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The Influence Maximization Problem Based on Large-Scale Temporal Graph
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Abstract  Influence maximization problem has been widely studied in social networks, and well
applied in the scenarios such as viral marketing and epidemic prevention. The influence maximization
problem aims to find %4 influential nodes in graphs that maximize the dissemination of information.
Recently, in most existing works, the social network is abstracted as static graph, then implement
the influence maximization problem in the static graph, and finally return 2 nodes as the social

network’s influential nodes. However, the most former researchers ignored the truth that most
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networks in real life cannot be simply denoted as static graphs., such as social networks, traffic
networks, brain networks, and so forth, due to the connections between nodes in these networks
are time related. Therefore, in this work we study the influence maximization problem on temporal
graph (IMTG), that is, IMTG aims to find £ influential nodes in temporal graph that maximize
the number of influenced nodes. The information propagation model and propagation probability
is the fundamental of influence maximization problem. So, firstly, we design a new propagation
model based on IC (Independent Cascade) propagation model, named ICT (Independent Cascade
model on Temporal graph) propagation model, to make information spread on temporal graphs,
since the static graph-based IC propagation model cannot be directly applied to temporal graphs.
Secondly, we propose a new method based on PageRank algorithm to compute the propagation
probability. We improve the PageRank algorithm by taking the node’s communication frequency
into account, because the higher connection frequency between two nodes, the closer they are,
which means they are more influenced by each other. After the issues of propagation model and
propagation probability have been solved, we study the influence maximization problem on
temporal graph through two steps. In the first step, we focus on the computation of single node
influence probability, and propose an algorithm, named SIC (Single node Influence Computation) ,
to implement the computation of single node influence, then we propose an improved algorithm
ISIC (Improved SIC) by researching the characteristic that the connections among the nodes on
temporal graph are time related. In the second step, we implement the influence maximization
problem on temporal graph by using the result of the first step, and propose a basic method
BIMT (Basic Method for IMTG). However, the BIMT algorithm will cost plenty of time when
deal with large scale temporal graphs. So we propose an effective algorithm AIMT (Advanced
Method for IMTG) by mapping each id of node’s in the graph to nature numbers. Compared with
IMT method, AIMT can deal with large scale graph with high efficiency. Though the research of
the computation of nodes’ marginal effect we find that some nodes’ marginal effect is unnecessary
to be recomputed during the seed node selection process, so we improve the AIMT algorithm and
propose a more effective algorithm IMIT (Improved method for IMTG) to avoid multiple computation of
the marginal effects of certain nodes. Finally, the experiment results verify the high efficiency
and scalability of AIMT and IMIT algorithms, AIMT and IMIT algorithms can handle influence
maximization on large temporal graph with less time than BIMT.

Keywords temporal graph; influence maximization; information propagation models; marginal

effect; social network
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{H . &R v 44 0 NodeRank. 95 & u 1 NodeRank B
FR M NR, 7 Lhiil i 50 () 35

1—d Z ‘ T(u-,z‘) ‘

NR,=+—+dX
‘N‘ ve In(u) 2
vy € Out (v)
— HL & A5 U NodeRank {5 9 5K 15, ] 5 &4
w AT o WAL AR poo v AT 3 (4) 3R

NR, (3)

| Ty |

K. (u,v)CE
T Usv
» _J > NR,

lq,ie Tn (o)
0,

3.3 xt IC R A py B it
EX 3. WAIEBREGE R A o TSR
AL R w SR O 1 I 220 Ay O BRGR G ) [R] L 3ROR
H Act,, H Act,=min{t| (&€ T(,..,, and t=Act,) }.
DL 2 R ] #5745 55, Cor S P75 s CFf 745 1
14 T BB s B () #6820 o G B B TS 5 0 Han, N

4)
(u,v) ¢ E
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Acty,=min{9,11}=9.

A Y 52 ) g AR B o s 75 IE T K
WO 2 A B TR] T TE B R A R R T
F8 B iy I ) 2 S Y. BT AAS /T i ) 1C
1B R AR AT WO A 2 1 — o i) 58 7 i [
BIfE &8, ICT (IC model on Temporal graph) f&
AT,

[ A LAKE 2 SR ] o T Han g T00S Cor 20
WOE B Acty, =9, W T A Han 28 J 3% BRT0 54 H 2%
IS AR JE TR An, Li, Wa AT g8 Lyd. Ti &
Han HA RIS An Al Li 7E0 21K T4 F 9 1) %)
ABFR M ATS Wu f2 Lyd 72 2] 9 Z 5 A PR
. TR Han 7ETIUR 9 I 210 2 1 4k 335 16 BRAR
LA R Wa MRS Lyd — & Jo ik T Han
B

AN LT IC AL RS A B B i ICT 4 4k
B A5 B AT LATE B 7 18 i A7 A% 4 . IRAE XS
BAEIS B i g ICT A 4 4580 B 14 16 5o e A0
A4,

TE W) A6 0 1) 2 BT S mT OB i A7 59 6 o B0
BRAZ IR I B9 Act, = — 1, 3R BT A 99 iR AL T
FEIE BORAS. HEIR — DA 7 A v 25 HAR B AR
R R

(DA77 85w IS BRI ] Ace, =0, BL B Rl 5
TR w LIRS p O LSRR o HA Al w A H
A — B2 AT LA 59 5 .

(2) 15w TR SRS 5 5 o B I 55 )
Act /DT 2T max( T, ) » Q15 R T I 42 Bk
i AR S T — A E Y R RN T T
D5 R A DAESR p, o 3005 9 50 0.

(3) IR AL w s T RE SIS 1 5 o TR LUS 1Y
Ml & w AN 225 22U WS T A o,

(4) — BT 5o IO 10 53¢ H I BRE 46 I
] Act, =t s HoH 200 € Tew » H Aty =10, =
max( T, ).

(5) 15 B B A AL 52 9 45 b 7 199 998 BR 95 A5 1) Ak
TR PR A SRFE 5 22 AR 4 & R B
AT T A Ik
3.4 HEEZWAOZKLEE

DL B PR AS /NS BT R 3AR 1) 2 B 5 5 Y &1 5 el
Tie KA [R) LI 35 Pr 5 A0 — S8 AR AR /Ny ot
Xof BN 1 2 e g e R AR T) 7L 1) 5 SCaE AT 0 .

TE I P B 52 W0 ) di R AR TR) ) 58 8 5 SCAR T 2
BT it B E S0 I 18 R Y RO W ) BT R i B

RN EAT 7E L.

EX 4. WS T RN )R A R 2
AT LA R w SIS 1 R SRR ¢ ().

EX 5. LERFON. R SEGBOEN S,
AEFP 515 5 v B BRI infs (v) = @(SUwv) —
o(S).

Horp P infsCo) | FomI 8 v BRI K.

B AE X . e BT 5 ) e KAk 4 e ) IR
Gr (VL E, Te) VLR E B AL B8 7RI 7 [ rh 4R 2
— AW EES SSHPES SEH AN S =4,
HRES SHFEmM I o (YRR, A S Wt &
Gr B R A

4 MrFESHOERKEELRREZX

TEATT 8 2 I e 52 ) ) i R Ak ) g
AT .

LA I 1 52 0 ) e KA B 12 ) SRR L
N P 5 W g ) i o Oy A il s B SEE — EBE
T RE ) ARG S D R AR A — 2 A A 52
6 445 A ] B0 B 0 U 4K R 3 B 0 e K ) TR
A EAE R AL BB A AR RO IE.

TEFE TR B/ Hr B e f i 1 I [ R
JIVFRAE W SIC 5k DL R ok 0 1SIC 5335, 48
Jo AR B b BT A 32 B RO O el R A
A B8 AT LA AR e I P15 W] 3 e R Tl it ) ik A B3 1
BIMT % k.
4.1 HEFETREFWANITE

BT R 5 R A AR o, R 4B
S5 BB R w R BB IR T LR R
E[LoGo ], 3CHRL7 138 5 ELe(S) 12— #P-
hard [a] @, 2 1 ff P ixX — 0] 8, Kempe % A 42 1 1
— PPl SR R B BRI RR A E Le(S) I 5
T2 3 AR UL ) R BB R, 0 B AT L SR R AL A
L U 5 R N BN AR S e ) AT AR

TEA /NS 8 e 0 BT SR e ) 1Y TRk SIC
(Single Node Influence Computation) #4795 B , 4k
J5 BT R R I M — AR AR Rk R
ISIC(Improved SIC).
4.1.1 SICEH:

Sk SIC iy BEAC AR 2 . AR i) e [ v, e 1
Fows K TG BRAR AR I 1] Act, =0, o(u) = &, 2 H 5%
TP — A5 o, A BEYLAE L — BB p €
[0,1], 0% p=p...H Act,<max(T(,..,) M FR v
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A LA B - o () = @) U v SR 515 816 B0 15 45
TGN 25 BT A BTG 1Y R R A T R w Y
EALPIR
Bk 1. SICH k.
A FEE Gr (VL E Te) 5 5 w, ICT {54815
B RS w B ES (0
1. Initialize p(w) = ; Q.pull(w)
2. WHILE Q is not empty
3. u<Q.push
4., FOR each neighbor v of node u
5 p<random_num
6 IF p=>p... and Act,<max(T,..,)
7 Act,<-min(t|t€ T,.., and t >Act,)
/AT R BRGE 46 I [

8. Q.pull(v)

9. e —¢(w Uv
10. END IF

11.  END FOR

12. END WHILE
TESEE 1o 50 T AT E S5 A v B ) 4
BN IFE w ARG Q .55 3 4T KRBTy
RLuw DNBAF B 26 4 47 2R s MR U 1) 908 749 s
55 5~ 9 AT FORBENLA B — D EUEAE 0~1 Z Al 195k
HEATRCAN TR S 6 AT R 2 75 0 2 ICT LAY 2%
o G A DD G2 i Y R AT O O i T BR
IFIR] (55 7 A7) 2 8~9 47 R 5 sl BB S 80 H ik
AZIBAF Q Hh DL SR o G Hr 2.
4.1.2  SIC By etk

W AT E B AR E E R A R R T LR B
TERE: Ly 4~7 A7 Al i iy oy . LKL 4
R ) T AW el B 1 ARG Ak

e an 45 B 1E 38 52 100 58 Han #6474 46 . B Actn, =
9, fES 1 SIC T i Han 55 %236 J7 BT A <8 J& 75
R AR L 2 F R 2 A AT R0 A W Fl Lyd 26
o s RO FER Z) 9 Z 5 BT AT & Han £ 28
AR T .

JIT AT RIS 2549 s B 98 S 19 i 3 B max (T, .)
AT KRB/ NBYHER . LUK 2 T8 88 Han Sy 6], 40
Kl 4 fr7s.

[Han F—>[ An }—>| Li |—>[ Wu |—>{ Lyd |
() HERPRT

| Han —> Li [ An | Lyd }—>[ Wu ]
) HFERE

A 5 Han 4B 55 5,

[ 4

4 FORMREIE BRI S Han H Act i, =9 BFK
YR RS AR JE 1 BT AR HE Y Z R B
AT AR IR U 18] AR HE T Z 05 N7 Z 7 0] 21 T0 8
Lyd {8 A 45 1B X5 22755 s A Ui el R 46 Lyd 78
W ZJE 15 SR BT 2] 9 Z J5 #B A1 15 4 Han ANEFE
BE A T AS A BB 45 3T

FT UL B gy b A Scgn s SIC iy ek 5 v 1SIC
SVE IR B 58 A —BuW E i DL BB
AL AH BT SIC 559, ISIC S /b 1 XF 4B & 19
R T

Bk 2. ISICH .

A BFE Gr (VLE, Te) 4 4w, ICT {3 H

Bt VR w RS o

1. TInitialize p(u) =& ; Q.pull(w)

2. WHILE Q is not empty

3. u<Q.push

4. FOR each sorted neighbor v of node u

5 IF Act, = max(T,.,,)

6 BREAK;

7. END IF

8 ELSE

9. p<random_num

10. IF p=p... and Act, <max(T(,..,)
11. Act,<~min(¢|t€ T(,.., and t =>Act,)
12. Q.pull(v)

13. o(w) < p(u) Uv

14. END ELSE

15.  END FOR

16. END WHILE

HA B F 5k SIC, ISIC S 7256 4 47 W91 3
R T —AHIE S4B 5~6 17, 68 16 % 4B fg
AU PR R DR R IF ) HE L A ST A 9 B
FIF ) K U5 ) 380 1 715 R A e R BBk R EF ) DU ok Sk
Ja ST AU IR], T 1S 28 T 719 A 52 Wi g T F 5 1 st
). FEAS TR A3 A SIC 355 43— 3.
4.2 FTFHARIERN

AN B G SE T R I g d5 K A )
TR — A BT S AR g HLAE R L 6 &
TR T YT A 300 R RN I A S S AR /N T
R A 0 B 80 B2 BIMT 2% D) 58 R4S —
HR R R T R R E

BIMT Sk AT .

PLS FonFh 1 G o(S) FIR B 19 41
S S ES EVR B S= T, o(S) =T It
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Wi T S= T &AW LB RN infs ) FIE
T2 ) oG AR TR s |y b — /N9 B A% A 2% 4> 55
SR TT @ Cu) s BB | @) | Fie K1Y 1 A 5 —
AP RN w0 S= {u ) e(S) = guy).
SR BT A& A S BR RN infs Cu) =
G(SUw — (), JE TR 7 351 5 9 311 B RO B
AR AN T A DA B8 A Bl 59 R R B B 2 4k
A AR RN k.

PAZE 2 Bl ie BIMT Bk, o Seit Bl &4
TR 1 G I HER .t 3 2 al A T TR
Cor A 52 1 45 Ko BT LABE B Cor 1E K 26 — 4> Fh
W, Bl S={Cor}. i Lk ¢(S) = {Cor, Han, Li,
W, Lyd}. & — 20 B 5 55 e 5 30 b 30
infs(u)=¢p(SUuw) —¢(S). |3 2 A H T & Nan Fl
Han ) b —4% 0930 bR 3O #8 4 BLAE 5 208 i
FAE (S AL EATR W15 5 B0k FR
S AATT A8 20 B AR AT LA AT 3 0Hg B G 30 BR800 K/
linfs(Nan) | =2, |infs(Han) | =1. f1 F1E (S
A 5 A5, Wi Nan Al Han 4 4 A5
S ATV A BB 0 3 PR ASON 5 20 Uk A ).
I HBEE (S s B9 Wi, UG 19 38 BR800
FR 353 0T B 2 ) A R R

X2 BIMTHEIRE

u o(u)

Cor {Cor, Han, Li, Wu, Lyd}
Nan {Nan, Han, An, Wu}
Han {Han, An, Li, Wu}

Lyd {Lyd}
Bk 3. BIMT &,

WA FE G (VLE. Te) solw) £, S=T
. AT RESR S
1. Initialize S< &
2. WHILE (| S| <k
3. FOR each node u| (« €E G u & S)
4 |infs(w) | = | o(SUv) —¢(S) |
END FOR
seed<— 5 | infs(seed) | <0
FOR each node u| (u EGrsu & S)

IF |infsCu) | > |infs(seed) |

seed <u / /36 UL B B4 0 B A 4 A

10. END IF
11.  END FOR
12.  S<-SUseed
13. END WHILE

TEFE 3 W58 AT BB A T SR A

© oo ~ (o2 l

BRI 3~ 4 FFFR TR AR TN A bR
BUDE 5 6 AT HRAREE — DT seed HAIIG LN
BRALIE Jg 0555 7~ 11 47 F 7R T4 35 K 1% 320 BR Ak
AR BT 12 47 R R T S IR A R
T EES L

78 BIMT Bk of i HE — AN A 745 4 0 B934
BRAGIE (3~ 4 A7) BB A5 ] g OCoCo) [V |, T
TR AR TN A A AR R T S AT
BR300 (B T SR UG 54 B M R A8 B R
G5 15 0938 AT BT S O V| L BF DL 3 % — Al
FA BB AT R OCe(o) |V ]2+ |V, A
BT B b AR T A ED BIMT 53 12 47 89 1] ]
HOCe() |V 2R+ |V E)=0C|V|?k).

6L 24 B L f R0 A5 080 B 45 530 B 28 14 22
A 1) 2 2 4 5 R B4 T S
DL BIMT 5 i T v 7 K LR IS 52 vl i s - oty &
APl T A 4 R R P 0 BIMT 8 8 i
DI I 5 Hh 9 T L S A e A RS B L S )
e R A 51 .

5 Xt BIMT &£k

H1 T BIMT 5535 0 12 i85 280k ke R HLASE I e ] 52
Wi 3 5 KA TR JT LAAE A5+ 8 S8 0 4 5 3 PR 2
BE TR DAL . TR T ATMT 333k L AR S AR
3535 3 R ARONE A TR B — B e g 2 R s
TR P PRV I T AR T IMIT B30k,

5.1 AIMT &%

bR R T BIMT 595 /9 52 Bl # L (1
SR8 T 43T R BRAE Y R 3 R R T B B2 T
B A I I A /0N 7 e 2 84 5 3 B 80 1
Fre e T 2 AIMT H %,

A TULAECT 1~ N Z [ S —— B g
Ferp N /N RS SR A RO )L TR Cors
Han. -+, Lyd 70 506 BEECT 102002 70 W52 MR 5
RT3 F7R. M b — 5 R 2 PR T Y 7
A o(SIFRTTR. B HRIRE (S FRRH
e(S)={0,0, .0}, i 0 AN BET N AR5 ik
W Cor A Ay 85 — A Fh 7345 5. B S= {Cor} . I it
B Cor (52 M 4Y 41 1.3.5.6 FI 7. 4K YN &2 1R
e(S)HEE 1.3.5.6 A 7 H ik 0 IR 1.3.5.6 Al
7,80 o(S)=1{1,0,3,0,5,0,7}. el T FHF —
AT TN R X AR A AT AT B I 3 PR 2k
137 BT AL L TR & Nan #1 Han S 4] . 35 5 Nan
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AIFZIR T s 2.3 .4 F 6, BUTE TC 5 i d 3] o (S)
IR A AR T3 T A Nan 158 19 320 bR b, H i 22
WIRKHIWTE (S HIYES 2.3.4 F1 6 PITRZEEH O
RIVRT. ke, R B4 USRI AT A4S 2 TS Nan B
F8 320 o 550N ) B, ) SRAG: G 5 4 A I B T PR 2
L. SR B A TEIE o (S) Y AE O A Bdn i
ARAR YT BT R O B T A4k

®3 AIMTHEDE

u 1¢7)]
Cor—1 {1,3,5,6, 7}
Nan— 2 {2, 3,4, 6}
Han—3 {3,4,5, 6}
Lyd—>7 {7}

Bk AIMT Fl BIMT 5732 1) SEAE — R8BI
A T6] 68 3 7 S - 4R b 11 I A I BRSO Y
AT 2 3 A 52 96 2 WY RIS 7R AR i i T R
PL 10 T3 99 i BRI e 181 kg 451 s ATMUT 55035 AT DAAE
15s Zefy B ] 4R 50 AP35 5, i BIMT 55
5 N5 2R P Rt b
Bik4. AIMT #ik.
WA FE Gr(V,E, Te) solw) sk, S=T
B Fr RS S
Initialize S< &, N<0
FOR each node u | (u € Gr)
u<-N; N++
END FOR
¢(S) <{0,0,++,0}
WHILE (| S| <)
FOR each node u| (u€ Gr,ué S)
linfsCw) | = | o(SUw) —¢(S) |
END FOR
seed < and | infs(seed) | <0
FOR each node u| (u € Gr,ué S)
IF |infsCu) | > | infs(seed) |

© (o) ~ (2] ol = w Do —

— = =
w N = O

seed <u
END IF
END FOR
S<SUseed / /3 WU B 3800 fie K 0919 58 0 Bl 5
s

— =
D Ul

17. END WHILE

L AT VAT H TR M T m iR A B
BORAS S 2~ 4 AT 2R X B e A A A
SE— RV Z ) —— BRI 55 T~ 9 47 3R it i
A ARF T B PR B 10 AT RN E —
AFp T seed HATIRAC I BRAY N 0,55 11~15 47

FTR - H R R I RN AR S T R S 16
FRRGFHBIWF T SFARR T RES
k.

e AIMT S35 R — A EF 7735 5o AL BR
R B AT A R O Co (o)), il 1 F 4 48 — S Fh 7
TR B B AT B0 R b T R R AT PR O B
B IR 5 U SR B 3 BR RO e KA Y Y R B
FTEFIE OC|V D B A F e — Pl T 1 S T 28
TP OCe(o) |V 4 [V DL R T3 8 & A4 Fh
T A B AIMT 53k 32 11 R OCe (o) [V [k +
[V [E)=0C|V k).

(EZ 58 o % AIMT S35k 1 i — 20 B 98k B 7
Foft 5 B 8 BB R v R SR B T PR RO B A
WA RGP B AT O B T 4 R R /D
T Ak 2 X AIMT 533k 3E47 140 O 42t IMIT
N7
5.2

IMIT & 3%
TER & TAEIR— T A48 T CELF Bkl Jf
(R i o L i I PO s LI < o I E =W B VA N 7
KN in fsCu) | 2 5 R —F B0 A, B 00 Bk 3k
2xBE & B s 2k L TR A D R
CELF &M AIMT B kAL & & it 1 —Fho iy
Fyk IMIT (Improved Method for IMTG).

MR B F E R s R KA RS SO
F—A i, TR R X PR WA ES
SHT. R f(SUlw) — (= (TU{w}) —
F(T), % SCT.

e UE WY R R £ O R B AR, BIRG 2EIE
linfs(Cw) | — | infs(S) —infs(w) | = |infs(w) | —
| infs(T)—infs(w) |.

HTSCT. HARAES Z.06E SNZ= TR
SUZ=T W |infs(T)—infs(w)| = |infs(SUZ)—
infs(w) | AT M infs (S U Z) 2 infs (S), 15
linfs(SUZ)| = |infs(S)| B [infs(S) —infs(w) | <
linfsCT) —infsCw) |+ B M5 IE |infsCw) | —
linfs(S) —infs(w) | = |infs(w) | — |infs(T)—
infs(w) | B LA AT 0B R 0 B KAk R g £ O
i 2 FBE.

TR AT DASIE A pR R OO S — 1~ B30 R B A0 2R
SORB—DHPEEL N FOWR F(SUXDZ=F(S),
IR oy RSO RS SAES X MXR (D XS
S SUX=S, f(SUX)=f(S),(2) XS, XNS=
G FSUX)=f(S)+ f(X), H f(X)=0. 1
FSUXD=F(S9. (XIS, XNSHET fRi% XNS=
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ZW ZCX, f[(SUXD=F(S+f(XD— (D). HTF
ZCX W FXD— (>0, £(SUXD>f(S).

IMIT 8k ARG R 8 i H S 0 A 5 sy il
RO R /N I HE & 36 B s 2580 1 e K9 49 55k b
TSR T B BRI | infs o) | 1 F LA T
AU AR b5 i PR 2 KT L w F AT
SR 3L PR AN KT b — % 8 3 BRI B = KT R
ERYUP/os D0 = 7 SO | E R D= I = v 7 VAR
1A DL E 4 w 38 A7y i BV AT 75 0 5 22 7 3R
AT R AR BB — A S BRAN /N T A w 3 BR AL
LB A s SRS ERT T T A = B A o (3L PR
RO 5 I Fi BREE B vH 58 3 IS 19 321 B &0 KN HEFY 5 (]
s R AS B T B vP 300 B 2800 S R Y AR R —
ANBEFAT AL R Ay AR IMIT 553 2 mT DL i
U8 /0 Xof Y b S 530 B A3 1) B UBOR 4 i B ik
BT RN,

TEEE S gyl 7 IMIT Bk AT &, |
JEAE 1~3 47 3R 15 I A 19 2 i 300 bR s T HE Y
H A BCHRE SR — AL GO R 8.5~ 7 AT 248
BT A LT B HEAE S AT A we B T BR RN K
IN linfsCuo) | WS LinfsCuy) | = | infsCus) | ] B
FE T U 10w BT B AT R A I S A R R
AP AR BN S — A PRV /N T A w3 BR
AT R s ARG BRI BT A s B A5 ws 9 30 B
RO (9~11 A7) I ¥ BB 11 5 3 )5 1% 300 B % g
HEFF B3 i 398 A B 580 07 DR/ die KB 15 s o b 1
H(12~14 7).

Bk 5 IMIT B

WA B Gr(VLE Te) vglu) ko S= &

iy MRS S

1. Initialize S= &

2. Sort nodes ul (uE Gy u S) by |infs(uw) |

/ /X A R 4 IR R ARRE /N HE

3. Result of sort: u; suz s, u,

4. S<-SUu

5. WHILE | S| <%

6 linfsCu) | = | o(SUuz) —@(S) |

7. IF |infsCu) | = | infsCusy) |
8

9

S<-SUu
END IF
10. ELSE
11. Find the first node w; (| infsCu) | < |infsCu)|)
in the rest nodes
12. Re-compute the | infsCu,) | vutn € {ug s vu; )
13. Sort nodes uz sus 5+ su; by |infsGu) |

14. Result of sort: uysus s+t su, g
15. S<=SUuy / /38 B bR 30N Be K B9 83K Bl

16.  END ELSE
17. END WHILE

e IMIT B 53— A AR R 795 5 o 1938
PRGN B8 AT AL N O (o (o)) s T T 4 3 — 4 Fil
TN R BT T AR R A AT 3 BRSO 1 3
B TR S U X A AR A AT HE Y 1 is 1T
WA R OCIV [ logs [V ) BF L F-3—AFl 735 5 7%
BB LTI OCe(o) [V ]|+ [V ]log, [V ), Wi
FARB AP SR AIMT 5535 1933 47 I8 8] 2
OCe() |V |k+ |V ]log, | VIF)=0C|V]log |V |k).

IR A2 % B2 ok B IMIT 5502 i T AIMT
BIEW H R EE R E IMIT Bk A /K
B ey BEXE T A HEAT HE P HA AN S B R i X i A
W RHEAT R g S B LUAR FL AT AIMT 8k
IMIT Sk e s S T B T KRR B2 R 32 71

6 SCIGFNITfL

AR SCHEICT oK B B S A g DO A A R RS K
JIN ) L S BB B A R o A B L S B T AR R R L
TR 7 SRR R S R
6.1 IRBFEMSHIZE

LI EHEEE. A SO0 S S 7E DU A FLSE A B

R BT B A BE R 1 TR E S LR 4.
x4 TRHEBERER
Email 1% 330k 25k
ClgMsg 2k 60k 20k
Mathflow 25k 500k 240k
Superuser 120% 530k 290k

Hod Bm 4 17 iy 78 R K TR 5T LA 1 L 7
IR 2 5040 A A B 4R 255 1l A6 0 R AR e K 2 RR
SCOT AL I TE LR AL 3E I 4% | R 3% 1 RA T B 4B B
P4 300 SR HERR 22 42 R 3 Math Overflow | 1) i [a]
32 HL O 245 i A B o B0 A 4T R I 3t HE R A8 46
M3k Super User FT A= B BT 9 2% 4]

SR E R, A ORI Y B e g B KAk 8]y
R RO 5 — 2 i i TCT A% 3 A R 153019 4
AR5 g o B T Aot R SR ) g B R < STIC
FLISIC. 55 Z 20 S BE R 49 s, B S48 1 T 56 A
vk BIMT  fH )2 BIMT 5535 Jo i 5 850 T K FL A
Y Tl 52 M g S5 R Ak T A, 9T LA o 6 47 6 300 B &
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PR T IMIT 553k DL R A ok ORI ASE iy
J¥ 1 5% 1 7 B KA ) 8, B S5 B 320 B 2880 0 1Y) - S
XfIMIT Sk g T s it 7 AIMT 553,

TEH 20 B b 55 O G AR b BR T AR S
B R = AP Bk A, 8 X AT B — AT DL P B
HORD 719 s B SRR R AT 52 B AR SRR 1Y i Ay I R AN
TR VB 3R T R X FE A B A5 R A

(1) Random. Fy— AL He &7 7 - 17 B A
B 1 H B BT E B & A R AT PR S Rl 1 A

(2) Degree. fEJy—~f #6935 007k Ok
B2 B0 X0 HE o o5 R IR B A Cout-degree) K/ ik
FrHERE » e JUHT & A9 SR N A1 A

(3) DegreeSingle. 1 4t & BUH B L (out-degree)
IR AR Bl 7719 50 AR5 FI T & A AR R Y
HU B JE Cout neighbors) i 75 & A A 1~ g, 40 2R
TR K RO 1 S O B R SR
— AT R AR HE L BB I B AR AL

(4) DegreeDiscount. £ 3CHA[27 T4 H B9 —Fh
BTN AR

SIS EE. #F R4 & Ubuntu(Linux) 16. 10,
CPU f i3@3. 30 GHz, N ff 4 GB, fif # 500 GB. %3
M GUN C++.

SHRE. £ T AR BIMT, IMIT #1
AIMT = Fh5 0k LA B &2 3000 DU b 83092 v 36 TR
TAEESKR/ANESTHIN 1,10,20,30,40 Fl 50.

6.2 T mEmANITERE

S E LR ICT AL RERIAL, O 1 B ik
ISIC ByE AR L T SIC B35 819 45 I (8] 76 %) 70 2% o
£ 5 RH H NodeRank {8 5 f1 24 (4) 75 4 A5
A B A R AR

ASEE AN 5 i 7 o 3R 78 DU i L SR 4R
Bk SIC 1 ISIC JF 5 B Y1817 B Ja).

®SIC
#1SIC

s
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influence maximization problem on temporal graph, that is.
to find top-# influential nodes in temporal graph that maximize
the number of influence nodes.

In this paper, firstly, we improve the IC propagation
model and propose ICT propagation model to make information
spread on the temporal graph based on ICT propagation
model. Besides the new propagation model, we also propose
a new method based on PageRank algorithm to compute the

propagation probability. We improve the PageRank algorithm
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by taking the node’s communication frequency into account,
because the higher connection frequency between two nodes,
the closer they are, which means they are more influenced by
each other. And then, we solve the influence maximization
problem on temporal graph by dividing the problem into two
steps. We study the computation of single node’s influence in
first step. We implement the influence maximization problem
on temporal graph by using the result of the first step in second
step, and propose a basic method BIMT (Basic Method for
IMTG). However, the BIMT algorithm will cost plenty of
time when deal with large-scale temporal graph, so we
propose an effective algorithm AIMT (Advanced Method for
IMTG) by optimizing the calculation of node’s marginal

effect. We improve the AIMT algorithm by the nature of

submodular of node’s marginal effect and propose a more
effective algorithm IMIT (Improved method for IMTG) to
avoid multiple computation of the marginal effects of certain
nodes.

In the further research of the temporal graph influence
maximization problem, we will focus on the relationship
between the type of information and propagation probability.,
because users in the social networks are only interested in the
information that they are interested.
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