 7 0 . 1.32 114 0 
(2) CD 1 1 3 0 1 1.47 123 180 
(3) CG 1 2 4 0 3 1.53 109 180 
(4) CBX 1 3' 5 0 3 1.53 109 0 (5). CAX 1 4 6 0 3 1.53 109 0 
(6) NXl 0 5 0 0 0 1.47 109 0 
(7) CA 2 '1 8 12 1 1.47 123 180 
(8) CB 1 7 9 0 3 1.53 109 -120 
(9) CGX 1 8 10 0 3· L53 · 109 0 

(10) CDX 1 9 11 0 3· '1.53 109 0 
(11) NX2 0 10 0 0 0 1..47 109 0 
(12) c 2 .. 1 13 14 2 1.5'3 110 0 
(13) 0 ·o 12 0 0 0 1.-24 121' i8o 
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1 N 1 -1 13 
2 CD 1 1 5 
3 HDl 0 2 0 
4 HD2 0 2 0 
5 CG 1 2 8 
6 HGl 0 5 0 
7 HG2 0 · 5 0 
8 CBX 1 5 11 
9 HBlX 0 8 0 

10 HB2X 0 8 0 
11 CAX 1 8 12 
12 NXl 0 11 0 
13 CA 1 1 23 
14 HA 0 13 0 
1s cB· 1 13 18 
16 HBl 0 15 0 
17 HB2 0 15 0 
18 CGX 1 15 21 
19 HGlX 0 18 0 

· 20 HG2X ~ 18 0 
21 CDX. 1 18 22 
22 NX2 0 21 0 
23 c 1 13 25 
24 0 0 23 0 
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0 0 
0 1 
.0 0 
0 0 
0 3 
0 0 
0 0 
0 •J 
0 0 
0 0 
0 3 
0 0 
0 1 
0 0 
0 3 
0 0 
0 0 
0 3 
0 0 
0 0 
0 3 
0 0 
0 2 
0 0 

1. 32 114 0 
1.47 123 0 
1.10 110 ·120 
1.10 110 120 
1..53 110 0 
1.10 110 120 
1.10 110 -120 
1.53 110 0 
1.10 110 -120 
1.10 110 120 
1. 53 110 0 

. 1.47 110 0 
1.47 123 . 180 
1. ~0 110 120 
1. 53 110 -120 
1.10 110 120 
1.10 110 -120 
1.53 110 0 
1.10 110 -120 
1.10 110 120 
1.53 110 0 
1.47 110 0 
1.53 110 0 
1. 24 121 180 
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Figure 2b. Building block for flexible proline with hydrogens, providing com
plete ring closure. 

. . side group insert 

'x- x -®..1 z -z 
I 

1
J_ -al . 

~~-y 
X . 2 

main chain insert 
I . a, 
1 x -x-®-~-®- z -z 

I 1 2 I I 
X y 
I 

X 

Figure 4. x = tesidue already there, y a insert, z • next residue. 1, 2 
and 3 indicate KONl, 2 and 3. Finally, there will be 2 residues, i and 
i+l, separated by drawn solid boundaries. Connectors are circled. 
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- ·.·· --·------·--· -···-·----···--PHE 30 
1 N 1 -1 3 0 0 1. 32 114 180 
2 HN 0 1 0 0 0 1.10 123 180 
3 CA 1 1 .31 0 1 1.47 123 180 
4HA 0 3 0 0 0 1.10 110 120 
5 CB 1 3 8 0 3 1. 53 110 ;_120 
6 HB1 0 .s 0 0 0 1.10 110 . 120 
7 HB2 0 5 0 0 0 i.10 110 -120 
8 CG 1 5 20 0 5 1.53 110 180 
9 CD1 1 8 11 0 0 . 1. 40 120 0 

10 HD1 0 9 0 0 0 1.10 120 180 
11 CE1 1 9 13 0 0 1.40 120 180 
12 HE1 0 11 0 0 0 1.10 120 180 
13 cz "1 11 15 0 0 ·1.40 120 0 
14 HZ 0 13 0 0 0 1.10 120 180 
15 CE2X 1 13 17. 0 0 l.l10 120 0 
16 HE2X 0 15 0 0 0 1.10 120 180 
17 CE1X 1 15 19 0 0 1.40. 120 0 
18 HE1X 0 17 0 0 0 1.10 120 180 
19 CGX 0 17 0 0 0 1.40 120 0 
20 CD2 1 8 22 0 0 1.40 120 180 
21 HD2 0 20 0 0 o· 1.,10 120 180 
22 CE2 1 20 24 0 0 1.'40 120. 180 
23 HE2 0 22 0 0 0 LlO 120 180 
24 czx 1 22 26 0 0 1.40 120 o-
25 HZX 0 24 0 0 0 1.10 120 .180 
26 CElX· 1 24 28~ 0 o: 1.40 120 0 
27 HElX 0 26 0 0 0 1.10 . 120 180 
28 CDlX 0 26 0 0 0 1. 40. 120 0 
29 c 1 3 31 0 2 1.53 110 180 
30 0 0 29 0 0 0 1.24 12l 180 

Figure 2c. Building block for phenylalanine, providing complete ring closure. 

1------CGX 
FigUre 3. ·Bonding·scheme for the PROX residue 
with closing connection at CB-CG. Real atoms 
are circled, the others are 'slaves'. The 
arrows follow forward chaining. 
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Figure 5. Examples of input molecular listings and appropriate control 
cards~ 

A. The "Elegant" system has residue cards and atom cards. This kind 
of listing is obtained as output if ELEG is specified under input 
3.14 (ii) .. 

.. ·---·---····--·----.,.-- ·-·-· ·-·- _.:, __ . 
5 
0 

6 
0 

7 
0 

8 
0 

column II 
·r 5 

5 
27 

29 

6 
33 

N 

CB 

1 
0 

ALA 

LEU 

etcetera 

e. (20X,3Fl2) 
£.NAME . 

or 

c:. (20X, 3Fl2) 
f.NtneEll 

• C 12 G2 

e. (10X,3Fl0). 
f. XRAY SYSTEM 

e. (3Fl0) 
f.NAME 

5.1 
3.5 

5 

5 

5 

2 
0 5 

3 
0 

3.04 

2.19 

5 

**** 
4.13 

0.90 

5 

-0.35 

-2.03 

5 5 

(new residue 

**** 7.0 
. (new residue 

6 5.1 -.07 

The above listing can be read using two different sets of inputs e 
and f; namely: 

. -·------- -·-- -· ··"'---- .. ---·--···· 

(10X,A4,16X,A4) (7X,A4) **** +. 

(IS,25X;A4) (7X,A4) **** +. 

The atomnumbers.and residue numbers which occur on the cards ~re 
ignored. 

B. Xray system type listing. · 

Sample card: 

12.07 13.98 -2.11 

Inputs e and f: 

(3X,I2r (X,A2,lX,A4) 

C. Molecular· listing following Diamond. 

2.0 
2.1 

Sample cards: 

3.9 
4.0 

Inputs e and f: 

(64X,A4) (72X,A4) 

N 
CB 

(new residue) 
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(To be inserted in manual) 

Part 6: COMPARE facility of the REFINE system 

HERM 
p 23a 

6.1. This allows comparison of two structures, ~and !1• One of the two con~ 
formations (~ is translated and rotated so as to minimize the sum of the 
squares of the deViations, F = f<x-~1)i2,i=l,2, •.• ,n (number of atoms) (Cf. 
S. C. Nyburg, Acta Cryst. B30, l5l, 1974. 'rhe method used by us to minimize 
F is~ that described by Nyburg.) 

The molecular description (sequence, etc.) is specified as in REFINE. 
Then two molecular listings are read in. The order and names of atoms as 
well as-the card format may be different in the two listings, but residue 
numbers must correspond. The listings need not be complete. 

After comparing two structures, other pairs of conformations of the 
same molecule may be compared. 

It is possible to indicate what atoms are to be selected to obtain 
coincidence by rotation and translation, and what atoms are to be totally 
ignored. Atoms for which no coordinates are given in one set or the other 
are also ignored. The program uses the first column of the tree list 
matrix as an index to show the way each atom is to be .treated. 

6.2. Required modules: 

Block data subprogram prepared with specification of MODL or BOTH for MODE 
Main for compare 
TREBIL 
PRTSEQ 
READ XX 
ORIENT 
PRINTRE 
ARROW 
SCPR (a par~ of MATH) 

6.3. Order of comparisons in one job 
In principle the same conformation can be used in several comparisons. 

For example, consider comparisons of three conformations: 1, 2 and 3. 
First ask for a comparison of 1 and 2, then of 1 and 3. This presents no 
problem; description 1 is only read in once and is moved into store before 
reading 113. But. if one now asks for comparison of 2 and 3 this will only 
work if two copies exist of molecular listing 2 or if the single copy ·can 
be read and read again. (In either case, the control cards for reading 
this listing must be repeated in the input stream.)· 

6.4. Input to the program 
1. Three file numbers one card, Format (3!5) 

(1) for reading dictionary 
(2) for rea~ing sequence 
(3) for output of coordinates 

one card (A4) 

NOHY causes hydrogens to be dropped from dictionary 
3. error code one card (A4) 

Cf. manual 3.3. 
4. Input for constructing treelist matrix according to sections 3.4 and 3.5 

of the manual. 
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5. Various control groups. These are processed in order o~ appearance. 
a. Read group 

i. READ one ·card, Format· (A4) 
ii. Fortran I/0 unit number, 20 character title one card (I5,15X,SA4) 
This command causes a molecular.listing to be read on the specified 

unit. Notice that every Read group mu~t be followed by the appropriate 
control cards for reading coordinates, cf. manual, section 3.9. After the 
listing has been read, the unit is rewound (unless the unit number is 5). 

b. Store group 
i. STOR one card, Format (A4) 

This command causes those coordinates which were read in with the last 
Read command to be copied into the store array (Xl). The old contents of 
Xl are obliterated. · 

The contents of coordinates not in storage (X) will be altered by trans
lation and rotation to obtain the optimum fit with respect to the coordinates 
in storage (Xl). 

c. Selection group 
i. SELE one card, format (A4) 

ii. atom name, residue name, index, residue 1, residue 2 
one or more cards (2(A4,6X),3IS) 

iii. END one card, format (A4) terminates the group 

If atom name is blank., then the given index is assigned to all atoms 
in the specified residue typ.e. If the last th1;ee characters of atom name 
are ***, then the index is set for all atouis (in the specified residue type) 
of which the names begin with the first character of the specified atom 
nama • 

If residue name is blank, then the index is assigned to all atoms of 
the specified atom type. 

The atoms are used in the c9tnparison with w.eights selected from a:n 
·array using the assigned index. (The value of index is stored as TREE(l,I), 
where I is the number o.f any atom meeting the other criteria on the selection 
card.) The assigned indices remain in effect for all subsequent comparison, 
unless explicitly changed by another selection card. 

0 < index.::;; 10: atoms used in positioning according to weight 
index= 0: atoms used in comparison, but not in positioning (unless 

the index is set specifically, the default is index=O) 
index < 0: atoms ignored 

These operations are carried out for the type of atoms 
names, lying within the range of residues 1 through 2. 
zero, they are done for all residues. If residue 1 Ts 
residue 2 is zero, they are done only for residue I. 

specified via the 
If residue 1 is 

not zero, but 
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Example~ 
card 1. 
card 2. 
card 3. 
card 4. 
card 5. 
card 6. 
card 7. 
card 8. 

Results 
card 2: 

3: 
4,5,6: 

7: 

of Selection cards 
SELE 

H*** 
c 
N 
CA 
FE 
END 

1 
-1 

2 
2 
2 
3 

will be as follows: 

12 

all atoms are given index = 1. 
all hydrogens are given index = -1, i.e. 
all main chain atoms are given index 2. 
FE in residue 12 is given index 3. 

will be ignored. 

The order of these cards is important. Card 2 would override any earlier 
assignments. 

d. Weight group 
i. WEIG one card (A4) 

ii. ten weights one card (10F5) 

e. Compare group 
i. COMP one card (A4) 

ii. {PRIN } identification, manner other ' one card, (3(A4,6X)) 

This causes the comparison to be executed. Specification of PRIN will 
invoke PRINTRE, i.e .. give output of treelist matrix, double set of coor
dinat-es, shifts and distances. 

manner = blank - no action 
ELEG 

= {XRAY} gives corresponding output of coordinates, cf. manual 
ORTE section 3·.13. 

= other - error, which causes termination 

f. STOP (one card) ends execution 

6.5. Procedure for special case 
Suppose we want to align a large molecule according to the position of 

a small subset of this molecule in some other, not n~cessarily related 
structure. For instance: align Hipip so that the Fe-S cluster is best 
coincident with an Fe-S cluster of ferredoxin. 

i. Make a 'molecular listing' of the atoms selected from ferredoxin, 
assigning residue numbers and atom names which are the same as those 
of the atoms in Hipip which they are to match. 

11. Read this listing with the first READ instruction and follow up with 
.a STOR. 

iii. Read the Hipip listing with the second READ instruction. 
iv. COMPare. 

(Weights and indices have to be set also.) 

H.ERM 
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Brookhaven Crystallographic Computer Program 

NAME: INVTRP 

CORE: 20 K8 

TIME: ...s_20
8 

Sees 

PROGRAM INVTRP (INPUT=200 ,OUTPUT=400 ,PUNCH=200, TAP.ES=INPUT, TAPE6=0UTPUT, 
TAPE7=PUNCH) 

Purpose 

This program will accept cards bearing 3 x 3 symmetry matrices 
(in row order) invert the matrices and form their transposes. The 
transposed inverted matrices together with their number then form 
the substance of an output file which is a card deck .image constituting 
a BLOCK DATA subprogram. The subprogram is named SYMOPS, its function 
is to preset the contents of the named COMMON/SYMEQV/ in the program AVSORT. 

Background 

In order to average symmetry ~quivalent reflections some means 
must be provided to inform the sorting and averaging program how to 
transform the indices supplied·into those appropriate to the unique 
portion of reciprocal space selected by the user. For orthorhombic 
or lower diffraction symmetries this is trivially easy but to do so. 
while retaining both flexibility and generality in a high symmetry 
group can become exceedingly complex, This program both generates 
and aids in the supply of the reciprocal space symmetry information; 
for further details of its usefulness the reader is. referred to the 
AVSORT write-up. 

Symmetry equivalent positions in real-space can be considered 
to be related by a ·symmetry matrix and a translation vector eg. 
if we say x', y', z t: = l/2+x, 1/2-y, -z then: 

where M = 
-J 

1 

0 

0 

x' 

y' = 

z' 

0 0 

-1 0 

0 -1 

H ,.., 

X 

y· + 

z 

~ 

and t = 

-" 
t 

1/2 

1/2 

0 

~ 
both~& t together constitute a real-space symmetry operator. 
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We can therefore represent the symmetry of real-space with a 
set of operators such as the above, The diffraction pattern (reciprocal 

· space) has its own symmetry which depends upon that of the real 
space in combination with the symmetry of the diffraction process. 
This means that: 

(i) Except in special circumstances all diffraction patterns 
are centro-symmetric. · 

(ii) There are no translation vectors in reciprocal space. 

(iii) The symmetry matrices in reciprocal space are the transposed 
inverses of the corresponding symmetry matrix in real space• i.e~ 

if then 

.Q.' 

£L is usuall~ a_symmetry operator in one of the groups r, 2/m, 
mmm, 4/m, 4/mmm, 3, 3m, 6/m, 6/mmm, m3 orm3m. 

1. TITLE; FORMAT(8Al0) 
This will appear on the output and as a comment in 

the BLOCK DATA Subprogram. 

2. NEQV; FORMAT(I5) 
This is the number of symmetry operation matrices (cards) 

which follow O<NEQV<24 

3. (A(I,J) ,1=1,3) ,J=l,3); FORMAT(9F3.0) 

1-3 

4-6 

7-9 

10-12 

13-15 

16-18 

19-21 

22-24 

25-27 

all 

al2 

al3 

a21. 

a22 

a22 

a31 

a32 

a33 

elements in the real space symmetry 
operation matrix. (note: for p~ogramm.ers 
only) these elements are indexed as 
for a transposed matrix inside the 
program, 

Up to 24 matrices may be input on cards 3. 
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A. On paper the program lists the input matrix, its inverse, 
and the determinant of the input matrix. · 

B.· To punch--a complete card deck, ready to be compiled, of 
BLOCK DATA SYMOPS. 

Limitations 

Only 24 matrices: this will be enough for all except for some 
cubic gr.oups. For users in such dire predicaments their options are: 

(i)· re-dimension INVTRP, and SUBROUTINE SPACE in AVSORT 

(ii) accomodate the missed symmetry element in the SUBROUTINE 
FORM they must write for AVSORT. Note that in this context 
the d:!-££erence between 48 and 24 equivalent positions is 
only 1 symmetry operation and so the user need not become 
involved in a great deal of programming. 



NAME: JIMDAP 

CORE: 77K 

AUTHOR: A. Zalkin-originally 
Mods J. Ibers,F.Bernstein, 

G. Williams 
DATE: November 1973 

PROGRAM JIMDAP(INPUT ,0UTPUT ,PUNCH. TAPE1 ,F0UR, TAPE3, TAPEll, TAPES= INPUT, 
TAPE60=INPUT,TAPE6=0UTPUT,TAPE61=0UTPUT,TAPE4=PUNCH, 
TAPE20=F0UR, TAPE2='F0UR, TAPE45=TAPE11) 

I. PURPOSE: 

To calculate Fourier Synthesis. 

II. TAPES: 

A. F0UR-Binary Purpose-input data 

B. TAPE11•plot tape 

III. LIMITATIONS: 

IV. REPLACEABLE SUBROUTINES: 

A. REJECT-used to reject reflections. 

B. IMP -data input other than FLINUS. 

V. DECK SET UP 

A. JOB CARD 

Format-JJ,KK,LL,sin8/A.,FOBS,FC, 
cosa,s~na,~F,SIG 

Argument-NSKIP 

Argument-JJ,KK,LL,AA,BB,IN 

1. TIME LIMIT - 1 minute for small maps 
2. FIELD LENGTH - 77K 
3. !'RINT.LIMIT - variable 
4. NUMBER OF TAPES- 0-3 
5. ECS - none 

B ~ CONTROL CARDS 
ATTACH (JIMDAP, JIMDAP, ID=CPR0GS) 
REQUEST (F0.UR,,,) 

. JIMDAP. 



.PAGE TWO 

NAME: JIMDAP. 

c. DATA CARDS: 

CARD FORMAT 

1. Title card 6Al0 
2. Master control (20!1 ,FIO. 4, I3) 
3. Cell card (6F9.6). 

* 4. TRANS deck SEE WRITE UP 
s. RIP and S IG deck 

Card 1 SIS 
Card 2 · (9F5 .S ,SX, I3) 
Card 3 3(F1S.9,3I3) 

* 6. Data cards (3I9,2F9.S) 
*I. FRPLOT deck (2I5, 3F.5. 0, I5) 

' 

* MEANS OPTIONAL 
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Brookhaven Crystallographic Computer Program Writeup 

NAME: JIMDAP FILES: 7 TIME: Variable 

CORE FL: 77000 

Purpose: Local version of the Zalkin Fordap program. It contains instructions 
which may be peculiar to the BNL CDC 6600 machine, and for this reason it may 
fail to operate on other systems without modification. In particular, the 
plotting packages may require some changes. 

PR¢GRAM JIMDAP(INPUT,¢UTPUT,PUNCH,TAPEl,F¢UR,TAPE3,TAPEll,TAPES=INPUT, 
TAPE60=INPUT,TAPE6=¢UTPUT,TAPE61=¢UTPUT,TAPE4=PUNCH,TAPE20=F¢UR, 
TAPE2=F¢UR,TAPE4S=TAPE11) 

JIMDAP consists of the following major subroutines: 

RIP and SIG - routine for the calculation of the Fourier summation. 

FRPRNT 

FRPEAK 

FRPL¢T 

TRANS 

- routine for scaling and print-out of the Fourier summation 
in fixed point. 

- routine for the location of peaks in the Fourier summation. 

routine for plotting the map, section by section, via 
the off-line Calcomp film and paper plotter. The plot 
is to scale. 

- routine for the transformation of the data to enable 
sections in the Fourier summation to be calculated 
normal to a general vector. 

Only those routines required for the particular job are called. Similarly, 
data.input is required only for·those segments which are called.· The 
RIP-SIG segment writes the Fourier summation in binary on TAPE3. If a 
user tape was mounted at TAPE3 during the initial Fourier calculation, 
then the user tape can serve as an input tape for FRPRNT, FRPEAK, and 
FRPL¢T in a subsequent run. TAPEll is the tape written by JIMDAP for 
off-line plotting by the CRT and/or Calcomp plotter. F¢UR is the 
binary input data ~ape read by JIMDAP and prepared by FLINUS. Input 
data may be on cards or in non-standard F¢RMAT on tape or cards if the 

. user supplies a special subroutine IMP. 

Input Data: 

Card A Title card (6Al0); any desired Hollerith information. 

Card B Master Control Card (20I1,Fl0.4,I3); (ISST(I),RMAX,NFILES) 

col 1, ISST(1) = 0 no Fourier summation; do not call RIP - SIG. 
= 1 calculate a Fourier summation; call RIP - SIG. 



col 2, ISST(2) · = 0 
= 1 

= 2 

= 3 

= 4 

col 3, ISST(3) = 0 
= 1 

col 4, ISST(4) = 0 
= 1 
= 2 

col 5, ISST(5) = 0 
= 1 

col 6, ISST(6) = 2 

col 7, ISST(7) = 0 

:::; N 

col 8, ISST(8) = 0 
= 1 

eels 9-10, 
ISST (9, 10) = 

JIMDAP - October 1975 
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no data transformation; do not call TRANS. 
TRANS is called and transformation matrix is 
supplied. 
TRANS is called and transformation matrix is 
determined from the equation of a general plane. 
TRANS is called and transformation is to a general 
plane perpendicular to a given vector. 
TRANS is called and transformation is to a general 
plane through three points •. 

no printed output of Fourier summation. 
print the Fourier summation. 

no listing of peaks. 
search for and list peaks not. on border •. 
search and list peaks, including those on border. 

no plot tape written. 
~ite the plot tape. Supply TAPE11. 

double space FRPRNT output; 
any other. digit, single space FRPRNT output. 

search for and list 1000 peaks (if present) in 
FRPEAK.. 
search for and list 100 *N peaks. 

no listing of unexpanded data; 
for listing of uriexpanded data. 

the number of columns of FRPRNT per page of output. 
If ieft blank the program sets this to 29, the 
maximum numb.er allowed. If ISST(14) is non-zero 
then this is set to 50 if not otherwise specified. 
See below. 

col 11, ISST(11) = 0 ·normal 

col 12, ISST(12) 

col 13, ISST(13) 

col 14, ISST(14r 

cols 15-20 

= 1 punch peaks in FLINUS F~RMAT 

= 0 
- 1 
= 2 

= 0 
:/: 0 

irrelevant 

no interpolation in peak search 
interpolate position of. 150 highest peaks 
interpolate position and heights of 150 highest peaks 

normal FRPRNT output 
condensed plots suitable for teletype output. 
Letters-A toT are used·to represent the ranges 
900 to 999, •.• -900 to -999. 

no meaning now 
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cols 21-30, RMAX: This is the maximum scattering density of the map. 
It is determined by the scale of the input F values 
and the cell volume. If RMAX is read from this card 
as zero then the true RMAX is determined from the 
map by the program. Two reasons exist for inputting · 
a value for RMAX here: (i) Some time may be saved 
if FP&~T or FRPLOT runs are submitted using a 
precalculated map on TAPE3; (ii) FRPRNT scales 
the output so that 999 is the largest value printed. 
The scaling constant C used for this is 999/RMAX. 
_If it is desired that the output be some other 
multiple K of the scattering density then the 
value 999V/2K (where Vis the.unit cell volume) 
should be inserted here for RMAX. If the input 
data are on the absoiute scale and RMAX is input 
here as zero then the true scattering density is 
given by 

= 
2 
v 

RMAX Fooo 
• R._ + --· 999 -~rinted V 

wh~re RPrinted is the value which appe~rs on the paper. 
The Fooo term is not applied b¥ the program. 

cols 31-33, NFILES: II of files to be skipped on F~UR. , 
Normally 0. If the FLINUS run included generation of 
both the FREDFUN (~RFFE) and JIMDAP input files then 
set NFILES•1. 

Card C Cell card (6F9.6); a~ b, c, cosa, cpsS, cosy 

Cards D TRANS deck (supplied only if ISST(2)f0) 

Option 1: ·(!SST (2)=1). Transformation matrix is supplied. The subroutine 
will dete'rmine cell constants for a new pseudo cell, print out the 
transformation information, and return the determinant of the trans-
formation matrix to the main routine. . 

card 1 9F8.4 u1 1,u12,u13 ,u2l,u22,u23,u31,u32 ,u~3 , the elements of 
the transformation matrix, where ANEW=U AOLD. 

card 2 must be a blank card. 

Option 2: (ISST(2)=2). Transformation matrix is determined from the 
equation of a general plane. New axis 1 is normal to this plane, 
axes 2 and 3 are in the plane. The lengths of these axes are 
determined in the following way:. 

For each 
(1) 
(2) 
(3) 
(4) 

axis, consider 
10.0 Angstroms 
2.0 * XMAX(I) 
2.0 * XMIN(I) 

Cell(!), where 

the following four quantities: 

(in Angstroms) 
(in Angstroms) 
I is the number of the axis 

The length of axis I is set to the maximum of these four quantities. 
The purpose of specifying a large CELL(I) (below) is to obtain higher 
accuracy in the fitting of a non-rational plane. This causes an 
increase in storage requirements and in computation time, however. 



Input cards for this option are as follows: 

card 1 F0RMAT(7F10.5,3F3.3) 
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P 1 ,P2 ,P3 ,D, CELL(1), CELL (2), CELL(3), XI (1), XI (2), XI (3) 
Equation of the plane in the form P1 X + P2 Y + P3 Z = C. 
(CELL(!), !=1 ,3) as described above. 
(XI(I),I=1,3) Position in triclinic coordinates of a point 
to which the limit information on card 2 is applied. 

card 2 F0RMAT(9F8.4) XMIN, XMAX, YMIN, YMAX, ZMIN, ZMAX, DELX, DELY, DELZ. 
Limit and increment information, in angstroms in directions of new 
axes. These quantities are added on to the point corresponding to 
the coordinates XI(!) entered on card 1, · If XMIN = XMAX, the program 
assumes that the only section to be calculated is the plane parallel 
to the one specified on card 1 at a distan~e XMIN = XMAX from it. 
Thus, for a Fourier in the specified plane, always set XMIN = XMAX = 0. 
But do not set DELX=O. 

Option 3: (ISST(2)=3) Given two points X1 and X2, a bond length BL 
and bond angle BA, a plane is calculated which is perpendicular to the 

· vector :XZ-X1 and ~.s a distance -BL COS (BA) from X2: 

~Plane· 

card 1. F0RMAT(8F10.4) (X1(I),I=1,3),(X2(I)~I=1,3),BL,BA 
The coordinates of the atoms are in the triclinic fractional 
coordinates. BL is in angstroms, and BA is in degrees. 

card 2 F0RMAT(3F10.5) (CELL(I),I=1,3) as described above. 

card 3 F0RMAT(9F8.4) Limit card in angstroms as described above 
(card 2, option 2) 
The origin is taken at the point where the vector X2-Xl 
intersects the plane. 

Option 4: (ISST(2)=4) .. A plane is calculated which includes the three point$ 
Xl, X2, and X3. . . 

card 1 F0RMAT(9F5.4) .(Xl(I),I=1,3),(X2(I),I=1,3),(X3(I),I=1,3) 
coordinates of the three points in the triclinic cell. 

card 2 Same as for option 3. 

card 3 Same as for option 3. The origin is assumed to be at 
the midpoint of the three points. 

N~B. The TRANS deck must be submitted and called if FRPEAK, FRPL0T 
are to be performed in a separate job from the one in which 
tape 3 was written by RIP and SIG. 
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Cards E RIP (and SIG) deck (supplied only if ISST(1)F0) 

card 1 6I5 NEQUIV,NREF,NTAPIN,NONTAP,NREJ 

NEQUIV- the number of equivalent positions for the space group, 
not including translational or symmetry centers. 

NREF 

Laue group ~QUIV Laue group NEQUIV 

T 1 3 3 
2/m 2 ·3m 6 
mmm 4 6/m 6 
4/m 4 6/mmm 12 

4/mmm 8 m3 12 
m3m. 24 

- the number of expanded data sets to be lis ted. RIP. expands 
the non-equivalent reflections into the corresponding 
equivalent reflections (not related by a center). This 
listing provides a convenient check on the program and user. 
It does use up paper, however, so .it is generally advisable 
to expand a limited number of reflections, advisably in
cluding some general reflections. 

NTAPIN- code word to indicate sour~e of data and calculation'desired 

A 

0 if data are from cards or as defined in subroutine IMP 

The following cases are for F(i1UR 
FLINUS with F (NOT F**2) on it 

written by 

.20 compute difference Fourier 
21 compute difference Fourier but delete terms for F b =0 
22 compute Fourier using F b with phases from Fcalco s 
23 compute Fourier based og ~calc 
24 compute Patterson from OBS 
25 compute Patterson from CALC 
26 compute alpha synthesis: 

A=OBS**2*CALC*COSalpha } 
B=OBS**2*CALC*SINalpha ~ = phase angle 

Note well: For a: F¢UR. · ta.pe from FLINUS with 
F**2 on it (i.e. refinement on F**2) options 20 through 
26 are obtained by making NTAPIN 12.0 through 126. 
In this case, all non-positive F2are ·rejected. 

For input out of XDATA (which produces. F2 and modified F2 

on tape), 20 corresponds to an origin-removed Patterson, 
22 ordinary Patterson, 23 a sharpened Patterson. 

2 100 calculate Patterson from F on tape, but delete 
reflections with negative F2 values. 
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0 the first 10000 data are used in the summation 
non-zero.: use only the first N~NTAP data in the sununation 

0 no special reject subroutine is called 
1 call subroutine REJECT (NSKIP) 
This subroutine, as written by the user to replace the dummy supplied 
with.the program, can be used to reject certain reflections. See page 8. 

card 2 limit and direction card F~RMAI(9F5.5,5X,I3) Triclinic coordinates. 
XMIN,XMAX,YMIN,YMAX,ZMIN,ZMAX,DELTAX,DELTAY,DELTAZ,N~RIEN 

where the summation goes, for example, from XMIN to XMAX in steps of DELTAX, 
YMIN to YMAX in DELTAY, etc. N0RIEN is 100,·10, 01 for sections perpendicular 
to a, b, c, resp. The map orientations defined by N¢RIEN ARE: 

N0RIEN 
100 

10 
1 

H0RIZ 
z 
X 

X 

VERT 
y 
z 
y 

SECT 
X 

y 
z 

The program is so designed that if one wants to run over an entire cell, for 
example, in the x direction, then run from·-0.5 to 0.5, not from 0 to 1.0. 
If the user is inhibited by this apparently capricious restriction then he/she 
may indulge in whatever cell interval desired simply by supplying a dUmmy 
SUBR0UTINE CHEKUP in place of the one provided. There are no restrictions 
on the intervals, other than those imposed by the format. Thus one can run 
from -0.40000to 0.0 in steps of 0.00125. 

card 2 is not relevant if TRANS, options 2, 3 or .4, is called. 
In this case card 2 must be resubmitted, butmay be blank. 

Despite the above flexibility it is still sometimes difficult to arrange 
true-to-scale maps which begin and end exactly at the desired fractional cell 
coordinates. If the cell grid increments DX, DY, DZ are set.to values greater 
than 1.0 then the program will redefine each of these quantities independently 
by a Fortran statement of the form 

IF(DX.GT.l.O) DX = ABS(XMAX-XMIN)/DX 

Note that in this case the effective grid interval is dependent upon the 
unit cell interval, also note tha.t only when whole number values of DX etc. 
are specified is this facility of optimum usefulness. 

cards 3 NEQUIV equivalent position cards 3(F15.9,3I3) 
The format here is identical with that used for symmetry cards in 
FLL.'IDS, ~RFFE, etc.· and is · 

cols 1-15 translational part of transformed x 
16-18 multiplier of x 
19-21 multiplier· of y 
22-24 multiplier of z 

25-39 translational part of transformed y 
40-42 *x 
43-45 *y 
46-48 *z 

49-63 translational part of transformed z 
64-66 *x 
67-69 * 

*y 
70-72 z 

Thus for the unlikely symmetry equivalent position 2/3 - x, y - 2z, x, we would 
have in the appropriate format: 

0.6666667 -1 0 0 . 0.000000 0 1 -2 0.000000 -1 0 o. 
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NOTE: The NEQUIV symmetry elements plus the center of symmetry 
(if one is present) must reproduce all equivalent positions 
in the space group, with the exception of lattice centering. 

Cards F Reflection data cards (if NTAPIN is 0) 
h,k,i,AA,BB (real and imaginary parts of structure factor) are read via 
the replaceable subroutine IMP. The IMP routine is as follows: 

SUBR¢UTINE IMP(JJ,KK,LL,AA,BB,IN) 
READ(IN,230) ISENT,JJ,KK,LL,AA,BB 

230 F¢RMAT(Il,I3,2I4,2F9.3) 
IF(ISENT.EQ.l) JJ=999 
RETURN 
END 

The input may be terminated either by ISENT=l or JJ=999, but in either 
case JJ·must be returned as 999 for JIMDAP to work properly. IN is the 
number of the system input file (currently 5 and 60). For example, if 
one wishes to read reflection data from the AVS¢RT BCD output tape in 
order to calculate a Patterson, one could request the tape by the name 
F¢UR (which is equivalenced to' TAPE20 on the program header card) and 
replace IMl' by 

SUBR¢UTINE IMP(JJ,KK,LL,AA,BB,IN) 
READ(20,230) ISENT,JJ,KK,LL,AA 
BB=O.O 
IF(ISENT.EQ.l) JJ=999 
RETURN 

230 li'cJRMAT(Il, F3. 0, 2F4. 0, F9. 3) 
END 

NOTE: Input data for FRPRNT and FRPEAK are covered in the 
SETUP deck and no special data decks are required. 
Some· remarks ·about these routines are: · 

three or more 
.FRPEAK will work onAsections. If it is set up to ignore 
peaks on the borders, then it is possible in the limit 
card in RIP to run in x, say, from -0.02 to 0.52 in steps 
of 0.02 as a check on symmetry, and yet not get extra peaks. 
In addition to the location of the peak, to the nearest grid 
point, FRPEAK also finds the height and lists this also in 
absolute units of e/A3, if the data are scaled in electrons 
and if the calculation is a Fourier. There are now options· 
(see card B) for interpolation and border peaks. 

Card G FRPL¢T deck (supplied only if ISST(5)~0) 

card 1 F¢RMAT(2I5, 3F5 .0, IS) (NSEC,NSKIP ,01AX, CMIN ,CINT, ILN) 

NSEC = 0 for projections (does some scaling of axes best 
understood by reading the program) 

= 1 for sections 

NSKIP number of sections to be skipped before plotting. 

CMAX the maximum contour level to be plotted on the scale of FRPRNT. 
Thus ,CMAX=lOOO will plot to the top of the highest peak on the 
FRPRNT outp~t. 
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CMIN the minimum contour level on the same scale. CMIN can 
be negative. 

CINT the contour interval on the same scale. 

ILN = 0 normal operation 
= 1 eliminate grid lines and border from plot. 

After the calculation, the user TAPE11 is submitted for 
off-line CRT and/or Calcomp plotting simply by completing 
the Calcomp request form available at the Chemistry Department 
or the Computing Center. Generally, it is quickest and most 
convenient to have only the CRT plot made. The resulting 35 mm 
film can be enlarged to 8~ x 11". 

Replaceable Subroutines 

SUBR¢UTINE REJECT (NSKIP) 

COMMON/R/JJ,KK,LL,SiNL,FOSV,FOBS,SFSV,SFCALC,DELSV,DEL,COSAA,SINAA, 
AA,BB,SIG 

This routine is called (if NREJ.NE.O) from RIP after the various 
options of NT~IN have been exercised, but before the t"eflectton 
:i.s used in the· calculation. To keep the reflection, return with 
NSKIP=O; to reject the reflec~i~D, return with NSKIP:FO. 

In CQ1.1MON JJ ,KK,LL are the indices. 

If input is fro~ FLINUS Sil~ is sinS/A. 

FOSV, SFSV, DELSV are the input values of FOBS, SFCALC; DEL if 
NTAPIN GT 100. Otherwise these are not defined. 

FOBS, SFCALC, DEL are 
If NTAPIN GT 100 then 

the input values if NTAPIN LT 100. 
these are related to the above quantities by 

FOBS= SQRT(FOSV), SFCALC = SQRT(SFSV) DEL = FOBS - SFCALC 

COSAA, SINAA are the cosine and sine of the phase angles. 

AA and BB have been defined above~ Any modification of actual 
Fourier calculations must involve changes in AA and BB at this point. 
Changing the· sign of both AA and BB will change the. sign of the map. 
This is useful, since it allows the· peak-picking algorithm to be used 
to search fornegative peaks (e~g. those from hydrogen atoms in 
neutron diffraction) • · · 

SIG is the SIG on the structure factor printout from the least
squares (i.e., the original SIG modified by the WEIGHT routine 
and possibly by the scale factor). 

If NTAPIN = 0 (card or special input) then only JJ,KK,LL,AA,BB 
are available here. 

SUBR¢UTINE IMP ·(JJ ,KK,LL,AA,BB,IN) 

see description under cards F on page 7~ 



Tapes 

F9)UR. 

JJ,KK,LL,sine/~, IF0Bs.l, IFCALCI ,cos~,SINa,6F,a 
one binary record per reflection. 
Terminated by end-of-file; -rtot·JJ=999. 
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TAPE3 Intermediate tape holds Fourier synthesis. Buffered in 1600 word 
binary records. See listing for details. Cannot be read by the old routine F0RDAP. 

TAPE1 A scratch file used by the program. 

Further notes 

(1) In some large problems, storage requirements may split each section 
into several parts. A routine GATHER is availabl.e to assemble these 
into single sections. for plotting. 

(2) The user should usually supply a TAPE3. If program is interrupted 
while printing or plotting, TAPE3 may be used to. reini tiate. Much 
time may be saved in such a case. 



1967 
1975 
1975 

LEASTSQ - ~y 1975 
Author - M. G. Rossmann 
Revised - CRYSNET et al. 
Writeup - J. P. Glusker 
Page 1 of 29 

LEASTSQ 

Brookhaven National Laboratory 
Chemistry Department 

CRYSNET Program Wr~teup 

CDC CYBER 70/74,CDC CYBER 70/76 
CDC SC~PE 3.4, CDC SC~PE 2.1 

PR~GRAM LEASTSQ(DATA,F~UR,PUNCH,INPUT,~UTPUT, 
*TAPEl,TAPE2,TAPE3,TAPE4, 
*TAPE20=F~UR,TAPE14=DATA,TAPE5=INPUT, 
*TAPE6=~UTPUT,TAPE7=PUNCH) 

Purpose: A least squares program to refine heavy atom parameters in an iso
morphous series and to include molecular refinement phase information. 

Introduction: This program was written by M. G. Rossmannof Purdue University 
and modified by Alan Wonacott, Margaret Adams, Geoffrey Ford. (Purdue), 
Gary Quigley, Byron Rubin, Sung Hou Kim (Duke), Herbert Bernstein 
(Brookhaven). 

The program follows the ideas of Blow, D. M. and Crick, F.M.C~, Acta Cryst., 
1959, 12, 794; Dickerson, R. E., Kendrew, J. C., and Strandberg, B. E., 
Acta Cryst., 1961~ 14, 1188; Dickerson, R. E., Kopka, M. L., Varnum, J., 
and Weinzierl, J. E-:-:- Acta Cryst., 1967, 23, 5ll;and North, A.C.T., 
Acta Cryst., 1965, 18, 212. 

Input data: 

I. CDC 7600 Input stream cards 

.This is, at preserit, the general run stream of cards for use on the CDC 
7600 at BNL. The cards required by the program are under the control 
of an Editor subroutine. N.B. Do not include blank cards in this deck ---except in the places indicated. 

1. XI, CP7~, YDl, T3~~. Name. 

2. ACCOUNT (PROTEIN,331) put in your own account card 

2a. REQUEST (PUNCH,*PF) Request for permanent file PUNCH (for example) 
to be open during run. 

3. MOUNT (VSN = CHEM ~1, SN = CHEM) 

4. ATTACH (LGO, LEAS.TSQ, ID = XHJB, SN = CHEM) 

5. MODE (~) 
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6. ATTACH (PTCMER, PTCMER, ID = XHJB, SN = CHEM) 

This is a MERGEL output file read in from PDP-11 

7. ATTACH (EDIT, EDIT, ID = CPROGS) 

8. COPYBF (PTCMER, CCD) 

9. EDIT (INPUT,CCD, ,OUTPUT) This merges MERGEL data with control cards. 

10. LDSET (PRESET = ZERO) 

11. LGO (,,, CCD) 

12. EXIT 

12a. CATALOG (PUNCH, PUNCH, ID = PROTEIN, RP = 999) RP = retention period 

13. DMP (30000) 

14. 7/8/9 EOR card 

15. 80, } For Editor subroutine 
16. M. 

*17. IOSET data card 

18. blank· 

19. EM part of Editor 

20. 0000000¢0terminator card 

(3 days if not used is 
maximum) 

N.B. Do not put in 7/8/9 EOR at this point since data cards 
are actually being edited in 

21-36. At this point include cards required by the program. See II, 
starting page 3. 

37. blank card 

38. · blank card 

39. PQ 

in cols 1,2 

40. DEC EOF card 

*IOSET card is described under II, page 3. 
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II. 

*17 IOSET Control Card 

(BNL I/O adapted.from Duke I/O adapted from Purdue) 

· This card controls the various tapes required by the LEASTSQ PROGRAM 

!IN, !OUT, INCARD, IOUTl, IOUT2, IOUT3, IOUT4, MMM 815 

The files listed in the program itself are: 

LEASTSQ (DATA, FOUR, PUNCH, INPUT, OUTPUT, TAPEl, TAPE2, TAPE3, TAPE4, 
TAPE20 = FOUR, TAPE14 = DATA, TAPE5 = INPUT, TAPE6 = OUTPUT, TAPE7 = PUNCH) 

col 5- !IN 

col 10 !OUT 

col 15 IN CARD 

col 20· IOUTl 

· col 25 IOUTZ · 

col 30 IOUT3 

col 35 IOUT4 

col 40 MMM 

Any integer. This is set by the program to 14 (=DATA) if 
tape input of data, 2 if card input of data. Tape input 
read into IIN. 

Any integer, set by program to 7 (=PUNCH). If 0, 
assignment and write on !OUT statements ignored. 
tape output. (TAPE7 = IP = PUNCH) will receive a 
which may be used for a map of the native protein 

no 
Used for 
coded file 
if !OUT :; 0. 

1 Reflection data on cards (read into TAPE5 = INPUT) 
0 Reflection data on tape (!IN = TAPE14 = DATA) 

0 
1 

0 
1 

no assignment. 
or any integer. 

no assignment. 
or any integer. 

Ignore write IOUTl statements. 
Program sets this to l (=TAPEl). 

Ignore write IOUT2 statements. 
Program sets this to 2 (=TAPE2). 

0 no assignment •. · Ignore write IOUT3 statements. 
l or any integer. · Program sets this to 3 (=TAPE3). 

0 
1 

no assignment. 
or any integer. 

Ignore write IOUT4 statements. 
Program sets this to 4 (=TAPE4) 

Write out data on IOUT4 for heavy atom derivative if that 
derivative is numbered MMM. 

Control information, i.e. cards 21-36 of input stream, is read onto INPUT (TAPE5). 

If data are included on OUTPUT (TAPE6) they are copied to TAPE2 for use as binary 
input. 

If data are on a separate pinary.file, they should appear on DATA (TAPE14). 

On the first cycle, binary data for the next cycle are written on TAPEl. 

On the next cycle TAPEl will be read and TAPE2 written, etc. 

A binary file which may be used for maps is written on FOUR. ·(TAPE20). 
N.B. CARDIN, TAPEIN and TAPOUT can be modified. MODIFY is used, for example, 
to reject a reflection containing bad data. 
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Reflection Data Input 

Data should be on an absolute scale or Fp modified by SCALE and FpH modified 
by SCL. The data may be formatted ("cards") or binary ("tape"). 

a) Card input 

If on "cards" the following format is expected. 

Format 3I3, 2F6.2, I2, 2X, 3F6.2, I2, 2X,. 3F6.2, I2 

IH, IK, IL, FNAT, ERNAT, NNAT, (F(II),AD(II),ERR(II), NNHV(II), II= 1,2) 

·~~ : } h,k,l 

FNAT = F native = Fp 

ERNAT =error in·F native, e.g. cr(F) 

NNAT = 0 for observed, 1 for unobserved 

F(l) = F for compound 1 = FPHl 

AD(l) = anomalous dispersion for compound 1 

ERR(l) = error in F for compound 1 = crFPHl 

NNHV(l) = 0 for observed, 1 for unobserved 

F(2) = F for compound 2 = FPH2 

AD(2) = anomalo~s dispersion for compound 2 

ERR(2) = error in ~ for compound 2 = crFPH2 

NNHV(2) = 0 for observed, 2 for _unobserved 

If you wish to change the card input then you may insert the replaceable · 
subroutine CARDIN. 

SUBROUTINE CARDIN (unit, NNO, IH, IK, IL·, NNAT, FNAT, ERNAT, ADNAT, FAZBST, 
FAZMP, FIGMER, NNHV, F, ERR, AD) 

DIMENSION NNHV(8), F(S), ERR(8), AD(S) 
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b) Tape input 

If the input reflection data are in binary form the following format 
is expected by the program. 

IIN = input tape = 14 = DATA (This is not on the reflection data tape.) 

NNO =sequence number=# of reflection (1,2, etc.). 0 for end of data. 
-1 for discard. 

IH = h 1 IK = k integer indices 
IL = R, ) 

NNAT = 0 for unobserved, n for observed in crystal n 
(1 for native, but see below) 

FNA'l' = native F 

· ERNAT·= cr(native F)= error in native F 

ADNAT = anomalous dispersion for F native - F+ - F 

FAZBST = best phase (radians) 

FAZMP = most probable phase (radians) 

FIGMER = figure of merit 

initialized in the program if 
CARDIN is used 

NNHV(II) = 0 for compound unobserved, n for observed in crystal n 
(each atom with its own temperature factor) 

F(II) = heavy atom derivative II = FPHII (II = 1 to 8 maximum) 

ERR(II) =error in F for heavy.atomderivative II 

AD(II) = anomalous dispersion for F for heavy atom II 

Terminator is EOF on tape 

The format of binary data files DATA, TAFEl, TAPE2 may be altered by 
altering the subroutin.e TAPEIN for reads and TAPOUT for writes. TAPEIN calls 
MODIFY which is a dummy routine which may be used to discard or modify _data. 

TAPEIN has the same arguments as CARDIN. 
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Cards that remain the same during successive refinement cycles. 

21. Title card Format 20A4 TITLE (I), I= 1,20 

22. Cell dimension card Format 9F8.0 

(RECIP(K), I= 1,6), DSTMAX, DSTMIN, GAP 

cols 1-8 *2 l a, or a 
i 

9-16 b, or b *2 

*2 I 

17-24 I c, or c I 0 
.,:_2 

r 
units of A, A or degrees 

25-32 cos a, a, or 2a*b*cosy* 

33-40 case, e, or 2b*c*cosa* 

41-48 COS"(, "(, or 2c*a*cos6* .J 

49-56 DSTMAX ( 1 d*max )l dmin or o-1 
1 '? units of A 

57-64 DSTMIN ( 
dmaX 

or d*min) J 

65-72 GAP 1 1 M* =----dgap M A 

Used to divide up results into shells. If GAP = 0 it is automatically 
set equal to 0 .1/1. 5418. 

23. Refinement information card 

cols 

Format 4I5, 4Fl0.4, I5 

NSYM, NCPDS, IANGLE, NCYCLE, SCALE, FIGMIN, FGAP, REJANO, IFPRNT 

1-5 

6-10 

11-15 

16-20 

21-30 

31-40 

41-50 

51-60 

65 

NSYM = number of symmetry cards 

.NCPDS = number of heavy atom compounds to be refined 

IANGLE = angular increment in degrees to be used in estimating 
the phase probability distribution = D.a 

NCYCLE = number of cycles to be executed 

SCALE = scale factor to be applied to structure amplitudes of 
native protein. This is not varied during the program. 

FIGMIN = any reflection whose phase is determined with a figure 
of merit less than FIGMIN will have extra information 
on output. 

FGAP = integral ranges of IFI for dividing up results into shells. 

REJANO = filter for anomalous dispersion. If AD > REJANO, ignore 
the result. This eliminates certain kinds of errors but 
does not filter the native data. 

IFPRNT = 0 no print, 1 print, 2 print input data as well. 
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24. Magnifications 

Format 8 Fl0.3 

AMAGS, AMAGBO, AMAGA, AMAGX, AMAGY, AMAGZ, AMAGB 

cols 1-8 AMAGS = multiplier for 6 (scale) 

9-16 AMAGBO = multiplier for 6 (overall B) 

17-24 AMAGA = multiplier for 6 (occupancy) 

25-32 AMAGX = 

.33-40 AMAGY = multiplier for 6x, 6y or 6z 

41-48 AMAGZ = 

49-56 AMAGB = multiplier for 6B 

These values magnify or modify the appropriate calculated shifts and are only 
used in the final output step. 

25. Compound card - identification on "F . input tape" 

Format 8I3. 

NFS(I), I= 1,8 

cols 1-3 NFS(l) = column on "F input tape" designated "compound 1" 

4-6 NFS(2) = column on "F input tape" designated "compound 2" 

NFS(NCPD) =column on."F input tape" designated "compound NCPD" 

This allows.some flexibility in working with a given input tape. 

26 •. NPCYCL 

Format I6I5 1 in each entry position. (May not work properly with ·any 
other entry.) 

This was included to allow a variation of the number of cycles of least squares 
relative to the number of cycles of Phase (cf. Muirhead) •. 

27. Symmetry cards 

Format 12F3.0 (T(N,I,J), J ,;, 1,4), I = 1,3) N = 1, NSYM 

These are NSYM cards, one card per symmetry position (see International Tables). 

cols 3, 6, 9, 10-12, 15,. 18, 21, 22-24, 27, 30, .33, 34-36 

tll' tl2' tl3' tl4' t21~ t22' t23' t24' t31' t32' t33' t34 
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If a point in the first asymmetric unit is at x
1

, y
1

, zl, then a point in 
the nth asymmetric unit will be at 

X = tllxl + t12yl + t13zl + tl4 n 

y = n t2lxl + t22Y1 + t23zl + t24 

z = t3lxl+ t32yl + t33zl + t34 n 

There must be as many symmetry cards as there are asymmetric units in the 
unit cell 

For example ..!_222 8 cards 

1 0 0 .0 o, 1 0 .0 0 0 1 .o 

-1 0 0 .0 0 -1 0 .0 0 0 1 .o 

1 0 0 .o 0 -1 0 .0 0 0 -1 .o 

-1 0 0 .0 0 1 0 .0 0 0 -1 .0 

1 0 0 .5 0 1 0 .5 0 0 1 .5 

-1 0 0 .5 0 -1 0 .5 0 0 1 .5 

1 0 0 .5 0 -1 0 .5 0 0 -1 .5 

-1 0 0 .5 0 l 0 .5 0 0 -1 .5 
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.Cards that are changed during refinement 

At the end of the requested number of refinement cycles new cards are 
punched. These can replace previous cards of this type, and are ready for 
further refinement on resubmitting the deck • 

. 28. Error as a function of F native 

8F8.1 (FSIZE (J,2), J = 1,8) 

cols. 1-8 

9-16 

57-64 

FSIZE(l) = r.m.s. lack of closure error for reflections 
0 2. IFI < FGAP 

FSIZE(2) = r.m.s. lack of closure error for reflections 
F GAP 2. .IF I < 2F GAP 

FSIZE(8) = r.m.s. lack of closure error for reflections 7FGAP ~ IFI 

Should be· of the order of cr(F). N.B. in FGAP (not dGAP) units. 
cr(F) "' 0.07 ! 

K. Cards for each compound . 

Cards for "compound 1" are first and so forth according to allocations 
· in "compound card" -(25, above). The cards are repeated for each derivative. 

There are NCPDS sets of cards, i.e. ( 30 through 36) x NCPDS. I is the 
number of NCPDS under consideration. 

29. Compound property card 

Format 215, Fl0.5, 2A4 

NATOM(I), NCRYST(I), CAY(!), CPDTLE(I,l), CPDTLE(I,2) 

· cols 1-5 · NATOM = number of heavy atoms in this derivative, i.e. number 
· of sites for this one heavy atom. 

6-10 · NCRYST = identifier of crystal. List every crystal to be refined 
separately on a separate card. 

11-20 

21-24 

25-28 

CAY·= t:,.f"/(f + f::,.f') for defining the size of anomalous dispersion. 
If CAY is zero, it is assumed that there are no anomalous 
dispersion observations. If CAY is negative, the hand of 
the heavy atom is changed. (CAY= 0.107 for Hg). 
Values are computed for (sinS/A.) = 0.0. 

CPDTLE(l) = } 

CPDTLE(2) = 
Title (8 positions) 
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30. Isomorphous error card 

cols 

Format 8F8.1 

EIS (I,J), J = 1,8 

1-8 

9-16 

57-64 

EIS (1) = r.m.s. lack of closure for this compound in range 
0 ..::_ 1/d < GAP 

EIS (2) = r.m.s. lack of closure for this compound in range 
GAP ..::_ 1/d < 2GAP 

EIS(8) = r.m.s. lack of closure for this compound in range 7GAP < 1/d 
(r.m.s. lack of closure for this compound in the range -
(J-1) x GAP..::_ 1/d < J x GAP). (dGAP units. Should be 
of the order of cr(F). 

31. Anomalous dispersion error card 

Format 8F8.1 

EAD(I,J), J = 1,8 

cols·l-8 

. 9-16 

57-64 

EAD(l) = r.m.s. differences between observed and calculated 
anomalous dispersion in range 0 < 1/d < GAP • 

. EAD(2) =ditto for GAP< 1/d < 2GAP 

EAD(8) = ditto for 7GAP < 1/d 
(r.m.s. difference b~tween observed and calculated 
anomalous dispersion in the range (J-1) x GAP < 1/d < J x. GAP). 
These can be determined from anomalous differences of 
centric vs noncentric reflections. (dGAP units. Should 
be of the-order of cr(F). 

32. Card for each crystal 

There are M = NCRYST(I) cards, one for each crystal of the given compound, 
i.e. each data set. 

Format 15, 2Fl0.4, 15 

J is the number of the particular heavy atom under consideration 

NZ(I,J), SCL, BOVER(I;J), IFBOVR(I,J) 



·col 5 

6-15 

16-25 

30 
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NZ = number that has to match the identifier NNHV on tape. 

SCL 

It must match the observed flag. 

= scale to apply to FPH values for this compound after 
scale has been applied to FNAT. This is the scale that 
is REFINED in this program. N.B. SCALE (applied to Fp) 
is not refined in this program. 

BOVER = overall B to apply to F values for this compound. 
This is generally set equal to zero. 

1 if overall B to be refined 

0 if overall B not to be refined 

33,34,35. Three cards for each atom 

J is the number of the atom under consideration. There are 3 x NATOM 
cards, i.e., occupancy, coordinate and temperature factor cards, 33, 34, 35 • 

. 1. Occupancy of atom LIST 

Format 8Fl0.4 ANUM (LIST, K), K = l,M 

cols 1-10 ANUM (1 per crystal) atom number or occupancy card (atomic number) 
for the heavy atom 

11-20 
etc. 

If there are M crystals of a given heavy atom derivative 
type with. the same he~Vy atom position then there should 
be M values of ANUM, 'reflecting different occupancies in 
different ·crystals. 

2. Coordinate .cards 

Format 3Fl0.4, ·IS, SX, Sil 

X(LIST), Y(LIST), Z(LIST), NTROP(LIST), (LABEL(LIST, K), K- 1,5) 

cols 1-10 

11-20 

21~30 

35 

41 

X= 

y = fractional positional parameters for heavy atom 

z = 

NTROP = 1 = isotropic shape parameter 
6 = anisotropic shape parameter 

LABEL(l) = controls atomic number refinement 

= 42 LABEL(2) controls X 1 refinement 

~ 0 = no refinement 

LABEL(3) controls refinement 1 = refinement = y ! 
'I Refinement flags 

LABEL(4) 
i 

= controls z refinement I 

43 

44 

' LABEL(S) = controls shape parameter refinementi __, 45 
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• 3. Temperature factor cards 

cols 1-10 . Format 6Fl0.6 (BLIST,K), K = 1,6 
. 2e 

B for an isotropic atom.· Shape factor is exp(-Bs1~ ). 

A 

S
1

, S
2

, S
3

, s
4

, s
5

, s
6 

for an anisotropic atom •. Shape factor is 

2 2 2 exp(-(h s
1 

+ k s2 + ~ s
3 

+ hkS 4 + k~S5 + ~hS6). 

Total temperature factor= BOVER + B(LIST, K). 
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OUTPUT Values in parentheses are computed by the program. 

A. First page (Main program) (This page is a relisting of input data) 

1. Title.for problem (TITLE(!), I= 1,20) 

2. MAGNIFICATION FACTORS FOR SHIFTS ARE 

3. 

4. 

5. 

6. 

FOR SCALE (AMAGS) 

FOR BOVER (AMAGBO) 

FOR ANUM (AMAGA) 

FOR X, Y, Z (AMAGX,AMAGY,AMAGZ) 

FOR B (AMAGB) 

*2 *2 *2 * * * * * * * * * RECIP = RECIP(l) to RECIP(6)) a b · c 2a b cosy 2b c coso, 2c a cesS 

* * DSTMAX = (DSTMAX) DSTMIN = (DSTMIN) GAP = (GAP) d max d min gap 

NSYM = (NSYM) NCPDS = (NCPDS) !ANGLE = (!ANGLE) NCYCLE = (NCYCLE) ns ncpd ilai n~ycl 

SCALE = (SCALE) FIGMIN = (FIGMIN) FGAP = (FGAP) REJANO = (REJANO) IFPRINT = (IFPRNT) 

NPCYCL = NPCYCL(l) to NPCYCL(l6)) 

SYMMETRY CARDS 

(((T(N,.I,J) ,J=l,4)l=l,3)N•l,NSYM) tiJ 

.One line per asymmetric unit· 

7. FSIZE = (FSIZE(J,2),J=l,9) 

B. New page, one for each derivative (Main program). (I.= l,NCPDS) 
(Much of this page is also a relisting of input data) . 

1. Title for problem (as on first page) (TITLE(!), 1=1,20) 

2. COMPOUND 

NATOMS = 

NCRYST = 

CAY= 

(I) (CPDTLE(I ,1) ,CPDTLE_(I ,2)) 

(NATOM(I)) 

(NCRYST(I)) 

(CAY(I)) 

n cryst 

cay 
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3. EIS = (EIS(I,J),J=l,S) 

EAD = (EAD(I,J),J=l,S) 

EISl'''''EISS =errors in isomorphous measurements 

EADl'''''EAD8 = errors in anomalous dispersion measure
ments 

4. One set for each heavy atom derivative (J=l,M(M=NCRYST(I))) 

CRYSTAL NO. (J) NZ(I,J)= (NZ(I,J)) 

SCALE = (SCL) 

BOVER = (BOVER(I,J)) IFBOVR = IFBOVR(I,J)) Bov 

5. One for each atom (J=l,N(N=NAIOM(I,J)) 

ANUMS = ((ANUM(LIST,K),K=l,M) z 

COORDINATES= (X(LIST),Y(LIST),Z(LIST) X y Z 

NTROP = (NTROP(LIST), (B(LIST,K),K=l,6)) NTROP e
1 

to e6 

LABEL= (LABEL(LIST,K),K=l,S) LABEL = flags ·for refinement 
. . . . 

6. END OF FILE ENCOUNTERED AFTER REFLECTION (H(II2) ,II2=1,3) 

7. ZERO CORLAI (M,N) (M=l,NVAR, N=l,NVAR) 

Row and column of correlation matrix where 

NVAR = number of variables 

This is printed if CORLAT(M) =0, i.e. there is a zero entry in a diagonal 
term of the correlation matrix 

ERROR AFTER REFLECTION (H(II2),II2=1,3) · 

Message printed if NNHV(MPCD) does not equal any NZ(M,Kl) 

c. Next page (Main program) 

. 1. Title for problem (as on first page) (TITLE(I), I=l,20) 

. 2. CORRELATION MATRIX 

(CORLAI(N) ,N=l,NVAR) 10 per line maximum 

If the elements of the least squares matrix are a .. , then the elements of 
~J the correlation matrix are 

Since this is a symmetric matrix all elements with i > j are set to zero. 
Each row of n of the matrix is printed out in a series of 10 elements per line 
For instance, if there are 42 parameters.under refinement there will be 42 
elements per row. Each row is printed out as 4 lines of 10 numbers and 
one line of two numbers. 
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D. New page. (Phase program) Continuous for all reflections 

1. (IH, IK, IL,FP ,ABEST ,AMAX, ;FBEST~ (~,;F.H(M, 1), FH(M, 3) ,FH(M, 2)PHI (M) ,REAL(M) ,EMAG(M)) 
for M=l,MCPDS. 

. 2. (H(J),J=l,3) FNATIVE = (FP) FIG OF MERIT = (FBEST) BEST AND MOST PROBABLE 

PHASES ARE (Al) <!>best (A2) 
<I> max 

3. CPD FH AD FSMALL PHI A B 

HA number + - fj=FHA only ~ BRA FPH F PH-F. PH aHA 

4. (M) (FH(M,l)) (FH(M, 3)) (FH(M, 2)) (PHI(M)) (REAL(M)) (EMAG(M)) 

5. TOTAL PHASE PROBABILITY CURVE 

6. (P(J) ,J=l,JJ2)' 

7. (P(J),J=JJ2,JJ,P(l)) 

(_ P(a) ) 
\P(a)max 

in intervals Aa. from 0-180° and from 180°-360°. The probabilities 
~ 

of P(a) at a given phase a used in computing the figures of merit are 

computed. Increments, Aa, are input in card 23 as IANGLE. · The equation, 

for. N heavy atoms, gives a probability P(a)h for each reflection h: 

N 
P(a)h = Tf 

i=l 
(-

2 . 

-e:......:i;=s:..=·i~) exp -· 
. 2 * · 2E .. 

~s~ 

where e: . . = I F - F I 
~s PRobs PHcalc 

and e:ad = IADobs - ADcalcl 

.N 
TTexp 
i=l 

Eis and Ead were given on input cards 30 and 31 res~ectively. 

8. END OF FILE ENCOUNTERED AFTER REFLECTION .((H(II2),II2=1,3) 

9. ZERO CORLAT (M,N) 

·E. Next page (Final program) 

Here we define SHAPE= exp(BOVER*sin2a/A.2). 

SCL is scale factor applied to FPH' SCALE is scale factor applied to Fp. 

1. Title for problem (TITLE(I),I=l,20) 



Page 16 of 29 

2. RMS ERROR IN F IN GIVEN SIZES 

(FSIZE(J,2)=1,8) number of observations in each Fgap range= ~S where each 

observation is a given lack of closure for any heavy atom 

compound for any reflection in given range. 

(FSIZE(J,l)/FSIZE(J,2),J=l,8) 

o 
2 

= ~ where G = L (su!J>E Y 
and where 6 =. {sctiFPHI-IFP + fj ll 

=. {SCLIFPHiobs - IFPHicalc} 

i.e., r.m.s. error in FPH in each range of F gap 

F. Next page (Final program) 

1. Title for problem (TITLE(I),I=l,20) 

2. For I=l,NCPDS 

6. COMPOUND (I) (CPDTLE(I,l),CPDTLE(I,2)) 

7. MINIMUM ZONE SPACINGS FOR SHELLS Shells are 6dGAP'~dGAP/2, etc. 

(F(J),J=l,8) 1/GAP l/2GAP etc.= minimum zone spacing 

VARIATION OF CAY WITH. RESOLUTION 

(DAY(J),J=l,8) (CAY(I)) 

~ADOBS*ADCALC*WT ·DAY = vs 
~ADCALC*ADCALC*WT 

CAY= ~~ADOBS*ADCALC*WT 
~~ADCALC*ADCALC*WT 
8 terms 

DERIVES (EIS(I,J),J=1,8) 

f . h of GAP. (= ~ = ~d* ) A new set o 1somorp ous errors in ranges 6d ~ 

ANOM DISP (EAD(I,J),J=1,8) 

G _ anom 
( 

6 

1 - I anom error 
* SHAPE) 

2 

SCL 

=ff 
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2(Bp~- ~BHA)(SHAPE) 
and I AD I calc = --=---.F.::.......;;;;;:;;;;... __ _ 

PH 

A new set of anomalous dispersion errors in ranges of GAP. 

OLD DEL MAG NEW(SIGMA) INITIAL 

3. Do for J=l,M 

SCALE (OLDSCL)+(SHIFT)~(AMAGS)=(SCL)((SIGSCL))Ql(I,J) CRYSTAL NO (NZ(I,J)) 

BOVER (OLDB)+(DBO)*(AMAGBO)=(BOVER(I,J))((SIGBO))BOVRl(I,J) 

OLD DEL MAG NEW(SIGMA) INITIAL 

4. For J=l,N 

ANUM (ANMOLD)+(DANUM)*(AMAGA)=(ANUM(LIST,K))((SIGDAN))ANUMl(LIST,K)) 

CRYSTAL NO (NZ(I,K)) 

X=(XOLD)+(DX) *(AMAGX)=(X(LIST)) ( (SIGDX)) (Xl(LIST)) 

Y=(YOLD)+(DY)*(AMAGY)=(Y(LIST))((SIGDY))(Yl(LIST)) 

Z=(ZOLD)+(DZ)*(AMAGZ)(Z(LIST))((SIGDZ))(Zl(LIST)) 

H=(HULD(K))+(DB(K))*(AMAGB)=(B(LIST,K))((SIGDH(K))(Hl(LIST,K)) 

NTROP(LIST) lines forB i.e., ·6 if anisotropic, 1 if isotropic 

i.e., K=l to NTROP(LIST) 

The standard error in the ith variable is computed from the inverted matrix as 

~a .. L. {we:
2/n-m)} 

].]. h ,n 

i.e., SQRT(CONST*ABS (TRIX(NV ,NV)) where TRIX(NV ,NV) is the appropriate di,agonal 
term of the inverted matrix and 

CONST = EW*EPNSQ 
(8 x # cpds x # refls - NVAR) 

5. MINIMUM ZONE SPACINGS FOR SHELLS 

. (F(J) ,J=l,8) bod b.d/2 etc • 

R values in ranges of GAP. 
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RMS SMALL F (ECALC(M,2,J) 

EFFSQ _ ~ _ 
El.O - J ~ - r.m.s. f 

NUM PER ZONE (ECALC(M,3,J) 

El.O = n 

RMS DIFFERENCES (ECALC(M,4,J) 

j E(((F(MCPD)*SCL-FP)**2) = 
El.O 

. 2 
(EFpH - F ) p 

n 

A.D. RESIDUALS (ECALG(M,5,J) 

E(ADDIF) 2*WT E(F+- F-) 2 w 
E(ADCALC)Z*WT = E(AD)2 w 

calc 

Require that SMALLF(f)»E (rms closure) for a good solution 

. 4. STATISTICS FOR GENERAL REFLECTIONS FOR COMPOUND (M) 

List for J=l,9 

NUM PER ZONE (RVAL(M,l,J)) 

n 

AVG LK OF CLO.S (RVAL(M, 2 ,J)) 

E~~~~PS) = (EE)/n = (~{IFPHobsl<s~E) IF~Hcalcl 

AVG DERIV FPH (RVAL(M,3,J)) 

E (ABS (F(MCPD) * SHAPE) 
. . SCL 

El.O 
= 

. I I SHAPE (E{ FPH ( SCL ) 
n 

AVG W*(E**2) . (RVAL(M,4,J) r 

W*E~~~ci*i06 = {(Ewe2)fn} x 106 

AVG W*(FPH**2) (RVAL(M,5,J)) 

EW*F(MCPD) 2*106 = {(EwFPH
2
)/n} x 106 

AVG SMALLF (RVAL(M,6,J)) 

EABSFF = (Hj) 
El.O n 
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AVG FP(NATIVE) (RVAL(M,8,J)) 
2 6 · 2 SHAPE 2 6 EW*(FFSQ*(S~E) *10 = ({Ewfj ( SCL ) }/n) x 10 

Small F = calculated heavy .. atom contribution. 

5. STATISTICS FOR CENTRIC REFLECTIONS FOR COMPOUND (M) 

List for J=l,9 

NUM PER ZONE (RCEN(M,l,J)) as above 

AVG LK OF CLOS (RCEN(M,2,J)) . as above 

AVG DERIV FPH (RCEN(M,3,J)) as above 

AVG SMALL F (RCEN(M,6,J)) as abo·ve 

AVG FP(NATIVE) (RCEN(M,7,J)) as above 

AVG DELF N.C.O. (RCEN(M,4,J)) = EABS (ABS (FP) - ABS(F(MCPD)*s~E ))/El.O 

AVG DELF C.O. 

NUM CROSS OVERS 

(RCEN(M,S,J)) = same including terms for which ApH and Ap 
have different signs 

(RCEN(M,8,J)) = n, if ~H and~ have different signs 

6. R VALUES FOR GENERAL REFLECTIONS FOR COMPOUND (M) 

List for J = 1 to 9 

KRAUT R VALUE (RVAL'(M,2,J))=RVAL(M,2,J)/RVAL(M,3,J) AVG LK OF CLOS 
AVG DERIV FPH 

· ·. , . _. . · _ AVG W*(E**2) · l/Z 
L.S. R VALUE. (RVAL (M,4,J)-SQRT(RVAL.(M,4 ,J) /RVAL(M,S,J) )-(AVG W*(FPH**Z)) 

-------

R MODULUS (RVAL'(M 6 J)=RVAL(M 2 J)/RVAL(M 6 J) AVG'LK OF CLOS 
' ' ' ' ' ' AVG SMALLF 

AVG W*(E**2) 
R WEIGHTED (RVAL'(M,8,J))=RVA1(M,4,J)/RVAL(M,8,J) AVG W*(FH**Z) 

7. R VALUES FOR CENTRIC REFLECTIONS FOR COMPOUND (M) 

List for J = 1 to 9 

KRAUT R VALUE AVG LK OF CLOS 
(RCEN'(M,2,J))=RCEN(M,2,J)/RCEN(M,3,J) = AVG DERIV FPH 

AVG DELi C.O. 
RATIO DELF/FPH (RCEN'(M,3,J))=RCEN(M,S,J)/RCEN(M,3,J) = AVG DERIV FPH 

CENTRIC R VALUE (RCEN'(M,4,J))=RCEN(M,2,J)/RCEN(M,5,J) = !~~ ~L~FC~~~S 

RMODULUS (RCEN'(M,6,J))=RCEN(M,2,J)/RCEN(M,6,J) = AVG LK OF CLOS 
AVG SMALLF 
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SOD EXAMPLE (near-in reflections excluded) 

COMPOUND 1 

MINIMUM ZONE SPACINGS FOR SHELLS 

RMS CLOSURE · 
RMS EST ERROR 
RMS SMALL F* 
NUM PER ZONE 
RMS DIFFERENCES** 
A.D. RESIDUALS 

* 

34.30 
0.0 
0.0 
0.0 
0. 
0.0 
0.0 

17.15 
9.85 
8.03 

16.90 
43. 
17.64 
0.78 

calculated heavy atom contribution 
** . 

r.m~s. isomorphous differences 

11.43 
18.57 

7. 89 
15.14 

135. 
20.69 
0. 79 

8.58 
15.87 

7.66 
15.23 

250. 
17.84 
0.85 

STATISTICS FOR GENERAL REFLECTIONS FOR COMPOUND 1 

NUM PER ZONE 
AVG LK OF CLOS 
AVG DERIV FPH 
AVG W*(E**2) 
AVG W*(FPH**2) 
AVG SMALL F 
AVG FP (NATIVE) 
AVG W*(FH**2) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

43.0 
7.36 

60.16 
0.22 

10.20 
15.79 
62.98 
0.78 

135.0 
14.97 
49.12 
0.63 
5.02 

13.58 
60.46 
0.45 

250.0 
12.35 
44.69 
0.50 
5.74 

13.63 
55.11 
0.62' 

STATISTICS FOR CENTRIC REFLECTIONS FOR COMPOUND 1 

NUM PER ZONE 
AVG LK OF CLOS 
AVG DERIV FPH 
AVG SMALL F 
AVG FP (NATIVE) 
AVG DELF N.C.O. 
AVG DELF C.O. 
NUM CROSS OVERS 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

4.0 
5.44 

35.20 
15.61 
23.54 
11.67 
11.67 
0.0 

7.0 
17.6Q 
50.50 

7.75 
67.00 
17.66 
17.66 
o.o 

R VALUES FOR GENERAL REFLECTIONS FOR COMPOUND 1 

KRAUT R VALUE 
L. S. RVALUE 
R MODULUS 
R WEIGHTED 

0.0 
0.0 
0.0 
0.0 

0.1223 
0.1461 
0.4658 
0.2784 

0.3047 
0. 3539 
1.1019 
0.3900 

R VALUES FOR CENTRIC REFLECTIONS FOR COMPOUND 1 

KRAUT R VALUE 
RATIO DELF /FPH 
CENTRIC R VALUE 
R MODULUS 

0.0 
0.0 
0.0 
0.0 

0.1546 
0.33 
0.4665 
0.3487 

0.3504 
0.35 
1.0021 
2.2823 

12.0 
12.14 
56.73 
12.12 
65.98 
15.84 
15.84 
0.0 

0.2764 . 
0.3235 
0.9058 
0.9636 

0.2139 
0.28 
0.7661 
1.0015 

0 

6.86 
12.30 

7.06 
13.44 

410. 
15.78 
1.31 

410 .0· 
9.96 

47.38 
0.48 
8.38 

12.03 
45.26 
0.58 

12.0 
11.08 
37.66 
8.58 

42.43 
10.10 
10.10 
0.0 

0.2101 
0.3281 
0.8277 
0.8153 

0.2941 
0.27 
1.0968 
1. 2901 

N.B. Usual phasing error is approximately 30° at 2 A resolution. 

5.72 
12.81 

6.83 
12.96 

669. 
16.75 
1.63 

669.0 
10.01 
51.59 
0.50 

'9 .• 33 
11.57 
41.52 
0.51 

16.0 
8.75 

57.19 
11.98. 
45.66 
13.55 
13.55 
0.0 

0.1941 
0.2310 
0.8653 
0.9706 

0.1530 
0.24 
0.6460 
0. 7303 

4.90 
12.39 

7.03 
11.53 

150. 
15.63 
1.58 

150.0 
9.65 

51.58 
0.45 
9.00 

10.43 
44.05 

0.39 

3.0 
3.4~ 

35.94 
7.37 

36.06 
9.11 
9.11 
0.0 

0.187 
0.222 
0.925 
1.131 

0.09 
0 
0.37 
0.46 



Output Tapes 

1. IOUT = 7 = PUNCH Formatted 3I3,1X,7F9.3 

h 

k 

1 

(radians) 

(radians) 

figure of merit 

2. IOUT 4 = 4 Non formatted 

written if IOUT4 ~ 0 and if M = MMM 

h 

k 

1 

d* 

K1 F p cos ( <j>best) 

K1F sin( <j>b· ) p est 
+.~ 1 
+BRA . 

3. IOUT 3 = 3 Non formatted 

h 

k 

1 

K1F cos( cb. ) p 'best 

Jci<1 F p cos (\est) 

K1F sin(<j>b ) p est 

mK1F sin(<j>b ) p est. 

F PHca1c 

P.age 22 of 29 
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4. IOUT 1 = 1 Non formatted 

h 

k 

1 

n 
p 

F 
p 

oF 
p 

. AD 
p 

<!>best 

<I> max 

m 

~H1 ' 

FPH1 

oFPH1 

ADPH1 

At end IOUT 1 becomes IIN, IOUT becomes IOUT 1, IIN becomes IOUT 2 

5. FOUR = 20 

h 

k 

1 

F 
p 

<!>best in 

<I> max in 

FPH1 k2S1 

ADPH1 k2S1 

f .. 

degrees 

degrees 

for each heavy atom 
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k2 = scale for heavy atom derivative = SCL 

S = shape factor= exp (BOVER(I,J) sin
2

6/A.
2

) 
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Theory (adapted from the writeup of Rossmann) 

A. Refinement 

1. 
2 2 2 . 

D = F + f + 2Fpfcos(a -~) p p 

an an 
dD = ~ ~~1 + ~ ~~2 • 

1 2 

FPH = observed heavy atom derivative amplitude 

D = calculated value of FPH 

= native protein s~ructure factor 

= heavy atom structure factor 

e: = (F - D) = the "lack of closure" = the quantity 
PH 

to be added to FPH to close the triangle 

where ~l' ~ 2 ··· ~j are j (=number of variables) refinable parameters 

2. We require that FPH = dD, i.e., that dD = FPH- D. 

· Hence we wish to minimize the quantity 

- ~ N ~Dhi . . anhi 
e - .L,_ L wh. ~ ~~1 + -"1:"-- ~~2 + 

h i=l ~ 0 "'1 °"'1 
- (FPHhi - Dhi) 

. ]2 
where there are N heavy atom derivatives (i = 1 to N) 

and h independent reflections • 

. ~i is the weight to be applied to a given reflection for a given heavy 

atom derivative. 

When dD is a minimum it. is assumed that a. . is approximately correct. 
p 

3. Setting 
ae 

0 for K 1 to M we obtain the normalized equations: = =· 
a~K 

These equations have to be solved for theM shifts ~~j. 



4. 
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· 9Dh. . 
We now have to conSider the form of the derivative a~i~ for the various types 

of refinable parameters. It will be seen that for heavy atom deriv~tives i 

D~i = q~ [5~i + FPh cosaPh)2 +. (bhi + FPh sin~h)~ 

where fhi = ~i + ibhi for the heavy atom structure factor of reflection h for 

derivative i; 

FPh and aPh are the amplitude and phase of the native protein for the 

reflection h; 

and qi is the number by which FPh must be divided to bring it onto the native scale. 

an D aq = q 

and :~ = } ~"ni + FPh cosaPh) ::hi + (bhi + FPh sinaPh) -~~i J 
N 

5. But since ~i = L . Zn L e -icpscos 27T(hx +.ky + .Q.z) 

and if 

then 

where 

s s s 
n=l equiv 

positions·. 

N 

bhi = L 
ri=l 

Z . "\.""' e-:- icps sin 2 (h + k + .Q. ) n L 7T xs Ys zs 
equiv 
positions 

xs = tllx + t12Y + tl3z + tl4 

Ys = t'2lx + t22Y + t23z + t24 

zs = t3lx + t32Y + t33z + t34 

8 = 21r(hx + ky + .Q.z) 
s s s 

27T(h X + k y + .Q. Z + s s . s ~ ) s 

h = tllh + t2lk + t3l.Q. s 

k. = t12h + t22k + t32.Q. s 

.Q. = tl3h + t23k + t33.Q. s 

~ = t14h + t24k + t34.Q. s 



which gives 

a~i 
--= 

ax 

s 

-zn~ 2~h e-i~s sin 2~(h x + k y + £ z + ~ ) 
s s s s 

.equiv 

s 

-zn~ 
equiv 

etc. for y and z. 

6. If we have an isotropic atom 

~s = B(si~6 ) 2 for all values of s 

a~i = -Zn(si~6)2 ~ e-i~s cos 2~(hsx + ksy + £sz + ~s) 
equiv 

. s . 
-z (sin6)2 ~ e-i~s 

n A L 
equiv 

sin 2~(h x + k y + £ z + ~ ) . 
S S S S- · 

7. If we have an anisotropic atom 

a~i 
s 

and -zn_L h .k -i4J.., 
~ ) --= ~ y COS 2~(h X + k y + £ Z + 

asij s~ sj . . s s s . s 
equiv 

abhi 
s. 

-znL h ik . 
-i<l> 

2~(h X + k y + £ z + ~ ) --= e s sin 
asij S SJ s s s s 

equiv 

B. Phase determination 
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1. £hi= FPHhi - Dhi · FPHhi is observed, and Dhi is calculated for a given value of aPh as 
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N / e:~.] 
2. Then P(a) = lT exp (-+ 

· i=l \.. 2Ei 

where e: is the "lack of closure" and E is the error in a measured F. 

P(a) is computed at intervals ~a. ~a is input to the program. 

a. The most probaple phase (the phase with maximum probability), i.e., 

a when P(a) has its maximum value, is fed into the least squares part 

of the program for the given reflection. 

This phase may be used to calculate the "most p·robable Fourier map". 

b. The best phase is used for Fourier input. The figure of merit, m, is 

defi1i.~d as 

iad e. a 

iii = 

2 . '2 
(rP(a)cos ) + (rP(a)sina) ) 

rP (c:i) 

-1 (rP. (a)sina·) 
The best phase, t;,est" is defined as tan \_}:P(a)cosa • This is a centroid 

phase. In the best map these centroid phases, abest' are combined with 

amplitudes weighted by the figure of merit. This map should have the least 

overall r.m.s. error in electron density. 

C. Anomalous dispersion as an aid tophase determination 

1. F+2 = F 2 + 02 - 2oFH cos(90-y) H H 

-2 F 2 2 F - + o - 2oFH cos(90+y) H H· 

where FH = FPH 

Therefore by subtraction 

2 F+2 _ F-2 
• H H = 2oFH[cos(90+y) - cos(90-y)] 

or (F~ F;) • 2FH = -4FH siny 

... (F;- F;) = -2siny 



3. But siny = sin(l80 + a - p) 
Fp FH 

Fp 
siny =----sin(~- a). 

FH 

4. By substitution 

5. 

+ 2oFP 
F - F = -- sin (a - ~) 
H H FH 

+ -= FH - FH 

ZFPo . 
and t.CALC = -F- sl.n(a - ~) 

H 

Then EAD = t.OBS - t.CALC 

and P(a) a ex/-
02~) 

. \ 2EAD 

}'age 29 of 29 

6. E!n is the r .m.s. value. of the E AD "lcick of closure" for this compound over 

all reflections. 

7. 

In calculating t.CALC for a given a the calculated value of FH is useu, 

not the observed value.. That is 

ZFPo 
t.CALC = -D-. sin(a - ~) 

is refined in successive cycles. 

ZF. 
Let G = ~ sin(a - ~) 

D 

t.CALC = oG 

We wish· to minimize the sum S = L 
h 

when 

Then 

I 
h 

2 
(t.OBS - oG) 



Input·ca.tds 

LEAST, STMFZ , YD 1 , T300. 
ACC0UNT( •••• , ••• ) 

..... M0UNT(-. ) 
AITACH(ACCESS,ID=ZZGCPR~GS) 
ACCESS(EDIT,ID=CPR0GS) 
ACCESS (LEASTSQ ,.ID=CPR0GS} 
ATTACH (DATA, •••• ) 
C~PYBF (DATA, CCU) 
EDIT(INPUT,CCD, ,0UTPUT.)'~·-. :·.
M0DE(O) . ··. •.·· . 

l.DSET(PRESET=O) ,.;;-'· .··· . 
. . · I.EASTSQ (, , , CCD) 

-30-

EXAMPLE 

.. ,EXIT. . - ----··------~----------·------- ···-·-·-· ---· 

. ·JIL 
-M 

EM 
000000000 

PT2 +HG. EUREKA 
94.5 98.9 

8 2 5 

1 

NO. 1 !"lAY 13 1975 
87.0 .., 92. .001 .:1 

l; L 1 • 
z 

1 1 1 1 1 1 1· 
1 0 0 . a . a 1 a .0 0 0 1 .a 

-1 0 0 .a a -1 0 .a a a .1 .a 
1 0 a .e e -1 El .a a a -1 .a 

-1 0 0 .a 0 1 a .0 a a ...;.1 .a 
1 0 0 .5 0 1 a .5 a a 1 .. 5 

-1 0 a .5 0 -i 0 .5 0 a 1 ~5 
1 B a: .5· 13· ,-1 . 0 . .s: .13 0 -1 .s· 

-1 El' B · .~5 B 1 B .5 . Eli B -1' .5 
a. 

1 1 ; 107 PT ANOM 
258. 250~ 200. 150. 140. 
sa. 50. sa. 160. 1EI0. 

192. 0. 
40. 

.335 .31 .21 
1El. 

1 1 . 107 HG ANOM 
300. 300. . 200. 200< 10EI. 

. _sa. sa. 50 .. 50. 1-El0 •.. 
1 s2· .. s .a:;. 

40. 
. 13 . 31 .31 1 . 

10. 

. PQ 

.2 
25. 

1. 1. 

l 1 . 

130. 13EI. 
.tem. 1SEI. 

11110 

100. 10a .. 
1 ElEl'.. · 100. 

11110 

.0255 
30 . 

1. L L 

1 

150. 
10EI. 

10a. 
. '10_0'• . 

0 



. Card listi:~g via Editor 

. -~· .... - -· -· 
EDITOR. LENGTH =- aa 

*EC= M 
1 1 1 1 

OK 
*EC= EM 
EOF 1 1758 .. 
oe:eaeaaaa· 

PT2 +HG EUREKA NO.' 1 MAY 13 1975 
.-.. -

94.5 98.9 · 87 .a 
s 2 5 3 92. .eat 

1. t. ; 1. 
2 

l 1 1 l 1 1· 
1 0 0 .a a 1 a .a e. e 1 

-1 a a .a 0 -1 a .e. a .\,0 1 
1. a a .a. a· -l a.· .a a 0 -1 

-1 () e .a a 1 e .0 a 13 -1 
1 a a . ., 

-~ El· 1 a .5 a a ·. ·1 
-1 a a .5 0 -1 0 .5 0 e 1 

1 a 0 .5 a -'1 0 .5 a a -1 
-1 0 0 .5 0 1 0 .5 tl·. 0 -1 

0. 

ok 
. *EC= PQ 
EOF2 179~l 
:tCto!Ct<N:;.lJ PASS;lCiOIOK : 
EDIT 'EtlD. . .•.. 

. ... . 

1 . 

1 
.a. 
.a 
.0 
.0 
.5. 
.5 
.5 
.5 
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25~ 
1. 

1. 1 .. 

.2 

1. 
. 30. 

1 

L 

1 

131:L. 150. 
tee. 100 •. 

tEie.. . tea.· 
100. . HHl. 

.0255 
1 

1.· 

1 1 

1. 

1 



-32-

Outnut 

... ·.~- ?ti +H-G-EUREKA NO. ·l··· MAY13-'19~· . .-= ... ··,-·---··. 

tt:?GNIFICATION FACTORS FOR SHIFTS-ARE 
.FOR SCALE • 1.000 

FOR SOYER t.~B0 
. FOR ANUM 1.008 

i-GR X .. Y .. Z 1.000 1. el00 1.1:100 

0.00000 0.80000 
i-OR 8 1.000 
RECIP=. .800Ll- · .00e10 .. 00013 a.00000 
.DSTMAX= .200 DSTMIN~· -8.008 - GAP~ .026 
NSYM= 8 NCPDS= 2 !ANGLE= S 
SCALE= 9.2.000 FIGI"IIN= · .001 FGAP= 25.800 
HPCYCL = 1 1. 1 1 . 1 1 1 . 1. .1 1 · 1 1 . i 1. 

!'!CYCLE= .3 
REJAI'lO= 30.000 
1. 1 

·. IFPR INT= 

SYt"J'1ETRY CARDS 
1.aa a~ea a.aa 0.00 a.0e 1.00 

-1~00 e.n0- 0.00 e.00 · 0.00 -1.00 
1.00 0.00 0.00 0~00. 0.00 -1.20 

-1.00 0.00 a.;00 0~00 0.00 1.00. 
1 • 00. 0. 0G · 12!. 00- . sa o. 00 1 • 00 

'-1.00 .· a·.00 0.00 .50 a-•. 0e· -r.aa ·· 
1.00 0.00 0~00 .50 0.00 -1.08 

-1.00 0.H0 0.00 .50 0.00 1.00 
FSIZE= 0.0~0 -a.a0a -a~eas · 

PT2 +HG EUREKA NO. 1 MAY 1"3 197S 
COMPOUND . 1 PT ANOM 
NATOJ-15 . = 1 
~lCRYSr =' l . 
cnY =· ... ;:~:Lo7e· 

0.00. 0.00 0~00 
s.ae a.aa 0.00 
0~se 0.00 e~ao 
0.00 0.00 0~00 
0.00 ~50 a.~e 
0.00 :sa a.a0 
0.00 .50 0.00 
8.00 .• 50 0.~0 
-o.a0a -a.a0e 

a.ae 1.00 a.00 
0.00. 1.00 0 .. 00 
0~ae -1.00 0.00 
a .ml -1 . 80 · 0 . 00 
e • 00 1 . e0 . sa 
EL 00 1. 00 . 50 
El. 00 - 1. 00 . 50 
0-.00 ..-1.00 .se · 

-0.008 -0.000 -0.000 

EIS~- 250.00~ 250.000 . 200.000 
. [~D= . 50.000 50.000 50.000 

150.000 . 
10a.mm 

140 .001l 
100 ;000. 

130.000 
100.080 

130.080 . 
100.000 

1.50.000 
100.0216 

CRYSTAL NO. · 1 NZCL-J)= 
SCALE = 92. 0000 . 
80\/ER =· ·. 0. 0003 JFBOVR :-0 
:~HUMS· = 48·, 0D00 

·coORDiNATES =. ·.0350 .. 2100. _.218El 

. . . . . . . . 
-::. __ , _____ : .. ·. . .. -. . 

-· --~-=....::--: .-- :·····~ ....... ······-:·· ·.-------':""- ··-;-_ .. ·-····. 
·,. 

... --;_..-:~-.; ..... 
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NTROP= .1 B = 10.000 .-a. 800 -0.000 -0.000. -B.tl00 -8.008 
LABEL = 1 1 1 1 0 

PT2 +HG EUREKA tm. 1 MAY 13 1975 
COI1POUND 2 HG ANO!·I 
tiATOMS = 1 
NCRYST = 1 
Cr1Y = • 1070 
EIS= 300.000 300.000 200.000 200.080 
EAD= 50.00A . 50.000 58.000 50.000 

108.008 
100.000 

100.000 
100.000 

100.00P.l 
100.008 

100.U08 
188.000 

CRYSTAL. 1'10. 1 NZ.VI. J)"' 1 . 
SCALE 0 92.~800. I 

COVER ·= 0.0000 IFBOVR -=-13 
At·IUMS = 40. El£!08 
conRD I~IATES "' . 46~e • 1~00 . 4800 
NTROP= 1 8 = 10.000. -0.000 
LABEL = 1 1 1 1 0 

-0.000 -0.00El -0.000 -0.800 

am OF FIL£ ENCOUNTERED AFTER REFLECTION 
ZERO CORLAT 11 1 :., 

PT2 +HG EUREKA NO.· 1 MAY 13 1975 
CORRELATION MHTR D< '-

1.0000 -.0612 .El32g .0090 
0.0000 1.8000 .0359 . -.0025 
0.0000 0.0080 1.8000 -.0058 
0.000s. ·a.c8oe 0.0000 1.0000 
o.aace 0.0000 · B.Deco ~.0~ea 
0.0000· 0.0000 0.eeea e:e000 
0.0000 .. 0.0008 0~000~ 0.0A00 
0.0088 0.0000 0.0080 0.0080. 
a.0a0c o.6~00 ·. a.0000 e.0oe0: 
8.DOB8· . e.aaaa. · a.ee00· · a.eeea 

PT2 +HG EUREKA 1~0. 1 MAY i3 1975 
RMS ERROR IN F iH GIVEN SIZES 

0.0 0.0 0.0 ~ 
~.~ 0.0 0.0 

PT2 +HG EUREKA. NO. 1 MAY . 1.3 1975 
COMPOUND 1 P.T A~!OM. 
M I~~ I MUM ZONE. SPACINGS FOR SHELLS . 

19 .. 6. El. 

,...0154 0.0000 "1'.1.8880 
.0558 0.000~ 0 .. 8800 
.0875 0.0808 0.0800 

-.8174 0.0800 0.8000 
1. 8800 ~.0000 13.08021 
0.0008 1.0000 -. 1482 
0.80()0 0.0080 1. 00013 
8.800(1 0.8800 0.8000 
B.008P.l 0.0006 0.0060 
a. Emoo· 0.0080 El~ElEiU0 

. 0.0 0.0 0.0 
B.El 0 .0· 0.0 

· 39.22 19 .. 61. · l3.e7. 9.80 . 7.84 . 6.54 5.60. 
VARIATION OF· CAY WITH RESOLUTION· 

0.00000 · .05320 r15587 
0.13 252:4 

.01787" 
DEI<IV ES 
ANUM DISP 0.0 38.4 

OLD DEL MAG 
SCALE.~ 92 .0El80 + !'i. 0656 :t< 1. BB = 
BOVER . .._ 0. 00 + . a. 80 :t< 1. 80 = 

. . OLD DEL· MAG 
mtuM 4a.oa + 3.48 * 1.00 

X .• 0350 + -. 8014 * 1 . 00 
y • 2.1¥.10 + .. 0005 *· 1.80 
z .21oe.+ ~,00re *· 1.sa =. 
B 10~20~+ 0.00 * t~ae. = 

PT2 +HG EUREKA NO. 1 MAY· 13 1.975 
COMPOUND· 2 HG ANOM 
MINIMUM ZONE SPACIHGS FOR SHELLS 

l53.. 2 
7L5 

NEWC 
. 97 .0656( 

0.00( 
NEWC 

43. 48.( 
.0336( 
• .2105( 

·. 2090( 
10.00 < 

39.22 19.61 ·. 13.07 
VARIATION OF CAY WITH RESOLUTION . 

123. 1 
87.5 
SIGMA) 
.0600) 
0.00) 

SIGMA> 
1. 29) 

. 80@5) 
·. 0006) 
·.a0an 

El.B0J 

9.80 

0.00000 .13972 .10599 
0.8 363.5" 151.4 

.21292 
D£RIV ES 
ANOM DISP 

OLD 
SCALE. 92.5800 + 

JVER 8.00 + 
OLD· 

a . 0 41. 3 56 . 6 
DEL MAG NEWC 

.5456 :f( 1.00 93.0456( 
0.00 * 1.00 = 0.00( 

DEL MRG NEWC 

129.6 
68.6 
SIGt!8) 
• 0008) 
8.68) 

S IGt1A> 

• 0241.18 ; 37831 . 0838 1 
128.5 122.5 189.6 
106. B 104. 1 91. 9 

INITIAL 
92.00021 CRYST.HO 

0.08 
INITIAL 

40 .. 00· CR't'ST NO 
.0350 . 
.2"100 
.21EJEl 
10.00 

7.84 6.54 5.68 

.07248 ·.07920 .05553 
95.3 88.8 95.9 
94.9 99.3 114.1 

HI ITIAL 
92.5880 CRYST NO 

El.00 
INITIAL 

8.8808 
0. 0>1~.10 
8.0800 
0.0000 
8.0000" 

.01R2 
-. l)J:39 
1. 0833 
0.0080 
0.8888 

2716.0 
124. 1 

4.9El 

.S7S91 
·147. 7 
112.4 

r· 

4.98 

.. 06510 
102.5. 
122.3 

8.0888 8.0008 
E!.0880 0.0008 
0.13608 8.8000 
8.8800 0.0000 
0.S080 0.8000 

.ft053 .049EJ 

.6380 -. 1868 
-.810[ -.0470 
1 . ElSI::O -.6057 
a.ecoo 1.8000 

.66766 

.08494 
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HNUH 40.00 + 1.18 * 1.00 ~ 4l.lEH 
.4599( 
.1399( 
. 4785( 
to. mH 

l. 12) 40.0El 
.460A 
.1400 
.4800 
10.80. 

CRYST NO 
x .. 46813 + - . a~e 1 * 1 • ea .. 
Y .1400 + -.0(:81 * LBO = 
z .4808 + - •. 0815 * 1.00 = 
8 18.013 + 0.08 * 1.80 = 

MINIMUM ZONE SPACINGS FOR SHELLS 

R MODULUS 
R kJE IGHTED 
FIG MERIT 

39.22 19.61 
0. 8080 1 •. 3402 
li3.0000 2.8229 
0.8tl00 .4692 

0. 24. 
FIGURE OF t1ERIT DISTRIBUTION 

130. 1813. 195. 
.05 . .15. .25 

PT2 .+HG EUREKA NO. 1 MAY 13 1975 
,_;Qt'tPOUND 1 . PT ANCM 
i"tlN Il"iUI"I ZONE SPACINGS FOR SHELLS. 

1"3. el7 
.8918 

1. 0263 
.387 t 

75. 

t94. 
• 35 

• 8084) 
.0004) 
.0005) 
0.00) 

9.80 
.7463 
.74?9 
.4209 

135. 

178. 
.45 

7.84 
.5400 
.5080 
.4791 
222 .• 

6.54 
.4957 
.4?.84 
.4617 
302. 

190. 
.55 

5.6C 
.511:)1 
.4487 
.4317 
344. 

17EI. 
.65 

39.22 19.61 t3.a7 9.se 7.84 6.54 s.6a 
109.60 
406.27 
150.48 
339. 
148. 14 

RMS CLOSURE 0.013 252.42 153.24 123.11 128.49 12?.50 
Rt1S EST. ERROR 0. 00 . 204. 48 273. 87" 340 •. 43 30 1. 05 395. 48 
RMS ~t1ALLF e·.e8 160.18 154.47 149.16 156.45 153.25 
NUM PF.R ZONE 8. 23. 73. 13 1 • 214. . 291. 
RMS DirFERENCES 0.00 299.27 223.13 190.03 1813.95 162.49 
R.D.RESIDUALS. 0.00 1.59 2.91 3.38 3.66 3.98 3.7a 
STATISTICS FOR GENERAL REFLECTIONS FOR COMPOUND 1 
~:UM PER ZONE -t't:8 . 23~?.--?3.0 131.0 214.0 
H'v'G LK GF CLOS 0. Er~J' '~'· 201 • 47,;': lf3:"9-4 - 90 • 29 89. 7 1 
AVG DER IV FPH 0. m:t- 695 .• 28:~: 689. 68 736. 96 733. 09 
AVG lJ;t:(~*'1<2) 0.00 · ·. · t;ez: ;59 .67 .84 
AVG.Wm(FPH**2) 0.00 . ·8.16 !2.50 25.47 28.64 
AVG SMALL F . 13.00 152 •. 54 134.18 129.88 139.43 
AVG FPCNRTIVE) 0~00 541.32: 685.29 811.18 816.89 
AVG ~" CFH:t::lC2) · El. rcl0 • 4t. . 60 ·. 99 1. 25 
STATISTICS FOR CENTRIC REFLECTIONS FOR COMPOUND 1 
;·lUI"I PER t::ONE 0. 0 12 .a-:: 24. El 36.0 45.0 
AVG Ll< OF CLOS 0.00 253.37. 169.53 116.37 136.35 
AVG DERIV FPH 0.00 . ·678.81:. 627.13 685.99 · 744.06 
~VG SMALL F El.OB 154w8~ 92.63. ~8.00 115~11 
RVG FPCNATIVE) 0.00 531.61: 691.49 ?62.81 899.33 
(!VG nELF N.C •. O. 0·.00 · 302~8~-7- 212.48 15G.73 183.12 
AVG DELF C. 0.. 0. 01:L;..302:.83:,:,:, 212·. 48 150.73 183. 12 
~lUM CROSS OVERS 0·. 00. . el. 01::,-~''' 0 •. 00 0. 00 0. 00 
R VALUES FOR -~ENERAL REFLECTIONS FOR COMPOUND 1 
KRAUT R VALUE El. 00B0 · • 2898 • 1652 • 1225 • 1224 
L. S. R VALUE 0.0000· .3535 .2167 ~1626 .1715 
R MODULUS ~.0000 1·.3~08 .8497 .6956 .6434 
R WEIGHTED~ ET.':01::!0a 2.4834 .. 9840 .6812 .6745 
R VALUES FOR CENTRIC REFLECTimlS FOR COMPOUND 1 
i~RAUT R. VALUE 0 •. 0080 • 3733 • 2703 • 1696 . • 1833 
RAT I 0. DELF/FPH 0. 00 • 45. ..34 • 22 • 25 
CE~lTR I C R VALUE !3. 0000 . 8367 • ?979 • 7721 .7 446 
R MODULUS 0. 0000 1. 63G2 .. 1. 8303 1. 3224 1 •. 1.846 

PT2. +HG EUREKA. NO •. 1 HP.Y 13 19.75 
COMPOUND 2 HG ANOM 
MINIMUM ZONE~ SPACINGS FOR SHELLS 

· 39.22 19.61 13.07 9.8e 
P.~1S CLOSURE 0. 00 363. 53 151. 44 . 129. 59 
RMS EST. ERROR · 0.~0 175.21 232.04 289.79 
~MS SMALL~ 0.00 28S.36 146,11 137.76 
~!UM F'ER ZONE 0. 22. 72. · 133. 
RMS Dt~FERENCES 0.80 458.60 196.90 159.63 
n.D.RESIDUALS A.00 2.35 2~4~ ~-~~ 
STATISTICS FOR GENERRL REFLECTIONS FOR COMPOUND 

7.84 
95.~3 

318.13· 
150.48 
210. 
132.00 

3.71 
2 

. 291.0 
se. 19 

711.86 
.89 

30.?9 
137.98 
732.25 

L39 

339.0 
73.76 

758.74 
• 71-

34.92 
135.09. 
744.44 

1.34 

51.8 57.0 
. 157 • 14 . 13 1 • 68 
. 701. 13 734 •. 95 

125.55 1~6.32 
810.45 769.94 
174.69 89.97 
174.69" 89.97 

El.08 EJ.80 

• 1126 
• tE\98 
.5812 
.6389 

.2241 
.• 25 

.8995 
r. 2517 

6.54 
88.83 

321.79 
l61 •. 73 
257. 
131.57 

3.58 

.0972 
• 1427 
.5468 
.5305 

.1792 
• 12 

1.4637 
.8999 

5.68 
95.88 

35<~. 94 
153.61 
266. 
140.22 

3.92 

4.se 
.6342 
.7BEl7 
.4346 
383. 

128. 
.75 

4.90 
14'?.67 
474.74 
145.70 

.· :sse. 
185.34 . 

4.47 

380.0 
94.72 

819.38 
.97 

30.65 
131. 11 
836.47 

.94 

54.8 
165.42 
785.22 
134. 16 
936 .. 63 
201.05 
281.05 

8.80 

• 1156 
.1778 
.72?5 

1. 02?2 

.2107 
.26 

.822? 
1.2330 

4.90" 
102.48 
417.59 
143.86 
385. 
147 •. 38 

4. ?5 

.6807 

.5482 

.4430 
1485. 

50. 
.85 

1451.0 
88.43 

754.99. 
.83 

29.64 
135.e2 
776.49 

l. 15 

279.0 
"!50.13 
72.1.96 
123.36 
812.56 
169.51 
169.51 

8.013 

• 1171 
.1672 
.6549 
.7213 .. 
.2880 

.23 
.8857 

1. 2170 

BEl • 
.95 
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NUM PER ZOi,lE 8.0 22.0 72.0 13::i.0 210.0 25/.8 266.0 
P.VG LK OF CLOS 0.80 256.3<1 120.71 98.47 59.26 58. 17 61 .l:l6 
H'/G DERIV FPH 0.00 847.26 810.54 875.82 853.73 764.49 734.67 
AVG W*CE:tc:t<2) 0.08. 1.47 .57 :42 . 91 .79 .92 
m:G I.J:tcCFPH:t<:tc2) Ef. 00 8.96 18.G2 21.76 81.77 62.91 57. lid 
t=IVG SMALL F 0.00 188.95 129. 18 123.26. 135.93 144.38 133 .·39 
iWG FP (NATIVE) '3.08 526.45 686.23 . 802.87 817.47 743. iS 765.62 
AVG W;t<(FWi<lf<~J 0.A0 .47 .53 .47 2.26 2.62 2.36 
S fATISTICS FOR CEt-lTRIC REFLECTIONS FOR COMPOUND 2 
NUM PER ZONE . ".-0.0 1 1 . a 23.0 39.1il 39.0 47.0 44.0 
AVG Ll( OF CLOS a.ea 3El9.37 133.79 129.33 133 .. 48 125.80 101.67 
rWG DERIV FPH 0~00 83::5.70 740.44 811.77 949.50 823. 19 769.68 
AVG SMALL F 0.00 212.42 120.21 123.44 121.34 134.35 98.51 
H\lG FPCNATIVEl 0.00 ; 51:10.98 694.72 . 131.97 . 937.76 82el.44 788.84 
AVG DELF N.C. 0. 0~00 '398.22 117.71 142.74 131.29 123.65 125.37 
~VG DELF C.O. a.00 398.22 117.71 142.74 131.29 123.66 12~.37 
I'!UM CROSS OVERS 0.00 0.00 0.00 0.00 !3.00 0.00 0.08 
R 'v'FILUES FOR GENERAL ~~PLECTJONS FOR C011POUND 2 
KRr:;uT R VALUE 0.0000 .3826 . 1489 • 1124 .0692 . .0761 .0842 
L. s. R VALUE 0.0808 .41::148 .1755 . 1389 .1054 • 1120 .1269 
R MODULUS 0.0008 1.3587· .9345 .7989 .4327 .4831 .4638· 
R WEIGHTED 0 •. 0000 3.1338' 1.0742 .8849. .4018 . .3017 .3855 
R VALUES FOR CENTRIC REFLECTIONS FOR COMPOUNO 2 
i(RAIJT R VALUE 0.0000 .3702 .1807 .1593 .1405 .1528 .1399 
RATIO DELF/FPH 0.00 . 48 . 16 . 18 . 14 • 15 . 16 
CENTRIC R \i:~LUE 0. 0Ei00 .7769 1.1366 .9060 1.0167 1.EH73 .8588 
R MQDULUS 0.0000 1.4564 l. 1138 1. 0477 . 1 • 1081 .9363 1.8931 

END OF.FILE ENCOUNTERED AFTER REFLECTION 18. . - e . o. 
ZERO CORLAT 11 1 

PT2 +HG EUREKA ~10. 1 MAY 13· 1975 
CO~:~ELAT I 01~ MATRIX . 

1 . 8000 -. 2230 . 839tl ~- '8 166 -.0026 0.0A00 £!. ~1~80 
0.0080 1.000~ .0268 -.8108 .0·191 . 0.0060 0.0000 
e.a000 0.0000 1.0000 -~e0a8 .0137 0.0000 0.00013 
0.0000 0.0000 a.eeAe 1.000e .,-.0112. 0.0088 0.0080 
0.2000 a.~e00 0.0000 e.0e0a 1·. 0000 EL 0008 .a. 0oce 
0.0000 0.0000 e.a~oe a.0000 0.8000 1.01300 . -.2:<l28 
0~0000 0~000~· 0.0000 0~0000 
0.eeco 0.6000 0.b000 0.2000 
0~0000 0~0800 0.0000 0.0000. 
0.0000 0~0000 0.0000 ~~000g 

PT2 +HG EUREKA ~10 •. 1 MAY 13 1975 
RMS ER$0R IN F IN GIVEN SIZES 

··-a.a · 0·.0 0.0 
0.0 8.0 13.0 

PT2 +HG EUREKA NO. l MAY 13 1975 
COMPOUND 1 PT ANOM 

:MINIM0M ZONE SPACINGS FOR SHELLS 

0.a 
e.0 

8 .. 0000 0.0000 . 1 . Elfl00 
0.0000 0.0000 0.0000 
0.0600 ll.0000 ·0.0EJ0e 
0.0000 0 .• 8000 0.8000 

0.0 0.0 0.0 
El.O 0.0 0~0 

. . 39.22 19.61 i3.07 9.8fl 7'.84 6.54 . 5.68 
VARIATION OF .CAY WITII RESOLUTION 

DERIV .. ES. 
.ANOM D ISP 

8. 68000• . (}4643 .• 07078 -. 02858 • 00675 . 06736 
0,.0 . 248.8 ·t48~ 1 118 • .1 119.8 . 123.0 
0.0 · 39.3> 81.6 92.9 111:1.9· ·.1 HL! 

OLD DEL· MAG NEWC S lGMA) INITIAL 

;06285 
110.7 
9?.8' 

SCALE. 97. 0656 + 2. 3384 *: 1. 00 = · 99. 4043 ( · . 0008) 32. 0000 . CRYST NO 
BOVER 0.00 + 0.00 * L00· = 0.00( 6.80) 0.00 

ANUM 
X 
y 
z 
a 

OLD DEL MAG NEWC S IGt1A) INITIAL 
43.48 + 3.00 * 1..00 = 46.48( 1.19) 40.00 CRYST NO 
.8336 + -.0012. * r.c0 = .0324< .0005) .a3se 
.2105 + .0006 * 1.00 = .2111( .0005) .2100 
.2090 + -.0004 ~IC 1.00 "' .2886( .001::16) .2100. 
10.00 + 0.00 * 1.08 10.00( 0.B0) 10.00 

.... :.....-- .. - -------
205.8 
66.32 

828.23 
1 .0J 

72.91) 
121.33 
865.69 

2.05 

44.0 
143. 1::1 
994.J6 
96.94 

1ElEJ3.53 

1. 

1 

1.49.40 
149.40 

I?L00 

.0889 

. 1280 

.5289 

.5131 

.1441 . 
. 15 

.9584 
1.4770 

8.~omJ 
0.0eco 
0.00A3 
0.0000 
0.8000 

. 0111 

.0108 
. 1.8~00 
0.0000 
0.0000. 

2716.0 
121. l 

4.90 

.07285 
136.6 
118..6 

1265.0 
72.34 

882.57 
.86 

5~.44 
134.39 
789.27 

1.99 

247.0 
136.36 
8::55. 18 
119.69 
826.El5 
144.44 
144.44 

e.ee 
.0901 
.1203 
.5382 
.4332 

.1594 
. 17 

. 9440 
1.1393 

0.00~0 
0.0eeJ 
0.Y.l~SB 
8.0800 
0.0800 
-.8004 
.. 0122 
-.0033 
1.0080 
0.61::00 

.04357' 

a.EJ01!la 
a.UOEJO 
0.0000 
0.8EJ00 
0 .. 0000 

.0267 
-.0939 
-·~0367 
-.01131 
1. 00.00 



PT2 #iG EUREKA NO. 1 MAY 13 19?5 
CO:i.=>OUND 2 HG AtWM 
MIN I MIJM zat:E SPt=IC I I'ICS FOR SHELLS 

39.22 19:61 
1./AR IATION OF CAY WITH RESOLUTION 

DERIV ES 
HNOM DISP 

13 • 00fteJB • t 3241 
0.8 391.8 
0.E! 41.7 

OLD DEL MAG 
SCALE 93. 0456 + • 1440 * 1. 00 :; 
BOVER 0.00 + 0.06 * 1.~0 : 

OLD DEL MAG 
ANUM 41.10 + • 1.1? * 1.00 = 

X .4599 + -.0001 * l.flel = 
y .1399 +· -.13803 :f( 1.110 .. 
7. • 4785 1- -. eJe 17 * 1. em = 
s te:1.00 + a.oo :tc t.oc 

MINIMUM ZONE SPACINGS FOR SHELLS 

R MODULUS 
F! LJE IGHTED 
FIG MERIT 

39.22 19.61 
a • 00e10 1 • 3 141 
(3.00013 2.6362 
0. 00f.t6 • 4399 

e. 24. 
FIGURE OF MERIT DISTRfBUTION 

13.07 9.88 

.09346 
150.2 
57.8 

.08452. 

. ~IEWC 
93 .. 1896( 

e. ae c 
NEW( 

42.27( 
~4598( 
.1396( 
.4769( 
10.00( 

13.67 
.8293 
.881d4 
.5236 

75. 

112.6 
75.8 
SIGMA> 
-~000) 
lil.00) 

SIGMA) 
1.24) 

.0005) 

.0005) 

.0006) 
0 .. 00) 

9.80 
.6284 
.572? 
.5355 

135. 

-36-

7.84 6.54 5.60 

• 04914 • 05·152 • 04346 
95.2 87.3 98.2 
35.3 W1.2 114.8 

INITIAL 
92·. 500E!. CRYST NO 

0.00 
INITIAL 

40.1i!EJ· CRYST NO 
.4688 
.1400 
.4803 
10.00 

7.84 
.4848 
.4352 
.4995 
222. 

6.54· 
.4668 
.<'1022 
.5128. 
302. 

5.60 
.4967 
.4384 
.5387 
344. 

l 

4.9~ 

.04670 
182.6 
123.4 

4.98 
.587b 
.6147 
.4669 
383. 

98. 123. 146. 
.e5 • 15 .25 

174. 
.35 

183. 
.45 

201. 
.55 

203. 
.65 

17e!. 
.75 

PT2 +HG EUREKA t-!0. 1 MAY 13 1975 
CtiMPOUND 1 PT ANOM 
!"HtHMUM ZONE SPAC IttGS FOR SHELLS· 

39.22 19.61 13.07 9.80 
MS CLOSURE 0.00 248.83 · 148.65 118.1::18 

. :MS EST. ERROR 0. 00 212.95 283.43 351 • 87 
RMS SMALLF E!.~8 175.65 168.31 162.5fl 
t·IUM PER ZONE 0. 23. 73. 131. 
RMS DIFFERENCES 0. 00 326. 25 225 ~ 44 173. G I. 
A.D.RESIDUALS. 0.88 2 .• 46 4·.ae 5.14 
STATISTICS FOR GENERAL REFLECTIONS FOi<. COMPOUND 
NUM PER ZONE 0.13 23.8 ~3~0 131.0 
AVG LK OF CLOS · 0.00· 194.83· 112.29 83.99 
AVG DERIV FPH 0.80 733.56 727.66 777.53 
AVG· ~J*( E*-'~<2) · 8. 08 :78 • 56 •. 46 
A'v'G lu':l<(FPH:ln1<2) · 0 •. 01:'1 7.17 14.32 20 •. 88· 
riVG SMALL F "" . 0. 08 · 167.03 14?. El4 141.45 
AVG FPCNATIVEl 0.00 541.32 685~29 811.10 
AVG Wlt<CFH:tcl<2) 0.00· .39 .73 .86 
STATISTICS FOR CENTRIC REFLECTIONS FOR COMPOUND 
~IUM PER ZO!-!E -· 8.0 12.0 24.0· 36.8· 
~VG LK OF CLOS . 0.0~ 233.84 161.86 . 119.87 
AVG DERl't FPH · 0.00 716.18 661.66 723.76 
AVG SMALL F 8.88 172.12 1CG.23 9G.29 
AVG FP(NATI'v'E) 0.00 531.61 691.49 762.81 
AVG DELF H .• C.O. EJ.EIO 325.52 209·.63 . 141 •. 53 
A\lG DEI.:.F C. 0. . IL 00 · 325.52 2fl9. 63. 141..53 
NUM CROSS OVERS ·0.00 0.00 0.0& 0.00. 
R VALUES FOR GENERAL REFLECTimiS FOR COt'lPOUND 
i(RAUT R VALUE 0. t!ElflEI • 2656 • 1543 • 1080· 
L. S. R VALilE 0. 0000 • 3303 • 1984 • 1478 
P- MODULUS · 0. 0080 1. 1665 • 7637 • 5938 
R t.JE I GHTED 0. 0000 2. 0869 • ((38 • 5280 
R 'v'ALUES FOR CENTR !C REFLECTIONS FOR COMPOm!D 
KRAUT R VHLUE 0.0808 .3~65 .2446 .16::.6 
RHTIO DELF/FPH 0.00 .45 .32 .20 
CEHTR1C R VALUE 0.0008 .7184 .7721 .8478 

7.84 G.54 
119.78 122.97 
394.35 4lF.l.02 
169.42 165.91 
214. 291. 
162.93 162.58 

5.68 .. 6".32 
1 

214.0 
82;02 

773.45 
.45 

19.59 
150.84 
816.09 

.90 
1 

45.0 
134. 19 
785.82 
121.72 
899.33 
161..38 
16L30" 

0.03" 
1 

. 1060 

. .1515 

.5438· 

.4999 
t 

• 1709 
.21 

.8320 

291.8 
88.80 

751.. 06 
.50 

19.05 
149.35 
732.25 

.91 

51.0 
155.49 
739.7-1 
130.95 
9 U:l.llS 
164.06 
164-.06 . 

0.80 

.!076 

. 1616 
.. 5410 
.54SI3 

.21A2 
.n 

.9418 

5.60 
1.10. 66 
419.91 
163.31 
339 •. 
152.35 

6.02 

4.90 
135:97 
4~6.69 
159. 12 
38EL 
189.83 

7.47. 

339.0 380.0 
74.97 92~ 10 

800.52 864.49 
• 45 .sa 

23.98 20.63 
147.23 143.48 
744.44 836.4? 

.97 .68 

57 .a 54·. a 
133.86 152.21 
775.42 828.46 
157.74 152.08 
769.94. 936.63 

98.20 . 183.3A 
98~20 183.30 

8 ~eo EL mj 

.8937 

.1365 

.5892 

.4591 

.1726 
. 13 

1. 3632 

• 1065 
. !552 
.6419 
.7383 

• 18"37 
.22 

.8384 

.85613 

.5571 

.508El 

.4995 
1485. 

92. 
.85 

1451.El. 
R6.26 

796·.56 
.48 . 

2El.44 
146.99 
776.49 

.84 

279.El 
146-.33 
761. ?1 
134. 2El 
812.56 
161.84 . 
1.61.84 
. 0.00 

• 1883 
• 1537 
.5868 
.5740 

.1921 
.21 

.9041 

95. 
.95 



-37-· 

R MODULUS a. aaaa 1 • 3586 .1 • 5237 . 1 • 2450 
PT2 +HG EUREK!=; NO •. 1 MAY 13 197S 

COriPOUND 2 . HG ANOM . . 
MINIMUM ZONE SPACINGS FOR SHELLS 

· 39 • 22 19. 61 13. 07 · 9. sa 
RMS CLOSURC El • EJEJ 33 t. 75 1 S€1. 2eJ . 112. 58 
RMS EST. ERROR 0.0~ 1.75.91. 232.69 298.58 
RMS SMALLF 0.80. 209.42 148.97 141.38 
NUM PER ZONE • e. 22. ?2. 133. 
RMS DIFFERENCES ,: ··a.eJa 463.23 208'.27 162.62 
A.D.RESIDUALS ~.eo 2.72 · 3.15 4.36 
STATISTICS FOR GENERAL REFLECTIONS FOR COMPOUND 
NUM PER ZONE El. a 22. a 72. a· 133. 0 
A\lG LK OF CLOS 0,00 ·.279. 19 119.49 84.50 
RVG DERIV FPH 0.00 · 852~26. at5.33 880.9S 
AVG L.JK( E:I<"A<2) . 0. 08 1 • 04 • 59· • 39 
AVG W* ( FPHl!Ct<2) 0. 00 5 ·:.53 19 • 66 27- ... 37 
A\'G SMALL F . 0.00 192'.'95 132.30 126.80 

!G FP<NATIVEt 0.00 526.45 686.23 802.87 
iG ~J;t<(FHl!Ct<2) 0.aa . ~3.0 .sa. .62 

::; n:rr ISTlCS FOR' CENTRIC RtFLECTIONS FOR COMPOUND 
NUM PER ZONE ~-0 11.0 23.0 39 •. ~ 
AVG LK OF CLOS a·.eo 343.29 .133.92 114; 16 
AVG DERIV FPH 0.00 840.63 744.81 816.56 
AVG SI1ALL F 8.00 215.92 12'1.06 122.71 
RVG FP(NRTIVE) 0.00 500.98 • 694.72 731.97 
AVG DELF N •. C.O.. 8.00· 40L81 119.19 145~27 
!=IVG DELF C •. O., 0.00. 401.81:. i19.19· · 145.27 
NUM CROSS OVERS EJ. ea · ~'1.00 a • EJEJ: El •. ea 
R VALUES FOR GENE~RL. REFLECTtONS FOR COMPOUND 
KRAUT~ VALUE 0.0000 ,3276 .1465 .~959 
L. S. R VALUE 0. 0000 • 4337 ~ ~ 1730 • 1200 
R MODULUS EJ. 000a. 1. .• 4477. ~· • 9032 • 6G64 
R WEIGHTED 0.0000 3.4995 1.0166 .6340 
R VALUES FOR CENTRIC REFLECTIONS FOR COMPOUND 
KRAUT R VALUE 0~aa00 .4084 · .1798 .1398 

·.RATIO DELF/FPH. 0.0El. · •. 48 .16 .. dB 
CENTRIC R VALUE a. 0000 ~ 8544 1..1236 • 7859 
R MODUlUS 0. 13000· L.5899. · L.1a62 • 9303. 

.. 

L 

L 1025 1. 18;"4 

7.84 6.54 
~5. 19 8?. 31 

319.00 322.72 
155.42 166.38 
210. 257. 
·134. 18 . 132.82 

4. 53• 4. 40 
2 

210.8 257.0 
. 59.24 56.59 
8fi0.78 769.08 

•. 37 • 33 
33.80 27.34 

140.86 148.a9 
8 17. 47 • 7 43 • 15 

.99 
.2 

39~a 
132.15 
955. 10 
119.45 
937.76 
132.72 
132.72 

a.0e· 
2 

.a688 

.1046 

.4205 

.3751 
2 

.1384 
.14 

.9957 
1.1a63 

1. 19 

47.0 
.121.55 
828 ,(15 

133 •. 35 
820.tl4 
12S.S4. 
125 •. 54. 

0.00 

.a?'3fi 
• 1094. 
.382.1 
•. 2754. 

• 1468. 
. 15 .. 

.• 9683 
.908~ 

.8486 

5.60 
98. 15 

355.93 
156.26 
266. 
139.86 

4.84 

266.a 
64.98 

739.81 
.• 39 . 

23.50 
135.42 
765.62 

.99 

44.0 
106.91 
774.22 

98.61 
788~84 
125.85 
125.85 

a.00 

.• 0878 
• 12:3 l 
.4792 
.3946 

.1381 
• 16 

.8495 
1. 8841 

L 0009 

4, ~IJ 
182.60 
418.74 
145.80 
30.5. 
146.67 

5.85 

305.8 
66.45• 

825.07. 
.41 

28.49 
129.60 
866.69 

.82 

44.0 
146.07 

1800.43 
98. 11 

1EJa3. 53 . 
1513.38 
150.38 •. 

EJ. 0El 

.0805 
• 1195 
.512.7 

.. 4952 

.1460. 
. 15 

• 9713' 
1 •. 4889 

1.a9a4 

1265.0 
71.54 

807.31 
.40. 

27.07 
137. ~n 
789.27 

.92 

247.0 
134.84 
860.22 
i 19.64 
826.a5 
145.98 
·145. 98 

B. 00· 

.0886 
• 1218 
.5206 
.4384 

..1568 . 
.17 

•. 9237 
1.1271 



a a 4 341.32 6.283 6.283 .29 1 a.0o 
o a 8 602. 60 6. 283 6. 283 •. 99 1 373. 76 
a 0 10 1651.40 1:·l42 3;)42· .95 1 1so3:9a 
a tc 3 4~0.~4-3~142 3:142 .~6 · i ·668.~0 
a 1 s. 7b2.cR 3.·142 3.142 .96 J 438,37 
u 1 7 1104.00 6.283 6.283 .,95 1 797.22 
a 1 17 779.24 6.283 6.2~~- ;~7· 1 611.33 
0 2 6 436.08 6.283 6.203 ;~5 .l . a:oa 
0 2 8 780.16 3.142 3.142 ·;75 1 725.65 
o 2 1a 581.44 3.254 3.142 ;~o i o.oa 
0. 2; 10. F HATIVE= . 581; FIG OF MERIT~ 

CPD HI AD FSt1ALL ' PH I 
1 f:l, a. · a. · 36a 
2 582. o: 7. ~4a 

TOTAL PHASE PROBAB II- lTY CURVE. . ·· 

"10 

R~fle~~~.Jn data 

0.00 0.00 360 0.0 0.0 2 503.22 
o:oo 180.68 540-1813.7 ;a 2 652:33 
o.o0 307,57. 3Ga 3il7;6 -1.3 2 2060.42 · 
e.oa. 63. 14 540 --:63.1 .3 2 845.23 
o:oe 86.0~ 360 ~G~o -.4 2 857.34 
o.oo ~5.58 540 -85.6 .• 4 2 1049.32 
o~oe 78.49 540 -70.5 .3 2 750.18: 
o.oo a~oa 540 o.o o:o 2 406.31 

. 0.00 159:35 360 159.4 -.7 2 1113.62 
13.oo o.oa · 360 o.l3 13.0 2 581.513 

.000 ~~ST AHD MOST PROBABLe PHASES ARE 18~, 
A 8 
a. · a. 

. -7, .0, 

1.00 1.00 . . 

o.oo 
0.00 
o.ol3 
o.oa 
0.00 
0.08 
0.00 
13.oo 
0.0(:) 
0.00 
180. 

1. 0a 1. aa -------------~-- ________ .. -. ____ ............. ----·-----·----------------. .,..-----~------..:.~ .... -- ........ ---------·--

279.69 360 279.7 
136.68 360 130.7 
35.60 360 35;6 

193.93 540-193.9 
160.813 540-160.8 
110.93 5413-110.9 
~55. 13 360 .155. 1 
38.91 540 -38.9 
23.31 .540 -23.3 
7.~0 540 -7.0 

.... ,f--2--1"4--1322,96 6.283 c.283 .98 1 913,52 .. 13.08 269.53 540-269.5 1,2 2· 1491.03 a .. ol3 26.42 368 26.4 
0 3 3 448.04 6,~83 6.283 :31 i 524.85." 0.0a .174.32 360 174.3 -.8 2 506.95 0.00 264;81 360 264.8 
a 3 5 1536.40 6,283 6:2a3 ~9a 1 1075.55 · · o.ae 237:s4 5413-237.5 ·•.a 2 l597.27 a.0o 218.34 360 21a.3 
o 3 7 399.28 6.283 6~2831-.oo 1' 571;57 a.l3o 236.20 ~60 ~36.2 -1~0 2 aeo,5o 13,00 )50,62 .. 3613 150.~ 
o 3 9 1417.72 6.283 6.283-.98 1 1092.45 e.ol3 171.44 · 540-171.4 .• a· 2 1464.94' 13.oo · 72'.77 360 72.8 
o 3 11 966.92 3.142 3.\42 ..• 74 1 785,29 13~~o 66.73 36a 66.7 -.3 2 1100.57. o.oo · a.68 54ti -8.7 1 

---------....-:;-..-....6&Jo'·"~-·-·-------.. . ... •· •· ·• •-......... ~·-•-~ .. , ·u,.......· 

. -:-1.2 
-.6 
-.2 

.9 

.7 

.s 
-.7 

.2 
• 1 
.a 

-.1 
-1.2 
-La 
-.7 
-.3 
~o 

17 G ·s ·1363.44 4.408 3. 0?4 ·~ 2~. 1 . ~49.90 -15.90 41.78 1101 31.7 27.2 2 1 LJ04, 3"? -49.39 165.92 253 -48.9-158.5 
17 7 0 1054.32 3. 142 3. 142~ ~{:}~ 1 843:94 ~;~~eo 317.85 36l?J 317. 8. -1.4 2 751. 11 0.08 125.26 360 125.3 -;.6 
17 7 2 989."~2 6. i92 5. 149 .. 41 i 883.70 19.88 275.02 538-274.9 8.9 2 999.92 -22.37 118.14 365 117.7 HL6 

. 17 7 4 771.80 5.852 5.061-.34 1 946.~3 -122.27 161:44 355 J60.9 -13.6 2 720.36 1fi5:B8 104. 14 372 102.0 21 ... i 
17 8 1 ~07. 12 4. 135 4,lf.ll . 29 1 1024:86 . ·a~aa i0o.6a 288 . 30.9 -95.8 2 964.51 43.80 94 .. 95 523 -50.7 20.2 
18 B 0 1092.96 6.283 6.283 .79 1 80!:L20 . ·o.ao 296.31 540--296.3 . 1. 3 2 1341.93 o.oo 49.64 548 -49.6 .2 
18 t) 2 954.96 3. 142 3", .42 .36 1 882.71 0.00 256.28 360 256.3 -1.1 2 825.66. 0.00 5a.o8 54B -5B. 1 .2 
18 0 4 650.44 3. 142 3". 142 ;99 1 871.77 0.00 . ·147. 3-l3 540-147.4 .7 2 895.55 O.Bfl 43.38 540 -43.4 .2 
18 1 1 800 . 40 .'2. 134 2.792 .34. 1 854.87 199.80 15'L 21 456 -17.2 158.3 2 6~4.26 20.50 46.55 313 31.9 -33.9 
18 1 3 752. 56. (~{39 .7a5 ,31 1 823.07 -162.03 . 126. ro 2~3 50.1-116.5 2 623.44 -18tl.79 102:51 286 28.4 -98.5 
18 1 . 5 1442.56 4.869 4.887 .75 1 930.42 1~.92· 80.49 . 5fl7 -6'1.9 .43.3 2" 1140.78 -31. 6A i56.51 279 24.1-154.6 
18 2 0 938. 12 3. 142 3. 142 .53 1 882.71 . 0. 60 261.27. 360 261.3 -1.1 2 1on:22 o.oa 9.52 360 9.5 -.0 
18 2 2 11 ?7. 60 . 122 :.262 .76 1 934.40. 40.76 2:?8. 64 530-225.1 35.8 2 1258.e.IG -48.46 85.38 ·144 9.El 84.9 
·18 2 4 1376.32 3.206 3-. 142 .70 1 991.06 42.74 147.31 332 138.3 -68.7 2 1306.00 -51.25 164.57 447 8.2 164.4 
18 3 1 895. 16 .297 . 3<'1~ .31 1 912.53 90.46 130.90. 292 49.5-121.2 2 766.02 -18.6/l 48.79 206 -43.9 -21.3 
18 3 3 ?35.08 3.284 3.403 . 71 1 949.31 -122.27 164. 13 507-137.8 89. 1 2 916.05 13.05 j"3.43 23R -39.4 -62.0 
18 4 0 757. 16 3. 142 3. 142\ .. 90 1 809. 67·· · 0.00 164.85 540-164.8 . 7 2 684.94" o.oa 46. 14 360 46. 1 -.2 
18 4 2 B13.28 5.932 .87~ '.20 1 902.59 -62.62 157.81 334 141.(·:-69.4 2 775.34 49.39 55~21 3:?.5 fl5. 2_-31. 7 
18 5 1 853.{6 5.425 5.236 .. 26 1 772.37 221.67 88.23· 5111 -68.6 55.5· 2 807.02 -103.44 44.16 471 -15.7 41.3 
18 6 0 60:3. 12 6.283 b. 283 .l 48 1 ~76. 15 a.ea 31.71 360 31.7 -. 1 '2 646.74 e.ue 27.09 540 -27. 1 ·• 1 . . ~ . 

HID OF FILE EtiCfJI JNTERED AFTEH REfL!:CT I 01-1 18. 6. a. 
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ZERcr CORL AT 1 1 
p·12 +HG EUREKA ~10. MAY 13 1975 

CORRELATION MATRlX 
1.~000 -.2956 .0500 
6.0000 1.0000 ~0171 
8.0000 0.0000 1.0000 
o.oo00 e.e0oa 0.000e 
6.00~0 0.8800 ~.8008 
0.0~00 0.0000 0.0080 
0.~000 0.00ao a.A~oo 
0.0~08 .0.0000 0.80~0 
0.0000 8.0000 0.0000 
0.0000 0.0080" 0.0000 

PT2 +HG EUREKA till. 1 MAY 13 1975 
RMS ERROR IN· F IN GI'./EN SIZES 

0.0 · a.o a.a 
0.0· A.0 0.0 

PT2 +HG EUREKA NO. 1 MAY 1"3 1975 
COMPOUND 1 PT ANOM 
MINIMUM ZONE SPRCJNGS FOR SHELLS 

.6362. 
-.0129 
-.0039 
1. 0008 
e.00co 
a.0ee0 
0.0000 
0.8000 
~0.0000 
a.eaea 

a.a 
a.0 

. . 3:9,22 19.61. 13.07 
1R IATION OF CAY WITH RESOLUTION 

.0049 

.8364 

.8091 
-.0044 
1.mma 
0.m:100 
0.0000 
0.0000 
0.01i100 
a.a000 

9.88 

0.a 
0.0 

-39-

o.0aca 
. 8.0000 
~.0008 
6.0080 
El.000A 
1.0000. 
e.0000· 
A.0000 
a.F.1e00 
0.eoee 

7.84 

0.0 
e.0 

6.54 

e.m:100 
0.fl080 
0.81:100 
El.08C0 
0.8El00 
-.2b70 
1. 00fl0 
0.0000 
El.El080 
0.El0fl0 

El.0 
0.0 

5.60 

·.( 0 •· 00800 • 04946 • e!61:J84 -. 0397 4 -. 00331 • 05702 • 031.80 
DERIVES· I>J.0 223.9 146 .• 4· tHLO 116.9 120.7 111.9 
nNOM DISP ~.0 39.6·· 84.0 94.1 113.1 113.1 101.1 

OLD DEL 11AG NEWC. SIGMA) INITIAL. 
SCs~LE 99.4040 + 1.1505 * 1.08 = 100.5546( .001:l0) 92 .• 0080 CRYST NO 
80'v'ER 0.00 + 0.08 :tc 1.00 = 0.00( 13.00) . 0.00 

OLD DEL MAG NEWC SIGMA) INITIAL 
ANUM 46.48 + 2.44 * 1.00 = 48-.93( 1.-19) 40.00 CRYS.T-NO 

X .0324 + -.0010 :t< 1.80 =· ~0314( .0004) .0350 
y .211.1 + ~0005 * 1.-em ·.2116c .0005) •. 2100 
z .2886 + .-.0000 * 1.00 .. . .2086(- .0805) .2108 
8 10.00 + Eh00 * 1.00. =·.·· . .10.0ac. a.mn UL00 

PT2 +HG EUREKA NO. 1 MAY 13 1975 
COi1POUND 2 HG. ANOM· 
MINIMUM ZONE SPACINGS FOR SHELLS 

39.22 19.61. t3.07 
VARIATION. OF CAY WITH RESOLUTION 

DER IV ES 
ANOM DISP 

o. a0aa0 . • 08614 .• 08916 
a. a. 438 • 6 . 149 • 7 
0 • a 44. 4 sa . s 

: . . 

9.8El 

.06081 
114.8 
76 .• 7 

7".84 

.03529 
87.9 

.96.5 .. 

···. ·:······ -· . ., ...... · ...... . 

6".54 

. 03406 
9LB 

tElL 7 

·5.6f.l 

• 00233 
"99.7 
I 16. 1 

0.0000 
a·. a~:J~a 
a. eem.1 
El.El808 
0.0800 
-.0001 

.02.77 
1.0080 
0.0000 
0.6600 

2716.0 
120.5 

4-.90 

.06372 
131 • :3 
121.9 

4.90 

.01403 
183.4 
124.2 

8.8000 
0.008>!1 
8.0800 
0.0080 
6.8t!ElEl 

.01317 

.0148 
-.0035 
1.680El 
0.0008 

.82863 

• 8321i13 . 

a.a0ae 
0. oe0a. 
0.0oa0 
a.eeea 
El.0el6EI 

.0322 
-.0668 
- •. 0280 
-.8897 
1.0000 
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OLD DEL MAG 
SCALE 93.1896 + o2671.* 1.80 

~lEWC 
93.4568 ( 

0.08( 

STGMA) 
.0088) 
0.08) 

SIGMA) 

INITIAL 
92.~000 

0.00 
CRYST HO 

80VER 6.60 + El".80 * 1.00 = 
OLD DEL t'IAG 

ANUM 42. 27 + . 49 * 1 . 00 = 
~lEWC 

42.77( 
.4597( 
.1396( 
. 4748 ( 
18.08( 

l.26) 
.lil884) 
.0805) 
.0806) 

INITIAL 
40.00 
.4680 
. 1400 
.4808 
10.80 

CRYST NO 
X o4598 + -.0001 * 1.00 = 
y .1396 + ~.0800 * 1.00: 
z . 4769 + ·--.·002 1 * 1 0 011 
8 10o08 +' 0.00 * 1.00 ~ 

i'!It~ IMUM ZONE SPI'lC INGS FOR SHELLS 

R MODULUS 
R WEIGHTED 
FIG MERIT 

39.22 19.61 
0.0808 : 1.?.835 
6.0008 . 2.3559 
0.0800 .. 4587 

0. 24. 
fi!I.~U~t! OF t·IERIT DISTRIBUTIOI'i\, 

13.El7 
. 7833" 
.7864 

.• 5435 
75. 

0.00) 

9.88 
o5840 
.4955 
.5662 

135. 

7.84 
.4498 
.3606 
.5189 
222. 

87. 102. 133. 
.85 0 15 . 2? 

154. 
.35 

184. 
.45 

PT2 +HG EUREKA ~10. 1 MAY 13 19.75 
COMPOUND 1 PT ANOM ' 
MINIMUM ZONE SPACINGS FOR SHELLS 

39 . 22 19 . 6 1 13. 07 9. 88 
Rl'1S CLOSURE 8. 00 223. 92· · 146. 36 118. 04 
RMS EST. ERROR 8.00 216:90 287.90 357.23 
Ri1S SMALLF 3.00 189.13 186.36 · 173.95 
f~UM PER ZONE 0 .. 23 .. 73 ~ 13 t. 
RMS DIFFERENCES. 8.00 339.52 228.74 168.99 
A.D.RESIDUALS. 6.0e 3.68 7.13 7.48 
S rATISTICS FOR G!::NERAL REFLECTIONS FOR COMPOUI'ID 
NUM PER ZONE 0.0 23.0 73.0 131.0 
AVG LK OF CLOS 8.00 176.56 ~111.81 80.81 
AVG. DE:~tv ~PH 0.138: 751.24 745.19 796.26 
AVG W:~<(E::::tc2) 8. 00 . 65. . 59- • 42 
AVG W:IC(FPH*:KZ) 8.08 7.77. 15.96 23.39 
AVG SMALL F 8.08 179.38 158.58 151.35 
:WG FP<N::ITIVE) 0.00 541.32. 685.29 81l.Ul 
AVG W:t<(FH:tcK2) 1?1.00 .. 47 .89 1.66 
STATISTICS FOR CENTRIC REFLF:CTIONS FOR COMPOUND 
HUM PER ZONE 0 .. 6 12oa· .24.8 36.8 
AVG LK OF CLOS 8.08 200~58. 157.77 108.61 
AVG DERIV FPK 0.00 733.44 677.68 741".20 
AVG SJ;lALL F 0.00 · 187.21 .119.69 162.52 
f.IVG FP<~lATIVE) _fl.00 531;61 691.49 762.81 
AVG DELF tLC. 0. 8. 00 335 .. 99 208.35 137.45 
AVr. DELF C. 0 •. 0. B0 335. 99 · 20.8. 35 137. 45 
t·lUM CROSS OVERS 0· .. 00 0. 80 e·. 00 0. 00 
R VALUES FOR. GENERAL REFLECTIONS FnR COMPOUND 
KR11UT R VALUE 0. ElOIJO • 2350 . 150El . 1005 
L. S. R VALUE 0.0000. .2903 .1916 .1345 
R MODULUS 8. 8880 . 9843 • 7851 · . 5286 
R LJEIGHTED 8·;0008: 1..41318 .6585 .4002 
R VALUES FOR CENTRIC REFLECTiotiS· FOF~ COMPOUND 
KRAUT R VALUE El. 8808· . • 2735 ; 232R" . 1465 
RATIO DELF/FPH B. 00: .46 ·.. . 31 . .19 
CENTRIC R VALUE El. 8800 o 5~7El . 7572 . 79EI2 
~ MODULUS 0 . 0000 1. @714 1. 3181 1. 8594 

PT2 +HG EUREKA NO. 1 MAY 13 1975 
COMPOUND 2 HG ·ANOM 
i1IN IMUM ZONE SPAC !NGS FOR SH[LLS 

7.84 
116.95 
400.57 
180.43 
214. 
1.57.59 

8.37 
1 

214.0 
78.89 

792.09 
.47 

22.59 
168.09 
816.09 

1. 12 
l 

45.0 
135.56 
8El3.94 
126.48 
899.33 
152.65 
152.65 

0o00. 
1 

.0996 

.1445 
o4928 

.•. 1128 1" 
:1. 

.1586 
~ 1~ 

.8880 
1.0725 

39.22 19.61 
0.80 430.62 
0.80 1?6.89 
e.ee 213.21 

13. 07" 9. 80 7. 84 
RMS CLOSURE 
RMS EST. ERROR 
~MS SMALLF 

149.69" 114.E'J3 87.91 
232.87 290.79 -319.23 
151.77 145.37 168.95 

6.54 
.4471 
.3783 
.5292 
382. 

.198. 
.55 

6o5<1 
120.74 
416.81 
176.78. 
291. 
165.86 

9 .. 52 

29.1. 0 
88.53 

769. 15 
.49 

213.39 
158.83 
732.25 

1.05 

51.0 
147. 11 
757.56 
133.82 
810.45 
160.28 
160.~8 

0.00 

. 1.047 

. 1549 

.5878 
o4669 

·."1942 
.21 

.9183 
1. 0993 

. 6.54 
91.03 

322.96 
171.i0 

5.60 
.4786 
.4042 
.5264 
344. 

219. 
.65 

5.60 
11 I. OF. 
426 .. 30 
174.26 
339~ 
161.46 

9.25 

339.0 
75.77 

8\9.80 
.47 

25.6 r 
158.09 
7-14.44 

1. 13 

4.90 
.. 5571 
o5462 
.5103 
383. 

190. 
.75 

4.98 
131.91 
498. iS 
170.61 
380. 
194.38 

11. 68 

38Vl.O 
90.3a 

885.32 
.52 

·2<1.28 
154.06 
836.47 

.88 

57.8: 54.8 
135.09 145.59 
794. 10 8<18. 41 
165.80 166 .. 63 
769.94. 936.63 
186.07 176.63 
106.07 176.63 

0.00 a.88 

o0924 
. 1348 
.4792 
. .4128 

. 170 i:. 
. 13 

1.2736 
.8148 

5.60 
99.66 

356. 19 
15P.. 98" 

• 1[:)21 
. 1470 
.5867 
.5977 

• 171Fi 
.21 

.3243 

.8734 

4.90 
103~38 
419.05 
148.98 

.5289 
;4552 
.5250 
1485. 

186. 
.85 

1.!151. a 
84.ee 

815.75 
.49 

22.88 
157.23 
776o49 

1 •. 02 

279.0 
140o75 
780.216 
142.56. 
812.56 
159.87 
159.87 

0.1il0 

.1848 

. 14G9 

.5393 

.4a36 

.1804 
.20 

.8884 

.9873 

104. 
.95 
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NIJM PER'ZONE e. 22. 72. 133. 2113. 257. 266. 3es. 
RMS DIFFERENCES a.eEl 464.45 2~1 .1.8 163.43" 134.78 133. 17 139.78 146.51 
A.D.RESIDUALS a.ee 3.93 4.72 6.34 6.58 6.56 7.28 8.7i 
STI1TISTICS FOR GENERAL REFLECTIONS FOR C0t1PDU~ID 2 
~IUM PE~ ZONE 0.0 22.0 72.A 133.0 2.10.0 257.0 266.0 305.0 1"265.0 
AVG LK nF CLOS ·e.Qa 308.20 110.84 84.38 58. lS 57.21 . 65.78 68.8! 72.51d 
nvG DERIV FPH e.e0 853.57 816.59 882.34 862. 11 770. 1~ 740.15 826.34 808.55 
AVG I,J:t< C E llCI<2 ) a.se 1.10 .60 • .-m .33 .37 .41 .4~ .42 
AVG Wll< ( FPHllCf<2) . 0.00 4.87 20.31 32.32 34.99 28.65 23.85 29.37 28.37 
.::VG SMALL F ' ·~.00 196.48 135.66 138.33 144.38 152.02 137.73 132.28 140.63 
i1VG FP.<NATIVE) e.ee 526.45 68G.23 862.87 817.47 ;"43.15 765.62 066 .. 69 789.27 
AVG Wll< C FH:tc!C2) 0.00 .27 .• 62 .77 1.09 1.31 1. El4 .88 1.00 
STilTISTICS FOR CENTRIC R~FLECTIONS FOR COMPOUND 2 
HUI1 PER ZONE 0.0 1 t. a 23.0 39.A 39.0 47.8 44.C 44."0 247.0 
AVG LK OF.CLOS · a·.e0 401..87 133.74 122.42 126.61 128.58 111.0:7 150.78 \39.82 
AVG DERIV FPH 6.00 841.93 745.96· 817~82 956.58 . 829.33. 775.42 Hl01.98 861.56 
AVG S~LL F 0.0.0 219 ;.29 121.81 120.25 116./5 134.69 181.32 100.6tl 128. 13 
0-VG FPCNATIVE) 0.00 satJ ~ '9a 694.72 73\. 97' 937.76 820.44 788.84 1@03.53 826.1?)5 
HVG DELF N.C.O. 0.A0 4132.7.5 119.58. 145 .·93 133. 10 126 .0/l 125.98 150.64 146.39 
AVG DELF C.l]. 13.80 402. ?:s 119.58 145.?3 1"33. 10 126~04 125.98 l:i0.64 146.33 
NUM CROSS OVERS 8.00 0.00 ·, 0.00 !3.00 e.e0 a. ere e.ee 0.8(3 e.l:lB 
R VnLUES FOR. GENERAL I<EFLECT I OI~S FOR COMPOUND 2 
KRAUT R VALUE 0~0880 .3612 .1455 .0956 .0675 .0743 .8889 .0823 .0897 
L. c· 

;J. R VALUE a·. 0000 .47Fi0 .1.722 .1222 .8.965 • 1139 ;1309 .1202 . 122El 
~ 110DULUS 0.0008 1. 5691 .8760 .6474 .4014 .37G3 .d776 .5142 .5156 
R WEIGHTED 0.08f'l0 4.El793. .9727 .624~ .2983 .2831 .3934" .. 4821 ~4220 
I~ VALUES FOR CENTRIC REFLECT I 0~15 FOR COMPOUND 2 
i<RP.UT R VALUE; El.8800 .. 4773 .1793 • i497 .1261 . 1550 .1432 .1584 . !623-
RATIO. DELF/f7PH 6.00· .48 . i6'· ..• 18 . 14 • l!:i • t6 . 15 . 17 
Ct:NTRIC R VALUE 0.01::100 .997::) L 1185 .8389" .9062 1.0202. .8816· 1.0004 .9551. 
R MODULUS· 0.8000 1. 8326 1.0979 1. 0180 1. 0331 .9547 1.0962 . 1.4980 1.1639 

-· ····-··-·~--- -------:-·-------·-····--·-----·· ·-· 
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PROr.RAM LE AST<;O I OA TAt FOliR, PIJNCH t JfiJPIJT • OUTPUT t 
o TAPE1•TAPE2oTAPF.3•TAPE4o . 
o TAPE20=FOUR·TAPf.14=0~TAoTAPES=lNP'IToTAPE6=0UTPUTtTAPE7=PUNCHI 

C MAIN PROGRAM FOR PHAS( RF.FIIIIEMF.NT 
DlMEIIISION RErJPI~ItOOXI50o?.I,OOYI~Ot?.I•DDZI50•21tOOAISOt6t21 
DIMENSION DD~NUMIS0•6o21 tOF.RIVIBOioCORLATI801tTI24t3t~l 
DIMENSION HOA~H1~4o41tTRJ~I50o24o21oSTI21tOUTI91tALPH!91 
DTMENC::JON NPrYCI.I161oTEPETIIIAI . 
COMMON/ATOMS/DIAo!Oio011Ao1UioBOVFR(8o101oROVR118t1blo 

1 I FAOVR I 8, 1 0 I , ANUM I 50 • 1 0 I t ANIJI.Il I 50 t 1 0 I t X I 50 I t X I I 50 I t Y I 50 I t Y 1 I 50 I t 
2 7.1501 oZl 1501 oAI!'Ot61 oRl 150t61 tNTR0P(501 oLARELISOoSI, 
3 AMAGSoAMAGAOoA~AGXtAMAGYtAMAGZ•AMAGRoAI.IAGAtCPOTLEI8oclt 
4 CAYIAitNATOMIAI,NCRYSTI81oKK11HitNZI8t101. 

COMMON/FINL/ TRIXIAOtAOitRHSIAOitRI4t91oECALCIAt9t91 
COMMON/DATA/HI31,FNATtFI81tERRI81tAOIAioERNAToAONATtNNOtNNATo 

1 NIIIHVIBitFAZP~T•FAZMPtFIGMER,REALIRioEMAGIAI 
COMMON /DEVIrF/ TINt lOUT• INCAROt FMTI201oJOUTloiOUT2o 

1 TOIIT3t JOIIT4tMMM, TMt IW• [Pi ITT 
COMMON STAAI~501 9 FTAAI4501tNFSI81tRVALI8t9t91~RCENI8o9t91t 

1 TITLF. 1201 tET~ IR,ql tEAr> 1At91 tFSIZE 1Flt31 tFIG 12t91 tDSTRA I 101 ;GAP 
2 F0RMATI215tF10,5,?.A41 

3 FORMATI415t4F10.4tl51 
4 FORMATI3F10.4,J5,~Xt5lll 
5 FORMATI12F3,nl . 
6 FORMATI9FA,OI 
1 F0RMAT16F10.~1 

8 FORMATIAFA.ll 
60 FORMAT( 313t lX• 7F9.3 

90 FORMATI8J31 
94 FORMATI1H 10F)0,41 
95 FORMATI19H0CORRfLATION MATRIX 

97 FORMATI1H1t20A4o///l 
98 FORMATI20A41 

99 FORMATI25H MORF. THAM 80 VARJAALES 
103 FORMATI/24H FRROR AFTER REFLECTION t3F4.0/I · 
107 FORMATI/42H FNO OF.FILE ENCOUIIITERF.D AFTER REFLECTION t3F4,0/) 
109 FORMATI16JSI 
414 FORMATIIStF10,4tF10•4tl51 
415 FORMATI8F10,41 
516 FORMATI"OCRY~TAL f1J0, 11 tl3•" NZIItJI= 11 tl3tlt 11 SCALE =11 tFl0,4tlt 

111 ROVER =11 tf)0,4t" IFBOVR ="ol21 
418 FORMATI 11 0ANIJMS ="t10F10,41 
804 FORMATI1H0t 11 INPUT DATA FORMAT="• 20A41 
806 FORMATI/t 11 RfCJP="• 6F10,5tlt 11 DST~AX= 11 tF7.3t 5Xt 11 DSTMIN="• 

1 F7.3t 5Xt 11 GAP="• F10.3t/l 
808 FORMATI" NSYM=''•T5t5Xo" NCPOS="•IStSXt" IANGLE="ti5~5Xt 0 NCYCLE="• 

1 I5t/t 11 SCALF= 11 tF7.3t3Xt 11 .FIGMIN="•F7.3o3Xt 11 FGAP= 11 oF7.3t3Xt 
2 11 REJAN0= 11 tF7.3 9 3Xt 11 IFPRINT="•IS•/1 

810 FORMAT( 11 NPCYCL="• 16131 
812 FORMAT( 11 SYMMETRY .CARDS "•It 314F6.2o3XI 
814 FORMAT( 11 FSI7F= 11 ,8F10,3tll 
815 FORMAT'I"OCOMPOIIND 11 tl3t5Xt2A4t/t 11 NATOI.IS =11 tl5tlt 11 NCRYST =11 tl5tlt 

111 CAY =11 tF10,4t/l 
8.16 FORMAT(" EIS= 11 t8F10.3tlt 11 EAO="• AF10,J,/I 
818 FORMAT(" COOFIOINATES =11 t3F7.4t/t 11 NTROP="•I2t 11 R =11 t6F10,3tlt 

1" LAREL =11 t5I31 
830 FORMATI8F10.31 
835 FORMATilH •''MA\,NJFICATION FACTORS FOR SHIFTS ARE 11 t/tlH t 

111 FOR SCALf"• F10,3o/tlH t"FOR BOVER 11 tF10.3,/t 
Z 1H t 11 FOR ANIIM "tF10.3tlt 11 FOR XtYt7 11 t3Fl0.3t/ 
3t1H t 11 FOR R 11 tF10.31 

C REAP IN JINtiOUTtiNCAFID DATA-FORMAT DATA CARDS IF APPROPRIATE 

LEASTSQOl 
LEASTSQ01 
LEASTSQ01 
LEASTSQ . 
i..EASTSQ 
LEASTSQ 
LEASTSQ 
LEI\STSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LF.ASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

1 
2 
3 
5 
b 
7 
!I 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1!1 
19 
20 
21 
22 
23 
2~ 

25 
26 
27 
28 
29 
30 
31 
32 
33 
3~ 
35 
36 
37 
38 
39 
40 
41 
42 
43 
4~ 

45 
46 
it1 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

MAIN PROGRAM 
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CALL 105fT 
IINIT=l.O 

C MAKE SINE TARLE 
00 53 l=lo45n 

5.3 <;TAFllli=SINIFl nAT(II<>Oo0l7453l 
C MAKE F.XPONENTIAL TARI.F . 

c 

nn 54 I=lo45n 
Xlll=FLOATII-ll/150.0 

54 ETAFliii=EXPI-n,5<>XI11<>Xf11l 
00 74 1=198 
DO 74 J=1 tlO 

74 Q(ltJl=O,O 

C A REAO IN CONTRnL CAROS 
c 

c 

RFADIIMo98l I TITLEI1l•I=1o20l 
WRITF.IIWo97l I TJTLEIIIol=lo20l 
RF.AOI1Mo61 I RF.CTPIII•I=1•6loDST~A~oOSTMINo6AP 

C lF RF.AL CFLL GIVEN• CONVERT TO RECTP 
c 

JFIRF.CIPill.AT,l,lCALL CnNRCPIRECIPoRECiPI 
IFIGAP.EO.O.n) GAP=0.1/1.542 
REAOIIMo31NSYMoNCP0SoiANGLEoNCYCLE•SCALEoFIGMINoFGAPoREJANOoiFPRNT 
REAOIIMo8301ftMAG~,AMAGROtAMAGAoAMAGXoAMAGYoAMAGl~AMAGB· 

WRITF.IIWoB35l AMAGSoAMAGROoAMAGAoAMAGXoAMAGYoAMAG1oAMAGB 
REAO ( JMo901 (~IFS ( T l t 1=1 o81 
REIID 109o NPrYCL 
00 110 IJKL=lt1~ . 
IFINPCYCLII~KlloLF.•O•OR.NPCYCLIIJKLl.GE.lOINPCYCLCIJKLI=l 

110 CMHINUE 
00 14 N=1oNSYIA 

14 READIP1t51 I IT (No J ,Jl oJ=1 o41 t 1=1 •JI 
READ AoiFSJ1f(J,2loJ=1•Bl 
WRITE I 1Wo806l IPF.CIP I J I' 1=1 o61, DSTMAXoDSTMIN• GAP 
WRJTF.IIWo8081NSYMo NCPDSt IANGLEo ~CYCLE• SCALE• FJGMINo FGAPt 

1 RF.JANOo IFPRNT 
WRITEIIWo8101 I ~'PCYCLIJJI oJJ=1•161 
PRINT 812o Ill TINtloJioJ=1o41oi=1~3loN=loNSYMl 
WRITE I 1Wo8141 IFSIZE 1Jo21 o.J=1 oBI . 
NVAR=O 
LIST=O 
DO 10 I=ltNCP!'I'i 
WRITEIIWo971TJTLF 
READIIMo21NATOMIII•NCRYSTIIloCAYIIIoCPPTLEIIo11oCPDTLEIIo2l 
READ (JMoAI lEIS IT 0 JI oJ=1 oBI 
READ I IMoBI lEAD I J oJioJ=1 tAl 
N=NATOMIJI 
WRITF.IIWo815lJ•CPOTLEIIo11oCPOTLEIIo2l~NATOMilloNCRYSTIIloCAYIII 

WRITEIIWo816l C FISiloJl oJ=1o8l, I EADIIoJl oJ=1o81 
M=NCRYSTIIl 
00 413. J=1 oM 
READIIMo4141N71ToJioSCLoROVERIIoJioiFROVRIIoJI. 
WRITEIIWo5161JoNZiloJloSCLoBOVERII•·JloiFBOVRIIoJI 
QlloJl = 1.0/SCL 

413 NVAR = NVAR+l+TFROVRIIoJI 
00 13 J=1 oN 
LI!H=LIST+1 
READIIMo415l IANUMILISTo.Kl oK=loMl 
READ I!Mo4l X IL ISTl oY ILISTl ,z I LIST> oNTROP ILISTI, 

11LABELILISToKloK:1o51 . 
READ I 1Mo71 IB ILISToKI oK=1o6l 

LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEAS"fSQ 
LEIISTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEIISTSQ 
LEASTS.Q 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ02 
LEASTSQ02 
.LEASTSQ02 
LEASTSQ02 
LEASTSQ 
LEASTSQ 
LEASTSQ 

·LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

·LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEIISTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

64 
67 
61! 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
t13 

1 
2" 
3 
4 

84 
85 
86 
1!7 
8& 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
1llt 
115 
116 
117 
118 
119 
120 
121 
122 
123 

Title 

a*2 b*2 c*2 2a*b* cosy* 

** * ** * 2b c cosa 2c a cosa 

= RECIP(l) -· RECIP(6) 
~ 

* * d max d min gap 

nsym ncpd 6ai ncycl SCALE 
, 

iii F REJANO IFPRNT _.~· . min gap . 

Magnification factors 

NFS 
NPCYCL if NPCYC <0 or >10 

put eq-;i"al to-1 

(t(n,i,j),j=l,4)i=l,J)n=l,n sym 

FSIZE 

OHAl,OCRYST,CAY,TITLE 

NZ. SCL BOVER BOVR 

Qij = 1/SCL 

Z x y Z B or a 
NVAR = 0 variables 

= 1 + 1 (if BOVER refined) 

+ 0 xyz refined + 0 TF refined 

+ 0 atoms with scale refined 



62 

WRITE ( 1Wt41fll I ANIIM IL ISTtKI tK=1 tM) 
WRITEI1Wtfl1fll XILISTloYILISTloZILISTltNTROPILISTI• 

1 IRILISTolO ot<=l •I> I • ILAREL.ILISTtKhK=1 ,.S) . 
on 62 K=2o4 
NVAR=NVAR+LARFLILJSToKI 
NVAR=NVAR+LARFLIL I5Tt5l~NTROPILISTI 
NVAR = NVAR + LARFLILISTt1l~M 

13 
10 

c 

CONTINUE 
CONTINUE 

C A END 
c 

JFINVAR.LE. ~01 GO TO 11 
WRITE ( 1Wo99l 
STOP 

11 CONTINUE 
no 822 J=I•NrPns 
M=NCRYST!JI 
on 822 I=loM 
IH (Jo II = 1.0/rl IJ.I I 
80VR1!Jtii = ROVFRIJoll 

A22 CONTINUE 
00 8:?0 J=1•LJST 
X1(J) = XIJI 
Y1!Jl = Y(Jl 
Z1 (Jl = 7!Jl 
00 820 K=1•6 
A1 IJoKl = B (,loKI 
ANUH1 (JtiO = ANIIM(JtKl 

820 CONTINUE 
IFIIOUToNF.tP.ANO.IOUT.NE.OlREWINO lOUT 
00 1S J=1oR 

18 FSIZE!Jo3l=F~JZE(Jt2)0fSIZE!Jt21 
c 
C A EACH NEW CYCLE ~TARTS HERE 
c 

c 

DO 50 ICYCLE=1oNCYCLE 
MARK=NCYCLE-JCYCLE 
NTHCYC=NPCYCL I ICYrLE I 

C C CONTROL ON INOJVIDIIAL CYCLE 
c 

00 50 NUMCYC=IoNTHCYC 
REWIND liN 
DO 41 H=1tNVAR 
DO 42 N=1tNVIIR 

42 TRIX!MtNI=O.O 
41 RHS_(Ml=O.O 

DO 12 1=1 t4 
00 12 J=lt9 

12 R!ItJI=O.O 
00 17 I=1t8 
DO 17 J=1•9 
DO 17 K=1t9 
RVALIItJoKI=O.O 
RCENIItJtKI=O.O 

17 ECALCII•JtKI:O.O 
DO 22 J;1t2 
no 22 K=1o9 

22 FJG(J,Kl=O.O 
DO 23 J:1tl0 

23 DSTRBIII=O.O 

LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LfASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEA!HSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
lEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
lEASTSQ 
·LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LfASTSQ 
lEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

124 
12S 
126 
127 
128 
129 
130 
131 
132 
133 
134 
13S 
136 
137 
138 
139 
140 
141 
142 
11+3 
144 
14S 
lt+6 
147 
148 
149 
150 
1S1 
1S2 
153 
154 
ISS 
156 
1S7 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
1BS 

E = rms lack of closure in shells of 
is GAP, i.e. as a function of 1/d for 

each isomorphous compound 

FSIZE = rms lack of closure in shells of 
FGAP, i.e. as a function of 

Fnative 

FSIZE(j,3) •· {FSIZE(j,2)}2 · 
input 

Cycle the program for the required 0 of cycles 

MARK = 0 cycles left to do 

NTHCYC = 1 " • " NPCYCL = 1 

Clear areas 



.. ·· ... 

no 19 J=1oA 
DO 19 K=1t2 

19 FSilfCJtKI=O.o 
c 
C 0 EACH NEW BLOCK OF OATA STARTS HERE 
c 

15 COIIITINUE 

. .. ~--,_ 

C~LL TAPfJNIJTNtNNOtlHolKtlLoNNAToFNAToERNATtAOIIIATtFAZBSToFAZHPt 
o FIGMERtNNHVoFtFPPt~OI 

JFIIFPRNT.GT.ll 
owRITECIWo883~1NNOoiH•IKoiL•NNATtFN~T,fRNATtAONATt 
°FAZRSTtFAZMP.FIGMFRtCCNNHVCJJ31tFCII31tERRCII31tAOCII311tll3=1t8) 

8835 FORMATI1Xt414ol5o6E15.8/o811Xtl10o3El5.8/ll . 
IF.CNNO.EQ.OI r.n TO 105 
Hlli=IH 
HC21=IK 
HC31=IL 
DO 999 IIlO=l•R 

IFCABSIADCIT101),6E.REJANOI ADIII101=Q.~ 
999 CONTINUE . 

GO TO 106 
102 no 104 II7=1•3 
10{ HIII71= 999. 

NNAT=O 
FNAT=-1•0 
PRINT 103tiHCII21oii2=lo31 
GO TO 15 

105 PRINT 107tCHCTI21oii2=1o31 
00 108 II7=1t3 

108 HCII71=999, 
NNO=O 
FNAT=-2,0. 
IH=999 
IK=999 
IL=999 
ZRO::O, 
If(MARKoNE.OI GO TO 4R9 
IFCIOUT3.NE.OI WRJTECIOUT31 IHtlKtiLtZROtZROtZROtZROoZRO 
IfCIOUT3.N.E.OI END fiLE IOUT3 . 
IFCIOUT4.NE.OI WRITECIOUT41 IHoiKtiLtZROtZROtZROtZROtZRD 
IFCJOUT4.NE.OI ENO fiLt !OUT4 

489 CONTINUE 
IfCNUMCYC.NE.ll r.o TO 89 
JfCIOUT1.EQ,OI GO TO A9 
CALL TAPOUTCIOliT1oNNOoiHtiKtiLtNNATtFNATtERNATtAONATtFAlBSTtFAZMPt 

o fiGHERoNNHVoFoERRtADI 
END FILE IOUTl 
I IN:::oJOUTl 
IOUT1=IOUT2 
IOUT2=IIN 
REWIND IOUTl 
GO TO 89 

106 CONTINUE 
IFCNNATeNE.OI GO TO 416 

417 IFCIOUT1.NE.OICALL TAPOUTCIOUT1tNNOoiH•lKtiLoNNATtFNATtERNAToADNAT 
0 tFAZRSTofAZMPoFIGMERoNNHVtFtERRoAOI 

GO TO 15 
416 CONTINUE 

ALPHA=fAZMP 
DSTSQ=HC1IOHC110RE~IPC11+HI210H(2)0RECIPC21~HC310H(3)0RECIPC31+ 

1 HC110HC2IORfCIPC41+HI2IOHC3IORECIPC51+HC110HC3IORECIPC61 
DST~SQRTCDSTSQI . . 

LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ05 
LEASTSQ05 
LEASTSQ01 
LEASTSQ01 
LEASTSQ01 
LEASTSQ01 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEI!STSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ05 
LEASTSQ05 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ05 
LEASTSQ05 
LEA.STSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

186 
187 
1811 

.189 
190 
191 
192 

1 
2 
4 
5 
6 
7 

197 
1911 
199 
zoo 
201 
202 
203. 
204 
205. 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 

3 
4 

230 
231 
232 
233 
234 
235 
236 
237 

5 
6 

240 
241 
242 
243 
244 
245 

.---~··-... 

Call data on tape 

If AD > REJANO, AD a 0 

End of file 

Which files to be written on when data all read 

Output 

a = FAZMP 

d* cQmputed from RECIP(l)-RECIP(6) (r~-r6 ) and hkl. 

* /2 2 2 . d = h r 1 + k r 2 + i r 3 + hkr4 + kir5 + ihr6 

* * Check that this lies between d max and d min 

NORDER defines the shell specified by GAP 

* •-1 d* d in units of A ~ + 1) defines the shell. 



---- ---------;--------------------------

JFIInSToGT,DST~AXI•OR.IOST.LT.DSTMlNII GO T0.417 
NOROER=l+JFI~IOST/AAPI 
1FINOROER.GT,81 NOROER=A 
00 25 J=1oNSV~ 
no 25 K=l o4 

25 HOASHIJoKI=TIJoloKI 0HC li+TIJo2oKIOHf 21+T(JoloKIOHI ll 
no 2fo L=1 ollST 
00 26 J=loNSYM 
ANGLf=HOASHIJoliOX(LI+HnASHIJo2IOYILI+HOASHIJollOZILL+HnASHIJo41 
KUT=IFIXIARSI~NGI.~II· 
.JA=IFI X ( UAS UNGL.F I-FLOAT I KilT I I 0360.0 I 
lFIJA,LEoOI JA=JA+360 
1FIJA,GT,3601 JA=JA-~60 
TRIAILoJoli=~TAAIJA+901 
lFIANGLE.LT.O,OI r.O.TO 21 
TRlGILoJo21=STAR(JAI 
60 TO 26 

21 TRIGILoJo21=-sTAR(JAI 
26 CONTINUE . 

no 32 L=l ollST 
no 12 15=1•2 
DOXILoJSio:O,o 
DDYIL.ISI=O,o 
OOliLoJSI=OoO 
DO 32 IC=lo6 
ODANUHiLoiCtiSI a o.n 

LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEAST SO 
LEASTS.O 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEAS"JSQ 
LEASTSQ 
LEASTSQ 

32 DOBILoiCoJSI:O,O 
L=1 

· LEASTSQ 
·LEASTSQ 

C LEASTSQ 
C E CALCULATES TRifiONOHFTRIC TERMS 0~ DERIVATIVES ON TEHP~RATURE FACTORo.LEASTSQ 
C Xo Y, Z ANO ATOMIC ~tiH~ER LEASTSQ 
C LEASTSQ 

no 24 H=1oNCPO<; 
HCPD=NFSIHI 
REALIHI=O,O 
EHAGIHI=O.O 
N=NATOHIHI 
NNl = NCRYSTI~I 
DO 27 K=l•N 
KKliHI=O 
IFINNHVIHCPDI,EQ,OI r,o TO 79 
DO 420 Kl =loNNl 
IFINNHVIHCPDI,EQ,NZIHoK1ll GO TO 422 

420 CONTINUE . 
KKliHl=O 
WRITEIIWo510) MoK1tMCPO 

510 FORMATI" REJECTION "•~151 
GO TO 79 

422 KKliMl=Kl 
RQUIV=O.O 
EOUIV=O,O 
00 28 J=loNSYM 
IFINTROPILI.F0,6) GO TO 29 
SCAT=ANUHILtK}IOEXP~-BILoliA0,250DSTSQl 
STill=SCATOTPIGILoJoll .. 
STI21=SCAT 0TRIGILoJo2l 
IFILABELILo51,EQ,Ol GO TO 30 
ODBILoltll=DDRILoltll-10,25onsTSQoSfl1ll 
nD81Lo1o21=DORILo1t2l-10,250DSTSQoST12ll 
GO TO 30 

29 SCAT=ANUHILtK110F.XPI-RILo11AHOASHIJo11AHDASHIJt11 
1-A1Lo2IOHOASHIJo2l 0HOASHIJo21-BILo3loHDASH~Jo31AHDASHIJo3l 

LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQOl 
LEAST SO 

·LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEAST SO 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
i..EASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
2b2 
2b3 
264 
2b5 
26b 
267 
268 
269 
270 
271 
272 
273 
274 
275 
27b 
217 
278 
279 
280 
281 
2112 
283 
284 
285 
286 
281 
288 
289 
290 

8 
292 
2'i3 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 

For symmetry of space group jcl····n
8

ym and k;l,4 

b
1
jk a tjlkb + tjZkk + tjJki 

angle c b'jlx + h'jzY + b'j 3z + h'j 4 

Tbia is set to be between 0 and 1 cycles 

TRIG(L,J,l) a cos(2u(hx+ky+tz)) 
TRIG(L,J,2) g sin(2u(bx+ky+tz)) 

J a which asymmetric unit 
L a which atom in the list 

If NNHV(MCPD) ~ any NZ(M,Kl) then reject the reflection 

CALCULATE "DERIVATIVES" FOR !lEAVY ATOM REFIN~MENT 

•2 26 2 SCAT a Zn exp(-Bd ·./4) m Zn exp(-Bsin /A ) 
ST(l) g SCAT (cos·2t1(hx+ky+iz)) 
ST(2) a SCAT (sin.2h{bx+kyH.z)) 

If isotopic, derivatives are: 
2 

DDB(L,l,l) c E-(s~2 6)ST(l) 

2 
DDB(L,l,2) g £-(sin 6)ST(2) 

>.2 

If anisotropic 

2 2 
SCAT~ Zn(exp{-a11(h') - a22(k') 

-a <t'>
2 

- a <h'k') - a23<k't'> 33 12 

-,831 (t 'h 1 )}). 



31 
30 

63 

64 

2A 

65 

79 
27 
24 

c 
0 

c 

c 

.... 

c-niLo4lOHDASHIJt))OHOASHIJo2l-BILo5lOHOASHIJt2lOHOASHIJt3l 
3-RILo6lOHDASHIJ•3l 0HDASHIJolll 

LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

END 

STI1l=SCATOTPJ61LoJo1l 
ST(21=SCATOTRJr.ILoJo21 
lfiLABELILo5l,EQ,Ol GO TO 30 
no 31 15=1•2 · 
DDBILoloJSl~ODRILo1oiSI-HDASHIJo11oHoASHIJoliOSTIISI 
DDRILo2oJSl=DDAILo2•1SI-HDASHIJt21oHoASHIJo21osTIISI 
DOBILt3tiSI=DORILo3tiSI-HDASHIJo31°HOASHIJt3IOSTIISI 
DOBILo4oiSI=DDRI(,4oiSI-HDASHIJt1)0HOASHIJo2)0STIISI 
DDRILo5oiSI=DDRIL,~•ISl-HDASHIJo21°HDASHIJo3lOSTIISl. 
DDBILo6oiSl=DOAILo6•1Sl-HOASHIJo31°HDASHIJo1lOSTIISl 
RQUIV=RQUJV+~TIIl . 
f.QUIV=EQUIV+STI2l 
ST(1):6,28320STI1) 
STC21:6,2832o~TI21 

lf(LABELCLt2l.,f.q,ol GO TO 63 
OOX (L, 1 l=OOX IL, ll-HDASH (,Jt 1 l oc;T !21 
DDXCL,21•DDXILo?.)+HDASHIJollOSTIIl 
lf(LABELILo3l,F.Q,O) GO TO 64 . 
ODYILt1l=DDYIL•1l-HDASH(Jo2lOSTI2) 
ODYILt2l=DDYIL•21+HDASHIJo2l 0STI1l 
lf(LABELILo4l.EQ,Ol GO TO .28 
DDZILo1l=DOZIL•ll-HDA<;H(j,3l 0STI2l 
DOZCLt2l=ODZILo2l+HDASHiJt3l 0STill 
CONTINUE 
lf(LARELILo1l.EQ,Ol ·Go TO 65 
OOANU~ILoK1oil=RQUIV/ ANU~ILoK1l 
DDANUM(LoK1ti?I=ECWIV/ ANIJ~ILoK1l 
REALIMl=REALIMI+RQUIV 
EMAG(Ml=EMAGIM)+fQUIV 
L=L+1 
CONTINUE 
CONTINUE 

. LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LfASTSQ 
LEASTSQ 

.. LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ. 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LfASTSQ 
LfASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

11=1 LEASTSQ 
Tf (NUMCYC.EQ,1 l CALL PHASE ( loALPHAoSCALEoNCPDSt IANGLEoCAYtfiGMINo· LEASTSQ 

1 UNITtlfPRNT.~OROERtMARKoGtDSTSGtBOVERtKK1l LEASTSQ 
I=II LEASTSQ 
fP=fNAT osr.ALE LEASTSQ 
lf(ALPHA.EQ.-lOoOl GO TO 16 LEASTSQ 
fPSQ:fP 0fP LEASTSQ 
fPA=fPOCOSIALPHAI LEA~TSQ 
fPB=fPOSJNIALPHAl ·LEASTSQ 
NV=1 . .LEASTSQ 
L=1 LEASTSQ 

C f ACCUMULATE VARIOUS VALUES fOR VARIOUS R fACTORS 
c 

LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

33 

DO 34 M=1oNCPDS 
MCPD=NfSIMl 
DO 33 MM=1tNVAR 
DERIVIMMI=O.O 
K1=KK1(Ml 
lf(KK1(M).EQ,Ol GO TO 459 
QT=QI~tK1IOEXPIROVERCMtK1)00STSQo0,25l 
AX=REALIMl+fPA . 
BY=E~AG(MI+fPA 
DE=QT OSQRTIAXOAX+BYOBYI 
EPSILN=fl MCPDI-DE 

308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 

ST(l) and ST(2) defined above . 

DDX(L ,1) .= -t (h' n> sr(2) 

DDX(L,2) = +E(h'Jl)ST(l) 

DDY(L,l) = -E(h'J2)ST(2) 

DDY(L,2) = +E(h 1J 2)ST(l) 

DDZ(L,l) = -E(h'JJ)ST(2) 

DDZ(L,2) = +E(h'JJ)ST(l) 

DDANUM(L,Kl,l) = (1/Zn)(EST(l)) 

DDANUM(L~Kl,2) = (l/Zn)(EST(2)) 

REAL(M) = ERQUIV = EEST(l) = ~ 

EMAG(M) = EEQUIV = EEST(2) = BHA 

These calculations are made for all derivatives 

Call the PHASE subroutine 

FP = SCALE * FNAT 

FPA = FP * cos(~max) = ~ 
FPB = FP * sin(~ma) = Bp 

QT = ~,Kl exp(BOVER * sin
2ar>.h 

= (SHAPE/SCL) 

AX = ~ + ~ = ~Reale 

BX = BHA + Bp = BPHcalc 

DE = (SHAPE/SCL) * FPHcalc 

EPSILN = FPHobs - (SHAPE/SCL) * FPHcalc 
EPNSQ = (EPSILN) 2 

EPS = (SCL/SHAPE) * FPHobs - FPHcalc 
EPSQ = (EPS) 2 



EPNSQ=EPSILNOfP~JLN LEASTSQ 370 
EPS=EPSILN/QT LEASTSQ 371 
F.PSQ=EPSOEPS LEASTSQ 372 
NS=l+IfiXIFP/FG~PI LEASTSQ 373 
IFINS.GT.81 NS=S LEASTSQ 374 
W=1o0/(QT OQT O(EJS!MoNORDERIOEJ~IMtNORDERl+fSIZEINSt3)) 0 1,0E6l LEASTSQ 375 
CONST=IQT OQT l/DE LEASTSQ 376 
AXCON=CONSTo~x LEASTSQ 377 
RYCON=CONSTORY LEASTSQ 378 
FFSQ=REALCMIOPfALIMl+EMAGIMlOEMAGIMI LEASTSQ 379 
FF=SQRTIFFSQl . LEASTSQ 380 
Rl1tNOROfRl=PiltNORDERl+ARSIEPSl· LEASTSQ 381 
Rl2tNORDERl=RI2•NORDERl+ff· LEASTSQ 382 

Fp 
NS = shell by F = 1 + F 

gap gap 

Weight = W = 1.0/{(SHAPE/SCL) 2 {(ElS)
2 + (FSIZE)

2
}} 

Rl3tNOROERl=RI3oNORDERl+~OfPNSQ LEASTSQ 383 
RI4JNOROF.Rl=RI4tNORDERl+WoiFFSQO(QT oo211 LE~STSQ 384 
Rl1t9l=Rilt9l+ARSIEPSl LEASTSQ 385 

CONST = (SHAPE) * l 
SCL FPHcslc 

Rl2t9l=RI2t9l+Ff LEASTSQ 386 
Rl3t9l=RI3t91+WOfpNSQ LEASTSQ 387 
Rl4t9l=RI4t9l+WO(ffSQOCQT 002ll LEASTSQ 388 
RVALIMt1tNOROFRl:RVALIMtloNO~OERl+l,O LEASTSQ 389 
RVALIMt2tNOROFRl=PVALIMt2tNOROERl+ARSIEPSl LEASTSQ 390 
RVALIM~3,NOROFRl:RVALIMt3tNORDERl+ABS(fl MCPOl/QT LEASTSQ 391 
RVALIMt4tNOROERl:RVALIMt4tNOROERl+WOEPNSQ0 l,OE6 LEASTSQ 392 

AXCON = (SHAPE) * (ApHcalc) 
SCL PPHcslc = cos~Hcalc 

B 
BYCON = (SHAPE) * ( PHcalc 

SCL PPHcalc) = sinaPHcalc 

RVALIHtStNOROF.Rl:RVALIN,StNOPOERl+WO(fl MCP0)002) 0 1.0E6 LEASTSQ 393 
RVALIMt6tNDROFRl:RVALIMt6tNOROERl+ABSIFFl LEASTSQ 394 
RVALIMt7tNOROFRl=PVALIMt7tNORDERl+ABSIFPl LEASTSQ 395 

. 2 2 2 
FPSQ = fj = (PSMALL) = (FF) 

RVALIMt8tNOROERl=PVALI~t8tNOROERl+WolffSQ0 1QT oo2)10l,OE6 LEASTSQ 396 
RVALIMt1t91=RVALIMt1t9l+1,0 LEASTSQ 397 Get ready for R values 
RVALIMt2t9l=PVALIMt2t9l+ABSIEPSl LEASTSQ 398 
RVALIHt3t9l=RVAL(Mt3t9l+ARSIFI MCPDl/QT LEASTSQ 399 
RVALIMt4t91=RVAL(Mt4~9l+WOEPNSQO},OE6 LEASTSQ 400 
RVALIMt5t9l=RVALIMt5t9l+WO(fl .MCP0)002)01,0E6 LEASTSQ 401 
RVALIMt6t91=PVALIH•6t91+ARSIFFl LEASTSQ 402 
RVALIMt7,9l=PVAI.IMt7t9l~ABSIFPl LEASTSQ 403 
RVALIMt8t91=RVALIHtAt9l+WOIFFSQ0 1QT o02))0},0E6 LEASTSQ 404 

C LEASTSQ 405 
C CHECK TO SEE JF CENTRIC ZONE OF SPACE GROUP LEASTSQ 406 

IFCCENZONIHl,NE,O,lGO TO 111 LEASTSQ01 9 
RCENIHt1tNOROERl=PCENIMtltNORDER1+1.0 LEASTSQ 409 
RCENIHt2tNOROFRl:RCENIMt2tNORDERl+ARSIEPSl LEASTSQ 410 
RCENIHt3tNOROFRl=RCENCMt3tNORDERi+ARSIFC HCPOl/QT l LEASTSQ 411 
RCENIHt4tNOROERl=RCENIMt4tNORDERl+ABSIABSIFPl-ABSIFI MCPDl/QT ll LEASTSQ 412 
RCENIMt6tNOROF.Rl:RCENIM,6tNOROERl+ABSIFFI LEASTSQ 413 
RCENIMt7tNOROF.Rl:RCENIMt7oNOROERl+ABSIFPl LEASTSQ 414 
RCENIMt1t9l=RCENIHtlt9l+1,0 LEASTSQ 415 
RCENIHt2t9l=RCENIMt2t9l+ABSIEPSI LEASTSQ 416 
RCEN1Mt3t9l=PCEN(Mt3t9l+ABSIFI MCPDl/QT l LEASTSQ 417 
RCENIHt4t9l=PCENIMt4t91+ABSCABSIFPl-ABSIFI HCPDl/QT ll LEASTSQ 418 
RCENIMt6t9l=PCENIMt6t9l+ABSIFFl LEASTSQ 419 
RCENIMt7t9l=RCENIMt7t9l+ARS~FPI LEASTSQ 420 
IFCFP,EQ,O,Ol GO TO 112 LEASTSQ ~21 
IFIIAX/FPAl.LT.O,Ol GO TO 113 LEASTSQ 422 

112 RCENIMtStNOROF.Rl=RCENIMtStNORDERl+ABSIABSIFPl-ABSIFI MCPDl/QT ll LEASTSQ 423 
RCENIMt5t9l=RCENIMt5t9l+ARSIABSIFPl-ABSIFI MCPDl/OT ll LEASTSQ 424 
GO TO 111 LEASTSQ 425 

113 RCENIMtStNOROFRl=RCENIMtStNORDERl+ABSIABSIFPl+ABSIFI MCPDl/QT II LEASTSQ 426 
RCENIMt8tNOROF.Rl:RCENIMt8tNOROERl+l.O . LEASTSQ 427 
RCENIMt5t9l=RCENIM;S,9l+ABSIABSIFPl+ABSif( MCPDl/QT l~ LEASTSQ 428 
RCENIMt8t91=RCENIMt8t9l+J,O LEASTSQ 429 

111 CONTINUE LEASTSQ 430 
ECALCJMt1tNDROERl:ECALCIMtltNORDERl+EPSQ LEASTSQ 431 
ECALCIMt2tNOROERl=ECALCIMt2tNORDERl+FFSQ LEASTSQ 432 



c 

f.CALCIHo3oNOPnfPI:ECALCI~o3oNOROERI+l.O , 
ECALCIHo4tNOPOERI=ECALCI~o4iNOROF.RI+IIIFI HCPDI/QT l-fPI 00 21 
ECALCIH,Qoi\IOROfPI=ECALCI~o9oNORDfRI+IIERNAT 0 SCAlfl 00 2+ 

I IERRI MCPOI/iH 10021 
TFICAYIHI.EQ.OI GO TO ~0 

C CHECK FOR CENTRIC ZONE OF SPACE 11ROIIP 
TFICENZONIHI.FO.O.IGO TO 20 
AOCALC=I2.0•tFPROREALIMI-FPA•EMAGI~III/IFI HCPOI/GT 
f=ERRI HCPOI/QT 

c 

AOOBS=ADI Mf.POI/OT 
TFIAOOBS.fQ.O.OI r,O TO 20 
WT=l.OIIE•fl 
AOOJF=AOOBS-AOCALC•CAYIHI 
ECALCIMo5tHORnERI:ECALCI~t5tNOROF:RI+AODIF 0AOOJF 0WT 
ECALCIHt6tNOPnfAI=ECALCI~thtNOROFRI+AOORS•AOCALC 0WT 
ECALCIHt7tNOROf.RI=ECALCIMt7tNOROfRI+ADCALC•ADCALC 0 WT 
ECALCIHtBtNORnf.P):ECALCt~.R.NORDfRI+WT 

20 FSIZEINStli=F~l7f(NStli+EPSQ. 
FSIZ£1NSo21=f~IZF.INSo21+l.O 

459 NVl=O 
III=NCRYSTIHI 
no 44n K=l•N 
JFIKl~EQ.KI NVI=NV 

440 NV=NV+l+IFROVPIMtKI 
JFIKJ.EQ.OI r.n TO 59 
OERJVINVII =OF/Q(HoKll 
JFIIFBOVRIHoKli.EQ.OI GO TO 59 
NVl=NVl+l 
DERJVINVII=DF•O~TsQ•D.25 

59 CONTINUE . 
N=NATOH(Ioll 

C G CALCULATE OE~IVATIVFS ON ATOMIC NUHRERo XU VI ZH TEMPo FACTOR 
c 

00 37 K=ltN 
JSF=NTROPILI 
JFIKKIIHI.Nf.QI r.o TO 58 
00 66 KK=2o4 

66 NV=NV+LABELILoKKI 
NV=NV+LABEL~l.oliONCRYSTIHI
NV=NV+LABELILo~loJSF 
GO TO 48 

58 JFILABELILoli.FQ.OI GO TO 67 
Kl=KKIIHI 
NVl=NV+Kl-1 
DERIVINVII=A~f.ON•ODANUH~loKloii+RYCON•OOANUHILtKlo21 
~V=NV+~CRYSTIMI . 

67 IFILABELILt21.EO,OI GO TO 68 
OERIVINVI=AXCON°00XILoli+BYCON°DOXILo21 
NV=NV+l 

68 IFILABELILo3l.F.O,OI GO TO 69 
OERIVINVI=AXf.ON•OOYILtli+BYCON°00YILt21 
NV=NV+l 

69 IFILABEL1Lt41,EO,OI GO TO 70 
OERIVINVI=AXCON•rinZILtii+BYCON°DOZILt21 
NV=NV+l 

70 JFILABELILt51.En,OI GO TO 48 
DO 36 IS=I oiSF 
DERIVINVI=AXCON•onRILoiSoll+BVCON•DDRIL•ISo21 

36 NV=NV+l 
48 L=L+I 

LEASTSQ 
LE~STSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEA<;TSQ 
LEASTSQ 
LEASTSQOl 
LEASTSQ 
LEAST SO 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEAST'iO 
LEAST SO 
LEASTSO 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEAST SO 
LEASTSQ 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEASTSQ 
lEASTSQ 
LEASTSO 
LEASTSO 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEAST SO 
LEAST SO 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
i..EASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
lEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

433 
4H 
435 
436 
437 
4311 
439 

10 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461-
462 
463 
464 
465 
466 
467 
468 
469 
410 
471 
472 
413 
414 
475 
416 
417 
418 
419 
480 
481 
482 
483 
484 
485 
486 
487 
488 
41l9 
490 
491 
492 
493 
494 
495 

E ~ (S~E) * ERR(i) = (S~~E) * oFPII 

SCL 
ADOIS ., (SHAPE) * AD 

ADDIF • ADOBS - (ADCALC~CAY) 

NVl a 0 

DERIV(l) depending on whether BOVER refined 

~ SHAPE * FPHcalc to refine SCL 
2 

DERIV(BOVER) a (~ * F * sin 6 ) SCL Plical~ A2 

ell for SCL d4 

d2 for BOVER d5 

c3 for ANUM atom 1 d6 

d7 

dB 

IERIV(ANIIH) a coanPIIcalc * DDANIIH(L,Kl,l) 

+ ainnPHcalc * DDANIIH(L,Kl,2) 

for x atom 1 

for y atom 1 

for z atom 1 · 

for B atom 1 

for ANUM atom 2 

D!:RIV(X) ~ cosaPIIcalc * DDX(L,l) 
similarly for Y and Z 

+ sinaPIIcalc * DDX(L,2) 

DERIV( 8) a·cosaPIIcalc * DDB(L,lS,l) 

t sinaPIIcalc * DDB(L,lS,2) 

matrix m x n 
m ~ n = Q variables 

NZ a flag for particular HA deriv 

KK1 designates crystal of a given IIA 
derivative 



. ·.-·· 

c 

37 

40 
39 
34 
lf> 

CONTINUE 
00 39 MM=1tNVAR 
DO 40 NN=1oNVAR 
TRIXIMMoNNI=TPTXIMMoNNI+OERIVIMMIOOf.RIVINNiow 
RHSIMMI=PHSI~MI+OERIVIMMIOEPSILNow 

CONTINUE 
CONTINUE 

C G ENO 
C F fNO 
c 
C GO BACK TO READ TN NEW BLOCK OF DATA 

GO TO 15 
c 
c 

72 
71 

530 

73 

52 
51 

50 
c 

END OF EACH CYCLE 
89 CONTINUE 

DO 71 M=ltNVAR 
CORLATIMI=TRTXIMtMI. 
00 72 .N=l tNVI>R 
TRIXIMtNl=TRI~IMoNI/CORLATIMI 
RHS(MI=RHSIMI/CORLATIMI 
IFICORLATIMI.FQoOI WRITEIIWo5301 MtN 
FORMATI"OZERO CORLAT" •2151 .. 
CALL MATINVITRTXoNVARoRHSoltOETERMI 
DO 73 M=loNVAR 
DO 73 N=ltNVAR 
TRIXINtMI=TRJXIN,MI/CORLATIMI 
WRITEIIWt971TITLE 
WRITEIIWo951 . 
00 51 M=loNVAR 
DO 52 N=loNVAR 
CORLATINI=O.n 
IFINoLToMI GO TO 52 
CORLATINI=TRJ~IMtNI/SQRTITRIXIMtM)OTRIXINtNII 
CONTINUE 
PRINT 94, ICORLATINitN=1tNVARI 
CALL FINALINVARtNCPD~tMARKI 
CONTINUE 

C B ENO 
C C END 
c 

IH=999 
IK=999 
IL=999 
FBEST=-loO 
IFI IOUT.EQ.O.OR.IOUT.EO.IPIGO TO 49 
WRITEIIOUTt601 IHoiKolltUNITtUNIToFBESTtUNITtUNIToUNIT. 

49 IFIFIGMIN.EQ~O.Oi GO TO 44 
Hl=lOOO.O 
WRITEIITTI HloH2tH3tFPtAltA2oltRIItJitl=lt4loJ=1tNCPDS). 
REWIND. ITT 

44 IFI IOUT.EQ.O.OR 0 JOUToEOoiPISTOP 
END FILE lOUT . 
REWIND lOUT 
STOP 
END 
SUBROUTINE CONRCPIAREALtARECIPI 
DIMENSION ARfALI6ltARECIPI61 
RADC=3ol41592f\536/180. 
DO 100 I=lo3 
IFIAREALII+3)oGT.loiAREALII+31=COSIAREALII+3IORADCI 

LEASTSQ 
LEASTSQ 
LfASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ01 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

· LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

. lEASTSQ 
LEASTSQ 

. LEASTSQ 
LEASTSQ 
LEASTSQ 
lEASTSQ 
LEASTSQ 
LEASTSQ02 

.LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 

496 
497 
49E; 
49'1 
500 
!:>01 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
5lt+ 
515 
516 

11 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
550 
551 
552 
553 
554 

5 
6 
7 
8 
9 

Matrix 

aij = l:wdidj 

ri = l:di(W*EPSILN) 

em = amm = diagonal 

a' = a /c m,n mn m 

r = r /c m m m 

List if c = 0 
m 

Call MATINV 

Print out c ' 
n 

A = TRIX 

N = NVAR 

B = RHS 

M=l 

DETERM 

Write statements 

SUBROUTINE CONRCP 

................ 

a\j 

i max 

bi 

If a,b,c,a,a,y + a,b,c,cosa,cosa,cosy 

2 2 2 (abc I 1 + 2cosacosacosy-cos a-cos a-cos y) 

a* = bcsina/V etc. 

cosa* = cosacosy-cosa 
sinasiriy etc. 



,----

c 

1uu t:ONTJNUE 
V=1.+2.oAREALI4)oAREALI5lOAPEALI6l-ARF.ALi4loo2-AREALI5l0°2-AREAL(6 

0 ) 002 
V=AREALI1l 0APfALI2lOAREALIJlOSQRT(Vl 
ASTAR=ARF.ALI?)OARF.AL(J)OSQRTI1.-AREAL(4)0o2l/V 
RSTAR=AREALI3)oAPEALI1lOSQRTI1.-APEALI5l 00 2l/V 
~STAR=AREALillOAPF.ALIZlOSQPTI1.-AREALI6lOo2l/V 
CAS=IAREALC5lOARFALI6l-ARF.ALI4ll~(SQRTil.-AREAL[5lOo2) 0SOPTI1.-ARE 

o AL lf>l oo2) l 
CRS=IAREALI6lOARfALI4l-AREALI5ll/(SQRTI1.-AREALC6lOo2) 0SORTI1.-ARE 

0 AL(4)002)) 
C~S=IAREALI4lOARFALI5l-AREALI6ll/(SQRTI1.-AREALI4l 0 02l 0SQRTI1.-ARE 

0 ALI5l 00 2ll 
ARECJPI4l=2oOASTAPOFISTARoCCS 
ARECJPI5l=2.oR~T~poCSTAROCAS 

ARECJPI61=2.orsTAROASTAROCRS 
ARECJP11l=AST~Roo? 

ARECtPI2l=BSTAPOo2 
ARECJPI31=CSTARoo2 
PF.TIIRN 
f.ND 
FIINCTI ON CF.N70N I H l 
DIMENSION Hl3l 
CENZON=HI1l 0 HI2)oHI3l 
RETURN 
END 
SliFIROUTINE InSF.T 
COMMON /OEVIrf/ JJNt lOUT• INCAROt FMTI20ltiOUT1tiOUT2• 

1 IOUT3tiOUT4t~MMtJMiiWtfPtiTT 
DIMENSION AFIA), AADIRltAERRI8ltAAAI20l 
DIMENSION NNHVIR) 

C BNL 1/0t ADAPTEI"l FROI.l DUKE I/0 ADAPTED FHOM PURDIJE 
c 

IM=5 
IW=6 
IP=7 
t TT=20 
READ I IMt10l I IN• JOIIT• JNCARDt IOUTlt IOUT2t IOUT3t IOUT4tMMM 

10 FORMATI8I5l 
IOUT2=2 
IIN=14 
tFilNCARO.NE.OlJtN=2 
tFIIOUT1.NE.OlJ0UT1=1 
lFIIOliT3.NE.Oll0liT3=3 
JFIIOUT4.NE.Oli0UT4=4 
IFitOUT.NE.OITOUT=lP 
tFIINCARD.EO.Ol RF.TURN 
REWIND liN 

100 CALL CARDINIJM tNNOtiHtiKtiLtNNATtFNATtERNATtAONATtFAZBSTtFAZMPt 
o FIGMERtNNHVoAFtAF.RRtAADl 

CALL TAPOUTIITNtNNOtiHtiKtiLtNNATtFNATtERNATtADNATtFAZBSTtFAZMPt 
o FIGMERtNNHVtAFtAERRtAADl 
JFINNOoGT.Ol~O TO 100 
ENDFILE liN 
REWIND liN 
RETURN 
END 
SUBROUTINE T~PEINIIINtNNOtTHtlKtiL•NNATtFNATtERNATtADNATtFAZBSTt 

° FAZMPtFIGMERtNNHV•FtERRtADl 
DIMENSION NNHVI8),FI8ltERRI8ltAD18l 

100 READIIINlNNO,JHtJK•ILtNNATtFNATtERNATtADNATtFAZBSTtFAZMPoFIGMERt 

LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTS002 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTSQ02 
LEASTS001 
LEASTSQ01 
LEASTSQOl 

.LEASTSQ01 
LEASTSQ01 
LEASTSQ 
LEASTSQ 

"LEASTSQ 
LEASTSQ 
LEASTSQ05 
LEASTSQ01 
LEASTSQ01 
LEASTSQOl 
LEASTSQ01 
LEASTSQ01 
LEASTSQ01 
LEASTSQOl 
LEASTSQ 
LEASTSQ 
LEASTSQ01 
LEASTSQ01 
LEASTSQ01 
LEASTSQ01 
LEASTSQ01 
LEASTSQ01 
LEASTSQ01 
LEASTSQ 
LEASTSQ05 
LEASTSQ05 
LEASTSQ05 
LEASTSQ05 
LEASTSQ05 
LEASTSQ05 
LEASTSQ05 
LEASTSQ05 
LEASTSQ 
LEASTSQ 
LEASTSQ05 
LEASTSQ05 
LEASTSQ05 
LEASTSQ05 

10 
11 
12 
13 
14 
15. 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
12 
13 
14 
15 
16 

555 
556 
557 
558 

7 
17 
18 
19 
20 
21 
22 
23 

564 
565 

24 
25 
26 
27 
28. 
29 
30 

566 
8 
9 

10 
11 
12 
13 
14 
15 

583 
584 

)6 
l 
l 
l 

This subroutine is called if real cell dimensions are given 

FUNCTION CENZON 

hk~ (used to check centric zone) 
change this with space group 

SUBROUTINE IOSET 

Determines how input and output handled 
Card read in to control this 

SUBROUTINE TAPEIN 

E:eading of tape 

If EOF is met, put NNO to 0 
MODIFY is called 

l 



c 

~ INNHVIIIloFITTloFAAI!Il .~nCII·l•II=I·Al 
IF C EOF C I IN l l 1 05, 11 05 

105 IIINO=O 
1105 CALL ~OOIFYITTN•NNO•IHolKoiL•NNAToFIII~ToERNAToAOIIIAToFAZBSToFAZMPo 

~ FTGMERoNNHVoFof.RR•AOl 
TFIIIINO.LT.OlAO Tn 1.00 
RETUPt\1 
F. NO 
SliAAOliTINF CAROHIC T"'~NNOo THo IKo ILol\INAToFNAToERNAToADNAToFAZBSTt 

~ FAZMPofiGMfR;NNHV•f•EAR•~Ol . 
OTMF.t\ISION NN~VIAl ,FIAl•FRRCAl oAO~Al 
OATA NN/0/. 

100 FORMATI3I3o2~~.2,y?o?.~•3F~.?oi2o2X•3F~.2ol2l 
TFINN,GT.Olr.n TO 200 
no 1 o 1 = 1 , A 
NNHV I II =0 
Flll=O• 
F.RRITl=.1 
AOill=O 

10 COIIITTNUE 
AOIIIAT=O, 
FAZEIST=O 
FAZMP=O• 
FJ6MF.A=,1 

200 AEADCTMt100l THoTtcolL•FNAToEANAToi\INATo IFCIIl oADCill oERHIIIl oNNHVIII 
O loiJ=1o2l 

NN=NN+l 
NNO=NN 
IFIIARSIIHf+TAASCTKl+IA8SIILl.EQ,OlNN0=0 
NNAT=l-NNAT . 
NNHV1ll=1-NNHVC1l 
NNHVI?l=l-NNHVI?.I 
RETURN 
ENO 
SURRCillTINE TAPOIIT I lOUT oiiiNOo Pit IKo ILtNNAToFNATtERNATtADNATo 

o FAZBSTtFAZMPoFIGMERoNNHVtFtEARoAOl 
DIMENSION NIIIHVIAitFIAloEARIBl~AD(Bl · 
WRITEIIOUTlNNOolHtiKtiL•NIIIATtFNAToERNATtADNAToFAZRSToF~ZMPo 

o FIGMfR! C CNNHV IT J l of( I I l tERRI II l oADIII l l t II'=ltAl 
RETURN 
END 
SUBROUTINE MOOIFYIIINoNNOoi~oiKoiLtNNATtFNAToERNATtADNAToFAZBSTt 

o FAZMPoFIGMEPoNNHVoFoERAoAOl . 
DIMENSION NNHV IAI tF 181 tEAR 18l oAO 181 . 
RETURN 
END 
SUBROUTINE PHASECI•ALPHAoSCALF.oNCPOSoiANGLEoCAYoFIGMINt 

1 llNITtiFPRNToNOA('IERoMAAKtQoOSTSQ,BOVEAoKK1l . 
COMMON /OEVJCf/ IJIIIo IOUTt INCARDt FMTC20loiOUTloiOUT2o 

1 JOUT3oiOUT4.~MM 0 TMoiWoiPoiTT 
COMMON STABI450ltETABI450l oNFSC8loAVALIBo9o91tRCENIBo9o9lt 

1 TITLE 1201 oE IS 18t9l oEAO 18o9l oFSIZE IBtll oFIG C2o9l tOSTRB I 10l tGAP 
COMMON/DATA/HI31oFNAToFI8l oERAIAltADIBloERIIIATtAONAToNNOoNNATt 

1 NNHV18ltFAZRSToFAZMPoFIGMF.~oREALIAloEMAGC8l . 
DIMENSION CAY18ltPHI18loPC360loXIA•2l~OUTC9ltALPHI9loQIBo10l 
DIMENSION FHCAo4) 
DIMENSION ROVFRI8,10l oKK118l 
JIIITEGEA PHI 

C A COLLECT INFORMATION• FHIOBSlo HICALClt DELTACFHlORSt ETC 
·c 

KOUNT=O 

LEASTSQ05 20 
LEASTSQ05 21 
LEASTSQ05 22 
LEASTSQ05 23 
LEA$TSQ05 24 
LEASTSQOS 25 
LEASTSQ05 26 
LEASTSQ05 27 
LEASTSQ05 28 
LEASTSQ05 29 
LEASTSQ05 30 
LEASTSQ05 31 
LEASTSQ05 32 
LEASTSQ05 33 
LEASTSQ05 34 
LEASTSQ05 35 
LEASTSQ05 36 
LEASTSQ05 37 
LEASTSQ05 38 
LEASTSQOS 39 
LEASTSQ05 40 
LEASTSQ05 41 
LEASTSQ05 42 
LF.ASTSQ05 43 
LEASTSQ05 44 
LEASTSQ05 45 
LEASTSQ05 46 
LEASTSQ05 47 
LEASTSQOS 48 
LEASTSQOS 49 
LEASTSQ05 so 
LEASTSQOS 51 
LEASTSQOS 52 
LEASTSQ05 53 
lEASTSQ05 54 
LEASTSQ05 55 
LEASTSQ05 56 
LEASTSQ05 57 
LEASTSQ05 58 
LEASTSQOS 59 
LEASTSQ05 60 
LEASTSQ05 61 
LEASTSQOS 62 
LEASTSQD5 63 
LEASTSQ05 64 
LEASTSQ05 65 
LEASTSQ 585 
LEASTSQ 586 
LEASTSQ 587 
LEASTSQ 588 
LEASTSQ 589 
LEASTSQ 590 
LEASTSQ 591 
LEASTSQ 592 
LEASTSQ 593 
LEASTSQ 594 
LEASTSQ 595 
LEASTSQ 596 
LEASTSQ 597 
LEASTSQ 598 
LEASTSQ 599 
lfASTSQ 600 

SUBROUTINE CARDIN 

Subroutine for cards in the format we had it 

0 for obs 1 for unobs etc. 

h k ~ Fp oFP 0 or 1 FPH 

ADPH OPH 0 or 1 etc. 

SUBROUTINE TAPOUT 

Tape out 

Write hk~ etc on t_ape 

SUBROUTINE MoDIFY 

This can be changed as required 

SUBROUTINE PHASE 

QT = SHAPE/SCL 

· FP = SCALE * FNAT 

FH(M,l) = (S~E) * FPH = FPHcorr 

FH(M,2) = filA = SMALLF 

= structure factor for heavy atom alone 



IFIFNAT .GT.OoOI. KOUNT=l 
FP=FNAT OSCALF. 
on In M=ltNCPI"'S 
MCPil:NFSIMI 
FHIMt11=Q.O 
FHIMo2I=O.O 
FHIMo3I=O.p 
IF IKK11MI.EQ.OI r,n TO 10 
Kl=KK.11MI .. 
OT=QIMtK1IOEXPIR~VERIMoKliOI)STSQo0.251 

C TO AVOID ZERO ARr.IJ"lENTS IN ATAN2 FUNCTION 
IFIEMAGIMI.En.o.o.4NO.REALCMI.EQ.O.OI GO TO 10 

IFIEMAGIMI.F.n.ri.ol EMAGI"ll - loOE-10 

c 

IFIREALIMioFO.O.ol· REAL(MI = loOE-10 
KOUNT=KOUNT+l 
FHIMt1l=FI MCPil)/QT 
FHIMo2l=SQRTCREALCMIOREALCMI+EMAGIM)OEMAGIMII 
PHIIMI=IFIXIIIATAN?.IEMAGIMltREALIMII+6o2632l057.296l+Oo5l 
IFICAYIMloEG.n.OI GO TO 10 
E=ERRI MCPDI/OT 
FHIMo3l=AOC MCPO)/QT 
RATIO=EADIMoN~RI"'ERI/75.0 

IFIRATIO.LT.0.33) RATI0=0.33 
TFIRATIO.GT.3.00) RATI0=3.00 
tFIEAOIMtNORI"'FRI.EQ.O.Ol RATI0=1.0 
FH04o4l=f.ORATTO 

10 CONTINUE 

C A ENO 
c 

c 

200 CONTINUE 
If( KOUNToGE.21 Gn TO 40 
ALPHA=-10.0 
GO TO 24 

C ALPHA INCREMF.NT 

c 

40 c=o.o 
D=OoO 
SUM=O.O 
PMAX=O.O 
INC=IANGLF. 

C B CALC PROBABILITY FOR PROTEIN PHASES FOR SERIES OF ANGLES 
C BEST PHASEt ANGLES FIGURE OF MERITS 
c 

c 

IF ICENZONIHI .ra. o. I INC=.1AO 
ISTART=1 
DO 11 J=ISTARTo360tlNC. 
PIJI=1o0 
JANGLE=J-1 
JTRUE=~ANGLE+JAO 

C INTERSECTION OF CIRCLES WITH RADIUS VECTOR 
DO 13 M=1oNCPOS 
MCPD=NFSIMI 
JFIKK11MioEG.OI GO TO 13 
IAPHI=JANGLE-PHICMI 

44 IFIIAPHI.GT.Ol GO TO 43 
IAPHI=IAPHI+360 
GO TO 44 

43 IFIIAPHI.LE.3601 r,O TO 45 
IAPHI=IAPHI-360 

LEASTSQ 601 
LEASTSQ t.02 
LEASTSQ 603 
LEASTSQ 604 
LEASTSQ 605 
LEASTSQ 606 
LEASTSQ 607 
LEASTSQ 608 
LEASTSQ 609 
LEASTSQ 610 
LEASTSQ 611 
LEASTSQ 612 
LEASTSQ 613 
LEASTSQ 614 
LEASTSQ 615 
LEASTSQ fl16 
LEASTSQ 617 
LEASTSQ 616 
LEASTSQ 619 
LEASTSQ 620 
LEASTSQ 621 
"LEASTSQ 622 
LEASTSQ 623 
LEASTSQ 624 
LEASTSQ 625 
LEASTSQ 626 
LEASTSQ 627 
LEASTSQ 628 
LEASTSQ 629 

"LEASTSQ 630 
LEASTSQ 631 
LEASTSQ 632 
LEASTSQ 633 
LEASTSQ 634 
LEASTSQ 635 
LEASTSQ 636 
LEASTSQ 637 
LEASTSQ 638 
LEASTSQ 639 
LEASTSQ 640 
LEASTSQ 641 
LEASTSQ 642 
LEASTSQ 643 
LEASTSQ 644 
LEASTSQ 645 
LEASTSQ01 ·46 
LEASTSQ 648 
LEASTSQ 649 
LEASTSQ 650 
LEASTSQ · 651 
LEASTSQ 652 
LEASTSQ 653 
LEASTSQ 654 
LEASTSQ 655 
LEASTSQ 656 
LEASTSQ 657 
LEASTSQ 658 
LEASTSQ 659 
LEASTSQ · 660 
LEASTSQ 661 
LEASTSQ 662 
LEASTSQ 663 

· SCL + -
FH(M,)} = (SHAPE) * (F -F ) 

PHl(M) = aHA = aj = phase angle for heavy atom 

E=(~}* F 
SHAPE 0 

SCL 
FH(M,4) = (SHAPE) 

For isomorphism 

JTRUE = ~ under consideration 

Dj(~) = /F/ + f/ +2FPfjcos(~-aj) 
= X(M,l) 

For anomalous dispersion 

Danom(~) "' 2(FPfj"/Dj(~))sin(~-aj) 

= X(M,2) 

DIFIS = FPHcorr- Dj(~) 

= F - F = FH(M,l) - X(M,l) 
PHcorr PHisomcalc · 

DIFABS = Ej(~) = IFPHcorr - FPHisomcalcl = ABS(DIFIS) 

~. 

.--,, 

-··; 



60 TO 43 
C CALCIILATE FHP 

.. -...... . •'• ··. 

45 XIMoll=SORTIFPOFP+FHIMo2lOfHIMo2l-2.00FPOFHIMo2lOSTABIIAPHI+90ll 
14 IFICAYIM).EQ.O.Ol GO TO 13 

ITPHI=JTRUE-PHIIMI 
46 IFIITPHI.GT.OI An T6 47 

ITPHI=ITPHI+3t'>O 
c;o TO 46 

47 IFIITPHI.LE.3f,OI r,O TO 48 
ITPHI=ITPHJ-:v,o 
r,n TO 47 

C CALCULATE ANORMALOUS DIFFERENCES 
48 XIMo2l=I2.00FPOCAY(M)OfHIMo2IOSTARIITPHIII/XIMoll 

13 CONTI NilE . 
c 
C FIND MEAN OF ~LL INTERSECTIONS 
c 
C PHASE PROBABILITY FOR GIVEN INTERSECTIONS 

c 
c 

c 
c 
c 
c 

15 00 16 M=loNCP~S 
MCPD=NFSIMI 
IFIKK11Ml.EQ.OI r.o TO 18 
DIFIS=FHIM~11-XIM 1 11 

DIFABS=ARSIDIFTSI 
IEXPO=IFIXCIOTFARS*150.0I/EJSIMoNORDERll+1. 
IFIIEXPO.GT.4~01 TEXP064SO 
PIJl=PIJl*ET~RCIF.XPOl 

18 IFCICAYIMl.EQ.O.O).OR.IfP.EO.O~Ol.OR.IINC.E0.180l.OR. 

16 

49 

11 

B 

1 IFHIMo4l .f.O.O.Ol .nR. CFHIMo3l .Ea.O.Ol l GO .TO 16 
DIFAD=FHIMo31-XIMo2l . 
DIFABS=ABSIDIFADI 
TEXPO=IFIXIIOIFARS*1SO.Ol/FHIMo4))+1 
IF I IEXPO.GT .4501 IEXP0=450 
PIJI=PCJl*ETAAIIEXPOl 
CONTINUE 
IFIJTRUE.LE.360l GO TO 49 
JTRUE=JTRUE-360 
C=C+P CJI *STAR IJTRIJE+90 l 
D=D+PIJ)OSTARIJTRIJEI · 
SI.IM=SUM+PCJI 

FIND MOST PRORAALF. PHASE AND STORE CORRESPONDING ERRORS 
TFIPIJl.LT.PMAXl r,Q TO 11 
AMAX=FLOATIJTRUEI 
PMAX=PIJI 
CONTINUE 

END 

37 
DETERMINE FBFSToARESToFIG OF MERIT AND SUM ERROR CONTRIBUTIONS 
FBEST=SQRTICOC+D*Dl/SUM 

C TO AVOID ZERO ARC::I.IMENTS IN ATAN2 FUNCTION 
IFI c;EQ.O.O.AND.o.Eo.O.Ol GO TO 200 
IFIC.EQ.O.Ol C=1.0E-10 
IFID.EQ.O.Ol ~=l.OE-10 

ABEST=ATAN21~.Cl 
IFIAREST.LT.O.OI ~REST=ABEST+6.2832 
AMAX=AMAX*0.017453 
FIGiloNORDERI=FI611~NOROERl+FBEST 
FIGC2oNOROERl=FTGI2oNORDERI+l.O 
FIGI1o91=FIGI1•9l+FBEST 
FIGI2o91=FIG!?o9l+1.0 
IJ=1+IFIX~FBFSTI0.1l 

_ .... _. ..... 

LEASTSQ 664· 
LEASTSQ 665 
LEASTSQ 666 
LEASTSQ 667 
LEASTSQ 668 
LEASTSQ 669 
LEASTSQ 670 
LEASTSQ 671 
LEASTSQ fl72 
LEASTSQ 673 
LEASTSQ 674 
LEASTSQ 675 
LEASTSQ 67b 
LEASTSQ 677 
'LEASTSQ 6711 
LEASTSQ 679 P(J) = P(4') 
LEASTSQ . 61!0 ~ ,,,,,., '} . LEASTSQ 6!11 
LEASTSQ 682 =Tie -

2E 2 
LEASTSQ 683 j 
LEASTSQ 684 
LEASTSQ 685 DIFAD = AD -AD 
LEASTSQ 61!6 corr anomcalc 
LEASTSQ 687 = t:'(4') = FH(M,3) - X(M,2) 
LEASTSQ 681! 
LEASTSQ 689 DIFABS = ABS(DIFAD) 
LEASTSQ 690 
LEASTSQ b91 p = P(4') * P(4l)anom 
LEASTSQ 692 
LEASTSQ 693 

P«)••= • Tf-.{ -4] LEASTSQ 694 
LEASTSQ 695 2Ej 
LEASTSQ 696 
LEASTSQ 697 
LEASTSQ 698 
LEASTSQ 699 Figure of merit = m = FBEST 

·LEASTSQ 700 
LEASTSQ 701 

= (Jc2 + D2)/SUM LEASTSQ 702 
LEASTSQ 703 
LEASTSQ 704 C = EP(4')cos4' 
LEASTSQ 705 

D = EP(4')sin4' LEASTSQ 706 
LEASTSQ 707 

SUM = EP(4') LEASTSQ 708 
LEASTSQ 709 
LEASTSQ 710 ~EST = ~best = best phase 

· LEASTSQ 711 
= tan-l(D/C) LEASTSQ 712 

LEASTSQ 713 
LEASTSQ 714 AMAX = 4'max = most probable phase 
LEASTSQ 715 
LEASTSQ 716 
LEASTSQ 717 
LEASTSQ 718 
LEASTSQ 719 
LEASTSQ 720 
LEASTSQ 721 
LEASTSQ 722 
LEASTSQ 723 

.LEASTSQ 724 
LEASTSQ 725 

. ·~- .. -· ...... ~ . . ·;-·· 



c 

T F I T .J. C. T • 1 0 I T .I= 1 0 
OSTRAIIJI=DSTPAITJI+l.O 
ALPHA= AHA X 

C PROOUCE OESIPFO PHASE OlJTPUl 
IH=H Ill 
JJ(:H 121 
IL=HI31 . 
IF IIOI.ITloNE. n I t:ALL T APOIIT I lOUT 1 oNN()oJHoi.K oil. oNNAT ,n.;At t ERNA To /lDNAT 

0 oAAFSToAMAXoFRFSTtNNHVoFoERRoADI 
23 IFIHARK.N£.01 GO TO 24 

Klloli=FP°COSIARFSTI 
Y=fPOSINIAAEc;T) 
OIITill=fP 
ALPH1li=AAEST057,?.94 
on 20 Jl=2o9 . 
OUTIJli=O.O. 

20 ALPHIJli=O.O 
OST=SARTIOST<;fll 
00 21 M=ltNCPO<; 
MCPO=NfSIMI 
lfiKKliMI.EO,OI GO TO 21 
Kl=KK11MI 
QT=QIMtKl1°EXPIROVERIMtKIIOOSTSQ00,251 
J==M+l 
AA==XIltli+REALIMI 
AR=Y+EMAGIHI 

C TO AVOID ZERO ARGUMENTS JN ATAN2 FUNCTION 
IFIBB.EO.O.O.ANO,AA.Ed.O,OI GO TO ZOO 
AH==ATAN21ABtAAI 
A~l==FIMCPOior.nSIAHI/QT 
AY1==FIHCPOIOSJNIAHI/QT 
AX2= Xlltll + RfALIHI 
AY2 = Y + EHAr.IH) 
AX=AX1-AX2 
AY=AY1-AY2 
lfiHHH.EO.H.ANO.tOUT4.~E.OI WRITEIIOUT41 IHtiKolloOSTtAX1tAK2o 

1 AY1tAY2 . 
OUTIJI==SORTIAXOAX+AYOAYI 
ALPHIJI==ATAN?IAYtAXI 
IfiALPHIJI.LT,O.OI ALPHIJI==ALPHIJJ+6,2832 
ALPHIJI=ALP~IJI~57~294 
lfiJNC.N£.1801 GO TO 41 
00 42 Ji?:==lt9 
KUT~ALPHIJ2l/179,0 

42 ALPHIJ2i=KUT018~ 
41 lfiiCAYIHI.EO,O.OI·OR,IINC.£Q.180J.OR.IfHIHt41.EQ,O,Oi 

l.OR.IFHINo31.FO.O,Ollr.O TO 21 
JAO=J+3 
lfiiJAO.LE.INCP0S+lii.OR.IJAO.GT,911 GO TO 21 
AOWT=fHIHt31/lfHIHt41°fHIMo411 
OIITIJADI=ADWT 
ALPHIJADI=IA~EST+1•5708)o57.294 

21 CONTINUE 
AAA==fPOCOSIAAFSTI 
AAA1=AAA 0fBEST 
A88=FP 0SINIAR£STI 
8BB1=BBB 0fBEST 
TFIIOUT3.NE,OI WRITEIJOUT31 IHtiKtlltOSToAAAtAAA1tBRBt8RB1 
If I lOUT oNE • 0 I WRITE I lOUT t1 01 I IH.tiK tIL tfP t AI:IEST t AAA t BRB tAMAX tf.BEST 

101 fORMATI313t 1Xt 7f9,3 I 
0IFIIFPRNT.E0.11 PRINT 100tiHoiKtlltfPtARESTtAMA~tfBEST•IIHtFHIH~11 

LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEA'iTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ05 
LEASTS005 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEAST SO 
LEASTSQ 
LEASTSQ 

'LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEAST SO 
LEASTSO 
LEASTSQ 

. LEASTSQ 
LEASTSQ 
d:ASTSO 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEAST SO 
LEASTSQ 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEASTSQ 
LEASTSQ 

7i?:6 
727 
7i?:8 
729 
730 
731 
732 
733 

66 
67 QT D (SHAPE/SCL) 

736 
737 X(l,l) • Fpcos~best 
738 
739 y a Fpsin~best 
740 
Hi OUT(l) a Fp 
742 
743 ALPU(l) a ~best 
744 
745 AA a Fpcos~best + ~A a ~Hisom 
746 
747 
748 

BB • ~'psin~best + 8HA • 8PIIisom 

749 All a ~PHisom 
750 
751 PPHobs * SCL * cos~PIIiaom 752 AX• ( SHAPE ) - (P +~A) 753 Pcos~b est 
754 

;<)- ~"x - ~liy 755 
756 
757- p * SCL * ain~PII 758 AY ~ ( Pllobs is om) 
759 SHAPE -(Ppain~best + 8HA) 
760 
761 
762 ~ BPIIX - BPRy 
7.63 
764 

OUT(J) -J (AX) 
2 + (AY) 2 

765 
766 

ALPII(J) a tsn-1(AY/AX) 767 
768 
769 weight for anomalous dispersion 
770 

ADWT a (yt - F"") * SHAPE * (75) 2 
771 
772 SCL * (OF ) 2 * (EAD) 2 

773 PH 

774 OUT(JAD) D ADWT. 
775 
776 ALPH(JAD) - (~beat + n/2) 
777 
778 
779 
780 
7tll 
782 
783 
784 
785 
786 
787 

. ·-·· ·- ........ 



r 

c 

f F (J ,J, AT ol 0 I f ,I= 1 0 
OSTRBIIJI=DSTPAIIJ)+l,O 
ALPHA=AMAX .. 

C PROOtiC£ OE'iiPF.O PHASEOIJTPIJT 
IH=HI11 
II<=HI21 
IL=HI31 
IF IJOUTl.NE 0 0it::ALL TAPOIIT I IOIITitNNOt IHoiKo lloNIIIATofNAII'oERNAToAONAT 

0 oARF.STtAMAXoFRFST•NNHVoFoERRoADI 
23 JFIMARK.N£,01 AO TO ~4 . 

Xllo11=FPDCOSIARF~TI 

Y=FPDSJNIARE<:TI 
OliTili=FP 
ALPH1li=ARESTD57,294 
on 20 Jl=2o9 
OUTIJli=O,O 

20 ALPHIJ11=0,0 
OST=SQRT IOST~P I 
00 21 M=1oNCPO<; 
MCPO=NFSIHI 
Jf1KK11MI,£Q,OI AO TO 21 
K1=KK11MI 
QT=QIMoK11°EXPIROVERIHoK11DOSTSQD0,251 
J=M+l 
AA=XIlo1I+REHIMI 
RI'I=V.+EMAAIMI 

C TO AVOID ZERO ARC.IIMENTS IN ATAN2 FUNCTION_ 
lfiBB,EQ,O,O,ANO,AA.EQ,O,OI GO TO ?.00 
AH=ATAN21ABoHI 
AX1=fiMCPOIDrOSIAHI/QT 
AY1=FIMCPOID~JNIAHI/Qi 

AX2= Xl1o11 + RFALIHI 
AY2 = Y + EH~61H) 
AX=AX1-AX2 
AY=AY1-AY2 
IFIMHH.EO.M.~NO,JOUT4,NE.OI ~RITEIIOUT41 IHoiKtlloOSToAX1oAX2t 

1 AY1oAY2 
OUTIJI=SQRTI~XDAX+AYDAYI 

ALPHIJI=ATAN?IAYoAXI 
lfiALPHIJI,LT,O,OI ALPHIJI=ALPHIJ)+6,2832 
ALPHIJI=ALPHIJID57o294 . 
lfiiNC.Nf,1BOI GO TO 41 
on 42 J2=1o9 
KUT=ALPHIJ21/179,0 

42 ALPHIJ21=KUTD1AO . 
41 lfiiCAYIHI,Eil,O,O),OR,IlNC,fQ,I80I.OR,IfHIMo4l,fQ,O,OI 

1,0R.IFHIMo31,fQ,0,01160 TO 21 . 
JAD=J+3 
lfiiJAD.LE.INCP0S+lii.OR.IJAO,GT,911 GO TO 21 
AOWT=fHIHo31/IFHIM•41DFHIHo411 
OIITIJADI=ADWT 
ALPHIJADI=IAPF.ST+1•570HID57,294 

21 CONTINUE 
AAA=fPDCOSIARFSTI 
AAAl=AAA 0 fBEST 
RRB=fPOSJNIARF.STI 
BRBl=BBBDfBEST 
JFIJOUT3.NE.OI WRJTEIIOUT31 IH•IKoll~OSToAAAtAAAioBRBoSRBl 
IfiiOUT.NE.OIWRTTEIIOIITolOliiH•IKolloFPoABESTtAAAoBRBoAHAXoFBEST 

101 fORMATI313o 1Xt.7F9o3 I 
01FIIfPRNT,E0,11-PRINT lOOoiHoiK•I~•fPoARESToAHAXof8fST•IIMofHIMt11 

LEASTSQ 
LEASTSQ 
LEASTSQ 
LF.ASTSQ 
LEASTSQ 
LEA<;TSQ 
LEASTSQ 
LEASTSQ 
LEASTSQOS 
LEASTSQOS 
LEASTSQ 
LfASTSQ 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LfASTSQ 
lfASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEfiSTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
lEASTSQ 
LfASTSQ 
LEASTSQ 
LEASTSQ 

726 
727 
728 
729 
730 
731 
732 
733 

66 
67 QT ~ (SHAPE/SCL) 

736 
737 X(l,l) • Fpcos~best 
738 
739 y a Fpsin~best 
HO 
HI OUT(l) a Fp 
H2 
H3 ALPU(l) a lj>best 
7H. 
HS AA • Fpcos~best + AuA • ~Hisom 
H6 
747 BB m Fpsinlj>best + o,~ D BPHisom 
148 
149 AH • 4>putsom 
750 
751 F * SCL * coslj> 
752 AX• ( Pllobs Pllisom - (F + ~lA) 753 SHAPE ) Pcoslj>best 
754 

N- ~''x - ~lly 755 
756 
757. F * SCL * sinlj>Pllisom 758 AY • ( Pllobs 
759 SHAPE ) -(Fpsin~best + BllA) 
760 
761 
762 ~ 8PH - Bp~ 
7-63 X 
764 

OUT(J) aJ (AX) 2 + (AY) 2 
765 
766 

ALPH(J) a tan-l(AY/AX) 767 
768 
769 weight for anomalous dispersion 
710 

ADWT • (~ - F-) * SHAPE i (75) 2 
771 
772 SCL * (OF ) 2 * (EAD) 2 

773 PH 
774 OUT(JAD) a ADWT' 
775 
776 ALPll(JAD) a (lj>best + n/2) 
777 
778 
719 
780 
71H 
782 
783 
78/o 
785 
786 
787 



loFHC~o31oFHC~,21oPHICMioREALCHitEHAGIHIIoH=loNCPOSI 
100 FORHATI1Xo313oFA,2•2F6,3oF4,2o412Cilo3F8.2ol5o2F6.ll•/ll 

30 IFCFREST.GT.FJGMINI GO TO 24 
Al=ARESTA57,;>'l4 
A2=AMAX 057o?<l4 

2 FORHATClH 3F4,0o)}H F NATIVE= F8,0ol5H FIG OF HERII=F5,3o 
l 35H ~EST ANO MOST PROAAALF. PHASES ARE 2FS,OI 
PRINT 2o CHI ~~~~=lo3lofPoFRESToAloA2 

3 FORHATI4H CPOo7Xo2~FHo8Xo2HAOo4Xo6HFSHALLt7Xo3HPHio7XolHAt8XolHBI 
WRITECIWo31 
00 25 H=loNCPOS 
DfG=FLOATCPHTC~Il· 

4 FORHATI1H I3o3F10,0ol'lo2F10.0I 
PRINT 4t HoFHCMolloFHIM~31oFHCH,21oPHICHlo~EALCHioEMAGCHI 

25 CONTINUE 
H1::HC1l 
H2::HC2l 
H3=HC3l 
WRITECITTI HloH2oH3tFPoA1oA2oFHEST~IfHCHo1lofHCHo31oREALCHlo 

1 EHAGIHit H=1oNCPDSl 
~~=0 
00 26 ~=IST~PTo360oiNC 
~~ .. J~+1 

26 PCJJl~PC~I/P~~~ 
jJ2=>C~~/21+1 

5 FORMATI30H TOTAL PHliSE PROI'IliBILITY CURVE I 
WRITECIWoSI 

6 FORHATI1H 19F6~2l 
PRINT 6o IPC~l·~=lo-J.J2l 
PRINT 6o CPCJioJ::~~2oJ~IoPCll 

24 RETURN . 
END 
SIJRROUTINE fTNAL CNVAfhNCPOSoHARKl 
COHHON STARC450lofTARC450ioNFSCB)oRVALC8o9o9loRCENC8o9o9lt 

1 TijLEC201oEJSCH,91o£AOCRo91oFSI2EC8o3ltfiGC2t91tOSTR8ClOI~GAP 
COHMON/ATOHS/QCAo10loQ1C8ol01oBOVf~C~~lO)oBOVRlC8t101t 

1 IfROVRC8o101oANUHI50o101oANUH1 I50t101tX C50ioX1 C50ltYC50ltY1 C50lt 
2 21501t21C50i,RC50~~IoR1C50o61oNTR0PC501tLABE~C50o51o 
3 AHAC.SoAHA680~AMAC.XoAMAGYoAHAG2oAHAGAoAHAGAoCPDTLEIBo21t 
4 CAYC8loNATOHCAIJNCRYSTCAloKK118loNZI8olOI 

COMHON/fiNL/ TAIXi80o80loRHSC80loRC4o'lloECALCI8t9o91 
COHHON /OEVICF./ II~• IOUTt INCAROo fHTC201oiOUTloJOUT2o 

1 IOUT3tiOUT4oHHMoiHo1WoiPoiTT . 
OIHEN~ION 80LOC,Iofl81oORI61oSIGOBI61oDAYI81 

44 FORHATI34H VARiliTtON OF CAY WITH RESOLUTION o/olH ol5Xo8f8,5o5Xt 
1 f8,51 . 

50 f0RHATI16H A,O.RESIDUALS 8fR,21 
63 f0AHATI1Hlt20A4t//l 

68 f0RHAT~31HORMS f.AROR IN f IN GIVfN SIZES I 
69 f0RHATI1H 10f1Q.ll 
70 f0RHA~C16H RHS DiffERENCES 8FA.21 
72 fORMAT llHll 

74 FORHATilH •"MINIMUM ZONE SPACINGS FOR SHELLS"tltlH tl5Xt8f8,21 
75 f0RHATI1H 10F10.2l 
76 FORHATI1H 10f10.0i 
77 fORMAT C30H fifiURF. Of MERIT OISTRI81JTION 
78 FORHATC1H I 

79 FORHATilOHOCOMPOUNO I1o5~o2A41 
80 FORMAT 114H NUH PFR ZONE 8F8,01 

81 f0RHATI12H RHS SHALLF 4Xo8F8.21 
82 FORHATC12H AM'S CLOSURE 4lltAf8,21 

83 FORHATil6Xo8fR,Oo5Xof8,01 

LEASTSO 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSO · 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTS.Q 
LEASTSQ 
LEA.5JSQ 
LEASTSO 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

. LEAST5Q 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEASTSQ 
'LEASTSQ 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEASTSO 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSO 
LEASTSQ 
lEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
l£ASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

7111~ 
7119 
790 
791 
792 
793 
794 
795 
796 
797 
79B 
799 
600 
801 
B02 
B03 
804 
1105 
&06 
B07 

. ROB 
809 
810 
811 
1!12 
813 
Alit 
815 
B16 
817 
818 
819 
820 
821 
822 
823 
821t 
825 
B26 
B27 
B28 
829 
830 
B31 
B32 
B33 
BJ4 
BJS 
836 
837 
83B 
BJ9 
840 
8it1 
81t2 
Bill 
8ltlt 
SitS 
8it6 
847 
81tll 
849 

Plot (P(J) 
PMAX 

SUBROUTINE FINAL 

TOT a I observations - II variables 
. 2 

CONST a EW * EPNSQ ~ EW& 

. 1 2 
P(J) ~shell g GAP , GAP , ••• etc. 

.le ~ ~ l'(n) 
n 

Originally 

FSIZE(J ,2) was input but it waa later replaced (LEASTSQ 452) 

FSIZE(J,l) g EEPSQ 

ESIZE(J, 2) g El 



,·· ... ·' .. -~~ ··. 

84 FORMATI16H FJ~ M~RIT 
85 FORMATI16H R WEIGHTED 
86 FORMATI16H R ~OOUI_US 
87 FORMATI6FlO.Al 

89 FORMATI3Fl0.4t15,~Xt5Ill 
91 FORMATIRFR.11 

eAF11.4t5XtF8.41 
t8FBe4t5XtF8.41 
t'CIFA.4,5XtF8.41 

92 FORMATI12H ANOM OtSP 4XtRF8.11 
93 FORMATI12H OFP.JV ES 4XtRFR.11 

94 FORMATI2I5tF10,S 9 2A51 
95 FORMATI1H Fi0~4ti)0tF10.5t33XtFl0,41 

96 FORMATI8F10.21 
97 FORMATI8FA.ll 

98 FORMATII5t2FJ0.4,I51. 
102 FORMATI16H NLIM PF.R ZOIIIE t8F8e1t5XtF8.JI 
103 FORMATI16H AV~ LK OF CLOS t8FH.2,5XtF8.21 
104 FORMATI16H AVG DERIV FPH tRF8e2t5XtF8.2 I 
105 FORMATI16H AVG W~CE~~21 t8F8.2 0 5XtF8.21 
106 FORMATI16H AVA W~CFPH~u21 t8F8.~t5Xtf8.2) 
107 FORMATI16H AYA ~MALL F tRF8o2t5XtFAo21 
108 FORMATI16H AVG FPCNATJVEI t8f8.2,~XoF8~21 
109 FORMATI.16H AV~ Wo(FH~02) tAF8o2t5XtF8o2t//) 
114 FORMAT I 16H KP~IIT R VALliE tAFRo4t5XtF~o41 
115 FORMATI1~H L. S. R VALU~ t8FR.4tSXtF8.41 
116 FORMATI16H CFNTRIC R-VALUEtAFR.4t5XtF8.41 
117 FORMATI16H AVG DFLF N.C,O. t8F8e2t5XtF8.21 
118 FORMATI16H AV~ DFLF c.o! t8F8.2t5XtF8o21 
119 FORMATI16H IliUM CROSS OVERS tBF8.2t5XtF8.2t//l 
120 FORMATI50H STATISTICS FOR GENERAL REFLECTIONS FOR COMPOUND 
121 FORMATI50H ST~TISTICS FOR CENTRIC REFLECTIONS FO~ COMPOUND 
122 FORMATI50H· R VALUES FOR GENERAL REFLECTIONS FOR COMPOUND 
123 FORMATI50H R VALliF.S FOR CENTRIC REFLECTIONS FOR COMPOUND 
124 FORMATI16H RATTO OELF/FPH t8FAo2t5XtF8o21 
126 FORMATI16H RM~ EST• ERROR t8F8.21 
14!1 FORMATI//1 

tl5tll 
, 15tll 
tl5tll 
tlStll 

150 FORMAT I 1H t 1 l Xt 11 0LD 11 t6Xt 41 0EL 11 t4Xo"MAG 11 t8Xt 11 NEW I SIGMA I INITIAL 11 1 
151 FORMATI7H ANUM tF8<2t 11 + 11 tF6.2t" o "•F4~2t 11 11 tF8o2t"l"tF6o2t 

l 11 111 tF10o2t 11 CRYST N0 11 tl31 
152 fORMATI7H X tF8e4t 11 + 11 tF6o4t 11 ~ 11 tF4o2•" = 11 tF8o4t"l"tF6.4t 

111 l"tF10o41 
153 FORMAT 17H 

111 111 tF10.41 
·154 FORMAT 17H 

y 

7 
111 111 tF10.41 

155 FORMATI7H R 
111 111 tF10.21 

tFAe4t 11 + 11 tF6o4t 11 ~ 41 tF4o2t 11 

oF8o4t 11 + 11 tF6.4o" ~ 11 oF4e2t 11 = "•F8.4•"1 11 tF6.4t 

156 FORMATI7H SCALE tFAe4t 11 + 11 tF6.4t" ~ 11 tF4e2t 11 = 11 tF8.4o"l"oF6o4t 
111 111 tFl0o4t 11 CRYST N0 11 oi31 

157 FORMATI7H BOVfR tF8e2t 11 + 11 tF6.2t 11 ~ 11 tF4e2t 11 = 11 tF8.2t 11 1'1 tF6o2t 
1"1 11 tFl0o21 

TOT=-FLOATINVARI 
00 31 M=1tNCPOS 
DO 31 N=1t8 

31 TOT=TOT+ECALCCMt~tNI 
CONST=RI3t91/TOT 
.HJGH=O.O . 
oo· 26 J=1•B 
HIGH=HIGH+GAP 

26 f1JI:1,0/HJGH 
WRITEIIWt631TTTLE 
WRITE I 1Wt681 
PRINT 69t IF~IZECJt2lo~=1t81 
WRITE1llh781 
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LHSTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEAST$Q 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LfASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

H50 
851 
852 
853 
854 
855 
856 
857 
858 
859 
860 
861 
862 
!163 
864 
865 
866. 
867 
868 
869 
!170 
871 
872 
873 
874 
875 
876 
817 
878 
879 
880 
881 
882 
883 
884 
885 
886 
887 
888 
889 
890 
891 
892 
893 ' 
894 
895 
!196 
897 
898 
899 
900 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
911 

Print FSIZE(J,2) from last cycle where EPSQ 

= ; ( SCL ) * F _ F 12 = E 2 
L SHAPE PRobs PHcalc, 

!Pr"int out n = IJ observations in range F · . . gap 

Print rma error in each range 

_ ...... _. 
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- ----------------------------------------------------------o----------------------, 

on 30 J=l•A 
TFIFSIZEIJo2l,F.Q,O,OI t;O TO. 32 · 
FSIZEIJo31=F~T7EIJ•li/FSI7EIJo21 

32 FSIZEIJot'I=SOPTIFSIZf.IJo3_11 
30 CONTINUE 

PRINT 6q, IF~T7FIJ•2IoJ=ltAI 
IFIMARK,f.Q,O) PIINCH q7oiFST7.EIJo21•J=I•BI 
NV=1 
LIST=1 
00 11 1=1 oNCPnc; 
M=NCRYSTIJI 
WRITf.IJWoh31TTTLF. 
WRITE I 1Wo791 T tl.POTLE I I ol I oCPDTLE I I o21 
i4RITEIIWol401 
"'RITEIIWo741 I FIJioJ=IoBI 
tFICAY(J),f.Q,O,OI GO TO 40 
s1=n.n 
S2=n.o 
00 4<' J=1o8 
Sl=Sl+ECALCIT•n•JI 
S2=52+ECALCIIt7oJI 
OAYIJI=O,O 
TFIECALCIIo7,,11,fQ,O,OI GO TO 42 
OAYIJI=ECALCITon,JI/ECALCilo7oJI 
ECALCIIt7oJI=FCALCIIo7oJI°CAYI·IIOCAYIII 

42 CONTINUE 
CAYIJI=Sl/S2 
WRITE I IWo441 IOAY IJI oJ=l o81 tCAY I I I 

40 CONTINUE 
TFIMARK.EQ.O) PIINCH 94tNATOMIIIoNCRYSTIIIoCAYIIIoCPDTLEIJo11o 

1 CPDTLEIIo21 
DO 12 ..1=1• 8 
EIS(JoJI=O,O 
EADIIoJI=O,O 
IFIECALCITo3oJI,fQ,O,OI GO TO 12 
F.ISIIoJI=SQRTifCALCIJ~1oJI/ECALCIIo3oJII 
tFIICAYIII.EP,O.O).OR.IECALCIIoBoJI,EQ,O,OII GO TO 12 
EADIIoJI=SQRTIECALCIIo5oJI/ECALCIIo8oJII 

12 CONTINUE. 
PRINT 93t IFJSIJoJioJ=1tAI 
PRINT 92o IFA01ToJloJ=1•BI 
IFIMARK.NE.OI r,o TO 14 
PUNCH 91oiEISIIoJ)oJ=1•8l 
PUNCH q1oiEAOIToJ)oJ=1t8l 

14 CONTINUE 
WRITE IIWo140l 
WRITE I IWo150l 
DO 411 J=1oM 
OLDSCL=1.0/QIJ•Jl 
QIIoJl=QIIoJl + PHSINVl 
SCL=1 •. 0/Q I I •Jl 
SIGSCL=SQRTICONSTOABSITRIXINVtNVlll 
SHIFT=SCL-OlnSCL 
SCL = OLDSCL + AMAGSOSHIFT 
QIIoJl=1.0/Sr.L 
OLDB=BOVERIIoJl 
DRO=O. 
IFIIFBOVRI ToJl.NEoOl OBO=RHSINV+ll 
F.IOVER I I oJl = ROVF.P I I oJl + ORO 
SJGBO = 0, 
IFIIFBOVRIItJl,NF.,Ol SIGBO=SQRTI~ONSTOABSITRIXINV+ItNV+1l~l 
WRITEIIWol56lOLDSCLoSHIFToAMAGSoSCltSIGSCloQ1·1loJloNZIIoJl 
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LEASTSQ 
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LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
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LE4STSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
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912 
913 
914 
915 
916 
917 
918 
919 
920 
921 
922 
923 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
938 
939 
940 
941 
942 
943 
944 
945 
946 
947 
948 
949 
950 
951 
952 
953 
954 
955 
956 
957 
958 
959 
960 
961 
962 
963 

.964 
965 
966 
967 
968 
969 
970 
971 
972 
973 

OLDSCL = orig SCL 

1 =--- +.r 
SCLodg . ·s 

SCL = 1/~ ' ij 

aSCL = {CONST * Ia I 
BB 

- .. -· __ [ 

I 



~RITEIIWt157IOLORtOBOtAMAGROtBOVERIItJitSIGROtBOVR11ltJI 
TFIMARK,fQ,O) PUNCH 98oNZII•JltSCL•BOVERiltJltlFBOVRIItJI 

411 NV=NV+1+IFAOVR(J,J) 
N=NATOMIII 
DO 15 ,1=1tN 
WRITfllWt140) 
WRITE I 1Wt1501 
00 415 K=ltM 
OANUM=RHSINVIOFLOATIL~RELILISTtl)l 

STGOAN=FLO~TILAAFLILISlt1l)OSQRTICONSTOABSITRIXINVtNVI II 
UtMOLO=ANUM II. T<:;T, l< I 
ANUMILISTtKI = ANIIMILISTtKI + OANUII40A"4AGA 
WRITE~lWt1511ANMOLD•OANU~tAM~AAtANUMILI~TtKltSIGOANtAHUM11LISTtKit 

1 NZIItKI 
415 NV=NV+LARELIL T<;T,J l 

OX=RHSINVI°FLOATILAAELILISTt2ll 
. <:;IGDX =FLOATILAA~LILISTt2llOSQRTICONSTOABSITRIXINVtNV)Il 

NV=NV+LABfLILJ<;T,21 
OY=RHSINV)OFl.OATII.AAELILIST•3ll 
<;JGDY =FLOATILAA~L.ILISTt3))0SQRTICONSTOABSITRIXINVoNVlll 
NV=NV+LARELII T<;T 1 ::1l 
OZ=RHSINVI°FLOATILAAELILJSTt41 I 
SIGDl =FLOATILAAELILISTt4llOSQRTICONSTOA~SITRIXINVoNVlll 
NV=NV+LABELIL TST,41 
XOLD=X ILISTI 
XILISTI=XILISTI+OX o AMAGX 
WRITEIIWt152)XOLD 1 0XtAMAGXtXILISTI•SIGOXtX11LISTI 
YOLO=YiLISll . 
YILISTl=YILISTI+OY o AMAAY 
WRITEIIWt1531YOLOo0YtAMAGYtYILISTI•SIGOYoY11LISTl 
lOLO=Z ILISTI 
ZILISTI=ZILISTI+nz 0 AMAGZ 
WRITEIIWt154l70LOo0ZtAMAGZtZILISTI•SIGDZtZ11LISTI 
IFIMARK.EQ,OI PUNCH.96tiANUMILISToKitK=1tMI . 
IF IMARK.EQ.Ol PUNCH 89 •X ILISTI ,y ILISTI tZ IU:STI t 

1NTROPILlSTltiLAAF.LILIST•LLltLL=1,51 . . . 
NB=NTROP I LIST I 
00 16 K=1oNB 
ORIKI=RHSINVIOFLOATILABELILISTt5)1 
SIGDBIKI=FLOATILAAELILIST•5llosQRTICONSToAASITRIXINVtNVIII 
NV=NV+LABEL'ILIST,SI 
AOLOIKI = BILJSTtKI 
BILISTtKI=BILISTtKI+OBIKI o AMAGB 
WRITEIIWt1551ROLOIKitOBIKltAMAGAoBILISTtKltSIGDBIKltB1!LISTtKI 

1~ CONTINUE 
28 IFIMARK.EQ,Ol PUNCH 87tiBILISToKltK=1•NBI 
15 LIST=LIST+1 
11 CONTINUE 

DO 20 J=1t9 
TFIRI2tJI.EQ,O.O) .GO TO 21 
Rl1tJI~RI1tJI/RI?tJI 

21 IFIR14tJI.EQ.O.Ol GO TO 22 
RI3,JI=RI3tJl/R14tJI 

22 DO 23 M=1tNCPOS 
IFIRVALIMo1tJI.EQ,O.OIGO TO 100 
RVALIMt2tJI=RVALIMt2tJI/~VALIMtltJI 

RVALIMt3tJI=P.VALIMt3tJI/RVALIMt1tJI 
RVALIMt4tJI=RVALIMt4tJI/RVALIMt1tJI 
RVALIMo5tJI=RVAL(Mo5tJI/RVALIMt1tJI 
RVALIMt6tJI=RVAL(Mt6tJI/RVALIMtltJI 
RVALIMt7tJI=RVALIMt7tJI/RVALIMt1tJI 
RVALIMt8tJI=RVALIM•8tJI/RVAL(Mt1tJI 
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LEASTSQ 
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LEASTSQ 
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LEASTSQ 
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974 
975 
976 
977 
978 
979 
980 
981 
982 
983 
984 
985 
986 
987 
988 
989 
990 
991 
99Z 
993 
994 
995 
996 
997 
998 
999 

1000 
1001 
1002 
1003 
1004 
1005 
1006 
1007 
1008 
1009 
1010 
101i 
1012 
1013 
1014 
1015 
1016 
1017 
1018 
1019 
1020 
1021 
1022 
1023 

. 1024 
1025 
1026 
i027 
1028 
1029 
1030 
1031 
1032 
1033 
1034 
1035 

See end of listing for these 
Generally simply averaging 



100 IFIRCENIMtl•Jl.EQ.O.OlGO TO 101 
RCENCMt2tJl=PrEN(Mt2oJl/RCENIMt1tJl 
RCENIMt3tJl=PrEN(Mt3tJl/RCEN(Mo1tJl 
RCENIMt4tJl=PrEM(Mt4oJl/RCENIMo1oJl 
PCENCMtStJl=ArEN(Mo5oJl/RCENIMo1oJl 
RCENIMo6oJl=PrFN(Mt~tJl/RCENIMoloJl 

RCENIMt7tJl=PC.f.N(Mt7tJl/RCENIMo1tJl 
101 JFIECALCIMt3oJl.FO,O.Ol GO TO 23 

ECALCCMt1tJl=~ORTCECALCIMo1tJl/ECALCIMt3tJll 
ECALCIMo2tJl=SORTIECALCIMt2tJl/ECALCIMo3tJll 
ECALCCMt4oJl=SORT(ECALCIMt4oJl/ECALCIMt3tJll 
ECALCIMo9oJl=~OPTCECALCIMo9tJl/ECALCIMt3tJl) 

tFIICAYIMl.EO,O,Ol•OR.IECALCIMt7tJl,fQ,0,0)) GO TO 23 
ECALCIMt5tJl=ISORTIECALCIMt5tJl/ECALCCMt7tJlll 

23 CONTINUE 
IFIFIGI2tJl.EP.O,Ol GO TO 20 
FTGC1tJl=FIGil•Jl/FlGI2oJl 

20 CONTINUE 
WRITEIIWol40l 
PRINT 74, IFIJltJ=1t8l 
PRINT 86t (Pil•Jl•J=1•9l 
PRINT 85, (PI3tJ)oJ=1t9l 
PRINT A4t IFTAI) 9 JltJ=1t9) 
PRINT 83, IFJGI?oJltJ=lt9l 
WRITE I IWt78l 
WRITECIWo77l 
PRINT 76t CnSTRRCJltJ=lt10l 
DO 25 J=1tl0 

25 ~STRBCJl=O.lofLOAT(J)-0,05 

PRINT 75t IOSTRBCJltJ=!t10l 
00 24 M=1tNCPns 
WRITECIWt~3lTITLF 
WRITEIIWt79lMoCPOTLEIMt1ltCPDTLEIMt2l 
WRITEIIWo781 
PRINT 74t (F1Jl,J=1o8) 
PRINT 82o IFrALCCMo1tJloJ=1o8) 
PRINT 126o IF.CALCIMo9oJloJ=1•Al 
PRINT 81o IEC~LCCMo2tJloJ=1tAl 
PRINT BOo IFrALCCMt3tJltJ=1•8l 
PRINT 70, .1FrALCIM•4•J>•J=1•B> 
WRITE I IWo50l IE CALC IMo5oJl oJ=1o8l 
WRITEIIWo140) 
WRITEIIWtl20)M 
PRINT 102t IPVALIMt1tJloJ=1o9l 
PRINT 103, IPVALIMo2tJltJ=1o9l 
PRINT 104o IRVALCMt3tJl•J=1o9l 
PRINT lOSt IPVAL(Mo4oJloJ=1o9) 
PRINT 106, IPVALIMtStJl •·l=l o9l 
PRINT l07o IRVALIMo6oJl~J=1t9l 
PRINT 108o IPVALIMo7oJloJ=I•9l 
PRINT ·109, IPVALIMtAtJloJ=1o9l 
WRITE IIWol21 l M 
PRINT 102o IRCENIMoltJloJ=1t9l 
PRINT l03o IRCENIMt2oJloJ=lo9l 
PRINT 104t IRCf.N(Mt3oJloJ=lo9l 
PRINT 107o IPCENCMt6tJl o.J=1o9l 
PRINT lOBo IPCENCMo7oJl~J=1t9l 
PRINT ll7o IRCFNIMt4oJloJ=lo9l 
PRINT llBo IRCENIMo5oJloJ=1o9) 
PRINT 119o IPCFN(Mo8oJloJ=1o9l 
00 110 J=1o9 
IFIRVALIMt6oJ),fO,O,Ol GO TO 111 
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1036 
1037 
1038 
1039 
1040 
1041 
1042 
1043 
1044 
1045 
1046 
1047 
104tl 
1049 
1050 
1051 
1052 
1053 
1054 
1055 
1056 
1057 
1058 
1059 
1060 
1061 
1062 
1063 
1064 
1065 
1066 
1067 
l 0611 
1069 
1070 
1071 
1072 
1073 
1074 
1075 
1076 
1077 
1078 
1079 
1080 
1081 
1082 
1083 
1084 
1085 
10tl6 
1087 
1088 
1089 
1090 
1091 
1092 
1093 
1094 
101J5 
1096 
1097 

minimum zone spacings for shells 
R modulus 
R weighted 
mean figure of merit} in shells of 1/GAP 
number · 
compound 
figure of merit distribution 

compound 
minimum zone spacings for shells 
rms closure 
rms estimated error 
rms small f 
number per zone 
rms differences 
a.d. residuals 

statistics for general reflections for cpd 
number per zone 
average lack of closure 
average deriv FPH 
average W* (E**2) 
average W* (FPH**2) 
average small f 
average FP (native)· 
average W*(FH**2) 

statistics for centric reflections for cpd 
number per zone 
average lack of closure 
average deriv FPH 
average small f 
average FP (native) 
average DELF N.C.O. no cross .overs 
average DELF C.O. cross overs 
number of eros~ overs 



c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

RVALIMt6tJl=PUALIMt2tJl/~VALIMt6tJl 
111 TFIRVALit-ltAtJl.FQ.O.Ol r,o TO 112 

RVALIMtAtJl=PVALIMt4tJl/RVALIMt8tJl 
112 IFIRVALIMt3tJI.F.O,O.O) AD TO 125 

RVALIMt2oJl=PVALit-lt2tJl/RVALIMt3tJl 
125 IfiRVALIMt5tJI.EO.OoOl GO TO 110 

RVALIMt4tJl=SORTIRVALIMt4tJl/PVALIMt5tJll 
110 CONTINUE 

WRITF:!IWt122l"' 
PRINT 114t IPVALIMt?.tJlt.J=1•9l 
PRINT 115t IPVAL P1t4tJl o.J=1t9l 
WRITE I IWoA6l IPVAI. ('1tf.tJl tJ=1t9l 
WRITE I IWt85l IPVAL (MtAoJl o.J=1•9l 
no 130 J=1•9 
TfiRC:F.NIMt6t,JI.F.:Q,O,Ol GO T() 131 
RCfNIMt6tJl=PCFN(Mt2tJl·/RCENIMt6tJl 

131 IFIRCENIMt5t,II.F.:f.l,O,()) Go· Til 132 
RCENIMt4tJl=PCFN(Mt2tJl/~CENIMt5,Jl 

132 TFIRCENIMt3t,ll.Ft:l,O.OI. r;o TO 133 
RCENIMt2tJI=PrF.NIM•2tJI/RCENI'1t3tJl 

133 IFIRCENIMt3tJl,fO,O.OI GO TO 130 
RCENIMt3oJI=rirF.NI"'•5tJI/RCF.NIM,3,JI 

130 CONTINUE 
WRITf!IWt1401 
WRITE I IWt123l"' 
PRINT 114t IPCfN(Mt2tJI•J=1t91 
PRINT 124• IPCF.:N(Mt3tJl•J=1•91 
PRIN~ 116, IPCFN(Mt4,JitJ=1t91 
WRITE I IWt861 IPCEN IM•n•JI o.J=1t91 

24 CONTINUE 
WRITE I IWt721 
RETURN 
END 
SUBROUTINE MATTNV(AtNtAtMtflETERMI 
MATRIX INVERSJON WITH ACCOMPANYING SOLUTION Of LINEAR EQUATIONS 
DIMENSION JPJVOT(A0ltAIAOt80itBIA0•11tiNDEX180t21tPIVOTI801 
EQUIVALENCE I rRow,JROWI t I ICOLUM,JCOLUMI t IAMAXtTtSWAPI 

INITIALIZATION 

10 DETERM=l.O 
1S DO 20 J=liN 
20 IPIVOTIJI=O 
30 DO 5SO J=ltN 

SEARCH FOR PIVOT F.LEMENT 

40 AMAX=O.O 
4S DO lOS J=1•N 
SO IFIIPIVOTIJI-lln0,105t60 
60 DO 100 K=1•N 
70 IFIIPTVOTIKl-11A0,100,740 
80 IFIABSIAMAXl-AASIAIJtKiliAS,100t100 
8S IROW=J 
90 ICOLUM=K 
9S AMAX=AIJtKI 

100 CONTINUE 
lOS CONTINUE 
110 IPIVOTIICOLUMl=TPTVOTIICOLUMI + 1 

INTERCHANGE ROWS ·TO PUT PIVOT ELF.MENTS ON DIAGONAL 

LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LE/ISTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEA~TSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

.LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

1098 
1099 
1100 
1101 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
1109 
1110 
1111 
1112 
1113 
1l14 
1115 
1116 
1117 
1118 
1119 
1120 
1121 
1122 
1123 
1124 
1125 
1126 
1127 
1128 
1129 
1130 
1131 
1132 
1133 
1134 
1135 
1136 
1137 
1138 
1139 
1140 
1141 
1142 
1143 
1144 
1145 
1146 
1147 

. 1148 
1149 
.1150 
1151 
1152 
1153 
1154 

'1155 
1156 
1157 
1158 
1159 

R values for general reflections for cpd 
Kraut R value 
L.S. R value 
R modulus 
R weighted 

R values for centric reflections for cpd 

Kraut R value 
Ratio DELF/FPH 
Centric R value 
R Modulus 

SUBROUTINE MATINV 



·; 

c 

1..>u JFIIROW-ICOLIIM) I40t260tl40 
140 DETERM=-OETERM 
150 no 200 L=l•N 
160 SWAP=A I IROWtl I 
170 AIIROWoli=AIJCOLUMoll 
200 AIICOL.ll"l•Ll=!'>I"AP 
205 IFIM)260o260,?10 
210 nn 250 L=l•M 
220 SWAP=RIIROWol.l 
230 RII~OWtll=BITCOLIIM•ll 
250 RIICOLUMoli=~~AP 
260 TNDEKIIo11=JPOW 
270 INDElC I I o21=ti':Ol.IIM 
310 PIVOT I I I=A I Il'OLilMt ICOLUMI 
320 OETERM=DETfRMoPJVOTIII 

C DIVIDE PIVOT POW RY PIVOT ELEMENT 
c 

c 

330 AIICOLUMoiCOI.IIMI=l•O 
340 00 350 L=1oN 
350 AIICOLUMoli=AITCOLUMoli/PTVOTIII 
355 IFIMI 3~0,380,360 

'360 DO 370 l=1oM 
370 RIICOLUMol)=PITCOLUMoll/PIVOTIII 

C REDUCE NON-PIVOT ROWS 
c 

c 

380 DO 550 l1=loN 
390 IFIL1-ICOLUMI400,550o400 
400 T=AIL1tiCOLUMI 
420 AllloiCOLIJMI=O,O 
430 DO 450 L=1•N 
450 AIL1oLI=AIL1oL.I-A(ICOLUMoliOT 
455 IFIMI 550o550o460 
460 00 500 L=1oM . 
500 BIL1oLI=BIL1oLI-RIICOLUMoLioT 
550 CONTINUE 

C INTERCHANGE r.OlllMNS 
c 

600 DO 710 1=1•N 
610 L=N+1-I 
620 IFIINOEXILt11-JNDEKILo211630o710o630 
630 JROW=INDEXILo11 
640 JCOLUM=INDEX1Lo2~ 
650 no 705 K=1oN 
660 SWAP=AIKoJRO~I 
670 AIKoJROWI=AIKoJCOLUHI 
700 AIKoJCOLUMI=~WAP 
705 CONTINUE 
710 CONTINUE 
740 RETURN 

END 

··:·-.:-:-... 
' 

LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 
LEASTSQ 

1160 
1161 
1162 
1163 
1164 
1165 
1166 
1167 
1168 
1169 
1170 
1171 
1172 
1173 
1174 
1175 
1176 
1 i 77 
1178 
1179 
1180 
1181 
1182 
1183 
1184 
1185 
1186 
1187 
11811 
1189 
1190 
1191 
1192 
1193 
1194 
1195 
1196 
1197 
1198 
1199 
1200 
1201 
1202 
1203 
1204 . 
1205 
1206 
1207 
1208 
1209 
1210 

. 1211 
1212 

ECALC(~,l,n) = EEPS& 

ECALC(m,2,n) = EFFS~ 
ECALC(m,),n) = El.O 

. i 

ECALC(m,4,~) = E(((F(MCPD)/~T-FP)**2) 

ECALC(m,5,n) a E(ADDIF) 2*WT 

'ECALC(m,6,n) = EADOBS*ADCALC*WT 

ECALC(m,7,n) = E(ADCALC) 2*WT· 

ECALC(m,8,n) = EWT 

ECALC(m, 9 ,n) = E((ERNAT*SCALE) **2+(ERR(MCPD) /QT) **2) 



~---------~------------------ ----- --- ----

Sums from main program (modified in FINAL subroutine). Summations over all reflections. 

NORDER = n 

R(l,n) = I:AaS(EPS) 

R(2 ,n) = I:FF 

R(3,n) = I:W*EPNS~ 

R(4,n) = I:W*(FFS~*(~T**2) 

FIG(l,n) = I:FBEST 
FIG(2,n) ::::: I:l.O 

· RVAL(m,l,n) = El.O 

RVAL(in,2,n) = I:ABS(EPS) 

RVAL(m,3,n) = I:ABS(F(MCPD)/~T) 
RVAL(m,4,n) = I:W*EPNSQ*l.OE6 

RVAL(m,5,n) = I:W*(F(MCPD) **2) *l.OE6 

RVAL(m~6,n) = I:ABS(FF) 

RVAL(1Il, 7 ,n) = I:ABS(FP) 

RVAL(m,8,n) ;::: I:W*(FFS~*(~T**2)*l.OE6 

_ ~T 2 
WT - (ERR(MCPD)) 

«'~T ::::: SHAPE 
·"' · SCL 

RCEN(m,l,n) ::::: I:l.O 

RCEN(m,2,n) = I:ABS(EPS) 

RCEN(m,3,n) = .I:ABS(F(MCPP)/~T) 
RCEN(m,4,n) ::::: I:ABS(ABS(FP)-ABS(F(MCPD)/QT)) 

~CEN(m,5,n) = I:ABS(ABS(FP)-ABS(F(MCPD)/~T)) 
RCEN(m,6,n) = I:ABS(FF) 

RCEN(m,7,n) i::: I:ABS(vP) 

RCEN(m,8,n) = I:l.O 

. 1.0 . . 
W = ~T*~T*EIS(ij)*EIS(ij)+(FSIZE(im))Z 
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Brookhaven Crystallographic Computer Program 

NAME: LIST FILES: 5 TIME: < 778 sec 

CORE FL: MAX (60K or 30K + 6*NREFLECTIONS) 

· ·n ·ref •. FL 

< 2000 60K -
3000 74K 

4000 107K 

5000 123K 

6000 137K 

6800 147K 

n.b. the FL ;ls not automatically reduced 

Purpose: 

LIST is a gene:t;"al program to read the output from a ~LINUS FOUR file, 
sort the reflections according to a user specification, and write the data 
in a format ready for publication on file ACTA (2000 reflections per journal 
page). This will appear with 6 columns on the first page of printout. followed 
by 5 on the·next. These two segments must be taped together to produce an 
11 column matrix which is to be reduced to a 16.5 em width for ACTA CRYST. 
Another option is to list the sqrted data in a one-dimensional matrix on file 
SINGLE.· 

PR~GRAM LIST (INPUT ,~UTPUT ,F~UR,ACTA, SINGLE, TAPE1=ACTA, 
TAPE2=SINGLE,TAPE20=F~UR) 

Notes on user options -- The first three integers on the second control 
card determine how H,K,L will be sorted before the output array is set up. 
If more than one is non-zero then each of the arrays will be listed on ACTA 
and SINGLE. 

Input: 

Card 1 · F~RMAT (8A10) (TITLE(8)) 

Cols. 1-80 title 

Card 2 F~RMAT (6I3,F10.0,Il0) (IC(I),I=1,6),AMULT,NSID 

Cols. 1-3 = 1 The data will be sorted on HKL (H moves slowest) 

Cols. 4-6 = 1 The data will be sorted on KHL (K moves slowest) 

Cole. 7-9 = 1 The data will be sorted on LHK (L moves slowest) 
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Cols. 10-12 = 1 This will output an eleven column matrix of data 
with F(OBS), SIGMA, FCALC in a density of 2000/page. 

Cols. 13-15 = 1 Do not include sigma in above output. 

Cols. 16-18. Not used. 

Cols. 19~28 AMULT = a number by which all values of FO and FC will 
be multiplied. If left blank it will be .assumed to be 10.0. 

Cols. 29-38 NSID-- equal to or greater· than the number of reflections 
to be processed (default is 2000, the old maximum). 

NOTE - The output on ACTA or SINGLE should be listed on a good line printer 
with a new ribbon and blank paper. Reasonably good copy can be 
obtained with reversed paper. 

Output: 

The output consists. of the following: 

(1) Title and control information 

(2) The number of reflections from F¢UR file and output 
in the various matrices. 

(3) The R value for each interval of the slowest moving index and 
the overall R for all the data. 

(4) The d~t;:a matrice::; i_n the configurotions desired buth on the 
~UTPUT file and the special H+es ACTA and SINGLE. 

Note. Each column of output contains 20 characters. The user may find 
it convenient to vary the distribution. of these characters by 
varying a F~RMAT statement in the subroutine SETUP. For publi
cation efficiency, never use more than a single space between 
columns. 



IMP routine included in l~brary version 9f.program LIST. Thi~ ~outine reads fro~ a stan4ard 
FLINUS F~UR f ;Ue ~ . . 

., ............... . 

. . 
......... -- "sUBifl)iJT-I'NE .. t~iP.(N, MtlTCr;-r;-K~·-c;-roi"Ff~-Silf;ifSflf) ____ .. ____ L I S_{ ________ Lf:f-: 

UIMENSIOH J(NSID>,k~NSID),L(~SI~>rfO(NSID)rFC(~SlO),SlG(NSIO) LIST 134 
. ··- ---·- ·--- ... C o·~1;'-10;'lTBI7rtz lrc·-r6l~:rTT[El8TITTAG-;lfO L-ATf1-;f9U-;-ZTiiYOf4-fff\f3T __ . LI-sT 13 5 ..... 

C 0 i1·'10 N nJ 0 PIN A 1'1 E ( 5 > d1 AM E ( j) , IH AN K . . . L I S T 1 3 6 
---- c·,Y.TIFffT7 S 0 P/-OUG ( 3) . . . L I S T 1 Tf 

t; TillS IS A VAIUAULE.OAT.A INPUT SlHiROUliNE LIST 138 
- .. ----- ·· · --ti o ·- r .. ··rr:: 2 -,-·,·tsTo · · · ---------------·-. ----- [Ts-r 1'3'9 .... 

t-< t f\ 0 ( 2 0 ) J 00 , K ( N ) , L ( 10 , S L , F 0 ( N ) , f C ( I~ } 1 C A L P U , S I\ L P U 1 U E L 1' A 1 S I G ( N ) L ( S T 1 40 
..... _____ · · · -- ·· -----1 rn: o·~'T2-0Tf';--;-s---:-· ·---------.. -: .. · .. ----~----·---------·-- .. ·~-·---·"'· .. ------------- ·crs r·r --------:r · 

C I· I U L T I P L Y A L L V A L U t S 0 F F 0 B S A d 0 . F C A L C IJ Y AM lJ L T L I S T . 1 4 2 
-----s-roT~T= rlili~Y*-,tfiTGl L I S T 1 43--

F~CN>=FCCN)*AMU(T LIST. 144 
_____ .. s·I G 01 r::: s·I G < N > 1fAMTIIl-- ........ __,----~-.. - .... ·-------·-. ---·---------:-.. ----.. ----·--·---·------.. ---·--rl ST _________ T4_5 __ 
1 COllTINll~ LIST 146 
4·-·'i'-J=;~:-:1·· ....... ·-------------~--------------·--·- .. ·----.. -·.--.. ·------,---·~----- ... , ... ----------·--·--------.. -----[lS.T T47_-

I·JU ;·11~ t R = i'll- ·1 L I S T 1 4 H 
-~----·-pRr:H7i--;T~UPrifER [ S T '149-

o FDH1·IAl\• TilE NUMBER J>F REFLECTIONS CONTAINED lr~ EI\~U OF THE FOLLO~I LIST 150 
-· ............ , I iJ G i'•i A Tt~ I CTE'S--- rs-.. FT'4_/l .. --.. -·-:----.. ·------------------------ [Ts·r-·---~----T5 1-. 

RF.WI:'lLlcO LIST 152 
..... - I~ETUnN -------.. ----------------------- --------·-·- L'I'ST----,.-53· .. : 

END LIST 154' ....... ___________ _ 



IMP routine included in library version of program LIST. This routine reads from a standard 
FLINUS F0UR file. . . 

s d h 1 ~ (l u r r ;,, ~:: r r .. 1 i 1 UJ , rd-; ; 1 L r , J , K , -L , F o ,·· (c , s ·I t; ; .~ s ·I n > L r s r 
!i I :-1 i~ : I ~:; I (II i .J ( r'i :; 1 D ) , I< ( i•J S l L> ) , L ( N S 1 I) ) , F 0 ( l•i S I tl ) , F C ( 1'J S r· D ) , S 1 ll ( i~ :i 1 D ) L I ::l T 
cu 'l:id.-J/ ilL AT Z/1 C <6 >, T I TL F. ( 3) ~I TAG ~-1-lc)Ut{fi; f90~-2> ~ i:JUI':1::·1Y-l i 3 >. -----[ f :j T 
CU-:i lli:U~Jti~/Hl\·1EU) d'tMH:<.S> rliLANK . . Ll~T 

. L: l1 1>1·1 )·! S 0 Pi B lJ G ( .sr····· ................ - .. ------------------------- ·--·------··----·-------··-··------ ----i. (S T .. 

L T H 1 S 1 :; 1\ Vi\ 1(1 i\fi L t 0 1\ T 1\ ii-I P ll f S U 8 i~ llll T 1f~ t: Ll S T 
n~) 1 :-.l=;:~,dSin ·-·· ·--_· ----- ·--.-------·-- -- ------------- ··-· --L l:.) r 

~~ &;: :\ ,·\ ( ;?. i) ) .I ( :'J ) I 1\ ( ~! ) I L ( ·~ ) , s L , F u ( 11J) I F c ( i·l ) , cAL pi I , :) i\ l. jJ II , u f. L T A , s J G ( i•J ) L l s T 
· 1 F < :-: .J r ( ? u ) > r. 1 ::i · · - · · · ·· · · L 1 s r ·1 

C 1·1 U l. T l iJ 1.. Y ;; L L V 1\ LUi.:: S 0 F ~ U rj S 11 il t) F C 1\ L C :3 Y MW L T LI S ·1 
) F 1.l ( '! )':::f d ( ,.j) * ;\<-lll LT ....... ., .... ··-. -- ..... --------·· ---------- ............ --- ..... -. ------- ... ··---·-'{IS T 

r: c < -! > = r c c ,~ ) k i\ .. , u L r L t s r 
Si> .. i(,t)=SI;J(-~)k/\HIILT .. LISf 

I C .l. I T f ,·., ii i:: L I . ; f 
'+ 1l = 'l - I . . L f ~; T 

j-.JIJ:"J ~,:.:: r; = ;-1- 1 L. 1 :; r 
P :( l ;-iT(, , ;.; L1 ,-·; ~; ;: .~ L r S T 

;, F.lR.-I•,·ilk ·I;H; •Hli•i>:IEI< !l~ !;•(FLf::CfiU:JS CiHHI-I_l,-.Jt:li [;i t:,\CtltH TilE FOLLOH LJ:;-£ 
ll~J ~AT~lC(fS 1S*l4/) LIST 

i\F·.Jf'it:t::li lf~-if 
~<cr.':·!:.: L i .:-iT 
C:·-!·' LIST 

13J 
134 
1 :~ j 

136 
13(' 
13d 
139 
1 411 

142 -,,;:s 
14 !.~ 
'I It 5 
1t, 6 
'I ,, '( 
148 

- "1 '• 9 
1)1) 

1 51 
1 5 (: 
1 5 :s 
1 ) '• 
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***** PREPARATION OF DATA FOR NORMAL ***************************************** 

RD 1 FORMAT<20A4) TITLE 

.···-. CARD 2 FORMAT<SI5•4X•Alt2IS> 

COLS 1-5 NB NUMBER OF POINTS ON WILSON PLOT (.LE.20> 
......... COLS 6-10. !SCALE =0 TO APPLY OVERALL SCALE FACTOR 

. ·,. _ __:__:____c::___::____:;___=--___,:;---,=-=----,--==~---==---=-7-=-;--=-::-7-:--.=z--=o-=-:~=---::=-=-=;:--:;:-o-::~~~=-'P.~=-==:-o-=---
=1 TO APPLY SEPARATE SCALE FACTOR FOR EACH PARITY GROUP 

COLS 11-15 !LIST =0 TO SUPPRESS LISTING OF E"S 
=1 TO OBTAIN ·~·~ II' 

COLS 16-20 NGP NUMBER OF ATOMIC GROUPS TO BE INPUT <•LE.10> 
CO[S 2!-25 ICENI :0 FOR NoN-CENTROSYMMETR!C S~~~a~umpr----------------------

=1 FOR CENTROSYMMETRIC 1111 1111 

COL 30 
COLS 31-35 

. ··. ----crrcs-36-40 

LATT =P,A,BtCtltftR (LATTI~C~E~T~Y~p=-r--------------------------

NSYM NUMBER OF SYMMETRY CARDS TO BE INPUT 
NREF 1111 1,111 REFLEX IONS TO BE WRIT TEN ON MO[TA~fO 

COLS 41-45 
46-50 
51-55 
56-60 

DMIN <DEFAULT VALUE= 1•1) FOR AUTOMATIC 
DMAX 
ANGMIN 
ANGMAX 

( - 1.9) INIERPREIA~~rt~a~N~--~------------------

( = 85.) PROGRAM 

CARD 3 FORMAT<9F8.0) SCALE FACTOR CARD 

IF PROGRAMME IS TO COMPUTE ITS OWN SCALE AND TEMPERATURE FACTORStTHIS 
CARD SHOULD BE BLANK 

COLS 1-8 TEMP TEMPERATURE FACTOR 
REMAINING 8 FIELDS ARE SCALE FACTORS FOR EEEtOEEtEOEtOOEtEEOtOEOt 

,.-------~E~O~O~,~O~O~O~P~A~R~I~T=Y~G~R~O~U~P~S=-=R=E=s=p=E-C=T=I~V=E~L~Y----------------------------------

I -

. 
'' 

IF !SCALE = Ot FIRST FIELD CONTAINS OVERALL SCALE FACTOR 

CARD 4 FORMAT(6Fl0.6) CELL PARAMETERS 

<ANGSTROMS AND DEGREES> 

CARD 5 FREE FORMAT NSYM SYMMETRY CARDS 

EACH CARD CONTAINS ONE GENERAL EQUIVALENT POSITION PUNCHED AS. 
1/4-X•Ytl/2+Z 

IF SPACE GROUP IS CENTROSYMMETR!CtDO NOT INCLUDE EQUIVALENT POSITIONS 
RELATED BY THE CENTRE OF SYMMETRY 
IF SPACE GROUP IS CENTRED, -INCLUDE ONLY THOSE EQUIVALENT POSITIONS 
ASSOCIATED WITH ONE LATTICE POINT 

CARD 6 FORMAT(8(3XtA2ti5)) UNIT CELL CONTENTS 

COLS 4-5 NAT<1•1> CHEMICAL SYMBOL OF ATOMIC TYPE 1 <RIGHT ADJUSTED TO COL.S> 
COLS 6-10 NATClt2) NUMBER OF ATOMS OF THIS TYPE IN UNIT CELL 

ETC. TO A MAXIMUM OF 8 ATMMIC TYPES 
'··-·- -----=T.;...:.H.,::.E--=S=C=A=T =T =E -'-R .=,.I =N c=-G --=-F :-:-A C.;:_T_,..,O;:::-:R=S==='F_O=-:R=-3-:-:8=-::--'D:,-;I::-F=-'F--,· E-,-,R...,...,E-:-:N,...,T=-=-K-:I;,-,.N-:-;;D~S..,.--,Oc-::Fo-=-A_T_:O-'-M-A-'-R-'-E_S_T_O __ R_E-"D___::I.;_N __ 

THE PROGRAMME. I~ ORDER OF ATOMIC NUMBER THEY ARE 
HtLitBEtBtCtNtOtFtNAtMGtALtSitPtStCLtKtCAtCRtMNtFEtCOtNitCUtZNtAStSEt 

----~BR;MOtAGtCDtSNtSBtitPTtAUtHGtPB•BI -
IF THE ATOMir SYMBOLS PUNCHED ON THE CARD ARE NOT ONE OF THE ABOVE• 
THE CONST.ANTS FOR THE ANALYTICAL SCATTERING FACTOR CURVE CAN BE---=-R=-EA~D..:---

-- _ .. _____ FR9~ __ THE FOLLOWING CAR_D_:S_• ______________ _ 

CARDS 7 FORMATC5FlO.O> FORSYTH AND WELLS CONSTANTS <ACTA CRYST.<l959) .12t412) 



' l 
1 I 
'----' 

THESE CARDS ARE INCLU0-8DIONLY IF AN ATOMIC TYPE DOES. Nor-t-ORRESPOND TO 
ONE OF THE ~Bovt AND ARE IN THE ORDER OF APPEARANCE OF THE ATOMS ON 

ARD 6 
THE 5 F. AND w. CONSTANTS ARE PUNCHED IN- THE ORDER CAPITAL AtAt 

CAPITAL B,s,CAPllAL C 

.""R1fS 8 F 0 R M A T I I X ' A 4 , I 5 , F 5 • 0 ' 5 X , 6 F I 0 • 31 ( 3 X9A2 , 3 F 1 0 • 0 , 4 5 X > ) THE N G P AT 0 M i C 
GROUPS 

IF NGP=O THESE CARDS ARE NOT INCLUDED 
FOR EACH GRoUP THE. FIRSI C 

1 

.. -··:- COLS 2-5 I DENT ALPH.IlNUMER IC CHARACTERS TO !DENT IFY GROUP 
--~OLS 6-10 Nf NUMBER OF ATOMS IN GR P 

COLS 11-15 GN NUMBER OF TIM~S THIS GROUP .IS PRESENT IN THE UNIT CELL 
COls 21-30 A ~AMETERS OF: THE 
COLS 31-40 8 CELL TO WHICH· 
COLS 41-50 C THE COORDINATES 

,.·.- COLS 51-60 ALPHA OF THE ATOMS 
--~~61-70 BETA IN TA~G~R~o~u~P~------------------------------------

COLS 71-80 GAMMA REFER. 

COLS 

THE REMAINING CARDS CONTAIN THE IDENTIFICATI~~~~mu~ATcs-rr~c-
NT ATOMS IN THE GROUP 

4-5 NF CHEMICAL SfMB~IGHT ADJuStED TO COC.5> 
(~--~ COL S 6-15 X POSITIONAL PARAMETERS OF ATOM 

! .. . :·· 

,.-.: .· 
\·_·: 

----c-ars 
COLS 

16-Z 
26-35 z 

IF THe FIELDS IN COCS 21-80 OF THE FIRSI CARD ARE lEFT B~E 
COORDINATES MUST BE GIVEN IN ANGSTROMS FOR AN ORTHOGONAL SYSTEM OF 
AXES IN WH!t.A CASE ORIGIN AND ORIENt ATfOl\rtrF GROUP ARE .ARBTTFrA,..,R...,V"'"".---
OTHERWISE THE FRACTIONAL COORDINATES CORRESPONDING TO THE CELL DEFINED 
AY A,B,C,ALPHA,BEIAtGAMMA ARE GIVEN. THIS ALLOWS THE DIRE~IIU~E OF 
DATA TAKEN FROM THE LITERATURE. 

-~~-------. ·-·-··-·-··-

CARD 9 FORMAT<I5t18A4> FORMAT FOR REFLEXION DATA 

COLS 1-5 NNN NUMBER OF REFLEXIONS PUNCHED ON EACH CARD 
COLS 6-77 FMT FORMAT FOR READING REFLEXION CAR~·~s~---------------------~--

.,. CARD 10 FORMAT AS CARD 9 REFLEXION DATA 

'·.· 

FOR EACH REFLEX I crn-:;-~RAMME EXP"ECTS A K L FOBS I D WHE~E All ARE 
INTEGER EXCEPT FOBS 

-----~ID~=--0 FOR OBSERVED REFLEXION 
= 1 '"' UNOBSERVED ·~·~ 

DATA IS TER~INATED BY DUMMY REFLEXION WITH NEGATIVE FOBS 
THE HIGHEST NREF E"S WILL BE WRITTEN ONTO FILE LOUS FOR INPUT TO MULTAN 
WITH THE RESTRICTION THAT ~E. 1. 
THE LOWEST 50 E"S WILL ALSO BE WRITTEN ONTO FILE LOUS FOR THE PSI ZERO 
TEST WITH THE RESTRICTION THAT E ·LE. 0.15 AND THETA .LE~40 D~GREES 
(CU RADIATlONt SIN THETAILAMDA = .417) 



:;··--.---------------------------------------
,_·! 

~~~~~ PREPARATION OF DATA FOR MULTAN *~~~~~~~~~~~~*~~~***~~*~~~~~**~~*~******* 

. JR MORE DETAILS SEE MULTANt A COMPUTER PROGRAMME FOR THE AUTOMATIC SOLUTION 
OF CRYSTAL STRUCTURES BY MAIN• WOOLSON AND GERMAIN. MAY 1971• UNIV. OF YORK 

(·~·.. P R I NT I N G U "' I T • 

(:· 
CARD 1 FORMAT<20A4> TITLE 

IPATH DETERMINES WHICH SECTIONS OF THE PROGRAMME ARE TO BE USED. 
= 1 FOR SIGMA2• = 2 FOR CONVERGEt = 4 FOR FASTAN 
OR THE SUM OF CODES FOR ANY COMB I NA"'f.-::I,-;;O~N=-.------------.,.....----
IPATH = 5 IS ILLOGICAL AND NOT ALLOWED BY THE PROGRAMME. 
INCLUDE ONLY THOSE DATA CARDS NEEDED FOR THE SECTIONS OF THE PROGRAMME 
ASKED FOR. 
CARDS 3- 7 ARE USED BY SIGMA • · 
CARDS 8- 9 ARE USED BY CONVERGE. 
CARDS 10-15 AR~SEO BY FASTA~. 

i:. LATTICE PARAMETERS NEED BE INCLUDED ONLY IF THE NORMAL FILE IS NOT USED 
FOR DATA INPUT AND IT IS REQUIRED TO GO ON TO COMPUtE AN E-MAP 

f. CARD 3 FORMAT<16I5> UNIT CELL CONTENTS 

/~· ' 
i, .. 

COLS 1-S N(l) NUMBER OF ATOMS OF TYPE (1> PER UNIT CELL 
COLS 6-10 Z<1> ATOMIC NUMBER OF TYPE (1) ATOMS 
• • • • • • • • 
COLS 71-75 N(8) NUMBER OF ATOMS OF TYPE (8) PER IJNIT CELL 
COLS 76-80 z-[8> A-·foMIC NUMBER OF TYPE (8) ATOMS 

FOR FEWER THAN 8 ATOMIC TYPES, LEAVE THE REST OF THE CARD BLANK 
IF THE DATA IS TO BE INPUT FRO~~~AL FILE• THIS CARD SHOULD 8~LEFT 

C _____ B_:;L_A_N_K_._O_T_H_E_R_W_I _S_:_E_T_H_E_C_O_M_PL~E _TE_C_O_N_T_E_N_T_S_O_F_T_H_E_U_N_I_T_C_E-'L=--L_A_R_E_P_U_N_C_H_E_D_. __ 

(·· ": 

\ 

\ .. ,_,.· 

CARD 4 FORMAT<3I5t4XtAltl5t5XtF10.0) SIGMA2 PARAMETERS 

COLS 

COLS 

COLS 

IF DATA INPUT FROM NORMAL FILEt ONLY !LIST AND NSRMAX NEED BE PUNCHED 
1-5 ILIST =1 TO REQUEST SIGMA2 liSTING 

=0 TO SUPPRESS SIGMA2 LISTING 
6-10 NSRMAX MAXIMUM NUMBER OF UNIQUE PHASE RELATIONSHIPS TO BE USED 
THE PROGRAMME SETS UP ALL POSSIBLE PHASE RELATIONSHIPS AND SELECTS THE 
NSRMAX STRONGEST. FROM EXPERIENCE• THE OPTIMUM RAi!O OF NUMBER OF PHASE 
RELATIONSHIPS TO NUMBER OF REFLEXIONS IS ABOUT 7• ALTHOUGH A RATIO AS 
SMALL AS 4 HAS BEEN USED SUCCESSFULLY ON SEVERAL OCCA~crN~SRMAX CA~ 
NOT EXCEED-KUSER4/3. ~ 

11-15 ICENT =0 FOR NON-CENTROSYMMETRIC SPACE GROUP 
=1 FOR CENTROSYMMETRIC SPACE GROUP 

-~~-=~--~==-~ COL 20 LATT = P•A•B•C•I•F•R 
COLS 21-25 NSYM NUMBER OF SYMMETRY CARDS TO FOLLOW 
C'"""'O~L;:..,S::--:3:--.1:-----:4"""'0~....,E""'"M"'""I:-:-N-:--~A_,... L-:-L--::Eo.--:-,V,_.,.A-:-L...,...,..U ITLE:· S S THAN EM I N ARE I G N 0 RED 0 N I N PUT 

A~RDS 5 FREE FORMAT NSYM GENERAL EQUIVALENT POSITIONS 

IF DATA INPUT FROM NORMAL FILEt THESE CARDS SHOULD NOT BE INCLUDED-.-··
OTHERWISE THEY ARE PUNCHED AS l/2-Xt-Yt1/2+Z 

CARDS ___ § __ '{~8..IA_BLE _f_p~MAT_·_~EFL~X IQN D~Tc....:A _____________ _ 

IF DATA INPUT FROM NORMAL FILE• THESE CARDS SHOULD NOT BE INCLUDED. 
--~-



THE FIRST CARD CONTAINS THE FORMAT STATEMENT. 
----....-E"A-=c.,...,H--...S,..U,...BS-EQUENT CARl).CONTin NS-HtK, L-, E 

THE LAST CARD CON~AINS A DUMMY REFLEXION WITH A NEGATIVE E VALUE • 
. ·. '-----.-TrnHt~EF LEX I 0 NS MAY 8 E1NPUTTNANY-bRD-ER_A5_'nlEPR-bGR-Af·fME-D"E"CfDE:,....,s..----
:_j 

INTERNALLY ON THE OPTIMUM ORDER FOR PHASE DETERMINATION. HOWEVER• IT 
sHOULD BE NOTED THAI IK~URUER OF OOTPO I OF REFTEXTONS IN Iff~~ 
DATA IS THE SAME AS THE ORDER OF INPUT HERE. THE NUMBER OF REFLEXIONS 
INPUT MOST BE LES-~AN KUSER3. 

c·.: -----c-ARDS 7 SAME FORMAT AS CARDS 6 THE PSTZERO REFLEX IONS 

IF DAIA INPUT FROM NORMAL FILE• THESE CARDS SHOULD NOT BE INCLUDED. 
(' EACH CARD CONTAINS HtKtLtE• 
·- .·· -----T T"TH--E -L.--.-A s,.... .... T -c--AT'1R.....,D~C""'O .. -.N,.,.........T Ar-I ....... N"'s....-A..----.D""O ... M .. M ... Y-r--.q""'E .. F.,.L-.E ... X,_,I...,.O..-.N.--;-W.,...I"'T..-H,---,A,---.-N,....E.-..G:--aA-..T....,.I"""V,.,.E.--..E.--.V. A L U E • 

THE NUMBER OF PSIZERO REFLEXIONS MUST BE LESS THAN THE NUMBER OF 
.-:·:- ----..,...Rtl-.--F.-l.,...E..,.X.....-I'""O..,.N..-S-...-I"'N--=cA·rR=D'"""S..---6~.-------------------------
··· .... 

IF PSIZERO REFLEXIONS ARE INCLUDED• UNIT ISCRA IS USED FOR TEMPORARY 
sTORAGE OF ARRAYs DORI~G SIGMA2. 
IF NO PSIZERO REFLEXIONS ARE INCLUDED, THE TERMINATING CARD MUST STILL 
BE PRESEN I BUt UNIT !SCRA \iJ ICCI'lo t BE ACCES~FrY--.-ArPROGRAMME. 

t~ CARD 8 F0RMATCSIS,5XtF10.0) CONVERGE PARAMETERS 

--rcnorL~s--TI=-~s-· LISI = I TO OBtAIN CONVERGENCE MAPPING 
= 0 TO SUPPRESS CONVERGENCE MAPPING 

--co~c~s~~6r.-~r~o~·N~I~NmP~a~rroN~U~M~BER OF KNOWN PHASES TO BE INPO 
COLS 11-15 NSPEC NUMBER OF SPECIAL REFLEXIONS NEEDED IN STARTING SET 

(~- COLS 16-20 NGEN "" GENERAL iin "" "" 
COLS 21-25 NANY NUMBER OF REFLEXIONS OF ANY SORT NEEDED IN STARTING SET. 

IHE REFLEXIONS WHICH WILL APPEAR I~E StARliNG SEI WILL BE IFfCTSrnr~ 
ARE NECESSARY FOR ORIGIN DEFINITION, THE SIGMA1 REFLEXIONSt THE NINPUT 
KNOWN REFLEXIONS AND N5PEC+NGEN+NANY OTHERS TO WHI~RBITRAR~ASES 
VALUES ARE ASSIGNED. SPECIAL REFLEXIONS ARE THOSE WHOSE PHASES ARF. 
RESIRICIED TO TWO V~LUES SUCH AS o- AND Pl• WHILE THE PHAsc-rrF~A-=G~E~N~E=R~A~L-

REFLEXION MAY TAKE ON ANY VALUE. MIJLTAN WILL GIVE THESE PHASES THE FOUR 
VALUES +-PI/4 AND +- • 

~ . COLS 31-40 PROB ALL SIGNS DETERMINED BY THE SIGMA1 FORMULA WITH A 
PROBABILitY GREATER TAAN PR'OB WILL B~ACCEPT • 

1
· CARDS 9 FORMAT(SIS,FlO.O) THE NINPUT KNOWN PHASES 

t•'"' 

' ' ~-"' 

/ . 

'. 

COLS 1-S KODE CODE NUMBER OF REFLEXION 
COLS 6-10 H ) MILLER INDICES OF REFLEXION IN 1111 STANDARD 1111 

C~OL~S~1~1~-~1~5~~K.--.--~F=o=R=M~A~S-..It APPE~S IN THE OUTPUT FROM 
COLS 16-20 L SIGMA2 
COLS 21-25 IFAZ PHASE ANGLE IN DEGREES C +VE ANGLE IN THE RANGE l-360) 
COLS 26-35 WT 

WT=-2.0 ENANTIO~O~IXING REFLEXION CIFAZ IGNORED) 
WT=-1.0 STARTING SET REFLEXION CIFAZ IGNORED> 
WT=O. TO 1.0 KNOWN PHASE ~~ 
WT=2.0 ORIGIN FIXING REFLEXION 

EITHER KODE OR HtKtL SHOULD BE PUNCHED. ·----------------------------~ 

APART FROM THIS OBVIOUS PURPOSE, THIS FACILITY OF INPUTTING KNOWN PHASE 
CAN BE USED TO PE~UADE THE PROG~~O CHml~D~-Ni ORIGIN 
DEFINING REFLEXIONS IF ONE IS DISSATISFIED WITH ITS ORIGINAL CHOICE. 
ONE' TWO' OR THREE ORIGIN DEFINING RE-FLEX IONS OF ONE 11 S OWN CHOICE MA~Y~B=-:E;-<: 
READ IN AND IF NECESSARY THE PROGRAMME WILL CHOOSE THE REMAINING 

------=R=-E=F=-=-L-=EXIONS NEEDED TO COMPLE-TELY DtFINEI'HE ORIGIN• 

CARD 10 FORMAT(SI5> FASTAN PARAME)ERS 

COLS 1-5 IMK NUMBER OF STARTING PHASES TO BE INPUT FROM CARDS 
= 0 IF STARTING PHASES TO BE GENERATED BY PROGRAMME. --------------------------------- ---------



·)'··· .... 

. ~ 

COLS 6-10 !PRINT = 1 TO OBTAIN LISTING OF FINAL PHASE VALUES. 
= 0 TO SUPPRESS LISTING OF FINAL PHASE VALUES. 

COLS 11-15 IPUB = 1 IF PHASES AR~ SUPPLIED FOR COMPARISON WITH THE PHASES 
PRODUCED.BY THETANGENT FORMULA• THE PHASES SUPPLIED 
COULD 8E CALCULATED (FOR EXAMPLE) FROM A PUBLISHED 

-------------------------s=r-R=u~c=r~u~·R=E~A~N~D THIS FACILITY HAS BEEN FO~USEFUL IN 
-- THE DEVELOPMENT AND TESTING OF MULTAN. 

SUITABLE FOR COMPUTATION OF E-MAPS <SEE SUBROUTINE FOUR> 
= ~ IF NO PUBLISHED PHASES ARE SUPPLIED. 

,.. "·· -'""c=o.--L-;:;:S-· '1..,6--'"'2..-0--...-I -=-F"O"U "R --=--.-1 -T.,-0..--.R~E~Q"'U~E~S IOO"T PUT 0 F PHASES ON UN I T L 0 U T IN A F 0 R M 
= 0 IF NO E-MAP OUTPUT REQUIRED, IN WHICH CASE NO TAPE IS 

NECESSARY ON UNIT LOU • 
C~ ----=C--=O~L-=.S __ 2-=.1_--=.2_5 __ -=.I_S_K_I_P ____ ~~-=-:-:--:-:-:-:-:---------------------------------------

= 0 NORMALLY 

I :·" 
~.~ ·. . ·. 

WHEN RE-SUBMITING A JOB THAT RAN OUT OF TIME, ISKIP SHOULD 
BE SET TO THE VALUE OF THE IDENTIFICATION NUMBER TAKEN BY 
THE LAST SET GENERATED - 4 <-4 FOR BUFFER CONSIDERATIONS> -----------------------------------------

CARDS 11 FORMAT<20F4.0) THE PUBLISHED PHASES IN DEGREES <IF IPUB = 1> IN ORDER 
OF INPUT OF REFLEXIONS IN CARDS 6. 

NUMSET = IDENTIF'TCATION NUMBrR OF SET OF PHASES. 
AS MANY CARDS 15 AS DESIRED MAY BE INPUT TO PRODUCE DIFFERENT STARTING 
POINTS FOR THE TANGENT FORMULA' TERMINATED BY NUMSET = O. 
IF IMK ON CARD 10 IS ZERO' CARDS 12-1S ARE NOT REQUIRED. 
THE MARKERS IN CARDS 13 ARE AS FOLLOWS 

1 FOR GENERAL PHASE 
4 FOR PHASE RESTRICTED TO 45 OR 225 DEGREES 

,·_. ---------~7-..:.....F..:,..O...,.R..,--=.I-=.M.:...;A...=.G-=-I.:..:.N"'""A'="R..:....Y-:=-·=P"'""H-=.A.:=S-=:.E=--<~VA-=.. L=-U:;:...E.::::-S=-O,=..-F--=-+""""-=---cp~I/,_2~0~N~L=--Y.:.._> __________ _ 
10 FOR PHASE RESTRICTED· TO 135 OR 315 DEGREES 

t•·'""·: 

13 FOR REAL PHASE <VALUES 0 OR PI ONLY> 
ETC. 

IF THE MARKER IS NEGATIVE, THE PHASE WILL BE KEPT FIXED DURING PHASE 
DETERMINATION AND ONLY ALLOWED TO VARY DURING THE LAST FE~ CYCLES OF 
TANGENT FORM0LA REFINEMENT. 

· .. -----------------------------------~~-----------



. l ·-· 
*****PREPARAtiON OF oATA FOR PROCEDURE FOuRIER*~*****~~~~~~~~~~ 

_L THE PARAMETERS ARE SET BY PREVIOUS STEPS OR HAVE DEFAULT VALUES SO THAT 
USUALLY NO DATA CARD IS NECESSARY• THERE IS AN AUTOMATIC SEARCH FOR THE MOST 

.--.- PROBABLE SET OF PHAsEs. . 
JUST ONE CONTROL CARD IS NECESSARY <SEE RUNNING THE TEST DATA>. IT GIVES THE 
NAMES OF tHE THREE FILEs GENERAtED BY NORMAL Ai~D MULlAN. AS MANY SUCH CARDS AS 

-···, ONE DES I RES CAN BE iNSERTED IN THE SAME JOA • 
--"ffOWEV E R ANY 0 F T HE DE FA U L T VALUES CAN ·BE 0 V.-E ,.,..R .... R-ri D""D..,.,E,..,N.,.--;B.,...Y=---·~rOCLOVrfifGC A R D li fTH 

F0RMAT<4I5,4F5.0> 

COLS DEFAULT VALUES 

.• 1-5 NOSET AUTOMATIC SEARCH FOR THE MOST PROBABLE SET OF PHASES NOT 
--------------------~vE--T-D~E~A~L~I~w~r~tAn---------------------------------------------

< AS SOON AS IT HAS·: BEEN DETECTED <WELL. BEFORE THE. 
--------------------~s~u~c~c~E~s~·s~F~u~c--·crR UNSUCCESSFUL COMPCEfiON OF TKc-p~c~E~D..,.,O~R~·E~>-rirT-

BECOMES AUTOMATICALLY ONE OF THE LESS PROBABLE> 
6-10 SCANLEVEL IOU 

11-15 NPIC NUMBER OF ATOMS IN ASYMMETRIC UNIT * 1.2 
~r~6--~2·u~~rP~R~t~N~T~------~N~O~P-R~I~~u-uF E-MAP <t.E. DEFAULT IS IPRI~T = Q, 

USE 1 HERE TO GET MAP PRINTED.> 
: :·~. ---zT=25 PRINTING 

26-30 LIMITS ALONG 
~1-35 x, y, AND 2 RESPECIIVELV. 

) 
) DETERMINED BY PROGRAM 

OR EXAMPLE• SUPPOSE THAT WHILE RUNNING THE TEST DA~~PROGRAMME REACHED 
,HE FOURIER STAGE BUT THE JOB ABNORMALLY TERMINATED FOR LACK OF TIME. THE MOST 

··. · ---p-R-OtfABL E SET I S S T ILl .AVA I lAB L E I F 5 PrCTF'TEOEXP[TC IT ELY • IN T A I s-cAS-E---rNSERT--
- A CARD CONTAINING A 1 IN COLUMN 5 AS THE DATA CARD FOR PROCEDURE 2. 

,c <SET NUMBER 1 HAPPENS TO BE THE MOST PROBABLE AND CORRECT SET FOR CORTISONE> 
. ~AN"YO'THER DEFAULT VALUE CAN BE ATTE"REO IN· ftiE S"A~~ • 

:THE PRINTING FACILITY <IPRINT=1> IS RARELY USED. THE OUTPUT IS A GRID WITH 
,·:-S'E"'C'TIONS ALONG y, X ACROSSl"RE PAGE AN~ER-TTCALLY. ( AtfOUT 3 POINTS

PER ANGSTROM>. THE NUMERICAL VALUES ·GE. SCANLEVEL ARE UNDERLINED WITH**** 
. _ .. TO FACILITATe.-c"'filTUURI G• 



.-:--.,---'---------------------------------------
; 

g~*** PREPARATION OF DATA FOR PROCEDURE REFINE <PARTIAL STRUCTURES> ********** ,.., 
~- ' ... 

v~RD 1 FORMAT<20A4> TITLE 

r·, --=c-=-A-=R-=D---=2---=F-=o-=-R-:-:-M-:-A-=-T-:-< -=-I=s-, -=-2=-F=-s-. 70 -:-) -N:-:--:-AT=--, a=--, P~K:-:-A-:-:R~L ________________ _c.._ ____ _ 

.. -·· .... 
; .·. 

NAT = NUMBER OF ATOMS IN PARTIAL STRUCTURE 
B = TEMPERATURE FACTOR <DEFAULT VALUE = VALUE GIVEN BY NORMAL) 
PKARL= FRACTION OF THE TOTAL SCATTERING ·POWER CONTAINED IN THE FRAGMENT 
<SEE KARLE,ACTA CRYST.(1968> .B24t182) 

CARDS 3 FORMAT<3XtA2t3F10.0) 

NAT CARDS EACH CONTAINING CHEMICAL SYMBOLtXtY AND Z 
CHEMICAL SYMBOL MUST BE RIGHT AJUSTEO 

A MAXIMUM OF 100 PHASES <SATISFYING ABS<FCALC).GE.PKARL*ABS<FOBS> WHERE 
ABS<FOBS> IS ASSOCIATED WITH AN ABS<E>.GE.1.5) ARE REINTRODUCED INTO MULTAN AS 
A NEW STARTING sET. 

·. __ ;·---------------------------------------~ 

,:·:"-. 
t:: .• J _______________________________ .;__--,-______ _ 

(~-

'.._:_:· 

·-------------- ---------

....... ,_,_ ______ -----'---- --------



... ·····,---------------------------------------------.: ____ . 
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·-. 

/ 

~S WHO WISH To OATAIN ORTHOGONAL ~DINATES FOR BUILDING UP A MODEL ON THE 
AP DISPLAYED BY DANFIG SHOULD REPLACE STATEMENT 00556200 BY 

60~ F0RMAf(6Xt3H700.63X> 0055620""0-· 

* NOTE ON MFRP <MOLECULAR FRAGMENT RECOGNITION PROGRAMME) ******************** 

THIS PART OF THE SYSTEM IS THE NEWEST ONE AND HAS NOT YET BEE~ FULLY TESTED· 
-NO DATA CARDS ARE REQUIRED FOR T~IS~RAMME. 

f\ IT TRIES TO MAKE CHEMICAL SENSE OUT OF THE LIST OF PEAKS OUTPUT BY SEARCH BY 
USING THE RESrRICIIONS EXISIIN<r1JN'Il1E VALOES·OF THE!'NTR"A~Ol:ECULAR BOND 
DISTANCES AND ANGLES • 

... ll'\rl'fANY CASES, LOOKING UP THE LIS I OF DISTAI\f~AN.o-ANG"CE'S OOIPUT BY DA'NF IG HA"S' 
BEEN FOUND UNNECESSARY OR GREATLY REDUCED. IN THEORY, MFRP SHOULD BE RUN BEFORE 
OANFIG SUI EXPERIENCE SAOWS THAT viSU~mTE"R'AAEIAJTO,q IS !N SOME CASES ·51 ILL 

~- PAYING OFF. FOR INSTANCE• DUE TO THE LIMITS FOR ALLOWED VALUES OF BONDS AND 
-~NGLEs sET IN IRE PROGRAM~E (1.1 TO 1.95 ANGStR0~85 TO 145 DEGREES), !T 

WILL NOT RECOGNISE LINEAR FRAGMENTS AND 3-MEMBERED RINGS AS WELL AS ATOMS WHICH 
HAVE A COORDINATION OF 5 OR MORE""AND ISOLATED AIOM"s-AS!N WATER MOLECULEs. 
THE OUTPUT OF MFRP TELLS WHICH ATOM IS BONDED TO WHICH <ATOM IN COL.l IS LINKED 
10 AIOMS IN COLS 2, 3 AND 4) AND LISIS THE FR~GMENf.S MAKING CHEMICAL SENSE •. 

(: FRAGMENTS WHICH CONTAIN FtVE OR MORE PEAKS ARE INPUT TO SF <ASSUMING ALL ATOMS 
'0 BE CARBON AND 8=4) '· · 
~OR CORTISONE• PEAKS 13t 30 AND 31 HAVE BEEN ELIMINATED <THEY DO NOT APPEAR IN 

t COL.l> BUT PEAK 27 ffASN'"OT' BECAUSEt ALTHOUGH FALSE' IT MAKES CHEMICAL SENSE 
WITH ITS NEIGHBOURS. 

I ·-·· 

:·-

r' .... 

. -.. 
\. . 

· ... 

THE RESIDUAL CAlCULATED BY SF ·IS A PARTIAL RESIDUAL. ONLY THE REFLEXIONS 
EMBARKED INTO MULlAN ARE TAKEN INTO ACCOUNT. 

***** SEPARATING THE PROGRAMMES ********************************************** 

NORMAL CARD 00000100 TO CARD 00086468 
MULTAN 00086500 00315100 
EXPAND 00315200 00354000 
FFT 00354100 00508400 
SEARCH 00508500 00568300 
D.ANFIG 00568400 00708800 
-F 00708900 00738300 

FRP 00738400 00793400 

·~OTE FOR CDC USERS ********************************************************* 



·.···-, 

CDC USERS SHOULD MAKE THE FPLLOWING CHAN~G=E=S~-------------------------------

THE LETTER C SHOULO BE PUNCHED IN COL·1 FOR THE CARDS WHOSE SEQUENCE NUMBER ARE 

00318900 00484200 00499100 00508600 00509900 
-nnftn~s~7~7A9nono--nono5P8n9~4'0no~~o~o~5~9~1'4~0~0~~o~o~6~0~0l'0-0--00610400 

00511900 00539900 00541000 
0~0~6~2~2~0-0~~0--~0~0~6~22300--00630500-

(~' 1641700 00644300 006·45600 00678300 00682900 
1705800 00706400 00786500 

00693800 00696700 00700000 

00~68500 SHOULD BE IN THE ABOVE LIST 
(·~-.. 
··:· .. 

THE LETTER C SHOUL~ BE REMOVED FROM COL.1 IN THE CARDS WITH SEQUENCE NUMBERS 

~~. 00319000 00319100 00484300 00484400 00510000 00540000 00541100 00541200 
00644400. 00706500 00786510 00786520 

...... :· .. 

i"·. ----------------------------------'--------------------------------
, ..... :· 

I . 

{:· .. 

1'·~--

t ..... :: --------------------------------------------------------------

r·:·. ------------------:----------------------------------------'--------
· .... · 

.. -·: 

------------- ----·-----



liRE FUTUREt THEY WILL BE COMMUNICATED AS FOLLOWS 

() ANY FORTRAN STATEMENT zzzzzzzzr 
.1 DELETE SEQl=XXXXXXXXtSEQ2=YYYYYYYY 

(""·: MEANING 
IF CARD ZZZZZZZZ IS ALREADY IN T~E DECK,REPLACE IT BY THE NEW zzzzzzzz 
IF CARD zzzzzzzz IS NOT YET IN THE DECKtiNSERT IT.AT POSITION zzzzzzzz 

r··. REMOVE CARD XXXXXXXX TO c·mD yyyyyyyy FROM·: THE DECK 

THEsE cONVENtiONS PERMIT IBM UsERS TO cORRECTtRE-cO~PILE AND RE-CATALOGOE 
DIRECT FROM TAPE IN A SINGLE JOB <EXEC PGM=IEBUPDTE FOLLOWED BY EXEC FORTGCL) 

··-. --------------'--------'--------------------

,· 

(.· 

ANY DETECTION OF BUGt CONSTRUCTIVE CRITICISM OR COMMENT WILL BE 
GRATEFULLY RECEIVED 

P.MAINt M.M.WOOLFSON 
PHYSICS DEPARTMENI, U~RSIIV OF VORKt AESLINGION-YORK VOl SDD• ENGLAND 

C: J.P.DECLERCQ• G.GERMAIN 

.. 

....... ·· 

i . 

~ABORATOIRE DE CHIM IE-PHYSIQUE, INST I TUT LAVOISIER • 1 PLACE LOOI S PASTEUR 
348 LOUVAIN-LA-NEUVEt BELGIUM 

NOlEs ON rAE LOCAL (BNLJ vERstON.ANO PROCEDURES FULCO 

···~:· -----------------------------'-------------

I.-----------------------------------------
' 

( 
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··----------------------------------------------------------



., .. ,-----------------------------------------
-' 

,··· 
NOTES ON THE MULTAN SYSTEM AT BROOKHAVEN NAT-IONAL LABORATORY 

THE MULTAN SYSTEM OF PROGRAMS AS ISSUED BY GERMAIN AND UPDATED BY THE 
CORRECTION SET FROM HIM DATED NOVEMBER/1973 HAS BEEN CHECKED AND FOUND TO WORK 
SUCCESSFULLY HERE. 

THE TEST STRUCTURE <CORTISONE> WAS CORRECTLY SOLVED, BUT NOT IN THE SAME 
WAY AS INDICATED ON THE SUPPLIED TEST OUTPUT. fHE ESSENTIAL DIFFERENCE IS THAT 

r~ THE CONVERGENCE ROUTINE OF MULTAN MAKES A DIFFERENT DECISION AT ITS FINAL STEP 
AND HENCE OBTAINS DIFFERENT ORIGIN AND ENANTIOMORPH SPECIFICATIONS. PREDICTABLY 
THENtTHE STRUCTURE FINALLY FOUND BY SEARCH HAS A DIFFERENT CHIRALITY TO THAT OF 

C~ GERMAIN AND IS WITH RESPECT TO A DIFFERENT ORIGIN. ALL OTHER ASPECTS OF THE 
PROGRAM APPEAR TO PRODUCE IDENTICAL RESULTS ON BOTH THE LOCAL CDC 6600 AND 

.~· .. 
'·. ·_: 

GERMAINS IBM736o. . -
As. WELL AS THE CHANGES IMPLIED BY THE NOTE TO CDC USERS <ABOVE>• SEVERAL 

OTHER SMALL CHANGES WERE APPLIED. 
1. PROGRAM CARDS WERE INSERTED• THESE ARE REPRODUCED BELOW FOR REFERENCE. 
2• BINARY BLOCKING WAS IMPLEMENTED FOR ALL UNFORMATTED 1/0 BY INSERTING 

CALL FTNBIN<1t0tiD> INSTRUCTIONS. 
3. THE SIZES OF THE twO ARRAYS !BUFR AND· BOFR IN fjf{J[I~E---c"O"N"QEG 

WERE INCREASED FROM <30t3> AND (30) RESPECTIVELY TO <150,3) AND <150> •. THIS 
AVOIDS WRAP-AROUND IN THE SIGMA-TWO LISTING rOR~A~L~L-.R=E~A~s=o~N~A~B~L~E~C~A~S~E~S~B~u=T~D~O~E~S~ 

NOT INCREASE THE PROGRAMS CORE REQUIREMENTS. 
4. THE DO-LOOP INDEX JJ AT LINE 00311100 IN MULTAN SUBROUTINE CONVEG WAS---

CHANGED TO JK IN TWO PLACE~ TO AVOID A CONFLICT WITH THE JJ COUNTER THERE. 
5 • THE CALL TO ARCOS IN 508ROOT INE ANG OF PROGRAM &iFRP HAS BEEN REPLAC""E""D-..r-B"Y

' A CALL TO THE CDC EQUIVALENT ACOS. 
6· TO IMPROVE THE USERS CHANCES OF CONCATENATING PROGRAMS CORRECTLY THE 

~OGICAL UNIT NUMBERS ASSIGNED TO SOME OF THE I/0 UNITS HAVE BEEN CHANGED. IN 
(~-PARTICULAR• UNITS 9 AND 10 IN PROGRAM FFT HAVE INTERCHANGED ROLES• AND PROGRAMS 

DANFIG AND MFRP NOW ACCESS UNIT 10 RATHER THAN 9 AS BEFORE. 
1. PSEUDO DEVICE TLVN HAS BEEN ADDED To PROGRAM SF AND EQUIVALENCED TO 

TAPE11,- AGAIN TO FACILITATE CONCATENATION. 

MARCH/75 

1. THE PROGRAM UPDATES FROM GERMAIN DATED MARCH/74tJULY/74 AND SEP/74 HAVE 
BEEN APPLIED TO THE SYSTEM. 

1 2. THE CALL FTNBIN(,,) *SEE 2. ABOVE* HAVE BEEN REMOVED. 
3• PROGRAM SEARCH HAS BEEN MODIFIED IN TWO RESPECTS--

A. THE THREE DIMENSIONAL GAUSSIAN INTERPOLATION OF POSITIONS AND HEIGHTS 
.. HAS BEEN REPLACED BY A SIMPLE QUADRATIC INTERPOLATION OF POSITIONS ONLY. 

B. THE PEAK SORT-ROUTINE WILL,NOW CORijECTLY HANDLE UP TO 100 PEAKS. 

' ( 

I 'o.;,,.."----------------------------------------

\. ... · 

- - ·-·-. -·---



~ PROGRAM CARDS FOR THE EIGHT INDE~NDENT P~OGRAMS ARE LISTE-DlBELOW. 

• 

: 

• 
{' .. 

::.~ 

• 

PROGRAM NORMAL<INPUT=200tOUTPUTtTAPE10tTAPE11tTAPE5=INPUTt 
TAPE6=0UTPIJT) 

PRDGR~ MOLIANCINP0TtOOTPOTtTAPEB,TAlTE9tTAPEIO,TAPEllt 
TAPE5=INPUT,TAPE6=0UTPUT> · 

PROGRAM EXPAND<INPUT=100tOUTPUTtTAPE8,TAPE9,TAPE10t 
TAPES=INPOT,TA~6=0UTPOT> 

00000010 
o oooo o2·o 

(flf(f8649_8_ 
00086499 

00315198 
tf0Tf5T9_9_ 

. · .. ------p=R-...-o-=G....,R...,..A=M-F-F--T-.-<?C"O,....,.U....-TP=u:--:-T=--, r--APt99TAPE 10, TAPE 1 b TAPE6=0UTPUT) 00354099 

(' :· • 

• 

PROGRAM SEARCRttNPOT=IOOt00fPOitiAPE9,1APE10tTAPES=INPOTt 
TAPE6=0UTPUT) 

eros oa 4913 .. 
00508499 

00568398 PROGRAM DANFIG<INPUT=100,0UTPUTtPUNCH~100tTAPE10t 
rAPES= INPUT' TAP~6=UUT PUT) -····· .. ----~------

PROGRA.MflofrRfT( I NP01 :20 0 'OU I PUT-20 0, I APE 10' I APES=TNPO f, I ;ct?"E"':::cro I PO I ) 00 73939·· 

P R 0 G"R AM 5 F t INPUT= 1 o 0 ' 00 T P 0 T , TAPE 8 , ~E 1 0 ' T LV N , 
• TAPE5=INPUTtTAPE6=0UTPUTtTAPE11=TLVN> 

00708898-
00708899 

PROGRAM CORE RtJO. I I~<CP> (PP) 

NORMAL 41K <OCTAL> 10 SEC 40 SEC 
MULTAN 106K 100 40 
EXPAND 67K 
FFT 72K 30 30 
SEARCH 12IK 30 30 
D.ANFIG 33K 10 30 

· MFRP 72K 2 5 
SF 33K 5 30 

NOTE.. THESE CORE REQUIREMENTS HAVE BEEN ROUNDED UPWARDS TO THE NEAREST 1K 
~ TREY ARE FOR THE PROGRAMS ONLY. REMrnBER I 0 ALLOW 5-61\TO"R TRE LOADER or;r-· 

YOUR JOB CARD. THE TIMES LISTED ARE ONLY ESTIMATES AND REFER TO THE CORTISONE 
TEST DECK SUPPLIED. THIS DECK HAS 1600 REFLECTIONS AND ·USES 4 SYMMETRY· POSITIO·N
ON 300 E-S TO PRODUCE 8 STARTING SETS. 

·( · .. 
• .. :. 

'~-· ----------------------------------------



•• ·• '·1 ----=----=---=-=----:-----,------"---------"-----------------------
STANDARD RUNS AND DATA FLOW. 

FOR THE PURPOSE OF ILLUSTRATING THE JOB CONTROL CARDS THE FOLLOWING 
REE STANDARD PROCEDURES ARE ASSUMED. 

1.· NORMAL--MULTAN 
(·> 
····· 

2. EXPAND--FFT--SEARCH--DANFIG--MFRP 

c~ 3 • SF--MUL TAN (STAGE 3 > --EXPAND--FFT--SEARC..:...:H~-_-..=.D..:...:A..:...:N_:_F~I..=.G_-_-_-.:....:.M.:.._F.:...:.R.:.._P _______ _ 

r~ EXPLANATION OF THE REQUESTtATTACHtAND CATALOG CONTROL CARDS MAY BE FOUND IN 
THE APPROPRIATE SCOPE REFERENCE MANUAL• 

ACCESS IS A PROGRAM <WRITTEN BY HJ BERNSTEIN> WHICH ATTACHES THE DESIRED FILE 
FROM A DISK IF AVAILABLE OTHERWISE THE MASTER COPY Is· CALLED IN FROM TAPE. 

PROCEDURE 1 CONTROL CARDS -- ASSUMING REFLECTION DATA ON CARDS. 

~~ ACCOUNT<USERNAME•ACCTNO> 
ATTACH<ACCESStiD=CPROGS) 
ACCESS<NORMALtiD=CPROGS> 

.. ACCESS<MULTANtiD•CPROGS) 
RETURN<ACCESS> 
REQUEST(TAPE8•*PF) FOR SIGMA-TWO AND CONVERGE RESULTS FROM MULTAN 

·~ REQUEST<TAPE9,~PF> FOR PHASED E OUTPUT FROM MULTAN TO EXPAND 
EQUEST<TAPE10,~PF> FOR HIGH E AND PSIZERO OUTPUT FROM NORMAL 

.. ORMAL. 
i' .. RETURN< NORMAL) 

RETURN<NML) 

... :• 

REWIND<TAPE8tTAPE9,TAPE10•TAPE1l> 
CATALOG<TAPE10tNORMALEOUTPUTtiD=JOEUSER,RP=10) 
MULTAN. 
RETURN<MULTANtTAPEll> 
REWIND<TAPE8tTAPE9> 
CATALOG<TAPE8tMULTANSIG2CONVtiD=JOEUSER,RP=10) 
CATALOG<TAPE9tMULTANPHASEStiD=JOEUSERtRP=lO> 
7/8/9 
DATA FOR NORMAL 
7/8/9 
DATA FOR MULTAN 
7/8/9 
6/7/8 9 

\ ... : _______________________________________ _ 

---------

·---------·----------------------------



PROCEDUR~2-cONTRoc-cARDS 

CJ -::ron-cAR · 
. ATTACHCACCESStiD=CPROGS) 

ACCESS<ExPANOtiD=CPROGS) 
:CESSCFFT•ID=CPROGS) 
~Q:~SCSEARCH•ID=CPROGS) 

ACCESSCDANFIG,ID=CPROGS) 
(~ ACCESSCMFRPtiD=tPROGS) 

RETURNCACCESS) 
ACCOUNT<OSERMAME,A 

•· 

(~ CARD TO LOCALISE TAPES 
CARD TO GET TAPE9 FROM 
AS THE LFN THEN ACCESS 

FROM BEFORE E.G. ATTACH<TAPE8•MULTANSIG2CONVtiD=JOEUSER> 
BEFORE' WITH lFN OTHER THAN T APE9 E.G. ASSUME T9 IS USE:-[) 
WITH ATTACHCT9tMULTANPHASES,ID=JOEUSER> 

("- REWIND CTAPEB• T9J 
COPYCF<T9,TAPE9) 

REWINDCTAPE9) 
-nPAND. 

REWINDCTAPE9tTAPE10) 
.. RETORNCEXPAND•TAPE8) 

FFT. 

{:' .. REWIND CTAPE9•TAPE10) 
:':'.,!' 

~~~~-----------------------------------------------------------------------• 
RETURNCSEARCH> 

(:;·: RETURN CSCAJ 
REWIND<TAPE9tTAPE10) 
CARD 10 LOCALISE OBJECT CODE FOR DANF!G E.G. AI rACH<DNFGtDANF!GtiD~OGsJ 

~· RETURN<DANFtG) 
~EWINDCTAPE9,TAPE10) 
AFRP. 
RETORNCMFRP) 
REWIND<TAPE10) OPTIONAL 
COPYBF CIAPEIOtPONCH) OPtiONAL 

(:•, 7/8/9 
'•.:;7.-' 

::-·· .. 

~D~A-.T--.A~C .. A""R=D---...T"'O--.....OT7V..,..E=R..,..I=D=E-=D=E=F7""A,.,.U.,--L-T-P~A RI"C"A...-M=E'"'"'T...-E""'R....,S=--__,I Nn--;P=R""O"'""'C"'E-.D"'U---=R:-.E-.F"'"'O:--o-r.UR IE~ S IRED (T H IS 
CARD IS READ BY EXPAND) • IF DEFAULT VALUES ARE DESIRED OMIT THIS CARD DO NOT 
USE A BLANK. 

7/8/9 

··.::.·' --------------------------------------------------------------------

...... 
\ ..... : -----------------------'-------------------------------------------------

·-·------------------------------------------------------------



,,-- .. ,------------------
·-·' 

(' 

PROCEDURE 3 CONTROL CARDS 

DB CARD 
CCOUNT<USERNAMEtACCTNO) 

ATTACHCACCESS•ID=CPROGS) 
(~-- ACCESS< SF • I D=CPROGS > 

ACCESS<MULTANtiD=CPROGS) 
ACCESSCEXPANDtiD=CPROGS) 

i~' ACCESS<FFT,ID=CPROGS) 
ACCESS<SEARCHtiD=CPROGS) 
ACCESS<DANFIG•ID=CPROGS) 

~~- ACCESS(MFRP,ID-CPROGS> '::.:: 

RETURN<ACCESS> 
CARD TO LOCALISE TAPES sAVED FROM MOLTAN-WlTH LFN OTHER tRAN TAPES E.G. 

(}' ATTACH ( T8' MUL TANS I G2CONV, I D=JOEUSER > 
COPYBF <TStTAPES) 
RETURNCT8> 

~~..;...,...,~_:,....:_:.==~------------------------------::---·--···"- .... .. REWIND <TAPES> 
·.·:" 

CARD TO LOCALISE TAPE9 FROM MULTAN WITH DIFFERENT LFN:_ E.G. --
ATTACH(T9tM0LTANPAASEStiD=.JoEISER) 
COPYBFCT9tTAPE9> 
RETURN<T9) 
REWIND<TAPE9) 

C· CARD TO REGAIN TAPElO FROM NORMAL E.G~ ATTACHCTAPElOtNORMALEOUTPUT•ID=JOEUSER)-· .... ·.: 
CARD TO GET OBJECT CODE FOR PROGRAM SF E.G. ATTACH(SFtSFtiD=CPROGS> 

Fe 
~~ RETURN<SFtTAPElO> 

~EWINDCTAPES•TAPE9tTLVN) 
~ETURN(MULTANtTLVN) 

RE\tJlN"O (TAPES • TAPE9 > -
EXPAND. 
RETURN(EXPANDtTAPE8tTAPE9) 

TLVN IS THE SF OUTPUT FILE 

.~ -. R E W I N D < T APE 1 0 ) ·.;, ---;;;=~'----'--'-:__:::'---------'-------------~--------------
FFT. 
RETURN<FFT> 
REWINDCTAPE9tTAPElO> 
SEARCH. 
RETURN<SEARCH> 
REWINDCTAPE9tTAPElO> 
DANFIG. 
RETURN <DANF I G) 
REWIND<TAPE9tTAPE10) 
MFRP. 
RETURNCMFRPtTAPE9> 

C:- R E WI NO ( TAPE 1 0 ) 0 P T I 0 N A L 
COPYBF<TAPElOtPUNCH> OPTIONAL 
7/S/9 ... 

~~ DATA CARDS FOR SF 
7/8/9 
DATA CARD TO OVERIDE DEFAULT VALUES IN PROCEDURE FOURIER• IF DEFAULTS ARE 

1, __ ·· WANTED OMIT THIS CARD DO NOT USE A- BLANK 
-/S/9 
,/7/8/9 

· .... 



."; -:·. 

-------------------------------------------------------------------------------· 

BRIEF PROGRAM DESCRIPTION 

NORMAL READS REFLECTION DATA AND PRODUCES E-S AND STATISTICS 

MULTAN MULTIPLE SOLUTION TANGENT FORMULA METHOD -SEE REFERENCES 
--------------------~~~-----------------~------------------------------------

EXPAND EXPANDS MULTAN OUTPUT TO A FULL HEMISPHERE 

FFT THE TEN EYCK PROGRAM FOR CRYSTALLOGRAPHIC FAST FOURIER TRANSFORMS 
------------~s~E~E~R~E~F==ERENC 

StARCH 

OANFIG 

SCANS THE FFT OUTPUT FOR PEAKS• DECIDES ON THE MOST LIKELY DIRECTION 
OF LEAST OVERLAP FOR VIEWING AND, PRODUCES AN ORTEP STYLE INPUT FILE. 
FOR OANFIG 10 READ • 

A LINE-P"RINTER VERSION or-ORTEP, .DOES A DISTANCE AND ANGLE SCAN AND 
PLOTS THE PEAK POSITIONS ON THE LINE PRINTER • . 

MFRP READS THE SEARCH OUTPUT FILE AND APPLIES KNOWN BOND LENGTHS AND 
------ANGLES 10 IAE PEAKS IN AN ATIE"r>lPT TO RECObNIZE MOL~F"R"'It"G"M,._E~N_,TS,_.,-

'•, ··' _____________ M_F_R_P __ OV_E __ R_W_R __ I T_E_S ___ I T_S __ O_W_N __ I_N_P_U_T __ F_I_L_E __ (_T_A_P_E_l_O_>_. ______________________ _ 

SF ACCEPTS A SET OF PEAK POSITIONS FROM THE USER AND CALCULATES 
STRUCTURE FACTORS FOR IRE RIGA E-S, PRODUCES AN INPUT FILE FOR 
MULTAN<STAGE 3) - HENCE RECYCLING. 

(~ REFERENCES 

1 GERMAIN AND WOOLFSONt1968tACTA CRYST.,VOL B24tPAGE 91. 
<~:: 2" GEI:HfAlN.9MA!'N9--AND woOCF"5o-f\T9T970, AC~CRYST., VOL· A27, PAGE368. 

3 GERMAlNtMAIN•AND WOOLFSONt1971tACTA CRYST.tVOL A28tPAGE 368. 
4 DEBAEROEMAEKER AND WOOLFSONtl972tACIA CRYSt.,VOC A2BtPAGE 477. 

(~ 5 DECLERQtGERMAINtMAIN•AND WOOLFSONt1973tACTA CRYST., VOL A29tPAGE 231. 
6 M.H.J. KOCH, 1974, ACiAC"RYST., VOL 830• PAGE 67. 
7 L.F. TEN EYCK,1973tACTA CRYST., VOL B29tPAGE 183. 

BNL WRITE-UP OF FEB/74 GJB WILLIAMS. <OPDAIEO SEPT./74) 



NAME: .NAN~VA AUTHOR: L. Andrews 

CORE: 77K DATE: September 1973 

PRQGRAM NAN~VA(INPUT,~UTPUT,F¢UR,TAPE5=INPUT,TAPE6=~UTPUT,TAPE3, 
TAPE4=F¢UR, TAPE10) 

... 
I. PURPOSE: 

To analyze for correlations between DELTA/SIG and F¢BS and 
between DELTA/SIG and sirt8/A 

II. TAPES: 

A. F~UR-Binary 

B. TAPE10-Calcomp 

III •. LIMITATIONS: 

Purpose-input 

Purpose-output 

A. Number of sin6/A. and F~BS intervals 

B. Reflection data 

IV. REPLACEABLE SUBROUTINES: 

none 

V. DECK SET UP 

A. JOB CARD 
1. TIME LIMIT - <50 cp sees 
2. FIELD LENGTH 
3. NUMBER OF TAPES 

- 77!_<a 
0-2 

4. ECS 

B. CONTROL CARDS 
ATTACH (NAN~VA, NMT~VA, ID=CPR¢GS) 
REQUTIST(F¢UR,,,) NOTE: 

· REQUEST(TAPE10,, ,) NOTE: 
NAN¢VA. 

Format-IH,IK,IL,F~,FC, 
SI,DEL,SIGMA 

Dimension-50 

Dimension~5000 

This requests :input tape. 
This requests calcomp tape. 



C. DATA CARDS:. 

CARD 

1. ~itle card 
2. Control card 1 
3. Terminator 

D~ REMOTE FILES: 

1. ~UTPUT 

. ·FQ.IRMAT 

9A6 
24I3 
blank 

PAGE TWO 

NAME: NAN~ VA 



NANOVA - Sept. 1973 
Author: · L. Andrews 
Page 1 of 3 

Brookhaven Crystallographic Computer Program 

NAME: NANOVA 
CORE FL: 77K8 

TIME: <50 SEC 

PR~GRAM NAN~VA(INPUT,¢UTPUT,F¢UR,TAPE5=INPUT,TAPE6=0UTPUT,TA¥E3, 
. TAPE4=F¢UR, TAPE10). 

NANOVA is a special purpose version of HANOVA. It will analy~e for 
any correlations between DELTA/SIG and FOBS and between DELTA/SIG and SINT/L. 
The program is designed to require as little user specification as possible, 
and produces. a short 0UTPUT file which can be printed conveniently on a 
teletype. The F0UR. file from FLINUS should· be input as file FOOR. 
If plots are desired befur~ and after the least squares then logical TAPE10 
must be mounted and submitted to CALC~ after job has run. N.B. See page 3 
for advice on use. 

Limitations on this version of HANOVA are 

(1) The max.number of independent effects is 50 (i.e. the 
number of intervals of SINT/L + number of intervals of 
FOBS cannot exceed 50). 

(2) The max number of reflections presently allowed for is 5000. 

Data Cards 

Card 1 Title (9A6) 

Col. . 1-54 Any Alphameric information 

·Card 2 IC(I), I=1,24 (2413) . 

Col. 1-3 IC(l)=2 always 

Col. 4-6 IC(2)=0 ·always 

Col. 7-9 IC(3)=0 always 

Col. 10-12 IC(4)=0 for no output of intermediate information 
=1 for output of intermediate information 

for teletype output always set IC(4)=0 

Col. 13-15 IC(5)=0 always 

Col. 16-18 IC(6)= the number of data to be included in each 
interval of FOBS (remember that the total 
number of intervals must be ~ 50). 

Col. 19-21 IC(7)=0 to obtain 4 plots (2 of the data and 2 of 
results) (TAPE10 must be mounted) 

=1 to skip plotting sections (TAPE10 may be skipped) 

Col. 22-24 IC(8)=0 always 



Col. 25-27 IC(9)=0 or 1 for normal operation 

NANOVA - Sept. 1973 
Author: L. Andrews 
Page 2 of 3 

=2 to reduce number of SINT/L intervals 
=3 for further reduction of the above 

(This is a useful option for very 
small data sets, when some SINT/L 
intervals could contain no reflections.) 

IC(10)-IC(24) are available for use in DATAIN subroutine 

Card 3 Terminator 

Blank card for termination 
Ta12es: 
F¢TJR 
TAPElO' 
Output 

The output consists of the following: 

(1) The data sorted on increasing FOBS. (every 200-th if ICN(4)=0) 

(2) The number of le:vels in class 1 (the number of intervals 
of SINT/L). 

(3) The number of levels in class 2 (the number. of intervals 
of FOBS). 

(4) The limiting values o£ SINT/L and FOBS for· each level. 

(5) The matrix of normal equations and its inverse, 
if IC(4)~1. . 

(6) The solution to the least squares. 

(7) The average value of DELTA/SIG ·for each interval(level) 
of SINT/L and FOBS• 

(8) The F statistics for the two classes. 

SAMPLE DECK SETUP 

1. Job Card 

Time·Limit 
Field Length 
Line Limit 
No. of Tapes 

= 50s sec 
= 77K8 words 
= 2K8 lines 
= 0-2 

2. Control Cards 

ATTACH(NAN¢VA,NAN¢VA,ID=CPR¢GS) 
REQUEST (F¢UR,., , ) 
REQUEST(TAPE10,,,) 
(N.B. REQUEST TAPE10·for calcomp plots only·if 
IC(7)=0; in this case number of tapes = 2) 
NAN¢VA. 
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3. Data Cards 

As described above 

Method 

The observation analyzed in the analysis of variance program is 
ABS(DELTA/SIG),where DELTA and SIG are read from file F0UR~ Thus, 
if the SIG on the tape is that used in the least squares refinement, ·a 
proper weighting scheme will show an absence of significant effects 
when classified according to scattering angle and intensity. If the 
weighting scheme does not appear to be adequate (based on large values 
ofF in the hypothesis tests), the best procedure is as follows: 

(1) Prepare a new F0UR file, with SIG=1 for all reflections. 
This will of course cause DELTA/SIG=DELTA. 

(2) Reruri NAN0VA, thus analyzing DELTA 

(3) If there is a significant trend in only one of the 
variables, the mean values of.ABS(DELTA/SIG) may 
be used directly as the new sigmas for .the observa
tions in that class. It often occurs that the only 
significant variation is with intensity, not with 
scattering angle, so that this approach is valid. 

(4) If there are significant trends with both variables, 
a composite weighting scheme may be made up from the 
table of least squares parameter values using the 
following formula 

cr = MEAN(ABS(DELTA/SIG)) = A + EFFECT(I) + EFFECT(J) 

I = SINT/L LEVEL 
J =·FOBS LEVEL 
A is a quantity output by NAN0VA and is related 

to the overall mean ABS(DELTA/SIG) 

The new weighting scheme should also be tested for reasonableness. Also, 
any trends or odd-ball points should be examined carefully to reveal the 
effects of systematic error. 

Note: The FOBs's used by NAN~VA am from the F~UR tape. Their scale factor· is 
determ1ned by IWS~ in FLINUS. If a scale has ·been applied to FOBS on 
the -F~UR tape, it is important to remember· that. the scaled data 
(Fobs and cr)- are analyzed by NAN~V~. Use care if you return a NAN~VA 
weighting scheme to FLINUS. 



NAME: ¢HULT AUTHOR(s): G. Germain 

CORE: llOK DATE: March, 1974 

PROGRAM ¢UULT(INPUT, ¢UTPUT, ES ~ F¢UR, INRES, TAPES=INPUT, TAPE6=¢UTPUT, TAPE90=ES, 
TAPE42=F¢UR,TAPE74=INRES,TAPE58,SH¢RT1=200,TAPE18=sH¢RTl,SH¢RT2=200,TAPE19=SH¢RT2) 

I. PURPOSE: This is the old MULTAN program which has been superceded by. the new 
package of eight programs. It will remain available· for the time being, since 
it offers the abbreviated files SH0RT1 and SH¢RT2 designed to facilitate use 
from keyboard terminals. Those wishing to use ¢MULT ·s}:lould consult the original 
MULTAN writeup (May 1971) from York and Louvain. 

II. TAPES: 

A. F¢UR-Binary Purpose-output Format~one file for each solution-JH,JK, 
JL,DUM}IT,COS ,SIN ,DUMMY ,DUMMY. 

B. INRES-Binary Purpose-intermediate 

C~ ES-BCD 
convergence output, E2. output, + input 
Purpose-intermediate El. information input 

III. LIMITATIONS: 

A. tot~l # of reflections 
B. Atom types 
C. No. of I2 relationships 

IV. REPLACEABLE SUBROUTINES: 

F¢UR 

V. DECK SET UP 

A. JOB CARD 
1 • TIME LIMIT 
2. FIELD LENGTH llOK 
3. PRINT LIMIT 
4. NUMBER OF TAPES - 0-3 
5. ECS - 0 

B. CONTROL CARDS 
ATTACH(MULTAN,0MULT,ID=CPR¢GS) 
REQUEST (F¢UR,,,) 
REQUEST(INRES,,,) 
REQUEST(ES,,,). 
MULTAN. 

DIMENSION 

500 
10 
2000 

··ARGUMENT. 

FO~to change output for F¢UR (see listing) 



C. DATA CARDS : 

CARD ·--
see writeup 

D. REMOTE FILES: 

A •. SH0RT1 
B. SH0RT2 

.. FORMAT 

PAGE TWO 

NAME: (i1HULT 
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PR¢GRAM ¢RTEP2(INPUT,¢UTPUT,TAPE3,TAPE5=INPUT~TAPE6=¢UTPUT,TAPEll,TAPE15=TAPEll,PUNCH). 

SUPPLEMENTARY INSTRUCTIONS FOR THE OAK RIDGE 

THERMAL ELLIPSOID PLOT PROGRAM ORTEP-II 

C. K. Johnson 

15 March 1971 

ORTEP-11 differs from the previously distributed version 

of ORTEP by a new feature which solves the overlap (hidden-line) · 

problem to eliminate most of the manual touch-up tasks. All of 

the previous instructions for ORTEP, descr·ibed in the instruction 

manual ORNL-3794 (1965; second revision, 1970) remain in effect 

for ORTEP·- I l. 

The overlap feature requires an additional block of approxi-

mately 15 K words of computer memory and will cause ORTEP to 

. (.",. exceed the memory available in a 3l K computer. For such a 

computer,· the ove.rlap feature may be deleted by removing sub

routines LAP500, LAP700, LAPBOO, LAPDRW, LAPAB and LAPCON and by 

substituting dummy subroutines for the first four of these six 

subroutines. 

Drawings made with the overlap correction (instruction 511) 

activated require up to three times the computing time of 

non-corrected drawings; consequently, the overlap instruction 

should no't be used. for preliminary drawings which involve large 

numbers 6f atoms. 

Three.basic steps are involved in the overlap calculation: 

(A) the projected-outline storage step, (B) ·the area-overlap 

search step, and (C) the hidden-line-segment search step. 
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Efficient utilization of the overlap correction feature requires 

that these steps be examined in some detail. 

A. The Projected-outline Storage Step 

The projected-outline storage step is controlled by instruc-

tion 511 and is executed principally by subroutine LAPSOO. This 

step must be performed after the orientation and scaling steps 

(controlled by instruction 501-504 and 601-614) and before the 

atom and bond plotting steps (controlled by the 700 and 800 

series instructions). The storage step must be re-executed after 

any changes in orientation or scale, including the stereoscopic 

rotation (controlled by instruction 503), before plotting the 

next drawing. The following calculations are performed in the 

storage step. 

·(1) The ATOMS list is sorted so that atoms farthest from the 

viewpoint occur first in the list. 

(2) The outline ellipse of each atom in the ATOMS list is 

projected onto the cirawing_plane and stored in analytical form 

in array CONIC along with ~he minima and maxima in x and y of a 

rectangle enclosing. the ellipse. Up to 500 projected atoms can 

be stored •. 

(3) Each bond which is to be included in the overlap calcu

lation is approximated by a quadrangle projected onto the drawing 

plane and stored in array QUAD. The bonds ·to be stored are 

defined by type 2 trailer cards included with the 511 overlap 

instruction. In general, the entire set of all bonds described 

by the combined type 2 trailer cards from all the 802/812 



I 
I. 

, 
,· 

¢RTEP2 
Page 3 of 8 

instructions should be stored; however, any or none of this set 

may be used instead, particularly if the omitted bonds are made 

completely black so tha~ they automatically cover other elements 

by blacking them out. The maximum number of projected bonds 

which can be stored is 599. 

A constant width overlap margin (i.e., blank area at inter~ 

sections of overla~ping elements) is included in each projected 

atom ellipse and each projected bond quadrangle. The width of 

this margin may be specified with the 511 instruction if desired; 

otherwise,·the margin is set by default to either 0.025 inch or 

~SCALI x 0.030 inch, whichever is largest. Some users prefer an 

overlap margin of 0.0 for stereoscopic drawings. 

All information stored by the 511 instructions is deleted 

whenever a 501-510 or 600 series instruction is executed. The 

511 instruction card has the following format •. 

Columns 

3 2 - if bonds are to be stored; 
otherwise, blank or zero. 

7-9 511 

10-18 

·blank or zero 

1 (or -·1) 

overlap· margin default.option 
described above. 

overlap margin o.o 

o· < OVMRGN: < 1. o - overlap margin (in inches). 

The 511 instruction card is followed by type 2 

trailer cards unless col. 3 is blank. (In general, 

all of the type 2 trailer cards included with the 

802/812 instruction cards are used.) 
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The remaining steps, B and C, of the overlap routine are 

carried out automatically. 

B. The Area-Overlap Search Step 

This step is .executed automatically just before each atom 

or stick bond is drawn by the 700/800 series of instructions. A 

search is made of the stored project~d atom ellipse and bond 

quadrangle arrays to compile a list of up to twenty interfering 

atoms plus thirty interfering bonds which overlap the atom or 

bond to be drawn. The atom-over-atom search is done by subroutine 

LAP700, the bond-over-bond search by subroutine LAPBOO, and the 

atom-over-bond and bond-over-atom searches by subroutine LAPAB. 

C. The Hidden~Lin~-Segment Search Step 

All the graphical constructions used by ORTEP are composed 

of straight-line segments. An ellipse, for example, is.approxi~ 

mated by 16 to 128 straight-line segments depending upon the size 

of the ellipse. Before each line segment in the graphical 

representation of an atolll or bond is drawn, a search of· the stored 

interfering elements found in the area-overlap search step is made 

by subroutine LAPDRW and a list is compiled of all intersections 

of the line. segment with the interfering ellipses and quadrangles. 

The intersection list is sorted according to distance along the 

line segment and the overlap pattern is analyzed to determine 

which parts of the line segment are visible. Finally, the visible 

portions are drawn. 

An important feature of the ORTE.P-11 scheme for correcting 

overlap is that all details inside atoms and bonds, including 
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chemical symbols and bond-distance labels, will be corrected for 

overlap; however, note that chemical symbols (drawn by the 700 

instructions) and bond-distance labels (drawn by the 802/812 

instructions) which are outside the atom or bond may not be 

corrected for overlap, since the area-overlap search step does 

not save interfering elements which ar~ completely outside the 

atom or bond. Labels and symbols drawn with the 900 series 

instructions will not be corrected for overlap. 

The mathematics of the overlap calculation is not so trivial 

as it may seem at first glance; however, the problems involved 

are all classical and the answers are available in concise form 

in the rich, but currently rather neglected, field of projective 

geometry. The textby C. E. Springer entitled Geometry and 

.!!!,alysis of Projective Spaces, Freeman and Co., (1964), and the 

text by J. A. Todd entitled Projective and Analytical ~ometry, 

Pitman Publ. Corp., 1946, are useful references. 
-

A listing of the data and instruction cards for a stereo,.. 

scopic drawin~ of Cubane with overlap correction is .given below 

as an example problem for ORTEP-II. The unretouched right-_eye 

member of the Cubane stereo ·p~ir is shown. 



/ 

CUBANE E.B.FLEISCHER 1 964 J. A. C. S. 86,3889 
5.34 5.34 5.34 72.26 72.26 72.26 

C1 

0 0 0 
0 0 0 1 
0 0 1 0 

. 0 -1 0 0 
0 0 0 -1 
0 0 -1 0 

0 0 1 0 
0 1 0 0 
0 0 0 1 
0 0 -1 0 
0 -1 0 0 
0 0 0 -1 

-.18711 .19519 .10706 
.04100 .04250 

C2 
.04680 .04680 

H1 

.04500 -.00420 -.01420 -.00510 
.11546 .11546 .11546 

.04680 -.01430 -.01430 -.01430 
-.32460 .34680 .18480 

H2 

ORGN 
1 

• 10 

•. 1 0 

3 1 0 1 . 1 55 50 1 2 

.21000 .21000 .21000 

0 0 o· 

4 3. 61 
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EXAM0010 
EXAM0020 

0 0 0 1EXAM0030 
0 0 OEXAM0040 . 
0 1 0 OEXAMOOSO 
0 0 0 -1EXAM0060 
0 0 -1 OEXAM0070 
0 -1 0 OEXAM0080 
0 

0 

0 

0 

0 

7 
0 

7 
0 

0 

*****FINO ALL NEIGHBOR ATOMS AROUND C1 AND C2 OUT TO 3.61 A***** 

EXAM0090 
EXAM0100 
EXAM0110 
EXAM0120 
EXAM0130 
EXAM0140 
EXAM0150 
EXAM0160 
EXAM0170 
EXAM0180 
EXAM0190 
EXAM0200 
EXAM0210 
EXAM0220 
EXAM0230 
EXAM0240 
EXAM0250 
EXAM0260 
EXAM0270 
EXAM0280 
EXAM0290 
EXAM0300 · 

3 102 155501 2 1 4 1.8 
*****FINO COVALENT BONOS AND BONO ANGLES AROUND CARBONS***** 

3 201 
***** 

3 
***** 

.3 

INITIALIZE MECHANICAL PLOTTER PACKAGE. 203 FOR CRT PACKAGE 
301 11. 11. 30. 1.5 
11X11 BOUNDARY, 8X8 INSIDE 1.5 MARGIN, VIEW FROM jO INCHES 
303 

***** ELIMINATE ALL RETRACING ***** 
3 402 555501 5 1 4 3.2 

.*****ENCLOSER SPHERE OF RADIUS 3.2 A ABOUT DUMMY ATOM 5,555,01 
3 501 555501 255501 155501 255501 155502 

***** 

***** 

***** 
OEXAM0310 

*****ORIGIN ON DUMMY ATOM 555501, VECTORS.ALONG 2 EDGES OF CUBANE *****EXAM0320 
3 . 50 2 2 , 2 5 • 1 2 8 • E XAMO 3 3 0 

*****ROTATE 25 DEGREES ABOUT Y, THEN 28 DEGREES ABOUT NEW X***** EXAM0340 
3 604 0 0 0 1 • 54 EXAM0350 

***** AUTOMATIC SCALE AND POSITION, 50 PERCENT PROBABILITY ELLIPSOIDS **EXAM0360 
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J 503 2 2.7 
*****STEREO ROTATION OF 2.7 DEGREES ABOUT Y FOR LEFT EYE***** 

J 1101 
*****START-SAVE SEQUENCE***** 

2 511 0 
3 . 1 4 1 4 4 0. 9 1 . 6 • 04 
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EXAM0370 
· EXAM0380 

EXAM0390 
EXAM0400 
EXAM0410 
EXAM0420 

***** STORE PROJECTED ATOMS AND BONDS FOR OVERLAP, MARGIN SET BY DEFAULTEXAM0430 
1 715 4 . 0 1 0 .20 .60 • 70EXAM0440 
·3 1 2 EXAM0450 

***** DRAW CARBON ATOM ELL IPSO I OS, ATOM NUMBER RUN 1-2· ***** 
1 712 .20 .35 
3 3 4 

***** 
2 

·3 

DRAW HYDROGEN ATOM SPHERES, ATOM NUMBER RUN 3~4 ***** 
812 

4 1 4 4 . 0 • 9 1 • 6 . 04 

EXAM0460 
·.40EXAM0470 

EXAM0480 
EXAM0490 
EXAM0500 
EXAM0510 

***** 
3 

***** 
3 

***** 

TYPE 4 BONDS .04 A MEAN RADIUS, ATOMS 1-4 TO ATOMS 1-4, 0.9-1.6 A EXAM0520 
906 155504 155503 0 0 .15 0 -.4EXAM0530 
LABEL BOND 155504-155503 WITH REGULAR BOND DISTANCE. LABEL***** EXAM0540 
916 255504 155505 0 0 .15 0 -.4EXAM0550 
LABEL BOND_255504-155505 WITH .PERSPECTIVE BOND DISTANCE LABEL ***4EXAM0560 

3 902 555501 . 0 0 1 .0 .25 0 OEXAM0570 
CUBANE EXAM0580 

3 1102 
***** END OF SAVE SEQUENCE ***** 

3 202 9. 
***** ADVANCE PLOTTER 9 INCHES ALONG. X ***** 

3 503 2 -2.7 
*****STEREO ROTATION OF -2.7 DEGREES ABOUT Y FOR RIGHT EYE VIEW***** 

3 1103 
*****EXECUTE SAVED SEQUE~CE FOR RIGHT EYE DRAWING***** 

3 202 20. 
***** ADVANCE PLOTTER 20 INCHES ***** 

3 202 
*****ADD DUMMY PLOT TO MAGNETIC TAPE***** 

-1 

EXAM0590 
EXAM0600 
EXAM0610 
EXAM0620 
EXAM0630 
EXAM0640 
EXAM0650 
EXAM0660 
EXAM0670 
EXAM0680 
EXAM0690 
EXAM0700 
EXAM0710 
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Name: ORTRAN . 
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Brookhaven Crystallographic Computer Program 

NAl'1E ¢RTRAN FIELD 130 K
8 

TIME <60 sec 

PR¢GRAM ¢RTRAl~(INPUT,¢UTPUT,PUNCH,TAPE52,TAPE5=INPUT, 
TAPE6=¢UTPUT,TAPE7=PUNCH) 

¢RTRAN was written by W. R. Busing and W. E. Thiessen of Oak 
Ridge National Laboratory and installed at Brookhaven by G. J. B. Williams. 

This program will St:!a-rch the reciprocal space of the normalized 
structure factors (E's) for the fourier transform of a known molecular 
fragment. The user may either search for the transform of a standard 
fragment, eg. a benzene ring, or define his own fragment and search 
for it. More than one orientation of the molecular fragment may be 
searched for and saved thus defining the orientation of repeated 
structural units. 

If there are any comments or questions regarding the BNL 
version of this program these should be communicated to G. J. B. Williams. 
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****************************************************************** 

DATA INPUT FOR ORTRAN APRILr 1974 

1) TITLE CARD 

COLS 
1-72 TilLEr ANY 72 CHARACTERS 

2) CONTROL CARD 
C OLS 
1- 3 

"4- 6 

l- 9 

10-1 2 

13-1 5 

16-18 

19-21 

22-24 

2S -27 

ISIM, INDICATOR FOR STANOARD MOLECULAR FRAGMENT USED 
TO CALCULATE TRANSFORM. 
0 - NON-STANDARD FRAGMENT, COORDINATES WILL BE READ •. 
NON-ZERO - STANDARD FRAGMENT CHOSEN AS FOLLOWS~ 

LAUE BONO 
ISTM FRAGMENT GROUP LENGTH 
1 BENZENE SKELETON 6/MMM 1.395•AD 
2 CHAIR CY.CLOHEXANI: SKELETON -3f'.1 1.540*AD 
.5 ATOM PAIR· LINEAR 1.00U*AD 
4 CYCLOPROPANE SKELETON 6/MMM 1.514•AD 

NAT, NUMBER OF ATOMS USED TO GENERATE THE TRANSFORM. IF 
THE FRAGMENT IS CENTROSYMf-1ETRIC THEN NAT IS HALF OF 
THE TOTAL NUMBER OF ATOMS. NAT IS SET BY THE PROGRAM 
IF ISTM IS NON-ZERO. 

INONCr INDICATOR FOR SYMMETRY OF FRAGMENT. SET BY THE 
PROGRAM IF ISTH IS NON-ZERO. 
0 - CENTROSYMMETRIC 
1 - NON-CENTROSYMMEIRIC 

IFC, INDICATOR FOR FRACTIONAL COORDINATES. SET BY THE 
PROGRAM IF ISTM IS NON-ZERO. 
0 - ATOM COORDINATES IN CARTESIAN FORM 
1 - ATOM COORDINATES REFERRED TO CRYSTAL AXES 

RECOMMENDED INPUT IS 0 EXCEPT FOR SPECIAL ~URPOSES 
SUCH AS COMPUTING THE VALUES OF THE TRANSFORM 
FOR A FRAGMENT FOUND IN AN E-~1AP. 

NSr.NUMBE~ OF SYMMETRY CARDS (INCLUDING THE IDENTITY) 
NEEDED TO GENERATE A HEMISPHERE OF DATA. USUALLY 
FOR NON-CENTROSYMMETRIC CRYSTALS NS IS THE NUMBER 
OF EQUIVALENT POSITIONS. FOR CENTROSYMMETRIC 
CRYSTALS IT IS ONE HALF THIS NUMBER. FOR CENTERED. 
CELLS., TRANSLATIONALLY EQUIVALENT POSITIONS 
NEED BE INCLUDED ONLY ONCE. 

IBPS, INDICATOR TO BYPASS COARSE ROTATIONAL SEARCH 
0 - PERFORM SEARCH 
1 -BYPASS SEARCH AND REAO NSV TRIAL ORIENTATIONS 

FOUND IN PREVIOUS SEARCH 
NSV, NUMBER OF BEST ORIENTATIONS TO BE SAVED DURING 

COARSE SEARCH (GR TO 8E READ IF IBPS· = 1) 
NRFr NUMBER OF BEST ORIENTATioNS TO BE USED AS STARTING 

POINTS FOR FINE SCANS AND/OR REFINEMENTS 
1'-1 F S , F! ~! E S CAN IN D I C A TOR 

0 - OMIT FINE SCAN 
NON-ZERO - MAKE FINE SCANS AROUND NRF BEST 



28-30 

31-33 

.34-36 

37-39 

43-45 

46-48 
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ORIENTATIONS·DIVIDING INTERVAL BY MES. VALUES OF -
3 TO 5 MAY BE SUITABLE 

NC, NUMBER OF CYCLES OF REFINEMENT To BE MADE FOR EACH 
OF NRE STARTING POINTS. NC = 5 MAY BE SUITABLE 

NPLOTr THE NUMBER OF BEST ORIENTATIONS FOR WHICH 
PRINTER PLOTS ARE TO BE MADE 

KPLOTr INDICATOR FOR KINO OF PRINTER PLOT 
1 - GRID OMITTED. REELECTIONS REPRESENTED AS FOLLOWS 

* E.GT.ELIM 
0 E.LE.ELIM.AND.E,GT.ELIMF 
+ E.LE.ELIMF 

2 - GRID INCLUDED. NUMBER OF SUPERIMPOSED 
REFLECTIONS PRINTEn AT EACH POINT ON PLOT. 

3 - MAKE BOTH OF THE ABOVE KINDS OF PLOTS. 
IVAX, CARTESIAN AXIS OF FRAGMENT DOWN WHICH 

PLOT IS VIEWED- . 
1 FOR X-AXIS, 2 FOR Y-AXIS, 3 FOR Z-AXIS. 

USUAL VALUE IS 3 
NLIST, THE NUMB~R OF BEST ORIENTATIONS FOR WHICH LISTS 

OF OATA ARE TO BE MADE. THESE INCLUDE PLOTTER 
COORDINATES AND NS VALUES OF THE TRANSFORM 

ILEQ, INDICATOR FOR LISTING EQUIVALENT REFLECTIONS 
0 - ONLY UNIQUE REFLECTIONS TO BE LISTED. 
1 - ENTIRE HEMISPHERE OF REFLECTIONS TO BE LISTED. 

RECOMMENDED VALUE IS 1 
NPNCHr THE NUMBER OF BEST. ORIENTATIONS FOR WHICH DATA 

CARDS ARE TO 8E PUNCHED. THESE INCLUDE NS VALUES OF 
THE· TRANSFORM 

---~49~-..... 5~1 __..I......,e_~;,_g, ...... JJJO I C ATOR FOR PUNCHING EQU I VALE NT REFLECTIONS 
0 - ONLY UNIQUE REFLECTIONS TO BE PUNCHED. 

52-54 

55-57 

58-59 
60 
61 
62 
63 

1 - ENTIRE HEMISPHERE OF REFLECTIONS TO BE pUNCHED. 
RECOMMENDED VALUE IS 0 . 

NOUT, DATA SET REFERENCE NUMBER FOR REFLECTION OUTPUT 
0 - ~~NCHED CARDS 
NON-ZERO - A UX ILIA RY S TO RAGE 0 N DISK 0 R TAPE 

IBPD, ByPASS INDICATOR FOR sYMMETRY CARDS AND DATA 
0 - R~AD SYMMETRY, OATAr AND TERMINATION CARDS 
1 - Ot-1IT THESE CAR!)S (7), (8), AND (9) AND USE OA'TA 

READ ON PREVIOUS JOg 
NOT USEO 
KI(1) FOR P(1) 
i<l(2) FOR P(2) 
KI(3) FOR.P(3) 
KI(4l FOR AD 

USUALLY ALL 
tF FRAGMENT 
(USU.ALLY IT 

VARIABLE SELECTION INTEGERS FOR 
REFINEMENT. 
0 - ~ARAMETER FIXED 
1 ~.PARAMETER TO BE VARIED 

FOUR PARAMETERS CAN BE VARIED, BUT 
IS LINEAR ONE ANGLE P MUST BE FIXED. 
DOES NOT !-'lATTER WHICH ONE IS FIXEO.) 

3) REAL CONSTANTS 
COLS 
1- 9 AD, OVERALL SCALE FACTOR TO BE APPLIED TO COORDINATES 

OF ATOIJiS IN FRAGMENT. SET AD= 1.0 FOR ISTt-1 = 1, z, 
QR 4, FOR ISTM = 3 SET AD EQUAL TO THE ATOM PAIR 
SEPARATION, 

10-18 CHILIMr A SMALL ANGLE (DEGREES) USED TO TEST WHETHER 
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AN ORIENTATION IS SIGNIFICANTLY DIFFERENT FROM 
ONE FOUND PREVIOUSLY. A VALUE OF 1.0 MAY BE SUITABLE. 

1 9 - 2 7 E I I M , T H E M I N Ir:lll N A B S 0 L U T E VA L tJ E 0 F E F 0 R R E F L E C T I 0 ~s__ 
TO 8E INCLUDED IN THE COARSE ROTATIONAL SEARCH. USED 
Tn 3D!=I=Il liP S!=ARrl-4 DOES NOT AFFECT REEINEi1ENT TRY 
A VALUE WHICH INCLUDES AT LEAST ONE HUN6REO STRONG 
REELECTIONS IN THE HEMISPHERE. 

28-36 ELIMF, SAt-IE AS ELIM BUT USEO FOR FINE SEARCH. MAKE 
ELIMF SMALLER THAN ELIM SO THAT MORE REFLECTIONS ARE 
INCLUDED IN THE FINE SCAN. . 

37-45 OAMPIH, OAMPING FACTOR APPLIED ON FIRST CYCLE OF 
REFINEMENT, INCREASED LINEARLY TO 1.0 ON CYCLE NC-1. 
A VALUE OF 0.5 IS A GOOD CHOICE. SET DAMPIN TO 1 0 
FOR NO DAMPING 

4) LATTICE PARAMETERS 
-··-·-· __ c.oL s.-~~ .. -------------~-=~~~~-------'----

1- 9 A (1) = A (ANGSTR0t1 UNITS) 
10-18 A(2) = B 
19-27 A(3) = C 
28-36 A(4) = COS(ALPHA) 
3 7 -4 5 A C 5 ) = C 0 S ( BE T A ) 
46-54 A(6) COSCGAMMA) 

. 5) COORDINATES OF ATOMS USED TO GENERATE TRANSFORM. NAT CARDS. 
FOR CENTROSvt1METRIC !"'OIETIES INCLUDE ONLY ONE AT0f4 OF 
CENTROSYMMETRIC PAIR. FOR SYMMETRIC MOIETIES SUCH AS 
BENZENE TH.E HIGH ORDER AXIS s·HOULD BE TAKEN ALONG Z. 

·. 0 M I T I F I S T 1'1 IS N ON - Z E R 0. 
·coLS 
1- 9 NOT USED 

10-18 f(J), THE SCATTERING FACTOR FOR ATOM J. IF F(J):Q IT 
WILL BE RESET TO 1.0 

19-27 NOT.USEO 
ZB-36 XT(1,J) COORDINATES X, y, Z OF ATOK IN FRAGMENT. 
37~45 XT(2,J) CARTESIAN ANGSTROM UNITS IF IFC=O, 
.46-54 XT(3,J) FRACTIONAL CRYSTAL UNITS IF IFC=1. 

THESE WILL 8E MULTIPLIEU BY AD 

6) DESCRIPTION OF COARSE LATTMAN SCAN. THIS CARD MUST ALWAYS BE 
INCLUDEn. IF IBPS=1 INDICATING THAT NO COARSE SCAN IS TO 
BE MADE THE INPUT WILL BE NEEDED TO SET UP AKY DESIRED 
FINE SCANS 

COL S 
1- 3 ILS, LATTMAN SCAN LIMIT INDICATOR 

ILS 
1 

4 
5 

0 - LIMITS ARE TO BE READ FROM THIS CARD 
NON-ZERO - STANDARD LIMITS 

IN ARRAYS WOT AND LOT AS 
LAUE GROUP UNIQUE 
OF MOIETY AXIS 

-1 
2/M Z 
~1 MM 
-3 
-3t"1 

z 
z 

ARE TO BE TAKEN FROM DATA 
FOLLOWS -

LAUE GROUP UNIQUE 
OF CRYSTAL AXIS _, 

-1 
-1 _, 
-1 



4 
5 
6 
7 
8 
9 

10-18 

19-27 
28-36 
37-45 
46-54 

55-63 

6'•-72 

6 
7 
8 

11 . 
1 2 
13 
14 
1 5 
1 6 
1 7 
18 

. 21 
22 
23 
24. 
25. 
26 
27 
28 
31 
32 
33 
34 
35 
36 
37 
38 

61M z 
61MMM z 
LINEAR z 
-1 
21M z 
M M1'1 
-3 z 
-3N z 
61M z 
6 I ~1MM z 
LINEAR z 
-1 
21M z 
MMM 
-3 z 
-3M z 

. __ 6_/M z 
6 IM ~1M z 
LINEAR z 
-1 
21M z 
MMM 
-3 z 
-3M z 
61M z 
61MMM z 
LINEAR z 
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-1 
-1 
-1 
(£1M 
21M 
21M 
2 1r.., 
21M 
21M 
21M 
21M 
MMM 
MMM 
MMM 
1·1MM 
~1MM 

MMM 
MMM 
M~IM 

21M 
21M 
2 I~~ 
21M 
2/M 
21M 
21M 
21M 

B 
8 
B 
B 
B 
B 
B 
B 

c 
c 
c 
c 
c 
c 
c 
c 

IT IS ALWAYS PERMISS!BL~ TO USE LIMITS APPROPRIATE 
TO SUB-GROUPS OF THE ACTUAL SYMMETRIES OF THE 
FRAGMENT OR CRYSTAL. THIS WILL INCREASE THE TIME 
REQUIRED FOR THE COARSE SCAN, ANO SEVERAL 
EQUIVALENT ORIENTATIONS WILL BE FOUND, BUT IT 
SHOULD CAUSE NO OTHER DIFFICULTY. 

IF ILS IS NON-ZERO THEN THE REMAINDER OF THIS CARD, 
EXCEPT FOR ~20, MAY BE LEFT BLANK, 

L2I, 0 IE L Ir1IT W2I IS NOT INCLUDED IN SCAN, 1 IF IT IS 
L2F, 0 IF LIM IT t,J 2 F IS tJO T INCLUDED IN SCAN, 1 IF IT IS 
L PI., 0 IF. LIMIT WPI IS NOT INCLUDED IN SCAN, 1 IF IT IS 
LPF, 0 IF LIMIT wPF IS NOT INCLUDEO IN SCAN, l IF LT IS 
L ~1 I , 0 IF LIM IT WMI IS NOT lNCLUOEO IN. SCAN, 1 IF IT IS 
LMF, 0 IF LIMIT WMF IS NOT INCLUDED IN SCAN, 1 IF IT IS 
W2Dr IN CR EM ENT (DEGREES) FoR .LATTMAN THETA TWO, DO NoT 

0 '"IT, A VALUE OF 1 0! 0 rs USUALLY SUITABLE, 
W 2 I , INITIAL VALUE (DEGREES) FOR LATTMAN THETA TWO 

. \aF, FINAL VALUE <DEGREES) FOR LATTMAN THETA T1:'l 0 
'..J PI , IiHTIAL VALUE (DEGREES) FOR LA TTMA N THETA PLUS 
WPF, FINAL VALUE <DEGREES) FOR LA TTMAN THETA PLUS. 

Wp F MUST 8 E GREATER THAN (NOT EQUAL TO) Wp I 
w M I , INITIAL VALUE <DEGREES) FOR LATTMAN THETA ~liNUS, 

WM F MUST BE GREATER THAN ( 1110 T EQUAL TO ) WM I 
WMF, F I ~lA L VALUE (DEGREES> FOR LA TTMAN THETA MINUS 
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7) SYMMETRY INFORMATION USED TO EXPAND DATA SET TO FULL 
HEMISPHERE. NS CARDS EACH OF WHICH DESCRIBES ONE SYMMETRY 
OPERATION ARE READ. INCLUDE THE BASIC POSITION Xr y, Z. 
INCLUDE ONLY ONE OF A. CENTROSYMMi:TRICALLY RELATED PAIR. 
FOR CENTERED CELLS, TRANSLATIONALLY EQUIVALENT POSITIONS 
NEED 8E INCLUDED ONLY ONCE. 
OMIT THESE CARDS IF IBPD=1. 

TRANSFORMED COORDINATES WOULD BE IN THE FORM 
X(NEW>=T(X)+M(XX)*X+M(XY)*Y+MCXZ)*Z 
Y(NEW)=T(Y)+M(YX)*X+M(YY)*Y+M(YZ)*Z 
Z(NEW)=T(Z)+M(ZX)*X+M(ZY)*Y+M(ZZ)*Z 

TRANSFORMED INDICES ARE 
H(NEW)=MCXX)*~+M(YX)*K+M(ZX)*L 
K(NEW>=M(XY)*H+M(YY)*K+MCZY)*L 
L(N~W)=MCXZ)*H+M(YZ)*K+M<ZZ)*L 

COLS 
1 -1 s 

16-18 
19-21 
22-24 
25-39 
40-4·2 
43-45 
46-48 
49-63 
64-66 
67-69 
70-72 

T(X) 
t·1 (X X) 
M(XY) 
t•i <X Z) 
T (Y) 
M (Y X) 
14 ( y y) 
t-i (Y Z) 
T(Z) 
rH Z X) 
M (Z Y) 
M (ZZ) 

8) REFLECTI.ON DATA CARDS. OMIT IF IBPO = 1. OTHERWISE INCLUDE 
THOSE WlTH E GREATER TKAN SOME LIMIT SUCH AS 1.5, FOR 
EXAMPLE. THf FORMAT CAN BE CHANGED BY MODIFYING 
SUBROUTINE OBSIN. THE STANDARD FORMAT IS AS FOLLOWS~ 

COLS 
1 

2- 4 
5- ~ 

9-12 
13-21 

ISENT~ BLANK OR ZERO 
11(1), THE INDEX H 
H(2), THE INDEX K 
H(3), THE INDEX L 
Er THE NORMALIZED STRUCTURE FACTOR (SIGNED OR UNSIGNED> 

9) REFLECTION DATA TERMINATION CARD. OMIT IF IBPD=1 
COL S 

1 ISENT=1 

10) ANGLES FOR TRIAL ORIENTATIONS FOUNo· IN PREVIOUS SEARCH. 
INCLUDE NSV CARDS ONLY IF IBPS=1. THESe WILL BE USED AS 
STARTING POINTS FOR FINE SCANS AND/OR REFINEMENTS 

COLS 
1- 9 ~~1, THE EULER ANGLE THETA ONE (DEGREES) 

10-18 wz., THE EULER ANGLE THETA TWO <DEGREES) 
19-27 W3, THE EULER ANGLE .THETA THREE (DEGREES) 
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11) REPEAT INPUTS (1) TO (10) AS MANY TIMES AS DESIRED 

****************************************************************** 

END 
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I. Purpose: To calculate the intensities of powder patterns obtained 
in X-ray or neutron diffraction experiments. 

II. Tapes: None 

III. Limitations: 8 atom types 

IV. Replaceable Subroutines: None 

V. Deck Setup . 

A. Job Card 

1. Time·.limit - leSS than 77 
2. Field length - 135 K 
3. Line limit 
4. Number of tapes-· 0 
5. ECS - 0 

B. Control Cards 

ATTACH(P¢'HPAT ,P¢"t>JPAT ,ID=CPR¢GS) 
P¢WPAT. 

j 
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Abstract 

This report describes a revised edition of a comp~ter progr~ 

written in Fortran IV language to calculate the intensities of p_owc!el" 

_patt,erns obtained in.X-:r:ay or neutron diffraction exp~riments. The 

program ·has· run succe~-sful1y on the IBM. 360 computer at the University · 

of Pennsylvania Computer Center. The report contains a . cmpy of th-a print

out. of the program and instructions for the use of this program, 

illu·s_trated .with· a·ctual examples. 

,, 

The original program was written in 1966 in ·connection with 

cry~tai structure studi~s supported by U. S. Publlc Health Service.· 

Research.Grant DE-02135 from the National "Institute of Dental 

Re·se;:trcll.and the Advanced Research Projects Agency of the 

Dep~rtment .of D~f~~se ·c~n_tr~ct sn:.69 •. The financial support 

of the sponsoring· age~cy is gratef~Uy ackitowledged. 
/. 

NOTE: A limited. number of card decks ma-y: be obtained by 

writing to the authors. Anyone using this progra·m 

does so at his own risk. We appreciate any comments 

to improve or, if necessary, correct this program. 
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A: The _Physical. Background. 

a) The position of the diffraction line
1
s on a powder patte:;:-n 

. can be obtai ned f~oni the Bragg Law: sin a 9hkt =-),a /4da hkt · 

Inserting the proper equations for ~kt one .o·btains the following 

e·quations for the different crystal systems (input v.ariable ISYSTM}: 

Cubic system: 

· ·. (ISYSTM = 5) . 

Tetragonal system: 

. . {ISYSTM = 4) . 

Hexagonal arid trigonal 
(hexagonal.lattice) system: 

(ISYSTM = 6 or 3) 
see page 11 

. . 
OrthorhombiC system: 

(ISYSTM = 2). 

., . 

· .a . a · · ·a a· . 
• a . .:.. "- h. a _l_k-,a. A , a A cos 8 h,. Monoclinic system: 

(old setting, a -F 90°) 
s 1n 9 · - a a + 2 + a 2 ., - · a A" hkt 4a sin a 4b 4c sin 8 2ac sin a 

(ISYSTM = 1) 

· T · 
1

. · ·. a .· .. __ ·l a [ 'L..a~c sino.).~·. k. 2 (_ca sin 8'\2 ,2 ('ab si~ y\ 2 
l'lC lnlC system: Sin 9hkt 4 u "-:- y ) + · \. y :J +.,_, \. V j + 

(ISYSTM = 7) ab · · . ba : 
2k a . c t: ) ao'"'c I' ~-

+ t-ya(=osa. cosy-coso. +?th--:y:a-t,cosy. coso.-cosS)'· 

. abc2 c· . . :'\ 
+2hk~ cos a.. cos a- cos v;J 

where 1 . 0: +~ +y . - a. +8 +y . a.- s +v . . a.;...'""'+s-.-_v._ . V = 2abc "/ s m 
2 

• Sin 
2 

• Sin 
2 

. • Sin 
2 
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The program provides the hkt, sin2 9, 9 and d values of all 
. . 

possible. reflections in_ the order of increasing 9 ·or sin2 9 values. 

All those hk.t which are. not allowed due to the symmet~y of the_ space 

group· (control variables IBRAVL; IHKO, IOKL, IHOL, IHHL,.IHOO, IOKO 

a:nd I<JO:L) will not- be calculated. Maximu:r:n numhe r of sin2 9 is. 3000 . 

. b) . The in·tehsity of the diffraction. line of a powder pattern is 

. -give-n by 

. . 

[

nit·cell -B .. sin2 e· 

I J ).2_ L = m. LP •. -.A. f .• 0 .• e 
nkt ·. J J-

. j 

where· 

m multiplicity factor 

LP Lorentz-Polarization factor 

· A _. absorption factor 

·.···· 

2TTi { hx. + 
• e .~: . · .. J. 

ky. · + tzJ~ 
J. J 

lsotropic temperature coefficient. of atom j B. 
J 

f. 
J . 

atomic scattering factor of atom j 

. 
0. 
·J 

occupation factor of sit_e xyz_ with atom j 

The program_ in the calculations of intensities does not use az;y 

sy!rimetry relationship between the point positions except for the spe-cial 

cases that the structure contains a symmetry center at the origin_and/or 
. . 

is· based on a non-priinitive Bravais lattice, 

bl} The multiplicity factors are included in the program with values as · 

given in Table 3. 5.1 of Vol. 1 of the International Tables for x-ray 

Crystallography. All systems- with higher than- 2-fold symme-try have 
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a high-symmetry and a low- symmetry Laue group. Some. of the 

forn1s in the lowe·r-symmetry Laue group have the same spacing, 

but their intensities of reflection are different~ They will give :rise 

' to· the same line in· a powder photograph, but the intensity of the ·line·· 

will be due to the sum of the reflections from the two forms. It is 

therefo-re. nece·ssary to distinguish in the program between high- and. 

. . . . 

low-:syrnmetry Laue groups by proper choice of the input variable 

LAUE. In the calculation of structures with trigonal synimetry 
. . . . -

(hexag0nal cell}~ the hkt- values and the multl.plicity factors:wnl be 

taken as cor.resp<~niding to the .1ow-:-Laue. symmetry case~' ·-Therefore 

for trigonal stru.ctu:tes with high. Laue symmetry certa~ri 

reflections will be listed separately ~n the output list although they 
. . . . r . . • . 
·ha.ve the same d spacing and· same intensity. 

In order to check the intensity . calculation, the multiplicity 

factor us.ed is printed on the same line cif each intensity· value for 

all cases. 

b2} The· Lorentz-Polarization factor. The progJ;"am permits five 

different LP-factors to be used. The particular Lorentz-Potarization. 

formuia is determined by the value of the input variable KODLP. · 

For x- rays the LP-factor amounts to 

LP = x -rays 
1 + cos 2 29 

. a .sm e. cos a 
KODLP = 0 
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For some. ca.!culations., the LP-fact~r may be given ·unity 

LP . = 1 spec1al 
. KODLP = 1 

For neutron-diffraction, the· polarization part _drops out .and one 

obtains 

LP ,'. 
neutrons = 

1 
KODLP = 2 

sin2 e. cos e 
. . . 

. The intensity calculation for powder patterns of diffractometer 

experiments using a monochromator requires .a LP-factor which is . 

dependent on thf7 diffraction angle 2a: in the monochromator. (Input 

variable for Za:: AGUL.'Il) 

·LP 
.. monochromator 

(1 + cos2 2a.cos2 2 6) 
= sin2 e. cos 9 

KODLP.= 3. 

For the interpreta.tion· of powder patterns recorded with the GUINIER-

·DE WOLFF focussing camera the.following LP-correction will be used; 

LP · · . = 
· Guinier 

1 + cos2 2 a:.cos 2 2 9 
sin e.cos3 (28 ~ 8)-sin2e 

KODLP:: 4 

2a = diffraction angle in monochro~ator {input variable 

for 2a::. AGUrn) 

~ = angle between the incoming beam and the normal to .·· 

the plane of the specimen (input variable: BGUIN) 

b3) The absorption factor A depends on the experimental set-up. Fot' 

. . 

flatplate diffractometer experiments the absorption factor is a constant. 

For cylindrical specimens in a Debye-Scherrer camera the absorption 
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factor is a function of e. The exact calculation of A is difficult. 

. . 

Therefore no absorption correction has been provided in the program. 

· b4} Atom positions: Up to eight different kinds of atoms are permitted ,in 

·the progr<pn (max. value ·of NCOMPO. is eight).. It is to be unde-r-stood 

that. atoms are of .t~e same: kind if they have the same atomic scattering 

factor • For eac:h different kind .of atom there can be 48 different. da~a 

. cards .with point positions which m~y be from different equipoint~. . Except. 
. ···.· .... 

for. th~· special c~ses. where the. structure contains a symmetry dente-J:! at 

the orig~n an.d/or has a non-primitive B~avais lattice all point positions 

. . 
per unit .cell,have to be listed on data cards. 

For the 'case of a non-primitive Bravais lattice only the non~transb.tion 

related point positions :have. to be included in the input. 
. i 

Ii tlie proper 

. ··-
I;BRAVL value has Lt:-en entered t~e intensities will be multiplied by the 

appropriate factor. Reflections which are forbidden according to the 

proper Bravais lattice extinction law willnot appear in the fin.al output. 
. . ·. . . . 

If one wants to take advantage of a symmetry c~nter at the. origin. 

to reduce the data input by one-half one must use the input variaples 

.... ISYMCE. and FOCCU (M). . With ISYMCE = 1· the s·ine .part of the 

structure factor is set to zero. The atoin occupation factor FOCCU(1v1} 

is normally· set at 1, ho,vever, for the intensity calculations of defect 

and disorder structures the !actor can be made smaller. Whatever 

value is used for.the atom occupation factor, disregarding the symm.etry 

center, it has to be doubled if the data input is to be reduced by one-half 

due to the center of symmetry at the origin. In other words, for all those 
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atom positions- xyz which have a symmetry related mate ;:;_.yz. only the 

xyz valu.es have to be listed in the data cards provided that the occupation 

factor FOCCU (M) for those atoms is increased to twic~ its value (thus 

FOGCU (M) : 2 for non-defect structures). However, atoms which are 

located at s"ynunetry centers, . for example at 000, ~ 0 0, o"i 0, 0 o~. ~ t 0, 

' . . . 
.1:: 0. ~ 0 ~ 1.. 1.. J.. 1. th . t t d th t . 
2 . 2 ,. ~2 2 . o.r .2 2 2 , are. e.1r own sytnme ry ma es an e occupa 1.on 

factors for those atoms must have the non-doubled values of FOC(;U (¥). 

· -bS) The isotropic tem~e rature -f~ctor is of the form e _.(B. sin a 9) /"A. 
2

-

whe·re ·B. is the De?ye-Waller temperatm;e coefffcient(inputvariable 

BTEMP)·t~ be used for each.kind of atom. 

b6) The atomic scattering factor in the case of x- rays is a function of 
~-

~in a/A.- and will be described depending on th~-input variable !SCAT 

either by an exponential function of the type 

with constants given by F. H. Moore: Acta Cryst. 16 1169 (1963). 

(a ~opy ~f Moor~'--,s ____ ta-bles can be found in the .appendix.) 

·~ by a iinear interpolation of 30 different form facto~ ·values for 

:inc rea-sin~ sin 9 ·.r~tios li~ted in the International Tabl~s. for X-ray X ;,. 

Crystallography, Vol. III,. Table 3. 3. 1 • {ISCAT = 1) 

In the case of neutron diffraction the scattering amplitude is 

. sin 8 
1ndependent of A One has to use the exponential function with 

all constants except C equal to zero. The value to be inserted ··is tabu-· 

. . 
lated in the International Tables for X-ray Crystallography. Vol. III, 

Table 3. 3. 4A. For details see page -13.... (ISCAT = 0) 
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Under certain conditions the anomalous dispersion must be 

considered. The atomic sck.ttering factor is then given by 

£ = f c sin e ) + 6 f ' + i ld" 
total A 

where 6 f' .. and 6 £" may be taken from· Tables 3. 3, 2A,. B ·and G iri the. 

· lnt~ Tab-les, Vol. III. Friedel's law does not hold anymore and the 

·~·values o( _fFhk.t{· 2 ·and [Fiik..i\:a are now giv~en by 

J:F hk.t (2 = (A' - B'') 3 + (B 1 + A 11
).

2 
.and 

IFbk..ila = .. (A,· + B ")a + (B, - A")·a 
. . · un1t cell · ~· · . . . . 

·.where A'= I·· ~j (si; 'e ) ~ .6 £j :) co~ Z-rr(hx. + ky. ,+· .tz.). 
j . J J J . 

·unit cell 

A" = \. 6£:
1 

cos 2n (hx. + ky. + .t"z.) L ··J J ·J J 
j 

and B'. and B" the corres;ponding sine summations. . The structure 

factor square. for a powder line c.:::an .be calculated to 

= (A') 2 +(B')3 +{A")~+ (B") 3 . 

'--v--' .. ·"---v--'. 
IF'l:a . + I F"l:a 

No particular provisions have been made in the program to cal-

culate the total powder intensities for the case of anomalous dispersion. 

However I F'l 2 can be obtained simply either by adding the value of fi.f' t9 

the C variable in Moore's approximation (CCC(M) on card 5; !SCAT = Q). 

•:"'· 

or by adding the value of 6 f' to each of the 30 different form factor values 

(SFA (I, M) on card 6 and 7; IS CAT = 1 ). A list of the additive corrections 

·JF" Ia can. be obtai~~d by running the program separately with only 6£" 

insertedfor the C consta:r.t of Moore's appro}f.:imation. 
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First data card: Number of problems to be calculated Format. (I2) 

NCALCS: This is the very first data card and defines the number of 
problem sets which follow. 

The input data for·each problem set is ou~~ned in pages 9-15. 
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H. Description. of data cards for each problem 

Note - See previous page 

First data card: {Title) Format (20A4) · 

COMPND: All eighty columns can be used for title 

and description, which wiU be printed 

unchanged as first line of the output • 

.. Second. data card: (Unit cell data) ·Format (6Fl0. 0) 

. . . 

· Lattice parameters in Angstrom. b. and 

c can be omitted for cubic unit cell;_ b 

can be omitted for tetragonal or ·hexagonal.· 

unit cell. 

·. AL]2HA, BETA, GAMlviA: Unit cell angles in degrees to be give·n 

only for friclinic (also. for rhombohedral 

cells which must be cal_culated as triclinic) · 

and monoclinic unit ceUs. 

In the monoclinic case, the old setting with · 

the 2 fold axis taken as the y..;a."'!:is must be 

·used (0:., ·y = 90°). In th:ls case a andy. 

can be omitted. 

The setting with a = ·~ = 90° # y must be 

calculated as triclinic cell. 

Third data card: (Expe:dmental set-up) Format (FlO. 0, 2~5. 0, 4!2, ix, 2Fl0. 0) 

WL: 

SL:. 

SH: 

Wavelength in Angstrom 

lowest } 2 
· 9 1· which w1'll be highest s1n · va ue, 

included in the calculation, SL vatue 

m<l.y he zero; if no value is given for 

SH, the maximum sin 
2 

9 value \Vill be 

set to 0. 999. 



NORM: 

·!SCAT: 

.·' . 

·Note: 

IMAGE: 

KODLP:. 

AGUIN: 

·page 14 of 57 

. Option allowing different output features 

(see section C) 

·Output* J3 

Output$" A 
(0) . 

(1) (normal ca.se) 

. Indicates whether cons.t'"ants ·for exponential 

function describing the atoml.c· scattering 

factor or form factor tables are used. · 

Constants of exponential function AA.A. (M),. 

AA. (M}, BBB (M), BE (M), CCC (M) on fifth . . 

data card are ·used: IS CAT = o· •. Scattering 

factor values from tables· ($FA (I, M), I = 1, 3 0) 

are used:. ISCAT ~ 1 
If ISCAT = o,. data cards "6'' and ·"7" must be 

omitted. 

if: ISC;A.T ~ 1, two cards with form factor .tables· 

must follo~ each card "5". 

Graphic representation of intensity output wanted. 

Yes (1 )" 

No (0) 

Lorentz.:.Polarization factor to be used. 

. X- rays. 

LP = 1 

Neutrons· 

Monochromator 

GUINIER 

(0) 

(1) 
.See . ?.p,P~·J:..x.. G

( 
2

) rleuii'-.?'Yi Sc..::..t"t;::<..,~ 
. ; 

(3) ~ 

(4) 

For the calculation of the LP-factor in 

• diffraction experiments using a monochromator. 

AGUIN = value of the diffraction angle 2ci. in 

degrees. Must be used only if KODLP = 3 or 4. 
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For Guinier experiments; BGUIN :::: angle 

( in degrees} between the incoming beam 

and the· ·perpendicular to the plane of the 

specimen; must be used only if KODLP = 4. 

Fourth data card:: (-S~ructure type data) Format (4!2, ZX~ 7!2, 6X, 912) · 

· ISYSTM: 
/ 

··" 

IBRA.VL: 

.. 

.. 
Code word defining the crystal system;· 

monociinic (1}, orthorhombic (2), trigo·nal 

(3), tetragonal (4}, c~bic (5) hexagonal (6}, 

triclinic (7}. For rhombohedral se·e· ,below. 

Indicator for.Bravais-Lattice type: 

P(l} 

1(2} 

R(3) 

F(4) 

A(S) 

priniitive 
.. · 1 1·· 1 

. !-centered. +[2, 2' 2J 
t:hombohedral obverse ( -h + k + ;{. = 3n}' 

· · · 2· 1 1 · 'I 2 2 
. ~ [ 3' 3· 3; 3 I 3' 3] 

F -centered 

. A-centered 

. 11 111·"1 
+[2, 2' O; 0·2··2; z'· o, 2] 

1 1 . 
+[ 0• 2• 2J 

B(6) B-centered 
I 1 · 

+ [ 2' o·, -zJ 

C(7} C-ce:ntered 
"1 1 

+[ 2, 2, 0 J 

IBRAVL = 3 refers to the obverse setting 

only.·· 

Attention must be paid to. the proper use 

of the variables,ISYSTMand IBRAVL in the 

·trigonal case. For P-space groups ISYSTM = 3 and 
~ . 

IBRAVL = 0 will be used. All hkt values will be 

calculated.· For R.;, space gro"ups, ther.e are two 

pes sibilities: If the structure is described with 



LAUE: 

ISYMCE: 

.. .. ' 

IHKO: 

IOKL: 

IHOL: 

; 

' 
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. the triple hexagonal cell,ISYSTM = 3 and 

IBRAVL = 3 have to be used. Consequently-, 

all hkt values with -h+k+t 1- 3n will not · · 

appear in the output.· If a structure of 

space group R must be described wit1_1 a 
. . . 

rhombohedral unit cell, ISYSTM = 7 and 
. :1-

IBRAVL · = 0 have to be used. This 

corresponds to a triclinic description of 

the unit cell and therefore the angles. a., S. and y 

must ·not b~ omitted in thP. ~nput (a..= S =y). 

Also a number of reflections which ··actually 

coincide are calculated separately and appea:-. 

as such in the output. 

Code word defining the Laue s)'!Th-netry. See 

also page . 4. 

Low L. S. (1} 

High L. S. (2) 

Center of symmetry at origin. See page . 6, 

Yes (1} 

No · (0) 

Conditions for possible hkO reflections 

(1) No restriction ( 2} h+k = Zn only 

(3} k = 2n only (4) h + k = 4n only 

{5) h = 2n only 

Conditions for possible Okt reflections 

(1) .No restriction (2) k+t = 2n only 

(3) t·=2nonly (4) k+.t.=·4nonly 

(5) k = 2ri only 

Conditions for possible hOt reflections 

( 1) No restriction (2) h+-!.=2n only 

( 3) .i = Zn only (4) h +-!. = 4n only 

(5) h = Zn only 



.. , . 

1. 

l 

' . ' . 

IHHL: 

lHOO: 

IOE:O:; 

IOOL: .. 

. .·· ... 

NCb.MPQ:. 

NA{M): 
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Conditions .. for possible hht reflections 
(1) No restriction {2) .(. = 2n only 

(3) 2h + .(. = 4n only 

Conditions for possible hOO reflections. 
(1) No restriction (2) h = 2n only 

(4) h = 4n only 

Conditions for possible o~o: reflectio~s 
(!')" N·o restriction~~ (2) k = 2n only. 

>c~ndition.·s-_fo~ possible 00-!. refl~ctions 
/ (1) No restrictiop {2} t = 2n only 

(3)· t = 3n only { 4) t =· 4n only . 

(6) t = 6n only 

Number of different kinds of. atoms--in- compound.;·: 

T~e maximum number is e.ight. 

Numher of data cards with point positions- for atoms 

of kind M.. This number corre spends to the number of 

atoms of ki~d · M per unit c~ll if the. Bra~ais lattice . .. 

factor IBRA VL is set for a primitive Bravais lattice. 

· NA(M} is a quarter or a third or one.;. half 9£ the . 
number of atoms of kind M per u71it cell depending 

ii the structure is based on a face centered, triple

hexagonal or body an:d side centered Bravais lattice. · 

Fifth data card: (Scattering factor)· Fo~~at (A4, F6. 0, · 6Fl 0~ 0) 
.ELEMT(M): 

FOCCU(M): 

AAA{lvf}, AA(M), 
. BBB(1v1), BB(M), 

CCC(M): 

Chemical symbol of element M (Alphanumeric Inform~tio.n 

. Occupation factor for centrosymmetri.c and defect. 

!)tructure.s. If left blank, the occupatio~. factor 

is automatically set to 1. o'. 
The fiv.e constants A, a, B, b and G for the e:h."Ponential 

approximation of the x-ray scattering factor after . 

F. H. Moore: Acta Cry st •. li., 11 69( 1963) {Se.e appendix}. 

For neutron diffraction the fields !or MA{M}, AA(M} ~ 

BBB(M}, BB(M) have to be left blank and the neutron 

scattering coefficient is to be inserted, together with its 

sign, in place of CCC{M}. If ISCAT = 1, no values· for-

the 5 constants· are necessary. 
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BTEM'P(M}: Temperature factor coefficient.· If left blank, 

no temperatura correction will be made. 

· Sixth Data' Card:· Format (SX; lSFS, 0) · · . 

= 1 { and 
Seventh. Data:. Card: Format 

. . } Optional, only if ISCAT 
(15FS. 0) 

. 
s·F.A(I, M): Scattering factor tables .. These two cards are 

Sbdh Card: 

Seventh. Card: 

/ to be included only when !SCAT = 1 on the 3rd data 

•· ca:rd. There are 2 cards for each table. Each 

card. contains 15 values of the atomic form factor 

at intervals o:f sin e !A = 0. 05, starting at 

sin 9/ ).. = 0. 

Columns 

1-5: May be. left blank. Can be used to· 

identify card . 

. '6 -10: form factor for sin e /).. = 0. 00 

11 -15: 

16-20: 

76-80: 

Columns 

1-5: 

II 

II 

II 

" 

" 

II 

II 

II 

II 

If• 

II' 

II 

II 

'II 

II 

II II 

II II 

II II 

" II 

~ O. OS 

= 0. 10 

= o. 70 

= o. 75 

II II : 1. 45 

SFA(l, M) 

SF A(Z, M) 

SF .A('3, M) 

SFA(lS,M) • 

SFA(~ 6l.M} 

71 -75: 

76-80: May be left blank; can be used to identify 

card. 

These factors may be found in: Int. Tables Vol. 

ill, Table 3. 3. 1. Atomic form factors for 

sin e 
values between those given in the table above 

will be calculated by linear interpolation. 
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Eighth data card: (Atom positions) Format (3Fl0. 0) 

X(I, M), Y(I,_ M), 

Z(I, M):· · 

This card is the eighth data.card if ISCAT = 1 

or actually the. sixth data card if ISCAT = 0 

' : . 

Point positions of the ith_. a-tom ·of kind M .. 
. • < 

There can be a maximum of 48 point position 

data for each of the. eight ·different kinds of atoms. 

The number of. type "eight'i cards is equal to· NA(l;..{) • 

. 
.Another---type· "fiv-e·" card· follows if the structure contains· another· kind ·of. 

. atom. Other cards of type "six'' ·(optional), _"seven"· {.optional), and 

"eight" must follow containing the point positions of the new kind of. atoms. 

····-·----------~··-· -····-..:..------ ··-- ·-·-·-··-·-· -·--··---· ------- -· -·----- ·-------·-----------------------
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C. The Output 

The first part o£ output is a print- out oi the input data in a more 

readable format. 

The second part is controlled by the input. variable NORM and 

. lists in the ordeJ;/~£ in.creasing sin 
2 a the calculated values of hkt,. 

o · ·z 3 
9, .Za; d(A), sin a, sin ·a.lO, hk.t, inte·nsity (normalizedto··a·scale of 

. .· 2 . . . 
1 0.0.0},. /F-(hk.t) .. / , real and imaginary components of strueture-factor·~-

follo\ved on the same line by the phase -angle, multiplicity factor and 

·the LP-facto·r used {Output A corresponding ~o inputv:-ariable NORM = 1 ). 

However,· for unit cells or intensity calculations providing very large 

structure factors or having more than 3000 (hkt)- values, it is desirable· 
. ·:, .. 

not to normalize the intensity ; which can be. done by giving ~NORM the valt 

zero •. The following .values will be printed out: hk-t, 9, sin
2 

9, scaled 

intensity, ·unsealed i?tensity, /F (hkt} / 2, rea_i- and imaginary part of st'ruc-, 

·w,re fador~h.ase.::angle,,multiplicity factor, LP-factor (Output B 

c-orresponding to NORM = 0-). The calculation range is governe.d by 

·the input variables SL and SH, .which set ~e lowest and highest sin
2 a 

values respectively • 

The third part of .the output is obtained only if the input variable 

IMAGE· is entered with the value 1. It is a graphical presentation· 

of the diffraction pattern ·.us.ing rows of aste riks proportional to the-

inte.nsities in steps of one-half degree e.. If more than one line 

occurs within the half-degree rang~, their intensities are added, 
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The complete diffraction pattern is rescaled to hundred asteriks 

for the strongest lir..e. 

In certain instan.ce s the program might be used for the 

interpretation of single crystal diffraction data. In ,this case it 

is desirabl~ to suppress the ~rdering of the hk-!.values with 

increasing sin~ ..-. val1:.es. This can be done easily by inserting 

a ,·,GO TO: 80".staterrient a£ter Y J P 387. L"l the output the hk {, 

values will then appear i!:. th': order the;y were generated~ ~or 

this calculatiop it is necessary to give the variable. "IMAGE 11 the 

value. 0. 

Running time: 

The runr...ing time.for most powder patterns is less than 

a minute • 

. . ·. 
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D! · Input and output examples 

X"-diffr~ction pattern of diamond. Cubic cell with syri'lhletry center at 
ortgtn. Ou~put A. Scattering factor tables are use.d .. All ci·ossed-out 
blocks will ~ot. be ~ead by the computer and may be used to ~ha1·actcrize data card .. 

:A - ~ § 0 N fl} 

. . . . 
'I~ !I 4 55 7 5 'J 1011121lHI$1GITIIJI'J20212ZUZ42,:Y.i2T2!l<!'Jl03132lll-t3:DG3736J:l40414).4l44..U1G4T4a"!I~51~Z5l~-l~i~5750!Q&OG16ZGl&-16HGGTtllOlmn l'"l7.l7·t;),'~>1f:·J;,.,, 

~A~Izl~ II IJ I I lfRffi~~l 1~1/~1~ ~~ ~~~~~8 
),{.1,1) Y(l,t). Z(l,t) . . : .. 
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'·'. 

•.: . ~ . . 
. ·,-

.. ;.,. 
, .. 

·• 
. ··.· 

INTE,.snv C~I..CULA 'TION FC.R DUMOND SPACE CROUP f30M 8 ATON$/CUBIC CEl.Le_ s.c •. AT OR: I GIN . · JJO K ~LPHA 

. X 
DATA C'ALCULATED FO~ A CUBIC ST~UCTURE WITH 
A• l.56603,Wl~ 0.71069 ANGSTROM' . . 

.. . ... 
SIN-SOUARE-TiiETA-VALU£5 CALCUI.;ATi:'O DETWEEN Sl'• 0.0 

D~TA CALCULATED FOR IHGH LAUE-SYHHO::TRY . 
AND SHa 0.2000 

FACECOIT~REO BR/IVA.ISLATT ICE~H,K,L Al'. E.V~ 9R ALL ODD 
HKO ONLY WITH H+K~4N ~ 

OKL ONLV ~ITH K+L 2 4N 
· HOL ONLY lll YH H+l'"-4N 
SVH~ETqy CEHTEQ A~ O~IGIN.OF UMIT CELL 

ATOH~ JN 'UNIT CELLI ~LEMTCHI NACHI•NBRAtFOCCUCHt 
C .· l '*' ~. • Z,oOO 

·SCATTERING FACTORS OF C IN STEPS OF .OS•SINCT~~TAI/LAHOOA 
. 6.ooo. ~.7so 5.0?l 4.313 3.561 z.q56 2.so' 2.102 t~975 1.044 

t.no 1. 12~ 1.z~s., 1.207 · 1.1sz 1.096 1.0.45 ~. 993 0.945 o.896 

KOOlP• 0 · 
··:·· .... 

1·. 

l.JlZ. ~.~ll' le55l. le49~- le434 
o.o5o o.no3 ·o.7sq o.715 o.677 

. !HEMP• o.o ,OCCUPATION F~~TOR CFOCCUI.OF THE FL~lOWING POSlTtONS IS . 2.00000 

C Q.lZ500. O.lZSOO 0.1Z500 "•Cll2 1/Z. 0,111. 0 l/ZtO liZ 1/21 

: . . . . . . . ~ 

; . 
'. 

.. .. 

... 
. .. ·. 

... 

,. 

'. 

RGUI~• 0.0 ... 

.'"d 
Ill 

()Q 
{I) 

N 
w 
0. 
Hl 

V1 

·" ... 



. ·: 

H K L 
t· ·1 . 1' 
2· .2 0 
~ 1 1 

- 2 z 2 
. 'lo 0 ·O 

3 ~ 1 

·= . •... ...... ~-· ....... -""··· ....... ··---·-·-···· .......... ~. ~.:..... -·· -··-··--.. -~ .. :·~---·--· . ·-- ..... -·· -·· .•.. 

···: ,_.. 

~- .. 

1HETA · '2THE'TA D-W•LVE 
9.94 19.67 z.os9·3 · 

16.37 32.7) i.26ll 
19.2? 38'.5') 1 ~0754 . 
ZO.l'l 40.30 1.0.297 
23.48 46.97. ·o.&917 
25·~7-!. 51.-40 q.ol63 

· . .. 

· ... · 

. . 

.. 
·~ . : 

SlN · 
0.1726 

. o.z8lo 
o.)JQ4 .. 
0.~45.1 

·Ool'l05 
0.434} 

I 
;, 

·, 

SI~z•tooo 
29~78 
79;.40 

i.o? •. la 
119.\0 
150~00 
lOO.!iO 

. . 

.. 

. ' · .. 

. ·. 

. 
H K L INTENSITY /F(HilltJ•oz 
1 1 1 .1000.0 296.}. 
2. 2 0 447.3 25lol 
3 1 1 256.7 104.2 
2 2 2 o.o. o.o 
4 0 0 66.2 . 1t.7.1. 

'3 3 .1 . 97.7 75.? 

; . 

. . 

. .· ~ . 

1: 

. ....... · ...... ' ·-- .. . . -·-·-- -----~~ 

'· .. , 
.. ' . ·~ 

· ... 

. . 

AC.HKLI BIH!<Lt PHA.APICo Hl)LT l"li 
-17.21 . ·o.o . lOO.IiOO JJ. ,64 .z~ 
-l'.io92 c.o 1oo.coo 12. ZZ.4l 
.;.10~2\'· . o.o lCC.OOO 24. ·J r,• 'J ~ 
-o.oo o.o lBO.COCi 1). (4.l~ 

. .. ll.C)) ·o.o 100.000· "·· l0 0 1)ti 

.Q. 71 · o· .• o o.o .. 24. o .. t7 

.· .· 

...... 

·. 
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OIFFR~CTION PATTERN ~OR DtAMOND SPAC£ ~ROUP FlOH . . . : 8 ATOMS/CUBIC CELLt S.C. AT ORtGJ~ MD K ALPH• Wl• 0.71069 

o.o 

--
0~5 

. l .• o 
' ·'· 

lo5 
z.o 
z.~ .• 

1.o· 
l.S · 
'~>.0 
<>.5 
s.o 
S.;i 
6.0 
~ •• 5 
7.0 
7.S 
o.o a , .. 

0 ':J 
... 

·.· 
9 .. 0 

. CJ.5 o~oi¢1101>) "'~"'"'o~,..l6<•~~ OO$o.s•oerol!lo~oo•••• •~~co~• +o.o-oer.-eo ooo ooo •••O(I•er•o<~<ooo•o"' •o~•o.oei)•U••eo:c:ooo•••••••o•••••• 
10 .. 0 
10.5 
u.o 
11 .. 5 
12.0 
12.5 

·1).0 
n.s 
141.0 
14.5 
15 .. 0 ·, 
15.5 
16. ') . • ••••••••••••••••••••••••••••••••••••••••••• 
16.S. 
17.0 
17.S 
18.1} 
liJ. s 

I 

1'>.0 ••••••••••••••••••••••••• 
19.5 

·20.1) '• 
20.5 
21.1) 
21.5 
22.0 
zz.s 
Z).O •••••• 
2}.5 
24.0 
2'•. "j 
25.0 
zs.s o•••••••• .. 
26.1') ;.· 

. ... ~ ...... __. .. 

."d 
Ill 

OQ 
CD 

N 
Ln 

0 
Hl 

Ln 
-..J 
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2nd .Example: X~diffract_ion patte·r~ of diamond. Trigonal description'widt.triple-hexagonal· 
cell •. Output A. Cons.tants A, a, B, band C for. e~ponentical approximation of 
of the scatte~ing factor are· used-. 

... 

. . 

1 2 3 "' :s s T e 9 10.11 12 13 14 ~:~ 16 17 16 J9 20 21 22 23 24 2:1 <G 21 zs ZJ :.'103132 :n ;,.4 35 !6 3·rio ~ '1041 4l4'l44.4!146 47 48 4!1 !>0 :11 52 :n :14 5:1 ~ !i7 58~ ro Gl 62 G3t4'6H4 67 ro oo 7011 72 n 74 7'5 7G 77 78 n oo I \ lt\·15\~k!.l/1~~1 I' I I I ., I I I I 1161·1J.I717Iql3l I l I I I I I I I I I I' I I I I I I I I I' I I I I II I I fXMXIX1XtxlXJXJX1XlXJXJXJXlXiX1X0XIXl 
A · B · . C ·· ALPHA BETA GAMMA . . ·· ·. 

- ~ § -· ..,.. m :::... N - - 6 

~ 
n 
rrl 

~ 
-i --

. >-tJ, 
Ill 

OQ 
Cll 

. • .. -.. ... N 
t ~ 3 4 5 8 T 8 9 10 II 12 I~ 14 15 16 17 18 19 20 21 22 23 24 2:126 2728 29 :.'10 31 32 3l 34 35 36 37 38 39 40 41 42 4'l44 45 46 47 48 49 !>0 5I !12 Sl ~ !15 ~ !i7 58 !0 60 61 62 63 G4 65 E.6 67 W ~ 70 71 72 73 74 n 76 77 78 n llO 0'\ 

(I I l·lol I I I I J I I I 1·1o1 I I I j I I 1·13~1~ I I~ ~~~ 
I X(1,1) Y(l,t) Z(t,t) · · ·. .·Vl 

• .. ·- ·- • I • ' • • ' :• ~ • " - • ''"' "• • '; ·: .'•,. - • .. •• ........... 
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ll'iTENSITY CALCULATION .FOR OIAMON·D,OESCRIPTION SPeCRe R38ARI1,6 ATOHS/T~IPLE HEIC •. CELL;S.Ce4T ORIGotHO K AlPH · 

D4U CALCULATED FOR .A TRIGONAL ·sTRUCTURE WITH 

A• 2.5ZZ13,C• ~~l7793,WL~ G.7t069 ANGSTROM . 

. SIN-SQUARE-TttETA-VALUES.·CALCULATEO BETIIEEN Sl• 0.0 AND SH•. OeZOOO 

. ~HOHBOHEORAL BRAVAISLATTICE.HKL ONLY WITH -HtK+La3N 

SVMHETRY CENTER AT Ci"I\IGlN OF UNIT CI:LL 

ATMIS IN UNIT:CF.Lll ElEHTC111 .flAUt)t.NnRA•FOCCUIHI· 

~ . . . c 1 0 3 0 ;. • 00 

KOOLP•·o 

COEFFICIENTS FOR ATOMIC SCATTEI\"(NG FACTOR OF C. t.lZlO 6e1700 Z.8870 30.2780 

BY~HP• 0.0 ,OCCUPATION FACTOR CFOCCUI OF THE FOLLCWING POSITIONS IS 2.000n0 

c . o.o o.o 0.31500 .+12/l l/3 l/1,1/l 2/3. Z/31 

. . ··· 
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.AGUIN• 0.0 

1".3790 
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H " L THeTA ZTHET.\ . 0-VAL,UE · .S I 'i SINZ•1000 H I( L ·. HIT El-lS I.TV .. /F ( HI<!-1/U Z AIHttLJ 84Hl<U PHA.ANo;. HULT LPG 1 0 l 9.<)4 1~.07 z.~s93 0.17.26 zq. 1a 1 o· · 1 100C.O 16-\.oO -12.;~0 1).0 : too.ou·o !;. 64.25 0 0 l ·9.94 1q.o1 ;:.OS'l3 0.1726 29.70 .. 0 0 l 333.3 164.;0 1~.~0 o.o o.<.' z • . 64.2'i .o 1' 2 11. 4,q . 22.99 1 .• 71H:'• . : 0 .19'92 )<)~70' ('I 1 2 o.o (.l·.o .. · -0·90 c.o. 111C~OO'J b. 47.~9 l 1 .0 16.37 12.73 1.261-l· 0 .• 2618 79 .. (,Q 1 1 I) 305.6 ·u3.6 11-'?8. (..U o.o 6. 22.'tl 1 0 41 16.37 32.73 1.2611 o.z_~··lB 1~·'·0 1 0 4 305.6 143.6 -ll.<f!l o.o .lOC.('IOQ ·6. ?lo'tl, 1 1 •) 19. zq 31).59 1.0751. 0.-33,04 t 09 •. 18 1 1 l 04.8 57.1 1.Sb o.o o.o b • . 15.t>3 0 z 1 19.29 30.59 1.0754 o. 3 ?t'l4 . .109. 11i 0 2 1 1)4.& 57.1 -7~5.6 o.o 1oc.ooo 6~· l'i.t.l 0 ·1 5 19.2? 30.59 1.0754 ·0.330~ .109~ 10 0 i' 5 8~. 0 'H.l 7.51!. r..o o.o 6. 15.<>3 1 1 -1 19.29 30.59 1.0754 o. 33.0-\ 109.10 1 1·-3 · a.:.'.e 57.1 7.'$o o.o· 0.(1 b·. 15 .t.) 0 0 6 20 .. 19 40.36 1.0297 0. ) 16 1 119.10 0 (j 6 ·o .. o o.o p.oo (1.0 o.o z. • .... l t, 2 0 ·z .ZOol? 40.3/l '1.0297 . ('~3<.;.~1 119.10 2 0 2 o.o o.o -o.o:> o.c lOO.CJOO b. ...... l'• :IJ 2 '4 23.4!J 46.97 o.o'H7 o. 39.1)5 1511.80 (I 2 4 ac..l '90.3 -'l~SO ('.(I lRO.COO 6. lO.QI:. z 0 5 25.74 51.40 0.1:110.3 Oo4}f,) ·1 56 .• 56 . 2 0.5 32 .. 1 ~ l.l) 6.';] o.o c.o b • 9.17 1 z -1 z 5. 11

• 51 .. 4.0 IJ. 11 1o:1 0.43f·3 li:IB.50 l 2 -1 31.1 itl.o\ -6.4) 0.(1 180.(·00 6. tlol7 z l 1 . 2 5. 74 s 1 ~40 0~0103 0.4~=f.<'l .:180.50 2 1 1 12.1 41.4 -6 •. 43 o.o 180.000 6. 11.17 1 0 7 2 s. 74 51.40 0~81RJ o~-n~,3 . ,180.50 1 0 7 )2.1 4l~4 -6.,,) o.o 100.000 6. a.t7· 1 1 6 2.6. 46 52.92 o. 7?76 . 0.44~5 190.50 l ( .· 6. c·.o· o.o o.oa o~o (;.(I 6. 7.(>7 z .1 -z 26~46 52.'>2 0.7976 0.44.55 190.50 z l -2 o_.o o·.o -o~oo ·c.o ·tee .coo b. 7.c. 7 
·1 z 2 26.46 51.'>2 0.797~ 0 .,4"-f•S 19ll. 50 1 2 2 o·.o o.o • ,•Oo 00 o.o 100.000 6. 1~1 t· 1 -6 26.46 sz.qz t),o797b 0.4~~?5 1 9fi. 50 l 1·-t. o .. o 0~0 o.oo c.o o.o 6. 1 .. ~1 
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3rd Example: X- ray diffraction p~tte rn of diamond; Triclinic ~ell without 
symmetry center at ~rigin. Output B. 

. . . . . 
I 2 S 4 ~ 6 7 II 9 10 li IZ 13 14 1:5 IG IT 18 19 zo Zl ZZ 23 24 2~ ~ 27 2:3 Z9 JO 31 32 33 )4 3:5 ~ 37 ~:59 40 .CI 4l "'« 45 46 47 46 49 50 :51 52~ 54 :15 ~~·:IS~ 60 61 62 G3 54 65 t6 67 6lHn ?0 '7'1 n 73 7-1 ~ 'r.\ n To! '1\l t"' · 

. J I~··;· "Q !) ;;.: s c r J rr::r,. 0 ;\j $ ;~1. bk~l·a llP!Jl,llliA]jlk1)S.[li1IJ~IJICit.l.l l~IEI~.IL I,IMQJ]Sf. 1<-J; I li·dT1 lo~IJ IGIJI.tJ, I I ~··tlol 18!I?llfJEfl!J11 
. co •• ·. I NO . . . . . . . . . . . . . . !I 
I :! '3 4 5 IS 7 !I !>. 10 II 12 13 14 1:5 IG 17 IC 19 ZO 21 l2 23 24 25 Zfl 27 Z!1 29 JO 31 32 :!3 34 35 !U 37 3ll3:1 ..;() 41 4~ <0 44 ~ "\6 .0:7 ~ 4!> 50 51 :'>2 :13 ~ 55~~ :SS :D 60 Gl f>2 G3 01 65 66 r;r E.8 910 71 7Z n 7'1 ~ 7r> n 7'3 7'J 00 

rTit l:il~HJ I:?J I I·L~~I·I3l}h!J {31 II0.:-T2[Z~~TLII I I !Gloi·l I I j [ThL?I·I II 111·1 IGltJI·I I I I fXI>MXlXIYJXJX!X!XlY~~ 
t~ ·. 1-\ 8 · I C · • ALPHA . . . BETA . GAMMA . · ·. · . . 
· ·i ;! s 4 :s s T o !> 10 11 12 IJ 14 " 1~ 11 ui 19 zo 21 22 23 21z:s ;n 21 zs c:s JO 31 :sz 33 34 35 !G J7 ~ :l.!i 40 'II 42 "'4'1 45 46 47 48 4!> 50 :11 52 53 :s~ 5~ ~~~:sa 50 60 c1 62 GJ &~ 65 66 r:r m ano 11 n T374 ~ n. n 10 n o-J 

. pil1lJ)~II)fJII fl~~ 4l:t! Ill~\ I~J~/ ~~~I ~b~~~lllljl ~~~~~II II ft4~1~WJXRlX1XJX1X1,~_NZIXf'Zl81 
u (") l> 0 
:..pDr 

•., ::..· -1 fl1 ll 

. . ·, . .. . w 
.I :! 3 4-!S. U. T 0 ll 10 II. 12 13 14 15 IG 17 18 19 20 21 22 23. 24 25 25 27 ZS 7.!1 lO 31 !12 33 <~"13!1 ~ 37 ~ 39 .CO 41 42"' 44 45 46 47 48 49 50 !II 52~ 54 :55 ~ sT !:8 :0 60 61 6l G!l 64 65 tG 67 63 in 10 71 1z 73 74 ~ 7:5 7'!'70 7'H_() O 

I I I I I·Jol I I I I I I l·lol I I I I j I 1·~1 I I I 1· I~~~~~~-~ 
I . ·x ( 1,1 ) . I y ( 1:1 ) · . . Z ( 1,1 ) . . . . . . ·., . · . . . .. . . . V1 . 
. .. . . .. . . . ....... 

I Z !I .( 5 C 7 8 9 10 II 12 13 14 t:; It 17 18 '' 20<'12Z U Z'\ B 2C272.3 2?J0313l33 34!15 !.G 3731.13:1 «l41 C!<Cl414546 47CS '-' :051 ~z :13 54 )5 ~~7 !.3Sl«l Cr r.zGle.i G5(~o• £.'10?0 71 n·n7~ ~ 7T. n 7ll l"Jtv · 

prrr:]~rco 1 I' 1 ,.,!:rr~r1 ' jJJ:JZI21lTTll~~~ ~ _ ~ =- · -- . -:-:-- ~I?<!XfXrXIXIXl5@~~~~~~ .. 
X (2,1) Y.(2,1) · Z.(2

1
1)---:--T:·-·- · " . . . · · . · . 
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HITENS[TY CI\LCIJLATIO~ FOR DlAr,QNO,OESCRtPTtON S~.Ga. l'l,z I,T,Q14S/TP.1Cl. 'cEU,NO S.C. AT ORIG~fl, }tO I{ Z,.LPI-JA 

0<\TA CALCUL.H::O 1~0~ A TR ICLJIHC STR.L'CTURE UITH 
~ .. z~-:;zzu,au. 2.~2?n.c" .:·:!.:·:i12t3,ALPHA .. 6o~oooco,ner.-.. t.o-.ooooo,GAM~" 60.00000~WLu 0.71069 

SfN-SQUM\E-T;!ETA-\'ALIJES CALClilAi-EO BETWt:EN SL'" 0.0 AfW SH'" 0.2000 
PRIMITIVE BRAVA(SLATTICE.ALL. t~l VALUES ALLOWED.· . 

~OO.LP" (I AGUIN•' o.o 
'ATOHS IN UNif te(~: ELE~TC~t NACMI•NBRA*FOCCUC~I 

c : 2 ~- 1 0 1.00 

CllEFFICJENTS FOR ATOMlC SCATTEnlNG FACTOit OF C 1.1210' 6.7100 ~.8870 · . 30.2700 
!lTEf.IPa . Oo 0 , OCCUPA Tl Ot4. FACTOR C fOCCU) OF THE FOLLOI~lt-;G- POS '-T l0t4S. IS loOOOCO 

c 
c 

o.c, 
o.zsoco 

o.o 
0.,?5000 

-· 

o.o 
0~:~5000 

.. · . 
. . ·. 

•' ... 

• . 

........ 
"~ . 

DCUIN• 0.0 

.t-el 
Ill' 

OQ 
CD 

w 
l. ..... 

0 
Hl' 

U1 
. "-.! 
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H ·K L THErA SIN2•1000 HH.SCALEO lNYENSITV Ut4SCALEO /flHt<UI••z ,\( f1KLI aHIKLI PHA.ANG. HUL T . · : t_rr, 1 . 1 l. CJ. 9'• 2q. 10 tooo.o 2H1.L lll .2 .. ~.Q;! -'3.0? -45.000 2. lo4 • 2 ~ :. I) 1 0 . <J. 9'· 29.7G !.OOvoO 2·341.1 · lS • 2 ·!.oz J.~z ,.s.ooo ·2. (,4- ( c,. . C} 0 1 9. q.(, 29 •. 78 iooq.o 4!H1.1 10.2 3.d:! ~.cz 4~·.QIJ0 · . 7.. l: .!, 1 -~ ') 

l 0 0 c;. :) "' 2 ') •· 7 !l r ~·a1u • u ~341 .• 1. 10.2 . ~.1'12. l~O?. · t,!J.OOC ~. J.l.•.: i\; 
l 0 l ! l .. t,. f) 3') .. ·;o o.;"J o.o o.o i;I.O (!.•;.:> 'lC.O<.'O · 2. :''7 ;· ~ .:~ (\ . \.t' 1 1 11 .... 'J J'J~70· (l.O {J. Q. (}. :) .. d~Q . c <I Q~) '10.000 . ., '\·I .. !, ,., I. o 1 I. J t J • 't'J 39~ 70 q~o o.o o.o o.o o.oo· 'Jtl.OOO ?.. '• 'i ~:·:l') z l. . 1. ' ~r., 3 7 H.40 3C~.6 . 715.~ lo.o ~-~~ -o.oo -u. eo~· 2~ 22" f.' . 1. :z l to.n '?9.40'. '::105.6 'l'l5.4 !.6.0 :;. •')? -o·~oo ' -O~OCiQ 2. '.! :? .:. !, ,_ 
! l ., J ti. J1 1~.:.0 30:i.6 ns.4 16.0 3.'19 -o.ou -0~000 2. 2~to.!t-l 

,, 
l 0 .;.1 ~b. :n 1<>.'•0 !:G5.6 715. (. 16.0 J.qq .. o.o o.o z. ~~~ ... ;.,l. 
0 1 -1 lt..:H· 79 ~·:.o :105.6 715.4 l6o0 3. qq .. o.o. o.o ., 2Z : . .:,.;. 

~· 1 -1 0 ll .. :~ .,. 7<).40 30~ .... 715 ·'• u •• o 3.<)9'· -, o.o o.o 2. 22 ~· .. 1 . z· 2 l I 1 'lo zq . 109.13 o~.a . 1911.5 6.1 1 .. 76 1 .. 78 . 45.000 z •. 15.63 z 1 2 19.2'J 10<J.l8 04.8 1<JO~":i 6.3 ~.to l.TB 45.000 2. ' 15.6J. . . . 
1 . l 2 1 <Jo .2 <) . 10<)~ 10 U't. a 198.5 ho) 1.16 i. 76 45.000 2. 15.6"\ 
i! 0 1 '19.29 10'1~111 8'•· 8 1?6 .. 'i. 6.3 .. 1.78 ·-1. 76 -'·5.000 2. 1 c;. (,' . o ... 2 ·l l'1.29 10?.18 6'i.o 198 •. 5 6.1 1.76 '.-1. 70 -45.0CO 2 •· l5orJ) z t ·o l<J~2') lO<J.lO 84.8 1'16.5 6.3 t.ro -l-16 -45.000 2. 1'5.~3. 
1 2 . 0. ·19.29 11)').10 84.6 l<J8.5 6.3 1.70 -1.70 -45.000 z. 15.6~ 
1 a 2 19.29 109.18 O'• .a. 193.5 6.3 .. l.TG -1.70 -45.000 2. l'.i.IJ) 
0 ,. 1 ·2 19.7.9 109.10 84.8 190.5 & .. 3 lo7B -1.70 - 1.5.000 ·2. 15.61 .. . 
l 1 -1. 19.2CJ 109.18 8'·· 6 . 190.5 c..J 1.76 1'.70 .r.s.ooo z • 15.6.3 . 
1 -1 1 19.29. 109.\6 04.6 1?0 .• 5 6.1 1.70 1.78 '45.000 2 •. 15.6 3 
1 ':"1 -l 19.29 10<). 18 84.8 l9R.5 b~J 1.76 -1.70 -'·5.ooo ·2. l5.6J. 
2 z 2 2C. 1 <J ll<J.10 .o.o o.o . o.o . '. o.o· 0.(\0 CJO.ono z • 14. 1'-

"2 0 .o 20.1<) 119.10 o.o o.o O.t' ·o.o 0.<'0' 90.000 2. 14. 14 
0 . 2· o· 20 .. 19 119.11) . o.o O.oO o.o o.o . o.oo 9o.ooe 2. 1'-.14 

,, 0 0 2 20.19 119~10 o.o o.o o.o (j. 0. o.oo 90.000 2. \4. 14 
0 ·2 2 23.46 158.60 06.1 202.0 lC.O 3.11 -o.oo -o.ooo 2. 10.0b 
z 0 2 23.40 158.8.0 06.3 202.0 1o.o 3.11. -o .rJo -o.ooo 2. 10. 01, 
2· 2 0 23.40 1511.61) 06 .. 3 zoi.o 10.0 • ).17 .-o.oo. -c..ooo 2. . 10 .ot. 
3 2 2 .25.74 160.50 32.1 75.2 4.6 1.52 ·-1.52 -45.000 2. 0.\7 
7. 3 2 25.14 180.50. lZol 75.2 4.b 1.52 -1.52 -o\5.000 2. 0. 17 
2 2 ) 25.74 tao. sa· 32.1 75.2 ~~6 1.52 -1.52' -45.1)00 z. 0.~7 

J 1 . 1 2 5. 71, 11111.50 32.1 .75.2 4.6 1.52 1.~z 45.oco 2. 0.17 
1 J l 2 5. 7'• 100.50 32.1 n.z ~.6 .. 1.52 t.r,z ~os.ooo z. U.l1 
1 1 3' 25.74 11111.50 32.1 75.2 4.6 1•52. 1. 52 ~~s.oco 2. o.11 
0 l· -z 25.74 1 !\0. s 6 32.1 75.2 ,. .6· 1o'SZ -1.<;2 -4'5.CCO 2. 11.11 
z 0 -1 25.74. 11lB.'lO 32.1 75~2 lt.6 1.52 t.sz 45.0CO z. 0.17 
z -1 0 2 5. Jl, ·lCO.SIJ 32.1 1~.z ~t.6 1.52 1 • .,"2 .... 5.~(0 2. R. (1 
1 -z 0 2 5. 7 1• 'lOU. 50 12.1 75.2 4eb 1.52 -1.52 -~5.oco z. o. 17 
0 ·Z -1 25.74 ·lllO.')R 32.1 75.2 ,..6 . 1. 52 lo52 lt.S.OC~ 2. 0.11 
1 0 -z 25.74 too. 'ill 31.1 lS.Z -4.6 1.52 -1.51 - .. s.oco z. 0. 1 7 
l 3 2 26.46 . l<J8.'50 o.o . o.o o.o o.o 0.:)0 9Q.CGC z • 1.,.,7 
z l l 26.46 198~So c·.o o.o. o.o o.o O.t:'.l 9G.~OO 2. 1.t.1 "d 

Ill 
3 1 2 26.'•6 l<J0.50 o.o. o.o o.o o.o o.oo qr. .I'( 0 2. 7·. '.> 1 OQ 

z 1 3 26.46 190.50 0.1) o.o o.o o.o o • .:o 90.()('(1 2. 1.b1 (D 

1 z 3 26.'•6 190.50 o.o o.o o.o o.o. r..~c . <lO.occ .• 2. 7." 7 w 
3 2 1 26.'·6 l'l!\.50 o.o o.o o.o o.o c.uc 90.0t:.'C z. 1.61 N 

1 z -1 26.46 l96.SO o.o o.o o.o . o. (I o.oc qo.oco 2. r • .,, 0 

z -1 1 16. 1th l91l.SO ~.o o.o o.o o.;o o.oo qt:.OC;(\ . 2 .• 7.n7 1-h. 

z 1 -1 26.46 196.'>0 o.o o.o o.o <i.O o.oc 90.00{' z. r.o7 ln 
1 -z -l 26.46 l90.'il) o~o . ·o.o o.o o.o -O.·.lC.. -?~.oce 2. 7.h7. ..._, 

1 -1 z Zt.. 4t• 198 .• 50 o.o OoO o.o 0~0 {1. 0(• ~(' .!'IC.O z. 7.67 
1 -1 -z 26.'•6. l90.50 o.o o.o o.o 0~0 -c .• l'O ><~o.o~.q z. 7.()7 
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~th Example: Neutron diffraction patte1·n for _Mo 

4
, 

8
si

3
C. 

6 
Output A. For details on 

s:tructure sec Acta· Cryst. !2_, 10.31 (1965). 

! Z 5 "'I 5 6 T 8 9 10 II I! ll 14 r5 16 IT 10 J9 20 21 ~z ~ :!4 25 :n 212!1 29 30 31 3:! :U 34 35 !.G. 31 "!IS!!> 40 41 "12 43 44 ~ 46 .4T48 49 :50 !II ~z 5l ~ 55:!:6 51::;~~ 60 &I C.Z 63 ~ 65 £.5 a £,0 m TO 71 T.! n N r.. ·;;. rr ·;:o, i"'l t;!) 

u or .rr • tJ r: 1 £ ~~ • ; t~ lol·l&l) 1, [sla. h~:zlTIC%T2TulH~~l2l~"llclt·1l, ;siJ~!£1 lt.JJD~ lclf?.f(l&lrl.l t:fifilTWIZJTf{!J F~l:3l!il~l I I I I I lnltii!J1JFJ211J 
. COt'uiPNO · . .. . . . . . · . .I 

I :! !I .of !I U T 8 9 10 II I:! 13 14 r5 16 IT 10 J9 ::0 21 Z:! :!3 24 25 <'G U 29 2:130 31 :52 33 34 J!l 3G 31 ~'l J!l 40 41 4Z 4144 45 4G 4743 49:50 !II !IZ 5l 5"'1 ~:S ~51 511 :7J tO 616Z Gl &4 £.HA:i 61 Ul G"'l TO 71 1:! T3 14 ~ 'l'r. TT71l Tl 00 r I I I '!'' k~@lbl I' I I 'a' I I I q I I5RWil61 I I rn l~PLll 1_1 I' I 'sb~AI I I I I' I J2MLh I '· I jXJMXJX1XlX1XIX~~~ 
.j 2 3 4 '58 T 8 9 10 II IZ IJ 14 r51G.I110 J920.21Z:!2324:!52GZ1ZOZ9J031l:!!l !4353G3739~40414Z'Il44454647C049:5051 ~Z5l:Y-!15~51~:B60G16ZGJ.G465tr.67£.0rol'071 n-n747:s'IT>TTr.17900 

F. I 1 1 ,,,. I!~! I 1 1 Ill 1 1 1 1 f 1~ q_ o g ~ I I ITO I I I Jl I II I I I I I JXIM''<lXIXlXIXlXIXIXt><IXP<JXl><Mx!Xi~.<t&iiRIXTXfXI)g.8~ 
WL . _ SL I SH ~ tf I: 6 I A GU~I'J B GUIN • . _ · _ . _ . . 

- . :unl>o . · . .· .. · 
~ ~ Q r . . . . . 

-f rn -o 

.... .... ...=. N 
n -;:: f11 'U 

0. 
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l 

. . .. .... . 
I ~ l 4 !I 8 T ft 9 10 II 12 D 14 !'.S 16 IT 18 J9 20 21 ZZ 23 24 25 2!i 2T 28 2!J 30 31l2 :!11 3'135 36 3T 311 39 40 41 4l 4144 45 4G 4T 48 49 ~51 52 S3 54 :,5 ~ 5T 58 m f.O 61 62 63 &4 6'H6 61 Ea Ol 70 n 72 73 T4 ~ TG n 7lJ ~ 00 

Fr. .. '')ftJ.~-~J.~ I ~~~~.~1 .. 1·1 (' ... '.~-~.~Ill. I rw~~~IXWXN?P<D<RM<k'<~~~~~RM41XJ<TY~ 
I:! 'S 4 5 IS T B 9101112 lli4~1GITIDJ!i2021Z2U2<1ZHG272S2!JJOlll~D3'1353GlTl'~40'114Z4l4H5464H8"!l:'.o~I52535'15'~5T59:riC.OGI6ZG'3&4t5Ut7C8(1')701172n741'57GT770nOO 

~~I I I 1 I 1·1.1·~1 I I I I IiI I·~~ I I'·~ ~ I -x-<2 I 3) y l 2, 3 ) . z ( 2. 3 ) . . . . . . " . . . . 
,· ·2-;·-.;~-~o-ii ··iz t3 '" a rc rT · •a J9 20 zr 22 23 24 25 2G u 2li.2!J 30 sr 32 ;o~-~ 35 !.6 '51 3s 3!. 40 .i "z 4l 44 45 46 4T.ca 49 ~ sr sz 53. ~-5, ~57 eo m c.o Ill 6Z Glll4 65 u cr ro ro10 n n n 74 ~ 1" n n 7ll [\) I I I 1·161 I I I I I I I 1·16 I I I I. (I I I· I~~ I 1.1 ~~t~~~~~~~ 

X(3,3) · V (3,3) . Z(3,3) · · . . _ . . . . 
I l. 3 4 5 6 7 t. 9 10 II 12 r114";j' i'i;' t7ijj"'j'9'2Q2i2221z:izs"~ 27 29 2? 30 !I iz·D· i:i)s3ii:n")a 3:; 1o 41 42.041 <(5 46 47 co 49:.) ~j ~Z·5l !A ~5 !.6 57 ;1·i-roci' £z c:s"C«5lh t7 (i c:l ron n n 74 75 m n 73 n ooi1 t 

~~I f-Pot~TilJ),l,'''-\ 111 11-}4! II\ II~~~·}),·''' Ll.k.~ 1(l)111 \. 1 . 1 J"Jt~1, 11 I 11 J~~~~~J) 1 ~~~3t~~; 
n·l . .. . · · . . · . . • . .. , · · · 
~ ... • 0 
~ ~ 
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I~TENSIJY CAlCULATION FO~ ~OC4.81StC3.1CC0.61,SP.Cn~. P6SUB3/MC~·,EE ACTA CRYSi.19o10lll~9~51 

. . 
OAfA CALCULATED FriR A HEXAGONAL STRUCTURE WITH . 
A• 7.26~00,C~ 5.0460Q,~L• 1.20000 ANGSTROH 

SIN-SQUARE-THETA-VALUES CALCULATED BETWEEN SLm 0.0 
OA~A CALCUL~TfO FOR HIGH l~UE-SYHMETRY .' 

ANi:> SH., o.~ 'l'l 

PR!i-IITIVE O!lAVAISl:\TTICE.Al.L 1-iKL VALUES ALLOIII:'D 
HOL ONL V It I TH L;,ZN . 
SVMMGTRY CENTE~ AT OKIGIN OF UNIT CELL 

i 
ATOHS IN UNIT GELLr. ELEMJCHI tiA C 1-1) +N QRA•FOCCU I M.J •. . 

COEFF lC I ENTS FOR 
B,T E14Pu 0.30000 

140 0.24000 
LIO o.o 
HO 0.24000 

COEffiCIENTS FOR 
llTEHP'" 0.30000 

MO o. 33333 
"10 . o. 33333 

CIJEfFICIENTS FOR 
OTEHP• .0. 30COO 

Sl 0.6!)000 
Sl o.o 
Sl 0.60000 

COEFFICIENTS FOR 
. B TEHP., 0.30000 

c o.o 
C. o.o 

rt.o 
KO 

3 '111_,. z.oo 

51 
c 

z ~~r 1 ~ 1.co 
. 3 Q 1 ~ z.oo 
z o 1 · o o•6e 

ATOMIC SCATTERING FACTOR OF HO o.o 
,OCCUPATION fACTOR CFOCCU) OF THE FOLLOWING 

o.o o.2SOQO 
0.24000 0.25000 
0.24000 0.75000 

ATOMIC SCATTERING FACTOR Of HO o.o 
,OCCUPATION FACTOR CFOCCUI OF THE FOLLOWIN·:i 

0.66667 . o.o 
. 0.66667 0.50000 

ATOMIC .SCATTERING FACTOR OF Sl u .• o 
,OCCUPATION FACTOR .. CFOCCUI OF -To\': fC'.L1WJN' 

o.o 0.7.5000. 
Oo60000 o.zsooo 
0.60000 0.75000 

ATOMIC SCATTERING FACTO~ OF ·C o.o 
tOCCUP4TION FACTOR (FOCCUI Of TttE FOLLOWING 

o.o o.o 
OoO O.!SOOOO 

o.o 
POSIT IQNS 

o.o 
POSITIONS· 

o.o 
POSITIONS 

o.o 
:--.SIT IONS 

il.O o.c 
I. 2.00000 

o.o o.o 
IS 1,80000 

o.o o.o 
IS z.ooooo 

o.o o.o 
IS 0.60000 

~EUTRONS 

·. 

0.6610 

-. 

0.<\20C 

0.6610 

"'d 
Ill OQ. 

(1) 

' w 
Cl' 

0 
Hl 

l. 
IJ1 
'-J. 
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· o.<;~z o.o o.o "· )7.30 2 o· 0 10.96 Zlo'l] )o\549 · 0 o190 2 36.11 2 0 0 l,oO Ool -O.l4 IJ.O \80.00(' "· 7.10' .II. l . l' 1' 11.72 23. '-'• 2.9517 0.2031 41.26 1 1 ' 1 29.2 o.:; .:.,o.·t.a o·. Cl 10o.co.o 12. 24. 7S l) 0 2 13.76 27o51 z. ';·230 O.ZHU 56.S'i 0 0 2 02. -, 10.7 -3~~7 o.o 1no.coc z. 18~ZO l 1 0 14.~7 29.14 2.H49 0.2516 63.29 z· 1 0 167.0 4.0 -2.01 . 0~0 100.000 12. \6.3 2. 

' 0 2 14.-0/o .. 29~61J 2.3 1.21 0.2561 65.60 l 0 2 72.7 1.6 ~t.3~. o.o 1no.ooC\ 12. 1!. .11 z 1 l 16.16 32.31 2.1S6i .0.2703 77.43 2 1 1 100C'.O 14.6. ·-).0) . u •. o · t!lO.OtJO 2'·· D.'t!i 
3 0 0 16.57 33.!!; 2.1013 0~2Q53 IH.38 3 0 0 '•52 ol 27.!) 5.27 o.o o.o 6. l2.fll 1 1 2 16. U1 33.63 . 2.074.1 0.2093 03.60 l 1 . 2 699.3 20.3 ·5.J2 o.c .Q.(I 12. 12.'-6 
2 a 2 17.73 . 35.46 1. '>10'• 0.301tS 92.72 2 0 2 5o1' o.z ·-~.45 o.o 180.000 . 12. 11.n 
2 :z 0 19o23 30.46· t.B215 <'.32'>4 100.50 2 2 0 . 1'3.0 . z. 7 .. . .1.63 OoO o.o 6. 9.76 » 1 0 ·zo~Gs 40.10 1.7500 o. 3'·10 117.55 3' 1 o· 3.2 <J ol. -0.37 (1.0 1BQ.OOO 12~ 'l.Ob l'. l z 20.25 40.5'1' 1.7331 0.3'•62 119.05. 2 1 2 t.6o l t .. s ·1.;n o.o. o.r 2'•. 0.8<) 
2 z !. 20.50 '• i.oo 1.1133 0.3502 122.64 z :!· 1 65.4 3.0 ... t.7'l ·o.o 100.000 p. 9.7\ 
3 l l 21.28 42o55 1.65)4 0.3629 131.6U 3 l 1 OC.9 2'.0 ,!.oltO o.o o.c 24. a. 1$ 
l 0. l 21.ll0 '•1· 60 1.6155 0.3714 137.93 3 0 2 10.1 o~q 0.96 .. o.o o.o 12. 7.UI 
4 0 0 U.34 '•4· 71 1. 5775 0.380/o 144.67 "' il 0 78.7 0.3. . 2. Ofl .. o.o o.c b. 7.t.7 
1 1 3 23.14 46.27 1• 527i 0.392? 15/o. 37 1 . 1 l 7.9 0.4 0.66 o.o o .. o 12. "7.04 z 2 2 23.97 4 7o·9/l i..4760 0.4063 165.06 2· 2 2 31o3u9 20.~ <..52' ·1).0 o.o 12. t..61 . ) :! 0 2'•·'·9 40.97 1.4476 ll.4145 171. 80 3 2 0 Ou5 '· o.o -G.1B o.o· lUC:..OOC 12. 6. i 1 o 
3. .1 2 2'··66 .C,9.32 1o431l0 Ooiol7J 1 H.lO l 1 2 5.1 ·(1.2 -'J.la::J o.c . 1110.('·00 2l,. '•· J z ) 2 l 25.54 51.0<> t.:H15 Oo4H2 1U5.'l4 ) 2 l 160.2 !i.J 2.10 r.o o.o 2'•· s.,<. 
1,. 1 0 25.01 51.67 1. 31hq 0.4356 10'>.00 ~ 1 0 26'l.l ta.t 4.2'> o.o o.o 12. s.cs ';, 2 1 3 25.00 51.76 1.3745. t).lt365 t'•)Q. 54 2 1 3 413.9 14.0 3.74 o.c o.o 24'. s.al 
'• '· 0 2 26.65 53.31 1.3375. 0 • .1;4116 201.23 ,. 0 2 1A3.7 13.0 -3.61 

, 
o.o 1CO.COO . 12. S.,56 

4 l 1 Z6eR5 53.70 1.3204 0.4517 204.02 lo . 1 1 r.o 0.1 o .z.t. o.o o.o 2'-. S.t.,') 
5 0 a 20.39 56.78 1.2620 0~4754 226.()5 . 5 0 0 10!1.6 u.s ~.07 o.o· ·0.0 b. 5 ~o·J 
() 0 "' 20·'·0 56.80 1.2615 ·o.475b 22b.21 0 0 ~ 101:.7 . 04.9 9 •. 21 o.o 0.(' .2. 5.0) 

:·) 2 2 20.55 57.09 1.2556 . C'. 4 779 220.35 l z 2 · a.4 0.1 -o.~e o.o lliO.OOO 24. 4.<)'.) 
1 0 ~ . 29~01 50.0) 1. 2170 0.4050 '215.26 1 0 4 1.7 O.l '0.5~ o.o o.c 12. 4.8l. 
2 2 .3 .29~05 sn .. to . 1.2157 0.4055 · 235. 7S 2 2 J 3~.0 2.8 1.66 o.o o.c . 12. '• .n-; 
3 3 0 2'>.61 59.22 1.21'.3 r.4'l'•1 244.13 3 l 0 9 .. 0 ·-~ 1.22 c.c o.~ . 6. ~.11 
l 1 3 29.65 ~'>.H 1.2127 o.o~o9t.O 244.79 3 l l "4.5 1. '> -1.37 o.c 100.000 24. 4.70 

"' 1 2 29~76 '.)9. 53 1.2006 o.s.964 2'•6.41, 4 1 2 . 7Q.O ?1 .. 3 1.ez ~.() o.r. H. 4.67 
4 z. 0. 30.21 6(•.42 1.1'>25 0.5032 253.17 4 2 0 1Q. ft ' 6.8 -2~62 o. c . l80.COO \2. ·'-.51 
1 1 4. 30.72 60.'·~· 1.1921 o.soi3 251.H l 1 ~ CJ.O o •. o 1..00 C.(' o.~ 12. 4.H 
J 3 1 3C.5'• 61.09 1.1DOb 0.5002 250.27 3 3 1 l7CJ.9 1, • ., 3.97. a.c o.c 12. t..5o 
2 0 ~ ~o. 01 . 61.61 1.17B (1.5122 • 2(,~.19 2 0 lo 1.2 0.1 -0.32 c.-c 100.0CC 12. .... 4lt 
4 2 1 ~1.13 62.27 1.16C5 o.~t7o 2b7.31 4 2 1 25.7 1.2 -1.03 (1. (' tor..coo 24. 4 .J1 ,. <; 1 0 31.97 63.9~ 1.1333 0.5294 2ec.30 5 1 0 26.0 2.?. ~1.5<. c .(I . 1oo.ooc 12. 4.:u '"d ,. 

5 .Jl ~ 32.11 64.21. ~-1201 0.5316 202.60 5 0 2 H1~2 : 22.7 -.,t. •• 11 o.o lBO.OOG 12. 4. IS Ill 
'QQ z a. ·It ~?..55 65 ol ') 1;.1151. o. 531J 1 28<1. 'H ? l ~ 7( •• ] 3.7 · -1.'H o.o lPO.OQ(' 2'-· 4. tO (I) 

'l 1 1 )2. ~- .. 65.72 1.1057 0.5'·26 294.44 s 1 l 79.·., ).() -1.91' o.o lR(l~COO 24. 4 .OJ• w 1 2 3 33.l-:. '>b.30 1.0912 IJo5'o69 299.0'· ) ? l 11)2.1.. rs.o -2.25 c.o l (IQ.flOCi 24. }. ')') ....... 
3 ] 2 33.25 66.'.i1 1.(.•')1,~ o.s,,u3 300.69 ) ) 2 l2fl.1 22.b 4.75 c.o o.o 12. 3 .'Hl 0 J 0 '~ ll.C.O 67.37 l.OIJ10 0.5546 307.60 J n .to 250.8 25.) · ~oC 3 .ll.t: o.c 12. '·'ll I-to 

" z .2 33.02 h1.h"3 1.0701 ('. S5.6S 309.13 4 2 2 66.9 I. 3.~ t.o~ o.c. o .. c. 24. ~-1!9 l.n IJ l ) 3'·· 27 60.~5 1.0655. 0. 5611 317.13 4 l 3 1.2 ~.1 -o.z~ o.o 180.00(• i~o·. l.cz ...... 
6 'O 0 ]t,. 79 69.'.i0 1.0516 C.570'.i JZS.51 (> 0 Q ~.b 2.0 . hl.Z. I).,(: o.o 6. 3 •. , ... 
') ) 0 3'5.34 7C.68 .1.0373 . 0.5704 334.55 (, 1 0 C'.l o.o ~1).(.(1 o.o lOO.COO \ z. ).t..t. 
z z 4 3'.i.J$ 70 • .70 t.031l C.57t16 334.72 ·2 ? ~ n. 6 2.1\ .t.~i'6 ~.c ~.(' 12. ~-l.G 
s 1 2 3 s. 48 7C.9b 1.0331) Co5004 . 336. us 5 1 2 11 • C)· O.b. . p. (\1) _-r..c o.o . 2'.. ....65 
J 1 4 35. ?0 71.79 1.0233 c.5U61 343.76 3 1 4 2.3 o·.1 -o. 3·5 1'!.(' ·lr.o.COC• 24. 3.'.i') 

" l 1 3 b. I'> 12o 19 1. 0'161 Clo590S 340.69: ·ft 3· l lboO z.o l~4l ().(\ .. a.o 2'> • '). ·j!, 
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F) Appendfx.· 

_Copy of tables from a paper by F. H. Moore in Acta Cryst ..!...§_, 1169 

{1963) which contain the constants for the exponential structure factor 

approximation • 

.:.: . 
.. 

'· 

fc si~ e)· -a(~~) --be sin 2 9) -
1\. = Ae .· A2 +Be A2 + C 

..... 
' 'J 'l'nb~-J 1. A:r:c.?v:ic. CVrl.;fanl.a /v-1' atomic acaf~ring f~rs c!erived from a e.~~ -ecl"r31.3!e'l'.l "r ..--aria!iona~ wav.~ funcei;~, 

'• ._: ~:··:.. ... ·.· .• •·:· . . • . ... . . ;·· . ·. . . . . ..... . ·:.. ······:·:·:: • ·-:.. •, '· 7 · ..... 

.·:· CoK. redhUon M~K •. _Ndi~t&On. -:~·. 

-:· .. : 
J 

~; . 
. c 

.: ' c(•ll=~) 
c•2 ,., 
,..z. 

.. I 

. __ o 

" 
o._~21 9.on 
1,COJ· 17,61~ 

1.351 · 2..HS 

1,r.1r.. :z. 205 

1.1.69 1,58.3 

1.013 l.I.9J 
1.o2a 2,521 

1, 161. · · 1,Sr.6 

1.1,72 1,.}57 

1.&20. 6. 785 

1, 121. · 6.no 
o.ea1' J,095 
1,00.) 2,11) 

1,,590 0:810) 

2, 7CS 7oC61 

'· 102 J, 7Jio 
o. 945, 2.130 

J.5~ . 9.o:;1 · 

B 

0,511..9 .U.15l. 
0,9J67 18J,6Jo 

0.~1 19,JI1 
.1,01.) H~o7.o. 

O,CZ07 

o.c:.n 

0,1)11, 

0,2!.M 

11t...9J O.J~ 

8.6)6 . o. 2110 

J01. 68 o.s<J:; 

2: o)2 55. 9iO o, &:IJ2 
1,0}7 U.8'J7 0.51..r.& 

0,2155 5.19.J O,JISJ 

2. 721 I 37,291 

1,979 · 2a.ssz 
o. 37oO 21~ 522 

. 0, Olc3 11,025 

1.1&1 

0.5370 

o.e:u2 
0.51T• 

2..9:.9 

2.6o7 
1,Bal 

0, 9CSf 

0,0209 

za. 126 . 1.300 

Jo.zi'S 1,Jn 

2.811) 

1,519 
0,61,% 

2.855 

1G,JJ7 

16,1Ji 
&.oaD 

'2},C10 

IJ,07? 
11,51S 

-"D.5.n 

1,2.)~ 

1, 091 

O,J6o"7 

1,1.7!,. 

1.)71 

t'.23t 

1o5Jio 

·' o•' 
~2- ·. 

.3.811 
),11,. 

6.)5j 

·s.J6!r 
1,.673 

2.633 

2.'.)]0 

2.0!.2 

1,6:..B . 
2.613 

21,191 

15.J57 
12.)t~ 

10,)56 

.32.e1a 

1.550 

f.r.;2 
1.1.59 
1,/oJf 

1,61:., 

.... 

.. .. . 

, 
o•-' '. 
o·f~· 

,-• 

, 

2.1.59 
1~921 

... 5')1 

. ~0~ 

7o5.5!o 

,5.5JO 

. s./.6, 

·Ja 7.5~ 5,179 1,2i';! .f07,Da 2.<0J 

,~· 6,29<1 3,751 1.9Ja 11,EJ.z 1,7;~ 

u'' 
u•2 ll.,. 

;·.,· 

· . .:. 

1·1.51 3.179 2.272 

6. 807 ), !..3&. .h 1uJ 

7,J7J · ), 17.) I . J,~ 

r.!$1 M'~' t.~" 
,, . 7.UO 2.~-~ 1,3~1 

"c;' · t.ZJ.i L w 

n. f5J :.,2:;,~. 

,,Z.)-2 . 2.007 

6~.n' 2 • .;~ 

1~. i:l 2.1Z5 

J2,C:;"· 2.1)~ 

.d.c;:J t.Gn 

• 

0,071 

0, 687 

o.os 
O,Oif 

1. o-:.; 

. 0,2,52" 

0,127 
0,011. 

0,2"',.!, 

o. 12-S 

0, Oil) 

0.~1 

.. 0,211 

0,212 

o.a.1· 
0,_029 

0,022 

I 
0,105· 

O,OI!i 

o.on. 
0,212 

0.055 
O,C23 

0,012 

0,010 

0,1)3 

0,21~ 

o.o~ 

0.1~0 

o.C-43· 

•·' 

-: 

A II 11 6 

O,}Js:i 6,JSI .. 0._6S:.J· 27.870 

o.s193 1~wm 1,o,, 151.~. 

1.681 
. 1,1)2 

1,0J7 

1,1&5 

1),Z7) 

819.12 

c 

O,OJ~ 

o.cooo 

1, 7'.,2 
!, 

'· 121 
o.n;a 

·. 2.023 

101,2J . 0,17;~ 

.s. 966 o. c.a;o 
:6~~ OS' . 0, 191.) 

1,501 

f,5U, 

1,C46 

2. ~ · SJ. 191 o; 2IJJ 

1,C']J lo.0.9i1 0.2595 

0,56.5,3 ,3,62' O,JJ.S:. 

1.575 
1.556 
1.5a2 

f.I.CZ. 

1, 1Ju ), C09 
o, 9101. . 2, C?9 

1,041 1.on 
0,15~· 0,1.11-' 

!,1Jl7 

1,1.69 

1.519 
1.515 

1,JJ5 

1,111 

1,:ZSJ 

0,&231 

0.7721. 
O,t.I01 

), ~? . ·. _21. 701 

J,lll7 22.765 

.• 1,JS, 

1.}25 

1,1,17 

1,es6 

1,,581 

o.&s~ 

o.64Z7 
).551 

2.159" 
1,'c~.s 

0,_5712 

!w&12 

2.073 
1.o: •. 5 
1,.817 

1,£4! 2,.)1.2 l,)t,.G 

1,&a2 ·2,55il · l.C~;·. 
1,)4-\ 2.o-".J9 ).45;1' 

1,011 1,,5J3. 

2,912 . ...Z-!.9 

).}5l ...... .:!31. 

2, GZJ ,5. 9 17· 

16.217 
10,&!.5 

9.671 

2!..551 

1},522 

tt,z.;.r· 
1.5SI 
(1, 187 

21,);6 

1),81) 

1.).66' 

0,.)71.7 
0,.)218 

O,JJZ7 

0, IE!l.l. 

0,6)%9 

o. &51.3 
O,Jft9 0,,.,, .. 
O,C?J5 

0.9~ 

0.51C? 
0,5))1 

1,20:} 

'· 1&0 
1,2Jlo' 

'· 15'0. 
1,11.% 

1,)JI 

7.JOJ J·,75J.· 1,~::;, J~,2{.j 1,,55) 

'·>'55 2.225 ..:.&n· 1.w 1,3;,;··· 

7.~..J. ),122 

t..J6Q .. 1.970 

1. 7' .. , · L:0.:-1. 

7. 610 2.')-f 

M.2J ~!: .. H 

5-•;.o •.m 

J,~J 

1.~ 

1,C·l1 

),t,i\l. 

1.i~ 

0.257 

0.27S 

0.021 

0.1,.00 

o. tea 
o. 1~7 
0,012 

O,I,DJ 
0,5)1 

0,15J. 

0, 1JO 

0,021. 

0,1o70 

0,11..5 

o. 09-3 
•. 0,6;1 

. o.~ta 
o.tn. 
0,121 

o.c.sz 
O,l&7 

0,251 

a.ec3 
o. 151 

e.u1 
0.177 

e..3::7 

o.o.n 

... 



j. 
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·I 

l 
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1. 
j 
t· ,. 

I 
i 
I 

I 

! 
i . ! 

:'\ 

·. 
~e:::~ 

1.1• 

":;r 

., 

Cl.· 

J: 

s1•' · 
.u~ 

a·' 
a~ 

c1· 

Tabl~ 1 {cotl.f.) 

.A 

. 7,1!.\l 

7.5.5.~ 

7,c31> 

II 

2.61~ 

2,J!.f 

2.1~ 

CD!\, ro.dl•tlon 

B 0 

l.o27~ l..S.072 

1,t,OJ· 22.95} 

· o. sn-2:.~. s. 98.!1 

0 

2.1.9~ 

:z.ow. 
1.9Jlo. 

'-m :z.Jr;. '· ~7 J6.oz . 2. e.sz 

7.545 

e.'" . 
"·""' 

t.J2a s.az; :zs,Dn · 1,62? 

1,13.5 7,91..0 ·. 27, zc-8. /o, 8:JJS 

o. t>oaB · e. 91.1. · · . J7at.a · -:.. C4B 

7.2J.9 1,1)8 J,'J)/ ·22,20) . ;,81}1 

7.722 1.002 .9.02J . 2J,Io1J 1,246 

· .. 5.39:. · . .),207 7,:.62 22,2}2.; 5, 1& 

, 

o,t;o 

0.~2~ 

:1,01.2 

0.1.50 

c.oJS 
\),0)6 

o,c-;9 

O,O!J. 

O,OJG 

0,1()1 

: ,,1.91,. 7.991 ),012• 64.}51 6,!..51 
J:"1 . . ,3.21.} ,3.25/. . 7.}21 .16.8(,1 .5.457 

0,.57.5 

0,057 

ea 

a. 

!'1 

c.:' 
ca•2 

~·' 
ao•2 

llo .. , 

10.256 . 7.667 
.9.6H 6.5711 
5>101 2. szo· 

-10.960 · 7.r.os 
9.1SJ . s.an 
7.05& 4-I.J& 

.5·51..0 J,2J.S 

11.69') 6.680 

· 10. zsz :s. 7o'J 

J,OSo 

2,BJII 

7,!.J2 

.90.9.5/. 6,6J? 

45.2&o ~.1.90 

. 1), 167 • .5.450 

J,16J .54o.H9 

4..287 2J,602 

s. 7.50 11.. 7a9 
,,~J7 11,21..} 

),1.00 70,Il58 
4. 057 2},)09 

G. 791. 

!i,r.::JG 
6.1n 
,,820 

0,).58 

o,JJo 
0,0}.5 

o.J.H 
0,1r.D 

0,01.1 

0,022 

A 

7.725 
7.6~0 

.5·054 
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~rox. ne-i~ticm 

G 11 6 

2.0JJ < 4.57~ .. .1,1,1,11 

• 2.1)'-' 1.587 19.970 

1,1oJ9 J,SJio J,9J9 

(J 

1• 61.1 
,.,n1 . 
,,,.12-

7,705 1,5S1 ,5,.5S8 )J,Ua 1,65%" 

7.700 

7.683 

7.9?.3, 

1,JO:J 
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,. s&o · ".~o9D 22.011. 

,.659 )).1.71 22.521 

9.7~ ).).248 

9.89/. ,.212 

9.9:0 .)J.tr.o 

ZZ.9J~ 

2J.J:10 
2),37Z 

2-'..Jca 

21..7/0 

10.0:12 JJ,050 

10,tH. JJ,072 

10.271 

10.)31 

1o.w 
10.5~ 

t=.srr 

.)2.5~ 23.221 

J2S77 · 2.5.~~ 
J2,S37 2;,,52 

JM-\.Z 25.SOJ 
)2.~ %'7-07~ 

' 
o,t&o 

o.o2z 
o.ot2 

0,1_53 

0,028 

0,02.) 

0,015 

0.15+ 

0.151 
0.15J 

0.15-\. 

0,02.3 

o.155 

c.t~ 

o.1ss 
. 0.010 

o.tsJ 
:o.152 

0.027 

0.1.;:. 

o.151 
c.ISJ 
o.llt9· 

·o.1r.a 
o,o}O 

0.1,2 

0.11.9 
o.u,.a 

. 0.150 

o.u.-' 

·0,11.5 

0,1J,J. 

0~11.& 

0.1~ 

0.11o5 

o.u.J 
o,tloJ 

O.tt.J 
_0.11,.0 

o.11ot 
o. tr,.o 
0.1.)9 

o.u • .o 
0.!)7 

0.1}7 

o. 1.39 
0.1)1 

. 0.1.)3 

0,1.)~ 

.. 

J 
/ 

n.ss' 
16.})7 

16.82} 

17.)17 
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,IJ 

tO.~ 

1o.m · tll.lo17 

t.7S2 11.2JJ. 
1. 7'..0 . tt ,5();; 
1,7JZ ·11.~9 

1.72J U.C05 

t<l.}OJ . 

13.17'+ 

1!.~1 

17.9']3. 

·(J 

'·''~ .&.763 

7.017 

7.257 

, 

0.!~\ 

0.'-1.' 

o.~H .. 
. o.SJJ 

17.750 

18.273 
1s.n& · 

12.%72 
H,523 

12._754-

17.827 

17.5<!i. 

17.&JJ 

7,51& .- o,&JV". 

7.7~ . · o • .;~ 
8,027' 0,511 

19 .zu i .6-9J 
19.732 t.&7s 

1 J.-019 17 .J.72 

u.:>J 11.,,.. 
a.2e.> ·c. o.;<O 
a.sJ7 o.s,,. 

~.21iS 

;o.&~ 

21.191. 

21.~a1 

22.171 

1,557 

'·'~ 1,5)2 

tJ,sc<i 17.277 . 8.7'11 . 
1.).752 17 .1~ . ,.052 

1) .;..32: 17 .IC] 9.)25 

1.5J,J. 

1,S}8 

22.652' _.1.62:1 11..&72 

2.).11,& 1.52!. . 11>.915 

16.8}2 10.125 

1&.7So. 10.)~ 

t.618 

1.&10 

1.6o) 

15.150- 1&.682 

15.Ja1.. 16-,606 

1.;.&25 ''·'-~ 

10.67) 

10.S:.J 

1t ,211. 

25~o&l 

25-578 
2S,c69 

26.5}-lo 

t.597 

1.550 
1,5$7 

1.571 

15.8$!. .1&.420 11 ,t,.S7. 
1 & ,07J 1 s .}57 11.761 

1s.ze& _1&.}09 ·u.a.a 
16.532 16.21} 12 .)27 

21 .osz 1.sn 15 . .721 

27.529. 1.5S9 1G.~~2 

2S.C09 1.50Z 17,1S.S 

29.1.9} 1.557 f7,1.06 

28.950 1.55-\. 17 .&1 z .. 
29..1.67 1._5:.7 

2MS9 1._5:.) 

,30.t.}S 1.535 
J;).9}0 1.5)2 

.)1,~1 1o523 

17!1!4) 
te.~ 

18.2510 

18,1.91 

13,697 

H.207 
t6,tt8 

16.0}3 

15.,5$ 
15.9}2 

15.SJ.l ,,.eo; 
15.71) 

15.57.5 

15.&19 

. )l.~Z 

)2,J73 
J%,2-6, 
)).}~ 

JJ,e;;l 

1,523 . 18.915 H.~} 

i.51J 19.ns ,,,.,.a;, 
1 ,51~ 19.)~ H..u,i 
,,~) 1!M.\O. 13.J.02 

'.~ 1,.T;!J 15.).52 

12.51& 

1~·.8,37 ,,.,,,, 
1).1.52 

1). ]1,.$ 

11..028 

11,.}17 

1~. ~:16 

1J,.69) 

15.187 

15 • .1.!:0 
13.n.J 
15.C>6, 
1~.)$0 

: 1~.,}-i 

0.510 

O.SIO 

o.~ 

o.~ 

o.s~ 

o.ss:. 
0.592 

0.591 
o.SJ) 
O.}a5 

0•5Sl 
0.571 

0.575' 

·o.s7• 

o.si'O 
0.~7 

. o.>S} 
o-.~~2 

0.591' 

0.557 
0.55/o 

0.551. 

o.~ 

o.~. 

o.~ 

o.~, 

0.537 
0.5}3 

o.sH 

·, 
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l'l: 

. ,Jia 

u 
Po 

.it· 

.lot 

J'r ... 

h 

ll 

Jo 
1=-

- 1C4 

.· 

Tc.ble .2 (con.t.) . 

CuK. ro.dia.!ion 

. .A B a 

)).65-' . J-~78 10.727 )2.7)7 27.5)7 
:.· 

.}f..oa7 
:v..sJ& 
~-~~ 

. ),5.409 

·.),5.659 

.)& .J-,"0 

~.72;1 

36 .• 197 

.).671 10.81& )2.561 

.).6{,0 10.509 J2.S.~7 

,3.!:52 .11.CC+ )2.551. 

).6;6 11.a:;t.. J2.6J6 

J.6}1 . 11.tSQ 

'.52& 1·1.257 

).su H,J3J 

.).200 . 12.}.)9 

,}2.440 

)2.!.40 

)2.21:0 

21•·720 

23,Ced 

29.455 

23.9)7. 

29.1,43 

29.:.50 

JO •. W> 
J0.79:. 
29.~51-

.37,1~ ·. JSt2 
.j6.1Cl,. 2.]1.5 

11.!,1;.4 
1;.921 

JI,}C:. 

2M~ 

)7.59J 
. .)7.059 

)6.))9 

11 ... 83 J2.4t& 

12.;53 a.e;2 

t6.ce3 n.77+8 

)I .E2Z 

JO,J75 
2;.;.ss 

.).5;o 11.629 32.211. 32.233 

2.176 1&.2JS 11 •• 7~& H.o.zz 

.. 38..\.51 ).5;9 11.571 )2.}11. 

)2.170 

J2.2C3 

.)2.157 

J2.('J.J 

J2.!X~ 

J2.nJ 
)).2)~ 

)).7~7 

34.211 

):..S<:., 

)5.1~ 

,a.a91 J.sss 11.ns 

40.1S~ . ).50'1.. 
40,,2§ J.s;& 

t.1.071. 

-'1-48) 

lo1.915 
4,2.)~2 

.u.m 
-'3.217 

).!45. 

J-542 
).5)4. 

J-525 
).525 

.3-5.:0 

4).~ .3-511 

.\4.09) ,3.499 

.\l..sos J.;ot 
.\4.9)9 . J-492 

1>5.};.2 J-467 

H.a)& 

11.?27 

12.o;o 

12.1111. 

1~.204 Jt .s-;z 35.~22 

12.zeJ 31 ~::39. Jo.1JO 
12.)65 · )I .675 )6.61) 

12.45'> Jt .as .J7 .c.'it 
1Z.5t6 )1.732 )7.!CI 

12 • .573. )I ,f!:.J }3.0:15 

12.571 

12.7SJ 

12.St9 

12.~ 

12.;~2 

}1.7!.5 }8.571 
}1.721 .)9.0)6 

.)1.744. .)9.553. 

.)1 •. 69). J.O,C'.6 

.31.;a; 40.552 

J-477 13.071 

3.:475 1}-14.4. 

J.Z.SS. 1).229 

.)1.~1 

.31.544. 

31.467 

)I .442 

.)1.)51. 

.!,1.;.r...t 

42.022 

42.526 

1.3.01) 

47.052 .. .)..I.CJ 

. lo7.Z.!l4 J..lo52 

, 
o.us 
0,1)6 . 

o.u& 
0.134 

0.1JJ 

o.m 
O.U2 

O.C41 

0.1)2 
O,Q41. 

0,012 

0.1)2 

o.uo 
o.u1 
.0~129 

0.129 

0,1JC'l 

0,123 

0.12'3 

0.126 

0.125 

0.127 
0,127 

0.127 
0.12) . 

0,123 

0.125 

0.123 

o.t2J 
0.12) 

0.12) 

0.121 

0.121 

.}4.811 

J5.)02 

JJ.~ 

.)6.271 
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20.179 15.2)2 

20.JZ4. 15.181 

::0.591 1,5.1.l3 

::o. 737 1s.oas 

a 

17.252 

17-~5 

17.0.:.1 
18.1I..S 

1 ,VJO 20.932 

~ .Z.75 21 .1 sa 
1.'+72 21 .3~9 

15.C49 

11 .. ~~9 
1\ .. ~t 

1sJ.sg 
18.75G 

1~.070· 

j9.58.5 

. .J9.7St 

1,0.136 
1,:>,521 

1>1.1 II 

1.1.550 
v.o.o.; 

1.5)8 

1.1.52 

1.1,!,9 

1-445 
1.!.42 

1-439 

21 .&z.+ 1.9..4Jf 

21.49)• 15.!.20 20,9]!,: 

22.1.07 14.7)6 ::0.&10 .· 

22.f0<3 14.&95 2C.915 

22.coo 14.555 21.221o. 

22.937 11,.&22 .. 21.51·3 
'J.I7G 11,,.535 ·· 2t.E39 

1.2.,562 

l,).c42 

43-534 

. ~.011 

1..434 :ZJ,Jo9 .11..5n 

1.430 . 2J.53J 11,..4~ 

1.423 2}.759 14.475 

1.:.25 :ZJ.%2· 1/o.l.Jt.. 

z:z.1o1 

22.471 

22.79.5 
2),11,5.. 

44-495. 1.422 

v..sas. 1.41.9 

1.5.461 

r.5.952 
. r.&.t.Jil 
r.S.;)o 

1.7.3~:. 

1.416 

1.41} 

1.410 

1.r.o.; 

I J.Ci. 

u .e.a1 1.4o2 
I.S ,357 I ,JS3 

4S.sss 1.3~ 

49.31,0 1 .}7} 

~9 .822 ·1.)91 

11,..)92' . ~3 .425 

1/o.J~ . 2).751 

24.535 11 .. )21 
24,715 ·,r..z;s 
24.:07 t r..Z&J 

25.451. . 11..157 

25.&59 flo.IJJ 
25.834. 11,..102 

26.02) 14.071 

26.2"'-4 .ti,.C41 

zr..ooa 
2!. • .5~ 

~.707 

25.0)3 

25.):.7 

:.s.sn 
zs.s:tG 
25.)26 

26.~ 

26.l/77 

Tabfe 3. Corre;Jpor..dence bctu·een theoretica! c;nd leaal-square.s atomic scattering factors 

r.n OJ). O·o o-1 o-2 o·3 . o-4 o·s o-s 
.J (theoroticnl) 28·00 27-53 26·10 24-17 21·74 HH7 16·63 

. • {£=0·01 23·00. 27·53 26·19 24·17 21·74. 19·17 16·58 
J (leaa~. squares} e = 0·00 · 23·00. 27·53 26·20 . 24·20 21·78 19·21 16·71 

.. £=1-01 23·00 27-53 26·22 24·26 21·94 19·51 17·20 

, ·::· 
o.s~ 

o.s.}O 
o.5za 
0.521 
O.S25 

. 0 • .52J 

o:sZ1 
0.518 

0.5)2 

0.462 

0.50<> 
0.5~ 

. 0.,502 

o.~ 

o.~ 

0.4'17 . 

o.~.~. 

0.495 

0.492 
0 ... 91. 

o·..r.s9 
o..z..e;.~ 

0..4.97 . 

o..z..er. 
O..loSJ 

o.r.sz · 
o..4n 
o.r.78 
0.475 

o.r.n 

0·7 
14·42 

14·42 
.l·HS 
15·12 
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z Element or 
Isotope 

1 n 
D 
HJ 

2 He~ 
3 Li 

Li6 
Li7 

ol Be 
5 B 

Bll 

6 c 
ctJ 

7· N 
9 0 

0 11 

0 1s 

9 F 
I 0 Nc 
II Na 
12 Mg 

13 _!\I 
H Si 
15 p 
16 s 
17 Cl 

CllS 
Cl37 

l!l A 
A lu 

19 K 

((39 
20 ca 

Ca'O 
Ca~~ 

.!1 Sc 

22 Ti 
Ti~c 
Ti47 

Ti'' 8 
Ti'9 

;/fl::·· ,,,j ,oi'o' 

Coherent Neutr·on ScnttC'l'inJ.{ 1\mplitnucs (compilC'd F<:hr·unr·y, 1971, M. 1. T.) 

All amplitudes an: or po:;itiv<: sigrt unless othcr:wisc noled and ar·c in units of 10~ 12 ern per atom. 
Complex amplitudes cor·r·cspond to a ncutn>n wavl.:lcngth of 1!\0 • 

Numbers in par·enthesis are stanuaru en·or·s for· entries of higher· precision. For such, the values 
are repr·c!;entative of nuclear scnltcring only arid do not include 

the neutron-electronic charge (fo'oldy) contribution. 

b 
coh z Element or b 

colt z Element or. h 
coh Isotope Isotope 

-0. 3723(3) Tiso 0. 55 47 1\g 0. 61-
0. 670(5) 23 v -0. 048 Agl07 0.83 
0.47 H Cr 0. 353l(l 0) Aglog 0.43 
0. 30 Cr52_ 0. 490 48 Cd o.::7+0. 161 

-o. 19-l 25 Mn -0. 36 Cdll3 -1.5+1.21 

0.18+0. 025i 26 F.e . 0. 951 49 In 0.39 
-0. 21 Fe 54 0.-12 50 Snll6 0. 61 

0. 77-l Fe 56 I. 01 Sn 0. 58 
0.5HO. 02li Fe 57 0.23 snll7 0. 6·l 

0. 60 27 . Co 0. 250 snliB. 0. 58 

o. 6626(3) 28 ~:sa· 
1. .03 Snll9 0.60 

0. 60 1.-14 Sn12o 0. 64 
0. 9·10 NiGO . 0. 282 

. 122 
0. 55 Sn 

0. 575(-l) Ni61 0. 76 Snl24 0.59 
0. 578 Ni62 -0. 87 51 su o. 56·11 (12) 

0. 600 Ni
6
'' -0. 037 52 ·rc 0. 513(1) 

o: 57-l(·l) 29 Cu 0. 76 Tei20 0. 52 
0. ·16 cu63 0. 67 Tcl23 0. 57 
0. 351 cuGs 1. 11 Tcl24 0. 55 
0.516 30 Zn 0. 57 Tc12s 0. 56 

0. 3H9(9) Zn6'• 0. 56 53 . I 0. 52 
0.4151(1) zri66 . 0. 63 54 Xe 0.41:!0 
0. 51 zn68 0. 67 55 Cs 0. 55 
0. l8~7(1) 31 Ga 0.72 56 Ba 0. 52 
0. <j5!H(l) 3l Gc 0. 8-l 57 La 0.1:!3 

1. I B 33 A:i 0. 6-1 58 Cc 0. 4C.. 
O.l6 H Se 0.78 Cel~o 0.-17 
0.20 35 Br 0. 6SS(ol) Cel42 0.15 
2. 43 36 Kr 0.7-1 59 Pr O.H 
0 .. l7 37 llb. O.H5 60 Nd 0.7l 

0. 37 Huos 0.83 Nul'•2 0. 77 
0. 49 38 Sr 0. 656 Nd

1
'''' 0. 28 

0.-19 39 y 0. 79 Ndl46 O.ll7 
o. 18 ·lO · Zr· 0.69 62 Sml52 -0. 5 
I. 1 B 41 Nh 0. 711 (-11 sml54 0. 8 

-0. 33 4l Mo 0.66 63 Eu 0. 55 
0. ·18 ·l3 Tc99 0.6S 61 Gd 1.5 
0.33 H nu 0.73 65 'l'I.J 0.76 

-0. ss 45 Hh 0. 59 66 Dy ). 69 
0.08 46 Pd 0. 60 Dyl6o 0. 67 

u 

z Elemcral or b 
coil Isotope 

D,,IGI I. 03 
D)•IG2 -0.1-1 
DyloJ 0. 50 
Dy 16~. ol. 9·l 

67 Ho 0. 35 

68 Er· 0. 79 
69 Tm ·o. 69 
70 Yb 1. 26 
71 Lu 0. 73 
7l nf 0. 1:.; 

73 Ta 0. 6·)i (7) 
7-1 \V 0. -177(3) 

\\'182 0. ~33(1-1) 
\V 1 e 3 0. 4 3(5) 
\\'Ia•. 0. 759('!) 

\\' 16r, -0. 11 ')( ~) 
75 He: aJ. 92 
76 (),;. ). 07 

0:;186 0. ·:::! 
OslS~ 1. I 0 

ost9o. 1.1'1 
osl92 1. 19 

77 Ir 1. 06 
78 Pt 0. ~·5 
79 _-\u u. 7(; 

80 llg I. 2(.1,(2) 
Sl Tl 0. S9 
82 Pb 0. '}10·1(·1) 
83 Bi 0. !l52?(S) 
90 Th 0. 99 .. 
92 u 2J' 0. 85 u , 0. 93 

u2Js 0. 35 
93 Np 1. 055 
9·1 Pu - 0. i5 
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PROGRAM POWPAT(INPUTrOUTPUT) 
C INTENSITY CALCULATION FOR POWDER DIFFRACTION PATTERNS 
C (1969 VERSION) 
C PROGRAM WAilTEN BY K~YVONr W,JEITSCHKO AND E,PARTHE 
C SCHObL OF METALLURGY AND MATERIALS SCIENCE 
C LABORATO~Y FOR RESEARCH ON THE STRUCTURE OF MATTER 
C UNlVEASITY OF PENNS~LVANIAr PHILAO&LPHIA 19104 

DIMENSION ~C3000),YHC3000lrYKC3000),yL(3000),THETAC3000),SUMACjOQO 
1) ,SUM8(3000),VINTC3000) rNA(8) rXC48,8) rYC48;8) ,Z(48,8) rAAA(8);AAC8) 
Z,BB8(8)rBBC8)rCCC(8),8TEHP(8)rELEMT(8),pLAYC100),COMPNOCZO),SPC180 
3),W(180),FOCCU(8),STRU(3000);SFA(30;8),FPL6(3000),FMUL(3000) 

7000 FORMAT(/27H1INTENSITY CALCULATION FOR rZOA4/) 
7001 FOAMATCtZ5H1DIFFRACTION PATTERN FOR rZOA4r4H WLarF8~5/) 
7008 FORMAT C5X,15F5,0) 
7009 FOAMAT(15F5,0) 
7010 FOAMATCA4rF6~0,6F10,0) · 
7011 F0RHAT(/46H. COEFFICIENTS FOR ATOMIC SCATTERING FACTOR OF A4r5F10:4 

1r/7H BTEMP•F10.5,58H ,OCCUPATION FACTOR CFOCCU) OF THE FOLLOWING P 
20SITIONS IS F10,5,/) 

7012 FORHAT(/23H SCATTERING FACTORS OF A4, ~4H IN STEPS o• ,OS•S~N(THET 
1A)/LAHBDArl OP15F7.3,/ 0P15F7,3r117H BTEMPaF10.5r58H rOCCUPAT!ON F 
2ACTOR (FOCCU) OF THE FOLLOWING PO~~TIONS IS F10,5r8X,/) 

· 70ZO fORMAT(jF~O~O) 
7021 FORMATC1XrA4r1Xr3F10,5) 
7022 FORMATC1X,A4r1Xr3F10.5r17H +(1/2 1/2 1/2)) 
7023 FORHAT(~X,A4r1Xr3F10;5,29H +(2/3 1/3 1/3,1/3 2/3 Z/3)) 
7024 FORMATC1X,A4r1X,3F10,5,35H +C1/2 1/Z Or1/2 0 1/Z,Q 1/Z 1/2)) 
7025 FORMAT(1XrA4r1Xr3F10:5,15H +CO 1/2 1/2)) 
7026 FORMAT(~X,A4r1X,3F10.5r15H +(1/2 0 1/2)) 
7027 FORHATC1XrA4r1Xr3F10,5,15H +(1/2 1/2 0)) 
7049 F0RHATC10X,~ ATOMS IN UNIT CELLI ELEMT(M) NA(M)•NBRA•FOCCU(M)') 
7050 FORMAT(3~X~A4o5X,IZ~3H •riZ,3H *rF6.2) 
7052 FORMAT CF8.1,4Xr100A1) . . _ 
8001 FORMAT(3H A~F9.5,3H,8mF9,5,3HrC=F9,5,6H,8ETA=F9,5r4H,WL•F8.5) 
8002 FORMAT(3H A•F9.5,3H,BaF9,5,3HrC•F9,5,4H,WLaF8.5,9H ANGSTROM) 
8003 FORMATC3H A=F9.5,3HrC=F9,5r4HrWL=F8,5,9H ANGSTROM) 
8005 FORMAT(3H A•F9.5, 4H;WL=F8.5r9H A"GSTROM) 
8007 FORMAT(3H A•F9.5,3H,B•F9,5,3HrC•F9~5,7~,ALPHA=F9,5,6HrBETA•F9.5r7H 

1rGAMMA=F9,5,4HrWL=F8.5) . 
8010 FORMATC48H SIN-SQUARE-THETA-VALUES CALCULATED BETWEEN SL=~7~4,8H 

1A NO S H:a F7. 4, 9 X, 6H KO DL P=, I 2, 9X, 6 HA GU IN •0 PF 5. Z, 6X, 6 HB GU IN •0 PF 5, 2) 
8011 FORMAT(38H DATA CALCULATED FOR LOW LAUE-SYMME·TRY) 
8012 FOAMATC39H DATA CALCULATED FOR HIGH LAUE-SYMMETRY) 
8029 FORMAT (20A4) 
8031 FORMAT(39H SYMMETRY CENTER AT ORIGIN OF UNIT CELL) 
8842 FORMATC19H HKO ONLY WITH H•2N) 
88 43 FORMAT ( 19 H HK 0 ONLY WITH K:a 2N) 
8844 FORMATC19H HKO ONLY WITH H+K•I1,1HN) 
8847 FORMAT C19H OKL ONLY WITH K•2N) 
8848' FORMAT(19H OKL ONLY WITH L•2N) 
8849 FORMAT(19H OKL ONLY WITH K+L•I1,1HN) 
8852 FORMAT(19H HOL ONLY WITH H•2N) 
8853 FORMAT(19H HOL ONLY WITH L=ZN) 
8854 FORMAT(19H HOL ONLY WITH H+L=I1,1HN) 
8857 FORMATC19H HHL ONLY WITH L=2N) 
8858 FORMATC22H HHL ONLY WITH 2H+L•4N) 
8860 FORMATC17H HOO ONLY WITH H=11r1HN) 
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POWPAT 
POWP AT 
POWPAT 
POWPAJ' 
POWPAT 
POWPAt 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 

"POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POW PAT 
POWPA! 
POW PAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPAY 
POW PAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POW PAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POW PAT 
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2 
3 
4 
5 
6 
1 
8 
9 

1o 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 



000003· 
000003 
000003 
000003 
00 00 03 
000003 
000003 
000003 
000003 
000003 
000003 
000003 
000003 
000003 
000003 
000003 
000003 

000003 

00000.3 
00 00 03 
000003 
000003 
000003 

000003 

00 00 03 
000005 
000007 
000010 
000012 
000017 
000021 
oooo:sz 
000052 
000100 

000142 
000152 
000153 
000154 
000155 
000156 
000160 

8863 FORMAT(19H OKO ONLY WITH K•ZN) 
8865 FORMAT(17H OOL ONLY WITH L•I1 ,1HN) . 
8881 FORMAT (49H PRIMITIVE BRAVAISLATTICE.ALL HKL VALUES ALLOWED ) 
8882 FORMAT (51H BOOYCENTERED BRAVAI SLATTI CE.HKL ONLY WITH ·H+K+L•2N) 
8883 FORMAT (~2H RHOMBOHEDRAL B~AVAISLAfTtCE.HKL ONLY WITH •H+K+~•3N) 
8884 FORMAT (54H FACECENTERED BRAVAISLATTICE,HrKrL ALL EVEN.OR ALL ODD) 
8885 FORMAT (47H A-CENTERED BRAVAISLATTICE.HKL ONLY WITH K+L•2N) 
8886 FORMAT C47H B-~ENTERED BRAVAiSLATTICE.HKL ONLY WITH H+L•2N) 
8887 FORMAT (47H C-CENTERED BRAVAISLATTICE,HKL ONLY WITH H+K~2N) 
8990 FORMAT(/48H DATA CALCULATED FOR A MONOCLINIC STRUCTURE WITH) 
8991 FORMATC/47H DATA CALCULATED FOR A TRICLINIC STRUCTURE WITH) 
8992 FORMAT(/51H DATA CALCULATED FOR AN ORTHORHOMBIC STRUtTURE WITH ) 
8993 FORMATC/50H DATA CALCULATED FOR A TRIGONAL STRUCTURE WITW ) 
8994 FORMAT (/48H DATA CALCULATED FOR A TETRAGONAL STRUCTURE WITH · ) 
8995 FORMAT(/43H DATA CALCULATED FOR A CUBIC STRUCTURE WITH ) 
8996 FORMAT C/47~ DATA CALCULATED FOR A HEXAGONAL STRUCTURE WITH ) 
8998 FORMAT( 130H1 H K · L THETA. SIN2•1000 ~NT,SCALED INT~NS~TY U 

1NStALED . /FCHKL)/••2 AtHKL) BCHK~) .PHA.ANG: MU 
2LT LPG ) 

8999 FORMAT( 132W1 H K L THETA 2THETA D·VALUE SIN SIN2•1000 H 
1K L· INTENSITY /FCHKL)/**2. ACHKL) BCHKL) PHA:AN6: 
2MULT LP6) 

9900 FOAMATC21H SOMETHING WENT WRONG) 
9997 FORMAT(4I2r2X,7I2,6X,9I2) 
9998 FORMA~(~10&Q,2F5.0,4I2r2Xr2F10,0) 
9999 FORMATC6F10,0) 
9000 FORMATCli3,2F7,2, F8,4,2XrF6,4, 3PF9;2,1Xr3I3,0PF11.1r0PF17.1, 

1 OP2F12:2,0PF8.3,0PFS.O,OPF9.2) _ 
9001 FORMAT(3I3,F9.2,3P1F~0.2;0PF10.1,0PF22~1~0P~20,1,0P2F14,2,0PF8:3;. 

.10PFS.O,OPF10.2) .. 
C SETCMA is A ROUTINE THAT ALLOWS THE USE OF COMMAS ON INPUT 
C AS· SEPARATORS, THIS AVOIDS THE NECESSITY OF SPACING TO 
C A SPECIF.iC COLUMN WHEN USING A TELETYPE. THIS FEATURE CAN 
C· ALSO BE USED WITH CARD INPUT: CONVENTI~NAL I~PUT FCRMATS 
C M~Y STi~L BE USED. 
C AFTER A· CALL SETCMA(1) THE FEATURE MAY BE DISABLED BY 
C CALL SETCMA(Ot 
C FOR USE ON ANOTHER COMPUTER THAT DOES NOT OFFER THIS FEATURE 
C THIS CAL~ SETCMA(1) MAY BE REMOVED OR A DUMMY ROUTINE SUPPLIED: 

CALL SETCMA(H 
PI2 a 6:283,853 

. e ,..z .1 18 281 a 
FRTD•4./3~ . 
READ 9997,NCALCS 
DO 998 NCALC=1,NCALCS 
READ 8029,(COMPN0(I)ri•1,20) 
REAO. 9999, A,B,C,ALPHArBETA,GAMMA 
READ 9998,WLrSL,SHrNORM,ISCATriMA6E,KOOLPrAG~IN,BGUiN 

·READ 9997,ISYSTMriBRAVLrLAUE,ISYMCErlHKO,IOKLriHOLriHHLriHOO,IOKOr 
1IOOL,NCOM~O,(NAJII),IIa1,8) 
IFCCSH.EO.O,).OR~CsH:GT.0.999))SH•0.999 
NDQ 
ICON•O 
VMX INT'-0. 
NLI NE•O 

699 DO 700 M=1rNCOHPO 
READ 7010rELEHT(M),FOCCU(M),AAA(M),AA(M),88B(M),88(M),CCC(M), 

1 BTEHP (M) 

POWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWP AT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWP AT 
POWPA T 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POW PAT. 
POWPAT 
POWPAT 
POW PAT 
POW PAT 
POWPAT 
SETCMA 
SETCMA 
SE'TCMA 
SE Tr:: MA 
SETCMA 
SET CMA 
SETCMA 
SETCMA 
SETCMA 
SETCMA 
POWPAT 
POWPAT 

. POWP'AT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POW PAT 
POWPAT 
POWPAT 
POWP~T 
POWPAf 
POWPAT 
POWPAT 
POW PAT 
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!9 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74. .,,. 
76 
11 
18 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

2 
3. 
4 
5 
6 
1 
8 
9 

10 
11 
90 
91 
92 
93 
94 
95 
96 
9? 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 

~---- ----·---------------------------------------: 



000203 IFCiSCAT:Ne .• O> READ 7008,CSFA(IrN),i=1,15> POWPAT 108 000220 IF(ISCAT.NE,O) READ 7009, (SFACirM) ri=16,30) POWP~y 109 000235 NL•NA (M~. POW PAT 110 000237 700 RE.AD 7020,(XCirM>rYCirM),Z(I,M),I•1,NL) POWPAT 111 000266 PRINT 7000, COMPND . POWPAT 1, 2 000273 WLS04=WL**2/4. POW PAy 113 000276 ASTAR=WLSQ4iA**2 POWPAT 114. 0,00300 tF((JSYST~.EQ,1).0R~CISYSTM,EO~Z)~OR, (ISYSTM.EQ~7)) I'OWPAT 115 
1BSTAR=WLSQ4/B**2 POWPAT 1H 000316 I F ( Is y s TM. N E ~ 5) CSTAR•WLSQ4/C•*2 POWPAY 117 000323 BET=BETA•Pt2/l60, POWPAT 118 000326 SINB2=CSINCBET>>**2 POW PAT 119 000330 cose•COSCBET> POWPAy 120 000333 "IFCISYSTM.NE,7>GO TO 201 POWPAT 121 000335 ALPH=ALPHA•PI2/360, POW PAT 122 000337 . GAMMaGAMMA•Pl2/360. POWPAT 123, 000342 SV=(ALPH+BeT+GAMM)/2. POWPAT ,24 000346 VOL=2.•A•8•C•SQRT(SINCSV)•StN(SV•AlPH)*SINCSV-BET)•SIN(SV•GAMM)) POW PAT 125 000374 AST•CB•C•SIN(ALPH))/VOL POWPAT. 126 000402 BST=CA*C*SINCBET))/VOL POWPAT 127 

000407 CST•CA*B*SIN(GAMM))/VOL POW PAT 128 000414 COAST=CCOSB*COSCGAMM)-COSCALPH))/CSIN(BET)•SINCGAMM)) POWPAT . 129 000430 COBST•CCOSCGAM~)•COSCALPH)•COSB)/(SlN(GAHM>•SINCALPH)) PQWf~T no 000444 COGST=CCOS(ALPH)*COSB•COS(GAMM) )/ CSJN (ALPH) •SIN (BET)) POW PAY 131 000460 Z01 ZH=O, POWPAT 132 000461 ZK a ·0. POWPAT 1:$3 000462 ZL:oO, POWP~T 134 000463 100 ZH•ZH+1~ POWPAT 135 000465 GO T0(1 r2rlr4r5r6r7>riSYSTM POWP AT 136 
000500 1 ZHTEST•C?.6~A*S~RT(SH))/WL POWPAT ;37 
000506 IFCZH.LE.ZHTEST)60 TO 205 POWPA'T 138 000510 ZH=O. POWPAT 139 000511 ZKaZK+1. POW PAT 140 000513 ZKTEST•C2.0•B•SQRT(SH))/WL POWPAT 141 000520 I FCZK.LE.ZKTEST)GO TO 1 POW PAT 142 . 000522 Z K•O. POWPAT 143 000523 I FCICON. ea.O> GO TO 203 POW PAT 144 
000524 ZL=ZL-1. POWPAT 145 000 526 GO TO 204 POW PAT 146 0 00526 203 ZL=ZL+1. POWPAT 147 00 0530 204 ZLTEST=C2.0*C*~ORlCSH))/WL POWPAT 148 00 0536 IF( ABS(Zt). L~ .ZLT EST) GO TO POWPAT 149 000541 IFCICON.EQ.1)GO TO 202· POW PAT 150 
000543 ICON=1 POW PAT 151 000544 GO TO 201· POW PAT 152 000545 205 ATEST=ASTAR•~H••2/SINB2+BSTAR•ZK**2+CSTAR*ZL**2/SINB2-WLSQ4•2:•zH• POWPAT 153 

1ZL~COSB/(A*~*SINB2) POWPAT 154 oo 05 67 IFCATEST.GT,SH) 60 TO 100 POWPAT 15; 
000572 lF((ICON.EQ.0),0R,(CZH.GT.0.9),AND,(ZL.LT~(·0.9))))GO TO 70 POWPAT 156 000605 GO TO 100 POWPAT ;57 
000605 202 PRINT 8990 POW PAT 158 
000611 PRINT 8001,ArBrC,BETA,WL POWPAT 159 000627 GO TO 23 POWPAT 160 
00 0630 2 ATE ST =A STAR *Z H* *2 +B STAR *Z K* *2 +CST AA *Z L* *2 POWPAT 16.1 
000641 IFCATEST.LE.SH)60 TO 70 POWPAT ·162 000643 ZH=O. POWPAT 163 
000644 ZK=ZK+1 .. POWPAT 1~4 000646 B TE ST•B ST AR•i K* •2+C ST AR*Z L* •2 POWPAT 165 
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00 0652 
000654 
000655 
000657 
000661 
000663 
000666 
ooo7oz 
000703 
000715 
000722 
000724 
000725 
000727 
000733 
000736 
000737 
000740 
00 0742 
000742 
000744 
000747 
oo o7 s1 
000.753 
000754· 
0007U 

000772 
000772 
000776 
000777 
001005 
0 0100 7 
001011 
001012 
001016 
001021 
001022 
001.0~3 
001025 
001027 
001031 
0010~~ 
001035 
001043 
001045 
001~47 
oo·1o5o 
001054 
001056 
001060 
001061 
001062 
001064 
001067 
0010 72 
001102 
001103 

IF CBTEST .LE~SH)GO TO 2 
Z KaO ~ 
ZL:aZL+1. 
CTEST•CSTAR~ZL~•2 
IF(CTEST~LE.SH)GO TO 2 
PRINT 8992 
PRINT 8002,A,B,C,WL 
GO TO 23 . 

3 ATEST~FRTO*ASTAR*(ZH**2+ZH*ZK+ZK**2)+CSTAR*ZL**2 
IF((ZH.EQ~O~).AND.CiL.EQ~O,))GO TO 100 
I~CATEST.LE.SH>GO To 210 
ZHcO, . 
ZK:aZK+1. 
BTEST•FRTD*ASTAR*ZK••2+CSTAR*ZL**2 
IF (BTE~T.LE,SH) GO TO 3 
ZK•O. 
I.F(Ito~:eo.1)60 TO 220 
ZL=ZL-1: 
GO TO 221 

220 ZL=ZL+1. 
221 CTEST=CSTAR*Zl**2 

IFCCTEsi:Le:SH)GO TO 3 
IF1ICON:eo~1)GO TO 211 
I CON•1 

!" 

GO TO 201 . . _ .. . . 
21 0 I F ( (I .CON . EO, 0) • OR • ( ( ZL. LT. ( .0 ·, 9)) , AND • ( ( ZH, NE • 0 • ) • AND. ( ZK • N E. 0. )) ) 

1)GO TO 70 
GO TO 100 

2-11 PRINT 8 99l. 
GO TO 71 

4 ATEST•ASTAR*(ZH••2+ZK**2)+CSTAR*ZL**2 
IF(ATEST.LE.SH)GO TO 70 
ZH =ZIC+ 1. 
ZK•ZH 
BTEST=ASTAR*2.•ZH**2~CSTAR*ZL**2 
iFCBTESi.LE~SH)GO TO 4 
ZH•O. . 
ZK .. O, 
ZL•ZL+1. 
CTEST:CSTAA*ZL**2 
IFCCTEST~LE.SHlGO TO 4 
PRINT 8994 ' 
GO TO 71. . . . 

5 ATEST8ASTAA•CZH••2+ZK**2+ZL••2) 
IF(ATEST.LE~SH)GO TO 70 
ZH•ZK+1 ~ . 
ZKIIZH 
BTESTcA~TAR~(2.•ZH••2+ZL**2) 
IF(BTEST:Le .• SH>GO TO 5 
ZHIIZL+1. 
ZK=ZH 
ZL=ZH 
CTESTIIASTAR.•3 .•ZH*•2 
IFCCTEST~LE~SH)GO TO 5 
PAiNT 8995 
PRINT 8002rArWL 
GO TO 23 . 

6 ATEST=FRTD•ASTAR*(~H••2+ZH*ZK+ZK*•2)+CSTAA*ZL**2 

POWPAT 
POVPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
I>OWPAT 
POWPAT 
POWP·AT 
POW PAT 
POWP~y 
POWPAT 
POW PAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWP AT 
POWP~t 
POWPAt 
POWPAT 
POW PAT 
POW PAT 
POW PAT 
POWPAT 
POW PAT 
POWPAT 
POWPAJ 
POWPAT 

·PoWPAT 
POWPAT 
POW PAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPAy 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAt 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
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166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
H9 
180 
181, 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
2; 5 
216 
217 
218 
219 
220 
221 
222 
223 



001115 
00, 17 
001121 
001122 

. 001131 
001133 
001134 
001135 
001137 
001141 
001143 
001146 
001147 
0011.55 
001157 
001160 
001162 
001164 
001 165 
001167 
001175 
001200 
001201 
Q01Z07 
001211 
001211 
001 213 
001221 
0012 24. 
001226 
001235 

001267 
001272 
001273 

001316 
001326. 
001342 
001352 
0013$2 
001356 
00:1400 
001401 
001404 
001405 
001407 
001410 
001423 
001427 
001430 
001434 
001435 
001440 
001443 
001446 
001447 
001452 

IF(ATEST~LE:sH>GO TO 70 
ZH=ZK+1. 
ZK•ZH 
BTEST=FRTO•ASTAR*3,•ZH*•2+CSTAR•ZL••2 
IF CBTEST.LE~SH)GO TO 6 
ZH=O, 
ZK=O, 
ZL=ZL+1, 
CTEST=CSTAR*ZL•*2 
IF(CTEST.LE,SH)GO TO 6 
PRINT 8996 
GO TO 71 

7 ZHTEST=C2.0•A•SQRTCSH))/WL 
IF(ZH.LE.ZHTEST) GO TO 206 
ZH=O, 
IF(ICON,LT.2)GO TO 212 
ZK=ZK-1: 
GO. TO 213 

212 ZK=ZK+1. 
213 ZKTEST=C2.0•B•SQRTCSH))/WL 

IFCABS(Z~>.LE.ZKTEST) GO TO 7 
ZK=O~ 
IFC(ICON.EO~O>.OR.CICON.EQ.2))GO TO 208 
ZL=ZL~1: 
GO TO 209 

208 ZL•ZL+1. 
209 ZLTEST=CZ.O•t•SQRTCSH))/WL 

IFCABSCZL~.LE.ZLTEST)GO TO 7· 
I CON•ICON+1 
G 0 TO ( 20 1 , 20 1 , 20 1 , 20 7) , I CON 

206 ATEST•W~SQ4•CCZH•AST>••2+CZK•BST>••Z+CZL•CST>••2+2~~ZK*ZL•BST•CST* 
1COAST+2.•ZH*ZL*AST*CST*COBST+2,*ZH•ZK*AST•BST*COGST) 

IFCATEST.ST,SH) GO TO 100 . 
IFCICON.EQ .• O) GO TO 70 
IFCCCZH.EQ:O.>~ANO,(ZIC,EQ.O,)),OR,((ZK.EQ,O,),ANO,CZL,EQ,O,)),OR: 

1((ZH.EQ,Q,) ,AND,(ZL.EQ,Q,)))GO TO 100 
IFCCIC6N:EQ,1).AND,CZL.LT,(•0,9)))GO TO 70 
I~(((IC6N.EQ.Z),A~D:<zK,LT,C-0;9))),AND,CZH,GT.0,9))GO TO 70 
IFCCICON.EQ,3).AND.((ZH•ZK*ZL),NE.0,))GO TO 70· 
GO TO 100 

207 PRINT 8991 
PRINT 8007, A, B, c, ALPHA, BETA ,GAMMA ,WL 
GO TO 23 

70 IF(ATEST.LT,SL> GO TO 100 
XH=ZH 
XIC=ZK 
XL=ZL 

171 GO TO· (90.,8~,83,84,85,86,87),IBRAVL 
82 TESTBR=CXH+XIC+XL)/2: 

GO TO 89 
83 TESTBR=(-XH+XK+XL)/3; 

GO TO 89 
84 FACEHK=CXH+XIC)/2, 

IFCCAINTCFACEHK)-FACEHK),NE;O,)GO TO 100 
85 TESTBR::o(XK+XL)/2, 

~0 TO 89 
86 TESTBR=CXH+XL)/2, 

GO TO. 89 

POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPA! 
POW PAT 
POW PAT 
POW PAT 
POWPAT · 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POW PAT 
POWPAT· 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
PQWPAT 
POWP AT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
Pc;IWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
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2~4 
225 
226 
227 
228 
229 
230 
231 
232 
233 
~34 
235 
236 
237 
238 
23Ci 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268· 
269 
270 
Z7 1 
272 
273 
274· 
275 
276 
277 
278 
279 
280 
281 



001453 
001456 
001461 . 
001473. 
001505 
001517 
001530 
001547 
001565 
001601' 
00162-.1; 
001622 
001624 
001627 
001631 
001632 
0016·34 
OOi63T 
001637 
001641 
001644 
001646 
001647 
QOU51. 
001654. 
001654 . 
001656 
001661 ·. 
001663 
001664 
001666 
001671 
001671 
001673 
001676 
0017 02 
001702 
001704 
0 0170 5 
00 17, 1 
001711 
001713 
001714 
001711 
0017Z1 
0 01724 
001726 
001727 
001132 
001734 
001736 
001737 
001741 
001742 
001743 
001744 
001754 
001767 

87 TU:TII R• (·X tt+l(~) /2. 
89 IF((A.JNT(TESTBR).;TESTBR).NE~O.)GO TO 100 
90. I~(XL.E~:o;)GO TO (91,~05~104,105,102),IHKO 
91 1 F. ( XH , E Q, 0 ~ )6 0 TO ( 92 , 1 1 1 , 11 0,111 , 1 0 8) , I 0 KL 
92 IF(XK.EQ.0-)60 TO (93r117r116r117,114),IHOL 
93 IF(XH.EQ,XK)GO TO (94,120r122),1HHL . 

If((XK,EQ.Xl),ANO,(ISYSTH,EQ,5))GO TO (94r1201,1221),1HHl 
94 IF(XK.EQ,O,,.ANO,XL,EQ,O:)GO TO (95r124r610r124),JHQQ 
" IF(~H.EO.O.,ANO,XL.!Q,O,)GO .TO (96o128).IOKO 
96. IF(XH.EQ,O.,AND.XK~EQ.O,)GO TO (170,130,130,130,610,130),100L 

.GO TO 170 
102 FIHICO::aXH/2. 

POWPAT 
POIIPAT 
POWPAT 
POWPAT 
POW PAT 
POW PAT 
POWP A'\' 
PDWPAT 
P.OWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWP AT 
POWP AT 
POWPAT 
POWPAT 
POWP AT . 

103 IF(AINT(~IHKO)-FI~K0)100,91,100 
104 FIHKO•XK/2. . . 

GO TO 103 . 
105 HKO•IHKO 

Fl~KO•(XH+XK)/HKO 
GO TO 1Q3 . . 

108 FIOICL::.XIC/2, 
109 IF<AINT.(FIOKL)•FlOICL)100,92,100 
110 FlOI(L~;XLl2. 

GO TO 109 
111 OICL•tOKL 

·F IOICL.;;~( XIC+lC l) /OICl. 
GO ro 1Q9 

114 FIHOL:aXH/2. : .. 
115 tFCAINTCFIHOL)~FtH0L)100,93,100 
116 F'IHOL'"XL/2. 

GO TO 115 
117 HOLIIIIHOL' .. 

FIHOL::~(XH+XL)/HOL 
GO TO 115 

120 FIHHL=XL/2. 
121 1F(AJNT~FiHHLl-FIHHL)100;96,100 
122 FIHHL•(2.•XH+XL)/4, 

60 TO 1 21 
1201 FIHHL=XHl2 •. · 

G 0 TO 1 2i 
1221 FIHHL=<2:•xL+XH)/4, 

60 .TO 121 
124 HOO•!HOO 

F IHOO=XH/HOO 
1F(AINTCFIHOO)-FIHti0>100,~5,100 

1 28 . F 10 KO =X K/2. 
iF<AINTCFIO~O)-FIOK0)100,96,100 

130 OOL:~IOOL 
FIOOL=XL/OOL 
IF((AINTCFIOOL)-FIOOL).NE.O:)GO TO 100 

170 N•N+1 
Q(N)•ATEST 
YH(N)=XH J 
YK(N)=XK 
Yl(N)=XL 
JJaN 
J =J J -1 . 
I~((~AUE.E~.2).0R,(ZH.EQ,XK))G0 TO 100 
GO TO (100,100,100o724o725,724o100),ISYSTM 

724 IF((Z·H.GT.ZK).ANO,(ZK.GT,O.))GO TO 731 

POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPA1: 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
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282 
283 
28~ 
285 
286 
281 
288 
289 
290 
29.1 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
3o9 
310 
31 1 
312 
313 
314 
315 
316 
3' 7 
318 
319 
320 
321 
322· 
323 
324 
32 5 
326 
321 
328 
329 
330 
33, 
332 
333 
334 
335 
336 
337 
338 
339 



L_ 

002000 
002900 
002012 
002013 
002015 
002016 
002017 
002017 
002031 
002047 
002071 
002113 
002121 
002127 
00 21 35 
002143 
002151 
002157 
002165 
002203 
002211 
00221-7. 
002235 
002243 
002251 
002267 
0 02 275 
002303 
002311 
002317 
002327 
00 2335 
002345 
00 23 53 
002355 
002360 
002364 
002366 
002371 
002410 
002411 
002413 

002437 

00246·2 
002464 

. 002515 
002546 
OOZ577 
002630 
002661 
002712 
00 2746 
002750 
002752 
002754 
002757 

725 

731 

GO TO 100 
IFC(ZH.GT.i~l~AND.(~K.GT.ZL))GO TO 73t 
GO TO 100 
TEMPqXH 
XH•XK 
XK:oTEMP 
GO TO 171 

71 PRiNT 800l.A.c.WL 
23 PRI~T 8010,Sl,SH,KODLPoAGUIN,BGUI~ 

lf((1SYSTM.~T.3),ANO,~ISYSTM,LT,7);AND,(LAUE,EQ~1))PRINT 8011 
IF((ISYSTM.GT,3),AND,(ISYSTM,LT,7),AND,CLAUE,EQ,2))PRINT 8012 
IF(%BAAVL.E0,1)PRINT 8881 
IFCIBRAVL.EQ,2)PRINT 8882 
IFCIBRAVL.E0,3)PRINT 8883 
IFCIBRAVL.E0,4)PRINT 8884 
IFCIBRAV~.~Q.5)PRINT 8885 
JFCIBRA~~.~Q,6)PRIN~ 8886 
IF(IBRAVL.E0.7)PRINT 8887 
IF((IHKO.E0.2).0R.(IHKO.E0,4))PAINT 8844,%HKO 
IFCIHKO,EQ.3)PRINT 8843 
IFCIHKO.E0.5)PRINT 8842 
IF((IOK~.EQ~2).QR,CIOKL,EQ,4))PRINT 8849,IOKL 
IF(IOKL.EQ.3)PRINT 8848 
if(I~~L.EO.StPRINT 8847 
1F((IHOL.E0.2).0R,(IHOL.E0,4))PRINT 8854,IHOL 
1F(IHOL.E0.3)PRINT 8853 
IFCIHOL~E0.5)PRINT 8852 
IF(IHHL.E0.2)PRINT 8857 
IFCIHHL.EQ~3lPRINT 8858 
IFC1HOO,NE.1)PRINT 8860,IHOO 
IFCIOKO.NE.1)PRINT 8863 
1F(I00L.NE.1)PRINT 8865,I00L. 
IFCISYHCE.E0~1)PRINT 8031 

79 NBRA.iiBRAVL . 

709 

701 
750 

IFCIBRAVL.GT~4)NBRAc2 
PAINT 7049 · 
DO 709·H=1,NCOMPO 
IF(FOCCU(M)~EO.O.>FOCCU(H)•1,0 
PRINT 7050,ELEHT(M)~NA(M),NBAArFOCCU(M) 
FBRAQNBRA 
DO 701 H:1,NCOMPO 
IF(ISCAT.EQ,O) PAINT 7011 rElEMT(HlrAAA(M) rAACH) ,BBBCH)rBB(M)r 

1CC~(M),B~EMP(M),FOCCU(M) .. 
IFCISCAi.NE~0)PRINT7012,ELEMT(M),(SFA(I,Mlri•1o30),BTEMP(M),fOCCU( 

1M) 
NL•NA(H) 

. IFCIBRAVL.EQ,1) 
IFCIBRAVL.EQ,2) 
IFCIBRAVL.E0,3) 
IFCIBRAVL.EQ,4) 
IF CIBRA~L. E0,5) 
IF(IBRAVL.EQ,6) 
IFCIBRAVL.E0.7) 
DO RO Na1 ,J 
NN=N+1. 

PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 

7021,(ELEHT(H),X(I,H),y(I,M),Z(I,M),I=1;NL) 
7022r (ELEMT(M),X(I,M) ,VCI ,M),ZCirM) ,Ic1,N~) 
7 02 3, ( E LE MT ( M) , X { I , H) , Y CI r M) , Z ( It M) ol c1 , N L) 
7024o(ELEMT(M)rX(IoH),Y(I,MloZ(IrM),Ic1~NL) 
70 2 5 , ( E L EHT (H) , X {I , H) , Y ( I , H) , Z (I , M) • I a1 , N L) 
7026r(ELEHT(M),X(I,M),y(I,H),z(I,H),Ia1,NL) 
7 0 27 , ( E l E MT ( M) , X C I , M) r Y (I 'M) , Z ( lo M) , I a1 , N L) 

DO 80 M=NN,JJ 
If((Q(N)-Q(M)),lE.O.)GO TO 80 
TEMP•O(N) 

POWPAT 
POWPAT 
POW PAT 
POW PAT 
POWP.AY 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPA')' 
POWPAT 
POWPAj 
POWPA'T 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPA;' 
POWPAT 
POWPAT 
POWPA~ 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT . 
POW PAT 
POW PAT 
POW PAT 
POWPAT 
POWPAT 
POW PAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
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340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 ,. 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 . 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392· 
393 
394 
395 
396 
397 



002761 
00 2763 
002764 
002765 
002767 
002711 
002172 
002774 
002775 
002776 
003000 
0030 02 
003007 
003015 
003023 
003026 
003027 
003041 
003043 
00 3046 
0 03064 
003070 
003102 

0031 25 
003132 

003161 
003174 
00 32 06 
003210 
003210 
003214 
003 216 
003217 
0032 21 
003221 
003224 
003233 
003235 
001235 
003242 
00 32 44 
003250 
003252 
003254 
003254 
003257 
003264 
003276 
003307 
00 3317 
003321 
003321 
003325 
00 33 32 
003334. 
003342 

Q (N)caQ(M) 
.Q (M) =TEMP 
TEMP=YH (N) I 

YHCN)"'YHCM) 
·yH(M)11TEMP 
TEMP=YK (14) 
YK(N)=YK(Ml 
YKOU :Ti!MP. 

. TEMP=VLC-N) 
YL(N)::aYL(M) 
YL(M)=TEMP 

80 CONTINUE 
IF(N0RM,EQ~1) PRINT 8999 
IFCNORM.NE.~)PRINT 8998 
AGUIN=AGUIN*PI21360~ 
DO 200 N=1oJJ . 
THETA(N)~57~29578*ATAN(SQRT(Q(N)/(1,•Q(N)))) 
VV=THETACN}*O,Ot74533 
SX2=CSINCVV)IWL)**2 
I f(KODLP~ EQ ,0) PL G• (1 ,+ (1 .-2; *0 (N) )u2.) I (Q(N)•SQRT(1 ~ •Q (N))) 
IF(ICODLP.EQ,1) PLG•1, 
IFCICODLP.EQ,2) PLG=1.1(Q(N)•SQRTC1,•Q(N))) 

· IF C KO DL P. EQ ,3) Pl G= (1 • + ( <1, •2 • * Q( N) ) **2) * ((COS ( AG UI N) ) ) ** 2) I 
1(Q(N)•SQRT(1.-Q(N))) 

WWa(2 •• THETA(N)-BGUIN)•0~0174533 
I~CK0DLP.EQ,4) PLG=C1.+CC1.-2,•Q(N))••2>•((C0S(AGUIN)))••2)/ 

1((SQRT(QCN)))*COS(WW)*SINC2,•VV)) 
GO T0(501,502,503,504,S05,506,602},ISYSTM 

501 IF((YK(~),.EQ,O,),OR,((YH(N),EQ,O,),AND, CVL(N),EQ,O,)))GO TO 602 
604 F MU L'Tr=4~ 0 

GO TO 530 . 
502 IFCYH(N).EQ,O,)IF(YIC(N))610,602,551 

IFCYK(N).EQ,O;)GO TO. 551 
IF(YL(N).EQ,O,) GO TO 604 

60 8 FMUL TI =8 .0 
GO TO 5 30 

551 lFCYL(N))610,602,604 
503 IFC(YH(N).EQ,O.),AND.(YK(N)~EQ,O,))GO TO 602 
606 FMULTI=6.0 

GO TO 530 
504 IF((YH(N>•YK(N)),E~.O.)lF(YH(M))610,602,552 

IF(YKCNLEQ,O,)GO TO 552 
IFCYLCN).EQ~O.>IF(LAUE-1)610,604,608 
IF(LAUE~EQ.1)G6 TO 608 
FMULTI=16. 
G.O TO 530 

552 IF(YLCN))610.604,608 
5 05 IF C C.Y H ( N>. •YK ( N)). EQ, 0.) IF( YL (N)) 61 0, 61 2, 55 4 

IF((YL(N).EQ,0,),AND,(LAUE.EQ,2))IFCYIC(N)) 610,606,624 
IF((YL(N).EQ,O,).AND.CLAUE.EQ,1))If(YIC(N)) 610,606,612 
IFC((VKCN)•YL(N)),EQ,0,)~0R,CLAUE,EQ,1)) GO TO 624 
FMUL Tl=48. 
GO TO 530 

554 IFCYH(N)-YL(N))610,608,624 
506 IF(CYH(N)·YIC(N)),EQ,O,)IFCYH(N))610,602r553 

IF(YK(N).EQ,O,)GO TO 553 
IF((YL(N).EQ,O,),ANO,(LAUE.EQ,1))GO TO 606 
.I~((YL(N),EQ,O,),OR,(LAUE.EQ,1)) GO TO 612 
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40 5 
406 
407 
408 
409 
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411 
412 
·413 
414~ 
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41~ 
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42.5 
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430 
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003351 624 FMULTla24.0 POWPAT 456 . 
003353 GO TO 530 POWPAT 457 003353 553 lFCYl(N))610,606r612 POWPAT 458 003356 602 FMULT1=2. 0 POWPAT 459 003360 GQ TO 530· . POW PAT 460 00 3360 612 -~MO'LTI•12.0 POWPAT 46, 003362 530 SUMACN)=O. POWPAT 462 003364 SUMB(N)•O. POWPAT 463 003365 DO 703 M•1,NCOMPO POWPAT 464' 003366 SMA=O. POWPAT 465 003367 SMB 11 0. POWPAT 466 003370 NL=NA 04) POWPAT 467 003371 DO 704 t=1 r.NL POW PAT 468 003373 ARG:PI2•CYK(N)•~CirM)+YK(N)•YCirM1+Yl(N)•ZCirM)) POWPAT 469 
003410· SMA•SMA+cOS(ARG) POWPAT 470 003413 I~ClSYMCE.EQ.1)GO TO 704 POW PAT· 471 
003415 SHB•SMB+SINCARG) POWPAT 472r. 003420 704 CONTINUE POWPAT 473 
003423 FSCAT=AAA(M)•E••C-AACM)*SX2)+BBB(M)*E**C-BBCM)*SX2)+CCCCM) POWPA T. 474 003442 IFClSCAT.EQ.O)GO TO 702 POWPAT 475 
003443 FL=CS0ATCSX2))/.05+1.0 POWPAT 476 
003447 I FL•FL . POWPA! 477 003451 FFL=Fl•FlOATCIFl) POW PAT .478 
003453 FSCAT•SFA(IflrM~t(SFACIFl+1·;M)-SFACIFL,M))*FFl POWPA! 479 003462 702 FSMOO•FSCAT*FOCCU(M)*E**C-BTEMPCM)*SXZ) POWPAT 480 003472 SUMA(N)aSUMA(N)+SMA*FSMOO POWPAT 481 
003476 SUMS CN) cSUMB (N) +SM 8* FSMO D POW PAT 482 003500 703 CONTINUE POWPAT 483 003503 SUMA(N)=FBRA•SUMA(N) POWPAT 484 
oo:s5o; SUMB(N)•~8RA*SUMB(N) POWPAl 485 003507 FPLG(N)•PLG POWPAT 486 
003510 FMUl(N)=FMULTI POWPAT 487 003512 STRU(N)•SUMA(~)**Z+SUMBCN>••z POWPAT 488 
0035"15 VINJ(N).=PlG•FMUlTI*STRU(N) POWPAT 489 003520 200 VMXINT~AMAX1(VMXINTrVINT(N)) POWPAT 490 
00 3525 Do 705 N=1rJJ POWPAT 491 003527 735 IH•YH (N) POW PAT 492 
003532 IK•YK(N) POWPAT 493 
003534 IL::aYL(N) POW PAT 494 003536 DVAl•Wl/C2.•SQATCQ(N))) POW PAT to95 003.542 TKETA2•2:•TKETA(N) POWPAT 496 0035 44 PRPINT=VtNT(N)*1000./VMXINT POWPAT 497 003,46 VVV•Q(N) POW PAT 498 
003550 SQURQ::a(VVV)**O.S POWPAT 499 
0035$3 SUMAN=SUMA(N) POWPAT soo 003555 SUMBN=SUMB(N) POWPAT 501 00 35 57 PHANG=O .0 POWP AT 502 
003560 IFCCSUMAN.NE.O •. ).OR.CSUMBN.NE~O.>> POWP AT 503 

1PKANGa{Af~NZCSUMBNrSUMAN))*360.IPI2 POWPAT 504 
003573 .712 NLINE=N(~NE~1 POWPAT 505 
003H5 IFCNliNE.NE.60)GO TO 711 POWPAT 506 
00 35 77 IF(NORM.EQ.1) PRINT 8999 POWPAT 507 
003604 IFCNORM.NE.1) PRINT 8998 POWPAt 508 
003612 N li NE=O POWP AT 509 
003613 711 1FCNORM.E0.1l GO TO 714 POWPAT 510 
00 3615 713 PRINT 900i~IH,lKrll;TKETA(N),Q(N),PRPINTrVlNT(N)rSTRU(N)rSUMA(N)r POWPAT 511 

1SUMB(N)rPHANGrFMUL(N)rFPlG(N) POW PAT 512 
003653 GO TO 705 POWPAT 513 
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00 3654 

003724 
003727 
003730 
003731 
003740 
(I() 3740 
003751 
00 37 66 
003767 
003710 
003774 
003776 

004014 
00~024 
004026 
004033 
004034 
004037 . 
0 04 040 
004042 
004046 
004066 
004066 
004072 
004075 
004076 

POW PAT 

714 PRINT 9000,IH·IK.IL.THETA(N),THETA2,0VAL,SQURQ,Q(N),IH.IK.Il, 
1PRPJNT,STRU(N),SUMACN),SUMB(N),pHANG,FMUL(N),FPlG(N) 

705 CONTINUE 
IFCIMAGE~EQ~O)GO TO 998 
VHXINT=O. 
PRINT 7001,COMPND,Wl 
DATA STAR, BLANK/1H•,1H I 
W(1)=AINT(57~29578 * ATAN(SQRT(SL/(1.-SL)))) 
KK = CAiNT(51.29578•ATAN(SQRT(SH/(1.•SH))))•W(1))*2.+1, 
DO 800 K=1,KIC 
S P( K) :oQ; 
IF(K.NE.t> W(K),. WCK-1)+0,5 
DO 800 N=1,JJ 
IF((THETA(N),GE.W(K)).AND.(THETA(N);LT,(W(K)+0,5))) SP(K)=SP(K)+ 

1VJNT(N) 
800 VHXINT=AHAX~(VMXINT,SP(K)) 

DO 804 K=t.KK 
N~PIEL=CSP(K)*1000,)/(VMXINT•10,0) 
D 0 80 2 MP =1 , 1 00 

802 PLAY(MP)=BLANK 
·IFCNSPIEL.EQ,Q) GO TO 804 
DO 803 MP=1,NSPIEL 

803 PLAYCMP)~STAR 
804 PRINT 7052, W(K).CPLAY(MP),HP11 1rNSPIEl) 

GO TO 998 
610 PRINT 9900 
998 CONTINUE . 
997 CALL EXiT 

END 

PROGRAM LENGTH INCLUDING I/O BUFFERS 
113602 

FUNCTJON ASSIGNMENTS 

STATEMENT ASSIGNMENTS 
1 000500 2 . 00 0630 3 000703 4 000777 
5 ·001035 6 001103 7 001147 23 002031 
70 001401 71 00 2017 79 00 2353 80 00 30 02 
82 001423 83 001430 84 001435 85 001443 
86 .. 001447 87 00 14 53 89 0014 56 90 00 1461 91. 001473 92 001505 93 001517 94 001547 
95 0015 65 96 001601 100 000463 102 001622 . 103 001624 104 001627 105 001632 108 001637 
109 . 001641 110 001644 111 001647 1 14 001654 
115 001656 1 16 001661 117 001664 120 001671 
121 001673 122 001676 124 001711 128 001717 
130 001724 170 001732 171 001410 201 000460 
202 000605 203 - 000526 204 000530 205 000545 
206 001235 207 001352 208 001211 209 001213 
210 .. 000755 211 000772 212 001165 213 001167 
220 000742 221 000744 501 003174 502 . 003210 
503 00 3224 504 00 3235 so 5 00 32 57 506 00 33 25 
530 003362 551 003221 552 003254 553 003353 

POWPAT 
POWPAT 
POW PAT 
POW PAT 
POWPAT 
POWPAT 
POWP AT 
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POWPAT 
POWPAT 
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POW PAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POW PAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POW PAT 
POWPAT 
POWPAT 
POWPAT 
POWPAT 
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516 
517 
518 
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520 
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528 
52 9 
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532 
533 
534 
535 
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538 
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55"4 - 003321 602 - 003356 604 003206 606 - 003233 
608 003217 610 004066 612 003360 624 003351 
699" 000156 701 002712 702 003462 704 003420 
705 003724 709 :. 002371 711 003613 712 003573 
713 - 003615 714 - 003654 724 001767 725 - 002000 
731 002013 735 003527 750 002746 800 004014 
802 004034 803 004042 804 004046 997 00407$ 
998 004072 1201 001702 1221 001705 7000 0041.06 . 
7001 004114 7008 004123 7009 004126 7010 004130 
7011 004133 7012 004153 7020 004177 7021 004201 
7022 004204 7023 004211 7024 0.04220 7025 004227 
7026 004234 7027 004241 7049 004246 7050 - 004256 
7052 004263 8001 004266 8002 004275 8003 - 004304 
800$ 004312 8007 - 004317 8010 004331 8011 - 004347 
8012 004355 80i9 004363 8031 004365 8842 004373 
8843 004317 8844 004403 8847 004410 8848 004414 
8849 004420 8852 004425 8853 004431 8854 004435 
8857 004442 8858 004446 8860 004452 8863 004456 
8865 004462 8881 004466 8882 004475 8883 004504 
8884 004513 8885 004523 8886 004532 8887 004541 
8990 004550 8991 - 004557 8992 004566 8993 - 004575 
8994. 004604 . 8995 004613 8996 004622 8998 004631 
8999 004650 9000 .. 001.706 9001 00 4721 9900 004670 
9997 - 004674 9998 004700 9999 004704 

BlOC I NAMES AND (ENG~HS 

YARUIIlE ASSIGNMENTS 
A 111353 AA . - 066265 AAA 066255 AGUlN 111370 
ALPH 111424 ALP~~ 111356 ARG 111505 AST 111430 
AS'rAA - 111416 A TEST - H1444 B 111354 BB 066305 
888 066275 set 111421 BETA 111357 BGUIN. 111371 
BLAN I - 1"115 27 BS T 11 14 31 BS TAR - 111417 BTEMP - 06 6325 
BTEST - r11445 c 111355 cc c 066315 COAST - 111433 
COBST - 111434 CO·(j$'r - 111435 COHPNO - 06651 1 COSB 111423 
CS.T 111432 CSTAA · - 111420 CTEST 111446 OVAL 111516 
E 111346 ELEMT - 066335 FACEHIC - 111453 FBRA 111474 
FfL 111511 FiHHL 111462 FIHICO 111454 FIHOL - 111460 
Ft MOO f11464 FJ OK L 111456 FIOKO -. 111465 FlOOL 111467 
FL 111507 FMUL 103455 FMUL TI • 111502 FOCCU - 067305 
FPLG 075565 FRTO. 111347 FSCAT 111506 FSMOO 111512 
GAM,. 111.425 GAMMA 111360 HICO 111455 HOL 1 1 1461 
MOO 111463 J 111352 IBRAVL - 111373 ICON , 1410 
IFL 111510 IH 111513 IHHL 111401 IHKO 111376 
IHOL. 111400 IHOO 111402 11 111406 IIC 111514 
ll 111515 IMAGE 111366 I OICL 111 377 IOKO 1 1140 3 
IODL 111404 l.~CAT 111365 ISVMCE - 111375 ISYSTH - 111372 
J 111471 JJ 111470 IC 111531 ICK 111530 
ICODLP - 111367 LAUE 111374 " 111413 MP 111533 
H 111407 NA - 064045 NBRA 111473 NCALC 111351 
NC Al CS - 1113 50 NCOMPO - , 1405 NL 111414 NLINE - 111412 

' NN 111475 NOR"' 1 1 1364 . NSPtEL - 111532 OKL 111457 
OOL 111466 PHANG - 111525 P12 111345 PLAY 066345 
PLG 111500 PRPiNT • 111520 Q 005145 SFA - 075205 
SH. 111363 SiNB2 - 111422 SL 111362 SMA 111503 
SMI· 111504 SP 066535 SQURQ - 111522 STAR 111526 
STRU 067315 SUHA 042375 SUMAN - 111523 SUMB 050265 
SUMBN - 111524 sv 1 1142 6 SX2 111477 TEMP 111472 
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TESTBR • 
VMliiNT ~ 

111452. 
111'411 
0.670 21' w 

X 
v 

- 06'4055 

z 
ZKTEST -

064655 
065455 
111442 

STAAT OF CONSTANT~ 
004100 

TH~TA 
VOL 
WL 
XH 
VH 
ZH 
Zl 

STAAT .. DF TEMPORARrES. 
004'776 

. STAAT DF INDIRECT$ 
005123 

UNUSED COMPILER SPACE 
015700 

i. 

034505 
111427 
111361 

·. 1t.1447 
013035 
H1436 
111440 

THETA2 - 111517 VINT - 056155 
vv 111476 vvv 111521 
WLSQ4 111415 ww 111501 
XK 111450 XL 111451 
VK 020725 Vl 026615 
ZHTEST • 111441 ZK 11i437 
ZL TEST • 111443 
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NAME: PRJCTNC AUTHOR: L. Andrews 

CORE: 37K DATE: October, 1973 

PR~GRAM PRJCTN(INPUT,¢UTPUT,TAPE5=INPUT,TAPE6=¢UTPUT,PUNCH,TAPE1,TAPE2,TAPE3, 
TAPE4,TAPE7=PUNCH) 

I. PURPOSE: 

Provide line drawings of molecules on CALCOMP with simple input 
and easy stereo rotation 

II. TAPES: 

TAPE1 unused 
TAPE2 unused 

· TAPE3 input file from protein data bank, use BUPD140(C=TAPE3 .••• ) 
TAPE4 CALCOMP output tape 
TAPES= INPUT 
TAPE6=¢UTPUT 
TAPE7=PUNCH 

III. LIMITATIONS: 

97 atoms 
200 bonds 
50 ATOM RANGE CARDS 

IV. REPLACEABLE SUBROUTINES: 

PR¢TIN - library version gets protein main chain and 
hetero groups 

·CALCMP,QBLOCK,PL¢TS,FIN,change to system versions if you want to use CRT 

V. DECK SET UP 

A. JOB CARD 
1. TIME LIMIT - 17 sec 
2.· FIELD LENGTH - 37K 
3. LINE LIMIT - 10K 
4. NUMBER OF TAPES - 001 
5. ECS - none 

B. CONTROL CARDS 

¢BTAIN(CPR¢GS, CPR¢GS ,PRJCTNC) 
REQUEST,TAPE4,5,Y,W, . NAME if you don't use TAPE NUMBER card. 
PRJCTNC. 
The request card is optional 



C. DATA CARDS: 

·cARD 

ATOM 
CELL 
STEREO 
DMAX 
DMIN 
TAPENUMBER 
ATOMRANGE 
FRAMESIZE 
SEPARATION 
NORMAL 
ATOMPLANE 
PUNCH 
SCALE 
PROTEIN 
CRT 
CHANGEPEN 

D. REMOTE FILES: 

· PAGE TWO 

NAME: PRJCTNC 

FORMAT 

A6,1X,A6,3F8.4 . 
A6,1X,A6,3F8.4,3F9.5 
AlO ;no. 5, IlO 
.Al0,F10.5 
A10,F10.5 
4Al0 
A10,F10.5,4A10,2Fl0.5 
Al0,2li'l0.5 
A10,F10.5 
3Al0 
3A10 
AlO 
AlO ,FlO. 5 
AlO 
AlO 
AlO 

0UTPUT (for checking bond lengths if desired) 

PUNCH orthogonal i coordinates 



A 
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Brookhaven Crystallographic Computer Program 

NAME: PRJCTNC 

CORE FL: 37K8 

TIME: <40 sec 

PROGRAM PRJCTN(INPUT ,0UTPUT ,TAPES= INPUT, TAPE6=¢UTPUT ,PUNCH, TAPEl, TAPE2~ 
TAPE3,TAPE4,TAPE7=PUNCH) . 

Provides a simple way to get line drawings of molecules. Current 
limits: 97 atoms, 200 bonds, 50 atom range cards. Symmetry generation 
is not provided. Below, **DEFAULT gives values assumed if card is 
missing. · All card order is optional (DMAX and DMIN affect later 
ATOMRANGE cards). 

·Input: 

A) .Required· Cards: · 

B) 

Card 1. ATOMS (min. 3, max. 97) 

a) XRAY format. (A6,1X,A6,3F8.4) 

1-4 ATOM 

8-13 Atom· name 

14-21 x in fractional coordinates 

22-29 y in fractional coordinates· 

30-38 z in fractional coordinates 

b) FLINUS format (A6,21X,3F9.6) 

1-6 Atom Name 

x in fractional coordinates 

y in fractional coordinates 

z in fractional coordinates 

N~B. Any card. without a knawn identifier is assumed to be 

a FLINUS atom card! 

Commonlz used (but OPTIONAL) cards 

Card 2. Cell (A6,7X,3F8.4,3F9.5)(XRAY format) 

1-4 CELL 

14-21 a 

22-29 b 

30-38 c 



39-47 alpha or cos (alpha) 

48-56 beta or cos(beta) 

57-65 gamma or cos(gamma) 

PRJCTN - September 1973 
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**DEFAULT--orthogonal 1.0 Angstrom cell, i.e. input coordinates 

in Angstroms 

Card 3. Stereo (A10,F10.5,I10) 

1-6 STEREO 

ll-20 degrees of rotation between views (0 gets 6 degrees) 

21-30 number of views (0 gets 2 views, max= 50) 

**DEFAULT--2 views, 6 degrees apart 

Card 4. DMAX (A10,F10.5) 

1-4 DMAX 

11-20 maximum distance assumed to be bonded 

**DEFAULT--1.7 A 

Card 5. DMIN (A10,Fl0.5). 

1-4 DMIN 

11-20 minimum distance between atoms. that will be drawn 

**DEFAULT--O.O.A 

Card 6. CALCOMP Tape Request (4A10) 

1-10 TAPENUMBER 

ll-20 CSCF tape reel number 

21-40 User name 

**DEFAULT use a request card for TAPE4 (if this card is 

used, the request is not issued until the input has 

been checked). 



C) Special Cards 

PRJCTN - September 1973 
Author: L. Andrews 
Page 3 of 5 

Card 7. Special treatment at certain groups (A10,Fl0.5,4A10,2F10.5) 

1-9 ATOMRANGE 

11-20 Brightness for CRT (blank=16) 

21-:-30 Beginning of first group 

31-40 End of first group 

41-.50 Beginning of second group 

51-60 End of secomd group 

61-70 · DMAX to apply to bonds between first group and 

second group 

71-80 DMIN (like DMAX) 

**DEFAULT;...-check each atom against every other atom in 

searching for bonds. 

If an ATOMRANGE card is present, it is assumed that only bonds 
' 

s~ecified by a~omrange cards are wanted. Only bonds between 

the two specified groups will be drawn. The groups may overlap. 

If only the first group is input, the second is assumed to be 

the same as the first. If the s.econd atom at a group is absent, 

it is assumed to be the same as the first atom (i.e. a one atom 

group). If all four atom fields are blank, the card is assumed 

to apply to all atoms. 

Card 8. Framesize (A10,2F10.5) 

1-9 FRAMESIZE 

11-20 Maximimum picture size along x (inches) 

21-30 Maximum picture size along y (0.0 means same as x) 

**DEFAULT--along x=2.0; along y=3.0 

The views will fit inside. boxes the size of the limits specified 

on the FRAMESIZE card (unless a SCALE card is included) (use 

4.0 or 4.5 for large viewer) 



Card 9. Picture Separation (A10,F10.5) 

1-10 SEPARATION 
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11-20 distance between views (0.0 is allowed) 

**DEFAULT--2.25 in (good for stereo vision) (use 9.2 for 

large viewer) 

Card 10. Viewing angle (3A10) 

1-6 NORMAL 

11-20} left adjusted names of two atoms which 

21-30 define a normal to the plane at the initial projection 

**DEFAULT--the initial view will look at the x,y plane 

Card 11. Viewing angle (4A10) 

1-9 ATOMPLANE 

11- 20} left adjusted names of three atoms which define 
21-30 h 1 h . . . 1 . . . t e p ane at t e ~n~t~a proJect~on 

31-40 .· 

**DEFAULT--The initial view will look at the x,y piane 

D) Special Purpose Cards 

Card 12. Punched Orthogonal Angstrom Output (A10) 

1-5 PUNCH 

**DEFAULT--no punched output 

Card 13. Picture scaling (A10,F10.5) 

1-5 SCALE 

11-20 Scale factor to multiply picture size. 

**DEFAULT--1.0 

----------------------------------- ·----··------



Card 14. Protein Data Bank main chain plots (A10) 

1-7 PROTEIN 

**DEFAULT--atomic parameters from INPUT. 

a BCD PDB COMPILE file must. be on TAPE3. 

use BUPD140(C=TAPE3, ••• ) 

Card 15. · Cathode Ray Tube Plots (AlO) 

l-3 CRT 

**DEFAULT--mechanical plotter 

(N.B. not checked out Sept., 1973) 

Card 16. Multicolor Plots (A10) 

1-9 CHANGEPEN 

**DEFAULT--no block marks on CALCOMP tape between 

treatment of·ATOMRANGE cards. 

PRJCTN- Sept. 1973 
Author: L. Andrews 
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PR~CK 

Brookhaven.Crystallographic Computer Program Writeup 

Files: 9 

PR~CK(INPUT ,~UTPUT, TAPE!, TAPE2, TAP"E11, TAPE12, TAPE13, TAPE14,PUNCH) 

Purpose: 

Preliminary processing of single crystal diffraction data from 
automatic data acquisition programs at HFBR. Produces punched card and/or plot 
and/or tape output suitable for use in BNLABS or ABS~R, the programs used to 
calculate absorption corrections. There are several different options (see 
appendices) for determining which part of the profile is the peak. 

Job statistics: 

Files reguired: 

TAPE! 
TAPE2 
TAPE11 
TAPE12 
TAPE14 
INPUT 
·~UTPUT 
PUNCH 

Input·data: 

Field length = 60 K , time, -about 2 sec/reflection if 
plotting is done ot~erwise about 15 reflections/second. 

Input from PRACLE or EXAM~R 
Output for input to BNLABS, ABS~R or C~RDAT. Optional. 
Plot file. Optional 
Profile listing file. Optional. 
Spe_cial profile listing file. Optional. 

Optional. 

Card 1 Title card F~RMAT(1X,A9, 7Al0) Any information in cols 2-80. 

Card 2 Control integers F~RMAT(9I5,F5.0,6I5).. Control integers for program 
options as follows. (ICN(I), I ~.1,9), BETTY!, (IcN(I), I= 11,16) 

cols 1-5 

·cols 6-10 

cols 11-15 

cols 16-20 

cols 21-25 

cols 26-30 

IOt(l) Number of tape files .to be processed. Does not include 
any skipped files. 

ICN(2) Number of records to be skipped in first file processed. 

ICN(3) Number of files on input tape to be skipped before 
processing begins. 

ICN(4) Number of records to be processed •. Does not include 
number skipped (cheCk ICN(7)!!!). 

ICN(5) . = 0 for new output tape. Supply TAPE2. 
= -1 for no output tape. 

ICN(6) = maximum number of smoothed background points for 
which a background trend is allowed. (See appendix A) • 

cols 31-35 ICN(7) = 0 if number in columns 16-20 controls processing. 
= ~1 if processing to continue until end-of-file on 

last file for which processing is requested. 



cols 36-40 

cols 41-45 

cols 46-50 

cols 51-55 

cols 56-60 

ICN(8) 

ICN(9) 

= 0 for no plot. 

PR~CK - July 1975 
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= 1 if tape is to be written for CALC~MP plot. 
Supply TAPEll. 

= -1 for fast plot omitting individual symbols and 
scales (see·Plat·output). Supply TAPEll. 

This integer together with ICN(ll) and ICN(l2) control 
the method of peak integration. Let !MID be the 
central point of the scan. Let !MAX be the position 
of the maximum count. Then 

0 implies that the points from !MID - ICN(.ll) to 
!MID + ICN{l2) are taken as belonging to the peak. 
All other points are taken to be background. 

1 The data are smoothed to the highest degree and 
integration is carried out as described in appendix A. 

2,3,4,5 moderate degrees of smoothing. 

6 The smallest amount of smoothing available in the 
program is applied. 

7 Background is taken .as the ICN(ll) points at the 
beginning of the scan and the ICN(l2) points at 
the end of the scan. (Note that the data collection 
routines have the beginning of the scan at high 26, 
the end at low 26.) · 

8 The points from !MAX - ICN(ll) to !MAX + "ICN(l2) 
are t~el:l as belonging to. the peak. All other 
points are background. 

11,12,13,14,15,16 The. data are smoothed corresponding to 
1,2,3,4,5,6, but the smoothed profile is only used to 
determine the position of the peak. For integration 
real points are used. 

99 The position of peak is determined· in such a way that 
the relative error a(I)/I is "minimized" (appendix B). 
Real points are used for integration. 

BETTY! = Scale factor, F or E format; do not use zero, useful 
to avoid truncation error with large monitor counts. 

ICN(l1) = high angle increment.· (See ICN(9).) 

ICN(12) = _low angle increment. (See ICN(9).) 

If the data are smoothed (ICN(9) = 1,2,3,4,5,6,11,12, 
13, 14, 15", 16) then ICN(ll) and ICN(12) determine the 
range from the midpoint of the scan in which a maximum 
is sought. If there is none in this range, the peak will 
not be integrated, and a diagnostic wiil be printed out. · 

For a (I) /I minimization (ICN(9) = 99), · ICN(ll) is the 
number of background points (BETA in appendix B) used in 
the method. ICN(l1) must be less than the actual number of 
points in one background. For reasonable data: ICN(ll)=lO% 
of the number of profile points. If ICN(l2) is equal to 1 
a tape is written with complete scan information for the 
reflections which were specially treated (see appendiA B). 
In this case supply TAPE14. ICN(l2)=0 if no special tape 
list required. 



eels 61-65 

eels 66-70 

eels 71-75 

eels 76-80 
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ICN(13) = 0 if new TAPE12 written with scan information and 
its interpretation from the first pass. 

= -1 no scan data written to TAPE12. 

ICN(l4) = 0 for no punched output. 

= 1 for punched output (on-line). 

ICN(l5) - 0 if no reflections are to be rejected. 

= 1 if the REJT routine is called to reject reflections. 

ICN(16) = fraction in 0.01 of a by which smoothed points may 
differ to_ consider that peak is down to background 
for the smoothing options only •. 

Card 3. Attenuator scale factors. F¢RMAT(6F10.2,I10) 

eels 1-10 New attenuator scale factor 1. 

eels 11-20 

eels 21-30 

eels 31.:..40 

eels 41-50 

eels 51-60 

eels 61-70 

Old attenuator scale factor 1. 

New attenuator scale factor 2. 

Old attenuator scale factor 2. 

New attenuator scale factor 3. 

Old attenuator scale factor 3. 

IXXY = 0 if counts are to be scaled multiplying by the step size 
(in hundredths) and dividing by the monitor count- (in 
thousands) • · · 

IXXY = · 1 if step size and monitor not included in scaling. 
IXXY =-1 if step size included but monitor not included in scaling. 

(The attenuator scale factors are normally read from the data tape and are the 
"old values". These may be replaced by new values at this stage. If there 
is no change, punch .both the new and old. If left blank, the output data tapes 
will riot contain information on which scale factor was used. Attenuators may 
be used on the x-ray machine only. This card may be blank for neutron data.) · 

Card 4. F¢RMAT(2I5,2F10.7,6F8.0) ,, 

eels 1-5 L(,mG 

eels 5-10 I TECH 

eels 11-20 FLAMB 

= 0 implies that standard 80 col card images are produced 
on TAPE2 as described below under Output data. 

> 0 instructs the program to output the true sequence 
number with each reflection. This implies long 
output records of 90 columns. 

= 0 for x-ray data. 
= 1 for neutron data. 

= wavelength of radiation in·R. 



cols 21-30 FACT 
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A number used in integration by the smoothing algorithm 
(ICN(9) =· 1,2,3,4,5,6·,11,12,13,14,15,16). Useful on 
split peaks. Program does not consider background to 
be· reached unless the point has a count less than FACT 
times the maximum count. FACT is normally 1.0, and any 
point less than maximum is legitimate for backgroUnd. 
Should not be too.small or peaks with low peak-to
background ratios will not be· properly integrated. 

The following quantities are applied to produce output which has true values 
of the angles on TAPE2. Note, however, that no correction is made in the case 
of 29. · ·sATT ··MAIN ··PICKER 

cols 31-38 PART¢ •. Parity of w -1 · ... 1 ·-1 

cols 39-46 PARTP. Parity of cp +1 ·-1 -1 For PR¢CK purposes 

cols .47;...54 PARTX. Parity of X +1 ~1. -1 
· ·only 

cols 55-62 ¢MZER. wo wo wo wo See the BNLABS and 

cols 6)-;70 PHIZER. ~Po ~Po ~Po ~Po 
ABS0R writeups. 

cols 71-78 CHIZER. xo 1BO+x0 Xo xo 

* * * * * * Card 5. F¢RMAT(6F9.6) ·Reciprocal cell constants a , b , c , cosa , cosS , cosy 

Supply the follot~ing cards only if REJT Routine supplied with program is called. 

Cards 6. F¢RMAT(3I3,2I6) H,K,L,29xl00, sequence number for all reflections to be 
rejected. These values must be in the same order as occurring on input 
TAPE!. Note that any one rejection card only affects the first input 
record with matching parameters. If 29xl00 (or .sequence number) is zero 
or blank, then the· corresponding quantity or quantities are not checked. 

Output data: 

TAPE2(I0UT): one record per reflection 
F0RMAT(3I3;2FlO.l,F6.3,3F7.2,2I3,F8.2,F8.3,I2) if L0NG = 0 or 
F¢RMAT(3I3,2FlO.l,Fl0.3,3F7.2,2I3,F8.2,FS.3,I2,I6) if L¢NG > 0. 

H,K,L the indices of the reflection 

0BSI · the integrated intensity in the peak (includ~ng. background) 

BACK the background intensity. 

GEEC~ the scale factor that was used. 
Attenuatorscale·*BETTYl*Step Size/Monitor counts 

0M 

FI 

CHI 

ISL 

ISB 

~BSFl 

the w value at which the data was collected. 

the cp value at which the data was· collected. 

the x value at which the data was collected. 

the number of points included in 0BSI. 

the number of points included in BACK. 

corrected number of counts in peak for use in 
of stati~tical error. 

calculation 



BACFK 

IDENT = 
= 
= 
= 
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corrected number of counts in background for use in calculation 
of statistical error. 

0 for reflections with no attenuator •. 
1 for reflections with one attenuator. 
2 for reflections with two attenuators. 
3 for reflections with three attenuators. 

(Note that IDENT = 0 unless attenuator scale factor card 
has been properly punChed as noted above.) 

INDEX = the sequence number for this reflection as supplied on TAP~l 
(only if L~NG > 0). 

TAPE2 is terminated by an E~F. 

PUNCH: 

TAPEll: 

TAPE12: 

TAPE14: 

~UTPUT: 

one card per reflection, same F~RMAT as TAPE2. Note PUNCH will 
use 80-column. format, even if long 90-column records have been 
written on TAPE2. 

May be submitted to CALC(i5MP for plot (if requested). 

Will be a BCD tape (if requested) whiCh may be separately 
listed to get peak profiles. 

A Ben· tape, which may be separately listed to get profiles of 
reflections which were specially processed. ("COMING AGAIN LATER" 
reflections) · 

H,K,L,~BSI,BACK,ISIGNL,IBKGRN,Bl,NP,B2,ATSCL,IPHI,I~HM, 
ITW~TH,ICHI, INDEX, IRECCT ,IFILE,RECA(9) ,RECA(lO). 

where the quantities not defined above are:. 

ISIGNL = total intensity from approximate integration on-line. 
IBKGRN =background under peak from approximate integrationon-line. 
Bl = number of points in first background. 
NP = number of points in peak. · 
B2 = number of points in second background. 
ATSCL = attenuator scale factor used. · 
IPHI,I~HM,ITW~TH,I.CHI =·· 100. x setting angles as corrected for 
. parity (except in the case of 28) and zero. 

INDEX = sequence number of reflection on input TAFEl. 
IRECCT = record number · 
IFILE. =file number. 
RECA(9 and 10) are label from input TAFEl. 

A table is given -which contains full widths. and half widths for 
the profile as a fW:iction of sine /A.. and I/cr (I) •. The deviations · 
of .the peak centers. (based· on the half width) from the centers of 
the scan interval are given.· · 

Plot output: one frame per reflection. 

INDEX, H, K, L are printed. 

Count vs. angle is plotted with the following characters at the 
positions of the raw data points (characters and scales are omitted 
if fast·plots are selected). 

P if point was used in peak 
B if point was ·used in. background 
N if point was not used but was within range of center 
D if point was otherwise not used. 

A smoothed curve without points is also drawn, if the smoothing 
routines were used.· 



Replaceable· Subroutine NREJT 
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After each reflection is read, the subroutine NREJT is called if so 
requested on control card. 

SUBR~UTINE NREJT(H,K,L,ITW~TH,NREJ) 

This subroutine should. return withNREJ=1 if reflection is to be rejected. 
Otherwise NREJ=O. The subroutine supplied requires data cards 6 as discussed above. 

Data Input from TAPE1. 

The data to be processed is read from a coded:. tape usually available as 
output from the routine ~RACLE which is used to decollate the pool tapes. 
~RACLE output may first be run through the checking program EXAM~R, which catches 
bad records with spurious data which could cause PR~CK to fail.. TAP.E1 must 
consist of 230 word binary records. 
The following data words in the record RECA(230) are of consequence for PR~CK. 

11, 12, 13, H, K, L in integer format 

14, step scan size in 0.01 degrees 

15, the time spent on each step 

16, the number o~ background points in rough integration 

17, the scan range in 0.01 degr_ees 

18, the attenuator scale factor x 1000 

19, the number· of points in the scan 

20, the total intensity by rough integration 

21, the background intensity by rough integration 

22, 23, 24, 25, ., w, 2a, x,<x 1oo) 

28, INDEX, the serial number of the observation assigned. 
by the data collection routines 

. 29, first point in scan 

226, last a~lowed point in scan 

Rest of record is blank or irrelevant 

Appendix· A:. ·Smoothing and integration algorithm • 

. The raw data may be smoothed by a method described in Whitaker and. Robinson 
("The Calculus of Observati<ms"). The degree of smoothing is a variable which 
should be selected so that narrow. peaks with considerable intensity do not dip 
below the origin when smoothed, i.e.,· they should not look too much like sirue/x; 

A peak (relative maximum) is sought within a specified distance of the scan 
center. Starting down from this peak in each direction, the points are considered 
as belonging to the reflection until the first difference between two successive 
points ·either changes sign (if ICN(l6) = 0) or is less than IcN(l6) times the 
standard deviation of the difference between the two points. 

Background is now followed toward end-of-scan range until a trend is exhibited. 
A trend is defined as two or more successive first differences with the same sign. 
The number of such differences with the same sign. allowed is an input parameter ICN(6). 
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The two backgrounds are.added but are not subtracted from the total at 
·this stage of the game. 

Because of the smoothing, the variance of each of the smoothed points is 
not equal to the number of ·counts but is always less than this •. For one point, 
the variance. may be ·0.35 times the· number in the ·smoothed count, for two points 
it may be 0.50. These numbers are printed out as the ·"variance multipliers" at 
the beginning of the program. For each reflection, ·the variance of the total 
count and the variance of the background ~ount are printe.d out as ~BSFI and BACFK. 
The variance. of the final net intensity (calculated in the successor programs 
BNLABS or ABS~R) is then 

~BSFI + (ISL/ISB) 2*BACFK~ 

Appendix B: Peak position for ''minimal" cr_(~>.fi" algorit~m. 

Ref. Lehmann and Larsen, Acta Cryst~ ·A3o, 580 .·(1974). 

The points in the profile are called C~UNT(X).- The profile is divided into 
two halves, the point of division being that of maximum counts, C~UNT(MAX). 
Look at the right-hand part. For this a function of J, ·(r (I (J)) /I, (J) , is calculated. 
This function is based on the following points·:·. C~UNT(MAX) · ~ ••• C~UNT(J) · •••• 
C0UNT(J+BETA). The J-MAX+1. points c¢UNT(MAX) ~ .-.C0UNT(J) represent the peak, 
and their sum is P. The BETA points C~UNT(J'+l) ~ ••• C~UNT(J+BETA) represent the 
background, and their sum is B. BETA is a fixed number chosen by experience, 
but it must be less than the actual number of background points to guarantee 
some success. Now the function is 

cr (I (J)) /I (J) = I P+(J...;MAX+1) 2 /BETA~B/(P-(J:..t11\X+1) /BETA*B) 

This function can be calculated for J=MAX · ~ •••• N-BETA,. where N is the total 
number of points in the profile. The J giving a minimum. for the function will 
be. taken. as the last point of the· peak when moving from MAX. 

A similar calculation is. carried out for the left part of the profile. 
These two points determine the position of the peak. 

Finally, BETA points are added to the width of the peak on each side, 
because in practice the algorithm comes up with peaks which are slightly too 
narrow. ,. 

In some cases a diagnostic: .**coming again later** will be printed. 
This will happen in the following cases: 

1) If no real minimum is found, i.e., if the minimum is J = N-BETA 
(or J = BETA+1). . 

2) If more than BETA/2 negative cr(I(J))/I(J) are observed. This 
means normally that the peak is very small. 

3) If the difference between the two background averages is bigger 
than 3 sigma. 

The program will redo these reflections and this calculation will supersede 
the previous one for output on TAPE2 (or cards). 
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In Case 1 the program will check the two backgrounds, and if· they don't 
differ more than 3 sigma the original calculation is assumed to be good enough. 
Otherwise the program will try either· to remove some of the background points 
or to incorporate some of the· background in the peak. 

In Case 2 a "peak" is placed in the center of the scan range. The width 
of this peak will be the one observed' for other peaks in the same sin6/X range. 

In Case 3 the program will try to either remove some of the background 
points or to incorporate some of the background in the peak. 

The intensity and the variance are in all cases. calculated in the usual way, 
exactly as for ICN(9)=0. If IcN(l2)=1 (and if TAPE14 is supplied), a special list 
of the reflections. reexamined in the second pass will be given • 

. NB: One should always look at the plots or .lists to as certain that the 
integration has been done in a sensible way. 

Normally, IXXY ~ 0, and the counts obtained for each step of the scan are 
normalized to account for experimental factors by multiplying them by the 
factor (26 step size in lOOths of a degree)/(Monitor counts in 1000's). 
Usually the numerator will be in the range 6_.14 and the denominator in the 
range 1-200. This factor is output on TAPE2 after multiplication by the 
scale factor supplied by the user on ·card· 2. 



NAME: PR~IN 

C~RE: SOK (SC~PE 3.4) 

TIME: approx. 40 sees for 
protein with 330 residues 

AUTHORS: E. Meyer 
T'. Koetzle 

DATE: February 1975 

PR~GRAM PR~IN(TAPElO,TAPEll,INPUT,~TPUT,TAPEl,TAPE2, 
TAPE3,TAPE5=INPUT,TAPE6=¢UTPUT) 

I PURPOSE: Prepares data for Protein Data Bank 

II TAPES: 

TAPEl - Scratch 
TAPE2 - Scratch 
TAPE3 - Raw data 
TAPElO - Edited data 
TAPEll - Error messages 

III LIMITATIONS: none 

IV REPLACEABLE SUBR~UTINES.: 

A. IMP 

V DECK SET UP: 

A. J¢B CARD 

use SC~PE 3.4 
MTl 

ARGUMENT 

NONE 

default ·values for other parameters 

B. C~NTROL CARDS C219. 
REQUEST,~LDPL,E,HI,VSN=C493. 

C495. 
ATTACH,BUPD140,BUPD140,ID=CPR~GS. 
BUPD140,Q,D,8,C=TAPE3. 
REWIND ,~LDPL. 
RETURN, ~LDPL. . 
AT.TACH~ PR~!N ,PR~IN ~ID=PDB ~ .. 
REQUEST·, TAPElO ,_*PF ~· 
FTN ,L,R;,.3,X,.~PT=2 ,PL,;,20000 ,A,.SYSEDIT. 
L~AD,LG~. . 
PR~IN. 
REWIND,TAPElO,TAPEll. 

get raw data PL 

use only if supplying new 
IMP routine 

CATAL¢G, TAPE10, EDITED DATA, ID=MYID ,XR=MYID. 
REWIND, TAPElO • 

save edited data 

C¢PYSBF~TAPE10,¢UTPUT. 
C¢PYSBF,TAPEll,~UTPUT. 

print listing of edited data 
print listing of error messages 
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PR~IN reads raw protein crystallographic data and edits these data into 
the standard Protein Data Bank format. This standard format is described 
in the writeup "Protein Data Bank-File Record Formats (September 1972)". 

Files: TAPE! 
TAPE2 
TAPE3 
TAPElO 

TAP Ell 

PR~IN uses SUBR~UT.INE IMP to read. raw data from TAPE3. The standard 
routine supplied will read data using a variable F~RMAT specification 
supplied at run time, and is suitable for data with the N atom occurring 
first in each residue-and with the amino acid name on the same line 
as N. For data in a different form, a special IMP routine must be 
supplied • 

. Input: 

The following information is read from the job's I~~UT file. 

L. Title Card. F~RMAT(l2Al,2A4,6Al0) 

. Cols · . 1-12 Space Group Synibol (e.g. P 21 21 21) 
left justified (include blanks as indicated) 

Cols 13-20 .. 8-character iclentification code . 

Cols 21-80 Name of protein 

2. Author Card F~RMAT(6Al0) 

Cols .· 1-:-60 Names of c·ontributor and. c6-authors 

3. Cell Card 

Cols 

Cols 

Cols 

Cols 

Cols 

Cols 

F~Rl1AT (&F9. 6, !6 ,.2!5) 

1-9 a .Rngstroms 

10-18 b 

19-27 c 

28-36 (l degrees 

37-45 8 

46-54 y 



4. 

5. 

6. 
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. Cols 55-60 Z molecules per unit cell 

Cols 61-65 ICN1 = 0 ~RIGX matrix read in 
; 0 inverse ~RIGX matrix read in 

Cols 66-70 ICN2 = 0 usestandard SCALE matrix determined from cell constants 

Cols 70-75 

Cola 76-80 

~RIGX Cards 

Cols l-10 

.Cols 11-20 

Cols 21-30 

Cols 31-40 

and so forth 

SCALE Cards 

Cols 1-10 

Cols · 11-20 

Cols . 21-30 

Cols 31-40 

and so forth 

F~RMAT CARD 

= 1 read in SCALE matrix 
= 2 SCALE assumed identical to ~RIGX and submitted 

··orthogonal ·coordinates are used as is. 

!SKIP cards to skip on TAPE3. 

!CALF= 0 for input of a·full set of coordinates 
= 1 for input of ca coordinates only. 

F~RMAT(4F10.5) 

011 

012 
0

13 
. T1 

(3 cards total) punch zero fields as 0.0--do not· leave blank. 

F~RMAT(4F10.5) 

su 
C' . 

'"'12 

· s13 
TS 1 

(3 cards total) 

F~RMAT ( 8A10) 

Present· only. i·f ICN2=.1. ., 

pt.mch zero fields as 0. 0-.;..do not leave blank. 

F~RMAT of data on TAPE3. If a blank card is used, the default Diamond 
F~RMAT (4F10. 5, 215, 5X,F9. 4, 1X,A3, 1X,I3, 1X, 7A1, 2F6. 2) is assumed. This 
card is read into the array F~RMT. 

7 •. Remark Cards . F~RMAT(pA10) optional (as many c:ards. as desired). 
Do not punch beyond coltimn 60. 

8. Footnote Cards F~RMAT(6Al0,!10) optional 

Cols 1-60 Text 

· Cols 61-70 Footnote number 

As many cards as desired. Footnotes are distinguished from remarks by having 
an integer in columns .61-70. 

9. E~F 
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The routine supplied reads ftom TAPE3. in the following order: 

ATIVE(1) ::x0 }.· 
ATIVE (2) ::Y

0
· 

ATIVE(3)::Z
0 

AANG 

IDW 

ECT 

AA 

N¢SEQ 

TAU(l)-TAU(2) 

T¢M(l)-T¢M(5) 

¢cc 
BEE 

stibmi tted:. coordinates· 

torsion angle (degrees) 

atom type (this number is redefined by PR¢IN to _agree 
with the order of atdms on the DEC¢DE card, (generated 

. internally), but is passed along for torsion angles) 

·sequence number (set equal to residue number. by 
PR~IN if not supplied) 

electron count 

amino acid name (should appear only once per residue 
· opposite N atom) 

residue number 

blank except for torsion angle _records 

five-character IUPAC atom name, one character per word, 
left justified 

occupancy 

temperature factor 

IMP wust contain two labelled COMMON statements as follows: 

C0MM0N/ZMAT/SCALE(3,3) ,A(J,3) ,B(3) ,F¢RMT(8) ;¢(3,3) ,T(3) ,S(3) ,!SKIP 
C0MM0N/SPASS/W(3),AANG,IDW,N0,LIN0,ECT,AA,N0SEQ,TAU(2), 
T¢M(5),ZIPFEL,ACTIVE(3),N0TE,N:END,IDLE,BEE,~CC 

F0RMT· contains the F0RMAT of the data .on TAPE3. 

In addition to the data normally read from TAPE3 as indicated above, the 
following quantities in SPASS must be defined_ by IMP a~d returned to the 
main program: 

LIN¢ 

ZIPFEL. 

N¢TE 

IDLE 

NEND 

1 ~ LIN¢ ~ N 
line· count (increment for each datum read and 
ac;:cepted from TAPE3 

the fir.st two Characters in T0M-:--set with statements 
ENC¢DE(2,5 ,ZIP.FEL)T¢M(1), T(/}M(2) 
5 F¢RMAT(2A1) 

footnote number (set equal to 0 if no footnote is 
present referri_ng to atom in question) 

normally set equal to·O. 

normally set equal to 0 with a DATA statement 
return with NEND=1 on data termination 

Note: AANG should be set equal to 0.0 for. atomic coordinate recor~s 
(the standard IMP routine does this, and sets IDLE and N¢TE 
to zero, as well). 
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The standard IMP routine supplied with PR~IN will reject atoms 
labelled 'DUMMY', or having 'D' in TOM(S). Atoms labelled 'C~' are 
renamed 'C'. Several common errors in amino acid naming are also 
corrected: 'PRO' becomes 'PR~', 'TRY' becomes 'TRP', and 'CYH' is 
changed to 'CYX' • In the case of 'TRY' the non-standard atom names 
which usually go with this designator are changed to the correct IUPAC 
names. IMP will accept Diamond Real Space output with no editing, and 
will skip bad records with· illegal data. The contents of these bad 
records are listed on the output file and on TAPEll. 

An ambiguity o~:curs because CYS is used for the name of both 
cysteine and cystine. The procedure adapted here is to employ CYX for 
cysteine (PR~IN then knows the residue is cysteine and computes the 
9-digit ID number correctly; the name :is internally set back to CYS). 
CYS is retained for cystine (disulfide bond). 

PR~IN scans atomic symbols first as single character names and then, 
if no match is found, as double character names. This may lead to errors 
(e.g. Fe-Iron is identified as F-fluorine). The easiest way past this is 
to give an atom like :Fe another single-letter name which is not in use, ' 
like V-vanaditmi, so it will be -identified uniquely, and then edit later. 
The Fe-V switch has been implimented automatically, but other problem 
atoms·, like Ca-calcium, will have to be edited by hand. 

Error messag£7s (on TAPEll) 

In addition to a printout of bad records with illegal 
data in ·field, there are two types of error messages: 

N~ AA indicating the amino acid name could not be 
recognized by· PR~IN. 

N~ ATN~ indicating the atom: name could not be recognized. · 

In each case, PR~IN will write out the amino acid name, 
fractional coordinates, atom type number, sequence number, 
atom name, and line number. 

TAPEll also will contain a message giving the number of 
atoms read trom TAPE3 and accepted,· and a list of bad 
re.cord~. encountered on TAPE3. 
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it it it it it· it it it it it" it· it it it it it * * * .it it-. ii-~ * it * * * * * * * * * it 

itititit BROOKHAVEN ~ATIONAL LABORATORY it 
it*** CHEMISTRY DEPARTMENT it 
it * 

~*~*r-----~c~Rvv~s~N~E~T~u~r~r~r~L~Inr~vr.P~R~o~G~R~ArMrr-------------------------------------~*.-

* it 
~4~*~N~A~M~E--~-=-~R~M~c~o~p~v-----na~s~E~R~J~a~a~----------------------------------------~~ 

it * 
** AUTHORSHIP -- CONROL DATA CORPORATION As 7000 COPY UTITLrflES * 
* ADAPTED TO RMCOPY BY H.J. BERNSTEIN, BNL, 15-FEB-75. * 
* SOFTWAR.E DEVELOPED ONDER CONTRACT AG-370 WITH THE. NSF it 
it UNDER THE AUSPICES OF ERDA. * 

ito ENTRY POINT -- RMCOPY it 
* * 
*0 PURPOSE -- TO COPY DATA FROM ONE FILE TO ANOTH~R * 
• * 
*° CALLING SEQUENCE -- EXECUTED VIA CONTROL CARD. THE JOB ADVANCER * 
* CRACKs TH~ PARAMETERS~~D PLACES THEM STARTTN~-~~E * 
0 . USERS RAS+2. * 

*O INPUT 
~ 

* 
3 
0 

*· 
* 
* 
it . . 

"iS 

* 
* 
* 
* 
* 

* 
* 
* 

CONT~OL. CARD FORMAT IS 

. ·• 
. •· p. • 

• BF • 
RMCOPY,. CF •<LFN1,LFN2,N) 

• s • 
.• 8R •· 
• CR • 
• R. • 

ENTRY POlOrT~-PI~S * 
TO EOI * 
N PAR~T1~r~r~a~N~s--------------------~*~ .. 
. •·· * 
• • 
N SECTIONS 
•• 
•• 
N R E""C"O"R D s 

* LFNl IS THE. ORIGINAL FI.LE <DEFAULT INPUT) * 
LFN2 IS OUTPUT FILE . I (~FAU.L t = OUT"PUTP<)r----:---:-----.;*:-'-
N IS THE NUMBER OF UNITS TO COPY. * 

* 
THE ARGUMENTS MAY BE REPEATED IN SETS OF FOUR, E.G. * 

RMCOPY,BR,Fl,NULL,3tBF,Fl,F2.. * 
* 



oo OUTPUT 

*· 
0 

* 

------
0 

-- THE INPUT FILE IS COPIED TO THE OUTPUT FILE, USING THE 
DATA MANAGER, FROM THE CURRENT POSITION THROUGH THE 
SPECIFIED NUMBER OF UNITS OR TO· THE NEXT FILE DELIMITER 
HIGHER THAN THE UNITS BEING COPIED· FOR EXAMPLE' 

RMCOPYtS<IN,OUT,5> WOULD COPY 5 SECTIONS FROM 
IN to OUT OR sToP AT EOPIEOI IF ENCOUNTERED PRIOR TO 
5 SECTIONS. 

DAYFILE MESSAGES 
ERROR 
o UTOOO - ILLEGAL PARAMETER* 
A PARAMETER WAS SPECIFIED ON THE cONtROL sTATEMENT 
LONGER THAN 7 CHARACTERS. 
o UTOOl - INVALID NUMERIC DIGIT* 
A NON-NUMERIC DIGIT WAS FOUND IN N PARAMETER. 
o UT020 - RT=U MUST HAVE BT=K,RB=l* 
UNDEFINED FORMAT FILES MUST BE DESCRIBED BY A PRIOR 
FILE cARD As BT=K, RB=I. 

0 

0 

0 

0 

0 

ii 
0 

0 

0 

0 

0 

& 

0 

0 

0 

0 

0 

* UT02l - UNIDENTIFIED DATA EXIT TAKEN* * 
THE OX WAS EXECUTED FOR OTHER THAN EOI/P/S * 
o UT023 - COPY TERMINATED* * 
COPY ENDED FOR REASONS OTHER THAN HAVING COMPLETED * 
SPECIFIED DATA TRANSFER <N\1) OR ENCOUNTERING A HIGHER * 
FILE DELIMITER fRAN UNIT cOPIED. <WOULD 8E LOGGED FoR N=or~ 
* UT037 - ERROR WHILE COPYING --* * 
DATA MANAGER·ERROR ON INPUT OTHER THAN EXCESS DATA. UT037 * 
WILL BE FOLLOWED BY THE OM ERROR. * 
* UT205 - S RECORD· TOO LARGE FOR MRL SPECIFIED* 0 

DM142 ERROR SHOULD FOLLOW. * 
* RMNNN - ERROR oN FILE NAMED xXxXXXX* . * 

0 

TERMINATION * 
* UT030 - COPY COMPLETE* • 
N UNITS HAVE BEEN SUCCESSFULLY COPIED, AS SPECIFIED. 0 

o UT03l - EOI ENCOUNTERED* 0 

* OT032 - EOP ENCOUNTERED* u: 
* UT033 - EOS ENCOUNTERED* o 
COPYR/S/P HAS ENCOUNTERED EOS/EOP/EOI 0 

* UT034 -RECORDS/SECTIONS/PARTITIONS - * 
L M N* o 

L RECORDS READ• M SECTIONS' N PARTITIONS. IF NUMBER IS 0 

ZERO, UNIT,IS NOT INCLUDED IN THE MESSAGE. MINIMUM IS 0 EOR 0 

0 

WARNING 
* UT200 - DATA IS LEFT-JUSTIFIED' ZERO FILLED* * 
IF INPUT <VARIABLE) MRL ~ OUTPUT <F FORMAT> FL, * 
EXPLANATORY MESSAGE IS LOGGED. o 
* UT201 - EXCESS DATA WILL BE TRUNCATED* 0 

IF INPUT<VARIABLE) MRL • OUTPUT <F FORMAT> FL, A WARNING o 
MESSAGE IS LOGGED. 0 

o UT202 - F/R/Z DATA TRUNCATED* 0 

AN EXCESS DATA ERROR OCCURRED ON AN F/R/Z INPUT FILE. * 
FULL GETS ARE NEEDED FOR A COMPLETELY COPIED RECORD. o 
TO ELIMINATE MESSAGE, CHECK iNPUT MRL FOR ACCURACY AND o 
RAISE FLS BEFORE THE COPY To ~ORE THAN PREVIOUS RUN. o 
0 UT203 - FILE IS NOT SEQUENTIAL* ~ 
INPUT OR OUTPUT FO IS NOT SEQUENTIAL. THIS REMINDER IS * 
ISSUED BY THE SEQUENTIAL COPIES BECAUSE THE FILES A;R-E~-----=.-
TREATED IN AN ENTIRELY SEQUENTIAL MANNER, AND THE USER * 
IS RESPONSIBLE FOR DATA CONTINUITY• & 
o UT204 - LIBRARY COPY MAY BE LESS THAN ONE PARTITION* o 

-------C-0-PYR OR COPYS WAS USED FOR COPYING A LIBRARY FILE' WHICH 0 

IS ORGANIZED BY PARTITION. * 

RMCOPY 
2 of 3 
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ito NOT~. - IN THE COPIES, AN ATTEMPT IS MADE TO USE FULL GETS. 0 

WHENEVER POSSI~LEt SO THE BUFFER IS ALLOCATED DYNAMICALLY~ o . u 6 

* 
IF MRL Is SPECIFIED~ SCM ALLOCATED IS PROGRAM LENGTH PLUS * 
MRLt IF THE TOTAL IS .LE. CURRENT FLS OR A CONSTANT, MAXFL. * 
tCORRENt[Y 30000J. IF MRL IS NOT SPECtF!EOt MBL IS USED 6 

( INSTEAD. IF BOTH ARE ZEROt MAXFL IS ALLOCATED. o 

. ERROR EXIt !S ABORt OR ABORT LFN 
.( 0 

-x*~*--R_E_G~r-s-TE-R~s~s~A~v~E~o~------~c~a~P~v~r~s~-~A~u~s~E~R~P-R~O~G-R7A=M-------------------------;*r-. 

, 
'. 

/ 
' 

6 * MACROS USED-- OPENMtMEMORYtGEttGEfPtPOttPUrP,FEtCAtSTOREt 
M.ESSAGEtENDRUN 'ABORT"tFILE tNXTCARO., WEOR t ENDF~LE, SETFI T 

00 REG·ISTER USAGE --
* COFlEN SAVED AND REStORED FOR 6000 COMPAf) 
0 AO ~-UNIT DECREMENT FLAG <SET BY ENTRY-POINT> 
* . X4 - tRANSFER LENGTH DORING MOVE 
* THE REST OF THE REGISTERS ARE GENERAL.WORK REGISTERS 

* 

... 



SADIAN - Oct. 1975 
Page 1 of 4 

BNL CRYSTALLOGRAPHIC COMPUTER PROGRAM WRITEUP 

SAD IAN 

PR~GRAM SADIAN(INPUT,¢UTPUT,TAPE6=~UTPUT,TAPES=INPUT) 

SADIAN is a program which ~earches for Atomic Distances and ANgles in 
crystal structures. It searches for all interatomic distances and/or 
bond angles within 26 unit cells surrounding the reference unit cell, 
up to specified limits. The program handles any symmetry from triclinic 
to cubic, and is written in F~RTRAH. 

A 

____________________ ~~m~_TA!J;.Qlf§_L ___ ?OO at<?~~, ~-~ -~~-e-.-t~ ope,.::_~-~~-?.':'-~~---7:~~~,t .::_~~~~~tl.o __ n_s_. __ 

f . . _· ~ 
'c/ 

INPUT DATA 

1) Title card (12A6). Columns 1-72 may contain any desired coded 
information. 

2) Con~rol Card (FlO. 7,5I3,Fl0.7,I3) 

Columns 

1-10 DMAX. Limit up to which distances are printed out (.in~). 

11-13 

14-16 

17-19 

20-22 

23-25 

When DMAX =. 0. 0, calculation of atomic distances is bypassed, 
and no distance tables are printed. 

NA. Number of atoms in asynnnetric unit ( ~ 200). 

NT. Number of translations (' 8). 
e.g., NT = 1 for P 

NT: = 2 for c or· I 

NT -· 4 for F 

NS. Number of synnnetry positions ('48). For noncentric 
structures NS is equal to the numb~r of equivalent points 
of the general position divided by NT. For centrosymmetric 
structures it is one-half this number. 

ICENT = 1, if there is a symmetry center at the origin of 
the unit cell. 

ICENT = _2, if there is none. 

NW ::: o·,. no bond angles will be calculated~ 

NW = -1, bond angles A-CA-B will be calculated around all 
atoms, when CA-A and CA-B, the sides of the angles are 
smaller than AMX. 

NW > 0 is the total number of the angle control cards for 
the atoms around which bond angles will be calculated, in 
case one wishes to know the bond angles around selected 
atoms only (NW ~ NA). (See Input 7). 



•. . \ 

'0:'1. 

··0 

26-35 

36-38 

SADIAN - Oct. 1975 
:Page 2 of 4 

AMX. Limit for the sides of the angles to be calculated 
(in R). When AMX is given as a negative value, not only 
A-CA-B, but also the angles CA-A-B and CA-B-A will be 
computed. 

IDR = 0 for direct cell constants, = 1 for reciprocal cell 
constants 

3) Cell constant card (3F9.4,3F9.6) 

Columns 

1-9,10-18,19-27 a;b,c,cosa.,C.osS,cosy or 

28-36,37-45-,46-54 * * "* * * * a .. ,b. ,c ,cosa. -,cosS ·,cosy • The format 
is the same as in FLINUS and· other programs. 

4) Atomic parameter cards (A6, 21X, 3F9.6/) Not more than 200 Atoms 

Columns 

1-6 Atom identification (Hollerith) 

7-27 Irrelevant 

28-36,37-45,46-54 x~, y., z. fractional coordinates for atom i. 
~ ~ ~ . . . 

The format is the same as in FLUIUS. The punch 
output of FLIIWS may be used as input here _ Each atom parameter 
must be followed by another card. Information on this s.econd card is 
irrelevant. This allows use of parameter cards from FLINUS without 
removing temperature fac.tor cards. -- Xi,. Yi and Zi may have any 
value: they can be ·negative or greater.than one~-- Before the 
program proper starts a subroutine is called by means of which the 
parameters of certain atams can be set equal to each other in case 
of special positions. A dummy subroutine with a return statemen~ 
is supplied with the deck: 

SUBR~UTINE . SETXYZ(XYZ) 

DIMENSI9)N XYZ (4, 200) 

RETURN 

END 

Here XYZ(l,I) corresponds to the identifier of atom I, while 
XYZ(2,I), XYZ(3,I) and XYZ(4,I) correspond to x., y., z .• 

~ ~ ~ 

5) Translation cards (3Fl0.8). No more than 8 cards, but_at least one. 

Columns 

1-10,11-20,21-30 . Tx, Ty, Tz, translations in the x, y, z-directions, 
expressed as fract~ons of the cell edges· and corresponding to the · 
centering of non-primitive lattices. For primitive lattices a blank 
card must be submitted. . 



,, 
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6) Symmetry cards ( 3(Fl5.9, 3F3.0) ). Not more than 48 cards. 

7) 

OUTPUT: 

Columns 

1-15,25-39,49-63 TTSx, TTSy, TTSz. Translational par4s of 
the expression for the equivalent position, in direction x, y, and z. 

16-18,19-21,22-24 

40-42,43-45,46-48 

64-66,67-79,7-72 

Multiplier (TSx)l,2, and 3 of x, y and z for x'. 

Multiplier (TSY)l,2, and 3 of x, y and z for y'. 

Multiplier (TSz)l,2, and 3 of x, y and z for z'. 

The format is the same as in FLTITUS. 
of x', y' and z' is: 

The definition 

x' = 

y' = TTS + (TS ) 1*x + (TS ) *y + (TS ) *z 
y y . y 2 y 3 

z' = TTS + (TSz)l*x + (TS ) *Y + (TSz) 3*z z z 2 

Angle control cards (F6.3, 2213), optional, necessary only when NW) 0. 

Columns 

1-6 AMAX, the same as AMX but it applies only to the atom, the 
number of which is given in column 7-9. 

7-9 

10-12 

CA, number of the nth central.atom, around which bond angles 
have to be computed. The numbering m~st be the same as in 
the sequence of the atomic parameter card·s. 

CN = 0, all bond angles around CA will be calculated where 
CA-A and CA-B are smaller than AMAX. 
CN' 0, is the total number of coordinated atoms. around CA, 
in· case one wishes to select the bond angles, in which cA 
and the coordinate.d atoms enumerated in C¢AT are involved 
(CN '20). 

13~15,16-18, .• ~,70-72 

1) 
2) 
3) 
4Y 
5) 
6) 
7) 
8) 

c0AT, numbers of the coordinated atoms. Again, as for CA, 
the numbers here are the consecutive numbers of the atoms 
in the list of atomic parameters. 

Title 
NA, NT, NS., !CENT 
Cell constants 
Atomic parameters, after having been set by the subroutine SETXY2 
Translations 
Symmetry positions 
DMAX, AMX, NW 
Angle control cards 



9) 

10) 

Atomic 
a) 
b) 
c) 
cl) 
e) 
f) 

g) 

h) 

distances: 
Identification of atom 1 
x, y, and z of· atom 1 
Identification of atom 2 
x', y', and z' of atom 2 
Distance from atom 1 to atom 2 (in R) 

SADIAN - Oct. 1975 
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Number of symmetry position, which has been used in 
computing x', y', and z' of atom 2. 
Number of translation, which has been used ln evaluating 
x', y' and z' of atom 2. 
Number of the unit cell in which atom 2 is located. 

Bond 
a) 

angles: 

b) 
c) 
d) 
e) 
f) 
g) 
h) 
i) 

Coordinates of CA 
Identification of the 3 atoms, A-CA-B, involved in the angle. 
Bond angle (in degrees) 
Coordinates of A 
Distance CA-A (in K) 
Coordinates of B 
Distance CA-B (in K) 
Distance A-B (in R) 
Identification and bond angles of CA-A-B and CA-B-A 

All atomic coordinates in d) range from 0.0 to 3.0, and refer to one 
common origin for all 27 considered unit cells. In unit cell 1, x' 

. y' and z' are from 0..0 to 1.0, in cell 27 from 2.0 to 3.0. Atom 1 
is always situated in cell 14, where x, y and z. go from 1.0 to 2.0. 
In counting from cell 1 to cell 27 z changes most rapidly, x least 
rapidly. If !CENT = 1, the centrosymmetrically related atomic 
positions, which do not show up in the list of symmetry positions, 
are distinguished by having an asterisk behind the number of the 
unit cell. 

------:-.--~ -· . -



NAME: SANDA 

CORE: 37K 

PROGRAM SANDA(UWUT, 0UTPUT, TAPE3) 

I. PURPOSE: 

To calculate all distances and angles. 

II. TAPES: 

none 

III. LIMITATIONS: 

A. ·Symmetry-atoms .. 

IV. REPLACEABLE SUBROUTINES: 

none 

V. DECK SET UP 

A. JOB CARD 
1. TIME LIMIT 
2. FIELD LENGTH 
3 ... NUMBER OF TAPES 
4. ECS 

· Dimension-17 5 

-·s sees 
37K 

- 0 
- .0 

B. CONTROL ~ARD~ . . . . . .. 
J\J:TA.Ca(SANDA,SANDA,ID=CPR0GS) 
SANDA. 

AUTHOR: L. Andrews 

DATE: March 1974 



C. DATA CARDS : 

CARD 

1. Title card 
2. Cell Constant card 
3. Control card 
4. Symmetry cards 

D. REMOTE FILES: 

PAGE TWO 

NAME: SANDA 

. ·FORMAT 

20A4 
7F7.3,3F7.4 
3I4,2F6.2,I4,F6.2,2I4,3F4.0,2I4 
F11.6,2I2,F11.6~2I2,Fll.6,2I2 

1. 0UTPUT: The ato~ and thair input coordinateo are liotcd and 
each atom is assigned a serial.number. The symmetry operations 
are also assigned serial numbers. The bonded atom pairs are 
then listed labelled by the serial numbers of· the. terminal atoms. 
The first atom of each pair i:S in its input position. The second 
atom has its correct coordinates listed and also which symmetry 
transformation was .used; the 0RTEP convention is used to output 
which unit cell the second atom is in (with respect to its 
original position). 
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Brookhaven Crystallographic Computer Program 

NAME: SANDA 

CORE FL: 37K 

FILES: 3 TIME: 10 sec 

PR0GRAM SANDA(INPUT.0UTPUT,TAPE3) 

DATA CARDS 

Card 1 TITLE CARD (72H) - Any alpha-nwneric informatiqn desired as a 
title· line. This maY be a blank card. 

Card 2 CELL CONSTANT CARD (3F7.3, 3F7.4) 
Column 1~7 8=14· 15~21 22~28 ·29~35 36.,..42 

a b c cosa cosS · cosy 

These are the unit cell edges in R and the cosines of the 
interaxial angles.. If an angle is 90° • leave the corresponding 

. field blank. 

Card 3 CONTROL CARD (3I4,2F6.2,I4,F6.2,2I4,3F4.0,2I4) 

Colwnn 
1-4 (N) 
5-8 (M) 

12 (NCARD) 

13-18 (DMAX) 
i9- 24 (DMIN) 
28 (JAGL) 

29-34 (DANG) 
38 (ITRN) 

42 (ISOR) 

43~46 . (TR). 
47-50 (TS) 
51-54 ('IT) 
58 (!51) 

62 (IS2) 

Content 
Total number of coordinate cards (<175) 
To~al number of symmetry cards (<192) 2 
0 or Blank = Atomic positional parameter cards only used 
1 = Atomic positional and thermal parameter cards used 
Maximwn diStance to calculate Default= 1.7 R 
Minimwn distance to calculate Default = 0.0 
0 or Blank·= Calculate distances only 
1 = Calculate both distances and angles 
2 = Calculate angles only . 
Maximum distance to·be used in angle calculation 
0 or Blank = Ali translations 
1 = No translations 

· 0 or Blank = No sorting 
1 = Sort on distances 
Number of grid points in X directio~ } 
Number· of grid points in Y. direct.ion blank gives 1.0 
Number of grid points in Z direction 
0 =· LINUS format atomic parameters 
1 = x-ray format 
2 = UCLAL.S format 
1 = Grid coordinates 
2 = Decimal fractional coordinates 

Card 4 SYMMETRY CARDS (Fll. 6,2I2,Fll. 6, 2I2,Fll. 6, 2!2) 

One for each symmetry operation in the space group, the identity first. 
Refer to International Tables, Vol. I. 

SYMMETRY DIGIT 
X 1 

-x -1 
y 2 

-y -2 
z 3 

-z -3 
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COLUMN 
1-11 

12-13 } 
14-15 
16--26 
27-28 } 
29-30 
31-41 
42-43 } 
44-45 

CONTENT 
Translational part of x 

Symmetry for x direction 

Translational part of y 

Symmetry for y direction 

Translational part of z 

Symmetry for z direction 

Card 5 ATOMIC PARAMETER CARDS 

a) POSITIONAL b) THERMAL 

One positional parameter card per atom is required. The total 
number must equal the nUmber in cols. 1-4 of the Control Card. 
The program does not use the thermal parameter cards but, if 
they are supplied, a 1 must be punched in col. 12 of the Control 
Card. 

ATOMIC POSITIONAL PARAMETER CARD 

a) x~RAY 70 FORMAT 

COLUMN 
1-:7 
8-9 

10.,..13 
14-21 
22-29 
30-37 

(7X,A2,A4,3F8.4) 

CONTENT 
Blank. 
Atom Type (Left justify) 
Type Identification (Right justify) 
x coordinate in decimal fraction or grid points 
y coordinate in decimal fraction or grid points 
z coordinate in decimal £~action or ~rid points 

b) LINUS FORMAT _(A6, 3X,5F9 • 6, 2F6. 2) 

COLUMN 
1-6 
7-9 

10-27 
28-36 
37.-45 
46-54 
55;;..66· 

CONTENT. 
Atom Identifier (Any 6 Alpha-numeric characters) 
Blank 
Two numeric fields which are ignored 
x coordinate in decimal fraction 
y coordinate in deci~al.fraction 
z coo~dinate in decimal fraction . . . . 
Two numeric fields which are ignored 

c) UCLALS FORMAT (5F10.5,IZ,18X,A6) 

·COLUMN CONTENT 
X coordinate in 
y coordinate in 
z coordinate in 
Not used 

1-10 
11-20 
21-30 
31-70 
71-76 Atom Identi;ier 

decimal fraction 
decimal fraction 
decimal fraction 

(Any 6· Alpha-numeric characters) 
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N.B. If this program is to be used to calculate distances from atomic 
parameters produced from UCLALS refinement in mixed anisotropic
isotropic mode, the atomic parameter output will consist of two. 
cards per anisotropic atom and one.per isotropic atom. In this 
case, it will be necessary to either 

1) remove the second card from the anisotropic atoms and use 
zero or blank in col. 12 of the control card or 

:L) insert blank cards after each isotropic atom and use 1 in 
col. 12 of the control card. 

This is a possibility also from X-RAY 70 refinement procedures-
so be cautious. 

· .. 
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NAME: SCAT 
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Brookhaven Crystallographic Computer Program · 

. ·FILES: 3 TIME: 5 sec 

CORE FL: 30K 

Purpose: Produce X-ray scattering factor cards for.FLINUS. 

PROGRAM SCAT(INPUT,~UTPUT,PUNCH,TAPE5=INPUT,TAPE6=~UTPUT,TAPE7=PUNCH) 

Inp1,11; Dat:a; Any number of cards of. the following typP. 

cols 1-4 atom type name from the list on the last page 
Format (A4) 

A 

Output: Cards are produced for . FLINUS until an E0F or unrecognized atom is 
found. A message is written on ~UTPUT when an unrecognized -atom 
name is encountered. 

Method: The program contains the coefficients distributed by Cromer for 
calculation of' scattering factors by the method of Cromer and Mann. 

4 . . 

SF(SINT) = c + L Ai * exp (Bi * SINT*SINT) 
i=1 

where: 

References: 

SF . is a particular value of. the scattering factor· 
SINT is sin theta over lambda 

are the coefficients given by Cromer 

· D •. T. Cr.omer and J. B~ Mann, Acta. Cryst •. ·A24-, 321-324 (1968) •. 

D. T. Cromer and D .• Liberman, J. Chem. Phys •. 53(5).,1891~1898 (1970) • 

. R. F. Stewart, E. R. Davidson and W. T. Simpson, J·. Chem. Phys. 42(9), 
3175-3187 (1965). 
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Common: 

H SDS 0-1 Hr: CR RHF C0+2 RHF F;R RH F 
H ·AT HF F RHF CR+2 HF i.()+3 HF 8R-1 -RHF 
H-1 HF F-1 HF CR+3 Hr. ~! I RHF I RHF 
LI RHF p P.HF MN RH F Nt+2 RHF I-1 RHF 
LI+1 RHF s RHF= MN+2 RHF cu RHF w RHF 
8 RHF CL RH F FE RHF Cu+1 ~H F W+6 us 
c RHF CL-1 RHF FE+2 RHF CIJ+2 HF riG RHF 
CVAL H·F . K RHF FE+3 RHF ZN RHF HG+1 OS 
~ RH F K+1 RHF co RH F ZN+2 RHF HG+2 OS 
0 RHF 

Less Common a 

HE RHF SE RHF lN+3 OS TB+3 os Pa RHF 
BE RHF KR RH F SN RHF Oy RHF Pa+Z OS 
BE.+2 RHF RB RH F SN+2 RHF DY+3 os Pa+4 OS 
NE RH F RB+1 RHF SN+4 RH·F HQ RHF BI RHF 
~J .!\ RHF SR RHF SB RHF H0+3 o·s BI+3 OS 

. NA+1 RH"F SR+2 RHF 58+3 os ER RHF 9!+5 OS 
NG RHF y HH F SS+5 .os ER+3 os PO RHF 
i4G+2 RHF Y+3 OS TE RHF TM RHF AT RHF 
AL. RHF zR RH F XE RHF rM+3 OS RN · RtiF 
Ai.+-3 HF ZR+4 os cs ~HF VB RHF FR RHF 
Sl RHF Na RH F cs +1 RHF VB+2 OS R·A RHF 
SI v HF. N8+3 !lS SA RHF VB+3 OS RA+2 OS 
SI+4 HF· N8+5. DS BA+2 OS LU RHF AC RHF 
A~ RHF MO RHF LA RHF LU+3 OS AC+J OS 
CA. RHF M0+3: OS LA+3 OS .H F RH F· TH RHF. 
c ,'\+2 . RHF MO+S OS CE RHF HF+4 DS TH+4 OS. 
sc . RHF M0-+6 OS · CE+3 DS TA RHF PA RHF 
SC+j HF rc RHF CE+4 · OS TA+5 OS u RHF 
TI RHF RU RHF PR RHF R2 RH F U+3 OS 
TI +2. H F. RU+3 OS pR+J OS os RHF U+4 OS 
TI+.l HF RU.+4 OS PR+4 C S. OS+4. ·os U+6 DS 
T 1+4- HF RH RHF ND RHF I R. RHF NP RH F 
v· RiH. R:H+.3. . !) s . · N0+3 . OS I-R+3 OS NP+3 : OS 
V+2·. RH F: . "RH+4 OS PM-·· RH F· t.R+4· OS NP+4 os 
V+3 HF PO RHF PM+3 . OS PT RHF NP+6 OS 
v+ 5 HF Po+2. OS SM RHF PT+2 OS PU RHF 
;'\1N+3 . H F P0+4 os SM+3 OS ·PT+4 os PIJ+3 OS 
M:'J+4 HF AG RHF eu RH F .l.U RHF PU+4 DS 
NI+.:S. HF AG+1 OS EU+2 . 0 s AU+1 OS PU+6. OS 
GA KHF. AG+2 os EU+3 os AU+ 3 os M-1 RH F 
GA+.:S 1 HF co RHF GO RHF TL RHF CM RHF 
GC: RHF CD+2 DS G0+3 OS TL+1 os 8K RHf 
GE+4 HF IN RHF TB RHF ·r L +.3 DS CF RliF 
AS RH F 

· ·Abbreviations: HF. Hartree-Fock RHF relativistic HF 
SDS Stewart~ Davidson-Simpson AT atomic 
DS- Dirac-Slater VAL valence 



NAME: SEARCH 

CORE: SCM 70K 
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LCM (16*NAT~MS) 8 , where NAT¢MS =number of atoms in protein data set 

PR¢GRAM SEARCH (TAPE! , TAPE10 ,TAPE11 , TAPE12, INPUT, ~UTPUT, TAPES= INPUT, TAPE6=¢UTPUT) 

I. PURP~SE: 

To read a protein data set from the Protein Data Bank, extract a 
desired subset of atomic. coor.dinates, and generate a connectivity table 
for display programs. 

II. FILES: 

TAPE! - protein data set in standard Protein Data Bank format 

TAPElO - print file contains a listing of the atomic coordinates 
on TAPE! along with detailed intermediate results 

TAPEU - display file with connecticity table 

TAPE12 -X-ray system type atoms cards for input to PRJCTN. 

III. LIMITATI~NS: 

For execution only on 7600 (SC~PE 2 or oti large 6600 (SC¢PE 3. 4); 
NAT¢Ms ~ 10, a·oo; 
Up to 1,000 atoms may be selected for display 

IV. ·REPLACEABLE SUBR¢UTINES: 

none 

V. DECK SET UP: 

J¢B,CP70,EC64,T77 ,YDl. 

· ACG¢UNT (NAME , II) 

LCM sufficient for 2,000 atoms 
in protein file 

M¢UNT(VSN=CHEM~l, SN=CHEM) 

ATTACH(BUPD140,BuPD140;.ID=CPR¢GS,SN=CHEM) 

ATTACH(¢LDPL,PDBPL,ID=PDB,SN=CHEM) 

BUPD140(Q,D,8,C=TAPE1) 

RETURN(~LDPL) 

ATTACH(SEARCH,SEARCH,ID=PDB,SN=CHEM) 

FILE(TAPE12,RT=Z,BT=C,FL=80) 

REQUEST(TAPE12,*PF) 

SEARCH. 

A 
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CATAL~G(TAPE12,SEARCH~UTPUTF~RPRJCTN,RP=lOO,ID=MYID,ST=MFA,AC=#) 

REWIND (TAPE12) 

C~PYSBF(TAPE12,~UTPUT) 

7/8/9 

*C,DECKNAME 

7/8/9 

where Deckname .is the deckname for the protein 
of interest in the master update file. 

SEARCH data cards as described in writeup 

6/7/8/9 

Note: to retrieve t~e 6600 catalog file SEARCH~UTPUTF~RPRJCTN at the 
CRYSNET terminal, proceed as follows: 

login under INTERC~M 

ATTACH,XX,SEARCH~UTPUTF~RPRJCTN,ID=MYID 

C~PYSBF,XX,TT 

{~FF,LPl} 

. {DEFINE,LPi,BAN~FF} 

¢N,LP1 

"control" D 

SEAR~P 

BATCH,TT,PRINT,MINE,HANS 

·wAIT F~R H,S display which signifies completion of transmission 

"control" D 

KB: to clo.se print file 

logout 

The SEARCH output file (TAPE12) should now reside on the PDP 11 
disk as SEAR~P under the user's UIC. 

A 
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Brookhaven Crystallographic Computer Program 

NAME: SEARCH 

CORE FL: 10K8 
LCM FL: (16*NATOMS) 8 

FILES; 5 TIME: <1008 sees. 

Purpose: To read a protein data set from the Protein Data Bank, extract a 
desired subset, and generate a connectivity table for display programs. 

PR¢GRAM. SEARCH (TAPE1, TAPE10, TAPE11, TAPE 12, INPl]T·, ~UTPUT, TAPE5=INPUT, TAPE6=~UTPUT) 

Method: Coordinates of points and radii are inptit sequentially following the 
protein data set. SEARCH orthogonalizes and scales to Angstroms the atomic 
coordinates. It then writes atoms within reach onto. an extended core (EC0RE). 
If the nmnber of atoms extracted exceeds a maximum (currently 1000)·, the radius 
is decreased, the atoms then within reach are counted, and this process is 
continued until the number of atoms is less than the working maximUm. Then, 
a modification of UMZUG sets up .the connectivity table. The total, extracted 
list is written on file TAP.Ell. TAPE12 contains the extracted list in x-ray 
system format for direct input into PRJCTN. 

Internal·operation: SEARCH reads atomic coordinates and writes 8 words per atom 
into EC~RE 

X"(l), X(2), X(3), =fractional coord 
X(4) = NAT0(NAT) atomic. number 
X(5) = atom name (coded) 
X(6-) = AA tags 
X(7), X(8) · = Encoded values of X(5), X(6) 

Using various criteria, \ 

SEARCH reads the above data from EC0RE and selects certain atoms: this list is 
added to the one above in EC0RE and consists of 8 words pe~ atom: 

W(l), W(2), W.(3) = fractional ~oord 
W(4), W(5), W(6} =orthogonal l coord 
W(7) = radius from pt. 
·w(.8) = orig. atom input sequence number. 

When the final radius. is chosen, 

UMZUG reads the EC~RE and stores the X,Y,Z (fracL), RX,R~,RZ (orthog~nal), 
MUNCH (1 to max)= input seq. no., W(8). 
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Input: 

One card for each SEARCH-'F~RMAT (2!5 ,.2-F5. 2,6Al0)MANUS ,NSHIFI ,RADIUS, 
RADMIN,M1,M2,M3,GTIT(3) 

MANUS < -99 Terminator 
< 0 . extract all at9ms in th~----~~!!~ /MANUS.l.~ __ a,tQJ!L.t.}T.ll.e..(DJl). ~--lNSHIErL~--· 

---------- --·-·-Cols .1.:5-·-··a···:-·SEARCH for all. atoms Within the radius of point: X, Y ,Z (see below) 
1 find the first atom in the list matching M1, then locate all 

atoms within the radius 
2 for each atom matching Ml, find. all atoms within the radius. 
3 for each atom matching Ml, find all atoms matching M2 and M3 

within the radius 

NSHIFT = 1 SEARCH ~symmetric unit only 
Cols 6•10- 2 SEARCH ·symmetrically related atoms also 

3 SEARCH symmetrically related atoms and apply translations to 
the 26 neighboring cells 

11-15 RADIUS maximum radius 
16-20 RADMIN minimum radius 
22-30 M1 

{~} 
(coordinates of origin point of SEARCH decoded 

32-40 M2 or into 3F10~5 format) 
42-50 M3 IF MANUS=O 

M1, M2, M3 are 9:..digit SEARCH codes in the form A/BBB/CC/DD/E as defined by PR(biN: 

. A = aqueous property 
1 = ·hydrophobic 
2 = hydrophyllic 
3·= poiar, -charge 
4 =polar, +charge 

5 = amide residue 
6 = cyst (ei/i)ne 
7 = glycine 

B = ami~o acid sequence number 
C = amino acid type (cf. dictionary) 
D = numerical: expression of the position of the atom of 

. Appendix 2, Protein Data Bank File Record Format 
E = atom type, according to the order of the Protein Data File 

GTIT(3) is a 30 character .title which is used as a header for fiJ,.es TAPEll,TAPE12. 
TAPEl contains a protein file from the Protein Data Bank. This may be gotten 
from. the· data. bank UPDATE tape. 

Output:· 

The job's output file contains cell and symmetry information, selected atoms, 
connectivities~ and a copy of TAPE!. 

TAPElO: comments and error messages 
TAPEll: selected atomic coordinates 

Card 1. (5X,3A10) title 
Card 2. · (5I3,2X,SA10) 
eels 1-5 IFR(bM number of atoms selected 
eels 4-6 IRING number of ring closures for connectivity 
eels 7-9 NCENT =1 for acentric 

eels 10-12 
cols 13-15 
eels 18-68 

N¢RTH 
NEQV 
TITLE 

=2 for centric 
not used 
number of symmetry cards 
from C(bMPND card in data bank 
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Card 3. (6F9.3) ABC,ANG 
eels 1-9 a 
eels 10-18 b 
eels 19-27 c 
eels 28-36 a degrees 
eels 37-45 a 
eels 46-54 y 

Cards 4. (Al0,17X,3F9.6,8X,'Al0) compatible with FLINUS . 
eels 1-10 DU(6) atom designation (amino acid name in eels 1-3; 

residue number in. eels 4-6; CA, CB, etc in eels 7-10). 
eels 28-36 X 
eels 37-45 Y 
eels 46-54 Z 
eels 63-72 M (9 digit code) 

Cards 5. (15I5) . 
connectivity ''from" list IFR¢M total entries 

Cards 6. (15 I5) 
Ring closure list IRING total entries 

Cards 7. (3(F15.0,3F3.0)) NEQV . Symmetry cards 
FLINUS fermat 

Card 8. (I5) 
cols . 4-5 -0 . terminator 

TAPE12: 
Card . 1. (5X, 3A10) Title 
Card · 2... CELL card 
Cards ·. 3-. AT~M .. cards 
Card · 4. END. card 

Several examples of SEARCH procedures may be helpful: 

- -·-. ----- ----

Example 1. The active site contains His 57; extract all .at·oms within .10.0 R 
of the epsilon 2 ·Nitrogen of His 57 
M1 ~ 0/057/14/11/2 . 
the input file would then contain one data card as follows: 
1 1 10.0 . 005714112 

. Example 2. Find all charged groups within 7.0 Angstroms of one of the 
terminal N atoms in lysine in a protein known to have no cysteine. · 
M1 = 0/000/15/14/0 
M2 = 0/000/00/00/2 Nitrogen atom 
M3 = 0/000/00/00/3 Oxygen atoms 
the data card would be 
3 3 7.0 000015140 000000002 000000003 
this will find all oxygen or nitrogen atoms within 7 R of the 
terminal N atom of each lysine, with symmetry and translation 
operations added. 



Example 3. Locate all o-N or o-o 
M1 = 0/000/00/00/3 
M2 = 0/000/00/00/3 
M3 = 0/000/00/00/2 
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hydrogen bonds within a given molecule 
3 = oxygen 

2 = nitrogen 
the data card would be: 
3 1 3.5 2.5 000000003 000000003 000000002 
locates all oxygen atoms in the structure and then SEARCHES for 
all Nor 0 atoms within 2.5 to 3.5 R (assumed max. H bonding distance). 

------ -····--"•"'·-· 

Example 4. Extract all backbone atoms of a protein. 

-r-. 

(N·.B. prt:!sent maximum = 1000 atoms. If the protein has more 
than ~250 amino acids, set NSHIFT=3.) 

MANUS = -1, NSHIFT = 4, RADIUS = 999. , RADMIN = 0. 5 

The data card would be 
~1 4 999. 0.5 
-~---

The file is so organized that DD forCA = 1, amide N = 2, 
carboxyl C = 3, carbonyl 0 = 4. 

Therefore if MANUS =.-1 and NSHIFT = 3, one extracts only CA,N,C, 
the main backbone. 
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Brookhaven Crystallographic Computer Program 

NAME: STR~NG CORE: 26 Ka TIME: < 30 SEC
8 

PR~GRAM STR~NG(INPUT,~UTPUT ,TAPES=INPUT, TAPE6~~UTPUT) 

I. Purpose: 

A program to calculate strong neutron intensities from a known 
structure. STR~NG will list all uDique reflections appropriate to the 
user's cell type which have an INTENSITY greater than 1.0. A separate 
list of reflections, withi~ a specified 29 range and sorted on intensity, 
is produced for use in conjunction with the RECF crystal orientation 
program ~RIENT. 

II.. Deck set-up: 

A. JOB CARD 

1. Time limit - 30 sees 
2. Field length - 26 ~8 

. 3 •. Number of tapes - 0 
4 •. ECS 0 

. ··.B. CONTROL CARDS 

ATTACH (STR~NG·,. STR¢.NG, ID=CPR~GS) 
STR~NG. ·. 

C. DATA CARDS. 

1". Ti.tle card · ( 8Al0) • 

2~ First parameter card (6I5). 

a) Centric or acentric. ICENT=1 or. ·O. 
b) Cell type, TP..I=1, li~N~=2, ~RTH=3, 4/MMM=4, 6/MMM""S, 

M3H=6. 
c) Number of symmetry elements, NS. 
d) Number of atomic coordinates, NA. 
e) Maximum number of reflections to be sorted and printed 

out as a separate list, INUM. 
f) Lattice type (P=0,C=1,I=2,F=3)·. 

A 



3. Second parameter card (4F10.6). 

a) Wavelength, LMDA. 
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b) Minimum two theta for sorted list, TTMIN. 
c) Maximum two theta for sorted list, TTMAX. 
d) General temperature factor (to be added to the 

individual temperature factors), XXB. 

4. Real unit cell parameters (6F9.6) (in Angstroms and degrees) 
A,B,C,ALPHA,BETA,GAMMA. 

5. Symmetry transformations as defined in the FLINUS write-up 
(3(F15.4,3I3.)). Note, for centric space groups (ICENT=l) do 
not incluqe cards for positions related by a center of symmetry. 

6. Atomic information list for one asymmetric unit (A9,5F9.6). 

a) Atomic identification. 
b) Neutron scattering length, XSF. 
c) Atomic multiplicity, XMULT. 
d) Atomic coordinates, XX,XY ,XZ. 

7. Individual (isotropic B) temperature factors, XB (F9.6) • 

. NOTE Anisotropic temperature factors are not presently accommodated. 

Cards 6 and 7 alternate for NA atoms. As in FLINUS, the overall 
temperature factor~ XXB, is. added to the individual temperature 
factors. 

III. ·Limitations : 

. a) The array storage for atomic coordinates is set at 200 • 
. . Thus, for centric structures, there can be no more .than 

200 atoms in a half unit cell; and for acentric structures 
there can be no more than 200 atoms in a full unit cell, 
i.e •. the relation NA.NS ~ 200 must hold. These parame.ters 
may be altered in ·conmion I AT/. . 

. . 

b)• The' array storage fo~ the sorted array· of reflections is 
limited to 251. Thus, the value of INUM canriot eXceed 250. 
This parameter may be changed in array AR(3,251). The array 
size must be one larger than the maximum value of INUM. 
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-~ 
· BROOKHAVEN CRYSTALLOGRAPHIC COMPUTER PROGRAM 1WRITEUP 

~" -· / !t : 

. TLS6 ~~ !' 

't 
r'ROGRAM' TLS6 < INPUT• OUTPUT' TAPES= INPUT' TAPE6=0UTPUT' PUNCH) I! . 

I .. • t 
-

.(- ! 

VERSION OF 30 MAY 1.967 ·1t 
v ' 1 i" 

sjL. MODIFICA~ION 2 t22 
I ' a· . 

JULY 1967 -! . . 
SUBROUTINE KAY CORRECTED BY T -KO-ETZLE BNL 12-E"-72"· . h ~ 

so THAT IT. NOW GIVES CORRECT XT IN L PRINCIPAL AXIS· SYSTEM··· . , ~ 
-- ( 

WRITEUP MODIFIED BY FLIEG HOLLANDER MAY 75 TO BEST OF HIS .. ABILITY 
.. . -- .. - • 'r -

RIGID BODY MOTION ANALYSIS BY' THE METHOD OF SCHOMAKER -AND 
TRUEBLOODt-INCLUDING· THE SCREW TENSOR S. ·THIS AliTAL YS IS rr!LL BE 
PUBLISHED IN· DETAIL- IN ACTA. CRYST•• PROBABLY IN JAN .. 1968 •. 

. -
INPUT B<IJ>· ASSUMED TO H~VE INTRINSIC FACTOR OF 2• I.E., TEMPERA-

WHER; I_J. _ -~~RESE~ : _ \·A ' .. ·" t ~~ • _ • 9 ~~-, • , ._ 

ALL. CALCULAT.IONS- REFERRED To· ORTHOGONAL. AXIAL sYsTEM. WITH FIRST 
AXIS: PARALLEL TO At-SECOND TO•C*-CROSS-A AND THIRP TO C*• 
MAXIMUM NUMBER OF AIOM$ = IOU. ~ 

. THIS PROGRAM INCLUDESi·PROVISION FOR -VA~LABLE INPUT 
AND OUTPU~ TAPE NUMBERS. PRESENT~COPY HAS INPUT <NRIP> = 5 AND 

-OUTPUT <NROP> · =- 6 •. W'il1THIN THE" PROGRAM THE LIBRATION TENSOR 
: IS REF-ERRED T-0 CHIEFLY'"AS R OR OMEGA- AND-,QNLY·OCCASIONALLY· AS .L• 

,.THE SYMBOL U.SED IN TAE~·PAPER DESCRIBING TAE METAoo.. ~ 
HOWEVER~ ALl OUTPUT·UAB~LS. HAVE BEEN ·cHA~GED TO~L RAT~ER·T~AN R •. 
NOTE THAT' ATOMIC WEIGH:rs· (OPTIONAL) ARE USED ONLY TO CALGULATE 

·cENTER· OF ~~55- AND NOJ AT PRESEN~ TO WEIGHT -THE OBSERVATIONAL 
EQUATIONS IN SETTIN~UP NORMAL EQUATIONS~ THUS~- AND REDUCED T, 
St AND·O~HER. RESOLT~·ARE INDEPENDENT OF :ATOMIC- WEIGHTS AT~ 
PRESENT. TRACE OF S I~ SET.=· o·_tAND NECESSARILY REMAINS 50). 

·s<3•3> IS AUTOMATICALlY DELETED IF- NO DELETION IS SPECIFIED BY 
NOT <D' ·TO PERMIT' SOLVING NORMAL EQUATIONS• BUT ;T:HIS. IS LATER 
SUPERSEDED BY THE. CONDITION TRACE OF S =-, o·. ,. -~· h 

.. ., • ~ .. '"':":""'t,/: .. ~ ,._. . t. . -eo 

' IN tHis· V~~SION- PROVISION FOR ~ANDLING"SITE~SYMMETRY ~~ 
AUTOMATICALLY I~ INCLUDED ONLY FOR· MOLECULES AT ·CENTROSYMMETRIC 
·siTES (SPECIFIED BY· NSYM = 2) ~ . OTHER Sl!'rE-SYMMETRIES MAY~ BE 
HANDLED AUT,OMAT"ICALLY; L.:ATER By EXTENDING ·THE RANGE" OF NSYM • 

.7". ~ ... ~ • 

THE' COMPLETE PROGRAM CONSISTS OF THE: MAIN ~ROUTINE <THIS· DEClO AND 
THREE SUBROUTINES•. TWMT• "MATINV, AND EIGEN. TWMT FORMS THE 
21-BY-21 MATRIX OF THE NORMAL EQUATIONS •• MATINV SOLVES THE 
NORMAL EQUATIONS' AND GIVES THE INVERSE OF THE MATRIX OF THE 
NORMAL EQUATIONS AS WELL AS THE SOLUTION VECTOR. -EIGEN CALCU
LATES THE EIGENVALUES AND EIGENVECTORS OF A 3-BY-3· MATRIX~ 

SUBROUTINE KAY CALCULATES INTERATOMIC DISTANCES. CORRECTED FOR 
MOLECULAR DILATION <NOl~ MANY OF THE-DISTANCES PRODUCED ARE 
ME.~NINGLESS>. i"· 

.f . . - -
INPUT DATA "'1UST' BE IN THE FOLLOWING FORMATs· AND SEQUENCE. ·. 

. 

\. 



1. FORMAT<IStlOA6 ARAMETER SET NUMBE AND IDENTIFYIN6 ~ESSAGE. 
MAKE THE IDENTIFYING TO GET PUNCHED OUTPUT 

OF 0 THOGONALI 

F • ' ' 
IN ANGSTROMStDEGREES RESPECTIVELY. 

(61-62)NTL =TOTAL. NUMBER OF ATOMS IN,THE CALCULATION. THIS ~AY BE 
LARGER THAN THE .NUMBER IN TAt RIGID BODY IF ONE WISHES To GET 
PRINCIPAL AXES OF~ SOME VIBRATION ELLIPSOIDS WITHOUT INCLUDING 
CORRE5POF;JoiNG· Att?Ms. IN RIGIU. 80DV. ., . ~· 

-~ ~ __ ..... • .. .-.. ,."""-~ -r,.. .-r.-·.. ""'' --~:........ t- ... 

<63-64)NATOM·.::·NOMBER OF: ATOMS· IN .THE RIGID 'BODY. · .. ~y. 
. . • ',"{.' "'. • · • . ,''\ ~·- · ' .,·' rt, · 

t6S-66) NORIG., -rF" -TAts· PARAME1ER 15 ·SET = o,.-..~.eostt!ONS OFi FIRST NATOM 
ATOMS WILL. BE' AVERAGED (Wl·TH APPROPRIATE WEIGHTS• IF GLVEN AS 
sP.ECIF lEO IN 4 BEL:Ow.J 10 ·GEl· .ORIGIN··.FOR CALCULAI ION.· IF NORIG 
NOT EQUAL:·.TO· ZEROt; ORIGIN. IS' JO BE READ IN <·SEE s. BELQ~) • 

.... \.. ·-., ... .... 

(67 .. 68)NSYM.· IF NSYM =-lt NO SITE-SYMMETRY ASSUMED •. IF ~SYM = 2• 
MOLECULAR SITE ASSUMED· TO B~ ~ENTROSYMMET~IC•• 

""~ ... ~~ ... ~ f l ... - 1 .11- .. • ' • • ' • ~ 

t69-70lNMAT. IF NMAT. ~ o, MATRIX OF NORMAL EQUATIONS AND ITs INVERSE 
. ARE NOT PRINTE~ OUT. IF~MAT NOT.EQUAL TO ZERO~ THEY ARE OUTPUT.· 

r . ~-'...• ., ~ ~"":•' . 

C71-72l NSPAx; · ·IF TH.Is.'vARI'AB-LE IS NdT EQU.Al: .. TO ·zERO• A SPECIAL 
SYSTEM IS- TO BE READ IN· -ON THREE FOLLOWING· CARDS AND Tt l.;t AND 

·SOME OTHER· QUANTITIES WILL BE· REFERRED TO THESE AXES • ntiS 
OPTION Is USEFUL I~ ONE WISHES to EXAMINE REsULts IN A SPECIAL 
AXIAL SYSTEMt E.G.,. THE INERTIAL AXES· OF THE MOLECULE·. 
IF NSPAX = O~·NO SPECIAL AXES TO BE. INPUT. .1 

. NOTE THAT THl~ SPECIAL AXIS.SYSTE~lS NOr USED IN- THE LEAST 
' - ., .,. · SQUARES ANLYSIStBU.t RESULTS ARE TRANSFORMED TO IT ,AT THE 

. --·· '(END. OF~CALCULATIONS? FJH) i:·. ·,·:.' .· ·-.1' . .tt.. l 

.~ .. · .·BY S.YMMETR-Y .... :··.THUS: THE: NUMBER· OF INDEPENDENT BETAS} 
'· '_ .I~ LEAST-SQUARES IS 6ttNATOM -·NFUZZ. . .:! , ~~ 

· NRATS=O NORMALLY - INPUT' BETAS FROM FLINUS, OUTPUT •-
. NRATs=· ~1 · NORMAL OPERATION WITH ·INPUT u•s.A· 
.· NR~TS -=. -2 . NORMAL ;OPERATION: WITH INPUT B•S•L ?; 

· NRATS = +1'. · __ !'NPUT U''S WITH· A CALL ·TO RATS .1 ;~ 
NRATS = + .2. INPUT B•S WITH· A CA[b. TO RATS~, ,? 

NRATS' ~ +3·f.-.: INPUT BETAS WITH' A'. CALL:· TO RAT.S: ·~ 
· · · IF ·NRATS· GREATER tHAN ZERO··A SPECIAL RATS·.il.NPOf CARD (6A) 

.z.: .• MUST: FOLL;OW· THE. PARAMETER CARDS• -tSEE· BELQW.) . ,;,, 
• . •• ·, i ·:·. . - ~ •. :r~ ~ 

C77-80) NKAY - THE MAXIMUM NU~BER OF INTERATOMIC DISTANCES' 
TO BE. CALCULATED <CORRECTED FOR·"RIGID· BODY MOTIO.N) .. ·. -· .. · . . _{ .. ·¥ .-· .. _ t . 

3. (OPTIONAL. PRESENT ONLY IF NSPAX NOT EQUAL TO ZERoJ. ·· 
-THREE CARDS• EACH FORMAT (3Fl0.~),,AND EACH CONTAINING DIRECTIO~ 
COSINES OF ONE AXIS OF THE SPECIAL· AXIAL SYSTEM •. NOTE TAA.T TRESE 
DIRECTION COSINES MUST BE REFERRED TO THE ORTHOGONALIZED AXIAL 
SYSTEM SPECIFIED IN TAt COMMENTS AT-TAEtSTART. 

4,5. ATOM· PARAMETER CARDS IN B+L FORMAT ·. ~ 
TWO CAROS PER ATOM . . . ·• ·:-. 

AXIAL 



CARD 4 (A6~21Xt4F9.6) ATOM NAME, POSITION PARAMETERS cx,y,z>, AND 
RELATIVE WEIGHTS HE NATOM AT MS THE RIGID BODY AND POSI-
TION PARAMETERS OF THE (NTL - NATOM) REMAINING ATOMS. 
<NTL-NATOM) BLANK A OS MAY E US PLAC F OS! I ~S OF THE 
ATOMS NOT IN THE RIGID BODY •. NO USE IS MADE OF· THEM, BUT 

N • 
W~IGHTS ARE OMitTED, OR IF THEY ARE PUNCHED ·AS o.o, THE PROGRAM 
WILL ASSIGN WEIGHT 1.0 TO• ALL SUCH ATOMS. THIS FIELD CAN -
NORM-ALLY BE IGNORED UNLESS THE POSITION OF THE CENTER OF MASS 

A NC 
THE NORMAL EQUATIONS AR~ NOT NO~ WEIGHTED. 

~ ~ - .. .. :-.. . ~ -
CARD 5- FORMAT< 6F9.6) . VIBRATION~ELLIPSOID PARA~ETERS 

FOR ALL ATOMS •. · A OM · CA ' W H B' S. N 
B1ltB22tB33tB12~813tB23. NOTE -I~TRINSIC F4CTOR 

'OF 2· IN B.('!J) ,. M N IONED IN COMMENTS. A OVE·· 
- -.! • -. . .... ..., • • - ~ 

• ·- • ' ... , r \, ,._ • - • -# 4. ~ 

' . . ' s 
- ( • "l . .. ' ... ~ "~"" : .. ~ ... '·~ ~~. . .. "' • 

6A. FORMAT(3!3) OPTI NAL - ONLY IF NRATS IS POSITIVE •. 
SUPPLY THREE ATOM NUMBERS. AN ORTHOGONAL COORINDATE 
-SYSTE~ ~ L B SET UP.BA H S H A MS • 

• 
4 lF THE~ POSITIONS. ·OF THE: ATOMS ARE R ( I1> .-._R ( I2l, AND R ( I3> 

~- -

· A ( l ) = ( R · )· .. ~· ~- . {~ . ; >·=i.~ 
, "<. A ( 2). f=.- A <'1')..' X - FH It!) ) ,:c- 1:· : ' I 

·ANALYSIS IN. TLS&~rs CARRIED OUT :REFERRING TO THIS SYSTE~ AS 
THE.·.'ORIGlNAl• AXIS SYSTEM~ · ·'- . ,;. ; 

· ·. :,. ~ 1 ·' \. . · .. r .. .; .;.. .. .. · · .... ' ·4. 4.· 

6 ... (0 INL•· R NY· 0 • 
ONE' CARD• FORMAT C3Fl'.0'.8) to: X~Y~-Z F.OR ~SSUMED ORJGIN .... .- · _,. · · · 

• .' .. · • -,,\ ~-'Et~..,_'~ _" :,,~ .... : ~~ .. ', ~·,"' _t',",.__ ~" .. "t. 4 ·.•. •' r ',' '\ 

1 •. FORMAT.<2l·I'3) • .'(N0T(!).j. r: = 1,.21)., THIS IS .A SINGL.E. CARD CON-
TA.INING DEL:E.TION· sPEC.IfiCAfLONS FoR TAEAifA·TR.IX oFr NORMAL.·EGUA-
TIONS. "SE~ fHE~PAPER FOR DISCUSSION OF TERMS WHICk VANISH AS A 
CONSEQUENCE OF SITE-SYMMETRY· IDENTIFY THE· TERt+ts> WHOSE' ROW . 
AND .COLUMN· ARE TO BE OEtETED ~y- THE NUMBERCS) IN~TH~ FOLLOWING 
LISTt AND ENTER tHE N0MBERC5J wtrH UNlis PLACES IN COLUMNS _ 
3•6•9••••• SKI.P:No FIELDS. AS. SOON AS PROGRAM ;FINDS. A~ EMPTY 
FIELD If WILL NOT~LOOK ·BEYOND THAt POINt... . ···~· 
Tlt ·.L.·' .. L1l~'7 . ·-s11 lJr·· · 523 16 :-· 
f22. 2 L22 .-.~ 8· . . -·~ S22: 14 I •• 531 . 1.7 

- ,.1 • ,.. • " I ' (," 

·J33 3 ... -:~ 'L33>·. 9~· .... ).r,S33·. -15··· · ·s12 ··IB 
T 12 4· . . [\12 ~ ro . -/ . . . ; . · s_32 , 19 
T 13 5, · · . . .. · L 1 3·: .l r ·', : ,. . - S 13 . 2 0 · · . - ·, ~!-

T23 6 · · L;2J. 12 - S~l ~l 
NOTE THAT IF NO TERMS ARE TO BE DELETED THERE MUST BE A BLAN~ 
CARD HERE, OR AT· LEAST ONE WHICH IS BLANK IN coLUMNS 1-3. 
THE PROGRAM WILL. AUTOMATlC~LLY DELET& 533 I~ <AND ONLY IF> ~0 
DELETIONS ARE HERE SPECIFIED. ONE DIAGoNAL ELEMENt OF S MUSL.BE 
DELETED• WHEN NSYM = 2• THE PROGRAM DELETES 
ALL OF S SINCE IT ASSUMES THE siTE Is CENTROSYMMETRIC • 

. : 
a. F-ORMAT (313) • NDAtNCStNIA •. · SPECIF.ICATIONS FOR RESETTING 

DELETED TERMS WHEN fWo TERMS ARE RELA·IED BY SYMMETRY• IRE NO~
BERING SYSTEM IS THE SAME AS ·THAT IN 7 •. NDA IS THE NUMBER OF 
THE TERM WHICH WAS DELETED. NIA IS ~HE ~UMBER OF THE TERM TO 
WHICH IT IS. RELATED BY SYMMETRY• NCF IS ·THE FACTOR RELATING THE 

·, 



TWOt EXPRESSED IN THE INTEGER MODE. IF• FOR EXAMPLE• S12 = S21 
AND S21 HAD BEEN DELETED CROW 2lt COLUMN 21>• THEN ONE CARD 
WOULD BE NEEDED HEREt .WITH 21 IN COLS 2,3, 1 IN COL 6, . 
AND 18 IN ~OLS 8,9. 
ONE CARD IS ~EEDED FOR EACH TERM to BE RESET• AND THE FINAL SUCH 
CARD MUST BE FOLLOWED BY A BLAN~. I~ NO TERMS ARE To BE RESET• 
ONE BLANK CARD MUST BE HERE. ~ 

9. CALCULATIO~ FOR ANOTHER COMPOUND MAY BE DONE MERELY BY FOLLOW~ 
ING THE LAST- CARD OF ONE GROUP BY· THE FIRST CARD OF THE NEXT, 
WITH Nn BLANKS INTERSPERSED, OTHER THAN THOSE NORMALLY CORRE-
SPONDING To.7. AND 8. ABOVE. TO EXIT• FOLLOW THE CARD SPECIFIED 
r~ 8 •. BY TWO BLANKS •. 

,,_. 

·-·· , . .... . . 
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T~RSI~N 

T~RSI~N - October 1975 
Page 1 of 2 

BROOKHAVEN CRYSTALLOGRAPHIC COMPUTER PROGRAM 

PR~RAM T0RSI0N(INPUT,0UTPUT,TAPE8=INPUT,TAPE9=0UTPUT,TAPE1=0UTPUT) 
FL=17K; TIME: Fast ( ~ 1 sec on the CDC 6600 for a small amino acid) 

A program for the calculation of torsion angles by G. L. Gartland 
(University of Pittsburgh) and modified by R. Shiono. 

Given a set of four points A, B, C and D in space, the torsion 
angle ABCD is-defined as the angle between the two planes formed by 
A, B, C and B, C, D respectively. When A; B, C and D are projected 
to a plane perpendicular to the line BC, along the direction from B 
to_ C, the sign of the torsion angle .is defined as positive if the 
projected D is locateu wlthiu 180° clockwise rot:at:ion. of A and negative 
other-Wise. (This is the standard-.MAC~:IUB definition~ with ~ ,; -ocr·.··- -
corresponding to the cis-conformation.) 

LIMITATIONS: Up to 100 Atoms. Does not provide for $ymmetry transformations. 

This· program takes the unit cell constants and ·a set of fractional 
positional parameters as input. It calculates all possible torsion angles 
produced by the ·combination of four atoms in the input ·set, provided all 
three distances A-B, B-C, and C-D are less than or equal to the maximum 

· value specified. 

The program normally calculates only the unique angles, i.e. , the 
: angle ABCD but not the DCBA which is identical to.the former. ·But 
·optionally the. angtes may be calculated and listed for ;. 
an easy checking. 

INPUT DATA F0RMAT 

1) Title Card (20A4) 
Any alphanumeric information in columns 1-80 

2) Unit Cell Constants Card (6F9.6) 
This is the common format with other programs. 

Col. 1-9 10-18 19-27 28-36 27-45 46-54 

a b c cos a. cos s cos y 

a,b,c in i unit. 

3) Control Card (3I5, F7.2) 

Col. 3-5 Number of atoms in input list (~ 100) 



4) 

Col. 10 

Col. 15 

0 (blank) 
1 

0 (blank) 
1 

Normal (unique angles only) 
Calculate redundant angles 

T¢RSI¢N - October 1975 
:E»age 2 of 2 

Only positional parameter cards are used. 
Temperature factor cards are present in 

the deck (these card"s ~·dll be skipped) • 

Col. 16-22 Maximum bonded interatomic distance (R) to be included 
in· the calculation of a torsion angle. 

Atomic Coordinate Cards (A4,A2, 21x, 3F9.6) 
This is the standard coordinate card format common to all other 
programs (FLINUS, for example). 

Col. 1-6 Any alphanumeric information for identification purposes. 

Col. 28-36 X coordinate in fraction of the cell 

Col. 37-45 y coordinate in fraction of the cell 

Col. 46-54 z coordinate in fraction of the cell 

When the temperature factor cards are interspersed in the parameter 
deck as in the Structure Factor programs, punch a 1 in Col. 15 of the 
Control Card. 

OUTPUT 

The distances A-B, B .... c, c ... D and A,...D are list~d as well as the torsion 
angles. Fo·r the redundant mode, the angle ABCD appears again as the 
angle DCBA. 



BNL Crystallographic Computer Program 

TRACER 

FL34K CDC 6600 Time: Short 

TRACER - 10/75 
Page 1 of 5 

Scope 

This is a very elegant cell reduction,pr9gram written by S. L. Lawton 

of Mobil Oil. Should be run on every unit cell to get standard setting and 

symmetry. 

The ·Instructions are appended. ·, 
t; 

The usual case will be 

Card 1. TITLE. 

Card 2. 1 0.2 for direct cell 
or 2 0.2 for reciprocal cell 

Card 3. Cell constants (ANGLES IN DEGREES) F0RMAT(6F10.6) 

Card 4. 7 

Card 5. Col 72 1 



Page 2 of 5 
P'RCCRAM TRACE'R(' NPUT. ouTPUT) 

PROGRAM TRACER II 

. '·-· OESCRIPTfON~-----LATTICE TRAN"i'FORN.ATION- CElL--REDUCTION P~~GRA:1 ··-·· ·' 
AUTHOR.O.\TE. ·s. L. tA~TON (APRil 1967l 
LANGUAGE. FORTRAN (V FOR fOM 7040 . ! 

{NPl!T DATA 

:l~TTlE CARD -·~· FORMA T<l 4A 5) -- ONE. CARD.-···-··-···-·· ·-··-···· . · ·· · · · -··-. . 
ANY ALPHANUMERIC INFORMATION OESCRIB1NG THE C'O'~POUrm·. THIS 
l-IILL BE 'PRINTED BAC:K OUf 'AS A HEAO.ING CN .EACH ... 'PAGE IOF. OUTPUT. 

2. C 0 ~T~-~~- .. ~~·~=~-FORMAT <I 3. ~ ~.~ 3' -~ _ '9N~- C A~~.:·--··-· ... -· __ 

CCL. 1-3. INPU'T =1 CE'Ll PARAMETERS ON PARAMETER CARD ARE l N 
----·-···- . . . -··----~------- -····-·-··--·· 0 I R E C T SPACE 

=2 CEtl PARAMETERS ON PARAMETER CARD ~RE IN 
:--·-RECIPROCAl SPACE 

COL. 4-10 DEL ABSOLUTE: VALUE Of THE lA'RCEST PERMISSIBLE 

'• · ... :. ,· 

-------------oi.FFERENCE .. BET~E'EN. ANY. Two--oF--THE .$1 X RE- -----·-. 

·. ·. 

! ,: 

DUCEO CEtl SCALAR PROCUCTS. <FOR LATTICE . • • • I • 

-------·· ..... ·--·----·------,.-·PARAMEfERS WITHE .-s .. D. OF 1 PART .{N:'lOOOO A.: · '·;-.:. 
DEl= 0.10 JS SATISfACTORY- .If ABOUT l PART.···.'.~·">> . 

. -----· ··-··-··-··-----··tN .1000· A.J. DEL~=· 0.~50 ·To-·I··;·.oo·MAY·~.ae · ·:· .... ... . . . ···· ... ·: .. 
NE'CES~ARIY_) .. . : 1.· . _ _. 

:-----------'--=-..,.-.-nn S. 'f t E.L o-· J s--1 R REt A VE N T--:-1 f-rrtCJCE1:t , '· . 
'/:. · .. ':. 

RE D.UCTION IS TO Be HADE- . 
.. ---·'-- ·---·-------·--·--- --·--·--- ·- ._' . 

i 

j J. PAR/\METER CARD - FORMA1TC6Fl0.6J _ _. ONE CARD 
·------ . '-

... ~ .. ""'" •• •- 0 -•• • -""'"' ••oo-• • 0 ••• ••-•••••--• Po 
0 
': •: 

CGt. 1-10 A LATTICE 'PARAMETER A COR A•l 
'---....coc:-Ir.:;20--·a lA-TTt CE-pARAMETER-·a -coR·-s• ,--- ·.·:-.·· .. . .. :_;;. 

. COL.2l-JO C LA•TTICE PARAMETER C (OR C•) 
:--·coL .• 11-40-. AlPliA"--l NTTI CE. ·p4 RAME TER· AlPHA ... (OR · ALPHA•) .. -·-- -·-·-·· ·--· 

~- . . ,' · ..... 

CCL •. 41-SO BEl'A :· UUTHCE 'PARAMETER BETA <OR BETA•~ '' 
c-, --COl._5l-60-:-GAMMA·-----·LA-TTICE .. PARAMETER·GAMMA ..... COR· GAMMA•)·\'. f'- ·;, ·,: .. 

<NOTE.· THE CEll EDGES ARE IN UNITS OF ANGSTROMS <If,·INPUT'=l);·::.· :·.·:~. • .. 
· i-. ----A ,IJo·- I NV.'ERSE.,-A'NGSTRO"MS-·nF--"1 NPUr="2'-t-.-All-:"ANGL-E:s-·ARE1·1 N · ., · :· ... ··. 

DECREES AND .• DECt MAL· FRACT:t ON.) ··· 
·----·---·----"" -·-.. .. .. ·--·- . 

' 
. j 4. tNST~UCTtON .. -~~~.R~-~-·:~ ... !..~.~'-~-~!C~3.2X.lS..~.5~J-~-- ... - .... ·---- .. _ ......... . 

. I l , 
! THESE CARDS FUNCTtO N AS THE COf"MANOS TO THE PR'OCRAM·:. IN TRANS-·· 
-,-----f ORM'I NG ..... O,\IE-··cEt.:L .. :To---A~OTHEir.~-.. - EAC~·c·cARC ... C"ONT A'l NS .. TWO.,~ ITEM'~---:· 

. lHJ INSTRUCT.ION ~JUMBeR HIOt AND THE BRAVAIS LATTICE 
'\ ~·- OESCRlPTtON OF THE.ICEll ON WHICH THE PROGRAM ·:wrtL OPERATE_ 

.AS MAWY CARDS AS ARE ~JECf.SS•ARY MAY BE USED ''TO' .. COMPL.ElE THE 
----DES I REO SUCCESSlVE -'TRANSFURMATIONS. 'FOR "ANY ~ONE :coMPOUND. 

THEIR ORDER SPECtflES TO Tt!E PROGRAM :Tt-fE ORDER IN l.JHJ.Ct-1 THE 
-----..RANSF ORMATl ONS--ARc'TO·-Re-e XECUT EO :-·--THE. lA:'ST ·INS l'R UC TI 0 w-- . 

CARO FOR A ·PARTICULAR SEOUENCE OF TRANSFORMAT.'IONS MUST HAVE 
:-------NO~ 7 OR 8. BOTH. MAY NOT BE. PRESENT• AND NEI:THER MAY PRECEDE 

ANY Wt TH NO = 1 .. 2. J: .. 4. 5 0~ 6. NO -=· 1 TRIGGERS CELl ·REDUCTION 
~-------.. Ar-JO N'l : 8 MERELY. l DE~TIFIES -THE· lAST CEll IN .A SEOUENCE TO 

I.IHJCH A TRANSFORMAT IC~J lS TO BE MADE .~HEN NO CEll RE-DUCTION 
J$4.44 WP44 .. ¥«»4CC.Citut- . U _, ---



II\ Pf:l~fORr-lfl). THU~. (N~TIWCT(ON CAIWS ARE READ UNTlU THE Page 3 of 
pqoGR/\M FtNO<; ONF ~ITii NO:. 1 OR 8. :INSTIWCTION CARDS ~.lTH 
NO.LF..o Hl\Y RE INTERMIXED • 

cnt . .- 1 

.'l 

.. T NSTR·. C OOE t N S T R UC Tl 0 N . 

NO= 1 TRANSFORM THIS CELL 'TG A NE\.1 CELL tJS!NG A:
MATRIX SUPPLlEO BY THE USER ON THE CORRE
SPONDING TRAN~FOP.MATICN CARD. 

= 2 THIS CEll.. IS A-CENTERED. THE PROGRAM WILL 
----- TRANSfORM lT TO A PRir'lTIV.E· CELL USING A 

MATRIX~~ SUB~OUfiNE CENTER. 
--·--·=-·1·· THIS CEtt.. ·1s B-CEtJTEREO. THE PROGRAM WILl 

TRAN~FORH .. (T TO A PRIMITIVE :CELL US£NG A 
··.-···----·-MATRllC IN SUBHOUTINE CENTER. 

= 4 THIS CELt. IS (-CENTERED. THE PROGRAM WILL · 
-------------TRANSFORM-IT TO A PRIMlTlVE ·CELt· USING A ··· l., .. 

MATRIX IN.SUBROUTINE CENTER. ~~ ...... .-:~::. 
·----····· .. ··-·------,.:::-s--TH(S CELt.: ··1s· BODY-CE-NTERED. ;fii;E PROGRAM WILL .. • .· 

TRANSFORM .IT TO A PRl~ITIVE CELl. USING A 
---------- ---___,...·-··_...,..MATRIX HJ SCBROUTINE CENTER~ .. :_··:··· ·. 

= 6 THIS CEl'l :JS FACE~CENTEREO. THE PROGRAM WILL·:,.::·.:!. 
_______ .....:._ _____ -TR'A~SFOR!'l·:fT·TO APRIMlTIVE··CELV USING A .. : .. ... 

M A.: T R I X I N S C B R 0 U Tl N E C E NT E R • · . : · ·: 
--------.. ~---_-:---,-"fRANSFORr1 'THIS CEtl ·To ITS REDUCED: CELL :f\ND ·, ·.:: .!:.> 

THEN IOEIUIFY AND GENERATE FR'OM IT:·rHE UN{ T :(·.-·. ··>:'.· 
---------cEtl··of HIGHEST ''SYMMETRY 'AND .ITS (OKRESPOND-:·;:.- .:-. 

.(N.G t.AfTlCE PARA ME TERc.i. <ALL TRANSF~OR:1A fl. ON.': .. : .. ·" .. 
i·.,... -------"------MA-TRICES"' FOR· .. THis-·INSTP.UCTlO:N ·ARE· GtlNERA TEO·-:<·· 
' RY TliE PROGRAM.) ' ; . . . 
J = a-·TH·ts·ts A· JNCN-EXECUTABLE ... I.NSTRUCTtON NOTIFY- .. 

IN.G THE PROGRAM • .JtfAT NO TRANiSFORMATION IS.tTG.·.· ... 
--------BE' APPll'EO TO .-HUS CELL. THIS INSTRUCTION ·: ... 

CA'R{) MAY BE USED FOR' ONE OF TWO PURPOSES. ,... .. 
_ i,__ _________ .;,.... __ .. {A)-TO ·cAtCULATE .. THE-INVERSE .. CEl.L DATA OF-·· .. ··:<·,:.'./ 

J THE lr\PUT PARAMETERS. VOLUME ·AND. SI-N AND COS·;.·.··:· 
VAlUE~·of··CELL ANGLESe OR"(8) TO tOENTifY ·· .,.;:··· 
THE NAME Of THE CELL TO WH.ICH THE PREVIOUS ''··· 

-------------cELt-· Is· "fRANSFORMEO ··~HEN ·THE ·'PREVIOUS CELL' ... .. ,., 
IN A TRAl'4SIFCRMAT.ION SEOUENC6 INVOLVf::S ANY -'··· 

\...., ___ _,__,...--______ ONc-oF-·TliE._F Ol'l01H'N~INS·TR uc-·TI ON5----iNO=l;. ·2.· 3 • ·, · .· 
· ; 4. 5 OR 6- :::· .. 

. COL. 6-80 CEll. r ----

·--··· · ................ --

ANY. At.PHANU~ERIC.lNFORMATfON::OESCRI-B:ING .THE . 
·cFtL';··· E .iC~-;. . CRYSTAt:-:SYSTEM" AND· LA TT t CE TYPE~ : · 
LE!fT JUSTIFY. THIS Witl.SE RRINTEo::sACK OUT{, 

,-;.---...:,._ ________ __;._A·s--A-·HiEA D I NGl.NIAF-oUTP1JrTOR1 D ENTI F I CA.;;.-~. 
TION PURPOS.ES. ·. · ..... , .. ___ , _________ ·---- ....... - .. . 

i 

! 5. TR ANSF0Rf1A T I ON CARDS -- fORMA Tt(4}f 8. 5 ). 
;. ··· .... 

·f . 

EACH CARD CONTAINS A JXJ TR'ANSfORMATION l1ATRlX <ONE,.PER CAROl:·'. 
----··ro HE USED BY THE .PROGRAM FOR. EACH"lNSlRUCTION CARD .:wiTli NC=l. 

·• AND ARE ARRANGED (~ THE SAHE ORDER AS ARE THE :INSTRUCTION 
... CARDS <WITH NO=lt WHICH WILL USE.THEM.· IFrNO'INSTRUOTION 

CARDS ARE PRESENT WITH NQ=l. ·THESE TRANSFORMATION CARDS ARE 
0~ l TTED _--- .. -· ........ - .... -·····-- .. ·- .. ~-----.. ·--··--···· --·--.. --.. ··· .. - ·. 

(EXAMPlE.-· lNSTRUCniON CAtRO NO. 1 tiAS NQ.:l ANO . .':CARD iNO. 2 

-----·------·---------...,-----·---· ---



til\$ Nfl::R. lN';n~. C/\HI> Nil. l COI{fHSP. TO Cfll NO. t·ANO Page 4 of 5 
lNSTR. CARD NO. l COJ~I{fSP. ITO CELL NO.2. ONE MATHl.lC CARO 
IS THEREFORE SUPPLIED WHICH IS USED HT THE PROCRAM ~0 
TR A NSF 0 R M C f l l l T 0 C r: ll 'l- l 
THE 3JCJ MATRIX FOR VECTOR fRANSFORMAT"IOt~ OF UNIT CELL AXES····-· 
IS DEFINF.O rlY THF USUAL CONVF.NTlON AS FOLLOWS 

NEI..IA -= P<I .U-.A r+ P<l.2l•B • P<l.1>•C 
NE 1-18 -= ? ( 2. l > • A • ? C 2. 2 ) • B ~ PC 2 • ) ) • C 
NE~C = P<J.ll•A •• PCJ .. 2)•B • P<3.1)•C 

I..IHERE A.B .. C.NE\.IA.NEI..IO.NEI..IC ARE VECTORS DESCRIBING THF GLO ANO: 
NE'-1 CELL RESPECTIVELY. THEi GRDE R Of ·pcrJCH INC IS P n;l >. ----------
p ( 1 • 2 ) • p (·1. ) ) • p ( 2 .1·).? ( 2. 2.) • p ( 2. 3 ) • p ( 3.1 ) .. p') • 2 ) .. p ( 3.; 3) • 

t. STOPPER CARD -- 1 IN COL. 72 

··-... 

I' 
! . 

ANY NUMBER Of SETS Of DATA ·MAY BE PROCESSED WITHOUT:RELOAOING;'·. 
THE ... PROG.RAM.--·- EACH -oA·r A ·ser· CONSI'STs·· OF-ITEMS· 1--- ._,~A BCVE.---:.·-· 

: . . 
! •' I : .. \:•: . --·- ----· --- -----· ·--. -··----·---------.....,.···:--·--· ---;··--······--·-···-.· ···- . ·-;-----r:---- .. . 

···-. ·. .. · .. , .. 
'; .··: ·, : .. · ... .. . . . t'·. ·:·:· • 

.. · . . . :: 

.. 
• 

• ".!: 
. ·,:, ·, . 

. . . 

' ' . . . . 
·.:' . ; : .. ·. . ... : 

... .. 
.. ~- ·. · . 
. : ~ . 

\, .' : . 

. ·. :.: . 
., . ' 
,. i 

. . . ... . : 
.. '• .. : :, . -~ ·. · .. ... 

. ·;.~ . ; .. 
':·.: 

. . : .~ 
·-;.:· ... · .. r. .. '-~· 

. -: . 
. . .. . . 

. ...... . 
. •"'z \-..; ' 

. ·'' .··.· .· ,;_ . . , 
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• 
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Notes 

TRACER - 10/75 
Page 5 of 5 

1. The program performs a Buerger-reduction rather than a Delauney-teduc.tion 
The best reference for this procedure is Chapter 11 in "The Powder Method" 
by Azaroff and Buerger. 

2. TRACER· is, in large par.t, based on an AEC report IS-1411 by S. L. Lawton 
and R. A. Jacobson. The user desirous of full information should refer 
to the above report and also one by R. B. Roof Jr. published by the AEC 
as LA-4038. 

3. The transformation matrices output· by TRACER are to b~ used as pre~ 
multipliers as a column vector, the elements of which may be either 
the real-space unit cell edge vectors or. the coordinates of a point 
in reciprocal space. (eg. a matrix (M, say) will be provided for -the transformation of cell 1 to cell 2, this may be used as follows: 

-1 The matrix M for the reverse transformation is also supplied. 

The basis vectors in reciprocal-space and the fractional coordinates 
in real-space transform under the inverse-transpose of M. 
i.e. 

.... * ~* 
a1 a2 xl x2 

(M-l)T .... * '"'* and (M-l)T 
b1. = b2 yl -· Y2 ... -
""'* ~* 
c1 c . ?:1 z2 2 

4. For each reduced cell examined by TRACER the corresponding Niggli matrix 
is provided. This is an array of the six scalar products of the real
space basis vectors for the cell. Very intelligent use of this matrix 
is made by the program in examining certain linear combinations of its 
elements for special. relationships. If special relationships of unknown 
type (see Roof) .are found, the cell is simply asst.im:ed. to be triclinic. 

. . . . . . . 

The quantity DEL, input by the user, is the largest ·d~viation from a 
special value permitted by the program before fortuitous matches between 
these parameters are ignored. 

5. It should not need stressing that TRACER concerns itself only with 
the dimensional symmetry of the lattice. This may be quite unrelated 
to the diffraction symmetry and the user should verify the presence 
of indicated symmetry elements by some other means. 
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TYPIST 

----'---------s 0.Q.C).Q..K..ItA-VE-N-N-A-~I-ONAt.--~A60.R-A-T-OR-'t-----------------------
CHEMISTRY DEPARTMENT 

CRYSNET PROGRAM WRITEUP 

CDC CYBER 70/74, CDC CYBER 70/76 
r---~~~~SCOP-E-2~r-----------------------

PPnGRAM TYPIST<I=INPUTtD=OUTPUTtL=OUTPUTtM=*•C=l•A=O> 

~-~I~~ROOUC~N-----------------------------------

~--LY-e..I-S-T-k<;.-A.-OO-ClJME-N--~-A-T-I-0-N-RROG.R-A-M-W.R-I-T-~.&N-B-'t--T-ER-R:¥--A---CURE-T-ON-O.f'-T-HE 
CONTROL DATA CORPORATION WHILE AT BROOKHAVEN NATIONAL LABORATORY. THE 
CURRENT V E PSI 0 N C 5 • g ) "I A 5 AD AP T~E--T-0-S-C-Of!.E--3-.4--A-N.0--5-CO-R-E.---
2.0 BY H. J. BERNSTEIN. PROPER HANDLING OF 64 CHARACTERS AND OVER-PRINT 

1----CO.N-!.RO-L.--HA.V..~-~&f'LA.D..D.ED---I-LO-HA-.S-B&EN-RES.I.O.RED-T-0-NO RM A L-E..OR'tRA N--CAL LS-----
TO ALLOW USF OF RECORD MANAGER. EXISTING DOCUMENTS NOT CONTAINING THE 

-·--CHARA.C-~ER--~-<-l-36B--A-SC-I-t-,__ .. _7_~g_DP-C-•-SH-I-E.-T-~N--ON-A.SR~~LSHOUL-D-B.E-------
PROCESSED WITHOUT CHANGE. THE • CHARACTER NOW FLAGS OVER-PRINTING AND 

r----~~5.-+-T-a-Be-E--~US f. 0 ''H T H CARE • · 

PURPOSE 

THE PURPOSE OF TYPIST IS TO PROVIDE AN EASY METHOD OF PRODUCING AND 
----M-A-I-N-+-A-I-N--I-N-G-0-0-GIJM.E-N-T-S-T-H-I-S-I-S-AC.G.QMP-L-I-SH E0-6-Y.-P-R-EP-A.RING-0 N-A--MAC.H-1-NE----

READABLE MFniUM, FREE-FORM TEXT WITH INTERSPERSED CONTROL COMMANDS AND 
-P-A-R-A-M-E-T-&R-~F-R.O.M-W.H-~C-H--+-¥-P-I--S-T--C-AN-A-S-5-E-M.SLE--T-HE--RA.Gg_S-OF--A-~I-N-~S-H&v--------

DOCUMENT. WHEN PRINTED ON LINE PRINTER PAGES• THE OUTPUT IS SUITABLE 

CUTTING TO THE STANDARD TYPEWRITER PAGE SIZE• BURSTING AND STAPLING• 

TYPIST HAS THE.CAPABILITY FOR SELECTIVE PROCESSING OF PORTIONS OF TEXT 
--J1~1J I-T-H--~00-G-Y-M-E-N-f-A-m>-Q.F--:-W-H-0-b-E-0-0-C.YM-&N-f.S-O.N-A-MIJb-T-J_..._QOC-U-M&N-f:-~~b-E-tmO-&R--

CONTROL OF PARAMETER~ SUPPLltD ON THE PROGRAM CALL• THIS MAKES THE 
PROGRA~ SUITABLE FOR MAINTAINING AN ENTIRE LIBRARY OF DOCUMENTS 
RETRIEVABLE BY NAME OR CHARACTERtSTICS•-

THE EASE WITH. WHICH CHANGES CAN BE MADE TO THE DOCUMENT LAYOUT AND 
r---~S P P 0 V--!-&E-5--A-N:-&FF&C-T--I-V-~.A-N-s--G-F--:-IJP-9-A-T-I-NG-A-~RO-OOG-I-N-G~OG-Ut-4€-N-T--S~--

WHICH CHAN~~ FREQUENTLY. THE PROCESS PARTICULARILY LENDS ITSELF TO 
~--~~~~~~~~~~HH~~~~~~~~~~~~~~~~~H++Y*+~&COPE 

UPDATE, OR OTHER FILE MAINTENANCE SYSTEMS. 



-----------------------------LY~lS-~_O_l/.3.LLIS ______ _ 
10/17/72 AUTHOR - T.CURETON 

----U-0+l.,_t,2_,_7L-f-;;l.--------------------- RE...\LlS.E.D __ ~_f:l._aEFlN.S.IE.lN __ _ 

-------------------------------------------------------------------~G~E~-~2-----

JESCRIPTION 

TYPIST I~ A CDC 6600/7600 PROGRAM WRITTEN ENTIRELY IN FORTRAN AND 
COMPILEr> A.MD OPTIMIZEr> ijY THE FORTRAN E~C~MPILER. TH~ 
REQUIRES A MINiMUM OF SO~<OCTAL) WORDS OF CENTRAL MEMORY STORAGE FOR 
EXEC II T I 0 N • USE 0 F T H~I-N-G.--F-E-A-WR-E-W.l-L.-1..-I-N.CRE-ASE-'!.H-I-S-REQ.U-1-R-E M ~N-."fi----
SLIGHTLY ACCORDING TO THE VOLUME OF INDEX TEXT STORED. WHEN THIS 
FE A T I IRE IS ll SED , ALL AUT 0 MAT I C F 1Eb-O--L.£N.C'.,..:rJLRE.O.UCT..I.ruJ-MUST-8.~EE-A--T.ED----
IN PARTICULAR• UNDER SCOPE 2 THE CM PARAMETER SHOULD BE USED ON THE JOB 
C ARO. THE .A MOU~IT OF STORA ~E USEO, THE OUTPUT PAGE COUMT • A~ID A COU.I'f-N-t-T-Ov-~F~=-----
ANY ERRORS OETECTED IS DISPLAYED IN A DAYFILE MESSAGE FOR EACH DOCUMENT. 
THE PRO G R A~ IS AVAIl ~A--~~EL-O-C-A-'f-A.6.b.E-R-R-O-GR-A-M---ON--l-H.:=-------
PERMANENT FJLE TYPISTtiD=CPROGS. 

--PRQGR-~M-G~~~--------------------------------------

---+H€-+-Y-P-I-5-1=-P-R-e-GR-A-M--G-A-~l-Y-Sg_S-F-R-g.E--FO-R-M--P--A-R-A-Mg..T-ER-S---S-I-M-I-b-A-R-T-O--T-HO--Sc-----

USED BY FTN. THE POSSIBLE PARAMETERS AND THEIR DEFAULTS ARE1 

-FORM- -EXPLANATION-

I=LFN1 nEFINES INPUT DATA FILE. 

D/E=LFN2 DEFINES .CONTENT A~D DESTINATION OF DIAGNOSTIC OUTPUT. IF D 
-------I-s-sP-&C-I-F-I&D--A-Lb--l-NP-lJ-T-b-I-NE-S--AN-0--M&SS-A-GE.S-AR&-P-R-lN.:Y:-E-O--I-F--E--

IS SPECIFIED• ONLY LlNES WITH ERROR/WARNING MESSAGES APPEAR. 

L=LFN3 DEFINES DESTINATION OF DOCUMENT OUTPUT. 

MIS=* DEFINES THE MASTER CHARACTER (0 ) AND/OR SELECT MODE~ IN 
-~E b E-G-T----M-0 0 6;-(-S=->--.--A b-b--I-N-P-IJ-T-6-I-N &S-T-0-B-~P-R-0 G E S-S-E-0--8-Y-T-Y-P-I-S-T---,----

MUST CONTAIN THE MAST£R CHARACTER IN COLUMN 1. IN NORMAL 
---------------~OOE--<-M=->--ONb-Y-T-YP-I-ST-GOMM-A-ND-s-RE-QU-I-R-&-T-Hf.-M-A-S-T-&R-G~RAG-T-E:K-R--

AND ALL OTHER LINES ARE CONSIPERED AS TEXT. 

C=N S~ECIFIES INITIAL NUMBER OF COPIES OF EACH DOCUMENT TO 
--,------~---P--R-0·9-t:J-G-E-13-¥--SE-R-I-Ab-b-Y-G-O-P-Y-!-NG--W-HOb-~DO-GU.MEN-T-T-0-b-FN-3--U-S-E-O-F----

*COPY COMMANDS WITHIN A DOCUMENT WILL INCREASE THE NUMBER OF 
---------E.-0-P-:-I-E-~OF--+-H-A-1"-QO-GYME-N-T-0-N-b-¥--------------------

Aw~4 SPECIFIES PtE: ~JIJMBER OF ERRORS ALLOWED BEFORE SUP-P-·1-fR~E-s-Ss-S+IN-N&G------
MIJLTIPLE COPIES. THIS MAY BE USED TO OVERRIDE THE SAFETY 

--------P-R-Ee-A-8-"F-H>N-w-HE-N--E-R-R-OR-~A-R-E--F-Ol-J-N-0--I-N--"F-Y-P-I-5-T-GO-M ~-AND-5-.------



1--------------------------------'LY-P-ISL-~-O.LL3lL75--
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1----Y~t-++-~-~--------------------~V-I-S-E.O~~---B.E-R.~E...~I\.,_J --

r------------------------------------------------------------------~~~~3-----

0 OPTION THIS PA~AMETER M-AY BE USED TO SELEC+--P.Q.R.+....I...0.~~-1---,---
FILE TO PROCESS AS DEFINED BY *OPTION AND *DOC COMMANDS 

1---------~~~-4~-~+I~S-¥P~A~P~~~~~~~~UR~~~----------
MULTIPLE OPTIONS AND/OR SELECT SEVERAL DOCUMENTS FROM A 

1-----------------~~~~~~N+-+~~~~~--~~~~~~~~~l~THE~D~IHF~---
THE OPTION NAME DOES NOT CONFLICT WITH OTHER PROGRAM CALL 

1-----------~~~~~T--+~~~~~~~~~~~>--~--------

INPUT DATA 

THE INPUT FILE CONSISTS OF A MIXTURE OF CONTROL COMMANDS AND TEXT DATA 
S 0 F UP T 0 13 5-G-~S-<-P-~l-C-Ab-I..-¥-C-0-N-~R-Q.t...b.E-O-a.Y--'f.H.E:-itS-I-Z-~;--E--

COMMAND). 

THE SELECT MODE OF OPERATION SPECIFIED BY THE S=* PARAMETER PROVIDES 
1-----1.~~4----1--P~~~ClCESS O~.(l~NPIII lrLUHDllL.CH.A.btG.ES OR\---

CONFLICTS._ IN THIS MODE TYPIST ONLY LOOKS AT INPUT LINES BEGINNING WITH 
~-~~~~CL~~~~CTER. IE THE OTHER PRQGRAM La~QB~-~HE~s~E---------

LINES• SUCH AS COMMENT LINES IN COMPILER/ASSEMBLER INPUT, THERE IS NO 
l-----la~LC...l..~--+-~--.j...l:l~--111~---4-UI-U...w:l~-u.~-+~~aur.ULA-L'l.P IS I I NE..U.LE.I-Lc..E-w ... I T"'""H~----

SEVERAL DIFFERENT MASTER CHARACTERS USED, AND SELECT INPUT WITH EACHt 
--O.N.E-E-.ER-.RUN-.--,:tt..~E-ULS.T.S OU TSIDE-AN.D-SE.E.ARAJ._E-£.RO.M:-tH.~;;...-______ _ 
SELECTIVE PROCESSING PROVIDED BY THE OPTION PARAMETERS AND COMMANDS. 

A CONTROL COMMAND IS DEFINED AS A LINE BEGINNING WITH THE MASTER 
~---~a~~~~~~~~~~~~~~~~~~~~-~L~~~~~LL~o~w~E~D~----

BY ~ COMMA~ID NAME WHICH IS TERMINATED BY A NON-ALPHABETIC CHARACTER SUCH 
r-----~-u.-I-G.-I..I..._ak-A-NK-Q.Q.____S_gE C I A L C H.AR.A.c..r.ER...--L.l.N£S__W.tU-CJLQ.CL.-.N..Q_L.M£E-LUi.ESE.___ __ _ 

CRITERIA APE CONSIDERED TEXT DATA. A COMMAND NAME MAY BE ENTERED IN 
r----I-'t..._~EblllR~U-.0-R---I..I..,s..__rw..O=L.E-tTE R A B..9.R E VI A I-10 N M A-'LB.E-.US.ElLEO.n.-_______ _ 

COMPACTNESS. TABLE 1 IS A LIST OF THE COMMAND SET WITH NOTES ON USAGE. 

CERTAIN COMMANDS ACCEPT NUMERIC A~!D/OR TEXT ENTRIES FOLLOWING THE 
~A~~----~~E-F-aLL-n~~~~~'t..~~-~~~v~=------------------------

______ · ~l=t.EJLQ.R.ES[-N-'t..,..___'UIE TERM LNA.X-t.NG-CO-M.MA-IS-P.A.R..T 0 E I H E-E.N-t.RLA.NiL~ A-'f_B ..... E--
USED AL0Nf TO INDICATE AN UNSPECIFIED OR DEFAULT ENTRY. 

2> MULTIPLE BLANKS MAY PRECEED OR FOLLOW AN ENTRY AND IT-S COMMA. 

3) A NUMERIC ENTRY IS DEFINED AS A CONSECUTIVE SERIES OF NUMERIC 
----v.D.J.-1 G~· US T EPM.:I- MER.L~A.RA..CIE.R.__ ________ _ 

4) A MIXFn MUMBER IS DEFINED AS A CONSECIITIVE SERIES OE liP TO ] 
NON-BLANK CHARACTERS ENDING WITH AT LEAST ONE DIGIT AND FOLLOWED BY A 
CQMM~~NK- (USED BY *P-ruaE-~O.MMA.~~~---------------

--~'--'"---'-"-"'-"~-t~=";..J>I-11-1«-ll-.l,....u-L"-S..I S I OE-UP-~D._ELN.O.~aLA ~LCH.ARAC.I£.RS_t.ER.M.lN.A.T£D_B y_ ____ _ 
A COM~A AND/OR BLANK. (USED WITH SELECTIVE PROCESSING OPTION NAMES.> 

6) A PHRASE ENTRY IS ~ TEXT STRI~G ALL ON ONE LINE WHICH IS STRUCTURED 
------S6-'-Y-~~_Q..M_l_________ LY..EJ.s_~QLI-3-LI-25.. ____ _ 

10/17/72 AUTHOR - T.CURETON 
---0-l...lZ~~------------------______ RE..V~SEO - l:i.__B.ERN.S-TEI-N _____ . 
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1--~J~~~~-----------------------~~E~V~I~S~E~E~~LN~--

r-------------------------------------------------------------------~GE-1 

BROOKHAVEN NATIONAL LABORATORY 

AM WRITEUP 

CDC SCOPE 3.4• CDC SCOPE 2.1 

L =0 II T p II T ' M= .. t-.C.;;...l_, A= u..O ~> ----------

INTRODUCTION 

TYPIST IS A DOCUMENTATION PROGRA~ WRITTEN BY TERRY A. CURETON OF THE 
~-~~~~~~~~=-=~~~W-~~~AI-~LLnNAL-LABOR~TORY. ~~E-----

CURRENT VEPSION <5.0) WAS ADAPTED FROM BNL SCOPE TO SCOPE 3.4 AND SCOPE 
• 8 ERNST E IN • P R 0 PER HAN 0 l.-ULG 0 F 6.-4---CJ:iA-R.A..c.:tERS-AND_Q.V~LN.-t._ __ 

CONTROL HAVf BEEN ADDED. I/0 HAS BEEN RESTORED rO NORMAL FORTRAN CALLS 
~---4~~~~~~~~~~~~~~~--~~++~~~~~~~~~~~~IN-~E-------

CHARACTER • (1368 ASCII• 768 DPC• SHIFT-N ON ASR-33) SHOULD BE 
~ E 0 "'IT H OUT CHANG E----!.1=1-E-~C T EP 1'1 OW FL-A-GS..--0.-V.E..R~PR-t.N-T-t.NG-A.NO~----

MUST 8E USED WITH CARE. 

r--~~~~os-~~----------~------------------------------~----~ 

r------'-+-P-~!Uh'-~-F=--T-¥-P-~l-IS--!.O-~R-0-V-I-OC-A.N-E-~~E-T.H-O.O-O.F-P-Q.O.OhC..I-N-G- A.N.v-0 ---
MAINTAININ~ DOCUMENTS. THIS IS ACCOMPLISHED BY PREPARING ON A MACHINE 

~--~~~~~~--~-4+JJ~M~9~FREE-FORM TEXT I~ITH ~RSPERSE-~CO.M~A.NO~----
PARAMETERS FROM WHICH TYPIST CAN ASSEMBLE THE PAGES OF A FINISHED 

1--.,.---v-0-C.U.M.E-~L!..-W-HEN--P.IU-N+.E-D-ON-L.I-NE-QR.I-N-!-ER-P-A.G.ES-~H.E--ome.u..T-~U-I-!.A.B.l-E-------
FOR DIRECT VSE AS A FORMAL DOCUMENT BY LIMITING TO 80 COLS. PER LINE• 

.. -----CU.-U-I..N.~()___j:_H.E..:...-s.T-A.N-O.AR.-0--U-P-E-WR.I-T..E!LP-A-G.E-S..I-Z.E..t-B.URS..'!.l.N.G-A.ND-S.:rA.PL-lN.G. . ..._ ___ _ 

TYPIST He\ S T~E CAPABTL I TY FOFL.S.E.LECT I VE PROCESSING OF PORI IONS OF ..I.E.X,....T-,---
WITHIN A DOCUMENT AND OF WHOLE DOCUMENTS. ON A MULTI-DOCUMENT FILE UNDER 

___ C.Q.N..!.RO.L-0.£.__p_A.RA.M.E..t.ERS-SUP.P.U.ED_Q_N__tJ:i.E.....£RQ.G.RA.M_CALL._IIiLS_MAKE.S_IHE __ _ 
PROGRAM SUITARLE FOR M~INTAINING AN ENTIRE LIBRARY OF DOCUMENTS 

---R.E.UtLE-VABLE.;._f3.._Y_N,AME-O.ILCI:I.ARA.CTER.lS.!.-I-CS.. -----------------------

I HE fA S E ld I T H W H ~ES-CA..N..-..B. M A 0 E I 0 I HE D O.c..uM.E N I I A..'LO..U..'L..A.N. ..... D __ 
CONTENTS PQO\IIDES AN EFFECTIVE MEANS OF UPDATING AND PRODUCING DOCUMENTS 

_WJ:llCH-CHAN.GL.E.R.E-Q.U.EN.IL.Y. ... --I.HE-.PR.O.C.Es.s_e.AR.ll.CU.LARLL'L.L£.ND.S_LT.SELE_I_Q ----
COMPUTERIZE~ FILE EDITING METHODS SUCH AS THE INTERCOM EDITOR, SCOPE 

-Ue.llA.I.E..,_O_ILQ.I.I:I.~R-E.lL.E-M.A.lN.IDJAN.c.f_S_'l.S..T_EMS .• , ______________ -------
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f---~~~~~---------------------~~~~~-~-~a~~~lN-----

~---------------------------------------------------------------~~·~2-----

DESCRIPTION 

TYPIST IS A CDC 6600/7600 PROGRAM WRITTEN ENTIRELY IN FORTRAN AND 
E FORTRAN EXTENDED 4 COMPILER. THE-JUW.G.R-"'A.J!!ML-------

REQUIRES A MINIMUM OF SOK<OCTAL) WORDS OF CENTRAL MEMORY STORAGE FOR 
EXEC II T InN • II S E 0 E THE IN 0 EX IN G-EE-A-T-UR.E..-W.-1LL--.1NCR.E.ASE-JJ:t..!S-RE.QU.I-R£ME-N-t-I--
SLIGHTLY ACCORDING TO THE VOLUME OF INDEX TEXT STORED. WHEN THIS 

r--~~~~-*~~~~~~~~~~~~~~~~~~~~~~~~~~GEEEAI~-----
IN PARTICULAR, UNDER SCOPE 2 THE C~ PARAMETER SHOULD BE USED ON THE JOB 

r-----~~--+=~-~~~~~~~~~~-~;;,.........~.J.Y-l-2UT PAGE C.OUN...t.., AND A COU.~LO.~:-E---
ANY ERRORS DEtECTED IS DISPLAYED IN A DAYFILE MESSAGE FOR EACH DOCUMENT. 

f--~-+=E-2RDBF~.~~--~~,~~--~~~~~~-r--RO.GRAM-0~L.~H~E-----------
PERMANENT FJLE TYPISTtiD=CPROGS. 

r--~~OGRAM_CAL~-------------------------------------------------

THE Ty P I c:: Le.RO GRAM c A I L USE LERE E -F O.R M PAR AM E j_ERS__S_LM_LLAB __ T_O_TJ:iO..S.E ...... ____ __ 
USED BY FTN. THE POSSIBLE PARAMETERS AND THEIR DEFAULTS ARE: 

TYPIST<I=JNPUT•D=OUTPUTtL=OUTPUTtM=*•C=1•A=0) 

-FORM- -EXPLANATION-

I=LFN1 DEFINES INPUT DATA FILE •. 

D/E=LFN2 QEFJNES CON~ENT AND DESTINATION OF DIAGNOSTIC OUTPUT. IF D 
~~---------I~PECIFIED~ALL-LN~L~GES-ARE-~R1~~~1E E~----

1~ SPECIFIED, ONLY LINES WIT~ ERROR/WARNING MESSAGES APPEAR. 

L=LFN3 DEFINES DESTINATION OF DOCUMENT OUTPUT. 

MIS=* DEFINES THE MASTER CHARACTER (*) AND/OR SELECT MODE. IN 
1---'-----~"--,..--___;;:w;;..l,.. . .ECT MODE C s-> • A.LL-lNPIIT I INES TO BE PRQC£S.S£1La'£_J_'£.f.>_1S.I....,..---

MUST CONTAIN THE MASTEq CHARACTER IN COLUMN 1. IN NORMAL 
r--------------=-OD.E:___{_M;;j_t_O.NI Y IYP-ISLCO.MMAN.~Q.Ul-RE__I_IiE-MAS...tEELCHARA.C.:tER-____ _ 

AND ALL OTHER LINES ARE CONSIDERED AS TEXT. 

C=N SPEtiFI~S INITIA~ NUMBER OF COPIE~ OF E~CH DOCUMENT Tb 
1--------'------=..u.YOLYU_....C~E---eR-l-Y--'·~s~E.o..R-.~.-I ALL'l C 0 P vJ..N!L.WHQLE_QQCUM.EN.!_~O __ Lfll3_.___u S.E-.O.E ___ _ 

*COPY COMMANDS ~!THIN A DOCUMENT WILL INCREASE THE NUMBER OF 
r-------------~~tES OF TH~L_DD~UM~T-nNLY~·------------------------ -----

1----_...........,.__ __ -=.......,-TJ-_.....~........._...__.uL.U.=-u.~-l.L"--~"'-""-'-~-""-'......_,U-ILl._,O"'--'B....,E_.E_,Q ..... R_,_,E~S U.PJ~.RESS-ULCL__ _____ _ 
~ULTIPLE COPIES. THIS MAY BE USED TO OVERRIDE THE SAFETY 
P REC AU I I ON WHEN E.BRO_RS___ARE_ O_U.ND. IN T Y_E_I..S~_C_Q M.MA.N.O.S_.~------



T.Y2-IS..T. ~-- 0 L/.3..1/7_5 _____ 
10/17/72 AUTHOR - T.CURETON 
nl/?7/7r:. - REV lSED--=---H. __ aERNSTEI.N ___ -· 

Pllt;F'-":l 

- O=OI?.IIO~ I H.l-S-e.A-fU.M.E.:tE.IL.M.A.Y.-B.E-USE.D IO S.ELEC-T-P.O.R T.I.O.NS-.0 E._ __ t H E-UI P U.T. 
FILE TO PROCESS AS DEFINED BY -c.oPTION AND -c. Doc COMMANDS 
!AL..l-'tH-I-N--I-T--"f.H-I-~-RA-RAME-"f.E R--MA-Y- B-E-RE-2-EA.T E-D --T 0-tU.RN.-ON-- -- ---------
MULTIPLE OPTIONS AND/Oq SELECT SEVERAL DOCUMENTS FROM A 
Ulll TT-nnriiM'::I\IT TI\JCIIT ~TI ~. TH-&-O- f;H~E~IX ~A¥ BE-O-M-~ 
THE OPTION NAME DOES NOT CONFLICT WITH OTHER PROGRAM CALL 
P-A.R-A-t.tE-t~RS----tU.NRE.CO-G-N-I-ZED-I?.ARA-ME.I.ERS-.ARE-o.P-T-I-O.N.S- .. ) 

- -·-· 

INPUT DATA 

THE INPUT FILE CONSISTS OF A MIXTURE OF CONTROL COMMANDS AND TEXT DATA 
e----I N-L.-lN E-5-- 0-F--U p_ f-0-1-3.5-CHA-RA.C'f E-RS-< 0-Y-N.A-M.LCA.L L-'t-CON-tROLL-E-D-8-'t-T.HE.:.....J!.S.I Z E---

COMMAND>. 

THE SELECT MODE OF OPERATION SPECIFIED BY THE S=-c. PARAMETER PRtiVIDES 
--T-Y-P-I-S-T-1-Hg-AB-H~-i-T-Y--T-~R€P-R-O-G-E-S-S---0-f-H~R-P-ROG-RA-M--S-IN-PU-'f-W-I-"f..t.t.O.U-T-CHA-NGES-O~R-

CONFLICTS. IN THIS MODE TYPIST ONLY LOOKS AT INPUT LINES BEGINNING WITH 
:---- -THE-SP&C-I-F-I-~D-MA--S-'tER--CH-A-RA-C-T-ER-.--I-F--T-H-E-0-f-HER-P-R-O.GR-A-M-l-G-NO-RE-S-TH-E:-SE~-- -

LINES• SUCH AS COMMENT LINES IN COMPILER/ASSEMBLER INPUT, THERE IS NO 
CONFLICT EITHER :IIAY. ANOTHER USE IS TO BUILD A TYPIST IN-P-UT FILE WI-T-H----
SEVERAL DIFF'ERENT MASTER CHARACTERS USED, AND SELECT INPUT WITH EACHt 

-0-N-E-P ER-RU.N-.--1-H-I-S-F-&-A-T--URE-E X-I-S-T--S-0Y-l-S-I-D-E-A-N-D---S E P A-R-A--"f..&-F-RO.M-"f..H-E-------
SELECTIVE PROCESSING PROVIDED BY THE OPTION PARAMETERS AND COMMANDS. 

A CONTROL COMMAND IS DEFINED AS A LINE BEGINNING WITH THE MASTER 
CONTROL CH~RACTER 04/Sm* PARAMETER> IN COLUMN 1. IMMEDIATELY FOLt-G-W-~EDI-l----

8Y A COMMANO NAME WHICH IS TERMINATED BY A NON-ALPHABETIC CHARACTER SUCH 
---,A-5-A DIGIT, Bl-A-N-K-0-R--SP-E-G-I-AL-C-H-A-R-A-G-1-E--R--b-I-N-&-S-W-H-I-G-H-DQ..-NO-T-MEg_T-HE-SE:----

CRITERIA APE CONSIDERED TEXT DATA. A COMMAND NAME MAY BE ENTERED IN 
---,I~T~•~s-~~~~~T¥ oq IT,S TW0-8&~1-ER-A-B&~~~~N-~A-¥-B~~O-~~·~-------------

COMPACTNES~. TABLE 1 IS A LIST OF THE COMMAND SET WITH NOTES ON USAGE. 

CERTAIN CO~MANDS ACCEPT NUMERIC AND/OR TEXT ENTRIES FOLLOWING THE 
COMMAND. THE FOLLOWING CONVEN-T-IONS APP-6-Y-e--• ----------------~--

1 ) WHEN PRE 5-E*'H----TH E TERM l-N-A-~I-N-G-GQ.M-M-A--I-S-P--A-R-T-~T-H&-~f.R-Y-A-NO--M-A--Y-B>-t=E--
USED ALOt-tE TO INDICATE AN UNSPECIFIED OR DEFAULt ENTRY • 

2) MULTIPLE BLANKS MAY PRECEED OR FOLLOW AN ENTRY AND IT-S COMMA. 

3) A NUMERIC ENTRY IS DEFINED AS A CONSECUTIVE SERIES OF NU~ERIC 
DIGITS TF.:FHH NATED 8¥ A NON-NUH-€-R-t-G-C#AAA-G-T-~R-r-----------------

4) A ~4IXEO NUMBER IS DEFINED AS A CO~SECUTIVE SERIES OF UP TO 10 
NON-BLANK CHARACTERS ENDING WITH AT LEAST ONE DIGIT AND FOLLOWED BY A 
COMMA AND/Oq BLANK • ( USEB-8-~E-G-0-M~O-...,J-----------------

5) A NAME ENTRY CONSIST ~F--UP TO 8 N-ON---8-b-A-N-K--C#A-R-A--G-f.~S-f.&R-M-I-N-A-T-~0-B-Y---
A COMMA At-!D/OR BLANK. <USED WITH SELECTIVE PROCESSING OPT I ON NAMES •) 

6) A PHRA~E ENTRY IS A TEXT STRING ALL ON ONE LINE WHICH IS ~TRUCTURED 
------f'F31-¥¥-sSt-L. ~A-ND T E R ~4 IN A-T-E-9-8-¥--A-G-E>-M-M-A-.---(-U-5-E D--8-Y-THE-I-N-0€· X-I-Nf,........FEA-HJR-~..-1------
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f----v-~E-h,_1-.,_,5;:}--------------'-----------R.E-V-ISE-~H---BE-R-N-.s+E-I-N.__--

r----------------------------------------------------------------~E-4 

7) AN INPUT TEXT SEGMENT IS FREE-FORM AND DEFINED AS ALL CHARACTERS 
~----~~~~~~l.-~~N-ON&-~~N.~-----------------------------

DIAGNOSTIC OUTPUT 

THE DIAGNOSTIC OUTPUT PRODUCED BY TYPIST MAY BE DIRECTED TO ANY FILE 
~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~R&G~~O----

EACH DOCUMF.NT WHEN DIRECTED TO THE SAME FILE. THE DIAGNOSTIC OUTPUT 
i---Co.N+-A-~S--~N--NQ.R-~~H---fl.b-~E-0-I-N-~U-l.-b-l-N€-S--AN~T---------

ERROR/WARNING MESSAGES PRODUCED. ANY INPUT LINES NOT PROCESSED THRU USE 
i---0~1-HE-s.E--b~M-0-0-&-0-R-s.K-I P PE 0 V I-A *0 P T I-0-N-0-R-0-0.C.UM.E-N-r--SE-l-E-C-l-l~W-~bb-N.O'+-T-

APPEAR IN THE DIAGNOSTIC OUTPUT. IN SHORTENED OUTPUT MODE <E=LFN2), 

OUTPUT ARE ONE CHARACTER <CARRIAGE CONTROL) LONGER THAN THE INPUT LINES 
.~~~~~~--~~~·~~~~~P~O~A~T~E~.~E IDENTIF~~l.~HE~----

INPUT THOUGH A *SIZE COMMAND MAY CAUSE TYPIST TO IGNORE 
·THEM. 

~----~~~~~~~~~~~~~~I~~~IG~E~R~R~OR-5 OETE~ED BY TV~~~v-----------
CONTINUE PROCESSING IF AT ALL POSSIBLE• IN CERTAIN SITUATIONS IT IS 
~~~~~~~~~~~AA~L~c~o~R~R~E~C~T~.'E ACTin~ TO BE TAKEN ~n~E~R-T~o~-----------
CONTINUE. THERE ARE NO PROGRAM STOPS IN TYPIST AND ONLY TWO TYPES OF 

1----""-t').U.:I'Lt...t-O.NE IS ON A TYPIST CALL ERR-Q_Q_.t--AN.O-D:t£_0_.'t.l:iEfLIS_Q.N.__AN_lQ_£R.RQ1LON--
A FILE. BOTH EXIT VIA ABT AND ARE ACCOMPANIED BY A DAYFILE MESSAGE. IN 

l----~~-i-+-~lll-t--A--Jlll.l~~.I.---4~£Y.~""'-'~rir--V-Io~~-J.-J::...__.j~p I S T R II N S 0 II T 0 F C 0 R E S T 0 RAGE-----

1---~~~~~~~~~~LLOW THE-~LNE-REEERRED TO ~Nn-ARE---------
FOLLOWED BY A BLANK LINE TO MAKE THEM MORE NOTICEABLE. A COUNT OF THE 

1-----b-1~~:)_1,~~~-Y-~~Io\....L-Jl>I--~W.CUJDED IN THE DAYULE-MESSAGE-E.OV-JR"'-----
EACH DOCUMENT. IF THE COUNT IS GREATER THAN THE ERROR ALLOWANCE 

DOCUMENT OUTPUT 

THE OUTPUT DIRECTED BY THE L=LFN3 PARAMETER CONTAINS PAGES OF TEXT 
C 0 N S I 5 TIN G 0 F 6 2 l I N-ES 0 F II P T 0 ll5-COLUMNS-E.AO:LJ~.I II S A- c.A.RRLA.G.E-. .CO.N-IRO~..-L--
CHARACTER. THIS MAY BE CONTROLLED DYNAMICALLY BY THE *LIMIT COMMAND. 
CHAR ACT ERS-~:u.t.E..-.-M A Y BE 0 ~LE.R~-E.R.HJJ:.£0._R£P..EA.ILL'LQ_B.E-OA-RKE.NEILB-'l.__ __ _ 
T~E *BOLD COMMAND• AND 8Y THE •CHARACTER <136B ASCII• 76B DPCt SHIFT-N 
OM TTY), WHICH CAUSES THE FOLLOWING CHARACTER TQ BE OVER-P-~~ED. A 
STRING OF N • CHARACTERS CAUSES THE NEXT CHARACTER TO BE PRINTED N+1 
TIMES HI THIS SAME ~e---lF THE---N.£-X-T--CH.A.RACXE.R-..IS-B.L.ANK.,_AND_J_I$. ___ ·----
PRINTED N TIMES. FOR THE CONVENIENCE OF USERS WHO WISH TO DISPLAY 
-T-"t-RI-S-l-OlJ.T-~V-l-CES-W.H-l-CtL-A.RE---SL-OW-OJLH.AJlE-S.I:I.O.RL~lN E.$ . .,___ __ 
TRAILING BLANKS ARE TRIMMED TO A 6600 WORD (10 CHARACTERS>. 

MULTIPLE COPIES SPECIFIED BY THE C=N PARAMETER OR *COPY COMMANDS ARE 
~Q..I..A.b-k-'Lt I.E. A WHO.L-E-D-0-C.U.ME.N...LA.I A TIME. •. TI:IE *REPE-A-T-COM-MA.N.u.D--

MAY BE USED TO PRODUCE PARALLEL COPIES ON A PAGE BASIS BY PRINTING 
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PAGE-S 

MULTIPLE CnPIES OF EAC~ PAGE TOGETHER. BECAUSE REPEATED PAGES ARE 
INCLUDED IN ~ OOCU~ENT AND MAY BE RECOPIED SERIALLY• THf TOTAL NUMAER OF 
COPIES OF FAC~ PAGE IS THE PRODUCT OF THE TWO NUMBERS. A COUNT OF THE 
TOTAL NUM~FP OF PAGES AND NUMRER OF COPIES PRODUCED APPEAQS IN A DAYFILE 

-· ---ME-5-S AGE·-A-F-T-F-R---~11-GH-fHJGUMEN-T ····- · -------- -·-- · · -- · ·· · - --- -

FOR LARGF DOCUMENTS• PARALLEL PRINTING OF PAGES CAN MINIMIZE THE LABOR 
OF BURSTING AND COLLATING PAGES. FOR ~XAMPLE IN MAKING 6 COPIES OF A 20 
PAGE OOCUMFNT: FIRST• SEPARATE INTO STRIPS• ONE PER PAGE NUMBER !20 
SPLITS>. THEN. OPEN OUT AND STACK ONTO A TABLE EACH STRIP FACE UP, 

-----~c;...T-A-R-+-I-N-G--IIJ-I-T"''-t-H-€_:-b-.A-S-l-S-lR-I-R-C-GO-b.-bA-1=-I-N-G-l-•. -F-I-NA Ll-Y-9---SRl-l T- OFF---EACH -·-· -- .. ----- --· 
ASSEMBLED nnCUMENT (6 SPLITS>~ TRIM TO SIZE• AND STAPLE. TOTALS ARE 1 
COLLATING ~NO 26 BIJRST!NG OPERATIONS. OF COURSE• DOCUMENTS WHICH DO NOT 
~EOUIRF BUP~TING CAN RE MOST EFFICENTLY PRODUCED SERIALLY. HOWEVER• 
MANY COPIES OF A-LAqGE DOCUMENT MAY BE MOST EFFECTIVELY PRODUCED ~y A. 
COMRINATION OF 80TH METHODS. 

----------------··--·-·--·-··----·· ... -· . . . ·--

TEXT COMPACTER 

----+H-~F-X-+--r-q.M-P-A-G-TE-4-P-%V--I-Q.€-S--THE--~-A-S-I-C-~UNG-T-I-ON-OF--F-I-TTlNG-T-E-X-T ----·
SEGMENTS TnGETHER ON THE OliTPUT LINE• SPLITTING TEXT AT THE END OF A 

----b-I NE-•- -A"-!D---A-P.-V.ANG-I-NG---T-0--T-HE--NE-X-T-- LINE---W-HEN .NE CE SSA RY •· BLANK I NPI.JT LINES 
ARE !GNOREn BY T~E TEXT COMPACTER. THE PROCESS IS WORD ORIENTED AND 

--FOb-b-OWS-T-HF:<:-~-Rllb-E-S-:.---··-·--·-··------------------- -- ·· -· --·· --- --··· --·· · 

1) IF THFP~ I-5-S+J.F-~~T--SP-A-G&-F-Q.Q--TI:iE---+&-X-l-----+..Q..-.F-I-T---AE-T-WEEN---T-HE----CUR-REN-T -----
POSITION AND THE RIGHT MAPGINt· THE TEXT IS TRANSFEREO ~NO THE POSITION 

. - -----'---I-S--UP-OA-T-FP.----0-T-H&R-W-I-SE •·---THE --TE-XT- -I-S-SPLIT A.FTER THE LAST- WORD WHICH 
WILL FIT. TRANSFERED• AND THE NEXT WORD IS POSITIONED AT THE LEFT 

------------..MARG-I-N---01==--T-HE-NE-X-T-A-V-A-I-b-A~b-g._L-TNE-.- --IF --NO- WORD END- !.BLANK l IS- FOUND - - -- .. - .. 
AND THE TFXT IS TOO LONG FOR A FULL LINE, IT IS SPLIT AT THE RIGHT 
MARGIN. •ro AT +~P-+--1\-+--H-'?P-H-EN-A-TMN---I-S--~A-Q~--C-OR--GON-T-€:-MPb A-T EP ) .. ---THIS--··-·----·---
PPOC~SS rnNTINUES UNTIL T~E ENTIPE TEXT STRING HAS BEEN TRANSFEREO. 

2l AFTER TPANSFEP, THE POSITIONING CONTROL IS UPDATED TO PROVIDE ONE 
-···- ------SP-AGE-- A-F-T-F-Q--lH.£.-l:-A-S-T- -GH-A-RAC-TFcP- E X-GEP T--l.tiHEN- THAT -CHARACTER IS A- PEP I 00 · 

CSENTFNCF E~Dlt AFTER WHICH AN ADDITIONAL SPACE IS PROVIDED. THUS• A 
· ~IE'Jii SniTP!CF. S~~Y-5--S-T-MH-fi~THE--N&X-f-J·f\'P-U+--1.::-l-N-&--l-N-· OQDE-R- --T-0···----- ··- ---
AUTOMATir~LLY GET TWO SPACES AFTER THE PERIOD. 

3j W~~N t LINE ADVANCE IS REQUIRED• THE LINE SPACING CONTROL !*CONTROL 
---- GOMMAf\.!Q-}-A-f.-T-.:::~MINE-S-T-I-IE-A-MOUNT -OF- --THE ADVANCE. FIXED LINES ARE 

SKIPPFO (IllER, THUS PROTECTING THEM· SHOULD THE ADVANCE OVERFLOW THE 
P AGE • A ~-' F ll, o A G r P5---Atf-"F-e~A-I=-t::-¥-5-l-A·R-T-EO-.---------- · -- - ·-· ------ ·-· -- -· ·- ·· -- -----

- - ·Wt-JE"-1 -THE---TEXT COMPACTER IS TURNED OFF (*PACK COMMAND) INPUT TEXT IS 
TRANSFFREO WITHOIJT ALTERATION EXC~PT FOR THE ADDITION OF A CARRIAGE 
CONTROL CHbPACTER. HOWEVER, CONTROL COMMANDS ARE STILL 08EYED AND CAN 
RF.: IJSED TO PPOVIOE SOME SPECIAL EFFECTS. 
------------
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----------CON-T. ROL--COt.tM.A N-0-S--- .. ------------ ----------------------. ------------------------ -------- ... 

itPACK ON/OFF 

T~IS COMMA~lO ALLOWS T~E TEXT COMPACTER TO BE SELECTIVELY TUR~ED OFF SO 
----T~-<H~A~:r~,I-N.g.U...~-+--CA-N-Bg_T.R.A-W$-f;'.E.R.~b--I-N~B-Y--L-I-NE--W-I.:UiO.UL-A-LTERAT-ION .... -THIS ------·

ALLOWS FOP T~E USE OF SPECIAL POSITIO~ING ARRA~GEMENTS. INITIALLY THE 
...... TEXT-. C.OMEA.("TJ:R .. IS. TURNED-ON•--· -. ... . . -- . __ . 

itSIZE N 

THE NUMRFP OF CHARACT~RS ACCEPTED PER INPlJT LINE IS CONTROLLED BY THIS 
--'---C~..AND..__~-~.S-L9£_J3E..T~iE.E~LLO_.A.N.0_1.3.S... ____ L_!:!E_.DE.EA.ULT _ VALUL_lS __ 80 •- ALL ____ .. __ .. 

CHARACTERS FOLLO~I~G COLUMN N ARE IGNORED. THIS FACILITY IS REQUIRED IN 
______ OB.D.ER_'LO __ AC.C.E£.T_EI1 ES P~RE.D ... B_LSC.Of?..E.._UPDA.TE __ OR .. ANY __ OTHER FRONT-END ____________ . 

PROGRAM WHJrH USES TRAILING ID~NTIFIERS AND/OR NUMBERING. 

___ itLI.MLT_N, ___ _ 

______ I.l::!L.O.U.I.P-tLLLI.hlf_L£N.GJJ:·Ll5 . C.ON..f..RD.LLE.D __ BY ... THIS .. COM_MAND •. _N .MUST BE. . _____ . ___ ...... 
RETWEEN 10 aNn 135. THE DEFAULT VALUE IS 80. THIS PROVIDES A GUARANTEE 

_---IJ:iA.L...I.I:i£__Q_UTPIIT D.Q.CUM.ENT WI DJJ:Llo!LLLL.JJO..LEX.CE.Ell._T_I:!E._.LI.M.LLSP.EC.I F I ED, _AS ....... _ ·-···. 
ALL LINE LFNGTH CHECKS ARE MADE AGAINST T~IS VALUE. 
--------------

__ · __ !t_CllP.Y_N___. ______ _ 

----IuH=>-I~S::l--I'P~.R-A.CCtlMUL-llES A CQUN_T __ o.F _"'[tt£_NUMBER-.O.F ADD-ITIONAL COPIES. 
OF THE CURPFNT DOCUMENT TO RE PRODUCED. THE INITIAL NUMBER IS PROVIDED 
R..'L-!.!:t.E--C.;;f'L Q.ARAM£J'..E..R-I.N __ t.HE .. P-RO.GR AM _cALL-. M UL T I:P LE.. COPIES. ARE P R 0 D U C ED. 
SERIALLY BY COPYING THE ENTIRE DOCUMENT TO THE OUTPUT FILE A NUMBER OF 

------LI..ME.S_.__lliE-D.E.F.A.ULL .. V.ALUE--l.S--L ........ MULTIPLE. COP I E.S W.I.LL. BL. SUPPRESSED IF 
THE ERPOR COUNT EXCEEDS THE ERROR ALLOWANCE (A=Nl PARAMETER. 

--. ----~R.E.P-E.A-T---CN .. J--------------- _________ ... __ .. _______ __ ---~- : .... .. . 

-------T-.1-oi-I-S.-PA.RcMET~R SE-T-S-THE NUMRER OF T.IMES .. TO.REPEAT A PAGE AND ALL 
SUBSEQU~NT PAG~S UNTIL RESET. THIS CONTROL IS DYNAMIC INSTEAD OF 

---ClJ.M-UL.A . .'UJLf__o_hlfl_I-S-£F££C!.E.D ... R.EFORE.--M-UL.!.lPLE .... C.OP I ES. OF. THE ENTIRE DOCUMENT 
~RE PRODUC~f"'. CON<;EQUEI\ITLY• THE TOTAL NUMBER OF COPIES OF A PAGE IS THE 
PRODUCT OF THE REPEAT-PARAMETER AND THE COPY COUNT. THE REPEAT FACTOR 
WILL RE RE~l!CED TO 1 WHEN THF. EROOP COUNT EXCEEDS TH~ ERqOR ALLOWANCE 
(A=Nl PAPAMFTER. 
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.. CONTROL N 

THIS PARdMfTEP SETS THE LINE ADVA~ICE CONTROL USED BY THE TEXT 
COMPACTER Tn ~INGLE• DOUBLE• OR TRIPLE SPACING CN = 1• 2• OR 3l. THIS 

____ J.oLt Lb-A b-S-0.-M ClD-I-F--Y--!-!:1-E. -.A.C.T-I-0-N-S- -OE--T H ~-~ P- A RA-- COMMAND .. -- .. -- . - ---- --

OMARGINS [N]t[N] 

THIS COM~dND nEFINES THE REFEREN~f A~D WORKI~G MARGINS USED BY THE 
---I.E-X....LC.O.M.Q.A.C::...T-.E-R___!.I:I.E-N.U..~RE.R.S-RE.P..RE.S.EN!--II-:iE ... l.EF-T .. A.ND.--R I.GH..L_MA RG.I.NS .. -

RESPECTI~ELV• AND FOLLOW THE FOR~AT CONVENTIONS FOR NUMERIC ENTRIES. 
ZERO OR UN~PECIFIED ENTRY FOR EITHER RETAINS THE REFERENCE SETTING. 
DEFAULT MAPRINS ARE POSITIONS 9 AND 80. 

·---··------·-·---------·--·-·---- ··--·- ··-·- --·. 

A 
THE 

---- .. -·---- .T.H I.S -COMMA.NO--MOVE-5- TH~- WORKING .. MARGINS INWARD BY THE SPEC IF I EO NUMBER 
OF POSITION~. THE REFERENCE MARGINS SET BY DEFAULT OR THE *MARGINS 

-·-------COMMANO.--A.R.F-NOT-- AF.F-J:;C.TE.D-----TH IS PROV-IDES.-THE-CAPABILITY FOR TEMPORARILY 
ADJUSTING T~E MARGI~S AND RESETTING TO THE REFERENCE 8Y A *~ARGINS OtO 

-----~c~d~MM~Ab~lo~.---------------------

--·------ ·----
0 TABS Nlt[N2 ••• tN40] 

THIS COM~~NO DEFINES A SET OF TA8 COLUMNS TO BE REFERENCED BY A *TAB 
COM~1 AND • r A CH TAR COI=+fM.-M---l--5-·R-EF-E-Q.E-NGE-9-&¥-I--T-~s--SEQHE-NGF.--NUMBE-1:! •.. --hE.-···---- -- .. 
THE FIRST PnSITION SPECIFIED IS TAR 1• THE SECOND IS TAB 2• ETC. UP TO 

.------4-0-T-A6-P-~c;...T-1:-J-GN5-I..tA-Y-BE---SP-E-G-I-F-I ED--A-ND .. -THE-Y--SHOULD RE ·I-N LEFT-TO-R I GHT 
ORDER FOR POOPF.P OPERATION OF THE *TAB COMMAND. EACH OCCURRENCE OF THIS 

----GOM-M-AND-R-E-SF-'F-5-A·l:-1::-0F-T-HE--T-A-8-S-.-- .. ------·-------·-------· --·--· ------~--- · · - ... ·· .. ·--- · 

--- ...... --- .. ·----·.- .. 

*TAB [Nlt[TEXTl 

THIS COM~ANO CAUSES THE TEXT TO RE POSITIONED AT THE NTH TAB POSITION 
·-·------I\-5--9EF H!E9--P!--A- P-REV I GUS- *-T-A-RS· COMMAND···-- N lS-·--THE -SEQUENCE· NUMBER OF THE 

TAR POSITin~. NOT THE COLUMN NUMBER. IF ~ IS UNSPECIFIED OR ZERO, THE 
1>.1 E X T TIt R P A c: I T H)-N--P-~"F-H-E-trHR·R-EN-T-P-OS-l-H9N--I-5-SE-1::-E-G-T E 0-.--\IIR-A·P·A R·O IJ N D .. · T- 0·-------- ·- -- ·· 
THE FIRST T~R POSITIO~ WILL OCCUR WHEN BEYOND THE RIGHTMOST TAB 

----- - ---P-0-S-I-T-!11"-1-.----I-F'---TE-X-T-- HAS---HEEN-~R I-T-TEN PAST- THE SELECTED TAB POSITION, THE 
TEXT WILL ~PPEAP AT THAT POSITION IN THE NEXT AVAILABLE LINE. 

FOR THIS rOMMANO THE MARGINS ARE TEMPORARILY IGNORED. I·E· THE TEXT 
----~¥-5-T--A-P--t-ll-Mq.J-f)P-&N-8-0-I:H-5-l-9&--·THE-1>4-i~-P..G-I-N-S. --- HO~E-V-E-R .-T-HE--TE-XT· MUST--FIT 

WITHIN THE t.I~~ LIMIT AFTER POSITIONING. IT IS PERMITTED TO LEAVE 
POSITIONIN~ OUTSIDE THE LEFT MARGIN FOR SUBSEQUENT TEXT POSITIONING. 

------------------------------·-- _ .. _________ .. . ... -· -- -- ...... --- .. 
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-T H I S C 0 M M ~.N 1). P Q 0 V t 0 E-S A ME AN S T 0. P 0 S IT I 0 N T EX T I N THE CENTER 0 F A L I N E 
OR ABOUT A ~PECIFIC COLUMN. N IS THE SELECTED COLUMN NUMBER. IF N I~ 

---l,W-5-Q.~C-I-F--~E-f.\.-O.R-l-~R..O t-THE--C06UMN--.M.I-OW.A-¥- BETW.E-E.N-.THE. MARGINS-- SP-ECIFIED BY-. ----
THE *MAPGI~S COMMANO IS SELECTED. AS IN THE *TAB COMMAND, THE TEXT MAY 

- S.T A.R T. ... A t\10 /n.P- E N.O---OU:t:s I 0 E .. :t.HE .. MARG-INS •- . I-T NEED---ONLY FIT 0 N THE LIN E .• 

···-· -·· --···----·-· ---------· -----··--··- . -----· . -· ----- ------- ---- ---··- - ·-. 

*RIGHT [Nl,TEXT 

THIS COMM~NO PROVII)ES A MEANS TO RIGHT JUSTIFY TEXT TO A SPECIFIC 
------COb-UMN-.-O.R- .T.fLT.HE-R-I-GHT--MAR.G I-N- I-F N--I-S .. UNSPEC-IF--IED OR ZERO. AS wITH THE 

*TAR COMMANno THE TEXT MAY START AND/OR END OUTSIDE THE MARGINS, IT NEED 
----O.N 6.-~F--I-T---ON--T-H E---l-INE -·-- --·· ··-·--·-- ----- ----

------------------------------····--------·- ·----·--···-· .. ·-- -·-··-·-

*LEFT CNltTE'XT 
-----------------------

THIS COMMANn wiLL LEFT JUSTIFY T~E TEXT TO COLUMN N. IF N IS 
LJNSR.E-C-U::_J-E-O-O.fLZ-E-'~-O-,-!J:t.g__L..EF-T-.M-A-R.G-I-N--~S USE.O •... --THE TEXT .MUST FIT ON T-HE ·-- ... --· 
LINE• 

---'---+-f,:LI-S-C.O.M.M.A.NI).~A.l--1.. 0-W..S-IN.O.EN-"L.I-NG--0 F- -T-E-X-L-F- ROM. THE CUR.R EN T- POSIT I ON. IT. 
MAY 8E lJSEn TO OFFSET TEXT FROM A TAB POSITION• THE LEFT MARGIN• OR THE 

----t;:E~~HE L A~~X-+--S-+R-I-N-C_,_---I-~N--I-~UNSPE-CI-F--I-E[).-.OR--ZER.o.,.. 1-SPACE 
RESULTS. 

- -------·----· --- --------------- .. ····- ·-·· ···-. ·-· -· -- -· .. 

- ___ _3tSK-I-IL-t-N-Lt-[--T-E-X-T-1- ----- ---------------··· ---·· ., 

----I-I:LI-S-CQ.M.MA..N.O.. ... RR.O.OlJCE-5;-Ni!"-INC.- BL-ANK-. L-INES, __ \.ti.HERE---I NC. IS. T-HE *CONTROL 
PARAMETFR, AND POSITIONS THE TEXT AT THE LEFT MARGIN OF THE NEXT 

---·· -----A-V.A-1-L.ABL E-. 6.-J...NE-•---I F- -N--1-S ... UNSPE.C -IF I ED-- OR- ZERO •· -ONLY A LINE. ADVANCE IS 
EFFECTEn • 

. ----.-!tb-l-N.E--t-N-:J.-..+.T-&X-~~-------·-----------. ------

. --THIS C.O.MMAND--PO.SITIONS -THE TEXT .A.T. THE LEFT MARGIN OF LINE N. IF N IS 
IJNSPECTFIEn OR ZEQO, THE NEXT AVAILAALE LINE IS SELECTED (EQUIVALENT TO 
*SKIP 0). JF THE SELECTED L.INE IS FIXED, A WARNING MESSAGE IS PRINTED. 
THIS ALLOW~ TH~ lJSER TO EXPLICITLY WRITE TEXT INTO A FIXED LINE. ALSO, 

. ···-----a.¥-SEU=;C-T-I-N.C---A--l-I-N.g --A-6-RF,:A.O-Y--PAS-s.ED-,---T-H.E -USER CAN RACK UP ON A PAGE AND 
PROOUCE MULTI-COLUMN PAGES. BOT~ OF THESE FEATUPES MUST BE USED WITH 
CARE. 
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THIS·COMMANn PROVIDES THE CAPA8ILITY OF PROTECTING THE CONTENTS OF A 
LINE FROM PFING OVERWRITTEN OR CLEARED WHEN A PAGE IS PRINTED. THE 

---GG~l=-€-N-~5-Q.~14E-SPE-G-I-p;:_t-~0--L-I-NE-5--W-I-l:I::--A ~P-E-AP.--T-HE---SA-ME- --ON--ALL- -SU RS E Q UJ: NT· 
PAGES WITHY~ THE DOCUMENT UNTIL EXPLICITLY CLEARED. <THE INDEXING 
FEA-TURE--WILL-CLEAR--ALL FD'EQ--LINES PRIOR TO PRODUCING THE INDEX.> WHEN A 
LINE NUMBEP OF ZERO IS SPECIFIED' ALL NON-BLANK LINES IN THE CURRENT· 

·- PA-GE--ARE--F.ty-fl). --- RLANK LINES -MUST RE--FIXED- BY SPECIFYING THEIR LINE 
NUMBERS DIPFCTLY• 

- -----·-----.. FREE···N·t·N.-•.• ----· ····--· ---- ·-- --·--- ---· ------ ·· 

---------TH-IS---GOM.v-d-f' .. II)-I-5--T-HE --I-NVERSE OF--THE *FIX COMMAND IN THAT IT RELEASES 
AND CLEARS THF.: LINES SPECIFIED. WHEN A LINE NUMBER OF ZERO IS 

--c;,.__ 1-LP~t-F-T ED' IH:;-I::-6-~1::-I-N&5-I!tR-~Gl:FA-R-8}--AN0.--P.~b&A-SE9- --- ------ -- --- .... ·---- ··---- --

------------------ -- ·-------------------- ·-· ----. --- ... 

THIS COMMAND IS A CONDITIONAL LINE ADVANCE OR PAGE EJECT. IF THERE 
A~E M CONS-~I-V..~~I-X-E-Q-b-I-N-~5-~0-l:i::-0-l.ri--I-N-G-.:r-l,(.g_<;uRR.g.N-1=-blNE--NO- -A.CT-I-ON -1-S---· -
TAKEN. OT~FR~I~E• THE POINTER IS ADVANCED TO THE FIRST LINE OF A BLOCK 

-----Q F--~>L UNF-1-X-F!+-b:--I-f\lE-S- 0 R---T Q-T-H ~:._S-T A RT--0 F- A.- NEW-PAGE .-------

--·- - ------ ------- -----
.. MARK OFF/ON[t[Nlt[Kll 

----------
THIS COMMAND PROVIDES THE FACILITY FOR MARKING PORTIONS OF A DOCUMENT. 

-- ----T-H~-GHA-RA-G-T-F-R--K---I-5-P·b-A-CE-D--I-N- COlUMN- N-- Of--THE LINE< S > \II ITHOUT AFFECTING 
TEXT POSITTONING• N MAY BE ANY COLIJMN WITHIN THE LEFT MARGIN AND K MAY 

- 81::---AN-Y ---8--I-N~I:::-F.:--G-HA-R-A·CTE-R-.-DEFA·Ul TS--ARE- COLUMN 5 AND THE *-CHARACTER. 
THIS COMMANO ~AY AE USED IN TWO MODES• ONE-SHOT OR CONTINUOUS LINE 

~NG • ~¥-f-N-J-.-[-K-}--Q-P-w:.>--P-A-P.-~~-~TER-5-P..R-E·--S-PE;G-lF-lE-9·.- O·N·l;·Y-· THE- -· _ .. _____ -··----
CURRENT L!r>.IF IS MARKED. WHEN NOR K ARE SPECIFIED THEY BECOME THE NEiol 
DEFAULTs-. ·· lo!HENEVER- THE WO~D ON· IS-- SPEC IF I ED, - (MUST PPECEED [ N • K 1) , 
tONTINUOIJS MARKJNG STARTS A~D IS ONLY STOPPED WHEN A *MARK OFF COMMAND 
t5 ENCOUNTFPEn. 

--------

THIS COMMbNO P~ODIJCES A LINE SKIP EQUAL TO THE *CONTROL PARAMETER AND 
POSITIONS T~E TFXT INDENTED TWO SPACES TO SIGNAL A NEW PARAGRAPH. A 
PROVISION WAS MADF TO STAPT A NEW PAGE !F LESS THAN TWO LINES OF THE 

------P-A-~A-6R-APH·-f·trN-RE·- P·R-I-N·T·E·I)--ON---THE-·P-A·GE-.-------- -- -- ·--- - ---- · ·- ·· ·· 

------THE-S-E-- -T-I>J-A·-C0MM·ANDS---I-NSFR--T---A-T- TI-!E-E:URREN-T- :YEX T PQS·I T-I ON AN 8 CHARACTER 
T~XT STPIN~ CONTAt~ING THE CURRENT DATE OR TIME IN THE FOP4 MM/f)D/YY OR 
HH.MM.SS PFCPECTIVELY. POSITIONING IS PPOVIOED BY PRECEDING COMMANDS. 
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L = LINE NUMBER <DEFAULT 62) 
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T~IS COMM~ND PRINTS THE CURRENT PAGE IF THERE ARE ANY UNFIXED LINES 
___ CJ).blt.A...l-hl.J..bLG-~...X..T-·A.NO-a.F:.G-I.NS-.A-.N.~P-A.GF--•--·· .I T---A.LSO-D.E F-INES .. T-HE -NEW PAGE 

NUMBER AND TT•S POSITIONING ON THE P~GE. 

THE M I X En "II J M R E R 1:: NT R Y , [ X J • REPRESENTS THE PAGE NUMBER W H I C H W I L L R E 
----l.N.C.RH1E.~!T~ _ _g_y __ n.~LEOEL.EACH_e.~ .. GE..-..IJN.T_LL CHANGED .. OR TURNED OFF. PAGE .. 

NliMPERHJG PJ-flY RETURNED OFF BY SPECIFYING A ZERO. WHEN TI-lE PAGE NUMBER 
IS NOT se.E.c..LE.Lf..[)...t_T.l:\E-ER8/..LO.US-\LAWf_ LS.-BLCRE~E.NI.EO __ LF _ NON-Z.E.RO ._ ____ THUS. A_ 
*PAGE COMMAND WITH NO PARAMETERS SIMPLY STARTS A NEW PAGE. 

----------- ···----------·-·- -·-··-· -·· -·-·- --. ·····-
THE PFMATMtNG ENTRIES DEFINE THE POSITIONING OF THE PAGE NUMBER AND 

-··-- _R.£t:1.AllLllL.E.f_E£.r_L_U_I',IT_IL __ R.E..SE.E.C.IE.I£D_.__ LLL.I S_ T~E. LINE .NUMBER W I.TH A.~L 

INITIAL DEF~ULT OF 62 (LAST LINE>. [MJ IS A SINGLE C~ARACTER WI-!ICH 
_--0£.E...I.NES TH~!.J-,100 OF-E..O.S.lLLO.N.tN..G-nN._J:.HE.. LlNE-.\t!.LT.H .. RE.FERE.NCE._ TO .. THE..;. --·· --· .. 

COLUMN NUMPEq [Cl. [MJ MUST BE L• C• ORR FOR LEFT JUSTIFIED• CENTERED, 
__ ___n_p__H_LG..!:!T __ JllS...llE..I- E.D __ !:tES.eE.c.I..L\LEL'L •. __ "' H E.N __ [ C.L LS_U.N.S P E C I.F I.E D THE .. DE F A.U LT 

TAKEN IS BA~ED ON THE CURRENT MAqGIN VALUES. THUS• (M] AND (CJ ARE 
____ ---U.N.K£.D __ T.OGF._tHE.!L.AND._J M.l---~LWA 'tS_ CA!J~E S ( C:: J TO- B.E .REDE.F HIE.D. . .... ·. ___ _ 

_________ t.I:I£._L...LN£_.ioiliERE:--.TH.E-E AGE NU.M.B.ER-AJ;l PEARS_ .. lS-AUt.OMA I. LCA L LY .. PR 0 T EC TED .. 
(FIXED> WHEN THE PAGE NU~BER IS NQN-ZERO. WHENEVER THE POSITIONING OF 

.. _____ JJ:IE... P A.GE.. .. N.lJ}'BE.R __ CHAN.G.ES_,_THE. L.I NE .. PR.EV lO.USL Y SELECTED IS. CLEARED (FREED) 
AND THE NEw LINE IS FIXED. THIS COULD RESULT IN LOSS OF TEXT ELSE~HERE 

-IN. THE.. .OLD .l. I I\! E. •--.. . ______ -~- ___ . __ ..... 

INDEXING FEATURE 

~KEY <ENTRY> [,<ENTRY> ••• ] 
- --- -----<-F:.N.J.I:tY..~-:_:.: . < L E v.E.b.--1->-[ I-.<L~V.I~l.2->--·----·1-<LE\l.EL4.>-J-. -- ··----

. THIS COMMANn PROVIDES A MEANS FOP DEVELOPING AN INDEX TO A MULTI-PAGE 
DOCUME~T. THE *~EY CO~~ANOS APE INCLUDED WITH THE INPUT TEXT WHERE THE 
REFERENCE Tn THE INDEX ENTRY OCCIJRS. THESE *KEY COMMANDS DO NOT AFFECT 
TEXT CO~IT~NT OR PLACEMENT AND APPEAR ONLY ON THE DIAGNOSTIC OUTPUT. 

__ : ··----~A.CH--EN.T-R...Y--A P-P-F A-RS--I N-T HE --I-ND.F.:-X--i.l/1 TH-- THE. PAGE- NUMBERS WHERE THE ENTRY 
WAS ENCOUNTERED IN A *KEY COMMAND. WHILE PROCESSING THE TEXTt TYPIST 
WILL STORE THE J~DEX ENTRIES AND PAGE NUMRERS FOP PROrlUCTION OF THE 
INDEX AT THE n10 OF A DOCIJMOIT. 

THE INO~X ENTRIES MAY RE TREE-~TPIJCTURED INTO AS MANY AS FOUR LEVELS. 
·'TI-f-I-S--STPUC.TitRF IS- R-EFI.:.E-CTEO. BY INDEf\ITING EACH SUB-ENTRY TWO SPACES FROM 
T H F HI r, HER LEV F L EN T P Y 1\ B 0 V E I T • PI T H IS WAY THE R E l A TI 0 N S H I tJ S BETWEEN 
ENTRIES IS TMPLIEO. T~E NATURE OF THIS TREE-STRUCTURE REQUIRES THAT 
EACH OCCIJpntCF OF A LO' .. !EP LEVEL ENTRY MIJST RE PRECEEOED BY IT•S ENTIRE 

-----------------------
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CHAJN OF HJ~H~P LEV~L ~NTRIES SEPAPATED BY SLASHES. THE TREE-STRUCTlJRE 
IS RUILT WTTH ENTRIES IN ALPHABETIC ORDER WITHIN EACH LEVEL. A~ EXAMPLE 
nF-T--HIS STOII<":TUPING OF-ENTRIES IS! 

----------G-Cl.MIL~P.s---~...._ ______ ,.,.~_..,_INOEX-'""----- ··- ·-·---
*KEY L11Ll/LVL2/LVL3 LVL1 

-----·--- -*.KF-Y- 6\tl:l/AOOEI) .KEY------.- A-DDEO. KEY 
*KEY LVL1/LVL2/NEXT LVL2 

-· ·--- --- --------~KF,:_y __ o.:r.HJ;.R.-F;NT-R-Y---··-· . ·- L VL3 
NEXT 

---------Cl-"LHE-R-~N-T R ¥-------- -·· ·- .. -----

----!.HE---RA.GE .. I\JlJMRER-5--WHERI:. AN. ENTRY. I~ REFERENCED ARE PRINTED IN ORDER OF 
OCCURENCE aFTER THE ENTRY. SHOULD THE LINE OVERFLOW, THE EXCESS WILL 
CO"IT t.N.t.Jf!: .. -0~1- T-H[ -NEX-T--- L--P.JE- -I N.OE NTF.:n Tl•JII MORE SP AC£ S. 

----~'IIH-g.u.._l=-HE-t-f\~Q.&l(--I-S-P.R--!-bJ..T-&P-_...Ab-L-b-1-NE-S-ARE- CL-EARED A-ND THE LA-ST MARGIN-- . 
SET T I N G S A r-m P A r. E N lJ M 8 E R P 0 S I T I 0 t-JI N G ARE USED • I F THE SPACE 8 E T WE EN THE 

- - -·- ----MAJ~-G-I.NS--1-S T.W.JGE---T-HE-6ENG.TH--OF- T-HE- LONGEST INDEX ENTRY PLUS IT • S 
I f\1 DENT A. T I 0 "' • T w 0 C 0 L U M N S 0 F I N 0 E X EN T R I E S ARE P R I NT ED 0 N EACH P AGE • THE 

-----· .'F-I.P.S..L.P.AGE .... nF --T-HE--INDEX--HAS--A HEADING. AND PAGE NU~RERHIG CONTINUES AS 
PART OF THf Dllr.UMENT. 

--------------------------·--·-----·---·-··· .... --
THE USE 0 F T H I S FE A T 1.1 R E W I L L !"I C P ~ A S E THE C 0 R E S T 0 ~A G E R E Q U I R E tv~ EN T S 

. .SLIGHTLY--- Arr-OROI-NG--T-0--THE -NUMBER llt-..11) LENGTH OF UN I QUE INDEX ENTRIES. 
THE FIELD LtNGTH USED IS DISPLAYED If\1 A I)AYFILE "'ESSAGE FOR EACH 
O(')CUMENT 50 THAT-A-CCURA-TE--ESTIMATES OF. FIITURE RUNS C/\N RE MADE. 

-----·---------~·. ------------·-------.--·-

SELECTIVE DOCIJMENT PROCESSING 

*DOC NAME 
---·----·-*OP-TlON--NA-ME-t·N·AME--.-.-.-------------·-.. --. --·----·---·-· ·--.. -

*ON NAMEtNAME ••• 
*OFF NAMEtNAME ••• 

THESF COM~ANDS• IN CONJUNCTION WITH THE O=OPTION PARAMETERS IN THE 
PROGRAM CALL' PPOVIDE A MEANS OF SELECTIVELY pqocESSING OR SKIPPING OVER 

---·--- ---Pf)R-T-I-01\JS-OF---T-·I-IE:-I-NP.I:J-"f-F-li::E. - -----·-· ··---------------- ·- ------ -.... 

A *OPTION COMMAND SIGNALS THE START OF A PORTION OF INPUT TEXT AND/OR 
COMMANDS WHICH rs· TO RE PROCESSED ACCORDING TO A SET OF OPTION NAMES. 
WHEN AT LEAST ONE NAME IS IN THE LIST OF OPTIONS AND A *OPTION COMMAND 
IS ENCOlJNTFPED, THE NAMES ON IT AOE CHECKED AGAINST THE OPTION LIST, AND 

. -·--I-F-·-"..ONE-M-A-T-F'-H-.-c;-K-I-PP-I-Nt;--I-S--I-1\1-I -T- I A-TE-O-UN-TIl- A NOT HER· *-OPT I 0"' COMMA NO IS 
FOliNO. 

THE *nOC rOMMAND IS IOENTICAL TO THE *OPTION COMMAND EXCEPT THAT IT 
ALSO SIRNAL~ THE START OF A DOCUMEI\IT AND THE FiqST NAMf IS THE DOCUMENT 
NAME WHICY ~DPf.ARS IN T~f DAYFILE MESSAGE AT THE END OF EACH DOCUMENT. 

--R-EFf>R-E--5-T-A-C--T-H-1-G-A---BO€ U'-1£-I'H-.--AN-Y.-- p..q E C EE·D I NC-r- -DOC UMF.N T- IS C 0 MPL E TF.: 0 A NO ALL 
DEFAULT~ Evr~PT THE OPTION LIST AQF RESET ACCORDING TO THE PRnG~A~ CALL. 



10/17/72 
. - - ... --0-1/2-1./7.5------- . 

TYPIST - 01/31/75 
AUTHOR - T.CUPETON 

REVISED - H. RERNSTEIN 

PAGE-12 

THE *ON HI(') *OFF C.O~~ANDS TUPN 0!\1 AND OFF OPTION NAMES 1A1HEN 
. --·---- -EN-CC).U.N-T. Fc:R-f:.p ..... W...t-TH-IN-THt . I NP.U T •- .. T.I-iF.:.Y .. ARE SUBJECT TO BE: I NG SKIPP EO 0 V E R 

ACCORDING Tn THE STPIJCTURE OF *OPTION AND *DOC CO~MANOS AND CONSEQUENTLY 
----RR.O-V-I-IJJ;..--A--l=-I-t-1--I-lE·D--b-0-C,..I-C-·- CA-g_A.Rl 6--I--T-'t.--I-N--l HE; .... I? R 0 CESS IN G 0 F TEXT .... . F 0 R 

EXAMPLE• ONf OPTION CAN RE ll~ED TO TURN ON SEVEQAL OR TO TURN OFF OTHERS 
·----· ----I N C b U D-I-NG-. I- T-S E ~ F--- (.Q.N.CE- .,.._q N b.-Y -S-W-I -T C "'! .. ). • . - .... - -

.----------T.I:!E:Rt--A.RJ:.-MAN-Y---P-RA-C-LI-CAL-USES.-OE -T-HESE _Cl).MMANOS.-TO MANIPULATE: TEXT AND 
DOCUMENTS. ONF USE IS TN DEVELOPINA A PARAMETERIZED DISTRIBUTION LIST 

.----F-=-QR--Rg.RI).Rl'-!::...-MEMOS---ANf.>---NO-T--l-G~-S --1.11.-I-TK--.V.A.R I ABLE·· NUMBERS- OF COPIES 
DEPENDING IIPON THE NAMES COF PEOPLE> TURNED ON RY A SINGLE OPTION. 

-----·- .. AN.OT-I:iE.R.--U.SJ;" .. -I-S--- T N--A---b-t-.RR.A R-Y --OF:- .. PP.O.GPAM. DOCUMENTATION WHICH CAN RE 
ACCESSED RY DOCUME:NT NAME OR SURJECT COPTIONSl. 

---------------· - ----·--- ·------· .. -O.VER-.PR I N-T I NG ... CON.TROL . 

-·-·-·---~BOL-D-- [.N.l-•-C-TEXT l -------·-----··-----

______ __:f_I:LI-S-b-0-MM.A.ND--A-b-b-0 uLS.----GO.N-T-R-0.6--0 F---T.H E-- A.M 0 lJ NT 0 F REPEATED P P I NT I N G 0 F 
PORTIONS 0~ THE TEXT, AND REMAINS IN EFFECT UNTIL CHANGED BY A NE~ *BOLD 
COMMAND-•-- -- -·- ·-··-· -~- ---·-. -·- .. -- - ·-·-·· -· - .. · 

. T H E: N 1_1 M A I=" P 1\) M A-Y 8E- - AH S E N T • 0 , 0 P. R A N G E: . F: R 0 M 1 T 0 7 • I F N I S A 8 S E N T ' 
THE AMOUNT nF OVER-PRINTING IS INCPEASED BY 1. CAN ATTEMPT TO GO OVER 7 

--------1-S--0-I-A-GNO-Sf::P-·--A-5-A-N--F.:-RP-ClP . ..-l-- -I.F-.- N --I-S--ZERO •· THE---AMOUNT OF OVER-PRINTING 
REVERTS TO THF LAST NON-ZERO VALUE SPECIFIED. IF N IS 1, THE TEXT WILL 
A E P R I NT ED n N C F •. IF N . I.S. 7. •- THE TEXT W I L L 8 E P R IN TED 7 T I ME S • IF 1' I S 
USED TO OVFP-PPINT AS WELL• THE SU~ CNOT THE PRODUCT> OF THE PRINT 
COUt-..!TS IS I tC:::EI) • 
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TYPIST - 01/31/75 
AUTHOR - T.CllRETON 

REVISED - H. 8ERNSTEIN 

. TABLE 1 - TYPIST COMMANDS 

. PARAMETERS.: . 

. ---A.~V--S-¥-N--r.A.-A.--------
*SZ *SIZE r-.t 
*l M .. *l !M-I-T t.J •. - .. ····-··· . 

*CP *COPY ~~ 

*R.P . .ii'REPEA.T.- ... - -
*CL *CONTRnt. f\1 

--- :!!.MR....JI'~hl.~~.-t-11-1 ----
*IN *INDENT [NJ,[N] 
*TS *TAR.S "ll•N2 •• •-•N20 

TEXT FOPMATING COMMANDS: 

!Jf:.FA-1-Jl-1=-E-X.I-?L A-N A-T- I 0 N-· 
RO INPUT LINE LENGTH 

. 80 OUTPUT LINE LIMIT 
1 NUMBER OF COPIES DESIRED 

... 1 REPEAT PAGES N TIMES 
1 ~ET LINE SPACING. 
!4.8-0.--SE-T-R.EF:EREN-CE./.WORK I NG- .MARGI Nc:;. 
0•0 MOVE WORKING MARGINS IN~ARD 

OEFINE TAB POSITIONS. 

*TB *TAR [111 )dTEXTJ NEXT MOVE TO TAB POSITI()~I 

*CP *CFNTEP [~JrTEXT MRGS/2 CENTER TEXT ABOUT A COLUMN 
*RT *RIGHT [NJ,TEXT R.MPG RIGHT JUSTIFY TEXT TO A COLUMN 
* L F *LEFT r r-1 J •· rT E X T 1 L • M R G LEFT J ll S T I F Y T E X T T 0 C 0 L U M N N 

*SP *SPACE fNJ.[TEXTl 1 SPACE OVER N SPACES 
· ---- -· *SK-·· *.SK-I-P--f-"•-1-..-[ TEX-T+··.·- __ :.... ... -----0---------SK-I-P-DOW-N--N-*-CONTROl -1::-INES 

*LI\l *LHIE rt-!]•[T.EXTJ ~!EXT ~KIP DOWN TO LINEN 
*FX *FIX N,N..... PROTECT LINE CONTENTS 
*FP *FREE "•· N •. •. RELEASE AND CLEAR LINES 
*NO *NEED N l CONDITIONAL NEW PAGF 
*PP *PAPA rTEXTj SKIP A LINE AND INDENT TEXT 

PAGE-13 

· ·--- ----*-P.r.,_-~tp.A·G~f-Y-)-... [-1=-l-~~M-.... [-G l-.J--N-E-X-1=----·&E F--I-NE-.:_Ng.i.oi-PAGE- -ANI) ... NUMRER-lNG-· ---. 
*PK *PACK ON/0FF ON START nR STOP TEXT COMPACTING 

SELECTIVE PPOCESSING CO~MANOS: 

-·-···--*-{}0-*·00G-N-AME---------------· ----·RESE-T -DE-F-AULT-S -·A-NO--ST-ART NEI/1 .. DOCUMENT--······ 
*OP *OPTIOIII NAME•NAME... PROCESS TEXT IF A NAMED OPTinN IS ON 
*ON *ON NAMF•"'AME..... TURN 011.1 1\IAMED OPTIONS 
*OF *OFF NA~E•NAME... TURN OFF NAMED OPTIONS 

*OT-- *DATE 
*TM *TIME 
*MK *MAPK OFF/ON[,.[N]e[K)) 
*KY *KEY EMTPY 9 ENTQY ••• 

----~~-A---*-~1::-D--~"1-h-f-T-f:.·X-"f-}---

PROVIDE· DATE- IN FORM "'1M/DD/YY 
pROVIDE TIME IN FORM HH."'1M.SS 

5•* MARK LINE(Sl WITH K IN COL. N 
c:;TORE INDEX ENTRIES 

1---~ET--R-E-P·EATE-D--PR-lN-T---C:OUN·T 



10117/72 
--------O-l-1-2-7-1-7~S-----· -----··· -------- --·-

TYPIST - Ol/31/75 
AUTHO~ - T.CURE:TON 

--REV I S E 0 - '"" H •. R ERN c:; T t I N 

------··-----WHER-E-!---------------------- --- ·-.- ·· --- --- -
(] =noTIONAL ENTRY 

-----. .L-=-GH.(:\..'f-GE---0F--~~T-R-I- t:-5------- -----.------ ---- ---·-----. -- ... 
N = AN I !1\l<; I GNED NIJMRER 

· ------- ------X--=-M-I-X-F-[).--t-JlJMHEP- ---C-b AS-T-CHAR .--MUST----BE .. 0 I-G IT) ... 
K = SIM~LE NON-qLAN~ CHARACTER 

--------NAME-=--:~I-1\l.t;l.:_t--1110-R.D-OF.-lJP . T-0-8--CHAR .... ----·------··--- --------· --
ENTRY = c:;TRUCTIJQEO I NDE.X ENTRY PHRASE 

---T-HE ;q:_=-,::: R-~ E;-F--0 R-M--T-t-X-T -C-bE-A 1}.!-NG-t-+ R A-I-l-I-N G--8 LANK S-- I-G N 0 R E 0 l--

PAGE-14 



I f\J n E X 

--A-F.iBRE .. V I-A-T-l-Cl-~L$-. ...... P.A.GE;-""3-- ---··-- - .. -·. -.NUMB.ER I NG PAGE-4, P. AGE -1 0, PAGE-11 
AgORT PAG~-4· SIZ~ PAGE-ltPAGE-4 

- RLANK SUPPP.FSS TON._ PAGE-4 PER !00 PAGE-S 
CALL PAPAMFTEQ5 PAGE-loPAGE-2 PHRASES PAGE-3 
C.ARP.I AGE Cm-'T.ROL .P.AGE-4 POSIT I ON CONTROL PAGE-S, PAGE-6 
COMMANnS PAGE-6 PROGPAM 

----AcR.oBR£.V .. LA-LLO.N-.-c:;__..P-A.GE~3..•-P-A..G.~~ l-3-------AHO.RT __ !=? AGE:~4 .... --- . _ 
MASTEP C~oRACTER PAGE-3 CALL PARAMETERS PAGE-2 
SYNTAX PAGE-13 A=N PAGE-2tPAGE-4 

NAMES PAGF.-3 C=N PAGE-2,PAGE-4tPAGE-6 
. _ 1\J U M f R I r. _ EN T R I E S P AGE- 3 D = L F N 2 PAGE- 2 , P AGE- 4 
PHRASE~ PAGE-3 E=LFN2 PAGE-2tPAGE-4 

--- __ _,_JEJt!-12..A...C'.,.f-:_...._J---------------- .. I-=LEN.l- PAGE -2---- ---
COPIES PAr.F-2,PAGE-4,PAGE-5tPAGE-6 L=LFN3 PAGE-2tPAGE-4 
DAYFILE ME~~AGF. PAGE~2,PAGE-4 M=* PAGE-2,PAGE-3 

•PAGF-StPAGE-11 O=OPTION PAGE-3tPAGE-11 
DEFAULTS PAGE-2•PAGE~A.PAGE-7 ~=~ PAGE-2•PAGE-3 

,PAGE-9tDAGE-13 RESIDENCE PAGE-2 
.. -----R ESET-P A-G~-'"'-1-1.:. ---·--·------------ ----- -SOURCE LANGUAGE PAGE- 2 

DIAGNOSTIC OIITPUT PAGE-4, PAGE-l 0 STOP AGE REQU IRE~ENTS PAGE-2 
DOClJMENT LIPRAPY PAGE-l,PAGE-3 SCOPE UPDATE PAGE-ltPAGE-4tPAGE-6 
ERP.ORS SELECTIVE PROCESSING PAGE-l,PAGE-3 

ALLOWED PAGF-2tPAGE-4,PAGE-6 tPAGE-11 
r.OIJNT PAr.E-2, PAGE-4, PAGE-6 SENTENCE ENOHIG PAGE-S 
HANDb-ING- --PAGF-4 --- ----- --------·-- -S-T.ORA-GE---REQU I-PEMENT -- PAGE-2 • PAGE-11 -
MESSAGES P~GF.-2tPAGE-4 TAB CONTROL PAGE-7 
MODE-l PAGE-4 TEXT COMPACTER PAGE-7 

FILE MAINTF~ANCE PAGE-l ON-OFF CONTROL PAGE-6 
INOEXING FFATIJPE PAGF.-2tPAGF.-3 RlJIJS PAGE-S 

tPAGF~lO TEXT SPLITTING PAGE-S 
------INP-1:.1-T---DA-T-A---P-A-GE---3-------------W-AR.N-I NG---M~SS A-G g_s---P-A G E -4- ----

LINE LEI\Jr.TH PAGE-3,PAGE-4tPAGE-6 °R0LO PAGE-4oPAGE-12 
INTERCOM E~TTOR -PAGE-l *CENTER PAGE-8 
LINE CONTRnL PAGE-7tPAGE-R,PAGE-9 *CONTROL PAGE-StPAGE-7tPAGE-8 
LINE-LENGT~ tPAGE-9 

DIAG~OSTtr OtiTPUT PAGE-4 *COPY PAGE-2tPAGE-4tPAGE-6 
.-------I-NP-tl-"F---P-A·t::.-E-3 *-f:}A-TE-P-AGE-9------ · --· · .. · --

Ol!TPUT DAGF.-4oPAGE-6tPAGE.-7 *DOC PAGE-11 
MARGINS -PAGE-S.PAGE-~~P~GE-8 *FIX PAGE-~ 

tPAGE-11 *FREE PAGE-9 
~~PKING TEXT PAGE-9 ··-·· *INDENT PAGE-7 
MASTER CHARaCTER PAGE-2tPAGE-3 *KEY PAGE-10 
l-1lJLT I Pl E-€-f\P-t-8.\-. -P-A-6·E-2--.-I~IH'TE--4----~-l::EFF·--PAGE-8------- _, _______ , ____ - -·-
. •PAGE-6 *LIMIT PAGE-4tPAGf-6 

--------- -·--SIJPPPESST (-IN - PAGE-2 • P-AGE-4·• P·AGE-6-- *LINE. P AGE-8 
NAMES PAG~~3 *MARGINS PlGf-SoPAGE-7 

.. -- -- "'UME-RI-C-- EN·T-!J TF.·S -·--P·AGF:-~'3-------· - -- ·- *M·ARK- .. P·AGE-9 
OPTIONS Dt~rF-3 *NEED PAGE-9 

---etJ-'f-PtJ-'f--P-A-~F 1 ---'l>-f)F-F---P·A·GE-1-1----------- ·-- ·· 
LINE LEN~TH PAGE-ltPAGE-4,PAGE-~ *ON PAGE-11 

---· ---OV-E-P-P·P-I NT-·-·-PA·GE--1-o PAGE-4, P liGE-1.2- · · *OPTIO~I P AGE-11 
PAGE *PAC~ PAGE-S,PAGE-6 

- -------CON-TPOl-- DAGE-S ··PAGE--1-0· -- -· .. *PAGE- PAGE--3 •·PAGE--l 0 
MARGHIS pAr,E-5 '.!-PARA PAGE-9 
'1ULHP-L-E--f'-0P-!-E-S--P.A-fTE-h-----·-·---*-P-E-PE·A-T--P-AGE·-4-t-PA·GF-6-·---



-------·----·- ---··-· 

--:!t.R-I-t;H-1=---Q.A.r-J::.-A 

*SIZE PAG~-1~PAGE-4•PAG~-~ 

·---·--*-SKI-P- ---R A.G.F----B--- ---·-
*SPACE PAr.~-8 

-~-TA-BS-- -PAG~-L--

*TIME P.AGF:-Q 
·------------------·-···---··-----------··· ...... -···· -· .. ·-- - - . - . - --

----. 

.. ·-·---· ··-··· --· .. ------·---···-------··----



VECTOR IS R LIBRARY OF 3-SPACE 11ANIPULATION ROUTINES. MOST COMMON VECTOR OPERATIONS ARE SIMULATED IN THE PACKAGE. IT IS 
REQUIRED THAT EACH INPUT VECTOR BE STORED 'IN THREE SEQUENTIAL LOCATIONS CONLY THE STARTING POINT IS USED IN THE ROUTINE 
CRLL5l. EACH INPUT MATRIX MUST BE STORED ROW BY ROW IN NINE SEQUENTIAL LOCATIONS. NOTE THAT THE SUBROUTINE VEC MAY 
BE USED TO ASSEMBLE ANY THREE DATA INTO A VECTOR COR A MATRIX-S ROW). IN GENERAL. IT IS NOT SAFE TO INDISCRIMINATELY 
STOP.E \lECTORS It'ITO THEMSEL'v'ES. CAIHES I A~l COORD I NATES. ARE A=:sunED THROUGHOUT. 
I t·l THE FOLLot.J I I·IG WIBLE THE FOLLOI..J I HG CO~I'v'EI'IT I O~IS bJ ILL BE USED--

A .• B.C 

I..J .. >< .• '( .• z 
F .• G .• H 

SUBROUT I I~E OR 
FUt·ICT I 01'1 t·IAI"lE 

DOT 

CROSS 

AMRG 

\IECSUI'-1 

\/ECD IF 

CONI"lUL 

\iECf'lUL 

rtRTI'lUL 

\/EC 

UN'v'EC 

CPY\/EC 

CPYI"lAT 

AU·IGTH 

AI'IGLE 

INVER 

VARIABLE HAMES FOR MATRICES 

VARIABLE NAMES FOR VECTORS 

. \/AR I ABLE NAI'tE:3 FOR SCAUWS . 

CALL 

F = DOT.(><.'() 

CALL CROSSCX.Y.Zl 

CALL UN I TC X .. Y) 

F = AMAG C><l 

CALL VECSUMCX.Y.Zl 

CALL VECDIFCX.Y.Zl 

CALL CQNI"lULCX.F.Yl 

CALL VECMULCX.A.Yl 

CALL MATMULCA.B.Cl 

CALL VECCX.F.G.Hl 

CALL UNVECCX.F.G.Hl 

CALL CPYVEC CX.Yl 

CALL CPYMATCA.B) 

F 

F 

F 

ALNGTH ( ><. Yl 

A~IGLE CX .. Y .. Zl 

CALL IN'v'ER CR. 8) 

CALL TRNSPZCA.Bl 

CGLL CARTCCELL.A) 

USE 

COMPUTE THE DOT PRODUCT OF TWO VECTORS 

Z = X CROSS Y 

RETURN Y EQUAL TO THE DIRECTION COSINES OF X 

RETURN F EQUAL 70 THE l"lRGNITUDE OF X 

z " + y 
" 

z .x - y 

" F * t"<, I 

y A :K 
,,. 
.~~. 

c A * B 

COMPOSE A VECTOR X FROM THREE SCALARS F.G.H 

SET THREE SCALAF.:S EOUAL TO COI1PotlEtlTS OF A VECTOR >< 

Y = X CI.E. cop~ X INTO Yl 

COPY l"lfrT'R I>< H !tHO I"IATR I>< B 

RETURN THE DISTANCE BETWEEN THE ENDS OF TWO VECTORS 

RETURt·l THE AI·IGLE C IN DEGR.EESl BETI..JEEt·l THE 1./ECTDRS Y TO X ~lND Y TO Z 

RETURN THE DIHEDRAL ANGLE CIH DEGREES) BETWEEN THE PLANES W.X.Y AND X.Y.Z 
THE ANGLE RETURNED WILL HAVE R VALUE APPROPRIATE FOR A 
RIGHT-HANDED RO-ATION ABOUT l~E LINE FROM X TO Y 

RETURN I"IATR I>< E: EQUAL TO THE II1\'EFi::3E OF I"IFlTR D< A 

f~ETUR~I l'1i'HI;;: I>< E: EG!UAL TO THE TI''At~::O;POSE OF nATr;: I>< A 

RETUI':PI 1~ I"'AT!;;: I><: ( 1=J) i_,JH I CH COtJI./ERTS I HPUT CELL COORD INATE:3 TO CARTE:; I ::tH COORD li'~ATES 
(CELL I"'UST E:f:~ THE THI<:EE CELl_ L.Et"·lGTH::C: i~ND THE ItHERA)<I f~L At·JGLES OF.: I~:D·:O I NE:3 I !l 
SEG!UEtH !1~L STOF:fiGE) . IF THE PEC I PROUiL CELL IS INPUT AI·JD REf'll_ COORD I l'i;~TES ARE 
DES IRED .. THE PE~:IJL TltlG M1~TI<: I>< bJILL BE THE I~l"./ERSE-TRANSPOSE OF THE DE:3 IF<ED OHE. 
THE DETERI1 I tiAtiT OF A IS THE \iOLU~1E OF THE I tlPUT CELL. ( I . E. THE r;:EC I PI<:OCAL CELL 
1./0LUME IF THE RECIPROCAL CELL I_,JAS INPUT. ) 



DET 

ROTrlAT 

GEt·IROT 

UN ITR\' 

E IGEti I 

It'lRTIA 

ACOS 

ASH-l 

f'IAT 

SOL\iE 

U~lrlAT 

PAIR 

PA IRSI'"l 

PAIREt'-l 

F = DEf('A) RETURt·lS THE 1./f=iLUE OF THE DETEP11lt~ANT OF r:. t·JATRIX. 
(THIS IS THE CELL V'OLUi-JE IF THIS IS ml O~THOGOt~ALIZI~lG rh:ITI':I>O. 

CALL ROTMAT (X .. F .. A) PRODUCE A 11ATR I>< FOR THE ROTATI OH ABOUT i= VECTOR 00 BY Ai'l A~IGLE (F.. I I~ R~1D I AHS) 

CALL GENROTCX .. Y .. F.A .. Zl FOR ROTATION ABOUT THE LINE BETWEEN X AN[ Y BY AN 
ANGLE CF. IN RADIANS) .. GENROT RETURHS A ~OTATION MATRIX 
AHD A D ISPLACE11ENT 'v'ECTOR Z 

CALL UHITRYC~.B) B IS RETURHED AS THE GRAM-SCHMIDT ORTHOGCHALIZATION OF A 

F = EIGEHICA .. X .. Bl FOR Atl INPUT MATRIX (A) EIGENI RETURNS THE VALUE OF THE EIGENVALUE WITH THE 
LARGEST ABSOLUTE VALUE. X IS RETURHED A~ THE CORRESPONDIHG EIGENVECTOR. 
B IS THE -DEFLATED- ~1ATR I><.. L.JH I CH I'1A'y' BE E><AM I ~lED FOR EC!UAL E I GEH\lALUt::::;. 

CALL INRTI1~ O< .• F .• Al SUMS UP THE APPR;JPRif=iTE EL.Et1EtHS OF THE INERTIA THlSOR CA) FOR THE E~ll) POitHS OF·' 

F AC0:3 (G) 
F ARCOS(G) 

F ASIN (G) 
F ARS 1~1 (Gl 

CALL MAT(A.X .. Y.Z) 

CALL SOLVE (S,T.U .. V) 

CALL UNMATCA.X .. Y .. Zl 

CALL PA!R(W,X .. Y .. Z .. Al 

CALL PAIRSM (X.Y.A.Bl 

CALL PAIREN CA .. B.C) 

LIST OF VECTORS CXl WITH WEIGHTS CFl. T~IS ROUTINE MUST BE CALLED ONCE FOR EACH 
\lECTOR' AtlD -~~- MUST BE ZEROED BY THE USER AT THE BEG I NH I HG OF EACH NEI..J TEI~SOR. 
IF A~l I t·lERTI A TENSOR J S CALCULATED. FOR A GROUP OF PO I IHS .. At·ID THE CEIHER OF 
MASS IS USED AS THE ORIGIN. THEN THE EIGEHVECTOR OF THE LARGEST EIGENVALUE 
IS I'IORI1AL TO THE BEST PLAt·lE THPCIUGH THE PO I ~lTS .. AI·W THE E I GEtiVECTOR Of THE 
LARGEST EIGENVALUE OF THE INVERSE MATRIX IS THE BEST LINE. 

RETURNS F AS THE ANGLE (IN RADIANS) WHICH HAS GAS ITS COSIHE 

RETURNS F AS THE ANGLE CJN RADIANS) WHICH HAS GAS ITS SIHE 

STORE THREE VECTORS ( A:'3 ROI..JS) I tHO A t·JATR I>< 

ACCEPT 3 PLAHES STORED AS VECTORS PLUS OHE WORD FOR THE CONSTANT 
mm RETURI~ \l AS THE \lECTOR TO THE PO !~IT OF IrlTER::;ECTIOH 
CEACH PLAHE 11UST BE FOUR ADJACalT l-JORDS I:H CORE) 

COI'l\I'ERT THE RIJI.,JS OF A t·JATR J:x: !tHO VECTORS 

MATR D< A IS RERIRNETJ AS THE ROTAT I Ot·l t1ATR I X I_,_IH I CH r·rni<ES I_,J PARALLEL TO \' ~1ND :X: 
AS CLOSE TO PARALLEL TO Z AS POSSIBLE G I \.£N THE FIRST COI•lSTRI~ I tH 

l.J I TH THE HELP OF SUB ROUT I HE PI~ I REt·l.. GET THE l'"lATR I>< L.JH I CH G I 'v'E::; THE BEST LEAST
SC!URRES FIT OF X TO Y--THAT IS IF THE X-S ARE MULTIPLIED BY THE FIHAL 
MATRIX FROM PAIREH THE BEST FIT RESULTS. CALLED REPEATEDLY. FOLLOWED BY OHE CALL 
TO F'A IPEI'l 

FI~l!SHES CALCUL(H!Otl OF BEST FIT TEHSOR (C) USJHG SUI'"lS r-ROM P;=iJR:;r·l--HOTE Tl-if-1T C 
T I 11ES C TRAI·ISF'OSE IS THE t1ETR I C TEt·lSOR ~.If-! I CH RELATES THE TI..JD SETS OF 'v'ECTDR:; 

******AU>< I LARY ROUTINES· L.JH I CH f1i=!Y t·lOT BE TRi~~lSPORT~iBLE>tc>f<>lol<>l< 

I tlS\ll TI-lE RF.;:;t_ l~i<:F:AY f-1L. I t·l I::; I t·IPUT r::6 ~i l \lf~R I f=lE:LE::; ( t··l OF THEr··l) i~I~ID i~ l:H-ID >< (-,RE Tlii.: 
DECODED SYI'II'IETR'r' ELE11EtH I_,JI·I I Ci·l I,,Jf:RE I HPUT I H THE FCii;:n >< .. l/2-Z .. 1 /3-·Z·I·>< 
J 8 HO ERRORS 
J f ILLEGAL CHARACTER FOUND 
J = 2 ,i·WIH.J!I!Tr:JR\' r··w:TI': L( OR A Tl'i:AHSLATIOH i·lCIT PIT3:3 I E:LE I~~ 1:1 SPiKE Gfi:OUF' 

THE Fmi..J ORDER IN ~JH I CH 11ATR ICES ARE STORED FOR VECTOR l,IAS CHOSEt~ BECAUSE IT RESULTS IN S I MF'LER CODING. HOt.JEVER .. IT 



COI'lFLICTS tJITH THE OF.T,EF: THAT. DOUBLY SUBSCRIPTED FORTF.:A~l VARIABLES A.RE LAID OUT. THE ORDER CAH BE CO~lVERTED .BY A CALL. 
TO TRI'lSPZ. E.G.--IF A IS A MATRIX Il'l COLUMN ORDE~: 

DIMEI'lSIOI'l AC3.3). BC9) 

CALL TRI'lSPZ (A.Bl 

WILL RESULT Il'l A MATRIX 8 WHICH CAN BE USED BY VECTOR. TWO WAYS OF STORING INFORMATION FOR VECTOR SUGGEST THEMSELVES--VARIABLES 
UH·l BE Li~ I D OUT I 1·1 LOI"·IG ,:IRRI-IYS bJI TI-l ·1~ S I I·IGLE SUE:SCR I PT. OR IF DOUBLE SUBSCR I F'TS ~IRE USED.. IT IS COt·l'·./I:OI·J f ENT TO f""l(:fCE 1 DO \/ECTOP.S F=:Y 
-- D H'1Et--IS I ON ><C 3 .. 10::)) .. 1:11·1D 100 f'liYrR 1 CES s··i -- D I MEI·[:3 I O~l A (9. 1(1[1) 

"../ECTOF( f'II-IY BE H·ISTI~LLF.D BY COI1F' I L HiG tnmER FORTRAt'l At'ID M1:W H-ll:; l~ · LI BRI-1RY C E.G. \:'ECTOP. OB.J) I_,JH I CH f"lf'l'r' E:F: U~~F.D I i'l LI I'll< !1"~1:;. 1-il.L 
"../RR I I-113LES IY3ED -t-1:3 . CI~LL I NG PF:RRf'IETE1~::3 1~Rt:: FLOAT I t~G PO IIH :30 THAT I"ICI COI"·IFL I Cr3 I II LJORD LEHGTH :3HCILJL[I AR I :c;E. I F.:EI.. T E\:'[ THfH' t-10 
Ml-iC:I-1 HIE DEi='EI·IDEtH COVE I :3 I i·ICLUDEr' SO TfiE CODE SHOULD BE TRi~tl9F'OIHI-iCLE. F1 COI11'10H /···./EI;COIV 1 :; USED TO REDUCE THe (::r·iGUi I I OF 
STOF<:FiG[ PIC:IJU H<:l:.n .· GUT IT 1:03 t·HJT u:3ED TO TRA~r:;r·l IT DiHr:l m·F' r·lfi'r' IBE F:EPI..1~CED ::;I~FEL\' 8'/ APPI~:CJPR HiT[ D I f'IEH:~; I 01·1 :C;TiHT:OI·1U!T:::;. 

LIBRARY AND WRITEUP WPITTEI'l r:lT BROOKHAVEN NATIONAL LABORATORY. SPRIHG AHD SUr~ER. 1974 BY LARRY AHDREWS. CRYSNET PRO.Jf.:CT 
*'I"I'**I':ELEFISED 011L"l' AS. t-; PREPR HIT>IDii*'l"l' 



YECTRl 15 A CALLING PACKAGE FOP THE SUBROUTINE PACKAGE VECTOR. THE BASIC PURPOSE IS TO EMULATE THE OPERATION OF THE HEWLITT-
PRCKRRD HRNP·HELD CALCULATORS. SEPARATE STACKS ARE PROVIDED FOR CONSTANTS, VECTORS, AND MATRICES. EACH MAY BE ACCESSED SEPARATEL 
Atm THI':Y r·IF!Y BE: USEr' TfJCiF.TI-IER TO FORI'l r10RE CCWlF'LEX OPERAT I 01'1S. THREE BAS I C FU~1CTI Ot·1S ARE PRO\l] DED: DATA I I~ PUT, MAtH PUL AT I \lE 
INSTRUCTIONS, AND OPERATIONS FOR DOING CALCULATIONS. ALL ANGLES ARE ASSUMED TO BE INPUT AND RETURNED IN DEGREES. 

FIR':. T I_, If. l.ci!L L Cot!S I DC:R DATA INPUT. FOUR PI~EF I ><ES ARE PRO\ll DED: C, \l .. !'l, ~IND " " (THAT'S A BLA~ll<) . A ~IUI1BER PRECEEI,ED B'l' C i_,JI LL 
E:~E HlTLP.F'RETI::D R:::; :3CilLi-lR ( COI·ISTAIH) AI·ID PUT INTO THE SUI!_ FIR STACI< .• i.,JH I CH I,JI LL BE PUSHED DOI.d~l. A TRIPLE OF t·1L11"1BERS PRECEEDED 
sy· \l l .. lll.L r::E I IHERPI<:r::TED A'3 ll '-/ECTCIP Ai·lD PUT I IHO THE 'v'ECTOF<: STfKK, I_,JH I CH l,J ILL BE PIJ:3HED )OIJJ~1. SIMI LF":RL '(. 11 PRECEED:3 I~ I ~1E HUI'lBERS 
REPI'<:I::SI"'"IIT H-11:; A 1"1FiTR L< ( !1'·1 IWI.,J OR DE F.:) . ll BLmlK F'F:ECEED I NG Al'l HlPUT l.J ILL BE Tf:IKEJI TO I'IE!lt·l THAT THE HI PUT .IS OF TI·IE Sm1E TYPE (-6 

THE l'i<ECCCDli·IG IHPUT. IF A LitlE BEGIHS loJITH·A 1·1LII"I8Er<: .• THE ENTRY IS FiSSUI"IED TO BE THE SAI'lE TYPE AS THE L:lST DATil l~lPUT. 

THF MAll J I'ULI:IT T fJtl I HSTI·WCT I otiS ~lf·<E: P .. S, R, ~<.E. AHD U. THEY EliCH I"IUST BE FOLLQL.JED J 1'11"1E) I ATEL Y 8'( ot-1E OF THE DATA- I 1'1PUT 
CODES. AS SUFFIX~S (C,V.M. OR " ", WHERE BLANK IS USED TO MEAN ALL THREE). THE FUNCTIONS ARE: 

P r-·1-;: !11 r 
::; Sli\lE ( STOF::E IH A f1Ef10RY FOR TI-lE t~PPROPR I ATE DATIJI1) 
R r-WLL THE nPPI'<:OPR I l-iTE STACK OI·IE E"L EMENT 
>< E>':CI-IFIIICE THE UPPERI'IOST TldO ELEI1EIHS OF THE DES J GtlfHED STACK 
E Ei'ITER TfiE LAST-INPUT IJUI~IlTITY OF THE DESIG1·1ATED TYPE AGAIII 
U UHSA\.'Ec ( l'!"IV.E A STOP.:ED G!UI-1IH ITY AI'ID PUT J T OIHO 1:'! ~HAC I<) 
.-~ Z:EI\0 THE TOP EtHR"( OF THE DES I GHATED STACK.. l.d ITHOUT :::d-1 I FTI i'lG THE OTHER ELEMENTS 
I_,J I..JI<: I TE TO Ul·l IT I THE APF'ROPR I ATE ELEMEI'lTS ( FORI'1A1f IS I><.. 3F I 0. 4) 

FOR EACH OF THE H-t:3TI~UCT IIJI'IS THERE 1:1RE FOUR F'OSS I BLE USES; FOR [ HSTAHCE. FOR P l.JE CAH HAVE PC, PV, Pt·J, A~lD P !'lEAN I i'lG: PRINT THE TOP 
COI·IciTFif-IT .• THE TOP \-'ECTOi~ .. n:E TOP MIHF:I>\ .. OR THE TOP ELEr1EIH OF EACH TYPE. I~1 ADDIT!Oi'l.. E HAS THE OPTIOI·l OF BEH1G FOLLOf.,JED B"r' 
R DICIT .. r-L t:=l TO 5) 1.·.1-IICI-1 SF-'ECIFIES THAT THE TOP t-1 ELEMENTS OF THE SPECIFIED TYPE ilf<:E TO BE REENTERED IN THE SAI'IE ORDER. 

Till:: CFILCUIJ1T I 111'1 CODES 1_,11 LL REr-IOVE ANY QUAt-Ill TIES USED H·l THE CALCUL~IT I 01·1S FROI'l THE STACKS A~lD PUSH H1 Ai'IY CALCULATED 
G!Uf=itlT I T1 [:3. i'OI\ r:::x:,mr-·u:: .· DOT I_,JI LL REI'10VE Tt.JO VECTOR:3 AI'ID PUSH DOI..Jtl OI·IE t1EI,J SCF=1LI-1R. 1iLL OPERATIONS ARE H·l RE\lERSE POLISH 
AU:iOi'~llllrl.: lliiH !:5 TI-lE Fw·~·T QUANTITIES TO BE u:::;ED 11'1 A CALCULATIOI1 ARE H-IPUT FIRST A~lD IF THE OPERATIC!I·1 PERFORf'IED IS ORDER-
DEi"i."."i'lf'DIT.. THE UlST DrEPfYi OR OF SO~IE T'r"I''E I_,JI LL t::E THE LAST Oi'IE I HPUT TO IT::; ~T(4CI(. THE CODES FOR USE GJI TH \lECTORS Al'lD l'lf:!TR ICES AR 

DOT Ci1LCULnTE 1'1 DOT PFWDUCT FF.:Of-1 THE LAST Tl,JO INPUT \ltCTORS 
CP:'3 CFILCUL!Yil': ll CROSS PF::ODUCT FROM THE LA5T Tf.,JO INPUT \.'ECTOF.:S 
SUr-1 CALCUl.RTE THE SUr--! OF THE u:1-:;T TI .. JO \lECTORS 
D II~ CFILCULIHE THE VECTQI; D IFFEI':Et-ICE OF THE LF1ST TL.JO VECTOR CTHE HE><T TO LAST tliNUS THE LAST) 
1:: I r;1-1 GET THE E l GEHVF1LUE 1_.1 I TH LARGEST ABSOLUTE l'lAG~I I TUDE AND ITS E I GEH\'ECTOR (US I t1G LAST I t·JPUT 1'1ATR I >O 
!"lAC t.::llLCUL!lTE THE MODUL I.IS OF THE TOF' V'ECTOR 
Ul··l T T CUI·I"-/CI':T THE TOP VECTOR TO A UH IT \lECTOR 
r··.i I"'UL T 11'-'L Y 1"1-1[ TOP \lECTIJR BY THE TOP COI·ISTAIH 
\lC 5Fif'1E FIS C\l 
n·./ f·TEMIJL. r I F'L''( THE TOP VECTOR BY THE TOP I"IATR I>< 
M~l !"'UI. T J PLY Tl-tE THE TOP TI .. JO MATR l CES C THE LAST I ~1PUT MATF-: I>< BE I tlG THE POST -I'IUJL T I PL I ER) 
TF.:t1Z CnLCULATE: THE TRfH·6P0:3E OF THE TOP ~lATR I>< 
I 1-1\-' U!LCUUHE THE I H'-/EP::;E OF THE TOP f'lrHR I X 
l'ET CALCUL..fHE TI·IE '...'ALUE OF THE DETERI1II·IA~IT OF THE TOP MATP I>< 
UtHR CRLCUUHE tl Ut·1 I TAR'( ~1ATf~ I>< BY GRrii1-SCHI'l I IJT ORTHOGOI·1AL I Z1~T I ON OF THE TOP l'lHTR I X 
!1'·11-::T l.l"iE THE TOF' '-/ECTOR TO SUI"I II'HO 1;1-1 HIERT I fl TEN::;o~:. THE HIERTI A TEI·1SOR IS STORED IN THE TOP OF THE l'lATR I X 

LI'!GT 
Al·iGl. 
TRSI'I 

STF!CX I ._Ill T CH SHOULD E:E ZC:ROED BEFOf<E ST1~f<T I IIG THIS CF!LCUL~·IT I OH 
GET TilE D I STAI'ICE BE TI . .JEEJI TliE EI·JDS OF THE Tl.dO TOP '-.lECTORS 
I.;ET THE Fll :GLE C IN DEGF:EES) BETt.JEE~l THE EtiDS OF THE TOP THREE \lECTORS CTHE CENTR~IL \/ECTOR IS THE SECOt·m 01-lE ItlF'LJT) 
GF."T THE TORS ION ,:;I~GLE (HI DEGF-:EF.S) BETf.,JEEH THE EI·JD:3 OF THE TOP FOUR VECTORS. THE At~GLE IS RETURtlED A::SUniNG THIH 
Ti·IE SEI·ISE IS ~1ER!H TO BE RIGHT-HANDED FRDr1 THE TOPI'IO::C;T '/ECTOR IH (~ COIHIHUOUS STRIHG TO THE FOURTH FRCII"I 
THE TOP C Ti IE RE\'ERSC [I[.;>T)EF.: G I '-./ES THE SF; !'IE \lRLUE -, 
GET THE I'IFI nn >< TO CDf·I\-'EF.:T TO A CARTES I Fil·l S\"3TEf1 A:3:3UI'I I ~IG Tl-li:.'JT THE TOF' '·/ECTOR IS THE LEI'IGTH:3 OF THE 
SIDES OF TI·IE Ut~ IT CEL I. ,:itiD TIIF 1-IE><T \lECTOr:<: l ::; TliF. I IHEI~~m<I Ftl. f.lHGLE:3 01~ THEIR COS H1ES 
GCT Tl iL": : if'!"~ 'I\: I>: FOP r·ornT 1 Ot-1 iiDOUT TilE TUr=· \.-'ECTOI~ E:\' THf~ TOP C:Ot-1:3Tf:!IH 

cnr_;;:s F-'i·.:O\il 1'1r- n Fni''' 1·1~" I J 1-'ULF!T I t~N or: ::.:c~:L~IRS m~L\' FIRE: 
nf·.: 1 i·l ~I!;T: ·:~!II!·-:· 
;;,·.rL:; liFT !-,y_:.Irlt=: 
!"IT',; i '~1-~C lt-11 ii::;[I'IT 
::·.:·.: .:··,.- >< ( SECIJHD ELEI'IENT OF STiiCI() TO THE POldER OF Y CTOP OF :3TACIO 
SQRT SQUHRE ROOT 
::. Ii·J 5 [I·J 
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wEEKEN0-1 
AUTHOR: H.J.BERNSTEIN 

wEEKEND - 03/10/76 

BROOKHAVEN NATIONAL LABORATORY 
CHEMISTRY DEPARTMENT 

CRYSNET PROGRAM WRITEUP 

CDC CYBER 70/74,CDC CYBER 70/76 
CDC SCOPE 3.4, CDC SCOPE 2.1 

PURPOSE 

WEEKEND IS A PROGRAM TO DETERMINE IF THE DAY OF EXECUTION IS ON THE 
WEEKEND. 

INTRODUCTION 

IN ORDER TO TAKE ADVA~TAGE OF CHEAPER WEEKEND RATES, A JOB MUST START 
lN.EXECUTION BETWEEN 6 PM ON FRIDAY, .AND 9 AM. ON MONDAY. FOR A VERY 
LARGE JOB, THE DIFFERENCE IN COST BETWEEN WEEKEND, A~D NON-WEEKEND 
RUNNING MAY BE SO LARGE, THAT THE USER DOES NOT WISH THE JOB TO RUN AT 
ALL, IF IT STARTS EXECUTION OUTSIDE OF THIS PERIOD. THE PRO~~AM WEEKEND 
WILL ABORT IF EXECUTED OUTSIDE THIS PERIOD~ . 

USE 

ONCE ATTACHED <USUALLY VIA ACCESS) WEEKEND IS EXECUTED BY 

~1 EEKEND • 

WHICH WILL CAUSE A JOB ABORT IF THE DAY AND TIME OF EXECUTION DO NOT 
FALL WITHIN THE PERIOD 1800 FRIDAY TO 0859 MONDAY. 

MESSAGES 

WEEKEND MAY ISSUE EITHER ONE OR TWO MESSAGES: 

UTCWEA- TOOAY IS XXXXXXX 
llTO!EB- NOT THE I:JEEKEND - ABORT 

THE F I R S T MESS AGE I S A UJ A Y S I S S.U ED , ld T H 11 X X X X X X 11 REPLACED BY THE DAY 0 F 
EXECUTION (MONDAY,TUESDAY, ETCoJ THE SECOND MESSAGE IS ISSUED ONLY IF 
WEEKEND IS RUN DURING THE WEEK. 



NAME: XDATA AUTHOR(s): F. Bernstein 

CORE: 30K (40K if RUN is used) DATE: November 1973 

PROGRAM XDATA(DATA,F0UR, INPUT.,0UTJ?UT ,PUNCH,TAPE18, TAPE3, TAPE15=DATA, 
TAPE19=F0UR, TAPES= INPUT, TAPE6=0UTPUT) 

I. PURPOSE: 

To obtain scale and temperat.ure factors using \-lilson plot. 

II. TAPES: 

A. DATA- binary data tape 

B. TAPE18- least squares 
binary output · 

C. F0UR 

III. LIMITATIONS: 

Format - ISENT,Hl,.H2,H3,FSQ,SIG, 
SCALEN,El 

Format - ISENT,H1,H2,H3,FSQ,FSCALEN,E1 

Format~ IH,IK,IL,SINTHL,0RD,SHARP,COSWH, 
SINWH, SHNOO 

NF - number of form factor tables 10 
NY - points in Wilson plot 15 
NSCALE - number o~ scale factors 20 

IV. REPLACEABLE SUBROUTINES : 

A. IMP 

B. WEIGHT 

V. DECK SET UP. 

A~ JOB CARD 
1. TIME LIMIT 
2. FIELD LENGTH 

-3. NUMBER OF TAPES 
4. ECS 

B. CONTROL CARDS 

- ? 
- 30-40 K 
- 0-3 
- none 

ATTACH (}illATA, XDATA, ID=CPRI;6GS) 
FTN (SYSEDIT) } . . . 
Lt;6AD(LG

0
) . ~f subrout~nes 

REQUEST etc. of tapes 
XDATA. 



C. DATA CARDS: 

CARD 

Title 
Control integers 
Form factor tables 
NA 
SINMAX 
Reciprocal cell constants 
Optional-format statement 
Data cards 

D. REMOTE FILES: 

0UTPUT 

.. FORMAT 

8A6 
2413 
8F9.3 
2413 
F9.3 
6F9.3 

PAGE TWO 

NAME: XDATA 

12A6 
Il,F3.0,2F4.0,2F9.3,F3.0,7F6.3,F5.1 



XDATA - November 1973 
Author: F. Bernstein 
Page 1 of 4 

Brookhaven Crystallographic Computer Program 

NAME: XDATA FILES: 8 TIME: less than 1 minute 
for most applications 

FL: 30K (SOK if FTN is used) 

Purpose: To obtain scale factors and overall temperature factors from 
Wilson plots, to put out scaled data on tape suitable for input to 
CLINUS, and to put out data on tape for input to JIMDAP to calculate 
either ordinary Patterson, shar,pened Patterson, or sharpened Patterson 
with origin removed. 

Note that XDATA does not properly take account of multiplicities when 
incomplete data sets are used. This is a minor perturbation for three
dimensional data. If all unobserved reflections (including space group 
extinctions) are included, the multiplier SIL as defined by Rogers is 
unity for all classes of reflections, so no special handling is necessary. 

PR¢GRAM XDATA(DATA,"F¢UR,INPUT,~UTPUT,PUNCH,TAPE18,TAPE3,TAPE15=DATA, 
TAPE19=F¢UR~TAPE5=INPUT,TAPE6=~UTPUT). 

Data Input: 

1. TITLE F¢RMAT(8A6) 

2. F~RMAT(24I3) IC(I), I= 1,24 Control integers. 

IC(1) = NF = number of different form factor tables. 

IC(2) = NX = number of points to be used in Wilson plot. Maximum ·15. 

IC(3) = NSCALE = number of scale factors to be determined from 
Wilson plot. 

IC(4) - 1 if reflection data i~ on cards, 

2 if reflection data is to be.read in. ·variable 
Format and IMP is called. 

= 3 if reflection data is on binary tape. 

IC(S) = 0 if no output desired for least squares 

= 1 if new cards are to be punched for least squares 

= 3 if binary tape to be written for least squares 

IC(6) = 0 if no output for Patterson 

1 if binary tape is to be written for Patterson. 

IC(7) 1 suppress printed output of CLINUS and JIMDAP data 

IC(8) :f 0 read F 

= 0 read F2 

cards or tapes 



XDATA - November 1973 
Author: F. Bernstein 
Page 2 of 4 

3. F0RMAT(8F9.3) Form factor tables as for CLINUS. NF tables, four 
cards per table:" 

Card i. 
ii. 

iii. 
iv. 

form factors for SINTHL 
II II " II 

II II II 

II II II II 

= 0.00(0.05) 0.35 
0.40(0.05) 0.75 

= 0.80(0.05) 1.15 
= 1.20(0.05) 1.55 

4. F0RMAT(24I3) NA(I), I= 1, NF. The number of atoms in the unit 
cell of each form factor type. 

5. F0RMAT(F9.3) SINMAX, the maximum value of sinH/A to be considered 
in Wilson plot. All data will be corrected. 

6. F0RMAT(6F9.3) Reciprocal cell constants, a*,b*,c*,cosalpha*, 
cosbeta*,cosgamma*. 

7. OPTIONAL. SUPPLY ONLY IF IC(4) = 2. F0RMAT(12A6) 
Variable F0RMAT statement (DATF0R(I) ,I=1,12) must start and 
end with parentheses. 

8. Reflection cards if supplied. (If IC(4)=2, F0RMAT will be that specified 
on op tiona! card 7.) 2 2 

F0RMA'l'(Il,F3.0;2F4.0,2F9.~,F3.0,7F6.3,F5.-l) ISENT,h,k,R-,F ,cr(F ), scale 
factor number, El(I), I=1,8 
ISENT 0 terminated by ISENT=1 and remainder of card blank 
E1 = extra floating point input DIMENSION E1(25) 
E2 = extra floating point input 
If IC(8)+0 then actually read F rather than F2 

Input Data Tapes: 

If Binary data tape is called for, the file to be used is DATA and 
the record is read as follows:· 

READ. (15), ISENT,H1,H2,H3,FSQ,SIG,SCALEN,E1 

Dimensions": 

The program as compiled allows the following maximum values. 

NF=lO 

NX = 15 

NSCALE = 20 

Number of reflections unlimited. · 



Output 

XDATA - November 1973 
Author: F. Bernstein 
Page 3 of 4 

The first reflection listed in all the output will be (000). F2(000) 
will be on an absolute scale, will be assigned a sigma of zero, a 
scale factor number of NSCALE + 1, and E1=E2=0. 

Least Squares Output 

Cards: F0RMAT(I1,F3.0,2F4.0,2F9.3,I3,7F6.3,F5.1) 

ISENT,H1,H2,H3,FSQ,SIG,ISCALE,(E1(I) I=1,8) 

Binary Tape: (TAPE 18 if writtt!u) ISENT,H1,H2,IIJ,FSQ,SIG,FSCALEtE1 

The tapes will be properly terminated with ISENT = 1, 

FSQ will be the original FSQ/SCALE(ISCALE) as determined from the 
Wilson plot. Ditto for SIG. All the other information is simply 
transcribed. 

Fourier or Patterson output 

No cards possible 

Binary Tape (F0UR. if written): IH,IK,IL,SINTHL,ORD,SHARP,COSWH,SINWH,SHNOO 

Tapes are properly terminated with IH = 999 

IH,IK,IL are transcribed indices. 

SINTHL = sinS/lambda 

ORD = FSQ/SCALE(ISCALE) L f. 2(sinS/A. = 0) 
~ . 

SHARP = ORD * EXP(2.*B*SINTHL**2) * 

SHNOO. = SHARP - f:f/ [(sinS/A.) = 0] 

CONTROL CARDS ON PATTERSON (JIMDAP) ARE THEN 

Ordinary Patterson: 
Sharp Patterson: 
Origin Removed: 

and sharpened 

00022 
00023 
00020 

Note that unobserved reflec'tions including space group extinctions 
should be included if an origin-removed· Patterson is to be run. 

Variable Subroutines 

IMP 
If IC(4.) = 2, the user must supply an additional data card following 

card 6. This card must specify the F0RMAT in which the data is to be read. 
The parentheses are necessary, and 72 columns are available. If this card 
is blank, the default F0RMAT is identical to that of ECS0RTH output 
(I1,F3.0,2F4.0,2F9.3,F3.0,7F6.3,F5.1). 

----------



XDATA - November 1973 
Author:· F. Bernstein 
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SUBROUTINE IMP(ISENT,H1,H2,H3,FSQ,SIG,SCALEN,E1,E2) 
C STANDARD IMP ROUTINE WILL READ FROM FILE DATA IN FORMAT 
C SPECIFIED ON OPTIONAL CARD 7 IN INPUT. 
C DEFAULT FORMAT IS THAT OUTPUT BY ECSORTH (TAPE3). 
C DEFAULT IS USED WHEN CARD 7 IS BLANK. 

DIMENSION E1(25) 
INTEGER DATFOR(12) 
DATA IFIRST/0/ 
IF(IFIRST.NE.O) GO TO 2 
READ(5,1) DATFOR 

1 FORMAT(12A6) 
2 IF(DATFOR(i).EQ. 6H ) GO TO 4 

READ (15,DATFOR) ISENT,H1,H2,H3,FSQ,SIG,SCALEN, (E1(I) ,I=1,8) 
IFIRST=1 
RETURN 

4 READ(l5,3) ISENT,H1,H2,H3,FSQ,SIG,SCALEN, (E1(I) ,I=1,8) 
3 FORMAT(Il,F3.0,2F4.0,2F9.3,F3.0,7F6.3,F5.1) 

IFIRST=1 
RETURN 
END 

WEIGHT - weight is called by XDATA for each reflection 
Data is not weighted for the Wilson plot. Reflections may however be rejected. 

SUBR0UTINE WEIGHT (H1,H2,H3,F,SIG,SCALEN,E1,E2,IN0N) 
DIMENSION E1(l5) . 
SET IN0N= 1 if reflection is not to be used in Wilson Plot. 
SET IN0N= 0 if reflectio~ is to be used in Wilson Plot. 

ATTACH(XDATA,XDATA,ID=CPR0GS) 

FTN(SYSEDIT) if any compilations 

Tape requests if any. 

L0AD(LG¢) if necessary 

XDATA. 

Rewind tapes etc. 

7/8/9 

Source decks for WEIGHT and IMP if required 

7/8/9 if required for compilation termination 

Data as described above 

6/7/8/9 

./ 



I 

I 
I 

I 

I 
' 

: 
i 

' 

I. 
I 

I 
I 

' 
I 

i 
I 

i 

I 
I 

I 

I 
i 

I 

I 
l 

.. 
i 

I 
I 

~
 

... 
I 

·x
 

a::· 
0 IL

 
. 

ia.l 
:.J 
..... 
IL

 

~
 

z 4
(
 

Ill 

4
( 
~
 

c 0 
I 

z H
 

laJ 
~
.
 

0 a:: 
CL • 
P

)
 

)
(
 

11-4 
c z I&J 
CL 
CL 
4

( 

I 
I 



PROTEIN DATA BANK 

·prtE·RECORD FORMATS 

July 1976 



MACROMOLECULAR STRUCTURE FILE 

For each parameter set.-the file consists of records each of 80 characters. 

The record sequence is as follows:-

HEADER 

COMPND 

SOURCE 

AUTHOR 

JRNL 
REMARK 
SEQR.ES 
FTNOTE 

RET 

HELIX 

SHEET 

TURN 

SITE 

CRYSTl 

ORIGX 

SCALE 

MTRIX 

ATOM 
HETATM 
TER 
CONECT 

MASTER 

END 

.. . 

Date entered into data bank; identification code. 

Name of protein and identifying information 

Species from which protein has been obtained 

Names of contributor and coauthors 

Literature citation which defines coordinate set 
General remarks 
The residue ocqucncc 
Footnotes relating to specific atoms or residues 

Identification of non-standard groups 

Identification of helical substructures 

Identification of sheet substructures 

Identification of hairpin turns (S bends) 

Identification of groups comprising the various sites 

Unit cell:data 

Transformation matrix (orthogonal R coords + submitted coords) 

Transformation matrix (orthogonal R coords + fractional crystallographic 
coords) 

Transformation matrix (expression of non-crystallographic symmetry) 

Atomic coordinate records 
Coordinates for heterogenous components 
Chain terminator 
Connectivity ~ecords 

Master control record with checksums. of total number of 
records in the file, broken down by record type 

End of data record 

In describing record formats it will be convenient to use the punched-card 

analogy and refer to column numbers. 



RECORD FORMATS 

1. HEADER Cols. 1-6 HEADER 

11-50 Reserved for future use 

51-60 Date entered into data bank 

63-70 Identification code 

FORMAT (6Al,4X,60Al) 

2 

Note: Each macromolecule is.assigned an identification code. The code consists 
of 1 numeric_and 3. alphabetic characters. The former is provided to 
distinguish multiple data sets for the same· macromolecule. 

2. COMPND Cols. 1-6 COMPND 

3. SOURCE 

4. AUTHOR 

5. JRNL 

6. REMARK 

11-70 Name of molecule 

FORMAT (6A1,4X,60Al) 

Cols. 1-6 SOURCE 

11-70 Species from which mlecule has been obtained 

FORMAT (6A1,4X,60A1) 

Cols. 1-6 AUTHOR 

11-70 Names of contributor and coauthors 

FORMAT (6A1,4X,60A1) 

Cols. 1-4 JRNL 

11-10 Literature citation which defines the- coordinate set 

FORMAT (6A1,4X,60A1) 

Cols.. 1-6 REMARK 

8-10 Remark number 

12-70 Remarks 

FORMAT (6A1,1X,I3,60A1) 

·Note: - The first REMARK has serial number 1,. the second 2, etc •.. 

7. SEQ RES Cols. 1-6 
9-10 

12 
14-17 
20-22 
24-26 

SEQ RES 
Serial number 
Chain identifier 
No. of residues "in this chain 
Residue name 
Residue name 

68-70 Residue name 

FORMAT (6A1,I4,1X,A1,1X,I4,1X,13(1X,A3)) 

Serial numbers are reset to 1 for each new chain. 
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8. FTNOTE Cols. 1-6 FTNOTE 

9. 

8-10 Footnote number 

12-70 Footnote statement 

FORMAT (6Al,1X,I3,60Al) 

Note: - FTNOTE records are used to describe details which are specific 
to certain atoms or residues. These footnotes are keyed to 
particular atoms by the footnote number here and in cols 68-70 
of the ATOM record. Any individual footnote may run over 
several FTNOTE records (each with .the same footnote number). 

RET Cols. 1..-3 
8-10 

12-18 
21-25 
31-70 

BET 
Heterogen identifier 
Sequence identifier (see page 8) 
No of atoms in heterogenous group 
Text 

FORMAT (6A1,1X,A3,2X,Al,I4,A1,2X,I5,5X,40A1) 

10. HELIX Cols. 1-6 HELIX 

Notes: 

8-10 

12-14 

16-18 

20 

22-25 

26 

28,-30 

32 

34-37 

38 

39-40 

_41-70 

Serial number (Helix number) 

Helix identifier (right justified) 

Residue name 

Chain identifier 

Residue seq. no. 

Insertion code 

Residue name 

Chain identifier 

Residue seq. no. 

Insertion code 

Initial residue of helix 

Terminal residue .of helix 

Class of helix (Appendix A) 

Remarks 

FORMAT. (6A1,1X,I3,1X,A3,1X,A3,1X,Al,lX,I4,A1,1X,A3,1X,A1,1X,I4,A1,I2,30A1). 

(i) The initial residue has a lower sequence number than 

the terminal residue. 

(ii) Additional records with different serial numbers and 

identifiers occur if more than one helix is present. 



11. 

4 

SHEET Cols. 1-5 SHEET 

8-10 Strand number(i)(v) 

12-14 Sheet identifier(i) (right justified) 

15-16 Number of strands 

18-20 Residue name 

} 22 Chain identifier Initial residue 23-26 Residue seq. no.Cii) 
27 Insertion code 

29--31 Residue name 

} 33 Chain identifier Terminal residue 34-37 Residue seq. no. 
38 Insertion code 

39-40 Sense of above strand with respect to previous 
(" i.) strand ~ ~ 

42-45 Atom name 

) 
46-48 Residue name 

Registration(iv) 50 Chain identifier 
51-54 Residue seq. no. 

.55 Insertion code 

57-60 Atom name 

) 
61-63 Residue name 

R . . (iv) 65 Chain identifier eg~strat~on 

66-69 Residue seq. no. 
10 Insertion code 

FORMAT (6Al, I4, 1X,A3, I2, 2 (1X,A3, lX,Al, I4 ,A1), I2, 2 (1X,A4 ,AJ, 1X,A1, I4 ,Al)) 

Notes: (i) Different strands are described in subsequent records 
which bear the same sheet identifier but different 
strand numbers. 

(ii) The initial residue of a strand has a lower sequence 
number than the terminal residue. 

(iii) Parallelism or anti-parallelism of strand n with 
respect to strand n-1 is denoted by 1 or -1. 
Strand 1 has s_ense indicator 0. 

(iv) Registration of the strand n with respect to strand n-1 may 
be specified by a particular hydrogen bond between the 
indicated atoms. One donor andone acceptor should be 
specified. These fields will be blank for strand 1. 

(v) Strand numbers are reset to 1 for the first strand of 
each new sheet. A closed sheet (S barrel) is indicated 
by having the first and last strands identical. 



12. TURN 

13. SITE 

Notes: 

5 

Cols. 1-5 TURI.'>l 

8-10 Sequence number (Turn number) 

12-14 

16-18 
20 

21-24. 
25 

27-29 
31 

32-35 
36 

Turn identifier 

Residue name 
Chain identifier 
Residue seq. no. 
Insertion code 

Residue name 
Chain identifier 
Residue seq. no. 
Insertion code 

41-70 Comment 

(3 characters) 

} Residue i 

} Residue i + 3 

FORMAT (6A1,1X,I3,1X,A3,1X,A3,1X,A1,14,1X,A1,A3,1X,A1,I4,Al,4X,30A1) 

Note: - These records identify the hairpin turns (S bends) in 
the structure which do not occur in helices. 

Cols. 1-4 SITE 

8-10 

12-14 

16-17 

19-21 
23 

24-27 
28 

30-32 
.34 

35-J8 
39 

41-43 
45 

46-49 
50 

52-54 
55 

57-60 
.. 61 

Sequence no. 
(i) 

Site identifier(ii) (right justified) 
. (iii) No. of residues comprising s~te 

Residue name } 
Chain idtmtifier . 
Residue seq. no. 
Insertion code 

Residue name 
Chain identifier 
Residue seq. no. 
Insertion code 

} 
Residue name ) 
Chain identifier } 
Residue seq. no. 
Insertion code 

Residue name } 
Chain identifier 
Residue seq. no. 
Insertion code · 

First residue comprising site 

Second residue comprising site 

Third residue comprising site 

Fourth residue comprising site 

FORMAT (6A1, lX, I3, 1X,A3, lX, I2, 4 (1X,A3, 1X,Al, I4 ,Al)) 

(i) 
(ii) 
(iii) 

Sequence numbers are reset to 1 for each ne~-1 site. 
Site identifiers should be fully explained in the REMARKs. 
If a site is comprised of more than four residues then these 
may be specified on additional records bearing the same site 
identifier. 



14. 

15. 

16. 

6 

CRYST1 Cols. 1-6 CRYST1 

7-15 a(.R) 

16-24 b (.R) 

25-33 c(.R) 

34-40 a(deg.) 

41-47 S(deg,) 

48-54 y (deg.) 

56-66 Space group symbol (left justified) 

67-70 z 
FORMAT (6A1,3F9.3,3F7.2,1X,11A1,I4) 

ORIGX Cols. 1-6 11-20 21-30 31-40 46-55 
ORIGX1 011 012 013 T1 
ORIGX2 021 022. 023 T2 
ORIGX3 031 032 033 T3 

FORMAT (6A1,4X,3F10.5,5X,F10.5) 

Note:. - l.et the original submitted c:uut;tllnates be X Y Z 
0 0 0 

SCALE 

Note: 

Let the orthogonal R coordinates contained in the file be X,Y,Z 

Then X
0 

= o11x + o12Y + o13z + T1 
Yo = 021x + 022Y + 02j2 + T2 
2o = 031x + 032Y + 0332 + T3 

Even if this is an identity transformation (unit matrix, n~ll vector 
it is supplied. See below under SCALE for a definition of the 
default orthogonal R system. Appendix B details the derivation 
of this coordinate transformation. 

Cols. 1-6 11-20 21-30 31-40 46-55 
SCALEl s11 s12 s13 u1 
SCALE2 s21 s22 · s23 u2 
SCALE3 s31 s32 s33 u3 

FORMAT (6A1,4X,3Fl0.5,5X,Fl0.5) 

Let the orthogonal R coordinat~s be X Y Z 

Let the fractional cell coordinates be x y z 

Then x = s 11x + s 12Y + s 13z + u
1 

Y = s21x + s22Y + s232 + u2 

z = s31x + s32Y + s33z + u3 



17. MATRIX 

Not~: 

7 

The SCALE transformation provides a means of generating 

fractional coordinates from the orthogonal R coordinates 

contained in the file. 

Unless otherwise specified in the REMARKs the orthogonal 

·R coordinate system is related to the axial system of the 

space group supplied (CRYST1 record) by the definition below. 

• • ~ 0 
If A,B,C are unit vectors in the orthogonal A system 

... ... ... 
and a,b,c are unit vectors in the crystallographic system 

then: -

(i) 

(ii) 

(iii) 

... ..lo ~ ... ... ... 
the A,B,C and a,b,c systems have 
~ ... 
A is parallel to a 
... .:. ... 
B is parallel to c xA 
... ... .:. ""* 

(iv) C is parallel to a x b, (i.e. c ) 

the same origin 

Appendix B details the derivation of this coordinate transformation. 

Cols. 1-6 8-10 11-20 21-30 31-40 46-55 

Serial no .• Mll Ml3 v1 
Seri.:d TIQ. M21 M23 v2 

M33 v3 

In a structure with non-crystallographic symmetry, 

~RIX records are used to generate coordinates for the full 

contents of an asymmetric unit. In some cases the full 

asymmetric unit is explicitly given and in these cases the 

MTRIX records simply describe· the nature of the local 

symmetry operations. 

Let orthogonal R coordinates of a s.ubunit contained in the 

file be X, y·, Z and coordinates of a particular related sub

unit be X', Y', Z'. 

X' = M11X + H12Y + M13z + v 1 
Y' = M21X + M22y + H23z + V2 

Z' = M31X +.M32y + M33z + V3 

The serial number is constant for each group of three MTRIX 

records. Hore than one group of MTRIX records may be 

present to describe different local symmetry operations. 

Appendix B details the derivation of this coordinate transformation. 



18. ATOM Atomic coordinate records 

Cols. 1-4 ATOM 

7-11 Atom serial number(i) 

13-16 Atom name(ii) 

17 

18-20 

21-27 

31-38 

39-46 

47-54 

55-60 

61-66 

68-70 

Alternate location indicator(iii) 

Residue name(iv) 

Sequence identifie~(v) 

Yxz }. Orthogonal R coordinates 

Occupancy 

Temperature factor 

Footnote number 

8 

FORMAT (6A1,I5,1X,A4,A1,A3,1X,A1,I4,A1,3X,3F8.3,2F6.2,1X,I3) 

Note: (i) Atoms occur in order of their serial numbers which always 
increase starting from the N-terminal residue. Within 

19~ HETATOM 

20. TER 

(ii) 
(iii) 

(iv) 

(v) 

each amino acid residue the atoms are ordered as indicated 
in Appendix C. If the residue sequence is known certain 
serial numbers may be omitted to allow for future insertion 
of any missing atoms. If.the sequence is not reliably 
known these serial numbers are simply ordinals. 
Appendix C 
Alternate locations for atoms may be denoted by 
A, B, C, etc. here. 
Standard residue names are given in Appendix D, 
other components are defined in RET records. 
The sequence identifier would be a composite field 
made up as f9llows: 

Cols. 21 Reserved for future expansion 

22 Chain identifier; e.g. A for hemoglobin a chain 

23-26 Residue sequence number 

27 Code for insertions of residues, e.g. 66A,66B,etc 

Cols. 1~6 HETATM 

7-10 as for ATOM records 

Cols. 1-3 TER 

Note: 

7-11 Serial number 
18-20 Residue name 
21-27 Sequence identifier 

FORMAT (6A1,I5,6X,A3,1X,Al,I4,Al) 

TER records occur among the ATOM records, and are placed after 
the terminal atom of each chain. The residue defined on these 
TER records is the carboxy-terminal residue of the chain in 
question. 



( 
21. CONECT 

22. MASTER 

Note: 

9 

Connectivity records 

Cols. 1-6 CONECT 

7-11 Serial number 

12-16 

17-21 

22-26 

27-31 

32-36) 

37-41 ~ 
42-46J 

Covalent bond connectivity 
(serial number of bonded atoms) 

Hydrogen bond connectivity (Donor) 

47-51} 
52-56 Hydrogen bond connectivity (Acceptor) 

57-61 

FORMAT (6Al,lli5) 

Note:· Serial numbers are identical to those in cols 7-11 
of the ATOM/HETATM records and connectivity entries 
correspond to these serial numbers. For metal 
atoms, which may form more than four covalent 
bonds, a second CONECT record with the same 

Cols. 

serial number may be used. Either all or none of the 
connectivity of an atom must be specified. 

1-6 MASTER 

11-15 Number of REMARK records 

16-20 Number of FTNOTE records 

21-25 Number of HET records 

26-30 Number of HELIX r.ecords 

31-35 ° Humber of SHEET records 

36-40 Number of TURN records· 

41-45 Number of SITE records 

46-50 Number of MTRIX records (ORIGX+SCALE+MTRIX) 

51-55 Number of ATOM records (ATOM+HETATM) 

56-60 Number of TER records 

61-65 Number of CONECT records 

66-70 Number of SEQRES records 

FO~~T (6Al,5X,l2I5) 

The MASTER record gives checksums of the number of 
records in the file, broken down by record type. 



23. END End of data record 

Cols. 1-3 END 

FORMAT (6Al) 

10 
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APPENDIX A 

Classification of Helical Substructures 

Class SUbstructure 

1 Right-handed a 

2 Right-handed w 

3 Right-handed rr 

4 Right-handed y 

5 Right-handed 310 
6 Left-handed a 

7 Left-handed w 

8 Left-handed y 

9 27 Rib_ bon/ helix 

Default is class 1. 



..... 

APPENDIX B 

Coordinate Transformations 

Usually the depositor will have supplied-- .. 
(i) The original submitted coordinates, i.e. X 

0 

(ii) A transformation from X to the orthogonal ~ coordinates 
0 .... 

stored in the data bank (X) 
... .... ... 

i.e. 0 X + T = X -o o o 
wlHH:t! the subscripts denote "in the space of the original 

coordinates". ' 
... 

The default 0 ,T transformation which transforms fractional 
... 0 0 

crystallographic coordinate into the default orthogonal ~ system 

is 

0 = 
"'0 [0 

a 

0 

bcosy 

bsiny 

0 

:~:::a-cosecosy)/siny l· r0 = r~J 
VI (absiny) 0 

·"' (iii) A transforniation from X to fractional crystallographic 
0 ... 

coordinates (x) 
... ... ... 

i.e. S X + U = X ·-o o o 

(iv) A set of transformations expressing any non-crystallographic 

symmetry elements in the .structure 
... ... 

i.e. M X + V 
-o o o = X I 

0 

12 

Since it is desirable for the stored ORIGX, SCALE and MTRIX transformations 

to operate on the stored rather than the submitted coordinates some manipulation 

of the supplied quantities is performed in order to obtain the stored quantities. 

The stored quantities are 

(i) The coordinates in orttogonal ~ngstroms (X) 
... ... .... 

X = 0 X + T -o o o 
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(ii) The ORIGX transformation from stored to original coordinates <g, T). 
From above .... 

X = 

whence .... 
0 X = 
"'0 0 

• .... 
•• X = 

0 

Thus 0 = 
"" 
.... 

and T = 

~ 

0 X 
""0 0 

.... 

.... 
+ T 

0 

~ 

X- T 
0 

-1 .... 
0 X+ (-Q 
-o -o 

0 
-1 

~a 

-o -1 .... 
T -o 0 

-1""' T 0) 

.... 
(iii) The SCALE transformation from stored to fractional coordinates (~, U). 

From above 

but 

i.e. 

and 

• •• 

• • • 

... 
X 

~ 

X 
.o 

.... 
X 

.... 
X 

s .... 

.... 
u 

= 

= 

= 

= 

= 

.... 
S X 
-o o 

... 
+U 

0 

s. r o - 1x + < -o - 1r ] + u 
"'O ""'0 -o o o 

s o - 1x + (-s o - 1r ) + u 
... o"'' ... o-o o o 

s 0 - 1 
-o-o 

-(S 0 - 1T ) + U 
~o-..a o o 

(iv) The MTRIX transformation(s) expressing non-crystallographic symmetry 
.... 

in the space of the stored coordinates (M, V) . 

but 

and 

• •• 

• 
~ . 
• • • 

... 
X I = 

0 

.... 
X' 

... 
X 

0 

.... 
X' 

... 
v 

= 

= 

= 

= 

= 

= 

.... 
M X 
-o o 

... 
+V 

0 

.... .:.. 
0 X I + T 

.....0 0 0 

{ .... } .... 0 MX +V +T 
.... 0 "'0 0 0 . 0 

o -1x + <~ -1T ) 
-o -o o 

0 {M [0 -lx + (-Q -
1T )] + vo} + T -o -o ... o -o o o 

0 H 0 -l 
-o-o-o 

... 
+ 0 v 

""0 0 

... 
+ T 

0 
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In summary the stored coordinates and transformations are: 

.... 
X (ATOM records) 
.... 

.9 ,T (ORIGX II ) 

.... s,u (SCALE II ) -
~ 

II M,V (MrRIX ) -



APPENDIX C 

Atom Identifiers 

Atom names, remoteness codes and order indicators for the common 

amino acids. 
1 These atom names follow the IUPAC-IUB rules except: 

(i) Greek letter remoteness codes are transliterated according 

to the following table 

a.-A 6-D n-H 

13-B e:-E 

y-G r;-Z 

15 

(ii) Atoms for which some ambiquity exists in the crystallographic 

results. are designated A. This will usually apply only to the 

terminal atoms of asparagine and glutamine and to the ring 

atoms of histidine. 

Within each rel:lldue the atoms occur in the order specified by the 

superscripts (following figure). 

The "extra" oxygen atom of the carboxy terminal amino acid is 

designated OXT. 

· Four characters are reserved for these atom names--they are assigned 

as follows: 

1-2 Chemical symbol - right justified 

3 Remoteness indicator (alphabetic) 

4 ·Branch designator (numeric) 

1IUPAC-IUB Commission on Biochemical Nomenclature. "Abbreviations and 

Symbols for the Description of the Conformation of Polypeptide Chains. 

Tentative Rules (1969);'Biochemistry, ~' 3471 (1970). 

The 1974 recommendations on the "Nomenclature of a.-Amino Acids" 

(Biochemistry, li, 449 (1975)) provides a scheme based on normal 

rules for organic compounds but this scheme will not be used here. 



Alanine 

Argiaine 

Asparagine 

Asparc:!.c acicl 

Cysteine/Cystine 

Glutamic Acicl 

Glutamine 

Glycine 

!lis ticline 

Hyclroxyproline 

!soleuci:>e 

Atolll llallles; Rem.oteness Cocles, ancl Orcler Indicators for the CWIIIIIlon Aolino Acicls 

backbone 

Stele Chain 

l~l 

/ 
-So-5a;-7co--!!Nc-9cz 

7
AD1 

/<OOl) 

_sea--sec 

_sa-sec 

\ 8AD2 
(ND2) 

7 

/001 

, 8002 

- 5ca--5sc 

8AE1 
/ (OEl) 

_sca--sa;-7co 

--null 

\ 9AE2 
(NE2)· 

7
ADl-

9
AEl 

- - / (Nill) I (CEl) ->Cl!--"cc 
\aAD~OAE2 

(C02) (NE2) 

-( llJ)---(2CA)-

7/ ~ 
CD""6cc/C3 

•!o 
7CG2 

./ --cs 

""tcGL-'Clll 

~NB2 

Sl.cle Chain 

Laucine 

Serine -Sea--Soc 

7oc1 
_/ 

Threoaine -°Cll 

\'tc2 

!ryptopnan 

!'y't'osine 

5CGl 

./ 
Val-ine -·cs ,, 

CG2 

L6 

7
CD1 
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APPENDIX D 

Residue Names and Abbreviations 

Residue Abb. Syn. Residue Abb. 
J 

Acidic unknown ACD Homoserine HSE 

Acetyl ACE Hydroxyproline HYP 

Alanine ALA Hydroxy lysine HYL 

a-Alanine ALB Isoleucine ILE 

Aliphatic unknown ALI Leucine LEU 

y-Aminobutyric acid ABU Lysine LYS 

Arginine ARG Methionine MET 

Aromatic unknown ARO Ornithine ORN 

Asparagine ASN Phenylalanine PHE 

Aspartic acid ASP Proline PRO 

.ASP/ASN ambiguous ASX Pyrollidone carboxylic acid PCA 

Basic unknown BAS· Sarcosine SAR 

Betaine BET Serine SER 

Cysteine CYS CYH,CSH Taurine TAU 

Cystine CYS css Terminator TER 

Formyl FOR Threonine THR 

Glutamic acid GLU Thyroxine THY 

Glutamine GLN Tryptophan TRP 

.GLU/Gw'f ambiguous GLX Tyrosine TYR 

Glycine GLY Unknown UNK 

Heterogen HET Valine VAL 

Histidine HIS Water HOH 

Note: Standard residue abbreviations conform to the IUPAC-IUB rules 

in J. Biol. Chem., 241, 527, 2491 (1966). 

Recognizable synonyms, such as those above, will be changed 

to the standard abbreviation. 
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Syn. 

TRY 

H20,WAT 




