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Table 1 Ratio 6 of probability of outcomes “0” and one of “1” in chaotic sequences
generated by the logistic map r» with a parameter b when the threshold ¢
of the real-to-binary transformation and & are varied.

S~C] oz 03 04 045 05 05 06 07 08
3.62 0.6 040 0.55 064 078 100 1.43
3.70 0.10 020 0.24 029 037 045 076 232
3.80 050 019 029 034 03 046 063 105 186
3.90 0.17 0.26 0.5 0.6¢ 0.7 0.8 0.99 128 171
3.99 0.3 049 0.66 075 0.8 100 115 156 220
3.999 0.3 054 0.72 082 093 106 121 151 231
40 0.42 0.5 077 0.88 100 113 120 171 239

K2 EFRAMCBYZRIRT 49 7ERD bec & & OBERK

Table 2 Ratio {,=22/x% of the run test for chaotic sequences generated by the
logistic map r» with a parameter & when the threshold ¢ is varied. v
indicates of the number of the degrees of freedom whose the expected
frequencies {r(d; 0, L)) of the run test for Bernoulli trials with the ratio
0 is given by Eq. 9. d and L represent the run length and the sequence
length, respectively. xZ indicates the 59§ value of »*-distribution with v
degrees of freedom. »? indicates the measure of difference between (r(d;
8,L)) and the observed frequencies [7(d; 6, L)] for tested sequences (Eq. 10).
&,<<1 means that the tested sequence generates Bernoulli trials.

N 0.2 0.3 0.4 0.45 0.5 0.55 0.6 0.7 08
3.62 317 152 194 332- 190 1,043 286
3.7 153 551 578 802 1,122 1,847 6,088 1,663
3.8 269 257 336 B52 977 1,623 3,926 1,739
3.9 174 380 250 645 0922 1,324 1,754 2,816 2,020
3.99 368 409 316 193 167 157~ 333 1,108 897
3. 999 18.2 829 285 21.8 461 1.28 3.54 27.8 121
4.0 402 468 164 464 071 55.7 208 839 721
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Table 3 Ratio ¢, of the combination test for chaotic sequences generated by the
logistic map with parameter b when the threshold ¢ is varied. The expected
frequencies (m(d; 6, L, k)Y of the combination test for Bernoulli trials with
the ratio 4 is given by Eq. 13. The observed frequencies of the test for
: the tested sequences is denoted by [m(d; 6, L, k)]. k denotes the number of

groups of L/k elements.

N 0.2 03 04 045 05 05 06 07 08
3.62 2,063 2,030 3,149 4,282 6,504 0,872 5,069
3.7 136 124 395 385 8.2 60.8 120 682
3.8 58.0 133 125 103 821 759 90.7 102 123
3.9 9.13 112 932 520 17.0 152 233 116 217
3.99 722 171 510 384 1.7 321 433 360 147
3.999 360 447 198 686 28.9 87.8 261 946 821
4.0 56.1 241 019 636 050 448 3.25 146 081

K4 HFRMRUMAET A MTHBT B iy O iteration s & & DEHR (5=4.0)
Table 4 Ratio &, of the run test and the combination test for chaotic sequences
generated by the s-th iterated logistic map r§, with b=4.0 when s and ¢

are varied.
Run test Combination test

N 03 04 05 06 07 0.3 04 05 06 07
1 468 178 0.71 208 839 2.4 9.19 0.59° 3.25 14.6

2 175 149 0.56 77.5 198 24. 4 9.89 0.30 6.15 211

4 1.69 0.76 0.43 0.32 1.74 0.51 0.42 1.15 0.65 0.50

8 1.00 128 0.72 1.48 0.81 0.18 029 0.39 0.58 0.35

16 0.33 0.65 0.49 0.25 0.54 0.74 0.69 0.70 0.58 '0.57

32 0.48 059 0.61 0.8 0.78 0.53 0.35 0.44 0.31 0.34
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Table 5 Ratio &, of the run test for chaotic sequences generated by the s-th iterated logistic map
t; with 5#4.0 when s and ¢ are varied.
b=3.75 b=3.80 b=3.90
N 0.4 0.5 0. 694 0.8 0.4 0.5 0.690 0.8 0.4 0.5 0.606 0.8
1 1,030 918 4,577 2,016 257 552 36, 350 1,739 250 922 1,813 2,020
2 337 236 292 832 201 137 1,476 473 188 161 606 386
4 43.6 34.1 83.0 174 6.72 9.82 29.6 93.4 23.5 122 576 448
8 21.7  29.2 51.9 36.8 12.4  3.95 19.7 3.68 13.9 459 90.7 65.4
16 0.52 1.04 4.31 2.97 1.87 1.90 8.04 4.36 0.96 1.45 1.20 2. 36
32 1.17 0.93 1.92 1.51 0.68 0.43 0.47 0.29 0.49 0.93 1.01 0.49
x 6 MHAETRMCEIFA 15 @ iteration s & &, ORIE (b+£4.0)
Table 6 Ratio {, of the combination test for chaotic sequences generated by the s-th iterated logistic
map rj with 8#4.0 when s and ¢ are varied.
b=3.75 b=3.80 b=3.90
N 0.4 0.5 0.694 0.8 0.4 0.5 0.690 0.8 0.4 0.5 0.606 0.8
1 206 739 78.8 138 125 77.0 745 115 93.2 17.0 258 217
2 13.1 1.58 133 27.1 22.1 2.39 18.7 1.21 4.59 1.79 1.03 5.14
4 3.14 10,3 2.14 16.6 2.79 0.81 5.31 1.04 1.1 1.99 17.4 16.4
8 7.06 6.71 4.66 6.85 1.41 0.55 4.49 0.83 1.98 3.98 6.37 8.86
16 0.68 0.52 0.40 1.34 0.83 0.86 0.82 0.81" 0.63 0.29 0.42 0.31
32 0.38 0.43 0.46 0.86 0.41 0.68 0.44 0.34 0.33 0.22 0.26 1.15
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Table 7 Ratio £, of the run test and the combina-
tion test for sequences generated by the
linear congruential method (Eq. 15) when
¢ is varied.

Combination test

5’

Run test

e 6| v 22 B & | v o2 2}

0.2
0.3
0.4
0.5
0.6
0.7
0.8

0.25
0.43
0.67
1.02
1.49
2.32
4.00

26
19
14
12
14
19
26

26.8
13.6
10.3
13.5
22.7
27.2
29.4

38.9
30.1
23.7
21.0
23.7
30.1
38.9

0.69
0.45
0.44
0.64
0.96 | 13
0.90 [ 12
0.76 | 9

11
12
13
13

10.6
14.1
21.7
16.5
19.1
17.0

8.4

19.7
21.0
22.4
22.4
22. 4
21.0
21.0

0.54
0.67
0.97
0.74
0.85
0.81
0.50
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Table 8 Ratio &, of the run test and the combina-
tion test for m-sequences (Eq. 16) when
¢ is varied.

(i) t=607 and =147, (i) #=521 and
u=48, (@) #=127 and »=15

Run test Combination test

¢ (i) (i) (i) (i) (i) (i)
0.13| 0.58 0.71 0.61 0.64 0.62 0.40
0.25] 0.43 0.66 1.00 0.28 0.51 0.64
0.38 0.74 0.50 0.50 0.53 0.84 0.34
0.5 0. 37 0. 49 0. 50 0.42 1.14 0.24
0.63| 0.55 0.75 0.82 0.29 1.06 0.23
0.75 0.53 0.53 0.69 0.40 0.71 0.83
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5. Eil, BESEE MPBFICELUTOEOCEM
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Table 9 Ratio &, of the run test and the combina-
tion test for sequences generated by the
middle-square method (Eq. 17) when ¢ is
varied.

Run test Combination test

c 6| v 2 x & | v x  xk &,

v

0.2 0.25|26
0.3 0.43] 18
0.4 0.67|14
0.5 1.02{ 12
0.6 1.52| 14
0.7 2.37/ 19
0.8 4.12| 27

35.9
17.7
23.2
21.0
19.4
23.4
21.7

38.9
28.9
23.7
21.0
23.7
30.1
40.1

0.92 11 8.8
0.61 12 82
0.98 113 17.4
1.00 ;13 19.1
0.82 |13 11.9
0.78 {12 11.0
0.54 110 5.6

19.7
21.0
22.4
22.4
22.4
21.0
18.3

0.45
0.39
0.78
0.85
0.53
0.52
0.31
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Table 10

Ratio ¢, of the run test for chaotic sequences generated by the Tcheby-

chev map Twm(z) (Eq. 24) with degree m=2s when s and ¢ are varied.

N —05 —0.2 —0.1 —0.06 0.0 005 0.1 0.2 0.5
1 1,365 190 47.9 106  0.38  13.3 47.7 178 686
2 242 791 418 126  0.65 142 521 143 56.4
4 180 026 288 9.3  0.48 6.9 218 0.33 40
8 | oss 1.0 05 033 038 066 071 11 077
16 0.66 0.59 071 061 097 0.8 1.0 0.8  0.36
32 0.60 0.44 078 070 054 052 0.5 077  0.64

* MNKEARI R v & — FACOM M-382 2 ff.
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Table 11 Ratio &, of ‘the combination test for chaotic sequences generated by the

ch}ebychev map Tw(x) with the degree m=2¢ wheh s"anhdi ¢ are varied.

o~ | -o5 —02 -01 —005 00 005 01 02 05
1 6.7 42 44 28 048 41 7.1 86 151
2 540 58 59 25 08 25 76 IL1 134
.4 4. 23 08 27 11 05 08 L5 063 06l
8 0.50 0.5 . 070 0.5 053 03 048 03 071
16 0.53 058 ' 0.49 094 073 09 054 070 029
32 061 079 063 072 05 047 037 031 033
flxdz=dzfz-V1-2x?) (25)
2 2 X #

THD, ¥, REYEOEATHE 2 L0FED
HBAERAET 2D HNE CPU-time {3 700 msec T
$3). DEoREZT LD L E, EROBEDELI,
BEROEEEZBERITIE, BEOROERER O~
NWEARFREZRTHEDIIHEL, vVRT 4 v E
BREROLSENLTORINE, BEORWERHE
BO~NNVE A RFTREBRERIRSRV. T, oV
F 4y ) BERPOBREAREEAREOEMS 22
ERERFTIEEB L DR, BROZSEMSLETD
275, CHRAMBENROE,MLATEFLVER
WAIZL.

4. & T U

ARBTR, BWHOBWHKICET2—D0EI T %
BELk. $Rkbb, 5L ONTERERNE 2#R
FlicER LT, BN 2 EARFTIAHRE ¢ &I3mEER
KEICANNVZ A RTIGENE E, b EOERERTZ
BEORVEREARESETEHDTH 5.

FROEBZFEERICLT, vdRF 4 v 7EBRT
ERENBH AR EGERDEUE MRS ER L LTk
AR, MZEF, EHFRPETERINI2E5ED
B IcBETAERET- 2. ORTRESTF A b E
BOTZhSOBFIOREIEZREL, H4RBHEE
DOBUERBEENTHEORVWERERZEARNWED
HamrlEl., ARBTR, EEORKE citdTET R
FPRUHEASETFA MRS C &Kk, FREHAKD
BEREEEC. Thbb, (ERORUEEIZEWSHIN
EEERTHT, BEOBVERBEHDO NV 4 RT
REBTHIZORTL, a¥RF 4 v 7 BRI, BB
OEBEMAETLRGTNE, BEORVERERO <V
RABRFAREBRTRBOCEIREIN. T, B
KD Tchebychey EfR D # 4 213, RAXED &
THREROBUESICE 2, HHOBWVWEETHBC
EBRER L.
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(I) An=0(LAI5HIMT~NTO) DL &
KA kb
Xne1=|(X? mod 105)/105
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THHD, B.<10® cxET B E
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Xn+1=(A2 mod 10%).105 (A.3)
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Xar1=74(Xn)

U Xn)=aX» (mod M) (A.5)
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(A.6)
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Fig. A Partition of the map r.(z) (Eq. A.5) de-
scribed by the linear congruential method

(Eq. 15).
2
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TH5HDTY
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H(z)= a a—|a]
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