2022 4 8 J
Aug. 2022

%39 5% 4
Vol.39 No. 4

FRIHRFFH(OARAFMR)
J Chongqing Technol & Business Univ(Nat Sci Ed)

doi; 10. 16055/j. issn. 1672-058X. 2022. 0004. 008

EraMtAENEERERESEITANRENLEE

TARRE" | gkl s’
(L ZERRE 3SR, AL 2300365
2. BN KA HE2ERE AR 230036)

B OE AR TR EEFIR AR TSSO RA IR AET TGN E RBAE R ML
A Aol A2 ORI, A TRABE R LG H Z et £ 2 ME 3 A2 8RR A
AL HE, KBEASFHERA A SRR LA 54 ERSELER AR 3 515 60FER T g5
W g 3B AT AT AR AV AS T M 0 AT A B AR AR AR R, AT A e R e B A IE R4S T R SRR BT R B AL A B
BAYR KRG IR EME &AAE T 69 5 FAT A BATAS AoAT, FE 210k 3 AP AR R R A7 B 9 Rk Fe v B &
HAER R R R EAYN TR ER TESERATOHOKRE, FELELE R ZARLALE TAH
VR T2 SR Ak B e ANRA BB R KA,

KSBIF A5 8 AAF TR IE  BE A A 2R 3 M Rk

PESES F274 M ERARERD A XEHE1672-058X (2022) 04-0060-12

0 35

T

TEAC T (L IL B P, U] PR SR L 4% A4 RE AR U
KAt S A Al 73 ST A T R, IR S Ak 1 i A8 1
L, A R T T TR Al Al Y
PR lifF T S 5a 4 o BB EE K, PIR
NPT RGN ER A S AR S TR
AIBTIRIESS s TR H s e p g, T Ky
BEERTE I, A RIHR B T A" i b e ik 55 5 8945 Ry Ak
TEBER R AT 7, B R ORI 98 =R )
KRB HAER—T7 o A7 A AR GE I I 108 A1 B B A5
O LA g R Al AR 7 A L X b R i
PN EER B AVLAC B S , 2 AT di e AR i 2 7

%5 H H#9:2021-06-07 ; 1€ B HH1:2021-07-14.

B, AR A PR

FURTE TA40™ il BER 55 B A AR SL 2 Bt 5t
REHEEE WL AT 9 PSR AN i R 3R 255 1f
Fo AZE DL MOA HIE N 3LRE K5 B L
TP R I g RE g LI A S AL =5 T, A AR I
SCUE, R A S X R E T eL AR O T R R G
VEAT 9 BORGE dERs AL, BLAE T 28 BEAAA T D AN
BENLIEE AL R AR oy TS R M 7 0k 3t 1
IO7 FH BEALTE A P SR A Y R T I 28 R AT IESE A 7T
P RS DI T O S T ARk S
5 pE BB AR Y A T =07 e P [ B
B AR R RN B, IR O B AT RIS T
TAF DI Q7 SR s o R 1 o PR 365 VAR O 46 LA
SR o R R A K 2w At L B A B L i R

HEETH: HF A RB ¥4 WHII H (71771003, 71802004 ) ; 2 #4045 H A B 52 3 4 % B 5 H ( 1808085MG215,
1808085QG231,1908085MG228) ; ‘A M K 2= 5 [ SFa e AA W H (WD2018-11).

TEF R TR (1991—) , B LR BEATE A, NFHAO BB flk TR S AE Y.

BIRAEE RN (1976—) , 5 RRIGIEN 8082, 1, N2 28 5 0ok L0 54 ST Email : 2ct@ ahau. edu. cn.



%4

FRE E AT RAUTHERE R T HNEMERE 61

SN S AT D B A o s i A =5 I
FHEAE 1 BEE T AR A 1, B2t e 7
PBEfR B A VEROME SRR, 51 R GE8h 17 19 7 ik
BAUE 30 = i Al A, 48 A BEX 3 Bt
LT A g o 7 At N B N IR R S O ], 2
Stackelberg P4 H HARRRL | 3 DA =2 ) | §2 A0 251
FETE AR AL ] S I A IR TE R B R R RO
1h,

ERBR TR DS A S M 5T, B E S A 3
JOLBE T A A PR T 4 RO Y 2 ) A £ A —
AN R . BT b, AR SCR AL 1 2R J7
TR AR B A ™ iy R EE 5 B A A AL e 5 5
PR R HEAT B, R B A SRR | A7 45 PR R B
HP R AR R i R AR, T R A ™
A BER AR B MR BIE, fe gt 1 b BE A Y A 1]
s B a1k,

1 RERZEFSIRE

1.1 HBRIE

A7 (R T A A ERR R[] 5
EIgE R G R EE A LA E

g1 SGETEFEAR (M) AR (D)
S8R (R) , = AR 2 A BRERE Y, B T 242 9 21
RRFR, = AR SR L S B
G, B RN A S B AR, ook o b
P A ERR S R EESAL,

Big2 QR = RAGIERNE, A itk
FRVBS BRI AN 0 500 W, W, F W, 24535
S W, Wy W, RN S W, W, B W,

BRi% 3 R X A 7 ik B A 1R R W AR
RORZ R 1-X5 Y AL B kB A 1E R s AR,
RZHN1-Y;Z SR PR O TE R AR, L2
N1-Z, W [0,1]x[0,1] K3 A8 (X,Y) fl
(Y,7) FRTEE AL gE R 48 LR

BRig 4 WTZEA RIS FA R P A =
T & R R SRR RS, B EAT R — A
TEEAET S SPR TR,

1.2 HSIEE

A,(i=1,2,3) £S5 EREET RIS, H
Hi=1 B, RoR A R R AR A =2 B, Rt

KRR TEZE B =3 I FoR B SR A

B,(i=1,2,3) FRE 5 FIRMEBMHEE, 2N
TR A EEZ RS, b — 5 B R i 2
W75 A0 —TJ5 A () B B s it %

8,(i=1,2,3) F/RA: 7wy MAR SHER =)
R R

A (i=1,2,3) Fom =055 B LR T B8

A8, B, FWIH R A& w R A B R B AR,
DIRAS B 45, 3O 7 A v BU Sk S B k=
X T A B R 25

S, (i=1,2,3) FIRTEA R ML S ER —
Jiv, o —Jr s L7 B e, AR SR
HOERAS 3R RIS AR s — ST R L A8,B,>S,

C, FERAE 7= i I & i 9EAT 15 B A VR L =)
PAERE B AR (B 378 477 R 3 45 B A
LA, 1-g FRomHtt & i o 40 B A L)

C, FoRAL I 54 & B E B A ME L et
Hf B A TEUAR (o F2m 885 1 P EUBUAR L o]
1—o FRAL KL B 43 PHAF B LAS LU )

AR AR R B R S YRR A
AR RTAEE R =& SR ENASE C=C +C,,

2 EHEFEREET S5KE

AR A AR R 1B B A AR S
F—BON AR S AR, BN R R S
7 BB A SRS A G T R, =5k
HRATNESKEA(MUDUR) ,(MUDNR) ,(MN
DOR) KEALUFEL, i3k 1, RAEH R,
X7 R BUAL TR LAR JLT5 - A AR 1Y A6 1
ti 5 T B A VRIS BRI A B 5 h TE RO 2 3RS
FR s WA A R ERH B A . ] DL
A R AR R AN B R AT S VRS I AR
AR ST A IR SORRE I, e 2 Fisk 3,

®1 AFBHHMRENHEETSEBRR
Table 1 Cooperation between manufacturers, wholesalers

and sellers

P T

e FAE
&4k C AN
. &1k C (C,C) (C,N)
AR -PA R
REVEN  (N,C) (N,N)




62 ERIMAFFR(OEARER)

# 39 %

R2 AFASHEBAERNIEFER

Table 2 Payment matrix of evolutionary game for cooperation between manufacturers and wholesalers
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Table 3 Payment matrix of evolutionary game for cooperation between wholesalers and sellers
WER
A<
moE A REAE(1-2)
kT HAEY (A,+A,6,B,—(1-a)C, ,A;+1,6,B,~aC,) (A,=(1-a)C,,A;+S;)
RAeE(1-Y) (A,+S,,4;-aC;) (4,,45)
2.1 ErFES#HEEERESEREE(MNDUR) O o
2.1.1 BAME 7= X’ oY _ (1-2X) (YG-N) ,X(1-X) G
HRAEZE 2, 2477 B P4 A 5 R 2 AR 6 T v | \WWU-1)H,(1-2Y) (XH=M)
FAPHIH W, = YA 8,B,~BC,+A, W, =A, +YS,; T4 X" 9y
WA

A PR TR R W, = XW, +(1-X) W,
TE 54 PR I T R RIS S A S
VEREIIU 25 535300 W, = XA,8,B, - (1-B) C, +4,,

Wy =A,+XS, ; TRt 5 BT BRI 35 ) W = YW, +

(1-Y) Ws,
R 54 2 W B S T R
‘i—f=x<1—x> [Y(A,8,8,-S,) BC, 1 = (X, Y)
dY
4, =Y01) [X(0,8,8,-5,) ~(1-8) €1 =0 (X, V)
é\%=0,i—f=0,%£u7ﬁ§: 5 /T 5 24

(0,0),(0,1),(1,0),(1,1),(X",Y") , Hrh,
._ =8¢, v o BC,
A,8,B,=S,""  A,8,B,-S,
A H=1,8,B,-S,,6=1,8,B,-S, ,M=(1-B) C,,
N=BC, 152 v AR R

tr J=(1-2X) (YG-N) +(1-2Y) (XH-M)
det J=(1-2X) (1-2Y) (YG-N) (XH-M) -
XY(1-X) (1-Y) GH
R A 5 A B30 27 S0 10 T A 1 2 O A 50 2
tr J<0, H. det J>0 i, B 4554 5 00 38 £ 1 35
7 a7, A R R R

ES5|
*_<1_B>C1_M
“nop-s, w SO (D
. PG :EE(O,I) (2)

Y = 68,5 ¢
0<%<1 ,0<%<1 ,H M N>0, 0t d H,6>0, HIf5H
4 H>0 H G>0 B} ,0<M<H ,0<N<G,

2.1.2 RBEMHLH

SRR DL 6 R GRS AT AT B R
H,G,M,N BJFIXT RN, X384 B AR M 1 1% itk
AT ST, HA AR, ik 4 i

x4 TEIWFIMEEREDN (0<M<H,0<N<G)
Table 4 Local equilibrium stability analysis of equilibrium points( 0<M<H ,0<N<G)

A5 8 trJ FoF det J FoF A4 P F) 7
0(0,0) -N-M - MN + ESS
A(0,1) G+M-N + M(G-N) + TAEE B
C(1,0) H+N-M + N(H-M) + RAEE B
B(1,1) N-G+M-H - (G-N) (H-M) + ESS
bex v : () () "

G H




FRE E AT RAUTHERE R T HNEMERE 63

IR 4 RMER B (3R 6 G, AR
165 Al BB b, 0(0,0) AT B(1,1) BA
Jri SR P B AR 7 R R A R A R AN S
YERIE 5 G AERMG A SR Z T AL RS 8 S ESS,
[FII AT ACO, 1) FC(1,0) &M ASAFERE 1Y a5 L
B D, AL RGN ARDT B2 oSOy Bl A g
Rt R, a1 R 2 R,

A A A

ax a ax
dt de dt

Y=Y1 Y Y>Y1 Y Y<Y 1 Y
E1 FEEXESEIRPEFHNEREHELE
Fig.1 The replication dynamic phase diagram of

manufacturers in the process of information

sharing and cooperation

ar ar dr
dt dt de

X=X 1 X Ysv1 X Y<Y 1 X
B2 FEERAZGEIEFHEEHEREELE

Fig.2 The replication dynamic phase diagram of

wholesalers in the process of information sharing

and cooperation
TEAE RS HE R e EL R, th T & ER
BEA R TTAT BT T8 A, R A= 7 vy A 4 B A9 5 A
=2 55 ) Sh AL E— N A bR v, AT AR 3,

1 B(1,1)
c(0,1) :
Y y
L] $ Y=Y [occcaccacds B{—X;--—y*—) -----------
000,0) LiX=X" __ 4(0,0) X

B3 £raS#HREaaENERsSHE0E
Fig.3 The replication dynamic phase diagram of

cooperation between manufacturer and wholesaler

MIEL 3 W] WL Y 8 A0 T 2R 2R 4 dme 2 1) T
0(0,0) #1 B(1,1) P x5 73 52 PI>EAL TR &
N SHE R R AR N T T e (|
ANetE, BONRGEFHWEL L. Y=Y F L,.
X=X" R34 DMERIR TERG D AR PI IR AL &
PRAE T ARIRYEE R RS BL R SCRT i,

2R AL IR R GG EAL T3 =R RO

BF, AR 77 R S 4 R TR AR SR RS AR/ NT X R
Y© AR E RS ESS #m T X=0 fl Y=0, B4~
PRI T K SR IS 5 VB SR W, & 1 i £ TS vk
IR

AR R G IR O AL T — S BROR,
Az S AR R AR RS R RER R T X M
Y© AR RS ESS HAM T X=1,Y=1, A=
FIHE & B R R BUA VE SRS 33X B VR I R 3 38
It H A S A g Tt

WA YA IR RV AL B AL T =2 RO
FIERS PG FRADET | Ak TR = A PR AT RE A A5 2R
Horp—Fhml ge g 2 # TS 0(0,0), 5 —F
AREZE S A T B(1,1) , b i 54 05
PR R R G, R, T ReE e, 4k
I RGO B AL F55 2 R, R sh S AL
Mg Bk L, X=X B AE— SR, W2 38
g tam T X=1,v=1, WARHEE I
FELR L, V=Y " HEASE =4 R, W 2 ¥ i 45 Rk
T X=1,Y=1, QR RGP G EL T
SRR ARG 5 R,
2.1.3 EALH AR AT

AR AT DL, Az i S & iy ) 8 A 1
gRgs R SR A SN R TEE flshs 1
FERRrh A SR B(1,1) AR,
IR S ey TN, S ey SE IS, FLAEHEAS FHA P o
B LU FEAH R B, BEE ) B(1,1) PRER RN, A
v.,B,B.,8,,A.,5,,C;>0,1,8,B,>S,,A,8,B,>5,,S 0
g/

1 1 ]
SABCI):?Xlx(l_X* )+?X1X(1_Y4 ) =

kw0$wu ml)
2\A,8,B,-S, A,8,B,-S,
(1) BYERA C, o BT S ey XF C, KA,

mdS 1 1-B8 B ) .
Ei_—ix + C E\i
i (/\25,3,—52 1,6,B,-S, B C, K

dc, 2
K, S pep TEWED W] WAL S, K, 75 B EAR
BAERT AR, A VBRSO IR AR T 3
BB RE T W RGIST B(1,1) BIRERIE I,

(2) {5 BHALRE T Ao 3T Sy = 1 x

2
1-B)C,  BC, | . \

+ B S pen X A2
A,8.B,-52" A,8,B,-S, A Sen KT AR
CIRDREES



64 FRIWAFFW(EARFMR)

# 39 %

ds BC,\8,B,

—=—>0

dA, 2(A,8,B,-S,)°

da, 2(/\25131_52)2

b B 5 BEEALEE T A, AU E  HIAL S, B
ZHm, RS T B(1,1) WATREMER . R, 242
i A BB M5 B AR Rz EAEEDKE,

(3) ZHEKRGEEMAE Bo ¥ Sy X T B,
SRS, AT LIS ]

dB, 2(A,8,B,-S,)’
dsS BC, A6,

Wit 25 FAIRG B &E B, B3N, S e B
Bz 3, Hi, 25 EREZWERFE  ZHE R
it 85 o BN S, ey R AL RGP T S E

(4) HEHIULRE S, o HF S, e FHUE LRSS, (i=
1,2,3) K5, 155

ds -BC,
=<0
dS, 2(A,8,B,-S,)
s -(-p)C,

d752_2(/\\28131_52) )

FORTEA I AR S8 ER = Hrp—
T 8L 5 A M B, DS AR B O rh 3145 1Y
Ui Y SCRR o 8T g I R R AR 7 R R
BT AEAE, AR 23 B D, S, TR AL RGE
TR LA R D i LA R A 7 g A R 1 =2 TR
B A b PR R 7 A B BT, 75 DU A1)
TR R 25 57, TCIEARHE S e MIREZEAE B A1
FERG AR T
2.2 #HABESHEBRREREEEE(MUDNR)
2.2.1 AR ME

AR S R SRR AR R 3 R R R
MEVES AR 535 W, =Z1,6,B, -
(1-a) Co+A, W =A,+ZS, ; T A & 7 0 301 22k 25

K Wos=YW,=(1-Y) W,
BERRHEES B ENT IS 5558
W,=YA,8,B,~aC,+A, , W =A,+YS, ; T&44 B 7 i 1)
ISR Wa = ZW,+(1-2) W,
LB R B SR E R Z MR R, g itk
P 5 =2 IR A S A TR A R A

dY
=YY [Z08,8,-5,) (1) C,] =k(Y.2)
dz
L =201-Z) [Y(A8,B,75,) ~aC,] =h(Y,2)
Y VA
é%:m%:m%ﬁﬁﬁsﬁﬂ%%¥@ﬁ:

(0,0),(0,1),(1,0),(1,1),(Y",z") Hrh
aC,

yr=— 2 3
1,8,B,-S, (3)
(1-a)C

WY —5,2 (4)
2¥3H3 2

é\Kz(1—a)CZ,F=O£C2,E=/\253B3—SZ,D=
A38,B,=S, , WIHE 5E LU AR [y
ok ok
ay’ez| ((1-2Y) (ZE-K) ,Y(1-Y)E

= oh oh| \Z(1-Z)D,(1-2Z) (YD-F)
Y’ oz
ESJlieE]

tr J=(1-2Y) (ZE-K) +(1-2Z) (YD-F)
det J=(1-2Y) (1-22) (ZE-K) (YD-F) -
YZ(1-Y) (1-Z) DE

2.2.2 FEEMESHT

MR tr J<O H det J>0 I, 75 55k 3
A ZE A i, B AR R AR E g . KRy €,>0,
a=0,1-a=0,0<Y" <1,0<Z" <1, fif LA E=1,8,B,-
$,>0,D=),8,B,-S,>0,0<K<E ,0<F<D , 15 5|y st
) SR RS E AT (£ 5) o

HAEA I A5 R AR 7 R S R R R sk
ANFEERL

*5 TEHAKNREBTEERESD W (0<K<E,0<F<D)
Table 5 Local equilibrium stability analysis of equilibrium points( 0<K<E ,0<F<D)

7 rJ o5 det J FoF A8 5T ML ) W
0(0,0) -K-F - KF + ESS
A(0,1) E+F-K + F(E-K) + RAEE &
C(1,0) K+D-F + K(D-F) + RAEEE &
B(1,1) K-E+F-D - (K-E) (F-D) + ESS
D(X",Y") 0 —KF(I—%) (1—%) - ¥z &




%4

FRE E AT RAUTHERE R T HNEMERE 65

2.3 ZHEEEEEE (MNDNR)
2.3.1 HBAME

A R AR S R - B A R A AR A T
ISR IR 6 s

®6 EFHHEHSHET—HETAERUBELAER

Table 6 The payment matrix of evolutionary game for the cooperation between producer-wholesaler and wholesaler-seller
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Table 7 Local equilibrium stability analysis of equilibrium points(0<N<YG+X0 & 0<F<YD+Zop)
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Evolutionary Game of Information Cooperation Behavior of
Manufacturers, Wholesalers and Sellers

WANG Hua-hui' , ZHANG Cheng-tang’

(1. School of Economics and Management, Anhui Agricultural University, Hefei 230036, China;
2. School of Science, Anhui Agricultural University, Hefei 230036, China)

Abstract:In view of the phenomenon that the information sharing mechanism of low-carbon agricultural supply
chain is not complete and there is a game among cooperative partners, the evolutionary path of the information
cooperation between producers, wholesalers and sellers is proposed. In order to explore the factors and interests of
supplier information cooperation, three evolutionary game models of information cooperation are constructed.
Firstly, the equilibrium solution of the evolutionary game of the manufacturer-wholesaler cooperation model,
wholesaler-seller cooperation model, and tripartite information cooperation model is obtained. Through the analysis
of model stability, the dynamic trend of the system as a whole changing with time driven by the behavioral decisions
and expected profits of supply chain members is obtained. Then, the decision-making behavior under different
information cooperation is simulated and analyzed, and the equilibrium strategy and the principle of influencing
factors are explored by comparing the three models. Finally, the results show that the benefits of cooperation are
greater than those of non-cooperation, and the evolutionary game system eventually tends to be a cooperative game
strategy to maximize the overall and individual benefits.

Key words : information cooperation; evolutionary game; supply chain management; equilibrium strategy
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