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Random Extraction from Freehand Drawings
(Abstract)

Akio Kawanishi
Department of Mathematics anf Information Sciences,
Osaka Prefecture University

1 Introduction

Random number generator is used in many fields such as simulation and
cryptographic technology. In this paper, we present our algorithms of ran-
dom number generation.

Kawanishi and Suzuki constructed algorithms that converts bitmap of
freehand drawings to an almost random bit string (Figure 1). And the
algorithm constructed by Kawanishi had good results for two statistical
tests (‘run test’and ‘poker test’). Furthermore Suzuki revised the algorithm
of Kawanishi. Suzuki showed that the revised algorithm also had good
results for the above statistical tests, and he mathematically proved that it
preserves the irregurarity of freehand drawings.
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computer random bit string

Figure 1: Random Extraction from Freehand Drawings

We explain the constitution of this paper. In section 2, we introduce
bitmaps of freehand drawings that are random sources of our algorithm.
In section 3, we show our algorithms. In section 4, we show experimental
results by two statistical tests.

2 Bitmaps of Freehand Drawings

In this section, we introduce bitmaps of freehand drawings. The size of
canvas of a bitmap is of 256 x 256 pixels. In addition, when we draw freehand
drawings, the color of canvas is white and the color of pen is black. Some



drawing is drawn by Kawanishi, and some is drawn by Suzuki. Some drawing
is drawn by a mouse, and some is drawn by a pen tablet. Some drawing is
a meaningless curve, and some is a catoon of face.

We prepare 500 bitmaps (test201.bmp - test700.bmp). The following
table and figures describe them.

Bitmap Type

test201 - test300 | meaningless curve drawn by mouse
test301 - test400 | meaningless curve drawn by pen tablet
test401 - test500 | cartoons of faces drawn by mouse
testb01 - test600 | cartoons of faces drawn by pen tablet
test601 - test700 | geometrical designs

I
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1
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Figure 2: VFigure 3: Figure 4: Figure 5: Figure 6:
test201 test356 test437 testb62 test620

3 Our Algorithms

In this section, we introduce the algorithms that converts a bitmap of free-
hand drawings to an almost random bit string. We call the algorithm of
Kawanishi KAWAL, the algorithm of Suzuki rng023. Rng023 is a modifica-
tion of KAWAL. The procedure of two algorithms is as follows.

1. A bitmap of freehand drawings is converted to a Boolean matrix A
(each element of A is 0 or 1).

2. A is converted to an array .

3. The lengths of runs in [ is converted to binary number, and we output
an array b. (1)

4. By applying XOR(exclusive-or) to b , we make an array x.

5. Output =z.
() A run denotes a maximal string of same charactor such as ‘00000’, ‘111°.
For example, in the case of 010111001, the number of runs is 6.

An output from the above procedure is an almost random bit string. In
the output of KAWAL and rng023 with a bitmap from test201 to test700,
the rate of 1 is close to 50 % in the most of bitmaps.
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Now we describe KAWAL more precisely.
stepl: A bitmap of freehand drawings is converted to a Boolean
matrix A.

Each black(white) pixel in a bitmap is converted to 1(0) in the corre-
sponding matrix A as Figure 7.

Figure 7: A bitmap of 3 x 3 pixels is converted to a Boolean matrix A

step2: A is converted to an array I.

A is converted to an array [ as in the following figure.

o O 9
& A O = 60O 0 & A

step3: The lengths of runs in [ are converted to binary numbers.
We explain this step by using the follwing example.
(example) [:1100011100000

1. The lengths of runs in [ are converted to binary numbers. In the case
of the above example, because the lengths of runs in [ are 2,3,3 and 5
from left, they are converted to 1,11,11 and 101. (1)

2. We delete the leftmost bit (1) of each binary number. In the excepti-
nal case that the length of binary number is 1, we don’t delete it.
Therefore, we have 1,11,11,101 — 1,1,1,01.

3. Convert each binary number to its mirror writing (ABC — CBA).
Let an array b be the resulting array. Therefore, we have 1,1,1,01 —
1,1,1,10, and b = 11110.

4. Output b .
(1) In the case that the length of run is 1 or 2, we use different methods.

In the case that the length of run is 2, 2 (the length of run) is converted to
1. In the case that the length of run is 1, according to the position of the
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run, 1 (the length of run) is converted to 0 or 1. That is, if the position of
the run is even (odd, respectively) from the head bit of the array [, 1 (the
length of run) is converted to 0 (1, respectively).

step4: Apply XOR to b.

Suppose that b = biby - - by, (bj is 0 or 1). Get an array x as follows. z =
by XOR by, by XOR by,—1, -+ , b XOR by—iy1. If n is even, we let i = n/2
.Ifnisodd,i=(n—-1)/2.

b: 1. 0 001 --- 01 0 1 1

— «—

z: 01 0 1 1
step5: Output x.

4 Statistical Tests

In this section, we introduce two statistical tests (run test and poker test) in
order to examine the randomness of output of our algorithm. And we show
the experimental results.

4.1 Run Test

Run test is a method of statistical test based on the number of runs in
a random sequence. We collect 100 bitmaps of same type (for example,
test201 - test300) and examine the randomness of output under the following
procedure.

stepl: Get statistic V.

For each bitmap, we generate a bit string (outputs of our algorithm).
For each bit string, we compute the statistic V' by the following formula. R
denote the number of runs, n denote the length of the bit string, p denote
the rate of 1 in the bit string.

B R —2np(1 —p)

VAnp?(1 - p)?

step2: Make a frequency table of V.

We make the frequency table of V' . Each class of frequency table has
a interval of probability 5 % in the standard normal distribution. There-
fore, the probability of every class is 0.05 (5 %), and the expected value of
every class is 5 (= 100 x 0.05 = np, where n, p denote number of samples,
probability ).
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step3: Compute chi-square by the frequency table and examine

the chi-square test.

4.2 Poker Test

Poker test is a method of statistical test based on poker game. We collect
100 bitmaps of same type (for example, test201 - test300) and examine the

randomness of output under the following procedure.

stepl: Convert each bit string to a decimal number.

For each bitmap, we generate the bit string (output of our algorithm).
From the leftmost bit of the string, we divide the string into shorter intervals,
where each interval has the length 4. Each interval are converted to decimal
number (0-15). We ignore the rightmost interval if the length of it is less

than 4. Let an array a be the resulting array.

(example) 1001 1101 0011 0101 10 — 9 13 3 6 : array a

step2: Using a, we play poker.

Suppose that a = apag - --a, (a; € {0---15},0 < i < n). From the left-
most charactor of the string a, we divide the string into shorter intervals,
where each interval has the length 5. That is, we have agai - - - a4, a5 - - - ag, - - -

asj - - - an. If the length from as; to a,, is less than 5, we ignore the interval

(aj---apn). Let an array by be by = asg---aspra (0 < k < m, m = j or

j—1).

By the number of different kinds in the set {asg - - - asg1+4} of 5 intergers,
we classfy bg, b1, , by, into 5 classes. Let fi(1 <1 < 5) be the frequency
of the class of [ kinds. We compute fi, f,- -

Yy and f5.

(example) a= 532311 9123312 13143118 23127
1513151513 12345 222413 4125710 12341 15.
kinds of 5 integers | 1 kind 2 kinds 3 kinds 4 kinds 5 kinds
frequency 0 1 2 2 4

f1 :07f2:17f3:27f4:2)f5:4'

step3: Compute chi-square and examine the chi-square test.

Let Fj(1 <1< 5) be the total of f; among the hundred of bitmaps. Using
Fy, .-, F5, we compute the chi-square. Before computing the chi-square, we
lump the class of 1 kind together the class of 2 kinds because it is expected

that Fy is very small.
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4.3 Experimental Results

The following table is our experimental results of 4.1(RUN TEST) and

4.2(POKER TEST).

TEST : RUN TEST POKER TEST
Algorithm : KAWAL rng023 | KAWAL rng023
File: test201 - test300 O O O O
File: test301 - test400 O O O O
File: test401 - testb00 O O O A
File: test501 - test600 O O O O
File: test601 - test700 X X X X

(O - -+ At a significance level o = 0.05, the bitmap set passes.
A -+ At @ =0.05 (« = 0.01), the bitmap set fails (passes).
X --+ At @ = 0.01 , the bitmap set fails.

5 Conclusive Remark

Our algorithms have good results for run test and poker test. We would like
to challenge the following issues in our future work.

1. More precise statistical test.

2. More practical algorithm. In particular, we want to have enough long
outputs.

3. Mathematical reserach on KAWAL. Although Suzuki’s revised algo-
rithm (rng023) has a mathematical proof that it preserves irregularity
of freehand drawings, KAWAL dose not have such a proof yet.
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gooooooOo,0b0c A00ooooooD.oDooooooboboooo
oobbooboobbod abooboob,boobogoboobooo
000000000, 0000O0OOoOooOoOoOoOoOoOO (la O, ‘linear
array’ 00). 0000,032000000000.
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o & O
O Ao = 6350 A D

03200 A000000O

STEP2: 00 laDO0O0OD0OOOODOOOO

gboog,0boobbooboobooog.

O 0OO0la:1100011100000

1. 00000000 2335 000,000000000, 0000
1,11,11,101. [0]

2. 0000b00b0b00obbo0oboOo,bobo0obOoobbo 1o
000 1,1,1,01. 000, 00000000 10000,00000
goon.

3. 00b0b00b00o0obDO00b0 -000OODbO,00000 bedOO
00 (be O, ‘binary encoding’ 0 0). 0000, 00 be: 11110.

4. 00 beOOOODO.

[0jobooQo0o0,0000000000. D0, 00000000 OoO,
oooobooobobob. boboobuobooD,0b laobboDO
ooo00:000+:00000)000000O0,0000000000,

gboodgbuodgoogogad.
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STEP3: U0 bell XOR OODOODO

00 bed XOR(0OOOOO)O0000000,00000 myXorO
00.00000000000000.

0i(l1<i<(1/2)(00be000)000,00be00000i00
Di0000000000,00be00000:000000 XOROODO,

00000 myXORO :00OOOOOO.O03300000000.

be: 1 0 001 --- 010 1 1

— —

myXor: 0 1 0 1 1

O 33 00bed XOROOOOO

STEP4: 00 myXor OGO OQd

00 myXor0OOOO (KAWALOOO).

3.3 rng023

go,0bbo0dbo0bboooboobbood,meo23000b000O0
O (rng O, 'random number generator'0 0 0 00 ). rng023 O, KAWAL
00000000000000. KAWALOOO,mg230000000
000000OO0oooooD. 0D ADOoO0oooooooooooo

go,00ooobooon.
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1. 00 AQO0ODOO,D000000D0C0O0 la0OOOO

2. 00 la000O0OOCODOO,00D000D0O0ODOObPeODOOO
(000, KAWALOOODOOOoOoOoOoog).

3. OO0 bed XORODODO,000000COCCDOO0 myXorOODDOD

4. 00 myXorJOOODO (rmng023000)

rng023 0000, KAWALOOOOOO, 000000000000 O.

STEP1: 00O AOOOOOOO

3.220 STEPL OO OODOOOO

STEP2: U0 laO0OODOOOO

00,00000 Cy, C, 0000, Cs = floor(loge(Cy + C)) 0O 0.
000, floor(z)(x 00000) 0,2 0000000000000 (0O
O,2=42000, floor(z) 0, 0000). 0000, C; =60, Cy = 2,
C3 = floor(loge (60 4+ 2)) =5, 0 00.

00 la: lag lag -+ lag lag41 - 00, 0000000000, OO

O,la (0<k<256x256—1)0,0,100000000.

.0O0Ola0O O0ODO (DOOUODO)00 ;000000 0O0O, 00
0o0g la® = lag - - - lac, —1, la) = lag, - - -lac, x2—1, =+, lal) =
lac, i -+ lag, wiyy—1, --- 00O0. OO0, 000000000, Cy

goboooboooob,booboon.
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2.00 1Y 0OODDODO, 000000O0DO ¢, OO0O0OOODODOOO.
0D000,0000000,0000000.

0 1a®:1100011100000

() 00000000 2335000,C,=2000,00000
00,0000 100,101,101,111.

() 00D0OO0DDO0O00OO0OOOD, 0000000000 10
ooood oo, 01, 01, 11.

() 00D0D0DOD0O0ODOD C3000000,000 bel®
000.00000,C;=500,be®:00010.

() ) DoooDODO0O0000, beM, be®, ... OODO.

3. bel® be ... 0OODO, 00 be: be® be) ... OODO.

4. 00 beOOOODO.

STEP3: U0 be 0 XOR OOODO

3.220 STEP3 O UI0OODOOODO

STEP4: 00 myXor DO OO0

00 myXorOOOOO (rng023 000).

3.4 0O0A, KAWAL, rng023 0000000

test201 OO test700 00000000 O0O0ODO (O 20000)00
0,00 A0 KAWALO rmg023 0000 (DO0OO)00O0OOO. OO
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OO0, KAWAL, rmg023 0000000, 0000D0OO00OO0ODOO 1
gboobso00o0oboboboooob. bobob,b0oboobooon
000 (0:0000000000000000O)ooboooO0O,0000
oboooboobooboobooooo. gb,00boo0obooobo

ugboogboo,bgobooobaboa.

oo A KAWAL rng023
oooooooo 0.300 0.497 0.500
ooooooo 0.0133 3.90 x 1075  8.47 x 107°

000000000 |65536(00) 12562 27300 000

oooooOooon 0 3.267 x 106 0

O 3.1: test201-test300

oo A KAWAL rng023

oooooooo 0.620 0.495 0.497
ooooooo 933 x 1073 5.34x10™° 9.15x 107°
000000000 |65536(00) 5951 2730000 0

goboooon 0 2.34 x 108 0

O 3.2: test301-test400
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oo A KAWAL rng023
ooooooon 0.0574 0.500 0.480
0000000 1.28 x 1073 7.22x107° 229 x 1074
000000000 |65536(00) 4423 27300000
0o0ooooooo 0 2.69 x 106 0
O 3.3: test401-test500
g A KAWAL rng023
ooooooon 0.356 0.496 0.497
0ooooooo 774 %1072 5.04x107°  1.36 x 107*
000000000 |65536(00) 4847 27300000
0o0ooooooo 0 1.20 x 108 0
O 3.4: test501-test600
g A KAWAL rng023
ooooooon 0.140 0.496 0.469
gooooooad 0.0201 0.00198 0.00114
000000000 |65536(00) 2895 27300000
0o0ooooooo 0 2.17 x 106 0

O 3.5: test601-test700
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40 QOo0OUg

gboboab,obbobbooboobodbuoabuooboooboon
gboooboobooboobo. obboobooboobo,obooon
gboogoboooboob ob100b0o0boooboon.

gbooo,cooboo,boobuooboaobodgbodoboobon
g,00bobo.gbobgoboobogo,oboboboo,obob
ubogbuooogdgo,goboobg,bogbuaboaood

ugboo.gob,gbooboobooboaaod.

4.1 0000

goog,0boobbooboobooog.

4.1.1 0OO0O00O0OO0OO

000000,0000((@00O00000000)00000000O00
ubodbuogbuogbooboob,obuooboooboboabood
go.o00bog,boboboobgo, o000 0b0obOobobonoO
0000000000 (Doo,o10011100 0000000). 00000

00000000000, 00oo,000000000 (boooo)Ooo
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0,00000000 1(000)0000000OOODOOOOOO, 00
gooobooooooobooooooog.
ugooo, bodooooobog, g ooooooooa
0,000 RO,
000: 2np(l —p), O0: 4np?(1 — p)?
(nO0,0000000.p0,000000000 1000.)
O00000000000000O0000ooo 00 70, pp.56-58].
oo, 0j0oooooooo voooo., ooooooooooo,

VoOoooooooooo o,00100000)000000A0.

V_R—2np(1—p)
dnp?(1 — p)?

00,000000VO0OOOD0O00O00000000000000
0oooo,|Vi<K,,000,000000000.000,ae000
00,K,,D0 00000000000 /20 000.00,00000

a=00500000.00000,K,,=196000.

4.1.2 ODUOO0O0O0OO0OOOOOO0

0000000, test201 OO test700 00O ODODOOOOOODO (O 2
O000)000, KAWAL O mg023 000000000000O0OO. 28
000000,0000000000 (0:0D000000O0O000ODOOO
O000)b0o0000,000vOo0oo0oooooooooooD. oo, 26
00000 KAWALOOOOVOOOooooo,2rooboo0O rngd23

oooovooooooobooogog.
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KAWALOOO (vOOOOOOO)

Fr

Frequ

alll

O 4.1: test201-300 0 4.2: test301-400
'_| e_I T T T 1
0 4.3: test401-500 0 4.4: test501-600
—;0 —|5 EL IIU
)
0 4.5: test601-700
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rng023 000 (VOOODOOODO)

15 20
1 J

10
1
Frequency

Frequency

:
=
=,

0 4.6: test201-300 0 4.7: test301-400
e - o J I —
o2 a0 2 s 2 e 1 2
0 4.8: test401-500 0 4.9: test501-600
dl

0 4.10: test601-700
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Vooo vooo

File: test201 - test300 -0.295 0.995

File: test301 - test400 -0.101 0.963
File: test401 - test500 -0.112 1.067

File: test501 - test600 -0.0507 1.090

File: test601 - test700 0.0305 8.540
0O 4.1: KAWALO VOOOOODO

Vooo vooo

File: test201 - test300 -0.140 0.952

File: test301 - test400 0.00954 1.015

File: test401 - test500 -0.1858 1.528

File: testb01 - test600 -0.0853 0.998

File: test601 - test700 -0.844 5.466
0 42: 0230 VOOOOOO

oooCoooo

ogooooovioooboboooooobobobooooboobo
DD,|V|<1.96(:KQ/2. 00000000000 a=0.05) 000,
uboogbuogod. bogboaoboob,oboobuoobodood

goooboo. obob,bo0boobgooboboboobbooboo

gboogooad.
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0000, KAWAL(rng023) 0000 (00000)000000000
0,VO00000000000000000000000. 000,V O
00000000000000000000000000,000000

(00000)00O00. 00000000000, 0000000000.

4.1.3 ODUOOvDOOOoDoOOoOooOOoDOOoO

oo vooooooboboobo. oo, vobooobooog
ubboooobbogooooooooooda. goooooboobood
000000 (0:00000000000000000O) O 100000

(O :test201-300), OO O OO OOOOOOODO.

STEP1: 00O VQOQOOoO

gbooooooobobobobobooooo voooo.

STEP2: OO0 VOOOOOOOOO

STEP1 DDOO0O0ODDOOO VOOOO,300000000000
googao.

oo0oo0ooooooooodoo. tooooooob,0oooa
000000 5%00000 (interval) DOO0. OOO0OO0OO,0000
O000000000000.00000,0000000 (probability) O
0.05, 0000 (expectation) d 5(=np, 0000 n=100,00 p = 0.05)

gog.
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interval frequency probability expectation

~ -1.645 0 0.05 5
-1.645 ~ -1.282 4 0.05 5
-1.282 ~ -1.036 0 0.05 5
-1.036 ~ -0.842 8 0.05 5
-0.842 ~ -0.674 6 0.05 5
-0.674 ~ -0.524 8 0.05 5
-0.524 ~ -0.385 7 0.05 5
-0.385 ~ -0.253 3 0.05 5
-0.253 ~ -0.126 4 0.05 5
-0.126 ~ 0 4 0.05 5

0 ~ 0.126 6 0.05 5
0.126 ~ 0.253 12 0.05 5
0.253 ~ 0.385 7 0.05 5
0.385 ~ 0.524 4 0.05 5
0.524 ~ 0.674 3 0.05 5
0.674 ~ 0.842 10 0.05 5
0.842 ~ 1.036 3 0.05 5
1.036 ~ 1.282 4 0.05 5
1.282 ~ 1.645 5 0.05 5
1.645 ~ 2 0.05 5

043 00000
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STEP3: DO UO0OQOOOOO

gboboobooboobobooo,ooban X%DDDD. ooo, k0
000000 (00000 k=20),;0000000 (0D0,000000
O000+:00000000¢:000000), ;004000000000

uo.

k 2
2 _ N~ fi—mp)”
Xo—; np

STEP4: DO O00O0OOOODO

0000 «0000000000. 00000 x20,x%k-1,0)00
00000 (x3<x*(k-1,0),000000000. 000, x(k-1,a)
0,000k-1000000000000 «0000.00,00000

a=0000000.

4.1.4 41300000

0000000, test201 OO test700 DODO0OOO0O0ODOOOODO
O, KAWALODOOOOOD rmgf23 00000 41.3000000. O
440,00000 1000 (DOODOOODOOODO)ODOOOD,000O

ogooobooboooooboo.
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KAWAL rng023

File: test201 - test300 29.2 10.8
File: test301 - test400 14.8 6
File: test401 - test500 16.8 27.2
File: test501 - test600 12.8 204

File: test601 - test700 102.4 182

044 00000

ugboogogn

gaoooaoo X%DDDDDDDDDDDDDDDDDDDDDD
000, x2<30.1 (=x%(19,0.05). 00000000000 a=005,
000 19000,000000000. 00000000, KAWALOO
00000000000 test601-test700 (casel) OO0, rng023 OO0 O
0000 test601-test700 (case2) 000D 00, 00000000000.

U0, 0000000000000 bo0obonoog. casel O
case2 [, 00 000DO0OOO0DODOOUODLOODOOUODODDbDObOO,O0bDbO
ggoo,oodn X%:102.4,X%:182D 301 0000000000
O000,a=0.000001, 000 190000000,63.22000). 00O

g, bgboboobooboobdadaon.

4.2 0O0O0OO0OO

0000,0000000000000000.
00,421 00000,[00 89, pp.115-118) 000000,
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4.2.1 0O00O0O0OO0OOOOO

00000000, M.G.Kendall 0 B.Babington-Smith OO0 00O O
ooooooo0ooooooooO. ooboooobooooooooo,
ooo0CooOooOoOoOoOoOoUooooooooOOoOobO. ogg,oooo
00oo00O0oooO,0000000. O0,00000000000DOO

ugog.

1. abede (DO OODOOO)
2. abedd (ODDOODO)

3. abbcc (DO DODO)

4. abcee (DOODO)

5. aabbb (0O 0OODO)

6. abbbb (DO DODO)

7. aaaaa (0O 0O0O)

00, J.CButcher 0, 0000000000000000O, 000,
0000000,00000000000000000.0000,000
0000000000000000000000000. OO0, Butcher
0o0000O0,0000000.

0000,00000 (000 d-10000000000)000 »
00000,00000000000000000000000. 000,

ooboooooboogoboooob. booboo «0O00bo0o0oboon
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00 (probability) 0 p; 0000, p; 00000000000 O000O0.

_d
pl—%al
dld—1
p2=%a2

d(d —1)(d — 2)(d — 3)(d — 4)
ps = JF as

a,---,0; 0, 00000000000 45000)00000000
o0. b00,0000 k00000 bOoooboooooD »0bo0go
oooooboooooooooboboooobo. OO0 k=5000,
a1 =1,a3=15,a3=25,a4=10,a5=1000.

000, p, 000000000DO0OD000O,00D0000000. OO
U,pp 00000000, np <5000, pp0p 000000000

gboogooad.
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t=1 =2 =3 1=4 (=5 =6 =7

k=1 1

k=2 1 1

k=3 1 3 1
k=4 1 7 6 1

k=5 1 15 25 10 1

k=6 1 31 90 65 15 1

k=17 1 63 301 350 140 21 1

O 45 0000000000 a4

422 OJU0000OO0OOOOOOODOO

gboboboooboobooboobgo. bobobgoobooboo

googb 1wobog,boboboboobooog.

STEP1: 00000 100000000

of0oo000o00o00oooO00boo00ooO0O (Doboo)ooo
giooogboooobbooo. booobbooobooooboog, d
O00000o0O0oOo (o-1500. 10 0000000000000, 00
b «e00oooobooboo. gobg,1000000 DOO.
(O) 1001 1101 0011 0101 10 - 91336: 00 a
(0)boooOOoUoOoOOoUOoOOO0OU0ODOOoUObODOOOOO,D0000

gooooooog.
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STEP2: 00 o« U0O0O0ODOODOODOOO

00 ¢ce000D0OOODOOODOOODOOODO. OODOO4d, Butcher

gooooooog.

1. 0000 «000OD0ODO,00000000000.

2. 00b0obobooobobobgo,bobobo0oboboboobn
0,00000000. 000000,00000.000,000 (
«00000)000000C0DO0OCOOOOOO,DO000000.

3. 0o0oOoOoO fO0OO,0D00000000O0CO0O0. f;0,00

0000 (+0,000000000)000000.

oooo,0ii=1,2,---50000, 00 1000000.

(O)a={ 13379 38111314 12237
99151515 12345 222413 4571012 1341213

24101111 67111415 5581214 12368 3310}

kinds of 5cards | 1kind 2kinds 3kinds 4kinds 5kinds

frequency 0 1 1 4 6

fl:07f2:17f3:17f4:47f5:6.

STEP3: DO O0OQOOOogO

0i(i=1,2---50000,10000 ;000 F,0000. F, OO
F,0000,000000000.000,F 00000000000
00000, /R 000000000.000,000000000000

ogog.
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00000 2 000000000000000. 000, p; 0 F; O

DDDDDDD,TL:F1+F2+---+F5.

2 = (Fy + F» — n(p1 + p2))?
0 n(p1 + p2)
(F5 — np3)*
nps
N (F1 — npa)?
npaq
(F5 — nps)?
nps

_l’_

_l’_

STEP4: DO O00O0OOOODO

0000 «0000000000.00000 x20,x%B,0)000
D000 (x3 <x%3,0),000000000.000,x*3,0)0,00
00000000000000 «0000.00,00000 a=0.050

goog.

4.2.3 0000

OO0b0D00O00,test201 OO test700 DO ODOOO0ODOOOOOOOO,
KAWAL O mg023 000000000000 COO0OO0O. OOOOO,
00000 1000 (DOOO0DO0O0O0O0O0O0)oooOoODO,0000000
O000000D0OO0O. KAWALOODOD 4600 4.70, rng023 O

ooo00gd 4800 490000000.
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FileName: test201 - test300

kinds of 5cards lkind 2kinds  3kinds 4kinds okinds
frequency 1 228 5127 26208 31197
probability 0.00002 0.0034  0.0801 0.4166 0.4999
expectation 0.9577 215.47 5027.70 26144.03 31372.84
total of frequency = 62761, value of chi-square = 3.8333

FileName: test301 - test400

kinds of 5cards lkind 2kinds  3kinds 4kinds bkinds
frequency 3 101 2380 12283 14939
probability 0.00002 0.0034  0.0801 0.4166 0.4999
expectation 0.4533 101.99 2379.71 12374.48 14849.37
total of frequency = 29706, value of chi-square = 1.2410

FileName: test401 - test500

kinds of 5cards lkind 2kinds  3kinds 4kinds bkinds
frequency 0 82 1795 9076 11112
probability 0.00002 0.0034  0.0801 0.4166 0.4999
expectation 0.3367  75.75 1767.60 9191.51 11029.81

total of frequency = 22065,

value of chi-square = 2.9477

0 4.6: KAWAL 00O (test201-test500)
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FileName: test501 - test600

kinds of Hcards lkind 2kinds  3kinds 4kinds 5kinds
frequency 0 95 1958 9989 12146
probability 0.00002 0.0034  0.0801 0.4166 0.4999
expectation 0.3691  83.04 1937.67 10075.87 12091.05
total of frequency = 24188, value of chi-square = 2.8220

FileName: test601 - test700

kinds of 5cards lkind 2kinds  3kinds 4kinds  5kinds
frequency 0 106 1314 6043 6961
probability 0.00002 0.0034  0.0801 0.4166  0.4999
expectation 0.2201  49.52 1155.49 6008.53 7210.24

total of frequency = 14424,

value of chi-square = 94.1898

0 4.7 KAWAL 00O (test501-test700)
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FileName: test201 - test300

kinds of 5cards lkind 2kinds  3kinds 4kinds  Skinds
frequency 0 43 1080 5667 6810
probability 0.00002 0.0034  0.0801 0.4166  0.4999
expectation 0.2075  46.69 1089.48 5665.28  6798.34
total of frequency = 13600, value of chi-square = 0.4272
FileName: test301 - test400

kinds of 5cards lkind 2kinds  3kinds 4kinds  5kinds
frequency 1 51 1112 5686 6750
probability 0.00002 0.0034  0.0801 0.4166  0.4999
expectation 0.2075  46.69 1089.48 5665.28  6798.34
total of frequency = 13600, value of chi-square = 1.4398
FileName: test401 - test500

kinds of 5cards lkind 2kinds  3kinds 4kinds  5kinds
frequency 0 34 1093 5545 6928
probability 0.00002 0.0034  0.0801 0.4166  0.4999
expectation 0.2075  46.69 1089.48 5665.28  6798.34

total of frequency = 13600,

value of chi-square = 8.5860

0 4.8: rng023 0 0 O (test201-test500)
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FileName: test501 - test600

kinds of Hcards lkind 2kinds  3kinds 4dkinds  Skinds
frequency 0 53 1125 5629 6793
probability 0.00002 0.0034  0.0801 0.4166  0.4999
expectation 0.2075  46.69 1089.48 5665.28 6798.34
total of frequency = 13600, value of chi-square = 2.1883

FileName: test601 - test700

kinds of 5cards lkind 2kinds  3kinds 4kinds  5kinds
frequency 0 45 1068 5060 7427
probability 0.00002 0.0034  0.0801 0.4166  0.4999
expectation 0.2075  46.69 1089.48 5665.28 6798.34

total of frequency = 13600,

value of chi-square = 123.3031

0 4.9: rng023 0 0 O (test501-test700)
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googooon

00000000 x20000000000000000000000
0D00,x3 <781 (=x%3,0). 00000000000 a=0.05,00
00)000,000000000.

0000000000, KAWALOODODOOODOOOOOOO test601-
test700 (casel) OO0, rng023 0000000 test401-test500 (case2)
O test601-test700 (case3) OO0 O OO0, 00000000000. OO,
000000000000 00D0000DO000O.

case2 0, 0000 o=0.050000000000000000000
00,e=003000000000000000000 (x2=8.586<
8.61 = x2(3,0.035) ), 7.8100000000000. OO, casel O case3
0,0000000000000000000000,00000000
0,0000 x2=94.1898,x3 =123.3031 0 7810000000000
0000, a=0.000001,00000000000,3048000). 000,

uboodgbouggoogogoobod.

4.3 0O0OO

gogdg,gguoooboooaooobooooobooooaa. g
00O, 41.4(RUN TEST) O 4.2.3(POKER TEST) 000000000
gogooooodad.

04100000, KAWALOOOOOOD test601-test700 00O (casel),

rng023 0000000 test601-test700 OO0 (case2) D00, 0000
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Uo0o00boobooobbDd. OO0, casel O case2 DOODOOOOUO
000000000000 (D0bobo0o0,0000 a=0.000001000

O000oooooooo).

TEST : RUN TEST POKER TEST
Algorithm : KAWAL rng023 | KAWAL rng023
File: test201 - test300 O O O O
File: test301 - test400 O O O O
File: test401 - test500 O O O A
File: test501 - test600 O O O O
File: test601 - test700 X X X X

O---0000a=00000000
A---a=000000000,a=001000000
x.---aa=0010000000

0410 D0oO0oOooobobooogooog
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50 UOd

00000000, KAWAL, mg02300000000 (000000
000)000000 (D0O00)ODOOoDO0DOoOoOOOoDoDoOoDoOoOO (O
3000). 000 KAWAL, rng023 0O0O0O0DO0O0O0OOOOOOO, 00O
gb,gbudgouoboobobboobooboobuooobooobon
O000000000000000000 (0D 4000).

gbo,boboobbooobuoooboboobb,oboobaan
goog.

goobobo,0b0bobooboobooobooboobgoooboon
O0. KAWALOOO rng023 0, 00000000000000000
gbooobooboobob,obboobooboobuooboobon
ubobooboobobg. o, gbobuobuboooooboboa, o
vbobdboboboboobobb. boooobobobooobo
gooobobo,ob0bobooobobooobooooboobg,o0boon
ugboodbo. obuogboobgobooboooboobob,obon
ogooobooboooooboo.

O00,000000000C00000D00OD0OD00O00. KAWAL,
rmg023 000000000000 00000,00 megt23000, 00

ooobooobboooobboooobboooo 2r30b00bDbo0O. 0oog
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oooboobobo bbooobboobbboooboboobog, ogon
ubodbuoobuogbooboo,gobooboboboboobod
ubbobobooboobooboobobooboaboo.
O00,KAWALOOOOOOOODOOOOOOOoOooOoooooooo
O0.rmg023 000, KAWALOOOODO, 0000000000000
gboboboboboboooooobobobobobobobon
O00000. KAWALOOOOOOOOoOOooooooooooooo
gooao.
gbooobooboobooboboobooboob,0ob0ooong
ugobooO,obobbboooooobboboobobobobbobobood

uo.

45



0O 0O0A 0OD0000OO0oOoood

0000,000000000000000000000000000
000,00000000000000000000000. 00000
0000000000000000000 KAWAL(O 320000)0
rmg023(0 3.30000)0000.

00 ADDODODO0O0000000. 000000000000000
000000. 000000000000, 000000000000
0000000. 00000 KAWAL(rng023) 000000, 00O,

KAWAL(rng023) 00 000000000000 O0OO0OOOOOOOO.

Al 0O0OO0OO

gboboda,bobbobbooboobodbuogbooboooboon
uo.

0000000000 DO00O0,0000000b00goO «COOLPIX5600
O00. OoooOoO0OOO0O000O0 (JPEGOO,000000000
0 2592x1944 0000)000000000,000 24000 BMP O
O0(@0oo0)oooo0. oo,00000000D00O0DOOOoOOO,

JPEGOOOOODOOO.
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0000000000, 000000000D0000000O0 (DOD
O00,000000)0000000000000O0. DOO0ODObODOO

0000000000 10000000.0A.1,0A200000000.

OALDDOODOOO 0O A2:00000C0O0OO

A2 OJ0O0OO

KAWAL, rng023 OO0 0000000000000 O0O0O0O0O00O0. OO

goooooobobon.

1. 0000000000000 0000 20% 00000 (2592 x 1944
0000 —519x3890000).

2.00000000000000 24000 BMPOOODO 160 BMP
ooooogo.

3. 00000000000 26x2600000000000000.

4. 00b0bOooOooooboboon.

5. 00000 KAWAL(rng023) DO OO O.

od, 1,20 wWINDOWS ODOOOooooooooog,3ooa, C++

gboooboobooboo. gobooboboobooboboooboo.
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STEP1: 000000000 0O0O0OO0OOOD 20% 0000O0O.

000000000 000O0O000b0 ooO,00000 20%0000
O. 0000000000, 2592x1944 000000 519x389 000

ooo0C0C.D000,0 A300 0 A4000D0O00000.

O A.4: 519 x 389

oy

0 A.3: 2592 x 1944

STEP2: ODU00OUOD0OOOODOOO0OO0OO 24000 BMP ODUOOO 16

UOBMP OOOOODOO.

ooooooobbobooobbD 24000 BMPOUODO 160 BMP O

OO000O0OO0.000,0AL00 0A6000D0DOODOO.

0 Ab5: 24000 BMP O A.6: 16 0 BMP
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STEP3: U000 0O0O0OO0OODO26x26000000000000O

guo.

00000000000 256x25600000000000000. 1000
000000000,20000000000000. 00000000000
000000 (0,00 000000, 00: (0,0),(0,-255),(255,-255),(255,0)
00000000, 00: (256,0),(256,-255),(511,-255),(511,0) 00 OO0

o00COCOOOO0.0oog,0A7TDoOOOCOCOD.

O A7:256x25600000000000000

STEP4: 000000 OOODOOLOOODOO.

0000000 (D000 26x260000)0000000000.
0000000000400,000,00000000,00000 a;(
000,a,; €4{0,1---15})00000. 000000, 00000000

ugboogoooboo.

STEP5: 00000 KAWAL(rng023) DO O ODO.

00000 KAWAL(rng023) OO O0O. 100 0000000000,

20000000000000.
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A3 0O0ODOOO

0 4000000000000 (DOODO,0D00D000)0000,
KAWAL 0O rmg023 OO0 00ODOO0O0OO0DOOOOOOOOOOODO.

KAWAL(rng023) DO OO0, A1 00000 1000000000COO.

A3.1 OOOO

ooooooooob,boboooooooboo.booog, o4

googoooo.

STEP1: DO0ODOOOOO vOoOoOOoOoo

oo000D0ooooOoO0O0O0 20000000 ((COO0O)DOOO
ooog,b0b0 ROODODOVOOODO. OOO,n00000000

O,p01000.

v o B—20p(1 - p)
dnp?(1 — p)?

ooog,voo 2000000.

STEP2: OO0 VOOOOOOOOO

STEP1 00000000 VOD 20000000, 00b000000.
0000000000000 00,00000000000 5%000
00 (interval) D00, O0O00OO0, 00000000 0.05, 00000

10(=np, 0000 n=200,00 p=0.05 000O.

50



STEP3: U0 O0U0O0O0oooooooog,gboobogoogoo

A32 0O0O0O0O0O

ooooooobob,bobo0ooboob0obo.0ob0obo, Q4.2

googoooo.

STEP1: 00000 100000000

oo000D0ooooOoO0O0O0 20000000 (DOO00O)DOOO
Ooiooooboboooogoobo. obobobboo 40b0boboo, o
o000 w000 (o-15) 00, 10000000000 oooOg, 00

b0 e 0OO0ODODOODO. ODODOO,2000000 000.

STEP2: 000 « OO0OO0ODOOODDOO

1. 0000 «0000D0D0O0,00000000000.
2. 000000000000000, 000000000D00000
0,00000000.00000000000.000,000 (a
00000)0000000000000000, 0000000.
3. 0000000 f0000,0000000 (/00 f;)0000.

fi0,000000 (0,500000000)000000O.

0oooo,0iG=1,2,---5)0000, ;00 200000.

ol



STEP3: U0 0OUO0OU0ODOO, 00b0oboOoonDg

0i(i=1,2---50000,2000 000 F,FO0OOO. F, 00
F,0000,000000000.000,F 00000000000

ooooo, ,O00000D0000.

A33 0O0O0OO

0000 (A3.1000)000000000 A10,000000 (A3.2
O000)000000000 A20 0 A30000O00O0O. 00,0 A1

00,200000000 (DO0O0)0 10000000ODOOODOOOO

0o.

KAWAL rng023

goooooon 0.498 0.489
00ooOoooo0 771 x107° 237 x 1074
ooooooood 7294 27300000

0o0oooooo 9.38 x 10° 0

voooo -0.8618 -0.2798

vooo 2.6624 1.3645

ooooog 198.2 65.4

O Al 00000000000
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kinds of 5cards lkind 2kinds  3kinds 4kinds okinds
frequency 0 255 5753 30331 36516
probability 0.00002 0.0034  0.0801 0.4166 0.4999
expectation 1.1117  250.13 5836.40 30349.26 36419.11
total of frequency = 72856, value of chi-square = 1.5505

0 A2 0000000000000 (KAWAL)
kinds of 5cards lkind 2kinds  3kinds 4kinds 5kinds
frequency 0 91 2116 11340 13653
probability 0.00002 0.0034  0.0801 0.4166 0.4999
expectation 0.2075  93.38 2178.96 11330.57 13596.68

total of frequency = 27200, value of chi-square = 2.1436

0 A3 0000000000000 (rng0d23)
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googooon

00,00000000000000000. 00000000 2
0000000000000000000000000, x3 < 7.81 (
=x%(3,0.05). 0000000 000DO0 «=0.05,0000)000, 0
0000000, 0 A20 0 A300, KAWAL, rng023 000000
ooooo0oooo.

00000000000 0000. 00000000 2000000
0000000D000000000000, x3 < 30.1 (= x2%(19,0.05).
00000000000 o=0.05,00019 000,0000000
0.0 A100,KAWAL, mg023 00000000000000000
000. KAWAL O rng023 0, ¢ =0.000001 DO0000000O00OO

000000 ( x%(19,0.000001) = 63.22 ).

A4 A200000000000

A300,KAWAL, mg23 000000000000 O0ODODOCOCOO
OO000O0OO00O0. oob,A20000,0000000D000DAO.

O000,A200000000000000AO.

A41 A2000

A20000000000. O0OO,A20 STEP3O0OO0OOODO.

0000, STEP3 0000000,
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STEP3: 00OOOOOOOODO 256x256000000000000
oo.

00000000000 256x25600000000000000. 1000
000000000,20000000000000. 00000000000
000000 (000000000, 00: (0,-100),(0,-355),(255,-355),(255,-
100) 00000000, 00: (256,-100),(256,-355),(511,-355),(511,-100)

oo00COCOOOOOO0oO0oO0.0ooo,0A8ODO0OoOooon.

0 A8 26x260000000000C0O0O0O0

STEP30000000000,0 A90 0 Alo0CDOQODOODOO
0000000, 00000000000D000 (DObovVvoOOooooo
0)00000000O0O0O000O0. 000,00000000000OO

gooobooboboo,booooobooboboboobobobooDg.

-

|

0O A9 0OCOCDODOOO O Al0: DOOOCDOOO
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A42 0000

AlDO0ODOOOOOO 1v0C0O00O0O,0000 A3O0ODOOO

O00.000000DDOODO0OC0CO A4dD,00000D0D0DDOODOO

000 A500 A6eO0O0O0COOD. OD,0 AdD0D0,20000000

O0((@0O0O00)D 10000000000000O0O0O.

KAWAL rng023
ooooooog 0.498 0.491
oooooog 4.65 x 107° 214 x 107*
ooooooooo 8145 27300000
0o0ooooooo 8.54 x 10° 0
voooo -0.9118 -0.1939
vooo 2.0831 1.1788
ooooo 208.8 24.2

0O A4 00000000000

kinds of Hcards lkind 2kinds  3kinds 4kinds 5kinds
frequency 2 293 6331 34031 40692
probability 0.00002 0.0034  0.0801 0.4166 0.4999
expectation 1.2413 279.29 6516.76  33887.14 40664.57

total of frequency = 81349,

value of chi-square = 6.6705

0 A5 0000000000000 (KAWAL)

o6




kinds of 5cards lkind 2kinds 3kinds 4kinds 5kinds

frequency 0 92 2209 11289 13610
probability 0.00002 0.0034  0.0801 0.4166 0.4999
expectation 0.4150  93.38 2178.96 11330.57 13596.68

total of frequency = 27200, value of chi-square = 0.6143

0 A6: J00DD0OO0O0ODODOOO (rng023)

uboogogn

00,00000000000000000. O0D000000 x3
0000000000000000000000000, x3 < 7.81 (
=x%(3,0.05). 0000000 000DO0 «=0.05,0000)000, 0
0000000, O A50 0 A600, KAWAL, rng023 000000
OoDo0000oo.

D00000000000000. 00000000 2000000
0000000D000000000000, x2 < 30.1 (= x2%(19,0.05).
00000000000 «=0.05,00019 000,0000000
0.0 A400,mg023 00000000000, KAWALODODODODOO
00000000, 00, KAWALOOOO, o=0.000001 000000

000000000000 (x3 =208.8 > 63.22 = x2(19,0.000001) ).
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A5 0O0OO

OA70,A330 A420000000000000000. O AT
O0,00000000D0000000. A2000000, KAWAL,
rng023 0000000000 OCO00O0DOOO0O0OCO0O00. A410O
OO0000,mgd230000000000000O00O00O0ODO0O, KAWAL
goooboobopoboboboobobooboo.

0000, KAWALOOOOOOOOOOOODoOoOooDooooo
OO00. 000, KAWALODODODOODOOOOOOO,0D000000

ubodgbouggoggobogoobod.

TEST : good gooaoo

Algorithm : | KAWAL rng023 | KAWAL  rng023

A2 X X O O
A4l X O O O

O---0000«=00000000

A---a=000000000,a=001000000

x---a=0010000000

0O A7 O000000000O0O0O0OODO

o8



OB 0O00000ooodod

0000,000000000000000000000000. 00
0000000000000000000000 KAWAL(O 32000
0)0 mgo23(0 3.30000)0000.

00 BOOOOOOOOOOOO. 000000000000000
0000000.0000000000000000000. 00000
00000000,0000000000000000000. 0000
0 KAWAL(rng023) 000000, 000, KAWAL(rng023) 0000 O

googoboobooobobboobon.

B.1 000O0OO

gbboboobooboobbooboobboooboon.

oobooooboooooobobo,00bbobo0obooo0bn ‘g-mini
DIGITALS00U0O. D000O0O00000000 (JPEGOO, 000
0000000 2560 x 1920 DO00O0)0oooooOoOoO, 000 24
O00BMPOO (DOODODO)000O00.00,0000000000
oooooboo,JpEGOOOOOOOO. ODOOOO,0D00000

goos0b00000.0B10O,0B200000000.

29



U BlL.OO0OO0OODOO 0 B2 000000

B.2 0O0O0O0O

B.2.1 0000

KAWAL(rng023) OO0 000000, 00000000000000
O.00000,A20000000,00000000000000O
0000 0000 (A1000)0000.0000 STEP1 O STEPS

00000000000 (@WoOOooooon).

STEP1: 000000000 0O0O0OO0OOOD 20% 0000O0O.

000000000 000O0O000b0 ooO,00000 20%0000
O. 0000000000, 2560x1920 000000 512x384 000

ooogd.

STEP2: DU00OUOD0OOO0OODOOO0OO0OO 24000 BMP ODOOO 16

UOBMP OOOOODOO.

A20 SsTEP200000000OO.
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STEP3: U000 0O0O0OO0OODO26x26000000000000O

guo.

A20 STEP300DODOOODOODO.

STEP4: D0 0O0O0OO0OOOODOOOOODOO.

A20 STEPACD OO OOOOOO.

STEP5: 00000 KAWAL(rng023) DO OODO.

00000 KAWAL(rng023) 0000 0O. 50 0000000 0000,

100000000 000000.

B.2.2 0O0O0O0O00OOOOOOO(@QO)

KAWAL(rng023) 0000000 100 0000000000, 000
00 (A3000)0000. 000, KAWAL, rng023 0000000
(A3100)00000000000000. 0000000, KAWAL
000000 (000 19)0 x2 =1900.0, rngd23 000000 (000
19)0 x20 = 16324 0000. 00000000 (A3.200)0000
0, KAWAL, rng023 0 00000000000.

00000 (512x3840000,160 BMP, 0 B400)0,0000
(519 x 3890000, 160 BMP, 0 B300)000000000000
0000000.000,B21000000.000000 (B.3.1,B.3.2)

gboodgo,oaboobogaooaan.
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0 B.3: 0000 (160 BMP) 0O B4: 0000 (160 BMP)

B.3 B.2.1000

gooo,B2100000000000.

B.3.1 0OO0O0OO0(0DO0DO0OBMPOODO)

000,B210 STEP20000000. 0000, STEP2' OO0

googd.

STEP2: 0000000000 O0O0O0O0 24000 BMP OUOOOOO

o0 BMP OOOGOGOOO.

oooobo0oodoooooouo 24000 BMPOOOO DOOD BMP

goooboob. oogo,0Bs 00 0B6s0O0O0OOODOODOO.

0 B.5: 24000 BMP 0 B.6: 00O OO BMP
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B.3.2 0OO0O0O0(DO0OOOODOOOOOO)

0000000000000 00, KAWAL(rng023) D OOO0O0O0OO
ooo0oo0oo0o000oOoO. oo,000000000000 (B.21 O

STEP10000000)00000ODOOO.

STEP1: OO0O0O0OOOOOO0OCOOODO 24000 BMP OODOO 16

UOBMP OOODOODOO.

STEP2: DUO0ODO0O0ODO0OODODO 256x260000000 00000

guo.

Uo0o00bo0oboOoDog 256 x26 0000000 000 000O0.

00000000000000000 (0,0) 000000, 00: (0,0),(0,-
255),(255,-255),(255,0) 00000000, O0: (256,0),(256,-255),(511,-
255),(511,0) DO0D0O0O0OO, O00: (0,-256),(0,-511),(255,-511),(255,-
256) 0000000, 00: (256,-256),(256,-511),(511,-511),(511,-256)

ooooboobooooobo. bobo,0BYy0oooogO.

m"

1=
mf

O B7:256x2600000000000000

STEP3: U0 0000 Oooooboooooog.
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STEP4: 00000 KAWAL(rng023) DO O O0O.
00000 KAWAL(rng023) 00 OO0, 50 000000000O0OO,

200000000 000000.

B4 00000

B.1 O00O0ODOODOOOOO 50 000, B3.1(B3.2) 0000000
100(200) D0 ODOOOOOOOO. OO0, 0000000O0O0DOOO
00000000000, A3000000 (0000,000000)0

uo.

B.4.1 B.3.1000000

KAWAL(rng023) 00 100 000000 (0000)000000. O
000000000000 B.10O,000000000000000 B2
00 B30000000.00,0 A400,100000000 (000

0)0 10000000000 00CODODOO.
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KAWAL rng023
goooooon 0.496 0.500
0000000 2.16 x 107°  8.90 x 1075
ooooooood 13977 27300000
goooooon 579187 0
voooo 0.1356 -0.0913
vooo 1.1389 1.3315
ooooog 10.8 24.0

U B.l:00000000O0OO

kinds of Hcards lkind 2kinds  3kinds 4kinds 5kinds
frequency 4 246 5488 29201 34900
probability 0.00002 0.0034  0.0801 0.4166 0.4999
expectation 1.0657 239.77 5594.71  29092.48 34910.97
total of frequency = 69839, value of chi-square = 2.7920

0 B2: 0000000000000 (KAWAL)
kinds of 5cards lkind 2kinds  3kinds 4kinds  5kinds
frequency 0 36 1081 5715 6768
probability 0.00002 0.0034  0.0801 0.4166  0.4999
expectation 0.2075  46.69 1089.48 5665.28 6798.34

total of frequency = 13600,

value of chi-square = 3.1707

0 B3: 0000000000000 (rng0d23)
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googooon

00,00000000000000000. 00000000 2
0000000000000000000000000, x3 < 7.81 (
=x%(3,0.05). 0000000 000DO0 «=0.05,0000)000, 0
0000000. 0 B20 0 B.300, KAWAL, rng023 000000
ooooo0oooo.

00000000000 0000. 00000000 2000000
0000000D000000000000, x3 < 30.1 (= x2%(19,0.05).
00000000000 o=0.05,00019 000,0000000

0.0 B10OO,KAWAL, rmg023 000000000 OOODOOO.

B.4.2 B.3.2000000

KAWAL(rng023) 00 200 000000 (0000)000000.00
000000000000 B40,000000000000000 B5
00 B60000000. 00,0 B400,20000000 (000

0)010000000000000O0O0O0O.
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KAWAL rng023

goboooon

gbooaood

gbooaoboodaod

goboooon

voooo

vioood

goooo

0.492 0.498
3.02 x 1075  8.94 x 107>

14474 27300000

1.54 x 108 0
-0.3917 -0.2504
1.0554 0.9328

44.0 33.8

U B4: 00000OO00OOOO

kinds of Hcards lkind 2kinds 3kinds 4kinds bkinds
frequency 1 466 11519 60313 72341
probability 0.00002 0.0034 0.0801 0.4166 0.4999
expectation 2.2070 496.58 11586.91 60251.95 72302.34
total of frequency = 144640, value of chi-square = 2.5066
0 B5: 0000000000000 (KAWAL)

kinds of 5cards lkind 2kinds  3kinds 4kinds 5kinds
frequency 0 93 2123 11314 13670
probability 0.00002 0.0034  0.0801 0.4166 0.4999
expectation 0.4150  93.38 2178.96 11330.57 13596.68

total of frequency = 27200, value of chi-square = 1.8633

0 B6: 0000000000000 (rng023)
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googooon

00,00000000000000000. 00000000 2
0000000000000000000000000, x3 < 7.81 (
=%2(3,0.05)) 000,00000000.0 B50 0 B.600, KAWAL,
mg023 000000000000000.

D00000000000000. 00000000 3000000
0000000000000000000, x2 <30.1 (= x?(19,0.05))
000,00000000. 0 B400, KAWAL, mg023 000000
O0000000000. KAWALO rmg023 0000000000, 0
0000000000. KAWALOOOO, 0000 a = 0.00090 00
D0000000000000 ( x3 = 44.0 < 44.15 = x?(19,0.00090)
). mg023 0000, a«=0.0190 0000000000000000 (

X2 = 33.8 < 33.877 = x%(19,0.0190) ).

B.5 040U

0B70,B410 B4200000000000000O0DO. O B7Y
O0,00000C00000D00000. B3.100000O0O, KAWAL,
rng023 00 0000000000000 00O00O00O0000o0OO. oo,
B32000000, KAWAL, mg023 00O00OO0OOOODOODODOO
ugboodgboob,gboobobboobooboobuooooobon
goo.

B3200000000. B32000000,000000000000
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0000000000.0000000000000000,000000
000000000000000000 (000000000000000
02560x1920 0000000,0007000000000000). 700
000000000 KAWAL(rng023) 0000000, KAWAL(rng023)
0000000000000000000000000000000. O
00 mgd23000,0000000000 2730x70=1911000000

ugboogbouoaoodgbogaood.

TEST : good gooaoo

Algorithm : | KAWAL rng023 | KAWAL  rng023

B.3.1 O O O O

B.3.2 x A O O

O--0000«=00000000
A---a=000000000,a=001000000
x---aa=0010000000

U B7O0000O000O0O0ODOODOOOO
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L O

gbogbobgouooooboooobuoooobo. boboboo
gboooboobog,gopoboboboboobobooboooobo. O
gboogbooboobooboobooon.

gbogbobuobobodoboo. goooooboboobobon
googboooboooboobooon.

gbo,gboobouodgbooboobagboobooaodg.
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goooood

0

(0000 o,000 ¢00 x2(¢,0)00000)

105405

0849

0.975

045

0.8

075

0.5

0.25

0.1

0h

0.025

0l

0,005

00 E
001002
| 007172
0.206898
041176
| DETSTE
098526
g 1344
a) 1.72441
10§ 215585
1] a3z
12 30739
13} 256504
14| 4004466
15 460087
16] 514216
17| 5.688727
18] 6246477
18) 6.84303
200 a3
a0} 13 TEET
40f 20070466
50| 279808
G0f 355344
10} AX2T53
BO| 511718

e = I I

00002
nazol
01143
nz2am
05643
a7
1.238
16465
20879
25582
30635
35706
41069
4 GE04
52284
sq122
64077
7144
7H327
B2E04
14.853
22164
28.707
37485
45.442
53.54

0.001
Q0506
02158
04844
DAz
1.2373
1.68ag
2177
27004

3.247
TRI5T
4.4038
50087
Ga2eT
B.2E2]
GAGTT
75647
g.2307
EODES
RS
16,781
24433
32,357
40,482
48,758
51153

0009
ERIEF]
0AG1a
e i)
11455
1 6E54
TAET
27328
33
18403
4 5748

5.226
oags
GAT0G
T2608
TAEG
EATIE
304
117
10851
18.493
26509
34,764
43,185
51.739
B0

00168
02107
055844
10635
16103
22041
P KD
348D
41682
48652
=R
63033
TO415
7805
B5468
23122
10,0835
10565
11.&851
12443
20,589
20,051
37.608
45,454
55.329
64,278

RTEN T
05754
1.2125
1.9226
rETA6
JA5E
42549
50706
LT
67372
TH841
B.4384
828481
10,165
11,097
11.812
12782
13,675
14.562
15,452
24478

A366
42,842
5244
61,608
T1.145

04549
1.3863
4306
23567
43515
53481
G458
T340
23423
93418
10,341
.34
1234
13339
14,328
15,333
16,328
1335
18,325
14,237
28,325
b Rk
48,335
50,335
50.334
78,334

13233
Fa A
41083
53853
66267
T.0408
afaEm
Ll )
11384
125498
13,701
14,343
15.984
iy
18245
19369
20488
21604
22718
23828

48
45616
56.324
Gl.agi
T80T

88,13

2. M55
A.6052
6.2514
1.7
52363
10645
12017
130562
14 684
15.8587
17.27h8
la.048
18.812
210854
22307
23542
24.768
25.0E0
27.204
8412
40.256
518058
63167
14387
B5.527
86.578

18415
D.84813
T.8147
[A48T7
11,07
12552
14.067
12,407
16aid
16307
18674
21.023%8
23362
23685
24 968
2620
27567
26864
30144
a4
43773
A6.754
67.505
g2
B0.531
101,88

B0XA%
13776
23484
11.143
12,632
14.449
16,013
17.535
19.02%
0483
21492
23337
24,736
X018
37486
28,845
a0, 191
3.526
32.B52
T
48,578
50,347
71.42
8348
05,023
10663

G6349
92104
11,345
13.277
15,086
16.6812
18475
2009
21666
23,300
24725
26.217
77.688
41
M.ET&
3z
33,409
34805
36,191
17566
0. E82
BB
TH.154
&0.374
10043
11233

TETE4
10.587
12838
14.86
1676
18.548
M.27e
21855
1,589
5188
75T
4.3
RIS
AR L]
2.0
06T
35718
56
0,582
HaaT
% K
66,766
T8.48
B1.052
104.21
11632

(0)ooOo,0000

Microsoft 0 O ‘Excel’ 0O DO O0O.
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