





EUR 3464.e

A TEST-PROGRAM FOR PSEUDO-RANDOM NUMBERS WITHI
UNIFORM DISTRIBUTION by G. FASSONE and S. ORTHMANN

European Atomic Energy Community - EURATOM

Joint Nuclear Research Center - Ispra Establishment (ltaly)
Scientific Information Processing Center - CETIS

Brussels, May 1967 - 80 Pages - FB 125

In this report is presented a test program for pseudo-random
sequences with unilorm distribution in view of their applications to

Monte-Carlo methods.

The distribution of pseudo-random sequences is studied in the
(X, Y) p[ane and in the (X, Y, Z) space and the distribution of simple
functions of n-tuples of pseudo—random numbers s compared with that
prec[icted l)_\’ prot)al)i[ity theory.

EUR 3464.e

A TEST-PROGRAM FOR PSEUDO-RANDOM NUMBERS WITH
UNIFORM DISTRIBUTION by G. FASSONE and S. ORTHMANN

European Atomic Energy Community - EURATOM

Joint Nuclear Research Center - Ispra Establishment (ltaly)
Scientific Information Processing Center - CETIS

Brussels, May 1967 - 80 Pages - FB 125

In this report is presented a test program for pseudo—random
sequences with uniform distribution in view of their applications lo

Monte-Carlo methods.

The distribution of pseudo-random sequences is studied in the
(X, Y) plane and in the (X, Y, Z) space and the distribution of simple
p
functions of n-tuples of pseudo-random numbers s compared with that
predicted by probabi[ity ttieory

EUR 3464.e

A TEST-PROGRAM FOR PSEUDO-RANDOM NUMBERS WITLH
UNIFORM DISTRIBUTION by G. FASSONE and S. ORTHMANN

European Atomic Energy Community - FURATOM

Joint Nuclear Rescarch Center - lspra Establishment ([taly)
Scientilic Information Processing Center - CETIS

Brussels, May 1967 - 80 Pages - 'B 125

In this report is presented a lest program for pseudo»random
sequences with uniform distribution in view of their applications to
Monte-Carlo methods.

The distribution of pseudo-random sequences is studied in the
(X, Y) p[ane and in the (X, Y, Z) space and the distribution of simple
functions of n-tup[es of pseudo-random numbers s compared with that
predicted by probabi[ity ttieory



The results obtained have been controlled with the «2-test and
with Kolmogorov's test.

The results obtained have been controlled with the s2-test and
with Kolmogorov's test.

The results obtained have been controlled with the a2-test and
with Kolmogorov's test.



EUR 3464.e

EUROPEAN ATOMIC ENERGY COMMUNITY - EURATOM

A TEST-PROGRAM FOR PSEUDO-RANDOM NUMBERS
WITH UNIFORM DISTRIBUTION

by

G. FASSONE and S. ORTHMANN

1967

Joint Nuclear Research Center
Ispra Establishment - ltaly

Scientific Information Processing Center - CETIS



2.

e

1e1
1.2
1¢3.
1el4e
15,
1.6,
17

Se1e
3.2

Lete
4e2.
L.3.
Lelye

Gele
6.2.
603-

6elte

CONTENTS

IntrOduction ® 80 00 08 00 6600000 000000 POOOOSEOOEEOEECEOECOEON Pago

The xz test ® 0 0000800000000 0900006005000 060006000 0900

Statements of the probleém ccesscsscscscsscccssos
Linear uniformity test ecececesecsccccsesccccsccnsee
Pairs uniformity test .scececcescsssccsscccsscscns
Test for uniformity of tripleés cessceececcccencs
Test for uniformity of maximums ecseecceccccccses
Teat for uniformity of minimums seeccsccccccccces
Teat for uniformity Of SBUMB eesessccccssssscscne

The Kolmogorov's te81t ccecesesccccescssscscssssce
The runB teBtB ® 0 60 000 000 000 OO OO OO OO0 OO OO OO TPS S OO PBSDS

Runs up a.rld down ® 0 00 O 000000 OO0 008 0005 OO OO OO OO OO
Runs above and below the mMEan cesesscsesscssssccsss

Uniform random number generators ceccsscecccsccos

Multiplicative congruential generators eseccecceces
Mixed congruential generators scecccecscccccccsss
Combination of two congruential generators ¢.s..
Generator of generalized Fibonacci type esscecesos

Program description ecscecceccoscesccccccccnsccccnces
Note ® 0 000 000080000000 060 00 000 000000000 O NSO ISDS

Time ® 9 0 6000000 000900000 O 0SSOSO SO PSODN SN OSSOSO EETDNS TS PSS
Space ® 0 00000000080 0000000 O SO O PSS S OE O eSO P OSOSESEE OSOODS

Usage ® 0 060000 00 00O OSSO OSSP SO OSSO BSOS S S OSSO EOCOSPO®EEDS

Output ® 0 0 00 000000 6000 0000008580 060000506080 0060000000

Appendix‘l _x2 TAD1E ecveececcecccssscccccsscscces
Appendix 2 - KOlmOgorov'B t8D1le eeeevcccccsnccnse
Appendix 3 - Numerical Pesults ®0 0000000000000

References ® 0 60 0000 00 000" 00 SO C 0O O eSO OSSOSO OO OOS TSP

SUMMARY

In this report is presented a test program for pseudo-random
sequences with uniform distribution in view of their app[ications to

Monte-Carlo methods.

The distribution of pseudo-random sequences is studied in the
(X, Y) plane and in the (X, Y, Z) space and the distribution of simp[e
functions of n-tuples of pseudo-random numbers is compared with that
predicted by probabi[ity theory.

The resul.ts obtained have been controlled with the 2-test and
with Kolmogorovs test.
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A TEST-PROGRAM FOR PSEUDO-RANDOM PU@BERS
WITH UNIFORM DISTRIBUTION ™

Introduction

In this report 1s developed a complete test series of
pseudo-random sequences in view of their applications to
‘Monte-Carlo methods.

A classical test system has been studied by kendall -
B.Smith [10,11,12] and consists of four tests: the freguency
test, the serial test, the gap test and the poker test,
Usually the gap test is replaced by a frequency test of the
length of runs.

In this paper we have retained only the frequency test
and the runs test where these are more significant in the
Monte-Carlo method applications. The frequency test involves
counting the number of pseudo-random numbers that are found
in subintervals of the range of generation (0,1).

Besides testing the randomness by the method of runs we must
compare the theoretical and the empiricel distribution of up
and down runs and of above and below the mean runs.

The two others have been omitted because they only give
information for binary digit distributions.

We have as well studied the distribution of pseudo-random
sequences in the (X,Y) plane and in the (X,Y,Z) space with the
frequency test. Lastly we have considered any simple functions
of n-tuples of pseudo-random numbers (maximum, minimum and sum) to
see 1f their distribution is according to the distribution that

probability theory predicts.

The results obtained from several tests have been evaluated
with the x® test and with Kolmogorov's test.
The considered series of tests is uore restrictive than those
usually applied, therefore the information obtained is

particularly significant.

=
Manuscript received on February 20, 1967.



1. The X°® test

1.1. Statement of the Problem

Let X be a random continuous variable defined in the
k-dimensional space Rk and we suppose that X assumes values

Xj belonging to a given set I C R, » Where

v
1= U Ir and Ir have no common points.
r=1

We suppose that X has a distribution
P(s) =Pr{XC s} (1e141)
where SCI, and hence we shall obtain the probabilities
p, = P(I,) (1.1.2)

Consider N independent trials, each of which has an
outcome X. and let fr be the number of trials in which XjCIIr.

J
We have
v
2 P, =1
r=1 r
(16143)

Y
2 fr =N
r=1

Now fr has a binomial distribution with mean

H=Np, (1e1e4)

and variance

0? = N pr(1 - p.) (1¢1.5)

r



that is asymptotically normal.

Let be
Y 2
v (£ _-Np_)
X? = E — = (1.1.6)
Npr
r=1

it is known [2] that the "percentage" is defined by the
following formula:

X
Prly? < _ 1 n/2-1 _-t/2 1.

where n is the number of degrees of freedom and is in our case

n=yv-1 (1.108)
The probability (1.1.7) is given in extensive tables, for

example [7], for 1 £ n < 100 with step 1. See also Appe?.

We consider now a sequence of pseudo-random numbers
€1’€2”"’€s’ given by any generators, and determine the

vectors

Ny = (EyreeerEy)
My, = (Byqsevcrbyy) (121.9)

4 " (g(l-1)k+1""’€kl)
Let {x1,x2,...,XNj be the values that the random variable X
assumes, we set
XJ =F(T]M 9 TM +1,o'.,T]M2) (101-10)
1 1

with 1 < M1 < M2 < M



If we want to built a test series for pseudo-random
numbers, it is sufficient suitably vary the function F and
the parameters k,v,M1,M2,N and calculate the probability
(141.7), that gives the confidence. with which we must accept

the pseudo-random sequence.

1.2. Linear Uniformity Test

Let IC R, be the unit interval (0,1) and let I, be the

interval (2%1 , %) with (r=0,1,2,...,Vv) and putting k=1,
M1 = M2 = J wWe have
Xy = F(&5) (1.2.1)

We consider now F as unit function, i.e.

4 . . .
p; =p; =7, forevery i, i, (1.2.3)

le€o0
vV

x2 =-1-\]\-) Z(fr - %) (1.2.4)
=

The test has been applied with N = 104 and with the
following values of v :



v = L because 1t gives useful information for
applications of the Monte Carlo method to the
solution of partial differential equations.

v = 10 because it gives useful information about
distribution of the first decimal digit.

v = 100 because it gives sufficient information about
numbers distribution.

1¢3. Pairs Uniformity Test

Let ICR, be the unit square of the (x,¥) plane,

(0O€x<1,0s<y <1) and let I, =1 be the square

1‘1,1‘2
r, -1 r r.—1 r
s 2 2 2
(vasv, Sy <

where varying r the pair (r1, r2) is changed in conformity
with the sequence (1,1 ; 15250003 15,V; 251500e; V,V).

Putting k=2, M

’ M2 = Jand F unit‘function, we have:

(1e3e1)

_ 1 . .
P; =Py 5 for every 1 i

1 2 v

1’ 2 (103.2)

The test has been applied with N = 5.104, v = 10



1.4« Teat for Uniformity of Triples

This test is similar to that for pairs except that IcIR3
is the unit cube of the (x,y,z) space, and M, =M, = J , F unit
function, N = 3-10% , v = 10 .

1¢5¢ Test for Uniformity of Maximums

Let IC R, be the unit interval (0,1) and let 1, be the

1

interval (231 ’ %) with (r=0,1,..{,v) and putting k=1,

M, = (3-1)m+1, M, = jm+1 we have
Xj = F (EM," E_,M1+1’ooo, Euz) (1.501)
Let
.m
F E = Max E eeco ) 1e 02)
(&) = | Max (&, &poeees &) | (1.5
we have

X; = [Max(E(j_.')mH,..., Eij)]m (1.5.3)

If we consider m random variables, independent and
uniformly distributed over (0,1) Xyreee Xy, and let
X = Max (X1,...,Xm) be, we have

1<i€m
Pr{x < k}

Pr{x1 <k’...’xm <k}=

(1.5.4)
m

Pl‘{x1 <k} es s es oo Pr{Xm <k}=k

Hence the distribution function
m 3
F(X) = X (1.5.5)

should be uniform.



As well we have

<=

P; =DP; = for every i

i, 10 1o (1+546)

The test has been applied with N=10u, v = 100 and with
m=2,5,10.

1.6« Test for Uniformity of Minimums

The test is similar to that for the maximums, putting

_m
F(8) = |1 - B (€5,e08y) | (1.641)
i.e.
- . — I _
Xy = l_1 - Min (5(3_1)m+1,...,gjm+1)—] (1.6.2)

1.7, Test for Uniformity of Sums

This test is similar to that for maximums and minimums,
putting

m+1
Xy = 2 £ (mod. 1) (1e7e1)

l=(j-1 Jm+1
and we have
. -4 : .
p; = pi2 = -, for every i, i, (1.7.2)
This follows by induction from formulas of the sum of m

independent random variables uniformly distributed 2 pag. 245].
See also [6].



2. The Kolmogorov's Test

Let us suppose that the set I C'Rk, in which is defined

the random variables X, is made up of vk sets E ’
PysThyeess Ty

such that
B . CE ] £ . .
I‘1,I‘2,...,J1,...,I‘k I’1’I‘2’...’32...’rk or 31 < J
B eea,y T 1 (2.1)
Let
P = P(R =Pr(X CE
1‘1,..o,I‘k (1‘1,..-,I‘k) ( 1‘1,--.,I‘k
(2.2)

Consider N independent trials with outcome Xj and let

F be the number of trigls in which X. € E
r ,-..,I‘ J r ,...,I‘
1 k 1 k
We have
Pv,...,v =1
(2.3)
Fv,...,va
If in particular E is the ipercube in the
r1,r2...,rk
(X1,X2,.00,Xk) space defined from
r r r
1 2 - kK
(X1ST,X2 &T,ooo,){k§—\;‘>
we have
r -I‘,- e e T :
P =12 = k (2.4)

Pypoeesly J

Putting

2



D = Max
1<ri<v

i=1,2,ooo,k

P - F
r1,coo,rk r1,...,rk

(2.5)

we have for N = «

Pr{D NN < x} -+ 4=-2 Z (-1)™1 e"g"z"2 = k(A) (2.6)
=1

The probability (2.6) is given, in extensive tables, for
example [15], for 0,28 € A € 2.75 with step 0.01. See also
APP.2

Kolmogorov's criterion has been applied to all uniformity
tests.
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5. The Runs Tests

3¢1. Runs Up and Down

This criterion applies to the case in which the pseudo-
4° 02. Let
consider a sequence Uo’ U1,...,Uk,... we say that the number
Uke CJl if Uk-Uk+1 < O and that Ukec‘,2 if Uk-Uk+1 > 0s A run
is the set of numbers following each other and belonging to
the same class. The number of pseudo-random numbers in a run
is called its length. Let consider N pseudo-random numbers
and let fl be the runs numbers of length 1, we compare the
values fl with the theoretical values P . For the case of

N = 1024 we have [16]

random numbers should be divided in two classes C

¢y = 213.4
¢2 = 93"7
¢3 = '2609
% = 508
? = 1.2 for h 2 5

for the class C1(up).
The same values are good for the numbers of class Cz(down)

3+2. Runs Above and Below the Mean

Let consider a sequence Uo’ U1""’Uk"" we say that
UkG CJl irf Uk £ 0.5 and that Uke 02 ir Uk > 0.5. We compare
the values fl with the theoretical values Py e For N = 1024
we have [16]



1T

¢, = 128.0
¢, = 64.0
¢3 = 32.0
@, = 16.0
@5 = 8.0
P = L.0
¢7 = 2.0
Pg = 1.0
¢9 = 0.5
o = 0.5 for h > 10

for the class C, (above).

The same values are good for the numbers of class 02 (below).
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4o Uniform Random Number Generators

The test program has been applied to a series of uniform
random number generators : moltiplicative and mixed congruential
generators, two combining two congruential generators, and one
alternative generator. We have considered binary and decimal
generators. Numerical results are presented in App. 3

4.1+ Moltiplicative Conguential Generators

Consider the iterative process

U =a U_ (mod. M) (4et1e1)

k+1 k

with U =D

where a, b, M are integer numbers and it is convenient to

choose M = 2m for a binary machine and M = 10" for a decimal
machine. Barnett [1] has shown that for M = 2n, a, b odd and
a =3 (mod 8) or a = 5 (mod 8) the period P of the generator

is P = 2772,

We have considered the following generators

RMTB U, = (217+3)Uk (mod. 22°) U, =1
RMID U, = (22+3) v, (mod. 1O1O)UO = 1
_ 8 _
RMIDL U, , = 23 Uy (mod 10 +1)Uo = 47594116

RMIDL was the first conguential generator and was proposed
by Lehmer . Its period is P = 58882352.

To test RMID on a 35 bits binary machine we have considered
the following iterative process



I3

=]
]

lrq = 3 U+ 10°(U, - n:10°)  (moa 1070)

=
|

_ 5 -
= J_O_"'_I U ed1e2
L_ 1010 k_l (4e122)

where [X] is the integral part of X.

4.2. Mixed Congruential Generators

Consider the iterative process

1 al, +c (mod M) (Le2s1)

with U =5D

where a, b, ¢, M are integer numbers and M = 2n for binary
machines and M = 10" for decimal machines.
Rotenberg [14] has shown that for M = 2%, a = 2F + 1
with r22 and ¢ odd the full period P = M is obtained.
Moreover in [4] it is shown that for M = 10" a = 10T+,
¢ prime to 10 the full period P of generator P = M is obtained.

We have considered the following generators

RMB1 U, = (22 + 1) U+ (mod 239) U, = 20867350019

RMB2 U, = (27 + 1) Uk+.788-235(mod 239) U, = 18575103167
7 35 _

RMB3 Upgyq = (2" + 1) Uy +1 (moda 2-°) U, =0

RMD U . =101 U_ + 1 (mod 10'°) u_=o0

k+1 k
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To test RMD on a 35-bits binary machine we have considered
the following iterative process

_ _ 8 10
Uppq = U, + 100 (Uk n.10°) + 1 (moda 10'Y)
R RIT - (4e242)
1010 'k

where [X] is the integral part of X

Le3. Combination of Two Congruential Generators

Consider two pseudo-random generators

Upyg =8 U +c (mod M)
(Le3e1)
Uo =D
Vi =8 Ve + ¢ (mod M)
. (4e3.2)
Vo =Db

Let U[U1,U2,...,U1O] be the vector whose ten components
are obtained in accordance with (4.3.1).

Let

n = [10 Vk+1] + 1 (Le3.3)

where [X] is the integral part of X.

We have evidently O < n < 10 and we consider the nth component
in the vector U.

Let

€k+1 = Un (Le3e4)

Ek+1 gives the desiderated pseudo-random sequence.
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Lastly with the generator (L4.3.1) we calculate a new component
Un'

We have considered the following generators

Uy = (2'743)0,  (moa 279) u_ = 1
mamact |
Ve = (27 +1)Vk+1 (mod 23?) v, =1
Upyy = (2'743)u. (moa 27°) U = 1
RANMX2 {
Vieq = (2'241)V  +1 (mod 2%°) v = 20867350019

Le4e Generator of Generalized Fibonacci Type

Consider the iterative process

Uk+1

+ U __

K 1 (mod M)

al

(Loliot)
Uo =b U1=c

In [4] it is shown that for M = 107, a = 10¥+1, b = 0, ¢ = 1,

the period is
P = lecem (32777, pes™) (Lolse2)

We have considered the following generator

(10“+1)U +U (mod 108)

RFBD U LU

k+1

UO =0 U1=1

To test RFBD on a 35-bits blinary machine we have considered the
following iterative process
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Uppqg = Up + Uy + 10“(Uk-n.1o“) (moa 108)
n. 1041 _— Uy (Lolto3)
10° ¥ 408

where [X] is the integral part of X.
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5. Program Description

It is possible to execute eight tests on a pseudo~-random
numbers seguence. There are:

501+ Linear Uniformity

It is called with IFTEST = 1 and NSET = O

As well it is necessary to specify
N total number of pseudo-random numbers to generate
v number of partial intervals

Uo initial value of sequence

In output we should have:

-  table of distribution function f (1.1)
- distribution's mean u
-  distribution's variance o
—~ degree of freedom n = v1 (1.1.8)
-~ percentage (1.1.7)
- x® (1.1.6)
- table of cumulative distribution function F(pgf 2)
- maximum D (2.5)
- as result of Kolmogorov's test:

GOOD if 1.0 <D An < 1.5 or

D &/n < 0.5

VERY GOOD if 0.7 < D An < 1.0
REJECTED for other values of D ~n
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If n > 100 the program calculates the corresponding
values of X® with the relation:
2

X2 = % (45537 + “i)

because for n > 30 the x® distribution is approximately normal
with mean ~2n-1 and variance 1. Therefore the By values are
obtained from a table of normal distribution [5)] for the values
of desired percentage.

The program calculates for the percentage 50.0 the X*
value, comparing it with xg obtained from (1.1.6). If %x® < xg
the program calculates a new X° for probabilities greater than
50.0. If Xx® > xg is used the relation

2

2 _ 1 Y
X* =3 <42n 1 “i)
and a new x° for probabilities less than 50.0 is calculated.

The considered probabilities are:

50,0, 60.0, 70+0, 8040, 90.0, 95.0, 9745, 9940, 99.5, 99.75,
9949, 99.95

5060, 40.0, 30.0, 2040, 10.0, 5.0, 205, 1.0, 0.5, 0.25, Oe1,
0.05

The corresponding values of Hy are:

0e0y 04253, 0e524, 0.842, 1.282, 1.645, 1.960, 24326, 2.576,
2.807, 3.090, 3.291
5.2. Pairs

It is called with IFTEST = 2 and NSET = 0. As well
it is necessary to specify:
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N total number of pseudo-random numbers to generate
v number of partial intervals for each axis (1.3)
Uo initial value of sequence.

For the output the procedure is similar to that for Linear
Uniformity.

5¢3. Triples

E
It is called with IFTEST = 3 and NSET = 0. As well it is
necessary to specify:

N total number of pseudo-random numbers to generate
v number of partial intervals for each axis (1.4)
U, initial value of sequences

The output is similar to that for Linear Uniformity.

S5elje=6. Maximum, Minimum and Sum of m Numbers

These three tests being similar, have been put together.
They are called with IFTEST = 10 and NSET = 0. As well it is
necessary to specify:

N total number of pseudo-random numbers to generate
v number of partial intervals
UO initial value of sequence

m < 10 because each m-tuple is formed with the first
m pseudo-random numbers of a vector with length 10.

The output is similar to that for Linear Uniforumity.
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5.7.-8. Runs Up and Down - Runs Above and Below the Mean

These two tests, being similar, have been put together.
They are called with NSET < 64 where NSET is the number of
sets. As well it 1s necessary to specify

N = 1024 total number of pseudo-random numbers to
generate for each set. Using N#£1024 it is
necessary to change the theoretical wvalues

in the wain program.

UO initial value of sequence.

In output we should have:

- observed average numbers of runs (up and down) with the

expected average numbers.
- x® value for each set

- table of obtained runs number.

The same output is obtained in the Runs Above and Below

the Mean.

The program in the first six cases makes three successive
tests each one starting at the point where the previous test
finished.

It is necessary to specify IFTW = O to have the Xx® table
in output (only for degree of freedom n < 100).

The subroutine QKHI (NU, QK, IFTW) with the BLOCK DATA
<<TABLE >> should be used independently of the program, for
example, to amplify the X® table (See also the program).
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The execution time of this program is dependent on the
total number of generated pseudo-random numbers and on the
number of partial intervals. By experience we are able to say
that to execute all the tests with the data of "Sample Input",
the program employed

~ 11,5’ for binary whether mixed or moltiplicative
conguential generators

~ 13" % 13,5 for decimal whether mixed or moltiplicative
generators

~ 16’ for Lehmer's generator (RMTDL)

e

13’ 3 13,5 for binary combination of two conguential
generators
(RANMX1, RANMX2)

6.2. Space
Routine Locations
decimal octal
MAIN PROGRAM (TEGUS) 7219 16063
KOLM 266 412
QKHI 3250 6262
ARUN 55 67
ASSIN 123 173
ouT 4 112
TABLE BLOCK DATA

TOTAL OF LOCATIONS 10987 25353
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6+3. Usage

The program, written in FORTRAN IV for IBM 7090, requires
that the pseudo-random numbers generator has been programmed
as a FUNCTION.

The cards that eventually would have to be modified, have
an asterisk in the columns 73-80.

The input description and a sample input are in the
following three pages.



Word 1 2 3 4 5 6
Column| 4 =42 | 43 =94 | 95=36 | 3% = 48| 49 =54 | 59 = 54
Format 119 T 19 119 113 I3 I3

fotal O£ hu mber O‘ﬁ start Yot al o£ ﬂ:i—b%:‘:ﬁ:" V&Ofge

generated | partial g‘zg“ueenge ‘?ats ov i‘ié'f?“sf o

- TR(PL T

Card /1 pseuvdo - |intervals "QMis TESTS" |40 - HAXlﬂSuME?T

random MmmunﬂAr{ID(thPg, if

Fameers sipogitd | =)

exr'f‘ n#’?g‘?r .

Symbol | N Nu INPV NSET 1FTEST IFN [Co”f’”“e]
Word g
Column| 55 = 5%
Format 13

1¥ 2ero

the sub-pveo

yamTthHQ\Ig

\/SV‘l e
Carol /1 7(.2 tgbee
ngboe IFTW




Word

GO?\LW} 4

- 72

Format

1JA€

Card 9,

Z'f/e O/ e lest

Symbol

TITLE

Wor d

Cogumn

Format

Card

ngl;o?




410000 400 208671350019 ¥y 1

UNTFORMITY  TEST FOR THE FUNCTION RMB4 (INPV)
10000 10 208671350049 g| 1
UNIFORMITY TEST FOR THE FUNCTION RM84(INPY)
10000 4 90867350049 1 |
UNTFORMITY TEST FOR THE FUNCTION RMBA(INPV)
50000 10 2086%350049 2 1
PAIRS TEST FOR MHE FUNCTJON RMB4(INPV)
30000 40 20861350049 3 1
MTRIPLES TEST Fok THE FUNCTION RMB4(INPV)
100000 100 20861350049 10 {10 4
MAXIMUM, MINIMUM,SUM TESTS FOR THE FUNCTION RMB4(INPV) M=
100000 100 20861350049 10 5 4
MAXIMUM MINIMUM,5UM TESTS FOR THE FUNCTION RMBA(INPV) M=
4100000 400 208671350049 10 9 4
MAXIMUM  MINIMUM,SUM TESTS FOR THE FUNCTION RMB4(INPY) M=
4024 30864350049 52
RUNS  TESTS FOR THE FUNCTION RMB(INPY)

BLANK CARD — S

Nu=400
Nu= 40
Nu= &
10

5

2

ANV

LNINI

G2
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6 0“.0 Out Eut

The annexed example is the output of generator RMB1.
Only the first case of each test is reported.



UNIFCRNMITY

iR
21
3
1
51
61
71
81
91

CBSERVED

CBSERVED VARIANCE =

TEST FOR THE
89, 1020

91, 97.

93a 736

88. 103,

108 1116

Bhe 1062

9u, 80,

92. 116

3. 1G5,

98, 99,

MFEAN = 05027378

000830587

DEGREE OF FREELCCM = 99

PERCENTAGE
KHI-SCUARED

0.5000E 02
00G7760E 02

FUNCTICN RMBI(INPV)

1C 3%
98,
10Co
1050
1C5,e
117,
101,
854
98
114,

926
98,
100
103,
Tho
28,
106,
100,
9Us
102,

EXPECTED VARIANCE

8L
100.
90,
95e
9L,
105,
97,
112,
97
95.

NU=100
T7o 938,
95, 11k,

11C. 99,
96e 1100
105, 116,
97, 120,
96 93,
97, 108,
111 116
95, 110,

1080 113,
101 118,
102, 113,
100, 99
9%s 110,
107, 960
93, 99,
101 10k,
1100 80.
112, 105,
0.083333

1176
10k,
161,
95,
110,
86.
110-
99,
102,
920

L2



KQLMCGCROV S

MAX

TEST

6.500000E-03

CUMULATIVE DISTRIBUTION FUNCTION

11
21
31
41
51
61
71
81
A

0.,00890
0010640
0.20820
020580
0.u4C720
0.5C€750
0. 60870
0. 70540
0.80690
090760

0.01910
0.11610
€e21550
0631610
0041830
0051770
0661670
0071700
0481740
091750

002940
0012590
0022550
De32660
0.42880
0,52940
Ne 62680
0072550
082720
0092890

THE HYPCTHESIS OF UNIFORMITY IS

ccoc

. WBILE THE RESULT IS

6.500E-01

0.03860
0413570
0423550
0433690
043620
0453820
0663740
0473550
0e 83620
0692912

0004700
00 14570
0024450
0e3L4640
0o UL560
0054870
0064710
0074670
0484590
Ue9U860

005470
0015520
00.25550
0.35600
0.45610
055840
0065670
0.75640
0.85700
0095810

0,06350
0-.16660
0026540
0.36700
0,u46770
0.57040
0066600
076720
0.86860
0.96910

CoGT7430
0.1767C
0027560
0637700
0047710
0.58110
0.67530
0,77730
Ce87960
Co98030

0.08560
0018850
028690
0.38690
0-u48810
0059070
0.,68520
0078770
0.88760
2099080

0.09730
0, 19890
029700
0, 39640
0049910
0059930
0069620
0079760
00.89780
160000

8¢



UNIFIRMITY TEST

FOR THE FUNCTION RMB1(INPV) NU= 1¢

973. 1016. 98l.

JBSERVED .MEAN = 0.5027378
JBSERVED VARIANIE = 0.0830587
DESREE JF FREEJOM = 9
PERCENTAGE = 0.1000E 02

CHI-SQUARLED = 0.37600t 0Ol

994. 1027. 1002.

EXPECTED VARIANCE

969.

1014. 1002.

0.083333

62



KOLMJGOROV S TEST

MAX = 3.800012E-03

CUMULATIVE DISTRIBUTION FUNCTION

1 0.09730 0.19890 0.29700

THE HYPOTHESIS OF UNIFORMITY IS
G33D
WHILE THE RESULT IS 3.800E-01

0.39640

0.49910

0.59930

0.69620

0.79760

0.89780

1.00000

0¢



UNIFIRMITY TEST FOR THE FUNCTIDN RMBL(INPV) NU= 4

1 2445. 2546. 2476.
DBSERVED MEAN = 0.5027378
DBScRVED VARIANCE = 0.0830587
DEGREE OF FREEDOM = 3
PERCENTAGE = 0.6000E 02

KHI-SQUARED = 0.27224E O1

2533. 0. 0.

EXPECTED VARIANCE

0.083333

19



KJILMIS30RIV S TEST

MAX = 5.500002E-03

CUMULATIVE DISTRIBUTION FUNCTION

1 0.24450 0.49910 0.74670 1.00000

THE AYPDTHESIS OF UNIFORMITY IS
GDOD

WHILE THE RESULT IS 5.500E-01

0.

0.

4%



PAIRS TEST FOR THE FUNCTION RMB1(INPV)

1 252. 215. 247. 255. 25B. 260. 273. 233. 247. 246.
2 220. 260. 262. 291. 25B8. 267. 269. 276. 220. 267.
3 267. 253. 231. 235. 245. 217. 261l. 248. 241. 252.
4 263, 259. 25%. 209. 224. 252. 237. 246. 262. 255.
5 268. 25B. 239. 244. 255. 265. 263. 270. 244. 232.
6 244, 235, 225. 245. 250. 273. 249. 262. 243, 261.
7 252. 229. 235. 260. 236. 26l. 262. 241l. 264. 23l.
8 262. 239. 252. 266. 26b. 252. 262. 262. 268. 23l.
9 240. 242. 253. 220. 255. 244. 267. 244. 221. 256.
10 233. 26l. 253. 244. 242. 2446. 261. 250. 262. 252.

DEGREE OF FREEDOM = 99

PERCENTAGE = 0.4000E 02

KHI-SQUARED = 0.91976E 02

1%



KOLMIGOROV S

TEST

MAX = 5.520016E-03
CUMULATIVE DISTRIBUTION FUNCTION

0.0l008
0.01888
0.02956
0.04008
0.05080
0.06056
0.07064
0.08112
0.09072
0.10004

O VW @ ~N 0 v & W N -~

—

0.01868
0.03788
0.05868
0.07956
0.10060
0.1197%
0.13900
0.15904
0.17832
0.19808

0.02856
0.0582¢4
0.08828
0.11936
0.14996
0.17812
0.206176
0.23688
0.26628
0.29616

THE HYPOTHESIS OF UNIFORMITY IS

VERY 5000

WHILE THE RESULT IS

8.728E-01

0.03876
0.08008
0.11952
0.15896
0.19932
0.23728
0.27632
0.31708
0.35528
0.39492

0.04908
0.10072
0.14996
0.19836
0.24892
0.29688
0.34536
0.39676
0.44516
0.49448

0.05948
0.12180
0.17972
0.23820
0.29936
0.35824
0.41716
0.47864
0.53680
0.59588

0.07040
0.14348
0.21184
0.27980
0.35148
0.42032
0.48972
0.56168
0.63052
0.70004

0.07972
0.16384
0.24212
0.31992
0.40240
0.48172
0.56076
0.64320
0.72180
0.80132

0.08960
0.18252
0.27044
0.35872
0.45096
0.54000
0.62960
0.72276
0.81044
0.90044

0.09944
0.20304
0.30104
0.39952
0.50104
0.60076
0.69960
0.80200
0.89992
1.00000



TRIPLES TEST FOR THE FUNCTION RMBLl({INPV)

| 1 12. 10. 6. 11. 9. 10. 15. 8. 9. 13.
| 2 9. 10. 5. 8. B. 9. 1l. 12. 7. 9.
1 3 10. 11. 12. 10. 9. 12. 8. 8. 7. 9.
1 4 6. 12. 6. 3. 7. 13. 10. 8. 7. 6.
1 5 8. 12. 8. 10. 8. 8. 10. 5. 3. 7.
1 6 9. 5. 3. 8. 12. 8. 5. 8. 6. Se
1 7 be 11. 3. 11. 7. 11. 8. 7. 13. 8.
1 8 3. 9. 4. 8. 12. 9. 9. 8. 8 7.
1 9 7. 13. 13. 6. 4. 12. 13. 9. 7. 5.
1 10- ba 19. 9. 11. 12. 10. 8. 7. 10. 6.
2 1 12. 11l. 10. 8. 11. 10. 13. 10. 6. 10.
2 2 8. 8. 4, 4. 8. 10. 10. 12. 4, 12.
2 3 10. 11. 7. 9. 4. 7. l4. 8. 5. 8.
2 A Ba 7. 5. 8. 9. 7. l1. 12. 7. 11.
2 5 7. 7. l4. 8. 10. 10. 14. 12. 8. 8.
2 6 7. 10. 13. 5. 9. 11. 13. 9. 10. 10.
2 7 4. 3. Ba 7. 8. 8. 11. 4, 16. 12.
2 8 8. 8. 9. 10. 3. 9. 5. 10. 8. 4.
2 9 “. 4. 8. 9. 10. 7.  1o0. 5. 9. 1la4.
2 10 4. 5 7. 12. 6. 6. l4. 12. 5. 4.
3 1 7. 9. 10. 10. 6. 11i. 9. 10. 15. 7.
3 2 be la. 6e l4. 7. 8. 8. 1l. 9. 6.
3 3 9. 2. 6 11. 4. 9. 7. 1l. 10. 8.
3 A 11. 8. 9. 13. 4. 11. 12. 3. 5. 9.
3 5 8. 3. 8. 11. 7. 13. 9. 11. 8. 10.
3 6 8. l4. 11. 5. 6. 7. 5. 10. 9. 14.
3 7 Be 6. 12. 10. 5. 11. 11. 13. 11. Se
3 8 8. 10. 7. 10. 9. 13. 10. 14. 10. 5.
3 9 10. 7. 5. 10. 8. 6. 9. 8. 12. 3.
3 10 14 2. 6. 12. 13. 7. 11. 8. 7. 11.

G¢
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7.
[
7.
[
7.

10.
10.
5.
e
ba
7.
12.
9.
9.
12.
l4.
7.
10.
10.
l12.
9.
13.
Te
15.
13.

B.
10.
13.

9.
8.
5
13,
8

[
6.
10.
8.
8.
9.
8.
l4.
7.
8.
3.
8.
b
7.
13.
10.
10.

11.
S5e
l4.
Te
15.
15.

12.
7.
10.

9.
7.
7.
10.
12.
7.
T.
4
11.

9.
10.
10.
12.
5.
8.

9.
l4.
b

6.
1i.
la.
16.
10.

b.

1.

8.
7.
10.
10.
7.
9.
9.
11.
9.
10.
4.

7.
12.
10.
12.
9.
13.

l6.
1
16,
10.
O
1.
11.
L1,
Be
12.
12.
8.
4.
8
4.

8.
6a
De
6.
9.

5.
4a
7.
8.
5.

b.
5.

6.
2.
Li.

10.
9.
5.
9.
13.
6.
8.
8.
12.
5.
11.
9.
9.
8.
10.

6.
11.
10.

9.
12.

9.
13.
10.
4.
8.
4,
6.

8.
4
8.
7.
11.
17.
8.
8.
6.
10.
18.
10.
11.
10.
8.

14.
7.
4.

l1.

11.
7.
Te

11.
8.
8.

15.
8.
9.

14.

15.

11.

12.
8.
6.
8.
9.
7.
7.
4.
4.
T.

12.
4.
7.

.
9.
9.
17.
1.
i1.
8.

12.
4
10.
8.
12.

10.
16.
13,
8.
8.
4.
11.
8.
1.
12.
17.
15.
11.
15.
11.
l16.
15.
16.
10.
14.
6.
11.
10.
6.
7.
1.
9.
9.
6o
7.

9¢
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9.
7.
5.
15.
10.
5.
8.
l1.
5.
12.

8.
7.
4e

4.

11.

12.

10.
7.
8.
5.
9.
6.

7.
7.
Te

11.
11.

13.

l.
13.
10.
16.
15.
l1.
10.

6.

9.
ll.

17.
1l.
13.
9.
B.
5.
12.
12.
7.
8.
7.
5.
13.
10.
10.
11.
7.
10.

9.
8.
12.
Be
9.
8.
7.
8.
B.
6.
10.
l4.
1.
15.
10.
11.
13.
13.
12.
10.
13.
5.
Il.
9.
10.
9.
7.
6.
9.
13.

l4.
13.
12.
11.
15.
10.
11.

9.

7.
10.
10.
11.
10.

8.

10.
9.

12.
6.

11.
10.

9.
10.
11.

9.
13.
9.
Te
7.
6o

4.
8.
20.
8.
13.
12.
l1.
8.
10.

5.

6.
10.

5.
8.
10.
11l.

9.
5.
8.
10.
8.
10.
13.

12.

8.
8.
8.
7.

5.
10.
12.

9.
11.
Se
5.

Oe

10.
10.
l4.

4.
11.
12.
11l.
11.

6.
12.

6.
8.
5.
l4.
12.
9.

9.
Se
7.
8.
13.
10.
11.
10.
13.
12.
13.
7.
9.
6.
12.

1.
l4.
6.
5
11.
4.
12.

4,
11.
13.

9.
1.
11.
10.
10.

9.
15.

7.

8.

6.
10.
10.
11.

7.
11.

7.
10.

9.

10.
12.
9.
l1.
10.
7.
9.

Le -



10
10
10
10
10
10
10
10
10
10

DEGREE OF FREEDOM
PERCENTAGE
KHI-SCQUARED

DEGREE OF FREEDGCM
PERCENTAGE
KHI-SCUARED

CEGREE OF FRTEDCM
PERCENTAGE
KHI-SQUAREL
KHI-SQUARED CALCULATED

—

O O D N O U N N

00,5000: 02
0.99850% 0%

0,4000& 02
0093723 03

0630008 02
0497522E 07

136
100

8o

Jo
11,
11,
16,
10,
15

9

4o
9.
[
7o
4o
Te
8o
6o
11,
14,

(e 97978E 03

Tho
Bo
8o

120

120
%

120

120

100

-0

11
1C.

[
13,
9c
6o

e
6

9o
13
10.

o
116

8o
11
1o
10c

To
13,
Ta
7o
3o
bo
To
1.
8o
8o

50
16¢
9o
8o
bo
4,
5
6o
12,
110

10,
To
12,
Bo
To
10,
To
13,
8e
50

13,
8o
10
10,
bo

9o
4
8a
6o

8¢
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K3JLMI30ROV S

MA X

l.833341E-02

TEST,

CUMULATIVE DISTRIBUTION FUNCTION

—
O VW O 4 O Vv & w N M= O ¥ @@ ~N 0 v & W KN M~ O W ® =~ 0 v & w N =~

p—

p—

0.00133
0.00233
0.00344
0.00411
0.00500Q
0.00600
0.00667
0.00700
0.00778
0.0084%
0.00267
0.00456
0.00678
0.00833
0.01000
0.01178
0.01289
0.0l411
0.01533
0.0154%
0.00344
0.00600
0.00922
0.01200
0.01456
0.01722
0.01922
0.02133
0.02367
0.02633

0.00244
0.00456
0.00689
0.00889
0.01111
0.01267
0.01456
0.01589
0.01811
0.02089
0.00500
0.00889
0.01356
0.01722
0.02100
0.02444
0.02711
0.03022
0.03333
0.03711
0.00678
7.01289
0.01878
0.02456
0.02956
0.03544
0.03967
0.04478
0.04378
0.05533

0.00311
0.00578
0.00944
0.01211
0.01522
0.01711
0.01933
0.02111
0.02478
0.0285%6
0.00678
0.01167
0.01844%
0.02333
0.02956
0.03478
0.03857
0.04322
0.04867
0.05422
0.00957
D.01744
0.02611
0.03%11
0.04244
0.05133
0.05811
0.056544
0.07333
0.08133

0.00433
0.00789
0.01267
0.01567
0.01989
0.02267
0.02611
0.02878
0.03311
0.03811
0.00889
0.01511
0.02400
0.03011
0.03833
0.04500
0.05089
0.05744
0.06456
0.07267
0.01289
0.02356
0.0355%6
0.04622
0.05778
0.06867
0.07856
0.08900
0.09967
0.11156

0.00533
0.00978
0.01556
0.01933
0.02444
0.028%6
0.03278
0.03678
0.04156
0.04789
0.01111
0.01911
0.02944
0.03733
0.04756
0.05656
0.06411
0.07233
0.08100
0.09111
0.01578
0.02900
0.04289
0.05578
0.07011
0.08490
0.09611
0.10922
0.12233
0.13767

0.00644
0.01189
0.01900
0.02422
0.03022
0.03522
0.04067
0.04567
0.05178
0.05922
0.01333
0.02344
0.03589
0.04600
0.05822
0.06933
0.07900
0.08922
0.10000
0.11189
0.01922
0.03544
0.05244
0.06878
0.08656
0.10333
0.11878
0.13533
0.15122
0.16911

0.00811
0.01478
0.02278
0.02911
0.03622
0.04178
0.04811
0.05411
0.06167
0.07000
0.01644
0.02889
0.04378
0.05622
0.07111
0.08422
0.09600
0.10778
0.12111
0.13544
0.02333
0.04278
0.06300
0.08300
0.10444
0.12378
0.14256
0.16178
0.18122
0.20278

0. 00900
0.01700
0.02589
0.03311
0.04078
0.04722
0.05433
0.06122
0.06978
0.07889
0.01844
0.03356
0.05022
0.06489
0.08167
0.09667
0.10967
0.12344
0.13833
0.15478
0.02644
0.04978
0.07300
0.09556
0.12011
0.14244
0.16389
0.18667
0.20856
0.23311

0.01000
0.01878
0.02844
0.03644
0.04444
0.05156
0.06011
0.06789
0.07722
0.08744
0.02011
0.03644
0.05444
0.07067
0.08867
0.10544
0.12167
0.13722
0.15389
0.17200
0.02978
0.05533
0.08100
0.10567
0.13233
0.15744
0.18333
0.20900
0.23400
0.26100

0.01144
0.02122
0.03189
0.04056
0.04933
0.05700
0.06644
0.07500
0.08489
0.09578
0.02267
0.04133
0.06122
0.07933
0.09900
0.11744
0.13589
0.15267
0.17144
0.19067
0.03311
0.06167
0.09011
0.11767
0.14711
0.17544
0.20411
0.23156
0.25900
0.28833

6¢
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0.00422
0.0075%6
0.01156
0.01511
0.01844
0.02200
0.02511
0.02833
0.03133
0.03444
0.00489
0.00900
0.01433
0.01889
0.02322
0.02811
0.03278
0.03678
0. 04089
0.04511
0.00622
0.01133
0.018l11
0.02344
0.02944
0.03578
0.04144
0.04633
0.35156
0.05722

0.00856
0.01633
0.02356
0.03156
0.03822
0.04578
0.05178
0.05867
0.06544
0.07233
0.01011
0.01967
0.02911
0.03967
0.04811
0.05789
0.06578
0.07433
0.08289
0.09167
0.01289
0.02456
0.03656
0.04833
0.05967
0.0714%
0.08189
J.09211
0.10344
0.11533

0.01211
0.022%4
0.03344
0.04433
0.05500
0.06644
0.076020
0.08644
0.09689
0.10711
0.01500
0.02789
0.04222
0.05656
0.07000
0.08444
0.09657
0.10989
0.12344
0.13633
0.01856
0.03430
0.05211
0.06844
0.08578
0.10333
J.11922
0.13544
J.15233
0.1592°2

0.01633
0.03111
0.04611
0.06011
0.07467
0.08933
0.10356
0.11889
0.13322
0.14800
0.02000
0.03833
0.05756
0.07578
0.09422
0.11300
0.13067
0.14978
0.16822
0.18689
0.02456
0.04656
0.07000
0.09122
0.11433
0.13756
0.16000
0.18344
0.20622
0.23033

0.02100
0.03911
0.05800
0.07533
0.09333
0.11222
0.12989
0.14911
0.16678
0.18633
0.02600
0.04856
0.07211
0.09456
0.11689
0.1405%6
0.16256
0.18622
0.20900
0.23311
0.03156
0.05856
0.08689
0.11278
0.14056
0.169%6
0.19689
0.225926
0.25333
C.28344

0.02511
0.04644
0.06967
0.09133
0.11422
0.13689
0.15844
0.18211
0.20367
0.22678
0.03111
0.05822
0.08689
0.11511
0.14367
0.17222
0.19911
0.22778
0.25544
0.28456
0.03733
0.06978
0.10411
C.13711
0.17167
0.20678
0.24000
0.27467
0.30822
0.34444

0.02989
0.05567
0.08322
0.10911
0.13667
0.16322
0.18900
0.21633
0.24289
0.27078
0.03633
0.06878
0.10222
0.13533
0.16922
0.20256
0.23411
0.26733
0.30078
0.33589
0.04444
0.08311
0.12311
0.16167
0.20267
0.24456
0.28356
0.32400
0.36444
0.403756

0.03456
0.06500
0.09600
0.12567
0.15711
0.18789
0.21711
0.24878
0.27900
0.31078
0.04189
0.08067
0.11844
0.15633
0.19567
0.23489
0.27111
0.31000
0.34800
0.38767
0.05089
0.09689
0.14200
0.18611
0.23300
0.28122
0.32567
0.37311
0.418b6
0.46700

0.03856

0.07222

0.10667

0.14033

0.17511

0.20989
0.24444
0.28000
0.31467
0.34933
0.04700
0.08989
0.13244
0.17567
0.21956
0.26322
0.30589
0.34989
0.39300
0.43733
0.05733
0.10822
0.15933
0.21022
0.26289
0.31667
0.36900
0.422617
0.47411
0.52800

0.04300
0.08144
0.12011
0.15756
0.19600
0.23444
0.27300
0.31122
0.34911
0.38744
0.05333
0.10267
0.15067
0.19933
0.24811
0.29722
0.34556
0.39400
O.44l44
0.49100
0.06433
0.12289
0.18056
0.23756
0.29589
0.35633
0.41533
Oe47444
0.53089
0.59078

ov
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0.00722
0.01311
0.02044
0.02744
0.03456
0.04156
0.04811
0.05422
0.06011
0.06711
0.00811
0.01489
0.02300
0.03044
0.03911
0.04733
0.05522
0.06244
0.06911
0.07700
0.00867
0.01644
0.02522
0.03333
0.04278
0.05178
0.06044
0.06844%
0.07633
0.08544

C.01533
0.02789
0.04189
0.05544
0.07057
0.08478
0.09733
0.10989
0.12256
0.13678
0.01744
J.03189
0.04856
0.06478
0.08200
0.09833
0.11311
0.12733
0.14211
0.15856
0.01878
J.03511
0.05322
0.07067
J.09011
0.10833
0.12500
0.14122
0.15830
0.17578

0.02200
0.03922
0.06067
0.080567
0.10139
0.122567
0.14144
0.16089
0.18030
0.13989
0.02522
0.04589
0.07122
0.03456
0.11989
O.14411
0.16656
0.18911
0.21167
0.23489
0.02800
0.35111
0.07911
0.10457
0.13333
0.16044
0.18556
0.21078
0.23633
0.26333

0.02844
0.05289
0.0B044
0.10622
013400
0.16167
0.18767
0.21467
0.24089
0.26889
0.03311
0.06233
0.09567
0.12600
0.15956
0.19222
0.22333
0.254178
0.28567
0.31867
0.03700
0.06989
J3.10689
0.14011
0.17778
0.21444
0.24933
0.28467
031967
0.35733

0.03656
0.06700
0.10033
0.13211
0.16522
0.19944
0.23156
0.26489
0.29711
0.33222
0.04244
0.07856
0.11867
0.15644
0.19633
0.23633
0.27433
0.31278
0.35011
0.390067
0.04722
0.08922
0.13389
0.17600
0.22133
0.26656
0.30922
0.352067
0.39511
0.44089

0.04300
0.08000
0.11989
0.15933
0.20011
0.24156
0.28078
0.32089
0.35989
0.40167
0.04978
0.09356
0.14111
0.18767
0.23667
0.28522
0.33122
0.37733
0.42233
0.47033
0.05556
0.10578
0.15900
0.21122
0.26656
0.32133
0.37322
0.42489
0.47556
0.52944

0.05089
0.09478
0.14078
0.18700
0.23456
0.28389
0.32978
0.37656
0.42378
0.47322
0.05889
0.11067
0.16533
0.21989
0.27678
0.33367
0.38700
0.44078
0.49489
0.55144
0.06578
0.12511

0.18700
0.247617
0.31211

0.37656
0.43700
0.49756
0.55%800
0.62178

0.05844
0.11122
0.16400
0.21678
0.27111
0.32867
0.38100
0.43567
0.48900
0.54500
0.06756
0.12900
0.19167
0.25389
0.31789
0.38422
0.44500
0.50733
0.56833
0.63244
0.07544
0.14522
0.21644
0.28567
0.35867
0.43322
0.50178
0.57144
0.64000
0.71167

0.06556
0.12411
0.18344
0.24456
0.30600
0.37011
0.43133
0.49322
0.55311
0.61533
0.07556
0.14422
0.21456
0.28633
0.35856
0.43289
0.50389
0.57489
0.64322
0.71456
0.08411
0.16244
0.24233
0.32233
0.40511
0.48833
0.567617
0.64722
0.72356
0.80378

0.07300
0.14044
0.20778
0.27600
0.34433
0.41633
0.48533
0.55378
0.61967
0.68956
0.08378
0.16222
0.24100
0.32056
0.40078
0.48411
0.56411
0.64244
0.71800
0.79778
0.09344
0.18256
0.27178
0.36067
0.45278
0.54600
0.63556
0.72356
0.80789
0.89756

I¥



10
10
10
10
10
10
10
10
10
10

THE HYPJITHESIS JF UNIFORMITY IS

0.01011
0.01900
0.02867
0.03778
0.04844
0.05867
0.06911
0.07822
0.08778
0.09789

O OV & ~N~ 0 U & w N -

—

REJECTED
WHILE THE RESULT IS

0.02067 0.0314%
0.03911  0.05756
0.05889  0.08811
0.07811 0.11678
0.09922  0.14844
0.11944  0.17856
0.13878  0.20757
0.15678  0.23600
0.17644  0.26556
0.19778  0.29557
1.739E 00

0.04167
0.07867
0e.l1911
0.15622
0.19833
0.23900
0.27856
0.31778
0.35744
0.39889

0.05322
0.10089
0.15011
0.19711
0.24822
0.29867
0.34744
0.39578
0.44433
0.49511

0.06256
0.11989
0.17878
0.23656
0.29889
0.35978
0.41900
0.47678
0.53467
0.59444%

0.07356
0.14144
0.20978
0.27678
0.34856
0.41978
0.48833
0.55622
0.62478
0.69533

0.08378
0.16389
0.24256
0.31900
0.40000
0.48178
0.55900
0.63667
0.71467
0.79433

0.09356
0.18300
0.27167
0.35978
0.45133
0.54289
0.63167
0.72067
0.80733
0.89611

0.10433
0.20544
0.30456
0.40267
0.50422
0.60656
0.70656
0.80556
0.90111
1.00000

gh



CIMUMSMINTMUM, SUM

DEGREE OF FREEDOM

PLICENTAGE
<HI-SQUARED

11
21
31
41
51
61
71
81
91

TESTS

MAXT MUM

FOR THAE FUNCTION RMB1(INPV)

99

TEST
124. 134,
99. 88.
96. 8l.
105. 108.
106. 104.
88. 103.
96. 92.
89. 109.
84. 103.
114. 98.

0.9000t 02
0.11410c 02

130.
2.
88.

107.
4.
99.

100.
B7.

112.
Il.

104.
93.
104.
94,
108.
102.
91.
100.
92.
97.

98.
39.
100.
107.
31.
98.
B3
97.
73.
122.

M= 10

110.
90.
102.
99.
103.
95.
99.
104.
102.
87.

108.
36.
98.

109.
98.

109.

113.
83.

101.

102.

109.
102.

94.
101.
104.
119.
117.
108.
105.

84.

114.
81.
97.

108.
90.
95.
96.

107.

110.
90.

97.
87.
101.
98.
84.
88.
121.
111.
107.
93.

¢h



K3LMOGORDOV S

MA X

TEST

1.310000E-02

CUMULATIVE DISTRIBUTION FUNCTION

11
21
31
41
51
61
71
81
91

0.01240
0.12270
0.21510
0.31210
0.41580
0.51220
0.61260
0.71270
0.81170
0.91360

0.02580
0.13150
0.22320
0.32290
0.42620
0.52250
0.62180
0.72360
0.82200
0.92340

0.03880
0.14070
0.23200
0.33360
0.43560
0.53240
0.63180
0.73230
0.83320
0.93250

THE AYPDTHESIS OF UNIFORMITY IS

G0dD

WHILE THE RESULT IS

1.310€E 00

0.04920
0.15000
0.24240
0.34300
0.44640
0.54260
0.64090
0.74230
0.84240
0.94220

0.05900
0.15990
0.25240
0.35370
0.45550
0.55240
0.64920
0.75200
0.84970
0.95440

0.07000
0.16890
0.26260
0.36360
0.46580
0.56190
0.65910
0.76240
0.85990
0.96310

0.08080
0.17850
0.27240
0.37450
0.47560
0.57280
0.67040
0.77070
0.87000
0.97330

0.09170
0.18870
0.28180
0.38460
0.48600
0.58470
0.68210
0.78150
0.88050
0.98170

0.10310
0.19680
0.29150
0.39540
0.49500
0.59420
0.69170
0.79220
0.89150
0.99070

0.11280
0.20550
0.30160
0.40520
0.50340
0.60300
0.70380
0.80330
0.90220
1.00000

1A%



DEGREE JF FREEDOM

PEXCENTAGE
<dI-SQUARED

11
21
31
41
51
61
71
81
91

MINI MUM TEST

151.
110.
82.
102.
112.
4.
104.
99.
109.
88.

= 99
0.9990E 02
0.14458c 03

102.
104.
89.
91.
100.
93.
98.
76.
104.
97.

120.
96.
98.
I1.

117.
98.

106.

101.

112.

102.

106.

84.
114.

83.
107.
108.

99.
108.
108.
120.

98.
82.
91.
124.
106.
35.
37.
105.
107.
100.

105.
78.
108.
122.
88.
96.
107.
91.
108.
94.

98.
109.
85.
95.
119.
85.
99.
90.
93.
92.

89.
97.
98.
97.
98.
109.
111.
96.
99.
105.

81.
90.
84.
74.
89.
128.
98.
93.
112.
118.

83.
89.
92.
99.
110.
95.
li2.
102.
106.
30.

Gy
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MAX

TEST

1.140003:-02

CUMULATIVE DISTRIBUTION FUNCTION

11
21
31
41
51
bl
71
81
91

THE AYPITHESIS 3r UNIFORMITY

5030

wHILe THE ReSULT IS

0.01510
0.11430
0.20540
0.30150
0.40090
0.50370
0.60480
0.70740
0.80450
0.90820

0.02530 0.03730
0.12470  0.13430
0.21430 0.22410
0.31060  0.32030
0.41090 0.42260
0.51300 0.52280
0.61460  0.62520
0.71500  0.72510
0.81490 0.82510
0.91790  C£.92310
Is
1.140E 00

0.04790
0.14270
0.23550
0.32860
0.43330
0.53360
0.63510
0.73590
0.83690
0.934010

0.05770
0.15090
0424460
0.34100
0.44390
0.54310
0.64480
J.74640
2.8476C
0.9501C

0.06820
0.15870
0.25540
0.35320
045270
0.55270
0.65550
0.75550
0.85840
0.95950

0.07800
0.16960
0.26390
0.36270
0.46460
0.56120
0.66540
0.76450
0.867170
0.96870

0.08690
0.17930
0.27370
0.37240
0.47440
0.57210
0.67650
0.77410
0.87760
0.97920

0.09500
0.18830
0.28210
0.37980
0.48330
0.58490
0.68630
0.78340
0.88880
0.99100

0.10330
0.19720
0.29130
0.38970
0.49430
0.59440
0.69750
0.79360
0.89940
1.00000

9v



SuM TEST

1 9%. 105. 100. 115. 96. 74. 87. 9l. 97. 93,
11 98. 120. 92. 117. 115. 109. 110. 97. 98. 123.
21 89. 108. 113. 98. 10C. 97. 100. 98. 92. 120.
31 120. 96. 113. 95. 104. 107. 1llé4. 92. 98. 104.
41 90. B6. 98. 1llé4. 88. 92. 109. 103. 112. 104.
51 103. 83. 112. 94. 106. 97. 107. 105. 99, 94,
61 92. 99. 102. 90. 30. 91. 107. 103. 112. 106.
71 6. 111. B5. 109. 95, 82. 87. 87. 100. 104.
81 90. 104. 109. 87. 93. 100. 105. 92. 111. 83.
91 80. 104. 87. 107. 106 90. 92. 116. 117. 93,
DEGRLE OF FREEDOM = 99
PERCENTAGE = 0.7000E 02

(HI-SQUARED = 0.10434c 03

Ly



KOLMOGORODV S

MA X

TEST

9.599961£-03

CUMULATIVE DISTRIBUTION FUNCTION

11
21
31
41
51
61
71
B1
91

0.00950
0.10510
0.21210
0.31670
0.41800
0.51890
0.61780
0.71740
0.81240
0.90889

0.02000
0.11710
0.22290
0.32630
0.42660
0.52720
0.52770
0.72850
0.82280
0.91920

0.03000
0.12630
0.23420
0.33760
0.43640
0.53840
0.63790
0.737020
0.83370
3.92790

THE HYPOTHESIS OF UNIFORMITY IS
VERY GOOD

WAILE THE RESULIT

IS 9.600E-01

0.04150
0.13800
0.24400
0.347190
0.44782
0.54780
0.64690
0.74790
0.84240
0.93860

0.05110
J.14950
0.25400
0.35750
0.45660
0.55840
0.65590
0.75740
0.85170
0.94920

0.0585%0
0.16040
0.26370
0.36820
0.46580
0.56810
0.66500
0.76560
0.86170
0.95820

0.06720
0.17140
0.27370
0.37960
0.47670
0.57880
0.67570
0.77430
0.87220
0.96740

0.07630
0.18110
0.28350
0.38880
0.48700
0.58930
0.68600
0.78300
0.88140
0.97900

0.08600
0.19090
0.29270
0.39860
0.49820
0.59920
0.69720
0.79300
0.89250
0.99070

0.09530
0.20320
0.30470
0.40900
0.50860
0.60860
0.70780
0.80340
0.90080
1.00000

8Y



KIMUM,MINIMUM,SUM  TESTS FOR THE FUNCTION RMB4 ( INPV) M= 5

MAXIMUM TEST
1 9l. 90. 102 90. 9. 98. 1ll1l2. 102. 99. 119.
11 100. 100. 1026. 113. 106, 88. 97. 91. 107. 9.
21 95. 113. 124. 102. 103. 90. 99. 1ll4. 125. 92.
31 100. 96. 93. 80. 104. 94. 86. 103. 105. 99.
41 107. 82. 4. 98. 101. 111. 88. 109. 88. 124.
51 111. 111. 96. 95. 109. 91. 99. 92. 93, 84.
61 100. 103. 96. 103. 116. 119. 101. 89. 111. 96.
71 83. 107. 96. 98. 98. 93. 100. 90. 105. 93.
81 86. 108. 112. 104. 108. 9. 99. 91. 112. 99.
91 93. 96. 99. 103. 108. 11l. 94. 100. 108. 98.
DEGREE JF FREEDOM = 39
PERCENTAGE = 0.2000t 02

KHI-SQUARED = 0.82420c 02

Y4



KJL4350R0V S

MaX

4.499983E-03

CUMULATIVE DISTRIBUTION FUNCTION

11
21
31
41
51
6l
71
81
91

0.00910
0.10980
0.20950
0.31370
0.41040
0.51100
0.60800
0.70970
0.80630
0.90830

0.02830
0.13040
0.23120
0.33260
0.42800
0.53170
0.62790
0.73000
0.82830
0.92780

THE AYPOTHESLS OF UNIFORMITY IS

S00)
WHILE THe RuoSULT

4.500E-01

0.03730
0.14170
0.24140
0.34060
0.43780
0.54120
0.63820
0.73980
0.83870
0.93810

3.04680
0.15230
0.25170
0.35100
0.44790
0.55210
0.64980
C.74960
J.84950
0.94890

0.05660
0.16110
0.26070
0.36040
0.45900
0.56120
0.66170
0.75890
0.85890
0.96000

0.06780
0.17080
0.27060
0.36900
0.46780
0.57110
0.67180
0.76890
0.86880
0.96940

0.07800
0.17990
0.28200
0.37930
0.47870
0.58030
0.68070
0.77790
0.87790
0.97940

0.08790
0.19060
0.29450
0.38980
0.48750
0.58960
0.69180
0.78840
0.88910
0.99020

0.09980
0.20000
0.30370
0.39970
0.49990
0.59800
0.70140
0.79770
0.89900
1.00000

06§



MINIMUM TEST

1 113. 105. 7. 75. 83. 70. 116. 92. 78. 96.
11 9. 93. 1l1l. 98. 97. 106. 93. 112. 105. 106.
21 121. 82. 101. 1ll18. 119. 97. 97. 103. 83. 78.
31 BY. 94. 113. 95. 11l. 10l1. 110. 103. 102. 17.
41 37. 88. 1lle. 95. 113. 9l. 87. 94. 104. 100.
51 105. 99. 1l12. 17. 91. 115. 93. 89. 104. 117.
61 93. 95. 100. 11ll. 1305. 103. 127. 89. 107. 95.
71 96. 99. 1J04. 103. 35. 92. 115. 110. 106. 94.
81 102. 104. 116. 113. 8l. 104. 91. 94, 99. 104.
91 119. 97. B9. 1ll4. 102. 89. 118. 101. 92. 100.
DEGREE OF FREEDOM = 99
PEICENTAGE = 0.9900&t 02

KHI-SQUARED = 0.12768t 03

IS



KOLMOGOROV S

MAX

TEST

8.900091E-03

CUMULATIVE DISTRIBUTION FUNCTION

11
21
31
41
51
61
71
81
91

0.01190
0.103560
0.20780
0.30410
0.40440
0.50350
0.60250
0.70530
0.80730
0.90980

0.02240
0.11290
0.21500
0.31350
0.41320
Ce21340
C.51200
0.71520
0.81770
0.91950

0.03210
0.12400
0.22610
0.324580
Ce424060
022460
0.62¢00
2.72550
CeB2930
092840

THE AYPOTHESIS Jr UNIFORMITY IS
VERY 500D

WHILE THE RESULT IS

8.300E-01

0.03960
0.13380
0.23790
0.33430
J.43410
0.93230
J.03310
2.73530
3.840360
J.939280

J.04850
C.143%0
0.24980
0.34540
0.44540
De54140
0.6436C
0474540
0.84870
J.95000

0.05550
0.15410
0.25950
0.35550
0.45450
0.55290
0.65390
0.75460
0.85910
0.95890

0.06710
0.16340
0.26920
0.36650
0.46320
0.56220
0.66660
0.76610
0.86820
0.97070

0.07630
0.17460
0.27950
0.37680
0.47260
0.57110
0.67550
0.77710
0.87760
0.9808¢C

0.08410
0.18510
0.28780
0.38700
0.48300
0.58150
0.68620
0.78770
0.88750
0.99000

0.09370
0.19570
0.29560
0.39470
0.49300
0.59320
0.69570
0.79710
0.89790
1.00000

2§



DESRck 3JF FREEDOM

2ERCENTAGE
CHI-SJUARED

11
21
31
41
51
61
71
81
91

SUM TEST

82.
94.
B2
105.
105.
98.
EA
5.
115.
122.

= 99
0.7000t 02
0.10500L 03

110.
100.
87.
100.
119.
B87.
90.
115.
104.
88.

36.
33.
136.
1l4.
l116.
1238.
6.
109.
107.
38.

111.
103.
90.
86.
100.
103.
111.
95.
80.
102.

96.
108.
100.
104.

99.

98.

8.

97.
102.
ll4a.

105.
113.
98.
85.
91.
131.
102.
95.
108.
108.

92.
106.
90.
l110.
79.
92.
94.
78.
112.
85.

118.
97.
94.

101.
93.

105.
97.
95.
94.

101.

89.
93.
104.
106.
108.
9l.
99.
99.
89.
86.

99.
99.
93.
106.
94.
108.
98.
117.
119.
112.

£S



KOQLMOGOROV S

MAX

TEST

5.800035E-03

CUMULATIVE DISTRIBUTION FUNCTION

11
21
31
41
51
61
71
81
91

0.00820
0.10620
0.20860
0.30%30
0.40700
0.50670
0.60840
0.70640
0.80790
0.91160

0.01922
0.11920
0.21730
0.31530
0.41890
0.51540
0.61740
0.71790
0.81830
0.92040

0.02880
0.12850
0.22790
0.32570
0.43050
0.52620
0.62700
0.72880
0.829300
0.92920

THE HYPDTHESIS OF UNIFORMITY IS

G02D

WwHILE THE RESULT IS

5.800E-01

0.03390
0.13880
0.23690
0.33530
0.44050
0.53650
0.63810
0.73830
J.83700
0.93940

0.04950
0.14960
0.24690
0.34570
0.45040
0.54630
0.64790
0.74800
J.8472C
0.95080

0.06000
0.16090
0.25670
0.35420
0.45950
0.55940
0.65810
0.75750
0.85800
0.96160

0.06920
0.17150
0.26570
0.36520
0.46740
0.56860
0.66750
0.76530
0.86920
0.97010

0.08100
0.18120
0.27510
0.37530
0.47670
0.57910
0.67720
0.77480
0.87860
0.98020

0.08990
0.19050
0.28550
0.38590
0.48750
0.58820
0.68710
0.78470
0.88750
0.98880

0.09980
0.20040
0.29480
0.39650
0.49690
0.59900
0.69690
0.79640
0.89940
1.00000

¥4



XKIMUM MINTIMUM, SUM  TESTS FJUR THE FUNCTION RMBL{INPV) M= 2
MAXIMUM TEST

1 111. 116. 937. 118. 101. 103. 88. 103. 87. 99,
i1 88. 122. 100. 89. 124. 105. 9l1. 96. 11l2. 99.
21 100. 88. 82. 96. 101. 93. 103. 113. 78. 98.
31 89. 107. 107. 96. 115. 101. 98. 1llé6. 91. 110
41 102. 90. 95. 110« 5. 106. 101. 98. 90. 107.
51 1il. 110. 97. 33. 103. 89. 1llé6. 92. 99. 92.
ol 96. 89. 103. 103. 91. 100. 97. 95. 107. 89.
71 5. 10l1. 110. 97. 92. 123. 104. 95. 119. 109.
81 93. 9%. 104. 108. 140. 8l. 85. 8. 1l1l2. 79.
31 91. 104. 1J01. 102. 868. 102. 88. 100. 38. 99.

DEGREE JOF FREEDODM = 99

PERCENTAGE = 0.9000E 02

KHI-SQUARED = 0.110941 O3

GS



KJLM350’0V S

MAX

TEST

8.199826t-03

CUMULATIVE DISTRIBUTION FUNCTION

11
21
31
41
51
61
71
81
91

0.01110
0.11110
0.21490
0.30900
0.41330
0.51360
0.61230
0.70920
0.81350
0.91180

0.02270
0.12330
0.22370
0.31370
0.42230
0.52460
0.62120
0.71930
0.82300
0.92220

0.03240
0.13330
0.23190
0.33040
0.43180
0.53430
0.63150
0.73030
0.83340
0.93230

THe AYPOTHESIS OrF UNIFORMITY IS
VERY 502D

WAILE THe ReSuUlLT IS

8.200E-01

0.D4420
0.14220
0.24150
0.34000
0.44280
0.54360
0.64180
0.74000
0.84420
0.94250

0.05430
0.15460
0.25160
0.35150
0.45230
0.55390
0.65070
0.74920
0.85820
0.95130

0.06460
0.16510
0.26090
0.36160
0.46290
0.56280
0.66090
0.76150
0.86630
0.96150

0.07340
0.17420
0.27120
0.37140
0.47300
0.57440
0.67060
0.77190
0.8748B0
0.97030

0.08370
0.18380
0.28250
0.38300
0.48280
0.58360
0.68010
0.78140
0.88360
0.98030

0.09240
0.19500
0.29030
0.39210
0.49180
0.59350
0.69080
0.79330
0.89480
0.99010

0.10230
0.20490
0.30010
0.40310
0.50250
0.60270
0.69970
0.80420
0.30270
1.00000

94



MINIMUM TEST

1 100. 113. 106. 97. 87. 9l. 93. 1l1l. 90. 106.
11 95. 104. 108. 94. 106. 99. 108. 105. 99. 98.
21 135. 90. 1l2. 100. 90. 87. 8l. 103. 108. 98.
31 89. 71. B0« 96. 121. 95. 98. 98. 1901. 96.
41 103. 5. 132. 1ll6. 112. 102. 10l. 101. 84. 94.
51 95. 105. 104. 90. 104. 93. 103. 97. 103. 105.
6l 86. 92. 83. 105. 1l4. 1lll. 119. 107. 107. 102.
71 30. 96. 117. 78. ys. 106. 113. 99. 97. 99.
81 9l. 1l1l1. 5. 93. 118. 1l6. 1l1ll. 112. 92. 100.
91 105. 102. 1l1l. 97. 88. 99. 103. 110. 104. 84.
DEGREE JF FREEDOM = 99
PERCENTAGE = 0.4000€E 02

KHI-SQUARED = 0.92500t 02

LS



KJLM350kJV S

MAX

TEST

1.000009E-02

CUMULATIVE DISTRIBUTION FUNCTION

11
21
31
41
b1
61
71
81
91

0.01000
0.10890
0.21160
0.30740
0.40330
0.50350
0.60250
0.70550
0.80490
%.,91020

0.02130
0.11930
0.22060
0.31450
0.41280
0.51400
0.61170
0.71%10
0.81600
0.92040

0.03190
0.13010
0.23189
0.32250
0.42300
0.52440
0.62000
0.726890
0.82550
0.93150

THE HYPOTHESIS DF UNIFORMITY IS

3J30
WHILE THE RESULT IS

1.000€E 00

0.04160
0.13950
0.24180
0.33210
0.43460
0.53340
0.63050
0.73460
0.83480
0.94120

2.05030
0.15010
0.25080
0.34420
0.44580
0.54380
3.64190
0.74440
0.84660
0.95000

0.05940
0.16000
0.25950
0.35370
0.45600
0.55310
0.65300
0.75500
0.85820
0.95990

0.06870
0.17080
0.26760
0.36350
0.46610
0.56340
0.66490
0.76630
0.86930
0.97020

0.07980
0.18130
0.27790
0.37330
0.47620
0.57310
0.67560
0.77620
0.88050
0.98120

0.08880
0.19120
0.28870
0.38340
0.48460
0.58340
0.68630
0.78590
0.88970
0.99160

0.09940
0.20100
0.29850
0.39300
0.49400
0.59390
0.69650
0.79580
0.89970
1.00000

84



DEGREE JF FREEDOM

PERCENTAGE
KHI-SQUARED

11
21
31
41
51
61
71
81
91

SUM

99

TEST

106.
102.
9l.
103.
1J8.
109.
98.
90.
93.
112.

0.1000& 02
0.77100E 02

95.
110.
106.
105.
107.
105.

95.

80.

95.

98.

130.
0.
6.
30.

1J34.

135.

100.
93,
99.

110.

113.
98.
6.

107.

100.

107.

109.
97.
87.
91.

136.
106.
86.
115.
79.
36.
6.
103.
103.
106.

93.
97.
94,
93.
101.
107.
115.
101.
l114.
97.

113.
8l.
102.
80.
105.
l12.
91.
110.
93,
97.

97.
103.
113.
108.
106.

93.
100.
109.

87.
105.

96.
106.
96.
Iil.
97.
110.
101.
1l11.
103.
97.

102.
101.
108.
93.
84.
85.
89.
79.
113.
105.

64



KOLMIJGO0ROV S

MA X

TEST

4.299901e-03

CUMULATIVE DISTRIBUTION FUNCTION

11
21
31
41
51
61
71
81
21

0.01060
0.11230
0.21060
0.31060
0.41160
0.51080
0.61260
0.71120
0.80880
0.90940

0.02010
0.12330
0.22120
0.32110
0.42230
C.52130
0.62210
C.71920
0.81830
0.91920

0.03010
0.13230
0.23080
0.33010
0.43270
0.53180
0.63210
0.72850
0.82820
0.93020

THE HYPOTAESIS OF UNIFORMITY IS

G030
WHILE THE RESULT IS

4.300E-01

0.04140
0.14210
0.24040
0.34080
0.44270
0.54250
0.64300
0.73820
0.83690
0.93930

0.05200
0.15270
0.24900
0.35230
0.45060
0.95210
0.65260
C.74850
0.84720
0.94930

0.06130
0.16240
0.25840
0.36160
0.46070
0.56280
0.66410
0.75860
0.85860
0.95960

0.07260
0.17050
0.26860
0.36960
0.47120
0.57400
0.67320
0.76960
0.86790
0.96930

0.08230
0.18080
0.27990
0.38040
0.48180
0.58330
0.68320
0.78050
0.87660
0.97980

0.09190
0.19140
0.28950
0.39150
0.49150
0.59430
0.69330
0.79160
0.88690
0.98950

0.10210
0.20150
0.30030
0.40080
0.49990
0.60280
0.70220
0.79950
0.89820
1.00000

09



FUNCTION RM®1 (1INPV)

TH=

FOR

>

TESTS

RUNS

BASED ON 32 SETS OF 1024

REFRERARAR AR LR EEERRERERRRREREREREE R EEER

RUNS UP ANC DOWN

XPECTED AVERAGE
NUMBER OF RUNS

21304

2102

209 6

93.7

100,6

6

99
22

[oF ]

2669

2.8

5.8

4,2

1.2

3.5

2 5

CEe S

KHI-SQUARE
DOWN

KHI-SQUARE
up

SET
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LENGTH OF
GEo 5

N
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ARERARERRBAEREREERARTRRRRRRRRRRRRR AR RRERRAERRARRRRRRRRRRRR

OnNo

1280

124 3

125:1
[ory’

64,0

71

32.0

30

30,7

16,0

14

14

8,0
4

9{7

8,9

1

2.0

3
0

0.5

2.2

1.

0.5

GE. 10
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o0
v

1w

KH

SET

el el delelol el Jeldslelel Jel ol Jdelel d Jelel Jelal
[e]elelolelele lole]elale/olelolelalelslslelalelolelslele lelels]

L L LU U U L L U LU L U LU U U W LU U LU L A L i i il
N0 OO NN M0N0 OO MO N Q= o o O FONM,
SONNMNr— OO0 0 DOMONCNANIMNMO 3OO NN,
IO LN MO M= OO OAIN =N o SO 0 00 Q=P O M)
VNN NON— O VO F NSOV M TOMIF MO0
Q0 0200900000000 Q0O00D22009071%0000C0O0COO0
NN =N e =N AN o N ON e 00 e (- Q= O M~ QN =)

DOOr= Q=D r=r—r=Q O~ Qr——Q O Q r~r~r—r=r=0O 00!
[elalelelslelslalelslolelelolelololelelolelolololelels oo e (el

wwwiww o wi wwwiy i nuwiwiugiw
OO AN OO OV OON—O DN MM r=P O M= O 3 3
OANONMNOMNOM M= = NIN O = O NN o 3 MNP0 O 00N
NAANNOO S NS OO =~ ALFMNMMOOLCC-ONANMN—OO!
7756-|250350518]]052“1867130“78],

O R I LD 000090 Q2000 w3
1468217]71u9.11781218118791111]789

]23.4567890123.45:07890123“5 OM-DC O =
—r — NN NN AIAINCINFN M)




ABOVE THE MEAN

GE 10

————— __--__;__-__-___-_

64

. . B R I T R " . ¢ a N
OCOONO~NrO—~NO=ONN=—NOO~NO™=~ONm—=—NO

o o - [T - L] O 6 U6 ade
1..I.IOO.I.I.IO.I02010]0]0302022222]0]3

a0 OB N 00D N0 f o D a "B 0 .00
21Iu6252]35'é2h.31-1.1|1102]306 32 20]3

S Ml g D [} o0t own RS
CNMNOE=MNOLT NN LN M NN NN AL MM N S e N O

0 000000000 OS®O 000000000 O0ODES®SEO OO ODI
N—O OOV QLN . r=O O M0 Or=CIM 0N O N 3
—— — -

—— — - gy

09003003 NDO0ON0ODC00N000D20002590
CANANOMON DM MIMLNNO Qe LT NN == O O 0 . - N O 0 (e NN
— e e

rONr— o~ = O =0 O

¢ o - TN e e N 600 Q200300 QN
35677].40,7179.7?53.432.4353067.430600
MANN F OINAICI IMMS N AIMNAIMANL MMM PO NN &

¢ Lo L R - T B VS T C RN U SR VRN + [ S
n,._352°,527n.FDA-L_)J?_O685]98?_1!082731!5951.,..
Lk o] al et ab o ol pV e RleT ol T e o2 o] o TVo ] VoY oo Vo] o S o S o RV o ]

[ €] i
7]01!95_.:.4.439 25062~382./_57Ed60, 6..3.”17 ,O_.D
ANMMONMAINCIC — MO O (N0 IO 10 QOI Qe e

P e e P P e P e o o T (o e P (e = e e e g« gt g g et = = e g | g e

1In/=3.4567890]293.456780,0101,:..)u567QJQ Cye—C !
CNAINNCIN NN CIM MM




BELCW THE MEAN

GE- 10

9

OF RUN
6

LENGTH

(o8}
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X® Table
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JANUARY, 1960 )
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APPENDIX 2

Kolmogorov's Table



TABLE FOR
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koLMoGogRov's TesT

[#]

0.3 0
0.3%
0.4 0
0.5
0.50

0.55
0.60
0.65
0.70
0.%5
0.80
0.8§5
0.90

0.9%

4.08

A.45
41.30

30
35
Lo

4
y
4
1.
4

0.000009
0.000303
0,002 %038
0049590
0.026 055
0.01¥4183
0.435%41 8
0.2079¢8 1
0388165
031285 3
0.5585 %
06346819
0.60%2%0
0.61354 6
0.130000
0.919%94
0.8222 89
0.85604% &
0.88%4150
0.942439%
093490 8
0.9¢ 1% 56
0.960% 4§
0.9%04 45 8
0.9141 89

1.5% 0.983643%
4,60 C.98804s
A.65 0.934364
1.%0 0.993848&
A.05 0.99 563 5
1.80 0.99693 3
4,85 0.99%¢%o
41.90 0.99 8536
41.94 0.99900¢
¢.00 0999339
Jos 0.999%56 %
9.410 0.999 %0 %5
9.45 0.99980¢6
9.90 0.9998% ¢
9.95 0999930
.80 0.9999¢49
9.34% 0999968
.40 0.9999 §0
.45 0.9999 ¢¢
9.50 09999945
2.55% 0999499 56
.60 099999 1 4
3.65 0.99999 § ¢
Mo 0.999999 0

0.999999
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APPENDIX 3

The following tables report the numerical results of
explained x® and Kolmogorov's tests. The used symbols are:

R for rejected sequences (See the 5.1.)
G for good sequences
VG for very good sequences

. for probabilities less than 0.05



LINEBAR UNIFORMITY

V=400

RMB 3 90 %Yo %ol Ao S0 90|30 4o %o
Y& & &G|VY& &« & |lva & &«

RMD 60 915 30| 9o 95 9o | Bo 30 Ro
& & Ya|lvae &« Valva & Va

RMTB 30 %0 30| Mo 340 4o|s0 45 Qo
& &k N&| & & va| & V& \a

RMTD Ao 80 gs5| 5 80 S04 g0 3
k& & Ya|ve & valva Vo &

RMTDL Jdo 50 40|40 o 4o | o 5o g5

& &
RANMX 4 g0 3o
G «
RANMXY | g0 30
& &
RFB 50 %o
& &

TRIPLES

MAXIMUM

Mm NUMBERS

To 35
&

40

A0 95
& &
60 b0
Y &
190 40

R VY&

0.05
&

m-=23

-
Ao 4o 2o
vae & &

¥0Io.-l 4 ko

& &

8§ 40 A&
& Va &
* * 495
va R v«
Ao 8o $o
Ya & &

30

* *
& va
¥ 4
& &
5 40
& &
§ 6o
& Vi
» »*
& &
50 4
Y& &
Lo %o
Ya N&
o0 %o
& &

9L




m NUMBERS
MINIMUM OF M NUMBERS oF 8

Mm= 5

RMB3

RMD

EMTRB

AL

AMTHL

RANMXA

RANMXS

RFB

LL



A
RUNS UP AnND JOwnN RUNS ABOVE AN) 3ELOW THE MEAN F

36.9| 5.9 | 439 438. 1 64, | 32. | 46. 8 &, 2. A, s | os

93.6 | 5.0 | 4.5 | Rsove |195.1| 100 ] 30.7| 46.3| 8.9 | 2.4 | 2.2 | 40 | 0.6 | o9

20.8 | &.2 3.5 | seLow | 4194.3| 40| 30.9 | 4+«.8| 9.9 2.1 2.3 | 4.0 0.5 0.3

. 8 26.8| M0 | 4,0 | Agove | 4861 b4 . 3| 346 | 46.8| &5 | 3.5 49 | 4.3 0.6 o5

down |943.6| 94,41 | 25,21 5.5 | 4.0 | geLow [430.9| 68.9 | 99.1 | 45} &t | 4.9 | o | 4.1 | 0.5 | 0.4

RMa3  Quve |949.8| 90.3 | 993 | 5.1 | 43 | Asove |496.5| 4.9 | 348|456 | %5 | 4.5 | 3.0 | 40 | o5 | 06

k down (309.5| 96.4 | 96.¢ | 56 | 4.6 | BeLow |496.3| 63.4 | 384 | 44.5) 9.¢ | 3.9 | 8.1 | 1.4 |04 | 05
RMD vp |949.%| 9.6 | 212 | 6.5 | 4% Agove |4%6.8| 63.7 | 34.%4 | 46.3 | 4.9 4. 4.8 |44 | o5 | oe

doww [949.% | 1.6 | 1.6 | 6.3 | 4.4 BeLow | 4955 | 64%.1 | 33.% | 414.9 | 8.4 4.4 9.4 1.9 | os 0. %

RMTR vp |48 1| 934 | 256 .8 | 4.3 agove |434.%| 650 | 34.0 | 45.4 | 4o .5 | 49 o.% o4 | 0%

bown |04%.0 | 93.0| 209 | 5.9 | 4.4 | 8erow |434.6| 624 | 344 | 464 | 82 | 4.2 | 24 | 08 | 04 | 06

AMTD vp 2435|937 259]| 5% | 4.3 ABove |439.3|63.2 | 388|456 | 45 | ¢8| 2.6 | 44 |03 | 06

down|309.8] 96.2| 96.2 | 6.4 | 4.6 BeLow |499.6 | 65.8 | 34.¢ | 14.4 | 9.2 3.3 1 4.9 { 4.9 | 0.2 | 0.5

RMTDL vp |Joou | 95.9 | %4 | 65 | 4.8 ABove |A14.5 | 63.4 |34.8 (455 | 88 | 4.0 | 8.0 | 48 | 0.6 0.6

down |800.0 | 93.9 | 29.6 | T.b .0 BEcow |445.9 | 60.8 |39.8 | 446 | 89 ¢t | 9.6 4.3 o. & | 01

RANM X4 vp |44 | 959 | 213 S5 (4.4 Agovg |496.% | b4.3 | 32.9 | 4159 go | 44 | 2.2 c9 o6 | o6
down |81 | 93.0 | 41| 5.8 | 0.8 || serow |429.4163.5 | 334 | 154 89 | ¢4 | 2.0 o4 |o.4 | 0.3

RANMX § op |942.6 1 99.3 | 949 | 6.3 | 4.0 J Agove |4136.3| 3.3 |32.0 |46 | 84 | 4% | 3.4 | 09| 04 |06
down 1843.0| 93,8 | 3%3 | 6.2 | 4.3 geLow |498.3|63.56 1313 | 464 | 83 | k.t | 4.6 | 09 | 0.4 | 0.3

RFB vp (2440 | 944 | 20 ’Z.a 0.9 | Asove |439.9| bkt | 944 | 453 | 146 | &3 |1.8 | 4.2 |06 | 0%

down |308.5 | 951 | 36.6 b4 | 4,5 Q serow | 496.9] 65.6| 333 | 44.9 | 8.8 80 |09 | b5 | 0.3

8L
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