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Introduction

YET o] 22 BAH kE(node)?} F et

stel, 1% 19] Ax|o] EAH L4
(weighted) Y| E 9] 2} g}
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nity detection)o]2}1l gttt AH U g
UE o] e ESo] A= FAA] gh=(disjoint) HIEH IS 7ottt 12fut
AL =22 YIER A 7iAIS 0] of 2] 71 A7 U Elof A &
o o7} ok & Ao = kBT ©@ed] sk AR Y B of|vt &5k
oM B sl o9 e ARrUE A sAlN Fote T AR
E] & %] (overlapping community detection) . &2 Z|-8-5}| 1 114} gt

Z3 ARUE 929} B Ay A5 27 22 o T clique
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9 13 H 7 YEYHA A4

percolation), 41 E&H(line partitioning), =4~ 2+ (local expansion), T %]
22| (fuzzy detection)?} 52 &i12]Z(dynamic algorithms)© 2 H5%
th 29 ofI 2 YR BE kEEo] AR AAE 0] §li= sub-
eraph€] 218 ol 43 AR PAlo Wolth. GEd P
CPM(Clique Percolation Method):= W52 = =7} k7ljel k-89S 21
k- 1719 LES F4oHE 1-220] 4SS shte] AR ol
th(Palla et al., 2005). [Farkas et al. (2007)-& 7}= U E A k-Z2 Y

"

A 2ol &
] — ] =



250 7HSAE A H T W (intensity) S g ol et &, W7} 7]EA]

Ol

(threshold) Ht} =& k-ZE9F A5 U El2 7F5:5= CPMw(Clique Per-
colation Method Weighted)E A A5}t A 282 - &9 AFYE7}
obd, A9 AFUEE 2z =M, stte] lLtof AZ = AR S0
ohe ARl Sol 398 oled A L= £ ARUHE &

Zoffict A Bg i = 5htel Link community= 5 G2 7F SATE
(Similarity) & 71902 AZH 235} e A8 ARUEE B4

5= HrHo|th(Ahn et al.| 2010). [Evans et al.| (2009)= 7| Y| EY T 9

|t

[¢]

A = EQ} AR E gpgto] 715 A 18 X (weighted line graph)= B3t
A2 2o AR S ol WA ol gasch. Bruz etal

(2015)= dIz]52] 2] ZgH(local sets) S =2 7FESHT 7fjE L&
AFYE, I YER A FFoA4 9] 3712] HEE A st F, o] Z
2 243}l 9o thE2 & (flexible multiscale) R8-S A A5}t

3l|7}+= HiAlo]t}. [Lancichinetti et al.| (2009)-& =4 SFAFo] GF HFHH o g2
27 LES Q92 SPUE 18 T, BAT4E AgsE dri) e
LESS ARUHH 27A7E FnZE AN A ste)

=
FUEZE @40] HW F2 & Fof| ThA] stHE o= A=l 1t
4-2 HH2-5tot. EAGLE(EagglomerativE hierarchicAl clusterinG based on

X

"N

Ol

maximaL cliquE)-2 t}2 22l of| L 3}E] 2] o= X o] &2 (maximal clique)
g 27 AR Helsn, AR W] 4% ZEQ Exended
modularity £ F54 ¢t A5t T3 77U EE 2At(Shen et al,,

2009). Xing et al.| (2015)-2 =4 F-=% A H(local structural information)
£ o8l =SS A2 RO =4 ARUE st 27 Aw



UElZ A48 5, AR E 448 ZER stol ARUES 2]
+ OCDLCE(Overlapping Community Detection algorithm by Local Com-
munity Expansion)S A|A|5Fch 2] 2] HHo] AL, AA AFY
g 2442 27130 AP, 27e] wEsk 54 AR 5
= A L& YEY = belonging factors 7¥F0 2 #HFUEE otfl=
Holct. tf3E A 0 & SPAEM(Simple Probabilistic Algorithm for detecting
community structure which employs Expectation-Maximization)x & o] A]
= belonging factor?] th}E X E 714511 ollz| 9] SHEE X E belong-
ing factor=2] 232 & (Mixture model) 0.2 A3 EM &1 8|52 53]
belonging factorE 3% $Fch(Ren et al., [2009). 52 et1a]Zof| A 7P &
0] A 0]=HFH .2 COPRA(Community Overlap PRopagation Algorithm)<}
SLPA(Speaker-listener Label Propagation Algorithm)o]t}. COPRA= Z}
A 2 1 EE9] belonging factors ©]-% = E-E-9] belonging factor2]
B o g AHo|ESt &, B R £ wj7tA] vhEltrh(Gregory,

S5 GAER L E7k] AT g
72 (interaction rule)of] Wzt Zt2Fo] L =5 77U o ddstr, T
aftt o A 7Y E o &5 0=2]E B 2 & belonging factorE 749t

2010). SLPA+= speaker-listener 7742

HJ{FU

th(Xie et al., [ 2011).

e 54 ARUE HA 29 AA7} 0. 1 g A
wel w715 HlE g0l Ao mgolch. Tt @A L YEY S0
V% WSS S o A4 AR | ok A 9-sol Atk
oI5 Sol, B0 9] FF W Wek vEF TN 2ol Ugke] BF
1to] 519] Cosponsorship) G} H-eHS oA 2 AAshe AR THE FEEo)
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Statistical models

2.1 Notation

HESD S TEE S G- (VELOE thehd 4 9o

™, 7| Vo] e E et

2 14T YESRS TEE Ul MES

(Adjacency matrix) A, 7} HEL T L F¢ 7I5%] & W

Hoh A9 YA gy i =20 R EE Qe AA7FEAE o
02H 7HAITh Wl 94wy 9} j©] A7 Z =S el 71542 &

o] obyl A4ghe ATk Ao M E Meshe g YESDE A,

Hu
ne,
ol
o
S

X

S

r (o]
i)
o2

~ 1o
ol
_?_, =
L oox
L (S 1)

W7H Bt s oluf 2 Aol A= B RF Y E =91 490t 11 5}7]
ool A, W= ti3 S E-& 7Hd ghet.

S ARUE G2 FolA AA AFUE A4S K2 e
o, ARYEZE2] Yot cover)S C = {c1,c2,- -+ ,cx } = FLRITE L& i=
K7H9] ATYE Y] %359l HEQl belonging factor by ,- - ,bix = 7}
™, b= le E i7F AR U E coll o 8l= F ol bi.ofl tafl A= oh-2t

e e .

0<bh <1, VieVVceC,

K
> bie=1.
c=1



bi.7} 0} 13H& 714]
Z o, fuzzystcral A o)gtch.

© crispattha ejahel, 03} 1 o]2le] ke 7}

rlr

2.2 CPMw

CPM-2 [Palla et al. (2005)°] 2|5 A|A1H Wi o2 H|715 YEYD

graph?l k-2 50| 1Fdst=(adjacent) 45 AwHE 2 ottt 2

Aol k2ol k- 1749] wES BT W, AL Ttk k-2 7

AN k220 Wk k-2
7\shE o2 the Tt 2t

o &3t LEE 9] ollz] 7}%3] 9]

N mlo

=
Farkas et al.| (2007)+= k-2 3 o] W T (intensity) 2+ 73 -& =5l CPMw
=)



A QA= Aoz, 7SR 7F E2 AR W2 A7} o]2et A
% ARUE S 2 he] SA 4 e,

CPMw= 28 7] k&t W 7|E 15 £HERSR 2=t YT
A AFUEZE G ghon, ghdo] 7} U7 2h2 Aol st
o AU A 2 ARUEZF AAD % oleh. A 27]9] 12 Aesh]
9]} [Farkas et al] (2007)= 0+ 22 S AAshert. YEY T
= A2 9] 7FSAE ] A EADE Wim) = Wm—1) = -+ = wy°ol2taL
R wl, AA 1= w2 AR T 22 ARUE 2] vl g
ny /ny©) 27} El= 24 Q1 of 1k A o] 2] (Percolation transition point)7}A]
15 1579 &M EAFS vt Zojuzict. o2 kgtuiet A 9 I

232 5 M D2 ARYH 2719 BEES FL A4S HEa

2.3 Link Community
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Jlike] o]t 2o AT A Bol the AR e 42 A4S o
9 o F2E AR Sah B

Link community+= k ke =5 -5-3-5h= A A 2t ep ] FAHE7 &
) o 2 $AES 71 Ak el
ekt ek o FALE S(eir, ejx) S AlSA - 2HS 917t dendrogram o] AJ2}
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A7)A |- |2 o] Y42 A2l cardinality & 2]v|5}H, N; =i = =2}
A-S U= & HG(neighborhood)o|t}. 7t HE QI ot W Y E
HA39] 7%, S(eik,ejx)E Jaccard index 2] 2+ 1 Tanimoto coefficient
2 o8] AnYZS H4gF & k. WA =T o] thste] M G =

(A, B TH&T} o] A ofgiet

- 1
Ajj= v Zwii/aij+wij;

Hien;

71 A §;=i=jY o 1, oF ™ 00|}, Tanimoto FAFE Sz (ejj, eji)
o2 go] FojEnt

;-

Sr(eij,ejx) = .
Hw ) G R —a )

219} Zo] A olH Tanimoto -FALEE 7|WF O 2 dendrogram-2 &
of A2 243 23S 489 & olrk AFH 205t BHoIE single
linkage By o] 4HbA 6 & o] z|qt, complete linkagel} average linkage

=
2L Ago] 7}5slth B3 2248 A §) Dendrogram2 £35HH Link

2AG2 Aol 919 LA H) A5S SR B
D(partition density)E& A Jqtct. {cf, - .41 & EEA|

A9 7AFU e e o, c,ig] A2 ARG my = |c§|o] ™, i E o] A
== U {l jtlelet. o] B, mE gk, Eghor H4fstet
= Deetal Pl wl, D= o2t ol A ojHnt

mk—(nk—l) :1 mk—(nk—l)
nk(nk—l)/2—(nk—1) 2(I’lk—2)(l’lk—1).




m 2 mg — (ng — 1)
D:ZMDk_Mzk:m"(nk—z)(nk—l)’

DO} HThghe 10]m, o] ©) BE A H 1 e ¢ A2 (fully-connected)
Zelolth. =09 W), BE ARUEE 94 7} k. AR
9] subraphSo] AAEA ¢k 222 M ©f D 247} HH Ha
Zhe —2/30]t. Dendrogram©] 18- DS H| T3} sh= ) Hol A o] o]
z_]

‘_—C:?-_‘
A= oF 118291 EAGLES A|otsl¢Ith. EAGLE-S Link community
o BFE71A| 2 dendrogram & 418 o] o] AFUE Hee] 45 =
¢l extended modularityZ Z| T g}sl= 2| A oA Bds] AFUEE A
Sttt Extended Modularityeh E&5 53 7| FUE Hao As
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Case study
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(@ 21711 (b) A1712

(©) #1713 (d) A171 4

9 3 A7 1T =3] e HEYA

o] @]of| & |Ahn et al.| (2010)0] A At AHY E] #H 2] 2] (community cov-
erage) O°2} 53 71 2] X](overlap coverage) 0”& 74| H]| u & kTt
0 ARUER] S8 E0] vlge]w, 07k AR e BPE b
=59 &3t 7Y E 2159 Fao|tt. |Ahn et al. (2010)9] 7] &= whet

U
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H 2: Modified modularity

Algorithms 1% ond 3rd 4rd

CPMw 0.08 - 0.090 0.033
Linkcomm  0.163 0.192 0.249 0.190
EAGLE 0.122 0.187 0.165 0.208

7+ A1719¥ 25 9] modified modularity+= 3 22} Zrth. CPMw2] 73

Zy Al7|atet 2 A 9] I'9} ke T&3] Agstsith Link community=
single linkage HFH o] ILE A] 7] o]| A] average linkage2} complete linkage ]|
H|5l| £ 452 H 7] tj & o] single linkage B2 0|85}t 295
Heke ofj, A|7] 3] Link community £ 2§32 ©f] modified modularity

7} 744 E=9kth CPMwrt Hl A whe H59

kT

o] F91 31, Link commu-
nity7} A A|710l 4] 7MY =2 AeS HolFth CPMw+ A7) 29t
Zo] E x| 74EA|o] dal A ny /my7t oAk Ho] Aol ERsA]

I o), ARUE L AR A s B4l QST

X 3: ARUE A5 Kok AR 04,07

CPMw Linkcomm EAGLE
K OC OOV K OC OOV K OC OOV
1% 32 0917 2567 15 098 1.798 17 0.934 2.401
ond - - 53 0.994 3905 28 0978 3.250

34 74 0928 4.691 96 0970 6.712 24 0.956 4.790
48 0794 1.679 34 0986 3.534 19 0.912 2.901

39 7 YE Aot AWZRE Bote o, 77U E S 27]et
3 71H=A 07 A17] 39] Link communityol A 718 &tem™, 7

BUE AR 0°= A]7] 29] Link communityo]| 4] 7} =9fch 28

17 :
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et 34 7H iAo 2 kel = gil e, 71 7Y E 7{H 2] Link

community7} HHtd 0 2 =9k} A]7] 404 CPMwe 2EH35] @ #8
UE7} AL 7] Aol ny /no7} o] Ao] ™o mdaf e 1/59] s

She e =5o] ARUHe] &5 Roh BAEo] 95IE

Cluster Dendrogram

o _

(4] [=8]

o | o

© | w0

(=] S
£ z
2 £

;- .
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S | o

o
o
o -
o
| | | | | |
0.00 0.10 0.20
Z1¥] 4: A]7] 3 Link community Dendrogram} 2&F 2 I plot

ZoH oS u], Al 2 5 Link community 7} modified modularity
oF A Ao A 7HE =2 e e BT 18y =EH ARUH
7t =2 45 S BolFo Eotal, 19 59 A|Ztet AutE HokS o



() A AR EYT Iz (b) LESo] &3t ABUE A% 3| AE
I
719 5: A]7] 3 Link community 2| $} A 1}

FUE 9] AgE ARUE Y A3 ofso] ]2l &g F7] He], 2

3} 382 gJste] ARV E ] 252 ZQ Bast girkn s

717 2 AR nesks YA AR E

L =S| 4A ARUE AL Fobd 4 ek WAl ek

weba, ARUE ] 45S Ade REstA ARUEe] A4g Zo
7] 18 AR E 0] 222 Wek AR €l (Meta community) S 754}

o2 98], AEYE7H] Jaccard YAFES 7]8HO & 3 Ward linkage 7|

%7 298 5P AT ARUEN] Jaccard fAEE ohE}
2ol B olsteirt,

_leinej]
Sy(ciycj) = U]
Het AFYE 2R E EE3 ARFYE Q] A Zte} Aut= 9 61 &

kot AU E o] A5 96710l A 3= FEAI S =M Kt Ak
olsi7t 7Hs s At =g 71 RUEE A, B, C2 A ofstynt. Y EQA
i EE Hobs o, 7Y E Bt CoF ite] HAI5hAL ARYE A
52 o] B CHrt oFsitt. ARYE C7F BEtH & o HjERZ ¢l
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Conclusion

B =R AE 71 Y EY A2 538 AR E €7 55 CPMw,

Link community, EAGLES 17t =3] 9|59 359 YEYA A
ol m ok, B o) A M ES T A2 oA o] BAH AT mESe)
ol24 gl ts] 4715 shert. 17¢] %2 Chang @0TT)o] A3+
4709) 712 ela B Age go) W YEYIAE ek oo
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Abstract
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In this paper, we detect the overlapping communities in the 17th National
Assembly of Republic of Korea. The theoretical backgrounds of CPMw,
Link community, and EAGLE, which are overlapping community detection
models in weighted networks are presented, and the model is fitted to the
cosponsorship network of the 17th National Assembly. The performances
of the models are compared using the modified modularity, community cov-
erage and overlapping coverage. Since cosponsorship networks represent
political relationships among the legislators, the political networks can be
found from statistical communities. Therefore, we compare the communi-
ties derived from the optimal models with the political parties of legislators

and examines characteristics of the parties in the 17th National Assembly.

Keywords : Network, Overlapping community, National Assembly of Re-
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