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Abstract: Random matrix theory derives, at the limit of both dimension N and length of sequences L going
to infinity, that the eigenvalue distribution of the cross correlation matrix between time series with high
random nature can be expressed by a simple function of @ = L/N. Using this fact, we propose a new
method of testing randomness of a given sequence. Namely, the randomness of a sequence passes the test if
the eigenvalue distribution of the cross correlation matrix matches the random matrix theory. We first test
the method on two popular random number generators, the Linear Congruential Generator (LCG) and the
Mersenne Twister (MT), and show that both pass the test. The advantage of our method is to visualize the
randomness of the data sequences, which is an essential factor for social, economic/financial or medical appli-
cations. We call this visual method as the ‘Qualitative evaluation of the RMT test’. In order to discriminate
subtle differences between pseudo-random numbers, we need quantify the test. For this purpose, we intro-
duce the moment method. We derive the theoretical formula for the moments of the eigenvalue distributions
based on the RMT formula as a function of the parameter @), and then compare them to the corresponding
moments directly computed from the actual eigenvalues. The error is thus defined as the deviation of the
ratio, of the actual moment over the theoretical moment, from one. We can set the criterion of randomness
by ‘the randomness of a sequence is high if the moments up to the k-th order is less than x percent’, without
a help of visual representation of figures. We call this moment method as the ‘Quantitative evaluation of
the RMT test’. Applying this method on the sequences generated by LCG and MT, we found that those
two are indistinguishable due to the fluctuation between SEEDs. In other words, both generators pass the
test if we choose x = 5 for k = 6. We have also applied this method on three physical random numbers
generated in the physical process and confirmed that all the three pass the test, although one of them (Tokyo
ED) performs better compared to the rest. However, the comparison of randomness between the physically
generated random numbers and the pseudo-random generators is difficult due to the fluctuation of data from
the physical process and the dependence of SEEDs for the pseudo-random generators. We conclude that
the randomness of a sequence is indistinguishable by the ‘Quantitative evaluation of the RMT test’ if it is
indistinguishable by the ‘Qualitative evaluation of the RMT test’.
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Table 1 Average and standard deviation of errors

(SEED=1-50).
k| LCG(Q =3) | MT(Q =3) | LCG(Q =6) | MT(Q =6)
2| —.0003(.0009) | .0000(.0010) | —.0001(.0005) | —.0003(.0006)
3| —.0007(.0023) | .0001(.0026) | —.0003(.0014) | —.0007(.0016)
4| —.0013(.0039) | .0004(.0045) | —.0006(.0026) | —.0012(.0030)
5| —.0020(.0058) | .0010(.0067) | —.0008(.0041) | —.0017(.0046)
6| —.0026(.0080) | .0018(.0091) | —.0010(.0059) | —.0021(.0065)
& 2 SEED=10001-10050 MD§7% O FH i & FHE(R 7
Table 2 Average and standard deviation of errors
(SEED=10001-10050).
k| LCG(Q=3) | MT(Q =3) | LCG(Q=6) | MT(Q = 6)
2| —.0004(.0010) | —.0003(.0010) | —.0004(.0006) | —.0002(.0006)
3| —.0010(.0025) | —.0008(.0024) | —.0010(.0016) | —.0004(.0017)
4|—.0017(.0046) | —.0013(.0042) | —.0017(.0028) | —.0007(.0031)
5| —.0025(.0070) | —.0017(.0062) | —.0025(.0043) | —.0010(.0047)
6| —.0031(.0098) | —.0019(.0084) | —.0032(.0059) | —.0011(.0066)

error = my/pr — 1

(18)
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Table 3 Quantitative evaluation of initial parts of LCG and

MT.
k| LCG(Q = 3) [ MT(Q = 3) | LCG(Q = 6) | MT(Q = 6)
2 .0045 —.0018 0057 —.0007
3| 0103 —.0042 0141 —.0021
4| 0197 —.0064 0251 —.0041
5 0352 —.0083 0392 —.0066
6| .0583 —.0099 0571 —.0092

x4 ZLR%T Lo THRBEZ T 726 ORI R, LCG (/h),

MT (#7)
Table 4 Quantitative evaluation of log-return sequences of
LCG and MT.
k|LCG(Q =3) | MT(Q = 3) | LCG(Q =6) | MT(Q = 6)
2 .1047 1227 .0696 .0702
3 2578 .3088 .1866 .1892
4 .4445 5442 .3391 .3450
5 .6596 .8260 .5240 .5342
6 19092 1.174 7426 L7579

L = 1500 O A ICOWTHE 5 IZRT. T ¥ ¥ L 755
DOFEHH (A, A\ ] 2OHTEY, GLBEMEwE vz
b, 6 RUTOE—= A ML LEHMEAEREZR 4 1217,
CDORAED S b3 E £ B 2 I X ARLBIE DT S
R s,

¥/, R5OKFLY, LCG & MT OEELE D LK
Y — i L7z, FRROFETHEIEE 2 L 272 D
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Table 7 Quantitative evaluation of physical random number

range (LCG (left) and MT (right)). (Q =6).

Q | RMT | LCG | LCG/RMT | MT | MT/RMT k Toshiba Hitachi Tokyo ED

2 | 283 | 3.43 1.21 3.43 1.21 2 | —.0001(.0006) | —.0004(.0010) | —.0002(.0005)

3 2.30 2.79 1.21 2.80 1.21 3 | —.0004(.0016) | —.0010(.0021) | —.0005(.0013)

4| 200 | 2.40 1.20 2.41 1.21 4 | —.0008(.0029) | —.0015(.0035) | —.0009(.0025)

5 1.78 2.15 1.21 2.15 1.21 5 | —.0012(.0045) | —.0021(.0051) | —.0012(.0038)

6 1.63 1.97 1.21 1.96 1.20 6 | —.0016(.0063) | —.0028(.0069) | —.0014(.0053)
556 WHFEKOEETVIEE EEREOLE (Q = 3) F 8 5010 () & 5000 (47) #k LiazEOZALHE (N = 500,

Table 6 Quantitative evaluation of physical random number

L = 1500)

(Q=3). Table 8 @Q =3 (N = 500) [min.:max.] of 50 (left) and 500
(right) independent tests.
k Toshiba Hitachi Tokyo ED
2 | —.0004(.0010) | —.0004(.0011) | —.0000(.0008) k| LCG(50) MT(50) LCG(500) MT(500)
3 | —.0010(.0027) | —.0010(.0030) | —.0002(.0021) 2|[~.0021,.0016] | [-.0021,.0024] | [-.0022,.0024] | [-.0025,.0023]
4 | —.0017(.0048) | —.0017(.0053) | —.0005(.0038) 3|[=-0051,.0040] | [-.0052,.0061] | [-.0068,.0064] | [-.0073,.0060]
5 | —.0025(.0073) | —.0022(.0081) | —.0008(.0057) 4|[—.0086,.0065] | [—.0086,.0109] | [-.0108,.0122] | [-.0122,.0115]
6 | —.0033(.0101) | —.0027(.0113) | —.0010(.0079) 5([—.0124,.0104] | [—.0122,.0164] | [—.0168,.0193] | [—.0182,.0182]
6 |[—.0164,.0152] | [-.0160,.0227] | [—.0236,.0276] | [—.0243,.0258]
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