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Fig. 1 Sinusoidal signal, Lorentz signal and random number time series
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Fig. 2 Recurrence diagram of sinusoidal sequence, Lorentz sequence and random number sequence
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Fig. 3 Determination of embedding dimension by false adjacent point method ( horizontal axis represents embedding dimension and

vertical axis represents proximity error rate)
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Fig. 4 Recurrence chart of daily return of Dow Jones Industrial Index and Shanghai Composite Index
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Table 2 Recurrence entropy of index return series in major global stock markets

DiE7EiER 1 000 285 H A—ABr B, & W Beiss 134

U AS30 H5%(AS30) 0.574 3,0.748 1,0.409 2,0.767 3,0.515 9,3.109 1,0.990 3,0.585 9,0.558 6
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FEAI BEL20 #5%1( BEL20) 2.8642,1.167 3,1.461 3,0.784 3,1.021 2,1.005 3,1.051 2
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Fig. 5 Changes in stock market effectiveness during the financial crisis from 2007 to 2008
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Table 3 Recurrence entropy of national stock markets during the global financial crisis from 2007 to 2008
- - febL fiﬂﬁ?%ﬂfimﬂﬁxd‘tt
i e 4L HH % %

WRETy 22| ARl | SmemifE | M bRy 2% | Bl | memfE | BME | RARME | EsfE | A

TP AS30 F5 %k 0.411 | 1.519 |2.8226 |2.222 | 0.3538 | 1.619 | 3.164 | 2.627 | 6.56 | 12.12 | 18.24
B ATX 850 0.342 | 1.598 |2.9968 | 2.386 | 0.4303 | 1.712 | 3.836 | 2.357 | 7.11 | 28.00 | -1.22

Le A BEL20 $R%% 0.600 | 1.297 |3.7949 |2.217 | 0.4209 | 1.247 | 2.715 | 2.003 | -3.81 | -28.45| -9.67
KL R 0.351 | 1.467 | 2.9125 | 2.110 | 0.358 2 | 1.831 | 3.363 | 2.432 | 24.82 | 15.46 | 15.26
BTV 50 F5 4L 0.290 | 1.833 |3.0223 |2.363 [0.2427 | 1.268 | 2.388 | 1.701 | —30.83| —20.99| -28.01

B[ CAC40 1551 0.324 | 1.553 [ 2.8372 |2.174 | 0.3717 | 1.674 | 3.807 | 2.265 | 7.79 | 34.16 | 4.17

5[ DAX $5%L 0.2850 | 1.579 |2.8585 |2.241 | 0.2918 | 1.764 | 3.038 | 2.433 | 11.74 | 6.26 | 8.58

o R s HSTE A P8 0.294 | 1.347 |2.4074 |[2.009 | 0.4245 | 1.549 | 3.318 | 2.333 | 14.94 | 37.82 | 16.14
HAHZ 225 155 0.342 | 1.240 |2.4392 | 1.802 | 0.3161 | 1.363 | 2.891 | 2.148 | 9.93 | 18.52 | 19.21

ff 2% AEX $5% 0.386 | 1.396 |2.7743 | 2.197 | 0.2169 | 1.716 | 2.837 | 2.294 | 22.93 | 2.27 | 4.44

B IR I3 T g B 4T 4 A 0.319 | 1.508 |2.7068 | 2.006 | 0.3792 | 1.400 | 3.075 | 2.362 | -7.19 | 13.61 | 17.73
e [H w5 i 100 $5 %% 0.232 | 1.726 | 2.8298 |2.308 | 0.4492 | 1.572 | 3.382 | 2.380 | -8.94 | 19.51 | 3.10
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2 A AE RS T L5 A AR AL 0.232 | 1.076 | 2.2438 | 1.804 | 0.6002 | 1.390 | 4.000 | 2.088 | 29.13 | 78.28 | 15.76
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i SRR AR AL 0.242 | 1.208 |2.2523 | 1.827 | 0.3447 | 1.242 | 2.531 | 1.881 | 2.81 | 12.38 | 2.93
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HPGEF IPC 55K 0.248 | 0.985 | 2.4756 |2.039 | 0.4311 | 1.345 | 3.535 | 1.957 | 36.55 | 42.79 | -4.02

o 5V AR B 0.278 | 1.349 | 2.4635 | 1.906 | 0.3120 | 1.394 | 2.753 | 2.018 | 3.34 | 11.74 | 5.90
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Fig. 6 Recurrence entropy change of American stock market during the economic crisis
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Table 4 Recurrence entropy of stock market index return series under different time scales of 7, 15, 30, 60 and 90 days

DIE7EE 7 H 15 H 30 H 60 H 90 H
Y AS30 F54k( AS30) 0.474 7 0.843 3 0.879 2 2.160 7 2.089 2
BRI ATX 840 (ATX) 0.548 1 0.353 8 0.3330 1.830 7 0.499 4
H I BEL20 84X ( BEL20) 0.914 7 0.819 7 0.681 4 1.818 7 0.429 3
kT 735 B0 (SMI) 0.8959 0.907 5 0.615 3 1.8237 0.708 0
PG 2% 50 F5E( NZSESOFG) 2.541 1 2.6555 0.985 4 0.5253 0.566 1
i CAC40 8% (FCHI) 2.973 1 2.726 4 2.5857 0.496 1 1.462 9
% DAX 484X ( GDAXI) 0.970 3 0.534 6 0.7125 0.406 0 0.490 2
o = HSIE AR F8 £ (HSI) 0.957 4 2.3899 0.681 1 0.508 1 0.342 2
FAS [ 22 225 #6550 (N225) 0.759 2 0.623 3 0.6357 0.819 2 0.854 7
T 2% AEX 1550 ( AEX) 1.137 0 0.858 0 0.9327 1.788 1 0.644 2
BT I BTNk e B R R 45 (STI) 0.982 3 0.539 7 0.3829 0.704 3 1.1459
YL B 100 $5 %L (FTSE) 0.8535 2.665 6 0.813 5 0.703 0 2.021 4
PUPEF D4 HL General 1540 ( MADX) 0.900 9 2.540 9 0.502 4 1.841 4 0.348 8
2 EE G Tl 45 %k (DI 2.8059 0.537 2 0.521 1 0.506 1 0.475 6
2 E YT IA e AR L (IXIC) 1.103 4 2.700 6 0.574 0 0.669 6 0.879 8
R A AUESE LR G EEL(NYA) 2.777 6 0.630 8 0.636 7 0.476 9 2.2152
F[HR 4L Merval #5840 ( MERVAL) 0.5356 0.664 4 0.489 0 1.656 4 0.370 5
ELPE BOVESPA #%(1BOV) 2.8420 0.857 7 0.699 1 0.390 4 0.693 1
i FUEZR A HEE(SH) 0.987 3 1.029 8 1.336 9 2.1313 0.5293
A [ R LA X ( SZSE) 2.8349 0.619 9 0.633 7 0.904 8 2.0218
% I HERMES 45 %% (HERMES) 2.452 4 2.180 8 1.967 4 0.536 7 0.540 2
E[IE CNX Nifty 6% ( NIFTY) 0.805 6 2.1912 2.129 4 0.2237 0.867 6
[ 3K 30 $54( SENSEX) 0.659 3 2.497 4 0.844 1 2.098 5 0.646 1
ENJe ek 255 46 4 (JKSE ) 1.005 1 2.776 4 0.770 0 0.601 7 0.298 8
PRI TA - 100 45 %% ( TA100) 2.754 5 0.583 1 0.787 8 0.457 3 1.0822
#h[E KOSPI 5% KS11) 1.1222 1.0117 0.961 7 0.637 5 0.578 2
R VY5 B SR G 18 B (KLSE ) 1.0193 0. 866 2 0.813 3 1.228 5 1.389 2
HP4HF IPC $8%0( MEXBOL) 1.171 6 0.667 5 1.405 4 2.729 6 0.9713
&% U Micex $5 % (MCIX) 3.2417 0.954 0 0.818 0 0.766 3 0.600 2
P E A AR £ (TWIL) 0.700 1 0.716 7 1.028 9 1.934 5 1.6815
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Fig. 7 Hierarchical cluster analysis on the effectiveness of stock markets in various countries
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Table 5 Recurrence entropy of Dow Jones Industrial Average
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Fig. 8 Recurrence entropy sequence and recurrence diagram of recurrence entropy sequence
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Dynamic evolution and quantitative comparison of global stock market effec-
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Absrtact: In order to measure the efficiency of stock markets, a method based on recursive graph and recur-
sive entropy is proposed. One-dimensional stock price time series are embedded into high-dimensional phase
space by reconstructing phase space, and then the dynamic behavior of stock markets can be studied by analy-
zing the trajectory of state vector in a high-dimensional phase space with invariable topological property. This
paper studies the efficiency of stock markets in 14 developed countries (regions) and 12 emerging countries
(regions) , and finds the evolution law of efficiency in different time scales. To solve the problem of dynamic
evolution of market efficiency, this paper puts forward a combination analysis method based on EMD and en-
tropy spectrum, which is verified by the actual data of the U. S. stock market. The results show that stock
market efficiency presents the complex dynamic evolution characteristics of “relative efficiency to relative inva-
lidity” and a time scale effect. Further, the instability of social environment and economic crisis have negative
effects on market efficiency. Empirical mode decomposition, maximum entropy spectrum analysis and Fisher
test show that the efficiency of American stock market exists different cycles of about 3 years ~5 years, 11
years and 25 years in different frequencies, which are basically consistent with the 3 years ~4 years Kitchin
cycle, the 10 years Juglar cycle and 15 years ~25 years Kuznets cycle.

Key words: market effectiveness; recurrence entropy; reconstructing phase space



