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GETTING MULTICHANNEL ANALYZER DATA IN AND OUT O F  

THE IBM- 7090 FOR PROCESSING 

. , 

C. D. Goodman 

ABSTRACT 

The present  method used for  handling multichannel-analyzer 

data a t  the ORNL 86-1nch Cyclotron is stated. FORTRAN subroutines 

for reading the analyzer data into the IBM-7090 computer and for  

printing out the processed data and punching processed data on ca rds  

a r e  presented. : 

INTRODUC TION 

The accumulation of experimental nuclear data with multichannel 

pulse-height analyzers is now a commonplace technique. Experiments 

have become more  complicated, and the number of channels on the 

available analyzers  has increased to the point where machine handling 

of the data is imperative if the experimenter i s  to avoid becoming lost  

in  the drudgery of numerical manipulations. 

High-speed digital computing machines a r e  very well suited for  

handling multichannel-analyzer data,  and it is the purpose of this repor t  

to discuss the means of getting data in and out of such machines. 



TRANSMISSION O F  DATA FROM THE ANALYZER TO THE COMPUTER 

The f i r s t  step in machine handling of data i s  to obtain the 

analyzer  output in  a fo rm that can be read by the computer o r  i t s  

pe r iphera l  equipment. At Oak Ridge, i f  the data a r e  to be processed 

by the IBM-7090, the data must  be supplied a s  punched ca rds  for  the 

off-line c a r d  r e a d e r ,  o'r a s  a magnetic tape for  direct  reading by the 

7090. No equipment is current ly available for  the reading of punched 

paper  tape except by way of tape-to-card conversion. Equipment for  

conversion f rom paper  tape to magnetic tape is expected to be available 

i n  the future.  

At the ORNL '86-1nch Cyclotron, data ca rds  a r e  produced on an 

IBM-24 c a r d  punch which i-s attached to a 400-channel analyzer.  Each 

c a r d  contains the counts fo r  ten channels punched in  six-colkmn fields. 

This  information occupies.the f i r s t  60 columns of the card .  The channel 

number 'of the . last  channel..on the ca rd  is punched in  columns 65-67, and 

a deck number for  identification is punched in columns 73.-75. ' These 

c a r d s  a r e  physically t ransported to the computer for processing. , 

The 20,000 -channel analyzer ,  which is under construction, will 

be compatible. with this c a r d  punching system; the ca rd  system will be 

used when. the readout does not exceed a few hundred channels. When 

the full 20,000 channels 0 r . a  major  fraction of them must  be read out, 

however,  the c a r d  punch sys tem- i s  too slow. For  this situation it i s  

proposed to write the analyzer  output directly onto magnetic tape in the 

s a m e  format  which would be produced by card-to-tape conversion on 

the IBM equipment. This format  will make it possible to use  the usual 

FOK'rKAN "read" and "format" statements which a r e  used for  reading 

data f r o m  cards .  The tape ree l  will be physically transported to the 

computer  for  processing.  

Some consideration i s  being given to .remote data t ransmission,  

and a card- to-card  sys tem is being installed on a t r i a l  basis  between 

the ORIC building and the IBM - 7090, facility. 



PROGRAMMING THE IBM- 7090 FOR DATA HANDLING 

Most of the data  reduction a t  the 86-1nch Cyclotron i s  done 

with the CONDAC program,  which i s  fa i r ly  complex. I t  i s  des i rab le  

to have, in addition, a means by which the experimenter ,  who i s  assumed 

not to be an exper t  p r o g r a m m e r ,  can use  the IBM-7090 to pe r fo rm 

ar i thmetic  operations on the data  without calling upon a professional  

p rogrammer  to write a special  p rogram.  

The FORTRAN sys tem provides a s imple means  of writing a r i th -  

met ic  p r o g r a m s ,  but the input and output s ta tements  usually account 

for  m o s t  of the programming effort. The input and output s ta tements  

call, however,  be written once a s  subroutines and used over  and over  

again for  cach new problem. Twu FORTRAN subroutines a r e  presented  

h e r e  which take c a r e  of the input and output operations.  These enable 

one to wri te  data-handling p rograms  without being concerned about, 

Ivrmat  details.  

THE DATAIN SUBROUTINE 

The subroutine to read  in the data is called DATAIN. The 

FORTRAN listing i s  shown in  Fig.  1. This subroutine r eads  the data 

f rom a specified number of c a r d s  and a r ranges  the data in  a subscripted 

a r r a y  suitable for subsequent processing;  i t  reads  the channel numbers  

fro~rs. the c a r d s  so  that the o r d e r  of the c a r d s  within a deck is immate r i a l  

Two c a r d s  must  precede the data deck to be read  by DATAIN. 

The f i r s t  c a r d  i s  a heading which may  contain up to 72 Hollerith cha r -  

ac t e r s ;  the second c a r d  may  contain 10 numbers  to be used in the sub- 

sequent processing.  These numbers  a r e  to be placed in the f i r s t  ten 

six-column fields in Lhe same  format  a s  the data numbers .  The dec imal  

point i s  assumed to be a t  the right-hand edge of the field unless  i t  i s  

explicitly punched. The f i r s t  number i s  the number of data  c a r d s  in the 

deck to be read. The second number i s  the ze ro  offset to  be added to the 

1 
C. D. Goodman and B. D. Williams, ORNL Report  2925 (1960j. 



SUBROUTINE DATAIN 
C  READ DATA CARDS 

DIMENSION A l 1 0 ~ 5 2 ) ~ K ( 5 2 ) , C ( 5 2 0 ) r C H A N N 0 ( 5 2 0 ) , T ( 1 2 )  
CCMMON C  ,CHANNO ,T,P l 

4 9  READ INPUT TAPE I O , I , T , N , O F S T ~ P I ~ P ~ , P ~ ~ P ~ P P ~ *  
I P 6 ~ P 7 , P 8 ~ ~ A ( 1 ~ 1 ) ~ I # I ~ l O ) , K ~ I ) ~ N D E C K , ( ( A ~ I ~ J ) ~ I # l ~ l O ) ~  
2 K (  J )  Jf I2.N) 

C OKOER CHANNELS 
DC I !  J # l r N  
DC I 1  i # l , l O  
L # K [ J ) + I - 9  
C ( L ) # P ( I , J )  
F L  I L # L  

I I CHANNC(Ll#FLTL+OFST-1.0 
M I N K # K (  I )  
nC 3 4  I # 2 t N  
I F  ( M I N K - Y ( I )  134, 341.35 

35  M I N K # K ( I )  
3 4  CONTINUE 

C  BPCKGROUND SUBTRACTION OR SUMMATION 
1 7  READ INPUT TAP'E I O t S r P 9 p K S H I F T  

I F  ( P 9 1 1 5 * 1 6 , 1 5  
15 READ INPUT TAPE 1 0 ~ 6 ~ ( ( A ( I ~ J ) ~ I H l t 1 0 ) , K ( J ) ~ J # l ~ )  

D C I 4 J # I v N  
DC141#1 ,10  
L # K ( J ) + I + K S H I F I - 9  

14 C ( L ) # G ( L ) + A ( I , J ) * P 9  
G O  TO 17 

16  RETURN 
I FCRMAT(12A6/I6~9F6.O/IOF6.0,4XI3~5XA3/(1OF6~O~4XI3)) 
5 FORMAT(F6.0,16) 
6 FCRMAT(IOF6.0,4X13) 

END( I 9  l ~ O I O , O I O , O ~ O ~ O , O ~ O , O , O ~ O ~ @ )  

Fi.g. 1 .  FORTRAN Listing for Subroutine DATAIN. 



channel numbers on the data ca rds  to obtain the ti-ue channel number. 

The other eight numbers a r e  not used in the input p rogram but a r e  

mere ly  placed in common storage to be accessible  for  la ter  computation. 

These a r e  named P1 ,  P 2 ,  . . . . P 8 .  The use  of the number in the third 

field ( P l )  i s ,  however, restr icted in that i t  i s  tested by subroutine 

PUTOUT to .determine the choice of punched ca rd  options.' F o r  detai ls ,  
. .  . . . 

see the description of subroutine PUTOUT. 

If severa l  decks a r e  to be added to o r  subtracted f rom each 

other,  each deck af ter  the f i r s t  must  be preceded by a ca rd  containing 

two numbers.  The number in the f i r s t  field i s  the normalization factor 

by which the data numbers in  the following deck a r e  to be multiplied 

before they a r e  added to the f i r s t  deck. This number may be positive 

o r  negative, and the decimal point is assumed to be a t  the right-hand 

edge of the field unless i t  is punched elsewhere. 

The number in the second field is a positive o r  negative integer 

o r  zero which must  be added to the channel numbers on the following 

deck to obtain correspondence with the channel numbers on the f i r s t  

deck. This number would be used, for example, when two spect ra ,  taken , 

in different subgroups of a multichannel analyzer ,  a r e  added together. 

The sample program in Fig. 2 i l lustrates  this point. A blank ca rd  m u s t  
/ I 

be placed af ter  the l a s t  data card .  Reading of this ca rd  will return 

control to the main program. 

All decks to be combined mus t  have the same number of ca rds .  

If i t  is necessary  to fill out a deck with dummy c a r d s ,  the f i r s t  deck 

may be filled out with duplicates of any card .  Subsequent decks may be 

filled out with c a r d s  which contain duplicate channel numbers but a r e  

otherwise blank. In the f i r s t  deck, if two o r  more  ca rds  have the same  

channel number, the l a s t  one read takes precedence. This feature 

makes it easy to co r rec t  faulty data by the insertion of additional infor- 

mation. DATAIN, together with PUTOUT, may  be used to generate a 

co r rec t  data deck from one in which some channels were skipped o r  

punchcd twice. 
After the DATAIN subroutine returns control to the main p rogram 

the correc t ly  ordered data is in common storage and may  be re fe r red  to 

by another FORTRAN program by way of a common statement  identical 



SUBROUTINE PUTOUT 
D I M E N S I O N  C ( ~ ~ U ) ~ C H ~ N N O ( ~ ~ O ) , T ( ~ ~ ) + I \ I C ( ~ O )  
COMMON C  9CHANNO ~ T ~ P ~ , P ~ ~ P ~ , P ~ , P ~ , P ~ P P ~ * P ~ # N D E C K ~ N * M I N K  

3 4  L l = M I  NK-8 
LMAX=L l + l O * N - 1  

4 0  M = l  
WRITE.OUTPUT TAPE 9,3,T,NtPltP2tP3,P4$P5eP6#P7oP8 

4 1  L 2 = L 1 + 9  
WRITE OUTPUT TAPE 9 t 4 , ( C ( L ) , L = L l r ~ 2 ) #  

L c H A N N O ( L Z ) ~ N D E C Y  
I F  ( P I )  4 6 , 4 7 9 4 8  

46  00 1 2  1 - 1 ~ 1 0  
J = L l + I - 1  7 ,. 
N C ( I ) = C ( J )  

1 2  NCHAN=CHANNO(LZ) - 
WRITE OUTPUT TAPE 6r7,(NC(I)#I=l#lO)#NCHAN#NDECK 
GO T O  4 7  

4 8  L 3 = L 1 + 4  
WRITE OUTPUT TAPE 6,8e((C(L),CHANNO(L)tL=Ll,L3),NDECK),((C(L+5)* 

lCHANNO(L+5),L=Ll#L3),NDECK) 
4 7  I F  ( L 2 - L M A X )  4 2 , 4 3 9 4 3  
42 L l ~ L 1 + 1 0  

M=M+l  
I F ( M = 2 3 ) 4 1 , 4 O t 4 0  

4 3  RETURN 
3  F O R M A T ( l H 1 1 2 A 6 / 1 H O 1 6 , 8 F 8 . 2 )  
4  F O R M A T f l H 0 1 0 F 9 r 2 ~ 3 X F 5 * 1 ~ 2 X A 3 )  
7 F O R M A T f 1 0 1 6 , 4 ~ 1 3 d 5 X A 3 , 9 X )  % 

8 FORMAT( lOF7.29 2 X A 3 t 9 X )  
E N D ( 1 ~ 1 ~ 0 # 0 , 0 # 0 , 0 # 0 ~ 0 # 0 # 0 ~ 0 # 0 ~ 0 # 0 ~  

Fig.  2. FORTRAN Listing f o r  Subroutine PUTOUT. 



to the common statement in  the DATAIN subroutine. The data appear 

in the f o r m  of two subscripted a r r a y s ,  C(L)  and CHANNO(L). C(L)  is 

the number of counts in channel number CHANNO(L). CHANNO(L) in- 

cludes the specified zero offset. L is a subscript which i s ,  in  fact,  the 

channel number,  as read f rom the f i r s t  deck, plus one. 

THE PUTOUT SUBROUTINE 

The PUTOUT subroutine causes the a r r a y s  C(L) ,  CHANNO(L), 

and the input parameters  to be printed on a page. The FORTRAN listing 

i s  shown in  Fig. 3 .  The printout numbers a r e  the values of a l l  these 

variables af ter  the operation of the main program.  The spaces reserved 

for P 1 ,  P 2 ,  etc.  , may be used to printout the input pa ramete r s  o r  the 

resul ts  of computations.' The sign of P 1  i s  examined by the program to 

determine the c a r d  punching option. If P 1  is negative a t  the time i t  is 

examined by the subroutine, output ca rds  will be punched in the same 

format  a s  the input cards .  If ~1 is positive, output ca rds  will be punched 

with al ternate 7-column fields containing CHANNO(L) and C(L) ,  five 

channels p e r  card .  If P 1  is zero ,  no output ca rds  w i l l  be punched. 

The heading and the line containing the input pa ramete r s  a r e  

repeated on each new pag'e of output. The number of l ines of output 
, - . .  

equals the number of ca rds  in the f i r s t  deck of input data.  ' . 

A sample program us'ing DATAIN and PUTOUT i s  :shown with 

sample input data in Fig. 3. The corresponding printed output i s  

shown in F ig .  4. A listing of the corresponding output ca rds  i s  shown 

in Fig. 5. 



* I D  CeDeGOODMAN Y-12 9 2 0 1 - 2  T E L - 7 3 9 8  
* C H A R G E L 1 5 8 8 1  
*lAPEllOrINPUT)I9~OUTPUT116~AUXOUTI 
*EXECUTE 
* T Y P E (  FORTRAN)  

O I M E N S I O N  C(520),CHANNOl5201,r(12) . 
COMMON C.CHANN0.T , P I  ~ P ~ V P ~ S ' P ~ ~ P ~ S P ~ V P ~ ~ P ~ ~ N O E C K  

4 CALL O A T A I N  
OC I L # l r 5 2 0  
I F  l C ( L l 1 3 ~ 3 , Z  

2 C ( L ) # L O G F ( C l L ) )  
GC TO I 

3 C l L I n U . 0  
I C C N T I N U E  

CALL PUTOUT 
GC TO 4 
E N O ~ l , l r 0 . 0 ~ . 0 ~ 3 r O ~ O ~ 0 t O ~ O ~ O ~ O ~ O ~ O I  

* T Y P E I B I N A R Y I  

THE B I N A R Y  DECKS FOR SUBROUTINE O A T A I N  A N 0  SU8ROUTlNE PUTOUT ARE 

SUBTRACT BACKGROUNOt TAKE LOGARITHM OF COUNTS. CASE 1 9  RUN 1 

Fig. 3. S a m p l e P r o g r a m a n d D a t a f o r t h e I B M - 7 0 9 0 ,  a s  
set up for compilation and execution on the 
Oak Ridge monitor. The p rogram subtracts  
0 . 2  t imes  data number in second deck f r o m  the 
corresponding data number in the f i r s t  deck and 
computes the natural logarithm of the difference. 



SUBTRACT BACKGROUND, 

10 1.00 -0. 

0 9 - 7 5  

6.25 6.17 

6.24 6.15 

6 - 1 0  6.13 

6.23 6.19 . 

6 - 3 6  6 - 3 5  

6.13 6.09 

6.15 6.25 

6.01 6.03 

TAKE LOGARITHM OF COUNTS. 

-0. -0. -0. 

7 - 2 6  6.72 6.43 

6.24 6.28 6.24 

6.14 5.98 6.12 

6.12 6.10 6.18 

6.25 6 - 2 5  6.23 

6.31 6.16 6.19 

6.07 5.9 7 6.01 

6.53 6.44 6.07 

5.92 6.14 6 - 7 1  

CASE I r  

-0. 

6.33 

6.. 2 4 

6. 0 9  

6.17 

6.24 

6.24 

6.04 

6.03 

6.90 

RUN I 

-0, - 

6.28 

Fig.  4. Pr in ted  Output f rom Sample P r o g r ~ m  of F i g .  3.  



L I S T I N G  OF OUTPUT CARDS 

Fig.  5. L is t ing  of Output C a r d s  f r o m  Sample P r o g r a m  of Fig .  
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