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APPENDIX A

" The following discussion follows closely the work of Banks and

Carson, 1984. =

Random Number.

The rand: nt, ingredient :m bot.h the Monte

\\\m- ilistic problems and the
= \\\\

reallzat.mns with spatial

carlo simulation T
spectral turning

correlation in thi

The uniform -,-',Tf,f;_i'-m? ; quence of numbers, R, R,,...,

which is in ran he ave two important

S =
statistical ,!}".-.3, ence. Each random number
| T :
I i J!J
R, is an 1ndependen"p sample drawn f rom a con 1nuous uniform distribut.ion

e 0 4o W 83 ﬂﬁmﬁoﬂﬂy’m@ Funcion s ziven by
AW a\‘iﬂ‘imll 0NLIa Y

FxXy = (a.1)
0 , otherwise. : '

The probability density function of random numbers is shown in Figure A.1.

-

s
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AUYINENTINYING
7 pigare ki1, qllProbalblll’(,y deaslty i‘unct.mn for random numbers.
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The expected value of each R, is given by

1 1 .
E(R) j T AR I 7 AR (a.2)
0 0}
and, the variance is given by
1 1
V(R) =j %% dx - [E(RI° = x"‘/g‘- (/2% = 1712, (a.3)
o 0
There are a number ¢ Amparitea cons1derat10ns should be ment.ioned
for selecting method wnerate random numbers as
follows:
1., The 1
2. The m ho ) U a Tot of core storage,
3. The meth jently long cycle,

) lk‘ replicable (to compare the

e im d ‘.ev1ously, the generated
'y ; I

4. The rand: st

I¥

random numbers shoq} closely appigflmate the ideal statistical

Quﬂmmﬂ NINLNT
) AR AUNUIANY DAL, o

1. Generating by using a random physical process. This method
cannot, be reproduced,

9. Computing the random numbers off line and store them in a

»
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disk or tape file. This method will consume vary large storage memory,
3. The third and commonest method is to use an algorithm on line
with computer program, to generate raﬁdom numbers. These are available
when they are needed and ére perfectly reproducible for program checkout.
Since such numbers are generated by an algorithm, they are nof. random at

all and should be called pseudorandom.

This test «onpdrg flic. ¢ wous, cumulative distribution

function (cdf), F ¥ n ,ion to the empirical cdf »

S, (XD of the sample ' definitioh,-

0§ x ¢l (a.4)

If the safm ertegenerator is R ,,R_,...,R_,
l : I‘ll 1 2 n
]
“the empirical cdf, (x) is defl ed by

ﬂ‘LlEJ’J‘VIEWIﬁWEJ’]ﬂ‘i

number of Rl,Rz,... R_ which arsjg X

QW"I‘Mﬂ‘ﬁU’W’KJWﬂ’IﬂH T h

As N becomes larger, S,(X) should become a better approximation’

to F(x), provided that the null hypothesis is true.
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The cdf of an empirical distribution is a'step function with
jumps at each observed value. A bad source of random numbers will give
empirical distribution functions that do not approximate F(x)

sufficiently well.

The Kolmogorov-Smirnov test is based on the largest absolute

(a.6)

The sampli D\ is kmewn and is tabulated as a

b1

function of N in T \ he hypothesis of no difference

between the distribt ' mbers and the uniform

distribution is not rejected

Bl

: %

_;
AULININTNEYINS
ARIAATAUNNINGRY



Table A.1.

Kolmogorov-Smirnov critical values, D

crit’

Degrees of

Freedom

(N)

0.995
0.929
0.828
0.733
0.669
0.618
0;577
0.543

0.514

164
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Table A.1 tcontinued). Kolmogorov-Smirnov critical values, D

cr it

Degrees of

Free(iom, DO o 1CY DO .05 DO + O
(N)
17 0.286 0.318 0.381

18 0.371
19 0.363
20 0.356
25 0.320
0.290
0.270

1.63/ /N

- AUSINBN TN
ARIGIA FUHWIENEIG Y

-~

n (0, - E" g

i 1

3 fa.?)

1=1 E

o
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wWhere O ; 18 the observed number in the ith class, E, is the

;
expected number in the ith class, and n is the number of classes. For

the uniform distribution, E, the expected number in each class, is given

by

E1 = N/n.

(a.8)

observations. It can be _shewn that +"‘(g;§_ distribution of X _*
, et e 4

is approximately thé '

a. Runs u

angement, of numbers in a
»“ Consider the following.

sequence of 15 number? -~

ﬂNEJ’JVIEJVIiWEJ’]ﬂ‘i

sequence to test Bk

0.87 ¥.15 +0.23 +o 45  +0. 69 -0.32 —0 30 - -0.19
+031W'lﬁ\11 i fazmm VINYA R
The numbers are given a "+" or "-" depending on whether they are

followed by a larger number or a smaller number. The sequence of 11 +’s

and -’s is as follows:
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Each succession of +’s and -’s form a run. There are eight, runs.
The first run is of length one, the second and third are of length three

and so on. Further, there are four runs up and four runs down.

If a is the total number runs in a sequence, the mean and

variance of a is given hy®

(a.9)

and

(a.10)

For N > 20, ¥ a is reasonably approxima.ted

by a normal dist 1., O proximat.ion could be used

I“

to test, the indepe i ence 1 generator. 1In that case

¥ iF |

the standar dﬁcﬁ gﬁ ﬂ, Ejt, 'c1%ui is des loped b:y subtracting t,he
ik

mean from the@bbserved number of runs, a, d1v1d1ng by the standard

oo A Y IR URAINYIA EJ

ZO = (a—}xa)/ 0’3‘ (a.v11)

and
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a - [(2N-1)/3]

2. = . (a.12)

J «18n-29) /90

Where Z_~N(0,1). Failure to reject. the hypothesis of
independence occurs when -Z § Z, ¢ Z ,_ , where @ is the level of

a/2 af2

significance. The critical values and reject.ion region are shown in

Figure A.Z.

/2

—Pr T 4oVt dane

4
IRRASN IR IAAANE

Figure A.2. Failure to reject hypothesis.
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b. Runs above and below the mean.

The test for runs up and runs down is not completely adequate
to assess the independence of a group of numbers. Consider the following

sequence of 20 two-digit random numbers:

o.a0 0.84 0,758 0.18 - 0.13 0,92 0.57 0.97 0.30 0.T1

0.42 0.8 0.78 )3 0.18 0.51 0.10 0.37

The pluses sample values above ‘and

below' the mean are

al - -+ - -
There is a rin e belor he mean followed by a run of
length two above the mean ..‘:’9*.;} 0 In all, there are 11 runs, -five

of which are s -' o e below the mean. Let

A 'cl
n, and n, “be the .:! ber of 7r1dus oer rat.ions above and below the

mean and 1eﬂ)ﬁ qu]ﬂme ﬂ‘hit.hat the maximum

number of 1u is N = n, + ng, and theglmmum numk 5 of runs is one.
Giv enﬂ mﬂa qn i\mu ﬁ’l’Jun ﬂlﬁlﬂ suggest.ed by
Swed and Eisenhart (1943) (Banks and Carson, 1984), and the Variance of
b are given by

B = 2n1n2/N + O.5 (8.13)
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and
2nn,(2nn, - N)

o = : (a.14)
N“C N -1)

For either n, or n, greather than 20, b is approximately normally

distributed. The test statistic can be formed by subtracting the mean

from the number of runs and dividifg the standard deviation, or

(a.15)
Failure t dependence occurs when
% an S Z& Zan Of gnificance.
c. length of rufiee—
ﬂ,:___ .
‘Yet, .'!Fu 7 "‘i ns. As an example of

what might occur, c%ps1de1 the followlng sequpnce of numbers:

ﬂ'lJEJ'II‘VIEWI‘iWEJ']ﬂ’i

0.16,0. 2 0.58,0.63,0. 45 0.21,0.72, 0 87,0.27,0. 15 0.92,0.85,. ..

Qma\‘mimumwmaa

Assume that this sequence continues in a like fashion: two
nunbers below the mean followed by two numbers above the mean. A test
of runs above and below the mean would detect no departure from

independence. However, it is to be expected that runs other than of
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length two should occur.

Let. ¥, be the number of runs of length i in a sequence of N
numbers. For an independent sequence, the expected value of Y, for runs

up and down is given by

2
E(Y,) = ———---m- ING® +31 £ b, G° il i, 1N~ 2 (a.18)
i+ 3! )
E(Y,) = 2/N!, =N - 1. (a.1D)
For runs & - expected value of Y, is

approximately giv
N>20. (a.18).

ity 4hat a run has léngth . Is
Y]

where w,

given by

"! g
iF

ﬁuﬂﬁwmwmm

q NRONIE Ty i ur

glven

E(D) = nl/n2 + nzlni, N>20. {a.20)
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The approximate expected total number of runs (of all lengths)

3

in a sequence of length N, E(A);, is given by
E(A) = N/E<(L), ) N>20. (a.21)

The appropriate test is the chi-square test with O, being the
observed number of runs of length i. Then the test statistic is

&E(Y)]

S~ s (a.22)

N

where L = :_: i dow = N for runs above

(/. \\
and below the me ' ?f ’ of independence is true,

; ‘ N\
then Xzo is approxin ,‘ \\\ ibut,

freedom. Note that,

ed with L-1 degrees of
separated to 2 met.hods length of

runs up and down "and gth of ru below the mean.

\

t
5. Tests ii!‘ Autocor

@ u Ee! ’l n&nj ﬂxEJ ’J\ﬂﬁd with the dependence
betweﬂ mﬁﬁﬂﬁxm Nﬁaﬁ] ajsﬂeﬂwrﬁiﬂthe following

sequence of numbers:

0.12 0.01 0.23 0.28 0.89 0.31. 0.64 0.28 0.83 0.93

T8

0.99 0.15 0.33 0.35 '4‘0.91 0.41'?'0.60 Q.27 0.75 0,88
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0.68 6.49 0.05 0.43 0.96 0.58 0.19 0.36 0.89 0.87

From a visual inspection, these numbers appear random, and they
would probably pass all the tests presented to this point. However, an
examinat.ion of the 5th, 10th, 15th (every five numbers beginning with

the fifth), and so on, indicates a very large number in that position.

generator, but the notien A0 Tt in the sequence might. be

related. In this nebhiod for determining whether

such a relationship @7 Lhe relationship would not,

\\\\

have to be all hig 2.to have all low numbers in

the locat.ions beingfexani Aorighe nunbe ay alternately shift from
) - M :

The test sscribed | ires the computation of the

autocorrelationloéiwu ‘ilalso known as the lag)
| — U
start.ing with the 1§h umber. the autocorrelation Pim between

R | u}ﬂ'l YLEJM? WEITX]. - .
i “Q‘W'Tﬂﬁﬂg?mﬁ‘ﬁ“’f”}ﬂﬂ'mﬁl‘ iyt

the total number of values in the sequence. :Thus, a subsequence of

I

1+z >

length M+2 is being tested.)
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Since a nonzero autocorrelation implies a lack of independence,

" the following two-tailed test is appropriate:

H<> s }Jm = &) | (a.28})

o=

L3 p O (a.24)

For large values of M, the distribution of the estimator of Prm >

-~ - -
or p., . is approximately values R,, R, _, R1+2m"‘f’

R are uncorrelated &statist.ic can be formed as
1+ (M+1)Im . - .

follows:
( a_.25)
which is dist téd! nornalis -h mean of zero and a variance
of 1, under the assumpbioliof '  nce, for large M.
The for I_%nT—-—--——-------—--—f‘.- erent form, and the

| i . .
standard deviation ;I. the estimator, i » 21E given by Schmidt and

Taylor (197<P1 ﬁzﬁ aaff,mq %wtlkrm |
IIAINTUIINYED " -

and

ﬁim = " (a.27)
12(M + 1)
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After computing Z_, do not. reject. the null hypothesis of
independence if -Z_,§ Z, ¢ 2, , where e is the level of significance.

Figure A.2, presented earlier, illustrates this test.

If le >0, the subsequence is said to exhibit positive

autocorrelation. In this case, successive values at lag m have a higher

On the other hand, e is exhibiting negative

autocorrelat.ion, whi » numbers tend to be followed
by high one, and vi C \ pert,y of independence,

which implies zero ‘relaid t. there is no discernible

relationship of the n scussed. r t.ween successive random

4. Gap --

Theﬁaumwﬂ TrFT g o o o

interval bptween the recurrence of the ame digit.. gap of length x
occurs 'bﬂlahg ﬂ:ﬁxﬁ“ um:] g Yt] m alﬂ:mg example

illustrates the length of gaps associated with the digit 3:
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4,1,2,8,1,7,2.8,4,0,7,9,1,8,6,2,7,8,4,1,6,3
]
3,9,6,3,4,8,2,3,1,9,4,4,6,8,4,1,3,8,9,5,5,7
3,9,5,9,8,5,3,2,2,3,7,4,7,0,3,6,3,5,9,9,5,5

5!0’ 4’6,8’07 4’7’O’§9§,0,9’5’7’9,59 196’6’§’8

8’8’992’9’ 1,8’5,4,4’5907 2.’3’9’79 1, 290’_3_’6’_3_

To facilitate the analysi he digit 3 has been underlined.
There are eighteen 3’s inulhe /é’only 17 gaps can occur. The

of length 7, and so on.

\\\\\.- probability of the first

0 of these
.P(no 3)P(3)

(a.28)

T .
Since thevmroba.bility hat any digitids not a 3 is 0.9, and

o s A8 ST WA G
RRIBR DA VTR * -

(a.29)

In the example above, only the digit 3 was examined. However,

o
- -:’w!“; 3
to fully analyze a set of numbers for independence 't?sing the gap test,
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every digit, 0,1,2,...,9, must be analyzed. The observed frequencies

for all the digits are recorded and this is compared to the theoretical

frequency using the Kolmogorov-Smirnov test for discretized data.

The theoret.ical frequency distribution for randomly ordered

digits is given by

The_ pro [Ok=ther tes - £01T0us the steps below:
St,epAl. et.ical frecuency
distribut.ion given Lg L on the selected class interval
- width.-
Step 2. Argéng olsie ™ of gaps in a cumulative
Afihr bt T S Eh theve o

Step 3. -_‘i_-.‘.. , ; ) mui deviation between F(x) and S (%),
A kY )
vallié, D, , from Table A.1 for

i¥

the specifi value‘@g and the Safiple size N.
CRTEABNINGAN:

Step§b. If the cal%ﬂ. value of D is greater than the
=9

o AN TRLURAGN Y Aot 1 s

Step 4.  pat.
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5. Poker test.

Treat.s numbers grouped together as a poker hand. Then the hands

obtained are compared to what is expected using the chi-square test.

The poker test for independence is based on the frequency with

which certain digits are repeated in a series of numbers. The following

0.255, 0.577, BT L0411 ; »: 0.303, 0.001,

x appears in the number that

was generated. \ are only three possibilities,

as follows:

()
e
00,

[N
rh
[0)]

The ﬂaﬂ)ﬁﬁ ﬂﬂﬁw gﬂ]ﬂl?se possibilities is :

given by the ?%110W1ng.

QW']Mﬂ‘ifumﬂ']’Qﬂﬂ’]ﬂﬂ

P(three dlfferent digits)

P(second different. from the first)

x Ptthird different. from the first, and second)

(0.9)(0.8) = 0.72 . (a.31)
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Pcthree like digits) = Plsecond digit same as the first)

X P(third digit same as the first)

1l

(0L, 13101 = 0.01 €a.32)

il

Pirexactly one pair) 1 -~0.72 - 0.01 = 0.2% (a.33)

Random Variate Generation.

Procedures fx

; ﬁ@s*ious distributions concerned
ﬁ‘ - |

o R ko e _ A e \ \ of distribution are used
as follows:
1. Unifo
2. Triangflag
3. Normal Dig

Log-normal Dig

L

5
1. Unif i’\._,

ﬁ Uﬂ@"ﬂﬂ%?ﬂﬁﬂiﬂ\ the upper and lower

imits of the rangp of a va¥iable can be specified @nd when any of the
valueﬂwtween thes ]mlg,y yan:legvn g(!c:l @ gi!other value.
The way in which the distribution is used is illustrated in Figure A.3.
A solubion is obtained by taking a one-to-one correspondence bhetween the

uniform trectangular) distribution of the random number and the
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cumulative probability of the variable X.

The cumulative probability of X is given by

= X A
F(X) = s (a.34)
XH - X

(a.35)

1‘
O
Q
<0
£
>
C
a
AR3!

Value T

Figure A.3. Selecting random values from a uniform distribution.
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b , 2. Triangular Distribution.

The triangular distribution is used when the upper‘ and lower
limits as well as a most likgly value can be specified. It is also
apparent, that the probability of an outcome occurring close to the
limits of the range generally becomes progressively smailer, unless the

distribution should happen to he ichly skewed to one side. The manner

of using the triangula illustrated in Figure A.4
R
Again, a onei tespondence is taken between cumulative
proba)zility and théTundt ofuly, distribut \ om number. In this case
the equation used epénds On whet he value of X will be greater or
smaller than X_, the
When X probability of X is given by
" % XL
.- p “(a.36)
. i

‘a X XL ny H L
whenq! X < Xy thg cumulat.lve proba.blht.y of X is given by

QW]&Nﬂ‘i um“m ']ﬂ

FiX) = 1 = |mmmmmmmmmm | | mmmmmmmm 4 (a.37)

7

-
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Replacing F(X) with R, one has

IR, § Ky = B — X )8

x = X +J &, - X)), - X)R, , (a.38)

if Ry > (X, - X/ (X, - X)¢

- X1 - RY. (a.39)

-8
R aind om

ARENITE AN B

q
Values of X

Figure A.4. Selecting random values from a triangular distribution.



183
3. Normal Distribution.

Many methods have been developed for generat.ing normally
distributed random variates. The standard normal cumulative distribution

function is given by

’ x
¢ =j —————— e’ P da , -00¢X<0o. (a.40)

. A.5. — o ———

A direct tz g ’. 5,\ an independent, pair of

wmd variance 1 is described here.

The method is due ,._‘}"';;; ‘ 5 \ Banks and Carson, 1984).

standard normal v

Although not. as effice dern t.echniques, it is easy to

program in a scientific.da FORTRAN.

" Zh = H
Consider 740 ": eriables, Z, and Z,, plotted
I ;

“

as a point. in the pl as shown igy Figure 3.6 and represented in polar

e AUENENTNENT
RIAINT UM INAY

(a.41)

and |

Z, = Bsina. » e (a.42)
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It is lnown that B® = Z,® + Z,° has the chi-square distribution

1 2
. with 2 degrees of freedom, which is equivalent. to an exponential

disribution with mean 2. Thus, the radius, B, can be generated by use of

following equation:

B = s Y, | (a.43)

By the symmetry of7%~" fad distribution, it seems reasonable
to suppose, and indeedsdLUAS ' L, the angle €& is uniformly
" ' T
distributed betueen™0 and” 2% radiais. in #ddition, the radius, B, and
o A >ndent ihining three equations gives

the angle, ©, are U

a direct method fg ’Vrstandard normal variates,

(a.44)
(a.45)

The ﬁ rlt for generaﬁl random variable with O mean and 1

standmd deviat.ion sugg;ysl :{I.J?mjﬂag ’] rl.:,;nford (Forsythe et al.,
mam éNﬂ‘ifU URINYIAY

Step 1. Form two uniform dev1ates u, ,U, on £O,1)
Step 2. Form V_ = 2U - 1 and V, = 2U, - 1 to get two uniform

deviates on [—1;1)
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2 2

Step 3. FormS =V~ +V 2~ . If 8> 1, discard V ,V, and go to
step 1. (We lose 22 % of our efficiency here.) If S ¢ 1,

then we have a random point (V_,V_) in the unit circle

Step 4. Form

(a.46)

(a.47)

(a.48)

4. Log-Normal#Disd

Thel \e .y density of log=hotmal distribution is shown
y I-rl.

in Figure A.5. T 8 pro , at. inglirealization having log-normal

a¥
distr 1bu’r mﬁﬁﬁ ? mer as the!-ﬁﬁmilj dlﬁl%mlon but the input

paranmeter, m8an and sfandaxd dev1at10n 1n.:1ls case is in log-term and

oo RRABY nwum 3 A B e s

functlon.
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probability
i A

value

ﬂ‘LIEI’WIEWIﬁWEI']ﬂ?

- Figure A.5. ®robability denilt.y - unct.lon of the normal distribution

o L@mnamwumwma d
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Zz—éx i 34

/N

ﬂ‘lJEl’J'VIEWI?WEI']ﬂ‘i

Figure A.6. $olar represmtatlon of pa1r of st andard normal varlables‘

ﬂﬁﬂﬁ\iﬂ‘iﬂmiﬂ’]'}ﬂmﬁﬂ
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Results of random numbers tests.

Table A.2. Result of Komogorov-Simirnov test.

RESULT

Komogorov-Smirnov test: Test of uniformity

generated by

maximum
) giﬁiﬁﬁv CRITICAL VALUE
No difference ?EQFEEE?' cue distribtuion of

randoih Fp---.-m_m._...-:;z;; ,,,,,, : b tion was

idetect-('

ﬂ'lJEJ'WIEWI'iWEI"Iﬂ‘i
Qﬁﬁﬂﬂﬂ‘imﬂmﬂﬂmﬂﬂ
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Table A.2. Result of Chi-Square test.

class 0i Ei (0i-Ei»"2/Ei

interval - frequency expected value departure

0.00-0.10 71 60 2.017
0.10-0.20 60 60 0.000
0.20-0.30 55 - 0.067
3. 1.067
0. 410-0.0€ ‘ o 0.087
0.50-0. . A\ N 0.267
0.60- : ' 0.600
0.70- : § & N o 0.267
0.80-0.90 & 0.8.17
0.90-1.00 ‘ A 0.067

5.233

AN AN ‘m‘fﬂﬂ‘i

RTE AR AN T Y

The null hypothesis of no difference between
the sample distribution and the uniform

distribution is not rejected.
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Table A.4. Result of Runs up .and Runs down.

RESULT

Independence test

Runs up and Runs down

seed =. 50015

S A |

The hypot he de anot-be rejected
v'-' = = |.;-1‘

on the ba -

W ¥

AULINENTNEINS
WIANIUMIINYAY



Table A.5.

Result of Runs above and Runs below the mean.

RESULT

Independence test

Runs above and Runs below the mean

seed = 50015

mean of B

variance of B

7.(0.025)

— CRITICAI‘ VALUE < TFSI'ED VALUE < CRITICAL VALUE

£ 4| n&mmm 3 resected

Qmﬁﬁﬂ‘ﬁﬁﬂﬁ’]’mmﬂﬂ
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Table A.6. Result of length of runs (up and down).

Independence test

Runs test: length of runs (up and down)

seed 50015

8

nunber of random numbers

E2

AMEAN ¢ = 399.6666

qnmmmrs;mmr
RN TR I N e e

TESTED VALUE < CRITCAL VALUE

The hypothesis of independence cannot be rejected

on the basis of this test.

» » -
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Table A.7. Result of Jength of runs (above and below the mean).

Independenée test
Runs test: length of runs (above and below the mean)

SEED 50015

H

600

I

nunber of random numbers

Run Length » over 3

Observed RuiSsssddO e — i

The hypothesis of sindepen@ence icannot. be rejected

1

on the basis oA TR

AuEINENIneIns
ARIAINTANMING AL

te
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Table A.8. Result of test for Autocorrelation.

Independence test

Test. for Autocorrelation

SEED

50015

8

nunber of random numbers

CRITICAL VALUE

The hypolhés Lsf  .‘-2 : "eannot. be rejected

AULINENINEINg
ARIAATAUNNINGIAY
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Table A.9. Result of Gap test.

Independence test.

Gap hLest,

AUBAINENINGINS
RasnIUNn NIy



Table A.9 (cont.inued).

Result. of Gap test.

Gap length Freq Cum Re Freq F(x) departure
O B 201 0.33 . 0.2439  0.0089
4-.7 142 0.57 0.5695  0.0021
8-11 92 0.72 0.7176  0.0074
12-15 0.8147  0.0047
16-19 0.0099
20--23 0.0048
24-27 0.0073
28~31 0.0010
32-35 0.0025

' 36-39 0.0048
40-43 0.0030

44-47 0.0047
48-51 0.0025

52‘ﬁ‘1JEJ’J NENTNEFTAS o

56— 5

1 g 1.00

O 9982

c

ammnjmnwmﬂ"

tested value

= 0.00989100

TESTED VALUE < CRITCAL VALUE.

independence cannot be rejected on the basis of this.gest.

The hypothesis of

196



Table A.10.

Result of Poker test.

Independence test

Poker test

SEED = 50015
number or random numbers = 600
Xsquare(0.05,1) =€ : 5.9900
Combinat 10 Departure

Qi-Ei»"2/Ei

Three dif 0.00
Three 1ikg 1.50
One pair 0.06

1.56

The hxpothpbls of 1ndep9nden09 cannot. be rejected

LLUE o ﬂﬂnﬁ WeIN3

ammnwummmaa
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APPENDIX B

DEVELOPED COMPUTER PROGRAMS

1. Random number generator subroutine.

Q

A e o e e e i B

RAN] M N l :
‘ L

L ':_’ *

* Y Gt A, Y ( 1St m *
S ' ok
%  FILE’S )
%  DATE

*
*

¢ 06 a a .

(0

DIMENSTON RND#27
COMMON RN, T, IV4N

=
I

read seed| and ber of ran s .
= e il e e
OPEN(a,FI{gf”’TTTfff— I;‘;xmss=’smmnmn1AL’)
READ(5, 18) 4N
1% FORMAT(////416,//,15)
CLOSE(5)

‘ﬂ ‘ (V)
e
C ##k call ¢ ; e“for 1erat, om ' numbéers

DO 281 = 1,N i ‘, BN o/
AN IUURINY A Y
2¢% CONTINUE
C ### print out set of random numbers
DO 3@ J = 1,N
WRITE(6,48)J,RND(J)

3% CONTINUE
A@ FORMAT(20X,’RND (’,12,”) = ’,F11.9) g

o GO0 Q) Gl
—
=
~
—
-
<
|

.




CLOSE(6)
STOP
END

C ¥kk -

#+% SUBROUTINE FOR GENERATING THE RANDOM NUMBERS

Fkk -

QG

SUBROUTINE RAN

COMMON RN, I,TV,N

DOUBLE PRECISTION HALFM
DOUBLE PRECISTON DATAN,DSQRT
DATA M2/@3/,ITWO/2/

IF (M2.NE.#) GO TO 30

10 M2 =

1€ = 2%T
MIC

S

2@ FORMAT (18X, -—

*
*
*
*
*
*
*
*
*
+
é

I

RN

841D\ +5

1/6.D8)) + 1

(M2—1

WRI

-

-
>~

-

10x, "’ r ,
10X, : ential method !

-
i
.

-2
~ -
e
- ~

N
-

~

]
~a

b i . T . S
»

-

~
»

12X,

FI!%EJ'II mmmmmz

1@\( T ’)

g Ilﬁ

-
8

~

‘Wﬁ*ﬁ\m‘imﬂ mwm g

Y = IY+IC

IF €I/ e.0r M2) 1Y
TE CTY.LI. %) kY
FLOAT(IY)*S

I

(IY-M2)-M2
(IY+M2) +M2

RETURN
END

-
-

N
w
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2. The Kolmogorov-Smirnov test..

* FREQUENCY TEST (TEST OF UNIFORMITY) *
# The Kolmogorov-Smirnov test, *
# for random numbers generated by +
* Linear Congruential method *
#* FILE’S NAME : TESTL1.F¥T ¥
* DATE o MAYs. 135 199E *
****H*H*****H****H****%**H*****H****H***H****
% This program can be uged|for ALPHA = #.85 ,N > 35 #
e H itk ok
DIMENSION RND( 100
COMMON /L1/RND,N_ZLZ27Z1

#++¢ read seed and
OPEN(5,FILE f , FOR "ORMATTED?, ACCESS="SEQUENTIAL’)
READ(5, 183 1Y, ' ‘

19 FORMAT(////,
CLOSE(5)
ITY =
OPEN(6,FILE="T ED’ , ACCESS=""SEQUENTIAL’)

4% generate random num bet
DO 20 I = '
CALL RAN Y s

23 RND(I)» = RN E

ﬁﬁ“ﬂ"’mﬂﬂiﬂ gIng

CALLSO

- BIALD TN ANLAAS..

CALL KOLM
CLOSE8)
STOP

END



~
=

e

—~

(Mo (8 Tt Bl &

T ek

Pt
Fk

19

20

HeAok
Fokk

L

¥

14
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SUBROUTINE FOR SORTING RANDOM NUMBERS

SUBROUTINE SORT
COMMON /L1/RND,N
DIMENSION RND( 10003)
e 1="1, N~1
SMALL = RND(I)
K=1
DO 18 J = I+1,N
IF(RND(J).LT.SMALL) THEN

END TF
CONTINUE :
RND(K)
RND(I) =
CONTINUE
RETURN

o e e e e e . e

COMPARING CDF OFfiRND /¢ ©DF NTFORY DISTRIBUTTON
ALPHA = 9.05 N> 85 345 ORELTCAT\VALUE = 1.36/SQRT(N)
SUBROUTINE KOLM
COMMON /L 1/RND
DIMENSION i;::'.;;;;;;;
AN =Nl
D= 1. 'SG/SQR'
DMAX =

- Ffﬁ?J’WIEJ'VI‘iWEJ’lﬂ‘i

AI/AN - RND(I

q WISNIBIN INGNEY

IF(DMAX.LT.D2) DMAX = D2
CONTINUE

WRITE 6,20 1Y, N, D, DMAX
IF'D.GE.DMAX) THEN

WRITE(G, 38)
ELSE
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WRITE(6, 48)

END IF

2¢) FORMAT (10X, ’ 2 Ey
* 10X, ’ RESULT ¥k
¥ 10X, ’ : LTS
* 10X, > Komogorov-Smirnov test : Test of uniformity ’,/,
* 10X, for random number generated by o
* 10X, Linear Congruential method Vit
* 10X, ° e : e
* 10X, ’ SEED = ’,I5 o
#* 18X, ’ number of random number = ’,I5 B
¥ 19X,’ then criticalj yaluve : D = ’,F6.4 o
* 10K, ” maxinuiiRiel = *,F6.4 o

# 10X, *————-me= ”)

3¢ FORMAT (108X, ’ _CRITICAL VALUE * /s
¥ 10X, > Thelewat if ferenee has been detected k1
* 18X, *be 3 5/ fiue list] "*'\ of random number’,/, -
* 1%, "and ' ;

4@ FORMAT (1@X, TICAL VALME - - %7,

* 19X, * Tk r is rejected !7)

RETURN
END

AULININTNEINT
RN IUNRINYINY
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3. The Chi-Square test.

. S e A e i i i i o i
FREQUENCY TEST (TEST OF UNIFORMITY) *

*

* The Chi-Square test ¥
+ for random numbers generated by *
* Linear congruential method #*
***************************************************
#* FILE’S NAME s TEST2.F¢7 *
*  DATE : MAY, 14, 1991 *

B s AR e e e e O i
DIMENSION RND( 18@@@}

OPEN(5,FILE=’ > DN RM="FORMATTED , ACCESS="SEQUENTIAL’)

FORMAT(////
CLOSE(5!
11y = 1Y

generate
DO 20 I
CALL RAN
RND(I =

CONTINUE T,

H |
call the ;!outine

EiZI;PWEJ’JVIEJVISWEJ’mi

'm‘mmmmnﬂmaa

SUBROUTINE CHI
COMMON /L2/RND,N, ITY
DIMENSION RND( 108035, IRND (16803) ,A01 18 ,10018),T¢ 14

convert real rnd to 4-digit integer 1mu1t1p}e by 10000}

DO 208 I = 1,N

203
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IRND(I) = (RND(I)+@.0000005)% 10080
200 CONTINUE

(6 el

number of interval = 180 ---> degree of freedom
" alpha = .85 ,So the critical value = 16.9
CRIT = 16:9 - %
MM1 = -1000
MM2 =
TT = 8.9
AN = N
E is the expect value in each class of interval
= AN/10. '
IE=E
C classification
DO 228 J =
T0(J)

£
i
=
|
oy
it
e}

@]

|
P

-
[ure

IF{ (IRND(K? .G i3 K3 .LE I00J) = T0¢I) + 1
210
A0
T(JI?
TE
22% CONTINUE
O $hf —mmmmmmmm—mm g?r"'
¢ report. the mesi
OPEN(S,FIL ;,:.....mm‘;_:;-.f;;__—'..'.‘,.;:.:.-_-;.‘..:j CESS="SEQUENTTAL?)
WRITE( l‘ . 2
248 FORMAT (18X, ’ = 7,15,7,10X; "NUMBER OF RNDS = °,15,/,
i : L

10X,
uﬂ’iﬁﬁﬂﬂlﬂmlﬁ s ety
value departure ?,/,

————— b A

EAAAMIUUNINGIAY

DO 250 I = 1,10
WRITE!6, 2601 ALO, AUP, TO(I3, IE, T( T}
ALO = ALO + 8.1
AUP = AUP + 6.1
950 CONTINUE
o6 FORMAT(13X,F4.2,°-,F4.2,T25,15,T38,15,T51,F7.3)

Il

j.,

***-#I-




WRITE(G, 27T TT

o7¢% FORMAT( 19X,
% 10X,

2

’ total depart,ure = T F'T .3

WRITE(6,28M) CRIT,TT
TF(TT.LE.CRIT! THEN
WRITE(G, 290)

ELSE

WRITE(G, 390"

ENDIF

2871 FORMAT( 19X,
*. 10X,
¥ 10X,
* 10X,

29¢ FORMAT ( 10X,
* 10X,
¥ 10X,
* 10X,
¥ 19X,

30@ FORMAT( 10X,
* 10X,
* 10X,

CLOSE(6)
RETURN
END

2

% Chi-Scquare test, : Test of uniformity Sl

2 critd 2l e — W o
’

, e I7; = *,F7.3)
'+ __ o . _ R
- -

D ICAL VALUE 2y

7

. - R, :
*F i L bypothesis, Of jifference between 7,/
/

’ 1 the uniform ol

7d‘

b4

x TECAT, VALUE oot
i\ rabor is rejected !'7)

(==
. (o A
= :

T g

 AugIneninens
RINNIUUNININY

|/
,/9
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4. Runs up and Runs down test.

C * INDEPENDENCE TEST *
e * ' Runs up and Runs down +
G % for random numbers generated by #
a * Linear congruential method &
¢ %  FILE’S NAME  : TEST3.F77 : *
c * DATE s MAY, 17, 18991. *

DIMENSION RND(10803)

COMMON /L1/RN,IY /
C - e
C #¢¥ read seed and nuRbel.Of T'a

OHN@JHU%uﬁﬂgﬂf#'-“' TED’ , ACCESS="SEQUENTTAL’)

READ(5,1)IY,N _ \\\x‘x

1 FORMAT(////, v

CLOSE(5) -

EIY =
C .

#+k generate randomfny

c b,

2T = 1N

CALL RAN

RND(I) = RN}

2 CONTINUE [ >

OPEN(G6,FI —!I 2 3 ACCESS="SEQUENTTAL”)

C : : ) i g

C #%% call bubloutlie uns up and ns down

: @yﬂqwaﬂﬁwawni

%%‘%’aﬂmfuumqwmaa

¢ *** SUBROUTINE RUNS UP AND RUNS DOWN
C bk ———m—m 4

SUBROUTINE RUNS

DIMENSTON RND( 10008)

INTEGER SIGN(10008)

206



@R P
A 3
* ¥

10

COMMON /L2/RND,N,TIIY
two—sided hypothesis testing at alpha = 9.95

4 oritical value Z($.825) = 1.96

ERIT =195
po 1B I =1, N-1
IF(RND(I+1).GT.RND(I)) THEN

SIGNCTY = 1
ELSE
SIGN(I) = 2
END IF
CONTINUE
85 .

DO 28 J = 1, N-2
IF(SIGN(J) . NETS

207

2¢ CONTINUE
AN"= N
7= (A-(2.% 9.}
WRITE(6,
WRITE(6
ELSE
WRITE(6,80)
ENDIF
3¢ FORMAT (18X, ’ *ila
b : 18X, "5/
¥ o 8K, "5/
* o /s
¥ ; 15 down Yaky
* 10X, l ial method o
¥ 10X, ™ - - “ohs
* 10X, = 7,15 e
ﬂ@ﬁ%ﬁm?&ﬂﬁﬂﬁ
+ g °r s/
e 18X, tes(ed value & = *,F16.%u e
ARSI NEARY
17 Fqnamxrf1 : AL A
14X, *The hypothesis of ]ndpppndencp cannot. be rejected’,/,
* 10X, *on Th@ bhasis of this test.
50 FORMAT: 18X, TESTED VALUE>CRITICAL VALUE Yl
+ 10X, ’The random number generator is rejected !7)
RETURN

END
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5. Runs above and Runs below the mean.

¥ INDEPENDENCE TEST

% Runs above and Runs below the mean
* _for random numbers generated by
* Linear Congruent.ial method

¥ FILE’S NAME . : TEST4.F77 . %

% DATE : MAY, 16, 1991 ¥

k¥

19

¥k

20

¥k
B2
ok

SITY =

A TP SRR IS8 0 ik Sl A1 e o B T i

read seed and nuibe N ray né
OPEN(5,FILE="TE IRM. *3*i’,ACCESS“’SEQUENTIAL’
READ(5,10) I %\\\\\

FORMAT(////,
CLOSE(5)

PO 28 I =
CALL RAN
RND(I) =

CONTINUE R — i

. call the subrgutine © ‘above and ‘low Vhiis. sy

= FUE NN INEINg
ST R A

SUBROUTINE RUNS
COMMON /L2/RND,N, IIY
DIMENSION RND(10003),IA(10908)

number of RND t.hat. is above the mean = ni



C *kk count numbef ofs

C %%k save the reswl

number of RND that is below the mean = n2 : nl + n2 =

N1 =@

N2 = @

DO 18 J = 1,N
IF(RND(J).GE.#.5) THEN

N1 = N1 + 1
IAJ) =1
ELSE
N2 = N2 + 1
IA(J) = 2
END IF

18 CONTINUE

B = 1.
Do 28 € = 1,
IF(TA(K+

20 CONTINUE
AN1 = N1

AN2 = N2

=N
2 . #ANT#ANS
2. #AN1#AN

/AN##%2/ (AN-1)

Moo E
1l

1
i
s
S
$
s

CRIT = Ies .c-
B Y
j

OPEN 6, FILE="FESI4.0UT’ ,FORMg }FORMATTED’ , ACCESS="SEQUENTIAL” )

ﬂ%@m’m n9

: WRITE(G 44)
angl@\m 'ﬁu lm'n NYINY
ENDIF
3% FORMAT/10X,’
#* 10X,° RESULT
¥ 19X, ' ' -
* 10X, "’ Independence test
¥ 12X,” Runs above and Runs below the mean

9’/,

3 g
’/’

,!/,
’,/’

iy

209



* 10X, ’ - SEED = ?,15 v
* 10X, ’ N1 = 2,27 JE
* 10X,” N2 e TH ol
* 10X, ’ B = ’,F8.8 P
4 10X,”’ N & * : = 58
* 10X, ’Z(8.025)= critical value = ’,F7.4 b
* 10X, ’ tested value = ?,FT.4 o s
* 10X, *3
pak} FORMAT (10X, ’ TESTED VALUE(CRITICAL VALUE P N
* 10X, *The hypothesis of independence cannot be rejected’,
* ' 19X, ’on the b851$ of this test.”)
50 FORMAT (10X,’ (ESTED/ JALUE>CRITICAL VALUE 5
- 10X, ’The randc “nunk : tor is rejected !”)
CLOSE(8) e
RETURN
END

ﬂ'lJEJ'WIEWI‘iWEI']ﬂ‘i
ammnmwnwmaa

210
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6. Runs test : length of runs.

WWWWHHW

* INDEPENDENCE TEST *
# Runs test : length of runs *
* for random numbers generated by *
* Linear Congruential method *
%  FILE’S NAME : TEST5.F77 *
* DATE s MAY, 20, 1991 ik
selkllieickslollokkckcilok

DIMENSION RND(18@9@) 7

COMMON /L1/RN,IY /LZ

read seed and ®

OPEN(5,FILE=’ : ; F 'TED’ , ACCESS="SEQUENTIAL’)

READ(5,10) IY
FORMAT(////
CLOSE(5)
IIY =

call the sziﬁ;;;;;;__:__-«_ ng the 1lé:Lh of runs
STOPFTT!‘EI’JVIEJV]ﬁWEJ’Iﬂ’i

Ct at: prgw e imes 1IgDL]

SUBROUTINE LENGTH

COMMON /L2/RND,N,IIY

DIMENSION RND(1@@@9),IRND(;zﬂﬂz),IAA(1nﬁag)
DO 9.-J = 1,8 :
IRND(J) = (RND(J)+0.000005)* 100000

»

#11



(@

19

20

30

49

504

60

73

DO 18 J = 1 N-1
IF(IRND(J+1) .GT. IRND(J)) THEN

TAA(D) = 1

ELSE
TAA(D) = 2

END IF

CONTINUE

o= B.

02 = 0.

0345 = 8.

count, number of run of

nge

IF(IAA(1) .NE.IAA(2))00 n” /

DO 20 I = 2,N-2_ "% é
IF (TAA(T) . BREAREE- 1) COTOMEam

IF(IAA(T TAMCIA1) ) OF

CONTINUE / _
iTAA \IF g [}

IF (IAA(N-1).
count. number
IF (IAA(1).N
IF (IAA(1).NB#T
DO 48 I = 2,N-
‘ 1

TF (TAA(I).EQ.TAMNI-#9°Go
IF (IAACI).NE.IAA( ff‘h 0
IF (IAACI).NE.TAA( fgl_ﬂ;%;
CONTINUE

IF (IAA(N—-
IF (IAA(N- .'-'|‘ ’

|

count number qf un of range, mpore than 2

Ry ﬂmw Talip

DO 73 I = 2,N-3

mmwmwmaa

IF(IAA(T) .EQ.TAA(I+2)) 0345 = 0345 + 1.
CONTINUE

calculate all essential values
AN = N
AMEAN = (2.%AN-1.)/3.

212



El
E2
E345

1}

02345
E2345 =

Tl =

T2345 =

TF =

213

(1.74./3.)%(5.%AN+1.)
(1./5./4./3.)%(11.%AN-14.)
= AMEAN - E1 - E2 '
= 02 + 0345

E2 + E345

(01 - E1)#k2/E1
(02345-E2345) %%2/E2345
T1 + T2345

C critical value Xsdugire(ﬂ.ﬁS,l) = 3.84

CRIT =

3.84

89 FORMAT (10X s _ o,
- - > >

KoK ¥ K K K K K K K

19X ’ f é‘ ; Lo -.'}“;' test - ’9/9
10X, ° sect. + Jeng h of runs (up and down) ’,/
_____ S et
16X,’ Runs rf?” sth7a 03T, 27,184, Tover' 87
T3#,F5.08,T44,F5.0
— ’7'~-' = 16
i = 7,15
YFTE
*,F18.7

-

. ‘

J— i
1@X.ﬁsquare( 7. 02 eritics u[ﬂ alue
10X, ¢ & t ed value

i

s

-

955D

9@4‘Fomﬂiu’mﬁ l”; mm -’: 1y

10X, >The hypothesis of 11erendence € ot. be rejected’,/,

mﬂmammmgmaw

10X, ’The random number generator is rejected )

CLOSE(G)

STOP

END
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7. Runs test : length of runs (above and below the mean).

i b i

* : INDEPENDENCE TEST *
‘% Runs test : length of runs (above and below the mean) #*
* for random numbers generated by *
* Linear Congruential method *
sllekblckickeilelok

+ FILE’S NAME  : TEST6.F77 *
* DATE z JUNE; 12, 1991 = *

*********************************************************
DIMENSION RND(100809)
COMMON /L1/RN,IY /

read seed and

214

OPEN(5,FILE="1BS RM="F (AFTED’ , ACCESS="SEQUENTIAL’)

CLOSE(5)
I1Y = 1Y

DO 28 1
CALL RAN

CONTINUE T
Y

g the lggfh of runs

wﬁ@wmamwmm

call the sumoutine -

Fkok SUBROUTINE COMPUTE THE LENGTH OF RUN ABOVE AND BELOW THE MEAN

Fk

SUBROUTINE LENGTH
COMMON /L2/ RND,N,ITY
DIMENSION RND(109@@), IRND(18008), IAA(lﬂﬂﬂﬂ)
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)

100

110

AM is number of random numbers above the mean
BM is number of random numbers below the mean

AM = @.
BM = @. ‘
DO 188 J = 1,N
IRND(J) = (RND(J)+3.000005)*10000
IF (IRND(J) .GT.50@@) THEN
TAA(T) = 1
AM = AM + 1.
ELSE
IAA(J) = 2
BM = BM + 1&
END IF
CONTINUE

o1 = @.

IF(IAACL).
DO 118 J = 2,N

IF(I“MJ
CONTINUE —
IF(I‘“ ;

5

count, number‘o run of rang 2

ﬂwmﬁﬂﬁﬁ”ﬂ‘i

208 DO 21 I =2,N-2

9 mmmmmwa g

IF (IAA(I).NE.IAA(I+2)) =02 + 1.

219 CONTINUE

IF (IAA(N-1).EQ.TAA(N-2)) GO TO 220
IF (IAA(N-1).BQ.IAA(N)) 02 = 02 + 1.

count, number of run of range 3

215



216

220 IF (IAA(1).NE.IAA(2)) GO TO 222
IF (IAA(1).NE.IAA(3)) GO TO 222
IF (IAA(1).NE.IAA(4)) 03 = 1.

222 DO 224 K = 2,N-3
IF (IAA(K).EQ.IAA(K-1)) GO TO 224
IF (IAA(K).NE.IAA(K+1)) GO TO 224
IF (IAA(K).NE.IAA(K+2)) GO TO 224
IF (IAA(K).NE.IAA(K+3)) 03 = 03 + 1.
224 CONTINUE , T
IF (IAA(N-2).EQ.TAA(N-3)) GO TO 226
IF (IAA(N-2).NE.IAA(N-1)) GO TO 226
IF (IAA(N-2).EQ.TAA(N) 03 = 03 + 1.

226 IF(IAA(D).D
IF(IAACD
IF(TAA(LD)

23@ DO 248 K = 2

249 CONTINUE

(@]
Q
o
o
Q
e
&
c+
[0}
)
)]
o
=
o
'ﬂ
)
Lo
@
o
®
[}
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I

101 = 01 N
102 = 02 [T
103 = 03 =
10456 = 045

AN:Nmi@mmi’mmm

Wil =
/BM + BM/AM

WARINTAI NN INYAE

EI =

E2 = AN#W2/EI

E3456 = EA - E1 - E2

03456 = 03 + 0456

il (01 - EL)#k2/E1

T2 (02 - E2)#42/E2

T3456 = (03456-E3456)%%2/E3456

I

I

I
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TT = T1 + T2 + T3456

report the results

OPEN(8, FILE="TEST6.0UT’ , FORM="FORMATTED’ , ACCESS="SEQUENTIAL’)
degrees of freedom equals the number of class intervals minus one.
X%(8.05,2) = 5.99 |
CRIT = 5.99 :

WRITE(6,320) IIY,N,I01,102,103,10456,CRIT, TT

IF(TT.LE.CRIT) THEN

WRITE(6, 330)
ELSE

WRITE(6, 340)

| ENDIF

3200 FORMAT(
*¥7X, ' ———————— y L
*7X, ) . / ‘ . \\ ”/,
*7X, ’Runs te it uns (above and below the mean)?’,/,
*¥7X, ? ' ' | 16 A
*¥7X,’ 16 75
*¥TX, " —————— il
#7X,’ bl , : 3 over 3’,/,
#7X,’ Observed JRus’, 426, 14,536, 14,%47,14,T59,14,/,
s M DBBERIES J : s
*7X, ’Xsquare (3.9 = > F7.4 i
*7X, 7 A : ’,F108.7 5 5
*¥7X, T ————— : - Tk = Yl

330 FORMAT (10%-_—TESTED VATUE < CRITCAL. VALUE ol
* 10X e cannot, be rejected’,/,
4 10X, 7¢n the basj s testil, ) '

340 FORMAT(10X,’ TESTED VALUE > CRITCAL VALUE Lo

i 120 (p 1 e
RINNIUUNIININY
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8. Test f dr Aut.ocorrelation.

Feok

£ INDEPENDENCE TEST +
* Test for Autocorrelation *
¥ . "~ for random numbers generated by *
* Linear congruential method *
* FILE’S NAME s TESTT BT *
*  DATE |z MAY, 21, 1991 ' *

DIMENSION RND(10009)
COMMON /L1/RN,IY /

CLOSE(5)
IIY =

call the subrogtif rating random numbers-

CALL RAN

RND(I) = '

CONTINUE [+ ]

call the sxmoutine or testing the @,ocorrelatmn

Smﬁﬂﬂ’.]‘l’lt]ﬂﬁﬂﬂ’]ﬂi

”"if%?; Ainsnismadnsaa

Fkok

SUBROUTINE AUTO
COMMON /L2/ RND,N,ITY
DIMENSION RND(10808)

two-sided hypot.hésis testing at alpha = 8.05



C critical value Z(@.925) = 1.96

CRIT = 1.96
OPEN(6, FILE="TEST7.0UT’ ,FORM="FORMATTED’ , ACCESS="SEQUENTTAL’)
WRITE(8,68) ITY,N, CRIT

C o
C I = number of the beginning
c M = frequency of the correlation
&
DO 48 I = 1,20
DO 30 M = 2,10
IBIGM = (N-I)/M-1
SUM = @.
@
¢
20
ABIGM =
RHO = (1. /A
s ‘ "
g calculate s
@
DEL =-SQRT BIGM+1.))
78 =
Cc
C. print. out, t'§ resu
&

IF(Am;jﬁmmsw HINT
FRRNTUNNINGINY

CONTINUE
4@ CONTINUE
IF(IDUMMY.NE.1) THEN
WRITE(6,80) -
ELSE
WRITE(6,99)

219
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END IF
60 FORMAT (10X,’ g
* 10X, ’ : Independence test XA,
* 10X, Test, for Autocorrelation ‘ol
* 10X, "’ - et
* 10X, ’ ' SEED = ’,15 e
+ 10X, *number of random numbers = ’,I5 ol
* 10X, ’Z(8.925)= critical value = ’,F7.4 o
* 6X,’ : ?)
7@ FORMAT(
#5X,’ begin at no. 7,13, f requency =’,13,” tested value =’,F7.4)
80 FORMAT (10X, ’ TH ALUE < CRITICAL VALUE LT
* 10X, *The hypothesis independence cannot, be rejected’,/
* 10X, ’on the =, .
9@ FORMAT ( ’ :
* 86X, P ; ‘ : J 1\\ _, ’ /,
* 10X, FSTED VALU ICAL VALUE ¥ L
* 10X, *Thg be \:\\“ or is rejected !7)
CLOSE(6)
RETURN
END

ﬂ'lJEJ'II‘VIEWI‘iWEJ’]ﬂ‘i
QW]G\?ﬂ‘iﬂJNW]’mEI']ﬂH



9. Gap test.

INDEPENDENCE TEST
Gap test
for random numbers generated by
Linear Congruential method
skkkielsloeisklloklok
%  FILE’S NAME  : TEST8.F77
* DATE : JUNE, 13, 1991

* W * k
* W K ¥

*

GO0 O O 6 Qe
*

DIMENSION RND(1@213)

:
i
;
.

18 FORMAT(////
CLOSE(5)
I1Y = 1Y
N=N+ 10

:

generate rand

DO 26 I =
CALL RAN ™
RND(I) = R ———————

y‘
2@ CONTINUE E

Q

call the subrgu ine gap tes

£ cm@uﬂqwﬂﬂﬁws1ni
wwmmmummmaa

C #%k SUBROUTINE GAP TEST
C ¥k

SUBROUTINE GAP
COMMON /L2/RND,N,IIY

221
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DIMENSION RND(10019),IR(10318),1G(18618) ,NGAP (19809),
*DEP(15),IFR(15),C(lB),F(15),CF(15)

C
Cc ,
(o save the output in test8.out
OPEN(6, FILE="TEST8.0UT’ ,FORM="FORMATTED , ACCESS="SEQUENTTAL”)
C find the first digit of rnds; IR(I)
&

DO 188 I = 1,N
198 IR(I) = (RND(I)+@.0@@335)%10

C
C ngap(i) are the number of gap t i (SUM ngap(i) = N - 18
@
' DO 118 I =
118 NGAP(I)
¢
DO 120 I
DO 115 J
1
116
120 CONTINUE
(B .
g find gap length
c —EE
L=29
DO 200 1 = & ' ,
¢ S e ——
c findthe St ¢ igit
DO 178 J = 1, N ST -
Ay é]' "‘f mmj
(5
. count, the length of the gap(i)
180 < DO 196 K= IR * 1 .N
IF(IR(IP).EQ.IR(K)) THEN
= Ekl

G =K.~ IP =&



8.8 -G 0 Dt /G

IP = K
GO TO 185
ELSE
ENDIF
190 CONTINUE
195 IF(K.LT.N) GO TO 180
203 CONTINUE ;

classify the gap lengths

There are 15 classes.

G(i) are gap that, be SSE their length
LE = upper limit of ea ' 4
IFR(i) = freque
C(i) = cumulati
LOWER = -4
DO 205 I
IFR(I) =
LOWER
IUPPER =

IF((IG(J) .GE A
2@4 CONTINUE
2¢5 CONTINUE
LE.='8
ANG = N-10
DO 220 1 =
c(I) =@, |

210 CONTIBRHE‘

st ﬂﬁﬂeﬂeﬁﬂﬁﬁeﬁﬂ’?ﬂ?

F(I) = 1. - @.9%k(ALE#1.)

5 Wﬁmwﬁnﬁ@mﬂ o]

LE = 1E + 4
220 CONTINUE
DMAX = @.
DO 236 I = 1,15
DEP(I) = ABS(F(I) - CF(I))
IF (DMAX.LE.DEP(I)) DMAX = DEP(I)

PER)) IFR(I) =

223
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Q

23@ CONTINUE

calculate the critical value
Kolmogorov-smirnov test at alpha = 9.05
CRIT = 1.36/SQRT(ANG)

print out the results
WRITE (8, 250) ITY,N, CRIT, DMAX
IF (DMAX.LE.CRIT) THEN ‘
WRITE (8, 260)
ELSE
WRITE (8, 270)
ENDIF -
250 FORMAT (10X, ’——==—

10X, ’° / S -m e test
10X, ’ | - Gap
10X, -

10X, ’
10X, ’
19X,
18X,
10X, *——-4

|

~
-
-
(%)}

weon
N N
m T
=
e s
L I
- =

260 FORMAT (19X, ’ VALUE

224

-

: Rl

~

»

~
-

’

-

~
~

’

-

-
>

:

-

/
/
/
s/
/
/
/
£

b i
o
s/

* 19X, *The Rypothesis « ependence cannot be rejected’,/

* 16X, ’on t.he
273 FORMAT (18X
*

test.?, /)
CRITCAL VALUE

)

WRITE (6, 300 J
DO 288 I = aﬂb : |

WRITE(6,318) ENGAP(I)

w“‘gumwﬂmwmm

WRITE(6, 339!

TRIRIAIUNNINYAY

10 = LO%:A
IUP = 10 + 3
’ WRITE(G,.:.AM)LO,IUP,IFR(I),CF(I),F(I),DEP(I?
29¢ CONTINUE g
3¢@ FORMAT(15X,’ . : W
% 158, Digit ~ Number of gaps g N

1B Qmmm:;;:;.:n 5 rejected 17,/)

?
,/9
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+ 15X, . ’)

31 FORMAT(22X,I11,T36,15)

320 FORMAT(15X,’ ‘ & eds /)

330 FORMAT(7X,’ — > 2
* 7X,’Gap length Freq Cum Re Freq F(x) departure’,/,
¥ 7X, - - S— ’

340 FORMAT(8X,12,°-’,12,T23,14,T32,F4.2,T41,F6.4,T51,F6.4)

WRITE(G, 358) - _ : ; |

350 FORMAT(7X,’ )

CLOSE(6)
RETURN
END

AuIneNIneng
ARIAINTAUNM TN
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cReB R R R BT ESE ¥

Ffeok

19

ek

20

Hh
ok

FORMAT(////,

1@. Poker test.

¥ INDEPENDENCE TEST *
¥ Poker test *
¥ for random numbers generated by *
* Linear Congruential method #*
***************************************************
* FILE’S NAME s TESTO.F7IT *
* DATE s JUNE, 13, 1991 ¥

R i e e
DIMENSION RND(100983) '

OPEN(5,FILE=’ ORM=?FORMATEED’ , ACCESS="SEQUENTIAL”)

CLOSE(5)
11y = 1Y

generate random
2w I=1,N
CALL RAN
RND(I) = R ‘h
CONTINUE [+

_ Yy

call the subt.ine poker test
oo B ININTNYINS
LRAIRIDIUNRININY

COMMON /L2/ RND,N,IIY
DIMENSION RND(10098),IR1(1009),IR2(10089),IR3(10000)

find the first three digit of rnds

226
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O ea QiR R e

DO 118
IR1(I)
IR2(I)
IR3(I)
IR3(I)
IR2(I)

118 CONTINUE

Q1

Q2 = @.

Q3 = @.

DO 200 I =
TF((IRL(I).
#(IR2(T) .NE."
Ql =

ELSE

ELSE

ENDIF
ENDIF

200 CONTINUE

I
=

I.=:1, B

IR3(I)-IR2(I)*10
IR2(I)-IR1(I)*18

= npumber of rnd

1]
=
=
=

g
=

o

(RND(I) + 0.000005)%10
(RND(I) + @.000005)%1060
(RND(I) + ©@.0000085) %1809

find the number of rnds the has same digit in the first
three digit of them
Let Q1
Let. Q2
Let. Q3

at, has all different three digit

all same digit
a8’ one pair same digit

1).EQ.IR3(I))) THEN

°a1°ﬁ‘ﬁeﬁe“3‘ﬂ BTN ﬂ 9

The degrees of freedom equals the number of c&gss mt.ervals minus

wm AIWANINGIAY

E2
E3
DEP1
DEP2

3.

a.
a.

72 * AN
@1 % AN
27 * AN
(Q1-E1)%¥2/E1
(Q2-E2)%¥2/E2

227
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DEP3 = (Q3-E3)#%2/E3
DEP = DEP1 + DEPZ + DEP3

C :

C ##% save the result in file test9.out
OPEN(G,FILE=’TEST9.0UT’,FORM=’FORMNTTED’,ACCESS=’SEQUENTIAL’)
IQl = ‘
IQ2 = Q2
IQ3 = Q3

WRITE(6,28ﬁ)IIY,N,CRIT,IQ1,E1,DEP1,IQ2,E2,DEP2,IQB,E3,DEP3,DEP
IF(DEP.LE.CRIT) THEN

WRITE (6, 290)
ELSE
WRITE (6, 300)
ENDIF , ,
280 FORMAT (10X, ’7 ‘ S i),

* 10X, ’ independence. test )

¥ 10X, ’ L\ ,’ﬁ’
NN /s

* 10X, _ A N i

* 10X, o \ ‘ = 7,15 its

* 10X, ’ : e¥ or ' =" 15 iy

* 10X, *¥8a 78517 Walue = *,F7.4 &

* 19X,°C i \ Expected Depart.ure ’

* 18X, ’ dis s Ei (Qi-Ei)"2/Ei’,/

" 10X, " -—-2-- Lt 2 . 73

* g7,F6.1,T508,F6.2,/, '

* 10X, 1 '50,F6.2,/,

* 10 -';f e pair *,T2 "*'*’-"]:?; 9,F6.2,/,

* 10X, l el e

* 18X, ! E Tobal = Y. F60,F6.2;/,

* 10X, %3

"°’T‘“‘°‘@% NN ed

19X, ’on the basis of thisest. 7

SR D RN NN

CLOSE(G)
RETURN
END

s/
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11. The turning band method with covariance function calculation.

e W*WW%W%HMW

¢ % Program for simulating random variable in 2-dimensional space %

C % : with spat.ial correlation (exponent.ial scheme) *
C ¥ using spectral turning band method. *
C sbiklpkRik Rk 4

COMMON

%*/L1/RN

%/L2/M2,1Y, IA,IC,MIC,SRAN
%/1.3/DC, DL, NCO, NLI
%/L4/AOMEGA, HARNO, DIV
INTEGER HARNO
REAL LENGTH , _ |
DOUBLE PRECISION ' - 2

OPEN (5, FTLE="4§ FEED’ , ACCESS="SEQUENTIAL’ )

READ(5, 18) AOMEGA’ HARNOL DT \{*“**h“ 5DL,NCO, NLI

10 FORMAT(D12.5, /g6 /5 D12.5,Y ‘f‘ \“\\\? 5,/,F12.5,/,15,/,15)
CLOSE(5) 4\ '
OPEN(6,FILE )? , ACCESS="SEQUENTIAL’)
1Y = 50015
M2 = @

20 FORMAT(l@X,’
_ * 10X,
C dokk

SUBROUTINE TURN (LENGTH)

mmmmummmaa

*/LZ/MZ 1Y, IA,IC,MIC,SRAN
#/1.3/DC, DL, NCO, NLI
%/L4/AOMEGA, HARNO, DIV

INTEGER HARNO

REAL LENGTH

DIMENSION Y(78)

53
g
3
H

it



230

DOUBLE PRECISION W(15@),S1(158),WKP(15@),PHI(150)
DOUBLE PRECISION XX(2),G(28),Z1(16,800), SDW
DOUBLE PRECISION PI, SX(16,2), DW, DWP, B, AOMEGA
DOUBLE PRECTSION UN,VARIAN,DIST, ANG, ANG1,DIV
C ¥k
PI = 3.141592654D7
ANG = 8.Dg
ANG1 = PI/16.D@
DO 18 I = 1, 16
SX(I,1). = SIN(ANG)
SX(I,2) = COS(ANG)
1¢ ANG = ANG + ANG1
C #kk

I

UN = AMIN1(@.9%DC

20 G(D)

DW = ;
DWP = DW/DIV
VARIAN = 1.D9
B = 1.D@/LENGTH /

= DWHVARIAN/2. ;,5,’,..
DO 38 K =%
WEK) = (FI
39 S1(K) = *e‘r«-_;?.

*((1.DB+ (W il B)#k2. D0 .D?)Y)

c um-dﬂeﬁwvrﬁmw 8N
qmwnmwnwmaa

WKP(K) = W(K) + SDW
60 CONTINUE
DO 96 ID = 1, 16
DO 7@ K = 1, HARNO
CALL RAN
PHI(K) = RN % 2.D@ % PI
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7@ CONTINUE
DO 99 J = 1, NGMAX
DIST = FLOAT(J)¥UN
Z1(ID,J) = 8.D8

DO 88 K = 1, HARNO

8@ ZI(ID,J) = ZI(ID,J)+ S1(K)*COS(WKP(K)*DIST + PHI(K))

Z1(ID,J) = ZI(ID,J)%2.D@
99 CONTINUE

C sk* two-dimensional simulat.ion

(NLI+1)/2
N2 = (NCO+1)/2
NG = NGMAX/2
Do 268 I = 1,
XX(2) = -8.5+ (1=
DO 148 J = 14
CXX(1) = -8.5+
YJ) = 8.
DO 138 II
XI = 0.
DO 120 JJ
120 XI = XI + XX(J
XI = XI + 0.5
LK = XI =
IF(XI.LT.0.) LK =dicay
1K = IK + o :
Y = YOOl
130 CONTINVE [
LYW = YJ) /1.8
149

"R Inenineng
SRtakianiuningndy

N1

]

-Ig =18
IP =1
GO TO 230
220 11 = 20
12 = 106

IP

10



C

230

po 250 K = 11, 12, IP
KL:NLI"K :
IF(KL.LE.®) GO TO 260

AKV:KV+1

2409
250
260

270

Do 249 I1I = 1, KL
T = Y(ID) - Y(IT+K)
GKV) = G(KV) + T*T
CONTINUE
CONTINUE
WRITE(6,280)

DO 279 K = 1, KV
NC = NCO#* (NLI-K)
G(K) = VARIAN -
D = K % UN % DL
IF(K.GT.28) D
WRITE (8, 299)
CONTINUE

RETURN
'END

AULINENTNEINS

RN TUAMINGAY

232
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12. Computer program for oil reserve calculation using Monte
Carlo simulation.

C ¥ *
C ¥ 0il reserve calculation using Monte Carlo simulat.ion B
C * "

C skkkkkppkksokiokolok SleksRkk ok
CHARACTER TYPE(8)%4,NAME(8)%21, SPCOR(8)%2, MUCOR¥2, [P¥4,0P4
REAL MAX(8),MIN(8),MODE(8),MEAN(8),STDDEV(8),DETEM(8) ,LENGTH(8)
DOUBLE PRECISION PI,SX(16,2),DWP,S1(108),W(180)
DIMENSION VAR(8,68,60) TRES(1008) ,

¥ Y(60,60)

COMMON

*%/L1/RN

*/1L2/M2,1Y,IA,

%/1.3/INOR, RN1,R

%/L4/DC, DL, NCO

. ¥/L5/Y,PI,SX,

C #kk
C ck (acre)
& plock (ft.)
€ ock (ft.)
C NLI#NCO)
c n a column
¢ in a line
6
¢ Ryt = TEtTEESE of area
C
c el)
- VAR(8,NCO,NLI)e= realizatioms in each block

S L r s
&ma@m@&wnﬂmaa

WRITE(*,*)’OUTPUT FILE , Ckkkk)’
READ Gk, %) OP
OPEN(5, FTLE=1P, FORM="FORMATTED’ , ACCESS="SEQUENTIAL”)
READ (5, 18) NOLOOP, NCO, NLI,RATIO

10 FORMAT(///////////////////////////////////////
¥T7,14,///,T7,12,///,T7,12,///,TT,F12.5,///)




& T o N & (67 TR @ S

G376

€3

20

30

49
50
60
79
80
90
109
193
105

DO 28I = 1,8 _

READ (5, 4@)NAME (1) ,TYPE(I)

IF (TYPE(I).EQ.’TRIA’) READ(5,5@)MAX(I),MIN(I),MODE(I)

IF (TYPE(I).EQ.’NORM’) READ(5,6@)MEAN(I),STDDEV(I)

IF (TYPE(I).EQ.’LOGN’) READ(5,6@)MEAN(T),STDDEV(I)

IF (TYPE(I).EQ.’UNIF’) READ(5,6@)MAX(I),MIN(I)

IF (TYPE(I).EQ.’DETM’) READ(5,7@0)DETEM(I)

IF ((I.EQ.1).0OR.(I.EQ.2)) GOTO 20

READ(5,88) SPCOR(I), LENGTH(I)
CONTINUE
READ(5,98) MUCOR
IF (MUCOR.EQ. ’NO’) GOTO
DO8EI=1, 3

READ(5, 100)
' READ(5,103)
FORMAT (/,TT,
FORMAT(/,T7,
FORMAT ¢/, T7,F
FORMAT (/,TT7,
FORMAT (/,T7,
FORMAT(//,T7,
FORMAT (T2@,F M

CLOSE(5) : 533 S :
= :
OPEN (8, FILE=0P, FOR %ﬁ_g!«!._ ACCESS=""SEQUENTIAL”)

)

-
Il
assign parameferg for randomlpumber generat.or

- GUEINININGINT
UAINIHHBANLAE,. -

calculate number of blocks

NB = NCO#NLI

234
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ANCO
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ANB

NCO

s

I

NB
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DETERMINE REALIZATIONS

calculate deterministiq values

po 118 I =1, 8

IF(I.EQ.6)"
IF(I.EQ.
118 CONTINUE

DO 2828 II =
TRES(II}

calculate value overy factor

I ige 1=

. 1
IF (TYPE(L)

IF ((TYPE(LAB@: iz ZL0CN”)) GOTO 115

CALL : :
IF (TYPE(I)%EQ.’TRIA’) CAl I(MAxummN(I) MODE(TI), AVAR(T))
IF (TYPE(I).BQeAUNIF’) CALLQUNT (MAX(I),MIN(I),AVAR(I)) :

mﬂﬂﬁm NENINENNS

F (TYPE(I).EQ. LOGN’¥ AVAR(I) ZEXP(AVAR(I)),,

wa\mmumawmaa

calculat.e area per block , APB (acre)
calculate width per block , DL (ft.)
calculate length per black-. PO (182}

APB = AVAR(1)/ANB
AFOOT = AVAR(1)#43560.
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DC
DL

SQRT (RATIO%AFOOT/ ANCO/ ANCO)
AFOOT /ANLI /DC/ANCO

1}

DO 196 I = 3, 8
IF((I.EQ.8).AND. (MUCOR.NE.’NO”)) GOTO 190
IF (SPCOR(I) .EQ.’NO’) GOTO 190
II1 = II

CALL TURN(LENGTH(I),II1)

130 VAR(I,J,K)

4 VAR(I,J,K) = BXP (MEEN(T)#ASTDDEV(D)#Y(J,K))
GoTo M epEsE < &

ELSE ZZ 7

X

Yy = » O N N

IF(YY.LE.1¢4), RN = 8.5D0+0, 5D@% (1.D@-EXP (-2.D@%YY4k2.DB/PI)

,;zz‘fﬁm&t'ammwm g

IF((YY.GT.1.4) . AND&(YY.LE.2.2)) ((4 DA+YYH¥

RN mwmﬁmmﬁ o

’EXP(—YVHZ D@/2.DA)
IF(Y(J,K).LT.8.) RN = 1.- RN

IF(TYPE(I).EQ. TRIA’) CALL TRI (MAX(I),MIN(I) ,MODE(I),VAR(I,J,K))
IF(TYPE(I) .EQ.’UNIF’) CALL UNI(MAX(I),MIN(I),VAR(I,J,K))
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150 CONTINUE
s
169 IF(I.EQ.6) THEN
Do 178 J = 1, NCO
Do 178 K = 1,° NLI
170 , VAR(I,J,K) = 1./VAR(I,J,K)
ELSE '
ENDIF

Q

IF(I.EQ.8) THEN

DO 188 J =

DO 188 K = 1

180 VAR(I, 35K

19¢ CONTINUE

Q
B
®
8

e
®
|1
D

IF ((I.EQ.8) . (MUCOR:NE. *NO GOTO. 238
IF ((TYPE(T) . HR. JBETM" ) € SPCOR(T) .NE. ’NO”)) GOTO 230
DO 208 J = 1,"NC

DO 208 K = 14 NEE/ 0

IF ((TYPE( ________ LOGN’)) GOTO 195
cALL RaN R : Y |

IF(TYPE(I)@

= Z,I;:Yﬁ;il) anmjﬁﬂmaz J,K))
W‘%ﬂnm UNIAINYAY

“MIN(I),MODE(I),VAR(I,J,K))
*UNIF’) CALL UNI(MAX(I b IN(I),VAR(I,J,K))

QIF(I.EQ.8)
" PO 218 J = 1, NCO
DO 218 K = 1, NLI
210 VAR(I,J,K) = 1./VAR(I,J, 'S
ELSE
ENDIF



IF(I.EQ.8) THEN
Do 226 J = 1, NCO

DO 220 K = 1, NLI
220 VAR(I,J,K) = 1.-VAR(I,J,K)
ELSE
ENDIF
23@ CONTINUE
c ’ | #
c assign water saturation in case of having the relationship '
c between porosity and water saturation
C
IF((TYPE(T).NE.’DETM? COR.NE.’NO’)) THEN
DO 248 J = '
DO 248 K =
CALL NOR.(@7%5"
VAR(8,J,F
* ' U(3)
IF (VAR(8, J4K) 467
IF (VAR (84,10 . ETH .9
vaR(8,J, K= A4 @
248 CONTINUE ;

ELSE
ENDIF

IF ((TYPE(T) . EQ. ’ DETHZY AND. R.NE.’NO’)) THEN
" CALL NOR A
AVAR(8Y/ = A

* T
* :
I

/4 RNN#RNDP
]ﬁAVAR(J)ﬁT.L) AVAR(8) = 1.
A

IUETREBTREING
FRANTIUNRINYIAY

@ O

1, NCO -
1, NLI

DO 269 J
DO 2608 K
RES = 1.0

238



DO 250 I = 3, 8
IF((I.EQ.S).AND.(TYPE(T).EQ.’DETM’).AND.(MUOOR.NE.’NO’))
* GOTO 250

IF((I.EQ.S).AND.(TYPE(7).NE.’DETM’).AND.(HUCOR.NE.’NO’)).

* GOTO 245
IF (TYPE(I) .EQ. ’DETM’) GOTO 250
245  RES = RES¥VAR(I,J,K)
25@¢ CONTINUE :
TRES(IT) = TRES(II) + RES
268 CONTINUE |

239

s
c
DO 270 I = 3, 8 y
IF((I EQ.8). &E‘N’) AND. (MUCOR.NE. ’NO”))
* : g
. IF((I EQr8Y" AN \ g’ ) . AND. (MUCOR.NE.’NO”)) -
IF (TYPE
265 TRES(II
27@ CONTINUE
c
e :
TRES(IT) VAR(2)
: ,
c
280 CONTINUE
O =
C bk 7

C ¥k ;Et—
WRITE (6, 1619) NOLOOP, NCO,‘

1910 FORMAT (10X, ¥z ¥
O T
* ' :
* 1@X ? 4
’QW’]@{;‘W’E‘WNMW'JYIEI’]@EI ’
) 10%,” s
* 10X, *number of simulations =? TAn; 15
* 19X, *nunber of blocks in column =’,T44,14 %
* 10X, *nunber of blocks in line =7,T48,14 :
¥ 19X, *ratio of length to width =’ ,T40,F8.4

Do 1820 I= 1, 8
WRITE(6, 1040)NAME(I)
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IF (TYPE(D).EQ.’TRIA’) WRITE(6,1858)MAX(I),MIN(I),MODE(I)
IF (TYPE(I).EQ.’NORM’) WRITE(6,1068)MEAN(I),STDDEV(I)
IF (TYPE(D).EQ.’LOGN’) WRITE(6,1878)MEAN(D),STDDEV(I)
IF (TYPE(D).EQ.’UNIF’) WRITE(6,1088)MAX(I),MIN(I)
IF (TYPE(I).EQ.’DETM’) WRITE(6,1999)DETEM(I)
IF ((I.EQ.1).0R.(I.EQ.2)) GOTO 1928
IF (SPCOR(I).NE.’NO’) WRITE(6,1108) LENGTH(I)
1928  CONTINUE )
IF (MUCOR.NE.’NO’) THEN

WRITE(6, 1112)
DO 1939 I =1, 3
1830 WRITE(6,1120)

WRITE(6, 1138)

ELSE
ENDIF
1649 FORMAT(T10,’r . ‘
10958 FORMAT(T18, ’t.ype ARG iangular distribution’,/,
* T19,’ , i
* T19,’
* T18,’
196@% FORMAT (T18,’typg' of v{nal distribution’,/,
* T13,’ 2.5,/,
¥ T18, ’stagllaiy 2 "F12.5,/)
1370 FORMAT(T18,’type ¢ X \ og—-normal distribution’,/,
" T19,’ & 2 =% F12.5,/,
# T18, *standard devi MNF12.5, D)
1980 FORMAT (T10, type ifgtn distribution’,/,
" Tie, 7 maimum "1”7:; /,
+ T18 ~”' .5,/)
1099 FORMAT(TNJ ’tmae of dist ribution de u ministic value’,/,

* F12.5,4)

mﬂau m m«;wmﬂ it

1110 FORMAT(Tlﬁ ’CORRELATION‘BETWEEN POROSITY AND WALER SATURATION’,/)
AR TR

1139 FORMAT(T10,

CALL PROB(TRES, NOLOOP)

CLOSE(6)

STOP

END
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C **********************************************************************%

C

i -

C

C

SUBROUTINE 2-DIMENSIONAL TURNING BAND METHOD

SUBROUTINE TURN(LENGTH,II1) s

DOUBLE PRECISION W(109), S1(109), WKP(108), PHI(108) - — -~ - - -
DOUBLE PRECISION XX(2), ZI(16,408), SDW

DOUBLE PRECISION PI, SX(16,2), DW, DWP

DOUBLE PRECISION UN, DIST, ANG, ANG1

DIMENSION Y(6@,68)

REAL LENGTH
COMMON ’
#/L1/RN
%/L2/M2,1Y,1A,IC
%/1.4/DC, DL, NCO,
*/15/Y,PI,SX,

C %kk compute rotati

C

C

C skkk omega = 20/4

ANG1 =
Do 16 IT =
SX(IT,1) =

- SX(IT, 2)

18 ANG = ANG %

15 DW = @.2D@/LENGIH

DDW 1i£:téqgighg 1VI!E]1V]‘iiWV“ faﬂf]lf]lii

; @%@ﬂﬂﬁﬂ’?ﬂi@iw}‘“ﬁ‘ﬂm Y

Q

DO 39 KT = 1, 100
W(KT) = (FLOAT(KT)-@.5D@)*DW

38 S1(KT) = SQRT (DDW#W (KT ) ¥LENGTHKLENGTH/
*((1.D0+(W(KT)*LENGTH)**2;Dﬂ)**(3.D%/2.Dﬂ)))



C
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C #¥¥ uni-dimensional simulation

B

C

49 CONTINUE

5@ CONTINUE

UN = AMIN1(@.5%DC,@.5%DL)
DL = DL/UN
DC = DC/UN

NGMAX = SQRT (NLI#NLI#*DL*DL+NCO¥NCO¥DC¥DC) + 4

IF (NGMAX.GT. 40@) THEN
WRITE(8,%) ’NGMAX GREATER THAN 498 : PROGRAM CANNOT WORK’
STOP X

DO 76 JT = 1, NG »
DIST = FLOAT (JT)#UN
ZI(ID,JT) ()@ e

DO 60 [¢F =4

60 ZI(ID,JT) =% KT)#DIST + PHI(KT))

71 (ID,JT) -,*&(ID JT)¥2. D0

78 CONTINUE

oo v @ummﬂmmmm 1 tine
g mmmumwmaa

= NGMAX/2

DO 1@@ IT = 1; NCO
XX(2) = -@.5+(IT-N2)*¥DC
DO 109 JT = 1, NLI
XX(1) = -@.5+(JT-N1)*DL
Y(IT,JT) = 8. '



&
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Do 99 IIT = 1, 16
XI = 0.
PO 88 JJT =1, 2

80 XI = XI + XX(JJT)¥SK(IIT,JJT)
XI = XI + 0.5
LK = XI S
IF(XI.LT.#.) 1K = 1K - 1
1K = LK + NG
Y(IT,JT) = YIT,JT) + ZIIIT, LK)
99 CONTINUE
Y(IT,JT)
1@ CONTINUE
= DL#UN
DC = DC¥UN

Y(IT,JT)/4.D0

AAA = (MODE - 1
VARI Shpacavor 4 (MAX-MIN) #RN)

Y¥(1.-RN))

”WW R e

10 CALL RAN
Vi= 2.4 ~ 1.
CALL RAN
e = 9N = Ls
SS = V1kk2 + VZ2kk2
IF(SS.GT.1.) GOTO 18




7

Q

OOOOGOOOOOOOOOOO

RN1 = VI¥SQRT (-2.%ALOG(SS)/SS)
RN2 = V2%SQRT (-2.¥ALOG(SS)/SS)
VARI = AME + RN1 % STD
INOR = 1
GO TO 39

2¢ VARI = AME + RN2 % STD
INOR = @

30 RETURN

244

SUBROUTINE UNIFORM DISTRIBUTION

REAL MAX,MIN
COMMON /L1/RN ~
VARI = MIN +

INTEGER IPOP(15 ,Ifi_
CHARACTER PRIT*3 -

X J'.« ; T anc o :‘ o |
r.;-ﬁ W
XMIN +himum value )

XMAX value o/

e LB TIENTNEN S
A AN INYIaY

FREQ(I)
Cu(D
POP(I)

NCU(D)
IPOP(I)

I

frequency in class i

cumulative frequency in class i
probability in class i

negat.ive cumulétive probability in class i
numbers of signs (1) for ploting

for probability distribution



INCU(I)

numbers of signs (¥) for ploting
for negative cumulative probability
LOLIM = lower limit :

UPLIM = upper limit

LOBND = lower bound

UPBND = upper bound

WDTH = width of each class

SORTING X(N)

OOOOOOOOOOQ

_ L =
1@ CONTINUE '
T = X(
FLY = KT
X(J)
2¢ CONTINUE

I
=

¢
7~ g
C #kk calculate statlst.l‘ e

C

1]
o

XMIN
XMAX
MED1
MED2 =

R
— g

~N

N

X (MEDD)en

mﬁwm ¥l oo gy
%ﬁﬂaﬂ@gwmmmaﬂ

3¢ CONTINUE
XBAR = XBAR/FLOAT(N)
0 35 1 =1;'N
VARIAN = VARIAN + (XBAR-X(I))*#2
35 CONTINUE :
VARIAN = VARIAN/FLOAT(N-1)

245



Q

i

- ELSE

246"
STD = SQRT(VARIAN)

plot graph and find mode

WRITE (%, %) SELECT MODE OF PRINTING , MANUAL OR AUTO’
READ Gk, %) PRIT
IF (PRIT.EQ. MAN’) THEN
WRITE(#,%) ’INPUT LOWER BOUND’
READ (¥, %) LOBND
WRITE (%,%) ’INPUT UPPER BOUND’
READ (¥, %) UPBND
UPBND = UPBND + LOE
LOBND = LOBND = LOB

LOBND =
UPBND
ENDIF

WDTH = (UPBND

UPLIM = LOBN
LOLIM = LOBND
AN = N

classification

POPMAX = -1.
DO 58 I =i 488
POR(I) -
NCU( !E
DO 48

1,N
RJ) .GT-. LOLIIIP"AND (X(J) .LE.UPLIM))

’ ﬂuléj:}((\]) 1E. UPLIM) ﬁgqﬁg : i
w‘ﬁﬁﬁh&mmwmaa

UPLIM = UPLIM + WDTH
POP(I) = POP(I)/AN
NCU(I) = 1.- (NCU(I)/AN)
'IF(POP(I).GT.POPMAX) THEN
POPMAX = POP(I)
I8 ="1
ELSE
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ENDIF
5@ CONTINUE
XMOD = LOBND + (FLOAT(ISM)-@.5)*WDTH
WRITE(8,68) : :
60 FORMAT(/,5X,’ . '/,
* 5X, "Results : 0il reserve calculation - (bbl.) £
* 5X,’ : *3
WRITE(6,%)” Minimum = ’,XMIN
WRITE(S,*)’ » ' Maximum = ’,XMAX
WRITE(6,%)” Mean = ’,XBAR
WRITE(8,%)” Median = ’,XMED
WRITE(6,%)7 7 ,XMOD
WRITE(6,%)’ = ?,VARIAN
WRITE(6,%)’ e " EIh -
WRITE(6,%)’ — ?
e J
C #¥k print out p 9

WRITE(6,78)

78 FORMAT(////

*7

%’data outputs

*? » % l' ! v,/,

#%’Probability of

MIDPT =

DO 88 T = 1415
WRITE(E

MIDPT/ = MIDPI

80 CONTINUE T

IF (POPMAX.

LAHEANEN NN
AR U INIA Y

po 118 I =1, 15

.®#.5) THEN

APOP(I) = POP(I)*50.%XX +.5
ANCU(I) = NCU(I)*58. +.5
IPOP(I) = APOP(I)

INCU(I) = ANCU(I)

11@ CONTINUE
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120 FORMAT(///,

*16X, ’ Probability > 2y

*16X, 0.0 3.1 ?.2 9.3 3.4 9.5,/

MEX,> + % 4 ; } + b + + + &%)
13% FORMAT(///, :

*16X, ’ Probability s 7.

%16X,’0.0 0.1 ©.2 0.3 9.4 8.5 6.6 8.7 8.8 9.9 1.87,/,

*¥16X,? +————t+————t————+- b + } S + ' 317y

MIDPT = LOBND + WDTH/2.D@

po 143 I =1, 15
IF(IPOP(I).EQ.®) THEN

j=1,IPOP(1))

b

ENDIF
149 CONTINUE

. ,
¢ %%k print out ne
C

bty

WRITE(6, 150)

150 FORMAT(////,
*7 - = 4
*’data ou ,__; abillt.y £
£ =
¥ - 2 11
T

#*Probabil 1t
P=1.0
WRITE (6, 179) TOBND, P

o] wwsmwmm

WRITE (8, 178) UPLEM, NCU(I)

QW?&W@W%WWH’]QH

1690 TONTINUE
17¢ FORMAT(F20.0,’° = * F6.4)
WRITE(6, 188)
18¢ FORMAT(///,
*16X, "’ Negat.ive cumulative probability ¥,

¥16X,’0.0 0.1 ©.2 8.3 0. 4'9.5 98 9.7 6.6 8.9 1.8/,

1 i e & 1 i 2
k 3 + %)

#16X, 7 + + + + 3 } ¥ }




WRITE(8,%)LOBND,” +7, (7 7,J=1,49),7%’
UPLIM = LOBND + WDTH
DO 1989 I'=.1, 15
IF (INCU(I) .EQ.®) THEN
WRITE(6,%)’ ' ¥
. WRITE (6,% UPLIM,” +’
UPLIM = UPLIM + WDTH
ELSE
WRITE(G %)’ 7
WRITE (6,%) UPLIM,” +°,¢( ’,J=1, INCU(I) 1), 4
UPLIM = UPLIM +
ENDIF '
199 CONTINUE
RETURN
END

ﬂumwﬂmwmm
ﬂWlﬁ\‘lﬂifMJWﬂﬂEﬂﬁﬂ

249
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13. Data input file for oil reserve calculation program.

WWWHWHWWWW*

.k DATA FILE FOR OIL RESERVE CALCULATION *
* USING. MONTE CARLO STMULATION *
* (2-DIMENSIONAL SIMULATION) *

DATA REQUIRED
1. NUMBER OF SIMULATIONS
o NUMBER OF BLOCK IN A COLUMN
3. NUMBER OF BLO

4. RATIO OF LENGT

5.

6. P DA I:UNN'L‘-IH—

7. CORRELAPTON GG} F THEBEKBONENTIAL SPATTAL CORRELATION

8. PARAMER & A N BETWEEN POROSITY AND WATER SATURATION
THERE ARE 8"V}

1. AREA

9,

3:

5. OIL SAND g SA

6. INITIALSOTU EORMATI LUMN FACTOR

7. POROSITY 2707\ /i |

8. WATER: o

TYPE OF DISTR
1. DETERMINISTIC VALUF -’DE@ NEED CONSTANT
2. UNIFORM.DISTRIBUTION, 5’UNIF’ : NEED MAX,MIN

§ Tl SRR VLA T S o

5 LOG-NORMAL DI?I'RIBUTION 2’LOGN’ = I'IEAN,SI'DDEV

e e e o o e v o e v S

NUMBER OF SIMULATIONS (NOLOOP <= 1000;
5600



NUMBER OF BLOCK IN X-AXIS (NCO <= 50)
&

NUMBER OF BLOCK IN Y-AXIS (NLI <= 50)
>1

RATIO OF LENGTH TO WIDTH OF AREA (RATIO > O.)
b 1=

1) AREA
’DETM’
PARAMETERS O
1.0 '

2) RECOVERY FACTQR
>DETM’ -
PARAMETERS OE#DIS
0.2

3) GLOSS THICKNESS

el
Y ﬁﬁﬁjjgﬂmw 113
qmww WA Y176

5) OIL SAND TO NET SAND RATIO

’DETM’
PARAMETERS OF DISI'RIBUTION

>1.0
IS THERE IT’S SPATIAL CORRELATION 7 (YPB/NO)

251
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’NO’ LENGTH = 0.0

6) INIT OIL FORM VOL FAC
’DETM’ :
PARAMETERS OF DISTRIBUTION

>1.2
IS THERE IT’S SPATIAL CORRELATION 7?7 (YES/NO)

’NO’ LENGTH =

7) POROSITY
’TRIA’

8) WATER SATURA
>TRIA’
PARAMETERS OF B
>0.55 ! | :

IS THERE IT’S $SPAFTAL CORRE! N 2, (YES/NO)

’NO’ LENGTH = 0.9 )

IS THERE THE CORRELATI «
’NO,

FUNCTION BEI‘WEEN,-
s \

1
p=
Izt
*

.

@

5

“Al =
A2 =

mo»fimﬂ%ﬂﬁa’l ynIngIng -

Fekerdokckds H************H‘H*** sklctetkkskdkkokdok

QW?MH‘?W&IW]W]EI']GEI
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