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GETTING MULTICHANNEL ANALYZER DATA IN AND OUT O F  

THE IBM-7090 FOR PROCESSING 

C. D. Goodman 

ABSTRACT 

The p resen t  method used for  handling multichannel-analyzer 

data at the ORNL 86-Inch Cyclotron is stated.  

for  reading the analyzer  data  into the IBM-7090 computer and f o r  

printing out the processed  data and punching processed  data on c a r d s  

are presented.  

FORTRAN subroutines 

INTRODUCTION 

The accumulation of experimental  nuclear  data with multichannel 

pulse-height ana lyzers  is now a commonplace technique. 

have become m o r e  complicated, and the number of channels on the 

available analyzers  has  increased  to  the point where machine handling 

of the data is imperat ive i f  the experimenter  is  to avoid becoming lost 

in  the drudgery of numerical  manipulations. 

Experiments  

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

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

to discuss  the means of getting data in  and out of such machines.  
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TRANSMISSION O F  DATA FROM THE ANALYZER TO THE COMPUTER 

The first s tep in  machine handling of data is to obtain the 

analyzer  output in a fo rm that can be read  by the computer o r  its 

per iphera l  equipment. A t  Oak Ridge, i f  the data  a r e  to be processed  

by the IBM-7090, the data must  be supplied as punched c a r d s  f o r  the 

off-line c a r d  r e a d e r ,  or as a magnetic tape for  d i rec t  reading by the 

7090. 

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

No equipment is cur ren t ly  available fo r  the reading of punched 

Equipment for  

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

in  the future.  

A t  the ORNL 86-Inch Cyclotron, data c a r d s  are produced on an  

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

c a r d  contains the counts for  ten channels punched in  six-column fields.  

This information occupies the first 60 columns of the ca rd .  The channel 

number of the last channel on the c a r d  is punched in  columns 65-67, and 

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

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

These  

The 20,000-channel ana lyzer ,  which is under construction, w i l l  

be compatible with this ca rd  punching system; the c a r d  sys tem w i l l  be 

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

the full 20,000 channels o r  a ma jo r  fraction of them mus t  be read  out, 

however,  the c a r d  punch sys tem is too slow. 

proposed to write the analyzer  output direct ly  onto magnetic tape in  the 

same format  which would be produced by card- to- tape conversion on 

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

FORTRAN "readl'  and l t format l l  s ta tements  which a r e  used for  reading 

data f r o m  ca rds .  

computer for  processing.  

F o r  this situation it is 

The tape r e e l  w i l l  be physically t ransported to  the 

Some consideration is  being given to  remote  data  t ransmiss ion ,  

and a card- to-card  sys tem is being installed on a trial bas is  between 

the ORIC building and the IBM-7090 facility. 
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PROGRAMMING THE IBM-7090 FOR DATA HANDLING 

Most  of the data reduction at the 86-Inch Cyclotron is done 

with the CONDAC program,  

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

not to be an  expert  p rog rammer ,  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.  

which is fai r ly  complex. I t  is  desirable  

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

met ic  p rograms  , 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  

can,  however, be written once as subroutines and used over and over  

again for  each new problem. 

here which take c a r e  of the input and output operations.  

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

format  details .  

Two FORTRAN subroutines a r e  presented 

These enable 

THE DATAIN SUBROUTINE 

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

FORTRAN listing is  shown in Fig. 1. 

f rom a specified number of ca rds  and a r r anges  the data in  a subscripted 

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

f rom the c a r d s  so that the o rde r  of the c a r d s  within a deck is immaterial. 

This subroutine reads  the data 

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

The first card is  a heading which may contain up to 72 Hollerith char- 

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

sequent processing.  

six-column fields in the same  format  as the data numbers .  

point is assumed to be at the right-hand edge of the field unless it is  

explicitly punched. 

deck to be read.  

These numbers  a r e  to be placed in the first ten 

The decimal  

The first number is the number of data c a r d s  in the 

The second number is the ze ro  offset t o  be added to  the 

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

h 
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S U B R O U T I N E  D A T A I N  
C R E A G  DATA C A R D S  

D I M E N S I O N  A ( ~ C , ~ ~ ) , K ( S ~ ) ~ C ( ~ ~ U ) , C H A N N O ( S ~ O ) Y T ( ~ ~ )  
CCMMON C t C H A N N D  9 T ,  P I VP2vP3,  P4, P S t P 6 , P 7 , P B y N D E C K * N , M l N K  

49 R E A D  I N P U T  T A P E  I U , ~ , T T N ~ O F S T , P I T P ~ , P ~ ~ P ~ ~ ~ S ~  
I P ~ ~ P ~ ~ P ~ ~ ( A ( I , ~ ) ~ I # I ~ I ~ ) , K ( ~ ) ~ N C ) E C K ~ ( [ A ~ I , J ) , I # I T ~ ~ ) ~  
2K(Jl,J#Z,N) 

DC I 1  J # l t N  
oc I 1  I f C S T l O  
L#K( J)+I-9 
C(L)#A(ItJl 
F L T L # l  

MINK#K( 1 )  

C O R D E R  C H A N N E L S  

I 1  CHANNC(L)#FLTL+OFST-I.C 

DC 34 I#2rN 
I F  (NINK-K(1))34,34t35 

35 MINK#K(I) 
34 C O N T I N U E  

C BbCKGHOUND S U B T R A C T I O N  O R  S U M M A T I O N  
J 7  R E A D  INPUT T A P E  10t5,P9tKSHIFT 

15 R E A G  INPUT T A P E  IO~6,1(A(I,J),I#trlO)rKIJlrJ#lt~) 
IF ( P P 1 1 5 t 1 6 r 1 5  

GC14J#I T N  
12c141#1,10 
L#K?J)+I+KSHIfT-9 

14 C ( L ) # C ( L ) + A I I I J ) + P ~  
G O  T O  17 

16 R E T U R N  
I F C R M A T ~ 1 2 A 6 / I 6 ~ 9 F 6 . 0 / i ~ ~ 6 g ~ ~ 4 X ~ ~ ~ 5 X A 3 / ~ 1 O f 6 g ~ ~ 4 X I ~ ~ ~  
5 FORMAT(F6.0,I6) 
6 F C R M A T ( I O F 6 . 0 ~ 4 X 1 3 )  

~ ~ ~ ~ ~ , i , ~ , u , u , a , a , n , o , c , a , ~ ~ ~ ~ o ~ ~ ~  

Fig. 1. FORTRAN Listing for  Subroutine DATAIN. 
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channel numbers  on the data c a r d s  to obtain the t rue  channel number.  

The other eight numbers  are  not used in  the input p rogram but are 

mere ly  placed in  common storage to be access ib le  for  l a t e r  computation. 

These a r e  named P l ,  P 2 ,  . . . . P8. The u s e  of the number in  the third 

field (Pl)  i s ,  however,  res t r ic ted  in  that it is tes ted by subroutine 

PUTOUT to determine the choice of punched c a r d  options. 

see  the description of subroutine PUTOUT. 

F o r  detai ls ,  

If s eve ra l  decks are to be added to  o r  subtracted f rom each 

o ther ,  each deck af te r  the first must  be preceded by a c a r d  containing 

two numbers .  

by which the data numbers  in  the following deck are to be multiplied 

before they a r e  added to the first deck. 

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

edge of the field unless it is punched elsewhere.  

The number in  the first field is  the normalization factor  

This number may  be posit ive 

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

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

deck to obtain correspondence with the channel numbers  on the first 

deck. This number would be used,  fo r  example,  when two spec t r a ,  taken 

in different subgroups of it multichannel ana lyzer ,  are added together.  

The sample p rogram in  F ig .  2 i l lus t ra tes  this point. 

be placed af te r  the last data ca rd .  

control to the main program.  

A blank c a r d  m u s t  

Reading of this c a r d  wi l l  re turn  

A l l  decks to be combined mus t  have the same  number of c a r d s .  

If it is  necessary  to f i l l  out a deck with dummy ca rds ,  the first deck 

may be filled out with duplicates of any card .  

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

otherwise blank. 

channel number,  the last one read  takes  precedence.  This feature  

makes it easy to c o r r e c t  faulty data by the inser t ion of additional infor- 

mation. 

c o r r e c t  data deck f rom one in  which some channels were skipped o r  

punched twice. 

the cor rec t ly  ordered  data is in  common storage and may be r e f e r r e d  to 

by another FORTRAN program by way of a common statement  identical  

Subsequent decks may be 

In the first deck, i f  two o r  m o r e  ca rds  have the same 

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

After the DATAIN subroutine re turns  control to the main p rogram 



S U B R O U T I N E  PUTOUT 
D I M E N S I O N  C ( 5 2 0 )  t C t i 4 N N O  ( 5 2 0  1 ,T ( 1 2 )  ,Nc ( 19) 

34 L l ' M I W K - 8  

40 M = l  

4 1  L 2 = L 1 + 9  

COMMON C 9 CHANNQ 9 T 9 P 1 B P 2  i P 3  P 4  9 P 5 # P 6  9P7 9 P 8  B N D E C K  t N 9 M I N K  

L M A X = L  1+103~N-1 

WRITE OUTPUT T A P E  9 + 3 , T , N ~ P l r P 2 r P 3 t P 4 t P 5 , P 6 r p 7 , P 8  

W R I T E  OUTPUT T A P E  9 , 4 ~ ( C ( L ) # L = L l i L 2 ) r  
l C H A M N O ( L 2 ) f i N D E C K  

I F  ( P 1 )  46947948 
46 DO 1 2  1=1910 

J=Ll+I-l 
N C ( I ) = C ( J )  

W R I T E  OUTPUT T A P E  ~ B ~ # ( N C I I ) B I = ~ B ~ O ) ~ N C H A N , N D E C K  
GO TO 47 

W R I T E  OUTPUT T A P E  ~ # ~ , ( ~ C ( L ) , C H A N N O ( L ) , L = L ~ , L ~ ) ~ N D E C K ) B ~ ( C ( L + ~ ) ~  

1 2  N C H A N = C H A N N O ( L 2 )  

4 8  L3=Ll.+4 

l C H A N N O I L + 5 ) p L = L l ~ L S ) r N D E C K )  
47 IF (L2-LMAX) 4 2 , 4 3 * 4 3  
42 L l = L 1 + 1 0  

M = M + 1  
IF(M-23)41,40,40 

4 3  R E T U R N  
3 F O R M A T ( l H 1 1 2 A 6 / l H O I 6 , 8 F 8 . 2 )  
4 F O R M A T ~ ~ H O ~ O F ~ O ~ ~ ~ X F ~ O ~ ~ ~ X A ~ )  
7 F O R M A T I L O 1 6 # 4 X I 3 # 5 X A 3 , 9 X )  
8 FORMAT ( 1 O F 7 . 2  s 2 X A 3  *9X 1 

E N D ~ l r 1 t 0 ~ 0 ~ 0 ~ 0 r 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 )  

i' 

Fig. 2 .  FORTRAN Listing for  Subroutine P U T O U T .  
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to the common statement  in  the DATAIN subroutine. 

in  the fo rm of two subscripted a r r a y s ,  C ( L )  and CHANNO(L). 

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

cludes the specified zero  offset. 

channel number,  as read  f rom the first deck, plus one. 

The data appear  

C(L)  is  

CHANNO(L) in-  

L is a subscr ipt  which i s ,  in fact ,  the 

THE PUTOUT SUBROUTINE 

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

and the input p a r a m e t e r s  to be printed on a page. 

is shown in  F ig .  3 .  

variables  after the operation of the main p rogram.  

for  Pl ,  P2, etc .  , may be used to printout the input pa rame te r s  o r  the 

resu l t s  of computations. 

determine the c a r d  punching option. 

examined by the subroutine,  output ca rds  w i l l  be punched in the same  

format  as the input ca rds .  

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

channels p e r  ca rd .  

The FORTRAN list ing 

The printout numbers  a r e  the values of all these 

The spaces  r e se rved  

The sign of P1 is examined by the p rogram to 

If P1 is negative a t  the t ime it is 

If P1 is posit ive,  output c a r d s  w i l l  be punched 

If P1 is zero ,  no output c a r d s  w i l l  be punched. 

The heading and the l ine containing the input p a r a m e t e r s  a r e  

The number of l ines  of output repeated on each new page of output. 

equals the number of c a r d s  in  the first deck of input data.  

A sample p rogram using DATAIN and PUTOUT is  shown with 

sample input data in Fig.  3. 

shown in Fig. 4. 
in Fig.  5. 

The corresponding pr inted output i s  

A list ing of the corresponding output ca rds  is  shown 
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*IO CcDaGOQDMAN Y-12 9201-2 TEL-7398 
*WRGE(15481 
* T A P E ~ ~ O S I N P U T ) ~ ~ ~ O U T P U T ~ ~ ~ , A U X O ’ J T ~  
*EXECUTE 
*TYPE 1 FORTRAN) 

DIMENSION C(520),CHANN0(520),Tl12) 
COMMON C,CHANNO,T r P 1  I P 2 r  P3t P 4 r  P S ,  P6rP7vP8,NDECK 
CALL DATAIN 
oc  I ~tfi,szn 
IF 1C(L)33,3,2 
C(L)#LOGFlC(L)) 
GC T O  I 
c ( L) #u.n 
CCNTlNUE 
CALL PUTOUT 
GC TO 4 
~~~~ i , i , a ,o ,n ,n~n ,n .n ,n ,o ,o ,o .o .n i  
*TYPElBINARYl 

THE BINARY DECKS F O R  SUBROUTINE DATAIN AN0 SUBROUTINE PUTOUT ARE 

INSERTEO HERE. 

SGATA 

SUBTRACT BACKGROUND, TAKE LOGARITHM OF COUNTS- CASE l r  RUN 1 

10 20.5 1 

O O O I O  18297 01442 00846 00629 00569 00544 00546 00579 00522 

00526 00487 00523 00546 00525 00527 00490 00485 00510 00493 

00524 00491 00497 00440 00489 00474 00489 00475 00477 00516 

00486 00473 00464 00466 00503 00489 00456 00480 00477 00491 

00510 00491 00517 00521 00512 00523 00502 00539 00555 00593 

00583 00572 00551 00477 00487 00514 00484 00473 00500 OC443 

00440 00441 00434 00390 00408 00420 00434 00513 00550 00601 

00470 00516 00682 00624 00432 00415 00577 01191 01202 00599 

00407 00416 00374 00463 00818 00990 00603 00955 05533 16926 

16217 04732 00489 00094 00060 00030 00028 00029 00030 00000 

-*2 -100 

00465 05630 00117 00073 00057 00049 00039 00064 00060 00050 

00052 00041 00047 00053 00073 00078 00095 00099 00096 00088 

00062 00106 00172 00222 00171 00156 00185 00198 00317 00442 

00191 00064 00057 00108 00103 00055 00008 00013 00016 00027 

06012 00016 00004 00005 00012 00045 00187 00277 00138 00029 

00015 00006 00006 00006 00002 00006 00006 00001 00000 00000 

00000 OOOGO 00000 00000 00000 OOOGO 00000 00000 00000  00000 

00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 

O O O l X  OOOGO 00002 00000 00000  00000 00000 00000 00000 00000 

00000 00001 OCOOl 00000 00000 00000 00000 00000 00000  00000 

010 

020 

030 

040 

t > O  

060 

070 

0h0 

090 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

254 

2 54 

254 

254 

254 

254 

254 

254 

254 

254 

254 

254 

254 

2 54 

254 

254 

254 

254 

254 

254 

2 54 

Fig. 3. Sample P r o g r a m  and Data f o r  the IBM-7090, as 
se t  up for compilation and execution on the 
Oak Ridge monitor. 
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  logari thm of the difference. 

The p rogram subtracts  

‘t 

I 
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SUBTRACT BACKGROUND, 

10 1.00 -0. 

0 ,  9 - 7 5  

6 - 2 5  6 - 1 7  

6 - 2 4  6. I S  

6.10 6 - 1 3  

6.23 6 - 1 9  

6.36 6 - 3 5  

6.13 6.G9 

0.15 6.25 

6.01 6 - 0 3  

TAKE L O G A R I T H M  OF COUNTS. 

-0 -0.  -0 

7 - 2 6  6.72 6 - 4 3  

6.24 6.28 6 - 2 4  

6.14 5.98  6.12 

6.12 6.10 6- 18 

6.25 6.25 6.23 

6.31 6.16 6.19 

6 a 0 7  5.97 6.01 

6.53 6.44 6.07 

5.92 6.14 6.71 

CASE I r  RUN I 

-0  -0. 

6.33 6 - 2 8  

6.24 6.45 

6.U9 6.11 

6 - 1 7  6 - 1 2  

6.24 6.14 

6.211 6 - 1 8  

6.04 6.C7 

6 - 0 3  6-36 

6 - 9 0  6 - 4 0  

-0. 

6.28 

6. I 4  

6.08 

6 . i 7  

6.18 

6.16 

6.24 

7.08 

6 - 8 6  

6 - 3 4  

6.2U 

6.02 

6 - 1 6  

6.27 

6.21 

6.31 

7 - 0 9  

8.62 

6.24 

6 - 1 6  

6.06 

6 - 1 9  

6 - 3 8  

6.0Y 

6.40 

6 - 4 0  

9.74 

301 5 

40.5 

50.5 

60.5 

70.5 

80.5 

90.5 

IOU15 

110*5 

254 

254 

2 54 

2 54 

a 2 54 

2 54 

254 

2 54 

254 

9.70 8.46 6. I 9  4.54 4.09 3.40 3.33 3.37 3.40 0. 120.5 254 

Fig.  4. Pr in ted  Output from Sample P r o g r a m  of F i g .  3. 
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LISTING OF OUTPUT CARDS 

0- 21-50 

6-33 26-50 

6-25 31-50 

4-24 36.50 

4-24 41-50 

6-09 46-50 

6-10 51-50 

6-17 56-50 

6-23 01-50 

6-24 66-50 

6-36 71-50 

6-24 76-50 

6-13 81-50 

6-04 86-50 

6-15 91-50 

6-03 96.50 

6-01 101-SG 

6-90 106-50 

9-70 1)I-SG 

3.40 l t6*5O 

9.75 22.50 

6-28 27-50 

6.17 32-50 

6-15 37-50 

6.15 42.50 

6 - 7 1  47-50 

6 - 1 3  52-50 

6-12 57-50 

6-19 62-50 

6-14 67-50 

6.35 72-50 

6.18 77.50 

6.09 82-50 

6.07 87-50 

6-25 92.50 

6-36 9 7 - 5 0  

6.03 102-50 

6-40 107.50 

8-46 112-50 

3.33 117.50 

'Po26 23-50 

6-28  28 -50  

6.24 33-50 

6-14 38-50 

6-14 43-50 

6-08 48-50 

6-12  53-50 

6-17 58.50 

6-25 63-50 

6-18 68-50 

6.31 73.50 

6-16 78.50 

6-07  83-50 

6-24 88-50 

6.53 9305G 

7-08 98.50 

5-92 103-50 

6-86 108-50 

6-19  113.50 

3-37 118-50 

6.72 24-50 

6-34 29.50 

6-28 34-50 

6-20 39-50 

5 - 9 8  44-50 

6-02 49-50 

6-10 54-50 

6-16 59-50 

6-25 64-50 

6.27 69-50 

6-16 71-50 

6.21 79-50 

5-97 84-50 

6-31 89-50 

6-44 94.50 

7-09 99.50 

6 - 1 4  104-50 

8.62 1 0 9 - 5 0  

4-54 114-50 

3-40 119-50 

5-43 25-50 

4-24 30-50 

6-24 3 5 - 5 0  

4 - 1 6  40-50 

6-12 45-50 

6-06 50-50 

6-18 55-50 

6-19 6 0 - 5 0  

6-23 65-50 

6-38 70-50 

6-19 75-50 

6-09 8 0 - 5 0  

6-01 8 5 - 5 0  

6-40 90-50 

6-07 95-50 

6-40 100-50 

6-71 105.50 

9-74 110-50 

4-09 115.50 

0 -  120.50 

2 54 

2 54 

254 

2 54 

2 54 

254 

254 

2 54 

254 

2 54 

254 

2 54 

2 54 

2 54 

2 54 

2 54 

2 54 

2 54 

254 

2 54 

Fig. 5. 
Y 

Listing of Output Cards  f rom Sample P r o g r a m  of Fig. 3. 
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