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ABSTRACT 

The ability to analyze and evaluate the increasing amount 

of new neutron c r o s s  section information i s  a vital pa r t  of the 

effort to design economic nuclear reac tors .  By application of 

computer graphics techniques, one may  supply the c r o s s  section 

evaluator with the tools which a r e  necessary.  By permitting 

man-computer interaction through computer graphics ,  both the 

rapidity and quality of evaluations will be great ly  increased.  A 

brief description of a prototype sys tem,  SCORE, i s  described in 

this document. Methods tested during the development of this 

prototype evaluation sys tem have widespread general applications 

a s  well. 





1.  INTRODUCTION 

Evaluation of neutron c r o s s  section data for  use in nuclear reactor  design 

usually requires  major  nontechnical efforts,  quite often to the exclusion of de- 

tailed physics analysis of data.  This nontechnical effort consists chiefly of such 

multistep operations a s  data compilation, formating , r eformating , plotting, 

curve fitting, etc,  Since the previously-mentioned operations, however neces-  

sa ry ,  a r e  for the most  par t  time-consuming and yield only a minimal amount of 

physics evaluation, i t  i s  of extreme importance that these procedures be fully 

automated in  o rde r  that evaluators will be able to meet  the more  stringent data 

requirements of future nuclear reactor  design. In addition, the difficulties of 

conventional neutron c ros  s section evaluation a r e  being multiplied enormously 

by the increasing flow of new experimental data. 

A brief sketch of a proposed comprehensive evaluation sys tem has been 

given previously.(1) A schematic diagram of this system i s  shown in Figure 1. 

This diagram i l lustrates  the future direction which this automated evaluation 

project will take.  The present  project has  evolved a s  pa r t  of the national c r o s s  

section evaluation effort, ENDFIB,'') and has  been designated SCORE (SCISRS - 

Conversion Routine). - - - 

6-27-66 UNCL 7604-2545 

Figure 1.  General Flowchart for SCORE 
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The basic concept which makes an automated c r o s s  section evaluation sys  - 
t em feasible  i s  a rapid yet convenient conversational mode operating between 

the evaluator and his computer.  In the pas t  this conversational capability has  

been absent, but recent  developments in auxiliary computer hardware (namely, 

the cathode-ray-tube console) now provide the conversational mechanism. The 

SCORE system i s  designed to make optimium use of the cathode r a y  tube (CRT) 

and computer graphics a s  both a visual and digital interface between the various 

components of an  evaluation scheme.  By using the CRT a s  an  input-output de-  

vice,  the evaluator has a flexible and convenient tool for control of the logical 

flow of computer operations.  

An operating version of SCORE, Version I, i s  now available for  production 

operations. SCORE, Version I, contains only a fraction of the sys tem described 

in Figure 1. The present  version was limited to the general a r e a  of r e -  

t r ieval  and display of experimental neutron c r o s s  section information. In this 

connection, data re t r ieva l  problems associated with medium-sized data-sets  

have been solved, data display routines have been written and checked out, and 

mechanisms for  man-computer interactions through the display console have 

been tested. The successful completion of this prel iminary phase has  provided 

valuable information for  use  in creating the highly sophisticated evaluation s y s -  

t em planned. 

The SCORE program will re t r ieve  experimental neutron c r o s s  section data 

f rom a SCISRS I ( ~ '  type data fi le.  The methods for s torage and re t r ieva l  will 

be described in detail  in Section 111. Briefly, the method utilizes a combined 

tape and disk sys tem.  Input data i s  supplied by the evaluator who enters  this 

data through a s e r i e s  of active displays on the console. In addition, the evalu- 

a tor  d i rec ts  the flow of SCORE by means of actions taken a t  the console in  any 

desired sequence of operations which include data sorting, data display i n  one 

of severa l  available modes,  data correct ing,  data listing, etc.  

SCORE was developed for the IBM-360, Model 50 (360-50) and i s  operating 

on this computer a t  the IBM Scientific Center,  Pa lo  Alto, California. The com-  

puter i s  supported by disk dr ives  and magnetic tape units with a pr in ter  and a 

ca rd  reader-punch. The display console i s  an IBM-2250 which has a 4K buffer, 

keyboard, light pen, and charac ter  generator .  Programming of SCORE i s  



principally in  FORTRAN IV, Levels G and H. For  computer graphics applica- 

tions, machine language routines a r e  used to generate displays on the IBM-2250. 

All other subroutines a r e  writ ten in  FORTRAN IV. 

The SCORE system has  been used in  a partitioned memory  sys tem under 

OS/360. Such an operating system, with the 2250 given the highest priority,  

i s  extremely efficient. Our experience has shown that the operation of SCORE 

consumes between 5 and 10% of the 360-50 operating t ime.  Most of that usage 

i s  due to data retr ieval .  Regular batch processing can be run in the background 

partition with no noticeable effect on the speed of that processing. In addition, 

the response t ime for  the display console i s  a s  good in the partitioned memory  

sys tem described above a s  when operating in a nonpartitioned environment. 

All available experimental c r o s s  section data for  an isotope o r  an element 

a r e  s tored a s  a hexadecimal sequential data file on a magnetic tape. When a 

particular isotope i s  requested, the file handling features  of OS/360 a r e  used 

to position the tape to the co r rec t  data file. This file i s  then copied into a 

direct-access  data-set on a disk s o  that the d i rec t  record-access  feature of 

FORTRAN IV, Level G, may  be used. A prel iminary search  for  the des i red  

data i s  made using a condensed table. The output f rom such a search  i s  a 

record  number.  This record  number i s  then used to initiate a sequential search  

in the direct-access  data-set within 250 data points of the required data. The 

advantage of this method over a purely sequential s ea rch  through a data file con- 

taining tens of thousands of records  i s  obvious. 

Extensive use of the light pen and keyboard fea tures  of the 2250 has been 

made in such a way a s  to allow the evaluator maximum flexibility in controlling 

the sequence of his operations. Problem data i s  entered through the alpha- 

numeric keyboard. The displays on the console guide the user  a s  to what in- 

formation is required. The data appears  on the sc reen  a s  i t  i s  entered f rom 

the keyboard. When a l l  data have been supplied, fur ther  action may  be initiated 

in  one of two ways: (1 )  When the only logical option i s  to continue the program,  

an END key on the alpha-numeric keyboard i s  used; (2 )  when severa l  options 

a r e  available, an a r e a  of the sc reen  l i s t s  the available options. A light-pen 

detect on one of these options can then initiate fur ther  action. This technique 

i s  used, for example, to add e r r o r  l imits  to  the display of experimental c r o s s  

section data. 



The following three  sections will descr ibe in more  detail  the operation of 

SCORE, Version I, the data storage and re t r ieva l  methods, and the use of the 

display console. The SCORE system i s  now ready for future development in 

the a r e a s  of curve fitting and evaluated data overlay comparisons.  

NAA-SR-MEMO- 12529 
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I I .  OPERATION O F  SCORE 

The SCORE sys tem may  be operated by an individual working a t  the con- 

sole of an IBM-2250 display device. The system has  been constructed so  that 

the console may be operated a s  par t  of a remote terminal  a s  well a s  directly 

linked to a large digital computer.  This chapter has the dual purpose of ex- 

plaining what SCORE can do and providing a user  manual. 

No data ca rds  a r e  necessary  to operate SCORE, but a se t  of control cards  

a r e  required to load the program into the highest pr ior i ty  partition of the com- 

puter and initiate execution. The experimental c r o s s  section information r e -  

s ides  on a se r i e s  of tapes in  a hexadecimal adaption of the SCISRS format .  ( 3  

(A detailed description of this format  a s  well a s  the data s torage and retr ieval  

sys tem of SCORE i s  given in Section 111. ) The console used by the evaluator to 

execute SCORE consists of a CRT on which the graphical displays appear,  an 

alpha-numeric keyboard which can be used to communicate with the CRT,  and 

a light-sensitive pen useful for  s imi lar  communication functions. This equip- 

ment  i s  shown in Figure 2.  

At the beginning of each case  an active display appears  on the CRT screen .  

An active display means a display through which an evaluator may t ransmi t  in-  

formation to the system. This active display with a pa r t  of the input data already 

appearing i s  shown in  Figure 3 .  This display permi ts  the evaluator to provide 

identifying information; namely, 

1 ) Laboratory 

2 )  Evaluator 

3 )  Date 

4)  Problem identification number 

In addition, data necessary  for  retr ieval  of the desired experimental quantities 

a r e  supplied; namely, 

5 )  Element atomic number 

6 )  Element m a s s  number 

7 )  Reaction type 





LABORATORY: A1 - IBM 

EVALUATOR: C.L.DUNFORD 

DATE: 1 0 / 3 1 / 6 7  

PROBLEM I . D .  : 1 

ELEMENT: 1 1  

MASS NUMBER: 23 

REACTION: NA 

MINIMUM ENERGY [MEV):  6.- 

M A X  I MUM ENERGY [ MEV) : 

LEVEL ENERGY (MEV) : 

PLEASE F I L L  I N  OR CHANGE APPROPRIATE VALUES. 
SIGNAL 'END' WHEN COMPLETE 

11-22-67 UNCL 7701-4633 

F i g u r e  3 .  Ini t ial  Data  Input Display  



8)  Minimum energy 

9 )  Maximum energy 

10) Level energy 

Items 5, 6, and 7 follow the SCISRS'~' nomenclature, with the natural element 

(a mixture of isotopes) mas s  number given a s  000. Table 1 l i s t s  the reaction 

types that a r e  presently available and their symbols. The minimum and maxi- 

mum energies desired a r e  supplied in Mev. In the case where an angular dis-  

tribution i s  requested, SCORE will retr ieve the f i r s t  angular distribution avail- 

able between the specified energy limits.  In the case  of an inelastic interaction, 

an excited level energy may be required. 

TABLE 1 

REACTION TYPES RECOGNIZED BY SCORE 
- 

Symbol I Reaction 

NA 

ND 

NF 

NG 

NH 

NP 

NT 

NNG 

N2N 

N3N 

SEL 

SIN 

TOT 

DEL 

DIN 

D IT 

n, alpha 

n, deuteron 

n, fission 

n, gamma 

n, He 3 

n, proton 

n, triton 

(n,n'Y) 

(n,2n) 

(n, 3 4  

(n,nf ) (has secondary) 

Total c ross  section 

Differential elastic scattering 

Differential inelastic scattering (has secondary) 

Differential elastic and inelastic scattering 



A short  line called a cu r so r  may  be seen in  Figure 3 .  The cu r so r  indicates 

the position a t  which a charac ter  entered in the keyboard will appear on the 

screen .  This cu r so r  may  be moved to any position in  the active a r e a  of the dis-  

play by a key on the keyboard. Thus, there  i s  complete freedom to enter and 

c o r r e c t  any input data on the screen .  When al l  required data have been cor rec t ly  

specified, the evaluator s t r ikes  the END key which will cause the program to 

continue execution. 

Using the data supplied through the f i r s t  display, SCORE re t r ieves  the r e -  

quested experimental data f r o m  the SCISRS l ibrary .  Details of the s torage and 

re t r ieva l  sys tem a r e  given in  Section 111. If the requested isotope o r  element 

i s  not residing in the d i rec t -access  data-set  on the disk,  a table i s  searched to 

find i t s  location by tape, and the f i le  on that tape. The program then checks to 

s e e  if the tape i s  mounted. If the co r rec t  tape i s  not mounted, a message  appears  

on the 360-50 console telling the operator  to mount the tape. When the co r rec t  

tape i s  mounted, the requested isotope o r  element i s  loaded into the d i rec t -  

access  data-set ,  the required data retr ieved,  and SCORE i s  ready to proceed. 

If the isotope o r  reaction type i s  not allowed, o r  no data a r e  available for  

the reaction type o r  energy range specified, an e r r o r  message  (Figure  4)  ap- 

pea r s .  Any one of three options (CONTINUE, RESTART, o r  TERMINATE) may 

be selected by a light-pen detect on the appropriate charac ters  on the screen .  

The f i r s t  two options (CONTINUE and RESTART) re turn  to the f i r s t  display 

(Figure  2 )  s o  that the evaluator may modify the input pa ramete r s .  The TER- 

MINATE option ends the job. 

When requested data i s  re tr ieved,  the data l imits a r e  displayed along with 

two options, SORT and NOSORT (Figure  5) .  Either option may be chosen by a 

light-pen detect. The displayed charac ters  of the chosen option change from 

the smal l  to the la rge  s i ze  and the chosen option i s  executed. 

If additional restr ic t ions on the initial data retr ieved a r e  desired,  then the 

SORT option i s  chosen and the display in Figure 6 appears .  In addition to the 

NAA-SR-MEMO- 12529 
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REKT 1 ON T Y# XXXX I S  NOT AC-TABLE . TRY AWIN. 

WNT INUE 

RESTAIPT 

TERH INATE 

11-22-67 UNCL 7701-4634 

Figu re  4. E r r o r  Message 



SORT NOSDRT 

11-22-67 UNCL 7701-4635 

F i g u r e  5 .  Display  of L i m i t s  of R e t r i e v e d  Data  



1 1  23  NA b.30000E 00 TO 2.10000E 0 1 n ~ v .  

SIGMA MIN = 1. 20000E-03 SIGMA MAX = 1 .  b4000E 02 

APR 1221 1877 
8 ZN 15A I 286 
C W  3 b 1 3 8  
O W  b 3 1 b 7 5  
E P P S  771  508 

REFERENCE: A BC D E- 

E N E M  b .30000E 00 TO 2. 10000E 0 1 f€v. 

11-22-67 UNCL 

Figure  6 .  SORT Option 

SORT NOSORT 



data l imits ,  a l l  references a r e  displayed. The references a r e  light-pen sensi  - 
tive so  that when m o r e  than 10 references have been retrieved, a light-pen detect 

moves tE,? next 10 (o r  l e s s )  into the display. Successive detects continue to 

move new references into the display until all  references have been displayed. 

Then a detect recycles  by bringing in the f i r s t  10 references again. 

Each reference i s  identified by an alphabetic charac ter .  If the use r  wishes 

to add o r  delete al l  data for  a reference or references f rom the data to be d is -  

played, then the identifying alphabetic charac ter  for each desired reference 

must  be typed in the a r e a  of the sc reen  to the right of the word REFERENCE. 

If no change in references from the previous specification i s  des i red ,  then that 

a r e a  i s  left blank. The default condition i s  that a l l  references retr ieved will be 

plotted, and this condition exists until the evaluator has  made a change in the 

l i s t  of references f rom which data will be displayed. Each light-pen detect on 

the reference l i s t  ( s e e  previous paragraph)  c l ea r s  this a r r a y  and s tores  the 

charac ters  which were  entered f r o m  the keyboard. Finally, the energy l imits  

of the data,  o r  ( in  the case  of angular distributions) the angular l imits desired,  

a r e  entered into the bottom line through the keyboard. 

When al l  data a r e  entered, striking the END key initiates the final data 

so r t .  If there  a r e  no data within the res t r ic ted  l imits  an e r r o r  message  s imi lar  

to Figure 4 appears .  The options RESTART and TERMINATE have the same  

meaning a s  before. The CONTINUE option re turns  to the display in  Figure 6 

and allows the evaluator to co r rec t  the e r r o r  o r  e r r o r s .  

If the NOSORT option had been chosen o r  when the final data s o r t  i s  com- 

pleted, the display in  Figure 7 appears .  The limits on the final se t  of data to 

to be displayed now appear in the upper two lines.  The remaining information 

relating to the details of the data display must  be supplied by the user .  Each 

axis may  be either logarthmic o r  l inear .  The choices a r e  made by a light-pen 

detect. The option chosen will appear in l a rge  cha rac te r s .  The axis units a r e  

a l so  chosen in a s imi lar  manner .  There  a r e  three  options for  the energy axis ,  

MEV, KEV, o r  EV; o r  two choices fo r  angular data,  LAB o r  CM (center -of -mass ) .  



X-AXIS: LOG L I N  Y-AXIS: LOG L I N  

WITS 

X-AXIS MEV UEV EV LAB cn 
Y-AXIS B nb B/ST HB/ST 

Y-MIN 1 . O E - ~ S  Y-n~x  2 . 0 ~  02 

DELTA x 3 .  OE 00 ~ L T A  y 3 .  OE 01 

SORT NOSDRT 

11-22-67 UNCL 7701-4637 

Figu re  7. NOSORT Option 



The y-axis  may  be i n  barns  ( B )  o r  mil l ibarns  (MB) f o r  c r o s s  sections o r  b a r n s /  

s te rad ian  ( B / S T )  o r  mi l l i ba rns l s t e r ad i an  (MBIST)  fo r  angular data .  

The remaining th r ee  l ines of F igure  7 allow the u s e r  to design a display 

gr id .  The min imum and maximum of the x -  and y-axis a r e  supplied. In the  

c a s e  of log plotting, 0.0 o r  a negative value m a y  not be requested f o r  that  axis .  

The min imum i s  r e s e t  by SCORE to  the nea re s t  lower decade when log plotting 

i s  requested.  The quantities DELTA X and DELTA Y a r e  gr id  units which 

specify the separat ion between gr id  l ines f o r  l inear  plotting. F o r  log plotting, 

these  values a r e  ignored and s e t  in ternal ly .  In a l l  c a s e s  the values mus t  be 

specified in  the s a m e  units given in  the upper two l ines of the display,  not i n  

the chosen axis units .  

When al l  required data  have been specified,  the END key i s  s t ruck  causing 

the p rog ram to continue. If an  e r r o r  was made  in  specifying the units fo r  e i ther  

ax i s ,  an  e r r o r  message  appears  with the t h r ee  options: CONTINUE, RESTART, 

o r  TERMINATE. If CONTINUE i s  chosen,  the previous display appears  and the  

e r r o r  c a n  be co r r ec t ed .  

The data a r e  displayed upon completion of the information requi red  by the 

previous display (F igu re  7 ) .  An example of the data  display i s  shown in  Fig-  

u r e  8 .  The upper pa r t  of the display cons i s t s  of identifying information.  In 

the right cen te r  of the display a r e  the data r e f e r ences  up to a maximum of 10.  

These  sho r t  re fe rence  identif iers m a y  be checked for  m o r e  details  in  Refer -  

ence 4. If m o r e  than 10 re fe rences  have been re t r ieved ,  each subsequent 10 

r e f e r ences  m a y  be displayed when a light-pen detect  occurs  in  that a r e a .  The 

lower right-hand s ide  i s  a l so  l ight-pen sensi t ive  and cons i s t s  of up to 10 key 

words .  A light-pen detect  on a word will ini t iate a p rog ram option. 

The remainder  of the display (9  by 9 i n . )  i s  used for  the graphical  display 

of the exper imental  data .  Each data point i s  represen ted  by a n  alphabetic 

cha rac t e r  which cor responds  to one of the re fe rences  displayed in  the r ight-  

cen te r  of the s c r een .  The axes  a r e  e i ther  log o r  l inear  depending upon the data 

supplied in  the previous display.  

The display shown in F igure  8 has  s i x  light-pen options available.  They a r e  

OPTION 2, RESTART, SORT, CORRECT, LIST, and QUIT. Options may be 

initiated through a light-pen detect, and a r e  descr ibed  on the following pages .  
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1 )  OPTION 2 - This option brings the display shown in Figure 9 onto 

the screen .  The only difference between this display and the p r e -  

ceding display i s  that a new set  of seven light-pen options i s  

available. 

2 )  RESTART - A light-pen detect on RESTART returns the program to 

the initial display (Figure  3 )  so  that data may be supplied to initiate 

a new case .  

t + 
ENDF-SCORE OUTPUT SCISRS INPUT 
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rn 
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Figure 9 .  Data Display with Alternate 
Light-Pen Options 



3 )  SORT - In this case  the program is returned to the display in  Fig- 

u r e  6. Any one of the sorting options may  then be initiated. The 

evaluator m a y  then proceed to redisplay the revised data in the man- 

ner  previously described. 

4)  CORRECT - If any of the data i n  a display a r e  incorrect  ( a s  for  

example the data f rom Reference D in Figure 8), action may be taken 

to co r rec t  this data. The light pen i s  used to select  the CORRECT 

option. Immediately the graphical p a r t  of the display i s  expanded to 

full s c reen  s i ze  ( see  EXPAND option) and the data points a r e  made 

sensitive to detection by the light pen. Each data point which the 

evaluator wishes to modify i s  successively detected with the light pen. 

Each point, a s  chosen, disappears f rom the sc reen  and i s  s tored for  

future use.  If a point has  been detected and deleted from the display, 

i t  may be res tored  by striking the CANCEL key, providing that no 

other succeeding point has  been detected and deleted. 

When the evaluator has  completed selection of the incorrec t  data, he 

s t r ikes  the END key. The display shown in Figure 10 appears on the 

screen .  In addition to the identifying information, there  a r e  four 

columns of data displayed. The left two columns a r e  the incorrect  

values of the X and Y coordinates, respectively. The right two 

columns a r e  initially duplicates of the left-hand pair  of columns. 

Any changes made in the data by the evaluator appear in  these 

columns. 

Data may be corrected in  either of two ways: (1 ) The display con- 

tains two locations - TIMES and P L U S  - into which multiplicative 

and additive factors  can be entered f rom the keyboard. This l inear  

transformation can then be applied to any piece of data in  the right- 

hand pair  of columns by detecting the desired coordinates with the 

light pen. ( 2 )  Also, the cu r so r  may  be placed a t  any charac ter  position 

in  the right-hand columns and a new charac ter  entered in  that position 

f rom the keyboard. 

The display will hold only 15 data points a t  one t ime.  If m o r e  than 

15 data points a r e  to be corrected,  then successive displays a r e  r e -  

quired. Each succeeding display i s  reached by striking the END key. 
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If a l l  points in the correct ion a r r a y  have been displayed, the END 

key is used to re turn  to continue execution of SCORE. Figure 7 ap- 

pea r s  f i r s t  so  that any display parameters  may  be modified to i m -  

prove the display of the new correc ted  data.  

5 )  LIST - If an alpha-numeric display of the data in  a display i s  desired,  

the LIST option may be chosen by a light-pen detect.  The resu l t  i s  a 

picture with a format  s imi lar  to the CORRECT option (Figure  10).  

Now the left-hand columns and those on the right have different data 

points, permitting a maximum of 30 points to be displayed a t  a t ime.  

The END key i s  used to initiate display of successive se ts  of data 

points until all  have been displayed; then the END key re turns  directly 

to the graphical display. If one wishes to terminate  the l i s t  option 

pa r t  of the way through the sequences of displays,  the CANCEL key 

may be used. 

6 )  QUIT - This option terminates  the job. If operating in a partitioned 

memory  system, the partition i s  re leased to another job. In order  to 

r e s t a r t  SCORE, the program must  again be loaded into co re  from the 

l ibrary .  

7 )  OPTION 1 - This i s  the f i r s t  light-pen option in the second se t  of 

options (F igure  9 ) .  A choice of this option causes the display to r e -  

ver t  to that in Figure 8 s o  that any of the previously described options 

may  be executed. 

8 )  NOSORT - Choice of this option re turns  to the display in Figure 7.  

In the manner described previously, any display parameter  can be 

modified and the data re-displayed. 

9 )  POINTS - LETTERS - This option permi ts  choice of the plotting mode. 

Initially, all  data points a r e  plotted with charac ters  (LETTERS) c o r -  

responding to  the references l isted. The word POINTS appears  in  

the light-pen option a r e a  (F igure  9 ) .  If the POINTS option i s  chosen, 

Figure 11 appears  in the display. Now al l  data points a r e  plotted a s  

points ra ther  than cha rac te r s .  The word LETTERS now appears  in 

the light-pen option a r e a .  A detect on the LETTERS option returns 

the display to charac ter  mode plotting. 
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Figure 11. Data Display with Points Instead 
of Charac ters  
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10) HATS - NOHATS - The normal  plotting mode does not display the 

e r r o r  hats .  The word HATS i s  displayed in the light-pen option a r e a .  

If the e r r o r  hats  a r e  des i red ,  the word HATS may  be chosen by the 

light pen and the display in  Figure  12 appears .  E r r o r  hats  a r e  added 

to  the data points for  which experimental  e r r o r s  a r e  available.  The 

light -pen option a r e a  now contains the word NOHATS. A detect  on 

NOHATS re turns  to a display without e r r o r  ha ts .  

11) EXPAND - The EXPAND option causes  the graphical  p a r t  of the d i s -  

play to  enlarge to full  s c r e e n  s i ze  (12 by 12 in .  ). The detailed titling, 

re fe rences ,  and light-pen options disappear  and a r e  replaced by a 

pa i r  of sho r t  t i t les  (F igure  13).  This enlarged display i s  a l so  the 

basic f igure  for  the CORRECT and DELETE options. The END key 

i s  used to  r e v e r t  to  the normal  s ized display.  

12) DELETE -Choice of the delete option causes  the graphical  display 

to expand to full s ize .  Individual points may  then be  deleted f r o m  the 

display by detecting them with the light pen (F igu re  14).  These  points 

will r ema in  deleted f r o m  a l l  fu r ther  operations until the RESTORE, 

CORRECT, o r  RESTART option i s  chosen. However, any single 

point may  be r e s to red  to the display if the CANCEL key i s  s t ruck  

before another point i s  deleted. The END key i s  used to  continue the 

p rog ram operation. 

13) RESTORE - This option will r e s t o r e  a l l  deleted points to the display.  

Using SCORE, the evaluator may  r e t r i eve  any experimental  data of the type 

l isted i n  Table 1 available in a SCISRS l ib ra ry ,  and per form any sequence of the 

many manipulator operations previously descr ibed to obtain a data display. All 

operations a r e  documented by means  of a comprehensive printed output fo r  each 

case .  The methods of data s torage ,  re t r ieva l ,  and display will be examined in 

m o r e  detail  i n  the next two sect ions .  
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F i g u r e  14. Data  Display  with Some Po in t s  Dele ted  
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Ill. DATA STORAGE AND RETRIEVAL 

A.  METHOD 

The evaluator requests a par t icular  isotope, reaction type, energy range, 

and level energy ( i f  applicable) by entering data in the initial display (Figure  3 ) .  

The problem then i s  to re t r ieve  the requested information in  the most  efficient 

manner ,  in  o rde r  to minimize the t ime during which the evaluator must  wait 

before continuing with SCORE. 

The retr ieval  scheme chosen uses  both tape and disk s torage.  All the avail- 

able experimental c r o s s  section data for  an isotope o r  a natural element a r e  

s tored a s  a hexadecimal sequential data file on one of severa l  multi-file mag- 

netic tapes.  In addition to experimental data, each file contains identification 

information and two tables which descr ibe the contents of the file. 

When a new isotope i s  requested by the evaluator, a table i s  searched to 

find the tape and file containing that isotope. If the co r rec t  tape i s  not mounted 

when the request for  a new isotope i s  made, a message  will be printed on the 

computer opera tor ' s  typewriter giving him tape-mounting instructions.  If the 

c o r r e c t  tape i s  mounted, the file-handling features  of OS/360 ( 5 9 6 ) a r e  used to 

position the tape to the co r rec t  data fi le.  This file i s  copied into a d i rec t -access  

data-set  on a disk s o  that the d i rec t  record-access  feature of FORTRAN IV, 

Level G, ( 5 9  7 ,  may be used. 

In order  to retr ieve the requested data with the reaction type and energy 

range restr ic t ions imposed by the evaluator, two tables which catalogue the data 

file a s  to reaction types and energy regions a r e  searched.  The resul t  of that 

s ea rch  i s  a record  number which i s  used to initiate a sequential search  i n  the 

d i rec t -access  data-set .  This sequential search  i s  s tar ted within 250 data points 

(5 reads  off the d isk)  of the requested data. The advantage of this method over 

a purely sequential s ea rch  through a data file containing tens of thousands of 

records  i s  obvious. 

If the des i red  isotope already res ides  in  the direct-access  data-set ,  a l l  

subsequent requests  for  different reaction types, energy ranges,  etc.  for this 

isotope a r e  retr ieved f rom this data-set  using the methods described in the 

previous paragraph. An isotope remains i n  the direct-acces s data-set  until a 

different isotope i s  requested. 



The following sections descr ibe  in  detail the tape layout, the d i rec t -access  

data-set,  and the sea rch  procedure.  

SCISRS LIBRARY TAPE FOR SCORE 

The SCISRS l ib ra ry  tape used by SCORE i s  basically a record-by-record 

transformation f rom a standard BCD SCISRS tape.(3) The f i r s t  step i s  to con- 

ver t  the BCD SCISRS data tape to EBCD and reblock the records  using the 

0 5 1  360 utility program IEBGENER .(8) Reblocking the tape increases  the effi - 
ciency of the next s tep,  which utilizes an auxiliary program,  SAP (Appendix 11), 

to make o r  add to a SCORE data tape. 

When the SAP program crea tes  a new SCORE hexadecimal tape, the f i r s t  

file of that tape holds a single record  containing the tape identifier. This record 

i s  made up of 16 words.  The f i r s t  two words a r e  the tape identifier and the 

l a s t  14 words may  be any a r b i t r a r y  information. The tape identifier i s  checked 

by SCORE when a new isotope i s  requested. If this identifier does not agree  

with the identifier for  this isotope s tored in  the table described in Section 111-D, 

a message  will be printed on the computer opera tor ' s  typewriter telling him to 

mount the required tape. 

All subsequent fi les on the tape consist  of records  containing 16 hexadecimal 

words,  and blocked with 56 records  to the block. (This block s ize  was chosen 

for  reasons explained in  Section 111-C. ) The f i r s t  record  i s  a t i t le with 16 words 

which may be any a rb i t r a ry  information. The second record  contains 5 words 

of information and 11 dummy words to f i l l  out the record  (Table 2). 

TABLE 2 

FORMAT O F  THE SECOND RECORD O F  EACH ISOTOPE FILE 

Entry I Symbol I Input Format  

1 ) Element Atomic Number 

2)  Element Mass Number 

3 )  Atomic Weight 

4-5) Date of Entry 

ZNUM 

ANUM 

AMASS 

DATE ( 2 )  



The succeeding r e c o r d s  a r e  a r eco rd -by - r eco rd  t rans format ion  of the c o r -  

responding information f r o m  the  EBCD SCISRS tape.  Each r eco rd  contains the 

16 words  enumera ted  i n  Table 3. Each en t ry  i n  Table 3 i s  detai led i n  the  

SCISRS document.  ( 3 )  

TABLE 3 

FORMAT O F  SAP EXPERIMENTAL DATA RECORD 

En t ry  I Symbol Input F o r m a t  

1 )  Energy 

2 )  Energy E r ro r /Reso lu t i on  

3 )  Secondary Energy  o r  Other  
Numerical  Quanti ty 

4 )  Cos  8 

5 )  Cos 8 E r r o r  o r  Resolution 

6 )  Value of C r o s s  Section 

7 )  E r r o r  i n  Value 

8 )  Identification of Secondary Energy 
o r  Other  Numerical  Quantity, 

E r r o r  Type,  

Lab  Sys tem Indicator 

Information Source  

9-1 2 )  Reference 

13)  Energy  E r r o r  Units, 

Energy  E r r o r  Type, 

Cos  8 E r r o r  Resolution Units, 

Cos 8 E r r o r  o r  Resolution 
Indicator 

14)  Sta tus ,  

Method 

15 ) Standard,  

Institution 

16 )  Date of Ent ry ,  

Comment  Ent r ies  

u 
::: 

SIG 1 

ERS 

ETYPE 

CML 

SOURCE 

REFER ( 4 )  

::: 

.I, -0. 

::: 

( l X ,  A l ,  A2) 

* T h i s  i t em i s  s t o r e d  by  SAP bu t  i s  not  u s e d  i n  SCORE 
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The next group of records  contains a table of the reaction types (o-type in  

the SCISRS document) for  which data a r e  available. Each entry in this table has  

an assoc 'a ted index number.  This index gives the location of the initial point in 

the energy table which i s  associated with this reaction type. The table is  stored 

a s  pa i rs  of reaction type and index, 8 pa i rs  p e r  record,  for  a s  many records 

a s  a r e  needed. 

The next group of records contains the table of energy points and their  a s -  

sociated record  numbers.  This table i s  a lso generated by SAP. The energy 

for  the initial data point and every 250th point thereaf ter  of each reaction type 

and the record number in  the direct-access  data-set  for  that point a r e  s tored in  

the table. This table i s  stored a s  pa i r s  of energy and record  number,  8 pa i rs  

pe r  record,  for a s  many records  a s  a r e  needed. 

The l a s t  record  of the file has  4 words of information and 12 dummy words 

to fill out the record.  This record  contains 4 constants which control the read-  

ing of the direct-access  data-set  (Table 4).  

TABLE 4 

DIREC T-ACCESS CONTROL INFORMATION 

I I 
It em I Symbol I Input Format  

2)  The number of pa i r s  in the table of 
reaction types I K U  

1 )  The starting record number of the 
table of reaction types 

3 )  The number of pa i rs  in the table of 
energy points I KE 

ISAVE 

4)  The total number of records  in the 
file I NRS I 

The file i s  organized in  this manner  s o  that SAP can do a one-pass record-  

by-record transformation f rom the EBCD SCISRS tape to the SCORE tape. At 

the same time, SAP builds the tables and control information which a r e  placed 

af ter  the l a s t  record of SCISRS information, followed by an end-of-file m a r k .  
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C .  DIRECT-ACCESS DATA-SET 

The d i rec t -acces  s da ta -se t  i s  an  intermediate  s torage  a r e a  on an IBM-2311 

disk into which the requested isotope i s  copied f rom the appropria te  tape and 

fi le.  The block s i ze  on the tape was chosen s o  that SCORE would read  a block 

f r o m  the tape into co re ,  and then wr i te  the ent i re  block a s  a r eco rd  which fi l ls  

a full t r ack  on the disk.  This i s  repeated until the end-of-file on tape i s  sensed 

and al l  the information has  been wri t ten onto the disk.  

The 56 blocking factor  for  the tape was chosen because this i s  the maximum 

number of 16-word r eco rds  which m a y  be collapsed into one record  to fill  a 

single t r ack  on the 2311 disk.  This i s  important  s ince t ransmiss ion  t ime to  o r  

f rom the disk can be great ly  reduced by reading o r  writing an ent i re  t r ack  a t  a 

t ime.  The collapsing of the 56 records  into one record for  the disk,  and the 

deblocking of a r eco rd  f rom the disk,  a r e  done in-core  by using a doubly dimen- 

sioned a r r a y  16 by 56. 

The d i rec t -access  data-set i s  format ted,  writ ten,  and read by using the 

d i rec t -access  input-output s ta tements  in  FORTRAN IV, Level G. ( 5 , 7 )  Once 

this da ta -se t  i s  c rea ted  i t  should be kept, s ince the initial formatting of a d i r ec t -  

acces s  da ta -se t  m a y  take seve ra l  minutes .  

The following s ta tement  defines the d i rec t -access  da ta -se t :  

DEFINE FILE 17 (500, 896, U ,  IV) . 

Data-set  re fe rence  17 r e f e r s  to 500 r eco rds ;  each record  has  a maximum of 

896 words,  and the record  i s  to be r ead  o r  wri t ten without format  control .  This 

da ta -se t  will hold a lmos t  28,000 SCISRS data points. It requi res  500 t r a c k s  o r  

one-fourth of a 231 1 disk pack. 

Only the DIRECT and the RECORD subroutines (Appendix I )  re fe rence  this 

data-set ,  and they a r e  the only ones which mus t  be compiled with the FORTRAN 

IV, Level G, compiler .  

D. SEARCH PROCEDURE 

If the isotope requested i s  not in  the d i rec t -access  da ta -se t ,  a table i s  

searched  to find the corresponding tape and file number .  This table and a table 
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of t ape  ident i f iers  a r e  s t o r ed  on d i sk  and a r e  r e a d  into SCORE a t  the  beginning 

of the p r o g r a m .  This  table contains the isotope identif icat ion number  (2 000 

+ A),  the  t ape  and f i le  number  (NT:::100 + N F ) ,  the  da te  of en t ry ,  and the t ape  

and fi le  number  fo r  the previous  data  f i le  (now obsole te)  f o r  this  i sotope.  

By s to r ing  the  previous  tape  and fi le  number ,  one h a s  a t r a ceback  r e c o r d  

of updates ,  and a l so  h a s  a r e co rd  of what is s t o r ed  on  e v e r y  tape .  New addi-  

t ions to  the  table  a r e  always added a t  the end; t he r e fo r e ,  the table  i s  s ea r ched  

backward to  obtain the l a t e s t  en t ry  fo r  a n  isotope.  The  previous  t ape  and f i le  

number ,  a,nd the t ape  and fi le  number ,  a r e  s t o r ed  in  one in teger  number  a s  

follows : 

where  the subsc r i p t  p s tands  f o r  "previous .  I '  

The  tape  number  is the index of the corresponding t ape  identif ier  table  en t ry .  

The tape  ident i f ier  is then used t o  make  ce r t a i n  that  the c o r r e c t  t ape  is mounted.  

The f i le  number  i s  used to  compute  a da t a - s e t  r e f e r ence  number  ( N F  + 20), 

which h a s  a n  assoc ia ted  data-defini t ion (DD) c a r d  defining the N F  + 1 fi le  on a 

non-labeled t ape  (See Appendix 111). By using non-labeled t apes ,  and assigning 

each f i l e  a d i f ferent  da t a - s e t  r e f e r e n c e  number ,  OS/360 will do a l l  the tape  

positioning, and the one s e t  of DD c a r d s  will work fo r  a l l  the SCORE t apes .  

Once the t ape  i s  posit ioned,  56 r e c o r d s  (one block) a t  a t ime  a r e  r e ad  into 

c o r e ,  and then wri t ten  a s  one r e c o r d  into the d i r e c t - a c c e s s  da t a - s e t .  This con- 

t inues until the end-of-f i le  i s  s ensed .  Since the control  informat ion (ISAVE, KU,  

K E ,  and NRS) i s  i n  the l a s t  r e c o r d  p r i o r  to the end-of-f i le ,  and i s  now in - co re ,  

i t  i s  used to  r e a d  the  table  of reac t ion  types and the table  of energy  points f r o m  

the  d i r e c t - a c c e s s  da t a - s e t  into c o r e .  

A s e a r c h  i s  now made  i n  the table  of react ion types  f o r  the reques ted  r e -  

act ion.  If a ma t ch  occu r s ,  the assoc ia ted  index i s  used to  locate  the ini t ial  point 

i n  the energy  table  f o r  beginning the s e a r c h  f o r  the reques ted  min imum energy .  

When the  min imum energy  i s  l e s s  than a n  energy  point in  the table ,  o r  the  l a s t  

en t ry  fo r  this  r eac t ion  type h a s  been checked,  the cor responding  r eco rd  number  

i s  then used i n  a d i r ec t - acce s s  r e a d  t o  begin a sequent ia l  s e a r c h  f o r  the de s i r ed  



energy range. This starting point will be  within 250 data points (5 disk r eco rds )  

of the requested data. The f i r s t  500 points in the requested range will then be 

processed a s  described in Section 11. If the requested reaction i s  not found, o r  

the re  a r e  no data points in  the requested range, an e r r o r  message  i s  displayed 

and the evaluator may  proceed accordingly. 

The direct-access  data-set  i s  always checked f i r s t  to  s e e  if i t  a l ready con- 

tains the requested isotope. When a file i s  copied into this data-set ,  the isotope 

identification number and the total number of records  (NRS) a r e  written into the 

dummy word a r e a  of the f i r s t  disk record.  This record  i s  read  and the identifi- 

cation checked. If i t  i s  not the desired isotope, the program proceeds a s  de -  

scr ibed previously. If i t  i s  the desired isotope, NRS i s  used in a direct-access  

read  to obtain the control information (ISAVE, KU, and KE). This data i s  then 

used to read  the tables f rom the direct-access  data-set  into core .  In either 

case,  once the tables a r e  in-core they will be used until another isotope i s  

requested. 
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IV .  GRAPHIC DISPLAYS 

The IBM-2250 display unit ( 9 )  i s  designed to requi re  a minimum amount of 

control  f r o m  the host  computer .  The 2250 Model 1,  which SCORE has  been 

developed to  use ,  contains a c o r e  m e m o r y  of 4096 bytes.  A se t  of o r d e r s ,  

represent ing a par t icu la r  pic ture ,  i s  c rea ted  in  the graphical  subprograms and 

i s  inser ted  into the 2250 c o r e .  These o r d e r s  a r e  then executed autonomously 

by the 2250 creat ing the des i red  display on the s c r e e n  face.  The regenerat ion 

of the display 40 t imes  every  second and keyboard input and /o r  editing i s  handled 

by the 2250 i tself;  no control  i s  required f rom the main  computer .  

When the 2250 demands some action f r o m  the host  computer ,  an attention 

i s  generated.  The detection of a point with the light pen, o r  a depression of the 

END or  CANCEL key, produces such an attention. At this point, the main  

p roces so r  m u s t  make an appropria te  decision; subsequent action may then 

change the picture  in the 2250 o r  produce a new one. It i s  only during these 

attention-handling per iods that the host  computer i s  required to act .  Since the 

behavior of people tends to  be much slower than the t ime  neces sa ry  to  c r e a t e  a 

pic ture ,  only a sma l l  f ract ion of the computer t ime needs to be utilized. 

This f r e e  t ime  during the operation of SCORE i s  re leased  to other jobs 

which may  be operating on the machine.  The facil i t ies available for  this machine 

shar ing a r e  available under a s p e c i a l ( l O )  vers ion of OS/360, Release 10. Oper -  

ation under the s tandard Release 11 of OS/360 and subsequent vers ions will 

allow al l  the machine t ime  not neces sa ry  for SCORE to be re leased  to other con- 

cu r r en t  jobs. 

The design goals of SCORE required the graphics  support  to be responsive,  

flexible, independent, and compatible.  The graphical  subprograms contained i n  

Version 1 of SCORE have been specifically designed to provide responsive in t e r -  

action with the u s e r .  As in a l l  sys tems  where the u se r  i s  on-line to a computer ,  

the smal les t  delays can  be aggravating.  In addition, the flexibility of each 

graphical  f igure  with respec t  to content, placement of information on the s c reen ,  

and interact ive control by the u s e r  has  been a design goal. Some attempt to  

consolidate only functions pertinent to each display has  led to the isolation of 

each f igure;  any change in  one graphical  routine does not affect any other for 



the mos t  par t .  Finally, some smal l  effort was expended to make the calling 

sequences and the information passed by them convenient to the main bodyofthe 

FORTRAN code. 

The implementation of the graphical routines was ca r r i ed  out in OS/ 360 

assembly language( l 1  ) using the input-output facilities of Express  graphics.  (12) 

As noted before, the operating system was modified to allow immediate attention- 

handling without polling for  interrupts .  The sys tem modifications a r e  no longer 

necessa ry  with Basic graphics support,( ' 3 ,  and the distributed version of SCORE 

uses  these facil i t ies.  Operation of the sys tem under pre-Release 11 systems i s  

possible only on a special  bas is ;  arrangement  with the authors i s  necessary.  

Subsequent versions of SCORE will use an  IBM supported graphics sys -  

tem' 14) (GSP) for  use with FORTRAN. This new supported graphics sys tem 

will allow any programmer  to write programs which use the 2250. Since this 

graphics sys tem was in the design stage and the utility of available graphics 

support was questionable, we made the decision to stay with our own graphics 

code. The time scale of the initial development of SCORE at tests  to the c o r -  

rec tness  of this decision. 

The special  organization of the graphic programs should be of interest  to  

any ser ious 2250 programmer .  However, these details do not lend themselves 

easily to documentation. It i s  sufficient to  say that the subprograms attack 

general  a r e a s  in some modest fashion. Among these a r e  generation of mini-  

mum length o rde r  s t r ings,  probability of light -pen detects versus  correlat ion-  

table s ize ,  maximization of the autonomity of the 2250, display reaction to the 

u s e r  both in t ime and type of action, animation techniques, and finally, uti l iza- 

tion of main memory  to provide continuous displays of o rde r  s t r ings longer 

than the 2250 buffer s ize.  



V.  CONCLUSION 

A. DEVELOPMENT RESULTS 

During this initial phase of the development of the SCORE system, severa l  

important resul ts  have been obtained. The most  important conclusion i s  that 

automated neutron c r o s s  section evaluation employing computer graphics tech- 

niques i s  not only feasible, but also economic. Experience has shown that 

computer graphics does provide a convenient mechanism for improving man- 

computer communication. The ease  and rapid response of this man-computer 

interaction leads to a m o r e  efficient use of technical manpower and computing 

facil i t ies.  

A data s torage and retr ieval  scheme has been designed to handle experi-  

mental neutron c r o s s  section information which i s  the c r o s s  section evaluator 's  

raw data.  Data s tored in the unpacked sc ISRS '~ '  format  may be directly t rans  - 
lated to a hexadecimal tape format  for  use by the SCORE system. The data i s  

s tored with one isotope/element pe r  file. The required file i s  t ransfer red  to a 

direct-access  data-set  on a disk when requested by SCORE. Techniques using 

a prel iminary sea rch  of a condensed data-set  index combined with the d i rec t -  

access  feature of FORTRAN G have resulted in highly efficient re tr ieval  f rom 

data-sets  with m o r e  than 10,000 records .  

On-line data display capabilities have been developed. This ability i s  

basic to any automated neutron c r o s s  section evaluation scheme. However, the 

inherent uneconomical aspect of on-line ope ration of peripheral hardware such a s  a 

display console has  been largely overcome through use of a partitioned memory 

sys tem.  In such an operating mode, approximately 90% of the central  process-  

ing unit operating t ime can be used to process  other jobs. Such a la rge  saving 

resul ts  because t imes of inactivity a t  the scope o r  communication by means of 

the keyboard do not require  the central  processing unit. Such other operations 

a s  the handling of light-pen detects and loading the scope buffer for a new dis -  

play requires  t imes of the o r d e r  of a second o r  l e s s .  

B. FUTURE WORK 

The version of SCORE described in  this document i s  intended a s  a demon- 

s t rat ion sys tem only. In o rde r  to make the prototype version of SCORE operable 



i n  a production mode,  s eve ra l  fea tures  will be  added to  the sys t em.  The m o s t  

important  fehture  required in  o r d e r  to  produce evaluated data l i b r a r i e s  i s  a 

curve-fi t t ing capability. None of the conventional curve-fitting procedures  show 

a s  much p romise  of success  i n  fitting exper imental  data  a s  spline cu rves .  It 

i s  hoped that  previous difficulties in  fitting spline curves  to exper imental  data 

m a y  be overcome by allowing the evaluator to  use  h i s  exper ience to a s s i s t  in  

obtaining a physically meaningful solution to  the data  fitting problem.  

In o r d e r  to  pe rmi t  m o r e  flexibility i n  using the display console,  the l a r g e ,  

specia l  -purpose machine language subroutines used to  genera te  the graphic 

displays wi l l  be modified.  A s e r i e s  of sma l l ,  general ized,  FORTRAN callable 

subroutines will be wri t ten to provide a s e t  of basic routines f rom which graphic 

displays may  be easi ly  generated and active interaction through the display con- 

sole controlled.  When these  subroutines a r e  complete,  the SCORE sys tem will 

be m o r e  eas i ly  convertible to another computing sys t em,  providing sufficient 

software i s  available.  

A final fea ture  required to make SCORE an  operational sys tem i s  a ha rd  

copy capability. The mos t  d i r ec t  route f o r  producing ha rd  copy would be to 

use  the contents of the display console buffer. A conversion program to use  the 

2250 buffer contents to produce ha rd  copy (35 m m  and pape r )  on an  SC-4020 o r  

SC-4060 i s  needed. 

The accomplishment of these  additional capabil i t ies will be  achieved in  the 

n e a r  future .  Then i t  will be possible to add many of the physics analysis  capa-  

bil i t ies briefly envisioned in  F igure  1 .  
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APPENDIX I 
DESCRIPTION OF SUBROUTINES 

MAIN 

The MAIN program of SCORE i s  used p r imar i ly  to  control  the logical flow 

of the program.  P a r a m e t e r  initialization i s  performed f i r s t ;  then the initial 

display i s  executed and the init ial  ca se  data a r e  incorporated.  The requested 

experimental  data a r e  re t r ieved and fur ther  initialization i s  performed on the 

basis  of the re t r ieved data.  

Next, the MAIN program provides the control  for  prepar ing the data d i s -  

play. This consis ts  of a sequence of active displays through which the evaluator 

m a y  specify final display pa rame te r s .  Finally, the MAIN p rog ram generates  

the data display.  

AAAA 

This multiple subroutine contains six en t ry  points AAAA, BBBB, CCCC, 

DDDD, EEEE,  and FFFF. Each en t ry  i s  used to convert  a s e t  of data f rom 

hexadecimal to  holleri th o r  f rom holleri th to  hexadecimal.  

LIGTOP 

The logic for  a l l  the light-pen options (Section 111) i s  contained in  this sub- 

routine. When a r e tu rn  to  the main  p rog ram i s  executed, the p re se t  value of 

IPATH controls  the subsequent path through the main  p rog ram.  

BLOCK DATA 

In this routine data in  COMMON a r e a s  a r e  init ial ized.  Data consis t  of 

numeric  and alpha-numeric information a s  well a s  l a rge  blocks of titling 

information. 

F I G l P  

All init ial  ca se  data a r e  printed by this subroutine. This printed output 

provides a record  of a l l  c a s e  data supplied by the evaluator through the display 

in Figure  3.  



LABEL 

Hollerith titling information containing the isotope (e .  g . ,  the cha rac t e r s  

SODIUM-23) and the reaction ( e .  g. , N-ALPHA) a r e  prepared  f r o m  the requested 

element charge and m a s s  numbers  and the reaction type, respectively.  In o r d e r  

to  p repa re  quality titling, cha rac t e r  manipulation within data a r r a y s  i s  required.  

Two North American Rockwell sys t em routines,  INFILQ and CMBDC, a r e  r e -  

quired for  these operations.  

INPUT 

This i s  the control  subroutine for  reading in  and s tor ing the requested r e -  

action type, energy range,  e tc .  It does the sequential s e a r c h  for  the data af ter  

calling DIRECT to locate the init ial  s tar t ing point. It will s t o re  the f i r s t  500 

data points found in  the requested range,  except that  any data point whose E r r o r  

Type (ETYPE)  i s  not a blank, an  "L", o r  a "P" will not be s tored .  The E r r o r  

in  Value (ERS) f o r  an "L" E r r o r  Type has  been converted to percent  by the SAP 

program.  

POINT i s  called to bring in one data point. CORLIM i s  called to  determine 

the minima and maxima of the data which were  found. If no data a r e  found, an 

e r r o r  message  and a corresponding e r r o r  flag i s  re turned to the main p rog ram.  

DIRECT 

This subroutine mus t  be compiled with the FORTRAN IV, Level G compi le r ,  

s ince i t  uses  d i rec t -access  input-output s ta tements .  It contains the s e a r c h  

procedure and copies the requested isotope f rom the tape into the d i r ec t - acces s  

da ta -se t ,  unless i t  a l ready res ides  t he re .  If the wrong tape i s  mounted, WTOR 

i s  called to  tel l  the computer operator  which tape to mount. RECORD is  called 

to  bring in 16 words a t  a t ime indirectly f rom the d i rec t -access  da ta -se t .  

POINT 

This subroutine cal ls  RECORD to  re t r ieve  a data point indirectly f rom the 

d i rec t -access  da ta -se t .  
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RECORD --- 

This  subroutine m u s t  be  compiled with the  FORTRAN IV, Level  G com-  

p i l e r ,  s ince  i t  u s e s  d i r e c t - a c c e s s  input s t a tements .  It r e a d s  one r e c o r d  f r o m  

the d i r e c t - a c c e s s  da t a - s e t  into a doubly dimensioned a r r a y  (1 6 by 56)  a n d / o r  i t  

r e t u r n s  16 words  f r o m  th i s  a r r a y .  

CONVRT 

This  i s  a  mult iple en t ry  convers ion  routine f o r  changing da ta  f r o m  one 

mode to ano ther .  

E n t r y  CONVRT changes  the numer ic  data  represen t ing  the ax i s  s ca l e  

m a r k e r  to  hol ler i th  requ i red  in  the data  d isplay.  

En t ry  ETOBCD conver t s  a hexadecimal  number  to  E fo rma t  (1PE12.5 ,  ) 

and then to  hol ler i th  f o r  d isplay pu rpose s .  

En t ry  BCDTOE conver t s  hol ler i th  data  a s  supplied through a n  act ive  display 

(6 .0  E t 04) to  a hexadecimal  number  f o r  numer ic  ca lcula t ions .  

En t ry  ROUND will round off a  floating point number  to  I  s ignificant  f igures  

where  1 I  - 8 .  

En t ry  G T a B C D  conver t s  a hexadecimal  number  to E fo rma t  ( 1PE8 .1 )  and 

then to hol ler i th  f o r  d isplay pu rpose s .  

All en t r i e s  r equ i r e  the NAR sys t em routine INFILQ and a machine  language 

routine RTADJ. 

PRINT 

All data  re t r i eved  and a l l  data  i n  each different  data  display a r e  pr in ted by 

this  subrout ine .  If IWHEN= 1,  the raw,  unnormal ized exper imenta l  data  r e -  

t r i eved  by INPUT a r e  l i s t ed  a s  well a s  titling informat ion.  If IWHEN=2, the  

data  to be displayed a r e  l i s t ed  in  the  requested uni ts .  This l i s t ing occu r s  each 

t ime  a new display i s  c r e a t e d  and i s  accompanied b y  a l is t ing of the  display 

p a r a m e t e r s  such a s  ax i s  m in ima  and max ima .  



SORT 

When the experimental data retr ieved f rom SCISRS m u s t  be  further sorted, 

the SORT routine i s  used. This subroutine produces a second a r r a y  of data in 

which specified references and/or  ranges i n  energy have been deleted. If any 

individual points have been previously deleted through the DELETE option, they 

will be discarded in this sor t .  Maximum and minimum data values a r e  r e -  

calculated. 

BTIL 

The two brief identifying ti t les fo r  the expanded data display a r e  calculated 

in this subroutine. One of these t i t les i s  a lso used in the smal le r  basic data 

display if an angular distribution and/or  an inelastic reaction i s  displayed. 

GRAPH 

All data to be plotted a r e  t ransformed to their  proper  units for  display; 

e .  g. , MEV- EV, B - MB. The axis labels a r e  prepared,  a s  a r e  the grid divi- 

sion labels,  according to the data specified. 

LC ML 

This subroutine converts an  angular data point f rom the center  -of -mass  

sys tem to the laboratory o r  f rom laboratory to center-of-mass.  

SCALE 

SCALE i s  used to convert  the m e m b e r s  of a data a r r a y  when they a r e  to  be 

plotted on a logarithmic scale.  The data a r r a y  i s  then proportional to the log 
10 

of the original a r r ay .  

DELP 

Whenever data points a r e  deleted (DELETE option) o r  cor rec ted  (CORRECT 

option), this subroutine l i s t s  the data. 

DELETE 

This i s  a double entry routine which handles data point deletions and 

reinser t ions.  



Entry  DELETE deletes a point f rom the data plotting a r r a y  and s to re s  the 

index of the corresponding point in  the a r r a y  of data re t r ieved  f rom storage.  

Ent ry  REST0  r e s t o r e s  the l a s t  deleted point to the display a r r a y  

SEQSOR 

This subroutine s o r t s  and o r d e r s  an  a r r a y  of l e s s  than 101 in tegers .  

CENTER 

Any ti t le a r r a y  of twenty o r  l e s s  words will be centered within the a r r a y .  

CORECT 

CORECT i s  a double entry routine to handle the logic of the CORRECT 

and LIST options. 

Ent ry  CORECT p repa re s  the display shown in  F igure  10. All coordinates 

of the data points a r e  converted to holleri th and displayed 15 a t  one t ime .  A 

data point m a y  be modified with a l inear  t ransformation o r  an individual c h a r -  

a c t e r  may  be changed through use of the alpha-numeric keyboard. 

Entry DALIST displays the data plotted in the graphical  display in alpha- 

numeric  form with up to 30 points p e r  display.  

CORLIM 

This subroutine calculates the X and Y maxinia and minima of the data 

a r r a y s .  

R E F F I X  

The re fe rences  displayed in Figures  6 and 8 a r e  prepared  i n  this 

subroutine. 

LIMITS 

This subroutine contains an algorithm for  calculating the axis l imits  and 

the separat ion of the gr id  l ines fo r  the data display.  



PIC T 

PICT crea tes  a brief a r t i s t ic  display on the tube face when a job i s  

terminated. 

COCEN 

A 4-byte integer word i s  converted to  EBCDIC charac ters  without lead-  

ing zeros .  This i s  a North American Rockwell sys tem routine. 

CMBCD 

This North American Rockwell sys tem routine moves ECBDIC charac ters  

f rom one a r r a y  to another. 

IN FILQ 

INFILQ allocates temporary  buffer s torage so  that a read  o r  write s ta te-  

ment  may be executed in-core.  A call  to  this routine always precedes a 

READ (I, N) l i s t  

WRITE (I, N) l i s t  

where I i s  98 o r  99 .  This i s  a North American Rockwell routine. 

WTOR 

This routine pr ints  a line on the operator 's  console and returns the oper -  

a to r ' s  one-character  reply. 

RTADJ 

RTADJ removes the blanks f rom an a r r a y  of text and right-adjusts the 

packed resul t .  

HELP 

This routine pr ints  one line of text on the 2250 and returns one of three  

options detected by the u s e r ' s  light pen. 



FIG 1 

FIG 1 produces the initial data input (F igure  3) display on the 2250 and 

returns the pa ramete r s  typed by the u s e r  on an END signal. 

FIG 2 

This routine displays summary  information and re turns  the u s e r ' s  choice 

of SORT/NOSORT. 

FIG 2A 

FIG 2A overlays the basic display created by FIG 2. Text representing 

the selected references and energy l imits  i s  returned on an END signal. In 

addition, the program se t s  a flag and returns control if the reference l i s t  i s  

detected by the light pen. 

FIG 2B 

FIG 2B overlays the display produced by FIG 2. This subprogram displays 

light-pen switches f o r  the axis types and units. In addition to returning the 

selected setting of a l l  the switches, text representing axis l imits etc.  i s  r e -  

turned a t  the END signal. 

FIG 3A 

This program crea tes  the basic data display. Return i s  effected when any 

light-pen switches a r e  detected; sensit ive a r e a s  a r e  the option l i s t  and the 

reference l is t .  

FIG 3B 

This routine c rea te s  the data display. The points, hats,  and le t te rs  shown 

on the sc reen  a r e  light-pen sensitive per  an argument. Any light-pen detect of 

sensitive a r e a s ,  o r  the END o r  CANCEL signal, resul ts  in an immediate re turn  

to  the cal ler  with appropriate parameter  values. 

FIG 4 -- 

The picture on the 2250 will either be a l i s t  of data points for perusal  o r  a 

l i s t  of data points which may  be cor rec ted  by use  of the keyboard and light pen. 



The f i r s t  option will r e tu rn  control  on the END o r  CANCEL signal. The COR- 

RECT option re turns  p a r a m e t e r s  which indicate whether an END o r  CANCEL 

w a s  selected.  In addition, a light-pen detect  of a displayed number causes  the 

index of that  number to be re turned immediately.  



APPENDIX I I  

SClSRS ADAPTION PROGRAM 

The SCISRS Adaption P r o g r a m  (SAP) i s  designed to per form the following 

options : 

1) Convert SCISRS EBCD data to SCORE input format  ( s ee  Section 111-B) 

2) Crea te  the identifier f i le on a new SCORE tape ( see  Section 111-B) 

3 )  Crea te  the d i rec t -access  data-set used by SCORE (see  Section 111-C) 

4) Construct, update, l ist ,  and punch the table of tape identifiers and 

the isotope table ( s ee  Section 111-D) 

5) P r in t  the reaction table and the energy table for  any data fi le on a 

SCORE tape ( see  Section 111-B) 

6) P r i n t  the identifier f i le of a SCORE tape ( see  Section 111-B) 

7 )  Crea te  the final picture data-set fo r  SCORE. 

The remainder  of this appendix descr ibes  the res t r ic t ions ,  data input, and 

operating procedures .  

B. RESTRICTIONS 

In converting the SCISRS data, SAP deletes comment cards ,  data whose 
1 1  0-type i s  SEL" where the secondary energy identification i s  "L," and data 

whose secondary energy i s  non-blank where the secondary energy identification 
I I i s  blank. SAP converts  l as t  f igures1 '  e r r o r  t o  percent  e r r o r .  

1 .  Dimensioning Considerations 

Item Maximum Value 

Number of pa i r s  in the table of reaction 
types 175 

Number of pa i r s  in the table of energy 
points 500'* 

Number of en t r ies  in the isotope table 400 

Number of entr ies  in the tape identifier 
table 2 0 

*This  i s  sufficient to  allow for the approximately 28,000 da ta  points  which 
SCORE can  s tore in the d i rec t -access  data-set .  

NAA-SR-MEMO-12529 
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2 .  Input - Output As signments 

Symbol 

IN 

I 0  

N7 

NTAPE 

NEW 

NOLD 

NTAB 

NPCT 

N17 

Data-Set 
Reference 

Number 
Explanation 

Input s t r  earn 

P r in t  out 

Punchout 

SCISRS EBCD tape 

SCORE output tape 

SCORE tape fo r  printing of reaction and energy 
tables 

Tape identifier and isotope table data-set  

Final pic ture  data-set  

Direct-access  data-set  

C. INPUT PREPARATION 

1.  Control Card (2A4, lX, 13, 511 2) 

Symbol Explanation 

DATE The date, 2 EBCD words (e .  g., 12/31 167) 

The number of f i les t o  be processed on the SCISRS EBCD 

tape 

0 If a SCISRS tape i s  not to be processed 

IFILE 1 0 Do not c r ea t e  the identifier file 

1 Crea te  the identifier f i le on a new SCORE tape 

IDACS 

I u P n  

0 Do not c r ea t e  the d i rec t -access  data-set  

1 Crea te  the d i rec t -access  data-set  

-1  Construct  the table of tape identifiers and the isotope 

table based on the processing of the  SCISRS EBCD tape 

( N F  not equal to  0), o r  if NF equals 0 do not print  and 

punch these tables 

0 Use the table of tape identifiers and the isotope table 

f r o m  the disk 



Symbol 

NPKINT 

Explanation 

1 Read the table of tape identifiers and the isotope table 

a s  input 

For  IUPD = 0 o r  1 : 

If N F  does not equal 0, these  tables will be updated, 

wri t ten into the data-set ,  printed, and punched. 

If N F  equals 0, these  tables will be writ ten into the 

data-set ,  printed, and punched. 

The number of f i les to  be processed  on the SCORE tape 

f o r  printing of tables o r  tape identifier 

0 If a SCORE tape i s  not to be processed  for  printing 

IPICT 0 Do not c r ea t e  the final picture data-set  

1 Crea te  the final picture da ta -se t  

2.  Identifier Fi le  Card (1 6A4) 

Omit if IFILE 1=O. 

TAPEX The tape identifier, 2 EBCD words (e .  g.,  SCORE00 1) 

HEAD 14 EBCD words of a r b i t r a r y  information 

3. Final P ic ture  Data ( 1  9A4) 

Omit if IPICT=O. 

'The final picture data deck i s  170 EBCD ca rds  which a r e  distr ibuted with 

S A P .  

4. Tape Identifier and Isotope Tables 

Omit if IUPDf 1.  

a .  Control Card (2112) 

NIS Number of en t r ies  in the isotope table to  be read  in 

(0 <NIS1400) 

NTS Number of tape identifiers in table to be read  in (O<NTS(20) 



b. Tape Identifier Table (2A4, 4X, 2A4, 4X, e tc . )  

TAPE(J,  I) NTS tape identifiers (2 EBCD words each) a r e  read  in 6 per  

ca rd  ( J = l ,  2 and 1=1, NTS), where I is the tape number NT 

c.  Isotope Table (211 2, 2A4, 4X, I1 2) 

ISOTOP(1) Isotope number Z'k1000tA 

ISNUM(1) Tape and file number of the cur rent  data-set and tape and 

file number of the data-set which this supercedes ( see  

Section 111- D) 

=(NT: I :100 tNF)~~10000 tNT ::: 100tNF 
P P 

DATEIS(J, I) Date, 2 EBCD words, ( J = l ,  2) 

NRECS(1) The total number of records  in this file 

NIS ca rds  a r e  read  in ( 1 ~ 1 ,  NIS) 

5. Selected Isotopes (for conversion f rom SCISRS to SCORE format)  

Omit if NF=O. 

a .  Title Card (1 6A4) 

TITLE 16 EBCD words of a rb i t r a ry  information 

b. Isotope Card (A2, A3, 7X, E12.8, 211 2)  

ZNUM Two-character EBCD Z number (e.  g., 03 o r  26) 

ANUM Three-character  EBCD A number (e. g., 007 o r  000) 

AMASS Atomic weight (based on c1 = 12.0) 

NT Tape number (NT) (see  Section 111-D) 

Fi le  number (NF) excluding the identifier file ( see  Sec- 

tion 111-D) 

Repeat Cards a and b for  each selected isotope. The selected isotope cards  

must  be arranged in the order  the isotopes appear in the SCISRS EBCD file, o r  

the o rde r  of the DD cards ,  i f  in separate  fi les.  ZNUM and ANUM must  ag ree  

identically with the corresponding values on the SCISRS EBCD tape. 



D. SAMPLE I N P U T  SHEETS 

FORTRAN FIXED 10 DIGIT DECIMAL DATA 
DECK N O .  PROGRAMMER D A T E  P A G E 1 o f 4  JOB NO. 

FORTRAN FIXED 10 DIGIT DECIMAL DATA 
DECK N O .  PROGRAMMER D A T E  P A G E Z o f 4  JOB NO. 



FORTRAN FIXED 10 DIGIT DECIMAL DATA , L 
DECK N O .  PROGRAMMER D A T E  P A G E L d 4  JOB NO. 

FORTRAN FIXED 10 DIGIT DECIMAL DATA 
DECK N O .  PROGRAMMER D A T E   PAGE^^^ JOB NO. 



E .  OPERATING INSTRUCTIONS 

1.  SCISRS BCD t o  SCISRS EBCD 

The following job control  language ( JCL)  c a r d s  a r e  designed to convert  a 

s tandard  BCD SCISRS data tape (isotope, reaction,  energy,  e tc . ,  so r ted)  to  a 

blocked EBCD SCISRS tape  using the OS/360 utility p rog ram IEBGENER. 

TAPE-TAPE PROCEDURE 

/ / G O  EXEC PGM=IEBGENER 

//SYSPRINT DD SYSOUT=A 

/ /SYSUT 1 t DD UNIT=2400 -2, DISP=OLD, LABEL=(K 1 , N L ) ,  X 

/ /  DSNAME=BCDDATA, VOLUME=SER=YYYYYY, X 

/ / DCB=(DEN= 1, TRTCH=ET,  R E C F M = F ,  BLKSIZE=84, LRECL=84)  

/ /SYSUT2 DD UNIT=2400, DISP=(NEW, K E E P ) ,  LABEL=(KZ ', NL),  X 

/ /  DSNAME=EBCDDATA, VOLUME=SER=ZZZZZZ,  X 

/ / DCB=(RECFM=FB,  LRECL=80,  BLKSIZE=4480) 

/ /SYSIN DD :: 

GENERATE MAXFLDS= 1 

RECORD FIELD=(80,  1, HE,  1) 
1 :: 

K 1  i s  the desired f i le  on the SCISRS BCD. 
§ K2 i s  the next avai lable  file on the SCISRS EBCD tape.  

2. SAP P rocedu re  

The following job control  language ( JCL)  c a r d s  a r e  designed to execute SAP 

f r o m  a job l i b r a ry .  The load module fo r  SAP, the  d i r ec t - acces s  data-set ,  the 

tape and fi le tables ,  and the  data fo r  PICT a r e  a l l  on the  s a m e  disk  pack. The 

SCORE tapes  mus t  be non-labelled. 



SAP PROCEDURE 

/ / JOBLIB DD UNIT=23 11, VOLUME=SER=SCPACK, DSNAME=SCLMOD, DISP=OLD 

/ / G O  EXEC PGM=SAP 

/ /FT05F001  DD DDNAME=SYSIN 

/ / F T 0 6 F 0 0 1  DD SYSOUT=A, DCB=(, RECFM=UA) 

/ / F T 0 7 F 0 0 1  DD UNIT=(SYSCP, , DEFER) ,  DISP=(MOD, PASS), DCB=(STACK=2) 
t / / F T 0 8 F 0 0 1  DD UNIT=2400, DISP=OLD, LABEL=(Ml  , NL),  

/ / DSNAME=EBCDDATA, VOLUME=SER=ZZZZZZ, 

/ / DCB=(RECFM=FB, LRECL=80,  BLKSIZE=4480) 
t / /FT08F002  DD DISP=OLD, LABEL=(MZ , NL), 

/ /  DSNAME=MOREDATA, VOLUME=REF=:k. FT08F00 1 

/ /  DCB=(RECFM=FB, LRECL=SO, BLKSIZE=4480) 

Etc .  

/ /FT09FO01 DD UNIT=2400, DISP=(NEW, K E E P ) ,  LABEL=(N l S ,  NL),  

/ /  DSNAME=FILE 1, VOLUME=SER=WWWWWW, 

/ /  DCB=(RECFM=V, LRECL=68,  BLKSIZE=72) 
9 / /FT09F002 DD DISP=(NEW, KEEP) ,  LABEL=(N2 , NL), 

/ / DSNAME=FILEZ, VOLUME=REF=:X. FT09F00 1, 

1 / DCB=(RECFM=VB, LRECL=68, BLKSIZE=3812) 

E tc .  

/ / F T  10F00 1 DD UNIT=2400, DISP=OLD, L A B E L = ( L ~ ~ ' ,  NL),  

/ /  DSNAME =FILE 1, VOLUME=SER=XXXXXX, 

/ !  DCB=(RECFM=V, LRECL=68,  BLKSIZE=72) 

/ / F T  10F002 DD DISP=OLD, L A B E L = ( L ~ ~ + ,  NL),  

/ /  DSNAME=FILEZ, VOLUME=REF=zk. F T  10FOO1, 

/ / DCB=(RECFM=VB, LRECL=68,  BLKSIZE=3812) 

E tc .  

/ / F T  11F001 DD UNIT=23 11, VOLUME=SER=SCPACK, DISP=OLD, X 

/ /  DSNAME=TFTABLE, DCB=(RECFM=V, LRECL=3620, BLKSIZE=3624), X 

/ /  SPACE=(TRK, (2,  1))  

/ / F T  12F00 1 DD UNIT=23 11, VOLUME=SER=SCPACK, DISP=(NEW, KEEP) ,  X 

/ / DSNAME=PICTDAl'A, DCB=(RECFM=V, LRECL=3620, BLKSIZE=3624), X 

/ / SPACE=(TRK, (5,  1))  

/ / F T  17F00 1 DD UNIT=23 1 1, VOLUME=SER=SCPACK, DISP=(NEW, K E E P ) ,  X 

/ / DSNAME=SCDIRECT, SPACE=(3584, (500, l )) ,  X 

/ / DCB=(RECFM=F,  BLKSIZE=3584) 

/ ISYSIN DD :: 

t M l , M 2  are the desired files on the SCISRS EBCD tape. 
5 N1,N2 are the output files on the SCORE tape. 

t t  L l , L 2  are the desired files for printing. 



6 .  Sample Output 

P I J 2 4 1  

T H I S  F I L E  W4S ADDED TO THE TAPF 11/77/67 

T H E  F L E M F Y T  I D  I S  Z = 94 A = 241 THE '+'ASS IS 2.4130DE 0 2  

R FAC T I O N  LCkF  R RFCORD 
TYPE ENERGY NUMBER 

5 
€ hJ 
GF 
r, G 
G T  
WGN 
WG 0 
GF S 
G T S  
C F 
S TF 
A R  S 
F TA 
N F 
YF 
N F 
YF 
Y F  
N F 
N F 
N F 
N  F  
YF 
V F 
N F 
N  F 
YF 
N  F  
N F 
N F  
N F 
YF 
N F 
N F  
N F 
N F  
N  F 
N F 
N F  
v F 
V F 
YF 
N F E  
Y G  
N U  
R I F  



1. C5000E-08 
1.97CCOE-07 
2.64CCOE-06 
3.30800E-06 
4.13000E-06 
4.75OOOF-06 
5.66 5 00E -06 
0.95 900E -06 
P. bR499E-06 
1.03100E-05 
1.23300E-05 
1.334COE-05 
1.441 00E-05 
1.52 9COE-05 
1.645 OOF -05 
1.775COE-05 
1.931 ODF-05 
2.13500E-05 
2.35300E-05 
2.554COE-05 
2.77600E -05 
3.045hOE-05 
3.37700E-05 
3.74200E-05 
4.092 00E -05 
4.52000F-05 
4.98900F -05 
5. hC499E-05 
6.30799E-05 
7.11 ROO€ -05 
P. 09499t -05  
5.49099E-05 
l. lA2OOE-04 
1 S56600E-04 
2.196COF-04 
3.3250065-04 
6.87500E-04 
2.5COOOE-08 

TOT4L  NUMBER O F  R E C O R D S  I C. 1 6 5 4 4  
NUMBFR O f  R E A C  T I D Y  TYPES I S  2 0  
RECORD NUMBER FOR THE R E A C T I O h  TABLE I 5  16530  



SCORE TABLE OF CONTENrS 1 1 / 3 3 / 6 7  

I Z A DA TE TAPE F I L E  RECORDS 

TAPE I D  F I L E S  TOTAL NUMBER OF RECORDS 

U' DATE S 
T A J E  F I L E  

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 





APPENDIX Ill 

SYSTEM 360 CONTROL LANGUAGE 

The following job-control-language (JCL) cards a r e  designed to execute 

SCORE from a job library. The load module for SCORE, the direct-access 

data-set, the tape and file tables, and the data for  PICT a r e  all on the same 

disk pack. The tape must be non-labelled. 

SCORE PROCEDURE 

/ /JOBLIB DD UNIT=23 11, VOLUME=SER=SCPACK, DSNAME=SCLMOD, DISP=OLD 

/ /GO EXEC PGM=SCORE 

/ / F T 0 5 F 0 0 1  DD DDNAME'SYSIN 

/ /FT06F001  DD SYSOUT=A, DCB=(, RECFM=UA) 

/ /FT08F001  DD UNIT=23 11, VOLUME=SER=SCPACK, DISP=OLD, 

/ I  DSNAME=TFTABLE, DCB=(RECFM=V, LRECL=3620, BLKSIZE=3624), 

/ /  SPACE=(TRK, (2 ,  1 ) )  

/ / F T  10F001 DD UNIT=23 11, VOLUME=SER=SCPACK, DISP=OLD, 

/ / DSNAME=PICTDATA, DCB=(RECFM=V, LRECL=3620,  BLKSIZE=3624) 

/ /  SPACE=(TRK, (5 ,  1 ) )  

/ /FT17F001  DD UNIT=2311, VOLUME=(, RETAIN, SER=SCPACK), DISP=OLD, 

/ /  DSNAME=SCDIRECT, SPACE=(3584, (500, I ) ) ,  

/ / DCB=(RECFM=F,  BLKSIZE=3584) 

/ / F T 2 0 F 0 0 1  DD UNIT=(2400,, DEFER) ,  DISP=OLD, LABEL=( 1, NL),  

/ / DSNAME=FILE 1, VOLUME=(. RETAIN, SER=XXXXXX), 

/ /  DCB=(RECFM=V, LRECL=68,  BLKSIZE=72) 

/ / F T 2  IF001 DD DISP=OLD, LABEL=(2,  NL),  

/ /  DSNAME=FILE2, VOLUME=REF=:X. FT20F00 1, 

/ /  DCB=(RECFM=VB, LRECL=68,  BLKSIZE=38 12) 

/ / F T 2 2 ~ 0 0 1  DD DISP=OLD, LABEL=(3 ,  NL),  

/ / DSNAME=FILE3, VOLUME=REF=>X. FT2  IF00  1 

/ / DCB=(RECFM=VB, LRECL=68,  BLKSIZE=3812) 

t 
/ /FTMNF001  DD DISP=OLD, LABEL=(K, NL),  

5 
/ /  DSNAME=FILEK, VOLUME=REF=*. FTMMFOO 1, 

/ /  DCB=(RECFM=VB, LRECL=68,  BLKSIZE=3812) 

/ /SCOPE DD UNIT=2250 

/ /SYSIN DD DUMMY 





APPENDIX IV 

PRINTED OUTPUT 

This section i l lustrates  a typical s e t  of printed output f rom 

a SCORE run. The printed output f rom SCORE i s  designed to 

give a complete record  of the actions of the evaluator and will 

s e rve  a s  a supplement to the planned ha rd  copy output. This 

i l lustrative printed output corresponds to severa l  i l lustrations 

in  this  document. 

S C O 3 E  - AN A U T G M A T E D  C R O S S  S E C T 1  CN E V A L U A T I G N  SYST  EM 

A JOI  N T  R E  S F 4 K q H  P R O J E C T  

A T O M I C S  I N T E R N A T 1  O A A L  AND I B P  - P A L O  ALTO 

LE K SI OK I JULY 2 d r 1 3 5 7  

NAA-SR-MEMO- 12529 
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C A S E  NUMBER 100 

L A B O R A T O R Y :  A 1  - I H M  

E J  ALUATOR:  C.L .DUNFORD 

DAT E: 1 0 / 3 1 / 6 7  

EL EMEYT: 11 

MASS NUMBER: 2 3  

REACT I O V  TYPE:  X X X X  

M I N I M U M  E N E R G Y  ( M E V ) :  6. 

M A X I M J M  E Y E R G Y  ( H E V I :  2 2 .  

L E V E L  ENERGY ( M E V I :  C .  

* R E A C T I D V  T Y P E  X X X X  I S  N O T  A C C E P T A B L E .  TRY AGAIN.  

C A S E  NUMBER 1 0 0  

L A B O R A T O R Y :  A 1  - l H M  

EV ALUATOR: C.L .DUNFOND 

OAT E: 1 0 / 3 1 / 6 7  

ELEMENT: 11 

MASS NUMBER: 2 3  

REACT I O N  T Y P E :  V  A  

M I N l M J M  E Y E R G Y  ( M E V I :  6. 

M A X I M U M  ENERGY I M E V I :  2 2 .  

L E V  E L  EV ERGY (M E V )  : 0. 
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ENERGY RANGE 
CROSS S ECT 10'4 

REFERENCES 
A J PR 122, 1 8 7 7  
B J ZN 15A1 200 
C J NP 36. 38  
0 K NP 639 673 
E J PPS 77, 5C8 

ENERGY 
IMEV) 

CROSS 
SEC T ION 

I 8  1 

CROSS SECTION 
LNCE RTAI NTY 

LOkER UPPER 

5.70OGE-03 
6.2320E-03 
7.0680E-03 
P.36GOE-03 
S.3480E-C3 
1.1476E-02 
1.2768E-02 
1.6750E-02 
3.C150E-02 
1.6750E-02 
2.01 COE -02 
3.082OE-02 
4.02 OOE-02 
3.3500E-02 
2.613CE-02 
2.1440E-02 
3.2160E-02 
3.9530E-02 
3.35COE-02 
3.4840E-02 
3.2160E-02 
5.2260E-02 
5.22tCE-02 
3.3500E-02 
2.8140E-02 
3.3500E-02 
4.7570E-02 
2.COOOE-02 
1.29COE-01 
1.5200E-01 
1.9980E-01 
1.4200E 02 
1.33COE 02 
6.7000E-02 
1.190CE 02 
4.6230E-02 
7.4500E 01 
4.C200E-02 
3.6180E-02 
5.CCOOE 01 
4.1600E 01 
2.6130E-02 
4.4000E 01 
2.9000E 01 
2.77COE 0 1  
2.60COE 01 
2 .28CE 01 

REFERENCE 



DISPLAY NUYBER I S  1 0 1  FOR l H I S O A T A  S E l  

ENERGY RANGE 
CROSS SECT 131 

REFERENCES 
A J PR 1 2 2 .  1 8 7 7  
R J Z N  1 5 A 1  2C0  
C J NP 3 6 1  3 8  
0 K NP 63.  673  
E J PPS 77. 5C8 

CROSS CROSS SECT1 ON 
ENERGY SECTION LJNCERTAI NTY 

I (MEV)  I B I  LOkEK UPPER REFERENCE 

1.200CE- 0 3  
2.1000E- 0 3  
2. BFOOE- 0 3  
3.7000E- 0 3  
4. e000E- 0 3  
5.1000E- C3 
7.0000E- 03  
7.5000E- 0 3  
8.2000E- 0 3  
9.3000E- 0 3  
1. l U 0 0 E -  C2 
1.2300E- 0 2  
1 . 5 1 0 0 E - 0 2  
1.6800E- C2 
2. w o o € -  0 2  
4.5000E- 0 2  
2.5COCE- 0 2  
3. OGOOE- 0 2  
4.6000F- 0 2  
6. OCOOE- 0 2  
5.0000E- C2 
3.90OCF- 0 2  
3.2000F- C2 
4 .  POOOE- 0 2  
5.900CE- 0 2  
5.00CGE- 0 2  
5.2000E- 0 2  
4.800CE- 0 2  
7. 8OOOE- 0 2  
7.8000E- 0 2  
5.0000E- 0 2  
4.2000E- 0 2  
5.0000E- 0 2  
7.1000E- 0 2  
2.9000E- 0 2  
1.47CCE-01 
1 .72COE-01  
2.2200E- C l  
1.64CCE 0 2  
1.53OCE 0 2  
1.000CE- 0 1  
1.3400E C2 
6.9000E- 0 2  
7.550CE 0 1  
6.0000E- 0 2  
5.4000E- 0 2  
6.0000E 0 1  
4.56COE 0 1  
3.9000E- C2 
4.9000E 0 1  
3.4000E 0 1  
3.0700E 0 1  
2.9COOE 0 1  
2.580CE 0 1  

PARAMETERS FOR 2 2 5 0  D I S P L A Y  

S30IU'! - 2 3  1 N 9 A L P i A )  NO. 1 0 1  

X-AXIS L INEAR 3.0000CE 0 0  UNI T S  PER D l  V l  S l  CN 
INC IDENT V E U T 3 I V E N E R G V  ( HE V l  5.000OOE 0 0  T O  2 .10000E 0 1  

Y-AXIS LOGARITHMIC 3.77283E 0 1  U N I T S  PER CYCLE 
CROSS SECT13N -BARNS- 1 . 0 0 0 0 3 E - 0 3  T O  2.00000E 0 2  



O I S  P L A Y  N U Y R E R  I S  1 C 2  

D A T A  FROY P R E V I O U S  D I S P L A Y  N O .  1 0 1  H A M  B E E N  U S E D  W I T H  T H E  FOLLDHING OELET I O N S  

I EN ER GY C R O S S  S E C T 1  OF; R E F E  RE hCE 
H F V  B A R N S  

D A T A  O F  D I S P L A Y  N U Y R E R  101 H A V E  B E E N  R E S T O R E D  

NAA-SR-MEMO- 12529  
7 3 



DISPLAY NUM8ER I S  1 0 3  FOR T H I S  DATA SET 

ENERGY RANGE 
CROSS SECT 13'4 

t.30COOE 0 0  MEV TO Z . 1 0 0 D O E 0 1  MEV 
1.2CCCCE-03 R TO 1 . 5 4 0 0 3 E  0 2  B 

REFERENCES 
A J PR 1 2 2 1  1 8 7 7  
B J Z N  1 5 A v  2 0 0  
C J NP 3 6 . 3 8  
0 K NP 63 .  6 7 3  
E J P P S  77,  5C8 

CXOSS CROSS SECTION 
ENERGY SECT ION LhCERTAI NTY 

I IMEV 1 1 8  I LO hER UPPER REFERENCE 

PARAMETERS FDR 2 2 5 0  D I S P L A Y  

SODIUY - 2 3  (N ,ALP iA)  NO. 1 1 3  

X-AXIS L INEAR 3.CCOCCE GO L N I  T S  PER D I  VI  S I  ON 
INC IDEVT Y EUTI3V  ENERG? ( ME V )  5.OOOOOE 0 0  r 0 2.10000E 0 1  

Y -AXIS  LOGARITHM l C  3.77283E 0 1  U N I T S  PER CYCLE 
CROSS SECTI3N -BARNS- l .OOOOOE43 TO 2.00000E 0 2  

NAA-SR-MEMO- 12529 



T H E  FOLLOWING DATA H A V E  B E E N  CORRECTED 

C R O S S  SEC T I  CN 
B A R N S  

REFERENCE 










