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ABSTRACT 

A d e s c r i p t i o n  i s  g iven o f  the  computer code CAVALIER, which p rov ides  

a  s imple means f o r  es t ima t i ng  t he  u n c e r t a i n t i e s  i n  c a l c u l a t e d  neu t ron i cs  

parameters t h a t  r e s u l t  from u n c e r t a i n t i e s  i n  nuc lear  data. Th is  code 

uses predetermined d e t a i l e d  mu l t ig roup  s e n s i t i v i t y  c o e f f i c i e n t s  i n  SENPRO 

format  f o r  s p e c i f i c  r eac to r  and/or s h i e l d i n g  assembl i e s  and mu1 t i g r o u p  

c ross-sec t ion  covariance u n c e r t a i n t i e s  i n  COVERX format. A1 so descr ibed  

i s  t h e  computer code COVERT, which conver ts  unformatted ( b i n a r y )  c o v a r i  - 
ance f i l e s  t o  card image form and v i ce  versa. Th is  i s  use fu l  f o r  t r ans -  

f e r r i n g  covariance f i l e s  from one i n s t a l l a t i o n  t o  another.  These two 

codes, a long w i t h  extended compi la t ions  o f  s e n s i t i v i t y  c c e f f i c i e n t s  and 

covar iance m a t r i x  1  i b r a r i e s  a re  c u r r e n t l y  ava i  lab1 e  through t h e  Rad ia t ion  

Sh ie ld i ng  In fo rmat ion  Center (RSIC) a t  Oak Ridge Nat iona l  Laboratory .  





INTRODUCTION 

1 The ORNL s e n s i t i v i t y  and unce r ta in t y  ana lys is  system (FORSS) has 

been a p p l i e d  t o  several  da ta- tes t ing  CSEWG benchmarks2 i n  o rder  t o  

determine, f o r  ca l cu la ted  performance parameters, t he  u n c e r t a i n t i e s  

which r e s u l t  from u n c e r t a i n t i e s  i n  nuclear  data. I n t e r f a c e  f i l e s  f o r  

mu1 t i g r o u p  s e n s i t i v i t y  c o e f f i c i e n t s  i n  SENPRO format3 a re  used here in,  

as we l l  as mu l t ig roup cross-sect ion covariance i n t e r f a c e  f i l e s  which 

use the  COVERX f ~ r r n a t . ~  These formats were developed accord ing t o  t he  

standards es tab l  i shed by the Committee on Computer Codes Coord ina t ion  

(CCCC) .5 The d e s c r i p t i o n  o f  t he  COVERX format i s  g iven i n  Appendix A. 

In order  t o  use the  covariance i n fo rma t i on  from computerized data 

f i l e s ,  i t  i s  necessary t o  have codes which can read such f i l e s  as we l l  

as codes t o  so lve the  p e r t i n e n t  a lgor i thms.  This  r e p o r t  documents two 

such codes. The f i r s t ,  CAVALIER, i s  used t o  est imate t h e  u n c e r t a i n t i e s  

i n  c a l c u l a t e d  neutronics parameters us ing  s e n s i t i v i t y  c o e f f i c i e n t s 6  i n  

SENPRO format  and covariance data i n  COVERX format.  The second, COVERT, 

i s  use fu l  f o r  conver t ing  a covariance f i l e  f rom b ina ry  t o  card image 

(and v i c e  versa),  and f o r  ob ta in ing  a p r i n t e d  e d i t  o f  t h e  nuc lear  data 

covariance f i l e .  This  code i s  essen t i a l  s ince COVERX unformatted 

(b ina ry )  data ,  f o r  computat ional e f f i c i e n c y ,  a re  no t  e a s i l y  read on 

d i f f e r e n t  types o f  computers. To f a c i l i t a t e  t he  t r a n s f e r  o f  data from 

one i n s t a l l a t i o n  t o  another, COVERT can t r a n s l a t e  a b i n a r y  f i l e  t o  card  

image form and v i c e  versa. 



CAVAL I ER 

The program CAVALIER computes the re1  a t i v e  standard dev ia t ions  o f  

c a l c u l a t e d  performance parameters o f  reac to r  systems. These standard 

dev ia t i ons  a re  assumed t o  r e s u l t  from s p e c i f i c  nuc lear  data e r ro rs ,  t he  

covariances o f  which are contained i n  a  COVERX f i l e .  These nuc lear  data 

covariances a r e  used w i t h  s e n s i t i v i t i e s  i n  a SENPRO f i l e  t o  determine 

the  standard d e v i a t i o n  f o r  response R by the  f o l l o w i n g  equat ion: 

R where: Sgi i s  the  r e l a t i v e  s e n s i t i v i t y  c o e f f i c i e n t  f o r  response R 

t o  t h e  cross sec t ion  o o f  type  i (denot ing n u c l i d e  and 
g 

r e a c t i o n )  i n  group g. This  s e n s i t i v i t y  i s  given by 

- i 

'j i s  the r e l a t i v e  covariance o f  cross sec t ions  o 
i 

(c0v lg  g l  g  

j and 0 . 
g '  

(S.  D. lR i s  the  standard d e v i a t i o n  o f  response R r e s u l t i n g  

from the  u n c e r t a i n t i e s  inc luded i n  the  sum. 

The i n p u t  data cons i s t  o f :  

( 1  ) Problem type s p e c i f i c a t i o n s  f o r  l a b e l  i n g  purposes. 

( 2 )  The number o f  parameter se ts  N. A s e t  cons i s t s  o f  n i n e  

i d e n t i f i e r s  desc r i b ing  a  s e n s i t i v i t y  p r o f i l e  and covariance 

m a t r i x  t o  be inc luded i n  t he  c a l c u l a t i o n .  Prov is ions  a re  made 

f o r  r e p o r t i n g  r e s u l t s  from searches on one o r  more o f  t he  

above parameters as descr ibed below. 

(3 )  The p r i n t e r  ou tpu t  data-set  re fe rence number ( d e f a u l t  va lue 6), 

t he  SENPRO s e n s i t i v i t y  f i l e  data-set  re fe rence number ( d e f a u l t  

value l o ) ,  and the  COVERX covariance f i l e  data-set  re fe rence 

number (defaul  t value 11 ) . 



(4 )  The b ina ry  s e n s i t i v i t y  f i l e  i n  SENPRO format. 

( 5 )  The b ina ry  covariance m a t r i x  f i l e  i n  COVERX format. 

The ou tpu t  cons i s t s  o f :  

( 1 )  The i n p u t  in format ion.  

( 2 )  Problem type i d e n t i f i c a t i o n .  

( 3 )  Ma te r i a l s  and reac t ions  o f  i n t e r e s t  which a re  se lected from 

the  covariance ma t r i x  f i l e  w i t h  associated warnings i f  a 

covariance i s  n o t  found i n  the  f i l e .  

( 4 )  Assemblies and responses o f  i n t e r e s t  which a re  se lec ted  f rom 

the  s e n s i t i v i t y  f i l e  w i t h  associated warnings i f  a  s e n s i t i v i t y  

i s  n o t  found i n  t he  f i l e .  

(5)  The c o r r e l a t i o n s  inc luded i n  the  problem. 

(6 )  The r e s u l t i n g  r e l a t i v e  standard d e v i a t i o n  (%) f o r  each o f  

the  ca l cu la ted  performance parameters o f  i nte res t .  

( 7 )  The c o n t r i b u t i o n s  from covariances i n  i n p u t  cross sec t i on  data 

t o  t he  ou tpu t  r e l a t i v e  var iance o f  t he  i n d i c a t e d  response. 

S p e c i f i c a l l y ,  the  i n p u t  t o  CAVALIER f o r  one case cons is ts  o f  one 

card o f  5  numbers and one a r ray  entered i n  FIDO system format.  The 

FIDO system i s  descr ibed i n  Appendix B. Several stacked cases can be 

ca l cu la ted  i n  one run. The f o l l o w i n g  i n p u t  i s  requ i red  f o r  each case: 

one card  ( format  515): NB, N, LUNIT, MUNIT, IOUT 

s e n s i t i v i t y  & covariance m a t r i x  i d e n t i f i e r s :  ~$$((INFo(I, J) ,I=1,9) ,J=1 ,N) 

FIDO te rmina tor :  T  

NB = 1, 2, 3 according t o  problem type se lec t ion ,  f a s t  r e a c t o r  bench- 

mark, s h i e l d i n g  benchmark, o r  thermal r e a c t o r  benchmark. 

N = the  number o f  parameter se ts  i d e n t i f y i n g  the  s e n s i t i v i t y  p r o f i l e s  

and the  covariance mat r i ces  t o  be inc luded.  

LUNIT = t he  data-set  reference number o f  t he  s e n s i t i v i t y  f i l e  i n  

SENPRO format  ( d e f a u l t  va lue = 10). 

MUNIT = the  data s e t  re ference number o f  t he  covariance f i l e  i n  

COVERX format  ( d e f a u l t  va lue = 11 ). 

IOUT = p r i n t e r  ou tpu t  data-set  re fe rence number ( d e f a u l t  va lue = 6 ) .  



INFO (1 , J )  I=1,9 J=1 , N ,  consists of nine identifiers for  the 

sens i t iv i ty  profile J. The nine identifiers in order are: 

IASB = the assembly ident if ier  as i t  appears in the f i l e  or,  

i f  the f i r s t  IASB (=INFO(l,l)) i s  negative, searches are 
made to include every assembly in the f i l e .  (Assembly 

ident if iers  were selected as reported in Ref. 2 .  Arbitrary 

numbers were chosen by the f i l e  creator in cases where 
assemb1.y identification did not exis t .  ) 

IRESP = 1,2,3,4,5 according as the response i s  mu1 t ip l  ication 

factor k,  breeding rat io,  worth, reaction rate  r a t io ,  o r  

some other type of response. If the f i r s t  IRESP (=INF0(2,1)) 

i s  negative, a l l  responses are included by the search. 

MATID = nuclide identification using ENDF assignments. 

MT = reaction identification using ENDF assignments 

NTRN = 1,2,3,. . . an identification number chosen by the f i l e  
creator (presently arbi t rary)  to distinguish different 

reaction rate  or  worth responses ( 0  for IRESP=l ) . 
ITYPE, IZON1, IZON2, ISCAT refer  to partial  sens i t iv i t ies  and 

are s e t  to zero since no partial sens i t iv i t ies  are 
presently used. 

Sample Problem f o r  CAVALIER: 

This problem determines the re1 a t i  ve standard deviations in percent of 

the cal culated response(s) due to estimated uncertainties in 2 3 8 ~ ( n  ,>f), 

2 3 8 U ( n , y ) ,  239Pu(n,f), 2 3 9 ~ u ( n , y ) ,  2 3 J ~ ~ ( ; )  including the correlation 

between 239Pu(n,f) and the 2 3 9 ~ u ( n , v )  cross sections. The calculated 

responses for th is  sample are mu1 t ip l  ication factor (IRESP=1 and NTRN=O) , 
central reaction rate  rat ios  2 8 ~ / 4 9 f  ( IRESP=4 and NTRN=1) , and 28f/49f 

(IRESP.4 and NTRN=2) o f  the ZPR-6/7 assembly. (IASB=5 i s  the number 

assigned this  assembly in the SENPRO f i l e  reported in Ref. 2 . )  The relat ive 

standard deviation for the three responses using CAVALIER are: 

Assembly - Response Standard Deviation (%) 
ZPR-6/7 k 3.57 

ZPR- 6 /  7 2 8 ~ / 4 9 f  8.56 

ZPR-6/7 28f/49f 4.85 



This  sample problem uses the f a s t  benchmarks f o r  which s e n s i t i v i t i e s  

a re  repor ted  i n  Ref. 3 and the covariance matr ices from t h e  LMFBR Core 

Physics Covariance M a t r i x  ~ i b r a r y . ~  We assume these s e n s i t i v i t i e s  and 

covariances a re  a v a i l a b l e  i n  b ina ry  SENPRO and COVERX formats and r e s i d e  

on u n i t s  having data s e t  re ference numbers 10 and 11. 

The input ,  as w i l l  be shown below, can be stacked as th ree  cases. 

The f i r s t  searches through a l l  the responses i n  t he  SENPRO f i l e  (s ince  

INFO(2,l) i s  negat ive)  and ca lcu la tes  a  standard d e v i a t i o n  f o r  each 

response found. I n  t h i s  example the ZPR-6/7 assembly was s p e c i f i c a l l y  

se lec ted  and f i v e  MAT-MT p a i r s  were s p e c i f i c a l l y  i d e n t i f i e d .  

The second o f  t he  th ree  i n p u t  cases f i n d s  the standard dev ia t i ons  

f o r  a l l  assemblies (INFO(1,l) i s  negat ive)  and a l l  responses (INFO(2,l) 

i s  negat ive)  i n  the f i l e ,  b u t  f i v e  nuc l i de  and r e a c t i o n  types (MAT-MT 

p a i r s )  were s p e c i f i c a l l y  i d e n t i f i e d .  

The t h i r d  i n p u t  case ca lcu la tes  f o r  a1 1  assemblies and responses i n  

the  SENPRO f i l e ,  the standard dev ia t ions  which r e s u l t  f rom e r r o r s  i n  a l l  

n u c l i d e  r e a c t i o n  types r e s i d i n g  i n  the  COVERX f i l e  (N i s  negat ive) .  

The i n p u t  data f i l e s  a re  as fo l lows:  

//GO.FTlOFOOl DD DSN=etc.,UNIT=VOL=etc. 

//GO. FTl 1  F001 DD DSN=etc. ,UNIT=VOL=etc. 

1 5  

5$$ - 

12 -1 1262 18 5R0 12 1  1262 102 5R0 12 1  1264 18 5RO 

12 1 1 2 6 4  102 5R0 12 1 1 2 6 4  452 5R0 T 
1 5  

5$$ 
-12 -1 1262 18 5R0 12 1  1262 102 5R0 12 1  1264 18 5R0 

12 1 1264 102 5R0 12 1 7264 452 5R0 T 

1  -5 

5$$ 
-12 -1 7R0 T  

The ou tpu t  p r i n t s  a  warning message t o  no te  whenever a  s e n s i t i v i t y  o r  

covariance i s  miss ing from the  f i l e ,  and these s e n s i t i v i t i e s  and covariances 

a re  s e t  t o  zero. Cor re la t ions ,  such as those between the  239Pu(n,f)  and 

the 239Pu(n,y) cross sec t ions  i n  t he  f i r s t  example a re  automat ica l  l y  selected, 

inc luded i n  t he  c a l c u l a t i o n ,  and f lagged i n  t h e  p r i n t e r  output .  



COVERT 

The program COVERT copies a covariance f i l e  i n  COVERX format, and i n  

t h e  copying process changes the  f i l e  representa t ion  from b ina ry  t o  card 

image form o r  v i c e  versa. I n  add i t ion ,  a complete l i s t i n g  o r  a p a r t i a l  

l i s t i n g  o f  t h e  f i l e  i s  p r i n t e d  t o  g i ve  the  user i n fo rma t i on  about t h e  

contents o f  a  p a r t i c u l a r  f i l e .  

There a re  two ( 2 )  i n p u t  f i l e s :  

(1 )  The COVERX covariance f i l e  t o  be converted which i s  s p e c i f i e d  

by t h e  FORTRAN data-set reference number NIN ( d e f a u l t  va lue 20). 

( 2 )  The c o n t r o l  f i l e  which cons is ts  o f  a  s i n g l e  card  (card  image) 

which i s  s p e c i f i e d  by FORTRAN data-set  re fe rence number 5. 

Th is  card  cons i s t s  o f  f o u r  i n tege rs  i n  (415) format :  NBE, NIN, 

NOUT, N06. 

NBE = 0 conversion i s  b ina ry  t o  card image. 

# 0 conversion i s  card image t o  b inary .  

NIN = FORTRAN data-set  reference number o f  t h e  i n p u t  

covariance f i l e  t o  be converted (a zero o r  negat ive 

value i s  replaced by the  d e f a u l t  va lue o f  20). 

NOUT = FORTRAN data-set  reference number o f  t h e  converted 

ou tpu t  f i l e  o f  covariances (a  zero o r  negat ive  va lue 

i s  replaced by a d e f a u l t  va lue o f  21). 

NO6 = s p e c i f i e s  the  p r i n t e r  ou tpu t  FORTRAN data-set  

reference number and the  type  o f  e d i t  - complete o r  

reduced (a zero va lue o f  NO6 i s  rep laced by the  

de fau l t  value o f  -6).  

NO6 > 0 an e d i t  o f  the  e n t i r e  f i l e  i s  formed on the  

u n i t  w i t h  FORTRAN data-se t  re fe rence number N06. 

NO6 < 0 a reduced e d i t  o f  t h e  f i l e  i s  formed on the  

u n i t  w i t h  FORTRAN data-set  re fe rence  number -N06. 

There are  two ou tpu t  f i l e s  (bo th  r e f e r r e d  t o  above): 

( 1  ) The converted covariance f i l e  w i t h  data-set  re fe rence number 

NOUT ( d e f a u l t  va lue 21). 

( 2 )  The f i l e  o f  p r i n t e r  ou tpu t  w i t h  da ta-se t  re fe rence  number 

s p e c i f i e d  by NO6 ( d e f a u l t  va lue 6 ) .  



Sample Problem f o r  COVERT: 

The i n p u t  on u n i t  5 cons is ts  o f  a s i n g l e  b lank card. U n i t  20 conta ins  

t h e  b i n a r y  COVERX f i l e .  On u n i t  21 i s  a dummy f i l e .  

//GO.FTZOFOOl DD UNIT=3330,VOL=SER=ZXOOOO,DISP=SHR, 

// DSN=JDD.COVERX.FISS.SPEC.Vl.OCTZ477 
//GO. FT21 F001 DD DUMMY 

//GO. FT05F001 DD * 
(1 b lank card)  

/* 

The b lank card could be replaced by the  fo l l ow ing :  

Q 2Q 21 -6 

w i t h  the  same r e s u l t .  

The p r i n t e r  output  on u n i t  6 produces a reduced e d i t  of the COVERX 

f i l e  on u n i t  20. 
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APPENDIX A 

The Format fo r  Standard Interface File COVERX fo r  

Mu1 t i  group Cross-Section Covariance Matr ices  



C***********+*********************************************************** 
C REVISED 11/01/77 
C 

- - 
CP COVERX o 

CE THTS PILE CONTAINS CROSS SECTIONS, - 
C E  S T A N D A R D  D E V I A T I O N S ,  AND - 
C B  FY DESIGNATION EITHER COVARIANCE, - 
CE R R L R T I V E  COVARIANCE, . 
CE OR CCRRELATION R A T R I C E S .  o 

C - 
CE A FILF SlJCH AS T H I S  I S  NEEDED B Y  OANL - FORSS o 

C - 
C J. L. LIJCIUS - 
C - 
C * * * * * * * * * * * * $ * * * * f * * * * * * * * d * * * * * * * 4 * * * * * * ~ * * * * * * * * * * * U * * * * * * * * * * * * * * * * *  

c-----------.-------------------*--------------------.-----.------------ 
CS P I L E  STRUCTURE - 
CS - 

RECORD TYPE PRESENT IF CS 0 

CS ------ ---------------------- --- 
---+--------------------------- ---------------- ---------------- - 

CS F I L E  IDENTIFTCRTION ALY A Y  S o 

CS FILE CONTROL ALWAYS - 
C S FILE DESCRIPTION NHOLL. GT. 0 - 
CS N E U T R O N  GROUP ROTJNDAPIES N N G R l f  P. GT. 3 - 
CS GAqMA G R O U P  R O U R D A R I E S  N G G R U P o G T o O  - 
CS MAT - IT CONTROL ALWAYS - 
CS ************** (RXPFAT FOB ALL M A T E Y I A L -  - 
CS * R E A C T I O N  TYPE P A I 3 S )  . - 
CS * YAT-!IT CROSS SECTION 3 N D  ALWAYS - 
CS * STANDARD D E V I A T I O N S  - 
CS ************** - 
CS - 
CS - 
CS ******'******* ( R E P E A T  FOR A L L  qATFTCFS) - 
CS * FIATRIX CONTROL ALWAYS - 
CS * BLOCK CONTROL ALWAYS - 
CS * ***********(RSPTAT FOR A L L  B L O C K S )  . 
CS * * H A T R I X  DATA ALWAYS - 
C S ***,+*****+***** - 
C ---------------- ----- ----- - -- ------- -- ------ - ----------em. ---- ---- - ---- 

C--------------------~-~--.o-.-------.----------------o--o.------------- 

CR F I L E  IDENTIFICATION - 
C - 
CL R N A f l P , ~ R U S E ( I ) , I = 1 , 2 ) , I V E B S  - 
CU 1+3*NULT - 
C - 
C B  PORllAT(11FI O V  C ~ V E B X  ,Ad,lH*,2A6,1H*,16) - 
CD H U A B E  H O L L E R I T H  FILE HAM E-COVERX (A6)  - 
2 0  AnSE HOELERITH USER IDENTIFICATION (A6) - 
CD IVERS PILE VERSION N U f l B E R  - 
C D  HULT 1 - A6 IS SINGLE PRECISION WORD - 
C D  2 - A6 IS DOUBLE PRECISION WORD - 



c------------*-----------------.----------*-------------------*--------- 
C R  P I L E  CONTROL - 
C - 
CL ??GROUP , N N G R U P ,  N G G R U P ,  NTTPE, NHNP, N r I T R T X ,  NHOLL - 
C - 
C 1 7 - 
C - 
CR POR?TAT(UA ID ,7T6) - 
C - 
C D  NGROlJP NUfYBER O F  E N E R G Y  G R O U P S  - 
C D  NNG RU P N U f i R E R  OF NEUTRON GROUPS - 
C D  NG G Rll P N U q R E R  O F  G A M f l A  GROUPS - 
C D  WTYPE TYPE OF DATA - 
CD 1 - COVARIANCE MATRIX, STANDARD DSVf AT ION - 
CD 2 - R E L A T I V E  C O V A R I A N C E  nATRfX, - 
CD R E L A T I V E  S T A N D A R D  D E V I A T I O N  - 
C D  3 - CORRELATTON HATRIX, S T A Y D A R D  D E V I 4 T I O N  - 
C D  NrnP N O H B E F  OF IAT - P!T P A I ~ S  - 
C D  N M T R I X  N U H P E R  OF H A T R I C E S  - 
CD N H O L L  NTJMBER OF H O L L E R I T H  WORDS I N  D E S C R I P T I O N  - 
C-------------------------------------------------------------*--------- 

----------------------------------------------------.------------------- - 
CR FILE D E S C P I P T I  ON - 
C - 
Cf, (FIORDS (J) , ,T= 1, NHQLL) - 
CI flULT*NflOLL - 
C - 
CB F O R I A T ( 4 H  2D ,1H*,IlAh/(tlAF;)) - 
C - 
C D  WORDS (3 )  HOLLERITH D E S C R T P T I O N  OF F I L E  - 

c--------------------------------------------------------------------------  
CR NEUTRON GSOUP B O U N D A R I E S  - 
C - 
CL (GPBN (J) ,J=l,NNGRUP), ENmIN - 
C * 

C C  PFSSENT IF N N G R U P .  GT. 0 - 
CV NNGRUP+I - 
C - 
C B  PORMAT(4H 3 D  ,5EI2.1)/(6E12.4)) - 
C D  G P B N ( J )  I A X I R U H  ENERGY POrJND OF N E r J T R O N  G ! ? O U ? ( J )  (EV) - 
C D  EN81 H f l I N f U U E 1  E N E R G Y  OF N E l J T R O Y  E V E R G P  AANqE - 
c--------------------------------------------------------------------- 

c----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
C R GAMPlA GROUP B O V N D A R f E S  - 
r: - 
CL (GPBG(J) , J=1  ,NGGRUP) , Z G M I N  - 
C - 
CC PRESENT IF N G G R U P .  GT. O - 
CW NGGRVP+I - 
C - 
C!3 POBY AT (4H 4D ,5E?2.4/(6E12.11) ) - 
C D  GPBC(J) H A X I H U M  ENERGY POrJND OF G A M M A  G R O D P ( J )  (EV) - 
C D  E G N I N  M I N I M U M  ENERGY OF G A M q R  E N E R G Y  R A N G E  - 
c----------------------------------------------------------------------- 
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C R  NATRIX DATA 
CZ (COV (K) , K = l  ,KR b X )  
C 
CC KHAX=SU!Y OVER JBAUD(J) FOR ALL J IN BLOCK ?4 

C OEP 





APPENDIX B 

The FIDO Inpu t  System 

The FIDO i n p u t  method i s  espec ia l l y  devised t o  a l l ow  the e n t e r i n g  

o r  mod i fy ing  o f  l a rge  data arrays w i t h  minimum e f f o r t .  Specia l  advantage 

i s  taken o f  pa t te rns  o f  r e p e t i t i o n  o r  symmetry wherever poss ib le .  The 

FIDO system was pat terned by Ward Engle and Wayne Rhoades a f t e r  t he  i n p u t  

method used w i t h  t he  FLOCO coding system a t  Los Alamos, and was f i r s t  

app l i ed  t o  the  DTF-I1 code. Since t h a t  t ime, numerous fea tures  requested 

by users have been added, a  f r e e - f i e l d  o p t i o n  has been developed, and t h e  

a p p l i c a t i o n  o f  FIDO has spread t o  innumerable codes. 

The data a re  entered i n  u n i t s  c a l l e d  "arrays." An a r r a y  comprises 

a  group o f  contiguous storage l oca t i ons  which a re  t o  be f i  1  l e d  w i t h  data 

a t  one time. These ar rays  u s u a l l y  correspond on a one-to-one bas is  w i t h  

FORTRAN arrays used i n  the  program. A group o f  one or more ar rays  read 

w i t h  a  s i n g l e  c a l l  t o  t he  FIDO package forms a  "block," and a  spec ia l  

d e l i m i t e r  i s  requ i red  t o  s i g n i f y  t he  end o f  each b lock.  Arrays w i t h i n  a  

b lock  may be read i n  any order  w i t h  respect  t o  each other ,  b u t  an a r r a y  

belonging t o  one block must n o t  be s h i f t e d  t o  another. The same a r r a y  

can be entered repeatedly  w i t h i n  t he  same b lock.  For example, an a r ray  

cou ld  be f i l l e d  w i t h  "0" us ing a  spec ia l  opt ion,  and then a few sca t te red  

l o c a t i o n s  cou ld  be changed by reading i n  a  new s e t  o f  data f o r  t h a t  a r ray .  

I f  no e n t r i e s  t o  t he  ar rays  i n  a  b lock  a re  requ i red  b u t  t h e  c o n d i t i o n  

r e q u i r i n g  the  b lock  i s  met, the d e l i m i t e r  a lone s a t i s f i e s  t he  i n p u t  

requirement. 

Three major types o f  i n p u t  a re  a v a i l a b l e :  f i x e d - f i e l d  inpu t ,  f r e e -  

f i e l d  inpu t ,  and u s e r - f i e l d  i npu t .  

F ixed F i e l d  I npu t  - Each card i s  d i v i d e d  i n t o  s i x  12-column data 

f i e l d s ,  each o f  'which i s  d i v i d e d  i n t o  t h r e e  subf ie lds .  The f o l l o w i n g  

sketch i l l u s t r a t e s  a  t y p i c a l  data f i e l d .  The th ree  sub f i e lds  always 

comprise 2 ,  1, and 9 columns, respec t i ve l y .  

Sub f i e ld  S u b f i e l d  , S u b f i e l d  



To begin t h e  f i r s t  a r ray  o f  a  block, an a r ray  o r i g i n a t o r  f i e l d  i s  

p laced i n  any f i e l d  on a card: 

S u b f i e l d  1: An i n tege r  a r ray  i d e n t i f i e r  < 100 spec i f y i ng  the  data 

a r ray  t o  read 

S u b f i e l d  2: An array- type i n d i c a t o r  - 
"$" i f  the a r ray  i s  i n tege r  data 

"*" i f  t h e  a r ray  i s  r e a l  data 

S u b f i e l d  3: Blank 

Data a re  then p lace i n  successive f i e l d s  u n t i l  the  requ i red  number 

o f  e n t r i e s  has been accounted f o r .  A sample data sheet shown on page 19 

i l l u s t r a t e s  t h i s  inpu t .  

I n  e n t e r i n g  data, i t  i s  convenient t o  t h i n k  o f  an " index" o r  

" p o i n t e r "  which i s  under c o n t r o l  o f  t he  user, and which s p e c i f i e s  t he  

p o s i t i o n  i n  t he  a r r a y  i n t o  which the nex t  data e n t r y  i s  t o  go. The 

p o i n t e r  i s  always pos i t ioned a t  a r ray  l o c a t i o n  #1 by en te r i ng  the  a r r a y  

o r i g i n a t o r  f i e l d .  The p o i n t e r  subsequently moves according t o  t he  data 

opera tor  chosen. Blank f i e l d s  are a  spec ia l  case, i n  t h a t  they  do n o t  

cause any data m o d i f i c a t i o n  and do n o t  move the  po in te r .  

A data f i e l d  has the  f o l l o w i n g  form: 

S u b f i e l d  1: The data numerator, an i n t e g e r  < 100. We r e f e r  t o  t h i s  

e n t r y  as N1 i n  t he  f o l l o w i n g  d iscussion.  

Sub f i e ld  2: One o f  t he  spec ia l  data operators l i s t e d  below. 

S u b f i e l d  3: A n ine-character  data en t ry ,  t o  be read i n  F9.0 format.  

It w i l l  be converted t o  an i n t e g e r  i f  the  a r r a y  i s  a "8" 
a r r a y  o r  i f  a  spec ia l  a r ray  opera tor  such as "Q" i s  

be ing used. Note t h a t  an exponent i s  permiss ib le  b u t  

n o t ' r e q u i r e d .  Likewise, a decimal i s  permiss ib le  b u t  

n o t  requi red.  I f  no decimal i s  suppl ied,  i t  i s  assumed 

t o  be immediately t o  t he  l e f t  o f  t he  exponent, i f  any; 

and otherwise t o  t he  r i g h t  o f  t h e  l a s t  column. Th is  

e n t r y  i s  r e f e r r e d  t o  as Nj i n  t he  f o l l o w i n g  d iscussion.  
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A l i s t  o f  da ta  operators and t h e i r  e f f e c t  on the  a r ray  being i n p u t  

f o l l ows :  

"Blank" i n d i c a t e s  a  s i n g l e  e n t r y  o f  data. The data e n t r y  i n  t he  

t h i r d  s u b f i e l d  i s  entered i n  t he  l o c a t i o n  i nd i ca ted  by the  po in te r ,  

and t h e  p o i n t e r  i s  advanced by one. However, an e n t i r e l y  b lank 

f i e l d  i s  ignored. 

" + I '  o r  " - I 1  i nd i ca tes  exponent ia t ion.  The data e n t r y  i n  the  t h i r d  

f i e l d  i s  entered and m u l t i p l i e d  by lokN1, where N1 i s  t he  data 

numerator i n  the f i r s t  sub f i e ld ,  g iven the  s ign  i nd i ca ted  by the  

data ope ra to r  i t s e l f .  The p o i n t e r  i s  advanced by one. I n  cases 

where an exponent i s  needed, t h i s  op t i on  a l lows the  en te r i ng  o f  

more s i g n i f i c a n t  f i g u r e s  than t h e  b lank opt ion.  

" & ' I  has t h e  same e f f e c t  as "+". 

"R" i n d i c a t e s  t h a t  t he  data e n t r y  i s  t o  be repeated N1 times. The 

p o i n t e r  i s  advanced by N 

" I"  i n d i c a t e s  l i n e a r  i n t e r p o l a t i o n .  The data numerator, N1, 

i n d i c a t e s  t h e  number o f  i n t e r p o l a t e d  p o i n t s  t o  be suppl ied.  The 

data e n t r y  i n  t he  t h i r d  s u b f i e l d  i s  entered, fo l lowed by N1 i n t e r -  

po la ted  e n t r i e s  equa l l y  spaced between t h a t  value and the  data e n t r y  

found i n  t he  t h i r d  s u b f i e l d  o f  t he  nex t  non-blank f i e l d .  The p o i n t e r  

i s  advanced by N1 + 1. The f i e l d  f o l l o w i n g  an "I" f i e l d  i s  then 

processed normally, according t o  i t s  own data operator.  The " I "  

e n t r y  i s  e s p e c i a l l y  va luab le  f o r  s p e c i f y i n g  a  s p a t i a l  mesh. I n  "$" 
arrays, i n t e r p o l a t e d  values w i l l  be rounded t o  t he  neares t  in teger .  

"L" i n d i c a t e s  l oga r i t hm ic  i n t e r p o l a t i o n .  The e f f e c t  i s  t h e  same 

as t h a t  o f  "I" except t h a t  the  r e s u l t i n g  da ta  are evenly  separated 

i n  log-space. This  i s  e s p e c i a l l y  convenient f o r  s p e c i f y i n g  an 

energy mesh. 

"Q"  i s  used t o  repeat  sequences o f  numbers. The l e n g t h  o f  the  

sequence i s  g iven by the  t h i r d  sub f i e ld ,  N 3 .  The sequence o f  N g  



e n t r i e s  i s  t o  be repeated N1 times. The p o i n t e r  i s  advanced by 

N1*N3. I f  e i t h e r  N1 o r  Ng i s  0, then a sequence o f  N1 + N3 

i s  repeated one t ime only, and the p o i n t e r  i s  advanced by N1 + N3.  

Th is  fea ture  i s  espec ia l l y  va luable f o r  geometry s p e c i f i c a t i o n .  

The "Nu op t ion  has the  same e f f e c t  as "Q", except t h a t  t he  order  

o f  the  sequence i s  reversed each t ime i t  i s  entered. This  i s  

va luable f o r  the  type o f  symnetry possessed by quadrature 

c o e f f i c i e n t s .  

"M" has the  same e f f e c t  as "N" except t h a t  the s i g n  o f  each 

e n t r y  i n  the sequence i s  reversed each t ime the  sequence i s  

entered. For example, the e n t r i e s  : 

1 2 3 2M2 
would be equivalent  to :  

1 2 3 - 3 - 2 2 3  

Th is  op t ion  i s  a l so  usefu l  i n  en te r i ng  quadrature c o e f f i c i e n t s .  

"ZN causes N1 + N3 l oca t i ons  t o  be s e t  t o  0. The p o i n t e r  i s  

advanced by N1 + N3. 

"C" causes the  p o s i t i o n  o f  the l a s t  a r ray  i tern entered t o  be 

p r i n ted .  This  i s  t he  p o s i t i o n  o f  t he  po in te r ,  l ess  1. The 

p o i n t e r  i s  n o t  moved. 

"0" causes the  p r i n t  t r i g g e r  t o  be changed. The t r i g g e r  i s  

o r i g i n a l l y  o f f .  Successive "0" f i e l d s  t u r n  i t  on and o f f  

a l t e r n a t e l y .  When the  t r i g g e r  i s  on, each card image i s  l i s t e d  

as i t  i s  read. 

" S t '  i nd i ca tes  t ha t  the po in te r  i s  t o  sk ip  N1 p o s i t i o n s  leav ing  

those a r ray  p o s i t i o n s  unchanged. I f  the  t h i r d  s u b f i e l d  i s  non- 

blank, t h a t  data e n t r y  i s  entered f o l l o w i n g  the  skip, and the  

p o i n t e r  i s  advanced by N1 + 1. 

"A" moves the p o i n t e r  t o  t he  p o s i t i o n  N 3 ,  s p e c i f i e d  i n  the t h i r d  

subf ie ld .  



"F" f i l l s  the remainder of  the array with the datum entered in 

the third subfield. 

"E" skips over the remainder of the array. The array length 

cr i ter ion i s  always sat isf ied by an "E" ,  no matter how many 

entr ies  have been specified. No more entries t o  an array may 

be given following an " E N ,  except that data entry may be restarted 

with an "A". 

The reading of da t a  t o  a n  array i s  terminated when a new array 

origin f i e ld  i s  supplied, or when the block i s  terminated. I f  an incor- 

rect  number of positions has been f i l l ed ,  an error ed i t  i s  given, and a 

flag i s  se t  which w i l l  la te r  abort execution of the problem. FIDO then 

continues with the next array i f  an array origin was read. Otherwise, 

i t  returns control t o  the calling program. 

A block termination consists of a f ie ld  having "T" in the second 

sub-field. All entr ies  following "T" on a card are ignored, and control 

i s  returned from FIDO t o  the calling program. 

Comment cards can be entered within a block by placing an apostrophe 

( I )  in column 1. Then columns 2-80 will be l i s ted ,  with column 2 being 

used for  printer carriage control. Such cards have no effect  on the data 

array or pointer. 

Free-Field I n p u t  - With free-field input, data are written without 

fixed restr ic t ions as t o  f ie ld  and subfield size and positioning on the 

card. The options used with fixed-field input are available, a1 t h o u g h  

some are s l  ightly restricted in form. I n  general, fewer data cards are 

required for  a problem, the interpreting print i s  easier t o  read, a card 

l i s t ing  i s  more in te l l ig ib le ,  the cards are easier t o  keypunch, and cer- 

tain common keypunch errors are tolerated without affecting the problem. 

Data arrays using fixed- and free-field input can be intermingled a t  will 

within a given block. 

The concept of three subfields per f ie ld  i s  s t i l l  applicable t o  free- 

f ie ld  input, b u t  i f  no entry for a f ie ld  i s  required, no space for  i t  need 

be l e f t .  Only columns 1-72 may be used, as with fixed-field input. 



The array o r ig ina to r  f i e l d  can begin i n  any pos i t ion .  The ar ray  

i d e n t i f i e r s  and type ind icators  are used as i n  f i x e d - f i e l d  input .  The 

type i n d i c a t o r  i s  entered twice, t o  designate f r e e - f i e l d  inpu t  (i . e. , 
"$$" o r  "** ' I ) .  The blank t h i r d  subf ie ld  required i n  f i x e d - f i e l d  i npu t  

i s  no t  required. For example: 31** indicates t h a t  ar ray  31, a  r ea l -  

data array,  w i l l  f o l l ow i n  f r e e - f i e l d  format. 

Data f i e l d s  may fo l low the array o r i g i n  f i e l d  immediately. The 

data f i e l d  en t r ies  are i den t i ca l  t o  the f i x e d - f i e l d  en t r ies  w i t h  the 

f o l  lowing res t r i c t i ons :  

(1) Any number o f  blanks may separate f i e l ds ,  bu t  a t  l e a s t  one 

blank must fo l l ow a t h i r d  sub f ie ld  en t ry  i f  one i s  used. 

(2 )  I f  both f i r s t  and second sub f ie ld  en t r ies  are used, no blanks 

may separate them, i . e., 24S, but  not  24 S. 

(3 )  Numbers w r i t t e n  w i t h  exponents must not  have imbedded blanks, 

i.e., f.OE+4, 1.OE4, 1.0+4, o r  even 1+4, but  not  1.0 E4. 

(4)  I n  th i rd -sub f ie ld  data entr ies,  on ly  9 d i g i t s ,  inc lud ing the 

decimal but  not  inc lud ing the exponent f i e l d ,  can be used, i.e., 

123456.89E07, but  not  123456.789E07. 

(5) The Z en t ry  must be o f  the form: 7382, not  2738 o r  738 Z. 

(6)  The + o r  - data operators are not  needed and are not  avai lable.  

( 7 )  The Q, N, and M en t r i es  are res t r i c ted :  394, 1N4, o r  M4, but  

not  44, 4N, or 4M. 

User-Field Input - I f  the user fo l lows the array i d e n t i f i e r  i n  the 

array o r i g i na to r  f i e l d  w i t h  the character "U" o r  "V", the inpu t  format i s  

t o  be spec i f i ed  by the  user. I f  "U" i s  speci f ied,  the FORTRAN FORMAT t o  

be used must be suppl ied i n  columns 1-72 o f  the next  card. The format 

must be enclosed by the usual parentheses. Then the data f o r  the e n t i r e  

ar ray  must fo l l ow on successive cards. The ru les  of ordinary FORTRAN 
i npu t  as t o  exponents, blanks, etc.,  apply. I f  the ar ray  data do not 

f i l l  the l a s t  card, the remainder must be l e f t  blank. 

" V "  has the same e f f e c t  as "U" except t h a t  the format read i n  the 

l a s t  preceding "U" a r ray  i s  used. 
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