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Abstract The research of influence maximization in social networks is emerging as a promising
opportunity for successful viral marketing. Influence maximization with time-delay constraint (IMTC)
is to identify a set of initial individuals who will influence others and lead to a maximum value of
influence spread consequence under time-delay constraint. Most of the existing models focus on
optimizing the simulation consequence of influence spread, and time-delay factors and time-delay
constraint are always ignored. The credit distribution with time-delay constraint model (CDTC)
incorporates the meeting and activation probabilities to optimize the distribution of credit considering
time-delay constraint, and utilizes the optimized relationships of meeting and activation probabilities to
evaluate the ability to influence on adjacent individuals. Furthermore, the obstructive effect due to
repeated attempts of meeting and activation is reflected by the length of increased propagation paths.
After assigning the credit along with the increased propagation paths learned from users’ action-logs,
the nodes which obtain maximal marginal gain are selected to form the seed set by the greedy
algorithm with time-delay constraint (GA-TC). The experimental results based on real datasets show

that the proposed approach is more accurate and efficient compared with other related methods.
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Fig. 1 Influence spread consequence based on different models
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Fig. 4 Influence prediction for user actions

[ 4 AT R

5 HitE5RE

AR S 5 W) 0 A 4 4o e R A A B IR (] S 3R A
P o 11—l T I SE 24 R 4R e A B CDTC,
JFHE T Z A B T B T AE 2 A B0 B
GA-TC., Iz B K fift 52 W g 5 KAL) 8L AT 25 45 25
UL T A7 R BRGS0 e DL TR ARE 3R R0 UL T R R T
A A G M R R AT AR A R R AR Y R 1]
VT I P R 3 23553 532 W) 3 I 1) 30 sl 1) R 4 %
SR A8 Z F 0 B i) BEAT LA 5 . BR b 2 A1
TEAT A PATEE A - 38 % P A7 o0 B R P oG

EN Ry calb s I L E D el 1 a =R N (TP = m
KA Ay e i 1) BELRS A1 FH 458 59 81 4% 47 B A2 K BE 119
5 T B2 ARG i % AR PP, (6] B 45 A B S 24 3
ZEAT S X A P Y 3 ) R A A SRS (AT
AR 45 P 23 A B 3 L il DA A6 5 20 IS 9 3
S AR ST RO AU ol i ] LS AT
4 10 s - AT A 7 B AT Monte-Carlo K 41
T LS BG4 2R RS 0 Al o DA T K R
JE RRAR T 5300 A I 18] 52 2% B2 AR 5200 A 46 7 ThT .
TE SR HE T X B AT o fe 5 B AR 09 2 > 9F A UL T
LA T ML R L DR P L R I HE 2 TR A TR AT
(o 5 TRl % T L S B S W P P AT A s PR IE



392

HENMR S KB 2017, 54(2)

P06 T 5 e O B SE R A5 R R W AE CDTC A A
HE ] GA-TC 53k 0 90 0R 19 53 4 5 1 18 0T AR H
A e AR AT S

SIS IRAP NS A PIE - N AL F RS RLE 4
J7 i a] DUAE R KB T AR p i — 208 1 0, iR
T UL TG ARE 23 ok ¢ B P 0 S 38 4 fgh A5 A £ B R W Y
A REME AHR IF R B T 0 T B AT BB AFTE 1 i
TR . UG TP B8 R S R A O R I A B
Wi g B A PR FRATT AT LA i 2 2 P AT o H AR R
PP EIAT g > LA B AT DA i 4 1k 47 23 B« O R 45 2R
T B 08 T 09 4% 1% LA K AE T 23 A B9 0 5E 245 rp . B
W2 Ah  FATTIE wT LA i % P AT AR A R )
T S B 3 P B AT R R SR B AR L 3R
ATTH 2 252 X AN [ 285 0 ek 2 00 8% R AT i 2 L 1Y) 52
Wi 13 42 0 Bt S 3 S A A0 5 W) g A A R
IS 7 45 RAL G5

Z % x W

[1] Wu Xindong., Li Yi., Li Lei. Influence analysis in online
social networks [J]. Chinese Journal of Computers, 2014,
37(4): 735-752 (in Chinese)

(REEAR. B8R, £5. LALLM Z ROl iHE
Pl . 2014, 37(4): 735-752)

[2] Xu Ge, Zhang Sai, Chen Hao, et al. Measurement and
analysis in online social networks [J]. Chinese Journal of
Computers, 2014, 36(1): 165-188 (in Chinese)

(B sk3E, PR, 5. RS MM & 550000, it
BHLFH, 2014, 36(1); 165-188)

[3] Xiao Tao, Chen Yunfang. Zhang Wei, et al. Review of
influence in social networks [J]. Journal of Computer
Applications, 2014, 34(4) . 980-985 (in Chinese)

(W Brmo5, sk, . s Mg igm gkl it
BHLN . 2014, 34(4); 980-985)

[4] Domingos P, Richardson M. Mining the network value of
customers [ C] //Proc of the 7th ACM SIGKDD Int Conf on
Knowledge Discovery and Data Mining. New York: ACM,
2001: 57-66

[5] Richardson M, Domingos P. Mining knowledge-sharing sites
for viral marketing [C] //Proc of the 8th ACM SIGKDD Int
Conf on Knowledge Discovery and Data Mining. New York:
ACM, 2002: 61-70

[6] Kempe D, Kleinberg J. Tardos E. Maximizing the spread of
influence through a social network [C] //Proc of the 9th
ACM SIGKDD Int Conf on Knowledge Discovery and Data
Mining. New York: ACM, 2003; 137-146

[7]

(8]

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Rahimkhani K, Aleahmad A, Rahgozar M, et al. A fast
algorithm for finding most influential people based on the
threshold model [J].
Applications. 2015, 42(3): 1353-1361

linear Expert Systems with
Chen W, Yuan Y, Zhang L. Scalable influence maximization
in social networks under the linear threshold model [C] //
Proc of 2010 IEEE Int Conf on Data Mining. Piscataway.,N]J:
IEEE. 2010. 88-97

Chen W, Wang Y, Yang S. Efficient influence maximization
in social networks [C] //Proc of the 15th ACM SIGKDD Int
Conf on Knowledge Discovery and Data Mining. New York:
ACM., 2009: 199-207

Chen W, Wang C, Wang Y. Scalable influence maximization
for prevalent viral marketing in large-scale social networks
[C] /| Proc of the 16th ACM SIGKDD Int Conf on
Knowledge Discovery and Data Mining. New York: ACM,
2010: 1029-1038

Chen Wei, Lu Wei, Zhang Ning. Time-critical influence
maximization in social networks with time-delayed diffusion
process [ J]. Chinese Journal of Engineering Design, 2012,
19(5): 340-344

Yang D N, Hung H J, Lee W C, et al. Maximizing
acceptance probability for active friending in on-line social
networks [ C] //Proc of the 19th ACM SIGKDD Int Conf on
Knowledge Discovery and Data Mining. New York: ACM,
2013. 713-721

Li H, Bhowmick S S, Sun A. CINEMA: Conformity-aware
greedy algorithm for influence maximization in online social
networks [C] //Proc of the 16th Int Conf on Extending
Database Technology. New York: ACM, 2013. 323-334

Liu Q, Xiang B, Chen E, et al. Influence maximization over
large-scale social networks: A bounded linear approach [C] //
Proc of the 23rd ACM Int Conf on Information and
Knowledge Management. New York: ACM, 2014. 171-180
Goyal A, Bonchi F, Lakshmanan L. V S. A data-based
approach to social influence maximization [J]. VLDB
Endowment, 2011, 5(1).: 73-84

Saito K, Nakano R. Kimura M. Prediction of information
diffusion probabilities for independent cascade model [C] //
Proc of the 12th Int Conf on Knowledge-Based Intelligent
Information and Engineering Systems. Berlin: Springer,
2008: 67-75

Goyal A, Bonchi F, Lakshmanan I. V' S. Learning influence
probabilities in social networks [C] //Proc of the 3rd ACM
Int Conf on Web Search and Data Mining. New York: ACM,
2015 241-250

Mcauley J, Leskovec J. Image labeling on a network: Using
classification [J].

social-network metadata for image

Computer Vision-ECCV, 2012, 7575(1) . 828-841



R[S 5 485 45 - — b B T IoF S0 249 BT A0 4 2 ) 2% £ T 4 A G f A 2

393

[19]

Leskovec J, Kleinberg J. Faloutsos C. Graphs over time:
Densification laws, shrinking diameters and possible
explanations [ C] //Proc of the 11th ACM SIGKDD Int Conf
on Knowledge Discovery in Data Mining. New York: ACM,
2005 177-187

Deng Xiaoheng. born in 1974. Professor
and PhD at Central South University.
Senior member of CCF. His main research
interests include several areas in wireless
communications and networking, especially
on network transmission and routing

optimization with cross-layer design method.

Cao Dejuan, born in 1992. Master candidate in
the School of Information and Communication
Engineering, Central South University. Her
main research interests include influence
maximization in social networks and big

data analysis (caodejuan@csu. edu. cn).

Pan Yan, born in 1990. Master candidate
in the School of Information Science and
Engineering. Central South University.
His main research interests include
influence maximization in social networks

(panyan(@csu. edu. cn).

Shen Hailan, born in 1974. Received her
PhD degree from Central South University
in 2011. Currently associate professor at
the School of Information Science and
Engineering, Central South University.
Her main research interests include mobile
computing, big data analysis, and oppor-

tunistic network Chailansh@csu. edu. cn).

Chen Zhigang. born in 1964. PhD
supervisor. Fellow member of CCF. His
main research interests include network
computing and distributed processing (czg

@csu. edu. cn).



