Operations Research and Fuzziology &% 582, 2024, 14(1), 1057-1070 Hans Xl
Published Online February 2024 in Hans. https://www.hanspub.org/journal/orf
https://doi.org/10.12677/0rf.2024.141098

HRZESHEENSE
1

® #

LTI AR KSR, L

HRZHRUEZESHE

Wk H . 2023412 H25H; SR HEM: 20244F1H15H; KA H#: 20244F2H29H

HE

[BH/EX]: P EHENFETRERRE M NEERI 54K, ARERZFRRRUEMES
Fa e, B F AL F ISR R 2 165 53T 6132 W A A M ELE NI B T o0 4R A3 R UL
[Drik/afE]: Z2TRFSERBGERY “H3F Gl - BURIE R - B=5101E0” =75 1858
A, BRSO TR =07 SRR A R R RIS R, SERABEET R TR
RRBASIE R BN S HRAHESE AT AFREIT N . [5R/41R]: BAFS50F TR
A ETRE=T7 VA SRR R, WMERFAFHEREESERITE; X0 TRERRE
WSS 5 WA RIA T 6 ANER RF 0 BB T B T i TR R A A ESHERE R #Eh
BETTHAIER M E R B T BRSE =7 U B I A T A 327 & R R R B NHERE RS S
WE. &E, BETHEEEUINGE BT 6 HER BB AN

XK ia
WP E, WEAR, BTG, BEE, TR

Multi-Party Evolutionary Game and
Simulation Research on Social Platform
Recommendation Content Governance

Ran Zhang

School of Management, Shanghai University of Engineering Science, Shanghai

Received: Dec. 25”’, 2023; accepted: Jan. 15th, 2024; published: Feb. 29”’, 2024

Abstract

[Purpose/Significance]: The governance of the content ecology of social platform recommendation
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is related to the algorithmic power and experience of users, the development of content consump-
tion economy and social stability, and the use of evolutionary game theory to explore the interac-
tive mechanism of multi-subject participation in the co-governance of social platform recom-
mended content is helpful to put forward targeted suggestions for this purpose. [Method/Process]:
Based on user participation feedback governance, a three-way game model of “social platform en-
terprise-government regulatory department-third-party evaluation agency” was established, and
the equilibrium conditions and optimal equilibrium points of the three-way stability strategy of
the game were deduced and analyzed through the model, and the evolution process of the game
system and the impact of various parameter changes on the behavior strategy of the game subject
were simulated by numerical simulation. [Results/Conclusion]: Encouraging users to participate in
co-governance can help compensate for the loss caused by the lack of responsibility of third-party
evaluation agencies, thereby maintaining the balance of the content recommendation ecosystem,
expanding subsidies and support for social platforms that provide high-quality recommendation
services and content is more effective than punitive measures in improving the recommended
content ecology, helping third-party institutions implement categorical supervision helps reduce
the regulatory costs of third-party institutions, thereby promoting social platforms to provide
high-quality recommendation services and content. Finally, the theoretical ideas and suggestions
for building an integrated co-governance information platform are put forward.
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FETHFAZ50REN “HZTFa M - BUFRETRTT - 5 =507 =7 e B R d 47 ik g
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PERRR IR S 2 %5 o

2. A FEEFEATRERLIETRENME
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ARSI S R IE L, I BRI IR R A B BURF MR T TARE A P RS, kA
T = WU RIVPAS 45 R, I P 2 TR AE - 6 158 = 05 MUR SR BUR 2 F S o a7 § 4 i . ek, 7
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Figure 1. Relationship diagram of game subjects
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M SRSA, AP G AN S, IR i, JFRBETTER F s IRV B, XS & R
BE RS 5 N 25 0 A B A T o 38 e B 5, DA AR C 5 SR P R B0 B AT 22 BRI,
R RN N, » 2 IRAMER EHERE RS 5 WA A ST, I HBURE A T4 R,
S HBAT IR F, B oG B, IR R MR & IR 5 A B A & TR F, -

i S: BURF BT TREL Tk 4”7 SRug I RGN S, , AN Cps SR “ BRI 5K
BEI IR A 0, WA 0, (HURI EZBURET 2 K T — e 1650 F,, RIS B &
20T BRI [ BUR W0 1 T 2840, A3 3 7 WA T R s, B e R BB AT, BRI BU
WSSk T AAMABR By o
2.3. ERE

WAL G L B =T U FIBUR BT TIAT N SRng, o DS H =3 2 R R &4 )\ Fr, B
(1 RS T EHEFRS 5N, 1 BRI, 1 IRE) . (1 IRt B IRSS 5 A, 1 BURRAL,
0 TEAA M) (1 IRt EHEE RS S5 A2, O THARPPAL, | ™R D). (1 Rt T EHEE RS 5N,
0 WHHRPFAL, 0 TERAMEED) (0 SRAMKBTRAER RS 5N, 1 BURPERE, 1 ™ IEE). (0 FAMTm &4
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Table 1. Behavioral strategy portfolio and its benefit matrix

=1 ITHRES R HW R

pHY Ry HA TG H=TTHL BUR I T
(LL1) E-C +S, E,-C, S,—C,+m
(1,1,0) E-C +S, E,-C, m
(1,0,1) E —C+S, E,-C,—N,-F, S,—C,+F,+m
(1,0,0) E —-C+5, E,-C,-N, m
(0,1,1) E-C,-C,—N,-F, E,-C, S,-C,+F+C,—n,
(0,1,0) E-C,-C,—N,-F, E,-C, F+C,—n
(0,0,1) E -C,—-C,—N,-F, E,-C,—N,-F, S,-C,+F+F,+C,—n,
(0,0,0) E -C,-C,—N,+8, E,-C,—N,+C, ~F,—n,—n,

3. A FREFANTRERLIETRIBEE S
3.1. EE=FITARBRES S

3.1.1. #IZFERNITHRERBEMEST

R 1 U FERE, WAL SRR I “heftm B EHEE RS 5 NE” K IBE E N Y,

EFERI RIS B AHERE RS S NA” SIS A Y, PR A Y, WA
Vi=yz(E -C+8)+y(1-z)(E -C +5,)

1
+(1=y)z(E, -G +8)+(1-y)(1-2)(E - C +S)) M
Vi :yZ(El -G, -G -N, _E)+Y(1_Z)(E1 -G, -G —-N, _F;) 2)
+(1-y)z(E ~C,—C, =N, - F)+(1-»)(1-2)(E,~ C, - C; = N, +5))
I/IZXI/II+(1_X)I/12 3)
AP G AT N I B S TR
F(x) =g =0 H)=x(1-2) (¥ ~V2) "
:_x(x_1)[cz ~C+C+ N +(y+z-yz)(R +SI)J
% F(x) MR SRIE N G(r) 4B
d(F(x)) —(1-20)[C =+ Cy 4 N + (v 4 2= 32) (F 45, 5)
dx
G(y)=C,-C+C;+ N, +(y+z—yz)(F+5,) (6)
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P43 R A S Y S T A 40 %ix$‘*1ﬁ%% “PRptrm R RS SN AT R L TRERE
AN P F(x)=0 5 d(F(x)) /dx <0« XFN G (y) /oy >0, BLG(y )%?y%i* .
e iR y=C,-C +C, +N+z(F+S)/( Z)(F+8)=y Ht G(y)=0, Bkmtd(F(x))/dx=0, 3
TG R R R s 2y < p* I, ()<O JJ:[jH]Ld /dx‘ <0, x= ij/ﬁi'.fﬂﬁé“ﬂ*’“lﬂg, Rp
A & ik “RUMRTEHFERRST SNE " Hg; éuy>y*ﬁj‘, x =1y E s, AT G5
wikFE R PEME RS AR .

3.1.2. BZHHAEITRRRERE ST

B, BER =I5 WU RER L “ARAVPAL 7 SRS BRI 23 v, EFERI “ VAR ITAL 7 S 1
BNV, FHH PR Y, AT

Vy=xz(E,-C,)+x(1-2)(E, - C,)+(1-x)z(E, - C,)+(1-x)(1-2)(E, - C,) (7)
Vy,=xz(E,~C;—N,—F,)+x(1-z)(E,-C;—N,)
+(1-x)z(E,-C;—N,-F,) (8)
+(1-x)(1-z2)(E, - C; - N, +Cy)
Vy=yVy +(1=y)Vy ©)

S =TT HUR AT 9 SR B = I S A TR -

F(3) =2 =y (=12 =0 (1=2) (V= Var)

=—y(y-1)[C;=C,=C;+ N, +x(1-2)C, +2(C; + F ) | 1o

Xt F(p) MR SREER J(2) 554
a(r ()) =(1-29)[ G = C, = C,+ N, +x(1-2) G +2(C + ) | (11)
J(2)=Cs=C,—C;+ N, +x(1-2)C, +2(C, + F)) (12)

Hﬁ*ﬁ?&ﬁ%ﬁ%ﬁ% PEEE, =TT MU R “ AR PPAl 7 SRS AL T RS IR A 6 2[R I i A2 -
F(y)=05d(F(y))/dv<0. BEHRaJ(z)/az>0, FIbhJ(z) KT z Aes, #: %

z=C,-C, C+N2 xCy [(1- xC+F—z*HT, J(2)=0, BLHd(F(y))/dy=0, S=TTHUEA AR E
R s M z<z 0, J(z)<0, Jifd(F /dy‘ <0, y= Ojjfﬁ’ﬂﬁ% i, RISE =7 MLt =ik
PRI “HMVPAG " s Zz> 2%, y= 17'3% ALK E G, BDS = ML SRR <R
fili 7 SR o
3.1.3. BIRFISERBIIMIT AR E M 4T

[FIEEL, S UN BT AT T PRI PR SRR R, PRI “SERA M SRR
RV, JF PR A Y, . AT

V3]—xy(S -G +m)+x( )(S -C4+ F, +m)

+(1-x) (S, - Cs+ K +Cy—ny) (13)
+(1=x)(1=y)(S, - Co+ R+ F+Cy—n))

Vg =xym+x(1=y)m+(1-x)y(F +C;—n)+(1-x)(1-y)(-F —n,—n,) (14)

Vy=zVy +(1-2)V;, (15)
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F(Z)=E=Z(V31—V3)=z(1—z)(V31—V32)
:—z(z—l)[C3—C6+F1 +F,+F+n,+8,—x(C;+ F, + F; +n,) (16)
—y(Cy+F +F, + Fy+n,)+xy(C, + F, + F, +n2)]

% F(2) Bk SREE N H (y) 550

d(F(z
4 dz(_)> =(1-22)[ G, =G+ R+ 4 Fyn, 48, —x(C + B+ Fy 4y (17)
—y(C+F+F,+F+n,)+xy(C, + F, + F +"z)]
H(y)=[C=Co+ F+Fy+ Fy+n,+ 8, —x(Cy + F, + Fy +1,) a8)

(G +F+F+F+n)+xy(Cy+ K+ F +n2)]

B o Dy R AR e PR BRAS UM M B0 T BRI T M I SRR AL T A g RS A 20 R I {3
R F(z)=05d(F(z))/dz<0. BT 0H (y)/oy <0, HH(y) KT y lmezd. Hit
y=C—Co+F+F+F+n,+8,-x(C;+ F,+ Fy+n,)[(x=1)(C; + F, + Fy+n,) - F, = y**iif, H(y)=0,
WERT d(F (2))/dz = 0 BORFHLEF 61 1R AR AE R E 00 24 y < T, H (1) >0, MRt d(F (2))/de]_ <0,
z =1 AR E TG, BUFIE AT TS E PRI IS S0, 2 y> y* >, z=0 AR E R
W, BRI AR T T S PR “ SERA I SR

3.2. BEZFREAERNRENS T

MEHEHETEHL F(x)=0, F(y)=0, F(z)=01, BIHERG-TRE, 1P,
5B =7 WK 5 BURT IR 30 1] A SR L R B P I SRR T AR B 8 NSRRI R 4, (L1
4,(1L1,0) v 4,(1,0,1) . 4,(1,0,0) . 4(0,L,1)+ 4(0,1,0) . 4,(0,0,1) Fl 4(0,0,0). SoMEr1FE] 6 4
TR RIS AN S i, T UG 2480 ) RS S s R AR N X SO A SRS N A I SRR I
HA R AR e P A, WO T e 8 NSRS AN S5 i AR e 18] I HARYE 2= M v R AR e M 3
WHISH, 237 RS Jacobian i M 2R AEAE R A 5 S BN~ 8 TR €[ 19]. DRI, 163 )1 R

Jacobian HiFFEUITF :
8F(x) 6F(x) aF(x)
Ox Oy oz Sy
6F aF 6F 11 12 13
J= (y) (y) ()’) = Ju Jn In (19)
Ox Oy oz g I
aF(z) 8F(z) 6F(z) womEeoTs
Ox oy Oz
>N EP’

J“:(1—2x)(C2—Cl+C3+N1+yFl+zFl+ySl+zS1—yZFl—yle), lezx(Fl+Sl)(x—l)(z—l),
J13:x(E+Sl)(x—1)(y—1), J21:y(y—1)(z—1)C3,
I =(1-29)(Cs = C, =Gy + Ny +xCy +2C, + 2F, = x2Cy) 5 Jy = y(1-p)(C + F, —xC;) 5

Iy :—z(y—l)(z—l)(C3+Fl +F, +n2) » Jy, =z(z—l)(C3+F] +F, +F, +n2—xC3—xFl—xF3—xn2) ,
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J3 3

=(l—22)(C3—C6+F1 +F, +F,+n,+ S, —xC, — yC, —xF, — xF;

—yF, — yF, — yFy — xn, — yn, + xyC, + xyF, + xyF; + xyn, )
¥ 8 ANl SRS A7 AN B I R G RIZN(19)H Jacobian 55 AT 15 21 AH N 5 47 ;R AEAEL, Gne

Table 2. Eigenvalues of eight pure strategy Nash equilibrium points
= 2. 8 MR AT 18 S EYAFIEE

Wy FHEEA FHIE(E A, FHIEAE A5
4(1LL1) C,-C,~C,~F~N,-S, C,-C,—N,-F, C, -5,
4,(1,1,0) C,-C,~C,~F~N,-S, C,~C.-N, S, -C,
4,(1,0,1) C -C,—C,—F—N,-5, C.—-C,+N,+F, C,-F,-S,
4,(1,0,0) C,-C,—C,~N, C,—C,+N, F,-C,+S
4,(0,1,1) C,—C,+C,+F +N,+85, C,-C,—N,-F, C,-S,
4,(0,1,0) C,-C,+C,+F +N,+5, C,+C,—C,-N, S, —C,
4,(0,0,1) C,-C+C,+F+N,+S, C,-C,+N,+F, C,-C,—-F-F,—-F,—n,—S,
4,(0,0,0) C,-C,+C,+N, C,—C,—C,+N, C,—C,+F+F,+F,+n,+5S,

AL EHRTEA AT G IRSS 5 A B HA BRI L, IR RS e EE k. BUE S, > G, Rl
IR R T TR B — AR O TR K T I M SOAS, B AT LS 4, (1,1,0) « 4,(1,0,0) « 4,(0,1,0)
4,(0,0,0) IX PUASF T xi A S R AR E HEME A, T M S0 — e 2, B980T 4, (LL1) + 4,(1,0.1)
A (0,1,1) « 4,(0,0,1) AT HE ARG HIFLE M(ESS). UL, BEBI I RS 4 AHfi sl K H & T4 € BT 7 1 A2

MR 3

PR o

Table 3. Stability conditions of the four equilibrium points

3.4 B RHRE RN

Bl
4 (LL1)
1,0,1

 (1,0,1)
4,(0,1,1)
(0.0.1)

A

R PR A
C-C,-C,<F+N,+8§,C,-C,<F,+N,

C-C,-C,<F+N,+§.,C,-C,>F,+N,
C-C,-C,>F+N,+8,,C,—C,<F,+N,

C-C,-C,>F+N,+5.,C,-C,>F,+N,

RAEE 3 ATLEH, 3 C -C,—C,<F +N,+8,,C,—C, <F, + N, It}, B4 FaiRftam T 820
HEAE RS 5 N BRI BA N T HARMK TR B IR S SN FRE TR SA LR §1 3 B #40k 5 H
B = TN R AN FERR T A 1) AR /N - SR 0 T AR VP R A LA 570 3 Bt 2k 5
FURSIEARIR RN, 3945 5 4, (1,0,0) Frxd B AGHERT AR PR RHEE AR AR IE, RS RGHA 14
R &, ZoT MR RS RRA ST RIS, Hh =S EAEER.

JHRUR TR 4

9%2*[17
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N T I B B R WA AT SR =7 WU AN BURT ) SRR I BRI ZN AR AL I R, T A
AP BHERIRGS 5 AR R BN SR 2, B FORFIA MATLAB B 125 =77 (¥ S g 1 P A7 4
A7 FREAL, IR G T B AL AT G 15 S SR A S B R R0 48 2P S Skt 8 e S 80 .
IR R G EAE S NS 5 DUSE I B AR T (I HEFE IR %S 5 A A 3LR R R, B R SR IS SITE 35 167 150
A (L) 4k, MRSEHEERHLKM: C-C,-C,<F+N,+8,C,—-C;<F,+N,flS, >C,, A%
ZHRMEN: E =45, E,=2.C=2.C,=15.C,=03.C,=1. C,=05. C,=1. §,=25.8,=15.
F=05. F,=03. N,=3. N,=1.5. n=1. n,=1.
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Figure 2. Results of 50 evolutions
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Figure 3. The influence of user feedback on the stability of the evolutionary game system
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Figure 4. The impact of enterprise parameter changes on system stability
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Figure 5. The impact of parameter changes of third-party institutions on system stability
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Figure 6. The impact of parameter changes of government regulatory authorities on system stability
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