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A PSEUDO RANDOM NUMBER GENERATOR FOR THE PDP-5 
DECUS Program L i b r a r y Write-up DECUS No. 5-25 
SUMMARY 

The Random Number Generator Subroutine, when c a l l e d repeatedly, w i l l 
r e t u r n a sequence of 1 2 - b i t numbers which, though d e t e r m i n i s t i c , 
appear t o be drawn from a random sequence uniform over the i n t e r v a l 
0000 t o 7777g. Successive numbers w i l l be found t o be s t a t i s t i c a l l y 
u n c o r r e l a t e d . The sequence w i l l not repeat i t s e l f u n t i l i t ' h a s been 
c a l l e d over 4 b i l l i o n times. 
USAGE ! 

C a l l i n g sequence t o i n i t i a l i z e the subroutine: 
JMS IR ( I n i t i a l i z e random numbers). 
Return (AC cleared upon r e t u r n ) , 

I n the i n i t i a l i z i n g , C(AC) are l o s t , but the l i n k i s preserved. IR 
should be c a l l e d a t the s t a r t of a run i n order t o set up the proper 
sequence of random numbers. ^ 

C a l l i n g sequence t o o b t a i n a random number: 

JMS RN (AC and l i n k are i g n o r e d ) . 
Return w i t h random number i n AC. Link a r b i t r a r y . 
Location: 3000-3077, b i n a r y r e l o c a t a b l e . 
Time: Approximately 0.4 msec. 

METHOD ' 
The a l g o r i t h m f o r generating the random numbers was suggested by 
B. A. Tague of B e l l Telephone Laboratoriea ( p r i v a t e oommunioation). 
The Random Number Generator a c t u a l l y produces a 36 b i t number, denoted 
X, and the sequence of Xj_ i s determined as f o l l o w s : 

x^ - 1 I 

x,̂  - (2^7 + 3) Xyj.3_ modulo 36 b i t s 
The subroutine r e t u r n s only the 12 most s i g n i f i c a n t b i t s of the 36 b i t 
i n t e r n a l l y stored number. 

i 
When IR i s c a l l e d , 0000 0000 OOOlg i s stored as x _ . i n tha Random 
Number Generator. The f i r e t time RN i e c a l l e d , (2^" •¥ 3) i s generated. 
Since t h i s doee not appear i n the l e f t 12 b i t s , OOOOg i s r s t u r n e d . 
Ths second number returned i s 2000g. Appandix A i s I p r i n t - o u t of the 
f i r s t 500 random num}:}ers g e n s r t t e d by RN. 
The a l g o r i t h m ueed at B e l l Telephone Laboratories d i f f e r s from the one 
ueed i n the PDP-5 program i n two s i g n i f i c a n t aspectsi (1) modulo-35 b i t s 
m u l t i p l i c a t i o n ineteed of 36 b i t e i e ueed, and ( 2 ) the f u l l 3 5 - b i t 
product i i r eturned ae the random number, instead of j u s t the meet 
i i g n i f i c a n t 12 b i t e . 
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STATISTICAL PROPERTIES 
Although the p r o p e r t i e s of the B e l l Labs randon.i-num]Der generator 
have been st u d i e d , the PDP-5 generator i s s u f f i c i e n t l y d i f f e r e n t 
t o r e q u i r e a separate a n a l y s i s . The generator used here i s of a 
class knovm as m u l t i p l i c a t i v e generators. H u l l and Dobell describe 
a few t e s t s which can be a p p l i e d t o such generators.* The t e s t s 
used i n t h i s r e p o r t are somewhat simpler than H u l l and Dobell's, 
but they t e s t the same p r o p e r t i e s . 
I t should be emphasized t h a t the sequence of "ramdon numbers" 
generated by the subroutine i s i n f a c t completely d e t e r m i n i s t i c and 
hence one might expect t h a t there would e x i s t some t e s t f o r 
randomness which the sequence would f a i l . The s u i t a b i l i t y of the 
sequence i s determined by i t s a p p l i c a t i o n . The user may wish t o 
apply t e s t s other than those described here, since these t e s t s may 
not i n v e s t i g a t e the r e q u i r e d p r o p e r t i e s . 

A l l of the t e s t s described below t e s t the f o l l o w i n g hypotheses: 
H ( n u l l ) : The numbers returned by the Random 

Number Generator are drawn frora a 
sequence of independent t r i a l s from 
a d i s t r i b u t i o n t h a t i s uniform over 
the i n t e r v a l 0 0 0 0 t o 1111^. 

H j : The numbers are d i s t r i b u t e d otherwise. 
SIGN ( b i t zero) TEST 
The generator was c a l l e d 2 , 0 4 8 , 0 0 0 times. The expected number of 
p o s i t i v e numbers (sign b i t zero) i s 1 , 0 2 4 , 0 0 0 w i t h a standard 
d e v i a t i o n of 

n p q = \ ( 2 , 0 4 8 , 0 0 0 ) ( 0 . 5 ) ( 0 . 5 ) = 7 1 5 . 5 

We r e j e c t H Q i f the measured number of p o s i t i v e numbers f a l l s outside 
of 1 , 0 2 4 , 0 0 0 + 1 . 9 6 s.d. f o r a 0 . 0 5 l e v e l t e s t . There were a c t u a l l y 
1 , 0 2 3 , 3 6 0 p o s i t i v e numbers re t u r n e d , a d e v i a t i o n of - 6 4 0 from the 
expected mean. (Measured success p r o b a b i l i t y = 0 . 4 9 9 7 ) . This i s w e l l 
w i t h i n + 1 . 9 6 s.d., so we accept . 

FREQUENCY TEST OF SELECTED NUMBERS 
Under H Q , w i t h 2 , 0 4 8 , 0 0 0 t r i a l s , each of the 4 0 9 6 p o s s i b l e 1 2 - b i t 
numbers should appear an average of 5 0 0 times w i t h s.d. = 2 2 . 3 6 . A 
few numbers were chosen f o r i n v e s t i g a t i n g t h e i r frequency of occurrence 
I f we neglect the i n f l u e n c e of the r a t e of occurrence of one upon the 
r a t e of the other, we V70uld expect 9 5 percent of the numbers t o occur 
between 4 5 5 and 5 4 5 times. The r e s u l t s are shov/n i n Table I . 

* H u l l , T . E . and A. R. D o b e l l , "Mixed Congruential Random Nuraber 
Generators f o r Binary Machines," Jour. Ass'n f o r Computing Machinery, 
Vol. 1 1 , Jan. 1 9 6 4 , p. 3 1 . 
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TABLE I 

FREQUENCY OF OCCURRENCE OF SELECTED NUMBERS 
Number (Octal) Occurrence (Decimal) W i t h i n Limits? 

0 501 
1 502 
2 500 
3 471 
4 462 
5 500 
6 522 
7 496 

10 505 
11 471 
12 513 

3777 501 
4000 504 
4001 520 
7776 503 
7777 499 

A l l measured 
frequencies 
f a l l w i t h i n 
9 5 percent 
l i m i t s of H , o 
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MEAN AND VARIANCE 
Mean: Under H^, the average value of the numbers re t u r n e d 

by the generator should be 2 0 4 7 . 5 , . w i t h a s.d. of 
1 1 6 9 . 1 / yfrT . A sequence of n = 3 2 , 7 6 8 numbers (so t h a t 
s.d. = 6 . 4 6 ) y i e l d e d a mean of 2 0 4 7 . 4 , almost e x a c t l y 
equal t o the p o p u l a t i o n mean, and c e r t a i n l y . w i t h i n 
+ 1 . 9 6 s.d.'s. 

Variance: The sample variance f o r n = 3 2 , 7 6 8 was measured as 
n _ 2 

f - i ( ^ i - ^) s2 = = 1 , 3 9 3 , 1 7 1 

n 
The p o p u l a t i o n variance i s 1 , 3 9 8 , 1 0 2 . 

To t e s t the variance, under the s t a t i s t i c 

i - 1 

i s d i s t r i b u t e d w i t h n degrees of freedom, where y 
equals the H Q p o p u l a t i o n mean ( 2 0 4 7 . 5 ) and equals 
the p o p u l a t i o n variance. For l a r g e n ( 3 2 , 7 6 8 ) , the 
expression - i s d i s t r i b u t e d N ( 0 , 1 ) . (See 
Hoel'J p . 4 0 1 ) . Constructing a c r i t i c a l r e g i o n f o r a = a 
vs. a / oo, we r e j e c t i f nsfj f a U g outside the l i m i t S 
3 2 , 2 6 8 t o 3 3 , 2 7 2 . The measured valLue f o r nsy i s 

na2 
o 2 

= 3 2 , 6 5 2 

Again, we accept the n u l l hypothesis. 
AUTOCORRELATION 
A common requirement of random number sequences i s t h a t the numbers be 
s e q u e n t i a l l y independent. A 0 . 0 5 l e v e l t e s t f o r c o r r e l a t i o n was con­
s t r u c t e d . I f the numbers are s e q u e n t i a l l y independent, ( i . e . , i f H i s 
t r u e ) , t h i s c o r r e l a t i o n t e s t w i l l f a i l a t most f i v e percent of the time 
Since, however, a set of numbers can be s e q u e n t i a l l y u n c o r r e l a t ed and 
yet not be independent, t h i s t e s t i s r e l a t i v e l y weak. 

*Hoel, P. C, I n t r o d u c t i o n t o Mathematical StM-±stiil§.> 
John Wiley and Sons, New? York, 1 9 6 2 . 

t h i r d e d i t i o n , 
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The a u t o c o r r e l a t i o n f u n c t i o n of 32,768 random numbers was computed 
f o r s h i f t s from 1 t o 99, i n c l u s i v e . * (99 numbers were generated p r i o r 
t o the 32,768 so t h a t the s h i f t product could be formed f o r a l l the 
32,76 8 numbers). One would expect t h a t the average product would 
c l u s t e r about E(x2) which, f o r an independent sequence, y i e l d s 

E (x^) = [ E ( x ) ] ^ = (2047.5)^ = 4,192,256. 

This i n f a c t d i d occur. For example, x. f o r s h i f t s of 1, 2, and 3 
were 4,192,555, 4,189,914, and 4,196,667, r e s p e c t i v e l y . 
Hoel (p. 165) defines a c o r r e l a t i o n c o e f f i c i e n t , r , which f o r an 
a u t o c o r r e l a t i o n f u n c t i o n becomes:** 

r = 
^ i ^ i +T 

n 
x . ' 

1 
n 

where {x^^} i s one sequence and { X J + T H S the s h i f t e d sequence, 
sequences are u n c o r r e l a t e d , then the q u a n t i t y 

I f the 

Z = 5$ l n ( 1 + r 
1 - r 

w i l l be d i s t r i b u t e d approximately normally w i t h zero mean and variance 
l/Cn-3), where n, i n t h i s p a r t i c u l a r example, equals 32,768. Constructing 
a 0.05 l e v e l t e s t , the H acceptance r e g i o n f o r r becoraes -0.010816 t o 
+0.01088. This r e s u l t s i n the acceptance region f o r to be from 
4,176,779 to 4,207,005. i ^ i ^i+T^ 
When the average products x^ x^+t were examined f o r 1 <̂  T £ 99, 
the f o l l o w i n g values of T y i e l d e d products out of the 9 5 percent 
acceptance r e g i o n : 

* The a u t o c o r r e l a t i o n f u n c t i o n s f o r a s h i f t of zero i s r e l a t e d t o the 
variance and i s discussed i n Section 4.3. 

**An approximation i s made t h a t x.: = x. , and t h a t x? _ X ( X ^ + T ) 
-L l ~ r T / JL — •• 

— n - ^ 
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TABLE I I 

Values of x f o r which the A u t o c o r r e l a t i o n Function F a i l s a 0,05 Level 
Test ! 

^ i 

21 4,207,225 
24 4,172,528 
30 4,208,613 
47 4,207,888 
57 4,171,403 
59 4,173,423 
68 4,208,418 
98 4,175,611 

Acceptance region: 
from 4,176,779 
to 4,207,005 
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There are several ways t o i n t e r p r e t these r e s u l t s . One way i s t o s t a t e 
t h a t the sequence of niambers appears t o be c o r r e l a t e d f o r the 8 l i s t e d 
values of T . I f the user i s concerned about c o r r e l a t i o n a t T = 30, 
f o r example, he would be j u s t i f i e d i n r e j e c t i n g t h i s random number 
generator. A possi b l e a l t e r n a t i v e would be t o w r i t e another program 
using, say, 218 +3 as the m u l t i p l i e r ( i n s t e a d of 2l7 + 3)„ 

The author's i n t e r p r e t a t i o n of the data i s t h a t i f 99 c o r r e l a t i o n 
c o e f f i c i e n t s are chosen from a po p u l a t i o n i n which 5 percent exceed 
c e r t a i n l i m i t s , then one would expect about 5 " f a i l u r e s " i n 'the 99. 
I n f a c t , w i t h p = 0.05 and n = 99, 93.5 percent of the experiments 
w i l l y i e l d between 2 and 9 f a i l u r e s ^ Having obtained 8 f a i l u r e s , we 
are thus w i t h i n reasonable bounds f o r H Q . 

I n summary, H i s accepted on the basis of the measured a u t o c o r r e l a t i o n 
f u n c t i o n . ° 

The a u t o c o r r e l a t i o n f u n c t i o n i s , u n f o r t u n a t e l y , a gross s t a t i s t i c and 
c e r t a i n s u b t i l e interdependencies may s t i l l e x i s t . Per example, i t i s 
conceivable t h a t i f the generator r e t u r n s the value of zero, the 
p r o b a b i l i t y t h a t the next number w i l l be zero would be much less than 
1/4096. For such a s p e c i a l i z e d case, i t i s recommended t h a t the user 
develop h i s own t e s t f o r the sequence. 

THE UNIFORM (0, 1) DISTRIBUTION 
Numbers are sometimes i n t e r p r e t e d , i n the PDP-5 computer, as a signed 
f r a c t i o n w i t h the b i n a r y p o i n t t o the r i g h t of the sign b i t . The 
highest p o s s i b l e p o s i t i v e number i s thus 3777gss^ 0.9995. The f o l l o w i n g 
c a l l i n g sequence w i l l cause the random number generator t o r e t u r n 
p o s i t i v e f r a c t i o n s uniform over (0, 1 ) : 

JMS RN 
SPA 
CMA 

The one's complement CMA i n s t r u c t i o n e s t a b l i s h e s a one-to-one corres­
pondence between a l l negative numbers and a l l p o s i t i v e numbers. 
Appendix B i s a p r i n t - o u t of the f i r s t 500 random numbers, i n t e r p r e t e d 
as f r a c t i o n s , i n which negative numbers were transformed w i t h the above 
sequence of i n s t r u c t i o n s . 
SEQUENCES OF LONG RUNS 

The user may wish t o use several d i f f e r e n t long sequences of random 
numbers. One sequence, f o r example, would use numbers 0 t o 1 m i l l i o n , 
the next, 5 m i l l i o n t o 6 m i l l i o n , then 10 m i l l i o n t o 11 m i l l i o n , e t c . 
I t can be very time consuming t o c a l l the generator 10 m i l l i o n times j u s t 
t o i n i t i a l i z e the desired sequence. 

*Weintraub, S., Tables of the Cumulative Binomial P r o b a b i l i t y D i s t r i ­
b u t i o n , C o l l i e r - M a c M i l l a n , London 1963, p. 800. 
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A b e t t e r way i s t o w r i t e a sh o r t program which w i l l c a l l RN maRy 
m i l l i o n s of times, and a f t e r each m i l l i o n numbers, type out the 
contents of r e g i s t e r s 3075, 3076, and 3077. (See the symbolic dump 
i n Appendix C). From then on, the generator can be i n i t i a l i z e d t o 
any s t a r t i n g p o i n t simply by p u t t i n g the ap p r o p r i a t e 36 b i t number 
i n t o these r e g i s t e r s . 
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Appendix A: Tabulation of the F i r s t 50 0 Random Numbers Returned by 
RN 

0000 2000 
3 7 2 2 4 3 3 7 

3 3 6 5 0 6 0 5 

5 2 1 0 5 1 5 4 

7 3 2 5 7 7 6 2 

6 0 6 3 1 7 6 2 

1 3 1 6 4 0 5 7 

6 3 5 0 2 0 0 7 

1 0 4 6 2 5 5 5 

5 3 0 1 4 5 4 0 

4 4 2 0 7 6 5 0 

6 1 5 5 1 1 5 2 

7 6 6 6 4 2 7 5 

2 5 4 1 4 7 4 0 

6 4 4 1 2 4 5 1 

6 3 4 4 5 7 7 3 

7 2 7 2 1 2 0 2 

6 0 5 4 0 2 7 0 

4 0 0 6 3 2 7 3 

1 2 5 5 4 3 3 0 

0 5 3 5 6 0 7 4 

5 3 3 6 6 0 3 6 

7 5 0 2 3 7 5 3 

2 2 2 0 4 1 3 2 

7 4 0 7 7 4 4 2 

2 4 2 1 0 7 3 5 

4 2 0 0 6 2 7 3 

4 1 2 3 3 3 2 6 

3 5 4 0 6 4 5 6 

4 4 5 7 4 0 6 4 

0 7 7 2 1 3 2 7 

1 0 2 1 5 6 3 5 

3 0 3 2 6 1 6 6 

1 0 5 1 5 3 7 2 

3 6 3 4 0 4 0 0 

7 1 2 2 3 5 0 1 

7 5 6 6 6 2 7 2 

7 7 5 7 2 3 7 4 

6 3 5 2 2 3 1 0 

7 3 3 3 5 0 3 1 

6 6 0 7 7 4 6 4 

7 2 4 6 2 6 4 6 

1 6 5 1 3 1 7 2 

1 1 1 3 5 3 7 3 

3 0 7 2 4 2 6 0 

2 2 3 1 5 3 3 7 

3 5 0 3 5 5 2 4 

7 1 5 4 3 1 0 6 

1 0 3 7 2 7 3 0 

7 3 6 6 3 4 5 5 

2 0 0 0 4 0 0 0 

5 3 2 6 2 4 5 3 

3 1 7 7 6 5 2 0 

5 7 0 3 6 3 0 1 

3 0 5 2 4 5 6 5 

2 7 3 3 1 6 3 7 

1 7 2 3 0 5 1 6 

0 0 0 3 7 7 2 1 

4 4 6 4 5 1 4 2 

1 5 7 1 2 1 6 6 

4 1 3 6 4 5 1 1 

5 2 4 3 7 0 3 3 

1 4 1 0 3 6 0 4 

3 3 2 5 2 0 3 7 

2 3 0 7 1 0 6 7 

7 7 2 6 3 4 6 6 

3 2 0 1 2 1 5 6 

1 3 0 1 7 0 1 5 

6 0 5 3 0 1 5 5 

4 3 6 7 5 0 6 1 

4 4 4 2 6 2 5 0 

1 3 4 0 4 0 6 1 

1 0 6 1 4 7 4 2 

2 4 1 6 3 4 4 7 

7 6 1 4 4 4 2 5 

4 6 2 2 6 2 4 3 

5 7 4 1 4 2 5 4 

5 0 3 1 1 4 1 7 

4 2 6 3 0 6 2 3 

5 2 2 4 4 6 3 5 

5 4 7 1 6 7 0 7 

7 4 1 6 2 7 1 6 

7 7 2 7 1 3 3 3 

5 1 4 7 7 6 4 5 

6 6 0 4 6 0 2 4 

3 2 4 4 5 2 1 3 

6 4 6 3 0 2 4 7 

5 1 7 3 3 0 0 4 

2 1 6 1 1 6 3 6 

1 3 3 2 5 0 7 5 

6 5 7 4 6 0 2 1 

5 0 1 5 6 5 7 0 

0 7 4 7 2 4 3 1 

4 4 7 1 4 2 0 1 

4 0 2 1 3 0 6 7 

1 7 2 4 4 4 4 1 

7 2 3 1 2 6 4 3 

7 7 3 4 5 2 5 4 

5 7 6 3 3 4 3 4 

0 1 4 3 2 6 7 3 

4 0 0 3 6 0 1 3 

4 5 7 1 7 1 1 7 

0 5 4 2 2 1 7 4 

7 2 5 2 4 4 5 7 

6 5 0 5 7 1 7 5 

6 4 0 3 0 5 7 2 

0 5 4 6 0 2 4 3 

5 3 1 4 3 1 5 3 

3 5 6 7 1 5 3 3 

3 6 0 0 4 3 2 3 

4 1 4 7 1 3 2 4 

0 3 4 3 5 1 3 7 

6 7 2 3 1 5 1 1 

3 4 6 7 5 0 6 4 

7 1 1 1 2 7 0 2 

4 2 6 5 3 5 3 5 

6 0 1 4 2 1 5 2 

3 6 1 1 1 2 7 4 

0 4 1 4 3 1 5 6 

4 1 6 2 5 3 6 0 

2 7 0 0 2 2 2 1 

1 5 0 2 6 7 2 0 

1 6 2 2 0 1 6 7 

4 5 4 7 6 0 0 6 

3 2 2 4 4 6 6 2 

0 6 5 7 6 1 3 5 

2 4 4 0 2 2 6 2 

1 5 7 1 6 5 1 4 

3 4 4 0 0 2 2 4 

3 1 7 2 2 1 3 0 

4 6 5 1 0 7 6 6 

3 5 3 1 5 7 2 2 

7 2 2 4 0 7 0 5 

6 0 7 1 0 2 0 6 

5 3 2 2 4 0 6 3 

7 5 7 0 0 7 5 7 

4 4 3 4 2 3 1 1 

0 7 0 6 4 1 6 7 

4 6 7 1 6 6 7 7 

7 7 0 0 3 1 3 6 

5 4 0 7 4 6 1 6 

1 1 2 6 4 3 1 4 

4 5 6 7 7 3 5 4 

6 0 1 1 7 6 4 6 

4 2 5 5 0 0 3 7 

0 1 2 1 1 6 6 7 

5 1 5 6 7 7 3 0 

6 5 1 4 1 6 6 7 

5 4 2 7 3 2 2 1 

5 3 4 3 0 7 0 1 

6 0 4 7 0 2 1 0 

6 2 3 6 7 3 4 6 

5 1 6 4 5 1 3 3 

7 4 3 3 5 7 7 2 

5 6 0 5 3 2 6 2 

7 6 7 6 2 4 4 6 

1 4 6 3 0 5 6 7 

0 5 2 3 1 0 6 1 

6 3 5 3 1 5 2 1 

6 5 6 0 2 4 6 5 

0 5 3 2 1 2 4 3 

1 0 7 5 2 0 2 4 

1 5 1 4 5 0 6 5 

4 1 0 3 4 7 0 1 

6 7 7 7 2 0 4 2 

4 7 1 2 6 1 6 5 

5 0 1 6 4 2 2 7 

4 2 2 5 7 3 3 5 

4 4 4 3 0 3 6 5 

0 6 4 0 5 5 1 5 

1 6 5 2 0 3 3 5 

0 6 2 1 0 4 2 4 

7 2 5 1 3 7 0 6 

7 6 0 6 2 3 5 4 

5 3 7 3 7 2 3 3 

3 3 7 7 7 2 6 6 

5 0 1 4 3 0 0 4 

6 2 0 4 3 5 5 3 

7 5 3 0 5 3 2 5 

5 7 0 3 1 5 6 2 

0 3 2 3 3 5 1 0 

0 3 1 4 7 1 3 6 

1 5 5 0 4 2 0 1 

0 4 4 5 3 0 4 0 

5 7 1 3 0 3 6 6 

6 1 3 5 6 3 1 0 

3 2 7 2 0 5 1 1 

7 3 2 7 0 3 3 0 

3 3 7 1 1 0 3 7 

2 1 5 7 2 5 1 2 

1 0 3 0 5 2 1 5 

5 6 7 5 5 5 0 4 

0 1 2 2 7 6 4 3 

6 6 2 3 4 2 3 1 

7 2 3 7 5 2 4 6 

7 5 6 0 7 4 5 4 

6 4 6 2 2 2 2 2 

5 2 3 2 1 0 5 4 

7 6 2 6 3 1 4 5 

, 2 2 0 4 7 5 2 2 

0 7 1 5 5 0 0 1 

1 7 2 6 2 3 5 2 

6 0 2 2 7 4 6 2 

5 7 5 1 7 6 5 4 

6 2 0 4 1 3 1 6 

6 4 7 0 2 3 6 6 

4 0 0 0 3 3 2 2 

6 4 6 4 7 5 7 7 

5 6 4 1 5 7 4 7 

1 1 1 6 1 3 7 0 

7 6 5 2 5 0 7 5 

0 1 1 3 0 4 1 7 

5 6 2 4 6 6 3 1 

6 0 4 4 2 4 2 2 

3 3 2 1 3 6 6 5 

7 2 4 6 5 7 0 3 

2 4 1 2 2 3 5 4 

3 7 6 4 6 7 5 7 

7 5 7 7 4 1 3 3 

0 4 5 5 2 5 2 4 

0 0 6 5 6 5 6 4 

2 1 3 1 2 1 4 7 

3 2 5 6 3 0 3 5 

6 7 2 0 5 2 1 7 

0 3 1 7 2 5 4 4 

2 5 1 4 7 5 3 5 

2 6 5 5 7 7 4 6 

3 7 3 2 0 1 2 7 

1 3 4 5 1 7 4 0 

3 3 2 1 6 7 4 4 

0 1 0 6 2 0 2 6 

5 4 1 1 2 3 5 0 

0 1 3 2 4 6 1 6 

3 1 6 6 1 6 4 1 

3 6 4 4 4 4 5 7 

4 5 4 5 4 5 2 6 

3 4 5 2 1 5 4 7 

5 6 0 1 0 5 5 1 

4 7 7 3 6 3 1 0 

1 7 2 3 5 5 2 4 

4 1 6 6 3 7 1 6 

2 7 5 5 1 0 5 2 

3 3 5 2 0 3 0 1 

2 5 5 6 3 4 5 7 

4 1 1 0 2 7 3 3 

6 0 3 1 2 0 0 7 

0 2 4 3 7 2 6 1 

4 6 3 3 5 0 3 1 

3 0 2 6 7 3 6 4 

7 5 0 6 2 6 7 3 
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Appendix B; Tabulation of t h e F i r s t 500 Random Numbers i n t e r p r e t e d 
a s F r a c t i o n s i 

.0000 .5000 .5000 .9995 .9980 .4941 ,4804 .0664 .2250 ,7490 

.9775 .89 06 .6450 .6459 ,8154 .2109 ,4223 , 1372 ,4794 .6142 

.8696 .1899 .8120 .3354 .1728 .5605 ,6928 ,,7050 .4907 .1000 
,6831 .6967 .5292 ,4052 ,1655 .8 515 .1113 .5024 .5107 .0405 
.1455 .0063 .7705 .8173 ,3403 .1884 .5595 .8369 .4350 .3505 
,4746 .4931 .7319 .4526 .3730 .1845 .0317 .6435 .3471 ,5 201 
.3 505 .9765 .4780 ,1630 ,1748 ,0795 .3999 ,r8 31 .9995 .8525 
.3862 .503 4 .0014 ,.0224 .6499 ,8022 ,1655 .2739 ,3491 ,0625 
.2685 .6782 .8491 .7016 .9331 ,4194 .3347 .414 5 .5458 .5117 
.6552 .8276 .4340 ,5576 .9375 ,8964 ,313 3 .6508 .2880 ,3710 

. 3366 .0424 ,9536 , 8388 .9492 .3535 ,16 39 .3295 .0413 ,7197 

.4462 .3017 ,6699 .2363 ,1108 ,7031 .2797 ,503 7 ,0366 .1323 

.03,56 .9072 .3789 .9334 ,2714 ,4106 ,4121 .7236 .5522 .2998 
,6723 .7551 .8540 ,5151 .9018 .7241 ,9 667 .7802 .4 819 .6337 
,3583 .6450 ,5971 ,2768 ,2138 .7197 .2500 .5156 .8520 .9633 
.3881 .!5019 .0300 ,9013 .9111 .9204 .7758 .4423 ,:io34 ,5292 
.1586 .3134 ,8129 ,5537 ,4936 .5517 ,7426 .9 257 .6298 .6152 
,4780 .08 9 8 .3442 .2431 ,9418 .3417 ,9 267 .1416 ,99 41 ,2578 
,9965 .8413 .4785 .0532 ,1308 ,8037 .8574 ,119 5 .0625 , 9 550 
.3344 .89 40 ,8739 ,7255 .9438 ,5323 ,2031 .5355 ,1459 .6660 

.1704 .4702 .8579 ,4174 .7187 ,5708 ,1530 .1079 .0258 .3178 

.6411 .4848 .3593 .9755 .407 2 .2729 .19 58 .1347 ,5434 .5502 

.0922 .9897 .2739 .7641 ,4462 ,0531 ,1669 .9 716 .8349 ,7541 

.5703 .9555 ,6318 .8940 ,0242 .4965 ,0590 ,5152 .2729 .6796 

.1210 .1079 ,0561 ,3642 .8222 .7875 ,6269 „173S ,1010 ,5738 
,6333 .2329 ,8032 ,4199 ,2104 .4541 ,8745 . 1606 ,6621 .0791 
,9 370 .408 2 .5146 ,9155 ,6406 .5869 ,7 •'.3 6 .7 519 .7094 .0122 
,9589 .8544 .7373 ,3823 ,4340 .3374 ,4350 .9272 .9814 .0424 
.9218 .3 520 .9121 .1967 „890'6 .0722 .0815 ,6455 ,3518 ,4843 
.8515 .5741 ,6772 .7978 . 803 5 ,5429 .529 2 ,4306 .8520 .2631 

.2470 ,3549 ,5956 ,2773 ,7919 .24 51 .1030 ,9101 .0341 . 5107 

.2583 .5478 ,117 6 .7255 .9184 .5219 .0996 .2036 .6201 .5132 

.7626 ,4418 .0195 ,3 569 .1772 ,221 1 .4257 .3365 .0439 .0051 
,2700 .6274 .6992 ,0439 ,4716 .0654 .1430 ,7656 .8075 .4536 
.9511 .1250 .3100 .4897 ,6469 ,9745 .5253 ,1201 ,9550 .8515 
.2094 .9067 .3300 .6816 ,0659 ,2416 ,4541 .4018 ,8251 ,8325 
.0668 .4086 .3495 ,0815 „860S .5981 .8408 .1606 .8955 .4252 
.007 8 .6230 .6394 ,7519 .2216 ,9414 ,1445 .1054 .5615 .1762 
.3852 .5976 ,5551 ,4521 .7841 .2812 ,8715 .2651 .7519 ,4018 
.1425 .7373 ,3554 ,7197 .0307 .79 58 ,5541 .6 611 ,4730 ,583 4 

.308 5 .0991 .3139 ,4812 .6 210 .8051 .2617 .6806 .9418 ,9755 

.1684 .7060 ,7431 ,3159 .2919 .8999 \X -J " > 
a ̂  O . i - .5913 ,7 407 ,2705 

.4575 .8095 .2377 .6372 .8164 ,1342 ,0400 .0449 .8642 .0942 

.2866 .6269 ,8466 .9365 ,4951 .043 4 .3027 .9248 .6737 , 8979 

.7783 .9135 .9912 ,77 58 ,9150 .0151 . 1718 ,5584 .9643 ,7319 

.5747 .6406 .4785 ,8 583 ,0395 ,4643 .0698 ,1030 .4373 .503 4 

.9077 .5834 ,1748 .7045 ,6958 ,0190 ,3500 .5712 .0795 .1630 

.1967 ,7841 .0170 .5555 .3374 ,4643 .6743 .2714 ,7988 .7373 

.2651 .7304 .5058 .8885 .6132 . 8 208 .0512 ,7393 .7607 ,1303 

.1293 .89 69 .0483 .7163 .6386 ,2192 .5644 .0S44 .0903 .7153 
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APPENDIX C 

SYMBOLIC DUMP OF THE RANDOM NUMBER GENERATOR 

IR. 

RN" 

3000 
•^3000 

3001 
-¥3002 

3003 
3004 
3005 
3006 
3007 
3010 
3011 
3012 
3013 
3014 
3015 
3016 
3017 
3020 
3021 
3022 
3023 
3024 
3025 
3026 
3027 
3030 
3031 
3032 
3033 
3034 
3035 
3036 
3037 
3040 

. 3041 
3042 
3043 
3044 
3045 
3046 
3047 
3050 
3051 
3052 
3053 
3054 
3055 
3056 
3057 
3060 
3061 
3062 

,3077S 
7402 HLT 
5263 JMP 
7402 HLT 
7 200 CLA 
1277 TAD 
7004 RAL 
0271 AND 
3274 DCA 
1276 TAD 
0270 AND 
127 4 TAD 
7006 RAL 
7006 RAL 
7004 RAL 
3 272 DCA 
1277 TAD 
0270 AND 
7006 RAL 
7006 RA]u 
7004 RAL 
127 6 TAD 
3273 DCA 
7430 SNL 
2272 ISZ 
7000 NOP 
1277 TAD 
7104 CLL 
7430 SNL 
2273 ISZ 
7 410 SKP 
2272 ISZ 
7000 NOP 
7100 CLL 
1277 TAD 
3277 DCA 
1276 TAD 
7004 RAL 
7430 SNL 
2272 ISZ 
7000 NOP 
7100 CLL 
1273 TAD 
3276 DCA 
1275 TAD 
7004 RAL 
1275 TAD 
127 2 TAD 
3 27 5 DCA 
1275 TAD 
5602 JMP 
0000 not 

3063 

Most S i g n i f i c a n t 
12 b i t s of (2-'-'')X 
goes i n t o 3072 

n-1 

(Link i s zero) 

Middle 12 b i t s 
of(217+1) ̂ n - l 
i n 2073 

overflow i n t o 
3072 

Add 2 x „ _ i ̂ Q 

Middle 12 b i t s 
Overflow i n t o 3072 

3077 now contains l e a s t 
12 b i t s of 3 x n - l , or 
(2l7 + 3) l ^ n - l [The 2l7 
does not appear i n l e a s t 
12 b i t s ] 

3073 
3076 
3075 

3075 
3072 
3075 
3075 . 

* 3002 
used 

F i n a l 12 middle b i t s 

F i n a l most s i g n i f i c a n t 12 
b i t s 
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IR 
"3063 7 201 CLA,IAC 
3064 3277 DCA 3077 
3065 3276 DCA 3076 
3066 3275 DCA 3075 
3067 5600 JMP* 3000 
3070 0 1 7 7 \ 
3071 7400, 
3072 0000 
3073 0000 
3074 0000, 
3075 0000 most 
3076 0000 middle 
3077 0000 l e a s t 

Constants 

Temp. Storage 
3 6 - b i t stored 
random number 
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