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1R P v;.
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s, 2 {(a,vi,t) } FoaRH T v 7t BFTE
IE a, AJeH U RER T, I T8 B BB AT A
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EX 1 HFPEH Deg(v;)
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ez, Kz SANEHE d™ (v;). B8

Deg(vi) = d* (v;) + d” (vi). (1)

EX2 HPNEC,(v)
FH 3 (between) & SN 28 5560 1% 12 H 4
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v; T R AR HON Opg (v;). FESLEERN B, H v, 1
I HATE LN

Cp(v;) = Z Z %;7(’01)' (2)
pEV q#peV pa
EX3 HFREEEC(v)

F 7 %% (closeness) & SUAH P o, 5 4%
Al P S B B KK, B v, AR RS
B AKE A 2R, S MghE N
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YE d(vi,v;), WIS AT € SR

Coltr) = 1 3)

N .
Z d(?)i, Uj)
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®1 NIRRT KAk

Table 1. Symbols and descriptions of internal attribute.

Frs (i) Eiiip
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B3 ANEERAS R

2) AR HYERE

S At G e A AT I 3R] 3 AH [EE B S
J& R RGN B 2%, E 2L 2 I 2% 55 I et 57
AN, FEEE B A= Y E B
WA R, B, R A2 M2 5 B2 AT
FEARTR R B EAR, 2R RS BAT NS BAL ik
Sy R T EE A, N T I R Ak
A RS R R AT € A, G e Rt E Bk
BRI FAT idsk, ARSCREECH PRI AE B g PR T
®2.

EX 4 WAEMLES(v)

W2 FRALPE (similarity) & XN P v AN A
R 1 AR A AR . M H 5 AR A
AN S B o IR EOCEE T, F Jaccard F &
ITIH—MiHE. Jaccard REGER K, RHEENE
A A NGEBAE BRI M, Rz, IR
N A ARBGTIE BN, B A AT AR
()RRl DU P S AR A

ANB
Svi) = :A U B:'

EXS5 =W L(v;)
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FIEH P v, A2 75 = AT BE, F o 1A AT
S, BN E SR
Mm)z{L PR@Q>@, -
0, otherwise.

EX 6 WEHEKHF A(v,)

Alvg) 185 BRI o, B35 REBR A (active
user), 1AURIZH P 2iGEH P, 0K IZH P AR
R A ECARTE R, ATV OISR 4
& EMERE TR RIE FBCKR, VSR E N

Aloy) 1, Active(v;) > T, (©)
’Ui =
0, otherwise,

Hrh ) Active(v;) fREH P v, FITERRIBEL, 7 40T
ZHL.
Active(v;)
= p x Numlorig(v;)] + Num[retw(v;)],  (7)

Ha p e [0, M5tk &EL, Nlorig(v)] f
Niretw(v;)] 73 & F o, 78136 B T — 1 H
A AR TR R e i o )

EXT GERAERRNE ()

I(v) T8 W02 7 o K AAE B G, 1215 B i
TZH P merfdE,. Wi, BREDEAT
NAEAL S P2 AW H, Wy 2 59 R AL
Numl[read(uj)], Num[comt(u;)], Num[ret(u;)] 5
P v A2 BITRIE T8 8 A RS 1 — A B 25 i
P2 B R P R PR R B P I R L GRa AN
BT AT, BAZ T B0ME BAR R H 3 1A

I(v;) = n x Num[read(v;)] + Num[comt(v;)]
+ Numlret(v;)]. (8)

£2 HMBIEYERES SR

Table 2. Symbols and descriptions of external
attribute.
Fra (i Eiiipay
1 S(vs) R vg b2 5 AR A AR AU
9 L(v) FHL P g 75 7 L A5
3 A(v;) P v BB NTERH P
4 I(v;) (EfSY iz Tiiezibal

N TET R, ARG — 5 i KRR
Frog SEWIANERIREN IR R, Ko = 1,2,3,4 0%
Eid 4 Ehas R L.

2.3 [E@RRL

AR SCHE S BRSO3 M A5 S A% 1 R K
AT 9N T35 AL, F2 IR T A AR TRV R R AE
G ATRKER, WK1 PR, BB
i 3 5 3 33t — 20 o3 M FH P B2 T 0 A5 R e IR B2
FISZIR, IR S AR A2 4R (5 B RS S, 1
TR T (N, 5 RS B2 [l A R 2R
S5 B2 ANRFE, ASCBE T AT AR
BRI 7158 T T,

-i-//' o mEkEE un//"
- - HECHE y
\ ® ) WasgEE & )

K1 (MTIREG) s

Fig. 1. (color online) Problem overview.

TE ¢ I (R BN, 25 8 JE A5 52 0 R 4= 1 D P
WRARMG(V, E) VLA WP 17 5247 9 3088
A= {(a 05, 1)}, LT LA

1) Gna) B2 B P S0 g 2 A SCRHUUT AT 93
1%, GG TR I N RS ZE R finternal (V)
MBS E R foxternal (vi), H 2 T0EMEREHT7 %
S LA 0 ) T f (0,)

2) AT B AL RS A SR )
B Inf(v;) SRR GEG ) AR R e A\
PRI 2 SRALER AR, Al I A5
BN G R MR R 0N 0(t), 1 — 0(t). #H,
WRFEV 537 AL 525 1 2 o JT R, AN ]
BFEE I P ARG (S}, {1}, { Ry}, BERUAS [ o B
RS HUR R EBUE .

3 & A
3.1 1ERELE

N TR G TR TR R A A R AR S AE 2R A
K2 PR, &%, RIS TP Nk,
A NAT 9 BRI B A2 HAad s A0 H P 520 g i
PR AAREAL, RN Z5 A N D248 BEA T P 28 B4
FE. ¥, tHRAL T R RS T R P BEAR A T
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WA P AR B2 R D7 3B A v B FE N R
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(ISR I

fith

LS INAS

A NIEAZALE
I

PR (AR
N

F A E AL

RFIESREL

fRRIEHILR

N
<FHF9€§M% O <x‘#1zliﬁ74|*xléﬁ O <iﬁ%ﬂ1§?§lwéﬁ O

2 MEAIRELE
Fig. 2. Model framework.

3.2 REEK

AR A5 S AL SR M 28 0 Pk R A 45 B L3
AT RSP P S0 ) B, R AS A B B
A ER. RRERWIE 3, KIS NPk
W20 S, AN TS B AR 4.

nAVE

/\Q
?@ \B

3 AEATRAN )3 A EB AN AN BB

Fig. 3. Internal and external factors of social influence.

AT NE B & AS - B S M
KRR R 5%, G R P B T R
PESE, IE 5 HANERAT VIR 5%, dnfE 2 A A AR Bk
P R P R T OB A S A TR Bl
1. EREARAISNAL, I v; (520 7 R 50N

I?’Lf(’l}l) = /BO + Bl X finternal(vi)

+ 52 X fexternal(vi)a (9)

B By, 1, o REIARA, 1% EA M
BRI 6 i, FEh, By, By R A
MR LILR A, A5 T 85T
TEOLAE I IR P IO LR finternal (vi) T
PR,

J

hmm@”zzlmﬁﬁm)

J=1 yev

(1=1,2,3), (10)

ot oy RN P v, ) e A 5 ) i P, AT B
P N T S Al SN R o maX(l/J(v))?‘J
H—AH T foxtornal(vi) A E’J%*ﬁg’ﬂﬁﬁ

J
fexternal Uz Z ( )

t,t

(g =1,2,3,4). (11)

B 15 S Eﬁﬁfﬂﬁﬁﬁﬁk%ﬁlwﬁﬁﬁﬁuﬁﬁh
GRS, DR, ZIKI%I)\:I:EﬁEIZI%I(l/z)
A E B MR AT RIS 18T T AR R, Ho, tﬁ\%
ARUHTI R, ) RN P o, BIRAT NI w R TE
ML 7, A w = 1000; x5 R H o 3)
BATNIENE, AT IO B AL 50 0400 V5 R E

SAERR 8 )15 P A H g .

N T WAERZ W AE B HUR AR L, AR
FH eScisk i SIR AR YA A AL 3R 1 A2, SIR A
H B = FORES: B GEIRAS S (suscep-
tible), IR AT (infected) HIERER (recov-
ered). AN[E P EFPIRES H B MUK T H P B
B WPIRA, 185 AT R BPIRASFH K.

X BRI I, ZAR R LT DL
3B

1) B TE B AR B A A IR AT

FATIA A AEWE TE T 18] B 9 FH P 4K 22 1) 38 KA
W FLARRRT, WO R AR 2R RN BE T e S M [
. 2 5ERABIH P BHURZRFE— N
N, fibLS+IT+R=1.
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2) 15 BAE RN L3R, — M P 5ER
CL R0 B gt 6 SR AT — B AL e e

3) i H P L3k E B G, &id — B H
(8 h) L AHZIH B R Z R, TR R s, &
L BRI Gt A SO E T T A A N
B T TRA 8 h.

IARAE TGRS I, DL A 2 Jsk gL ik T
Ty IR GRS AR JE A, BA p ORR RN S 2R
A A FAREE 4L, B TS BAE R AL,
IIETTRRU R
dS/dt = —ASH)I(1),
dI/dt = AS(H)I(t) — pl(t),
dR/dt = pul(t),
S+R+1=1.

ARG B R, P A5 BT A
RBEGERA VRGOS KA. B, Rik—14
b T ARSI v B m AR, WAk AN4E
JERAS A= B3R PR MR 22305 2 — I3 AT,

P(X = k) = (’Z) Inf (0)*(1 — nf(v:))™*
(k:O71727"'7m)7 (13)
AT — FH P AE BT 20 ¢ DO IRAS HORE R Ny
"k (m m—
00 = > 2 (1) 10sw 1 = Ingte)™

m
k=0

(12)

(k=0,1,2,-- ,m). (14)

L4 iR (12) 1

dS/dt = —0()SH)I(t),
dI/dt = BOSEI(E) — (1 - ID)L(Q),

dR/dt = (1 — 00)I(t),
S+I+R=1.

BEXTE LAt 2o W 2% T A5 AL IR U4 o, 2
EAERIA BN 1 SR B, SR R A S 2% T T S
EAESRY O A, B AN R G B ]  xHE R
ML R RE I ) BE, 12984215 AL i ot 2
%% AL AT, S S AS R P R B SR T R
A, BUME BALHEY B e, 70t AN R SE A
JUAE R 2% e (R 5 R R AU DA RS2 i 2 A% R 0
.

(15)

3.3 HEAEX

& e 1) STR A R (IR 25 e A8 2 Hsh /> BAR 4K
&, NONBE 2B A BRI BENLYE, M=
—EMRE, FENME S 28T bE Z BRI
PR EFXT UL R R, HEAT 7 — e, JR L
NS S AEL AL 2 WM AT VR L, AT 237 22
WA AR 77 3%, @ Sr R T H P52 1 8 SIR
PRk B, SRR S 2 0, IR ZE E, JEe

*3 B
Table 3. Model algorithm.

Algorithm 1 Model algorithm

Input

network: G = (V, E) action history in different times: A = {(a,v;,t)}

Output

factor influence Inf(v;); infection rate 6(¢), immunization rate 1 — 0(t); {St}, {It}, {R¢}

for each user u; do
initialize Sp, Io, Ro

for each topic t; of u; do

compute dynamic influence factor function { finterna1(vi)}, {fexternal(v:i)} from Egs.(1)—(8);

perform multiple linear regression to calculate influence factors Inf(v;) from Egs.(9)—(11);

obtain residual, confidence interval, parameter SBo, 51, B2

//perform binomial distribution
calculate P(X = k) and max term k
end for

execute mean field theory from Eq. (15)

calculate state changed probability 0(t) from Eq.(14)

result: get all influence factor Inf(v;), infection ratef(t), immunization rate 1 — 6(t),

user set {S:}, {I+}, {R:} at different time

end for
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Table 4. Statistics of topics.
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Fig. 4. (color online) Contrast between real situation and model results contrast: (a) SIR estimated pro-
portion of topic A; (b) contrast between real infected people and model estimation of topic A, N = 216792;
(c) SIR estimated proportion of topic B; (d) contrast between real infected people and model estimation of
topic B, N = 38188; (e) SIR estimated proportion of topic C; (f) contrast between real infected people and
model estimation of topic C, N = 39197.
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Abstract

With the development of online social networks, they rapidly become an ideal platform for information about social
information diffusion, commodity marketing, shopping recommendation, opinion expression and social consensus. The
social network information propagation has become a research hotspot correspondingly. Meanwhile, information diffu-
sion contains complex dynamic genesis in online social networks. In view of the diversity of information transmission,
the efficiency of propagation and the convenience of interaction, it is very important to regulate the accuracy, strengthen
the public opinion monitoring and formulating the information control strategy.

The purpose of this study is to quantify the intensity of the influence, especially provides a theoretical basis for
studying the state transition of different user groups in the evolution process. As existing epidemic model paid less at-
tention to influence factors and previous research about influence calculation mainly focused on static network topology
but ignored individual behavior characteristics, we propose an information diffusion dynamics model based on dynamic
user behaviors and influence. Firstly, according to the multiple linear regression model, we put forward a method to
analyze internal and external factors for influence formation from two aspects: personal memory and user interaction.
Secondly, for a similar propagation mechanism of information diffusion and epidemics spreading, in this paper we present
an improved SIR model based on mean-field theory by introducing influence factor.

The contribution of this paper can be summarized as follows. 1) For the influence quantification, different from the
current research work that mainly focuses on network structure, we integrate the internal factors and external factors,
and propose a user influence evaluation method based on the multiple linear regression model. The individual memory
principle is analyzed by combining user attributes and individual behavior. User interaction is also studied by using the
shortest path method in graph theory. 2) On modeling the information diffusion, by referring SIR model, we introduce
the user influence factor as the parameter of the state change into the epidemic model. The mean-field theory is used
to establish the differential equations. Subsequently, the novel information diffusion dynamics model and verification
method are proposed. The method avoids the randomness of the artificial setting parameters within the model, and
reveals the nature of multi-factors coupling in the information transmission.

Experimental results show that the optimized model can comprehend the principle and information diffusion mech-
anism of social influence from a more macroscopic level. The study can not only explain the internal and external
dynamics genesis of information diffusion, but also explore the behavioral characteristics and behavior laws of human. In

addition, we try to provide theoretical basis for situation awareness and control strategy of social information diffusion.
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