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A description and user instructions a re  presented fo r  RAFT, a FORTRAN 

computer code fo r  calculation of a r i sk  measure for  f a u l t  t r ee  cut s e t s .  RAFT 

calculates release quant i t ies  and a r i sk  measure based on the product of 

probability and release quantity f o r  cut  s e t s  of f a u l t  t rees  modeling the 

accidental release of radioactive material from a nuclear fuel cycle fac i l  i ty .  

C u t  s e t s  and the i r  probabi l i t ies  a re  supplied as input to  RAFT from an 
external f a u l t  t r e e  analysis code. Using the to ta l  inventory available of 

radioactive material, along with release fract ions for  each event in a cut  

s e t ,  the release terms are  calculated fo r  each cut se t .  Each release term i s  

multiplied by the cut s e t  probabili ty yielding the cut s e t  risk measure. RAFT 

orders the dominant cut s e t s  on the r i sk  measure. The to ta l  r i sk  measure of 
processed cut s e t s  and t h e i r  fractional contributions a re  supplied as output. 

Input options a re  available to  eliminate redundant cut s e t s ,  apply thres- 

hold values on cut s e t  probability and r i sk ,  and control the to ta l  number of 
cut  s e t s  output. Hash addressing i s  used to  remove redundant cut  s e t s  from 

the analysis. 

Computer hardware and software res t r ic t ions  a re  given along w i t h  a sample 

problem and cross-reference tab1 e of the code. Except for  the use of f i l e  
management u t i l i t i e s ,  RAFT i s  writ ten exclusively i n  FORTRAN language and i s  

operational on a Control Data, CYBER 74-18, ser ies  computer system. 





A risk-based f a u l t  t ree  analysis method has been developed a t  Pacific 

Northwest Laboratories ( P N L )  f o r  analysis of nuclear fuel cycle operations. ( 1  

This method was developed for  the Energy Research and Development Administra- 

tion (ERDA)-sponsored r i sk  analysis of systems for  managing hi gn-1 eve1 waste. 

A se r ies  of three computer codes has been developed to a s s i s t  in the perfor- 

mance of a r isk assessment: ACORN(') (plots  f a u l t  t r e e s ) ,  M F A U L T ' ~ )  (analyzes 

f a u l t  t r e e s ) ,  and RAFT (calculates  r isk measures). Figure 1 gives a summary 

o f  the input, output, and interrelationships of these programs. 

This report gives a description and user instructions for  RAFT, a con- 

puter code f s r  calculation of a r isk measure for  f a u l t  t ree  cut s e t s .  

Section 2 gives a basic description of the code and input and output infor- 

mation while Sections 3 and 4 discuss the calculational procedures and addi- 

tional programmi ng detai 1 s , respectively. 

Reference 1 provides a background discussion of the application of RAFT 

co a s s i s t  in performing a r i sk  assessment. Some famil iar i ty  with f a u l t  t ree  

methodology i s  assumed. References 1 ,  4 ,  and 5 will supply the reader a 

comprehensive overview of systems safety analysis and f au l t  t ree  analysis.  
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2.0 INFORMATIObi FOR T H E  USER 

2 .1  GENERAL DESCRIPTION OF THE PROGRAM 

The RAFT computer code calculates release quant i t ies  and a  r isk measure 

based on the product of probability and release quantity for  cut s e t s  of  f a u l t  

t rees  modeling the accidental release of radioactive material from a  nuclear 
fuel cycle f a c i l i t y .  

C u t  s e t s  and the i r  probabi l i t ies  are supplied as input t o  RAFT from an 

external f a u l t  t ree  analysis code (e .g . ,  F I F A U L T ' ~ ) ) .  Using the total  inven- 

tory available of radioactive material ,  along with release fractions for  each 

event in a cut s e t ,  the release terms are calculated for  each cut se t .  Each 

release term i s  multiplied by the cut s e t  probability yielding the cut s e t  

r isk measure. RAFT orders the dominant cut s e t s  on the r isk measure. The 

total  r isk measure of processed cut se t s  and t he i r  fractional contributions 
are  suppiied as output. 

Input options a re  available to  eliminate redundant cut s e t s ,  apply thresh- 

old values on cut s e t  probability and r i sk ,  and control the total  number of 

cut se t s  output. Hash addressing i s  used to  remove redundant cut s e t s  from 
the analysis. 

External cut s e t  f i l e s ,  such as those supplied by M F A U L T , ' ~ )  will nor- 
mally contain the cut s e t  probability. However, RAFT possesses the option of 

recomputing these probabi l i t ies ,  thereby allcwing the user t o  investigate cut 
s e t  dominance dependent upon select ive choices of input quant i t ies .  The cut 
s e t  probabili t ies are computed exactly as shown in References 1 and  3 .  The 
user should be familiar w i t h  terms such as cut s e t  ava i lab i l i ty  and/or unavail- 
a b i l i t y ,  repairable and/or nonrepairable components, and conditional probabili- 
t i e s ,  a l i  of which are  explained in the same references. 

Release fractions are also part  of the input used t o  obtain a  r i sk  mea- 
sure. The code will allow u p  to four dis t r ibuted release fract ions and the i r  

associated condi~ional  probabi i i t ies  p2r event. The r i sk  meassres derived 

from each sub-cut s e t  (adai tion terxs r e s ~ l  :in3 from tne disr,ri'zuted release 

fract ions)  aye ordered w j t h  as zany as 37 opiional!y retained for  output. 



Depending cn the type of program generating the 1 i s t  of cut s e t s  supplied 

to  RAFT and the user options selected, the potential ex is t s  for  duplicate cut 

s e t s .  RAFT uses a hash addressing scheme t o  check for  cut s e t  repet i t ion.  
- 9  Ine scheme i s  optional 6nd i s  capable of handling large groups of cut s e t s  

before computational res t r ic t ions  become severe. Treatment of the hashing 

scheme i s  explained in Section 3.2 .  

Two threshold values can be used by RAFT t o  deternine the re la t fv?  s ign i f i -  
- 

cance of each cut s e t .  rhe f i r s t  is a probabiiity cutoff .  The second i s  a 
r i sk  threshold for  sub-cut se t s  in order to  ~ i n i n i z e  the  printed o u t p u t .  A 

cut s e t  pr in t  l imi t  i s  also available t o  minixize the total  nunbzr of cut se t s  

fo r  the o u t p u t  f i l e .  

Two quant i t ies  contri buticy t o  the t,or;al risit-measure sum are calculated. 

One sum i s  related to  the cut sexs (and sub-cut s e t s )  which have a greater 
r i sk  measure than the threshold valce. The cther ,  the "branch residual sbw", 

represents the r i sk  measure of  c a t  s e t s  (and sub-cut  s e t s )  elirninzted by the 
I 

r i sk  threshold. The "branch residual sun'' i s  valuabls in assessing the effec- 

tiveness of the r isk threshold. 

RAFT u t i l i zes  two wora addressable f i l e s .  On2 i s  for  the hash addressing 

s c h e ~ e  t o  guarantee cdt s e t  uniqueness, while the other i s  used fo r  maintain- 

ing o u t p u t  information from cut se t s  whose r isk measures are  most dominant. 

During the process of ranking individual sub-cut se t s  within a cut s e t ,  
the output f i l e  i s  upd3ted by ranking cut se t s  on the i r  accumuiative r isk 

ixeasure. The f i l e  i s  maintainsd by simultaneously assigning index keys while 
ranking c u t  s e t s  on r isk measure. The index keys are  subsequently used t o  

retr ieve the dominant cut s e t s .  Only those cut s e t s  surviving the probability 
cutoff will have been evaluated for  r i sk  measLre, ranked by i t s  do~inance,  and 

allocated for  storage re t r ieva l .  The en t i r e  process eliminates the necessity 

to  perform sorting methods which can become cumbersome when applied t o  large 
problems. 

An abbreviated fiowchzrt of the main program and 3 more detailed chart  of 

the subroutine ( R E C S R D )  which mznages tiie cal cu? ationsl procedures a re  i  ncl ilded 

in Figures 2 and 3 in Section ;, i n  order to  exhibit  2r1 overvisw of the opera- 

t ions perforrned in ,?AFT. 



2 . 2  INPUT ITISTR1;CTIONS F O R  R,1FT - 

Input t o  RAFT i s  composed of two primary murces.  The largest  i s  nor- 

mally an external f i l e  containing the cut s e t  sequences and the i r  prcbabili- 

t i e s .  The f i l e  can reside on  magnetic tape or disk,  however, small problems 

can be supplied via input cards. The second source of input i s  supplied by a 

specially written version of NAMELIST. This version of NAMELIST i s  des- 

c r i  bed in Appendix A. 

A th ird source of input i s  also available which allows for ident i f icat ion 

of cut s e t  events on the o u t p u t  f i l c .  Made up  of cards from the ACORN ( 2 )  

code, these descriptions are  optional and are used to  help c l a r i fy  the o u t p u t .  

If a disk or  tap2 device i s  used to  maintain the cut s e t  f i l e ,  certain 

storage properties must be observed t o  make the f i l e  legible t o  RAFT. Tape 7 

i s  the local f i l e  name for  the input cut s9ts .  The cut s e t  f i l e  must be 

partitioned. This means tha t  cut s e t s  with a l ike  number o f  basic events must 

ex is t  in a contiguous manner. Second, the code has been arranged so tha t  

groups of cut se t s  will be read from the storage media in blocks of one h u n -  

dred (100) cut s e t s  or until  an end-of-file mark i s  encountered, terminating 

the f i l e .  When hashing options are activated, par t i t ion boundaries become 

important, in tha t  r e s t a r t  problems must begin on one of these boundaries, 

otherwise uniqueness cannot be guaranteed. 

An additional s e t  of input data cards may be used t o  describs the events 

o n  the output. The event descriptors contain the event index for  correlation 

with the basic events. Therefore, they may be loaded in any order. Non- 
exis tent  descriptors will be ident i f ied as such on the output a n d  need n o t  be 

of concern t o  the user. Normally they are the same cards as used by the 

 ACORN(^) code, and as such, have been treated with no change in format and 

external to the MAIIIELIST input diita. 

NAMELIST control parameters, and input quant i t ies  relevant to  various 

options are  defined in the following pages. Default quant i t ies  are given 

where appropriate. 

(")NJ,~ELIST i s  nornally 2 system supplied sofiware package, S u t  i s  used t i - o u g h -  
out t h i s  document in reference to  the one supplied in the appendices. Wcw- 
ever, a basic kncwlelge of the use of ?@$IELIST i s  assumed because th i s  
package adheres t o  the FORTRAN r ~ l e s  for  PIAE1ELIST. 



iiArilEL I  ST 
Parameter --- 

Imp1 i c i  t 
Type 

None 

Real 

Real 

Rea 1 

Real 

Real 

A1 pha- 

numeric 

Rea 1 

- Descriptions - , Limits , Defaul t s  

NAMELIST group narc 

Total inventory ava i l ab le  of ~ a d i o a c t i v e  material  

Preszt  TIA=1.0 

C u t  s e t  prababil i t y  threshold 

Preset  CUTOFA=O 

R i s k  rzeasure thresh01 d 

Preset  CZTOFF=O 

RF(I , J ) ,  Release f r a c t i ons  

I=1 t o  6 re lease  f r a c t i ons  

J =  index ~ s e d  t o  iden t i fy  the event 

Preset  ((RF(1 , J )  ,1=1,4) ,J=1 ,500)=0 a t  i n i t i a l i z a t i o n .  

riot p ress t  f o r  subseqtient mult iple case execution. 

C?(I , J ) ,  Cocditional probabil i t i e s  

:=I to  3 p robab i l i t i e s  in one-to-one correspondence 

with R F ( I  , J ) .  

J =  index uced t o  iden t i fy  the event 

Freset  ((CP(I,?) , I=1,4)  ,J=1,500)=0 a t  i n i t i a l  i z a t i on .  

Not preset  f c r  subsequent mu1 t i p l e  case execution. 

D e c i s i ~ n  f l ag  t o  allow recomputa~ion of cut  s e t  

grobabii i r i e s .  

= 'YESi,  c u t  s e t  p robab i l i t i e s  a r e  c~npu t ed  as a  

function of PQ and MODE. 
= ' J O 1 ,  cu t  se: probab i l i t i e s  ;upplied as input a r e  

not  a1 tered.  

Preset  MODIF't='NO1 

PQ(1 , J ) ,  Probabili  ty/Unavaiiabil i  t y  

1=1 ; event. compcner t probabi 1  i t:; 

I = ? ;  event co~ponen t  u r , avz i l aDi l~ ty  

J=  index use3 t o  iden t i fy  the evenc 

Requirs! i n p u t  when MOCIFY='YES ' 
' ; a t  preset  



MODE(l)= Integer i?lODE(Jj, Repairable 01. nonrepairable component f lag 

=0; even1 cornponen t i s repai rabl e 

= I ;  event component i s  nonrepairable 

Required inpbt when M O D I F Y = ' Y E S 1  

ilot preset 

HSHING= A1 pha- Decision flag t o  i n i t i a t e  hashing algorithms in 

numeric order t o  determine cut s e t  uniqueness. 

= ' Y E S 1 ;  hashing routines are activated and  unique- 

ness of cut se t s  i s  determined. 
- ' ria ' . - , no uniquenass t e s t s  are  performad on the 

cut s e t s ,  cut s e t  sequences are  not ordered, 

repeated event s t ructure i s  not checked, and the 

code i s  not input iimited with respect to  cut s e t  

vol ume. 

Preset HSHING='YES1 

LIEBUG= A1 pha- Decision f lag for  printing hashed cut se t s .  

numeric This oprion i s  only useful when the hashing algo- 

rithms f a i l  to exhibit  a well balanced load fac tor ,  

a ,  within the hash table.  The option i s  primarily 

programer oriented and the user need not normally 

be concerned about i t s  use. 

='YES1; table of hashed cut se ts  i s  printed for  

investigation. 

= ' Y O 1 ;  no table i s  printed. 

?reset  DE3UG='NO1 

CUTSET= Integer Defines the nclmber of the cut s e t  with which the 

execution will s t a r t .  This parameter i s  useful 

when large f a u l t  t rees  a re  parti t ioned for  multiple 

case executions and r e s t a r t  capabi l i ty .  

Preset CUTSET=1 

T2EES= 2231 Restart ~ a r a ~ e t e r  available f c r  w l t i p l e  case exe- 
- c u ~ i o n s  of the same f a u l t  t r se .  :or exampie, i f  a 



faui t t ree  i s  executed riecessitating mu1 t i p l e  runs, 

the tata1 t ree sun (including the branch residual 

sum) can be input into TREES for  the subsequent 

execution. This call oe inportant i f  the analyst  i s  

interested in correct accunul a t ive  cut s e t  f ract ions 

re la t ive  to  the en t i re  t ree .  

Freset TREES=O. 

LUDISK= I n t e ~ e r  iogical unit ~ h i c h  defines t h e  mass storage device 

t o  be used for  ranking release fractions.  

Preset LUDISK=l 

? lEDIA= A1 pha- Ident i f ies  the input media used t o  s ~ ~ p p l y  cut s e t s .  

nuner i  c = ' D I S K 1 ;  cu t  s e t s  can be read froa e i ther  disk or 

~ a g n e t i c  tape, assuming nonformatted binary records. 

EVENTS, PROBAS, a ~ d  INDICE(N; [N=1, EVENTS] are  

o b t a i n ~ d  where 

EVENTS= number of events contained in the c ~ t  s e t  . 
PROBAS= cut s e t  probability which can be recpmp~ted 

as stated e a r l i e r  by the use o f  MODIFY='YES' 

ZNDICE(rl)= numeric index identifying each event 

vri thin the cut s e t  

= I CARDS I ; the sane quanti t! es are  abtai ned thrcugh 

a formatted read (i2,E:G.O,1015). 

Preset I!EDI,1= ' CISK' 

T - T I  ( , l LL , I ) =  A7 pha- (TITLE(1) , I=1,8) Prob;ez description t i t ?  e .  

numeric Preset TITLE=S*'StbbSbtobb' 

GATE= P,l pha- Flas to indicate presenc2 of gate riame ~n cut s e t  input 

numeric f i l e .  The sa t e  nane, i f  present, i s  n o t  used by 

RAFT. I t s  existence i s  used solely fo r  iden t i f i -  

cation of t he  data f i l e .  

= ' Y E S 1 ;  then ?AFT w i l l  r ~ z d  the gate name. (P?E3IA= 

I S:Si<' on;-/) 

= : X $ '  ; 9A fT  w i  11 not ex?ect 3 ? a x  name. 
preset G,!,TL='YES1 



READ= Integer Decision f 7 a g  ~ s e d  t o  indicate t h a t  RAFT should 

expect hoi ier i th  definit ions for  each bzsic event. 

The descriptors are  used only for  the output pr inter  

and then only when PRINT='YESi. 

= I YES ' ; ACOR?~( ' )  description cards are expected imned- 

ia te ly  fa1 lowing the P!AbIELIST data. 

Columns 1 and 2 are ignored, columns 3, 4 ,  and 5 

define the event subscript vrhich i s  used to corre- 

l a t e  the event with i t s  description, and the renain- 

ing part  of each card describes t h 2  event. 

An end-of-file card i s  expected as a terminator 

for  the ACORN cards. 

='NO'. , no descriptor cards are  expected, and no 
descriptions are supplied to the o u t p u t .  

Preset READ=' N O '  

LI:vIIT= Integer flaximun Number of dominant sub-cut se ts  a1 lowed from 

each cut s e t  in terms of r isk measure for  the l ine  

pr inter .  

( 1 <  LIHIT< - 37) 

Preset LI!-1IT=25 

PIAX!IRT= Integer Haximum nucber o f  dorilinant ( 1  argest r i sk  measure) cut 

s e t s  allowed for  the pr in t  f i l e .  
( I <  - ISAX\iRT/ - SOCOj 

Preset FlAX!IRT=2GOO 

PRINT= A1  pha- Option f lag  for  specifying A C O R N  descriptors t o  

numeric be printed. 

= ' Y E S 1 ;  a l l  events will be defined cn o u t p u t  
= ' N O 1 ;  no events will be defined on output 

Preset P R I N T = ' N O 1  

F I E L D =  Integer Active column f i e l d  def ini t ion.  I i e n t i f i e s  lasc colunn 

of NAidELIST input cards whicn i s  t 3  reflain act ive.  

?reset  ; I E L ~ = ~ G  

Casz x r ~ i  na tor 



The format of the input cut sex f i l e  i o n  taoe or disk or cards) i s  given 

under the NA:!ELIST parameter flE2iA discussed clbove. The iilaximurn number of 

events per c u ~  s e t  i s  currently 10. The events in a c ~ t  s e t  are  ident i f ied by 

an integer value presently not to exceed 530. The sample case given in Sec- 
tion 2.4 i l l u s t r a t e s  the icput t o  RAFT for  the case where the cut s e t s  are  

input by tape or dish. The str-ucture of the RAFT i n p u t  with the cut s e t s  

supplied by cards i s  given below. The ?vent description cards are  also shown 

i n  the i n p u t  stream. 

$ RAFT MEDIA='CARDSi READ='YES1 

8 
e other NNIELIST parameters 
0 

$ 

Event description cards. One card for  each event. (2X ,  13, 7A10, A 5 )  

co l unn 

1 - 2  not used 

3-5 e v e s t  number 

6-SO Hollerith description cf the event 

ENC-OF-RECORD CARD t o  terminate event descr ip t im cards. 

C u t  s e t  ident i f icat ion cat-ds. One card per cut s e t .  C u t  s e t s  must be par t i -  

tioned ( i . e . ,  a11 one term, then a l i  two te rn ,  e t c . )  
(12, E10.0, 1015) 

number o f  events per c u t  s e t  

cut s e t  probability 
event index, 1 s t  event 

event index, 2nd event 

event index, 1 2 t h  event 

E N D - O F - R E C O R D  C A R D  t o  terminate c u t  s e t  identff icat ioc cards. 



2 . 3  DESCRIPTICN OF OUTPUT 

C u t  s e t s  are numbered and l i s t ed  according to  descendfn~ values of r isk 

measure. Each cut s e t  printed contains the probability and the cumulative r i sk  

measure fraction of the total  t r ee .  I n  addition, the numerical indices of the 

events within each cut s e t  are  printed along with verbal descriptors of those 

events and the release fractions associated with each of the dominant sub-cut 
s e t s .  Further, the accumulated product ~f  the r i sk  measures and the sum of 

the cut s e t  probabiii t ies are given for  the t ree.  These q u a n ~ i t i e s  represent 

contributions from a1 1 cut s e t s  surviving the probability thresh01 d .  

RAFT places no l imi t  on the number of cut s2ts  from a t ree .  However, i f  
the hashing scheme i s  used for  redundancy checking, the o u t p g t  f i l e  could 

become res t r i c t ive  i n  core s ize ,  causing the remaining information t o  be 

stored on scratch disk. When th i s  occurs, the code's efficiency i s  severely 

reduced, causing excessive execution times. 

2.4 SAKPLE CASE 

A sample case i s  given in t h i s  section t o  i l l u s t r a t e  the input informa- 

t ion RAFT requires and the resul t ing o u t p u t .  The l i s t  of cut s e t s  used for  
t h i s  sample case was obtained from processing the f a u l t  t ree  given in Refer- 

ence 3 by the b1FAULT computer program. 
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3.0 PROCEDURE FC_SGL.UTI0?4 

3.1 CALCULATION Of THE RISK MEASURE: 

A cut s e t  r isk can be defined as the product of f ive  terms: 

RISK= A*B*C*D*E ( 1  

where 

A= probability of the release sequence; 

B= release quantity; 

C= relevant measures of the radioactive material character is t ics  

( isotopic  composition, s i ze  d is t r ibut ion ,  so lubi l i ty ,  v o l a t i l i t y ,  

e t c . ) ;  

D= a  measure of environmental transport  path efficiency; 

E= a  measure of population dis t r ibut ion,  charac ter i s t ics ,  and habits.  

The r i sk  measure, R y  used in the RAFT code represents a  sirnplificztion of 

Equation (1 ) .  Using only the probabil i t y  and the release quantity,  the r isk 

measure i s  defined as:  

R= A*C ( 2 )  

Reference 1 gives a  detailed discussion of the use of th i s  simplified r isk 

expression. 

The f a u l t  t ree  cut s e t s ,  soch as X I ,  X3X,-, X 9 X l l X 4 2 ,  e t c . ,  define the 
chain of events w i t h  which the r i sk  neasure i s  evaluated. Each X. represents 

J 
a  basic event, an inhib i t  condition, or  an on/off switch. 

To calculate the r i sk  measure o f  a cut s e t ,  the RAFT code uses the 

release fractions and the i r  associated conditional probabi 1 i t i e s  of each basic 

event. The release fraction term ( R F )  i s  defined as the amount of radioactive 

material available a t  the output or  completion of the event divided by the 

amount available a t  the i n p u t  o r  beginning of the event. Sone events do not 
have a  physically associated release f rac t ion ,  while others can be assigned a 

single-valued release fraction whose value i s  l e s s  than or equal to  1.0. 

S t i l l  others rnignt be assigned dis t r ibuted release fract ions which must also 

contain a corresponding s e t  of ccndi tionai probabi 1 i t i e s ,  CP . . . I n  these L ? 1 
- 1  cases, tile ccnd ic i~n  Cpj. = 1 .a  nus- be maintained. Ine value ? 

j - 1  i - 



represents a  code l i ~ i t a t i o n ,  while the subscript j indicates tke event fo r  

which the E F j i  and C P j i  vaiues are applied. 

The other input quantity for  RAFT i s  the total  inventory available (TIA) 

of radioactive material. Typicaliy a  f a u l t  Trae models one potential source 

of radioactive material so only sne number i s  required. If several potential 

sources a re  modsled, the T I A  value mzy d i f f e r  for  d i f fe rent  cut s e t s .  This 

s i tuat ion i s  ti-eated by modifying the release f ra r i tons  for  the i n i t i s ?  con- 

tainment barr iers  and a s s i ~ n i n g  the l s rges t  potenzial source as the input TIA 

t o  RAFT. 

The procedure for  calculating the cut s e t  r isk measure, A X 6 ,  ( A  i s  

probability and E i s  release quzntity) i s  gjven in the f ~ l l o w i n g  examples 

taken fron Reference 7 .  A cut s e t  consisting of basic events XI, X2, ... X n  

and having probabili ty A i s  assumed. 

Case 1 There are  no distributed release fractions f c r  events in the cut 
- s e t .  ihe re!zase fractions are  RFI for  Xi, RF2 fo r  X2, . . . , 

RFn i c r  X n .  

B = ( I I A )  fir, RFe . . . RF, 

A x B = A (TIA) KF, RF2 . . . RFn 

For each cut s e t  of th i s  type, only one additive A x B term ar i ses .  

Case 2 Basic event x .  has a  dis t r ibuted release fract ion.  All remaining 
J 

basic events in the cut s e t  have single release fract igns as before. 

I f  the release fraction dis t r ibut ion for  X .  has i pairs  of ( R F j i ,  CP.. ) 
J J 1 

values, then A x  B f c r  the cut s e t  consists of L additive terms 
(sub-cut s e t s )  : 

Term 1  yields  (A)(CP. )(TIA)RF1RF2 . . . RFj  . . . RF 
J 1  ? I: 

Term 2  yields  ( A )  (CP,,) (TIP)RF1 RF2 . . . RF, . . . RFn 
J' J3  

Term L yields  ( A )  ( C ? .  ) (TIA)RFl RF2 . . . RF . . . R F n .  
J L - j, 

These L contributors const i tute  the t c t a l  A x 8 product for  the cut 

s e t .  Code RAFT prints a record of (up t o  37 per cut s e t )  the con- 

t r i  butors of hi qhest m a g i  tude, i  nci udi ng the vs? ues of 7robaS-i 1 i  t y  



and release quantity as calculated by the above equations. This 

information indicates which part  of the reiease fraction dis t r ibut ion 
contributes most to  the calculated r isk measure. Further analysis or 
tes t ing in that  region may be advisable. 

Case 3 Several basic events in the cut s e t  have dis t r ibuted release fract ions.  

This i s  the most general case. 

Assume m basic events have dis t r ibuted release fract ions,  with one 

dis t r ibut ion having L i  values, another having L 2  values, and the m t h 

such basic event having Lm values. Then the A x 6 product fo r  t h i s  

cut s e t  consists of L;L2 . . . Lm additive contributions (sub-cut 

s e t s ) .  The technique in Case 2 i s  readily extended t o  accommodate 

Case 3. The technique includes treatment of the cross-product terms 
resulting from mu1 t i p l e  dis t r ibut ions.  

REDUNDANCY CHECKING 

C u t  s e t  f i l e s  obtained from f a u l t  t ree  codes may contain repeated cut s e t  

sequences. The impact on computer time and stcrage of processing large cut 

s e t  f i l e s  t 9  assure uniqueness could be prohibitive. Therefore, l inear  pro- 

grammi ng techniques were replaced by hash addressing ( sca t t e r  s tcrage)  i n  

order to  a l lev ia te  excessive running times. 

The hash addressing scheme enployed i s  actuzlly a  modificaticn of hashing 
addresses, in tha t  overflow tables are used. This eliminates the wed to 
expand c r  contract the s ize  of the hash table.  I n  addition, the method 
demands tha t  the i n p u t  f i l e  be partitioned on boundaries ceparating cut s e t  
groups by the i r  event sequence length, This technique automatically implies 
uniqueness across par t i t ions and allows the hash table and overflow tzbles t o  

- 
be re - in i t ia l ized  a t  par t i t ion boundaries. ihe overall reduction in computer 
time i s  realized by reducing the load factor  (co l l i s ion  r a t e )  of the hashing 
tab1 es.  



Since t h e  intent  i s  to guaraqtee uniqueness of cut se t s  fo r  subsequent 

processing, the hash address was defjned simply as: 
EVENTS 

HASH = 7 L InDICEN 
N = l  

where EVENTS represents the number of basic events in the cut  s e t ,  and I N D I C E  

ident i f ies  each event as a uniquely defined in teser .  

The en t i r e  schefie remains as an optional portion of t h e  code. For 

extremely large f i l e s  or for  cases where t h e  ef fec t  o f  redundant cut  s e t s  may 
be insignif icant ,  the user may find i t  advantageous t o  oinit the hashing option. 

A f l o~ tcha r t  i l l u s t r a t ing  the s t ructure of the hssn table and accompanying 

overflow table  i s  show in Figure 3 in S e c t i o ~  4 .0 .  The routine,  bIEED, u t i l i zes  

son? of the features of Record i~lanager'') i n  order to f a c i l i t a t e  the maneuvering 
of cut s e t  records on mass storage devices. 

( a ) ~ e c o r d  Piana~er i s  a ser jes  of C 3 C  suppl ied scftware routines which are  used 
for  storag? and retr ievai  of data records on Kass stcrace devices. 



4.1 G i ; . l i ; i A L  INFOiiMAiION 

Except for  the exclusive use of Record Manager, the RAFT code i s  written 

en t i re ly  in FORTRAN language. I t  has  bee^ successfu1ly used a t  FNL for the 

past 2 years without any apparent problems. i t  was compiled and executed 

under the S C O P E  3 .4 .2  operating system. The package i s  made u p  of 1493 

source cards of which XAMELIST consti tutes 6 3 i .  

The computational body o f  the code i s  nade u p  of 18 program modules, 

w h i  l e  the 2A;MELIST loading package includes an additional 1 6  subroutines. 

They are l i s t ed  here as two independent groups. 

Group 1/RAFT 

RAFT R E C O R D  PRINT LNPACK OSKCRD 

DATA SPEED A L G O R  R E P A I R  STACK 

LOAD 1 E E D  PAGE DISC 

PUTii4 ACCEPT - 7 -  
I P~DLES PUTaUT 

Group 21NAidELIST 

NENTAB SCAN SIGN2 SIGNS 

NAMTAB LOCATR SI GN34 MGVEAG 

REAL) L O A D E R  SI5N5 C H E C K  

LGCATE ERROZS SIGN7 CHAIN 

A cross-reference map (Ap~endix B )  i s  included which re la tes  the coupl- 

ing of eacn proSram varizble,  subroutine, and systen l ibrary function to each 

of i t s  associated counterparts. The table i s  paged and a'phabetized to allow 

immediate reference. 

4 . 2  SUBROUTINE DESCRIPTICNS 

PRGGRAM RAFT i s  t he  main program. i t s  principal function i s  t o  estab- 

1 ish the Record iknager f i l e s  and cofizrol the primsry f lol t~ fo r  qrocessiriy 

cases. Sow defauit  values l'cr ma'ntaifiing the ovzrhead logic are a l s ~  
- .  defined. A sirrpiified f1o:vckarc i s  g iver :  i n  ; ; iSurG 2 .  



? s i n  nevi case 
'.,I 

i 



BLOCK DATA i s  used s t r i c t l y  to default  t h e  i n p u ~  parameters. The 
defaulted values are l i s t ed  in the Input Instructions,  where appropriate. 

L O A D ' S  primary function i s  to  allow loading of any input datz,  except 

cut s e t  sequences, which are t o  he defined by cards. The NAMELIST table i s  

established, input parameters defining l imits  or dimensions are protected, 

and r e s t a r t  capabi l i t ies  are in i t ia ted .  

The PUTIN routine i s  provided in order t o  l i s t  the input parameters on 

the o u t p u t  f i l e .  

R E C O R D  controls the calculational procedures for  the f au l t  t ree  data .  

A 7 1  subroutines which are  used t o  conpute the sub-cut se t  r i sks ,  total  cut 

s e t  r i sks ,  total  t ree r i sk ,  ranking, and output f i l e  managing are  controlled 

by R E C O R D .  I n  addition, a l l  cut s e t  event sequences, whether input by cards 

or mass storage, are loaded within th i s  subroutine. Furthermore, t$e cut s e t  

probability screening i s  perforned in R E C O R D  in order to eliminate cut se t s  

which are destined t o  nave very low r isk measure contributions. A flowchart 

i s  given in Figure 3. 

A word of caution i s  in l in2 here with respect t o  the cut s e t  input 

sequences. Simply s tated,  any sequence possessing an event subscript which 

i s  outside the range 1 to 500, inclusive, will be eliminated from the pro- 

cessing with no diagnostic mzssages supplied to the user. The resulting 

inplication i s  tha t  cut s e t s  generared by codes other than M F A U L T ' ~ )  must 

guarantee th i s  p r ~ p e r t y  in srder  t o  use RAFT successfully in any meaningful 

sense. 

Subroutine SPEED i s  a specizl purpose routine designed specif ical ly  for  

computer s p e d  in order t a  compute a l l  the existing permutztions of r i sk  

measure derived from a cut  s e t  sequence. Both the "total  t ree  sum" and the 

"branch residual sum" are  accumulated in th i s  routine dependin9 upon the i r  

surviving the r i sk  reasure threshold. 

ACCEPT i s  used t o  provide some preliminary screening of each cut s e t .  

however, the screenicg here does not ifivolve eliinjnation of  xhe cut sec; 

instsad,  i t  i s  intended t o  determine the dominant sub-cut se t  r i sk  aeasure s s  
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that  the cut s e t  can be f l a g g e d  f c r  p s s i ~ l e  inclusion in tr,e "rota1 t ree  

sum" or wi thin the "branch residual sun". The !~nderl  yi ng purpsse behi cd tk! s 

scheme i s  to minimize the number of cz l l s  t c  subroutine STACK. Ir; other 

words, l imit  the cut s e t  ranking to  only those which cantain sub-cut sets  

above the r isk aeasure threshold. This masking schene was prgven t o  be 

beneficial for  both small and large f a u l t  trees and part icular ly t rue when 

the r isk measure threshold i s  s e t  t o  eiiminate the bulk of the surviving cut 

se ts  from the output f i l e .  

A r isk analysis could be nade i.1-itholit t h ?  ~nasking provided by subrout.ir,e 

ACCEFT, b u t  only a t  the expense of incre3sed ccii~puter t i r e .  

Subroutine -- STACK has the task of retain"g an ordered l i s t  n f  the s ~ b - c u t  

s e t  release fractions obtzined from each cut s e t .  The routine u t i l i zes  a 

l inear  schene for  ordering the release fraction sequences w i t h  respect t o  

descending risk measure. This type o f  programming was chos2n because of tne 

limited length of items to be ordered. Therefore, i f  the value o f  the in;ut 

parameter, LIMIT, i s  substant ial ly  revised upward, another searching s c h e ~ e ,  

such as a binary search, shcuid b2 employed. 

D I S C  i s  called from subroutine RECORD in order t o  rank the surviving cut 

se t s  f c r  the output f i l e .  Only cut 52% wh;ch contain sub-cut se t  r i s ?  

measures shove the r i sk  measure threshold are sent t o  t h i s  subroutine. I n  

each instance the total  r isk measure of the cut s e t  i s  used t o  rank a i l  cut 

s e t s  destined for  o u t p u t .  The C Y B E R  Record Yara~er  i s  used t o  s tore  the 

records on disc in word addressaale fcrir. Each record i s  a s s i g ~ e d  a $5 

whicr i s  used t 3  retain the storage location on  disc .  Tne KEY i s  k e ~ c  i n  

memory so as t o  a l lev ia te  the neces5ity of ordering tbe records. 

Subroutine PGTOUT i s  in i t ia ted  u p o n  completion of the en t i re  fau: t t r e?  

problem. I t s  function i s  t o  re t r ieve o u t p u t  records for printing by com- 

puting the i r  location on d isc ,  a s  a function o f  the K E Y ,  and usiqg 9ecord 

Macager t o  zccess the record. Once accessed, subroutine -- PRINT i s  called to 

yrcvide the  ~ r i n t e d  record of permeaxed r & ? a s e  fr2c;ions a d  :%ir associ- 

a t &  r isk se2si-irej ~f I n ?  ranizd zuc se ts .  A u t i ; i -y  rcutinc,  PDSi. i c  



included i c r  the exp l i c i t  gurpcse cf paging the o u ~ p c ; t  in a neat and present- 

a j l e  nanner. 

Subroutine DSKChD has the singglar purpose of allowing ths code t o  read 
past cut s e t  sequencFs fron the input data f i l e  in order to position the data 
f i l e  f e r  r e s t a r t  probleins. 

REPAIR i s  included t o  provide the user the opticn of recomputing or 

reassigning probabflixies t o  the basic event; before the cut s e t  sequence i s  
- evaluated in terns of r i sk  EeaSilrf.  he d e f i ~ i t i o n  o f  these probabi l i t ies  i s  

contained in Reference 1 . I n p u t  cyanti t i e s  asscciated vii f h  t h i s  option are 

defined in the descriytions of the input paraneters p-IODIFY, MODE, and FQ. 

ALGOR i s  the f i r s t  s u b r c ~ t i n e  csl led which i s  associated with the hashjng -- 
scheme. The subroutine has f2.u)- functions: 

o Rearrange the cut s e t  indices in ascending order. 

e Eliminate cut sots  which sonta<n repeated sndices. 

Compute the hash address as a function o f  'he cut s e t  indices. 

F a c t  c u t  s e t  indices into three computcr ~dords so 2s to  reduce storage 

requ i r e ~ e n  ts  . 

The subroutine i s  called for every cut s e t  sequence when the hashing 
o p t j o n ,  HSHING, i s  act ivated.  

Subroutine W E E D ,  Figure 4 ,  ~ e ~ f c r m s  t h e  redundaocy t e s t s  on the cut-set  
sequences and provides for  the i r  s tsrage i f  they zre determined unique. Three 

d i s t inc t ly  d j f fe rent  tables are u t i l ized  for  t h i s  purpose. F i r s t ,  the hash 
table  i s  ~ s e d  fo r  sca t t e r  szorJge. I t  i s  dimensioned so as nct to allow 
storage into an i l leg3l  address from the hash addressifig f a r m l a .  Eecause 

s c a t t e r  storacje can be wasteful, 2 second tab le ,  tne overflow tab le ,  was ser, 

u p  for  in-core use. The overfiow table  i s  actually the primary recipient  fo r  

storage of the cut s e t s  when the load factor  of the hash table  has been 

reached. I t s  s i ze  can be easi iy  nodified to a d j u s t  f ~ r  c o ~ p u t e r  in s t a l l a t ion  

r e sou~ces .  



FISURE 4. Flol;~ Chart for k E E D  



In the event teat the o~lerfli;,r tab:e becor3es f ~ t l l ,  a th-ird tclble i s  

established on  disk.  This table i s  ~ ;an~uvered  by the us2 o f  Record rlanager 

word addressable f i l e s  and can be as large as the coizputer systern mass storage 

w d i a  allows. The obv'ous advantage cf using disk i s  the tremendous increase 

in storage capacity. T$e only disadvantage i s  the penalty paid f o r  access 

times involved. Problem associated with disk access t iz ing were substan- 

t i a l l y  reduced when the input data f i l e  was parti t ioned. This technique 

a1 lowed the f a u l t  t ree  prcb1e:n t c  be reduxd by a t  loast  one level of magni- 

tude, so f a r  as storage requirements were concerned, because the hash tabie  

ar,d the overflow table  could then be re in i t ic l ized  ar: the changing par t i t ions .  

The s t ructure of the overflow tab12 and the disc table  i s  such tha t  a 

l inear  search i s  never perforzed. Instead, each stored record contains a 

pointer t o  another l ~ c a t i o n  in the event tha t  therz i s  a col l is ion and the 

stored record does not match the new r2cord. TKO benefits are derived froo 

th i s  technique: 

?4o storage locations in e i ther  table are  wasted due to  a sca t t e r  s tcrase 

alaori  thm. 

* Linear searching techniques are  abol!shed and  replaced by keyed addresses 

fron record to  record. 

Another feature used in the storage scheme was tha t  of word packing. The 

benefits are  obvious and the corn~uting t ine  used to pack or unpack words i s  
insignif icant .  The subroutine U N F A C K  i s  used by L l i E  to unpack the cut s e t  
sequences. 

Subroutine TABLES i s  the l a s t  t o  be used by the nashing options ava i l -  
able. In f ac t ,  i t  i s  used as a separate option to l i s t  the contents of the 
hash table .  The routine i s  included so tha t  possib!y xore e f f i c i e n t  algcr- 

ithms could be explored in the event tha t  the one in RAFT i s  deened i n e f i i -  
c ien t  for  a large class of f a u l t  t-ree problems. 



4 . 3  CALCLILATIGhAi  Di?E:13E; ICY ---- 

a )  ilumber of events per cut s e t  sequence, EVEIITS;lO. - 

b )  Nurher of events per f a u l t  t r ee ,  I!iPUT<500. - 

c)  O u t p u t  l ine  pr inter  l imit  per cut s e t ,  LIi*iIT<37. - 

d )  Number of release fractions per event, IiEMSc4. - 

e )  Size o f  the hash t a b l e  must be 5000 words. 

f )  The length of CO!4:SO>i/FIXED/ must not deviate frofi 512  words. 

g )  The input data f i l e  must be parti  ticned :,./hen hashing options 

are  employed. 

h) The "DO LOOPS" in subroutine SPEED should always be equal to  the 

~axiinum allowable number of events per cut s e t .  

i) I n p u t  cut s e t  data f i l e s  are  l in i ted  by mass storacje rescljrces when 

hashing. No l imi t  when not hashing. 

j )  I n p u t  cut s e t  data records are  read in binary form in blocks o f  100 

cut s e t  sequences when the input media i s  magnetic tape or disk.  

k )  The maximum integer word s ize  for  packed storage i s  computed as 

follows: 

Packed word = 1 [ I R D I C E ( C ) * ~ ~  2 1 ~ ~ ~ ! ~ ~ ( 3 ) ] x 5 1  ~ + ; N D I C E ( Z )  /*51 z+! !~DIcE(~  ) 

26.72$*10'~ where, INDICE represents the subscripts for  events 

identifyins the sequence. 

1 )  The s ize  of the overflow table ,  SI; IPTAS(SIZE),  can be ad jusced  by 

the user. ?NO changes need to  be made i f  a modification i s  

required. 

e The dimension, SIZE, of the variable BMPTAB needs to  be 

updated. 

The variable SIZE in the main prosram must be equai t o  the 

dimension of E:!r"T%. 



Currenrly SIZE=4000C in t h e  code, however, a nminal SIZE can be conputed 

by the fol  loiv~ing algorithm: 

SIZEZS*NcS, where N c S  = maximun number of expected unique cut s e t s  

from the 1 argest  parti  t i cn .  

4 .4  I4ACHINE D E P E N D E N C Y  -. 

a )  Record tlanager i s  used throughout f o r  word addressable storage 

and retr ieval  fro19 r~lass storage dell i ces . 

b )  End-of-f i  1 e routines are used to detect s ta tus  conditions . 

Remaining i t e m  conczrning machine d5pendency are i~bedded within 

the NAMELI5T package. i f  they are  too r e s t r i c t i v e ,  the NAIIELIST 

package could be easi ly  removed and replaced by an ins t a l l a t ion  

supplied version of NAMELIST. 

c )  Pr~grarn variables are  limited to a naxinun o f  three subscripts .  

d )  Dynamic dimensioning i s  used extensively. 

e )  ENCODE/DECODE are used throughout NAMELIST. 

f )  NMIELIST Parameter nanes can use up to seven characters.  

g j  Machine ~ o r d s  a re  designed t o  adni t 10 chzracters or 60 b i t s .  

h) Input i s  1 imited to  80 c h a r a c t ~ r  records. 

i )  Hollerith input m s t  be delimited by apostrophe marks. 

j )  Variable data F0R:'IfiTS are  defined for  C'/SER systems. 

k )  The LOCF system routine i s  gsed t o  access r e l a t ive  locations 

of program varizbles . 
1)  Full word boundaries are assurried fo r  a i l  implicit  data types. 



4 . 5  E X T E R \ I A L  F I F E S  

The RAFT code uses the following f i l e s  !./hen execuzed on the C'iEER 74 

computer : 

Logical Unit Use 

5 I n p u t  data records 

6 O u t p u t  l  ine pr inter  

7 Plagnetic tape or disk for  maintaining cut s e t  

sequences for  input t o  RAFT 

1 Disk f i l e  used for  ranking o u t p u t  cut se t s  

1 1  Disk f i l e  used for  stcring cut s e t  records when hashins 

4.6  CASE RE3U i ?E!liENTS 

B i  ank COii7b"IPI consumes 5 i  ,118 words of memory. 

riamed CGI'l?IaN consumes 10,183 words of memory. 

Named CG;.,IMOK within NAEIELIST consumes 502 words of mm~ory. 

With current dimensions, the code requires 240K octal words t c  load. 

This includes the code, systems routines and functions, and a  nominal 2,000 

octal word internal buffer for  each of the logical devices. 

Execution times are  as varied as the problem and options specif ied.  

Some examples are  as follows: 

Case A )  Assume the folloiving dimensions and input conditions: 

I .  BMPTAB(SIZE), SIZE=12,500 words. 

2. H S H I N G - ' Y E S ' ;  hashing scheme i s  activated. 

3 Ths input data f i l e  contains 300 t o  500 cut s e t  sequences. 

4. tii4IT=25; sub-cut s e t  p r in t  l i m i t .  



5 .  Number c f  release fractions per event averages about two. 

6 .  C U T O F A = O . ,  and C U T O F F = C . ;  no existing threshold def in i t jon .  

7 .  PIODIFY="{ES' ; cut s e t  prcbzbi 1 i t i e s  a r e  recomputed. 

8. MAXWRT=2000; a l l  unique cut s e t s  wiii b l  disposed to the 

output f i l e .  

9 .  READ='YESt , PR1NT= 'YESt  ; event descriptions will be 

i ncl ilded. 

These input conditions are  representative of a  small f a u l t  t r ee  where the 

analyst raight be interested in a l l  the release fract ion sequences. T h r s  i s  a  

typical problem fo r  a sens i t iv i ty  study in which the cut  s e t  probabi l i t ies  are 

being varied t o  define a -  range, or envelope, of the crojected consequences. 

One case of th i s  type would use approximately 30 seconds of computing 

time. 

Case B )  Assume the following d ine~s ions  a ~ d  input conditions: 

7 . BMPTAE (SIZE), SIZE=40,000 words. 

2 .  HSHING='YES1; hashing scheme i s  activated. 

3 .  The input data f i l e  contains approximately 10,000 cut s e t  

sequences. 

4 .  Limit=lO; sub-cut s e t  pr int  l imi t .  

5 .  kmber of release fract ions per event zverages between 

2 and 3 .  

6 .  CiJTOFA=O. ,  and C U T O i i > O  in order to minimize stacking. 

7 .  I I O D I F Y = ' N O ' ;  c u t  s e t  probaSili t ies a re  considered sd f f i c i en t .  

8 .  MAXWRT=lCG; the output pr in t  f i l e  i s  'limited to  t he  most 

dominant cut se t s  . 

9 .  ?EAG= 'YESt ,  PRIMT='YES'; event d ~ s c r i ~ t i o ~ s  wil: be 

i ncl udecl. 



The above conditions a r e  representative of a moderately sized f a u l t  t ree  

with a suf f ic ien t ly  well defined s e t  of probabilixies. The overflow tcble  

dimension i s  s e t  t o  allcw for  an e f f i c i en t  storage of cut s e t  records and the 

o u t p u x  pr int  f i l e  i s  l i n i t ed  t o  100 of the most dominant cut s e t s .  For wely- 

constructed f a u l t  t rees ,  IIAX!:'RT=10(3 i s  usually suf f ic ien t  in order to have 

selected cut se t s  contributing cver 90" of the to ta l  r isk measure. 

A problem of th i s  type can be executed within two to four ~ i n u t e s  machine 

t i ~ e  depe~bing heavily u p o n  the col l is ion ra te  within the hashing scnerse. 
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The construction of the riAMELIST table a t  exec3tjon time allows ancther 

very importan1 feature.  Namely, the table  can be expanded or contracted 

~ i i t h  the use of program control parameters rather t h a n  the necessary recom- 

pilation of the code. This feature i s  we;l suited t o  accommodate problems 

where i t  becones necessary t c  change loading patterns i n  the same execution, 

change variable dimensions in subsequent runs, or ccmpletely a l t e r  the 

input parameters in chained programs. 

The package, although deveioped on a C'IBER, i s  actual ly  general pur- 

pose. There are  on ly  f ive  items inherent to i t  which would require change 

in order t o  convert to  another computer: 

1 .  The L O C F  system function for retrieviny program variable addresses 
must be available in sone a l te rna t ive  form. 

2 .  ENCODE/DECODE statements would  need a1 ter ing.  

3. Variable FORFIAT data statements need to be adjusted to the host 
machine. 

- 8 3 .  i ne  nunber o f  characters per machine word (currently i O )  would need 
t o  -be taken into account. 

5. Word boundaries must be considered in order to cuarantee proper word 

storage in the event tna: variables defined as bytes were used. 

L I NMGE 

3nly two prosram mcdules are used in order to provide the NAMELIST 
linkage. The main program and  an associated loading subroutine. I f  we 

assume the two modules are represented by MAIN a n d  LOAD, we can i l l u s t r a t e  

a typical linkage pattern by t h e  following: 



PROGRAW M A ! N ( I N ~ U T ~ O U ~ ~ U T ~ T A P E ~ ~ I U P U T ~ T ~ P E ~ ~ O U T ~ U T )  
COMMON N E ~ O L D ( ~ ) , I N , O U ~ ~ S ~ A T U S * I A B L E ( ~ ~ ) , F ! E L D '  
I N T k G E R  O U T ~ S T A T U S ~ T A B L E ~ F I E L D  
r I E L D n 0 0  
NEWOLD ( 1 ) = ~ I Y E W ~ ~  
NEWOLD ( 2  ) n1'OLDl1 
I NJS 
OUT36  
S T A T U S = N E W O L D ( ~ ~  

C a E G I N N I N G  OF hEW CASE. 
1 Q O  C A L L  L ~ A O I R E T U R N S ~ ~ ~ ~ ~ )  

C  11 

C I I 

C 1 I 

C Q E M A I N I N G  HOST PROGRAY L O d I C ,  
C I !  

C I 1  

C I I 

GO TO 1 0 0  
7 7 7 7  STOP 

END 
SUBROUTINE L O A D , R E T U ~ N S  ( I r J U I T )  
COMYON N E W O L ~ ( ~ ) , ~ N ~ O U T , ~ T A T U S ~ ? A R L E : ( ~ ~ )  *FIELD 
I N T E B E Q  G 8 J T , S T A T U S , T ~ a ~ E ? i I E L D  
COYYON T Y P E , ~ I T L E ( B ~ ~ ) , L O ~ ( $ O O ~ ~ O ) O Z ~ Z S D S ( ~ ~ ~ ~ ~ ~ ) * ~ O W E R ( ~ ~ ~ ) ~ Q ( B )  
L O G I C A L  TYPE 
COMDLEX POkER 
DOUdLE P R E C I S I O N  Q 

c T A B L E ( D I ~ ) ~ D I M ~ G E ~ ( ? * ( U V ~ ~ E R  OF NAMTAB E N T R I E S ) )  
C C A L L  NEWTAB(I1NEW") M E A Y S  I N I T I A L I Z E  START O F - N E k  N A M E L I S T  TABLE,  
c CALL NEWT AB ( l l o t o ~ ~ )  M E A Y S  * E T A  IN OLD T A B L E  A Y D / O R  
C  ADD NEH N A M E L I S T  P A R A Y E T E R S  AVD/OR 
c M O D I F Y  D:MENSIONS OF EXISTIN? GAMELIST PARAMETERS! 

E Q U I V A L E U C E   DOUBLE^^(^) ) * ~ c o M ~ ~ x ~ P o w E R ( ~ ~ ~ ~  j 
C ~ M P L I c I T  T Y D E % 1 = L G G I C A L  O H  ALPHANUMERIC 
C I P P L I c I T  T Y P E - ~ ~ I N T E ~ E D  
C IMPLICIT T Y P E s 3 a R E A L  
C I M P L I C I T  T Y P E ~ ~ = O ~ C @ L E  PREC!S!3N 
C I V P L I C I T  TYPE=S=COMPLEY 

I F ~ S T A T U S I N E . N E W O L D ( ~ ) )  G o  TO i Q O  
C A L L  NEWTAB(STATUS)  
CALL Y A ~ T A B ~ T Y P E , " T Y P E ~ ~ , ~ ? O ~ O ~ O P O ~ T A @ L E )  
C A L L  N A Y T A B ( T I T L E ~ ~ ~ T ~ T ~ E ~ ' * I ~ ~ ~ B * ~ ~ O ~ ? A B L E ~  
C A L L  N A M T A 6 ( L O T ~ ~ ~ L O T ~ r 2 p 2 ~ 1 O O ~ 1 O p O p T A 3 L E ~  
C A L L  N A ~ T A B I Z D Z S D S ~ ~ Z D Z S D S ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ T A B L E ~  
CALL N A M T A ~ ( C O M P L X ~ " P O ~ E R ' I ~ ~ ~ ~ * ~ P ~ ~ O ~ T P B L E )  
C A L L  N A ~ T A ~ ( O O U B L E ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ B ~ ~ ~ O ~ T A B L E )  

100 C A L L  R E A D ~ ~ Y ~ O U T , ~ I E L D ~ " R ~ F T ~ ~ ~ T A B L E ~ ~ R E T U R N S ( ~ O O )  
RETURN 

2 0 0  RET 'JRN I Q U I T  
END 



The MAIN program i s  s e t  u p  t c  j l l u s t r a t e  rhe s i ~ p l e s t  of s t ruc ture .  

The NAMELIST control parameters (NEXOL3, IN, CUT, STATUS, F I E L D )  have been 

ident i f ied prior to case execdtion logic. They are described as follows: 

NEh'OLD(I), I=1,2 must be preset to the words 'NEW' and 'OLD' , respectively.  

They represent the two rneanings that  STATUS can assume. 

STATUS i s  the decision f lag which signals the in i t i a l i za t ion  or continuance 

of the NAMELIST table .  When STATUS=NEiJOLD(I), a new table  i s  assumed, 

and the appropriate ca l l s  t o  NE!dTP.B and EAMTAG i~rust be made t o  con- 

s t ruc t  the table .  If STATUS=~~EWOLD(?), the code assumes the table  has 

be2n constructed and there i s  no fur ther  necess'ty to  reconstruct or 

modify i t s  parameters fo r  subsequent case execution. 

IN and OUT define the input and ~ u t p u t  logical uni t s ,  respectively. - 

FIELD defines the highest numbered column on  the input record which i s  

assumed act ive.  Any reraining co!u~xns are ignored by ;JANELIST and 

may be used a t  the discretion of the analyst. 

Three subroutines are  c r i t i c a l  for  the m e  of the package: aEWTAB, 

!]AMTAB, 2nd READ.  The use and purpose of each i s  discussed i n  the following 

paragraphs. 

NEkITAB s e t s  up internal NAMELIST commands which signal the in i t i a l i za t ion  

of a new tab le .  I t  must be called a t  l eas t  cnce with STATUS=!lEKOLD(l) 

i f  NAMELIST i s  t o  be used. The argument, STATUS, i s  returned as 

STATUS=NEWOLD(Z) each time NEWTAB i s cal l  ed. 

IjAflTAB i s  the subroutine which constructs the NAMELIST table .  This routine 

must be called for  each vzriable which i s  to  be used as a NANELIST 

input parameter. I t  performs the same function as the FCRTRAN NAMELIST 

statement, except that  the table i s  constructed a t  execution time. 

NAMTAB uses eight argunents i n  order to  construct the table .  

Argument 1/This i s  the host vrograms' mneunonic nane (or  similarly E Q U I V A -  

L E N C E D  variable) which i s  u s d  for  i ~ c u t  storage. 

I .  Argument 2/The second argument defines : i n  ho l ia - i tn  notation) the vaxe 

selectea by the a ~ a l y s t  which i s  t o  be punched o n  the i>?put card to 



iden t i fy  da ta .  The a r g u ~ e n t  need not be the  same name as the f i r s t  

argunenz b d ~  s i ~ p l y  i d e ~ ~ i f i e s  a crcss-reference o f  i n ~ u t  card rime 

t o  program var iab le .  

Argument 3/This argument iden t ' f i e s  the impl ic i t  type of the parameter. I t  

can assume values which range frcm one to  f i v e ,  inc lus ive .  The in teger  

value chosen assumes the fo?  lowing de f i n i t i ons :  

1 .  The paraoeter  i s  e i t h e r  type LOGICAL or h o l l e r i t h .  

2 .  The pzrameter i s  t;/pe INTEGE2. 

3. The paran;e-,er i s  type REAL. 

4 .  Tne parare ter  i s  type DOUGLE P R E C I S I O r l .  

5.  The p a r m e t ~ r  i s  type COFIPLEX. 

Argurent 4 / Iden t i f i e s  the  nunber of subscripted indices the var iable  ccn- 

t a i n s .  Currently the  value chosen must be in the range zero to th ree ,  

inc lus ive .  

Arguments 5 ,  5 ,  7/ inese arguments specify the f i r s x ,  second, and t h i r d  

dimensions of subscripted parameters, respect ively .  Zero i s  bsed if 

no subscr ip t  i s  implied. 

Argument 8JThe l a s t  argument, T A B L E ,  represents  an array which contains the  

NAMELIST t ab l e .  I t  must be contained by the host program and i s  dixen- 

sioned by a t  l e a s t  szven times the number o f  c a l l s  to  PiAKTfiB. 

R E A D  i s  the subrouxine whScn loads data frcm the input records.  I t  i s  

ca l l ed  to  load data f o r  each new case.  I t  contains f i v e  arguments 

and s RETURNS statement.  Argument; 1 ,  2 ,  3,  and 5 (iN, GUT, F I E L D ,  

and TASLE, respect ively  j have a1 ready been discussed.  The fourth 

argument i s  the NAMELIST group nane ( i n  h c l  l e r i  t h  form). The RETGRilS 

statement i s  used t o  t r ap  end-of - f i l e  s t a n s  when reading input 

records.  I t  i s  shown i n  subroutine LOAD a s  a  ineans of r e t u r ~ i n g  con- 

t r o l  t o  the MAIN progray in the event no fu r t he r  processing i s  

requi red. 



Once the linkage has be2n progra~med, che !4A?lELIST package may be used 

freely as i f  a systems ins ta l la t ion  package was supplies. However, t h i s  

package contains a few added features whfch are  n 3 t  aiways available.  They 

are  1 i sted here to  i 1 i u s t r a t e  sore additional f lexihi  l i  ty:  

a )  ?4AblELIST group naixes and input parameter names m y  contain u p  to seven 

characters.  

b )  Blanks may be used as data delimiters;  however, they may not be inbedded 

in nanes in violation of NAVELIST rgles .  

c )  Hollerith input i s  allowed so long as i t  i s  del ini ted by apostrophes. 

d )  String loading i s  allowed on a l l  input forms. 

e )  Comments a re  a l l ~ w e d  ir? the input stream by using e i ther  a " C "  or an 

"*" in column one. The ent i re  input record i s  considered a nonloading 

f i e l d  and i s  v i r tua i ly  ignored. 

f )  The act ive record f i e ld  length i s  coapletely f lex ib le  and adjustable 

through input. 

g )  Error diagnostics are  s ~ p p l  ied to . t h ?  user in the event of any anomaly. 

h )  Program dimensi cns can never be exceeded via input demands. 

i )  Dynamic table  length and variable dimensions are allowed through sub- 

sequent case execution. 

j )  Any i l lega l  load or invalid parameter nane i s  nul l i f ied .  

Error s ta tus  i s  trapped fo r  host prograx controi. 

1 ) All formal NAKELIST rules are  recognized so tha t  data se t s  never need 

to be updated for  use with th i s  packas?. 

The NAMELIST package wjll lead into approx i~a t s ly  4,300 octal words of 

memory. This excludes the LOAD routine and the s i ze  o f  the variable TABLE 

used t o  contain tile NAMELIST table .  tcadirg i s  accoinpl!'shed in approximately 

the same speed as ~ o w l d  be required through a supplied systems gackage. 

Except for  the required linkage pattern.  the  zackage is  writ ten in 

closed form so t r a t  the user need n o t  5s concerned l ~ i t h  i t s  i n t 2 r a c ~ i n g  

functions. 



APPENDIX S 





This cross-reference t ab l e  provides a paged and alphabetized l i s t i n g  

of t h e  e n t i r e  content o f  the  RAFT code. The l e f t  most colutxn represents 

a program var iab le ,  silbroutine nafie, o r  system routine naixe o r  1 ibrary .  

The remaining columns represent  the subrcutines with which they res ide ,  

s imi la r  t o  a compiler reference map. 



DISC 
DISC 

WdTY 
* C , . l ~ r .  
r c w a h i ?  
r e 1 7 4 9  
!Apt 
'CCL 
;uorro 
7 .I 

IhC 
--.- -- --. 

ACCEPT 
if C E J T  
scrrr: 









P U T T *  PUTJJT 
P J T I * ~  PJTOUT 
3 !7Tk1 LJTO:? 
P U T I N  P J T J J T  
T I  PJTO:; 
D U T i ' 4  PJTOUT 













Se'2CD 

SPEED 
SaCED 
S'CEO 
S'EEO 
SaEED 
SPEED 
SPE EO 
SPEED 
S' iED 
SOLE3 
SPEED 

S'tED 

SPEED 

SDEEO 
S P S i O  

SaFED 
SPCEO 
SPCfO 

SPEED 

S=cED 

SQEED 
SPEED 

S'EED 

soem 

SaEED 
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SPEED 
SPCED 

EDWE? 
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N R C  Office of Nuclear Regulatory 

Research 
Washington, D C  20545 
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