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ABSTRACT 

This r e p o r t  p resen ts  a SHARE coded program f o r  t abu la t ing  the  
hypergeometric p r o b a b i l i t y  d i s t r i b u t i o n  f o r  l o t  s i z e s  less than or 
equal  t o  2000. Included a r e  method of  computation, i n s t r u c t i o n s  
f o r  using the program, a copy o f  the  assembled program, and a sample 
of  the  computed d a t a  i n  format. 
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A PROGRAM FOR'CALCULATING 
HYPERGEOMETRIC PROBABILITY DISTRIBUTION 

TABLES ON THE IBM 704 EDPM 

Introduction 

A Sandia Corporation Technical ~emoranduml gives descr ip t ions  of app li- 

cat ions f o r  hypergeometric probabi l i ty  d i s t r ibu t ions  , and t h e ,  method :used f o r  

computing the  tables .  The program fo r  tabulat ing these va lues 'has  been modified 

to  include l o t  s i z e s  up. t o  2000. The same method of computation with the  same 

nomenclature w i l l  be used i n  t h i s  repor t .  

The fo llowing de f in i t ions .  a r e  . taken from page 5 of SCTM 215- 59(5 1)  :' 

N = Number of items i n  a l o t  

N*' '= Number of items in  a sample taken from the l o t  

K* =  umber of defect ive items . i n  the l o t  
, 

X = Number of defect ive items observed i n  the  sample. 

Then 

PrIexactly X defect ives i n  the sample 1' = P@ 

- - K*!N*! N - K*)! (N - N*)! 
(K* - X)! (N* - X)!X! N! ((N - K* - N* + X)!' 

ID. B . Owen, Sandia Corporation, "Tabulations of the Hypergeometric Proba- 
. b i l i t y  Dietr ibut ion ,for LoL; Sizes Less Than o r  Equal t o  50," SCTM 215-59(51), 
August 1959. 



where ' X i s  an i n t e g e r  such t h a t  max [O,  N* + K*. - N]  5 X 5 min .[N*, K*] , 

. . and 

? r  XIdefect ives  o r  i e s s  i n  t he  sample 1 == PX 

- i<Jc!~*! - (N - :<*)! (N - N*)! 
(K;k - . i ) !  (N* - i ) ! i !  N! (N - I<* - N* + i ) !  

S ince  N* arid ii>k may be in terchanged i n  e i t h e r  o f  t he  p r o b a b i l i t i e s  PX and 

Pi?k wi thou t  changing t he  va lue  o f  t h e  p r o b a b i l i t i e s ,  it is  necessa ry  t o  t a b u l a t e  . 

on ly  f o r  !Z* 5 N". T . f  NJ: < :<A, i t  i s  necessary  t o  e n t e r  t h e  t a b l e  w i th  N* and IW 

in te rchanged ,  and t he  p r o b a b i l i t i e s  may be  read  d i r e c t l y  from the  t a b l e .  

Program Descr ip t ion  

ou tpu t  

The program produces one l i n e  of ou tpu t  f o r  each e n t r y  i n  t he  t a b l e .  F i f t y  

such 1-ines appear  on each page w i th  a  space a f t e r  each . s e t  of  t e n  l i n e s  un l e s s  a  

limit . is  met f i r s t .  Appendix C g ive s  a  sample o f  ch is  o u l p u t .  

Sense-switch s e t t i n g s  t h a t  c o n t r o l  ou tpu t  a r e  a s  fol.'lows: 

sense  swi tch  P o s i t  ion  

down 
UP 

down 
UP 

down 
UP 

down 
UP 

down 

UP 

Tes t s  KJ: a s  a l i m i t .  
T e s t s  N as a  l i m i t :  

P r i n t s  ou tpu t  on- l i n e  and . o f f -  l i n e .  
P r i n t s  ouepuc 011- liue on ly .  

Dele tes  headings on each page. 
P r i n t s  headings o n  each page. 

Dumps program on Tape Unit  L and h a l r s .  
Continues running u n t i l  l i m i t  i s  met on 
last  i npu t .  

P r i n t s  on ly  when PX 2 .000 0005 and p r i n t s  
PX = 1.000 000 on ly  once i n  a s e t  o f  d a t a .  
P r i n t s  a  l i n e  f o r  a11 va lue s  of 'PX.  



Accuracy 

Several accuracy checks on the  output of t h i s  program have been made: One 

check was made by the  Sandia corporat ion Mathematical ~ e s e a r d h  Department on the  

t ab le s  generated by the program f o r  the  public'ation Tables of  the .  Hypergeometric 

Probabi l i ty  Dis t r ibut ion .  2 

This check was made'by hand computing approximately every 500th en t ry  i n  

the  t a b l e .  Another check was made of the  e n t r i e s  where the  following. condi t ions 

e x i s t  : 

1 1 i f  N i s  even, N* = -N, K* i s  odd, and X = L(K* - l ) ,  then PX = - 
2 2 2 ' 

S t i l l  another check made approximately every t en th  page (50 answer-s per  page) i s  

indicated by the sum: 

None of these checks indicated e r r o r s  before the  s i x t h  decimal place.  

Input 

One input  card i s  used fo r  each s e t  of da ta  wanted. The card is  punched i n  

decimal and is  read i n  by SAP rout ines :  RDATA and R I C .  

Any number of s e t s  o f .  da t a  may be computed without in t e r rup t ing  the  program 

by placing the  input cards one behind the  o ther  i n  the  card reader .  

/ 

a D. B .  Owen,-Sandia Corporation and G .  J. Lieberman, Stanford University,  
Tables of -- the  Hyperpeometric Probabi l i ty  Dis t r ibut ion ,  Stanford Universi ty  Press ,  
January 1961: gives the  d i s t r i b u t i o n  f o r  Ns50; N = 60(10)100; N = 1000, N* = 500; 
N = lob (100) 2000, N* = 112 N and K* = N*-- 1 and N* and  a l l  values of  X.  



' The format f o r  the  input  card  is :  

Co lumns 

1 -  4 

5 -  8 

9 - 12' 

l i m i t  

N 

N* 

K* 

X 

Example: For s t a r t i n g  with  

N - 100'; N* = 50; K* = 2 0 ;  X = 0 

and ending wi th  

N = 100; N* - 99;  K* = 9 9 ;  X = 99 

t h e  input  card  would be 

01000100005000200000 

and Sense Switch 1 must be i n  UJ pos i t i on .  

For t h e  above example i f  the  l a s t  s e t  of values  wanted i s  

N - LI:lr:l; N* = 7 0 ;  K = 50; x = 50 

the  input  card  would be 

00500100005000200000 

and Sense Switch 1 must be do-. 

O r  i f  the  l a s t  s e t  of valiies wanted i s  

N = 100; N* = 50; K* = 20; X = 20 

the  input  card  would be 

and Sense Switc l l  1  nus st be down 

Note: The i n i t i a l  value of X must always be zero t o  g e t  t he  c o r r e c t  sum 
f o r  PX. 



Operating I n s t r u c t i o n s  

A .  The program wi th  t he  t a b l e  o f  "Logarithms of F a c t o r i a l s "  included i s  on 

Tape No. 139 f o r  the  Sandia Corporation IBM 704 Data Process ing System. The 

ope ra t i ng  procedure f o r  us ing  Tape No. 139 i s :  

1. Place  Tape No. 139 on Tape Unit 1. 

2 .  P lace  p r i n t e r  ou tpu t  t ape  on Tape Uni t  2 .  

3.  S e t  sense  swi tches  a s  d e s i r e d .  

4 .  Place  inpu t  ca rds  i n  c a rd  r eade r .  

5 .  P ress  LOAL) TAPE bu t ton  on console .  Program w i l l  con t inue  u n t i l  t h e  

l i m i t  on t he  l a s t  i npu t  c a rd  has  been met, un l e s s  i t  i s  i n t e r r u p t e d  

by Sense Switch 4 .  When t h e  l a s t  l i m i t  has been met, OFF w i l l  be 

p r i n t e d  on t h e  on - l i ne  p r i n t e r .  

6 .  If program is  i n t e r r u p t e d  by Sense Switch 4 ,  i t  may be  cont inued 

'before machine has been c l e a r e d  by p r e s s ing  t h e  START bu t ton .  To 

cont inue l a t e r :  

a .  Place  unread ca rds  i n  ca rd  r e a d e r .  

b .  p lace  dump tape  (No. 139) on Tape Unit  1 and p r i n t e r  ou tpu t  

t ape  on Unit 2. 

c .  Load dump tape  wi th  LOAD TAPE bu t ton  on c o n s n l ~  

B .  To s t a r t  program from program card  deck and gene ra t e  new program t a p e ,  

t he  ope ra t i ng  procedure i s :  

1. Place  program tape on Tape Tlni,t 1.. 

2 .  P lace  p r i n t e r  ou tpu t  tape on Tape 11ni.t 3. .  

3. P lace  Tape No. 128 f o r  t h e  Sandia Corporat ion I B M  704 Data Process-  

ing system3 on Tape Unit  3.  

B .  Owen and C .  M. Will iams,  ~ o ~ a r i t h m s ' o f   factorial^ - from 2 --Y to 2000 
Sandia Corporat ion Monograph SCR-158, December 1959. 



4 .  Se t  sense switches a s  des i red .  

5. Place program deck followed by input cards i n  card reader  and 

press  LOAD CARD button on the console. 

6 .  A t  the end of running the  program,' tape on U n i t . 1  w i l l  contain the 

program and the  t a b l e  of "Logarithms of Fac to r i a l s .  " Subst i tu t ing  

t h i s  tape f o r  Tape No. 139 i n  - A above, the ins t ruc t ions  i n  - A may 

be followed . for  any subsequent computing. 

Running T i m e  

One page o f  data  (50 l i n e s )  takes about 5 seconds of machine time when o f f -  

l i n e  p r in t ing  i s  used. . , 





FLOV CHART 
. . 

I 

START 
.. . .. 

4 
. .  . 

Clear  PX Compute: 

Read log  f  ac-  : 0  -+X +. .and PX* (K*-X) , (N*-X) , 
t o r i a l  t a b l e .  j l oca t  ions (N-N*-K*+X) , 
( f ixed  point  , + (N-K*) , (N-N*) 

scaled l b )  : 
' no - 

In teger  -+ Y 1 
Frac t ion+Y+l  

-C Locate i n . t a b l e :  

t Log K*! , Log N*! , 
A l t e r  Exponen- Log (N-K*) ! , 
t i a l  r o u t i n e  Log (K*-X) ! , . 
t o  save  com- 1- N* Log (N*-X) ! , 

1+ K* p u F r  time. Log X! , Log N: , - 
4  LO^ (N-N*-K*+x)! 

Dmp program 
on Tape ' 

t . sum most s i g -  .Un%t 1. Space one 
. .  . n i f  i c a n t  p a r t s  

I of t h e  log  

(N+L)-+ N f a c t o r i a l s .  
C lea r  PX 
and PX* 1 - f 
l o c a t  ions no . , Sum l e a s t  s i g -  

. n i f i c a n t  p a r t s  
of  t h e  log  
f a c t o r i a l s .  

L. t i f .  . .  . 
Floa t  most (N*+ 1) -+ N* yes  

. 1 + K  s i g n i f i c a n t  
I n i t i a l  d a t a  ' p a r t  of sum. 

condi t ions  (x + 1) + .X (X + 1) + X 
s e t .  

. . .  
Floa t  l e a s t  
s i g n i f i c a n t  . 

d i t i o n s  set .  p a r t  of sum. 
according t o  
s e t t i n g s  of 
Semse Switches 

, then  mul t ip ly  by 
lo4 x 2.30258509+." - - - - - - - - -  

s t o r e  PX. , 





APPENDIX B 

PRINTED PROGRAM . 
. . 

00003 OQG 3  
00003 COMMON BSS 1 0 0  . . 

0'0147 BDC SYN 1 0 3  
01-021 DUMP0 SYN 529 

0 1 1 3 7  END, . SYN 6 0 7  
01165 EXP SYN 629 
' 01261  RDAT'A SYN 689  
01744  R I C  SYN 9 9 6  
02281  RIT . SYN 1 1 3 7 '  
.02300 WOP SYN 1216 
02532 WOT SYN 1370 

I 

02567  ORG 1399 . . 
02567 -0 . .53400 1 02572 START LXD ( 4 0 0 4 ) t l  
0'2570 0 07400 4  03153 T S X   READ^^^ 
02571  0 , 1 3 1 0 4  1 13103 . T ~ 0 ~ E + 4 6 0 0 + 2  t 1 t TAB~E+4000'+2+1 
02572 0  07640 0  02570 ( 4 0 0 0 )  H T R  * - 2 r 0 t 4 0 0 0  
62.573 2 00002 1 02570 . T I X  *-3,192 
02574  0  77200 0 00203 REW 3 
02575 0  50000  0  03'214 CLA ALTEXP 
02576. 0  60100 (i 01252 ST0 EXP+53  

'REW 1 
. . 

025'77 . O  77200 0  0 0 2 0 1  
02600 0  50000  0  02614 , CLA DECRE1" 
0.2601 . 0  04400 4  0 1 0 2 1  I S X  iSUMPUt4 

. . 
. . 

02'6.02 0  77200 .G 0 0 2 0 1  ST1 REW 1 
' 02603 0  60000  0  0 3 1 5 1  S T Z  PX 
,02604 0  60000  0. 03152 STZ SMLPX 
02605" . .  6 07400 4  03160 f S X  READ1-$4 
02606 0  0315.0 O 03144 L I M I T $ t X  
07607 1. ,00000 0  03137 T X I  STOPt**t** . 

02610 O 77200  O 00201  BEGIN, 'REW 1 
0 2 6 1 1  0  5340'0 1 03226 L X A   FIVE,^ 
02612 -0 63400 1 0 3 0 f i  s xv  ~ 5 ~ 1  
026i.3 - 0  76000 G 00162 SWT 2  
02614  1.DO-001 0 :  02617 DECREl T X I  ST290 t l  

. . 
0 2 6 1 5 '  -0. 0 7 4 0 0  '1 02300 TSX WOPt4 
02616 0 03110 0  0-3103 . IDENTtr IDENT+5 
02617 0  76000 0 0-0-163. ST2 SWT 3 

I:!? 02620  1 . O O O O O  0  0262-2. TX I  ST3 
, j ; Ib ; I l  0 76600 0 00202 ' WTD 2, ‘- ' 

'02622 0 , 0 7 4 0 0  4  02532 TSX WOT t 4 
02623 0 03112 0 03112 REST09 +REST0 
02624  1 00000 O 02630 A10 T X I  ST59r**  
0.2625 0 .  76600 0  00202 ST3 WTD 2  
02626 0 ,07400 .4  025.32 T 3 X  WOTt4 
02627. 0  0 3 1 1 0  0  03103 . 1 ~ E l u f . t ;  IDENT+5 
02630 0. 53400 1 03227 ST5 ' LXA T,ENt 1 
02631  -0 63400 1 0 2 6 2 4 ' 5 T 6  SXD A 1 0 ~ 1  

. 0 2 6 3 2  U 76,000 3 00165 FIRST SWT 5  
T O .  02633 1 .OOOOO 0  02642 TXI A2 



02634 .-0 50000 0  00056 CAL COMMON+43 
02635 0  77100 0  00006 . ARS 6 
92636 ' 0  76000  0 00001  LBT 

T D 02637.  1 00000 0  02642 T X I  A2 
02640 0  60000  0 00056 STZ. COMMON+43 

TD 02641  1 00000 0  02645 T X I .  A 1  
02642 0 , 5 9 0 0 0  0  03147 A2 CLA K. 
,02643 .0: 40200 0 03150 SUB X 
0264'4 0  12000  0 02713 TPL FOURTH 
02645 ' 0 '  50000 0  03147 A 1  CLA K 
02646 0  40000 0 03225 ADD ONE 
02647 0  60100  0.03147 ST0 K 
02650 0  76G00 0  00161  ' SWT 1 
02651 . 1 00000 0 02655 T X I  SECOND;O,** 
02652 0 .  50000 0  03144 CLA L I M I T  
02653 . O  40200 0  03147 SUB K 
02654 -0 12000 0 02602 , T M I  ST1 
02655 0  50000 0  03146 SECOND CLA SMALLN 
02656 0  40200 0 03147 ' SUB K 
02657 o 12000 o 02702 r ~ i  TH,IRD 
02660 0  50000  0  03146 CLA SMALLN 
02661  0  40000  0 03225 ADD ONE 
02662 0  60100 0  03146 ST0 SMALLN 
02663- 0  50000  0  03225 CLA ONE 
0.2664 0  60100  0  03147 ST0 K 
02665 '  0  50000  0 03145 CLA N 
02666 0  40200 . O  03146 SUB SMALLN 
02667 0  40200 0  03225 SUB ONE 
02670 0  12000  0 '  02702 TPL THIRD 
02671  ..O 50000 0  03145 CLA N 
02672 0  400.00 0  03225 ADD ,ONE 
02673 0  60100  0  03145 ST0 N. 
02674 .  0  50000 0  03144 . CLA, LIMIT 
02675 ' 0  40200 0  03145 SUB N 
02676 -0 12000  0  02602 ' .  T M I  ST1 
02677 0 50000 0  03225 CLA ONE 
02700 0  60100 0  03146 ST0 SMALLN 
02701  . 0  60100 0  03147 ST0 K .  . 
02702 0  50000  0  03146 THIRD CLA SMALLN 
02703, 0  4 0 0 0 0 '  0  03147 . ADD K 
0 2 7 0 4 .  0  40200 . O  03145 SUB N 

, 02705 0  12000 0  0271,O TPL *+3 
02706 0  60000  0  03150 STZ X 
'02707 0  02000  0  0 2 7 1 1  . T R A  *+2 
02710 0  60100 0 ' 0 3 1 5 0  S T'O X 
02711  0  6 0 0 0 0 ' 0  0 3 1 5 1  STZ PX 
02712 0  60000  0  03152 STZ SMLPX 
02713 0  50000  0  03147 FOURTH CLA K 
02714 0  40200 0 03150 SUB X 
07715 C) 60100. 0 03207 'ST0 KeX 
02716 0 50000  0  03146 CLA SMALLN 
02717 0  40'200 0  03150 , SUB X' 
02720 ' 0  60100 .O 03210 ST0 (N1.X 
0 2 7 2 1  '0 50000  0  ,03150 , CLA X .  
02722 0  40000 0  03145 ADD N 
'02723 . 0  40200 0  03146 . SUE SMA'LLN 
' 02724  0  40200 0  03147 SUB K 
02725 0  60100 0  03212 ST0 N ( N ) K X  
02726 0  50000 0  03145 CbA N 
02727 0 40200 '0. 03147 SUB K . 

02730 , O  60100 0  03206 ' sTO NeK 



SUB 
"' ST0 

.. LXA 
C ~ A  

. - - - TSX 
c c#- 
TSX 

. CLA 

. . i s x  
CLA 

. . . . . . .  .. 
N - . 

-. 

SMALLN 
. . . . .  

N b ( N )  
E IGHTNt l  , . . .  
K. 
LOOKUP 9 4  SMAL.LN'.' 

LOOKUP94 . ... . . . .  
N0.K . 

.- 02746 . 0  67400 4 03125 TSX LOOKUP.94 ...... .... . . . . . . . . . . . . . . . .  
62747' 0  50000' 0  03210 CLA' ( N ~ O X  

02750 0 07400 4  03125 ......02751 TSX LOOKUPP~I. . . . . . . .  
0 '  50000 0  03150 CLA X 

02752 0  07400 ' 4  03125 
o-2f .5.. .O --- 5ooo6. .o .03145 ." 

TSX . CLA.-.NM .LOOKUP94 v . . . . -"-.. ---- 

02754 . O  07400 4  03125 - .... - .. - ... TSX LOOKUP94 . . 
02755'  - 0  50000 0 . 0 3 2 1 2  ' ." " CLA N(N)KX 
02756 0  07400 4. 03125 -. - - - TSX LOOKUP94 .-. ...-... ................... 
02.757*...0 '50000 0  03164 'F IFTH -.-CLA KFAcT" 
02760. 0  40000 0  03166 - -- - - -. . .40060. . O  031.7b...-- .......- . ADD Abd KFACT+2 Ki'ACT.+4' --.- ..-- 
o z i 6 i - "  " 

. - - - -. . - . 02762 0  40000 0  03172 . ADD KFACT+6 . . .  . . .  
02763 0 l1.0200 0 03174 SUB K F A C T + ~ '  ' 
02764 0  40200 0  0'3176.. - - ---- SUB KFACT+10 . . . .  

. 02765 0  4020.0 0  03200 , SUB ' K F A C T + ~ ~  ' .' . 

02766 0 40200 0  03202 
02r16- T,.. -o--i;'O-* -.O -O 

Oic . . - ----- SUB--.KFACT+14 SUB KFACT+l.k-m. .............. 

........... - -. 02770 0 60100 0  03215 ST0 TEMP .. .. .... . . . .  
027-71'  " 0 50000 '0  03165 '. C L A  K F A C T + ~  

- 02772 0 40000  0  03167 ADD K F ~ C T + ~  ...... ... . . . . .  
02773'  0  40000 01 03171  ADD KFACT+5 

- 02774 0 400UU U i r g l ' i 3  -.ai'i i.5 -b'. .4.0.z *.* - . -. - . . ADD K F A C T ~ . ~ '  ............. 
sue ~"F j j c i+9  

U277.G .d 40200 0  09177 ..... - - - ... S I JR  KFACTt11 . ,,,- 

02777. " 0  46200 O 03201  SUB' KFACT+13 
03000 0 40200 0  03203 . - - -. .. - - ... . .- SUB, KFACT+15 
03001  0: 40200 "0 03205  SUB KFACT+17 
U3UU-2 . .  'c(: 60100 0  03216 - ST0 TEMP+l . ........ 
03003 0  ... - 50000 -. . - . -. 0  -. . - 03215 -. . CLA TEMP . .... - .... -- . - .... - .. 
03.O.O4,..=O 50100 0  0322.2. . . . . . . . .  ORA OCT.2.33 . . . . . . . . . . .  
03005 0. 30000 o 03222 FAD 0 ~ ~ 2 3 3  
03006 0  60100 0  03215 . . S T 0  TEMP 
U5T)-07-T^-'5'0 0  '0'0-"'0- 0 3 2  1 6 CLA TEMP+l ' ' 

03010 0  76500 0  00013 . LR.5 75-24 . , 
. . .  - - - - - . .. .... 

DVH 10E8 030'i'i.' ' '0' 220an  0 03223 
03012 , -0 60000  .O- 03220 ------03.0 O'f3"-..0... 

. STQ TEMP+3 ' 
. . . . . .  5oo'00. o...03220 . . . . . .  :. C L A '  TEMP+3... " .  

030'14 -0 50100 0  03224 ORA OCT203 ' 

3~m " O'o 0*0-"0""..0.3;! zv--I" P;. D-.-O CIT2 
3..--.--------- 

03016 0  .30000 0  '03215 FAD TEMP 
-;- ----- 0301 7-...D.. 7.6.5.00' . "00"043".." .. "..-"CKS.' .q.5.. ...... - 

03020' 0 26000 0  03221  --------" 
O- .07400 . '4 

65'-.- "" 
FMP CONVRT ... T5x"EXP,.4' . - . . . .  

03022 . 1 00000 0  03114 TXI  BIG,O$'** S T  .O--S' MCPX"-- e-06'0 Tm -- u-.. o.3-I' 552---. .-- 

03024 0  30000 0  03151  . FAD PX . ---- 
"."Ci.30.25' 

..... 
b.. .60.100" .@- 

. -. ..... 
3151  . . . . 

. . .  



03026 0 76000  0 00165 
" TLS-----o- 30-2.7"-'-f -''.~O'O'd~o -.-o--.O; 3-o .&. SWT 5 .T.i('f-.- P#N..T--" . . . . . . . . .  

> '  

03'030 0 34000  0 03213 
TD03 a-n--r-u OD.0 S. 

C A S  TX.l.~..pRlirliri RND. ' . 

4  C 

TD M ..--.--.u3. 03032 o.33. . .o. 1 00000 0 03040  - 
. . TX I  PRNT 

0o O;o -'O.'.oO 56 
. . ..... .." . 

STZ 'COMMON+43 . '  

. 03034 0 5,QOOO 0 03150 . CLA , X  . . . . . .  - - ... - .. - .. - . 
a303'5 " O"4~0000 0'' 03'225 ADD ONE' . . 

03036 0 60100 0 0315,O .T-- ' -.l--o-CT DOaao ..O.o' 
g4*- 

ST0 X . . . .  .......... 
.TX I A2' 

03040 0 76000 '0 00162 PRNT SWT 2 . . . .  .- T.b--- .. -'-o-3 ...... 
1 00000 0 03044 ,TXI *+3- 

. . .  03042 - . O  07400 4 03073 
.----a 

. TSX FORMt4 . . . . . . . .  
03043 0 '  0315'2 0 031'45 N , , SMLPX 

. ... 03044 .- ..... - .. 0  07400 4' 03077 , TSX FORM1 94 , ,,, , .  
03045-.'"'.o - 0 3 1 5 2  0 03145 N, ,SMLPX 
03046'--0 50000 .O 03150  - - -, - CLA X . . .  ........... 
03047 0 40000 0 03225 , ADD ONE 
03050 0 60100 0 03150 ST0 X . . . . .  
0'3051' -0 53400 1 02624 SPACE LXD A1091 

? I ? ! .  5 T 6 * 1 * 1  .- ........... 
LXD A 5 t l  

....... ............ 03054 2 0.00,Ol 1 03065 - - - - T IX  SPACE^,'^,^.. 
SWT 4 03055.  0 76000  0 00164 

TD .. 03056 1 00000 0 0 2 6 1 1  T X I  BEGIN+l , ,  . . , 

. 03057 o '77200 o 00201  R E W  i 
03060 0 50000 0 02614 ' - 01400.:.4. _ '.ii'i'o.il ,-. CLA - .. DECREl 

; .  . 03061  TSX'.'DUMPO ~4 
TZE BEGIN - - - - 03062 0 1 0 0 0 0  0 02610  ' . . . . . . . .  .. ......... . 

03063 ' 0 77200 10 00201 REW 1 

i , ... - 7 .  .. - ..... - - .. 03064 0 ' 0 0 0 0 0 0  0 2 6 1 1  HTR BEGIN+'I . . . . . . . . . . . .  
0.30'65- "-0-7'6-600 0 00202 .SPACE1 WTD 2' 

,0306'6 0 0740,O 4 02532 TSX WOTe4 .................. ... - ... - -- ... -- . .- - .. - . - . .  -- . . - .  - .......... - . 
/ > :  -, 

.f, ;.SP,l 
03067 0 83072 0 03072 . 

...3 -.:. ... . . . . 
. . .  ,03070 -0 63400 .'.i '0307'1 SXD ' A 5 1'. ................ '-oT0'71...' ...: OOOO.O f .-0.2.6.30 A 5  .Tx-*--.sT-5 .... 

' :  

! .  , ** 
03072 606060606060 SP 1 BCD 1. . . 

- - D 5 U - [ 3 - - 7 - - ' 0 2 0 - D O  -'O" :00147 FORM T RA BDC .. 
TRA WOP 03074 .O 02000, .0  02300 

-. - - .... -. .....-..... 
. ' 030'75'" ' 043105730226  'BCD' 2 4 1 5 9 2 F l O r 6  

. . ' 03076 .0100330660'60 . -----------.03 *.4f . . . . . . .  
I Q ' " ' i j ~ : O ~ o ( j  Q .,Oi)lk7 'FORM1 . TRA BDC I o s l o o  i oo0.02 o 02532 , l-o-l -T4- 3-1 --oy 5-7 &- 

' / 0  
03102 010033066060 ............................... .......... !- I . 

B.c.D.. ,: "H , .N* 
. . .  .................................. - 

03103 0160'60604560 K * X' ' P X PX* , '  

03104 606045546060 ----- ---'-o'5.i.03 - -  ..-&. 
4.ii5.46.0 . . 

0 3 1 0 6 '  606760606060 
. , ? i n /  - - 41 a t ~ b ~ o 6 0  6 0 

i .  0 311.0 606047675460 'I:-- -- ............... . . . . . . . . . . . . . . . . . . . . . .  
0 3 1 1 1  606060606'060 

. . 03112 Ol6O60606.060' REST0 . . . . . . - . . . . . . .  BCD 2 1  . . . . . . . . . . . . . . . . .  - - - - - - - - - -0-3- -1'3' '."-S - . 
6 060'6'06'060- " s 

, .  , .  03114 0 12000  . 0  03117 B I G  TPL BGPL . 
I T -5-G-o.a-. -,-o-oo o.O; ..-.-p-.xo... . . . . . . . . . .  ..... ...... 

3115 -0 

i ,L - - - - - - - -.. .- :3116 . - -- -. - . 0 :to00 4 00002 ' TRA 2 t 4 '  
03117-'"-'0"'07400.'4. 02300 BGPL ' TSX W O P , ~  
03120 0 03124  0 03122.  B 9 9 R + 2  ' B'3.i*i"..-" .o-.,o ooOO .O O o O O O  -.''-----..I-..--. 'Hf ............................. . . .  

5 ! " P ;  s 

. 03122.. 6060'25674760 ' B ' .BCD . 3 .  EXP TOO BIG 
. . 



-6.3-4-6qG 6o 22 3.1 

2 76060606060 
o 7 6 7 0 0 ' 0  OOOOI LOO'KUP' ALS i 
0 40200 0 03225 SUB ONE 
0 76000 0 00006' CON 
0 73400 2 00000 PAX $ 2  
0 50000 2 03241. CLA TABLE92 
0 60100 1'. 03206 S.TO K F A C T + ~ ~  t 1 
0 50000 2 03242 CLA TABLE+l r2  
0. 60100 1 03207 STO, K F A C T + ~ ~ ? ~  
1 77776 1 03136 .TXI * + l t l r - 2  

.- 0 0.2000 4 O O O O l  TRA. ..! 94 
0"5u0'00 6 02614 STOP CLA D E C R E ~  
G 07400 4 01021 TSX .DUMP094 
0 10000 0 02602 TZE ST1 
.O 77200 0 00201 REbJ 1 
1 00000 0 011.37 T X I  :END 

.,03144,,LIMIT BSS 11 
;03145 I\i BSS 1' 
03146 SMALLN.RS.S 1 
03147 K BSS 1 
03150 X BSS 1 
103151 PX BSS 1 
,031 52. SMLP,X BSS ,1 

. O  02000 0 01261. READ. .TRA RDATA 

03160 0 0 2 0 0 0 - 0  01261 READ1 T R A  RDATA .00'5-". R* ..-R .r.c... -. 
161 . o  0'2000 C) 'g1744" 

03162 053104606060 .03.i.63... ..6.0b: 0'60606060 BCD 2514 - 
03164 KFACT -BSS 2 
.0-3 - ,= A-c T N' -B-gSS - 7 - - 
03 i70,  NKFACT 85s 2 
0'3172 NNFACT ' B S S  ..2 
0.3174 KXFACI B 5 S  
03176 XNFACT BSS 2 
03200 XFACT BSS- ?- .. . . --  
0 3 2 0 2 " " ~ ~ ~ ~ ~  B'SS . 2  
03204 NN\KXFT BSS 2 
03206 NeK BSS 1 
:03207 K o X  ,. B,SS 1 
O ~ ? ~ O ' ( N ) ; . X  P.SS 1 
?32:11--N r ! t\l_!--.LB_S_SL. -1 
03212 N(N)KX BSS 1 

03215 TEMP BSS 4 
32  6.4 -T42706 i.4i .. .... . coiu iiR i" D.Ec . . *.o,66* 3.0 -2-5-i.5 .g-&o'i; & ~- - - .  

03222 +233000000000 0 ~ ~ 2 3 3  O C T  233000000000'  
-rFrn-+%Tofl5 3 G ~ r o - o  

.---- .. .-.- ---. -- 
10E8 DEC 1 O O O O O O O O  

0 3 2 7 4  +203000000000 , 

o-33iii.5 -- +m .666-d do a b6,.6"ii o N.E b E F  'i - 
OCT 203 -'OCT 203000000000 

- - -  - 
03226 ij-3.. 2.Z-,.... ~.+000000000005 +o ..o. a oo.o o-ij.i-2 FIVE TEN. DEC 5 '.^ ..i'O .? 

03230 '+OOOU00000022 EIGHTN DEC 18 
' 8 3 2 3 i - o 7 6 ~ - ( T ~ - ' ~ O b O ' d  

. . .- . - -. 
NOP 

. . 03232 0 76100 0 00000 - .- . . . - -. -- .- .- . . . . ... . . . . - . . . . . NOP . . - - . . . ... .- 
03233 .. . o  761oo"'d' o_q-o3-ij-- . NOP 



0 3 2 3 4  0  7 6 1 0 0  0  0 0 0 0 0  NOP 
0 3 2 3 5  U 7 6 1 0 0  0 0 0 0 0 0  NOP 
0 3 2 3 6  0  7 6 1 0 0  0  00000  NOP 
03237  0 7 6 1 0 0  0  0 0 0 0 0  NOP 
03240  0  7 6 1 0 0  0  00000  NOP 

0 3 2 4 1  T A B L E  BSS 4 0 0 2  
0 2 5 6 7  . END STP.RT 





APPENDIX. C 

Sample Output 

N 
1 0'00 
iooo 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 


