S=50dl 10-1329350

G (19) Y3 =ZE3H(KR) (45) F1dA  2013d11€14¥
S - (11) TF5HE  10-1329350
(12) 5553 E(BD (24) 5292 2013d11907Y
(51) =ASs &/ (Int. C1.) (73) S31d=
GO6F 17/00 (2006.01) GO6F 17/10 (2006.01) F=d7)ed
(21) E¢dls 10-2012-0064528 AFAA] AT gz 291(FAE)
(22) =LA 2012'd306€15¢ (72) A
AT 20129069159 ol v
(56) A7) AR AF A G4 WSt 201 SFsEd A
KR1020010056264 A A¥shat
o]l
HAFAA F37 dshE 291 =t A
A¥stat
(R 7<)
(74) ==el
S3EY A%
AA Zrd % 8 F Aab s oAy
(54) o] 3 o=y wiAf F48 B WY

(57) 8 o

44 2 IMeAE Z2A g AAE FAE NIFFEA agZ(olst gl g Z)elA o x| (e]sF 7l oA])7} 7Y
A= AaE g = (olst 73 adE)e] mivl FAAS Fehe Ll ze] mivl A Al W] #ek Ao
2A, (a) A7) 7B 2=z FHAaF Alo]F(0]3) MUC)S T3k ©A; (b) 471 784l Ao JAlE =
(ol3t 784 AA)S X3 MUC(olst MUC)E FE31, 7] MG WY Hd AZ (o3t WEAZ)ER
W7 S8 24 s A4S Aitste @A (o) ] MUCy ol E3hEx] e A7) ezel 2
ARE(0]3 RAR)ER 3 "] FHAA (3} FAR TS Tk WAL E, (D) A7 2F A
of A7) RAR TS datel, 7] 2= vyl FAA(els F2Y WiV A4S ALtstE @Al
sta, A7l MUCe 7] asizel AHAHo]l AR PJAkEe A7) a#zZe oAEY FE A
AolE) oz, MPHR o7 =Y Alo]F(linearly independent cycle)d =t F&(o]3} Alo]F 7]uh)
FH7F H2Q A (o]al Ha Ato]F 7|uh o] Ao FES FEE Ao Tl FAEE TAS npwd
1ok 2 gz iyl FAA A el 9slte], sl FAAel wAE 4 e = <
o T8 AHEWS 0|83l o9 /] FAAS Aoz A, AN IS afHoz Fola ALt H

S 4dsl EQ.

9, ol

i)

>
oo o ook

- =

] A

of

A7
)
(e

[e]

e

O ko
[0}

oo
oy
N

ke

o
gl
&

o 3
ol -

1
I

o Z & - %9

B

G IVgi=3 Gi IVga=1



10-1329350

s==4

4
el A

&)
SF
]

b

pul

b

3
s
3

Al A HiekR 291
Al A HiekR 291

3r
X ®WE R
PE e B e

W TR W TR

~




S550dl 10-1329350

58379 ¥
AT 1

A B UteAE A @ AR A HZkeA 2z (olst Al )l oA (o]st A el #]) 7} 7
AW AL gz olet 3 )] wig) SRS ek e gl FAl4d A4 el SlolA,

(a) 7] 782 e szell A H 47k AbolE(elsk MUC)S T8k &l

A

b) 371 784l Kol AAxbE= FH-(olst Al AH)ES EFsHE MUC(elst MUC)E

_‘T_
o Az (e]s WRAER)ER Q1% w7l T4 (let 24 vzl F48)S Artsks 9l

e
o

(c) 7] MUC, Whell EFHEA &2 7] 2efze] A A=(olst ARAR)ER A% w7l S (o]st < +4

Eo_’—e } ]‘:7%,

olN

tatel, 7] agzel wjA FA4(ola 22w F4

o

=]
RuN

() 271 22 w7 SA 271 St FE =
)& Axtsks dAE

o] o] AFR JAEE A7) T E oREe FE FE (o]} Alo]E)omA, Xk

(linearly independent cycle)®] 5ol F3H(o]st Ato]E 7|Wh) & AAY 71 HAx<
A AlolE 7Hh 9] AOEES FEH AHoE sl YAHE AS 5EAL = gz u
A

AT 2
Ao oA,

71 (@) @AM, 7] d 2z MUC ol 7] 73d ARe Eedshs MCwke 784lste], 7] 284 29
Zo MUCE 3k AL 5EAoz s gz vzl 44 784 3.

AT 3

A2l gloiA,

71 (@eANA, AdE= A dlxe] A el A7) A 2z Fd7 MUC(elst e M C)Oﬂ %3}
= A A7) AT MUCARE 7] AL A S Abdstel MUCE Z8Adsta, 7] 734l ARlol wd @ M £
A @ e A7 AL AAE Alele] A ARE xIek= MICE Tshol 47 ZLEH#A MUCol| 32 3}s}
a7 A BRES Eeke A7) dd 2d =8 MICE A9kl BAlsks AE SH o of= 2 Z o] v
A A 73 .

A2l glejA,

71 (@) dANA, AAE = 7B dlXe] A s Abele] A= rF R A 371 BN Ades xS
MUCE 471 e Lo zell A 9]tk 7§* shal, g7l BEel 7 Aol 27hola 7] 73 AR E Abol €]
Jol EAlstd A7l de 2= e] MICE Eefstar =AshA] ow

m n

St EX IR

ol

BE ARdA Uehbs dolw shel %
W1 A A A A AS She



S=50dl 10-1329350

A1l glel A,
b7k MUCy el EAshs - =l o3 A1 9

2
W g = BEUE MG Wil EAeHA] e el R 2 A2 o F

ofy
i\
il
!
%
k
B
=
ofy

A5l 1A,

A7) AL GFAR S oy (V) Ty [A 1l Qs ek Ae SR sk e v S 7Y

Ay
[4=2] 1]
Oy v (Vi)
o, () = |Vg,| - B =L
!’J.Uk

v, vy, e € MUG, 1 # k, ] o#F kol vie GRS Ad AAelaL, Vy = vy A28 ddE FE 2
P2 6o A AFol | Vo | & 8 2= 9 A" J89 714012, o,uv)E e X3 vi9 v

al
Atelel Ak ARES FolT, 0y viSt v Aleld] Ao 2B feolrt,

AT 7

A5l glo1A,

A e A9 FREIS Al ARAR FH) D A7) HE TdE} YR 499 SRS A2 90y
2 ZR)ow THNE AL BYoz s ndxe vyl 244 AN WY
A7 8

A7l ghel A,

A7) zﬂz—l EL zﬂz—z 2 zn AU g Ghe ge (54 2] B[54 3]0 e Ta AL =do

[+ 2]
Oy, v, (Vi)
= Vs |-V e
CJ}c(U;) I G"| | le Ov;,vx

v, vy, v € MG, Jo#F kol vy B owe A2 G R GRS 9 RS0, Vy Ve = A dZ24A v

2oy o d29 FE agE ¢ 2 ol A" Jdgola, | Vg

Ui] |V(}k
el 71503, 0,u(v)E vE EFFHE vsh v Aolel Y ARES] Fol3, 0,45 v v Al

@ AzEe Folh



[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

[0007]

[0008]

S550dl 10-1329350

[42] 3]
Ve, E;T_j{“{:r |‘!} if Gy is disconnected
e, (i) =
() otheruise
W6 s Gl 1A AdE R, ne G e AAE AREY Folu, v R A7 P,

7l & & oF
woune 4y 9 AEAE 24 9 A2 FAE HASA Azl A7t ANHE ANE e
Wl AL AAske] Faks aemel wil B4 AN gEel wa Aolu,

I

gur oz w7 F4l/4d (betweenness centrality)S ZLE|ZolA G (vertex) o] AUl FA8EE Albst= 4

LA, A 24, A adE 24, 3 B2 2430 22 HEYA 244 4y AHgEn. dE =

ARSI EAOA, e FAAEES e AHE W FAAS e AR 9 Fod AHoR 5d
3T

- = A=
sk, Telelx Aol vl FAAe auze] Aw grEelA gl Tl weksh Hwol),

A A AN e V1S AT Bel Ao gk vl FAA8Y Ade [ 164 AgtHAe Y, [&
A 10]elA Ak AHert o dy] AFEEUTE. 2O, [ 6] thket FejEo] AljtHI vt [+d 5]
FAE Yn] 94 g (breadth-first search) ¢ua]Z3 FAH o]&A (dependency)S AR iz A4 7
2F AIzHE A gt w7l FAAEES Altste 7HE wE dases

og#ld 9t RE AHA ’%J(pair of Vertex)g Aol ol x
(3 22]= ¥ =2
A, zhzkel AL <l v

A& Arbsls A @aE]F(approximation algorithm)S AlSkskar Ak, [

N ARUEE B2 98 ) 2R ol At

=
( =
He e W ﬁ%% %%tﬁ‘r w3, [ 7], 0

W SAE AGE BE AFGe AR, ) FUYE ARY ol BN AEHE Fa A%
F shbelzl A, A FAANE ASE 1 oW AFE W) FAES duelEste BAE BA ¢

Absle cessh el AT ol
8l 71Ee] FuneFe A A% 510l el o
AsHe A YA BE G BE Aol

AFoNA, o] AmE A7 A wfoick
S8 ge Ae cedd Ay Y
190), W7l F44 ejelEe) Bede Bt

1 m
LI
&
(&l
il

=2
=
:Oé
o2
ol
1

X0
rlr
S
>

A AL ARUEE AEH)
£ AgAe WA FHES A
& Ege] HRolr. sEe w
ko] Brhslsteh. olel @ Al A4
stell weh Z7ksb) wEel ([

(o

stube] oA Abjlolut shuto] oA ApAlzEab el A FuE A ARl wMAow ofojx|7] wiid, v
N T84S FulolEdr= A2 ofeE doltt. o3 WAS JezolA @ g vzl T4l ol
EE 2U@4. oA (vi, v)7F Z2efszel] Al w viol A vy Abele] Het ARVF wAEgs AL 2dds] &

]_
F Qi Qolth Ea, vel A v, Atolel Qe A F2E et JREE WHG

S&Forll A g AFSETH )
EHH](Anthomsse) S([=d 1)

2 rlo

o
A



[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

(

M

I =g (Freeman) ([F£3 10D 93] =JFATt. UH7H FTAAAS e ZEvke] Ao whHe = Y
AR AEo| s =% HA=E(geodesic paths)E ZAsE Ao A3},

T, A HEe Wy Eo] AHUY. oMU E(Everette) S ([d 17]) 7)1t o}y
| 48 J&= A viAl 2= (group betweenness measure)Z #A|¢H3ht}. T nt
TF([E3 10D)E PEAA A @ 54 v-Hd 25 75 183t HES

3 & g, FohNewman) ([£F 22])2 Hd A= gl
of A% wisf T4 HEE ASHET.

ry

N
= =

i
Ehv

)
o o

jgérlo

Wl e
il
<t
ofy
jat

>,
2
o
X,
>

dpebedl g whE Ao delzl daElE(
x| 1) el OCIVIIED) 2 OCIVIIE[+|V]21oglVI) A
= Atole] Hw ARe| Holeh 5 Adtsta, =
(pair-dependency)< FO= AH[EA 10]). 53 A-HG € V) e (s, t € VY -2
st Afole] BE Hu v7b F90 sob t Abolo] Huh ARe] ugRA Aodrt., v~
5= ol d We ofx AR ¥ B JEE AXste Aolghal A&t o wE du
, HMES A A2 te 8 AHEERHY A4 42 & ufgom, By o5 A=A
5.

rv
E
N ofN

-

L
N
N

weighted graph)$} ®
o= wA FHAE8L +

_IZi &
)
lu

RO
oot T rn

X,
mﬁr_

ox

2o
i oy d

fo
ro
\I

ha =

/N Y
rlr

M ro r
o

K R

~
—

N
Lo,
=
=
O{N
o>
oX,
X
r)v
u2
=
)
|
=2
g

Mol ool AW, BE ATAEC] Hds FuYFL
ta Fgc. eleld AR FRs] A, ATAE
Bl FAY @l U S8 T gt
3}

<A &are]E(approximation algorithm)S

)

e rlo &P
o of
[
o
IFI
=4
o
>
[
o
ey
ol

=
in)
[
ol
N~
Sl
e
ﬂ
O

o =
5‘:
Z
oX,
)
2
ftlo
o
o,
2
i)
X
-0,

2 o,
e lo
ot s
B o
[
é“.:
[k
@
(@]
.2
D
A
o
D
D
w
o
o
-
w
D
0Q
-
o
ko]
=z
=2
=4
:oé

5/ [
)
Lo
i,
o
N
= 1

>([&3 2]) 3 BE AHE uwE AAket

AZbehs darelss Algkskar .

ox ¥ B K[z

do 5,
(o]
il
(o2

7bol =MW 7 (Geisberger) S([E3 12])& wj7) FAA WMol ZAXZS Ay 98 Fi ~Ade ok
Z(bisection scaling algorithm)& A|¢tstct. wlobe] A B (Makarychev) ([£3 21])E w28 $ w7 Aoks

5 FHdgtsls AHE wixE 2= A8 A7 2AF €125 (linear time approximation algorithm)
Al_bakar At

EQToAe 8ax%0A, wEg UESLIANAY Jﬂi}i J_% =
QA e gE go]= oM o] AFQlA] ol H3E MEAdA 2RSS e 2 AFSEH.

g 5o, dolul~E232 (Leydesdor f{)([£3 20])& 19 A-ellA] “H7H FAgol #3 gAY A A&
Hok(interdisciplinarity)e] A EE RoXE ¥WHS Mdsiy 9om, 9@ Z(del Sol) S([&3 8])& v
ZA-gdMad 28 FF(protein-protein complex structure)ol 7H3 %‘o]-oﬂ AE E = Al
A& ARgET. AJin) S8 1512 A& a8 =(electrical grid)old A=Al 3] ==& AEs7] ¢
3 #HE ] S48 AES AHsta vk AA ag=EE FFAREH LHAE AVE Adgste ds

EgAo|t}.

F(Holme) ([£7 132 v/l T4 Ediy 2y W Ao]o] dAE AvRAer, gh(Lammer) & ([F3
B2 =2 Ee wapze] FeAS Atehsd AHEE =90 ©A E2wy BAw
AW (scaling law)S ATskch. B2 &8 HopolA, WEST Fx= o
Efae #Hoz UESA =

at7] 9lg maAl dudEs A Ag dert S AR

= -HN' rQ

Aoz AR Aol oY},
. ol sl A4 delolE

r

A FHAAAL 3 AFUE AEFAAE AEEY. 7 S([&8 22D)2 MEYIZEH 71 =2 v 4
A S Zte dAE HEFHo=ZE AASe= £4EHUd AwYH AZF 7]1&(divisive community detection
technique) S Algtsttt. Y (Pinney) S ([£d 251)2 WELA &&o] oA wizl didlel g3 wjzfol] A3



[0018]

[0019]

S550ol 10-1329350

= gierdel ARYUE AE dueES Aksth. Fv S([EF 23D XS0 AAHYS W BE 4 Ho
AR MEA AANY BEE =& A ugol gigk 7]F daE]Eo e oFHE ot}

Thek 28 HopoA] TAF o] B AAA YEYIA EH B adHor wp FAHS Huo
Edte AL Fad BAgE g ZAoth. aey 54 UEYA A v FAAS anHon g
o|EdlE BAZ R BdL A4 =A8A &t

Y 7] ¢

H]| & 35]#¢

(HEFEF 0001) [F3 1] J. Anthonisse and S. M. C. A. A. M. besliskunde. The rush in a directed
graph. Technical report, 1971.

(HEFHEH 0002) [ 2] D. A. Bader, S. Kintali, K. Madduri, and M. Mihail. Approximating
betweenness centrality. In Proceedings

(M E3]&3 0003) of the 5th international conference on Algorithms and models for the web-graph,
WAW'07, pages 124-137, Berlin, Heidelberg, 2007. Springer—Verlag.

(R E3E3 0004) [#% 3] D. A. Bader and K. Madduri. Parallel algorithms for evaluating centrality
indices in real-world networks. In Proceedings of the 2006 International Conference on Parallel
Processing, ICPP '06, pages 539-550, Washington, DC, USA, 2006. IEEE Computer Society.

(M &3 53 0005) [#3 4] M. Boguna, R. Pastor-Satorras, A. Diaz-Guilera, and A. Arenas. Models of
social networks based on social distance attachment. Phys. Rev. E, 70(5):056122, Nov. 2004.

(ME3 &3 0006) [#3 5] U. Brandes. A faster algorithm for betweenness centrality. Journal of
Mathematical Sociology, 25(1994):163-177, 2001.

(R ESEH 0007) [#3 6] U. Brandes. On variants of shortest-path betweenness centrality and their
generic computation. Social Networks, 30(2):136-145, 2008.

(MIE3E 0008) [¥3 7] U. Brandes and C. Pich. Centrality estimation in large networks.
International Journal Of Bifurcation And Chaos, 17(7):2303, 2007.

(R ESEH 0009) [#3 8] A. del Sol, H. Fujihashi, and P. O'Meara. Topology of small-world networks
of protein-protein complex structures. Bioinformatics, 21(8):1311-1315, Apr. 2005.

(ME3 &3 0010) [F3] 9] P. Erdos and A. Renyi. On random graphs, I. 1959.

(HE3F3 0011) [#3 10] L. C. Freeman. A set of measures of centrality based on betweenness.
Sociometry, 40(1):35-41, 1977.

(HESEF 0012) [#3 111 L. C. Freeman, S. P. Borgatti, and D. R. White. Centrality in valued
graphs: A measure of betweenness based on network flow. Social Networks, 13(2):141 - 154, 1991.

ME3+4d 0013) [ 12] R. Geisberger, P. Sanders, and D. Schultes. Better approximation of
betweenness centrality. In J. I. Munro and D. Wagner, editors, ALENEX, pages 90-100. SIAM, 2008.

(R ESE4 0014) [+% 13] P. Holme. Congestion and centrality in traffic flow on complex networks.
Advances in Complex Systems, 6(2):163-176, Jan. 2003.

(HESEF 0015) [¥3 14] J. D. Horton. A polynomial-time algorithm to find the shortest cycle
basis of a graph. SIAM J. Comput., 16:358-366, April 1987.

(M ESEH 0016) [#3 15] S. Jin, Z. Huang, Y. Chen, D. G. Chavarria-Miranda, J. Feo, and P. C.
Wong. A novel application of parallel betweenness centrality to power grid contingency analysis. In
IPDPS, pages 1-7. IEEE, 2010.



[0020]

[0021]

[0022]

[0023]

S=50dl 10-1329350

(HE3E3 0017) [#F 16] T. Kavitha, K. Mehlhorn, D. Michail, and K. E. Paluch. A faster algorithm
for minimum cycle basis of graphs. In ICALP, pages 846-857, 2004.

(ME3F3 0018) [H#3 17] E. D. Kolaczyk, D. B. Chua, and M. Barthelemy. Group betweenness and co-
betweenness: Inter-related notions of coalition centrality. Social Networks, 31(3):190-203, July 2009.

(ME3E3 0019) [#¥ 18] S. Lammer, B. Gehlsen, and D. Helbing. Scaling laws in the spatial
structure of urban road networks. Physica A: Statistical Mechanics and its Applications, 363(1):89-95,
Apr. 2006.

(H]E3 73 0020) [F3 19] J. Leskovec, J. Kleinberg, and C. Faloutsos. Graph evolution:

Densification and shrinking diameters. ACM Trans. Knowl. Discov. Data, 1(1):2, 2007.

(ME3E3A 0021) [#3 20] L. Leydesdorff. Betweenness centrality as an indicator of the
interdisciplinarity of scientific journals. Journal of the American Society for Information Science
and Technology, 58(9):1303-1309, 2009.

(HEFHEA 0022) [#&# 21] Y. Makarychev. Simple linear time approximation algorithm for

betweenness. Technical report, 2009.

(ME3F3 0023) [#3 22] M. E. J. Newman. A measure of betweenness centrality based on random
walks. Social Networks, 27(1):39-54, 2005.

(ME3]E3 0024) [#& 23] M. E. J. Newman and M. Girvan. Finding and evaluating community structure
1

in networks. Physical Review E, 69 2):26113, 2004.

(ME3EA 0025) [¥3 24] K. Norlen, G. Lucas, M. Gebbie, and J. Chuang. EVA: Extraction,

Visualization and Analysis of the Telecommunications and Media Ownership Network, Aug. 2002.

(MESEH 0026) [#3 25] J. W. Pinney and D. R. Westhead. Betweenness-based decomposition methods
for social and biological networks. In Interdisciplinary Statistics and Bioinformatics, pages 87-90.

Leeds University Press, 2006.

gige] g
S dst = HA

wodyel BAe 35w ks 2o BARS dds) 98 Aoz, 44 2 AEAE 24 2 o
B WobEA celmold AR dAk s 2] olAsk A SR A el u] FA4E 7
Aste] ek aaEel A FA4 AN BB AFSE Aol

S

(s Aesh= Aolt}.
Tk, B oy RAHL XY Fr e 2bAle] o] a#=rt A" o oju] PR HAF Aol E(EE
MUC, Minimum Union Cycle)ollA 7da1%l ox|o] AHET ¥E33t= MUCHHS 7dAgro=x 7341 g Zo] AA
MUCE sk 2efe] vzl S444 784 s Alests Aol

A9 HE 78

471 BAS dAs] & B g AR B S AE A @ dAE | vzkEA 2= (o]s
)l A ol x[(olet 7 ol A)7F A3 EE AAE ejz(olst AN i z) o] wia) FAAEE ek 1
ol w7 T 734l el wR AomA, (a) 7] 7B e oA FHAg Abe]E(o]st MIO) S Tk

Al (b) 71 782 el Aol drtsEl= ARl (olst 8l A& EFsk= MUC(ol8 MUC)E FEsto], 7] MUC, W



[0024]

[0025]

[0026]

[0027]

[0028]

[0029]

[0030]
[0031]

[0032]

[0033]

[0034]

[0035]
[0036]

S=50dl 10-1329350

o] ok AZ(o]st WHFAR)ERZ A uy] FHAE(elst 24 upy)] FAHA)S AMsteE @A (o) 7] MG
el x3mz] ke Ay agZe] Hu AR(0]3 FAR)ER Qg wiy] TAAE()E} R AR TE)S
st w2, (D) 47 22wl A 7] YEAR SRS dsted, 4] adlze] uis) F44 (el
228 o] FAA)E Assts dAE £38ta, A7) MICE A7) gz Aol #Her AilEHE A o
Yol A5 FE A3 (o]3) Ale]E)o 2 A, AYPAHo 2 H5HQ Alo]Z(linearly independent cycle)®] =
o FAg (o]l Aol F 71Wh) F AHe F7F Hal A (ol Ha AlolF 7N 9] Ale]EES FEE Ao
gtsle] PAE= RS 5oz It}

T, B2

W o] vz T 73 Wl lolM, Al (a)dAlel A, ] el ez e) MUC ol A
7] 782 AAs Eeehs MUCRES 78Alste], 7] 784 Zeze) MUCE 38k Ae 53 o= v,

7 ol loA, 71 (a)dAlelA, 4]
A7k MUC(olal Arder MUC) ol £éh= 4% 7]

5 A
dste] MUCE 78Alstal, 7] 784 A3lo] Fd7 MUCAl SabA] &= 35 471
= ]

14 7820 whgel oA, A7) (@) @Al A, AHAlE = 784 ol x1e] 73a A

= MUCE 7] el 2= oll A Al9)ste] Z34lskaL,
7] Bmel b Aol= 27folar A7) 3N AR E Atole] BE FRAAM yEhus Aol= stue] Aol EA
A7) e 2z MCE ®#ystal EAsHA] @om 7] ALl olAE Alelete] A S SR
o}

e e e ) S99 A el slold, 71 @A, ] 9
F S7E MG, el EASHE SR AR oI AL 9FAE FR, WG, B FH

F7F MUCy el EA8HA] &= el mell o3k A2 R A= TRe ot AS 5= .
T, B UEE adgze] vz S 78N el leiA, Y] Al SRAEER SR oy (Vi) v [4 1]

ga Fahe A BHow @,

[4=2] 1]

Ty ; vk(Lﬂ)
Cp; (U)—|VG| Zk

'I’J Uk

oV, vy, ow UGy, i+ k, j #+ k o|H ;& R A2 AHolaL, Vi & v; JEAAEA A2 7+ 1
WL G2 A Agolar, |V | & 8 2IdZ 69 A4 Je 7144
T, B oage oz i) FA4 7B W ojA, Y] A2 oFAR FEE Y] 22 v EF3F
A o R

F " 2 3 9
A7) MGy o AF ARe) RR agEt BYRA ge 45 FR(IF A2l GNP FR)
A5l i

(o3} Al2-2 SHAR TR0 TAE AL SHoR @),

Oy, (Vi)
- Yk
c k@) = Vg, | |V, | - —27—
j Uj.V}{
v, vy, v € MG, JoF kol vy Bowe A4 G R GRS A AREola, Vy Ve = A AZEAA v

v oo ddd FE

[H

2 Go A" "goelar, | Vg




10-1329350

s==4

atherwise

fljl (r’; ;.‘\T I‘!fl.'i('fnffif l'rl l‘lIr
o w74

3L

)

g

=
yu—.

EHI'-:';’

of uw

1
= E:
()

1

2
i
i

‘G

Hls) o), B

ge] 7144,
(<=2 3]
ggel g
25t
B} A

]

[0037]
[0038]
[0039]
[0040]
[0041]
[0042]

A 2

gele
shgro.s, ol F414

ol el &

=

=

Alg g,

=
=

dlo]E A 2] (Betweenness Centrality Update Theorem)

e

2.

[0043]

d 49

o

g

3. el AAl dolg

[0044]

s

A

- @

—_

=9 9 1/102

KR

i)

A&

Il

BE
AR vl

73 ezl A €]

3
o 5778 ST

vie)

I

2u] WA 2,4184) F7HAIITH,

=

=

o

o) %1

]

3

=

=

Aol Ee] deojtt.

[ 54

& 49

A

=

L

2

EH9 A8

ju
a

[0045]
[0046]

;o#

i
o

o WA FAA B

2 gz

Aol

MUCe] Hule]Ee] A o]tt,

p—
=

p—.

of u}

62 ¥ uy

s
a

W

o
1A
il
[a\]

Njm

o))
o~

1A

w7 FAg el dulelEe] Aot

WA SAde] o= el o

=
=

of u}
of uf
of u}

ol

£ MUCe] w7y

e

X
L

ol
=
—

1A

=K
o
1A
i
<t

Nm

Wl A4 gelelE Az

i

ke)
pid

/g dlolEfol
- 10 -

1
H

<.

=

-

ol w

3
=

el A4

T

=]
=

X
L



[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

E 14 Boune] A@dvte] e A4 delEe te &% Sk e mol.
% 155 2 owgel A9Ase] he A4 deleel hEt A F44 dAdelE A vehd ezolt,
% 162 2 owge] dAAdd] e aue] ) FH4Y AN ALEe A i o,

Wiy ANH7] G FAHY g
olgl, ¥ Wl AAE A% A W& =l b AWt

R wEe AAEY] 98 AA AsY P dEe £ 1S gxs
wol me cexe) Wl F44 A PEe

laolA] B ule} o], E 2w AXF7] 93 AA A2de de= AFEH @ (10)I A7) AFE o
0)ell A= w7l T4 A AI=RB0) o2 HdE & v S, vl S A Al="E0)e] 7
— B X ZA5E S (10)o MAA €. wirl A 734l AI2~8(30)2 74%E1
AR E F3 f9E aHE e Al giE HolHE ¢lolEY

pud

oo N R b
Mo o 2

t

)

A zA, 2 dHe] mE ez vz FAA4 3N S vlola s Zrafiow S uo] v}
TEEH she] A8 ICH R AAEAY, ASIC(FEE WeA) & el Axps| 2=

Al A S, AZES] dH, FPGA Holut o2 J9] dzaxtm AE AR dH e

ATH. 1 9] Jheg vhE FEE HAAE At

&0 . &= 1boll A B ufe} %Lo], E oaby ANE7] Y3k A A)AE E O o AFE T (10) I

L R I R N I =i = ) e /\M(SO)E AEa AR EA(200E A4dn. £, Fa3d HoHE

Adst7) 93k volE Mol ~(40)S o FHE 5= Qi)

%)
fU
Y
>
=2
1o,
:ol:t

-+

ox ox W rr

OB
HU_»&IM_Q

FUo

mlo

AFE GH(10)> AFEAE o] &3k PC, =ER, Ui T 49 AFY wHv]o),

A (30) = HEAA(20)0] AZAE ] WENA ZeolA dvolHE FhaAY, FHFE G2A0)EFH dHeolHE
FAlste], 2 =ZE P E3 FAAE =g Bals. e, AW30)= A" 2 Ze s v F
S AtelFa, aErE AN A e EEet ol vzl FAA ghER BAlste]l AAgth o &
of, &8 WEYA 4 & 9% AB30)Q! A, B AdellA & el tigh diolHE FHske] 1
= Ty A g

dlolElMlo] (400 AWBOAA BaF dolHE Aget: T AguiAzA, 1T An D o) S
=

=
(1

% 5e A A7) dolguel U0 Agete dolHES Mol £ 1) o A% AFY @
09 Aguialel 439 5 et

A7)k o] ¥ ool me Aol W) B4 AN BEe e AAdt Asa, olslel Ao
RS Ao, F 1ol AN B el BAHE Z2aw AAgen HYHAR B

wo®, B Ayl VR EE = 29 dF Fxéte] By FAH R AYd.
& 20, e ezt shar, GO fElelE I EZE G olEkal ZHgetAk. oA (vi, ve) 7 AAEW vidt v
Atolol et AR7F MAHAT. E7E, A& 5o, vl vs Abele] A AR B vt vy Abele] He Fme}
o] MY A FdrmEcl Bol AU

m

Ty a2 Ert QHelEXA L, vyl A0l WEkA] e AAEC] EATE & g At E 2()lA, v
= Wb, g2 AFEY Wl T4 HEH gy 8= Gel 28= G
oF

2 YUlEFH R, v, Vs, V7, Vs, Vo, Vio, Vi EE Vi

ol
rlr

v, Vi, vso W7 TS W

il
ol
i)
ol

I
10,
&
1o
BN
r‘ )
oY,
fru
il
1o
i
)
o

|
ki
Do
o



[0060]

[0061]

[0062]

[0063]

[0064]
[0065]

[0066]

[0067]
[0068]
[0069]

[0070]

[0071]

[0072]

[0073]

[0074]
[0075]

[0076]

[0077]

[0078]

S=50dl 10-1329350

(source-target) %2 W3R XOB=E | vy, vg, vz, Vs, Vo, Vio, vii % vipd Wl AL WA &

Yo #FES TA=E,
BEtweenness centrality, QUBE)S At 4= Qlr}. & @y o]
A ALE 3t Aotk 4 wirl) F4de] MAE=E
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EWS

Algorithm 1: FindMUC(C)

input : C - minimum cycle basis
begin

—_

2 MUCSet := A minimum cycle basis C;
3 while 3 ¢;, ¢; € MUCSet, where ¢; and ¢; share at
Ffﬁﬂ'..‘it one common vertex dﬁ
4 ¢j := ¢; union ¢; ;
5 | Remove ¢; from MUCSet ;
6 for each MUC € MUCSet do
7 Conn(MUC') := a set of connection vertices in MUC
8 for each connection vertex v; € Conn(MUC) do
9 7; = disconnected subgraphs originated from
L the deletion of a connection vertex v; :

(b) Deletion

_24_
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EH7

Algorithm 2: UpdateMUC(wv;, v;, MUC Set, ()

input : vu; - a vertex in inserted/deleted edge
v - a vertex in inserted/deleted edge
MUCSet - a set of MUCs
(G - an original graph

1 begin
/f if v; is not contained amny MUC, MU C'(w;)
returns w; only
2 if Insertion Operation then
3 if MUC(v;) = MUC(v;) then
4 |_ // Do Nothing
5 else
6 NewMUC ;= Let be an empty set;
T for each vertices v in <p(vy,vy) in G do
] NewMUC ;= NewMUC U MUC () ;
9 remove MUC{v) from MUCSet ;
10 add NewMUC to MUC'Set ;
11 i add edge (v;,v;) to graph G}
12 else
13 delete edge (v;,v;) from graph G}
14 if 1 = |Path(v;,v;)| in G then
15 |_ remove MUC v;) from MUCSet ;
16 else
17 if Jv in all Path(v;,v;) then
18 |_ split MUC (v} into MUCs;
19 else
20 |_ // Do Nothing
ZH8

e(vy) / 0.5

ctvy) | 0.5 0.5
evy) | 3.9 0.5
c(vs) 0
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Algorithm 3: QUBE(MUCY)

input

MUCE - Minimum Union Cycle that updated
vertices belong to

output : Cfv;]| - Updated Betweenness Centrality Array

1 begin
2 Let SP be the set of all pair shortest paths in MUCy
3 Let C'[v;] be an empty array, vi € MUCY :
4 C'[v;] + Betweenness() :
5 for each v; € MUC do
6 for each connection vertex, v; € MUCy do
7 G := Subgraph connected by a connection
vertex ¢ ;
8 for each vy € MUCy - v; do
9 if v; /= v). then
. o, vy (Vi)
10 Cluvi] = Clvg] + [V, - _‘fﬂT— :
- T-"j s L
G | if vy is a connection verter then
12 (7). := Subgraph connected by a
connection vertex vy ;
4 ” ; " L T T (vi)
13 Clvi] = Clui] + Vg, |- Ve |- "—‘]—“aﬂJIUk
14 if Gi; is disconnected then
15 Clus) = Clug] + Ve, I? = Tiy (Ve )
EWII
vy Uz Vg Vg
cpquc(vi) 0 0 0.5 0.5
cbl(v,:_} 15 2.5 2.5
cp, (Vi) 12 2 2
cp, (Vi) 18
ctz{v,;} 20 20 10 10
1
Ct3{v;_1 30 30
1
c . 3(v;) 24 24
Y
¢, (Vi) 3
c(v;) 65 59 87 15
Actual 130 118 174 30
Value
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Algorithm 4: QUBE-BRANDES(MUCy)

input

=R T B =R = SR L

=912

20
21
22
23

24
25
26
27
28
29
30

31

32
33

34
a5

36
a7
38

vertices belong to

SGs - A set of disconnected subgraphs connected
by each connection vertices in MUCT,

output : Cfv;] - Updated Betweenness Centrality Array
begin

for vs € MUC; do

5 + empty stack ;

MUCy - Minimum Union Cycle that an updated

Plv;] + empty list, for all v; € MUCy ;
olvi] := 0, for all v; € MUCy; olvs] i=1;
ot[vi] i= 0 for all v; € MUCY; dvs] :=0;

(Q + empty queue ;
enqueue vy —
while () not empty do
dequeune v; + (2
push v; = 5 ;

if dvy] < 0 then

while S not empty do
pop ity — S ;

enquene vy, — ¢ ;
dlvn] :=dws] + 1

if dlvg] = d[vi] + 1 then
alvn] i= afvn] +olvi]
append v; — Pluy|

then
ey 1= Vg, |* [Veals
Ty E'Unj. =y I't.‘r-,] b il ¢

| Clun] := Clvn] +et 5

for vy, in Plu,] do

8[vp] = dfwp] + 212

if v, 15 connection verter then

d[v;] := -1, for all v; € MUCy; dvs] =0

for cach neighbor v, of v; do

dlv;] := O, for all v; € MUCY;

if ve, vy are connection vertices and v, £ vy

AL 4 b[vn]) s

otlvp] = at[vp] + o [vn] - SI;:IJ :
Clup] := Clup] + ot[vn] - ;[I::T] ;

if v # v. then

I_ C‘I['”il?l = C[I-‘n] R l‘il?-‘ﬂ] H
if vy is connection verter then

L Clun] = Cloa] +8[vn] « | Ve | -2

for ¢; € S7s do
if &; is disconnected then

| Clid = Cloil + Ve, | = Sia (Ve )

_28_
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Eval[24] Ownership 4457 | 4562 6.41 2418.17
Frdos02° Collaboration | 5534 | 8472 28.66 | 39.57
Erdos972% Collaboration | 4680 | 7030 30.00 | 34.39
Pgpl4] Social 4680 | 24316 42,14 | 13.09
Epa’ Web link 4253 | 8897 52.25 | 6.67
Contact © Social 11604 | 65441 62.60 | 4.00
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