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An Application of Event-based Dynamic Social Network Analysis

for Observing Political Power Evolution

Abstract

Extracting implicit information from a considerable amount of data is an
important intelligent data processing task. Social network analysis is appropriate
for this purpose due to its emphasis on the relationship between nodes and the
structure of networked interactions. Most research in the past has focused on a
static point of view. It can’t account for whatever action is taking place in the
network. Our research objective is to observe the evolution of political power by
dynamic social network analysis. We begin by creating static graphs at different
time according to the synchronous job change between the government officials
or the relationship between the government officials whom work in the same
government agency. We obtain political communities from each of these
snapshot graphs using edge betweenness clustering method. Next we define a set
of evolutionary events of political communities using event-based framework.
We compare two consecutive snapshots to capture the evolutionary events of
political communities. We also develop two evolutionary political community
metrics to measure the stability of political communities. We propose a model of

observing the evolution of political power by three steps —network construction,

community identification and community evolution tracking. The approach is
shown to be effectual for the purposes of: (1) finding succession pool members
in government agencies, (2) observing the inner circle of a leading political

figure, (3) measuring the specialized degree of government agencies.



Experiments also show that our community evolution metrics reflect the
tendency of whether a government agency conducts internal succession or

outside appointment.

Keywords: dynamic social network, community detection, political community,

political power observation
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WAk g R A T R R 4 5 A P oo (centrality) s £ P4 - B 4 -
BEBOMIEE, GEFTE: T - AEKR I £%K F Afeapi ,Tglz»ﬁ — ] 2R > e

S RBFALEend d o F)pdoedy g B 4EA P 0 T 5 Centrality e 2 Freeman
#- Centrality chfi=# 4p 4% 4 = = & : Degree Centrality ~ Closeness Centrality ~ Betweenness

Centrality[7] » & W]z e e b i B fie~ H 3 S BEEEHRE Rt b o R E R P REY o

Degree Centrality 2_r2 e gt + & Bheéd S fic(Degree) k @& » » i ? B H 2.5
2 » 3+ 3 Directed Graph £ Centrality Degree p¥ » % % J& in-degree % out-degree » H 2> ;¢

4o F
Centralitypegree (ni) = degreejn(n;) + degreeqg,¢(n;) (=3¢ 1)

Closeness Centrality & £ >+ closeness ¢ distance & &5 » H H 18 el 3 B8 e j oh
Pos i BhE G BT iR s S8, P H o S BLERAR B B0 S B > Closeness Centrality

T4 * B B ek G [T (geodesics) Rt B 0 H O 3N geT



-1

Centralitycjoseness (i) = [2 distance(n;, n;) (254 2)

Betweenness Centrality 23+ & AA# & 3 % > v geodesics (G4 2+ & Bk > B 4% (path) &L
tho ARG RS H e SRR kR AP EREEHE R SE- X
Flot A% S LT i ena BE > T EIFAR S FrdE 0 B AR b ok 4% E & 5 Geodesics
Hip = B & BT hBEE S A7 7 * 2 Edge Betweenness clustering = # gt 4 4 & 3
EAH H ot o

|PathVla o, (1, nk)|
|Pathtotal(n]' nk)l

(2 3)

Centralitygetweenness(Ni) = Z
Jk#i
i % & Network Density + &% & * shigfpttas 452 - » B3k graph G &
undirected graph - G ¢ node N={ny,nz,ns...} fv edge L={ly,lz,ls....} ‘2= » g % 57 node # -
d(n;) (degree of anode) % -+ 3 % -> edges i 3| n; > & % & (Network Density) % 7+ § %
mmy&ﬁwﬁwﬁéiﬁmw%ﬁw@w@ﬁiA%ﬁN%WWDmmy“ﬁQﬁ%T‘

~— L
o g(g—l)/2 T g(g-1)

(=34 4)

& AR fReh R AR e kTS R SIE FFH PO o Ao @ AR RR
(Scale-Free Networks) ~ -] ' J# 3= % (Small World Effect) {3 'z 4 1+ (Community
Structure) ; & %] & i TR F=E R 0 A p R ks o =2 Rl (power law) - 48
¥R GRS bldrE M G A f 37 A v e oo TR IR B
2ERGREDSE S L RREFLTHEI RN > VDR PFEF AL AT EF D
[20] ; ﬁﬂmaﬁ“ﬂﬂi*erW$ﬁ4?%$ﬁ*ﬂ?‘%ﬁ@itﬁ%’
1967 # 4+ ¢ < 32 & R _Stanley Milgram i e & % F 2%[32] 3+ 55 B L 2 FFehg £ 33
MEABA A BB Tyoppdr s 55 N 6 ¥ hALE R AEP B G ORE

HE R iR s AR IR e b e anT B 5 THE e S . ATy e
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3RBTGO RS A A

F]Qo

BoP e > NT R EHFE M T W{FE R

23 RRAHE

B R iniers o & & sl B a7 § fouE s # B (Random Network)— 48 4p
oo R R RR NS R SRl B lcs AR IE SRR Tt Boehd Bhi SR
B AR OE R SRR R § B2 Bl s LT RAFAR G
TR B Bk o R gk Bkl EAp RS R RS A
2% &

£ e %414 (community structure ¢ clustering)

# & (Community)* 4 % clusters & modules: &% 24 /7 ¢ -3 &l HEEAF L
Pldefle HENBEFo 7 PR MER K - BREFFRd - B S BEeTe
*’EF“@ﬁEﬁﬁﬁﬁHﬁ@%ﬁ%%’ﬁéﬂﬁwﬁﬁ@inggﬁéﬁiu%¢@
e s :i#ﬂ*)a A0 IR R Blded P AR S S i g B SRR Y
BEMTHR KRG pgppan 7 2o ¢ 315 Bilse 3 &

o UTEEAPRLHFLEATRAFERLZRAL -
231 #EHEHET K

HENTREFFAL P 0a G 2 ko RFEIA TR BHELS DY
@B B A B R AT i g 4 Santo Fortunato M e Y E A
% = f& : Local ~ Global 2 Vertex Based Similarity[25] » 4 %] 2 et & £ g4 ~ e feh
SR S BLRR 0 R A BRP 4T o

(1) Local Definitions

Local % & 1 & &% ALt » ¥ £ { cohesive subgroup =483 >
cohesive subgroup T 5 %5 ¢ B i & B ch- 3 & 2 > cohesive subgroup ¥ #7eniE 2 i

Stanley Wasserman < s 7 = #& : Complete Mutuality ~ Reachability and Diameter ~ Nodal

11



Degree ~ Comparison of internal versus external cohesion[33] -

Flaig P kR s Clique » Clique £4p = B2 = B F ehle & ihdk + = 2+ [
(maximal complete subgraph) » # *34] 3 = Bl(subgraph)® & 83 > 5 =B > - B &
2.7 gt 5 B Cliquer 25 @ > — & Clique # # & Bt ¥ — B Clique» 714 2 18 Bcft
v AR B B R RO AR R T W B R RG TR e

F1# ¥ 3|i M (reachability) ehik i 2 & 73 2.3 = 48 : n-cliques ~ n-clans {= n-clubs ;
n-cliques i # 3 & BN iz 3 B & BREEHE-] AN 3t ns E % n=1 3 B 5 Clique »
n-cliques :HF' 42 £+ Bl <HE j(diameter) § <t n> BA)¢ hE L2k 5 E5 B & B
B £ BEHE o n-clans 15 2 5 3 BN =S B & Bhendo £ i E R J (geodesic distance) ] 3t

% n>n-clubs  + B cHE 2 (diameter) | ** & & 3 n e

F1* & Bhanid B BoeniE 2 LKA G - 48 k-plex {r k-cores ; k-plex L4y + B ¢ 0
Eo SRR A EA ek B Y g A AL G R » A R E -
& 8L¥ 113 o k 3 Bh4pad ; k-cores @ Seidman(1983)#% 41 [33] 0 H ix i L+ B¢ chiE- &
2.3 b & 4rk B & 2ipid o k-cores enE & o k-plex 4p & o

ForfEiE R A EEIY RN e S P R LR e - f6 LS Sets
fr Lambda Sets> LS Sets # % £_d Luccio and Sami (1969)4% ! > § ¥4 % “minimal group”-
Lawler (1973):z % 5 LS Sets[33] > # ‘= & 2L A 1 e~ 30 o *h chae BLA 1 o> 3K graph
P NBEE NS E N+ EE Qi Nsen+ B &> FQc NsS N> % NsE - i@
LSset» 7 & Ns? ehiz— + £ £ Q 3| Ns-Q(subset » ehH s & 8L)cfug R g ~ *° Q
F] N-Ns(# #_ subset # & 2E)enig 22 #ic ; Lambda Sets #4£ 4 %_ Borgatti(1990)# 1[33] -
F1* edge connectivity %4 & % i+ - = 3 i & gkhedge connectivity £4p & Eies & gk
% = 7 if £x(disconnect) F # “,f etk -] e0Rd i #ic o Lambda Set g p diza B & 8L
£ edge connectivity + *t# 2 ehiz - & BLT[F e b chix — & Bk edge connectivity 0 &

lambda-set e& BEF — FARHS > T A BEEEIGR

12



(2) Global Definitions

Global % & £ 4 & B it b4 > B ¥ L en & 5 4B o4 18 B9 (random
graph)s- g 22| R R Y LF e b R L T B S T b g
${ﬁkﬁ’4%{iéﬁ%ﬂ%@ﬁ&ﬁ{iéﬁ’jﬂgﬁﬂﬁéﬁﬁﬁéﬁﬁw
B AFE M FL SRR R € 5 Fer &0 H 3 2 4e Newman and Girvan % 2004
# #% 2 e modularity[19] ; modularity sk A £ A FE-BA, G Y - BRI, G ¥
Gy Gt w7 23 e & BATHHA) G5 null model 5 4-% G

Kl

I
L]

f,
—=

Hegh FEVRGIGHMBHETY > Tr‘ll{?i&r'% % G #isubgraph p

—=

ek iR Bick 3 A G’ ¥ AR e e subgraph soRd i@ e 0 B & 7 ¢t subgraph i 3 e 0 H o Nde

L

1
- EZ(A” 1 Pii)s(ci’ Cj) (2545)
ij

H ¢ > Q % moduality » A 5 adjacency matrix > m % ]2, ¢ < edge 3,#c > Pjj £_node
i = j # null model © Fg#p crredge #ic > § nodei ~ j Alr 4p fe e 2 @ pF § -function & >
1> F2p520;QmiEd* il -V E ey FRPERIF- BEEF QX0

F % graph # ;25 — 1 subgraph s Q ~ >+ 0> Bl £ 7 JBAiL 5 Hies o
(3)  Vertex Based Similarity

Voo e T R A AP0 S 0 ¢ AR & BRI A AP 1R B
Bl m A A BE2 el A AR U R gt B ¥ A8 siens 2% sV dehierarchical ~
partitional % spectral clustering ; 3+ % 4p 2 & 1= 2 § (% % » ¥ 124 * gedt(Euclidean
distance ~ Manhattan distance ~ cosine similarity) ~ structure equivalent(Pearon correlation -

max-flow/min-cut) & [25] -
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232 AHFFE:

MR P DSBS 1 bl - BEESOEEY > 2B E e g R D
e gl v P“"f{lﬂ;*ﬁﬁ Bk AR E & 4)3'7%’«!—\#”/5]2"’?’% ‘d\\; 1§¢Fm§;3 ’
&7/ 3% ¢ <1 community detection i & p %29 * B4 f 12 (topology) i 3 A

Hentk g o

Community Detection & & ;= - 2 # ¥ # * 15 graph partitioning ~ partitional
clustering ~ hierarchical clustering - # ¢ Hierarchical clustering ®_#-4p (7 & & e7node 4 &
- %> 22 5% 2 &5 Agglomerative Algorithm » 2.4 = 2 + (bottom up) = 2 >
- BAeRE B ARG E e > RS B Y EEENAR BTN BEE B

*w

FIF & %L i et 290 node FRAIF - 3 5 4k > 2002 # Girvan and Newman[11, 21]3%

Divisive algorithm == ;% {5 > Divisive Algorithm # community detection » F¥ 4% 1 £ F® »
Divisive algorithm -~ &_Hierarchical Clustering # ¢ - &= /# > &.d } AT (top-down):~
R - BB BRRALL - BEE E B S RE D G BEHEAE I F LR
HiEE A E Bnode B p - BEEL G AFT ? AP Girvan and Newman # !

H1 Gk A T EaEimim o

Girvan and Newman[11, 21]4% &1 & B i (edge)snd B 18 » P G 2 F e Fand £
i i (intercommunity edge) » 3= U 45 “$ s fr%? T35 AR H R 2> 1% betweenness
centrality %45 1 g L e B ehbd o BV B R BB 5 A BEE S R G 0 kD
Mg 2 BAREE RS BHEG § P RESE SLERET FFEeF MR
¢ betweenness centrality i % 3% € 5% - # fg CREEFE > TP P|FE e o FE 2D

4
S1: 3% #73 edges 0 centrality
S2: # % # = g centrality 7 edge

S3: & £ #73- ¥ 14k edges ¢ centrality
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S4: &€ % S2-S4

st = 87 E_& 0 edge betweenness @ Geodesic edge betweenness(Edge
Betweenness) ~ Random-walk edge betweenness(random-walk betweenness) ~ Current-flow
edge betweenness(current-flowbetweenness) ; Edge Betweenness &_zk »* shortest (geodesic)
paths » 35 13 & & B b @RS > X PP E A ﬂ%ﬁa@@’ﬁ 5 BCER IR
Random-walk betweenness #_fA >t 33 B4 B3R LT 7 E B @R wR S @ L5 B
3@ T;K #p & 5 Current-flow betweenness % % £2 Random-walk betweenness #p ¢ ; i& =

#8 betweenness 1% _% t sparse graph + PR AF 32 A 6] 5 O(n%) ~ O(n%) ~ O(n) -

Girvan and Newman 3 /&0 2 » & B & B & B30 - B¥H e > L AEF 2 o
B oo - B a3 Vi Bt 5 B 2 (overlapping communities) o iE il & BRI F F AR
PR Faid > Al REBap o FP e k) §FIEER
overlapping communities = = # 3 > & overlapping communities cp= i 48 32 & 3 e 3% 5 >
Gregory # 1z L Girvan and Newman =1 ;2 CONGA (Cluster Overlap Newman-Girvan

Algorithm) » H p& fF 4732 & % O(n%)[25] -

Edge Betweenness 4 # 7 & > S AR * 3T 5 A R Aot € frd f R ER[19] 0 v AL
¥ B R g4 T Global v 2 & 2 SV R E A d# L 1% Local i e
TR DN RAAFORHN 2 IR ARRY > RV PE A PRI - PR
g1 H o & 8LAE R (%0 pF(peripheral vertices) » #b & BL{XE 5 AL ",f LA EE2 o @ g
* Global 7 e T &2 5% > RIF ¢ 5 2 akBE 5 Blbe@] 217 -f—f*ﬁ ZREE HEp G
B FFenplidide b o L w2 Benblidi st 2P FRAR B
Local s/ {4 » 4 & 2hid 4% #c(Node Degree) p » &2k A ¢ 4 K,ért hoetg HE2 @
MR DI e T s aed o
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FHEGF Lt f a0 EF B e o7 35 La g A
I il FTRE: R - T T iR 212 SR A2 RN TEH L SRR
U2 g Bl FPL AR R R ek a0 %fﬁm Edge Betweenness i s & F 3 e #2
E o TR R & GoEREE B AT PR P VT AT R R chd & k0 Edge

Betweenness i & fi - 0 154 H A E ¥ Edge Betweenness (0¥ — g F] o

24 o ALE BT
241 AA¥s

%@{é%m’M%ﬁﬁﬁﬁxﬁ@ﬁﬁﬁﬁfTL COE] LR A B AR L — BB
AR vV ER PR HAEFL A RE B 22 5 R RREFERERE DT LE
He & 212 B8 Fafodrgh FFeanbfd > 102 307 R R P28 i £
ANERETRT L FERR  EFFF O > S 82 BBl (i 7 it € 00

(Dynamic-1 ~ Dynamic-2) o

Dynamic — 1 & R eni_& k2 B ehf (3 2 & Bhk f o cnps 7P BE(R B 2 < 1 2 3%
SRR gz A L2 R el T RAGARHE) 0 B R ORI R
BEVECGES SRAR G AAME o P Y - SERR ARG AR A Ang

16



2 AA MG E gL ¢ A3 KRB NPE  Dynamic-2 Pl E R Y - AN E W F

HLE b IRTE AR @ R B I B o AN L 1B AR AL e Rl cpEE KRB
M2 R E TS LER GOR > F A BIALE pR AT 2 kR 2 BB
FERD DR TG TR G LR R

./O = O\; —~ O Dynamic - 1

O > > O Dynamic - 2

Time

v

Static

B 2.2:%% it PR 3 AL R T} B

RS ATRE AR AFEI R FEIREIN RN E > Ra o REY
1

A g B AT R EEA LR LS N FAF A LI E A K AT

EH R REEREO 2 AR RS B NS AT BiERY 247 2 R
B blhe Y FBME R v R L FRORERE LS ARk
B B Ak g REA T

A7 33 2 1 (evolution) £iT & & 3 ke s fi Ak § S B A 47607 B 2 - o (- 2t
ROTE LI PEFPEFH PR R P E R P L ed k- BEEL
W PR ek iR 2 L s [27] o Hoperoft[13] .5 % R 4 205 2 B4 PR 5 7

(snapshot) ™ % gt 5 i* :‘@ﬁiﬁvﬁ—gi— » i 4] * hierarchical clustering 7= ;2 2 47 NEC
CiteSeer Database » # 7 ¥ £.97) = F| & 1)) 4 chi 4% > Palla[23]41 * Clique Percolation

Method (CPM)zh= 2 45 1382 &% o pERF % B cha 4 e ¢ > Asur[3]2 Takaffoli[29]
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G S B 2 B el LB 0 A 2 '&A%frﬁ&ﬁswﬂffﬁﬁﬁﬁﬁﬁﬁﬁ’
BRI L R ST A SR A R X [30] 0 ¥ - B

C 3R F%F'&?vﬁ—ﬁ&’i"é%‘]'g/ﬂ BRERRROHEE > 5 - 1F A vt g 2 » P

14
-

“3
fats
lip

3 D "“

% AP 3 fmensg v > 045 03 0 1 45 4% (community evolution pattern) »

2.4.2 Event-Based Framework for Detection of Social Network Evolution

Sitaram Asur[3]~ 7 & Bhfr ¥ 2 [ chds j5 B %2 > §1* MCL(Markov Cluster
Algorithm)= /% & B 7 Jp PFR % cniept ? 35 31F e > 2 (5 £ ] * bit matrix operation =
Eot oA B eopE PR U3 0 critical event > # 1 - critical event & 2 A F L o e

WM E 22 fodBipME 2 o
BRUATER R forioip i g 25

(1) Continue : C' = C¥41 ¢ nodes 4p f o

(2) k-Merge : {C',C} % k%¢=nodes % 3t Chug o
(3) k-Split : % Cl4zi% k% node % >t {C%1,Clu1)°
(4) Form : C'uinodes %87 ¥ & (c%,C4...,C" o

(5) Dissolve : Form g 5 o
frat A M E 5

ANt

F_k

=1

(2) Disappear : nodeVv F &3t g % 3 a3 t+lo
(3) Join:node t+l e e 2 Cr&@tend e i Cyo Bl 5 joinCy o

(4) Leave:node A t+tl e e 5 Cr &t e i Cyo P 5 leaveCy o

WP R AR P B P B LR S B
HLP 4T

(1) Stabilityindex : ip| & - B & B2 4p e ch& LT $ i o

18



(2) Sociability index : | & — # & 2 join 2 leave # &b i) o
(3) Popularity index : 3+ 5 - BHEaHITFERFMNF 55 &2 join & leave o

(4) Influence index : 3+ & — i & ZL3F H 4 & gLen @l B4 o

Mansoureh Takaffoli[29] - Event-Based Framework £ 4v 2z ¥ > 2 % 7 = B o 2 4p
B ehevent )2 2w BA-EBARB cnFE 2 > TR MPFEORRAEY FHAFE 0 AF E
T T e~ K% g Mf gLz b s a2kt Community flag 2 2| %77 fe pFRF % B e e
A FAF > frEaxFiead &3P 1 - BFE el 4 Form(Community flag raised) »
- ﬁé’ﬁ Far o B fEE(flag v gt e )& G 2 4o~ 2 3R (flagwaving > & % = f &b

Haer i flag) B4kl = R F dple e > 3 2 g Dissolve(flag vanish) o
Bk CiA 7 AFFRF (S i BEE  SHE M OE 2 25407 ¢

(1) k-form : % & C¥uq 4248 k%zrnode w2 & {C%~ C4...,.C™) ¥ » B Cluy 57 %
k-form -

(2) k-dissolve : % % C'i4zi8 k%= node  t {C%1 ~ Clus...,Chua ) > Bl C'tlr %
k-dissolve -

(3) k-continue : % C'ifr C'u1 F 4218 k% nodes A+ B Cluq 171 = k-continue -

(4) n-k-merge : £ & {CY~C%....C™ ) % k%:rinodes % t*t Cluyp

(5) n-k-split : % C'i 4z k%= nodes 7 >t {Cuq - C1t+1...,Cmt+1 o

(6) k-shrink : % C

(7) k-reform : = C|,

k%:rnode § & Cu1 > & CwrePnodes 5 Citens & & o

-t =k

k%:rnode § & Cu1 > ¥ Curenodes # 5 Citsh3 B & o

2B B N I T KA

(1) Appear : nodev 3 >t t+l 3 ¥ 2 3 A3 to
(2) Disappear : nodev % &3t 3 A ¥ 2 5 a3 t+l o
(3) k-join: # nodev % & 4 Cly o Clur v 2 o fr C*w1 48 I e node # 42i% k% > B node

v join C*uq ©

19



(4) k-leave : Z nodev 7 & C'» 7 7 t C%1 > ® Cdr C'u1 48 I finode 42 i k% > B

node v leave C'; -

EEFRE S FUs s SRR PR ARt e R i BT 2 R Fs RS B

2 g H e bldey AR IR GAMPMINE 2 7 & LR IR 4 FIRRBUE
AR AR R E RO E R R BEAS BARAY R Y- BAR
AJEPER > 52 BARAJIUNMES 8 > FRAR T AP R B R IOUSE
A s FUAES R T LA e R | ARl o B B VARG E

I~

FIFAFf o F AP ARBITOEY PR FRAFEDER NG > TRRIFER
e i ara kg 80 Event-Based Framework % & 7 - B ELR IS A 81 ook
& ¥744) 0 & Event-Based Framework ¥ #-F ol e pFRF T BY 2 473 e enFORLE 0 2 A

L BERRERGOES PSRN FTFEITE o doBF B A CFHEEH  F B~
BWEAPREE G GLFEER BT KA rna s L ER s £

ls'
HeFi PRS2 F00niE s B O REES BT §e o

Mg R A EED S 0 B HERARSF LA R RS R A EFFE
Bk R AT RE XA Y RPEET RG0S RERORT S TS0 e
%F$§‘:' ‘w" t,‘, 4 ;_L%#m ]L m'% ;2‘ ’ j @7@&1&‘&)&"4}*%;;%

AL B F P RBGME EFR R R B R LR kR R
FUsigEd R B d BAE R AFIFEMOEL L AFIEH Tl RRNE
FALE K sOrTaprs o A R T RS T A £ E e a2 2 BRI o
WA R R DR U N E BHEA SR > ¥R ET R do¥ e o)
FEE AP RE S BEAPH I K BIFRMBERITSES R hp o T

A7 ¢ g+ Event-Based Framework i A2 7 iE e

20



¥R FIOEZARFER

BAEL Y APE LA SR R B R TR RBFGLES PR A s
S 53 AT - F BT R BL F 0 F AL R B e A

’?ﬁmi}i’{}?b% ﬂ{i}}, am‘*%,“]ﬂ%}?’“r’] ZHEL\IX’*LL«L\.IFE Pi‘EL ]}I/;—-’}"é
4 gL ’?J‘zﬂéy—?f}ﬁifﬁﬁ FF'F%ES&T‘F'-'J\*?%'J ’.ﬁ'_:!é’»ﬁ f@;?ﬁﬂ%g} T endk B o ﬂ’i’r

tﬂw
-

BOFTPEE o o K RTOR A AT 0 T B s L DptsE Rk o B8 L
FHOE RS EFRFE SPR =  srinid L (4P Ao

AR AP BRI A A R T PR 2 TR Ko i 4 R BB
R B R Z K — s B S FULEAE R R R (Aol 3.1) 5 hrcs B RERE
Koo A g A N IR F R BT B S e TP AR
BRI FPFRRF R sy etk > APt 2 % e 7 2 (Event-based
Framework) » 1% grip BT a2 = cnfelt » 8P H I E G 7 a0 )2 o e s ¥
LT BRER RO E R SR B TR AFE 2 F 2 (critical event) » F 2
S E B R ;gﬁﬁﬁﬁ$%*%%’ﬂwﬂﬁﬁﬁﬁiﬁﬁﬁﬁxﬁ

Ve el MRS BB ES R Ry e

FoefEd BRI HE T BN sE R
i

o ® 0 o | TURHENEIAZJUSFEZ JUSFE
o) » @ () i
® o ® O i
6°.0%.0° . PO BRI R R RS B
O o (] VAR o L v
A5 5 B AR

Bl 3LgEd 2 ez PR 2R L AR LT ALY RV iR
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FEEe B EAE RRATAAMAT[S, 13,298 (2 2 oA B ¥ -

FEER-FT AL, 2 S BRERRE > D AR REBFRFFOERE 52 PR R E

B RFHEEDSL > U e 2o

i

ARG P AP ORARG G R MR E L RRIEE T RS B g aRs B

= B 2 (4B 3.2): (1)Network Construction ; (2)Community Identification ; (3)Community

Evolution Tracking -

Process Step Function

Encoding
Association

Network
Construction

1L

Community
Identification

1!

Identifying
Community

Commu_nity Observing
Evolution Evolution
Tracking

Bl B2 L RRIRR T S g1 gy
(1) Network Construction :

%?ﬁﬂﬁ%?ﬁifﬁ%ﬁ%”ﬁjﬁﬁ&%ﬁ&ﬁjﬁ%fi’/»\_—tlj o~ ‘} - RS
+

BAE R AP BARGEHE SRR E B s KM A 2
Tt p 2 FES R BB AAR ALY NP L R A EAT I AEL B
B ReS iR EREFMHAR AR FIL R ERETARG B
2 FFIHhl o B3 A BEA R 2B R d Aoz g~ A B2 @R L f

n
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B RFTREINFPPIHAFTREE L IR ARG P Fiie AT B ART
REE @A ERET & ) 7t +4
Fre $EfRavi- #js >  ERF %~ §
P& D SO 4o 0 FR ARt T BGR E
B ARNPEE A2 P AT U IR
PR k% (% 330 )k L] ¥ ik o

B R Y E R F R oA MR RRERA G R
G S SR LA ] ERE R s A AT REY SRONE LS A

e Rt LR ST

=
=i
|+
e
e
*
3

(2) Community Identification :

BReEREZL > A UL BRERAFEIS MR LB AP DA EFE

# 4 * Girvan and Newman # ! 5 EdgeBetweenness Clustering[19, 21] -
EdgeBetweenness Clustering j& & i2 » = 5 Bw & » @b ikt 5 A f > % - 58 & F e
Hiafc %o B & &G cquality function » AT AR S - f5 0 L B AR L

P TEFLFELSEFOFEHANAENT A TR L FEEPF S RLEFLZBL o
(3) Community Evolution Tracking :

FI* F e R AT BLR L E B ol s 2 F 2 (community

evolutionevent) ; 1 # i SR Ferpr B FH TP e f it > S IE e o
W BB EPTAL PR RER T fiﬁ%ﬁfﬁ’ﬁﬂzﬁ%’ﬁ?ﬁ‘z?«"‘@ﬁﬂiﬁ ’
L RBIEDILRLFERAPEN LR OT S BRI FERF AL EERLE -

i ik y Takaffoli s#7 7 [29] 2 A& K3tsupFed 2 AP Rkypay 742
el BE T B 4of]* Expand ¥ 2 B~ % Reform ¥ % > %t BrusdEe®
i# %3 4% (Dissolve)~ 5 = (Form)~ % & (Merge) ~ ~ % (Split) ~ s24% (Continue) ~ #% 7 (Expand)
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