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Abstract During the 2019-nCoV epidemic,social media spread news around the world at an unprecedented rate. Distorted infor-
mation is hidden in massive social data,which presents unprecedented challenges to national security and social stability. Most of
the current intervention strategies are based on the control of key nodes and key links, that is, deleting tweets and blocking ac-
counts, which are often ineffective and prone to side effects. Based on the definition and analysis of distorted information, this pa-
per breaks the limitation of traditional thinking and disturbs the evolution of distorted information by publishing clarifications
during the spread of distortedinformation. With the help of Stackelberg game theory.more users are encouraged to participate in
the information hedging process by setting up rewards, thereby hindering the explosive effect of distorted information. Based on
the established Stackelberg game, the existence and uniqueness of the equilibrium solution are analyzed,and the closed equilibrium
solution and information intervention algorithm is proposed. Simulation experiments in the actual network show that the proposed
algorithm reduces the spread of distorted information by up to 41% and 9% compared to the traditional immune strategy based
on network structure and other intervention algorithms based on game theory,thus can effectively suppress the spread of distor-
ted information.
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BIHE H B .2020-04-20 R H I .2020-07-29  ASCEAATFRECRFE IR (OSID) L 35 £ 107 — 4E b 3R R 215 & .

Fe T H « [H R A AR IS (61771072) 5 P A R A Z KRR TTH (20200 WCXO01) 5 8 55 9y 1656 9 1o 1 1 R 24 22 3 o i S 98 3 JF G A

This work was supported by the National Natural Science Foundation of China(61771072) ,Special Project of People’s Public Security University
of China(2020JWCXO01) and Open Project of the Key Laboratory of the Police Internet of Things Application Technology (Ministry of Public Se-
curity).

AV = W (gaojian@ ppsuc. edu. cn)



314

Computer Science THEHMLEL2  Vol. 48, No. 3, Mar. 2021

1 3l

il

I, S AT AE [ e il 2 9% 15 AR <h 4 Ak 2 IR LA
HI T A 0 3 B ] 4t SRS 5645 B 72 28 AT A B2 A ]
W0 T T AR OB A, EUIE R R 4R A A I R Cn
Twitter,Facebook . f# {5 . f# 1 . MySpace., £} % . YouTube %)
HI LT 76 2k 41 28 9 45 (Online Social Network, OSN), OSN
AT 5 25 B4t 25 [R] i VR 220 Ml 52 e 5 B S 4 2. 2020
A2 12 Bt T AR A 20N A 5 R 9 1 R R R R AR
HIA5 BN . OSN il B B A5 B LA BT A A A9 2 2 1R A% 35
T TN E M IR T ONATT B A SRR RO B L . R A A T
H 223038 1 5 Twitter, Facebook, % il . TikTok & 1E & i
) R B ARLJE: T R AR B2 L R R st Ay g B T ik
B T A 10 2% 3 Sad SR A S AL 35 0 B T IR K Bl S SCRN
HEBE F 4 7E TikTok F1 Facebook |3,

H AT BB 7“8 S T EARE N R EC BT S R,
B TE AL, BRMECNEBEMEANELESZE A
A JEL RIS TR A 2 o AL A DU S R b R M B W) N
HURSTH T, WS R B L 1 A 2 HOHE P (8 15
28— 3R IT 8, i L SRR R R T 4 A S RRE R T
R RT A P . 90 5 — TR B SO BT IR ot £ 3 e
9 I R TR B0 S A JRy BT Al R B A R 4 IR R 2 R SR
M SR A R TR R P O s R R ] M 4R A
BAGRE B B B S 0y PSS 3 3L,

BN T LA By 5 v 1) o SR T B G L B 2 O A B
XoF AL AR B B T TOUR e AT R T R X G B R G B I
AT A BE a2 b a2 s f S, SR, il 5 8 i %
5 19 265 300 5 2 25 TP AR PRI T R B — AN AL T Rk —
55 7K 35 Hb i D[R] R, T AR BE AP A5 A 2R A 2SI 4 B B
P T 2 T Y 00 2% A ) R AT o I R A I, L
SR 237 A TR AR B PR RIE T FEAS RS- 6 Z 18], 24— A
- 5 B — 32 R HL A AF B BCAR TS L i 32X R Y A T LA
IEAS B HAh F2 8 A1 i 2 ol P R At S0 R x4 it
5 BT X A5 3 (5 B X 2 ., A R AR
T AT R B AR B AL BE AR R B 5R b 5R R
S M E B B RN,

X T R B & A kU, e B A Y SR g AT LA A
B IE TR B BCE i B B, SR, AR B SE T R 4 R R I
B NERIE f R A L 0 2% WA T LATE AR B R I 1 AR Pl
S0 G 2l A% 4 ke S T A s A SEBR A BE R, BT LLE b R A
AT B R AR TP JE R AL AR R R e B G 25 ] P A T =L Al
A A BRI S 3 3008 B [R) 69 15 8 % i, DA BH 1R A5 B
B PR S T T T

A% SOREFT R I | -5 3 A% Gt S8 4 1 BR 34 & A R
T H S 7 ORI S L A5 R A v A i B L RIS O TR B
TELR AL 3 W 26 rf 7 R R ) d, AR SO (] AT A T B ol
IRAVIRS T g AT 1, 00 245 W05 A 0 3 o 8 2 Jal e B ) R
Z 55 B vp 5 00 m) o B R, I BE 1k A S 0 R K
BN

2 MXIIE

2.1 TEIE OSN Ky #h {5 B2 HI R B

HHG B X OSN /1y 45 ] 5K g & A — & 1Y #F 58, Wang
U S I A AT FE Y B ) % M A L R AR R L B R T A
M 18 % 5% M B AL 4R I A DG EE R R L M B T 3L T A
U (14 19 2% BEL S5 A% 4% 122 R AR A8, 43 47 T OSN Hh EL IS 14 4% 5
P 0T B HLEEEE R . Zuo 2V MM T HEAS M 45 B A K
B RAR T % 4T (Initial Coin Offering, ICO) 14 B 1% & 4% H3: 4F ,
AT A S B IS b % T B AR R S L 3R L T N R
BRI RE SRR, S0 BN 7R R L
W B R T BOR A5 AL 15 1 BB AT L3k B BT i AR
Peng 855 3k T 5% Wi Jy 455580 £ 1 7 — Fp A FH K008 347 T 10
BRI R ERR T AR SE 48 R 0 W Ok M 1 5 el A% R
R, -3 3 38 A% 5% R ok A A A 4 TR] 422 5 o Ay o 3 gk
W2 d EL RS WA BT K A AR R T — R e R
% . Shang %55 4 H T — Bl T4k X 250 A0 B9 B A R
G e AR PO AL A AR S0 U 0 2% o g Y
S IR L A X5 R AR BRI A 2 T 1 A BB R AR
EN R B ER, FE 8 AN BLSI M 45 i B S e
B 2 3k i 0 S B 4 (Y SR S SR

EL AT 11045 11 366 W TR 22 J2 N7 7 X8 SC BT A A0 G B s 2k
T3 EAN 4 3 Bk 22 b 0% W bt A 5007 n Yang 450 i B i
i 7 f5e /b B AR R EIOR T2 48 K A~ e D BH ZE 715 0, e 438 i Bl
P8 K A RBOYPAT SOk /MR A 2 BT S R, A
WFFE N 5253 BT T 90 45 470 S5 4 b ek 52 ) 486 42 il 19 5 g , 4 SC ik
(83 F & Wi BRI AR ML 8 1 2 05 1, $2 1 T —Fh 1000 4 52 9
4 R G ANIR 1, A BT T AL A 46 8 9B O R (E (1
AL

AR 24 235 ) 4 3 R A I R 5 6 Wt T LA S 0 LA
Hh 5 S ARG 09 B Y, 3 R 45 B P SR 4R it — 5 A9 B T,
SR 35 W) % R A Nature bW — 5 SRR W, el 5 8 1%
T 00 /N HE T 45 ep L DG BER) R G L 355 S A 4 A O R ARk
AR i HLUAT B 51 & 0 A Y AR DY Rk, iR A B
PR D5 58, AN -5 AN G 0 S B T % A R TR T B, B0
RN Sy g BTN R e =N W 7 ik N = =N R
PU
2.2 $MWBEENERFHRER

FEALAE W45 A5 B I Wl — AL Fp 1548 SR U5 DL %
e K RN PR BRI P, JhE B 5 H AL E B
— R I AR R B WSS, A
b OB RV AR R PR N R S LA R AR W SR
i A S JE S0 L T R 4 57 BV B & M (B S L U
JG BIIK 09 RE I 15 B BT R 09 1R DR R AT . il an, 2 32 3
Twitter b B85 3B A5 B W I, AT AT A 76 Ui 20 1 35 T4 41
SUW BT TN B Z AT IR T T . 7R HE S B 4 8 R, A
OGRS 4 1 T 1 2 B 1A A ) L ot 4% 8 306 1) 42 1 )
W Xiao AT S IR 1 R FRAE A9 B Z2 M DL e FOR 2%
2 A AR R AE SRR O B R L BT TR S RIS
BBERAT R, 5 B kAL 2R 3R L Xiao 54001 T iR &



FAT AR IR TR TR AA M AR A 7R At S U 4 AR BT B g vk 315

FURFIE (5 B Z [ A oh € AL AR G R L AR T8 5 FIRFE(E B
X P P S R (Y S5 R RRAE R 38 . Tong % R T — il it
TR 04 BE ML VT L R RAAE B AT B 5 T A T A
Jiik. Srivastava %R T — Rl R TR 45 ) 3 50 0 AR A
2 1F 47 % L #] (Recruitment for Active Fake News Correc-
tion, Rec AN , iZ WL il 38 3 5 & 45 2 BT 19 4> 14 I 30 A AT
ke AT T ] G 2 A% 3 ST I L DA 3 00 ok R A 1
FEOE M, Yu FEUI BRI T — Pl A 52 I 45 b B S R T
JTE R PR DL . Shan S50 78 43 1 He & XTI 2% 1Y) 3k il
bR T R T ZRIR A OSN #% & #H AL 1% 07 ¥k B
i A 58t BH 1E % R I AR R R AT .

3 gk R AR O U B TR R A HL P AL 4 B O 1X
A S AR L TR 2 A I B 2 TR A R A AR DL R
By #a i, oA ¥ EETHAIRRE TEBY B
B, 0 Lu S0 WRSE T 2 W 4 rh KO 5 E N Y 58 A 5
I B, AT T — R Y P YRR, Ak A T e AR
[ AL e 45 7Y ( Stochastic Block Model, SBM) [ Bifi #L I’ 2% 7, 5
G B EAE LR 2B L DR T P A e A e,
Liu 5508 45 & SRR 5 4% 56 o 12 vh 22 76 (9 DA AR S50 L 1 Bl 1
FRISH TS AR, Li 0@ o R —
FEMZ N HEEY B B A EAEN L M E S LR i
T R e S Y AR SE S AL 091 B YT BUC AL, Kaligotla
SRS AR A BIAELE AP HT T S8 A MU S AR T R A
1328 I 20l 1o B k5 R X TR S A L. AT
M A5 238 1 T b, W B TR o MBI AF B 1L RS
Rl CRIV e /A AL it A 000G 1 39 s i) o BT X IL 2R R, He
U TR TS LT AN -1/ sk, &
ML LR RZ RIS H W EM . R, & IS H
T o S it — e it AT A7 A S AR Y SR AR

3 BB S E S

3.1 HEEEMEX

h T A IAE B AR RGN A AR SO e g
{5 B E X

EX 1 HllfE B R OSN 7 Zeli & LB EEN
RE % i 1 TR L L= B A P9 2 B A R 1R B (Misinforma-
tion) | JE & {Z B, (Disinformation) DA } % & {% B (Malinforma-
tion) 3 FpIEAY,

IR R REARFHENERNE . BERESERERE
EIHAEERBRENAE, BREELN A ZEBE . &
A NOE =B
3.2 EEMEBER

AfmE G=(V,E) FRFELL 3 M4, HrhV 2k W 4
P SES EAME R ES . BN AT A
PR A48 R CRIAAAE SCTE S R o 7R — B 21, 76 26 1 38 W 4%
B 2 AT A B e 0 2% T B E A T A BT B m
IS A HEAT R & (R YY) .

A A X 2% v 1 {5 I8 AZ R B W] L4 O LR 3
7995 1% Ye BT 80 (4 ST, SIR I SIS #580) L K 5% Wi 3 3 s
(o IC, LT #1) , ASCR H 5w J7 4 Bgs iy, Bt 57 20 05

i

br=y
L
7

(Independence Cascade, IC) F1 & 14 [& {& ( Linear Threshold,
LTRAL,

(DIC BEAL — A YT A v DU ST A% p, o R
ABFEAT R s I B — A B R — L 2 B AR R

(LT BERL ARG L w J2 75 R M5 B Bk T 3
JIEAT AR B9 4 v € N (o) (152 M A b(,.wZﬁvE%mbw . TEF)
TERIRAS A R S M e B — N EME 0, € [0,1], TE A,
BT — W 220 e ) 5 A PR R OR AS , BRI Y AR w B9
AP B RN EZMRTHET 0,, EI]’LJE%w)bv.iL-}
0.5 5 o BB

9 E TR L AL 32 0 46 A B AL AR AL O SCaE 4 LT M
B RAEHME R m BAEREA S 028 U8 2 00 Ar o2
o 2 A A S SR 47 AL 1 A7 S ) % B R LB AE T I (]
T 25 R R A 9 45 ol £ R I A 4 o 7E — Y
P BB REIR {5 Bl o LT BB AE 2 AL 3%, 1 o
Xt TRV (5 B 332 BME N o, € [0. 1], 1 TRERAS B A AT
15 PR T AR R B B A 0 T PR SRR R
HZAMAER, P AR SR o, IE/NT 0, .

3.3 @ik

I 0t A S 0 390 1] T 9055 5 00 298 52 o g A IR AL 95 U1 AR
Ko HE B 5 REE AR B — & A JF B RA MR
W E B S E TS, 78IS HE R b, B BE IR AR B
s MG S S TR R AT i E B kS, —Fb
BRI 5 1 2 5] A RE T8 T L o (8 G A 1Ll A5 8L B0 ok Z A S R
FEREBIRIEG P . — B A BT F B, 28 M8 & (gt
32 E) LT LUE G SR 3 2 i P 2 5 (R REIR AR B ok
7 LA T A T 0 R GO, S DA /N A A i A U
Je ity F P A

R IH A SR A 2k 32 190 2% 411 45 8 A T 90 1) T e A
7 B4 S IR ARG A IR) A T B S R A RS T R A v A
TE— U R TR R IF R A 192 15 35 40 2 J
AR, BRI S 5 # R0 B B 3EE Rk .

TEAR SCI 7 85 st IR AT A 2R A A0 v, BRI 1 MR 8 1R
GRS AT S, M2 R 2 5 1P AR 8 R R R A5
1Y SRS T DR 3 . 7 ST B AR AV il S 0 B — B B L B
75 A8 A D B L AR L i S BT 3 R R o R
S I M P X R IR 1R B 2 51 Bk g BT
WL LI R A H B 80as . 7RI Se AR (A AR TR B 28 — B BLL M
25 rb R TP A D 3B B L AR B A il I OO TR X R T Ao AR Y
S 5 B RAG R . BT LA L4 0T L 00 8 5w AR AT Tl 2 A
B B 19 5 s 48 £ 5 ) HL At B B 1 TR 5L S AR O R R
[ B 2% 112 2k 3 T R X 3 B A 3 AL SE A . R TR R
eS0T R T A R R IR

1 T B M A 3 Ao 1) 0 4 P R 2 5 0 P SO e B O
2ok R B0 B A O B HL S B AT T E R, B
B H AR TP B B0 G TP X RE 345 B % R A
P[] 4 A A ik ) K5 52 il 4 WA TR 403 451 43 TE 4 4% > 2 5
FOBRAEZMH RS EZRM,. Achigs 50 P
ARAT AR S A A B 25 1P $8A BEHTRY L )8 IE



316

Computer Science THEHMLEL2  Vol. 48, No. 3, Mar. 2021

. F, 5P o A0 R w, SR W FRLLH P
n PN N ETE P BB H ), B

w, =W )

SKSE5HAP LA M AT &K B iR,
WL, Z 5P n BROH sREORT LUBE SR 3R AT 10 i B 25 o
FRAT H I T 2 A A, an =K (2) i

U, =w, —a,, (2)
Hv,a, HYFHP o BUEBAHEFEMNKZE., HiL. 25
FH P 3 53 SR AR DA 04 2580 e A0 Ak 1] 880 8 SR A5 L B 0 SR e

Syt TR

ax~"—W—a,c, 3
>0 7;16”

A S BRE M AE  OH BRCh H 2 5 T ke T AL
a8 G/ A R M5 B A% BB T D f Ce, ) 0825 B 32 i A9 22 )

Uwm :”ﬁlrnf(c,, ) —W 4)
H,x, AP o AL AT R0 T I 45, 2, SHFW
Lt SAE R VI OC. FES 5 M Pl 5 K RE i E B
RAT XS o fE Bk IR L F B E R EES SN
BN SN = SRR 04 i o 2 A0 A X P L 22 0 K 3 W T 9%
G, 722 5 1 P &% R T8 8 e B v BE A A I8
oA Hz W o B 7 T B 0 4TS T A LD ) K 2 BRI, B
T 128 B &0 B N RO TR 2R R BB R £ 20 XA
A X B R A A R L IR AR SR BT B BUAE S f R
AR N M, BEL 15 W 04 280 R R U AR Dy

U,w:”il',,log(c,,)*W (5)

Xof T B W A Ok UG, K B AR 2 5 P AR
Jih o s KA A BT, [ B B W R S R
15 B & W] e a B ™ T 09 B 0T CBIR B R L TR I W AN
AN LA AR E SR IR A TE R R B2 T, Wi,
B W SO SR AR R I R

AL A 2.

m“z/lxé:lf,,log(c",, (W))—WwW (6)

T ARAG TR 1 F 2 20 B T A SCIY Hn 38 5 AR A A% il 2 A
R, T SRR 2R B B b R e B T B e IR AR K T2 8
fi#t (Stackerberg Equilibrium, SE) , 7E % ¥ #f &, T Z S &
T 2 38 B H0 AN 23 B TG b B0 S s DT T 5 47 B B Ok AR A
MR M 5 AR SCEA Y SE B LANF .

EX2 REW" REiibm @ 2 R c={c n=
1.2, N} AL 1 hag4~2 50 P g . % T
EBEN W, o) Hrp W=0,¢20, 24 H AU 2 UL TR % 2
BF . (W o™ ) W8 se AR AR 2R 19 SE i .

Uuy(W” .e¢" ) ZUy(W.ce™) 7

U, (e se” s W H=U,(¢,5¢”, s W), Vo (8

(BLAS T BT R 7 7 38 S IR AT RS T2 v L O A S o 3B
B (Z 5P B S, Bl S 405 3 (BRI I 0 4
BREE RN E A O RSOt N, B, RS TR
A3 A OB R 1] 4 5 00 T R ) i BT B S R AN A Tl
EAN BRI N

4 XtHTIE e /R B AR B IR E AR A S A

4.1 FEEHEBRNEEEE

SELV I A8 R O L 0t A R B A 48 5 0Ok 9 B R T W
Z 5l it 2 5 R AR AR K LR AL AU L A
WXA2 5P Z I8 B — A48 & VB4 A 3 £ 128 (Non-
Cooperative Input Selective Game, NISG) G = [ F, {C, }
(U, CO ] HP FRSEHAPES.C, ES S5 n KR
ZELU,C RSS2 AN KA. U, AT 0D
A )RR

U,=—"W—a,c, (9
e,
n=1
KU, XF e, W—BM_pr 8 IS,
w,_ =W (10)
de, (e, +2e)? n
iFn
2 —22c,W
e ,
U, = (a1

9 (e

Mo AU, MU, B SRR AT,
Rt 2 T SR AF I K AR 24— B S 8056 T 0 W, AT 45 40 B 1
AR

o = T =3 a2

a, i#n

P T 45 AN P o e L I 5 s i 4 2 e HL A Y A R
W YA H P ER A A T AR B R e 1Y Sh AL, NISG
KB A 34 47 (Nash Equilibrium, NE), 725 3042 2 71 1 3k
3 M NISG By NE fémE— 1

EIE 1(NE WFEEEMME—M)  NISG 76— NE
i HW T n, Hodme s ms T LUl F 20 52

o =(1a71<§11>jw<51>

;W“n Ea,,
W R T 153 NE f##, 80P RBGCAD 45 10 89 &k

13

Wi 17 56 W ¢, *gc',o A e ] PAAS ]

o =A" (r%A* ) (14)

Soh AT = Sl ot N AP R R S
A :(N—l)W/gla,,o HHARARX 13), " TLIA 2

o =(1an<i\11)jw<‘;’w1> (15
R AR E 0 B 2, 2 R B A v 7 R BRI Y L 0 B
H0 B4 NE ZHE—1  RESIEY ¢, R FLRZER, K
1t . NISG /715 ME— B NE fift
4.2 BEERLERMRERME
R 5 — W B 25 v 4 5 5 1 P 0 B A SR L 07 8 e R
FTRS TR 10 400 2 ) 46 W45 30 ) a2 LI A S s W LA die R
IR .



FAT AR IR TR TR AA M AR A 7R At S U 4 AR BT B g vk 317

B AOPW e AR E 2 g, v LA E] .

; LN—D N
maxz\:f”log((l_a N, jVV(;\]DjW (16)
W=t ;du a,
ST LA b R BOR T WO — B A B S % T L

Wy _ hxw
w1 an
PUu_ Nz,
W ,%IWZ (a8

Horb Uy Wy b 8, 2 H— B 805 T 0, 0] 45X 07 19 e 1

U :"illy, (19)
R A8 5 M BT A 2 55 P 0 v P DA R AT {5 B SR iff o K
Jil . BRAE T GR AR 0 38 SO R A0S PR A S 4 A . T AR L
F 2 SR Uk B 4T B8 S AR AT b 2 2 A6 8 A A M R —

EIE 2(SE MAEEAME—M) KA M9 4N
e DR mE R Ce™ W) Sy s AR A TR) R 1R 2 B 3 B 5 R AR A%
TR 1 O — 39 £ 17

IEM i TR D8 E B NISG ¥4 /i NE i, A 4R
0 PR PR e, BT 0 vl IR A IR S A R R A AR . RIS, i T
3k NISG 9541 14 25 1 49 47§ 415 J2 ME — 9, D0 357 2% o /R
A% X5 it R e — A9 . P SR E B T TR B R AR A 38 A Y A
P T — P

5 ETHERRAERBEENEAMERERTFREXL

BET LA B G T M B S IR AR RS 18 8 00 A AT L AR SCER Y I 4
W LIS P PSR S . TG 1 e I % M A 0 S Dl TR
B 1 (Award Decision Algorithm, ADA) DA K 2 5 il P 1) 4y
i 2% A % £ B ¥ (Distributed Input Selection Algorithm,
DISAYZL B . 7E 52 BRI 46 v, o7 320550 ok AT L fa s /8 3 0 2%
Z: 5P RIS B R AL
5.1 MEKREENRMLRERE

1R 5 00 6% M 57 A 0 W 00 80 5 — L it £ 8 5 X L ith £ S
B 28 S A S50 Qs N AN TEAR SCRY BT IEIEWE) o il T 19 4% 1
EHERE T KT Ao T EEUES SRESE
BB WA T DR S AT HLh (5 BB SR R P
1S 5N 0CEHE B2 W I E AL XX QD FiR. R
2R T3 AT L AT 4 MR A I dee 0 2 D e A L v
Fis o
EiE 1 BRI L
A A W A DG T R B RS L U RS 5

FUH GRS IR AR E 2 5 & 0ok AT E BT x,
it WA R PR W
Ll RS 55 EL BT QDRI REE W,

2. MEHHRINEN W RERATAS S5,
5.2 SE5RFPMSHABRNEREE

H1 = (15) s P 3 s P =0 A mT 0, 2 A~ 2 5 P TR i

FI T dne 0 S I 5 BERE i Hof 2 5 1 P i S 40 X

D http://snap. stanford. edu/data

WAL, HS5H 0] DURE H A 58 45 17 58 0 >k 9
AEHC SR . R A 4R A A A A SRR A
Z 5% n R HMS 5P RIS A KRB, . F
PRI 2 R,

Hix2 oAiBARER

A t=0. WA LT A S 50 P R CO) , ISUE B <=0

Hith 25 0P R R o

1.8 t=t+1,

AR Bu il N\ = A

o) / a-n W v G-D
C“ - ZCi 77219
i#n an  i#n

LR [CoO—CG—D [ <e ZHRBEL . HMELE AL 1 MBI 2,
6 FESWH

SR T VAR A SCRT R S A RO R T AN G SR
PEEY , BB E A 88234 AN 4039 4 A
ego-Facebook B4G 4 . i M 4 T ) 2 R B K 0. 6055, 4
B AL 34546 AT M 421578 AN Y cit-HepPh
HOHE S % M4 YT R R HCh 0. 28438,

AT BENL A S BOR A 3 sk i G e . ST
A o€V L FEL0,0. 5130 B N BEHLIE FEANE b, M IR EHE 0, =
0.2,0,=0.8, R T EMEEIN,MEMLETH 100 MHFS5
Wik s R Mg, X TEANMS 5P MILEEE S
Boa, Ma,. T R—F 4R G B ARG R, 3547 500
YRR DL 92 0 USROS {8 . 76 B S 30 19 R 4, FRATT A AL Bk
TE 5 AR SRR AT AR B om FHME BT LT B A
W25 R AT A5 R . 24 R 45 R e L T BT R B 5%
A 15 2% W A5 35 A0 0 KL 5 8 A7 7E I I LG AT T TR At

550 B DISA Mk st . BRI A 100 MM P S
S s R AR R e S 5 P AR 3 AN P
WL M, BIAEALAEBL. ANl 1 JF 7R, DISA ¥ HETE 7 %
A& LA P IRAF WSS, 56 BA B L AR St . RS BR e, 2
o 255 Wi o W 38 L A A B e T AT 4 1R HE R A SR g W
TR 01 45 16 1% 10U B 3 B 0T B8 S R A A T 2R 4 4

60

ol
o

50

45

S5/ P AR

40

35

1 2 3 4 5 6 7 8 9 10 11
DISAJ #3 A

1 DISA 5 il stk
Fig.1 Convergence of DISA

Hk Bt 2 5 F P o 19728 b3 W 45 58 % DL S 5 H
RSO R AR R, IR T 2 5 R O .
P 2 Brom 2% A 3 RN B 2 5 T B B R 3% Jn i 42
5 2 1125 P ) 00T D0 B P 8 0 8 i e I S afle
W, THEEN S EESSMAEEEm. K EEL
AP 2 53 ME BT BT E Sk, WX TS50k



318

Computer Science THEHMLEL2  Vol. 48, No. 3, Mar. 2021

Ui o Bl 3 4 2 BCHE A SO AT A 22 Dl K T I O 2 B 52
Fro DI WO T ARAR R AY T BOECR L BURTT RE 2 H fy
R SRR TE 2

100

B 90 r
= » //r_-—._.__
®

L

=

“

P 40

E™ —— W A

gm 30 —— B HHHTFHYA
e

20
10

K2 MHASZSH5HPRENLER
Fig. 2 Utility vs. number of users
ST U B AR S R ARk e T LA B A T AR, 3RAT

PR T 4 MR XL, o, O T 5 A 5 0 N i RN 3= S
R AT B T AT] o  BEL G 2 (BB ML B % 100 AN AT
RE) LA B U T G O vk (R B B B AR RO PR
100 ANH S AT ) BEAT X b . RIS, BB T R R T G A
FHZELE T WL, B Yo 250 32 A9 LA-Greedy 8 %,
DL Wan S8 505 48 W0 3 F 2R Ie 0 T IOk M (R 2 R
Wan 5150, R T B A SCAT SR Mg 2tk (5 4 Fh
X L B 3 19 SRR R — B0, BRI A T R AL AR
] (W AR LA-Greedy 55) o A S REE A5 B X B T Wan H
B WIERER . ME B AR R SRR RS R AT M
g bR LN 5 B A E . T 3 AT 500 RS G &Y
WIEHBME . o LG A SCRT R 50k I A F B ML S s L PO
PE A L K LA-Greedy 3 F 5%, HIE T T Wan B,
W WA A ST $ R B T AR g ) F TR

05 —OCF R

1
08 O FROBF RAR
0 LA-Greedy$f 3k
07 W Wandf

06
05
04
03
02
01

e R R Hp

0
ego-Facebook #(# 4 cit-HepPh#( 4 4

P 3 TR B A T BBOR LA
Fig.3 Comparison of intervention effects of different algorithms
BEAh . T DISA SRECT 234 389 fif e J5 58 A SCRT R 55
RTEW A A A L BAT SE S Sy, il B 4 T AR SO 4R Bk
¥R i) 52 2% 8 D S8 O T v M T R B 1 M LA Grreedy 55
15 AR BEAL G 8 BAT B A A I 1] 2 2% B (HUHC T BBCR B 2%

0
ego-Facebook$(# %

cit-HepPh## %

P4 AT 3 A e i) 52 2 3 L3R

Fig.4 Comparison of time complexity of different algorithms

B R BT BUE o, B T AR SORT $ 55005 T BURCR 1 52 0 L 1%
o, €[0.1,0.45], WK 4 FTHLBEE o, B, 0 26 b gk
DEHLMAR SR S IR 2 K, X B E N o, KRBT A%
XTREVE AR B HE AR o, B/ 2 AR R IR AR B A
ST BETRARE AL AR S o, AH R H B T TURCR AL B
1 R SEBR L 9 405 AR 2 R RE M 3 A O SR 4 R R O
FEMATEE.
£ o

012
= 010

REA KA

008
010 015 020 025 030 035 040 045 050

5 BH o, 5 RO X R
Fig. 5 Relationship between threshold o, and proportion of

infected nodes

GRIE RIS A b B R A SR R
KESARFHINAE S . SR AR M5 B A R e, Al e
S B TE WA R P i B 2R A S 23K 0 R AR S T R B 4 T
B RATYT . L L A SCl i v B 42 Dl i 7 sC 8 I 22 19
ok 2ok NS i EPSY R AT i A NI RCE iR NEPSYiA A
SO oo 38 I o A ST B8 SR A A% 1 BT 8 A A ) A7 T R A e —
P AR SCHE S 1 30T S R AF AR T2 A9 R QA A A L O 4R 1 T 2
TR AR H AR S T WU . B SR WL A LA B
IR T O 245 235 K9 Y B 8 SR e LA R G Al B T SRR B T BOR
W AR SCRT $R L RE S A R R LM AR B L8R, T — 2
o 2 A Y BRE S T AT S8 P A (R ) B R B0 R
oGP SE X IR R R R SE L R SRR SRS B W
Z 1) B BRI O 2R, LA KR AT A S R LAY O [ 5 B =2 ) Y 5
T Ae) I B4 1 FE 3 o

2 % X M

[1] WANG ] K,YU H,WANG X H,et al. Dissemination and con-
trol model of public opinion in online social networks based on
users’ relative weight[J]. Systems Engineering-Theory &. Prac-
tice,2019,39(6) :1565-1579.

[2] ZUO L M,XIA P P,HU K X,et al. Propagation model of public
opinion about ICO in social network environment[]J]. Computer
Engineering and Design.2019.40(11) ;3247-3253.

[3] PENG S,WANG G,ZHOU Y,et al. An Immunization Frame-
work for Social Networks Through Big Data Based Influence
Modeling[ ] ]. IEEE Transactions on Dependable and Secure
Computing,2019,16(6) :984-995.

[4] SHANG R H,ZHANG W T,JIAO L C,et al. Dynamic Immuni-
zation Node Model for Complex Networks Based on Community
Structure and Threshold [ ]J]. IEEE Transactions on Cyberne-
tics,2020(5) :1-14.

[5] XIN Y.GAO C,WANG Z,et al. Discerning influential spreaders
in complex networks by accounting the spreading heterogeneity
of the nodes[J]. IEEE Access,2019,7:92070-92078.

[6] LIU Y,WANG X,KURTHS ]J. Framework of Evolutionary Al-



e
=G ar

A TR T SO ORAA M AR A TR St 2 U NS BT g vk

319

[7]

(8]

9]

[10]

[11]

(12]

[13]

[14]

[16]

gorithm for Investigation of Influential Nodes in Complex Net-
works[ J]. IEEE Transactions on Evolutionary Computation.,
2019,23(6):1049-1063.

YANG Y,WU C X,HE M,et al. Negative Influence Minimiza-
tion Algorithm for Social Networks[J/OL]. Journal of System
Simulation. http://kns. cnki. net/kems/detail/11. 3092, V.
20120120. 1422. 002. html. 2019.

ZHUKOV D,ZALTCMAN A G,KHVATOVA T Y. Forecas-
ting Changes in States in Social Networks and Sentiment Securi-
ty Using the Principles of Percolation Theory and Stochastic
Dynamics[ C]// 2019 International Conference on Quality Man-
agement, Transport and Information Security, Information
Technologies(IT&QM&.IS). 2019:149-153.

ZHENG J,PAN L. Least Cost Rumor Community Blocking op-
timization in Social Networks[ C] // Third International Confe-
rence on Security of Smart Cities, Industrial Control System and
Communications (SSIC). 2018.

JOHNSON N F.LEAHY R.RESTREPO N J.et al. Hidden re-
silience and adaptive dynamics of the global online hate ecology
[J]. Nature,2019,573:261-265.

XIAO Y P,YANG Q F,SANG C Y,et al. Rumor Diffusion
Model Based on Representation Learning and Anti-Rumor[]].
IEEE Transactions on Network and Service Management, 2020
(5):1-14.

TONG G M,WU W L,GUO L,et al. An Efficient Randomized
Algorithm for Rumor Blocking in Online Social Networks|[ ] ].
arXiv:1701. 02368.

SRIVASTAVA A,KANNAN R,CHELMIS C, et al. RecANt:
Network-based Recruitment for Active Fake News Correction
[C]//2019 IEEE International Conference on Big Data (Big Da-
ta). 2019:940-949.

YU Y X,WANG L. An advertising game theory decision-ma-
king mechanism for overlapping seeds in geo-social network[]].
Journal of Computer Research and Development, 2019,56(6) :
1302-1311.

SHAN F F.LI H,ZHU H. Game theory based forwarding con-
trol method for social network[ ] ]. Journal on Communications,
2018,39(3) :172-180.

YAO C,ZHANG Y,ZHANG X,et al. Competitive Influence
Blocking in Online Social Networks: A Case Study on WeChat

[C]// 2018 24th Asia-Pacific Conference on Communications
(APCC). 2018:251-256.

[17] LU P E,PENG Y H,CHANG C S,et al. Percolation Threshold

for Competitive Influence in Random Networks[]J/OL]. IEEE
Transactions on Computational Social Systems. https://arxiv.

org/pdf/ 1904. 05754. pdf,2020.

[18] LIU Y Z,PAN X Z,FU W. Social Network Rumor Spreading

Model Based on Bandwagon Game Between Nodes[ ]J]. Compu-
ter Engineering,2018,44(10):309-314.

[19] LI Q. WANG Z,WU B,et al. Competition and Cooperation: Dy-

namical Interplay Diffusion Between Social Topic Multiple Mes-
sages in Multiplex Networks[ ] ]. IEEE Transactions on Compu-
tational Social Systems,2019,6(3):467-478.

[20] KALIGOTLA C,YUCESAN E,CHICK S E. An agent based

model of spread of competing rumors through online interactions
on social medial C]// Proceedings of the 2015 Winter Simulation

Conference. 2015:3985-3996.

[21] HE Z,CA1Z,YU J,et al. Cost-efficient strategies for restraining

rumor spreading in mobile social networks[ ]J]. IEEE Trans.

Veh. Technol. ,2017,66(3) :2789-2800.

[227 MYERSON R B. Game theory:analysis of conflictl M]. Harvard

University Press,1997.

[23] WAN P,WANG X,WANG X.et al. Intervening coupling diffu-

sion of competitive information in online social networks[]].
IEEE Transactions on Knowledge and Data Engineering. DOI:
10. 1109/ TKDE. 2019. 2954901.

YUAN De-yu, born in 1986, Ph.D, lec-
turer, Ph. D supervisor. His main re-
search interests include cyber security

and complex networks.

GAO Jian,born in 1982, Ph.D, associate
professor. His main research interests
include cyber security, malware and

botnet.



