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Abstract: In this paper, in order to detect nodes’ functions such as sending/receiving information, one-
way /bidirectional relationships and so forth, we propose a method for extracting communities each of which
consists of functionally similar nodes from directed networks. We confirm effectiveness and usefulness of
our proposed method in comparison with two methods, a standard functional community extraction method
intended for undirected networks and a method based on network motif analysis which reveals local link
structures. From our experimental results using artificial and real networks, we show that our method can
extract some reasonable functional communities which can not be extracted by two comparison methods.
We also analyze the values of global jump probabilities which affect the results of community extraction in
the PageRank calculation step of our proposed method. We show that, when we set the values of global
jump probabilities as o ~ 0, then, we can obtain reasonable communities by various function of nodes from
our experiments.
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Fig. 3 Hierarchical network.
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Fig. 4 Hosei network (K = 10).
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w

© 2013 Information Processing Society of Japan 141



ERNESLH/LE HETFIEESE Vol.6 No.2 137-146 (Aug. 2013)

0.35

T,
2 y
3 ——

03} 14
5 —a—

025 | {6
7

02 |

0.15 |

0.1 f

1 10 100 1000

6 Tree & v b7 —7 f0FK /) — FEALHlI#H

Fig. 6 Tree network changes curves of representative nodes.

0.056

1, —_—
0.054 2 ¢
4 3 —
0.052 % 4
5! ——
0.05 6
i 7
0.048 ¥ 8 —a—
X 9 —h—
0.046 10 —v—
0.044 | | S
\ 12 —e—
0.042 \ 13—
f 14—+
0.04 15
/ / 16
0.038 | 17
0.036 f./
0.034 . .
1 10 100 1000

7 Hierarchical v 7 —27 {3/ — F&{Lli#
Fig. 7 Hierarchical network changes curves of representative

nodes.

0.004

w1l T
= [\ | ¢ =

8 Hosei » v b7 —27 &/ — FZALEl#

Fig. 8 Hosei network changes curves of representative nodes.

FBRZFDOREL ) —FEDY Y 7RICE) 7TODa 3 2
ST AIGEENTWE A5 (K 2(a) 2. B
i, & ES LR TEGORL S, —F (N7 —F)
EENLOBSE — F, ETHG LA ERSORL S — F
(MK 2 — F) L ZNSOBEE — F, LG & A TR
ORI ¥ 712 &) DR L B — R
2K =7HRICEGETERVLD, K =7 OFREEZRT.

© 2013 Information Processing Society of Japan

0.003 1
N
2 .
3 e
0.0025 4
5 e
6
0.002 | 7
8§ T
9
0.0015 10
0.001
0.0005
0
1 10 100 1000

X 9 Yaku tv 77—z 43— F&bilii

Fig. 9 Yaku network changes curves of representative nodes.

ZNENGFEINTn L, W) ¥ 7 TORP>Tn5
o, W7 7N eEEE AL TS, ST
7 OBATINE, AR PV EICEROBEAEE S5
TRI T iz®, MRRRAE % B 72 T RME RN S 2 & 23
SNTWA [11]. A 7T 7fEod.L ) — FTh
L6 D4oHDNF ) — VoAbl ez /s &, Z#7
77 DT B RS ENTE Y, oih#is ) F <
BmAENTWE, ZoXHIL, Ak y =212k LT
b, /— FOBBEIZL > THEVICHETETWDE 2 EH%)
VANV

ING =R MVICE B0 HORRER S L, ARG
TIa=TAAMRICEL Y, — FeD) v 7@ BICEY) ) —
FEZGEHTETWL IG5 (K2(b)*3. LiL,
W 7T TWREEO L — R — FEFRL 2
FATIHHENTLE TS, UL, FZUESOH
L/ =R = FbEF—T7%7 =2 82 L HE L
BN EDDL, EWIHHITE LWL TH A,

—F, 2Oy NI—=rRMEAfL L2y N T — 212
FTHMAEORERED I 2 =7 LR AL L, V>
DT BIEREINY, AT I 2 =7 1 TR
ENTWINT ) —FNEEB —F, MR — FEED
J—F, ZE7 7 700EEOBRSE I N TLE ST
W3 (X 2(c)) ™. HEA Y M7= 22T ARRTIE, 2
DX R LRGP, Y= R7 FVIZE B
SEOMERTIX, BN Z) ¥ 7 &P S5 5.
Ay b7 =213 4R TIE, / — FORB %%
EBL®Y) ¥ 70K X BRI EERSG 2D, BT
FBEONAT) v FIGAERPHO N 3 FiLOMIELE R
BFIEET, HHNTH 5.

3.5 Hierarchical & v b7 — 7 ONIBHER DT
Hierarchical v b7 —=2712BWT, &%/ — FNIZHHZD

BOK =6 D EICIIDETERNED, K =6 OfFR2RT.
K =3 D RICIZSETERND, K =3 OfFRZRT.

142



BIRNIBS ARG HOEEFIEESA Vol No.2 137-146 (Aug. 2013)

BYhE A NHND ) = FERFHY » 7 TOhHBoT
WLH, b/ =R &, HHVIE1IRE LD —FED
VY HIERLEDL W) M EET 5.

BIAEET I 2 =7 4 OFERE AL &, FERENIAL O [H
U/ —=FEILIBFALI I 2=F A ICEDIES LA
HHD, B - N0 v 7BBROENIZLD S 5124
SALENTVE 505 (4 3(a)*S. SHHREPT
&, ERINO#HE® FICT AHER LRSS 0k % 521
BB, 27 A PAOHBEFHICHECH LAVE TS
HEZE, ZNENELLIEHEFLTNL. ZOFEVH
B 3(a) ICENTVDEEZLNL. ZDLHIZ, Al
FT =212 LTh, /— FOBERIC X > THEYICHHET
ETWVBEZEDGDAD.

NG =Ry PVIZE B GEORREE RS &, FlERE
TIa=TAFAMBRICER — N Y 7@ AN E Y ) —
REGHTETWAEI A2 5 (M3(b)*S. Lil, E
F=TNRI=VIE1AT Y THDLVIE2 AT v THD ) —
FED) v 7l LPEETCE R0, RBfRY 7
WrEOEMT A/ — FL2SETE R,

—J), o5y b= aEAfbLc Ay b T — 21Tk
T4, MAEOHET I =7 o RELY L &, B
B O SIZL o> THEH SN TV L7, [F—FENIE
LT 2 ERATELRVOTH—H SIS (2 3(c))*.
ZOXHE, AR II 2T ClERAKTIT I 2
ST ANTEITELDIIKL, 87— X7 MVIZ L B
FCldMd4aia=rq, EBfbThrL8a3I2a=711L
P TE RV, FIERED I 2 =7 1 I Tk L L
T, WoNICHFHABERE GEALZEEAOEN TS/ — %
HWHTETWA,

3.6 Hosei & v b7 — 7 OIMNIBHER O

Hosei v N7 — 727 O, 4 I2EMTHA Lo
TWLEFDEHIZ, BEOEPERER—IPMEET LI
MOT4 L7 P)ICEFEDTERSN TSN TS S
ETHBH. B, ATy T AR=YPE EDEREIZH 72
ENDYS, EEBO) Y ZIIGFAE LRV, T2, K415
TS TVDEHED LI, MIREE—EDOR—I D
SEWMREDA VT 7 ANR—Y, AV FryR—JhE
PHEETHEVI ML H 5.

BIREEII 2= 7 1 OFRE R AL, Rk L7-&FE
DR ER—-TVDFE—DaI 22714 & LTHEEIN
T3 (M4(a). FEFICBVTEERE - VB3R
o TWBHAS, Wi/ — o) v 7 B@RSHEMT 2 7
O, A—DaIa=Fs L THHBETETWLEEZLN
L. WAL LRy MU =20 5, B OkRED 3 2

K =17 DEICRGETE R WD, K =17 OFEEZRT.
6 K =14 D EICIZGETE LW, K =14 OfFREZRT.
K =8 DRI ETELR WD, K =8 OfFRZ/RT.

© 2013 Information Processing Society of Japan

ST AR REE R TH, MRS SEE OB EHRE
N=VE, /- FofERer LCRRgEE £z 60, F—a
Sa=F 4 L LTHBERTYS ([ 4(c). —F, M
THL > TVBFRET LDOR—VICHLTW I &, &
FRERET I 2 =7 4 T, —FLOFHBII 2 =T 1I103F
HY A&, BuEoaia=r s LTHBENTE
D, OFEHKTI =T 1 EFEBNENTVWE Z EH0Dn
% (M 4(a). ZOWEREOR—IVETIE, &/ — FHR
HlE) v 7 TOP->THBY, Ll L7z Tree v b7 —
ARG ST TR 5o TWA, I8 D9 DHD
83 — FOZALHRZ BT, 7T 7HA ORI
BRTEND . EELL72HETIE, s 0BV
TEFTH-HENTLEF>TWD (K4(c)).

INF =R MK B5EOMRE S L, HINbERE
I3 27 A ARRICHEE DR R HRE R — I H—D 2
a2 F 1 ELTHIERTWS (KM 4(b). REFEICE
W, B EIBBOR=VRIZAGY ¥ 7 HBEEL,
FTRTOR=VBEFETEDAL Ty 7 A=V LD
WY > 7 AT B 728, BF— 789 — > 13 H'5H
ZICHBT A ERERT A EZZ NS, —TF, BT
AL o TVBIFFEET & DR— I TlE, Tree +v b7 —
7 FRRICIIN 57 7 7 s oG — R e, — F
DENHPHLH N5\,

3.7 Yaku % v b7 — 7 OMIERER O

Yaku * v M7 — 7 OFES, M5 I THEH->TW5
BMAD LI, MIEE—EOXR—T DL EHEEDA ~
Ty ANR=Y, AT Y R=T R EPFAET HETH
5. HEOSEETHALHSsTWAESE, AVDOERD
ATy 7 AR=VUN 2O LTEY, R LEMO
frt , — N T80 7AW L) FRICET 514 >
Ty I ANR=TVTHY), HEOWERENOFHMBa > 7~
U (F ORI EREOHR) ~DARY) 7 LT bL K
GG HEMOER ) — FIIFRED b v TR—=VTH Y,
EiRoar 5o 23T B I EBANCHERENERLI,
Higo¥EBE—Erlro¥IWarrryvicby s LT
W5,

M5 Yaku v hT—2r0a32=5 1Bk REL L
B 5L, BIABERET I 2 =7 1 OFFRTIE, 2oL %Y
YU DECEEEL, FRHMarrrvEEIMmary
FUVERLEDLII AT LTI ENT WSS,
AL L 72312 m UAFgEE o — VBRER—a I 2 =7 1
LTI E NG, ETOHEMTHCF > TW5ESE,
SR OMBEDFRHER) A MR—=TTHY), HAGE
i & BEFERLD 2 FEEEAMAAE L T\ b, HAGERR & HFEM T
FINAN=1) 2 DRERER R o TEY, ALy PT—
JCREHTEICHOBEEII 2T 1 L LTSNS
75, LT 5 ER—OREI I =T 1 LA SN,

143



BIRNIBS ARG HOEEFIEESA Vol No.2 137-146 (Aug. 2013)

ING =R MV L BHHEOERE RS L, FATHIIC
ML) v 7l E AT D — K95, [{—D7
FAZE LTI ER TS (k). 24, Yaku % v b
7= 7 SR ) —ISEWEEE LTBY, (4 Ty
JAR=TE AT rIR=Y ] ORI LLRLENLH
LRRLEZONL., PTL, HAM) ¥ 2 E2HT /85 —
YERLCED (HERR) LRI v 2 EET AN =4
LD (B8), Xy —1, 2, 3%LL{EH2 () 1
KAMENTWG, /87— _7 MUIZ L 558 R T,
Ay N7 =7 WO BB ERZR <, BT v 2k
EOEMT S/ — FHEEZMHEHTETwa, LaL, kil
7oEAAL L7235 E BRI, Aty T — 27 TXHITE
TWwiz/ — FORfEDSHR—HEh T Hd Rohs.

PED X H1z, Bk y 87 —212BWT 5244k
TI2=FADPMETETWAEZ LRGN 5L. 612, T
Mt L7k NI =2 &R e L72BEDL I %/ —FD
KIRM B OFEPMEE Ny — X7 PV K B98O &
I BIRET )  7 KEE OO T QR R FEo N A
TV FHGERPEOND Z EAURE SN2, Emf L
WA, V7 OFIC L) BT M EE T
HIENTELID, LUMBEIC/ — FOBREL S TE
b EHREE N,

3.8 ZEALBIRIC L DRI v > TR

AR I 2 =7 kO T X —=2 L LT, K
VX VTR o, RIBET 2 ERHIToNG. AEHIL,
PageRank A I 7 OYURT 3 |y, —yiillp1 <e &b A
FYTHRT =t £$H5ZET, T>t L LIBGLRED
I 2T AHIBEEIELNL I EAURENTVS, T
bbb, PORBOZALIIHIIFER A 2R 5.

COMITIE, BALLKEY ¥ v THROZEHEMIC
DWTEET L. PageRank A 3 7 OIUAEE 1L, R
WEFRATHIOR 1 EAE & 5 2 B4 HD Eigen-gap B & U,
KB v VTR o OEIKET S, a~1 &F5 &,
PageRank 2 2 7 OUEAHE L % 57280, FgX7 b D
FHE R RITCEIWPT 5. 512, KV 705>
T AVED BN TR % 5720, EOZALIE b IRD
HML, @D I =7 1 2T 5 2 L REEC
b, 10 |2, Hosei & v N7 —72, Yaku & v h 77—
ZATK LT, BRI v v THER, R ) — R
7 OZALHFRE O 24 4 VHEPEORMERF AL 7oy b L
7o 10 XY, KIEY v v THEESKEWVIZE, TV A
YERPEOWMSIZ) NS LR, & — FOZELIED
IR L TW D 2 ED5) b2 5. —F, Ky v
THERINEWIZE, ¥4 VHUEDNT D EHKREL
%0, ZALHAEUT 5 ) — FEEB LW/ — RO
L, ZEMBOBIRIC L) ArafgiEa 3 2 =7 1 A5t
WHETH DL I EDTRBEENL, 7272, 232274129

© 2013 Information Processing Society of Japan

3

o\
s
T

S.D. of cosine similarity between change curves

3
]

o\
S

5
z
5
5
g
5
3

10 KID v > T L AL
Fig. 10 Global jump probability and changes curves.
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Fig. 11 Hosei network objective function value.
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