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Abstract  Traditional influence maximization generally involved the situation of one message
spread in propagation model. However, in the actual network, multiple competitive messages are
spread synchronously, and influence each other alternately. How to choose the initial set of seeds
for each competitive message so as to get the max number of influenced nodes in a competitive

environment is an NP-hard problem. To solve the problem happened during simultaneous
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competitive dissemination, our work considers the synchronization of competitive information
dissemination, as well as the law that user’s influences of different information are not the same.
Few researchers analyze the content of competitive information on the influence of competition.
But in fact, users’ topic preferences and interactive preferences will be mined through their
interactive content. So we allow for the topic preference of interaction between users, then take
the advantage of topic model to get the probability between users in the different kinds of
information, respectively. Based on that, we define the competition-based linear threshold model
to fit the characteristic of information dissemination in this simultaneous competitive dissemination,
and followed by the method proposed to calculate the node’s influence based on node subgraph.
To take an example from the dissemination of two competitive information, we take the mastery
of competitors’ dissemination strategies into account, and provide two solutions: (1) The Node
Avoidance Influence Maximization Algorithm (NA) suppose the competitors’ dissemination
strategies are known to each other, which would avoid selecting nodes that can maximize the
competitors’ information diffusion. (2) The Independent Seed Selection Strategy of Leader
Influence Maximization Algorithm (I3SL) we proposed provides a novel solution for the case that
the competitors’ dissemination strategies are unknown. Experiments are carried out to verify the
effectiveness of algorithms on real Weibo data set, and the results under the competition based on
linear threshold model show that; (1) In the competitive environment, NA algorithm is superior
to the traditional heuristic algorithms in the scope of influence, averaging 26.2% better than
other algorithms, with a good performance in universality and stability; (2) The I3SL algorithm
can also guarantee the scope of influence when the selection strategy of competitive information is
unknown, averaging 18. 23% better than other algorithms. (3) As for the running time, our two
algorithms are inferior to the heuristic algorithm, but they still have a better balance between
efficiency and scope of influence.

Keywords competitive environment; influence maximization; linear threshold model; topic

preference; subgraph of nodes
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e ST A w X o RS2 3 A 6
Alnf®(usv)=p®(w) sap®(w (6)

5.3 ETFERNTRZWATESS

AT LDA 2 SRR a] 4 52 ) 2% Al 5 Al — A~
AL L A A 4 AN A 2 TR,
AR w5 ows Z ) R XL 1) (0. 3,0, 6,0. 1)
F1C0. 2,0.1,0. DA A FIR wi X wus £ = FB T Y
SRR R A we X w4 = AN BT W 52 AR (5
B BT WA w MW us BAE%E R (0.2,0.1,0.7) -
(0.3,0.6,0.1)T = 0.19, us Xt w, 19 52 W #E R Hy
(0.2,0.1,0.7)¢(0.2,0.1,0.7)T=0.54. R&TT &
wy B w, 7E ¢ B ZIAEF B 3OS A W B 205 8 ws 32 3
LB JE T R SR ) S S 0. 197,

A,=(0.1,0.1,0.8)
2,=(0.2,0.1,0.7)

(0.2,0.1,0.7)
(T°0°9°0°€°0)

e

B2 P2 IR R A

HTEE AR B A E B A ] FL AR By
M EORNFE. nE 3 FrR Al — 19 5 o ZEM AR E B
THEBRARKFE .G (OFRREMFE AT, WA v
NeZ8 aboeod U BFE G (0) RIRTE
FEE BTN, WA o NEZH aucide TR

S

G*(V)
B3 FEALSFEL BTN STERHG

AR B R A e X o B i, Hig 2
AN e>a—>v.e>vie> f—>ov X = KHEHET
He Xt o B2 AR, B

piley=pupi(a)tpotplpih.

6 ZEHNEHETEIRFHZINA
mRAUEZE

AR5 3 39 [l R S mTf 5 S BR BT R A 2
KSRy 5 AR T R 5 41 2 A5 BN 52 4 £ Bl
T R R SR Y B R OO 2 0 SR . R CAE R
BB T PR BB T AR AR SO R R 5
Pt D0 v 5 4 1 28 5 b3 P Z 80 B ) A5 R 4
DU Bl TP RRE R A — D 3a g X015 .
PRI Ay sl B 5 45 JE ] T8 4[] — 35 R4 Sl b 135
A O - B2 I8 4 A L R 1 SO E A 25 B
s KAL B B NA (Node Avoidance). 24 & Hl 3%
Fef5 B )4 PO WG I A SCBUE TERE B A
T RIEERBES HCH. BT —MEREL A
A 7Y ORI I DB 5 5 B AL R BR 5T
P SR T G 1 A A BB i B R AR 53 ISSL
(Independent Seed Selection Strategy of Leader).
6.1 FREBIUINASEESXWERULEZE

TR LR B O A5 R R i B KA R (NAD B
HEBEN.CHESEE ANMT Y EES.F
BB TEREFEFP 7Y AU BB AE B A X R
Wi, JF 5 A e PR AR B A A R AR R AR T R
hRERE(E R B R R MR RACF 79 mi RS NA B
LS AN 2 .

Bk 2 WU ERA CAE R RS

BN M GOV, E) L fF B B A7y mAR S KN

kAR A MR FAY A Sa

fih: 58 BIFF I RESR Sy

1. Initialize; Inf®(0)=0; Sy=

2. FOREACH v in V DO

3. Generate G" (v) use Algorithml

4 Compute p’(w) use Formula5. 2

5. END FOR

6. FOREACH v in V\Sx USs DO
7. Generate G"(v) use Algorithml
8. Compute p%(u) use Formula5. 2
9. END FOR
10. FOREACH =z in V\S, USy DO
11.  Compute Inf"(x) use Formula5. 1
12. END FOR
13. FOR i=1 to # DO
14. s=argmax Inf®(x); (x in VASgUSL)

15.  FOREACH v in set(s)\Sy U Sa

16, //% T WG 5 Al s R A 4B JE 1 AL w ¥R Tl
TR s LW o DTS 201 80w X o 1Y 52 IR A A
/S S R w B2 )8
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17. ApE(s)=—p8(); u in SpApY (W) =0 HHE B v N Inf, =Inf. +Inf. ;BN
18.  FOREACH «€ N"(s) in G*(») DO , . h
19. Compute Ap%(u) use Formulas. 2 Aﬁ'l']_i v E/‘J?Zﬂﬁjj Inf_\.p :Infi” )
%, P2+ = ApP () (4) Fi¢ B 5 W) F3 KN Ry A 38 B 05 s HE P ik
21. Compute Alnf"(u,v) use Formula5. 4 FE top-k AR IT IR A G0 5 534 A 555
22. InfP ) +=Aps (W) — AInf*(u,v)) » Eﬁgﬁ?#"‘)ﬁ%%‘s:{sl’52’".’5’“};
(1= p™ () (5) e Ja ML A SCHE i NA B iHE R O
23.  END FOR HRMR SR
24, / /% F S rE COMOTE Y s 10 AR JE R s OO Bk 3. REEILRMFICAE B KA 5.
A HEE 2R 48 K B A GV E) 5B A BRI F35 s 84 K
25 Aapi(s)=1—ap?(s); u in SpAapl(uw)=0 koS BIR THES I by 58 A R
26. FOREACH u€ N°(5) in G"(v) DO RIS S,
217. Compute Aaph(u) use Formula5. 3 B SR BRR T S Sy
28. api(w+=2nap?uw) 1. TInitialize: Inf® (v) =0; Inf®(v) =0; Sy = 5
29. Compute Alnf"(u,v) use Formula5. 4 S'=0;Sy=0
30, //H T A s AL R w BEIESE AT A v, 2B u 2. //HARES NER A RIRF S EgS
XF v B 52 W 7 G, PG R« B B RE W B O 3. FOREACH strategy in M
FUZ B A 1 W g 4. FOREACH v in G(V,E)
3L Inf? G —=AInf" (us0) (1= pJ () 5. Compute Inf (v) use strategy
32. END FOR 6. END FOR
33. END FOR 7. FOR i=1 to ks DO
34, Sp=SyUls) 8. s=argmax Inf(v); (v in V\S")
35. END FOR 9. FsinS
36. RETURN Sy 10. Inf ()= +Inf(s
E NA Bk R FEE AFER BF &84 11. ELSE
T EIA BT8R 2, F B Y95 S A B m, A 12. Inf () =1Inf(s)
set Cu) W FUBE A £, WAETT 550 n B M 2% 13. END IF
GV E)H, G4 = A5 J1 e R Fp 75 s 4R s 4. S'=S"Uls)
NA MBI ) 225 O2nt, +kL,m , logn). 15.  END FOR
6.2 KBEXWMAICEEXMEALEZX 16. END FOR
Fh % 0 55 4 4 W 1 1 LT 5 4 R B 17 FOR T to £ DO
F 600 3 85K Al I B0 R A B T A 1 L 18. s =argmax Inf(); (v in VAS)
s 5 S DA 300 R A BT 9o — M Bt L6 s
41#‘%53%’1/]5%]%%‘1,3 & H@ﬁ%%)ﬁlﬁ%&%%v ,E\:;Q 21. Select Si using NA-Algorithm

JoT 45 [7) T AR SC 200 58 A A S RD 1Y A SR N
Ol A DR UESE R 3 T AR SO 5 5 (s DR
AN B R N TC O 1 R CAF B A B KAk Bk
(I3SL). I3SL Bk BAMT .

(D) 258 35 A5 DR 797 JUEFROR g 2 & M=
om,, | FSE G DR RS RV R
SPRE— IR m, Gm, € M), 3T RO, B HE
M KA TS ES S ={sl sy R
SRR S o W JE N Inf | .

(2) B n DR TG R 7T 2%

n—1
e Sy

{my smy e

ST_ 1 nt 1 2 i i n
= {shashammashastyonst st e LSty e

sphaHeth 0<7y <<k, 0<<i <n;
(3 ds, s, € ST.H si,l :sf,z A I

22. RETURN S,

TE I3SL BRI v  JLm [A] 52 2% B2 2ty NA 53K 19
B AT S B A 1 P SR A B
1 52 1 7 36 [ e e

7 RIIRIT

7.1 HEERELGHE

AR 03 R TE B P = L 58 0 46— TR At 1
AR BSCHRE A DAy SIS TR 5 A %o B33k 1) A 8 M R AT B IE. R
PR T BR 04 77 258 Ao 1€ e A% 7 TR IBCHT YR st 1 2012 4%
3 H % 2012 4F 8 F iR 43 Hictls . e b A4 19535931 4
FHF,10785921 45 W SC S SCPFie 501117 2%, @it
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X B TR R R P 3 R A AT LA R e R i R A 5
BARSN I REE TR GV, E) f & 44514 D
Sk 3 BR BT A DA B AT] 22 (R) 162 398 Sk 56 K
LI 220137 2%, PR 3 359937 4% I T i
B F ST i K B, TR B L B & s iE A ok
“iPhone 48”1 3C 331 10 315 4%, JR A % & siTFie
A IR FHL I ST 5663 4%, N A SORE
iPhone 4S ) 5 HEFE R NE B A /ADNKFHL T
R A CAE B B TS50, 8 o X TC RS (Y
AL B, A5 2 — A Hhy 3 BR T a5 2 A A I 45 A L X
R R O G R BT A A, B 4 BOR R
T O 2R 700 IR D\ R A A SRR AR L 10 B e BROAR S SR A
735 SR A B 1) JR) 0 0 2% e 08 T 4 i 1) 4% 1) B R AL

1

10
| |
-
10°t "'.
o~ "'\\
S
B
g
E»—S
=
10'F .
-
—
10" 10" 10° 10°

FEHk(log)
B4 B 56 ¢ R E A

A —EBEH N Intel (R) Core(TM) 15 4b
PR (4 8 8GB WAFH 3 PC Pl B AT T 505, #
fEZR Gk Windows 7 JEML AR (64 13 . 4 B2 15 5 N
C++ #0 python.

7.2 EWIFITRIEMIERR

AR SCfd A RS R ) O vk SR S (R] 5 e g
R EME S R A v, 8 R IR B (perplexity) 3R
PEAl 5 U Y (4 £ 45 PR] 28 /N 3% B AR AL e 47, L
V] B — fi8 i 25 V5 7 A5 19 48 o 2 R 3o 9k 114
%ﬂ%[sfi'

R A (D IF .

LZlog@(w)} 7
IN| &
Forp )N ZR7R SCRY v fr A5 B0 1) A 880 P (w) 3Rn B
AU w ESCREE G Do B, R
[vi) 32 Ak H A R R (o ] A o AR AR 1Y) e £
F A

MNER 2 15 AH D& AR 23 B v R B X 205 L)
AR PR T a5 R W e K AR )8, A T AR B0
LML BIR AT T A BT 8 B 5 AR SCTERF 5
H A% TR A JEAS BIL ) 45 07 T AE R A R 22 5 Mk LD

perplexity(M) =exp { —

PEAT BN e 73 A7+ DR I AR S0 S 0 i B H R B 28
By 4 i E S R EAT X FE » LS IE A SC T 2 M
FEWAE AR SRR 2 Fos. B T oo Bk
TE B R UL A e 58 I 2% s B30 I i) e 4 28 T AR S
P8 5l ML R TR b o P AR 32 AN 4 5 D R

®2 REXMLILHEE

Bk BN A
PageRank Ak PO DT T R R A B BHJE R T =0. 15
Degree DERTIENES s R e
CCA M FH AR B 5 R 5 M) 2 A2 4R 119
AFH BE B i R AR B3 e 75 9 408 e T

DegreeDiscount

1 B2 2
TE 5 4 A58 il i B Lk 58 4o A A 2 AR

NA B L
sl i 3 4 3 T 1 O 4

W I 55 19 Il O AR B R i de AL ik

SEIG 43 i 35 B 1~ 50 ASFF 7 A5 I L
20000 Y 5245 I8 AU 1 1 T2 1) S5 30 45 SR 1 7 1
TEAE A B 2 1 s My Bl Bh 0 A8 H R @ B B
A HTALTER RZ 8 Y 22 S A SO N

) . o(Ai 1) —0(Ay D)
Diff (A, Ay .0 = ) (8
Hrp oA O RIRFFEE R @ B A 0
¥ .

Sy S G b B A R B L 1 T A SR AE R
T RUECH S 1~50 I % 52 0 5 B A - 349 26 S o 1
HAREZENER P ERITE AL N

Dz’ffavg(Al,Az):%;Diff(Al,Az,i) (9

8 SLIGZERAH

SR ) d K AR B3 B A2 47 s 18] 052 1) 3 BBl
ANPEM 8 bR PEAG S L0 4. o as A7 i je) 2R B ik
R EN b1 4 A T AL 3% 1 B 18] 5 52 0 31 1Bl 35 7 i 2o 2k
PR Tl 7 88 A TEAL 3B T o UEAT I BAG 36 e 4050
M) 1) 1) 5 5 A H
8.1 EWMEBMENH

ARSI ICTCLAS X 1l 3 i 47 43 1) Ak B, AR
Pt 4.2 G0 SCRY AR R il LDA = R A% Y
Xt T SCRYFEAT R B, S 2% k(35 ] i
AN B T 5 AR SC AL T = A IR = i 3 A 4K
A Ak AR E RN AR 5 R T AR R ]
R R o R SR A TR PR (E R VTR N
F 50 Hif , B PR KR A B A - 28, R R &
RO Y 32 ] 2 I 3 A0 B 16 22 T A R 3
D] 1 A S 3k 5 1) 3 LA BUCH 50,
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1280 FAR B B0 43 0 AT L. BOAE X NA B8
12601 ST A SO 5E 45 B A SR ] PageRank  Degree
ol 5 Random HEHE 1R B IS B IR FE G B A PR

#1200] [RI SR WS 3 30 % 3 1k 47 17 X b 4 B s A2 X I3SL 3%

Ellgo, B A4S Sl ] PageRank , Degree af, Random
1160 SRR AR RIS AE R SRR R R A
Ejg BERERGE R AWM F&ES . JF 58 A E L #TT
mol—o oo TorpT AR

0 10 20 30 4()}%;\#[60 70 80 90 100 8.2.1 NA Bt A
B 5 R A B A B HRAE A SCER 5 R 1 By a3 i 5 8 Y
A TR 2 2 BUE @ SR BI(E @ 52BN AR
8.2 RS

NA 5 I3SL Bk 1R 1 5 7 B 252 BE
@ WIS BUE o (EB/DN . 5 [ B RSB, 2 o fH
T IG5 /N T EE R R R M NE GV ED.
RIS ICHER 1T 8 € P 2515 B AE Y i i 4tk 1
{EAET R A B 0. 2 25 SCHRL27 T BE @ B9 HUE
B 43 B E B 1/ = 100,300,500, 700,900 AT
X L SE 5. AN SORE X5 B A T R 8 R SRS 2

1800

—8— 100
—v— 300
—e— 500
—e— 700
—— 900

1600

1400

il

2 1200}

1000

SBRM

800

=i

f

600

400

200

0 é lb 15 20 25 éo 55 40 45 50
5 BBAIR T4 A H
(a) £33 AT FEPageRank F JF 656 A0

R et TS0 A R 8 R 9 I ] A R R R
PRI S 6 v i S e A AR BRI, Y 2
LR e 70 PO S B AL WL 6 TR (a) L (b)
(o) %1 7l 78 % i PageRank 2 ¥ | Degree 8 ¥
Random B ¥E A5 B A EEF FHE£ G0 A S F R
B7E NA BN 2w gUR. 285 40 fh 599 55 &%
HE L L e EE 6(a) 1/ =300,7E K 6(b)
28] 1/50:500,75: 6(c)H 1/¢:100.

0‘7 lb Zb Sb 4b 50
& BBHOR T SO H
(b) 15 B A HE Degree i T H6400s

1800}

0 10

20

50 40 50

S BIR T S 2
(o) {5 B AikFtRandom {E AFh-Fik 45 H s

6 FESEN A BT EE SRR M TS OU T 58 BEEFE NA Bk 1/ ¢ BOA [l B 119 52 mi 20R



7 A

o S PRBE P AR T UG A R AR S S e ) e R Bk

1505

Bl 7 R A sE g B, R ] PageRank 89 |
Degree H.{% \Random 5L A FE A WA TF4E 45

W5 R B AR W COR. AL WA L B T R
s NA B35 A DIE 35 BOR  B .

1800
——NA
1600p 6oof | BeegreeD'
—— DegreeDiscount
1400¢ —— PageRank
1200} ——CCA
B B
Z 1000} F 400
= =
@ 800 =
m bie
12 600} a
o ——NA 200
400t/ —e— Degree
f — DegreeDiscount o eoe®®
200p¢ 4 —o— PageRank
—=—CCA L
0 10 20 30 40 50 0 10 20 30 40 50
& EBIF T R H & EBIF T S H
(a) 15 B AiEFPageRank {E b ik Sk (b) 15 B AIEBEEDegree {F Jy 7L B8 SR 1K
2000
1800F
1600
1400t '
= 1200 ’
N f
EX 1000}
=
m 8004
© goof
——NA
100k 4 —e— Degree
—— DegreeDiscount
200} | —— PageRank
‘ ——CCA
0 10 20 30 40 50
& R BIA T R A

(o) 15 B A B Random E Rl 1% £ SR 1%
B 7 AR AFFEERECHEN TEE BEAR R T 195 SR Xt

FIHZAR O AT I35 X Bk 5 NA Bk
TE 52 W0 0 ] 7 T ) 22 5. 4R H] PageRank, Degree,
Random 53543 A 0 15 B A SR 745 B (5 B
B FH4 %t A S NA B L AE 5w 71 F O 16 0 22
SN 3 PR, T NABEFZIE T wH G0 A X
TR PR NS 350 T A ARk

®3 BEHESENAHZEZSWEEAFEHMITL
F AR R4 R

fH R BRI

k4B PageRank T [y Degree T 1) Random T ]
ZSRHES/ N BRESW/ N ERES/ Y
PageRank —45.03 —77.2 —16. 87
Degree —12. 30 —35.0 —6. 66
CCA —16. 50 —53.0 —8.20
DegreeDiscount —12.10 —33.7 —3.03

HEE A S B[R WA 2 T 5 g g B
JEAER rh EAT AR R RN S 5 R A B 52 W Y L A 3
FeIRBER 2 PAL AT (S B R T R
PEXPTE AR B A A1 Al 8 B . i T NA

FEEHCRD 35 SR FZOOE M EF CHE B E
M) 5 A o T 3820 2 BB T 5T ORHE S A A A
R PR S A R A5 2 A S e &8RO T AT A B
. 1] Random B3k R {5 B A BEFERI LG A0 15 2L
A mE A 8 R 58 A BRI EE /. H
WA 5 5 B A7 S ACH B3 i, 5 B A RS2 e
FEITE 25 X UL N 208 TP 5L M 7E NA Sk )
A T REGEH A0 NA FEXE A 152 006 18 i 40
HilAE ey i 08 1 TR B A B335 SRS R
THE/N, FBER A XNER B RYZERAE RN,
K Jfl PageRank ,Degree,Random &4 5 {5
BA R A 0L F B BT & R s 4T
[EunF 4 fr7n. B T Degree, CCA . DegreeDiscount
Sk 5 IR T B2 1 H 2 TR G 0 B I R 240
T 1s,0fi PageRank NA 553 75 248 2% i} 8] 11 5557
MU, H NA B HFH X R ERE A
B A AR BT s B R s A A A
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1400} ——NA
—— Degree ¥
- DegreeDiscount 1400}
1200 —e— PageRank \ So-0006000
—=—CCA i

EZ1000} \& o6
2 B2
E =
SN ISSY
Ok HR L
= 4\;j,lZOO
= =
m o
T a

—+—NA

—o— Degree

1000} —— DegreeDiscount
—— PageRank
—=—CCA
0 10 20 30 40 50 0 10 20 30 40 50
5 S BIRF T i H = BB T M

(a) 18 B AL PageRank/E APl 1 35 5 ms

800

(b) 15 B AR Degree/E NFhTiEFE MG

6001

SRR

=

—o— Degree

—— DegreeDiscount
—— PageRank
—=—CCA

0 10

20

30

5 BB A% H
(¢) 18 B A FERandom I A FhF L £ 508

K8 FEfE A Fh TR C A 00T (5 8 Bk F A [ SR g x5 8

{HERTE 1 min Zif7. b NA 5LTE Degree 1§80 T
932 47 I 18] B d /0 8 A PRl B R /932 17 i
], 2% T ] Degree 535 05 B A BRI 1
EANER RIS NA R ILAEA AL B
N E N N - SN RPN 1R A E
TP B A BN E]L T NA B3 7E Random 1§ 20 F 1
AT A R TR B E K (1@ = 100D,
B BT T R AR L A U A AR L O B
2 B RUR R B A AE BRI ] L A

®4 BEFEESTHME
fi B AR 5T 5 4 B

fis g\ Eggm PageRank T iy Degree 1Y Random F f§
BATHTE]/ s BATHTE]/ s BT[] /s
PageRank 51. 386 51.570 51. 340
Degree 0.234 0. 250 0. 250
CCA 0. 750 0. 830 0.702
DegreeDiscount 0.031 0.015 0.015
NA 69. 050 25.160 98. 760

SR LS A 400 5 S8R X B

8.2.2 [I3SL B u:xf oy #r

MEE A RS eG C A, B3R 3 TR, &
SRV IR 5 R 3 B e DN K BN B B AR R s NAL
DegreeDiscount,Degree,CCA ,PageRank. 7& 7 5l H
SR YR DU Sy Uk WA SCRT 5 5 1 BB 8 3 5 &% b
TG, IR [ PageRank, Degree, Random = fif
Tt 7 M PR IS AE N RIS S N E R A Jk
WA 735 5. A O A5 B B 7E I3SL 333N 1Y 52 i 2%
RAE 9 FrR. 24 1/ =700 B, I3SL 5k 1 52 W {5
Rl AT B L 3 ki 1/ =700.

P 10 firzs 13SL 531 5 H A 580 32 1 5 r BR B v
RS2 e 45 2R B R 5 5 B A RO FP 7735 Rk 4%
SEuE  I3SL SR K IH BT S A0 7 HG Al xof be 482 1.

5 PR A% B e S B A e 25 S R
B AEARFNE B A B35 SOk B SR Mg I, ] 13SL
FE R A R R IR,
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1400
12001
1000+
jul

800

15 B BRI

goof [

400

2000 lb 20 é() 40 50
fe BB A H
O fEf A BT B R SR R A LR 5 B B
I3SL 5 3% 1 1/ IO [5](ELI585 W RICR A

1400
1200
1000
B
= 800
B
=
= 600
I
{\WE
100¢ ——I3SL
I o —e— Degree
200 4 —— DegreeDiscount H
—e— PageRank
—=—CCA
0 10 20 30 40 50
& B BRI R H

10 7EfFE AR TEFERBARAFL T HELE BAE
I [ S T Y R MR R X L

x5 BHES BSLEEERWER 7 A X

5 B B i1 i 5k 44 9K FSREI/ %
PageRank —34.55
Degree —7.40
CCA —21.46
DegreeDiscount —9.70

OHEE BRI RN TR EE A
AR A L e 11 B, XS AR R A S 2 Y
THOL ATAME B A GRS 5 5 s £ 1 B 1 46 5 10
S T [ 0% IR T PageRank Hil Degree 1§ 80 T 1) %
Wi 915 F.

& 6 PR A AL R B R ). T I3SL Sk
B RE R AWM T EGZE . HERE B
DR S N Se N B D N T 5 e

1400 i :
—+— I3SL
—o— Degree
N —— DegreeDiscount
1200 oy —e— PageRank
——CCA
B
=
u\:}l}
k=2
<
)
4

400

0 1‘0 20 3‘0 4‘0 50
= BBIA T A% H
B 11 fEfFE AR TP AR MG TEE Bkt
S T) 5 s X5 L A R RS L A 00 46 50R X L
x 6 BHZEZEIITHBE
{5 8 B A A9 5 2 24 K

BATBEE] /s

PageRank 53.624
Degree 0. 280
CCA 0. 760
DegreeDiscount 0.017
13SL 89. 960
9 '%\ =A

ARSI TE G PR v A O AR B R )
KAL IR R 25 YT A5 18] 38 B N 25 19 32 80 4 A 0 14
T BT S R (%) 45 A5 [E] 52 e AR R O L O A
Tt 0 S M (B AE R TR T 5 4 B o 1) A R R
G 85 R R A R i M5 B O R AE L 42 1 2
T A TR 5O DU 458 A (5 B L 1
g B AR R AR R R e R R A SR T UL
I AE B 5 i K LB ¥ NA(Node Avoidance)
HHRE W T 5C 14 52 Wi d5c K AL 55 7% 13SL (Independent
Seed Selection Strategy of Leader). 3& T 4 3§
()M 3 (E B e A5 R R0 S UE £ 4 4R AT S e
S5 R BN EERTE A B IS [ 38 B R AR ST 4
F18y 79 7 S5 AP e 9 L TR 5 H A B 1 A L 4 R
A,

A K ) TAEREAE LU JUAS J7 I #EAT . B ST
[5] R 3 B vh 2 BE ) X3RS B 5% I 4% 4 D 45 1 3
A B A B I SE X 2245 B[R] 20 A% 1 45 R 59 52 .
UK WA ST $ 380wk AT A AL A 4R i b 19
REME I AL B 515 5L 09 52 ) Jie KAk 5] I B A% Jie KAk
0 5 4 A 0 R ) 3 L
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Background

In recent years, social network analysis has obtained a
great attention with the huge number of users and the popu-
larization of the social network sites such as Sina Weibo,
FaceBook and Twitter. In the field of social network research,
there are following research directions: theoretical analysis of
social network structure, information propagation in social
networks, community structure analysis and so on. The
problem we study in this paper is influence maximization
problem in the competitive environment which is about
information propagation. It is the problem of obtaining a set
of nodes with specified size in a social network to maximize

their aggregate influence for the target information under the
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competitive linear threshold model in the competitive environ-
ment. The problem is very meaningful and it has many practical
applications such as marketing by identifying influential
users, online advertising and so on.

The traditional influence maximization problem was
proposed as a discrete optimization problem in 2003. The
optimization problem is proved to be NP-hard and the balance
of the running time and spread range is the main bottleneck
for large social networks. So far, there are two kinds of
algorithms to solve the problem. One is the greedy algorithms
which have larger spread range and spend more running time.

Another is the heuristic algorithms which run faster but have
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lower spread range. The competitive influence maximization
problem was proposed in 2007. Researchers then explored
this problem in extended independent cascade model and
linear threshold model. And it has been proved that in this
two extended propagation models, the competitive influence
maximization problem is still a NP-hard problem.

To solve the problem happened during simultaneous
competitive dissemination, our work considers the synchroni-
zation of competitive information dissemination, as well as
the law that user’s influences of different information are not
the same. We consider the mastery of competitors’ dissemi-
nation strategies into account, and provide two algorithms.

The Experiments results show that the two algorithms we

propose have the better performance in the scope of influence,
also have a better balance between efficiency and scope of
influence.
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