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Statistical Test for Binary Sequences
Based on the Distribution of Random Walk Length

TADAKAZU SAKAKURA' and AKIRA HAYASHIt

When we investigate properties of binary sequences, they are often compared with the se-
quence generated from Bernoulli trial. Average random walk length, which is the expected
duration of the game in the classical ruin problems, has been used as statistics. However,
results of test with average walk length are different from those of other tests, e.g. binary
run length tests and combination tests. In this paper, we investigated the test with average
walk length and point out some inherent problems. Also, we focused on distiribution of walk
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length and did x? test. Results of our new tests agreed with those of other tests.
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Fig.1 State transition diagram for random walk.
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Table 1 Results for tests using the average walk length.

b c =1 =2 =3 =4
3.7 0.3 1.00 1.00 1.00 1.00
3.7 0.9 1.00 1.00 1.00 1.00
3.8 0.2 1.00 1.00 1.00 1.00
3.99 0.2 0.99 0.99 1.00 1.01
4.0 0.5 0.99 0.99 0.99 1.00

b c l=5 =6 =7 =38
3.7 0.3 1.00 1.00 1.00 1.00
3.7 0.9 1.00 1.00 1.00 1.00

3.8 0.2 1.00 1.00 1.00 1.00
3.99 0.2 1.01 1.00 0.99 1.00

4.0 0.5 1.00 0.99 0.99 1.00
b c =9 (=10 (=11 [=12
3.7 0.3 1.00 1.00 1.02 1.00

3.7 0.9 1.00 1.00 1.00 1.00
3.8 0.2 1.00 1.00 1.00 1.00
3.99 0.2 1.00 0.99 1.00 1.00
4.0 0.5 1.00 1.01 1.00 1.02
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Table 2 Results of run tests using a logistic map and a

threshold function.

c
b 0.3 0.4 0.5 0.6 0.7 0.8
3.62 317 194 190 1,043 286
3.7 153 551 802 1,847 6,088 1,663
3.8 269 257 552 1,623 3,926 1,739
3.9 380 250 922 1,754 2,816 2,020
3.99 409 316 167 333 1,108 897
3.999 | 8.29 285 4.61 3.54 27.8 121
4.0 468 164 0.71 208 839 721
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Table 3 Results of random-walk tests with sequences

generated from Mersenne Twister’s.

c =1 =2 =3 =4
0.2 1.00 1.00 1.00 1.00
0.3 0.99 1.00 1.00 1.00
0.4 0.99 1.00 1.00 1.00
0.5 0.99 1.00 1.00 1.00
0.6 0.98 1.00 0.99 1.00
0.7 1.00 1.01 1.01 1.01
0.8 1.01 1.00 1.01 1.00
0.9 1.00 1.00 1.00 1.00

c =5 =6 =7 1=38
0.2 1.00 1.00 1.00 1.00
0.3 1.01 1.01 1.00 1.00
0.4 1.00 1.00 1.00 1.01
0.5 1.00 1.00 1.00 1.00
0.6 1.00 1.00 1.00 1.00
0.7 1.00 0.99 1.00 1.00
0.8 1.00 1.00 1.00 1.00
0.9 1.00 1.00 1.00 1.00

c =9 [=10 =11 [=12
0.2 1.00 1.00 1.00 1.00
0.3 1.00 1.00 1.00 1.01
0.4 0.99 1.00 1.00 1.02
0.5 1.00 0.99 1.00 1.02
0.6 1.01 1.00 1.01 0.99
0.7 1.00 1.00 1.00 1.00
0.8 1.00 1.00 1.00 1.00
0.9 1.00 1.00 1.00 1.00
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04 N=2500000000000000000
(b,c) = (3.7,0.3)
Table 4 Results of random walk tests with N = 25, using
a pair of parameters(b, ¢) = (3.7,0.3).

l 1 2 3 4 5 6
£(1;0) 1.00 1.00 1.00 1.00 1.00 1.00
l 7 8 9 10 11 12

£(1;0) 1.00 1.00 1.00 1.00 1.00 1.00
l 13 14 15 16 17 18
£(1;0) 1.00 1.00 1.00 1.00 1.00 1.00
l 19 20 21 22 23 24
£(1;0) 1.00 1.00 1.00 1.00 1.00 1.00
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Fig.2 Frequency distribution of the walk length in the

case of N =13, 1 =12 and (b,c) = (3.7,0.3).
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Fig.3 Frequency distribution of the walk length in the
case of N =13, 1 = 12 and (b, c) = (4.0,0.5).
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Table 5 Results of frequency tests with the walk length.

b c =1 =2 =3 =4
3.7 0.3 550 712 758 880
3.7 0.9 1,291 807 592 255
3.8 0.2 258 306 367 355

3.99 0.2 22.5 29.3 32.4 29.5
4.0 0.5 0.71 0.79 0.88 0.84

b c =5 =6 =7 =38
3.7 0.3 986 1,024 1,016 1,037
3.7 0.9 1,192 950 940 736
3.8 0.2 391 370 340 273
3.99 0.2 27.9 28.6 32.3 31.9
4.0 0.5 0.80 0.88 0.90 0.77

b c =9 =10 [I=11 1[=12
3.7 0.3 907 529 326 119
3.7 0.9 1,291 807 592 255
3.8 0.2 213 121 62.6 9.30
3.99 0.2 40.8 41.1 42.5 18.4

4.0 0.5 0.98 0.83 0.85 0.70

06 »=3900000000000000000000D0
Table 6 Results of frequency tests with the walk length
in the case of b = 3.9.

c |il=1 1=2 1=3 1=4
0.2 | 46.9 59.4 37.1 42.3
0.3 | 317 500 446 467
0.4 | 188 248 296 236
05 | 77.4 83.3 91.2 76.4
0.6 | 272 146 90.4 73.5
0.7 | 609 354 232 178
0.8 | 1,109 991 791 583
0.9 | 2,064 1,348 1,209 1,183

c | l=5 1=6 1=7 1=8
02 | 41.9 41.7 53.1 76.8
0.3 | 595 644 633 704
0.4 | 232 245 266 339
05 | 65.4 51.8 39.7 28.5
06 | 67.1 65.5 65.3 61.8
0.7 | 155 144 147 165
0.8 | 475 414 392 377
0.9 | 1,045 963 880 727

c | l=9 1=10 (=11 1[l=12
0.2 | 139 84.3 162 430
0.3 | 834 748 700 1,244
04 | 351 401 449 710
0.5 | 23.6 15.1 12.3 15.6
0.6 | 60.2 52.3 42.3 290.8
0.7 | 201 250 301 169
0.8 | 412 510 788 407
0.9 | 633 595 707 431

Xni1 = 314,159,269X, mod 2°' — 1, (13)
0 Mersenne Twister OO0 00 OO0 OCOOOOOO
0000000000000 (13)00000000
00000000000000000 [0,1) 0000
0000000000 7008000000000
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Table 7 Results of frequency tests with the walk length

using a linear congruential method.

c =1 =2 =3 =4
0.2 0.77 0.57 0.50 0.71
0.3 0.74 0.96 0.68 0.66
0.4 0.70 0.55 0.99 0.80
0.5 0.89 0.78 0.91 0.84
0.6 0.73 0.72 0.85 0.71

0.7 0.72 0.68 0.79 0.48
0.8 0.46 0.51 0.83 0.49
0.9 1.38 0.66 0.42 1.07
c =5 =6 =7 =38
0.2 0.52 0.92 0.76 0.80
0.3 0.70 0.45 0.81 0.72
0.4 0.55 1.09 0.94 0.98
0.5 1.01 0.85 0.76 0.93
0.6 0.67 0.73 0.91 0.72
0.7 0.46 1.08 0.79 0.52
0.8 0.75 0.53 0.52 0.64
0.9 0.26 0.43 0.24 0.52
c =9 [=10 I[I=11 1[1=12
0.2 1.33 1.17 0.70 0.92

0.3 0.81 0.69 0.55 0.55
0.4 0.74 0.80 0.84 0.90
0.5 0.81 0.84 0.72 0.57
0.6 0.63 0.62 0.77 0.67
0.7 0.55 0.67 0.54 0.56
0.8 0.17 0.57 0.72 0.34
0.9 0.27 0.08 0.48 1.19
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Table 8 Results of frequency tests with the walk length
using Mersenne Twister.

c =1 =2 =3 =4
0.2 0.45 0.42 0.59 0.51
0.3 0.59 0.52 0.49 0.63
0.4 0.65 0.56 0.61 0.99
0.5 0.69 0.85 0.59 0.71
0.6 0.79 1.05 0.68 0.71
0.7 0.62 0.56 0.95 0.47
0.8 0.60 0.75 0.67 0.67
0.9 0.47 0.42 1.08 0.32

c =5 =6 =7 1=38
0.2 0.53 0.41 0.27 0.81
0.3 0.92 0.82 0.57 0.80
0.4 0.74 0.80 0.65 0.69
0.5 0.73 0.90 0.94 0.86
0.6 0.76 0.82 0.92 0.62
0.7 0.89 0.77 0.85 0.57
0.8 0.64 0.63 0.78 0.19
0.9 0.28 1.21 0.28 0.77

c =9 [=10 =11 [=12
0.2 0.59 0.25 0.91 1.09
0.3 0.79 0.52 0.73 0.54
0.4 0.63 0.81 0.80 0.56
0.5 0.82 0.70 0.79 0.88
0.6 0.87 0.81 0.70 0.57
0.7 0.70 0.82 0.78 0.26
0.8 0.40 0.71 0.26 1.20
0.9 0.50 0.76 0.40 0.82
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