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Abstract

With the rapid development of mobile Internet and the popularization of smart phones, community
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e-commerce is regarded as a new business model. In this model, the two-level supply chain man-
agement dominated by suppliers has become a key issue, and the research on the equilibrium strat-
egy of the leader-follower game has significant guiding significance for optimizing supply chain de-
cisions. This paper proposes a novel coevolutionary immune Mayfly algorithm for the game rela-
tionship between suppliers and multiple retailers. The proposed algorithm simulates the flight be-
havior and mating process of mayflies, not only maintaining the diversity of population, but also
enhancing the abilities of seeking the global optimization result. Numerical simulation results show
that this algorithm has strong optimization ability and convergence performance. In addition, based
on the equilibrium analysis of the leader-follower game, it provides theoretical support and practi-
cal guidance for supply chain management in the context of community e-commerce, which helps
to reduce operating costs and improve resource allocation efficiency, thereby creating economic
benefits for the sustainable development of the e-commerce economy.
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Wi, oy AR A PR, R AT T MR MR S AR S BAR A, TR R R E O
MBI, WA AL UL R AR A B R 3

3.2. thEl IR E AR T

G FERATUR . RIds . BrAIIHIAE SRR L PV IR . i E S
Ui 5592 (Cooperative Immune Mayfly Algorithm, CIMA)¥ i igiciz . EIRIFETHLEI S N BIEE0 5%, e
b2 s B4 g R, T R R Sl N R R (H AR R R i A TR, A B TR
IR PN FORGEFRRL TR Z R . 7 CIMA BV R, AN PUARER R R i 81— M.
WL 1E A AT 2 )4 2 A2 v s e B S B RS SR A7 B e A J2 A W b T 8 B LA M R
B, HreREimEl.

7E CIMA HJBeitrh, ESehapL™ A= iz, p m AR AR ATMEYE AR o S hep e s it LI 2 7 7]
A, AEAE n 4E I R OR MIEAR, B X = (%, Xy, o, X%, ) » FEARIE e i) HARBREL (%) 0 H 2
IUHEAT VR o RO AT — AN, Bl v = (v, vy, oy, ), FORSE SCHAL B AR . AR AT
T AEAMAE AT 2 ATER R MBS EAEM . 5, Bt i a ik, w1 Harh ik
S NI AL E (pbset ), LARIZ A g 1EFRRE e (R e i P 5145 16 7 52 S AR 47 B (gbset ). CIMA ¥t %
SR = A5

(1) HEPERR ()32 5

HEPES U R A, KA B R R T e e (417 B AR B ORI £ 50 A0 A7 i (1 2256 R S . XN
TEIEARIRECt 5, 55 1 PRSP RIS 2R (R R A B, DR T JE i 7E MR B 3 — Ml v R
BHAE ., RRIF:

Xt =x vt 3)

B e e A A B KT LK R R M 7 SR SR AR SR S . TR AR M AT T AN B AT BIAR e (R

2 AN W7 AR AR RSP RS Bl DRI, — B e e e 1 338 P 5

t+1
[/ —

Hodr, v A YGRS, HEVERENE T FESS § AR BREEE, j=12,,D . X At GEAU, HErREE

2 2
Vit =vj +ce " (pbest; —xj ) +c,e “ (gbest; —x; ),

DOI: 10.12677/ecl.2025.1461782 616 N e


https://doi.org/10.12677/ecl.2025.1461782

X Fa e, KIFES

Wi RS §AERE RRALE, o M, RIEMRSI REL 2 H T RS AR Uik pbest, 21F
Wi i (AL B, gbest ARMFHFAEEIEAL T P SR AT B . o FRORMEVEIEUF IR BE WL RE S K, R i
WEHIREWYEH . v AT B S pbest FUERET, r, AMATALE S gbest FFRES o X TMAHI Py LR AL
MIERIRBCY t+ L, W SRR BTN E X E pbest AR, T pbest B, HIEREEAAL. I,

% B d /MU ]

obest _{xi”l, I f () < £ (best;)
LR, I,

FII, e b R R e A R A AT VR AT IO SR R . DAL, IR P ey o AN 50T B
MR, SR AT

t+1
V..

ij
Hob, d RBIBAN, roA[-11) 2 MIBEHLE.
(2) Wi B E )
SRR, MR 2 RRERE, TR A T SRR . N T BT X R0 v
NTEREAEUR, 51 MR RP S 7R 2 s O R B 75 AR B U — N vt LM apa
flg o B 7 A 5 T

vj+d-r,

t+1 t+1

yit =y v (4)

TERBSRT A, iz 5T R BENLN, (HER ST, BTGB — etk fE. Kk,
2 S/ I TR A, PR IR S SR
i v Lo,e ™ (x5 —vi), R f(y)<f(x)
v+ fl-r, 2300,
Hrbe, B—MERY, o 2 MEERGEL AL r, MEYEIFE SHIEFRRE S, fl 2 —DBELEE &
M, PR RS I AR, r [0, 2] Z I — AR
(3) I AT
A XIEFRR P R A FL R o MR R I 2 — SR, FEANMEPE BRI e B — AN
SBEf 5 SO A 1) 7 2Ot — R R T ACEC O R R, R L P M e i 5 5 e e e
B, R UFIOMENE S A M B, DR HE . A8 XS A RS TR, AR R R
FR1=L-x+(1-L)y
TR 2=L-y+(1-L)-x

S x RIS,y RMEERR, LR MEEEE MBI . TRIOVIAEERNE.
P 2./ 7 0 27 o532 5 7 5 2 048 66 AR AR B, Nash 597
FUSHOTTH R K, BRBEH MBS R, M RIS R AT . 76 CIMA o,
X FRRLT 1 HORCE,  f (%) RRKIT | MUERIE AL, 1=12 M +Q. %8 X i M +Q MU

W R SURET £ (x,) B4 X IBERT LI
M +Q

d(x)=2

=

H SCHR[27]BA TR 55 1 LT B B e LU

®)

f(x)-f (xj)‘, i=1,2,---,M +Q.

DOI: 10.12677/ecl.2025.1461782 617 N e


https://doi.org/10.12677/ecl.2025.1461782

HFEPE, XN &S

D(%) = L i=12,-,M+Q
- f(xi)—f(xj)‘
j=1
€ X HET AR IR IR IR B A ST
1 M+Q
D (x) f(xi)—f(xj)‘
%)= = o (6)
( i M+Q 1 M+Q M+Q
—— f(x,)—f(xj)‘

Ko F— B = MRS, B R R AR BRI B R ok, g ok g — e i
ZERN) i 08 B — A BIES 1 Nash Pl .

3.3. CIMA BN SLMERE

RSBV ) SR B RE I SE P BR AN

W 1. WA IEEREEE, BEVERRE:, BRI NAM , BROREARECA T, MEPERRE I
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BB 6: BRI EIEREN(6), MM +Q MRLTF HIEHM MR

BB 7 FNCICFE P R A LT R S N B ZE R, AR R — AR p, B EI R PR T R —
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SR 8: M FACMEEERE, 43 FH @) R (@) R B A bz, MEMEAE O B, I (5)
THE I A TR, FFFH pbest Al gbest , 48 H#T1 gbest ;
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TEN—FpiE AR RE S, b PR EIE S BE IR AR Z A2 &b, Bk, FEtERerI v vl LA
H 45 B SCHR[28]H Dejong 45 Hi 2 M ist A% BE M BE T4 HY R e vk, AR SCARS 26 PE R SR IR B9 10
SUREE o

SESL 3 R X (s) N Eie Foimg s RS Zbeae, £ (t) NEE tAUMIN. T35 e MIRAEIERIE, TB4

e X(s)= i £ (1) BT AU IR BRI 0T 44

4, B{ELIE

TEALBFHRI T 50T, B — AN SIRE 0], PR A R 7 RN 2 R AN A — AN A AT S 3 AT g
BERL . AR — AN o 32 A A L R R = ANAS (] DX AR EL MO R 2 R o AR P AR A [ U AN AR
I FE R RA RGN~ BAESHREWNTF: p=60, m=35, v=25, ¢g,=1, ¢g,=2, g,=3,
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max ;(W—SS)qi+(25—b)max{qi—Di,0}

st. 0<b<35<w<60,

min 60 min {g,,50} —wa, +bmax{g, —50,0} +max{g, —50,0}
G

g, 20,

min 60 min{q,, 20} —wa, +bmax{q, — 20,0} + max {q, — 20,0}
a2

g, 20,

min 60 min{g,,30} —wa, +b max {q, —30,0} +max{q, —30,0}
a3

g, = 0.

) 3 bl [E) G 2 dep it S92 (CIMA) SR A 1% 3 N % 32 M ZR KoL Nash ~F-ffr, &y i S H0k B
WIR: WIGFRREAE /AN, BER RS (905 38 ) B KA B B, e (BRBE ) i KA . 12
1T 6 I EE Rk 1. 3£ 2 s,

Table 1. Calculation results of retailers (followers) in one leader and three followers supply chain
F 1 —F=NHENEFNEEDTEREREE)RITESER

1 157 g, =50.06, q, = 20.02, q, =30.01 -3.45 -1.16 -0.57
2 176 0, =50.13, g, = 20.18, g, = 30.00 -7.67 -10.44 0

3 142 g, =51.04,q, =19.98, g, = 29.69 —61.36 1.16 17.67
4 135 0, =49.95, g, = 20.86, g, =30.05 2.95 —49.88 2.85
5 140 0, =49.78, q, = 20.00, g, =30.02 12.98 0 -1.15
6 150 g, =50.00, q, = 20.01, g, = 29.98 0 -5.8 1.14

Table 2. Calculation results of suppliers (leader) in one leader and three followers supply chain

F® 2 —EZ NN AEZEPENE(RSE)NITEER

i i %fg(ﬁ)” {0 1 8 i o S T,
1 230 w=60.057, b = 0.014 2505.7
) 175 W =59.856, b 0.025 2485.6
3 186 W =59.983, b = 0.019 2468.3
4 215 w = 60.069, b = 0.043 2506.9
5 202 w =60.021, b = 0.000 2502.1
6 192 w = 60.000, b = 0.028 2500

B 1A%, =N B (PREE ) in) @ 1)~ S8k AR IR B 150 ¥k, BT LAY B A R A S M 2R R
I RME AN (0,0, 04 )T =(50,20,30) . f1% 2 WA, (R (SUT ) B T% AR 200 R, T
FE A5 B AR A 3 M T2 Hh 45 S 2 3 UL Nash 35765 55 9 (w,b)" = (60,0)" « Hi1-F- Nash i i ab B A5 11
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(W,b,0,,0,,0,)" =(60,0,50,20,30)" 1% 5 i LA SEHE H ik 1 S T A 3 ISR Nash 349 5505
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2000 ¢ 1 2T
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500 1 05
o : . : . o ‘ ‘ ‘ :
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25 ; ; ; ‘ ‘ 3
25+
#&; 1.5 [ "%
% E 15F
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y 4
W -y
05 1 1 .
0 ‘ ‘ ‘ - , 0 . . . . :
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LA 2( B8 #2) 1R TATI (A # )L
(0) &5 2 NFAG (BRFEH) 1 B Lk g (d) %5 3 A% (ERbE ) 10 B 2tk g

Figure 1. Offline performance of suppliers (leaders) and retailers (followers) in CIMA

1. CIMA Rt (S MEERF(RMEE) IS

FE—ASBERLRS A 22 A>T R RO BERLRS o5 £ SO A PTZBE RE AR, (R (S ) B
YEXF I E AL, IR 2 B KA SR, (R e 2> (15 1 B O RIRA B ek, A B i (R 7 ) A2
AR PR T A 28 e AL IR TS 25 1 T SEBL A SRR el o FREZRPEREI 1(b)~(d)WT &1, £ CIMA 354RZ)
150 AR, AT (K A5 7 (BRBE ) AORE A B Sk s B0 T 0, 1 1(a) Bosik ARy 200 i, N
1A (ZE 85 7 ) [ 13 11 5 (A o bR RO BB i T 25000 HEE 1 wpn, RIS FE R, CIMA mfiesk
PEA T80 s HE . BRAh, ZERERRAD TR, JFHAE S BN R R I, BLikat
Pt R Z SRR R, AR U, ORI AT ASEEL B Srileas i oAk, T 45 7 I AE gk
B A B KRR, PR R T 5N (RN T AP ISR AT BASEELIE R, AT A A
R TR T AN B PR At T BRSO IR T, AT RREE AR IR RIERCERCR, I
PR 22 T A AT P8R % e BIIE 22 57 A it o
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