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Lt VELRandas Number Generat or s (RNGJ

4ive external subroutines are ava ilable to generate uncorre lated ,
float ing point randas numbers wh~.ch are uniforml.y distributed between
0.0 and 1.0. The subr ontines are extremely fast (8 .j~~~ per word) and
do not need an external starting number. Additional j~ntry points are

~~~ provided so that a generated sequence of randas numb $rs may be continued
fran program to pr ogram.~~ I
Procedure for RNG ~~~~~~~~~ 

,
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The Randan Number Generator mabr ontine s are called as fou.ows :

CALL GASi ( R )

Th is win result in the return of a floating point dec imal randczn
number between 0.0 and 1.0 to core location R. (See example). Each
new call will provide a new number.

-J

*A large part of the material for the assembly language generators
crmes fran a Yale Ccanputer Center Memo. No. 270 by J. Lach , and fran
an IEEE Spectrum Article in Feb. 1967 by R . P. Chambers , “ Randan Number
Generation in Digital Computers ’ .
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The statements:

CALL GAS2 (x )

CALL GAS5 (H )

may be used to extract numbers ftrmi the other generators in the same
fashion . ~~ch generator has a &tt’ferent starting number and constant
with the result that all five generators are uncorrelated.

In order to continue the sequence in an unbroken fashi on in a
subsequent program, two add.itional entry points are supplied with
each generator.

The statements :

CALL ~~si (H )

vii]. place the last rand~~ number generated as a fixed point numberin core location H . Thi s number may be printed or punched to restart
the generator. To insure that al]. significant portions are transferred ,

J a FC~ MAT designation of 012 shouli be used. If the number is read Into
the next program in the same format , then the statement:

CALL IA)AS1 (H)

will store the number in the GASI generator so subsequent calls on
GAS1 will keep the sequence unbroken (see example).

Ia]. Notes:

1. T\~e randm number generators are of the multiplicative , congruential
type. ‘

~~~ This technique employs a recurs ion relat ion of the form :

F (R n )

where H~+j is the (ni l)th  randcm number generate .t ~‘y id I Is a function
of the previons randm number, Rn. in pnrticular , the fun c t iun
progras*ned is

~ C Rn ( ModuIo .‘
~~~~)
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~~t a’r t ~ C ~ a” and cbe’ys the condition

~ 8 m ~~~ 3

where m is ai~ integ er . 1 ”

• It should be kept in mind that true rand in numbers can only be
genera t ed by a rand&~ri proces s. The numbers generated by a canputer
are only app r~xImation~. to such a process. The hope Is that the
approx imations are close enough for the calculat ions at hand.

• 3. ‘two important tea3.~
5for a randan number generat or are the tests

for uniformity of the distribution between 0 and 1 and for the
correlation between sa~ples. The generators used here have been
tested for corre].ation~ with 1000 samples and have been within the
expected statistical accuracy. The test for pniformi ty has been made
lndi r’-”tly by a ch.t-square test ror normality ’ on~ aamp1ea produced
by this generator but transformed by a ‘ Statpack ”~ routine , to a
normal distribution. For 500 samples the probability of exceeding
chi-square was 2% ~t a 95% confidenc e level. The gene rator inc luded
in the •

~~~th-Pac k ”° library could not do better than 50% under the
same C onth t ions .

4~ in order to obtai n normal di stribution s thi s generator should be
used in co~juncticn with an inver se normal distribution such as
“1tatpac k ”~ provi des. ( See example).

5. Each generator uses a total of l’~ core locations.

6. The gene rators are in File ~ of CUR Tape U183.

)~xamples of RNG Program

A. The generation of 100 uniformly distributed numbers with the
last number saved for Program B.

DIMENSION x(loo ) ~ Declare Array X

DO 101 1, 100
10 CALL GAS]. (x ( i)) ~ Fill X Array

cALL SGAS1 (Fm ) ~ Save last No.
PUNCH 1, FIN (~ Punch last No.

1 FORMAT (012 )
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) . The generation of l00normafly distributed randas numbers with
zero mean and unit variance starting from the last no. of Program A.

DIMENSION X (100)
1 FORMAT (012)

READ (3,1) START ~ Reed starting No.
CALL LGAS1 ( START) @ Enter starting No.
Do lOl = 1, 100

2 CALL GAS]. (x( i) ) ~I C*,tain uniform Nos.
10 x ( i )  = TINORM” (x(i),  $2) ~ Cbtain normally diet. No.

Cone lu8i ons

The randcu number generators presented are extremely fast and
have excellent statistical properties. By using several of the

• generators in the same program even better properties may be obtained.
The main use will probably be in Monte Carlo Simulations.

• R. L. G~~DON
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