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Abstract Based on the realistic background of “guiding financial services to serve the real economy”,
this paper constructs an evolutionary game model to describe the game evolution process of investment
and financing behavior between financial institutions and real enterprises, and studies the mechanism that
affects the dynamic evolution path. The analysis shows that both parties tend to make decisions that
promote business cooperation in the stable state. In addition, based on the idea of agent-based modelling,
this paper transforms the evolutionary game behavior of the two sides into the decision-making problem

of the proportion allocation of investment and financing funds, and includes the geographical location
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factor. By simulating the optimization process of heterogeneous enterprises and financial institutions, it
analyzes the influence of various factors on the proportion decision of investment and financing. It is found
that by means of cost control, income distribution and government subsidies, financial institutions can be
promoted to serve real enterprises in the way of indirect financing. In addition, this paper also finds that
capital market financing costs, corporate profitability and geographical factors have a significant impact
on decision-making. Finally, this paper compares and combines the results of the two models and puts

forward some suggestions.
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{i i3E B RV SR 2 G R E L, — B BOR SR i 3R 7E S RO 5 SR A VAR B2
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L2501 738 A 5 o o) SR A 8 55 V& B R s ) ) [ SR AR 2= RO 9 7 6 i S AR T o 3 2 el
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Table 1 Evolutionary game model parameters table
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Table 2 Payment matrix of the game
SR RARE LAELTS PR SCmEL -3
SR NN A B Y (Ac +~vAV —aCe, (A¢ —aCc¢ — Lc,
Ap+(1—-7)AV —0Cr+S) Arp—(1-0Cr+(1—-k)Rs)
TR EEEREL -0 (Ac-(1-a)Cc+ (1 —-h)R1, (Ac—(1—a)Cc+(1—h)Ry,
Ap —bCp + S) Ap — (1= b)Cp + (1 - k)Ry)

3.3 HESEL M
3.3.1 HBWHESERHEHIE

AR S AR R PRI 1B, 4 ST AR A b C R L i) 42 i 8 R < B 43 i 95 S 6 IF P SO B A &t T 20 B B Wi
a7l U~ U MUy, it g5 R r:

U1 = B(Ac + YAV —aCq) + (1 — 8)(Ac — aCc — L¢) (1)
Uiz = B(Ac — (1 —a)Cc + (1 = h)Ry) + (1 = B)(Ac — (1 — a)Cc + (1 — h)Ry) (2)
Uy =alUpi+ (1 —a)Urs (3)

A G R LRF SR B 5% AR IR 55 S A4 28 5 AR 08 AR JI S i) R 542 6 I 11 9 B A s % P 359 S BE AL 2 2331
%Um\ U22 *DU% /ﬂ\:ﬁ‘ﬁéfj%ﬁﬂ—l:‘

Usi = a(Ap + (1= AV = bCr +S) + (1 — a)(Ap — bCp + S) (4)
Usz = a(Arp — (1 =0)Cp + (1 = k)Ra) + (1 — a)(Ar — (1 = b)Cr + (1 — k)Rz) (5)
Uy = BUsz1 + (1 — B)Us: (6)

SIAR A b 32 5 <[ i B B R o R T A 1R 2R B A B 25 05 1R e
Fi(a) = 0a/0t = a(Un —Uy) = a(l —a)(B(yAV 4+ Le) — Lo — (1 — h)Ry + (1 — 2a)C¢) (7)
SRR 3 R 55 SE AR 22 5F B o 1 8 A 1T 20 A2 101 3 25 D R
Fy(B) = 08/0t = B(Ua — Uz) = B(1 = B)(a(l =7)AV + 5+ (1 - 2b)Cp — (1 — k) Ry) (8)
3.3.2 HERSESSK

L (a) =0, Fy(B) = 0, 13 BI5/M 1 5, 53508
(1—k)Ry— S —(1—20)Cp Lo+ (1—h)Ry — (1 — 2a)Ce
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W E HEFEP:
(o) g

HHr:

OF (o)

an = —5-— = (1 =20)(B(YAV + Lo) = Lo = (1 = h) Ry + (1 = 2a)Cc) (10)
a12 = 0F1(a)/0B = a1 — a)(yAV + L¢) (11)
az1 = OF3(B)/0a = B(1 - B)(1 —7)AV (12)
ax = 0Fy(B)/08 = (1 -2B)(a(l —y)AV — (1 —k)Ry + 5+ (1 - 2b)CF) (13)

CHEFEPRIAT HI v det(J), FEFERIZE Jute(T), “+7 SR KT 0, <7 SRR T0, WELERUT:

*3 BB LTRREMFIBILER
Table 3 Stability judgment results of equilibrium points

18 R det(J) tr(J) LR
A(0,0) + - ESS
B(1,0) + +  ARER
C(1,1) + - ESS
D(0,1) + +  ARER
B(URR G0 Lod(of-(tCe) R 0 i

MR T 45 R TR, 384 A 0,0),C(1,1) R IA P AESSIIHT iL, 108 £ Rl FH 5244 A lb 2 8 1] 52
A lide 5 < LBl B HL B AR 326 5% < B A 0 SI2 1) R B S A b gt 3 <) e i B HL < R A e 45 < B
AR5 ARG I HE G L
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8 RPN ARBRAE(0,1)70 ] A I, T A% 3 A B AT A5 DL AN S
0<(1—h)R, —(1—a)Cc <AV —aCe (14)
0<(1—k)Ry—(1-b)Cp < (1—=7)AV +S—bCr (15)
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Table 4 Part of the value on the right side of equation(18)

Sy 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
A 1421 1462 1477 1.394 1435 1417 1400 1.391 1.439 1.417 1.452

ik I, A G A I8 e ME 1,391, ARIEBIAL A5 TS H0or) @ X, bt /N T4 T 1R HE 3L
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Fig.1 Dynamic evolution saddle point diagram
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Table 5 parameter’s influence on M. M;
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Table 6 Agent-based model parameters
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SIS CPd BUA
Ac,i ST A oK 25 R R % 7 2R AT R U B 0
B; SR AN BT 7 b A A 1000( 5% /i #4007
; i 2 i 0 T A bR 4 ROLAA 8 S 04T 08 MR 36 {2,1.2,0.3}
v FERRIF A A 8 T SR Al 3R 2 o L {0.2,0.4,0.6}
hy SR A SR 2 i R )RR R {0.2,0.4,0.6}
1 S AR H B B2 R R XU 5 AN E I Pl A 0.3
cLi SR Al SR A 5] 2 Rt % DR A i % A 2 0.1
I SR £ Ml SR B e B2 it 5 R LR B e OB 5 O A R 0.03
lo; SR AT LAY 2R G b AL A4 A B S 9 {0,1,2}
Ap,; & R A 2% B8 % &2 43 e 7 SIS I W A IR 28 0
k; G AL ARA) SR F Pt 52 o e SR S B P A 2 R I: R 4 {0.1,0.2,0.3}
PLj SR BL A R I IR 55 SEAR 2205 g BLAR BTN I AU R AR ZE {0.02,0.04,0.06}
fig S BHLI BT ) SE AR 22 B SR A A BT IR 45 RO 48 AR R {0.06,0.08,0.10}
faj G R LAL) SR H Bt ST ) B SR IS [ 4875 AR R {0.01,0.03,0.05}
d; G AR BT % G R A2 A Ml T 75 140 % 4 FRABE 1 3% 3 {1,5,9}
55 TS Xof 4 AL ) i I R 45 50 7 22 35 TS SE £ J800 il P e s L 57 {0.001,0.003,0.005}
p B RATLRGAE B3 A 7 3 10 R 2 8RR F) 5 < i 2 {0.1,0.25,0.4}
BlIndirect; S AR Al S R SRR T 4 i % 1) 4 A AR B
BDirect; S Al 52 R R T B 1 i 1 4 A AR B
DIndirect; S R AL) 512 B 8 % TSI Ak 20 5 0K 1 % 4 40 PR
DDirect; S RIAILR S B f5E S5 1) J FD % 4 4 PR
m; i Ml Sl e T 2 i % 1) W 4 Ll A1 S Al R A
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Had bk, By WE 91000 A HE UL BT B, R84 RS AT UM T35 B8 1 58 RS 23 3l B LA,
5, OfF X P SR RS 15 2 o A AN AT MV AR WA B R ZE BRROR, AR SORER = 22 55 K R Wi i %
UL, W53 02 75 2 0 R 5™ A X8 2 R M. 25 18 B[R] il 1 b B8 ol A - AT BT S TR S O, AR SR T
BRI BUE0ME Ney FTBUA. lo; = 0 7R AV RENS m) B A7 <5 BTG $2 L [F) 4 il B R 335 Doy = 1,2
W 73 ) s ANV AR B A L4 5 R L AL 2 AN SAL RS A B <G RELAG HEAT R) B Rl B b 55 1) & 1
AT FARRURE AR 64 > AR (58 ZXAk . 6 KAL), HLAL B A JCAT R BEALIE URAES x 8 (1A% 31158
. IR R 2 R B o B AR IR B RS 7 A 22 5 1004 [R5 5 4% AL

ARSI Python SE L FOBERY, Hovp 44 kSR HI T ESTOPTHESEES!, (i FBE R () S AN A 114 (]
=, BNEERA 3 MHUE, $CRH L7 (3'%) IERBAT SIS Wi, Io¥em,, ny, mp, mp WUANEARAE D907 Hka
HE R AR T R E 100K, B4 DRI SR IVEIE. L2id270 SR, T R 4 o 45
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Table 7 Simulation experiment results
LB ‘ lo, hi v v ki pj fij fo; di s p WEI V)ﬁ%ﬂ?‘ m; n; i j

1 0 02 02 2 01 0.02 0.06 001 1 0001 0.1 0 0| 0.5773  1.0000 6.8338 1540.9914
2 1 02 04 12 02 006 01 001 5 0.005 0.25 0 0] 0983 0.4290 60.8209 1317.6819
3 2 02 06 03 03 004 0.08 001 9 0003 04 0 0| 09809 0.1764 -14.8548 32.1848
4 0 04 02 12 02 004 01 005 1 0003 04 1 0| 0.7340 1.0000 -11.2754  862.9968
5 1 04 04 03 03 0.02 008 005 5 0.001 0.1 1 0| 0.0223 0.1048  15.7067  267.7707
6 2 04 06 2 01 0.06 0.06 005 9 0.005 0.25 1 0| 09755 0.6278 609.6986 3698.2248
7 0 06 02 03 03 006 0.08 0.03 1 0.005 025 2 0| 09886 0.4265 -31.8833 66.0302
8 1 06 04 2 01 0.04 006 003 5 0.003 04 2 0] 0.9905 0.4599 140.4664 2503.9586
9 2 06 06 12 02 002 01 003 9 0001 0.1 2 0| 0.6084 0.6112 335.5242 2294.4361
10 0 02 04 2 02 0.04 0.08 005 9 0001 0.25 2 1109669 0.9862 641.1201 9958.9978
11 1 02 06 12 03 0.02 006 005 1 0.005 04 2 1109333 09118  30.6913  412.2126
12 2 02 02 03 01 006 01 005 5 0003 0.1 2 1] 0.0028 0.0687  49.9314  321.3499
13 0 04 04 12 03 006 0.06 003 9 0003 0.1 0 1109529 0.9869 349.0957 5897.0628
14 1 04 06 03 01 004 01 003 1 0.000 025 0 11 0.9501 0.0000 -33.4433 93.0791
15 2 04 02 2 02 002 0.08 003 5 0005 04 0 1109714 0.9103 118.8344 6892.2585
16 0 06 04 03 01 002 01 001 9 0005 04 1 1109996 0.2811 -17.0146  126.4364
17 1 06 0.6 2 02 0.06 0.08 001 1 0003 0.1 1 1103207 0.9867  85.8388  709.8276
18 2 06 02 12 03 004 006 0.01 5 0.001 025 1 1109683 0.9129  47.9254 4088.7992
19 0 02 06 2 03 006 01 003 5 0001 04 1 2| 0.8787 1.0000 556.7526 3504.9875
20 1 02 02 12 01 004 008 003 9 0.005 0.1 1 21 0.2030 0.3036  97.4772 2157.4883
21 2 02 04 03 02 002 006 003 1 0.003 0.25 1 21 0.7070  0.0000 -30.8275  199.9995
22 0 04 06 12 01 002 008 0.01 5 0.003 025 2 2| 0.8648 1.0000 308.6999 2014.9947
23 1 04 02 03 02 006 006 001 9 0.001 04 2 2 | 1.0000 0.2090 -31.9416  248.3482
24 2 04 04 2 03 004 01 001 1 0005 0.1 2 2| 04599 0.9985  47.1471 1103.4756
25 0 06 06 03 02 004 006 005 5 0005 0.1 0 2| 0.5135 0.0738 -15.3067  381.3862
26 1 06 02 2 03 002 01 005 9 0003 0.25 0 21 0.9966 0.4287  69.0216  3886.6850
27 2 06 04 12 01 0.06 008 005 1 0.001 04 0 21 0.8297 09973  13.6864  640.2274

4.2.2 LWERDH
BNk, HEENMEIREI T Z 9 W (ANOVA)R, WZRsfin. plieH F4&i &M P A3 211, 1£0.106)

BEMEIKETR, p A T RISR IR T 18] B2 il 58 10 58 & LU Bilm, 00k — 55 38 DR 2%, 0l B B 8 ik % PO R 2R e A
FE R M A Ml e SR Fih BE SRR LU R B LR R Loy Moy JEn; BRI, 45 R dr el URIL, BARH
ANAR 35 N SEAR AL 1 1, AR T AR TR A2 AR A, SRR E 5 18 B B BE & FE I, 252
B A M <5 Rl A) B 98 230 B A T IR IS REFE I By vgs e B R 35 R R, 3K — S5 SRR W0 T s Ak 4
Wil 5, H5 &R 3T i S0l 5B U a5 5 . SEPRITE 2B 1B UL SR A B G5 4
F1R) 22 50 45 T R T T A M A R % 0 1) s BSORASE o RS () s e 2 LR B L. s JE, SER R Mo, g
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Table 8 ANOVA table
m; n; T Ty

Source DOF MS F ratio P value MS F ratio P value MS Fratio P value MS Fratio P value
lo; 2 0.039 0.674 0.5593  0.237 7.845 0.0413  50966.46 3.368 0.1388 4582624 0.987 0.4485
h; 2 0.028 0.489 0.6457  0.027 0.889 0.4792  21240.61 1.404 0.3453 1220718 0.263 0.7812
5y 2 0.011 0.184 0.8389 0.001 0.023 0.9774 67257.25 4.445 0.0963 2416561 0.52 0.6298
V; 2 0.033 0.569 0.6062 1.306  43.239 0.002 158881.2 10.5 0.0256 28692472 6.177 0.0598
k; 2 0.017 0.298 0.7578 0.041 1.365 0.3532 349.376 0.023 0.9773 2711505 0.584 0.5992
P1j 2 0.002 0.031 0.9694 0.019 0.626 0.5802 23434.15 1.549 0.3176  683915.6 0.147 0.8676
fi; 2 0.063 1.08 0.4216  0.033 1.098 0.4168 929.355 0.061 0.9413 2392257 0.515 0.6324
fa, 2 0.056 0.967 0.4545  0.047 1.569 0.314  34345.79 2.27 0.2194 4630322 0.997 0.4454
d; 2 0.069 1.182 0.395 0.091 3.003 0.1598 108757.2 7.187 0.0474 14971123 3.223 0.1466
sj 2 0.006 0.11 0.8988 0.024 0.778 0.5183 14705.79 0.972 0.4529 1493398 0.321 0.7422
p 2 0.818  14.087 0.0155 0.038 1.257 0.3771  22494.65 1.487 0.3291 3995696 0.86 0.489

R 4 0.058 0.03 15132.06 4645236
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