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Abstract

Complex networks have been widely used to explore the laws of complex systems. This paper uses
the visibility graph method to map the daily closing price series of 30 constituents of the Dow
Jones Industrial Index to a complex network, to analyzes the characters of stocks’ visibility graphs,
and explores the changes in the network structure of the stock markets. The results show that, firstly,
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the degree distribution of the visibility map of the original sequence of stocks is a power-law de-
gree distribution, while the visibility degree distribution of the sequence after random disruption
is exponentially distributed. Secondly, the network properties of the visibility graph can reflect
the fluctuations of the stock series. Finally, cluster analysis of network attributes can identify sim-
ilar stock series in industry fields. The visibility graph method reveals the nature and potential
dynamic behavior of the stock market in different regions from a macro perspective, which can
effectively analyze the efficiency of the stock market's response to external information, and re-
flects that the stock market responds to external information in a non-linear way.
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JBE S R B R T 3 TR AR A BRG] T ELE, NIRRT ERIMNLS, XL
TG, YOI — P BRI RS . S R 00k 0 ] J 1 R A I R AR E B R B R
(CERIR 2, fEURIER B3R 7 SR AR B e T A P A AR AL, R ERUS . F A 1900 ARk
[ e o P e, RS 7 AT ABOE SONBENLIFE[1] . BEHLIAE — B2 Rt e b R i 3 EAR,
Black-Scholes A3, — R AT RIIABUE N J7E[2]. BEBRAE MR, ESEiin5dE N 4 min a5 51
B PR IR PR T REAS, Guit o AR S TR R R 2 H = M A I B AN R IEAS 40 Ml . Ramirez S5[3]EE U
F IR B TR ST SR T Y, W T I R A B A N (] R RS T AR A B, B B ) ROBE RS . Walid
LG [AME B IER & AR B (MSE) 5 323550 [ 3 95 T SR AR R BEEAT 70 b7, TS AL 45 SRR B, WTl
T 37 FH BRI A A5 P AN T T 3% 1) 55 T 21T 3 38 3 B et (1R RS 1R 22 4k, WTL 1735 I RCRAIK T BRI A A
JE T % . Walid [S]R B IE A& R BRI TR 7T, SSRGS SRR B I SR T A Rk b
FI I RS AL, FF BLAEASR A T3 R0 /) (0 B DX 3 B AN [ A AR AR ARAE . Calragnile 256158 5
2 AT [B] F7 51 55040 1R 095 SR 70 & il 7T 4 IR AR O A5 B 202 . Mantegna [71488 F 556/ A= BORT 2 (Minimum
Spanning Tree, MST)X} 3 [E AR /K 500 F5HGHAT RIS, K T REETTIA B E AR

ITHEAE, AL AR N M BN 22 R G 0E T EAR U R AT 2 R . 48 BRI AT
P T — AR — N R I REBAA R R NA N LR . 528 B8 m] R 457 I 8] 3 471 o
RN BE B J1 TR o AR G fa] DB 18] 77 1 o pe) 522 D 28 AT S8 & — A T B AR IR B AR 1) 8. Eom 25 [8] %)
S [ AN [ 1) B SR T AT TR T, UESIE 1A BN AR ORI T 1R SR AT R PR A 1 5 T 4 22 TR D 8% 4
GRS Li S AN[9]2E T LilE 180 FRECAIVAIE 100 % %ds, SR~ 1 £ K i€ v FEl (Planar
Maximally Filtered Graph, PMFG) /7 2% I 55 T i AT AR, I B A /I AE Jsbvy DIk DX 288 AR~ T e Kt DB A
SRR I 265 (1) S IR RIR 2 SR IS0 M R k2 1 5 52 2 IR SR A5 44045 JE. « Luo 25 A\ [10]4418 B A I 4B 11
W&, B IR A SSAE 2 BN T I AR B 20 BE 0 A 1 A5 BIAIAR4ERE . Rho 25 A [11]7%5 5 1 i 2 X %
(B 53 AT BRI R o 7E—NRRRRIIG B T, A 20 AR ) 1 Al A A

Lacasa 55(2008) [12]42 tH 1 25 —FhAE T 7] WAEME S 77k, B E 28 77 I 1% Bl (Natural Visibility Graphs,

DOI: 10.12677/aam.2022.1111848 8009 W FH Het e


https://doi.org/10.12677/aam.2022.1111848
http://creativecommons.org/licenses/by/4.0/

Vi 4

NVG). A WLET7VEGR K 1IN ] F7 40 (0 LA SRR P, 25 V00 o S 9 o i 80 T U &, R e L2 e
SERIBENLIE L R BB B TEAR L b s, X TR, EEA ARG, Hh
AR T AN SR A IR — . X AR AR, R RIER S ENLE, A
MEER . KT IERE A, oA i S A A R R . fE Lacasa 5% A[13] (2009) 1
FEH, AR A AT L PR A 8] 7 51 R R KRR AR SN0 T . Yang 45 N [141 8 AT L I&1 77 K I [8] 1 47
PN IR 2%, 45 R IRUG Fr 4 (0 B A v DR G DL 5 R . Mutua 55 N [15]8 5 51 B S 21 T L
B, AR RCRES HIHE,  JRE S R AR IR RGO N R A M2, S T —FogT I 2% (1 A
FERT FEIN [ 7 51 (K7 1% o

ST A% (IR R) PP 9 73T B2 e “ 057 et AR U RE R G “RERE IR, TR A &
SIHTIN )P A A RS RIROR 2R, PRIE T R8T, MR RE BAL I B AR P IR,
Y H A R A BEREAT E MR I IR BRI . 3 4b, T i — M AR R B BT i, RERS AR
IR 18] Py 51 i 35 A AR 2R RSl 7 A i o e 52 1T 3 3 A AR P 10 5 2Ot A0 S8 SRl el e i, T

T D5 1% REA S8 AT 1B S5 T 3250 A1 FA5 I8 AR B R A

2. ERTIE
2.1, ¥iiE

TEBHEHOR T LT e OIS A AR, E AR I MR- 484, AN SCEIL 2010 4F 1
H % 2020 4 4 HE B Tk#E % (Dow Jones Industrial Average, DJIA) 1 30 37 il 73 A AF H WS A0 /E A ik
FiAr g, HA RSO BRI T ¥4 25000 SEITEEL 30 SCR IR BN 1 R . SRR E
F 1] L 2 FERR 3G https://en.investing.com 4 2% T %K.

Table 1. 30 constituents of the Dow Jones Index

= 1 EIATE Y 30 AWM AR

ag=2 A Company b
1 IEHRNF Apple Inc. BT
2 EEZHEA A General Motors Company SRR
3 WEAF The Boeing Company SR, Eph
4 K /A F Caterpillar RN
5 Jisy ol Cisco Systems BT, HECK
6 ELC YA Chevron Corporation S
7 FEF A DuPont T
8 R/R i - Je The Walt Disney Company 34
9 BEHERAA General Electric Company Tolkifilig
10 AR A Goldman Sachs BHRAT . IE
11 FIAE The Home Depot Inc. T, FKEGE
12 [ B s AL A8 A =] International Business Machines Corporation B AR ARSS
13 PR IR Intel AL B 25
14 A Johnson & Johnson 12}
15 JEAR K 2 7] J.P.Morgan Chase & Co SeEhAR S
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Continued
16 ] Al AR A A The Coca-Cola Company Yokt
17 5k McDonalds Corporation R, FRFEE
18 3M A 3M Company RN BT T
19 R Merck KGaA izl
20 E7N Microsoft WAk
21 fiKf 5%, NIKE BEHEE
22 1 B ) 2457 R 24 ) Pfizer 25
23 B /A Procter & Gamble MANFKE
24 TRAT M Travelers Group R
25 TG &5 fi S 4 [A] UnitedHealth Group R A
26 REHARAH United Technologies Corporation fizs. Epy
27 e VISA (EUERS
28 B AR Verizon L
29 RIRH Walmart Inc. T
30 WRILARE T A Exxon Mobil Corporation Vel

22. IREGEZE

LRI > I B 1 SRR IR T LT o F o WL R LV 60 4 T IR i
B AL A R AR I, 53T SGBL, TSN, YA TERT A AR A e A B 2 A T
FESEROME R TE VTR B Sk, AN RS SN — B SRR AL BT TR T
AR LTI, R 05 4 54 1

A X = {x(t) |t e N,x(t) € R}, A RLETF A0 X B NS5 g = (N, AL G, Nyt
Yetr, A JGHEIBSEE . TR R — NS A X () RORIRISE 5, o Bk, AT LER R ()
ROIGF's « WIALAe TR0 a B b 2 IROFERCH 5 ¢, A2 ot

b—
x(c) < x(b)+(x(a)-x(b))- .= (1)

TS 5 @ A b AT LR 1 T LB VR

2.3. AARERGE

2.3.1. FHE

SPHIE RN SN ARE, mM— NS ERE R SE 2O H e S5 2 Mo,
FIT DABEAS R 28 ) ~F- 33 B2 0T DL — B RS R — AN 4R &N B SR AR [16]. 3 d AR
THR:

Hoof, d U, IR, N R AN
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Figure 1. Convert time series into visibility graph
[ 1. BYEF5EE L AT I ELE

23.2. BERY

— G 2% AU ) T AE AR AR TV A 2 ()G B 2 (B4, RO BT AR S5 M 55 17— /A A SR (R BE AL
“, Hh =MERMmErI[17]. XM IR, BB T 0% 0 B B R B R4 . A Sk
IS &R SR TN 48 (R R IE R B AEIX L, —ADNGE T Aon, ERK R HH AKX (2)4 H[16]:
g 2w w)
CC = N (di _1) : 2 (aijajdaid) 3)
Forr wy AEBUEREW, F i —ANTCE, AR Ain B4R n, AL, WPy ay =1, BRI 0. d ATis
n L FERL, s 7T n LR . AWK RERRZE, XA CC, £HTA A ERRHE
REHH AR E L.

2.3.3. BEEHROM

K&l (Closeness Centrality) F i fi 54 ri A8 HE 8 73 8 vh 3 B & i i SR iR B 1T 1B [ 18]
FE LM UETE R [0,1], BUEBOCBEET G B O MRS TR R I 1 AU R
MRl TR A, RO S T SO Z IR i e AR At B, R EH R E B
AT R BE R M, SRS XA B AR, DA i B Ok . B o A KO

Cli)=
vZid(u,v)

Forr, u 9T S MR T v ORI T T R d (u,v) AT R U A R v 2 ) R B

4)
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2.34. FRZEH
[F] e 2 54 (Assortativity coefficient) /& — kT “FE” MR R RE, HREEAHES ST HIRR
[19] o Tt 5 S Ak b DR B0 st AL o) 332 42 PR RO 71 0, TS0 J R V) 48 1 82 TE A DR (1Y), B8 PR 19 8% o [ BB 1) 5
WA AR b BE ORI U ) TR BN R, I A BERR I 2 R BE AR DR 1Y), BRCE RN 4 SR B .
WRUL, r FMETE-1 Bl+1 Z A, +1 RRMEEBFREFMFERSEN, 0 RRMERIEFREK, -1 RRiX
ANPILE ARG o ARAE IR B2 2R A % RO A R
Z Xy(exy N axby)

r=*—— —— (5)
O-a O-b

Hor, a, M b, 7 REAEAE N x Ay BT BT A R SE SRR 73 8L o, A o, 220 AT i) a, A b,, (IARIEZ
e, ML P IR L], L -

Zexy =1
Xy
2.8y =2, (6)
y
leexy =b,
N TV A R TSR ) SE BRI 2 (1 TR EC 2R 80 v, FRATT AT LUK 508 R A1
Z Jiki =M 712 jizki’
r= i i i’ (7)

oo~

Horp, oAk ORI T ORI, M ORIEL T AN, FRATRT DA A T ]
BRI R AR BT AT 32

3. &R

TRAT T T ULy v T BT Tk #8530 SRAR WAL 81, AR S AT LI 8 5 5 (¥ 30 77 2%
KEHEAT A o
3.1. KiEHExM

HRHE L. Lacasa 58 ANMI[IS]MIBETT, — D EA 7 AR AL RIS 18] 5 51 W] UL I W 2 A2 AR Al 9 T H
W IEER WAL A 51 B0 B O SRS, FRATITHSE T 30 STAT Ml Bedi A m LI R 28 P a0 A 5] 2(a) 9 R F I
AN RE A, ERINTERZ A . T HBEREAT R, IRATIETHEE 1 2 L L AR I (A AH %4
HIBENLP FIRIEE A [ 2(b)RWT, BENUITEL )G PSR A, TR IEE . BAh, HiAt 29 3¢
SR B B EE 0 AT DLEIAT B At Al . IXRE, SRR P 912 B AR SR IR 73 T I (8] 17 51
3.2. MEBM

KT 30 AT, FRATH AT W7 iR K I 6] 7 S e A Sk I a4 3 AR ERFERE {G) . X T
0, €G.k=1,23,--,30, 7HitE-THRE. RERE. BHPOrEMFEIR R 8. THEE R 3 pros:

G, PR EI R B R EROR — NS AT R BRI . WA 3@, TR 7
BRIV, BIALIR A =) (eSS F 21 s Hm] P B R A vy, 3 WA S 2 ) B ST WA s 25 e sl
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Figure 2. Degree distribution of original series and random series
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Figure 3. The average degree, clustering coefficient, closeness centrality, and assortativity coefficient of stocks’ visibility

graphs
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B S Py S ISR AL P 2% P 2D BE D i B LW et TR 5 DLBOR P A . FIk, TREE AR HAT Ay A7 HH
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AT R MR . B ORI ZE R MR 2 A R AR IR EE T 5. ARREE T, M A
A2 SN HEAS I 2021 4RI A 8 IR TFE 2022 4EMES 1 4, HIRER 2 BB s, &)E, W
3(d)Fi7R, 30 SO ZER] WEIM R R AU KT 0, UL 2EFEBC IS M. o, HIRARIRER
F AT DL [FIC 2R 2000 0, SEIMa ) T 12 2 ) i SEUAC o PRI B K

3.3. BRSO

AR K-Means 5%, F52HUL) 4 AR JREAE RAIE, X 30 SRR 7 5l

4T BX

1T 2Rk

K3 H7 - K-Means

SR AR J7 s AT IR . &5 R R ] W7 AT LR AT AR R O BER S R 3. Bl 1
PR T BB IR BRI, 280 2 R R AR

Table 2. 30 constituents of the Dow Jones Index
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