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Fig. 1 State transition diagram of individuals in the early stage of opinion propagation
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Tab.1 Definitions of influencing parameters for the opinion propagation model

i RS LUEL 58
a; S~ £ A R AL AR R A TR IO A 1 A SR 8 R A ) 5 T 3 B
Bi S>R AR A A Ak B v AR T O A ) A A SR G0 00, R 1) 352 i it
A R—~L FEAE O A AT P O SRR R AN PR EL T S L5 Wi 58 E
Vi L>R FEAE AR A A B 1 B SRR S0 A A J 10 S R R A 5 ) 08

Bk, % 2, () F y, () 53 9 3R o Z0AEHRE ¢ b SRR L 80 R B9 SR e B o A b, 2, (2)=1 —
x ()= y, ()RR ALFE 7 v i AT 18 B0 0L A ) AR L) o ZEAE S BBl AR v, AR SRS S5 52 4B 1Y A
(15 B R & A RS HE RS o T FH Zhang 55 (1 G A5 AE 42 ,m@i‘ﬁ’!ﬁﬁﬂw =SSV YR |
()= (1—x,(t)— y, (¢ )Za,}x] )+ oy, (¢ 2/11]1([ x,([)zyi,yj(z‘,),

JEN; JEN, JEN; (1)
(=0 —x )=yt Zﬂuy] Fai(0) Dy 3 ()= yile) DA, 2,(1)

Ho N, ={ jGVl(j,i)ég}ﬁ*iﬁ%‘?iﬁﬁ/“ﬁ}%'%o
X2 CD AT R 25 5 A AL 3, T A5 25 80T (] O o A% F A5 70
af t=al b=l = ) D eyl hyl DAl — hal Yy )

JEN; JEN; JEN;
Y =yt R(L = yf = al) DBy bl Yyt — byl DA 2l
JEN, JEN, JEN,

Hip (>0 Lhr b RARBEEBE B2, & SCRE R & =20, 2. ", y'=[yf, -,y "
r=1,— " — y", AT AR U AL R AR Y S B SN
{x‘ ‘ 1}:[1,, +hZ'A + hY'A —hX'T }{zk}

¥ —hY"'A I,+hz'B+ hX'r]y'|°

(2)



228 TR R CHARBR 2 IR 530 547 %

Hp . X" =diag(x"), Y =diag(y"),Z" = diag(z*), A=[a; Lc.. B=[ By s A=[A; L, .. X T =[y;], .0
2.1.2 EARE R R TR LSRR A [R5 S B AR H A R A AR R AR S A AR 2

I3
ahoy €L0 1 Hal + y/ < 1o B Lo F= {u

4,y =0, Ha'+y'<1, fe>0}o 455 WL A% 1%

f 26 AR AR BIVRE A T A AR A AR 8 1Bk 19 11 A5 735, 100 AR JE AR R W AR T ST AN AR 32— ST 1 1 HE
JEAR . gt AR RS (2) B, IR A BB .
BRi&1 XFHEALjeVAA<a, My, <B; M.

EHE 1 E@zmlﬁiiﬂﬁﬁ—’%ﬂuﬁﬁo<h</max aﬁﬂﬂ),m@%f%gmm&%%z‘h<z>

i€ln] \JEN;
B R AR, amw:*{y }ear,mu;i;g (2'+y')=
W R CA TR A0 R €l n A 2t by < IR, T =1ty T
S =gt — het 2<af,.rf+/3@yﬁ>o (8)
SE < <1, LEHy (0,113 */F%‘sz‘“>2<1*h2 @t Ao SR BRI T

B =0, BT A 0RiCln A 2+ y <1 HK, x“1>x(1fh2y,) =0, H AR R

JEN,

RN A Dy <h > B,<1o WAh B A 2l <ol el D ey hyi D A<zt al b yl= 10, W

JEN; JEN; JEN; JEN;

I R i eln LEA 2 e[0, 1], FEE, Xty AT R 3T Tﬁy*”>y(1—h2/1 )>Oﬂy“1<

JEN,

it b > Bt hal >y, <yl talt =10 G L FRRGEDOMIERESE .

i~ =~
Ela?zfe[O,l]ﬁzf’lézf’,{zf}%ﬁiﬁﬁﬁ?ﬂﬁ*&ﬁﬁﬁﬁdﬂ}@zfzzfo Wz =z, 2,1"#0,,
W A2 AE 7, fi 2 =00 %2 (DI BR , 7T 75 hm(Z(a,.,jxjfﬂ;[ljy;)):oo T B, =0 HFES 8, i h
-, lim = lim Bivi=0, %xﬂf%ﬁ;ﬂﬁg@ x= lim v, =0, Wk — P T3 lim Zi=1, MLEEN,
HE LRSS, T hmz, 1, [eEN, 454G GRsREmME, AT 8 iR R AT HGAE BT s je V. WA %
Y HE TR AR R € VL lim =i = 1o WZEIE 5 < 7 0 BT 91 (ol ) 5000 R 1 AR AT P O . 1
WA HT 2= 0, B0 lim (2 + y1)=1Vi. %40 T lim (o' +y")=1,. IELE.

SRR, fﬁLLﬁﬁﬂ%ﬂP AT IETJEI’HiﬁcEZﬁ] P 20T N7 WL AT T ) 465 1A S B 4 e A %
BpRini e, 34 F g i R RALRE (X lim () + y0)= 1, BT B3 IR AR, PR UL AOHE A2 [ 45 o 72 0 A

o Mk co i), MZE N FAFAEAL T b ar R RS S A
2.1.3 AAFKRRFA L AN EERFTEWAAAF LM ¢ L RMAKEIZ" 0 5% ik, |
Fenl A —AHE U B AR OGS B

SI1T WM AR G . A5 s(M )= 1, WAF A8 1EE 0F A PAEAS M T PM — PR5RE 5 47
s(M ) <<1,WAFTEE & X AR PSS M PM — P1E .

EIE2 YK LNALE AT RE ORI TF L 4 (F— A)RIERAERE, J”'JXJ”'ERTEXI—J%Q
SRR GGE N s (A — T )R AR U R DU A £ ZEAE A N 2% g S B B 558 02

IERR EOEEMIW A R LM R GEE " EIE . e =1, — 2 — y T R (D FEMUE R

=Nz — hE'2" + hg (2’ 2"),
"= N,z" — hdiag( Ax") 2" + hf (2, 2")
,H\EP:NI:I,,Mzr—hdiag(m,,);NZ:L,—hdiag(BL,);E’f:(z,,—x*)(r—A);
g(x', 2" )=Z"(A—A)x" + X'T2, f(2',2")=Z"'B(x"+2"), (5)

(4)



% 3 I A5 2 GO A I 2% v o S UL AR BE A AL 4 229

PR g B FAER" IS Wi, B2 g (24, 0,)=F (2", 0,)=0

H T A58 W 4% G o o i A ) ], T2 AN AT 2946 Hd1ag (I'1,) R & G X R B 738 o7 H7 0 B G e /N R
TEAE R O, It s (N )= 1. BEAh , N R IEXT A FE B X AR /NT 1,8 s(N, )<< 1. ARFESIHE 1, 776 1E @ X
FBE P, R P, (43 NP N, — P, 2 608 0 NS PN, — P& U8 09 . 4 R o 28 Al 35 0 R R g V=
(") Pix" +(2") P2 IR 43 Wi 3455301 -

HE L R HE M (r — A)WAEfME S NS P.N, — P e v, g

(zHl)TPzzHl—(zk)’I-Pzzk<(z/°)T(NszzNz—Pg)zk"—Zh(zk)rl-N;'sz—f— hfrP, f+

h*(2")'diag( Ax") P,diag( Ax") 2",

HK BN PN, — Py e o il 15

(") Pxt ! —(2") P2t <

—h(x")"(I,— hdiag(T'1,)+ Al )" P, E*x" + 1*(2") (E*)' P\ E'x" + 2h(2")'N'P,g + 1h’g' P,g<

— () (A + X (I — A)) P E‘a* + 2h(a* ) NI Pog+ g Prg<

2h( k)'l‘Nf‘PngrhngPlgo
a4 LR WAL b, i — e RE (DO MRETE A
AV<(2")"(N, P,N,— P,)z" + K(h,z*, z*), (6)

==

K(h,x', 2" )=2h(z")" NS P, f+ h* f P, f+ h*(2") diag( Ax") P,diag( Ax") =" +
2h(x")"N'P,g+ h’g"P g,
PRELK: R" > R"EZE A, Bl 22 K (b, 2%, 0,)= 0o T N PN, — P, g 0 J B, A7 A5 W 80 >0, il 45
() (NSPN, — P2 < — ¢ 2| 0 % F st —¢| = | A2 08 #8060 15 TE 88N, 4524 &> N H

(7)

I 0B AT K Chot's )€l e AT R SO S2 fim |©,| =0, etz 18—

153 hmy =1, BV 5 R AEAEAC 46 G SE B B2 "3 o 55 1F (A —T)=05(F — A)= 05 %

i lﬁtﬁﬁﬁm%qzﬁﬂ’ﬁﬁ??r AR, AL A BEEAS Y (A — ) AR AR FE I W L TEFE 38 2% G b S 3 ik
FIENZ RN o
2.2 'T??%ERH:W)%EFE%{?T&
221 #AZS EEREEY WS LHROCELIMEMBIE, A AR 7850 H0E W 2855 4 05, ok
B SR EIE % Bl 2,(0)= 0, M AMMETE S £ 5 R Z B 88808 B & U4 . 42T 15
2,(0)=0, HEMA =, (2)=0, P, 2. 157 H R AL FE 0 19 = 2S8R (2D 1B 16 AL & £ A1 R Y AU A5
GiiA 255 (2 AT B T R O [R] W0 R A% B 5 AR Ry

aftt =l byt D A — bl >y, ),

JEN, JEN,

W =y et St — Ayt S Ay "
JjEN, JjEN,
O R B R 2R
! I,+hY'A —iX‘r ]|
L}”'}[ —hY'A 1,,+thr}[yk}° )

R GECOMIR T HE5C M 2% L3 S8 70 AL RS, 58 4 WL FE A B ) 1 A 1 sl 25
2.2.2 MAEMELM
EE3  TERB VSRR T S FARGE(DMIEAZSE.
ERA iﬁﬁm%ﬁﬁlﬂl%ééﬁ I A A
2.2.3 MLESKILCR AL AN B0 W) IR I 20 P 2 T A 0L AT TR AP TR AL S W 2% g A B B4 DL R AT 23

B, Wit e Fo=F \{[ } [} }Lﬂ‘ S0 AL R . ZERR DL I SRR LR T RS9,



230 TR R CHARBR 2 IR 530 547 %

%%ﬂﬁéfﬁlﬁ[;}ef U B2 B A5 AT AR AL o RE B M, YRR A — T = 0l i s 25 e X —

N

02 0 185 K% B 50, OF U TG 350 B AE TPWME[U%.%?L(%Hé%@?ﬁﬂ&@l?[
G G ST B S VR
3 EAJZ G 2% 45 Y WAL

3.1 NEMEEMER A BEE

S 20 ] I S A8 R G R A A TE B IR X AR S a5 U R A R AR - R S R 2 5 AR
J2 B BLJZ P 28 B AR

TS o A AL B AL B R R W ICEA I G R REZ Ak B AR R R N =
{jevi(j,i)e& e Yok 2R & 5050 8BU 1 BCAAERE, 2N NMEY C MG C MR —31 1, H
PR U 5T AL I 25 2. 2 5 A% R S 0T Bl ) 2 A (R (8))

NS JZ R ER o A AR A iR 3 3 2% ICAE A 10 8] G iRJE AL T s AR R I 2 N 2 RO R R
WS Y . WSS A5 T 2 N M R 2 R AR B, EL A AR MR SR 2 1) DA J3 11 B £ B AL % L 2
B A LR EL={(i,j) i€V, jEV, }o TEZMERT , WEZMW 22N MEZE S A LT
f Al X BR B 2 /E LR SR B o PRk, XHAE AL B ey, B H AR S AWK R WAL N =
{jev|(j, e & MEREMRAE N ={jeV|(j,i)€ s}

ﬁ%%zﬁmmﬁﬁ&hFﬁAm%WWﬁLE&%EﬁﬁMWMﬁLﬁR%i%%wMﬁ%%AU)
5 q, () W HRISCE S, Bha, () Fy, (2) 53 5136 g JZ 41 BF i Hp #5488 £ R R B AR ], =, (2) ki ar
KRB LA hﬁf@S%ﬁ%@MW%%&fwm&@%ﬁFW%m%ﬁﬁ%?ﬂm%ﬁﬁ A5
SHCARE LWL 2,

} WL L AEAT 28 K

S

x2 HEASHRERLEESE
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Fig.2 Two-layer network topology and diagram of individual state transition
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Fig. 4 Phase portraits of opinion evolution in the subordinate layer: with and without cross—layer influence
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Abstract: This study addresses the competitive propagation of opposing opinions and the formation of consen-
sus in hierarchical social networks by constructing a discrete-time opinion dynamics model based on the mean-
field approximation. Initially, in a strongly connected directed network, two distinct phases of opinion propaga-
tion are modeled : during the early stage, individuals who have not encountered any opinions are introduced , lead~
ing to the development of a three-state propagation dynamics model;in the later stage, as opinions become fully
disseminated, the model simplifies to a two-state competitive propagation model. Theoretical analysis confirms
the well-posedness of the model and, using Lyapunov stability theory and nonnegative matrix theory,derives suf-
ficient conditions for achieving the “winner-takes-all” effect for a single opinion. Furthermore, the foundational
model is expanded to include a two-layer network featuring unidirectional cross-layer influences from the deci-
sion layer to the subordinate layer. The analysis reveals that the successful attainment of the “winner-takes-all”
effect for a specific opinion is jointly determined by the opinion inclination of the decision layer, the internal con-
nection structure of the subordinate layer, and the intensity of cross-layer influence. Notably, when there is a
discrepancy between the inherent opinion inclinations of the decision and subordinate layers, if the norm of the
cross-layer influence matrix exceeds a critical threshold, the dominant opinion from the decision layer can com-
pletely overturn the original opinion bias of the subordinate layer, culminating in a global“winner-takes-all” sce-
nario across the entire network. Numerical simulations substantiate the validity of the theoretical conditions and
the effectiveness of the model, indicating that appropriate regulation of inter-layer influence can effectively steer

public opinion in the desired direction.

Key words: opinion dynamics; nonlinear system; hierarchical networks; competing opinions (competitive com-

munication) ; Lyapunov stability theory
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