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A Research on a Class of Opinion Dynamics Models with

Private Opinion

ABSTRACT

With the development of science and the popularization of Internet
technology, social networks such as Weibo and Douyin have become an
important source for people to obtain information, and more and more
people express their opinions on the Internet, and the form and way of
information dissemination have undergone unprecedented changes. In this
case, people's interactive information is becoming more and more
complex, and people may be inconsistent due to the pressure in the group
when they express their opinions, so it is of great practical significance to
consider the differences in the private opinion of individuals' public
opinion. In this thesis, we mainly discuss the influence of the individual's
private and expressed opinions and the stubborn individual on the
evolution of opinion, but also consider the competition mechanism and
the lower limit of the degree of disagreement.

Firstly, this thesis proposes a novel opinion dynamics model. At the
same time, the private opinion, competition relationship and stubborn
individual are considered, and the convergence of the model is analyzed
by using the relevant theories of graph theory and matrix analysis, and it

is found that when the system does not have open individuals, regardless

of whether the network topology is structurally balanced or not, the
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private and expressed opinions can always converge to the steady state at
an exponential speed, and the stable state depends on the initial private
opinion, and the expressed opinion is forgotten in the process of evolution.
Numerical simulations were then used to verify the results.

Secondly, this thesis studies the situation that the system has open
individuals, and finds that if there are open individuals in the system, the
convergence of the model depends on whether the opinion of all open
individuals can converge to a stable state, and whether the stable opinion
depend on the structural balanced of the sub-network composed of open
individuals of the initial expressed opinion and finally the validity of the
conclusions is verified by numerical simulation.

At the end of this thesis, we summarize and summarize this thesis,
and look forward to the future research directions of opinion dynamics.
The findings of this thesis are of great significance for promoting the
development of opinion dynamics, expanding the connotation of
individual belief systems, and revealing the evolution of idea generation,

propagation and aggregation.

Zhu Yixin (Mathematics)

Supervised by He Guang

KEY WORDS: Opinion Dynamics, Private Opinion , Expressed Opinion,
Stubborn Individuals, Convergence
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AFHTH, B G (A) BT s R T B R S AT, W p(4) <1,

5138 3.2.41%); (% 4,B,C,DeR™, WIHE 4, D, (4-BD'C)RAZ RN,
(D—-CA™'B) 2 dk#r i, N

4 B]' [(a-BD'C)"  -4'BD
C D -D'c4  (D-CA4'B)"|

HrpA=A4-BD'C)"', D=(D-CA'B)".

12
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3.3 FEEEP

AT HEIFIE R RS (B.DAB.2), AT RGG. D)AI(3.2)8 5 Bl 5 ' i
MR iEy@) =[y,(0),y,@), .y, O F5@) =[3,(0), 5, @), -, 3, (O] TR0 M
Brhon AANEMAAMR SR EEW @I RE, bw=aw, HHF

W =diag[w,, Wy, W, 15 E N A=diag(A) 1@ =diag($), %5 (3.2)m N%EX

(3.1), HRHE Vit (D = ZjeM my,(t), FATET LIS F]

D)= Ay, (04 4wy, (0 +(-2)y, 0+

\ (3.3)
ﬂ“tzvvy(l_¢/) Z m_/kglk(t_l)-
J#i JjeN;
RIEEER(3.2) %5 (3.3), FATT LI H]:
[y(f+l)}= P{Ay(t) } {(1,,—/\»(0)} G4)
() (-1 0,
P HIFRRUIR:
AW +W®) AW, - DM {PM PH} G3.5)
0 (I - DM B, B, '

X WA P, BASREILAITER.

5138 3.3.1: B Gw) Z&5H AT 24 BAUCME G(P) & 45 1~FAT I

WERR: U GW) S5t PR, AFAE— DR SRSERE D, (I3 Twr>0. ¥
BRIA, I, O, TRXMIEME, w~M, BTG TP T =TAW + W)L = A(TWT
+TWT®)>0, TP,T=TAW(, —®)MT=ATWI(I, -®)IMI >0, [P =0
>0, TP,I'={,-O)IMI'>20, XEWK¥ diag[l,I'] Pdiag[[,T]>0-

R, WHRG(P) R, WAEE AL Bk 5 T=diag[",, T, ], {875
TPr20 o X & W& LA =1, -OMI, =1, -0)LMI, 20 . [H i

LMT, 20, T,Wr,>0, BlGW) e85k L2 AT .
13
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5138 3.3.2: R ARG PAAFAETTAE, W p(| P <1, p(P) <1, p(| B, <1,
P <o KA, WREDGAE-NERANEIFE G ZRIEEH), 4587

IRRRAT o
1 0 0
PR MR F=|a |[B]| B, % a=1,-[81IP,,,
0, [P [Pyl

:[a17a23“.3an]T’ Eﬁj\i’ ﬁu%/[\,ﬁgl%j}m/l\{zl‘(’ ;jlz/é\al>07 7|§[)—IJJQ’Z=OO G(F)
TS ARE R N, N, N, » TEIG(R, ) FIG( P, ) TS/ HA N, N,

N, Ny, » BRYE a € S0 WL N, SIS B AR — 260 . REWE

n

1 0

a 11

mﬁmi¢ﬁ*%ﬂ¥EG{ }*ﬁ%mﬁ%%%oﬁ?ﬂf¢’%ﬁ

JEN, FHEMNN, BN, 8, XEWETR N, & GUF) ME— IR . 8

REE, Fl,,, =1, , XRAEME F 22— NBEPUER. RIESIH 322, 1 &2 F
(I ME— e KRR, FAREE BN 1.
A-1 0r

H—J5M, Det(Al, . —F)= Det
et( 2n+1 ) e({ l]zn—|P]

}) =(A-1DDet(Al,,—|P]) >

XHa=[a",0,1", By LEBWER, RATTUSEE p( P)) <1, @55 3.2.1,

ﬂﬁpwydotﬁ=ﬁ &i},ﬁiﬁﬂ,umb,Etﬁ%%ww,ﬂu
11

BE (B <1y p(P) <]« B8k, WRAFTEFEBAE, 3 5 GOV) RIER,
) 2 55 A AFAETF A . BT UL BRI B AR RS 52 AW

EI 33.1: WRAGHAFETF A, WARGG. DG, H
}gym=y%ﬁhmxggﬂo=f=ﬂﬂmb (3.6)

14
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W H=(1,-R,~R,(I,-By) B (I, =A), S=(I,—PB,) P, #REIE G AT bl
BUERE. S w RS, WS, H. SH WREHFEAR, S|, [HZ&4T
BEALIG, S RARE TN,

WERR: MRHE B HEH 331, pP)<l. RG24 EHFMEEEA
[((Z, = A)y(0),0, "1 I RAZ LR 1t R 45 R FH LRI R G ip 45 58, FRATAT LA
B, - PRI, IFHRGH2.4)RE DU I S B H i 4 T

lim () _
{@A ]: - P)_[U,, A)ym)}_ 5
lim (7) 0,

ERR, BAGHE L, P WML, - P, [, =F, , 1, - Py # AR 71,
BT EAAERE

|:[n_Pll _1)12 j||: In Onxn:|: [n_P11_1312(]n_1)22)_11)21 _])12
-P,  L,-P,||(I,-P)"'P, I, 0,0 I,-P,

tRAET R, B, B, —B,(I, - B,)" B RArar 21, AR4E5I1HE 3.2.4, AT
AT 2

A Pu) B.D 1,
([n _P22)_11)21A1

|

Hli, A=(I,—R,~P,(I,—B,)"'B)" . D=(I,-PB,~P,(I,~R)"B,)" . FiLl
lim y(6) = A(L, =A)(0) = Hy(0) , lim 5(1) = (I, — P,)" P, (L, - \)y(0) = SHi(0) .
B FRIRATEAEDI Y W RLE PR, S, H RS THEN. mE w
GERITN, WAEE— MR T, ST 20, 4RSI 33,1, P it
S 4 1 F i B diag[T\T1P diagIT\T1=| P20 . fR4E 5| 8 332, p(P)<l,

PUER,D<1,p(IP, ) <1, 5 EMHIMEIRELL, BATE

A (L= R, D" B, |9

[ —
(L= 1D LU 1B D By m

15
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iXEQ(=(1n—|Pu |_|Pl2 |(In_|Pzz |)71 |Pm |)71 ’ 93?=(1n—|Pzz |_|le | (In—|P“ |)71
[P, . WEEF

(L,,—| P =Z|P|"ZO,
(3.8)
Py ) Z|P22| >0,

Frbh, 220, M>0, §=I,~|B, )" P20, XBFENU,,~|P)" = (diag[l,T]
(I,, — P)diag[T,T])" = diag[T,T\(,, — P)"'diag[T,T'], ATA LIS F| A =T Al 20,
Rl =TS, Ar=TST)YTAN)=TSD)A, jfLlh=ISC>0, H=TATI,-A)=
AL, -ANC >0, Ff, AU, -A)=TSTTHI =TSHTC >0, "JL\EH S, H, SH
FEGER AT . VERR| Py = ¢ ZAEF RN, Pl RARE A .

Rk, FATKAER S| H| ZATHENFEFE . 558, BEAIS=4, |HI=AU, - A)
b, BTN ENEN 4, AL, —A) RATRENIERE. d1F 47" =B, [ ([~ Py )=
¢ (L= Pal)s FTELGL, =B [ (L= By DL, =¢7 (U, —(I, - M, =¢"(L],
(L, -PL)=¢"'¢l,=1,, h1,=b57"1, =1, XEHKFE R —ATHEHUERE. 55—

Jiil, A =1~ B |~ | By | (= | Py ) | By =1~ By |~ By |6, BB,

A, =, =R |- IR, D),
=11~ B [1,=[ £, 11,
=11, =( B [+, DI, (3.9)
=11 —-Al
=, =M1,

1, =A™, =AQA"1)=AT, - A1, = H[1,, Bk, [HETFEEIK. ZEERA
BRTCH T 3.3.1 HER.

33,0 KB, W RAAETE T M, B R AR F AU R e T
VIR, E I IE W DA R K K W s o PR LA AT

16
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FIRIGRIEI R, HENASHRRAIRAMEZIEN S AR, BESSEHIA
o 2 GOV) 2S5V, [SIAN |t 2 kT, HAERES|An|H| 2475
BT 2 GOV) SR AT, |S A | B AR AL T REAH S 2%, IR 24

o

TAERERZ

HEWR 3.3.1: WIR GW) Rsmidiliity, JF H 2D — A AR B I 1
A <1, M 3.3.1 AL,
WERR: WA, GO EsREEECE A, <1, XEWRE M HALELETT L

MM, R e B 3.3.1 AR AT .
HEIL 3.3.2: W GW) s& 5 iZ i@ AE B HART, H H AL 2 WX 2% Hp A AE [ 300,

WIFTA AR A AR — 20 B lim y() =lim () =al,, Hiha it S N 8

MERR: 44k 2 2% FR AT AR [ PSR RS, R S0(3.1) A1 (3.2) K5 A8 il 245 8L 1)
DeGroot #i%Y, R#5 DeGroot FAIZER, X B ILA VN FHUE A 4 #FHL 1 I,
G(P)s2 B AR AR R AT . AR, 4 GW) s siide A g F
G(R)) ME G(B,) 2 5RIEE AR I . R R, M1 5, #A R TR, K
G(P) s s B AR IR o IXAEIRAT TS 76 LAt 18 3.3.2 HUAERH

#iE 3.3.1: BAFEMRZIAMTEGN, SCBR35]4RH, WIR GW) £ik
AR, H o<, <1, M2 A NI WS MO 19146 AL N2 I
ST IRIE A . BT 3.3.1 1 W], RE R A SR, BEAEAE A, =1
500, NEZATFREAME, ZAGERIIRAL. X HIIRATI G RAE — 2%
FHARSRERE. RGO EEEH < A <1, NS FH KRS KA
JSRINEI A

W 3.3.3: X GW) 5K, sl BRI . X THfienN,

F0< A <1, W Lim y(¢) = Hy(0) , lim p(£) = SH y(0) -« S ,H, SH 52 45 ¥ F-#17 ,

17



i N e e VAT

S >0,H>0Z4THENL . AN, S FHZAETFA. B, B RAa1ymsRE
RKw >0, WS >0FMH>0Z4TFHENL, A H.

WERR: G(W) 115 i% @ P B E AR AR . Wik GO /& 25 7~ F-fliy
(1), SRR, WEHE 3.3.1 MEREAMM. 0<A <1RRT - AR, R

PEEH 3.3.1 WAEH, HZAWK. w208 RS >0FMH>0. Ht, XERERA]
NS ZEAE S0 M |HPFO o X F A ieN, % 0<i <1 B,

GAW + WD) ~ GW) , XEWEREEG(P)) T EG(P, )2 im 1w,
BT GM)~GW), FiLLTEG(P,|)=,—¢)| M | tH2 58 7% A HEFH #1.

P, =g BRENTEGIP,)BIFEG(P,)E n %il4, |B,|=TAW (I, -®)
MT = ATWT(I, —®)YTMT ~|W || M =0, BEJyGOWV)FIGM) 2528 IEF 1,
R TEG( P, ) BT B G( P, ) B — %0 BATATLEHEG(P) £
SERE T AN R R IR, DRIUCAE R | P AU | B, | AN TR 1), X RS fEE IR B K M K,

(PS>0, B, ) > 0. B A(GB.10) 58 B 3.3.1 FIAEIALS &, AT A H:
S>0FMH>0,

WRAE S, H L, AT i RS T WS KBRS . N T TE
w, WAT MM Yy MYy RERHENBARNSMREN & . £
Xy = MAX X, X, 500, X, 3 A 2 =min{x,, x,,..0,x, ) 209913878 x € R 35 K IR /NI

TR 33.2: BRARGTHEITIEME. WR WG FER, A A

&>

HIR A A 2 DA R AR R

D xS 1 oS 1(0) L » (3.10)

A, R GOV) BRI R 0< 4 <1, R#acR, y(0)all,,

PG A RET W2 TwT >0, W EIRASEAZE ™M1 .

18
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IERA: B ERE 3.3.1, Y =Hy(0) Ay =Sy, HEEH|S | A H| #4176
BLI,  Fir A
|V EHHyO) € TH N yO)€ [H(3(0) o L) =3O i 1, (B:11)
B " [ < 2(0) | » AHALEST, AT LAAFE] 37 |0 SV [ > WER GOV S5 IE
FAMKHH0<A <1, MICHT>0, TST>0 TN, FHHEAATZ4H,
Ik, = p(0)#al L, B, P S [ LS 19(0) [y
X 332 VBB P L |V L M p(0) | s X Z=F 2 A5 R I
Blann R H A —THEZT EAEARABFSHICE, T
y =H1L(»0)=1), SRy |.<1=y0)|,, - B —FH, K0o<peR", WL
B >B. Hy0)=Tg, MGy =Hy0)=HTB=T(THD)B=T|H|B, L,
|V i = (| B = B =1 9(0) |+ IEARATTZ B8] B RN 2 I AN BB I HLAH
IR 3.3.4: BRARETRATBIEAME, WRw 20, MREKIWEFE L
FAER:
YO Z Y x Z Vs Y(Oiin Y i S Vo> (3.12)
BeAh, WER GO A ERIEEAE N, FH0<2 <1, REy(0)2al,, LBEANE
AT
WEBR: MW > 0BF, NS >0 R H > 0 Z1TBEHLI, 454 BEHLUAE RS 1 5 A
EPE 3.3.2 HJUEH], AT RAAS HHER 3.3.4.
Wi E R 33.1, y MY ZEMERBRT S, MM Mg . HAIEN,
WRBATRERFEZ T M Rl g E R, BATER AT LRI 44T p* 7 2 [H]
225 . @ AR AT IE D IIE R e ) RARMESR AT IRAF 0, (E2 B RIRAT

BRI & n] AR T 88— BOR UL, SR ARG M R RXERT, (HXS TN

Fm
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1
nO

AL A (I ), B AR IR #E, JATTR] A m, =%E‘c%—
FEXH, ENEIES RS KRR S w 2 —8, M, fFE— MRS
I, fBrwr>0MIMr>0, TR, AR A S A
AN, ={L2,,n yFIN, ={n +1,n +2,---,n}, {E[F—NEEFHIANMELLTEE
KA, MAREEZBMANMAEET SRR HA)TEDL, AA1E— /MR A
[ =diag{T',,T’,} , 3 Twr=>0Al er=%1m >0, HAT, =diag{l,1,---,1}
T, =diag{-1,~1,---,-1} , FEXMIEHT, FATALLFHER:
38 3.3.5: B0 RS SATRICHE A, ELEWT 2 0, BAEM = T1,,T

£(@) =1—Zm—m(1—¢max) L G —max i dynd s G =minidh, o) W T

max

WIHEAAM S y(0) eV ={y e R",Ty > 08 E Ty <0},
| 9* |max _| 3’* |minS g(¢)(| y* |max - | y* |min) . (3'13)

WERR: & L BREV (x)=x,, —x,.» xeR", WV(y@)RE WS y@) 75

FERE, XT—MTBENERE 4, %Xﬁ)ﬁ%iﬁr(m:l—imin }Zmin{a,-s,ajs}’
WSS s=1

WS BRE Y (x) BV (Ax) < (A (), RAEEF 3.3.1, 5" =8y =SITy’, XX
RET) =Sy =TSTTy" =S|Iy, XF5
Iy =v{siry)<c(SHray, (3.14)
NN, BM=n"L1'K, #HEr(S|)<e@)[11], AT LIS
VI <e@v Iy, (3.15)
F—JrH, WRy0)el , y =HITy0)=TCHDy(0)=T|H |Ty0), B4
yiel o K, WATTUEE el . By, 5 el , WRESHWLLES,

V)= 15 b =1 5 o BV ) = 1Y =1 Y+ TEWI5EEE

20
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y(0) el BWRAEXN T i,jeN(N,), y(0)y,(0)20, ieN(N,),jeN,(N),
y,(0)y,(0)<0. —BkUL, TEF—MEEE (BIERRD MR IIHIEAE A AR
S, MARBE GE4RR) ZR/MEMPIRERAEAFMAFS . FHik, #&
B p(0) e YV IBH A M BT, BBl RESE U TR AR, HE5IKR
S AN gl Al SR o B AR R R ARAT U, BT AR T
RGBTy R . IR BAS RN T ¢, A 4, FATRTURREE(3.13)3k

X,

N

B BP0 R 5 Q1 1(0) ¢ ¥ » RIS AS AT I 2%, IR E AL,
ARG TIRRAL, BEIRE () = (TF )iy < EDITY )y = (Y )] - HH
FT IIE, DYRIRAEA TR A2 B RRRE , 448, R 2 0, W T =1,

— VP ARG, EIXFE T, ARGADERE Y~ <) (Y o =Y o)

3.4 HERY

FEANI R, ARG 1 RS 2R G ARSI AL EARIEBRAT IR A3 0 45 1
B3.4.1: EXANPITH, BATEE T —DEA 7 ME MR 2,
IR, M ORI REA QTR

1 0 0 0 0 0 0

08 02 0 0 0 0 0

0 02 03 01 0 —-04 0
w,={03 0 0 04 0 —03 0
0O 0 0 0 02 —08 0

0 0 0 -03 -02 03 02
03 0 0 0 0 04 03

21



TR

1 0 O 0
0.7 03 0 0
0 03 03 02

M= 03 0 0 04
0O 0 0 0
0 0 0 -03
03 0 0 0

BAT
0 0 0]
0 0 0
0 -02 0
0 -03 0
03 -07 0
-02 02 03
0 03 04]

A,=diag[0,0.1,1,1,1,1,1]. fR4EW,, M, A JLUIRE G GW) ~ G(M,)

FELEHPTPITEY, (BRI . K5 W R M S, BATR] DORER X BLAF
FESE A I, [ PSRRI A, AEATEETFRE . BEALAE A
¢,€(0,1), MWHETH 3.3.1, FARARESFIREWSHESB]— MRS, WE

frs e an & 3-1 fros, M 3-1 o, wJRIE
;{FEJ 9* |max :| y* |max °

HH AR PR S B — M e e RS

== == Private Opinions
= == Expressed Opinions
0.5
y L&, e == S —_—_-_-—_—-—_—_—_—_'
5 P ——
b T ™ | o e e G e e o
= 0 v mm mm Em Em EmEmEm ===
< -~
S VA N
& "-\\ TEamamEmEEmEmEmEmEmmmm
o —-{F-ﬂhﬁiﬁ?iﬁ?:ﬁ?iﬂh:ﬁh:
; ~ |
~
- —
______ o i e e S e e ————
-1 : ; ' ‘
0 10 20 30 40 3

t

B 3-1 2 WGP F AR RIS, AR A S AR LS I AL I
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PATT AN — LSe35 W, A0 M, 5 il (G5 RPATRFEANAS) AR
FIARER 2 B A (4, €(0,)) o FERXFET, =B HWAEAZWE 3-2 fox.
M 32 ATBLE Y 1Y(0) x> Y o> 3 o+ IR [ ShA A 55832 368 115 7T o
SN 1T L Y e IS HAE, ik ¢ €(0.4,0.5), ks e(4)=0.6, 44
AR SA M, R HEWR 3.3.4 HIERES, AT DAY |0 =0.5802, 3 |

=0.4906, |y"|. =0.6882, |y'|..=0.1376. BIE| ¥ | .. —| ¥ .. €@ (Y | —

1Y ) > SRR 'ma;(;') Y b 1) 9 1y o, 1Y o) 0T S LI
A A AAAE T, HIEHS 332, HaMESEE 5, Kl
ML 33 FR, WP 33, WIRAGTLUG I, da /MR A b
AT — 50, 30 T EH T 5 5 3R 5 R, M T XL 2

HOAIE L = A AN R A5 o

== == Private Opinions
= == Expressed Opinions
0.8y
\
- P m o wal e ssenes s
S 06 PRI et e e
A “5- T S T e e e e e e T = s
= g e i e ——— S e e e e e e ™
R ey Py S - L RR
%&4 27T e e e e e = = - —— -
Qe =
e S T
02f= = = == == = = = = e = e = = = =
O 1
0 5 10 15

t
B 3-2 24 W iR T A SR, AR IE IS AT NI S AL I -
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= = Private Opinions
= = Expressed Opinions

Opinion Value

0

0

t
B 3-3 LA AEATEAERS, MAFIRIER SN S I I

AR W A M EE LR

0.2
0
=| 0.5

0
0
0.2

0.2
0
=| 0.4
0

0
0.3

0.3
0.3

0
-0.3
0

0.3
0.4

0
-0.3
0

4

0.1
0.2
0.2
0.2

0.1
0.2
0.2
0.2

0.1

0
-0.3
0.1
0.3

0
-0.3
0.3
0.4
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MR IR R R, BAT TR IR E AL 2 PR R AT, T ASEAE T TN,
FITAT IR TS 2R FT LA RAFE B0 Sl iy s P pRaE S B RS E HRPIR S« 18 3-4 Jeos 17U
AL .

== == Private Opinions
= = Expressed Opinions |_|
—
i3 —
i ~
rod
S ' Ve
= VY
S
= 0 §><
:g N \
], I R
Q AR\ \Qﬁ
05 f—— NS ]
<0 R ™ T e I R |
ey Lo TR D
o : : ' |
0 10 20 30 0 =0

B 3-4 24 WA T, AMARIZRIE S ANTA NS I S

3.5 AE/NT

FERX— T, BATHEH T —FhEE TR AN BRsz min k9 25 (0 23 1 2,
XA, FAIAAT RIEW SN, R EA E A, 247 =5
RGP AAAETBAE AR, Toil R Ph 418 B2 45 M T4, AT AL 2 ml A
DL B Sl o o PR i SR Ra e IR
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£ 48 BEFARENMNRN S NFRBEN NFE S

FEARTE R, BADH =R RN AEM AT DR, ATRRE 7T ARS8
FAELETF TR, W& AR B L. TEA R — MM IB BT, X Fra AR
BEATEH 02K, BT r DO ARTTEAE, HRANMA TN A, 285 70
T X285 P 1 I 5 A6 P67 FH 25 R AS P BF , IF /IR A 2 I 55w [ U T A P 1
Ol BTSSR BUa, A DB AU B EA R FA 1B 18 5>
Prig 4t .

4.1 1RAFEIA

FEAT T, T RG VI BE MR . AR —BERITEOL T, 3K
BB 1 2 r AT ANAR, DK 1 2] 0 IR . FEXFELLR,

Ay W, W, MUTLE SRR 4 Bk

Az Ay 0, o W 0,:(,,_,) D= o, 0., ’
O(n—r)xr In—r 0(n—r)><r W 0("7”” (Dzz

~ Wu Wo M M \

" e | M:{o ) M} %0 =0(0).2,0.-.2, (0]
0 (n—r) W 2 (n=ryxr 22

Y,(t)=[1,.,(t), 5,0, 3,01 s ¥()=[5), 5,(0),, 3. (O s Yo (t) =[3,.,(2),
P @), 3, (O o B AK(Q2.4), FATAT LA

Y(t+1) = A, (Wi +Wu®, Y. () + A, WD, Y, (t)
+A Wi, -, )M, ¥ (t-1)
+A Wi (I, —®, )M, ¥, (t 1) (4.1)
A W ia(L,, — D, )M, ¥, (t—1)
+(, = AY[(0),

Y,(t+ 1) =(Wor + Wn® )Y, () + War(I_ — D, )M, ¥, (t—1), (4.2)
Y()=®, Y ()+ -0, )M, Y,(t-1)+(I -0, )M,Y,(-1), (4.3)

26
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V(1) =@, ,(0)+ (I, , —D,)M Y, (1 ~1). (4.4)
iz =0 =D 20 =[N 0.1 ¢-D]", RIE, z0) &nFE

TEBAAEAN RN S FIRIE IS, 2, (¢) R TFBUEA A AL A U8 FH 2R

(04 a .
4 ﬁﬂ‘]é\q’ll:{@” 12}’ \Pu:{ﬁu ﬂ12:|’ \PD:{yll 712:|O x B

no Oy Dy, ¥
a, =AW +W0®,) s a, =AWl —® )M, » ap,=(1-® )M, B, =
A T0o®,, 5 By =AW —®, )M, + Wil —® )M, By =1 —D,)M,,
V=W +War®, s v, =Wa(l, —® )M,y v,y =, —®, )M, . Wi AR (4.2)

5(4.5), REG.DITULES KL FIBR:

z(t+ ) =¥z, () + ¥ ,z,(t) +2,(0), 4.5)
z,(t+1)=Y,,z,(), (4.6)

ZXH 2 (0)=[((I, - A,)x,(0))",0"]" -

42 FELER

FEXANT, AT X R G(4.5)F1(4.6) WL SIUE AT 20 #7

Eﬂ4m:@%%mWﬁ,%z4mmWﬁo%%,%gymp@i
}irg z(t)=(,, - \Pn)_l(\ynzz* +2,(0)) -

(1): 5 R FFRE ML BRI B GO 20 + W 20 ) G5 WA, B E3E, JEF
1, }ingz(l) = wdiag[l"l,l“z]lz(n_r) , XH g= a[Xf(l),flj(O)]T . B= [81,82,"',

Oy ) K W, FOREAEAE J9 1 B BL A0 2 4 E LR, S ELIEZ 0, 20, 3]0,

=Lxmpﬁz&@+ﬁﬁgm,ﬂﬁﬁﬁﬁ@n%&nﬁﬂpw,}mqmz

(1,, _LPII)_I(WIZFIIZ(n—r) +2,(0) -
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2): WHi=r+lL-nfw, >0, HHEGW»+Wn) REMAPH, ik
&I, Wlimz, (=0, » limz()=(1,, —¥,)"2(0) .

IERR: MRIELME RGN, Loy, <1, REz (o) I, A 2, (1)
RS BRI 5IHE 3.2.1 KRR, FTLMRE] p(W,) <1, BTEL z, () WSk
B, 4 z () WIS RN (4. 6) P AR RR, JFRBFERE L, -, &1
Wy, AR R R S limz, () = 2,7, MR limz () = (1, =¥,) " (V2" +2,0)) -

(): 5, YT, Wl >0, KT3I 33.1 MEW, KAI1E diagl,T]
VY, diag[l,T]=|¥,, 20, W2V, B8t Fam. TR, AT IETE
G(|W,, |) AsmdimIAE R AN, JF BAERE | WP, | AT BT F R ie N,
WM, FTLCAE GOV n+Wa) RSEBEIEE B, BG(Y,, ) MRS THE
G(y,,) Fl G(y,,) & @IE B I . JEE S |y, =T Wan(l, —®,)M,T, =
Wl (1, = @) T M, =W | (1, = ®,) | Moy [ FIG( W o2 |) UL, ST
PLLY 12 1# Oy + T RAG [ 7 = @ # 0y IR T EG(ly,, ) 2
TEIG(y,, ) BDFE—KL, RZIME, bl BG(WY,, | &imiEdEn. #E
BEE G Y, ) PEERAMFEG(r, ) M G( 7y, ), FILLG(Y,,|) thREIER
I, SR BT, TR BN W, (L, = L, KRR W, | 2ATHE
L. FrLAR S (4. 7) R4 301 DeGroot 4L, i G(|'W,, |) W@ A0 Ja J
b5 SR [22] ST R [45] ) 4 8L DeGroot 1M AH 45 &, FATAHEH T

@n%a):degHbFﬂbwﬂ,'&Eﬁ%hmYXQ::Manﬂzwﬂhﬁo
(2): R ERBRUE, WER y, £ 0y WGy, ) TR 1R
Y2 = 0ty JWHI G, ) FIFTA AR SRR T B G () 72 5 I8 I HL2 45

AP . AT IE — DY, IFHIZEEHLEY ~V,, [PyI<I|VP],
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W1, =1,, BRIV DEREESHIBEHIER, G(V,,) 2 REBSHA
SR, B R BT IR R U R ST . s o] B 3.2.1
52 3.2.3 ATATLFH p(P,,) < p(( P, DS p(( P D <1, FTLARG@A.7)EFEE
(), MmY,(0) =limY,0)=0,., fllimz(0) = (L, —¥,)'2(0) . KH7EH T &
4.2.1 HJIER

W 4.2.0, MEHARRIEBE R RN AER, ARG A
SCSAC e T TR TR o 2 i TS MA L A ST, 3 R G2 I
B, XARGRE KRB WRAEEANMERRIEN S Z MRER, RS
Q.1)F] LAEEA N2 B P-T AR, AT, T2 oy A AIPHZRRE
A B G S E A B T FRIBCHE AN A WL A I 8, TRV AT B A g Fg 315 g frg
F-J BiRY, (HIX—Z510 03819 3] TR IFIOAREE

2 E RIS PR AL P 25 2 5 R AN P AiTI, FE SRR IR 2640 N, BT R
AR B SR WSIE] 0, TNV ST AE . 7EX— S L,
FEFFIBCEAN A B 28 A B TARA T AT IR RA A2, I HST AR TR0 (1 5R
WA KZ, TP AR LI 90 4 2 S5 W S 17 FLROZE SIS, i ki
P T TR R IE S . X — R 5ER 3.3.1 g e —
.

I 24 IR MR R N R SR, R 4.2.1 RHD, AF
—EFKMT OGP SR N 22 s i 1. R . 5%, WRIERFS
DeGroot HLR AR SCEE R, X HL ¥ 3% I8 S AR SR PT LAAR S ), FR AR 1 i
LG AN S MBI E) Bk B3, IF H AT B 0L 8 8 B B e T
MATX TG o, = 0 IAIAAFA N AR IE M A . AR IR TR IO Aok,
2SRt 5 £ 3= F 3 viy Y lbranic o T b | /s o o N 1 D A 7 € e g 0 7 TP LK (W ¢
LN SR A RIB WS Re AR IR, FET 2, () IR, AL
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AU R, JEFF IO AR ) s 20 8 B LR T e W A N S RN R o 8
331 R, BAFAETT I MRS, RIS R BER T RTINS
SR, TR MA AT BE 2SI IX — 25 3 o AT M s ) B AL N W8 A TE W% B
ZLML T AR . SETOREI], BEE T NMACR N, A 2 AMRMA)
IR A 2 Xt B S AR N W A RN I8 WL A 72 A B o 4 T N AT TR I AN
I, XA EEMIA B KA. TR AL, BT LU HER 4.2.1,

it 42.1: RENTHEMNie N, A =1, WR GW)REH4, ik,
AR, A2 R G0H 2 E lim y() = lim j() =a T1,, K a e R, TWT20.
MR GRS, SRERIK, JEH w MATAEX AEERT 0, A
lim y(¢) = lim (1) = 0, -

WERR: A =1 RRE FTA /MR R TR BUEANME, BFILRFG. DI RS(B.2)
N RG(4.6), 53 4.2.1 MIER, TTLURZS 5 HiiiE BIHER 4.2.1.

S 4.2.1 £W, WMRAFEEBEUAE, TAEREBMERT, BEMHH
NI M IE W 3 2 ) B 2 e e 4 W R o sE 3 3.3.1 3R B, A0 SRAFAE [ A4
EIAE R 28 sl 1, IR 22 s fp AP . BRI, JRATAT AR 4518, [H4A
MERIAEAE R IE BOX P 22 R ) FE R R AP, WRAE B A E, [P
MES S BT RIBPM SR, kAT WL, B AR T R B R AR 1 2
BRI, XK AR T EEA AL 2R R

4.3 HIERI

N ORI PRFE LB 7R IS UEFAT 4518 1 IEHRE

Bl 4.3.1: XA T, BATE SR EEA 30 MMEME M, H
20 DMAMEFEIFTIAE A o 4 T TECE AR LR 5 N 48 FE S5 A0 T Y, 5 i
(AR I g, SRR A 4-1 s, AL 4-1 FRATAT LR, &
NSRBI AL —FEI o 4 PR AL 1 R 48 S 5 R AT, 3R
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EEI, W AN 4-2 Fros. MBI 4-2 JRATTAT AR S T T80 A AR 1) i 28 A
NSRBI SWSLE] 0, ARTFTBA AR e 28R N 2 AR TE WL 2 22 T TS R A
FEZER . HRGTERA BHAEN, WESHBALWE 4-3 (ST MK 4-4
CEEH AT Fos. JATAT AR, WERPr A MAFS R I BAE A, A sk
MRS ANRIE NS T8, IF B ENZRER EaE k. Kik—
AR, B NFE B BTN S AR IE L & 2 1A 2 e i E B B X el 4
REARERFBMEZ B AN ZEERIEW ) .
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= == Expressed Opinions
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E
e
50
S
-0.5
= !
15 20
t
B 4-4 T MEHGEITIE AT H 28 2 G540 AP,
AN TR 2T WL RN R R T A BLTZE
4.4 KEINEE

X T, AT 7 IR &3l 5888, Dy 1 05wt
7C, BATRE PR AR BEAT BB 228, JATRBLEFr 7 IR I 2 P 4 iU sk
AR 5 o 4 BT TR A R I AR, B R GRS 2 4l
SR T IFTEAEAE o BT TP MR UL & R S SN, B R G2 S
BN, XA RGN o 29 B AL ) R 48 A2 S5 A0 P I, T TS A
PR 46 FE SRIEIB N« AR, JFCE MR R B M KB 2R — 2L, JF
HABATT R e 28 W & R IR R FAAT TS BT AT o, = 0 (BT AR A A AIRIE M & o 5
— 71, 2 ERTT IS AL B X 26 e G5 AT, ESRIEIE ISR T, T
TFTAEN AR R WS WEE] 0, TR AT RIS BT A8 . tl2dk
T B A R 5 25 00 2 B AT SR A0 AL AL 5 I HARSE FARAT T SR 133K 1

M
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ESE RESRE

EHR, BERMANIR R, NIRRT EAR R, (5B RN
FERE WA PR Ko I, ASCFRE T — MR RIS AR, s
MEE S A RE T, RN AAER NS MRIEW S, RIEEA AR
FEIAEE, AWM ER A OIS .

BEAt, ASGEZEFE T B AT T HITEAL, BN AL i R
PG AR H SIS, BRI RS AR R N 2%, 4.
Iy, FRATEEE T FEFHLHIRI 73 SRR R . A SCH FZE AR

— BATR SR F-J BRBHAT TR, R T — DA EATIFE A A A0
B, FERMRB A, RIEME, TR R, BHAMRF A
15, FANVRITCRAL 2 LS L R LT 0T, AN ARIE W & 2 /2 7] LR
R R P PR WS R — M ARE HPIRAS s RIS Ae R IR S #4651
NI AR AR R TP st . e, L BUE 15 B s
SERHEAT T RUERAL, Bk T EATR S5 AR

T BAREE T A BA TR RIS R A BATRIL, R
AMEFITT ALK FI AR, A R G SIS e Bk T IT IR MA . 24/
AIFBEMER & T80, BARgua T80 B0, REEKEN. &

RERUET B T 4 R AT T AUE RN, 38k 7 JRATAIEE e /& L0 .

WS IIER— T I FE A AR A 2 1 228, AT BAFEBIBUR . Ak AT
NN T A B SS, IR LA B fb AT 5 4 St N BEAR L. ERAR H R 0
SENIFIT AR QeI R E R, ERERAVFZEAEFIR . 45 &5IE
IWFFCA 2, AT BN LA ) 8 s ZEREAT St St — 2B Il 7«

(D)2 F0 T &3 7754 A0 70K 2 5 BB A8 A o o S5 Uk AT TR R
PR AT IR AL — B RS L IE AR USSR, SRIMAEBLSE AR s, M
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Pk B E A A A4, BTSN 5T K 2 BB AMATE ks
RABIRT— W ZIHE S, TR TG 122 Ko 507 AR K.
QTEATCH, BATRHE TIE R G W AEEFF CEMR TR, 2 GW)
FEGERITAEI, FERE | S| AT H | MRFAE, 7EARKRBA TS GIV) 2L AT,
|S | F1| H | i) B ARRRE .
(3) TEASCH, AT KB HAE 5] N3 DeGroot BALF F-J #ALX A4
SIS AAL A, FE ARSIV RN B AR B 51N B A LA SR L A

ERM B A
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