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Abstract

The high degree of integration of the economic and financial system has led to an increasingly sig-
nificant complexity of the economic and financial network system, which needs further excavation
and exploration. This paper builds a bank based on the complexity science perspective, using
complex network theory and methods, and based on financial product linkage data and credit data
(June 2010 to June 2015) between banks and enterprises in the Chinese listed A-share market.
The model of multiple financial association networks among enterprises, systematically analyzes
the topological structure characteristics of financial networks between banks and enterprises
under different financial relationships, and examines the similarity status between single-layer
networks and multi-layer networks. The study found that the single-layer networks that represent
product associations, the single-layer networks that represent credit associations, and the mul-
ti-layer networks that represent products and credits are all characterized by sparseness,
scale-free, (super) small-world, and homogeneousness; there are significant differences in the
network structure of different financial linkages, and multi-layer networks retain most of the
characteristics of product-related networks and can be represented by single-layer networks as-
sociated with products.
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1. 5|8

B SfbE Ak, SRERINRE, @SR EEE, ST EaIHSEME, BAE5
SRRGHEE R, REMEE TR, SR EEREIR. WA SRS NS S 1) 577k DA TRk
R SR RGN E =t . BRNEENRE RGN —NEERE, AT ZE RIS 5T
28 RS PR AE AT F IR R 5 R, s mT DA I 48 PN 0 P e — A 2 SR D B O R A R TR, A
TIAVE 0 T RE VT SRR G E A MENLEE

AR, ERMBIR 2Bl T &g, eH &R T v EREET AL BT NI RIE
MHRREEEL, EEHMEE R, AAREHINERNER RS, B 708 2 & H 33
MFEMEETH, CHRZ E IS 28 W02 0 0] 4l W 44 45 K (R 04T T K R B AN SiiE 4y
Mo BT & E &R BA AR RS T IR R RIAEE, O BI4ME &Rl 1 B 28 1R 0 #4518 A —
TEA U B E SR AR S RET S, B TEESRm RS, DARAT MM E T
AN, EE 5 RT ReAEAE BRI ZE R, AN ERARAT R 48 25 M 75 5 RS IR Z EEIIE R, AR T4
HTEEA SRl 2 RG ) S5 RIZAT

Y& 4 gk, [ P AR 22 0 — M 4 Rl X 4% (3 A B 5 A ARAT (1] X 48 ) 485 K SRR AAE (R FF 2 R B80RT 43 9 SEEIE
PEWT SR BB YT FC AN T T, 5 SEUE PR U7 THT, 38 30T - [ 4 Rl X 2% 485 KA AR I 3R AT SEEIE 20 B, I
FLSE A b S 4% BT /M AL (Anand er al. (2012) [1]; R&%E, RIINN(2015) [2])s JohrfE(Léon Al
Berndsen (2014) [3]; 1L 2R, FlifE(2014) [4]) PA R HoAth— L45fE(Solorzano-Margain J P et al. (2013) [5]; Pk
DIGFIZEN7(2016) [6])s FERRVERF 7T 7 T, 738 FH /N U (MST) (Majapa M A Gossel S J(2016) [7];
AN 475 (2015) [8])s ~“FIH KL I EI(PMFG) (RKBHAT EAXIBE AR (2015) [9])s HI{E%(Namaki ef al.,
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(2011) [10])S5A6) 4 Al A2 2 PO 265 (3 B2 A M ZE X %) o ] PN 712 3 S5 4 il DX 268 PO T 7 3 B2 R SEE B i 40
AT RVER 1 DX 20 A AP 5 T, 3 SRR T AR 0T B — SR R B — A R G I PR R AT ) B4 R L) 7] 4 il D 2% R 4t
RIS, I SEUEGE T A R K 2 B il 28 BAT /ISR TobR B2 () — BORFAIE S A% O A B S5 4 .+
S FLAMRFAE, I T O £ A R IR i T AR A RT3 UM SO VR R P E B O B, P R R
PR BBV A0 RE S iR MIST [k s, 38 AN 1IAE 2 SR P AH 6 R BORME VAT BV P9 285 (1) AL 22

BEE BT ASBTIR N, 228 TR D002 R 28 S B i EL 78 43 Hh R H 4 R 38 8 AR [ (R0 AR ELVEF
SRR G MR @A F P ORPAE EAE . R, SRR SRR N — R, AR AT REAERE T4
FEESED IR . 2 2 W24 0 AT DL R — 28715 SR AN [ A B SRR Ay A R 2, 43 Al AT A
FONT, REE T INHER) B 78/ (RSOl R R B ) T 2 BN, B e R
Z JE MK IF AR T 2 )2 R IKA SME S, W Sola L e al. (2013) [111#EH 7 2B E H M4, Holme P
1 Saramiki J (2012) [12]#2H T IS5 /4%, Donges T F et al. (2011) [13142H T H.2h8 BRI %%, Berlingerio
M et al. (2013) [14]#EH T Z4ERI2%, Buldyrev S V et al. (2010) [15]#2 ) T4 EARTE (B4 2) B M 45, Criado
etal. (2012) [16]3RH T 24k M %%, Criado, M (2010) [17]3&H 7 88 M (B K]).

Z JE M EEAE NS BRI — AN 7 30, BN 24 5228 N 48 S8 R A VR I LA R 7 Imj 2 — . A Ak
E X 2 R RN S T I E A 2 AR BREARZ ORI DL A 2 AR L ORIIX = MR, S EATIRAE A
Al A AECBE ANEE /X 85X 2 R FEATRI 5, SR F BRI 5 71 T 2 2 4 il 2% 1 3t
PERASANE] S 3T FARM 2 2SR P E : FEEQ017) [18]3E T Ak 3 4A (] il i A5 D42
HRAT AR 3= A (8] R AR AT A DR S ARAT A B) AR 3 1 A A 1 B 3 ARAT SRR Al A (1) 2 EAS OF
WREERRY, IEo0 b HL SRR . 0T 05 R IK I 2[R S Rl 2% B 5T« L. Bargigli et al. (2014) [19]iE 90
RAVRAT AR WA e, AR 22 20 S AL (RIHE R A SRR 1) R 21 H (RIRR A, o SR ) Jall o KR
HRATIA 2 S 4%, IR R K0 SR B () 7 VA A E R B Ledn C er al. (2014) [20]34 45 5137 2 At %
Ja s, AT RS B S BGIE SR 28 5 I 2% ok H = RS [ 58 5 A T & SR 22 5, @il 4y
T H A REAE SRS 56 4 il P 2% 02 75 7 A BLSE 4% (AR AR, AR 2 E MR B, R T HBERE
EOEFRHIE; Aldasoro A1 Alves (2016) [21]1 B HY W ARAT 22 18] FRY IR il 1 500, AR e A FE AN T2 LK
BRI G X2, SRAFEFEERIHN R BLERAT M 25 1) 22 B (B 22 J2) S5 M I 2 R AIE, RN 28 B TEAH G 1) 2 =M,
AN 8] 2 LA s FE O ARALLYE s Langfield e al. (2014) [22] \FEE B DML —DNEETZERK
W2 ie, B SARIT N FRERRE; A—MET2EEE, @dim S RAT WHARERAT AR R 1) 55
o AMTRBEX A M2 BA A F S HFAE; Li H et al. (2014) 23PN FBIMZ% 2 N =)=, H-L X
REFEFR KRR, H-H REAZXFFR R R, H-H-L B R FE R, @ik 4r H-L f1 H-H-L
PRJZ P28 (3R A SIS, R H-H-L 2 A S AR I X 48 BEINAT & o X 85 [ 50/ IX 30 22 )25 <6 i )
KR A MaYY et al. (2011) 2418 B BT A R A RS, 12 H B RER T BIES T, )
WEE B MR NA R ZTH, B0Z0, XIEJZ 50T 98T, SR TS R I 2% 174848, DA
PG REN IS SRR AN RISy S

R bmr L, EAMEITEIT T 2 R e RN g, BN AR 2R T8 I RAT M 2 2 &R 2%, i
E x0T 2 2 S b 28 RO ST JUAEA TG, B, TR A ) 22 2 4 il X 28 T T AT 3 e L, A
WA Db T 8 ] R A 1) 22 B ST P &l Y 2 AT W 90 o A ST I 7 LI (TR0 A7 K 5 4 X 4 32 FH T 4R A (1]
SR, RO SR A, AN T O R TR AT R R 4 A 7T, S BRI ) FRE
b A BRARAT AN N SO G, ARAT AT R A OGBSO {5 PR (2010 4E 6 H & 2015 4F 6
TV FREA, KRG SRR EREMBA T MRS R, iEHE R AR EEE T 0, [E0008
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(R A7) 22 35 A il X 28 A58, I FH matlab A1 gephi 1157 H 3R AMERRE . 10 H MR INE, R T
T R DR P 4 il DG TG (1) AR A 22 75 I 285 114 IR 28 0 AMRFAE B Bh AT o A SCER JSHR T T R I i)
1) W HLE AN 24 B4R SN BT A HEAT Geit e i, RERFE — RN HIAFAE: 2) X HRE . 2 EM g
TR AT, SRR R — AT 0, SRR, BEMZ RS MAZER R RFAR: 3) X
HR. 22T DT, RS R A (R 4% S5 A RRAE R A A . A SCEZTTIR: a) 75K
T, EREL BT A BRIERAT AIE 2010.6~2015.6 FLAEHIEAE L= e Bt (5008, BAE R
FNE, I S B R R T G 1) B IR R A R % 11 B SR O, A T R R R A 9N 4% 4 W B TR R
b) FEFE M7, G HUER E AR A ()7 5 OGRS B8, 18 ) Matlab T gephi #4-3E1T MR FRIK
THERL AN 2 B A 5, REAE IR AT 17 1100 S et DO 268 () PR AE B S AS TR, R o 55 e o ) 286 i
(1 RGBT S BB MR R A, FE 7 el 4 2R AE R T A SR ER 18 s ¢) XHARAR ] 2 H 4k
P 28 AR 3R A7 XoF LU T R LU T, 9 H RN 2 TSR R, DLRCRZ N Z E NS 2 [ 5R, W
WA JE A DAIE FE AR 2, R DA B M A ATLAA A 28 1 1) 4 i 2R 4 S i XL

2. BIRIREFNCIE S &
2.1. #IEKIE

2SS R AR A TR] X 4% 1) B SRR T [E 22 %2 CSMAR & 51 ¥ 22 (http://www.gtarsc.com/Home), A< 3
(50 BT A BRI R AR Sy 43 A B HR 1 B T ERAT 0 T Aol B0 B 45 43 A I 17T A R SEAR S B S
TR AR BT A E AT RO IRy 2010 A3 2015 AR AR, B AR
AAEI SR SRR SRR . EH AR AR AR KBRS 3R FESR RS . EFR
PRy it BOE H . AR ARR B s Tl A &) ARAT S5O I SRV ELRERAIE SRS L IESR AR
RAARAT TR ASEHI o, RSP 5 ORI RIS T+ RI AR SO, SO R AR MIE S 48
By, BRRASFRURRIL BEPEE R RISES SR OB, RN BT AT S R R A A
TERER, REEJT NP B RAT .

N T TR R, W ORI SO A 7 S OGRS AT T DA AR 1) BRI AR Ak i aE
FREA AN S EE s 2) A4t A B A2 T b 8, JERIBRA A ST, *ST ML ks
3) BREAFLEAT CHAM M ARIIEEE, JEABRITEITA R 24 K EiTERAT ISR 4) K RATHI
i — A FONFEERAT AR X BT A B ARAT SR R S PR AT T LR AREE: a) SRR M
ARNRT CNY HEHE; b) JIBRREBATARE 24 K ETRATHIESE: o) SIFR4AaE A B A2 TR il
MHE, HABRA ST, *ST B LR d) HIBRICH AT BRI EE, HEA 2N 0B —
WP AR o ABREERIMIERIT. CAIFEHMET: H HEERITHHMT. UTH %
RNFFRAT: Bea, FERORICEIREEEE S . 17 FKARAT, 2457 KAk, 35,883 SLHE; (5 0 AUR A
24 ZARAT, 1368 KA, 13,675 5c%#: 227 WSS PR B A5 24 FARAT, 2510 KA,
47,697 < HH

AR S PR A ) 5 X 44 2 T TR TE AU N 4%, JE I 77 s A5 DI TR A 4 s S BB R X I 485 i8R AT 4l 43 Y %2 B
W2, FRNERAS RGP i BUE DR ¢ R M T AL A AHE . 15 1 AN 2 43 AR 7 2010 4F 6 H % 2015
6 H AR Z R 2 5 N2 I TR BRI 4. AR R DU = AN 4% () R KA 3 R
T,

2.2. MESHTIE
W28 52 T R AR B 1, BRI B H A2 1T R LSRR R RN R 2 R R AL ALY
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Figure 1. The number of nodes and edges of product-related networks, credit networks, and multi-layer networks between banks and
enterprises(2010-6 to 2015-6)
B 1. SRae[EFm KB BRI, ZREMERIT R BAA%(2010-6 Z 2015-6)

— AN B LB R OR TR R AR . ASCR AR RS HOR, FR AT 5 A b 8] 1R 77
FURR R ML, AR VAT Ak, 1 R LA, 1 R ) R AE DR AR
ZEANIR], AR B )R A T < O 2 R SR SR AN IR TS A A, EL RIS SRR AN R R . X FRER
TR BB FR N “ — 43 B (Bipartite Graph)” , J&EEH ) —FRRR R TS . A SO 8 A AR A 18] P 2% 52 — A
T TERALE, E IR M (a) & — N ICERAN a; I nxn BERIDNFRAERE, WMFRRNEG=(V,E), Hb
VR RARERAT AR, E RILECE T MBS R REENL), E & N:

AV VA W SEARAT AT 77 i BUERAT B A A AR B L DYk
LAY W SEARA T AAT R A T R Al R BB
__{O,ﬁéﬂkj%%??ﬂ@?@%ﬁ??iZif?fiﬁﬁﬂiéﬁf?i%i%iﬁﬂﬁiﬂkjﬁ%@?f?iﬁ

B, LRI B R P ) — I SR MRS, A . WA TRIE (k) L B A
P(k) .\ PEIRMIERE L. RERLY Cop(i) ° TR FH R T I 2 S B R IE 2 AR Y], Newman (2010)

25146 H, RF— MR RIIMNG, M n—oll, d—c(FEE), WMHEHINNEFZER, 1240 — o,
d—0, MG NG SR, BTFMEGERANEE R, FCA2d < I, MEEE RN 5T
(1, 2d =1, PIZEIETE MO 9 MR R 5% AR AT B 1 S BE W R
A S M AR, — T A0 A KA R R X N SO L SR B U BT Y R A
JEE53 AT I R KO 48 90 28 ol G 19 2505 BE ORI OB M R B FR R, FH SR 0 0 — > DX 28 2 B AL D) 2%
ERTCAREMLS, HRIE Newman (2010) [25], 2<y <30, WKRLIREML, >3, MK NS
D 25 B B ATL DX 26 5 P45 e R IP 25 s kL 4 i 4385 ) 0 e X 48 7 22 K, T DU 15 /Nt S8 /Nt SR8
% Newman 55 A (2006) [26], X5 T-BEALINZE ¢ ~ Inn , X P 28 R /)N BG K PR 8 0 Hi0 0 5 /)t 520087 (B
T T YRR K ) — B 7E AR EE LR (RS 0 L PR K & R IV T 0 ~nn 24 0 ~ Inln n I,
Cohen Al Havlin (2003) [27 ¥ HAR A /NS T8 REUARII 2 X 28 B AR R SRAEVEAFAIE, BUE G FEIZE 0
B 1 0], EER I DR 2% i SR AR PR, B A R A R

— R R R B — S PO B = A TR 5 T E AT R = ATE Z R 8, ARSCATIE AL A2
=N, HEANAEZIT AR B R BRAEE TN A RIS R S8, AR
AT =T A ) E S T T —FhO5 R ST ARAER 45 C ) 19 70 W48 () RIS R K
Cypy » FRERIMT— IR Iy 4R [28]0 RNV JA B30 00 M R GE SCRFE R B 23Uy

M
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Ck”m:(kn—mm)@g—mm)+%m @
A EFET IR A E M BeAAERIE T T SR, Hotom Fon BT i M—X 8B A &,
kom0 WM, g, ROSKEANANTIE, 5 l+q +0, » K, GRS m
ER, M =1, BN 0, ACHFFARMEM LA RGET MM MAERE, RATH. S ALEE
SebE, mo BT R T ), WA, G, <0
AR W thfatn o i g g by, Befe i — PRIz L N FEBR R, TR S il Y 4% rf ) B B
R, PSS B PR ANE AR A DU LR
1) Bk
DX 28— AN S AN B 1 S B R T N AR 2 b BT AR AL B, A7 B R RO ) A R R,
R — AN 55 1 B R R R X AN 9 B B, 2T A B R, e HAR Y A AR A, 3k T S
ARG, — N N AT S, s KR AN N —1, 0 8 P o o PR $e Fr
PEVE— AR EE, R &, 715 R U — A0 B O S SR
ki

DC =—— 3
= 3)

2) rEhaot

DAGE b AN 1) B R R AR P 50 L R 2 1Y a5 S B AR Bt O N B e, AR R, A
B O PR B 1 — AN ASTE S R Sy TR B R AR ), RO SRR AR IR, R R R T
MR R, WA D OIS, o AR s BE kR Bl ikt TR I EOE SOR

1

BC =Y 2 )

s#izj 8t

Hr, g TR s BTN ¢ ISR EH . nl, AT R s B AU I g, SRR A i 1
R EH

3) Bt

AT A PR B — AN AR RS BN ARSI AR, B O IR, ARG B R
BRI e TR m 0, d R BT R IEER, d R R RIS R
AR E R,  d BRI RN AESER TR b SO 75 A 0 AE % T A B, d (BB
ANEERAE T R i ST AR A R g, BEIBUE SO R o, RIRRERE R, IS CC,
KFEIR:

= )

4) RFAIE [ R O Pk
AT R EE PR BRI R T AR R T A B (BT S ), IR T AR e T R A il x,
N R EERERE, WA, MiZA:

N
x=cYax, (6)
Jj=1

5) [FEIfC &%
SobF BRI 2%, Gn B A b R R I A ) R R ORI A, TR A R R 4 IR SR,
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BEFRP LG FIRCAT, e b B RO S m) TR /N R s, TR AR R 48 2 FE S A o ), Bl
TR 28 52 SFE I
[FIHC R %0 0] LU Pearson #H2% REFE /RN

kD) k.
K - 1?2 Tk L (zk
\/ ( \/[Zkl » )J{Z (2 )]
Hof, cov R, ¥ Mo (x) RFETIEMFAELE, E:%ikﬂa( Vo (E) . s, Fezk

R, r<OMRRAE, r=0, WKICEAI, |r| KNSR T 00 2% [FHC S5 EC I 5 S5 AR %
ARSI AR A 1] B R 2 AN 22 2 2 ) — B B AR AR RS, R TE P48 L 15 IR AN L S S

Mot JCAREE AMEFANRIE, FFdid s R AW Rl B, R AT A e, DU 2K
IR X 2% o

3. REREESXIKMERRIGES S

AR SCRITRIE T AR A G Rl DR T I 4 2 e B R B BT A i E@%Eﬁﬁuﬁiw\jﬁﬁﬁxﬂ%, PR A ERAT A0 Al 7]
72 i R BRI A5 DY ORI EHE(2010.6~2015.6 ¥ AT 7 A =2, 0 il AR W GBI LR I 2% . AR
TABTERBRIV L Z 25 | AR IS DRI 2 2N 45, ’%Eﬁ%uﬁiklﬁﬂ%@%’%ﬁﬁI‘El$uﬁikrﬁﬂ)ﬁ7iﬁ
FERR I S R TR 1 4 R 30 U ) 4% R ARAT sl 2 TR AE R 82, 43 A 7= B R 3 0R 1 B 2 )
4% ] 2 WA EAT IR AN AT, 15 AR S IS MREE, X025 2 2 18] BI3EAT %5 LU 43 BT AR AL 2 47
B 1 R

3.1. FEIR{E SR SCEHKMEH—MIRIMEIRIH

ME 1. £2, XIFATLLEH, 7£2010 4 6 A ZE 2015 4 6 AME, AR H L. [Z55M %
2% JE PG R S BAA YA WS, HEREINEE. MEWRIUNEER, 725 RS A%

Table 1. First-order topological indicators of product-related network between banks and enterprises (2010-6 to 2015-6)
= 1. RAE) = F XML —MRTMNEFR(2010-6 Z 2015-6)

E2E7)

2010-06  2010-12  2011-06 2011-12 2012-06 2012-12 2013-06 2013-12 2014-06 2014-12  2015-06
i 5 H(n) 1211 1305 1389 1441 1399 1349 1325 1411 1556 1846 2037
LRI (0) 3086 3190 3172 3260 3020 2879 2807 2963 3201 3876 4429
I (d) 0.0042  0.0037  0.0033  0.0031 0.0031  0.0032 0.0032 0.0030 0.0026  0.0023  0.0021
T ((K) 50966 48889 45673 4.5246 45673 42683 42370 41999 41144 41993 43486
FEARIEH()  3.5000  3.4900  3.5000  3.5000 3.5000  2.7200  3.5000  3.5000  2.8000  2.8500  3.5000
PRIRFEEE  2.5276 2.7656 2.8846  2.8847 w 3.0434  3.0959 3.0341

(L) [1.9600] [1.3092] [1.3049] [1.3129] [1.9813] [1.2598] [1.2649]
BERHE 01976 01630 01339 01358  0.1188  0.1101 01021 00934 00862 00863  0.0889
(CAW) [0.0042] [0.0037] [0.0033] [0.0031] [0.0033] [0.0032] [0.0032] [0.0030] [0.0026] [0.0023] [0.0021]

s AR RIS AL 265 1 301 58 M7 T 220 B L S I SRS

AHIFES W, Clauset A (2009) [29]H 50 S KAG T REH RS
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Table 2. First-order topological indicators of credit network between banks and enterprises (2010-6 to 2015-6)
% 2. SREEME ML — N HATMERR(2010-6 Z 2015-6)

Ef=2a 2010-06 2010-12 2011-06 2011-12 2012-06 2012-12 2013-06 2013-12  2014-06 2014-12  2015-06
T B 194 216 234 230 283 500 554 565 729 617 813
A% (1) 402 422 533 430 652 975 1457 1354 2701 1525 3224
() 0.0215 0.0182 0.0196 0.0163 0.0163  0.0078  0.0095  0.0085  0.0102  0.0080  0.0098
TR ((K) 41443 39074 45556 37391  4.6078  3.9000 52599 47929  7.4102 49433  7.9311

R E()  2.0900 2.1100 2.0800 1.9000  2.1300 2.3700 2.2700 2.1800 2.2600 2.3200 2.3200

PHIESEREE 32255 33704 32222 3288 34324 32124 32911 . 32741 2.8423
(L) [1.6616] [1.6818] [1.6966] [1.7308] [1.8269] [1.8433] [1.8464] [1.8602] [1.9022]

RRRH 0.0716 ~ 0.0591 0.0838 0.0516  0.0867 0.0445 0.0959 0.0763 0.1879 0.0817 0.2017

(Cony)  10.0214] [0.0181] [0.0195] [0.0163] [0.0163] [0.0078] [0.0095] [0.0085] [0.0102] [0.0080] [0.0098]

Table 3. First-order topological indicators of multi-layer network between banks and enterprises (2010-6 to 2015-6)
= 3. R\ ZEMLEH—MIRINEFRQ2010-6 E 2015-6)

fEhs 2010-06  2010-12 2011-06 2011-12 2012-06 2012-12 2013-06 2013-12  2014-06 2014-12  2015-06
T HE B 1254 1370 1449 1498 1498 1539 1545 1614 1794 1984 2215
A% (1) 3408 3546 3608 3619 3578 3739 4094 4149 5566 5203 7187
B (d) 0.0043  0.0038 0.0034 0.0032 0.0032 0.0032 0.0034 00032 00035 00026  0.0029

TR ((K) 54354 51766 49800 4.8318 47770 48500 52997 51413 62051 52450  6.4894

EEESHG) 32900  3.2000 32000 3.2700  3.1400  3.1900  2.9000  2.9600 2.5900 3.1100 2.6000

SPYEREIER 25298 2.706 2.754 o 2.868 29062 29192 29832 2.8516 29141 2.7916

(L) [1.9649] [1.9772] [1.9849] [1.9895] [1.9932] [1.9937] [1.9997] [2.0139] [2.0272] [2.0416]

RRAK 02027 0.16454 0.1440 0.1399 0.1287 0.1163  0.1274 0.1136  0.1622  0.1160  0.1695
(Cors) [0.0043] [0.0038] [0.0034] [0.0032] [0.0032] [0.0032] [0.0034] [0.0032] [0.0035] [0.0026] [0.0030]

FEZIN 2%~4%, (S5 LIN 1%2%, ZZMELIN 3%~4%, 7% 2N, WM EEE
A TE] AR AL R A 5, A 20 1 3. [ 4 SRE R E R EI) R IR @S, RN, R
TRBBRLN 3, BHALHERFRE, BIMZH RZ2H S ERAN, DEASHERK; BT FY
R L WBARGE 0 E A0 W28 R AR E R, M- PR EAE T K), BiET Inlnn, KIFMLE
SERRE, REURMB /IR, W22 RIER), RBRABES TR KRNI 2, Rl
C4,m,,(,«)><Ni>’ Fre /N B B AFE, SIS R BRI R Fta s, 150 0 3 R R A o0 4% 1 B A S
HRT R, ERMEREA FTIREs .
3.2. RERSERICEMEN —MiRiMetr a4

M 4 FIPE 5. =5 FIlE 6. % 6 MK 7 ol LR, WA= FCBM L. SR L Z Mg+ Y
KAT FOFE T ARAT BT A o O P AR R AE m A AR FRAI N B2 e, A TFARIT NI 0 2, fE— E R E s
ERAEBEEERITIACG, X HEFKBITHL AT NRAEDWR, 2B 4mocBsymE 2 falk; 78
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Figure 2. Accumulative distribution and power law distribution of product-related networks between banks and enterprises

in June 2015
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Figure 3. Accumulative distribution and power law distribution of credit networks between banks and enterprises in June

2015
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Figure 4. Accumulative distribution and power law distribution of multi-layer networks between banks and enterprises in

June 2015
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Table 4. Second-order topology indicators of product-related networks between banks and enterprises in June 2015, Top 5 in
terms of degree

4. RO G R B B9 Z M 4RFMERR(2015-6, ERAKIBIAR)

T RAATR i3 REAIE ) B EoSli SN o ViGN
b E TRERAT IR A PR A 7 877 1 0 0
o [ R BARAT IR A PR A 7 868 0.989737742 0 0
rpE AW ARAT Bt A B 7] 561 0.63968073 0 0
T EARAT AR A IR = 445 0.507411631 0 0
TR AT IR A IR A = 344 0.392246294 0 0

Figure 5. Bank-enterprise product association network topology in June 2015 (Node colors represent different types. Green
represents the bank, blue represents the enterprise, and the node size represents the size of the degree. The greater the degree,
the larger the node)

& 5. $RAS8) = 5K BEMLEIATIMNE(2015-6)

Table 5. Second-order topology indicators of credit networks between banks and enterprises in June 2015, Top 5 in terms of
degree

5. REEEEMEE ZMAIMEIRQ015-6, EHRAKBIRR)

W R i3 REAIE ) B EeSlil s i3 ViGN
b R RAT I A PR A 354 1 0
b E TRRAT IR A PR A 7 318 0.898305085 0
TR AT AR A PR ] 292 0.824858757 0 0
rh [ 2 BT et AT R ) 280 0.790960452 0 0
AV ARAT B A BR A 7] 244 0.689265537 0 0
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Figure 6. Bank-enterprise credit network topology in June 2015
6. fREEMEEIMLEFREMNE(2015-6)

Table 6. Second-order topology indicators of multi-layer networks between banks and enterprises in June 2015, Top 5 in
terms of degree

6. RIEMEZ EMEE ZMAIMEIRQ015-6, EHRAKBIRR)

T RAATR i3 REAIE ) B Eeali SN i ViGN
I TRERAT R A BR A 7] 1078 1 0 0
Hp I B AT B AT B A ] 1048 0.972170686 0 0
PP R A ARAT Bt AT BR A ] 763 0.707792208 0 0
oh R ARAT B A B A 7] 735 0.681818182 0 0
TR AT AR A IR = 599 0.555658627 0 0

77 il ORI D 48 A0 2 2 X 2% o R ARAT Y BENURFAE ) e rp o Ve oK, DR DR AR AT A L, b T
PR L B, AR T R A B, {5 B 4 v U o [ AR AT S A EE AR AL [ R bt oK, R
ERAT IR EE, ATRERPOME, HWETARERE, waBehorkE, H8 0, oo
PR, HUTHREEIE O TEEy 0, A RgHEGE O E DY 1, BB HR AR I 2% v Aol AR A% HE (5 S AN
HRAT I

M T B e ERFTRAEH, FECRE - BT 0, WL FIBCHT, S bR RS s e 3% 3%
FERIIH R || IR T 46 [ SR L ARSI FERE , AN |r| KANRTR S 7= i SR IR 2% 1 22 )2 ) 25 1
[FIMC RHOHIE, BIRT 1, MERMA R FIREREUN T 1, BB S S IRI £% M 22 )2 190 2% ) [R] G 78 EU A5 B
R
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Figure 7. Bank-enterprise multi-layer network topology in June 2015

& 7. #4182 EMLEIRTMNE(2015-6)

Table 7. Assortativity coefficient of product-related network, credit network, and multi-layer network between banks and
enterprises (2010.6 to 2015.6)

7. PREETREBEMLE ., FRME,. ZEMEZEEZ$(2010.6 E 2015.6)

MR & ()  2010-06 2010-12 2011-06 2011-12 2012-06 2012-12 2013-06 2013-12 2014-06 2014-12  2015-06
PR SEEEMZ 13158 12957 1.3092 13132 13049 13129 12907 12765 1.2598 1.2823 1.2649
TR 2% 0.7281  0.7212  0.7081 0.7478  0.7959 09314 09225  0.9351 09807  0.9425  0.9839

E2A T 1.2874 1.2634 12714 1.2795 1.2598 1.2377 1.1888 1.1821 1.1404 1.2029 1.1465

33. BEMZEMERIXTEE o4

M 8 RE, EIREAERAMEG TG LN, (S0 S IR 5ok, 7 ORI IR AR B R %
IEEEA W28 IR AR R, AR 22 TR I ZE DR B 177 i SR IR R 48 PR R AR 0 A, 0t B AR AR 1R F G 22 2 R 2%
AL H 7 i SRIR R L2 X 2% T AR

3.4. HEMER R

M, PSR ET DA ARE A LA AN B, (EGE —ASZ R AN Y R Z TR AR R AN BE U
FHRI PSS /AL 5 — RIS P A AR . A P2 A — 2 R B PSSR IS %, P93 2 TR
FEACUEE R 14 5 S22 AV 19X 2% 35 K B I ) FR AR B AR SE I o A I8 e — D2 2 I BB PIZ I, AR
AT M AW — B 2 KRR AR S — A2 AL I 2 Pl SR g i — MR TR 2
JZ W2 B3 BURF I DL B 2 i PR A G P A R 2= 22 TR R AR (A1

DOI: 10.12677/mm.2018.83036 324 AR


https://doi.org/10.12677/mm.2018.83036

Bt

Table 8. First-order topological indicators of product-related network, credit network, and multi-layer network between

banks and enterprises in June 2010 and June 2015
7= 8. SREETMEEK. WK ZEMEH—MHAMEFRR(2010-6,2015-6)

FE45(2010-06) PR B EZAICES
5 EH(n) 1211 194 1254
LRI (0) 3086 402 3408
B (d) 0.0042 0.0215 0.0043
TR ((k)) 5.0966 4.1443 5.4354
WEBHGC) 3.5000 2.0900 3.2900
S 25276 3.2255 2.5298
TR R L) [1.9600] [1.6616] [1.9649]
— 0.1976 0.2027
RREH (CM"M ) [0.0042] 0.0716 [0.0043]
FE4R(2010-12) PSS B EZAICES
W EH(n) 2037 813 2215
LHIH(1) 4429 3224 7187
HE(d) 0.0021 0.0098 0.0029
TR ((k)) 43486 7.9311 6.4894
R 3.5000 2.3200 2.6000
ke 3.0341 2.8423 2.7916
FIREHA L) [1.2649] [1.9022] [2.0416]
B 7 g 0.0889 0.1695
RRRM (C"vm"m ) [0.0021] 0.2017 [0.0030]

KT MR E XERZ AN, ACRASREHURE, BNEEN—NETFRIRE, HE
IS ik, p A g ACERTCRAE py q IR IO L], FONARREMUURE, HMFS J(p.q)
TR

pNq
()24 ®

AR AE AR S T DA R SR 7E W 52 5 — A I 285 o (1) 4 ) B B 10 2% 1 T L 58 R IO 285 v f1 55 26 11 T i
Yo RGN —ET 5, DUERAT SN Z B A 4T . PRI A SCHE 04 R — 2 A [R] i
[ A RABAAL R AL, RO AT SRR IR, RVEFEFTA AR —AZE M S

X WIREREY, AEMEERTAHAR RN RS, 20BN n S infase, Es:
WA JERATE 710% 545 BEREMFFAMALEZ, FrAl2&1E 2010.6~2010.12, 2012.6~2012.12, J=
30%, HoAtZE S 2 (A AR DR FE 22 — R (J = 40%) .

10 251 7 2010-6 F1 2015-6 AS[F] 2 IR FMERAPESE B, 45 BB IORTERAI ] SRR 2 B R
TEARAME AR AR, T 2408 10%~30%, MASHETT 30%; (EARALYERE S A AR, A arddhn, X —iFds
R TR TSI R > 2 M)A EEITAME, =025 ERENHELE &R SIE 29%, FLr
iR RS ETRERARRME, AF SO N % 4 a2 5.
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Table 9. Jaccard similarity coefficient of product-related network and credit network between banks and enterprises (2010-6

t0 2015-6
%&ﬁéﬁ#&%ﬁm%%ﬁ%m%%%%@%%mwéEmw@
PREEEEM () 2010-06  2010-12  2011-06  2011-12  2012-06  2012-12  2013-06  2013-12  2014-06  2014-12
2010-12 70%
2011-06 64% 71%
2011-12 59% 65% 73%
2012-06 56% 58% 64% 72%
2012-12 52% 54% 58% 63% 73%
2013-06 49% 51% 55% 58% 63% 69%
2013-12 46% 50% 52% 54% 57% 60% 67%
2014-06 45% 49% 51% 53% 55% 55% 58% 67%
2014-12 48% 52% 54% 56% 56% 54% 56% 61% 67%
2015-06 44% 48% 50% 53% 51% 50% 51% 54% 60% 71%
EEM4(J)  2010-06  2010-12  2011-06  2011-12  2012-06  2012-12  2013-06  2013-12  2014-06  2014-12
2010-12 34%
2011-06 38% 35%
2011-12 29% 37% 40%
2012-06 27% 30% 39% 36%
2012-12 19% 24% 24% 28% 28%
2013-06 20% 22% 22% 25% 29% 40%
2013-12 17% 19% 19% 22% 23% 42% 41%
2014-06 16% 16% 19% 18% 23% 35% 45% 39%
2014-12 15% 17% 16% 18% 21% 36% 36% 44% 41%
2015-06 14% 15% 16% 16% 21% 30% 39% 36% 53% 42%

Table 10. Jaccard similarity coefficient of different layers between banks and enterprises in June 2010 and June 2015

7 10. REEARERAIAFERE(2010-6,2015-6)

E2E7)

7RI EAE B2 AR RE LR EO)

2010-06

12%

2015-06

29%

4. REGERRE

AR BTN [F) B R ORI T BR A () ) 2 5 < il X 2% (0 $R A NRAE S B3R, TR S REW: 1) 77
A RER 2% EOEMNZ . ZRMZESRMER, AEBSI0, TR, GBS, JIM, FIRCH,
PiEr R 2RO A R RHAIE,  FLEEE I TR AR I 2B R ISR, R o, B I 2Bk
M, BRI 2) —SRIBATAEMZ b iyE <L B, Ha Tkt T
“rpry” (¥ EE LR R 2 R AR R HLRE R AR AT A TR BE K AOARAT /4ol 3) ASIR] SR SR (1 10 4 25
WHRBEZR, MRREREMGEERARIMERZER K, A EEN M, HAP A2, SR
AT A A RSy 2 ) BAG L AME: 4) 2R MEOREE 177 i IR I 2% (1 B 20 R AIE , 1l AR A7)

DOI: 10.12677/mm.2018.83036

326

BAE


https://doi.org/10.12677/mm.2018.83036

Bt

Fe FRCFR) 2 2 X 2% T LA E 7 i SR BB ) SR R 28 i AR

W EIRESE, ARG 1) PURAT A R AR AT IR JL SR AT ST A5 A DL S 2 8 Vi FELAE 35 A6 7 i %
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TR 2GS, RN AR S Z G PR R Qe . PRIk, AR X238 R 8 B B
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AR, NE R OGE BRI R 3) PR ORI L (5 DT R K R 28 IR i) /N T SRR 7 R R
A7, FELCARAT (A R BT RE A BRI R, (HR — B RAEA Ry, XEHUT RIS IL R 2B m 5
e DI, ASSCE RS YA X IR BRI OGN AE 2 5 5%, DLRRAR G R XU (A% etk s 4) MBORAES
AN JZE B B AT RE = IR FS HUA IR R, A BT ihAa e .

ARSI TEI A2 fa] B T ) A 46 1] HLASCER R T 77 i SRR RS DX K, B b g X 2% 7T A
RIUNA RIS, J7 AR A2 7 1977 17, AR G2 7 B e, He oIk 1 Ah e
CAR RN 73 D5 AR % s AR S BRI FIGE T J7 gt LA 1 S Rl - R B fy i R 2 AT, 3 ] DLIE I 3
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FMRHIE, XA 5 Ja SRR BT SR SRALL
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