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Research on Influence Maximization Problem Based on Dynamic Networks
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Abstract Influence spread is one of key problems about dynamic process problems on complex networks,and the re-

search results of influence maximization problem based on dynamic networks are less. We discussed dynamic independ-

ent cascade model and dynamic linear threshold model and proposed a dynamic influence maximization problem based on

above two models. Then, we presented an improved greedy algorithm, which eliminates the uncertainty of stochastic

models and improves its performance by using connected graph approach. The algorithm was validated on four datasets
with different sizes including AS, EMAIL, DELICIOUS and DBLP. The results show that, the size of influence spread of

our algorithm has an obvious advantage and time efficiency is better compared with HT algorithm,
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BE 1
1. A=9

2.fori=1 to k do
3. vy=argmax ¢ (6(AU{u}) —6(A))
4. A=AU{w}
5. end for

EEE 1 P RRAEERETERK (A, AT H
AEEA AT ERBI SRR . ER, 7 LIRA Monte
Carlo J7 i ZWEIIE WY B , LU R MHE R R 3R45 L 10
MR, BREBIF AERS KW IEER R MEBE T A
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(b HOAEHHET R YOEFTHOSME (L/R) 33, Ik 2 7R
ok 1 RISEN 2 FTLLEI SAE DU M HOR I A4 % O
(kR JE 1y 53 5130 B 44 6345 5 BR300 Di fMod
C ORI O,

WiE2 oAU (o)
1while v€V\A do
2.fori=1to R do
3. ¢ =DifMod(AU {v})//DifMod( « YHATHA 1A
4. end for

B Y Greedy

R
5.0(AU{v))= (l/R)Z)lci,
6. end while
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3.1 ZhEMLE

WEZHNIIEREET & RME, LB HE—
SE B ] 9 BT R B BT A AR LA Rk 2 ) 232 EL IR R
BEXF ML, RITEZBET TG MA M FER,
M RBET A BRI E R E R TehAME. 3
ARG REZN MK R EFF], AR LR K0
UPTILER B A A B 8] B0 32 AR A P £ , 78X L AR
SERTEIR BN . ZERA IR BB W 4 v B B
A HIETANBEME D, W HIHEMEF T
SRR RN . T4 AR MAEREENE
X

EX1 4 G=, ,EDRFNA : I FEHE, K
V.V BRIERZ] : MEBIFTHE MRS, (wyvw) €E FoR
B %) MEBW MEu 5o ZEWRE,t€{1,,T}. G

EX 2 hERE G=(G,,Gr)RE G=(V,E){IH
#EtE s wE V=U.V.,, E=UE UU:1 (usvr). e
(v rvun) €E RERBINA R B,

B L% T RA 5 ARl 5 MRS FI R A
HEMERRE. K, BREBFR VT RAEREEE
AT ZIRBEBONE D], MBARBN 52 HK. LLRR
AT ZE BT EEN A R ZE LM TR, AR R
] S Z E B R H AR AN R AT 8 B, RN b —
B AL FRIE ST SET — RS, B 1W)EE 1
(D B B, ELEERT ARV R EZE MR ER.



b c d

a
=1 H

I 8 b < d e
= O M"_/,‘ < T
=5 .\xj_.’)

(=) SHEAE

Bl —Ashsmegre

3.2 ZHEMERE
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o B 75 2 57 2 B 4 & (Dynamic Independent Cascade
Model, DICM)
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(AU{oHFR AU (v} E Gp LTRSS %, =1Fc,
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I BB C=Fu (A), ¥ o€ O\A #54 9,= | C.
RIERIT A «€Vo\C IEEERNY RES H. SV, N
Vo€ H, #A ¢.=|C|+|H,|. 4 C=F;, ( AUH, FE&XE
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b, BRI R B HEE IGA,

Hix 4 mprovedGreedyAlgorithm(G, k)
1. A=@,R=10000
2.for i=1 to k do
3. forj=1toRdo
4 Construct Graph Gi,= (Vi,,E})
5. Compute ¢}, = |F(;5D (AU {v})| for all v& V'"D\A
6

end for
1 &
7. A=Al {argmaxsewna (—izlcp’v) }
e

8. end for
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BAVETE 4 MHEMEEE FRIEFTRBLHER. 5
—MEAEFEK A T H Michael Ley i3 # DBLP i+ B HLE 2
SCHRBE FE (http: //dblp. uni-trier. de/db/index, html) ., 4]
AT AR XML # N8R e 1980 4EF) 2009 4R1H]
REROFALEUFENRNHEIMEE DTS, ZMES
FF 655491 AT 2007381 KRBV CREERH, FRED.
TABAELE SR B T Oregon K209 Route Views I H (http: //
www. routeviews. org), ZBIIBEPL T TN 1997 £ 11 H
2] 2000 4E 1 H 8] Internet | B 14 &4t (Autonomous System,
AS)ZRIMRBERZEE L. HIEHENFESTLE 6474 4
A 26467 1. FAMBTANEEER B FoCEk(14]: — 12
EMAIL %%, i itHa M 2003 48 10 H F] 2005 4E 5 A , %K
4P 35756 MY SN 123254 il 5 — P RER SR
DELICIOUS, g 203234 4~ s #l 430707 &2 ¥ B, W 4 A
B10MNH., R1IAHT Lk 4 MEBEEWHXER.

5.1

x1 HEKRER
HERLHK  TRK #¥k RN
AS 6474 26467 27 months
EMAIL 35756 123254 18 months
DELICIOUS 203234 430707 10 months
DBLP 655491 2007381 30 years
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1<E§T| N(y—1) UN('U,) ' @
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DICM &I 3% i ] — B S BE SR p=0. 05, DLTM B Y rp 45
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SE35adfal 4> 804 953 B 7161 B 4R, HEIRE P B
BELFTBULE T, Greedy B 3 B R BT, i HH7E 24
RUSEIRIFIR F B ILR RS, H i, B 2 F8A B/ Greed-
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MERHZ 6. Degree i KANE KB 470 o] M AR F5 £ 2
B,

Datasets

2 AREERE 4 MEER LETT DICM BRI KR

-———- Random|
Degree . »
HT T
k| —— IGA -
@ <~ Greedy | ¥
¥ =L
¢ (./
< r
N &l D T B .
¢ 5 1 15 @ » 3 %0 5 W0 1B 20 2 3
Tnitial Set Size Tnitial Set Size
(a) AS - (b) EMAIL
800 — " — —
-~~~ Random| - || - - Random
700 Degree T B Degree -
g 600~ -HT e " 3000{|— - HT -~
# ol 1A o 4§ peopll>—1GA
% w0 3 w0 e
2 g -
3w . Z 1500 ;
200 v < 1000 A
100] 7 soof
oL e o o - ol
5 10 15 20 20 0 5 10 15 2 B %
Initial Set Size Initial Set Size
(c) DELICIOUS {d) DBLFP

B3 FRIERE 4 $iEE BiEfT DICM BRI Emy 8as R

B 3 BATARBRE ¢ MRS ERERY BER.
BAAIRFRPIREIE T RB S, T A 45R A DICM BRI
WA L, AR A ME T AP ERER. v T



Greedy B 3: 76 303842 DELICIOUS #1 DBLP | f AR Al 471,
E 3COFIE 3(D TR HBFH Greedy HEMBITER. K
@ 3 AT LB S, {8 Random BB R MNMKB Y SELH
B/ TSR . (85889 Degree j§ R ABHEE MRS
RSN S B BT Random B 8, H AT IHES FHA
By, ER/MEBEES ASHEMALL F IGABRILT Y
Greedy BB ME R -, M5 HT BEE ML, EFE
4. 1%/ 4L 2 BB BAE S, TER KM EBIESE DEL-
CIOUS #1 DBLP |, IGA B8 H B KRR RReE BRI
HeRE. EE 3o FIE 3(DH, IGA BEEMY BN EEEL
HT E:4% 46. 8% 29%,

- DLTM

B4 5 Rk T AREEMEH DLTM &R
AS EMAIL,DELICIOUS F1 DBLP 4 M4 b 247648
MEEWMY BME, RMNHBB TS5 DICM WL, &
DLTM H,IGA B 7ERT 8] _E BT F Greedy B HT B
B AR WY ST T, IGA B3R T Greedy B H
BT HT k. Degree Bk Random Bik#e Fik 3 #
B BAREREBH T AEMRE LAEHREN, ATIHER
BEYRBESENMILEE B Ry R A ES
gp-%

Random|
—= Degrec -
— - HT T
—e IGA ed
—i— Greedy

Active Set size
Bgzg8:88

100

15

=

Initia]l Set Size Initial Set Size
_ (=) AS it (b) EMAIL
3 8
------- Random| g 7|[-— Randon P
Degree - Degree o
HT = g ¢ ar o
§ of—GA . Y| IGA .
¥ o
& 15 - - .
2 ’ 2 3 g
g 1 * <
< - 2
05 - 1
° P e T e
o0 5 1 15 2 » % 0 N R )
Initial Set Size Initisl Set Size
(c) DELICIOUS (d) DBLP

B5 RRMKTE 4 TR LETT DLTM SR ME MY SR

GRIE ASURE T ShA R BB w8 b I A, 1
RTS8 M T RRBEA A SR EREERNOELLR, 4
T EFXPMER ) 3h A R v B K AL [R) R NP-hard 8] &
W, ATHREX—EERET - REHEE:
IGA, FZEERF R 4 N ¥E4E AS,EMAIL, DELICIOUS
1 DBLP L#47 7 HiE, WERE RAT T HREANTR. 5§
HT #H L, AR NG IGA BEEEEmy BBy ®|

EATH B it s, BAERESOR S IGA HREHF T HT B

*.

(1]

(2]

(3]

(4]

(5]

fe]

7]

fg]

[9]

{10]

(11]

[12]

[13]

[14]

[15]

2 % XMW

Domingos P, Richardson M. Mining the network value of cus-
tomers[ C] // 7th ACM SIGKDD International Conference on
Knowledge Discovery and Data Mining (KDD). San Francisco,
CA,2001.57-66

Domingos P, Richardson M. Mining knowledge-sharing sites for
viral marketing[C]// The 8th ACM SIGKDD International Con-
ference on Knowledge Discovery and Data Mining (KDD). Ed-
monton, Canada, 2002 ;61-70

Kempe D, Kleinberg ] M, Tardos é. Maximizing the spread of in-
fluence through a social network[C]// The 9th ACM SIGKDD
Conference on Knowledge Discovery and Data Mining (KDD).
Washington, DC, 2003:137-146

Leskovec J,Krause A, Guestrin C, et al. Cost-effective outbreak
detection in networks[ C]// The 13th ACM SIGKDD Conference
on Knowledge Discovery and Data Mining (KDD). San Jose,
California, 2007 ; 420-429

Chen W, Wang Y, Yang S. Efficient influence maximization in
social networks{ C] // The 15th ACM SIGKDD Conference on
Knowledge Discovery and Data Mining (KDD). Paris, France,
2009,199-207

Chen W, Wang C, Wang Y. Scalable influence maximization for
prevalent viral marketing in large scale social networks[CJ/
The 16th ACM SIGKDD Conference on Knowledge Discovery
and Data Mining (KDD). Washington, DC,2010:1029-1038
Chen W, Yuan Y, Zhang L. Scalable influence maximization in
social networks under the linear threshold model[C]// The 2010
IEEE International Conference on Data Mining (ICDM). Syd-
ney, Australia, 2010:88-97

Habiba, Berger- TWolf, Maximizing the extent of spread in a dy-
namic network[ R]. Technical Report 20. DIMACS, 2007
Even-Dar E, Shapira A. A note on maximizing the spread of in-
fluence in social networks[ C]// WINE 2007, LNCS 4858, 2007 ;
281-286

Lahiri M, Cebrian M. The genetic algorithm as a general diffu-
sion model for social networks[C]// The Twenty-Fourth AAAI
Conference on Artificial Intelligence, Atlanta, Georgia, 2010:
494-499

Goldenberg J, Libai B, Muller E. Talk of the network; A com-
plex systems look at the underlying process of word-of-mouth
[7]. Marketing Letters,2001,12(3) ;211-223

Granovetter M. Threshold models of collective behavior[ J]. A-
merican Journal of Sociology,1978,83(6):1420-1443
Nembhauser G, Wolsey L, Fisher M. An analysis of the approxi-
mations for maximizing submodular set functions[]J]. Mathe-
matical Programming,1978,14(1):265-294

Leskovec J. Dynamics of Large Networks[D]. Carnegie Mellon
University, Pittsburgh, PA, USA, 2008

Habiba, Yu Y, BergerWolf T Y, et al. Finding spread blockers
in dynamic networks[ C]// The 2nd SNA-KDD Workshop. Las-
Vegas, Nevada, USA, 2008

» 115 -



