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Abstract: We propose an approach for overlapping community discovery via weighted line graphs of net-
works. For undirected connected networks without self-loops, we propose weighted line graphs by: 1) defining
weights of a line graph based on the weights in the original network, and 2) removing self-loops in weighted
line graphs, while sustaining their properties. By applying some off-the-shelf node partitioning method to
the weighted line graph, the node in the original network can be assigned to more than one community based
on the community labels of its adjacent links. Various properties of the proposed weighted line graphs are
clarified. Furthermore, we propose a generalized quality measure for soft assignment of nodes in overlapping
communities. Preliminary experiments are conducted over synthetic and real-world networks, and the results
indicate that the proposed approach can improve the quality of discovered overlapping communities.
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P =2 HEIZBITALESR Y FT =7, hep-th lIH I %
VE—HEHOT LT v P EERLERFEEOLFE A v b
= Thh. £21EFIERY FT -2 THY, BT
BT Ay \3EH 0, j OLEmITHERT.

51.2 23171 RREF&E

R&EMW L — FREIcEo S ala =T BRAFHEEL

TUTOFEZ A,
1) labelPropagation [18]
2) leadingEigenvector [15]

3) walktrap [17]

LabelPropagation [18] (X / — N TD 7 NV {nik % # U
TH/—FIZa3a=74I7NVx#EHHT5. Walk-
trap[17] 1342 Y b7 =2 ECOENT Y T LT+ =7 Hhb
FIESIN L ERBMERICEOWVWT ) — FIEO#EIZIED <
FH:TH 5. LeadingEigenvector [15] 1%, 777 77 v b [20]
EFBRIZ (25) DL ICEY 25 T 1 2ATHI O EAE
cLTcEMMEL, mAEAMEICHIET 2EANZ MLi
WCTIIa=T 4 DFEEFT.

F1, R20BEAMIESEN T T 7 2 LB S
777 LROFERZEA L) v pE R T o 7.
5.1.3 FHEHER

W77 ETo s — FoadEin s (31) OIRRITH % &
L, Voo LTk (29) TIRELZ Q. REHIEL
72%6, B, 12O FEIIF LAY b T =713 LTH
ERERPRL DD B0, DTTEELY T —
71235 % 10 BFPE OREER 2 HET 5.

5.1.4 #8777\ ¥ BBEHETS

TVIFNVDARy T =Lty hT—21C
3B BEEATHI L L CUAT & w7z,

o 0-111FNICESCHD (6] X (2) DE, K (3) DE;
o EAFFNUIHES L LD X (9) DE, 3 (10) D E,
o 0-117FNICHTE, (W) XY ACH—TEBREL

720 (A8 o F, KX (23) D F,
o EATHNIHDSE, (I ICLVEHCV-TEIHEEL
72ho X (22 OF, X (23) O F,

52 AILxvy bT7—7I1C7 38R
II2=T4HYVD ) —Fn. =50 & LT, 1§
ABIRTFIECTCII 2 =T A B2 L2 TAYy VT =2
AER L7, BAETIVTIETI VYA Ay T =2 %
W A72OFEaI 22748l LTI0@AY M7 —
ZRERL, &4y NT =210 LT H12HDOFER 10
[ELEH L7272, 51100 B O E2HET 5.

WRETR 3 IIRT. £ 3 OKYIL 5.1.4 HOBEEATY
TIEB12HOFHRISHIGL, T2 L2 Q, DM AMEL K

*5  Pascal: http://analytics.ijs.si/ blazf/pvc/data.html
IV’04: http://iv.slis.indiana.edu/ref/iv04contest/
Qs DENAREVIZERWY V7 GENIRT A,
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£3 ANLAy MNT—=27120F 5HER
Table 3 Results of synthetic weighted networks.

method E E F F E, E; F, F,
labelPropagation 0.001 0.063 | 0.025 | 0.294 | 0.000 | 0.102 | 0.000 0.045
leadingEigenvector | 0.025 | 0.171 | 0.025 0.170 | 0.029 | 0.134 | 0.030 0.135
walktrap 0.057 | 0.279 | 0.064 0.353 | 0.073 | 0.365 | 0.073 | 0.378

4 labelPropagation 0.001 0.061 | 0.024 | 0.289 | 0.000 | 0.087 | 0.000 0.053
leadingEigenvector | 0.024 0.155 | 0.023 | 0.156 | 0.020 | 0.116 | 0.020 0.117
walktrap 0.048 0.287 | 0.058 0.351 | 0.072 | 0.366 | 0.071 | 0.387

5 labelPropagation 0.001 0.059 | 0.024 | 0.288 | 0.000 | 0.063 | 0.000 0.027
leadingEigenvector | 0.023 | 0.150 | 0.023 0.148 | 0.015 | 0.100 | 0.015 0.100
walktrap 0.048 0.276 | 0.053 0.353 | 0.074 | 0.355 | 0.077 | 0.385

FTORY. BETRTORY T =2 L FEOHEE (%
17) T, METL2EAXEHLHACY - 752 BE LB
75 (FBLUF,) TREDHKEIHS N,

B L7zt y VT —2 T, )28 CRED) oBED
S5 3 2= A NTRELZD, VY I7OERATEEL
BWEIAIaZTAPEROFTHINATLE). 207k
O, BHEOE, E1 6] TdIIa=F 120252
EWNTET, Q, IFFIT/NEREE e o7z, M)y, -5
TRV Y7 OEIAEEHTA2L12L0, ELE, E, &
B, T2 & Q, &/ 1HF (1045 BEMESE2Z &
WTE7. 612, HOV—7OBREDL RN TH - 72,

5.3 EXvy M7—7II8T2ER

EHaIa=T 4 RoBE LT, £20kFEEL Y b
7 —7% (Pascal) |24 L5EATHIZED E L1REED F CHESE
L7-EAF 2427 F 712 labelPropagation % # ] L 72 4%
#F 3, B 4 2R, TR v 7 offEE oM Ta
32T 4TIV EELTWS,

FATIIZED E A V7284 (03) 1213) Y 7254 <D
IIa=T A E R, e 2RO — R 20 R
TORG 7T 7 BT S/ —F8IFL{DAI =T 11(C
HoBToHN ), REEOF 2HV254 (14),
INHD /) —FIZHE—DaI 254128 Y) S THNT
A, J— K24/ —F34 5133 LEEICERDT I 2
ZTAIEID B THENZ. H DAy FT— 7 TIRIERFIC
BT AHITI 22T 4 TNV RV OM L3I 2=
74 OFHENIEE L WHETH 505, REETIE/ —-F8 %
EUCRETOES T T 7% — K20 2&bhRois s I
T EOMEZMGILIER ST, — FO (FEERZR)
BFHELTHOII 2T 1 DIEIfTTbR Tz,

F1, 20FEAY VT =2 120 T AERER 4 ITRT.
3 LB, %4 OKHNL 5.1.4 HOBEATH, 4713 5.1.2
HOFHEIHIE L, ITT 812 Q, DA% KFTRT.
72 & 2135 4 Tld Pascal |24+ 9 % labelPropagation D17
BB E, FOXILVHR 3, H4I12xE6d 5.

£ A4 ORERPS, METLEMMEHR ST 725

N
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3 Pascal |23 3% E ~® labelPropagation ¢ ##F

Fig. 3 Communities over E of Pascal with labelPropagation.

4 Pascal |23 % F ~® labelPropagation 0 i 5

Fig. 4 Communities over F of Pascal with labelPropagation.

Zricky, /- FpEFEOMMAEYE L CEEII =
TAERERTL2BOMREN EPERTE /2 L0 h 5.
FVIFND Ry FT—ZIIBIAEREER LT
5 (B, Ey), BXUHCV—7T&2KkEL2-EETY (F,
Fi, BXUOF, Fy) TEBHENLHMT T 7E2HNLZ &I
XY, koY (B, B)) SHELTIETTIRNTO
oy b7 =7 L FEIR LTRSS s,
(E,E) Lol 3L (B, E) LolEICkYy, +
VIFNDRy b T =218 5ELOIEHAIENTH
B EWghs. RIS, (E,F) Lok, BIU (B,

85



RS 2R

HEEFILLGA Vol.5 No.3 79-88 (Sep. 2012)

T4 EAXAYNT=21THT AR
Table 4 Results of real-world weighted networks.

dataset method E E F P E:. ]:]1 F. f‘l
lesmis labelPropagation 0.018 | 0.131 | 0.432 | 0.449 | 0.410 0.400 0.418 0.374
leadingEigenvector | 0.283 | 0.343 | 0.302 0.361 | 0.390 | 0.426 0.387 0.419

walktrap 0.398 | 0.440 | 0.458 | 0.495 | 0.383 0.488 0.395 0.470

celegans labelPropagation 0.004 | 0.084 | 0.057 | 0.250 | 0.000 0.059 0.000 0.032
leadingEigenvector | 0.111 | 0.174 | 0.112 0.179 | 0.207 | 0.256 0.207 | 0.256

walktrap 0.343 | 0.343 | 0.335 0.362 | 0.305 0.316 0.305 | 0.397

netscience labelPropagation 0.039 | 0.131 | 0.533 0.690 | 0.727 0.717 0.737 | 0.763
leadingEigenvector | 0.702 | 0.731 | 0.711 0.735 | 0.762 | 0.775 0.746 0.755

walktrap 0.793 | 0.771 | 0.795 0.812 | 0.796 0.811 | 0.815 | 0.815

hep-th labelPropagation 0.043 | 0.174 | 0.459 0.596 | 0.616 0.643 0.621 | 0.706
leadingEigenvector | 0.588 | 0.629 | 0.532 0.583 | 0.629 0.656 0.630 | 0.663

walktrap 0.643 | 0.628 | 0.642 0.705 | 0.667 0.720 0.677 | 0.743

Pascal labelPropagation 0.059 | 0.091 | 0.460 | 0.615 | 0.572 0.591 0.609 0.607
leadingEigenvector | 0.432 | 0.467 | 0.437 | 0.474 | 0.459 0.503 0.549 | 0.567

walktrap 0.528 | 0.535 | 0.627 | 0.634 | 0.571 0.574 0.569 0.575

Vo4 labelPropagation 0.042 | 0.201 | 0.577 | 0.651 | 0.659 0.677 0.679 | 0.700
leadingEigenvector | 0.582 | 0.593 | 0.582 0.593 | 0.639 | 0.646 0.639 | 0.646

walktrap 0.698 | 0.681 | 0.708 0.688 | 0.706 0.672 0.708 | 0.722

F,) CORKICEY, BREOLY NI =2 5HEV —
TRBET A ERER ISR EN A, 6
12, #4TREZZHALTHVESES FBIUF,) 2
REOKRENPRONL Z 0% L, MEZIHT LI LI
MR THLENVZ D,

5.4 Z&

774y =2 i) WZETIE ) — FHEOHEPE %
)y OERELTERLTEHT S Z L% [20], [23].
75 7B B EGATH & EAN ZEHATY B ISR
THZEILEY, BRBEOT T TIZBWTLF ) VF LD
2y NI =2 IIBIAEARGEHAT A ENWTREL 2 .
72, Ay MU—7 EORRIHEDS TE (6] TIRARER
DT T IHREACN — T2 OO REHBO 7T THED
B EN BV E VI FREICH L, X (18) 2@ THCD
V=T eBFETHIEEFRELL.

JATHIE [6) ZIRE L - FEHELDEANFE A Y VT —7
NORHAEREL TV [7]. STk [7] CIREAEH ST
TR L CTREO BTSSR FE S .

Cap = ) BiaBis(l — dap)

. B;

Eop = @ Bis(1—0a
3 F— a( 3)

iki>1
ZITsi=3 A, wgld) Y7 BOEL, Sup ) ¥ 7
a, BT A7ty H—DFNVEY EET. Kisk Kk
ICE AN EEHATIIE 525, EARM SERATH, GEk
D 0-1 #EA 151, (1-0ap) &L DRMTER SN L7120, EiL
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