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Theory of 2-component opinion dynamics

* N. Okano and A. Ishii (Tottori University)

= —

2 o NHBIER O U S HEPSR & RIFFICAERRZEA LA e =A 2 21 F X 7 ZDR

WA ZRONTIERT 5. NS CHGRIZIED,, FHC 2 2 CIE 2 &R, ZD 2 irE TR X
Lo 7<x) b LR HETT. MFEOX T ZRE R, b D WVITHFOR Y XN T~
TS L0 a2 WS . Ele, AANDS T vx LR RORBHEH TR L. AR THEOR
ROWRIZ, BRIFTRE/ 2 7~ = OB LBNCHR L ROBER LW BT BREMTMA L4 E =

FUEAF I ARRET .

F—T— K
1 Fif

FE=Fd U H AT 7 A THE OB BRSO e
E~DIHZATAICE S DOIFES N TWASEHTH
5.0 BEBRICE DR OMHOHEBITE <
OMBETHS L L bIT, BRAEATHA L& — %y
M EOMixIa I a=r—2a VOMIIIRWTHE
HRT—~vThHDHILITFEI>ETHEN. Wb X
v b EOR EREL, A=A A F I ATHZ
LT —=~DIDOThHAH . B E ot oDV E
RO MEDOBERDOA C=A 2 F A F 2 7 ATk
HEO7Fuo—CEL RIS TnE Y £,
20004EDARE, B RLZ TAECle < EfmIc AT 5 &
& L CHENT9 D Bounded Confidence Model 23 #27R X 41,
LB LTS Lol T& -, 109

L2 L, 3 DBounded Confidence Model i X5 #& ) 72
HEAEEZRFICREL TWe., 2RI ENLR
Bounded Confidence Model ® B 7 C % % Hegselmann-
Krause(2002)C, fHx D ANDOERZL({t)E LT,

J

L LTGE, MO NDERITEEINSIEEVWERT
FRED; N IEDEICIRESNTNDS Z &L Thhb. IE
DOEIZIRE S CWhiuE, BRI o TR
T4 ENERPIICNEIN TS, 2FED, (&0
BRBINRT 20134 DY I 2 L—a VOFERT
1372 <, %% b Hegselmann-Krause D 5" A 412 4L
EOFBRNINKT D Z LANULENTNDIDOTHD.
HEOBEROFEF L, ETCEANEGBERKINDD
J TRV, BUARRIFE OB CITaERAIND Z
ENRDLARTHAH. BEICHEI ORI EZR
ZOGETHELORBRT 5 THAD. 22T, 4D
X, BERONIE « &A1E%E A L CBounded Confidence
Model Z fizd U7z, 20 JRERIZMIHIC S 2 1E, #R%%Dy;
ZIEOEICREET, ADEAZZEALT, EOfERD
EHEEAMR, ADMEROARERFRELEZZ ETHS.
A=A AT I T AT R ITITHEET D 2
CIFEFEMICIERRE TR EICTE S, LavL, 8K
Jtl DA =AU T E ARSI D D ES RN
Thb. BFENICS ZIXENENDORERTIT eI
ThHDHIENEFE L. 72 2, BEIC2 T E A

€Y)

2020 3 15 -17

I =FEAFITA KRR, AT

EIE LA =AU XA T I T AEEZTH, £D
2y ETZE 20 TR & TR T ST
MTIEARL, 2N A=A FAFI T ADT A B
=L LTIESEZ D LR, Bl H IR
Ry EAE =4 L LTI HERS LD THS.
ZFIT, S0 X2, AICABR STV DR
MEXDEREMNC, EAHOEEFEL L E 2 HERN
HHZEEEZT, Ik ¥ F~x] & [hRUx)
CWR, FT VLR RD 2 DAE =F v F A
FI T AEWETSD, hRox) & ¥ T5~x) 3E
F & LTIMNLTH B O T B FRMIITMSL 72 B R 25K
ETHZLICRBEITIENTHS D, TNEHEEL
DONFH—MATFOHERFTH D, KwLTIE, FH—
MEFOMHEZ 22— 2 FOFRT, WANWAREIK
BNISHT 5.

AL - THREIN, 20T NDOE RO
MZEIILL FoRXTREEN D19

N
+ ZDijf(li,Ij)(lj —-L)At  (2)
j=1

FE—RITREERe~ A2 Il BFIRRR E
SNERA T 4 TIT K DR T A() 5 % 2 % DIF e,
B AT N Z DI AT 4 T D EDORRE D528
EZTHNORETH D, ZORBITALHVIEL?,
T, BB D) T H D RRELL LR RSN D & L
T5 LD By b A 7 EIECT, Hegselmann-Krause') T
ITEFIC BB A TV N, 22 TR LM,
2y A7 vy 9 BEMRCSigmoid % A VTV .

1
1+ exp (a(|li - I]-| - b))
BEA D EHE, Dy [ 3FEAFEOITHIT DyE Dy TH 5.
E 5|, Dyjand Dy IXIE LB, RARDGHOMEAETY 5
5 EDEOS A, idj &2 L, ADEOLEIE, 113

f(.1;) = 3)

-30-
PG0002/20/0000-0030 © 2020 SICE



EELTWHWARNWILEZEWRTS. Fhoom ido—T=
YR OBEOBRITHDLH. KERMED m 72 5IE,
TART A TRMDONDOBRIZH E VI,
IOAE =AU EAF I A0 R E RO THEAT
TV AN NG 8 D NDEAORM AR b B
OB TWDEANDOHEOEYN TN, AR
W BHA0OHELTELDT, 2 DE208XIC
SIS LTSy R 2 L—3 g VEENTE B ATREMEN
CDOFE=A U HAFTI 7 ADOBE®IZIEDH S.
ZOHFLWAE=AZ AT I A0 RE Wz
R E AT L 5. Fig. 1 IR LD ADHE
DA =F 2 FAF 7 AT, Fig. 1 EI2ADBBEWN
WEHE L TV DA Fig 1A IR ADRBEWII NG EE
o TWAHATHD. BEWIEHEL TWLEAT
Hegselmann-Krause'" ¢ HT< 5728, RMEEEHINT
WAL, O TRV EEE KRN

o
& 5
ﬁ
opinion
Lo o
(

Fig.l: B L TV 554 L RMEOHE

ZOHLWAE=A FAF I 7 AOMEREMIT L
TFREDZER, DFEV 2 OBROA =4 X4
T2 7 ZAOBEHICHEET 5 2 &L A H—METITh
N, ZORIL TRy ORI A = F A
F 27 AP R I TWDD, B3 HIT
2R Th D, ZOERD 2L, B O
WL TR SN R OMREZ 2 5 LML LT 2
AT E L, Bl 2 I XBARICE 3 2 B A & B
B9 2B AEhY, ZONENLMNLTIEH D SF720.
ANR R T <ICB 58 Aith & SXRER SR 58 A
BB ML T RWEA D /6o T, BRI 2 DD E
FEROFE T2 0 #E L <, HMEICHRFT24ER’ D
5.

ARFIETIE, D2 OB L%, R x4
Tvx] LRELE XERITH LB TWS X )T,
Vx—J AT OFLREIM I a A AL )y [
BCE, v AAETa )Ty hORCRITBICED, 2
ANDFEFICIEEICAEE D ZETHD. LinL—F, 1
AADVRFRTHIEV XX 2a—FKET 2y NRFTE
THXYE=2 by FMFEIIRAFNLLTRBY, 7~
ELTFEV X a—Fourttdyaly  E
DPIZED D Z S 1dH 0 50, 2o XL 9 2R,
RUXDER L Z T~ TOERINRLT 5 AR 22/
BThHDH. ¥ T7~OERLEFR Y ROE RLIIAS M
RDOT, AT T LR REMILIR 2 OO E RlhE E
25D DI R,

ST, QXA =F F A7 2O E LK
FHERET 2 L, UTD X212k 5. 2luHDER
, UTOXLHIcEZ .

0,(0) = (1, 1P (M)

INDOENENDE RS Z EEENIAEPOE
ZEND B CHEEELLTOITHE LTERET D.

1 p@a2)

a _(qi aj>

=\ gy ©)
E; D;;

INEHANWT, 2 A =4 F A FI 7 ADH
ROIEARDFRRAUILL T O L HI12ET 5.

JZICEDY nijej(t)‘ a4
J

I THRUEHOS ARAT 4 THHROHEOFZEE
2&%K%%Ltﬂ?@%£vgé.
%=“i£i)

2FD,

de,(t) = dt (5

XiA(t) +Zﬂij®j(t)
j
Thd. S HICEZTTEUTOLIITRD.

® _|r@
P = [cPawe

+ Z DI (@) + Z ESP1® (t)‘ dt
7 7

) _|r@
P = [cPaw

+§SE§”¢”@)+§SD§UF%0 de
j j

Z 3z, Sigmoid® D 1 > AT B L, ) U A -

TV D BRI A BINT 5 &, BARAYRRUZLL T O

Eoicens.

diP @) = [ ¢Pa®)+3; PP 1) (1) -

1) +%; ESPFUP 1) 1P @ - 1P))dt

dI® () = [P A(¢)
+§SE§”fUF%§”)UF%ﬂ—JFH
J

+ Z DPF(IP, 1)1 () — 1P)] dt
]

M2 1 TIEZIZETTHIN, KmLTirohicx
HIZ, AN (K=Y = b)) OF T~z LR XD
DHELEETD. 2E0, BOOKR R H T~
BREELTELHAITE L DA NV ATHD.

a©) =[P awp, (1 - 1)

-31 -



+ 2 P (I 1) (1 (0) - 1)
j
12 2 2 2 2
+ Z EGP PP 1) (1P @) - 1P)1de
j
a1 () = [¢Paw) + pP (1P - 1Y)
+ Z EEVF(, 1) (170 () — 1)
j

+ Z D F(IP, 1) (1P () - 1P)] dt
7

PIFTIZZoXREANTEHRELTWL.

3 HMERR

LT, FRRo 2@yt =424 F3I 7 AT
FHE LR E RE .

31 HEOEE

HEITA LB LW 200~V FERET
A, ZOALEBIMEATHWWL, SO, F5-
BFTH LW, 2O ABOBEROHBEEZ Eito 7N
THE LWL, FHE T Fig. 2laRLEZL o1, #
TYIZTH AB, RFTHDAB, *LTABZHN
FNOR R EZ T~ B/ U7 7ORRLED
DEIODT T T HWRTHRRT D,

| N —
ADSTFIINDER ;_ &my* N
~BOEFYINER ‘ B

Fig.2 : ==V MABDHXT~YZOER, K
AOER, RopreH T~ Licb DD 350
77 7. Dap"=0 Dga"=0 Dp®=1 Dp?=1
DAA(I):O DBB(I):O DAA(z):O DBB(Z):O EAB(Q):O
EBA(IZ):O EAB(ZI):O EBA(ZI):O

ZDFig.2 TIL,A L BIZARVRTIHEHELAY, &
B MTbND. LvL, ¥ T~ TIEEnTho
BRIIKELBEY, LUK TEDOXT
~TOEROEHIIEEN T o TS, 2Lk

Ble LTRFFRIA L2y hZOEETHS.

32 ATRIERVRDOIBEER

KICH T~z bRy FOMEIERAZ AND. Fig 3
\ZR L2, Fig. 2 12X T, KRADKR R EX T~
TOHBIZEDEEZ 527D THD. EOEE 5 2
DHERNDR R EF T IS5 ET5H. FD
72, TRL EZDOREBETH T ~TIZZTNENDR
YRITIEBNTZDT, LA L BOEROKETZY 23/
LY, HIZAR Y RIIEFENEND S T~V | THEE L
X9 T HBMR T, Fig2 TIEAREEMR L T DN,
AEBRICELRLS 5. 9%V, T~ TOER
DIETZVITHEBINT, Ry 2 THLRAETE RIS
RTHB.

N N e

Fig.3: =—YxV h AB O¥T~VZOEH, K
FOFR, BT LIZbDD 350
77 7. Dap’=-05 Dpa’=-05 Dus?=1 Dp*=1
Dui"=05  Dpg’=05  Da®=05  Dpp®=0.5
Exp'?=0  Epa'?=0  Enp®’=0  Ep*"=0

3.3 FERMLEIES

WIZ, A & B & TRBIIENFMERD D2 GH5 25 %
5, MA4ITR LD, A DR RIZ B DX T~ IA
EDEEELEZ TWADIZH L, B DERVRICA DX
TYTIXADEELEZ TS, ZORE, A DR
FIEBDETZIZIHOZH9E L, BOKRSRIZTAD
AT TIEDSZ 9 ETDH. ZDDHIT Figd DX
REROMINI /2%,

Fig.4: =—Y x> F AB DX TZDER, &
FOER, Rovxb 2T~z LizbDD 3250
75 7. DapP’=-0.5 Dpa"=-0.5 Dup@=1 Dp,?=1
Daa’=0  Dpg’=0 Daa®=0 D=0  Exp'?=0.5
Epa'?=0.5 Eanp®"=0.5 Ep“?"=-05

34 OXFEDaYTY F

R 21 TRENRTWA LI, 22D A =
FoHAFITAOFHEFE LT, V== AT D
TexteyaV=y FIIFAERATHS. SCHL 21 DF
BT, ArpiFsl&HGoTtndrAttyaloy
R 2T~ TIEFEFR O TERIIKE B>

-32-



TWa, ZHUIA VT roa A4 éya=y b
NETHD. SHE T, ZHICECRITHFOZ T~
TOWBEANND L, ZTYTEEREBL TRV R T
BB LR, oF 0, ZRELOR &2 ER L
T, BEEILEDTLEIOTHS. —J, XT~vI|T
HEOR ADEENANL L, RURTHEEY Z L
Mo, 7~z b L TOZRE OIS 200 L,
FOmuAFEY 2y NOXT<OMRREY I3/
SLD. ZOXEIIT, KiGXD 2ot =44
AFI 7 AHBOIHE LT, e A4V y b
OO RT N &7 D,

4 EE

7R > R (real opinion) & % 7~ T (official stance)% [X 3]
THENIEZIL Asch® TR B, & HITEE, 4B
SF AT I TR R E T T OE N E iR
TAHHENEZL N2 Linrl, b o
1% Hegselmann-Krause' "% 175 & LT\ T, AEFHA
AL 72> TNDDT, DO IIR R & T~
T CHEME CORFMNZIED L) Z LT/ E
STWA. DF Y, KL Tik_fru A4 L) =
v hDE I, R REEZT NIRRT > TN,
ELLMMIABERICET DELNED, LW I HA
WA, Z O, RRFZECIRE LT 2 A E=
FUEAFT I AOERIL, RURATEELEZLTH
AT<IZTIIRELTNWTEETERVWa AL LV
Vxey bOX I 7GALWAD. £, ¥ 7~ b L
THARZYBREEIZATTENLTNTY, KRR T
KISZ L TV B E R B A B EE L &9 3
Bk 21 R LUEEZRINLO8A: E b 5 M2 8
L7zu.

R R ZTTONEHIAAEORFSE LS X
LN, HAREIZEDOHBICLH DL THAS H . EHERM
ONARIEIR E13 2 T~ LR RIS &
EZ25L, NENWEZATEHRELERLEDEFTOZ HW
R, ERMOFFIRSETERNET L L, FE
WTEESNDAR R ETREL ZERDLEAITTL
<7aw, REMOEX R ZWITBW LR ED X T
v~z b, RENOR R EFELDIHEETLZNTHA
). BLOBMRIZBWTY, AL Y2z b
WX, AR TIEBAEVOLTENL TN TS, 7
<~ LTEMRERBITDEVIEELHLTHAD.
D&, HoboEE TRICHTLS 327~ D
BREDNZHR U ROBERNS DHEIT DL v

AREEHRE BfEITMETY, 7~z LRk x
DERND DA, T I E2RE LT LA BRI
LRNWTHAH. EARATHETE ZIEX LR It
SOEENLERDIC, TOHtED ALY DEZ T~
TOBERZTTIIAE~DOEIIARFT5T, AxD
RURMEZICH DD, B ETHE BRI, &
BESTFHRERD, HDHWVIIRIEEOEFD, & ZNE
VAR, FORCANLZTZDOERLE E ) RETe R
BETHAI. /-, A v F—Fy P ETEZ A4 L
Th, RUANLEBIN-K LD, ¥ T~ 2000
HLEETHD. A X —Fy b ETIE—KicF T~
EORERATRET, AR BRI TE RN, 9B 2
HeE, A TTIIHR ARG Z D88 HDHNETRS

RIZE T~ NE 2 BT DL 7L, ENEE
Hreialb—varTEOARMHITZL < O AHH
NhDERPID.

KoL BZT<x, HAHNIFRL TRV XAV K
I e EME R R E EREER TH < o bty
D, ) LI EEREHER 2 Bk L= 51 AR
ZICHB L WIIIEIE L TW Z &y BEbh 5.

KWL THREL TWAFE=F L XA F I 7 2D
FOANWHTTH LR, I T~ OBLINE, &%
OBINE Z 3B L DD TIERL, #T~TD
BUANE & DB O R 2 OFAE (BURIE A A D
RUFOBEREDN) D, BUIARARERMETFOR L F
PEGRFHENOHERT S X 9 %, 95 L= R CARE
MEISHAT 0N, BELWMEWGTTHS & BEbhs.

5 $EIm

thzx o NHBER O HIEHEEIR & [RGBtk A3
ANLT=aHick s 4= 2437 20 R4
FATICHEE L7z, N R4 CTEEEMIEIE Y, RmSC Tl
W2 L, EO2mE TR & X7~
ELEEHEER L., MEORCADBBEBDOL T
T, HPOXTYZRNETOR S RIEEEE 25
BAIWCINZT, BOHFOR R EXTZDOBAEN
DEBLEBL, T2, HEOBEROHERIC,
BRIRRE 2 T~ OB R EBNCAR L ROBERE WD
Pl BRERHERNMBEOWMGEEAT A =F
AT I T A IMA D Z EBRE L.

6 BHEE

AWFFENTRF A TR A B FHIRAFIE C(JP19K04881)(C
Ko T TN

B35 3k

1) Claudio Castellano, Santo Fortunato and Vittorio Loreto: Sta-
tistical physics of social dynamics, Reviews of Modern Phys-
ics 81, 591/646 (2009)

2) Sirbu A., Loreto V., Servedio V.D.P., Tria F. : Opinion Dy-
namics: Models, Extensions and External Effects. In: Loreto
V. et al. (eds) Participatory Sensing, Opinions and Collective
Awareness. Under- standing Complex Systems. Springer,
Cham, 42 page (2017)

3) Galam: Physica A 238, 66 (1997).

4) Sznajd-Weron and J. Sznajd: Int. J. Mod. Phys. C 11, 1157
(2000)

5) Sznajd-Weron, M. Tabiszewski, and A. M. Timpanaro: Eu-
rophys. Lett. 96, 48002 (2011).

6) Galam S: Application of statistical physics to politics, Physica
A: Statistical Mechanics and its Applications 274, 1999,
Pages 132-139

7)  Galam S: Real space renormalization group and totalitarian

-33-



8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

paradox of majority rule voting, Physica A: Statistical Me-
chanics and its Applications 285, 15 66-76 (2000)

Galam S: Are referendums a mechanism to turn our preju-
dices into rational choices? An unfortunate answer from soci-
ophysics, Chapter 19 of The Routledge Handbook to Refer-
endums and Direct Democracy edited by Laurence Morel and
Matt Qvortrup, (Taylor & Francis, London, 2017)

Galam, S: The Trump phenomenon: An explanation from so-
ciophysics, Int. J.Mod. Phys.B31 (2017) 1742015

Gérard Weisbuch, Guillaume Deffuant, Frédéric Amblard
and Jean-Pierre Nadal: Meet, Discuss and Segregate!, Com-
plexity 7(3), 55-63 (2002)

Hegselmann R and U Krause: Opinion Dynamics and
Bounded Confidence Models, Analysis, and Simulation,
Journal of Artificial Society and Social Simulation 5 (2002)
Wander Jager and Frédéric Amblard: Uniformity, Bipolariza-
tion and Pluriformity Captured as Generic Stylized Behavior
with an Agent-Based Simulation Model of Attitude Change,
Computational and Mathematical Organization Theory 10
295-303 (2004)

Wander Jager and Frédéric Amblard: Multiple attitude dy-
namics in large populations, In: the Agent 2005 Conference
on Generative Social Processes, Models and Mechanisms,
October13-15, 2005 at The University of Chicago.

Evaguenii Kurmyshev, Héctor A. Juarez, Ricardo A. Gonza-
lez-Silva: Dynamics of bounded confidence opinion in heter-
ogeneous social networks: Concord against partila antago-
nism, Physica A390 2945-2955 (2011)

A Ishii and Y Kawahata: Opinion Dynamics Theory for
Analysis of Consensus Formation and Division of Opinion on
the Internet, In: Proceedings of The 22nd Asia Pacific Sym-
posium on Intelligent and Evolutionary Systems (IES2018),
71-76 (2018); arXiv:1812.11845 [physics.soc-ph]

Ishii A.: Opinion Dynamics Theory Considering Trust and
Suspicion in Human Relations. In: Morais D., Carreras A., de
Almeida A., Vetschera R. (eds) Group Decision and Negotia-
tion: Behavior, Models, and Support. GDN 2019. Lecture
Notes in Business Information Processing 351, 193-204
Springer, Cham (2019)

Akira Ishii and Yasuko Kawahata: Opinion dynamics theory
considering interpersonal relationship of trust and distrust and
media effects, In: The 33rd Annual Conference of the Japa-
nese Society for Artificial Intelligence 33 JSAI2019 2F3-OS-
5a-05 (2019)

N Okano and A Ishii: Isolated, untrusted people in society
and charismatic person using opinion dynamics, In: Proceed-
ings of ABCSS2019 in Web Intelligence 2019, 1-6 (2019)

A TIshii and Y Kawahata: New Opinion dynamics theory con-
sidering interpersonal relationship of both trust and distrust,
In: Proceedings of ABCSS2019 in Web Intelligence 2019,
43-50 (2019)

N Okano and A Ishii: Sociophysics approach of simulation of
charismatic person and distrusted people in society using
opinion dynamics, In: Proceedings of the 23rd Asia-Pacific
Symposium on Intelligent and Evolutionary Systems 238-
252 (Springer, 2019).

Akira Ishii and Nozomi Okano: Two dimensional opinion dy-
namics of real opinion and official stance, In: Proceedings of

22)

23)

24)

25)

26)

27)

28)

_34-

NetSci-X 2020: Sixth International Winter School and Con-
ference on Network Science, Springer Proceedings in Com-
plexity. 139-153 (2020)

Akira Ishii and Nozomi Okano: Sociophysics approach of
simulation of mass media effects in society using new opin-
ion dynamics, In: Proceedings of IntelliSys2020, in press
Levenson, J.L. (ed.): Romeo and Juliet. The Oxford Shake-
speare. Oxford University Press, Oxford (2000). ISBN: 0-19-
281496-6

Asch, S.E.: Effects of group pressure upon the modification
and distortion of judgments. In: Groups, Leadership and
Men; Research in Human Relations, 177-190, Carnegie
Press, Oxford (1951)

Wang, S.W,, Huang, C.Y,, Sun, C.T.: Modeling self-percep-
tion agents in an opinion dynamics propagation society.
Simulation 90(3), 238-248 (2014)

Huang, C.-Y.,, Wen, T.-H.: A novel private attitude and pub-
lic opinion dynamics model for simulating pluralistic ig-
norance and minority influence. J. Artif. Soc. Soc. Simul.
17(3),8(2014)

Ye, M., Qin, Y., Govaert, A., Anderson, B.D., Cao, M.: An in-
fluence network model to study discrepancies in ex-
pressed and private opinions. Automatica 107(7), 371-
381 (2019)

Ledn-Medina, F.J., Tena-Sanchez, ].M., Miguel, F.].: Fakers
becoming believers: how opinion dynamics are shaped by
preference falsification, impression management and co-
herence heuristics. Qual. Quant. (2019)
https://doi.org/10.1007/s11135-019-00909-2





