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Role-Based Structural Evolution and Prediction in Dynamic Networks
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Abstract: Dynamic information network is a new challenging problem in the field of current complex networks. The evolution of
dynamic networks is temporal, complex and changeable. Structure is the basic characteristics of the network, and is also the basis of
network modeling and analysis. The study of the network structure evolution is of great importance in getting a comprehensive
understanding of the behavior trend of complex systems. This paper introduces “role” to quantify the structure of dynamic network and
proposes a role-based model. To predict the role distributions of dynamic network nodes in future time, the presented framework views
role prediction as a multi-target regression problem, extracts properties from historical snapshot sub-network, and predicts the future role
distributions of dynamic network nodes. The paper then proposes a multi-target regression based role prediction (MTR-RP) method for
dynamic network. This method not only overcomes the drawback of the existing methods which operate on transfer matrix while ignoring
the time factor, but also takes into account of possible dependencies between multiple forecast targets. Experiments results show that

MTR-RP has better and more stable prediction capability compared with the existing methods.
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Fig.1 General process of dynamic network role modeling
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Fig.2 An example of role discovery
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W3 AR AT 2807 VR TR E S B 7, € VT 45 58 — AN IE RS r<<min(Nf}),NMF #] L3R AE AR Ge 977 K
F e %™ 2 GF=V, i3 1 ) ok B .

G F) =31V, ~GF M

Hor, |- 17 RNHERE F G J7, 50 8 F bR G, AT 2510 A (4R R

G, =~ N AT r SRR 5 — 4T RomiZ W AR S A A B ITRES IUE S 000K G, 715 s A B .G,
MR TCE gliy)B R IESEEL R RS i BT A e, Loy s, AR s DL 2T 2K 3 o 2%
5K AT =3 BIEE n AT R n A8 ¢ I 20 AR 55 AT 5 W{R:0.1,R:0.1,R5:0.8} A UK G, HEAT TATIH—4L
Ab 3 R

VG €G,Y g, ))=11<i<N) (2)
j=1

HIT SRR AR ST 51 V=V, Vo, Vi FT AR B 48T U €7 51 G<(G1,Go, .., Gr).
1.1.2 Zhas ML IEAT ff o 5 ik
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B 1. B M4 O AT,
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itk A RS G=(GY,Gy,...,Gy).
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5. for (neN,) do
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7 end for
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12. Sfyvei=fveidReFex_recurse(Nei(n)); //ReFex recurse();= £ i VARFAE A8 H 28 42 0R B (sum, mean)i%h
Ut otk R AT i =7 A PR B AR AE AT B 4

13. end for

14. count=0;

15. for (fefy.;) do

16. if (ReFex_isNewFeature(fy.;)) /Wi 75 4 B 1L

17. V(n)=V(n)Jf, //HINFHEAE

18. else count++;

19. end for

20. if (count==fy,,.size()) break;

21. end while

22.  GENMFE(V); IHAESRRE 73 45 20 46 (50 1

23. end for

VRS 2 AT~ 21 AT N S R 0 PR RO A T RFAE SR B el 2, B0 v B8 2 AT~38 7 AT15 B0 S S AL,
5 8 AT~ 21 AT VRS VARFAIE .S 15 AT~28 19 47 I A Vs T 72 v B A3 B AR 2 15 5 VA RRAE A AL R
AFALT Ay 3B e A1E, I N RFAE B G 45 15 B I B A R AR 8 5 A R AR AL, ) 2% 0 B3 UL 56 22 4T H RSO BE 0 i 45
BT S A B RE.
1.2 AT

LU AH 408 B 220 PR A R R — 3 T DK R 2 ) A B 5 R — 2 B BT A — — IR T A e B A
BN SRR N 20 HE R TR — A A RS 1) ), 1) a9 R — 2 R T RUE A BV A £ b 1R M e AL A A
2RI AE 55 K IR AR CUAE DA 00 s TR A €8, 220 e A B e L BB, mT LK R [ 1) 23 B A KT B (R P A S (SR
Hh 3 R, ) 2 Hh DR 4 T PR AT €0 TR IS ) A AN 5 JEI Z AR A DRIt AT AR i EL R AH AR B2 P A7 €T R
A ALY SURMEAT UL HAC, VT BC 15 22 IR B AN A (A o ) — by 6 26 T DL BB 4 R ke ez R, 5
1IN ZIA S Ry RIVEHCRR L
R, NR., 3)
|Rt,iuR

t+1,i |

M(Rt,i9Rt+l,i) =

1.3 AERERE

BRAEOITS G=(G1,Gy,...,Gr))G, T 1G5 KR IR N — R 5 €0 B B 43 A5 . H A T A 28 0 50,745 S i) f o)
DL A A2 75 R 0 SR AR AL B 1, B 1 FH 20 1 A P e B . A 250580 R A TS A €8 A HE e g 2

BB 1 IR S, 5 M (AR B G, 9 AN U E m Bl B AT DL B B M,e 97" M, A t
B 207 R R m D EEAN B A O S E R AR ORI AL AR U BE 5 77 NMF SR —
AP HIEERE E 18 GE~M, LA E,e 90" RILE, AT XN, r A 6,500 N, m AN S 2L E, 48— 4T W3R~ 1% A
EAESAE & EROE R I, Wi bk, 8 M B 5 — R PG E 2 1 R BT 2 AL, T DU O £ €6 1) B 52
2 BIESMEAETmN
2.1 EPIBENX

B2 W 4% 1 A E0 TR0, 3l A B R FH 5 70 5 T 9% 5080 S 00 T — I 0 0 9% (149 74 A R B TR AL 3R R
R BNAM L D=(S,,S,,...,.S1), 75 BB M % M ORI G=(G,,G,...,Gr),G; 9 i W Z 5 A (050 B A8 60 T5000 it 2
BASH] t+1 B ZIZ 1 A R RE G

A0 2 75 T 285 €0 TN o SR A [0 VA ) R0, 3 81 o1 220 0 8% 1404 o €00 O 3l B 0 A5 A 45 04 e £E
A1 I ZU ) E A 5 gy ( Gy PRES A7) ST R AN T A T, 00 s A — A i . [ U ) R DAy S 2R 3|



668 Journal of Sofiware A%+ % % Vol.28, No.3, March 2017

GRATNAR AN B BB T2 SR Iy SR BEEC k41 AN LG - G G VRS I rh 3R (G ..,
G TS R, G, A S50 H AR R 3 10 1 i R — A I 20,453 BB (G - G G i) SR,
(Grsts- - GIRIBURYE, G/, TGN H AR, 4 3 BT sk m] DLW & 1048 i 30, 201 e 5 1l 245 ) 46 T4 55

PR
Gt—k‘ o | Ge—z | Geoq Gy S e

Y
k

@@@

P& T
Ge—g+1| - | Ge-1| Ge Grer | WREGE
J

Fig.3 Model of multi-objective prediction
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Fig.4 Prediction model
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Fig.6 Results of first-order prediction model
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Fig.7 Second-Order model
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v — I REAL Dy, hy S R B

Lo /= — R

2. forj=ltom

3 D, =(x1,y‘][),...,(xN,y7); 112586 m A Ed 5
4 hi:D—R; /1% ) 5 H b Bl A AR
5. Di=0; IR
6. end for
7. SRR
8. forj=1tomdo
9

foreach x;eD; do

10. x; =X;;

11. for k=1 to m, k#j do

12, Ve=h(x,): BRI

13. x; =[x, 0]y A BTN R B
14. end for

15, Dj=Djux;; MRETEC

16.  endforeach

17. end for

18. /= i

19. for j=1 to m do

20.  h;=D,—>R;

21. end for

SEIG T B H FR RNE A e vE Rl I WEKA B2l weka.classifiers.functions.LinearRegression.class.
IR I R 110 I 1) 52 24 B = S A S 50 41 I P 208 B e 3 J0000 AR B AN B0 e B AR 5290 AN H (RIS A
HON, I 242 O(Nm®). TR H b — e /N AR 30k 4, DRtk DI 5k 5 0 B ) 33 68 2 B P 1 9 48 1Y AN B

4 KBRS

41 HUE&E

A B A AR R B U 3 AN 3h A W 4% 50 ¥ 4 (Enron, Facebook, DBLP).

(1) Enron 2 =] 1514 M 4% (Enron(http://konect.uni-koblenz.de/networks/enron))

Enron A & A &8 52 1 BB AP 2% . Enron /A 7] 2001 4F 5 75 8, 0.5 [ 5K A 2 I F 2 DG AR SCIEI 2001 424k
P A @ B 25 W 48, 45 H O — AN SRR B, A 21 12 A2 PR IR s 3R b D 30k B3 C 22 TR R 2R 1 k.

(2) Facebook #1232 W 4% (Facebook-wall(http://konect.uni-koblenz.de/networks/facebook-wosn-wall))

Facebook-wall £ J5 B #1528 3 Facebook [ H F 4% N A A SCE BT (] B 9 2008 4F(1 H~12 H), %
J = AP RR,5 s 3R 78 Facebook FH 7,10 37 FH P TRI I — IR B &5 T 48 Hh — BLAEAE 71 AUE0h 5 111 A

(3) RHJFA1E# W 2% (DBLP(http://dblp.uni-trier.de/xml/))

DBLP & KU BRI G 1 56 2 1 E0ah 88 A3 0 9 S LR R R — R SO = A — & AR R AL
TEHEL 2002 E~2011 4F (1 0 46 2 B 25 P 4 B 4 g — A DL BRI B, 0 48 45 iR s VR 3 A R s R 3 RN B 1 O
R AR Z LS 1], L B R R 18 SCR N T 10 J R SCIER . M 4 — HAETE 1 s 0 29 747 /.

Shy TR A DL, A S AT P 8 T 1 B E DR REAS AR, TR T R 2% R AR 5 I ) B PN — L R B 11 e, s b
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3 AR IS BLER 2.
Table 2 Datasets details
FT 2 BUREVEANE B
B WA g YRRERC Ml DUREC PRRKE I 1] X [

Enron 2114 16 413 70 4 12 1 month 2001.1~2001.12
Facebook 5111 14 438 144 4 12 1 month 2008.1~2008.12
DBLP 29 747 96 874 159 4 10 1 year 2002~2011

* R FHME

42 XfLEAH*E

ASCALH] 3 P55 A L.
(1)  PRE(Baseline): ELH T 4 HIT I 21 (4 4 s A CLIUEL VR DA 1 —— Ik 220 (0 FUIU AL, B0, D B 220 0 0 e A EE AR
PB4 e+ 1 2 T 2528, /0, 6L, = G s
(2)  TM:TM J7 52 A7 T 32 2 0 B i 7 v A 5 SR =1 0 ¢ B 20 ) f B Gy B G AR AR £
FERE > 49 20 M OB BT TGy T=Gy, 1 G A T AHRAT 2 1+1 I 2 H b A (B
Ga:GL =GT;
(3)  STR-RP:LAJE J- i H AR [F] - S35 2 K — B B2 4 e 28 B0, Gy 7R 19 i A o+ 1 I 220 FR 000 17 62
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4.3 FEHE
4y TAE G,y RIS Gy, A SCAE ] F Y HOR R AN R 1) 22 57
Frobenious Loss =|| G,,; —G.,, ||» %)

t

-l AR ) F SRR A o5 F G R AR, G BRI, TN AR B

A1l (6)

4.4 SLIEHR

TEAR SO 24 ko2 TR BUR PR R & (14 I Z0 AN H, 1 48 e H T 10000 1 28030, TR T o S 50 1FE 40 & %
TR 25 S B, R 1 L Facebook %4 2008 4 12 H i A1 (5 K S 700 H b5,k BUE 2 1) 7,488 53 33157
TR FE G/, FIECSEHIFE Gy B9 F YOBUE. B 9 DX R SR I T AT 10 3 5 0T 3 1 45 1, 0T LUG HLE B9 2
A F 7, TR H B B 2 AR 3 B AR TI0I 1 J EAS BOE R 2 B s RIS BN — i T
AR I K S K 22 (R TR0 g 2k 1R v R i R S 84 o — 5 T, v AN Ay LA 2 iy B ) A 1) 7 S8 s A
REAT 200 B TR — I 220 190 4 4R 2, K8 19 77 50 250808 ] 68 S i AN - SR 8051 24 & HC 3 B, 03000 A0 SR A %o B
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Fig.9 Influence of & to the prediction result—Facebook dataset Fig.10 Predicition in Enron dataset
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Fig.11 Predicition in Facebook dataset Fig.12 Predicition in DBLP dataset
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