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The FASTBiJS subsystem of the LANSCS data acquisition system cmsists of a

single FASTBgS crate segment with [our cllstom modules and a (3PI interface for

the VAX. Since experiments at the LANSCl? facility alvays include: a time-of-

flight parameter for the deterted neutron and may optionally include

additional position parameters characterizing the event, a time stamp is

generated for each event by the Programmable tlaster Clock (PHC) module. The

time and any position information are latched into the ‘1’ime-Of-Flight buffer

(TOF) module. After all events associilled with a single neulron burst have

been raptured in a frame buffer internal to the TOF module, each event is

analyzed by the HAPPER module and reduced tc a histogram nddrcsr to increment

In the BULKSTOREmodule. Software access to the histogram is provided through

the QPI interface.

Performance of the FASTBUS subsystem far exceeds the LANSCE system

requirements. Data can he capturtd in tlie TOF module at average rates up to

10 MHZ* The frame I.)uffcrs presently lmp’lemented in the TOF modules all~w two

independent l,lsts of up to 16000 ovo~lts 10 be saved concurrently, tlcsigllcrl

with n FIFO I)LI[[vI’ ul]end of th~ mnlll l.rarnc buffers, bursts of dntn willI up 1(!

(}tl (!VC!llt!4 ill-(! il(’([llll-~(l ill l’;lt.(!~ 111) 10 ?() M}IZ. A Pnll” 0!’ latches ill ft’olll of

(11(! FIFO Rllows (’VPII1 p:lil:: to II(! rouvivfwl wltliuui dnln 10ss toI’ Llmc

sopilr:lllon dovtl 10 ;!!IIIS. l“:lIIUf ’C. to Stol”(~ Ill) PVQllt ~’1111 1}{’ df21r CtCd (loWI) 1(1

[) UIN(? pllir Ni!p:II iI(lOII I lm(~:; fii 10IIs, AI!(*I ci~ptur(~ III tlILITOF modul(t, (li~ti~ IS

moved iIIto LIIU MAPIW14modul{~ with 1)10(11( tImNIISfUI.S, scpnratec! ilito time am!

pwillloli (’Olllpoll(llltfi, pIocP,SS(Vl viii look” III) tilt)l~s, iiIIIl recombld as n 1 IIIWII

coml)ltmt ton to lorm il hlsl,qfr~rn ildtllmf’:i::, IJAS’IWJSryrlew consisting of only



address cycles are used to queue increment requests within the BIJLKSTORE

modules. As currently implemented, the mapping and hlstogramming processes

operate at sustained rates up to 2 MHz.

Softwaie is provided to the experimenter for generalized data acquisition

nerjs us well as to initialize the FASTBUS environment and read the

accumulated histograms. This data acquisition command language is thoroughly

integrated irito the operating system supported command language and therefore

can take advantage of all of the features of the ric!~ VMS environment.

Because the software is implemented in a highly modular fashion, suites of

utility software modules are available to the general user community to

support development of specialized rnoniLoring or data analysis software.

The software system utilizes dynamic data structures extensively to support

run time configuration of the FASIBUS as well as experimental control

functions. This approach allows an experimenter to allocate data structures

dynamically for memory control blocks, device descriptors, etc. without regard

for artificial limits which exist in preallocated COHflONblocks.

Consequently, tile software is extremely robust and does not require

maintenance revisits to adjust preallocated limits.

The software system also supports n subsystem which permits each user to

customize the contents and format of the datn files into which the

experimental environment and contents 0[ the histograms are saved at the

conclusion of a run, This facility permits a user to select, at run t,im,,

sp~clflc features of th~ experlrnenti+l cnvlronm(?nt (hnrdwtit-c setup and rontrol

functions) us well as specific histograrnx to I)c ll]~ltldcd iII the datil fi.lu,



The file is then written in a special format to support extremely fast access

to the information stored therein.

Although the graphics software is immature at this time, use of the GKS

international standard has substantially accelerated our implementation

process. Limited use of special features of the workstation interface have

been employed pending DEC’S implementation of support for the new industry

sta~dard X-Windows under the Vt4S operating system.
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The next genermion of dam mcquisilion systems for the Los
Alamos Neutron Scattering Center consists of a FASTBUS sys-
tem conuollcd by a DEC VAXstalion U/GPX. Ttsc FASTB US
subsyslem fca[ures four custom high-performancemodules in[cr-
faced LO lhe VAX rhmugh tic commercialized version of tic QP1.
Control end analysis is supported with the muhiwindow graphics
capability of Ihc workstation.

Roots for the developrnem of rhe new data acquisition system for
Ihe Los Alamos Neutron Scstmring Center (LANSCE) begin LO
grow in 1981. Once funding was ●ssured for We the Protor
Storage Ring (PSR), it was clear that existing data acquisition
facili[ics ●t lhe Weapons Neutron Research (WNR) facility would
bc ovcrwhclmcd wilh impossible count rates from the increased
neutron fluxes. Designs for the PSR nnd modified tnrgct
configuration indica[cd thal ncuuon fluxes for LANSCE exper-
iments would incrcasc by n faclor of approximately 250. Amici-
psting rhc design of a ncw systcm, the fncility users defined and
published tic “~ of D

. . .
~AIMIM.id!2c

cr SUS~ ●t lhe WNR/P~ “1. The document

addressed burst md average coum rate issues, defined dala corn.
pac:ion algnriihms. and cs[imatcd storage rquircmcn~s for both
rm-line histograms snd dusk storage. The basic functionality of
suppnrl sohwnrc was also dcscribcd.

[n rcspm-m [u the rcquirclnctlis docuntcrr[, the computer suppori
group dcvtlopcd and published a preliminary design, “~

&WWl&&?K&ililY ~~
.,.

J.llL12!

~2, Ccnlral :n the design were ●pplication specific FASTBUS

Inodu:cs hosIccl in a VA X/VMS cnvironmcn[. All real-time dutrs
coilcclinn was nccomplishcd iri [hc FA.STf!US hardware while the
VAX provided control and Iimi[cd malysis capability, As tlw
design moved townrd illll~lclllcll[uti[~n, tftc mlvcnl of ncw VAX
products cnnl~lcd (I1c uric of Ihc mininmrizcd microVAX fumily.
(Tonlilwcd lcchnolo~icul chnngm hnv.. allowm! cvolulirm of (I1c

3dcs ign l’rom Ihlrl f’irsl rcportrd ill (hc Iilcrnmrc. In Iht fillill in-
plemcrrl ulion prwwnlcd hrrc,

[11 lllr ‘l}llowing suclion Ibis Inqrcr mnmlnrizc$ Ihc dllln iscquisi.
Ii,.jll rcquircnlcllls Ior lhc 1.ANS(’I sy~tcm. nc IICXI section
prwumls Ihr husic dr$i}~rl gonls Cslnhlish,!d by Ilw iwldcmcnlcrx
for Ihc dcVclommnl projrcl 10 nssurc n Useful timl Ilcnildr dulc
acquisilitm syslcl!l. ‘Hit ctmfigtirirlion m:climr discusses the
rclulionship hclvwcu Ihc l:,4$l”l!~j,\ hardwnrc rmd IIIC hosI VAX
mystcm, ISS well us Ihc nc[wtwk rnvitonmcnl whit-h twul}lcs i hc
vmi[ms I, AN’s{’I! itmtrulllrll[s [.~kc[lwr, ‘1’hc Insl swlinn~ nddrcss
[Ill’ ,wim.ipnl f’L’IIIIIIrS 1)1 III(I liA.$”l”llll S hudwmrr nml nswwi;lwd
1111111;lctlll iXlli(l ll/illlllly:iis Si)l’w;ttr,

While rhc hardware rquircmcn~ are aligned closely to Limc-of-
flight mcaaurcmcm mchniqucs, lhe software rcquiremcma lend 10
be far more generic. These rquiremcnrs arc summarized below.

Ncurron fluxes from the LANSCF, target pmducc exuemcly high
burst coum rales. For immumcnls consisting of arrays of
smallsr detector elements, peak instrument burst rates may reach
45 MHz for dur~[ionsof 10 pscc, witi rates falling off from tic
peak finally reaching Iimc averaged rates of 1 MHz. In oticr
insu-umcnrs consisting of a few, indivisible dc[ectors, e,g. a Isrgc
surface area detector, bursl count rates in a single element can
approach 2 MHz, In all cases it is rquircd rhat dead.imc correc-
tions be less than 0.5%.

As LANSCE uses time-of-flight techniq~cs 10 mcaaurc the energy
of tie neutron, all events must bc tirrrc smmped. Addiilonal par-
allel inforrna[ion may bc included with each cvcrw h musl be
possible to reduce time and paraflcl infer-ma[ion to form a com-
pact descriptor address for Ihc psnposc of gcncra[ing a his-
togram, A mopping capability may enable data compaction fur
[hc parallel information associa[cd wih surface .arca dclcctors.
The descriptor algorithm mus[ bc flexible enough [o i; elude pe-
riodic frmne dcpcndcnce.

}Iislogram memory rcquircmcnls vary from inslrurncnl trr inslru -
mcn[ but Lhc lnrgcat requires at Icnat 3 million chcnrrcls for smr-
agc. To rcducc lhc chance of histogrnm overflow during incw-
mcming, all channels in the histogram mcmrsry musl bc ml lr~I\l
24 bils wide.

Sof[wsrc must pmvidc the intcrfacc for run conmol. This ill
clurlcs run dcfini[imr nnd run sequencing, A SC[ of runs mIISI
cxcculc withoul inlcrvcnlirm Mnd musl procms my cnvirmul, cn-
hil changes from IS Iisi of cnnlmands. Should Lhc ncml nrisc, 1111’
cxpcrimcnlcr mus[ hc nblc [0 i,.llcrmpl nml tiller tlm prctlcrillvtl
Scqucnccm Con[rol ,ilmulcl hc uccornplishcd ~ii~ simple k~,yln)ilr(l
commands.

The systcm muw prtwitlc lIIC user n fnsl, Ilcxiblc rml physicillly
Illr;lninkful nlcthi]d ff)r di@llyin~ SpCClrU dllrillg UL-(llIki!h)ll !11!1
for runs nlrrndy complclcd. I ,incar md Iognrilhmic plols musl Iw
possihlc (or cm.h ;~xis. i;or mullipnrnnwlm dulll, it Nmsl tn. IMM
sihlc 10 displi:y prt]jcclimrs on IS single Axis or 01110 two dimtn.

sionnl (mrthmrs, ‘rr~lrlsf~]rllln[i[)lls hclwtw Vllriotls ph ysi~’;ll mli IS
mdsl hc pr~:.,illlc, (hrtrd should Iw nccomplishcd vis siml)lc
kcyh~)wd t ommnm!s,

lhilM urt’llivillg mllsl Iw Uulotllnlic upnu conlplclion of Iltu !Illl,
As ~~mn ns Ihc illxlrumvnt IhIIIi rile is crclllcd lln [Ilc ]1),,111,Iisk.
[Iw Iilr IWSI lx” svhtxlulrd for [rwtsfrr vii! lhv nrlwtlrk I() ii c(*11
Ir:ll Iinl;I nr{+ivr sv,~lrm, ‘IIL’ hlcsl uopy II( IIw itl,.llulnvlll II,IIJ
1111’IIIIISI rwll;liu 1111 Ilh, lIIt’111tlIsh r{ll u Initlillllllll (JI ,1S Illlulx,



Should the capacity of the local disk qspmwch exhaustion. the
usa must bc wcrned. The user must be sble to catalog the last
5000 runs fmforrned on the irtstrument.

GOW

For the implementation of the new LANSCE data acquisition
systems, the computer staff places a high value on the develop-
ment of an exmemely reliable and easily maintainable system.
To eff=t these goals, a great deal of attention is focused on the
ftmctionaf decomposition of the requirements and ~eir assigrt-
menta within modules to be dcsignod boti for the hcrdware cnd
software. Delaila of the soflwcre &velopmenl methodology nre

published elsewhere4-6. Al this pint it is sufficiertl to say tha[
the software is fully engineered and formally tested @or to use
by he expcrimerucrs. Similarly, the hardware modules arc for-
mally tested with ● complete suite of custom softwcre-driven di-
agnostics which tes[ exhaus~ively all features of the modules,
Both tmit tesling of individual modules as well as integrated
sys[cm tesw are pcrfommd.

In addition to reliability and mainminabilily, we srress dcvclop-
mcrrt of an interface that is ● logical extension of that with
which our “typical” user is already familiar. Complete integra-
tion with the VMS operating system ●ppears natural since all of
our in-house users routinely analyze their data on VAX/VMS
systems. Exlemcl users generally have VAX/VMS expcricncc
from othar laboratory environments. Not onfy is command in-
vuation patterned after VMS, buterror repting and interactive
“help” as well. For the graphics interface. we prefer to break our
reliance on command driven dialog rutd ●dopt a more Macintosh-
Iike ●ppearance witi emphasis un inpu[ via a mouse or tablet.

Bcsed on experience with other data wquisition system imple-
m=tariona, we feel that the novice user is often pmittd to do
irreparable damage to his data irtadvmtcrttly. From the stan We
include security fearurca which inhibit illogiccl operations which
could corrupt the da[a or the data acquisition environment. We
recognize that under certain circumstances a user bypass must be
provided. but Uiis bypcss may only be enabled by the manager
of rhe effected neutron scattering instrument.

As shown in Figure 1, the LANSCE data acquisition system

configuration is highly distributed with a local uea ne[work
(Ethemel) binding tie various components together loosely.
Each neutron scauering instrument has ● seprrate autonomous
data acquisition ays[em with computer, FASTBUS, and other
interf~cc equipment. Centralized resources provide ● data
archive, access to line printers and color hard copy devices,
magncric tape drives, data ardysis computers, and access to the
Iaboramry-wide nclwork. Distributed throughout the experi-
mental and office areas are numerous terminal servers which
allow convcnicm user access to the various data ~cquisition md
anaiysis systems. Dial-up modems are interfaced directly m AC
network to enable equwalent flexibility for the remote user.
Personal workstations coupled to [hc network ultimately will
provide grcal computer power to each experimenter.

The da[a acquisition systcm dedicated to a neutron acaltering
instrument is ftrrtdamentdly a DEC VAXstaticm/GPX with special
peripheral equipment. This building block computer wnsists of
(he microVAX processor, an Ethemcl interface, car~idgc tape
with intcrfacc. and the GPX gra,ohics processor and moni[or,

Workstations

Data @ ‘= ..mm.ni.ati...~
Acquisition

Data Analysis

l;i~:url’ 1. “1’111’1,ANS( ‘1( Iik’ility t“ol)l’il!llr;~tit)ll.
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Figure 2.

The small hard disk inclurlcd wilh tlw

‘~
LANSCE
Instrument

L)au Acquisi’-ion configurahon for typical LA.NCSE instrument.

s~stcm is discarrlr(! in fa-
VLV or a ‘hirrf psrly disk sut.rystcm wh~ch orfcrs 302 Muytcs of

formnllcd capacity, ~h~ mcrno,y is cxpuiled [c 9 Mbytes. Fcr
instrument ccmuml and dam collection, ccrmmwcial interfaces arc
installed for CAMAC ,.nd FASTEUS, rcspcc[ivcly. ~hc
FA’I rIIUS inlcrfncc is a commercialized version of Ihc QP1
dcvclopxl 111Fcm~ilrLh, All Lhc above qlli,-mcnt is installed in
nn cigh[ siol backplnn- and mountccl in a ~.25° hibh pnckngc,

The 5.25” high compu[cr, FASTBUS, CA~.fAC and II gcncml pur-
ptssc NIM hin arc uII mounlcrl log~th”.r in an 80” high rack.
Figure 2 iilustrslcs the hardware comprmrus ruq;l:w.1 [or each
inslrurncnl’s dulu acquisition sys[cm.

‘~hc CAM AC instmmcr~iu(ion is usuf primarily for insmumcn[ rrnd
swnplc cnvirrmmcnl control. The rlosl cnmmoa ai.qlic:l: ituls
include slcfrpirlg molur rln~ Icmpcralurc crrnlrol, Uli;iily Ihc
[:ansiliun pcrind 10 F’A,WIIUS duIrr collcclimr I’/:, Icw F. k
c!AM ~C crn[c :cmains n good Iocutiorr for simple seal+’rs nnd
pr,vwl scslcrs, F’rcqucnlly, n (’AMAC’ crukv al tl:c cmupuwr i~
cnllncclwl vid il wrinl hlghw uy 1(1 n rwrmtc crnl c kwntcd Ill [11(.
Iwulr[>ll scmwring inslrumcnl,

The role oi I: AS’! ’l] I IS wi[hin : t dsla ucquisillon sysl~wl I*
{Icscrilwd hclow in dcl:lil, Ilvrc il is surfic~vnl 10 poinl mll lhn’,
1111rcid tll.,r dulu ucquisiiioll Iusks urc nllmxrlc,,l 10 (Iw rmlm [)1
I:As’ II(JS while [Iw VAX provides [hc plnlrorm I’m o,lr uwr
Irirmlly illll’r~ilt’l’ umi Lw” plrnmnlury nnFIlysIs Lwmpmt.r powrr,

“1’hc mulliwimlow rotor wurhslnlinn mrrnitor is Ihr !wimtwy
inlcrl’scc for llw vxpcrinlcnlrr. AI his dirwrclion, mulliplr win
dow~ 11111~hc OPCIILS(I for L’I)IIIIIIUII(I IMllry Or ~l14@l!L’H prCS1-l)hI
lion. AI IIIouglI S{IIIWWIIKI L.tmslrnilml hy Inrm{}rv lrs(}ur(’rs, thr

experimenter may configure the number and size of windows [o
fil the roquiremcnls for his control, monitoring, and analysis
needs. The impact of the workstation on our inlcrfacc design is
profound, m is discussed lwmw,

While no-rnally our usc of IJIC ilelwork is heavy, it is nut an cs-
scmid component should quipmcm malfunction or mnintcnrmcr

l’” x il out of scrvicc, Under these conditions the cxpcrimcrrl
may coutinuc bul il is ncccssary for the cxpcrimcnlcr m crrtcr all
commands at the compulcr console. S~oragc of dala may bc Iim.
ilcd 10 lttc capacity of [hc local 302 Mbym disk. Unlim!wd cti-
pacity is a+ailablc if the cxperimcntcr utilizes AC low pc.rfur-
rnar~:c 3UL high capacily csrtridgc [npc.

~

Thp rcti!-litrrc (Iiltil il~tlui~i[ion is ticcomplislwd wi[ll u WI III’ iour
HJ$:f~m PAST131JS lllcI!UkX plllx u commercial ill(cr(il~() module ror
tllc microVAX. As .,, mos[ n~ulron mcnsurrm :IIIS, Ilk: Ilighl
Iimc ovw n fixed Ivllg(h I)r ‘h Chnr:,clcrizcs (hL’ Ili’”.llroll L“llL’r~y

tind “.$ IIIC primtiry pnrwnclcr or my mLwwlrcn14!t~l, I 11’llcl’ 1111’
fir~[ Of our llll)dllkS k ~ Iimc ill[~’rv:ll~l?lll.rilh)r. ‘:’]1(’ \L’l”tllh] IS
simply n lmfftir srrving !0 (Irrll lt!olt)i71* Ihu dutu ,IIlil 10 Cnl)lllrc :111
c /cnfs Issocintcd willl n single hursl ~lrnrulrO!\,~frOm1110lmluvl
sourer. Tlwsc [w nl~dllltw urc ht~lh $iml’lr slilvrs, ‘1’111.lhil~l
moclulc htis bOIh SIUVC nnd muslcr f’mwlions. AI IIIC ctmll)lr[itm
l)r u rwulrnlt Iwrsl, Ibis module rl~:d$ nm! pr(lcrssrs IIm d;ll;l

cup[urcd in lhc buffer module IIn.! gl’ncrutrs u[ldrcssl:x n) ill
crtulcnt ill a hislo~rutn slwugc module, ‘1’hc 111s1L.USIIIIII Illollilll’

is Ilw hislogrum sturn~c mmhitr, und il i% purvly a slilvr. h!
inlcrfacw mmhllc is Ihc Kinulic .SysIcn N mtNlrl 1:914, u CI)IIWIVI
ci[)lill’~1 vmsiotl d dir 0111 dcvcloprd n! I;t.rmillll), ‘1’lw lhiw (II”
{I:IIu lwlwmvI IIwsu nlmluhw is ShIIWII ill l;i~urr ,1.
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Expanding on this bricl’ intrmfucliorr, wc begin a more dc[nilcd
explarmlion of sysmrn opcralion star(ing with the Progrmtmablc
Mtster Clock (PMC), the time in[crval gcncruor. The PMC nc-
ccpta an cx[crnal s[art signul from WC pulsed targcl syslcm and
kmgins incrcmcn(ing m binary scaler. Uni(rmm time channel
widths of 50, 100, and 200 m may be sohwmc sclcc[cd, A local
1 Mbil mcmo~ w“.hin the the mndulc allows neighboring uni-
form lime channels 10 bc cmnbincd m form logical lime bins
consisting of muhiplcs of Ihc tmsic clock frequency. A logical
lime bin boundaries nrc cncourrhxcd, a ~ruycodc counlcr implc -
mcntcd with PALs is incrcmcnlcd, The graycodc counl is
distribuhxl [n ull TOF huffcr mndulcs via [hr. suxiliary INIS,

The spcclfiutition or lhc lo~icnl lime trinR is nccomplidwd
[hrough WC usc of prcdcf’incd pitramc[crizml algorilhnls.
Generally, [hcsc algori[htns specify (Iw lngical [imc bin width as
a Iincar function nf Ihc Iilnc inlcrvnl, Under sohwwc conlrol,
{hc npproprintc bils in h’ I Mhil mwnory arc SCI 10 idcn[i fy the
bin bound[lricx, Similurly, snftwurc Iondri Ihc PMC hnrdw arc
register which idcnli!lcs [tic Iinw inlcrvd during w!lich opcrntinn
is cnablcrl, TMIN 10 “I’M AX, Itwrcmcming Ihc graycodc cmmwr
is inhibilccl un[il TMIN and nf(cr “l”MAX, Front pNIc[ mIIpuIs
corrcspwuting [o logic ICVCIS [or TMIN and TM AX ~tc prnvidcd
M cnnlrul inputs rm Ilw I’OF nnd MA PPl!lt mmlulcs.

For tirnc~f-flighl mceaurcments,aysrem deedtirnemust be con-
smnt in order to apply rkltirnc corrections. If the daLeacquis-
itionsystem is swobed m the arrivalof m evex some time in-
tend must ehpae before ssWhcr strobe can be ~ted by the
system. If this tic interval h kmownand conatanLthen based
on Ihocounts observed in a channel, the effect at later tirncscan
be computed. However, if the deadtime is not known, then the
shadow cast by any event is of unknown length in time and rig-
orous Ccrrrcc[ions are irnposaible. Thus careful monitoring of
dcadlirnc 10SSCSin time-f-flight m-suremessts is aitical. Nor-
mally, dcachime losses arc monitorul and should a failure to store
as a rcmth of deaddnre be dcmctd, then all of the data associated
with the flawed burnt arc discarkf.

The time-of-ffight input buffer (TOF) comectly handles these
deadtime issues. Failure to &iOre en event can be dctectcd down
io puIsc pair separation [irnea of 10 ns. TO buffer afl evcnrs as-
sociated witi a single burst of neutrons, two independent frames
arc provided which aflow concurrent lists of 16fC events in each.
Designed with a FIFO buffer ahead of the main frame buffers,
bursts of dam with up to 64 cvcma arc acquired at ra[ca up to 20
MHz. A pair of latches on tlom of she FIK) receives event pairs
without data loss for pulse pair separation down to 25 na.

Each TOF module supports inputs from four independentdc&c-
!ors. The dala padrfor each input k parallel up to dtc point thal
data emerge from tic FfFO. At this @.nt data enter tic shared
frame buffer. Contention for storage is resolved with a round-
robin algorithm so that no single channel can lockout other
channels’ requests for storage.

The TOF module combines time data from the PMC and parallel
data from the detector system. The allocation of bits to eitncr
t-imc or parallel data is flexible within limits. Gnorally. a min-
imum of 12 bits of [imc, 10 bits of pnrrdlel data. and 2 bi~ of
encoded input number are included in the 32 bit event descriptor
inserted in tic frame buffer. The other II shsrcd bits can bc
allnca!cd to time and parallel data in any combination, e.g. 4
bits of drnc and 4 bits of parallel dwa or 6 bits of time and 2
bita of parallel data. The allocation is performed with separate
jumpers for each of tie four input chnrtnels. Both time and par-
allel data inputs arc provided dmough the ●uxiliary conncclor.

Timing strobes for tie four charmcls arc cabled through fronl
panel LEMO conncc[ors, Each chsnncl also has an external en-
able/disable LEMO connector which mr] be used to enable
selectively active input channels. Other from panel inputs in-
clude the TMIN signal generated by the PMC module. The TOF
accepts time skobcs only during the period Lnmwccn TMIN and
TMAX, i.e. [hc Iirnc during which dre signal TMIN is nt a high
logic level.

The TOF includes n fronl pnncl conncc[or for a signal pmvidcd
m rcsc[ [hc I_rmnc counter. This coumcr incrcrncnts at the com -
plctiorr of CM% (ramc so lhul should cxpcrirncnls rquirc fritmt
dcpcmfcncc for lime resolved sludics, Ihr rrimc numhcr in n se-
ries mtdrl bc provithx! to (hc MAPPER proccsrkw. The rcscl in.
pu[ allows synchronixu[ion of ti)c l’OF coumcr wi[h cxtcrnitl pc
riodic conditions applied in Ihc sumplc cnvirn. mwnll

MN!l!Eff

At the cornplclion of dala collcctiorr for a single frame al Iimc
TMAX, [hc MAPPER pmccs~ur module proccsscs lhc rrnmc that
wc dcsignale Ihc analy~is frnmc. The PMc mmlulc provides u
TMAX signal which ini[ia~cs the MAPPER prrwcss. First IIIC
MAPPEN inlwrngntcs thu TOF Imffcr m dclcrminc if UII illlfli)w~(l
frllllll’ is iIv Jill~hlC, IIlld if !ill h{lw Ilhllly LW1’I1[SIlru prCSl!lll “hL!
Irmw CUIINI, “l’O1; m(dulc NIIJI Hmlllrcr, uml spmurum lrn~lh ;Irr
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Figure 4. Black diagnun for dala palhs in fhe MAPPER.

11s0 read from a conlrol register at (his time. If vnlid d~[a are
available, [hen the master processor in tbc MAPPER moves
event dam iruo an inlcmal inpul buffer. Concrmcntly, a second
sequcnccr processor removc# events from lhc input buffer, np-
plies s data compnc[ion algoridun, and places the reduced rinra in
a second buffer, the cu[pul buffu, Af[cr tilling tie input buffer,
the mas[cr processor hdtcs data from [hc oulpul buffer and uscs
[hcsc dam M addresses of tic channels to incrcmcnt in Ihc
histogrammirrg memory. As in filling [hc inpul buffer, the
ou[pui buffer is proccsscd us blocks of data. The master
processor con[inucs to nllcmatc lrc{wccl~ filling the inpu[ buffer
and cmp[ying the ouIpuI huffcr unli] all tic cvcms in tic frame
bavc been proccsscclm

V/hilt [hc MAPPER dots its work, [hc TOF fills its otilcr frnmc
truf’fcr, Ulc acquisition frame. Shnuld [hc MAPPER fail to finish
processing lhc analysis frame m lhc lime the TOF wishes m
switch frames, [hen t.hc TOF simply discards [hc dssta prcsmu in
tie currcm acquisition frnmc, und rcwri[cs ncw dnla therein. A
signal provkkcr.f on a fmnl panel LEMO cunncctor on lhc TOF
indicalcs tha[ a frumc hus been IOSI,

A[ firsl glmcc Ihc mrmpnc[ion nlgori(hm for [hc MAPPER ap-
fmrs hopelessly complex, I lovmvcr, wi!h kc help of ~hc hkxk
rlisgram in Figure 4, [hc pruccss is rar msrrc apparcn[. AS noted
above, IIIC (rnmc cmsnl, T(}F slot nunhr ml spewum Icngdl nrc
read frnm IIIC ‘K)F prior m tmnsfw nf duta from IIIC frame. This
inrornlution is SIIVIXI wilhin IIIC hlAPll ER in um[rol Hnd sItIIus

r~gis[cr (CSR) 1 and used tirou~houl the processing of tIIC
fr&e. Next &e master processor ‘*gins fdli;g tic inp;t buffer
tiugh CSR 10. Under tie con~ol of tic squcnccr, da[a flows
through [o the ou[pul buffer finally arriving at CSR 11. Aflcr
emerging from the input buffer, an evem is decomposed into

time and parallsd data. The two bits of cncodcd knpu[ chanrrcl
number are scpara[cd immediately ar.d appended to the o[hcr
module slot bits [o provide a input index number unique for each
channel of each TOF. The shared bi~ arc masked and specified
bit Iiclds concatenated wik Urose flclds simply passed [hrough.
The t.imc birs arc first convctied from gruycode to bilmry, nnd nrc
then biased by an amount proportional [o the frame coum. This

24 bil sum then passes directly kr [hc mul[iplicr logic.
Similarly, parullcl data is biased by m amounl dc[crmirred by IIIC
unique inpul index, Unlike the biased iimc. da[a, lhc binscd

P-’allcl data is used as an addrcas in a 64 K deep lookup lablc
which provdca an indirect 1b bit rcsuII 10 LIIC muliiplicr logic.
NMC dtat only hc low 16 bits of the hissed parallel da(a ure
cffcctivc in addressing [hc lookup mblc.

The multiplier logic operates in onc of (WO modes. Ei[hcr LIIC
mapped parallel dalo is muhiplicd by tie spectrum Icngth and
w.bled to the Iimc, or the [imc is multiplied by Wc spcclrum
Icngrh and added to the mapped paralhd data. Tho choice is dic-
I atcd by WC application, (3cncrnlly, for instruments cunsisling
of arrays of indivi(lunl d,.[cctor clcmcn[s, it is desirable w opcr -
ISu! in lhc Iilltcr nmdc so dml OIW lIm Iinlc vwying mo,sl rq)idly,
ISnd thus hlls Iimc-r)f-fliglll SplXlril for Cnch dclcclor CICnlcnl.



For surfacearea&t@ors, on k other h~ it ia generallynwre
desirable to reverse the O* so that the parallel (poaidoa) *
is most :~idly varying thereby to produce a surface histogram
for euh time sfice. IrI this case the 24 bit time value is masked
to only 16 bits since the multiplier cur process only 16 bit
operands. The mode for the ntultiplieris set with s bi[ in CSR
o.

Aa with the PMC modtrl~ software algorithms are provided by
rhe data acquisition symom to Iod a~priate values in the
table lookup memory and to establish tie various biases for
most convemtionaf extients. Currently a single algorithm is
supprted for the MAPPER which allows deftition of an arbi-
trary number of fields within the parallel dat~ the user may
~ify a compression factor for each field. This factor need not
b an integml power of 2. For more exotic applications, the
user may dafme t)it patterns as rqoire-d by the experiment and
the system softv”dre simply moves these vahrea to the specified
hardwarememories.

Compacted data from the MAPPERform the addresseswhich are
incre+mcntedwithin the RUIJCSTOREmodules. TIEBULKSTORE
is designed to treat a data apace addresscorrection fiat is not
~ccompanied by MY dtrta cycles as m increment-sddress
command. The address is captured in a FIFO buffez directly from
the d- space next transfer address (NTA) register. At speeds
governed by memory cycle times, the s~ified internaladdress
is accessed, incremented. and replaced in memory. Nolmal
FASTBUS block Wansactions arc also supported by the
BULKSTORE to enable efftcient histogram clearing, monilming.
and daia read operations at run completion.

The current implememation of the BULKSTORE module offers 2
Mwords of histogramming memory in each module. The intcmal
word length is 24 bits of which one bit is reserved for parity.
No error comection is available. Currently under design is a suc-
cessor module which. based on 1 Mbit chip technology. will of-
for 8 Mwordsper module with error de:ection and correction for
24 bit words.

To ensure reasonable access to the large memories present in
each custom FASTB US module type, block mode transactions arc
implemented throughout. Logical addressing modes arc also
supported by the module suilc. Logical addressing is particularly
cri[ical in the BULKSTORE module for usc with our MAPPER
data compaction algoritis.

Ahhough il is tempting during design to introduce special dcdi-
cmcd buses between modules 10 simplify tie design and [C en-

hance performance. our designs adhere [o the sumdard trans-
actions for intcrr.l~dulc communication defined for FASTBUS
systems, At: a cor+-quenec fhc MAPPER module is significantly
more complicated than il oticrwise might have been. This is
particularly apparent al Utc bus interfaces where block input and
block output mus[ bc buffered. However, since the design is
strictly gcnenc FAST13US, when changing requirements dictate a
processor with greater flcxibili[y, albeit with lower performance,
it will bc prssible to substih.ttc a commercial product with nn
orrboard general purpose processor for his custom module.

Ex[cmal input signals for the TOF are brought in through the
auxiliary connector, These inpu[s include four sets of parallel
dala for each of the fom scparaic channels in the module and a
single parallel bus wi[h the Iinlc infurmntion, Wc associated the
time inputs widl the parallel dc[cctor inpu[s and feel l]lal in his

caseuse of FASTBUS ptocols for PMC/fOF conununicationis
neithex effative nor afqmopriate.

So ftwarq

Duringthe early stages of tk softwarerquirementa definition,it
was decided to integrate our Data Acquisition Command hnguage
(DACL)system into the Digkel EquipmentCorporationVMS en-
vironmentto the maximumde-. The advantagesof this poli-
cy are inuttedialely obvious. VMS constitutes a versatile, ma-
ture, slable software development environment wilh many
powerful built-in features which would otherwise require local
supportto &velop and maintain. Particululy interestingamong
these facilities are the cmnrnandIar,guageinterpreterwhich sup-
‘portsthe standard DCL corrmand language. dte online help
facility, and condition handling and messages.

All DACL commands me implemented as extensions to the stsn-

darri DCL command language’. This is accomplished using the
VM’; Command kgu~e DeJiition (CLD) utility and complete-

ly eliminates the need for local praonnel to develop, modify
and maintain a command language interpreter for the data
acquisition system software user irtterfm-e. As a consequence,
DACL cxmunands exhibh the same syntas and semantics as starl-
dzrd DCL commands and reai& in the same conunand tables. The
CLD providea a modular, high-level mechanism for integrating
new commands into the system wirhotu creating any impact
upon existing data acquisition software. In addi[io~ il provides
the means for supporting several versions (e.g. production and
development versions) of a software productsimultaneously, and
OUOWSa user to select dynamically at run time the version which
is to be executed,

Even more important rhu, the benefits acaued by the develop-
ment community are the advantages ~“r~cived by the users.
Most IANSCE users are already familiar w.’h the DCL command
language km ~evioua interactions with computers of the VAX
family. Consequently, the DACL system appears as merely an
extension of en already comfortable environment. Ovcrhesds
associated with familiarizing the user commuNty with (yet) an-
other command language with its own syntax and semantics arc
eliminated entirely, and transition into the DAC1. env imnment is
eased considerably. Because DACL is thoroughly integrated wih
the DCL system, no special action is required to enable the data
acquisition system: a DACL command may be executed from my
point at which a DcL command is vafid.

Intcgrnlion wilh DCL offers numerous additional functional
bencfhs. In addilion to the dala acquisition functionality which
is locally defined for DACL commands, the DACL sys[cm hns al
iu dispnsal all of the fcau.tres of the DCL sys~cm. DACL com-
mands can bc included in DCL command files where they may
exploit tic control strvcturcs, symbol substitution mechanisms,
arithmetic opera[i~ns, lexical functions, condition hmdling and
inpub’outpu[ capabilities of the DCL sys[cm. In this mnnncr, the
DACL system constitutes an extension (o a powerful, procedural
programming environmcn,, and frees local personnel from the
rcsponsibili[y of maintaining the vast majori[y of lha[

environment’s feamrcs. Indeed, some LANSCE scientists hnvc
ulilized these flexible DCL/DACL festures [o provide data
aquisilion “shells” for their instrumcms.

DCL (arrd by cxtcnsicm, DACL) also provides a flexible user in-
ierface which adapts to the Ievcl of expertise of individual users,
Commands and qualifiers arc meaningfully named and wc Ihcrc.
fore ca..ily sssimilntcd and rcmincd by [h? casunl user. In dwir
unabbrcvi~lcd furm lhcy provide n self-documcntirlg fcilluru for



inrcrsctively ex=tcd commands m command procedures. Expert
uwm, however. cart employ ~ abbreviated forma of all com-
mand names and qualifiers in their interactions whh the system.

The SUWtSIrC of a typical 13ACL command is shown schematical-
ly blow:

S NAME/SYNTAX /quafikias parameter

The NAME of the command ~ifica she class of hardware mod-
ule, data acquisition facility or activity which will be operated
upon by the command. The /SYNTAX component specifies the
generic operation to be performed. For example, the command
name MEMORYrefcra to n class of commands which perform
histogram memory managementfor the DACL system. Particular
memow management operations are spccificd by appending a
/SYNTAX qumliticr to the conunand name. Extending this
example, MEMORY/ALK)CATEspecifies an operation[o define
and reserve storage for a histogram dam area. Similarly.
MEMORY/LISTcauses the contents and/or charactcri.wits of a
data area 10 be wri[tcn to an output dcvicc (or [o a file).
MEMORY/DEL=E removes a histogramdataareaUcfinitionand
rekmsesthe memory associated with i~ and MEMORY/MODIFY
pnniu a user to changedata areacharacteristics.

A typical DACL commend acccp~ a single paramc[cr on the
corrunand line. ‘flIc parameter is considered [o be the object
upon which the command operates. fn the case of the MEMORY
commends specified above, the pmrnctcr would specify an indi-
vidual data area or group of data areas to be allocated, listed,
delcmd or modified, rcspcctivcly. DCL rules require positional
syntax for parameters. To avoid the confusion which always ac-
companies positional paramclcrs, rhe DACL system permits no
more than onc parsme[cr on a commend line.

Most DACL commandsacccp[ onc or more nonposilionalquali-
fiers on the command Iinc. Qualifiers serve to modiry the com-
mand action thereby [o customize the msuh. Qualifiers may be
required or optional. and may have xn associated. user-spccificd
vafue (or list of Values). frt the cssc of rhc MEMORYexample
referenced above. qualifiers would bc provided to specify his-
[ograrn characteristics such as dimension, protcc[ion, and data
type. The combination of qualifiers and a single parameter al-
lows the user to provide posilion indcpcndcnt information on
tic command Iinc and results in a far simpler user in[crfacc,

The VMS CLD utility provides a high-level Ianguagc for defining
Lhc command name, srssociatcd syruaxes, qualifiers and parame-
ters for caeh DACL command. This facili[y supports dc~mi[ion
of dcfuul[ VSIUCS, validation criteria and disallowed combina-
tions of command clcmcnts, and specifics the imngc to bc
cxccutcd when the command is invoked. Once a command
definition is compiled and in[cgralcd inlo the DCL cnvirs-mmcm,
the DCL command Ianguagc in[crprclcr hsmdlcs all parsing, vali-
dation and paramclcr passage bclwccn [hc command and the un-
derlying cxccutablc image.

VMS facilities arc also cmployw.1 for condition handling and for

issuing messages. All suuus messages issued hy any DACL
aoftwssrc emanate from the VMS message facility, This policy
SSIIOWS the dcvclnpmcnt team 10 misirr[ain ccntrul libraries of
generic messages which arc acccssilnle to nll DACL soflwmc.

The message facili[y pcrmi[s rach generic message 10 be cus-
tomized at cxccuiion [imc wi[h numeric or textual inscr[a.
Through this approach, u]] DACL mcssmgu shure a commun
format which is consistent with Urc format used by other VMS
applications. In addilirm, reuse d messages is cncmwagctl,
Ihcrcby reducing Ihc ntrmtrcr or wuys in which a pnrticulm cm)r

condition is prcsmshxl (o Ihu usct m (rely (me, Finidly, usc Or
Ihc VMS mcssogc rucilily tiIIows wndi[im vaIIIcs 10 h prnl):l -

gatcd tik so the ML level horn any DACL commard thereby
allowing the user to teat automarieafly lhc completion status of a
command withii a command ~urec and to take meaningful
action baaed on she r-h of the test.

The VMS onlim help facility is employd [o provide online
documentation for afl DACL commands and messages. The cmirc
DACL user’s guide is available online to any computer user. Bc-
causc the cmnmands arc integrated into DCL the formnt of the
help scrccns and organization of the help libraries is identical to
r.hose for standard DCL commands, [h=eby furtherr~ucing rhc
overhead incumed by’ an unfamiliar user in be-coming acquainted
Wilh DACL. Fuficrmmc, every mcasagc tht can be issued by

rhc DACL system has a help file entry which elaborates upon me
mcenirrg of the message and suggosta a course of action for tic
usm to follow to reaolvc the error ccndhion.

The software which undcrlica the DACL commands is organized
into a single program for each command nardsyntax combina-
tion. This softwam is tittcn exclusively in Pasctd using sound

design and development tcchniquesa - 11 within the conlcxt of a
rigorous soflwarc engineering methodology. Software is highly
modular (only one routine per file) and is rigorously specified,
designed and documented before irnplemcntation. Each program
is vcriflcd end validated by executing a formaf suite of validation
tests. Because of the thoroughness with which all soflwarc is
specified, designed, implemented and tcatcd, the DACL systcm
has proved [o be an cxtrcmcly reliable environment, and onc
which is very cmy to modify and maintain.

The DACL software is characterized by en open architec[urc
which pcrmirs the ordinary user to access sysL”m intcmals in a
high-level fashion. The systcm supports libraries of standard
interface routines which permit a user to interact simply with the
data acquisition environment. This provides users with simp!c
building blocks from which they can construct sophisticated
cus[om software for performing specialized monitoring, control
or analysis tusks which arc unique to their instrument or
cxperim.cnt. The standard roulincs arc black-box solutions which
arc caaily comprehended by a user and which provide conrrollcd
and synchronized access to she intcmal data strucmrcs.

The entire DACL system is comprchcnsivcly dc umcrucd at all
Icvcls. All design and maintenance documentation is kept cur-
rcru and placed inlinc widlin all Paacnlsources. This rJocumcn -
ta[ion includes tlwec levels of procedural documcn[a[ion as WCII
as an informal data dictionary. [n addition, all commands ml
library mutincs arc documcn[ed at tic user ICVCI md Lhis docu-
mentation is published in lhc fncility sohwnrc user’s guide.

Thc DACL f+caR

Evcry data acquisition sys[cm Lhal relics on nmrc Ihmr (mc pro.
gram to pcrrorm its funclions requires a SC1 of glubtil conlml
data su-uc[urcs in which dIc syslcm cont_iguration is rccordcd and
which can bc used h-scommunicate information ismong llIC vwi.
mrs constilucnl computer programs, Tracfition:dly, these dwI
s[ruc[urcs hrwc been implcmcrucd as statically nllocalcd glulml
dam struc(urcs or prcdcclamd Icngth (usually COM hloN blocks).

Within most cnvironmcms, such s[o[ically-defined conlrol s[ruc
usrcs rnuy crcatc more problems than ticy SOIVC. The dcsigrr ml
implementation difficulties ❑rc obvious and qui[c significant. A
designer must forcscc every control structure md substruc[um (h
will be required by [hc syslcm, and mus[ be able to predict Ihc
amount of storage m prcallncalc for each. This generally rcsul~s
ill crich con[rwl struclurc being ovcrallncnled [u allow for “fuhm
cxpansiun”. This Upprotich promntcs cxlrcmcly incfricirnl
ulilizuliml 0[ rcsourucs illl(l provides Iiulu Uddiliollill l%xibilily.



Most comrol smtcmres have Icrgc ernormrs of unused storage
aasocictaf with them end in the event tfmt I crmttrol mructure
ovcrflowc ils prcallocatcd storoge there i- no pssibilhy of
allocating eny of the unused resources of snoLher structure.
Consequently, tie overhed associated witi this data structure
organization is corstinually increasing and the efficiency of the
cystcm is always on the decline.

In the LANSCE environment the traditional approach has other
serious deficiencies. Data acquisition requirements vary
dresticxlly ecroas the spctnsm of supported instruments end ex-
periments. What may be adquale control sfnrcturc storage allo-
cations for osm instnrment or experiment are likely to be entire-
ly too small for rilothcx and excessive for a tnircl, Even more
imponenlly, the mix of required cmmol structures varies widely
scross the various experimem and instrument configuraticms.
FOI example, some expi.rnems rqrsirc Icrge numbers of inde-
pendent hislogrsm d~ta areas whereas otiers utilize only a few.
Therefore, in order to use the tradiliorral approach, the each
conlrol mtrcture must be extensively overallocated thereby [o
accommodate the demands of the worsl cssc configuration of
each e-.pcrimcnt. This imposes a huge overhead upon every
expcri’ncnt and reduces all cxpcrirrmma to [hc Icas[ common
denominator in terms of efficiency.

Conventional sys[cms thal u[ilizc sialic ●llocation schcmcs tilso
exhibit severe funcliord problems, Regardless of the space
●vailable in other (possibly unused) control struc[urcs, the user
ia strictly constrained in she number of conlml structures of n
perliculu class which can be defined. For exsmplc, xuch a sys.
tern may preallocatc storage for 100 histogram data areas. This
places an absolute upper hound on the number of dat~ srcaa
which may bc allocalcd. There is no capability for “hrowing’”
unused resources from an undersubscribed stmcture, Extending
Lhe allocation for ● particular control mrtrclurc rcquir-s cxlerwivc
mnrlifica[ion of the existing system, followed by a global sys-
[eln rcbuikl. Similar draruic aciion is rquircd whenever ● ncw
conLMl structure is added. As a rcsul!, the sya~cm lwcomcs func-
tionally rigid, Now applicatitms must bc postporrcd urw!l rhc rc.
quired systcm soflwarc applications uc pcrforrncd, llmreby sli-
ffing tJrc crca[ivily mnd spon[ancity of Ihc user commun’.ty,
Compounding [his problcrn, conventional approachra generally
implcmcrn these sn-rrchsrcs as arrays in IUI OIMOIC(C programming
Iarrguagc, This virurally guarantee: a CIOSCI.I arcltitccmrc which
mskcs ACCCSSby other applications difficult nnd cxwcrncly prrmc
to error,

A far mtrrc appropriate and effcclivr Imlicy for alkrcaling conlrol
structures for the f)ACL syshmr txsrmws idcns which have been
used for many years in compuwr operating sys[crns and modcm
pmgrsrrrming Iarsguagcsm This appmuch climinalcs lhc problems
of sla:ic allocation by implcmcming a locally dcvclopccl facility
which dyrramicnlly (al Iun-lime) nllncalcs conmll s[ruclurcs I’rom

12, owing 10 its I’urrc-a commurr putrl of prcnllocillcd sloragc
timsal rquivalcncc (and snalngous nynlttx) tn Ihc dynamic vari-
●bles mid poinlws which cnn hc found in murlcm programmin~

Itin#ungcs such as l’ssuill nml Ad:I’3, wc rhxigrrntc this facilily
[hc IIAC”I, liClll),

The irllljlclt]cnlsli{}ll dctnils of [hc I) AC’l. Ilcnp nrc complcmiy
hidden from Ihc mnprily or IIIC l,ANS(~l! dnia acquisiliult user
community. I:or IImnc individurits who src dcvclopillg ●pplicn.
lions which must inlcrfacc with ill lhc onlv fmwtiorml difforcncc.
hclwccn [hc DA( ‘1., Ilcfip and its Pnwnl or Ada 1~ cmmlcrparts is
hc sy~Icm glol)al nnd rrmlvolnlilc nn~uru of Ihc DACL facility,
The DACl, Ilcap is acccmihlc hy every imagt in Ihc symctn mid
rolnins ils inlc~rily ncrlms imugl’ cxcruli{msl

The DACL Heap casuists of ● data base of singly linked lists of
logicel descriptor Each linked lis: cnrrcspds to a particular
class of control stsucturus, e.g. memory control blocks (for his-
togram dCLS areu), scelcr descriptors, pcset scaler descriptors,
descriptors for tech of h FASTBUS end CAMAC hxrdwarc mod-
ules known to the system. ●tc. Each descriptor is 128 bytes in
length xnd is sukfivided into fields to com~in the inforrmtion
necessary to describe the entity repr~scnted thereby. Of these
12S Isyt=, five ere prccmptd by the system. The DACL Heap
curwttly supporiJ a maximum of 2S6 descriptor clessas of which
a~oxirrrately fifty arc prcdefined by the DACL aystcm. The
remainder are available to be customized by the user community.

The DACL Heap is implemented wi6hin a VMS global section
which has tie capacit!y to hold l(XNM descriptors, Each dcscrip -
[or represents a single entity (a single histogram data area, for
c.mnple). All ccmtrol structures ●ro comprised of linked lists of
related dcscripIors within tie DACL Heap. As a rcsuh, no prcdc.
fined limit exists (within the 10000 record maximum si~) for
the sixe of a particular control structure. In addi[ion, only those
cormol suucturcs which arc specifically allocamd by a da[a ac-
quisition ●pplication xre ever present witiin the DACL Heap, and
lhcsc structures always consume the minimum storage rseccssary,
Consequmlly, control swucure allocation bccomcs efficicrit and
compacl.

Each descriptor is comprised of a standard pxrtition (the five
bytes of system overhead) turd # control-structure-depcncicnt par-
tilion. The standard partition is subdivided into twti Poinlcrs,
designated NEXT end M@RE, r~.s~livcly, and a comrol strucmre
idmtificr called the TAG, These field,+ or cupy the first five
by[es of every descriptor. The rcmninirrg 123 byIcs of conlml-
srructuredepcndent information is partitioned into fields as nrc-
essary 10 describe Utc cntily associam! with the control swucturc
(es spccil”d by the cumcnt value of the TAG). The TAG may as-
sume any of 2S6 enumeration values.

The NEXT pointer rcfermvxs the next logical entity in IIIC con-
trol smrcturc, Although conmol shucmrcs may bc multiply
I inked, they arc never linked Iridircclionall y. The DACL Heap
implementation also rccc~nizes that ! 23 bytes of conuol-swuc -
{urc-dcpondcnl information is not necessarily sufficicrr[ 10 dc-
scribc complclcly every DACL entity. 1[ lhcrcforc provir.lcs Ihc
capability 10 define ●n cxtcnsioll descriptor which can bc
uniquely parli[ioncd 10 accommor.hc the overflow fmm Ihc pri.
maw dcncrip[or. The cxlcnsion dcscripmr ia always :c(crcnccd
frum the prima~ clcscriplor via tho MORE ln)intcr. An cxlcn.
sion descriptor is a rfislinci DACL Heap constrrsc[ wi~h a stmdartl
partition (including a MORE poin~er) of i[s own; i[ cnn bc cm.
[crrded as well, Conacqucn[ly, a tingle Iogicnl cruity can bc
rcprcscnlcd within the DACL heap as a Iinkcd list consisting or
❑ primsry dcscrip[or and an unlimilcd number of cxlcnsiou
dcscrip[onr, ●ll Iinkcd thrmsgh [hc approprirttc MORE poinlcrs.
In dlin spirit, ihc DACL tlcap alm supports a dynamic slrin~ fil-
cilily which pcrrnil~ sirings ot any Icnglh [u IX rcprcscnlcd ml
clitninalcs lIW ncccmily of dtxluring a maximum Icnglh for my
DACi.-}lcalj-rcsidcnt chnrac[cr *[ring. Figure 3 is n Schttnuliv
rcprcmcrrta(iml of n lypicn] DACL 1Icap logicnl dcwripmr, l~igurr
(I illuatratcs several ways ill wllicll Iogictil dcscripmrs c;ln IN:

linked Iogclhcr 10 [ortll control structures,

“I”hc l)AC1. lltq~ fccilily pmvidwr a cumplctc SIX O( lil]rury rcsi
dcnl ulilily hnwliuns for interfacing wilh lhc txmlrul Elruclurcs
whirh reside lhcrcin, lnchnlcr.1 ●rc ulililiwr 10 allucalc dcscriplufs
from Ihc c{lmmml px~l and to rclcasc (dcallncnle) ummcdwl dc-
scriplnrs back intu Ihc puol. A suilc of ulililics is providctl M
mninlnin (inmm irsm md dclctc from) Ihc control structurt Iinkctl
lis~s. Ihili[im for rcstvling Ihc [;Ac[, Iluup ml Ihr Iix[ing ifs
(’IIIIIL,IIIs m. IIIMI prwidrd, II* wvll ax II WI of p[mrdull’k WIIII,l I
suplklrl lhr dymllnic slrin~ rw’ilily, llruIIIIw IIIV I) A(’1, hL’1111is :1
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Figure5. SChcmatic rcprcscnmiion of a typical DAcL Hap logical descriptor.
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Figure 6, I’ypicid DACL-I lctip-residentconm)lstructures.

rcsourcc which may bc Ehmrcd by many proccsscg rind/or users, n
pair of utililics is providw! which cmployn [hc VMS Dis[ribulcd
Lack Manngcr to mc(liulc wccss kr Ilcnp comcms. FJy mnking
cxmnsivc usc of rccumion, [hc DAc’1. }Icnp u(ili~ics can proccRs
con[rol s[ruc[urcs which m. Iiilkd in vwy complex wnys,

The l.)ACL Ilcnp u[ili!ics pcrfnrm cxlcnsivc error dwckillg nmi

Vdidulion 10 crmrc [hnl Ihc intc~rily of Ihr Ilcup is 110[ mm
promised. They ullrrw Ihc dclails O( [hc I)AC’L Ilisfip’!
implcmcnta~ion to bc cffcctivcly hidden from nll progrnmmcrs,
Ihcrchy rorcillg tlw usc of Ihc Nandnrd inlcrfllccs, ‘1’hcso inlcr.

faces pmlccl Ihc rXJIIlCIIIS of k I)ACI. I[cnp from Iho Imml error
prone opcrnlions nml sigrlificnnlly rcducc IIm Ixuwibil ily or dnlm
corruption duc 10 impmpcr accc~s,

The I)AC’[, llcnp is dcrnigncd 10 pruvidc a tiimplc, consin[cnl in-
[crfacc fur non- DAC1, ipplicitions m well, AI Ihough i[s mchi.
lccturc is delibcrnlcly kcpl npcn 10 cmmuragc HcccM I)y n wide
range ~lrnpplicnlions, rnrwidcrnblc rrforl INIS lmr II cnlwndwl 10
keep its umlcrlyirr~ sllurlurc Hnd illllllt’lllcll[ll[i(lll drlnils hiddcl)
from 1111Im)krwmm”rs d dIuIl ncqhisilinll usrrs, (hw IMLIIIUNI fl}r

accrrnplishing Ibis goal is IrI rcfcrcncc cuch l) AC~l, Ilcnp
dcscriplm by ● unique, uncr+pccilkd nwnc which is nssi~~.’d
w hcrl lhc descriptor is nlloca[cd, This appronch climirwlcn 1111’
ncd for uncrs 10 spccif’y olhcrwisc mcnnin!:!css ONSCIS inlo !OW
Icvcl dn[n rurucmrus nnd Iiclps M keep Ihc I)A(”L Ilcup ill[crfm’u
III n very high Icvcl, As a bonus, il prnvidcs n !~,:;icnlly collsis.
mnl, scl[-tl(~culllcntillg frumcwork in which I..AINSC!II usurs cm
opcralc. ‘1’hc ill~l)lcnlclllalit)ll of WWl, I [cup Asrril.lt)rs IIS
Pascal rccordti furlhcr simplil’ivs rcfcrcncing Ilm inf[lrm:llillu
S[(d lh~rcifl, hl~ Ill[lsl bC rCrCrCllCCd hy rC.L’Ord Rlld f’it?ld IIIIIIIL’
so IIIC powibilily of dnlm corrupli(m duc 10 imwmcl tIfl’w!ls illlll
m dtuu slruclurc is climimucd,

III mummy, Ihv DAL’L Ilcap provides a prrrc(icul nhcrlltiiivc to
Irmliliond, Slnlically .all[)catod conlrnl nlruclurc~. 11s implc
mcnlllion in fundionnlly moro powerful d moru cfricicnl itl ils
uli Iizaliorr or rcnourccn [Ium ma nlmlic mlruclurcs, II of fl!rs [tic
nddil; lal dvanlngc 0( nignificml[ly r.r)hnncing nyrLlmtl mlupl

Hhilily mid ro:luslncss uml rliminnlrs Ihr I,C131 for frqocnl still
wHrL. lll~)~liric’llli~)lls by sy~lctll 1)1’rsot)llcl III illlplctllthl UWSI
rvqm!~lcd l*I:II IIIICCIIILIIIIS,



Onc of rhc major opcmtional deficiencies of many broadly func-
tional systems is the ability to excattc syntactically v-lid com-
mands in a semantically invalid sqrence or comext. As the

furtctionslity cnd complexity of systc.ms increases, tie opportu-
mty for committing mdr emors also rises drcrrmticslly. l’hi~ is
● psrticulcr problem at LANSCE owing to the large number of

now c+runfcmilier users. Of PCACUIU concern are CJTOrS fiat
ant~mise data integrity. Owing to dte great expsnse incumcd
in producing the LANSCE neutron beams, and the high user de-
mand for acceJo to lhe fecility, such cmors can have serious eco-
nomic. political .snd scientific repercussions.

Individual data acquisition cmmmands and facilities can be de-
signed to cnhsrrce their own hardiness and reliability. cnd ccr-
minly this stmcgy hcs been exploited tn the msximum degree in

the DACL system. However, s consistent crchimctursl approach
is rcquirod to make the system, as a whole, more robust. in
order to schicvo this god within DACI+ we decided [o implement
the entire softwore system as a s[utc machine. This im-
plemcntslion defines four vslid dats squisition states for rhc
DACL system: INITIAL1.ZEstate, RUN ststa, HA1.T stmlc and
PAUSE state. The pvailing otate of the system is maintained
in a control s!mctura in he DACL Heap, At any time during data
acquisition or setup, the DACL sysiem is required [o be in one

(and only one) of these slates. This ●pproach poshrlates that
hare are no dangerous commands. merely dangerous comcxm,
●r,d that these oomexu may be idcn[itied and de[uscd prior to
command execution.

The DACL slate machino implcmentatirm dafincs a set of valid
data acquisition btates for each DACL comrrmnd, Upon inv~a-
tion, the first t~k of every command is to check the prevailing
stale of the DACL system against iu valid set. If the prevailing
sta{r dots not mnlch one of the valid stales an error message is
issued and tie command Craccfully exits withoul Performing any
further pcrccming. As such, commmd execution is rcstrlclcd to
occur from within a sorrsiblc contoal, and LIIC vest majorily 0[
semmtic crrort car. k idcruified and automatically ●voided prior
to causing any drnagc. To fudrcr nimplify the implcmcmation,
Ihc da~a ~cquisiti{m state vnliduion process is oxecuicd by ■

single, Iibrary.residmt, ulility lunc~ion, thereby suppmling tho
easy intcgrnlion of slate machino fcalrrrcs inlv sll DACL
cmnmurrds.

The possibility of inaclvcrlcrrtly placing the l)ACL tystcm irmr
an undesired state (ss lhc rcsuh of n nidc cf[ccl of s valid com-
mand cxccutcd in an appruprialc contcxlj must ahro bc crmsid-
cred. Tho I)ACL stato ntachino implcmcntalimr prevents the oc-
currence of this simatlrm by rfcfinirrg a sot of s{atc trmmilion
commands, These comrnsnds raprcsclll [hc only mcmw by which
● tmcr may chsrrgc [hc dats ncqui:;itim shuc of tho DAC’L synkrm,
‘1’here is onc (rind only one) slnlc Irwlsiliun command fur csch
vrilid duln nmluinili(m stnle lrnnsilion, IOu(hcrnturc, ihc SIIIIC
Irrrnniliori L!(llllllldll(h hnvt! no Iunclimlrrlily kyond chnnginx Ihc
I) AC’l,SMW; nll olhrr I)rl(’1, col~ltt)nnds src caprcwly Mliddcll
rrom rdlnnging tllc Altu rkquisilion sltllc, t icncc, the Arts acqili.
nilion SIHIC crm never I)c rhrrllgml implicitly nml Ihc pmblcm or
%idc cffccls is climinrrtcd.

The varimln 1)AC[, dsla scquisiliwl s[rrtcs rrrc shown schcrusticsl-

ly in Figuro 7 tlong with lhc the l) A(~l, commandn lhal htvokc
vnlid rlsls acquisition sta~c transitions. ‘1’hc lNITk ALIZV slato Is
prnvidcd for data scquhriliorl twnfi~urnliorl npcratiorrsi Opera-
tions which dcrino ur mmlify I)ACI, txmlml slructurcs, or which
download hardwmc mndrllm mc valid if rxcculcd frwn Ihlm dam

acquisition strrm. ‘1’hc llA1.T mmIt’ priwidvs a WCII drfincd mnlc
fnr Ihc dnla ncqui~ilitlll symmn Ii) Iw ill llri~w t[l h: lw~imliltg U[
I run nnd 111’lrr Ihr cotwlunitm {II’ H run, ‘1’lw It I IN MSIr is

0>END RUN
PAUSE

BEQIN INITIALIZE

RESUME

@

PAUSE HALT INITIALIZE

RUN J

u “G’NRUNEN131N,T,ALIZE

Figure 7. The DACL suw machktc,

initially roachablo only from the HALT state. Upon c,llcring the
RUN slate, data acquisition hsrdwarc modules cre ●romatically
started and the time and date of the beginning of rhc run is lixcd
●nd stored in tic DACL Heap. The RUN slate ,may be exilcrl
only by cntcnng tho PAUSE ststo. Upn transition irno PAUSE,
data acquisition hardware is automa~ically inhibimd, Tho PAUSE
state is provided to allow the user to hrtcrrupt the dala acquisi-
tion without terminating the data acquisition run. In addilion,
data csn only be saved to ● disk fllo fkom the PAUSE smtc,
From the PAUSE state the user may re-enter the RUN state 10
resumo data acquisition, or may mnninatc Uto run by re-ontoring
tha HALT state. In the fotmer case, tie dam acquisition hcrrlwam
is re.enabled and restarled. In the Iatlcr case, the run is
Icrmtinated, ihc run number is incremented and an ending time
and date stamp for tho run is fixed and stored in the l)AC~ Hcsp,

Early in t!ie design efforl for tho stcle machino facility it WMS
rscognlr.d that sltua[ions would arise in which cnforccmenl of
tie 51s10 machine foawcs could causo significam inconvenience
and provide nrr real bonofits. In disgnoctic environments, for
casmplc, it is olten convcrrienl to bypass ststc m~chinc fcs[urcs
thereby m r <pcditc tho debugging or tcstlng function wilhrrul
being fwccd {o issue numerous stale [rnnsition cnmman(h, h
this reason ● mechanism was dovisml by which s privileged user
(system manager, devclopar or Icsd instrument scicn[ist) can en-
able a mechanism for bypassing dntn scquisi[ion mtnto checking,
If this feature is enshlcd, wato checking can bc hyptrmcrl by any
Ubcr for tho currom cxcculion of a givcil command hy including n
smrtlsrrl quali[icr on the commnml Iinc when Ihc cotnmnntl is ill
vtikwl, Ii hns bran our cxlwricncc thnl dlis [cnum is US(XI only
rarely, and Ilm never been uncd during prmlucliwl [Inln ncquisi
tion,

~~~ The l)A~l, rystcm irr dmig,ml w fumlioii us N

cumprchcnsivu dcqllisilion, control sml dllln mnnngvmcm syMLIIn

for all cnpcrimcnln nmunlcd aI IIIL- I, ANSC”K fncilily. II ix 111111
ou#lly intcgralcr,l with both kc VAX/VMS and I:ASTIIIIS mlvi
mnmcnls, and h. conjmclion wilh stnndurd fcnlurm 0[ cnch
environmclll, pmvidcn all ncccmary functionality to con fi~urr
Ott cxpcrimcnt, snd to qlcrvisc hs cacwmlion, 10 providr WHIII*
infurmalion which documcnls tha pm~rrss ●ml health of lIM cs
@rtcnt, 10 dlsplty drum in a vwlcly of formats and 10 prrfnrnl II
nnmlrer of olhw flmcliom irl mqqnm of dnln rd(wugv, Illnllilgv
mcnl , mrmipuhrlion ml rclrirvnl, 113wrll IIS hmdwnrr dI. VLIIIqI
mrnl rrml dill~nosli(’ m’livilicx,



fho commends dral comprise the DACL software cymerrr can be
logically partitioned into five facilities. The Resourca com-
mmds address tha configuration end mmagernent of tie various
hardware cnd softwero mourccs associated with dsts Scquisltkm
SI LANSCE. Included among these are a suits of commands to
configure, download and interrogate the Iocslly develo~
FASTBUS hcrdwsre modula which are the backbone of Ihe data
acquisition system. Additional commands are pmvidad to con-
!@re and control a variety of commonly used CAMAC modules
includi tg scalers, prrrset scslers, tempcrsntre controllers cnd
srepping motor comrollers. Addlional reumrce commends are
providd to menage end examine the contonts of dte DACL Hesp,
erd to perform memory merrsgement for histogram dais nrcm,

DACL Control commmds provide the functionsli(y mquircd
. wntrol the execution of an experiment. All ds[a acquisition
stsm commsndo sro included in this cslegory, as WCII es com-
rrsnds to imrrogale Lhe syslem for irs current SIOIUS. In udcli-
tion, an automated facility for processing dsla acquisition tssks
in a background mode is included smong the Conlrol commands,

The DACL Data Management facility is comprised of commands
which conuol tha crealion of specially fomramxl iiles in which
experiment data and configuration inforrna[ion can bo slored al
the conclusion of a run, es well as commends which sutomalical-
Iy catalog and archive these files. The Data Managcmem facility
supporls a library rrf standard utility subprograms which permit n
usar 10 access archived data in various ways, Also mtpprted is a
command which permi~ a user 10 perform algebraic operatirnw
on entire dats histograms.

The DACL Graphics fccility provides a suile of commands for
confi~uring end executing dsla plob in near lime on a vsricly of
devices, DACL graphics capabililias rsnga from simple, low
p:rfonnanca, monochrome histogram ploliing Icr high pcrfor.
msnce, workstation-baocd, color plo~s of mulliplc hismgrsms
and mrtsfrrmwcl data.

The I)ACL FASTIIUS I)iagnrmlics facility is n cnmprchcnsive
suite of locally devdoped commands which src u.ncd in conjunc-
tion wilh ~hc debugging and checkout of locally dcv~lopod

FASTBUS hsrdwsra mndulcs. Included within Ibis facilily is ●

nuile of low Icvcl commands which pcrrorm Imic PASTIIUS
Irsnsaclions ss well as a cwmplclc ncl ol’ dingrmslic cmnnmndx
for cnch FASTflUS mmlulc.

This [w:ilily provides MC func

tionalily 10 mwtakc all or [tic vmitws rcsob:ccs rcquirud ful

LANSCE daln acquisition. II provides xnpporl f~lr all hnrdwarc
mndulcm uncd by sn Cx!lcrinwnl as well M D#.CL Ilcap wrd his
Iogrnm druu area memory rnnnngcmrnl funclimls,

Wilh tmly minor Vtwinlions, Ihc hnrdwwr Itmmurrc cwnmamlm all
amphty lhv snnIc ml O( gvnrric nymanrn 10 npcriry opcrnlionn
rqmn hmdwart mmlulcw, ‘1’hmo synlAm inclnd~ /Al,l,{K’ATl!,
/Cl,liA~, /lNITIAl,lY.11, /1,1S’1’, /Mol)ll’Y, /Nl!W and /Nl!Al), Ad
dilllllllll qu,tlirirrs A a UIIIIIm InCl pmnmrlm mny Iw usrxl In con
jlmrlii,ll willl IIIV t,IIIlllllIlml MImlt~ wIl syIIlnx III qmrily IIIlln III

control information for the opralion specified by tie command
nsme/syntax combination.

In order to make the exismrtce of a modula known to ha DACL
system, the user must employ tic appropriate Resoume facilily
command with tha /ALLOCATE syntax 10 create a logical de-
scriptor for the particular modula and to imrrt the descriptor into
the qqnupri ●te control structuro linked :isl in the DACL Help.
The /ALLOCATE oparation associates ● usei-specifiad nama
(which is ~ovidod es rAe commend parameter) with Ihe module
and stores the nema in rhe module descriptor. It also provides

module configuration data spocifiei with commend qualifiers.
The configtrralion data is also storal in rhe DACL-Heap-rcsidan(
logical descriptor. For exsmplc tha following command dcfirws
a fogicsJ descriptor for ● FASTBUS Bulk Memory module (which
tic user has chosen 10 nsmc HISTOGRAMS) Iocsmd at FASTIIUS
geographical sddrcss 20:

S FJULKSTORE/ALLOCATE ISLOT=20 HISTOGRAMS

[n general, /ALLOCATE opcra[ions can bc pcrforrrwd only from
the INITIALIZE data acquishior. stale.

The /INITIALIZE syntax causm informa~ion residant in s motl-
ule’s logical descriptor to b downloaded into the spccificd

module, Ihoreby readying the module for the dala rtcquisil irm
task. Genurally, Ihe mod~lc [o bc initinlizcd is spccificd by
nama in the command parameter although (ha /ALL qualifier msy
be specified instead of a modula nemc. In tha event that /ALL
is spocifi-d, all allucatcd modulas in the conlrol smucmrc
tpcifrd by the commanri nmna (e.g. 13ULKSTORE) era dnwn-
Iosded. An ANIT1ALW13 ope~ation can only bu performed from
rhe lNITIALIZE data acquicitirm slam. in order 10 inilinlizc Ihc
Bulk MemoW modula which was alloca{ed in tha preceding cx-
rurrple, cilher 0[ rho following commsncls mny bc uswk

S IIULKSTORIMNfT’fALIZE HI!HXIGRAMS

or

$ INJLKSTY)RI.MNI TIA1$ZE /ALL

The /MODIFY syntax is ~imilar in [unc[ion 10 [tic /A1.1 ,( XTA”I’11
riynmx. h pcmrits ● user to change Ihc chnrnclcris~ic~ of J Id
waro module which is alrcsdy allocmcd. The /Mol)ll;Y synuM

scarchcs Iho appropriate control struchtrc (or a dcscripmr which
currcsprrds 10 tho Ilame spccifictl by the user in IIIC comnl:lml
parsmclcr. The descriptor is updalcd wilh ncw informulim m
spccifictl lhrou~h ,~ualificrrr which arc included ~,n Ihc commnml

Iinc, ‘Ilc /MOIXFY synttix dots not fJownlmKI nny ncw illflnmll
lion m [tic Ilf!crlwl mldulc--rrnly Ihc l) A(~I,.ll(*lll~. r{~si{llllll (1‘

scriplor is clnmgcd, In order In communiclllc Ilw cluwl~cs 10 II v
hnrdwnrc module, il mml Iw rcinilialimd, /Mol)ll~Y oll.v:llilms
[Ire pcrmil!ml fronl ridwr Iht* lNITIAl,l”i,l! or [II(I I [Al ,’1 tl:II;I ,n’
quisi lion slillr,



which is Awl to the qsprqwiate ou[put device or file (as speci-
fied by tie user). Alternatively, me user may spcci(y /ALL in-
wead of providing a nsme in dse commend parame[er. In this

cam, the rapon contains an enrry for each curnruly allocated
entity ssaocieM with tie comrol s-cture. A /L!ST opcra[ion is
vcfid horn srry d-la acquisition sine.

The /READ and ~LEAR symaxes am generally msocimcl with
modules USEI contain local memories. The /REAf) synmx causes
the comonts of tlw local memory or slnrage register 10 ba read
snd the associated logical descriptor lo be updated wilh [he
vslue. The ~LEAR synmx causes the local memosy or register
to be r.eroed, ELEAR upcrations arc general Iy pcrmiucd [mm
either Ihe INITIALUE crr lho }IALT dam acquisition slams.
/READ opcmions sre perrnil[cd from srry data acquisition SMIO.

The Resource faciiity SISO supporls commands 10 mansgc DACL
heap resources u WCII as histogram data srca memory. Two
DACL Heap commands arc provided. HEAP/NEW provides a
mechanism for resotling the I)ACL Heap 10 a known stale.
When Ibis comn.md is issmd, nll cxisling L)ACL Heap records
uc dcallocmd (rcwrncd to Ihe crrmmon pol), all poirmws arc
cleared and a prcdefined SC( of dcscripmrs is dlncaled m config-
ure ha DACL sysicm in i~s default stale. HEAP/LIST gcncrmcs s
rqmrt which displcy~ IISC smndard parlitiorr of each rrcord which
is currently aliocatcd in the DACL Heap.

The DACL hi~togram dala nrca memory marmgemom subsystcm
provides tlM user with great flexibility to configuro hirrtogram
memory in a vnricly of ways to supptm a d-la acquisition lack,
Under Ihc DACL tyslcm, hislogrsm dsm arms may bc dlocatcd
from citicr F’ASWIUS mcmrr~ or frcmr VAX rcsourcos (a global
seclion). Three CII,:.SCS of drstn irc~ sro supported: FASTFJUS,
SCRATCH snd VAX. FASTI’I(JS dutn srcns uc allocntcd from tho
mcnmry rusidcm in wn srllocu!L*d hulk Mcmrrry mmlulc. FAST.
I)IJS memory may lx uwxl I’nr t!iuiI ncqnisilinn only. VAX ml
SC’KATCI I drIrs srcus arc nllocu[cd from n VAX glotsd scctirm.
VAX dn[n srcrrs nrc used exclusively fnr dnln acquisition:

SCRATCII arcns runy hc uKcd ri]r nny purpmc ml rhc discrctimr or
Ihc cxpcrinwnlur,

‘1’IIc MliMOKY/Al,l.(X !Al”ll CI)IIImIIml dtfincs n logical descriptor
fin crrch hismgrsm dnur MM rrquircwl by [II(! cxpcrimrnt, The
name and suhslruvlurc Ork dnur nrcil is spccifiwl .IS IIw clml-
mursd pnrutncwr; rlIIss nnd olhcr cmrfigurlllion irlformnlion is
spccificd ui(~ quulifiws spccifird ml Ihc cornmund Iinc, Inchldcd
in Ihc con fi~urnlinrl il, rormuliwrl which mIIy Irc spwufied nrc dnln
Iypc (II-, I 6. nml 32. hil irll[~rr, j; rrnd 6A hil rcsl), dmln arcn
dimrnsion ( I -d mid ‘2 d dul~l llrL~nsnru suplnnlrd), prulcclion code
and nn opliowll Iillc of unlimiuvl Irnglh, liAS’I’ll[JS ml VAX
dtiIIS mew muy IM nlloculwl tmly fnml h’ IN I’I’IAI,IZI! dslil m“qui
silion MISIC, S( ‘I(A’1”( ’11 [Iitlm Ilrr;ls nlIIy hr nllocrrmd [rt~tll wly
dulll ncquisiliorl slIIIL~,

The histogram dam crca memory man-gemem system also pro-
vides commands to rclcasc data histogram memory
(MEMORY/DEALLOCATE). clear histogram memory
(MEMORYXLEAR), modify shc charactcris[ics of a histogram
data area (MEMORY/MODIFY), list the con~cnts and/or
charactcris!ics of a histogram dam ●res (MEMt3RY/LIST) cnd
clear the memory marmgcmcnt dah smucumw (M EMORY~EW).
Excculion of each of these commsnds is subjed 10 data acquisi-
tion slmc validation.

~fl The Control facility is implc-

mcmcd cs two subscclions, The first sddrosscs the funclionslily
required for Use DACL smtc mcchine; the second specifics a sub-
syslcm for auiomalic run submissirm and control.

The stale machino fcatrsrcs of the DACL system arc suppurmd by
tic Corurol fscilily state trmrsition commutds. Four bssic Irsn.
~ition commands are provided: FIEOIN. END, PAUSE ml
RESUME. Tha BEGIN and END commands each rquirc n
parameter which specifics the data acquisition stntc 10 bc
inilialed or lcnninnled. The rmly function of xrsy slale Iransilion
command is to change tie dala aquisilion stale from the currcnl
smtc trr a spccificd rosuh stale, The dsla acquisilirrrs stale from
which my transifiorr command may fm cxecrsfcd is wall drd’incd

and is vdidn!crJ prior 10 cxcculion of the slate change. Sce

Figure 7 for m summary or lhc cffecl rrf each SILLIC Irnnsilion
cssmmaml.

The Cosrmsl fmcilily supplements Nic slate change commnnds
wirh the STATUS command. lnvoca~irsn of this command
gcncratcs a report to the user’s terminal which specifics, among
oher things, UIC crsmonl data acquisition s~am of tha syslcm, the
Iasl command to bo execulerl, gcnoral dc.wriplivc infrsrmnlion for
the eapcrimcnl ansJ Ihc SIItC of various con~rrsl nnd strum flngs.

The Conmsl facilily also supports ● suilc of cnmnumds for uulo-
rnatic submission, cxcwtimr wsd crsnrrnl rrf rha ncquini[ion [risks
in a bwkground mode. DrsIH ~cquinition Iunks arc dcfirwd usirlg
combinalirsns of DACL ml DCL in DCL command procwlurcs.
Tha PRL command may then hc used to define and modify lhc
scqucnca of cxcclsliws 01 mry nJm$cr of cxinling data acquisition

command files by modifying h: pcndinf ruru list, m DACL-sup-
poficd d-la mructurc which corslains Ihc rile slwcificn[irms nf nll
pcncling dnla acquisitirm commnml (iIcrr. w PK 1, commrrml uli.

lists the EDT ful I scrccn cdi[or for ils user intcrftrcc, lhcrchy 10
provide a familirsr low ovcrhcul, cnvirnnmcrrl in which Ihc usrr
cnn rrpefalc,
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Figure K SUuchmC of [hc DACL instrument diua file,

cxpcrimcnt) [o a disk file prior 10 reconfiguring [or a subscqucrrt
run. The convcruirmal nppronch m tic dcsigrr of such datti files
ulilizcs n scqucrrtinlly orgirnizcd file with n rigidly slcfincd
inlcmd frsrmul.

The disndvanlngcx of [hc scquc.rlliul file apprunch nw q(litc scri-
00S. In an cnvironmtmt such as LANSCE where dlc dam file
f’Omml musl scrvicc I;”illly rliffcrcnl users und spccwcsmclcrs, lhcrc
nrc Iwo immcdiruc u,lvcrs.: rxmscqucnccs, First, Ihc file form:ll
must trz dcflncd in a monncr which I,cconmludfilcs all possitslt
informaliorr which mny k rcquirrxl hy nny ●pplicmion, “l-his of
ltn rcsulls in dnln ~ilcs which cxmluin I:lrgc nmounm or irrclcvmu
or unncccwury in formilli[~n, ‘Ilc wwond conscqucm-c rcsulls

[rum the frrc[ Ihill chnngillg Ihc I’ilr [ormn[ (10 nccummmllllc u
ncw npplic:i(iun, for csomplc) mnkcs 1111previously wrl[lcll filrs
olmolclc (ml unrcmluldc). Syslml pcrsunnct :Irc llwn lmrdcnrd
will 1111’ovcrlwilds nwoui:mxl will, Ilmdil’ying Ihc Iik’ I’(wnul[ ilS
Well 11swilh IIlc llthlili~~n:ll t~f({lrl Wlli:ll III(IS[ Iw cxlh,lltlr(l lo
modify ulililics which ruml nnd wrllt lhr d:lln (ilcs. Ill 111(1s1

CIISCS il is Ilkl) nIX’C5qUry h) dL’vllhll) lllili[il’S Whit. h 1’1111~’oll~(r[
lll)SlllClc filus inlu Illc (L’urrLwl) Slilll(lilnl I“(lllllill,

$rllllL’llli:ll [wgnuit.lllmll :Ilwl sill’1’(.rs srvurc Iw;lrlrlll:lll(,r ,lv L.r
hLSll:iS. A(’uws I(I iluliviilu; ll vlllilit’s willlill :1 ; fill. (;I s[klit’ic
dIIIII WI ill II grIIIIp III’ I(M), I{lr (woltlplv) C:UI tw SIIIU’ :Iml
C’ullllwrsomr, lllltlilllll~~ Illt, lilt. (III im’lutlr {Iillu ;Ill;llysis
prot!lssillg s:IIIIIs Ill olhi.r plrvi(msly ml~tvitililldu illf(lrlllilli(lll) is
difl’itwll,

‘1’IIL, I)A( ‘1, Illqmlm.11 Illlilll(l(llls !W(llll,llll;ll rilus ill f,lv!]r (JI IIN’ in

tlu~c(l srqul!llli:ll ll(,{x~ss lili;~h’ (I SAM) orguni/llll{m, ISAM I’ilrs
prrlllil rilhur ilul(,~,,,l {jr wupwluiul J!L’II*S* IIS rrllllilrd Iy III(, Ill}
plic:tliull, Any Ir,’tlrd ill IIW filu ~,utl lw very rspidly IwcLwsml
using the ithlrxml lllinh, “i’hr imh’,t(kl OLL’,ISSmiIy lhrll ILII I(II
I(lw(”(l Ily n wriws ill wqut-llli:ll w’uL!ssusl~t rol,tl s iillgts 11111(111111Ilf

inrl~rmrrli(~ll,

‘1’11(’lJ,\( ‘1 (1,11;1IiI,’ IlrsI~:II lIiIIIIII,III. ,1 11,11,1l“Ilr 111111Iw,, .,s(
IIUII\: :111~ll]slrlwl I)lllt,k 111111,1 II,IIN IJIII{ h ‘1’llt’ Ir.1111111}:111.1111
Illrlll 1),11,1 I:ili* (11)1:) 1111,11II1111,IIII\ iIll II II II II II;II II III 11,(111111111III

characmrizc ihc associllccl run. A schcmn[ic rcprcscnlatiorl of u
Iypical IDF is prcsonlcd in Figure II,

The abslract block contains informn(icm which dcscribcs the cx -
pcrimen[al stmc and consli[ions, Any in fcrmnlirsn thnt is resi-
dent in d-rc L)ACL }Ioap may bc spacificd for inclusion in lhc rrlJ-
suwct Mock. At any time hcfnrc or during n run, the user mnv
specify which DACL IIcap control su-uclurss nrc [o hc atllol]li)~i-
crrlly daccd in [hc nbslrac( block when Lhc duln is suvcd, This
in frsrmnlism is ripccificd in u lCXI file cnllcd lhc Al)struc(
Dtwcripmr File (AL) F), An AI)F mny b crcnlcd or mudificd usin!:
a Icx[ cditcw, and cmr[ains a list of Ihc control slruclurc I:I~s
which irlcn[ify [hc curr[rol structures [u tsc mclgcd i]llo IIIC ;,1)
slrnct block whs!n the Arm is sISVcd.

When [tv: nhslruct hlork is buill, :1 unique kcy is ctmllwstvl ((11
each Iogicrsl dcscriplur which is itwlmlcd, Keys urc cwrs[rucmd

ill U lll~flncl Whi(!h l!4!rhtilS dl~ ~Or[(’sl)OfdiIl~ t’l)ll(rol Slr(lL![lllL,\

10 Iw CKIICIly rccrcnhxl in IIIC I) A(’I. I lrnl~. exclusively Irt)m in
rormuliml conluim’d in IIIC nlwlrncl ld(,~,k, ‘I”IIc user IIl:Iy UIII
Slrut’1 UN A!W Whk’h is cuslumir,d for [hLt pmlicll[:lr cxlJ~!riml,lll
tlr IIIXy CIIIIOSC II} rl,fcrcllL,c IIIL. Il){trc grin.ric IIL.INI III A 1)1~ Imlvill

1’d hy Ih ! S) S[l’111, ()([1!11 1111! IVN! SL”iL.IlliSl [IM (Iil{,h Sl}{l>lrlllll(.l t.l

Ilrf’illrs :1 (lC~OIIII A[)l: w,lit,ll i:; uIIIIIl(IyL~(l lIy :111II SI’IS III 111,11

inslrmnrnl. 111 this Itlmlrwr, lhr ulmlrm,l IIIIN.A INII Iw iIIIItIIII, II
ic;llly clltlslrlic.lcd 10 (’t~nlllin :111 p .Ilillt)lll l’~llllll:lll :111(111
Illftlrlllillh)ll willlOlll Ihl’ lllL,lllSilMl {)[ SIIIN II”[IIIIIIS t“llllll)!lll:lllllll
rrt’tlrtls,

‘1’lw 11)1: tl:Il;I MIICL cxmlilim III(* II:IIM ciIllL.ulwl 11111ill~ Ilw IUII,
I]rgmlil,ml hy hisltlgrnm lluttw, grmll~ iifl~l sullillru. 1),11;1 Ill.

Iugr:llm :Irc Ilwvwllmscd illlo lhc Ilsli\ hhIL’k ill n m:llmvr ,simlllll
Ii) nhslrllrl rrctlr{ls, I)IIIN hhwk rm-t)nl lPII~I,IhS mc r,tlrrmoly
lm~rl nlywt~~imnlrly .12000 hylIss, This rmlldvs 111(’SyStIIIII III
suwc Ilr r(’lrimw lyl~iclil hislogr;mls wilh Imlv II smsll 1111111:11’IIII
lli~h Irvrl Iilr IIICMS,

‘I’ll!’ Illill(ll Il!lVillllll~l- 1!1 1111111)1: III(, lIItlll:Il ii III: l]II\IIIIIIII

11!’1’;111s1’III(’ lil~’ l’IIllIIfll lx ,Iymlllli,:llly ,Il$lillml :1111111Illnv, 1111 .
II IK’11tIllll Jill II IIIV Illill Ililt)llll,llitlll Wlllt,ll is (Iili-( Ilt, 111,1111110111!,!



the application. Data files are therefore very compact and can be
mad or written without incorporating complex protocols. All
files can be rrad ana tiucn by the same set of utilities, regard-
less of the information rhey conmin or when it was wriuen.
Consequently, no Iile ever kcomcs obsolete. Finally, access to
the information stored in an 1SAM file is very efficient. Perfor-
mance is comparable to that of a sparsely Popullled hash

table *4, but does nut suffer Ihe large resource ovorhead necessary
to make hash tables cfflcicnt.

The SAVWDATA command performs the necesscry processing 10
create ur IDF from the expcrimcnl data and Lhe approprimtc
DACL-He~p-rcsidcnf logical descriptors. The command
parameter specifies the file spccifica[ion of lhc ADF which will
ba referenced in building the abstract block. Command line
qudificrs allow [hc user [o specify whclhcr lhc dats should bc
mmcd in the d~ta block in compressed formal and whether the
IDF should be automatically cataloged in the LANSCE dam
mchivc. The user may also specify a shml identification swing
to be associated wi[h the IDF.

The SAVE/DATA command may only bc cxcculed from tic
PAUSE dala acquisition slate. Furthermore, lhc systcm inter-
venes to prevent the user from entering the HALT state

(Icrminnting the run) until datn has been saved or until lhc user
h~ r~press]y info~~ the syslcm (via tic NOSAVE crxnmnnd)

that tic data is 10 bs discarded. L@r crca[ion, the IDF is mm-s-
mmical]y lime stamped witi the beginning md ending dmtc and
time for tltc run as well cc other informalimr including instru-
mcn~ rrnmc, cxpcnmcntcr and nrrr number,

The DACL system aulom~tically moves user dala files fmm the
satellite microVax computers nssocialcd with each inswment to
a ccrrtral repository on ~ non-data-acquisition network node. Ilc
nctwmk pmccss thal performs this lssk priorlically scarchcs the
datn acquisition dimclorics on the sntcllitc computers for lf)F’s
which arc marked for cnhdoging, Whcncvcr such n file is idcnfi -
fied it is copiccl ncmss the 13thcmcl to the central rcposimry.
An ISAM file crm[uining n directory rrf all caialogctl [DF’s is
then updntcd nnrl a VMS mnil mcssrsgc (~tnting [hut the IDF has
been nrchivcd and cnlalogccl) is scm 10 [hc apprrrprinlc user on
Ihc snlclliic compuicr. At Ihc currcrtt lime, Ihc 11.)F is
aumrnulically rlclclcd frrsrn Ihc sulrllilc syslcm upon successful
archiving. A fulurc cnhanccmcnl will rctsin archived IDF’s on
IIIC sulcllilc, bu~ will mnrk IIWSC rIlrs us :Irchivcd, A $cpuralc
cummnnd will hr pmvidcd 10 nllow Ilsrrs 10 UllhJlllilliCfl n)’ dclctc
mchivccl files from their syslcms.

[n the event thm a usrr dots no[ spvcify dw r;llnlog op~ion when
nn 11)1: is bu:ll. lhc lI)F will nm hu nrchivcd hy Ihc DACL .ys-
Iern. At my I,uter [itm!, tlw usrr nlny invoke Ihc {; ATA1.iXi
conlmund [u murk riuLh un 1[)1: f!w wchiving. In [his cvcn[, IIW
nulomalcd archiving syslrin Will nulomrtlicully prrform Ihc
urchiving nperuliolll

Whrn u f’ilv is urcl}ivrll in 111,’ I,ANS( ‘Ii dv.ls rrpnsilory, Ilw xys
Itm ussi~ns il u uniqm! nmnr whit’h is conslrurlml from 1111’n:mw
of lhc wurcc inslrunm,ll uml llw curtunl dnlc IInd IIIIIC, Itl%pwl
sihilily fur wIImlgI’nwnl 01’ Ihc filr lhcn possm from Iiw usrr m
$ys(cn! pmsonncll (’olnmllmls urt pr{~vidcd I(I 1111’usrrx which

nllow them u) prrusr Ihv wmlcnls of llw dnln nrrhivr nml rl’tritwu
a copy 01’ my 11)1: fur mlllxcqucnl dmrl tinulysis aclivitics, ‘1’hr
ARL’lll Vli/l,lST comnlmnl is provided II) ISIIOW III(. user 10 pcr-
[urm wildcnrdcd scmc’hrs l)r [hedulII mchive on comhinrnions
vari[ms keys inclutlill~ nil or n slllwtrillg of rxlx:rinwnltr nrIINc,
inslrunmnl nnm(:, rim numlwr, dulr/linlc, itlrnlificnli!m slrin}: or
dtiln hwulion,

rape as the medium begins to fill. A future enhsnccmcnt is ex-
pected to replace thcac magnetic media with optical technology.

Irrcludcd in the DACL Data Mmagemem faciliv is a rich set of
Iibrary-msidcru ut;lily rm.rlinc~ which support user ●ccess 10
IDFs. These roulincs permit she user to restore data from an IDF
eidter inm n local buffer or into a preallocatcd histogram dam
area. O~her routines allow searches of tic data mchivc to bc
performed under program conlrol. Additional routines arc pro-
vided lo allow n progrcm 10 restore selected DACL heap control
strucntrca from an IDF. These rou[inca arc carefully documcrucd
in the facility sohware user’s guide. The existcncc O( these
utililics has helped to eatabl ish an cnviromrsent in which users
can develop custom software to imcract witi tie data in IDFs
with virtually no assistance from syslcm persormcl.

The Data Management facilily also supports a complementary
data manipulation facility through the CALCULATE command.
This command provides Lhc functionality to perform clvnncl-by -
channcl algebraic manipulations upon data areas, scalers and

consmnrs. It pcrmils a user u-r specify a mathematical formula in
ordinary infix algebraic notation. Nsming canvcntiona uc em-
ployed to itlcnlify each entity in tie formula as a dala area,
r.calcr value, constant or DCL symbol. The command performs
a!I ,lccl:s~aq [We convcrsinns and vnlidalion 10 compute Ihc rc-

fiulling dnla area ccmlcrrls.

The.J2XLSraphics Fwil.iw The Graphics (acility is implc-

mcnlcd on two Ievcls. The most primitive ICVC! supports plot-
ling of n single data histogram to a low pcrformnncc,
monochrome terminal such as a VT240. This graphics system is
complcwly command driven. The user is first required to OXCCUIC
the DLSPLAY/ALLOCATE command 10 ●llocalc a plot display
parameters table (DPT) in the DACL Heap. Included on the
lHSPLAY/AL@ATE command line arc qualifiers which provide
plot configurruion infommtion such as axlo alylc, format (Iincur
or logarithmic) xnd ruling, hislogram name, msrkcr style, dir.

This infomration is inserted into tic DPT where it rcsiclcs un[il
rrccdcd m cmnfigurc a plo[.

Addiliorlal DISPLAY syntaxes uc provided 10 modify nn exist-
ing DPT (/MODIFY), 10 tlclctc a DPT (/DZLETE), IO Iisl lIIC plot
chnraclcris,,cs conmincd m all or in a specific I)IW (/LIST), IIJ

reset Ihc DPT csrrrlrol struciurc (/NEW), anti trr sirvc OIc conmnu
or n DIT in n disk file (/SAVE).

The PI,OT communal ncccsww [hc IIPT which is spccificd in Ihr
cnmmund purumclcr nnd crcutcs a plol on Ihc dcfuull oulpul dr
vice (Ih,: user’s ~crminul) nccordiilg 10 [hc chnrisctcristics rwwrdwl
in the 1~1~, l] CCn(15C dlc @O[[ill~ SOl[wllrC iS hill UIN)II till! (’( ~$

~rrsphics syslcm plnlling is very slow und uwr inlurncli~)n is
Iintilcd m silnplc zooms nnd cursor Iocnlor np’ruliolis. Il;lrtl
copy cun hr oll[oincd IIwough scrcL!n dumps m n IIji-;il 1.A50 (jr

I,NO:! prirrlrr. There is m) nlcmrile rulmhillly.



Iabcl or a histogram name). The plot is configured with

numerous M~cintosh-lice features to allow she user to adjust
how lho plot is drawn on the workstat i mr scr~n. Scroll bars
and handles are provided on each axis 10 allow the user to select
axis scales and regions of inrercst in a very dynamic fashion. A
hierarchy of pop-up menus i~ poiidcd :n allow other more com-
plex plot layou~ control and sclcclion opcrmions.

Currently. one to aix histograms mny bc plotted on the same
axis set. A menu-driven selection process permits a user 10
easily choose which histograms arc (o bc plotm-d and what ticir
plotting characteristics will be. Muiliplc. line and mnrker slyles
and various colors are user-scleclablc for each histogram. A user
may dynamically modify she plo[ting characteristics of any his
togram or delcto enlire hisurgrarns from ~.hcplol rhrmsgh mouse
interactions. The combination of menu-rlrivcn and nmusc
selcclion operations provides a ver~ natural cnvironmcnl wi[h
which our users have rapidly become familiar.

As WC user inleracts with the VIEW plol, a DACL-Heap-resident
conlrol slrucmrc called lhe window ptzramefer (able (WPT) is
coruinuouzly updated with the current plol characlcrislics. Upon
exiting rhe VIEW command (through dre QUIT menu chrsicc), and
unless otherwise specified by the user, the currcnl WPT
automatically becomes the default configuration for Lhc ncxl in-.
vocntion of rhe VIEW mmmand. The user may also invr)kc a :

menu option which automatically savti tic currcru plc[ conl_igu -
ration (including the named of the histograms king ploucd) 10 a
named WPT which can be explicitly rcfcrcnced by a subscqucnl
invocation of tic VIEW command.

VIEW is built upn dre ANS1 standard Graphics Kcmcl Systcm
(GKS) and inherits a significirnl arnounl of ils [unclionidi[y
therefrom. Plouing perfcrmnrrcc is orders of magniludc tscllcr
than can bc achicvcd wilh the CGS based systcm, Dynumic rc-
sizing of [hc ploi[ing window on the wcrkstn[lon scrccn is pos-
sible. High Icvcl roulincs arc providcrl to suppor[ mouse-driven
user intcrnc[inn, am-l n graphics mclnfilc fncilily is rrvnilirhlc.
Currcn[ly hardcopy is prnduccd in grnyscalc furmrs[ nn incul

LN03 Iascr printers. Acquisithrr of n colrsr hardcopy dcv icc to
support rhcsc sys~cms is under suly.

~TflUS @~ The DACL sys(cm provides ir compru -

hcmivc sui[c of FAST13US diagnns[ics cornmrmds, Al [lw IOWK.SI
Icvcl, f)AC1. commnmls nrc proviclcd In Iwrnrnl hilki~ l:ASTll [JS
transncliorrs including rcud nnd wriw cycles in singlu word or
bluck mmlc as WCII trs url>ikruiorr and addrwis ryclcs,

In udditil~n to ihc low Icvtd DAC1. FAS”I’II(JS commmds, IIW
syslcm suplh]rts 1 crsrnprchcnsivc suilc of dingmmic cnmmimds
(or each locnlly-dcvch@ FASTIIUS hnrdwnrc nmdulc. ‘fl~l!sL.
Commtimls provide n suilc or [c*IS which ullow c:lch mndulc 10 Isc
llmrou~;hly cacrcisvd prior I(1 enlcring lhr production dais uc
!Iuisillou cnvironmcnlh ‘HIV IIi:lgntmlit, communds nrc purliliom~l

Ill U Illillllltir which llll~IW”’ 1111.Ctlmplt.lr 11”s1suilc 10 hc t.xrculml
for II givcll module, or ~L’[t’K[lv(’ Itmslillg 11) br pt’rftlrlll~til. Ak
such, IIN* CtUIIUlmIdS urr calrvmrly IIS44111rnr vull~l;uilm ~lr Iww

ml~tllllt’s m Wvll m Itw iwllnlillg qlm’ilic pnddrms with I]mlwslc
which is :IlwsIlv ill wwit r,

$llll][l!ill~,

A sill~:l,! prIIIoIyln. {liII~I m’quisilitm sys[mn wus firsl illslnllml IUIII

uuul ill Ihwumlwr, IVHS [Iuling 111,. fin:il dIIys 11( IISR ct}lnnlis
Siotlinl:, i!l~ltl hfIr(lW:llt’ ml Wlrlwllrl’ wtwktvl w l’tl nilhml}:h ltw
snflwnrv {’[~tminlrtl !Il Ilw mininlltm rr(luirml I’or (I:llfi culluclinn,
[)tlly II ~vw hugs wrrr idrnliriwl hy Ihr uwrs ~jwitlfl h) Ihr
Ihtm):llll’ul rn~;imwl ill}: nml rig!mm~ lmlin~:, ( hItT IIIL. pIIIl;IlylIt.
Sy$lrttl wilx IL*luIm*tl It) Ilw ,lrvrllqrt’r~, Iultlilionnt Imlitlg rrvrnlml

M yet undiacmerod errors.
tionaf systems were placed
moved.

In the summer of 1986. four addi-
in service witi all known errors rc-

The hardware performance exceeds rha~ spcciiicd in IJIC rcquirc-
mcnts. Wilh she dcadtimc dcteclion opcraling below 10 ns,
dcadtime corrections for worst cssc conditions arc Icss Iharr
0.02% for single input channel rates or 1.7 Mlw. ror peak inlcr-
vals of 10 pscc assuming Poisson sta[is[ics, more lhan an ord~r
of magninrdc beucr dmrr tic rcquircmcn[s. The systcm operalcs
wih count raiea averaging more LJmrr 2 MHz, n raclor of (WO
bclmr rharr tie specification required.

While the sohwarc implementation as yet CIOCSnot fully mecl all
the rquircmcnrs, due m Iimi[cd staffing rcsourccs. i[ dots cxcccd
i; in some areas. For example, lhc impacl or worksur[ion
syslcms significantly allcrs the graphics intcrfscc from (II UI
spccificd. Wc arc far more sa[isficd witi [hc functirsnalily and
case-of-use ror our menu driven graphics inlcrracc rhan COUI.I
have been possible with the convcnlionid command drivrn
nppmach.

To date the LANSCE dala acquisition systems appear rclial]lc and
] obust. Wc arc srrtisficd thnl tic f’cw.rrcs designed into ihc sys-
tems will bc invahmblc as [hcsc systcrns now cmcr their mainlc -
rrancc phn~c.

~cmc~

This work was parformcd urv.cr the nuspiccs or lhc U.S.
Deparuncnt of Energy.
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