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Event Detection Method for Social Networks Based on Node Evolution Fluctuations
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Abstract: The social network is complicated with different evolution mechanisms. It is of great significance to reasonably analyze
social network evolutions and effectively detect social events. The event detection methods based on link prediction make most of the
limited network topological information, discover the network evolution fluctuation, and detect events. However, most of existing
methods are limited by the assessment measures of link prediction, and neglect the otherness of micro node evolution mechanisms. They
use the same similarity index to describe evolution fluctuations of different nodes, which is adverse to the performance of event detection.
To improve the accuracy and sensitivity of event detection, this paper proposes an event detection method based on node evolution

fluctuation for social networks (NodeED). The method consists of a node similarity index judgement algorithm (SimJudge) and a micro
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evolution fluctuation detection algorithm (MicroFluc). The main work is as follow: (1) Based on the particle swarm algorithm, SimJudge
is proposed to compare the description performances of different similarity indexes for a node evolution fluctuation. Different nodes can
find their optimal similarity indexes at different periods by SimJudge; (2) To quantify the effect of events, MicroFluc is proposed to
consider the diversity of node evolution fluctuations and evaluate the entire network evolution fluctuation; (3) In real social networks
VAST and ENRON, NodeED results in the event detection sensibility increase by 100% in VAST and 50% in ENRON, which shows
NodeED has more advantages to detect events in social networks than other methods.

Key words: event detection; link prediction; node evolution fluctuation; social network; network evolution
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Xof AN TR] 19 R 5 W) ) 2 SR R A AN T 0T L A R AR AL T B AR AR, R A R T AN R M AL B A
SimJudge H %0 & R B AR HE— B3 HH T MicroEvent vk, B T 75 &0 I A6 U 3 25 5 1h 8 4k I 4% 110 3
b Bl 1) Y 245 36 A T 47

AR 1 AR SRR Bt T TR AR LR, 5 X R 0) B

S0

TETE B IBUARALYE 5”0/ |[v)) B BEANTT 8L i ARHE IndexList EHL[¢,t+ 1] BEXE BRI Bindex(; 11)(i)
(Bindex(,,,ﬂ)(i):IndexList[i][t]).‘@.ij_pamms(,,,ﬂ)[Bindex(,y,ﬂ)(i)]ﬁfﬁ LT A S Bindexg 1) (1) (V;a",-m) HEAT AL %,
5 B RL AR s" (v, (| v,"). T8 I I BCRE AU AN 15 57 A3 A B BOX 8 P A 05 30 55 1 A [8) P A AU o 5
TR bR R A IR, S A 36 3 PR TS RUFE A (R I B R A U8 3R] — I B AN TR] 5 s (R ISR AL AT DA e & L e A
IASURE AL 2 PR itk b, ) 2 (2) X AN [R) I B X 4 wh 5 i R I BOR AR 64T 3838 1 20 (3) A0 =X (4) 75 3 1) e 2%
1) R 25 3 A0 7 51 AR B g 3L N ASKEL T MicroFlue B2 ) B AR R R 4 F.

H % MicroFluc.

LA e U -2 /T

. ! 1
[v') = params,, .| Bindex;, ., ()] x S[Bindex(,1,+])(i)](v;sV;+ ) )
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it :Graphs.
1. For =1 to n—1:
For i=1 to N':
Bindex,+1\i)=IndexList[i][{];
83 (9 EE T Bindex oy ()THE s" (v || v));
End
i 32) BN AT A A IR AR 2 S(ge™);
i3 Dg™ | g);
Graphs[1]=D(g"" || g");
End
2. Return GraphS

4 SEHRSYHR

%30 I 7 S £ X 4 B AR 1 S2 I R B0 AE NodeED J7 VI8 0. 55 4.1 15/ 48 S oh i FH 1) B sk
SMEHARE. S 4.2 THRIH SimJudge FUIJHH & B 8L 4% AN A AT a1 10 B AR AR LT SR b JR B T 5 e 8 T
AR v 5 0 e A MR AU T B4 b 0 43 W 445 SRR A7 % EEL IR SimJudge 55925 AT 551 1 £ FE 40 T X 48 386 A 98 3 1)
T 5 4.3 55T MicroFluc V%43 3 W 48 i A0 P 51,38 ik X LE S50 56 0E NodeED J v kAT S48 W fr0 % f 1k
R

4.1 FIEEmR

AT AL 2 P 28 B B £ ENRON Fll VAST 347 S48 VAST #4237 B IEEE VAST 2008, &3 % 400
N RS RKEE 10 RNRERIEEE I B2/ 10 REKRE T — K& ZE2 5 0H 4 ENRON 35 45 5
ENRON /A &) [ P4 35BS 2F TR R N 4%, 2 463 & 150 AFE 111 B B30 A5 B AR S0 £ P g 1R M 1 20 300
)R A A FR AT 5 R R AR T S 2 IR FAE VAST Bl S ks s A Moy 4 kA, 9F BB R AR
I 8] 05 R B 2,78 R T 20 S S 7 AR RS T R R AL I B ENRON SR 4R I HE /5 R % 4 3%
SRR BT 4 B 22 HE % A A 2 1) (KA LA R K X 48 S A (9 2
4.2 TRUEWE MRS B HIE

B R R 1 b 8 FAHALIE VT 8 kR, Elist=[ CNS,JAS,PAS,SOS,AAS,HPIS,SAS,LNHS].Z: /& PSO 1% W11 5
M BB BB NodeEvo SR 7500 100,35 AR K BB N 1 000,w=0.8,¢,=c,=2,1=0.6,r,=0.3.5C i T.1F .4
F,VAST il ENRON )% Wb S (AR AU i 57645 43 512 PAS FiT JAS PLFIH] NodeEvo iM% VAST
I ENRON [ 28 J88 4 i 72 v A [R] B B A [ 45 s P o A AR ABL 12 v 58 A, 18 7T G0 T 2 AN P 455 3 A 0 AR b A s £
ARSI T S5 4 b e 7 )T A e A, IR 3380 5 22 W b e e RO ARV B 3 40 i s R AT S5 B, DT 1) A 2 20 A X
2 AL I B A0 B R BAREILAE U T P

(1) FERE T ME VAST FI ENRON FVE A 72 i, X 2% 1R 49 s 43 055 B 22 e A UL PR T B4R
F B — %) 7 W g AR A T SR AR AN B 78 4 IR BB A 19 s AL 0 B 7E VAST 1,719 s i s AR BA I o B 4
T 07 L0 A5 LU 58 B, 1 A L9 82 v £ S R A AL 1 SR 5 4 PAS,AAS,JAS Al LNHS, & A THI LB &R 175 T~ 10%, 3
HLLNHS 5N 37.25%.7E ENRON i s AEAHAUETF B Fa b dE b PAS AT LNHS, B AT1XS B 1 G481 43 i
48.67%HI1 40.67% 378 176 = T~ He At e A AR BAVE TH B4R AR,

(2) W F T 4% ) B AR AR AL TE SR AR AN SR8 78 0 e W R ) L 09 B A AR UL FR AR B LB X6 T VAST
WA 2% B AR AR AT T B 38 AR A PAS (715 AR BN 22%, 5 %2 W0 L% & PAS AH— 2 1E 2, L il i K LNHS #16
R W A i AR B SR LNHS (197 5 B 738 37.25%. 5T ENRON R 4% 72 W _E e A AH Bl 1 B3R bR TAS
K EL I A 1.33%, 111 PAS AT LNHS ) L5 2 Fl ik 89.34%.
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Table 3 The ratios of nodes with different optimal similarity indexes in VAST and ENRON
3 VAST 1 ENRON H AN [ fie AR UL T SRR X 12 135 A LA (%)

PAS AAS SAS JAS SOS HPIS LNHS CNS
VAST 22.00 19.00 0.00 14.00 0.50 5.25 37.25 2.00
ENRON 48.67 4.67 0.00 1.33 2.00 2.00 40.67 0.67

4.3 EHRNEVRE MRS IIE

AN R NodeED J5i%4E % T MicroFlue 53215 2 ) W 26 35 40 7> 1) () Sk At _E 3047 AR R0 LA 4. B
B H T W 5 A (¥ R ABA P T B4 A (0 T AR AR )5 72 PVRT Link Event Hh 2 31 55 (1 561 5w 1 10 S0 ) Dy v )
Bl U Dy ont bE 5256 B T 3 Fh AR 7 V19 21 19 VAST A1 ENRON 1 W £ V8 44 77 511 43 il 1] 2 AT 3 s

025 1.0 A 7T
= NodeED A H 2 H4:377 0 $ﬁ:4 “’Iﬁﬁé —II;IXgeED
PAS / E A Y/ N 4 3

020} — LinkEvent /o b \; ‘ —LinkEvent
g A\ Zos ) -
Kol X i S
3 =04t )N A\
£ . P A \ E e iR -

0.10 | e F — 02

- )2 A2 ) o

T 2 3 4 5 6 7 8 9 1234567 891011121314151617181920
R JA%
Fig.2 The network evolution sequence for VAST Fig.3 The network evolution sequence for ENRON

B2 VAST H 3 R il 7 ikt B 45340 41 B3 ENRON HE 3 o il 75 v 5t o f) o9 2% 38 4 5 471

3 Fh S ARG 77724 VAST I ENRON H BT A T8 4b i) B 1) ~F 35) AR BUB A Per W3R 4,58 5 {2 7R 7 ENRON
147 IR 28 S8 A0 7 1) g e 9] A4 5 B S SR B 0 B % R R ATT T LA B T 4 i

(1) 7fEM %% VAST F1 ENRON H,NodeED 77 7% 88 K% fiff b S W T4k 5| b 1) 9 286 v A s 3003 b A sl
1545 B W45 3 B ER S B SR B AP IL L R R /E VAST WM& H,28 7 BARIRERLEZD)
i ,NodeED 5% A % B8 I 35 b /= Wk 1y 22 A8 ) 44 5| JE 1 ) 2% VA % 3. 7E. ENRON . A A [F) (14 I 4% 44 2 1] A
HTF R A E SR R AR DR B3 SR I T vk A0 R A ARG A R 1 X 4% 35 ), Node ED J7 2% ) ikt
P10 R A ) 265 385 0 A1 0 v 2 2F 3 1190 38 EIE 25 52 5 9T 11 1F 2 U 22 % ENRON X 48 [ 52 Wi £ K, A HEA 22 SRSB4 1) 1
R r A8 3 Pl I R O 4% 3 2 4 D A Ok B B KA

(2) NodeED 75k i 2 M3 Tt 7 SRR I MU, 58 A R -4 0 4 2 X 45 o R 2B B S A% 7 VR AE VAST Fi
ENRON H SR U 20 518 31.52 1 6.5,7F 3 Bl 7 v2: v ¥ D st vy 28 1 72 0 e A AR BL P v A5 A 10 S A A U
J7 54 VAST F1 ENRON H - SR A5 20 ) A 4.46 A1 3,76, 315 T NodeED J7 5k ()38 B AH X T ¥ LinkEvent
75 %, NodeED J7V:7E VAST H (WS4 BUR R IUIEF T 100%,7E ENRON A1 (1 A GURMER IR T 50%.

Table 4 The Per values by three detection methods
T4 3FOHIEEMARURME R Per B

VAST ENRON
Far il 7 1% NodeED PAS LinkEvent | NodeED LAS LinkEven
Per 18 31.52 4.46 15.73 6.50 3.76 421

Table 5 The network evolution sequence between detected events and real events

=5 ENRON 4RI AV 5 51 B2 e ) B4 A B se SR N o6 &R

HFg S AL H IR
FF 1 TARKAT 2001 458 — T S5k
HeF2 REIER R H R AR BERRZLHNE
HAF3 FEHESE 5 & R IF IR 22 R kAT IE R 2,0 H 2 SR 30 7 840 93
HAE 4 T ARAC T B, D ] 5 35 24 ) AR e 45 WS 22 SR
HFS P v R 22 SRR AR E < R e 7
$1E 6 IR IE I R
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5 HeRRE

9T B AL g X T A R 0 3R I, AR SR T — T 1 Y R A U B B A 2 I 4 A R vk
NodeED.NodeED /7% 1 St SimJudge 585 %8 7 mU7E AN [F] I B (1 A AR AP i #7728 J5 F A MicroFlue &
A3 I 2% 56 4K PP 51,0 17 5 A T A LG E R R BIE NodeED  Jy 23 IR P B, 7R SO BB S p 23 I 2%
By gE VAST Fl ENRON BEAT Xt E 5206, H A3 HH PA R 4548:(1) £ B2 & M6 SimJudge 592860518 St i
58 AN [F) 1 R PE A [ B B 1) o AR AR ABL 1 - SR HE A, 38 20 I I REAN 35 SRV A6 3015(2) MicroFlue B 45 211 P 4%
AT H 5 1S SRR G R A P VS B G R, 25 BT AL B B 1 2 B B T B S A B (3) TE R AR
ST At P 468 22 S At PR A 2 00 45 F 35 AR T2 o NodeED 77 v25 S Wl 1) o 8 1 R 0 40 T ) B 7 922, 35
I NodeED J5 1% AT s A0 I 30 1) £ 5 BB 0 B 4 b 2 A OO0 245 VA D 3, 80 AT S A A .

BB R T EIE LT AN 5 T R IT:(1) BR FUARALE T 5 48 F5 R0 9 285 3 A A 2 [a) EL AR R 6 LR &R
(2) AN SR A 5 AT TP 285 A AR o A SR I 8% 4 41 225 40 a3 AT o).
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