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BHAF S,
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H(3) 2N, WA e 8 ) LA B 2 58 4 )
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B (3) =& I EAS A O R B R 2 B
B 3N S A AN SCR AR 22 45 il 55 2% X 248 SRR
A5 P (7 vk DR A A B B
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2.2 ANXERMERE

N %% MIAH O 5 H07E ) 2 3 X <6t DY 2% 77 T
AR 3, K 3L 5 4 F Pearson HH 2 2 %5 1 AH 5] & ik
W 2% AFH S 1 3 BT T 45 0 F 48 bR BB K/
B R A3 AT DA S B 45 WX R R R 25 TLAN 7 TH iR AT T
bhEs.

A5 A [ (1) AH 2% 22 30 (4k M 1) Pearson 77 1%,
A 28 P 1 M J7 %) Fi ) 25 185 77 58 (TN FiMST)
R 4Rt X AR B 2R 2% WK 1. X 44
iy X 45 i [ 2% A5 7R S 2 T [ £ S AL FR) 52 24k ) 4%

T RIEAEIE R B 1 77 2k i A 1Y
Table 1. Models created with different correlation co-

efficient and different simplified method.

TN MST
MI Model 1 Model 3
Pearson Model 2 Model 4
3 BREHE

NGB 4 A HB X G R 0 28 AR 7R A o R
PR HbIE 75 T 370 16 B S . B R T IR I T 7
B BB AR A R A = 8@ 1A 1E Windows iU
e 1401 e g i X 4 B £ 4, S 32 ML IX (R 4
IR IR — AN X)), B[] X E] A 2006 4F
1H4HEI2016 512 H 30 H, L1 2673458 5% H.

KX H AR LA T 1) A XA
w7 ARH X YR B AR A GRS R
SRR, IX e X ARHEE A FARER T IPRN H AE
1) bl A, e 4 T Hb %) i R E 2R T
WEOL, RBHIESF T BARIZTE R, 2) X1
Hiy X 8 HAE T 326 N 18] B A LA R4 e 4 i 1R
I8 R e B R (B T 5 N AR B B R £
2006 45 H 19 H 22006 45 H 24 H #¥s 5%, &b
P75 R X TR] P i 4 A8 A BT — H EP 2006
5 H 18 HMEHEAE), A7 EXN IR EIT AN
(R B BB 3) 5 HA SCHERAS R 22, A SCHEIE
I3 T XKl 53, I K258 X 4% (1) 1 FEE A FRIE I3
T3 I HB X5, AT AS HE— 2806 T Hb X AR B fia £k
s,

D BRAN S S U B R R, A A
FEIN-TAR, SR PR T 5 T 7 b DX i 50 000 %
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Forbr, RER ¢RI H X HORE 25 py AHBIX AR B4R
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PR 26 ()R 157 7 20 ol A TN A MISTT, 3 3
J7EFR RS i R — RS R, R TN S ) 2%
Hh i B L S BT T, A BT ER SR T A 1
A HAMRFE.

MST 7E fie KFE R F0F W 246 fif, Rt 78 &l

234 )1l

2% R R AR S ARG 2R, BRAR T <l o 28 A2 7R )
SR, AT KRB 2 43 #r, 0 T4l i

FE R TN I, — TS 220 A 2 G 3 R 1
IR N E AR, A 23 i e A
7 R E B, S AR g 1 R
SCR PO A B ) T i 5 R A R AR B (B
S d I 245 0 )7 ) 8 e e /MEAT i KRR X 1) P
AT, e —AXE T ROVRE. &

16 L

1 Model 1 fJMZnhE (B1E )y 0.91)
Fig. 1. Network topology of Modell (threshold is 0.91).
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Fig. 2. Network topology of Model 2 (threshold is 0.61).
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{8, ikt Brida #1 Risso ! @il 75 50% () R4
A BE /D, XFER SRR SE, A8 %845 B Ok B 11
b, OR B O BB Y SO A TR 1 Y
KNG, 13BN G R bR, SO E E) 2
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Q@ 32 5k
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31V
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o b 22 T.VUHHR Q
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6 FfFR @

O
PARG T

BRI 2 40+ B AT DU ) B K I 45 5 7E R 2%
w5 D R Ay, (BT 4 Rl X 4% HH 11 22 0TS AR
LAl

£ Model 1 F1 Model 2+, 52 1 52 K -
T AR o r B0 3%, H IR AN (3% 3 50 il
11T R 116 %%, BORHEE, 8% PR 7 1
R SR N EAR.

X F TN R 2% (Bl 1 AT 2 ), MI 1 Pearson J7
AT S ERTF 21 T S 44, JEHX 44
W5 5E AR, A LE A AR BORT 7 SRR B T
B EAPRANRL: b STRR R BE AR AE ML T 25, 48

O _
17 PR

@
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14T B AR
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203 HIBER
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Fig. 3. Network topology of Model 3.
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Fig. 4. Network topology of Model 4.
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Pearson H y 22; 1 Al B 7E MI oA 22, 11 Pear-
son "1 26. MIJTVESR & 1 AL BRI, FEAR T
P SRR R R B, AR SC A R I ol 503 R 1% B A B —
Se fE MST W% rh (B 3 FNE 4), R0 AH 5 R 5B
R FERT 6 BT s 34, BRIL (BEE N T)
L (BEAE A7) BRBARE, B2 RN AR, 5
AT RUFE Model 3 71 i JbAR e (FEAE N 7), T
Model 4 WOy ILZRIRER (BB A 9), FFAE— 872 5.

TE LA X 8 HCh 5 5T 4 4 4 i 52 4% ) 245 155
B WEERR/NE, PE. B1IN . 5 55 P AR
Bl J BT AL A AR AR AR B (5 AR T B
B, BEIIAE A E IR EE T 3, 20 ORIk H X (1)
1 S5 E B A, X — SR S THOE A 1 B 2% I 4%
S TP HIESE. TR R AR B, X
S Hh [X 1A 40 600519 53 0 2 65+ 600338 1 i B U
600117 P8 T RN <55 BR LB A i BT A ], Rt A
TEARR SR G, B X ) T A R 4
FEB o XU A 7 A — 5 IR

N e e v R SR T S BEAACIR L, B % RIR
i DX TAD ) B F) AR ZR AR W B AN, PO R AR 3R
AT AT RS, X 0E (B A 2006 4 1
4H-—20164F12 H 30 H) B & T 2 kB K ¥ 3):
2007 410 H 16 H FH I (555 6092.06 £1) LA S 2015
6 H 12 H T (5 5166.35 55). N RTE 4.4
BNAS W 28 3B AF0F LG 43 AT v B R AN R AR TR
PR IR B AN A e e

4 HEROM

A FH B 1 b DX B 4B B DA A 2
SR A AN HBIX 4 Rl 2% 458 (Model 1—Model 4),
AT R A T3 AT X 2 BRI M 4R AR
) e A AT ARSI DA K B2 X 2% 40 ANRFAE (X 3L - 1)
W TN M%) 4477 1 43 0 1 18 BA MI 5 Pearson
FHIR ZE5 00 b X <55 o [ 2% PRI B

4.1 TEHEXMDT

J9%F e AS H MI 5 Pearson AH ¢ 2 £ A [F] 2L
S TSR 4 X Rk Y 286 AR AR AR AN T AT
F2 AT (closeness) H1 0 1%, 41 1H (betweenness) H1
O, S35 B i % 12 K FE (average shortest path
length, ASPL), $#fiF #1 0 VE (eigencen) &5 4 M EHT;
ARG THE TN P45 B Model 141 Model 2 {75 157
FILE Bk 4N FEFR ERAHSCRE, 45 R LK 255 117,
B JE U5 MST 9 45 B Model 3 F1 Model 4 #1747 5
FPAAE BB A Fa bR B ROAH OGRS, 45 R WK 2 56 2
17.

MZE 2T 0L, B 7 MST (Model 35 Model 4)
(¥ ASPL AHKEE 0.4358, At #(7E0.76—0.94 2
[, 3 35 B AR SO HE IR SCAR HLAT R TV R AR IR
T 20% 2 A AR R SR R, 5 You 55 B ) 5
FARMIE, M5 Fiedor B3 () 30% M HL /b T —28 (3¢
Wk [33] &5 R A AE 0.8 LA IR ). FeAEX
Tl L 5 1) JE TR FRAT 1A R 5 308 4 5, You %5 1990 {f
F R B & EAS Ry B A w9 EUE, 5 A SO #
PEJEAR AR, 10 Fiedor P34 FH (1) 44 2 HH X Al 24
I, BIAAZ AT (New York Stock Exchange) )

F2 AR

Table 2. Correlation analysis for nodes.

AR Closeness Betweenness ASPL  Eigencen
Model 1 5
0.9485 0.8196 0.9253 0.9336
Model 2
Model 3 5
0.8255 0.8190 0.4358 0.7637
Model 4
-
4.2 WEHRIMERR

AN IR 28 ) 2 T e 4 AN A RS f 9 48 bR
HEATHEEE. 43 )t B AS R 2% S B AL RE A
HL T 2 RS R B DL KB A T AR A R
*£3.

23 MI Ml Pearson #H¢ R 48 b5

Table 3. The index of MI and Pearson correlation coefficient.

AWD NBC WSCC NCC Total triangles NOC Modularity
Model 1 7.744 0.3738 0.8465 0.3605 191 2 0.070
Model 2 5.319 0.2679 0.8415 0.2963 169 3 0.026
Model 3 1.200 0.7102 0 0 0 5 0.670
Model 4 0.854 0.7204 0 0 0 6 0.653
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SERIIALE (average weighted degree, AWD)
& — P R B I 28 YT ) S 2 B SR P AR AR, B
& T RN TR RN AN [, v SN A R
SRA ARG BRI S5 A8 TN (Model 1) 38 52
MST (Model 3) %%, 1 I MIAH G 52 55 Or B 11
T AT A I AL FE 35 v T Pearson AH K R EL, R IL
7 MIAH K R 30 OR BE B 205 55 F AL T Pearson AH

W 2% 1 fH A o0 P (network betweenness cen-
tralization, NBC) Jy <l ¥ 2% jir A7 fe R i 42 Hh 2
RZAT AR AR BB E o R R AR S B B,
1l 5 W 2% 5 RUAE M R R RE L AR AR, A EE
e T R (B IX AR B 72 Rl 2% (5 B AR R s
ZREEMMEH. WK 3T, MST H MI (Model
3) F Pearson (Model 4) ) NBCH#B 2 0.7 /245, {H
TN, MI (Model 1) FJ{H 22t Pearson (Model 2)
HIE =1 H 30% Ze A, BEAAXS T TN 25T &, MI fg
AT R = T O B 1 A A A

RERBEI 75 S ERME. £ Pajek
B A A A IR A A A Bl 4% 1Y) Watts-
Strogatz % 28 & # (Watts-Strogatz clustering co-
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Fig. 5. Degree distribution in LogLog and their linear fitting.
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Abstract

Complex networks are widely used in many problems of the financial field. It can be used to find the topological
structure properties of the financial markets and to embody the interdependence between different financial entities. The
correlation is important to create the complex networks of the financial markets. A novel approach to incorporating
textual mutual information into financial complex networks as a measure of the correlation coefficient is developed in
the paper. We will symbolize the multivariate financial time series firstly, and then calculate correlation coefficient with
textual mutual information. Finally, we will convert it into a distance. To test the proposed method, four complex
network models will be built with different correlation coefficients (Pearson’s and textual mutual information’s) and
different network simplification methods (the threshold and minimum spanning tree). In addition, for the threshold
networks, a quantile method is proposed to estimate the threshold automatically. The correlation coefficients are divided
into 6 equal parts. And the midpoint of the 4th interval will be taken as the threshold according to our experience,
which can make the MI methods and Pearson methods have the closest number of edges to compare the two methods.
The data come from the closing prices of Chinese regional indexes including both Shanghai and Shenzhen stock market.
The data range from January 4, 2006 to December 30, 2016, including 2673 trading days. In view of node correlation,
the numerical results show that there are about 20% of the nonlinear relationships of the Chinese regional financial
complex networks. In view of the network topology, four topological indicators for the regional financial complex
network models will be calculated in the paper. For average weighted degree, the novel method can make the reserved
nodes closely compared with Pearson’s correlation coefficient. For network betweenness centralization, it can improve the
betweenness importance of reserved nodes effectively. From the perspective of modularity, the novel method can detect
better community structures. Finally, in dynamic network topology features, the data of regional indexes will be equally
divided yearly for constructing complex network separately. The simplification method used in the section is the threshold
method. The numerical results show that the proposed methods can successfully capture the two-abnormal fluctuation
in the sample interval with the dynamics of the small-world and the network degree centralization. In addition, we find
that the proposed regional financial network models follow the power-law distribution and are dynamically stable. Some

developing regions are more important than the developed ones in the regional financial networks.

Keywords: econophysics, textual mutual information, minimal spanning trees, threshold networks
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