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A EY I8 A (social network analysis)2 7] AZAAL 2= n7) 229 A8E Ao g ). 7|2A A =
g271€2A == 7+ HdA e (shortest distance), =3 F44 (closeness centrahty) =71 5414 (betweenness
centrality) 5= AFEST) 7)€ ALY AFof|A o VEYZE ] == 4 no|l 4 B 9 Y=o
SRS 7 21 S L AR o=t B9} SEA . olol Ue ASMEATEAAAE AR
754 (data scalability)2] o477} AZAth 2 AFolAE EZHZE (Monte Carlo) W& #4835 n = 100,000
TR do] YEYIS 22 Al (small world) A& AFSHoZ B3k 1 AE °ﬂ/ﬂ—4 TN AT 2
A 5449 2= S Algsta ) siok

L

RE0: AlRUEHZ2Y, 20 sd4d, Sl 844, &2 MY, Al 724

)

1. A7 g2 55

Ae=fas tesl 439 Ad(Es Ao 148 AN Ta2, A #YE AL, ﬂé’ :
% 24, 3% Ad, 4 B4 5 BhFsiek (Wikipedia, “social network”, 2010/08). A E 3224
2 t}42] A (vertices, nodes) T O] < Ad3h= A(edges, lines) 22 749 F(ff, M E Ji) o e
k8| BeA . 5 2 R A olth (3193, 2010).

AR EAZRAL == (]9]) 2 71 B 2o} A< HDAE (shortest path, geodesic path) sk

%

m]n

LE=52] 414 (centrality)ll
UEYIY == 7} no]d B
- E AXAIZRE gt =
A wlo] Bbx] 2] 18 4= ﬁli}. oldl FAIE
10,000 FE7IA R HAAE 9 F4H3 RS
Ao A= ol ZAIEE H23t7] A3 2EZE (Monte Carlo) 9 &8-S Altsir).
2 n = 100,000 2 9] VEY T )] = ZHHGARY B2E 21 ofg# S
I 2 FAAL AETozN F2 AN AR

Z=59] ALEoj|A] %‘ﬂa}ﬁ‘}r/]— (Wasserman®} Faust, 1994). &4,
= B e n(n—1)/20122 B 2 & 2 Hdre A
@ RE L= Ao daje] vzelE BEes A% nee 27
ol 7HQAE PColA = R =T &stes 45
A

i m]o rlo

i
o

&

ox &

Al
=4

of

u=Z2] AL A 28Rt Stanley Milgram-e 3+ AR3] oA} Qoje] = Abet
T oz ve Are & dEf2e] “A2 Al (small world)” 42

T AAZE: (136-701) ALA AR 1% 571 1, neltfetn A8}, 24, E-mail: stat420@korea.ac.kr
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2.1, 2o UERA(no = 1,000, p = 10)0M L& Zt Z|CHHE| Do| %
1) AL A 9t == ALY £x (FHVE, %)
D= 1 2 3 4 5 00 A
1.0 9.5 53.2 35.9 0.3 0.0 100.0

« 4 IAI 7F 0.81%

2) BHZE BEZZ0 98 = 2 HuA ¥ (AUUE, %)
D= 1 2 3 4 5 0o A
1.2 9.9 52.5 36.1 0.3 0.0 100.0
* ZIAI 7 9.05%, vHE 4= Nypep = 10,000
2.2, Aol HEYIA(no = 1,000, u = 5)0A =E 2t Z|CtHE| Do 8%
1) dRAEA g == 7F HAdAY Ex (FUiRlE, %)
D= 1 2 3 4 5 6 7 8 () SHA|
1.5 2.6 11.7 36.1 38.8 8.7 0.7 0.0 0.9 100.0
* ZIAIZF 0.58%
2) BHZEZ ZEF2 g = T HAAY EX (FUNE, %)
D= 1 2 3 4 5 6 7 8 [e'e] A
0.6 2.4 12.0 35.5 38.7 8.8 0.7 0.0 1.2 100.0

« AFAZ 9.39%, MBS Nyep = 10,000

ATZE 3k v} QU (Travers®} Milgram, 1969). 28] Aol Hokdo] 9lof A7} QA7+= shA|%E 1
A2 v Ak
o] ZoAt Qo EI] tE BHZE BAZHAE AASRA Sk AT A o 2oh
(31983, 2010). 49 F nol ng + 1% AF A ZF D] e pBE i AR ne
1,000 EX 10,0008 kT pi 10 £ 52 =gty 2e)7 BE 2o 24 is} j (£ i)ol thate]
i} 2 b AL ERACE HTHE 0(= pfne)e] Mol BEE Bt Aoz ARALT 47
e} ol A4E Qo) YEYaS AR B8

ojgt &2 AA shollA U] A A (1, J)ol thete] I=FE J(# ol =25 A= T — J9| F
@do] Dy (= D)E Fote] I 25 9|72 sith

o] MEHT AZRE DO 2 & FHsh= PHOZE 1) S E A (complete enumeration) 2)
Ee|Z2 £EFZE(Monte Carlo sampling)-& 123ttt o 7|4 Axle] dAG A= BE & &of o
Sho AARE A2l ToR ol FAY BHE REFES BE v 4 e F2E dlet
sto] AAFZHE Npep /HS] =5 2% 2zt thete] A DA 2 AglE ok ol

A1E= RO igraph HI|AE &gslo] 3= At (http://igraph. sourceforge net/). &, ¥4
Efa S HslA= igraph 2}o]22E]9] random.graph.game IS, TAY(RZ) 7F HdA
gle] 22 F517] 9S4 path.length.hist T5E, 27) == 3T J%ﬂﬂlg T3t7] A=
get.shortest.paths &4E ARSI T

AFE F 2.1, 2.2, 2.3, 2490 ATt F 213 2.2 ng = 1,0000]22 7t 242 107} 591 49 4
Ef oA == 2 HDA Y FXE HolETh

no = 100091 49 1 goll ZA5A SALAN] o2 ARARE} eI 22 o] o2 A
W AR eislel B 2,18 ATl SIoHE A 8] B 108(u) ohe Aol

=
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E 2.3. U9 UEYI(no = 10,000, u = 10)0lAl == Zt FCtHE| Do| &
1) %ﬁ%ﬂﬂ]ﬂ?}iE‘_A%ﬂﬂ«l ¥ (BUNE, %)
D= 1 2 3 4 5 6 7 o] A
0.1 1.0 9.3 52.5 36.6 0.5 0.0 0.0 100.0

5 6 7 o) A
0.1 1.1 9.0 52.2 37.1 0.6 0.0 0.0 100.0
x* AIAIZE 29.6%, HHES Npep = 10,000

2.4, 29 UERA(no = 10,000, p = 5)0HA L Zt Z[CHHE| DO| 2=

1) g 98 wE 7 AR BE (AUWE, %)

D= 1 2 3 4 5 6 7 8 9 10 e’} A
0.1 0.3 1.2 5.9 22.6 43.5 22.1 2.9 0.2 0.0 1.4 100.0

7 8 9 10 oo A
0.0 0.2 1.2 6.0 23.1 43. 2.0 2.8 0.2 0.0 1.4 100.0

* ZJIA|7F 32.6%, WHE4 Nypep = 10,000

Ae] 291 Atolo] A7t 3vAIQl MIE7F 7B ETh(53.2%). £ 2w Alolo] £ F ARgte] <
g 4 Qoks <2 AP FAS B 5 gtk 2.29) SR AN 95td A4l 9] BE 59 (=p)
o= AlEl ol e Qo) 291 Atele] A7} 5AI W= 7L 7 = UTH38.8%).

ng = 1,00091 % p kol BAIglo]l 875+ ALt A7 SadAH ] 2HZZ iR 2A e
Wik

# 2.33 2.4% no = 10,0000]13 p7F 247 103} 52 4] MEYINA L= 7 HTdAR] E2 &
ojEth oA ARolE BHEE A= ] BAflel F AU FABIATE A4l 9 B 1098 (= p)
o= ARl ol A= 9] 291 Atele] A 7L 4GAIQ BT 7 Bk (52.5%, SREAY), A4l 9] =
& 58 (= p) & of= ARFl oA 9lo] 291 Atole] A st 6wAIQ ATt 71 Wokth(43.5%, S A A

H).

o

no = 10,00091 B-+-olli=, no = 1,00091 3¢k 22, p gholl BAYLC] 8755 ALt AZk2
Holl wlsl 2elZE o] gA vehith. S IAY 1 =E o) AlF 2ol vl sk AR
F3to] AffEl B FAT BHZE BRFEHLS 134 42 Zolth

B Yook, no® 100,0000.2, A4 2] ok AR} B 4 pE 1022 A9 Ktk o] Aol @
T-AF] :=E & (Intel Core2 Duo CPU T7500 @2.2GHz, 2.00G RAM @789MHz) oA &AL AH2 AL
AR ZHEstA] skttt AAAIZE 5,400 04 AtAAE WA BE Aottt BHZE 2SS

I‘IO 1:

o
>

< & 259 AHE AFEFATHN,ep = 10,000).

BHZE A79 A3}, no = 100,0000]3 p = 1020 HYEHZA A= ¢ 291 Atele] A7t 5A A
A7 7P Btk (52.4%). no = 100,0000]3L g = 59 WEY A= A2 291 Alolo] Az} Tk
AN A7t 7HE wktH(36.7%).
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(
3 4 5 6 7 8 e A
0.0 0.1 0.9 9.1 52.4 37.0 0.5 0.0 0.0 100.0

4 5 6 7 8 9 10 S $HA
0.0 0.0 0.1 0.8 3.2 13.3 36.7  35.5 8.1 0.8 1.3 100.0
« AFAZF 392%, WHES N, = 10,000

3. %)H _7c.§_/\|/\'|

214 (betweenness centrality) 2 ZE =T
T2 RZoHErt. &, == 09 S 44 CB(U)%

AR E -°r4—:’-°ﬂ 1 Zt el T F
v

(v)
_ 9ij —
Ce(v) = —— n—l ZZ [g”21) v=1,...,n

oIek o4 gy el 2 Soll A2 A2el Sola g oA j= Solrle Avdz 3
© 08 FASE A28 Folth ebd BE wE A (1.7)9) U gy = 1 £ 09 B Co()e

Cg(v):ﬁzz:](g%’): ), v=1,...,n

I AT e = 0] YEANA P e A £} n(n — 1)°|BR Ch(v)€ MERA Y]
Qo] 2} = 7 A7 AN RE 07k Fole A4 NEE A4 & ek 2el ne] 2 A
RERY =& HAGAHZE St 5 0 FN SAES AEehe A2 ws Ras 28t
t}.

soenol Higte] I Fol =E v =1,... n7t THW T(v)E 17HF S7HAZH

3) v = 1 noﬂ EHE]'O:] CB( )% CZ—’('U)/]\/v'r‘epE %7]'@":}

F 3.12 np = 1,00081 99 WEYIANA g9 =& Vol 3t S/ F4A Cp(V)E 2&ste] a7}
FEEAAE B Aot A4l 9 AZEE FHF =5 Fopv 10 B SR 34T p = 109 Y ES I
Ae SHEAHY B SN S48 FFol 0.225%, %Eﬂ?@tﬂoﬂfﬂh 0.227% =2 433 YA 3=
2o vehgth tivh, xEAA A= AbolE Bt ol EEHIZER ] Cp(V) WAl Cx(V)E %

5V
7ksl7] WlEoz AZEh T8y T Wo] AESE A T ARL 0.7122 4 ¥ E A5 AFE
Btk p =5 VEYINME= dALEARY 3 T4 S48 H°] 0.090%, BElZE2HAA=
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I 3.1. Ao UERA(no = 1,000)01M S S Cp(V)el Rt ZEHAL (T %), H2HAIZE (B9 %)
n=

1) 1091 3¢
B E=9A 73 A2
- %A4GA 0.225 0.100 1.97
- ZHZ=Z 0.227 0.139 9.82
2) p=59 3+
R E=HAA AT
- 4AEA 0.0899 0.0123 10.4
- Ey =z 0.0897 0.1892 9.0

2. YO UEHT(no = 10,000)0M S S Cp(V)2l BZ 2t TEEA (Tl %), A2AIZE (B9 X)

B ®x#EAA 73 A ZF
- SALA 0.0326 0.0149 218
- EHZ=Z 0.0327 0.0246 31
2) p=>59 AL
his EEUA 7 A 7F
- 4AEA 0.0048 0.0032 126
- E2HZ=z 0.0048 0.0039 33

= 3.3. 212 UEYI (ne = 100,000)01M B B Cp(V)el Bl HEHAL (2H9: %), ZTAIZE (B9l &)
l,L =

1) 1091 3%
B EEAA 3| T+
—-AHEA N/A N/A 2,740
- 2HZ= 0.00426 0.00684 347
2) p=5% 3¢
K his EEdx 7 T A) 7F
- AL N/A N/A 6,820
- 2HZ=Z 0.00624 0.00902 406

0.000%% LA BATE. EEBAAAE Aol7h Jglort F o] & AR 2 ARL 09224 <
A= = 1091 AEAS) H3 FIH A ol 4= 52 YEAZI p = 109 YEH =] ]
Au7 2o F840] A7) Moz AAdr)

£ 325 ny = 10,0009 9] UEAIZAA e Afolth. Aol viehd AAA FFE ng =
L000) A%, 5 E 3.1} fAteh Zejuh A4k Azl QlolAs SAAAYT BHZ= o] S A
of, BelZ= o] SAAAY uls) JThdos BA 4A 2Hch

no = 100,0009] 919 WEH 2] thstel BAAAY Al BAFsAT. Telit & 33004 B
BHZRYE 600% olvfe] HE AEFcH

AU ER A 2 547 (closeness centrality)2 d2] =0 o2+ A& HHt

&
H
12



2 H3te] S0l Y24 A% gho] ANER xuw o Aol Nt 2ol Pl o8 3]

C’K(v):n_l dv’ v=1,...,n
i

2 g2 ek AeF ol 98 FYE Fstet o Ft = 2k A7t Shiehs T8H(o00)d 7
% A% gl 00] 57] HHTOH AE2A o] Woix 7] wholch
£ w5 voll thte] Ox(v)E AHEFEE (i
el

7)o BE Aol viste] AR di; 7F ALdE o oF st
doll weh Ak Feo] A ufel] gtk o] s e s A7) nif] == &
Bj%” FENIENZ S = {(i,5)]i < ‘

3

J
AWARE = v 27 S ARZ AYSHE R0l WA F, HAE =

rM L In

In b
E3:

AE T gy 7F -
v(m 19 2 FAHS e o Aokt
. 1 & 1
CK(v):n—l 7 v=m+1,...,n

Lﬂ A Sell FIAE & v7h 22 & FUEINAN =& 08 FUEHNS

d:,9 EE SA3) B~
g2t ok o 2

Iy
<
HU
-111
—|:n

3 HEAS) 5 jriAe] AVARE i AR AN oF B
254 & 97 el

mlm lrn

Hel 4.1 Y S v(=ny +1,...,0)2 ©C j(=1,...,n1)00 CH5H04
g = oy, i b T

01Tk O{7IM avis Al (v,i) RA40|CH.

ZvEREHREH RE jo e d FUEY T S AAE sfof =t A7} 7lssitid &
T 99 dA8HE ool 3t} I =T E gt SR R E 0ERE kE jo ol2E
EE vollA =E o] o]23 THA] = E oA = E jol] o]2% HE F shitolA] vh2 ) wheF
A7} 7Fs8A] 9AthE dy; = ooolth. WEbA o Aol E 9] o] A3t

oy, F 0N
Fu [ 0@
fe e

0 B >

n = 10,0009 4o UEHNIFNA p = 109 3%, 2EZE S (m = 1,000) F4s 27
o wE Vel 28 44 CL(V)= 3o E_%{i}ﬂ Z}7}+ 0.00376, 0.00571%2 LFERGT A 72
2,298tk p = 52 A= 2 FAAE Ck(V)Y Bvd FHA7 242} 0.000688, 0.00108°] %1
o} BHAIZR 2,315}

n = 100,0009] 49 MEQINA p = 109 A%, BEZE STHE(n = 1,000)S 2§
23 FAA49 Hgd 2EH27F 22 0.000106, 0.000340°0.2 UYERGY HAAI7H 24,851
p=52 AL = 2AA4Y B BZ2AXU ZH2F 0.0000116, 0.00011272 VJEREL ﬁr}/\m
5,405 % 1T}

i)

4
pil

b r

T

rlo

«

S8AH

o] Ao A= Zachary (1977)¢] 7}ebe] 23 (karate club) U EQ I o] ZHZZ 9HHS L R7|=2 ot
th ol HEYIE 2d9 24 349 AATE QA7 FA] tisk Ao vt 28 5.12 71etE|
29 A5el g MEXN T T =z ojrt
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2 5.1. ZacharyQ| JI2tHl 28 UEYA

5.1. JetHl 28 UEATOM =& 2k 2T el 22(%)

&}

A€ 1 2 3 4 5 6+
EHZE Uy 12.6 48.3 24.7 12.5 1.9 0.0
ARG A 13.7 47.4 24.4 13.0 1.4 0.0

5.2. JtetEl 28 UEHIO0IM 3471 =2 & &4

EI

= 1 2 3 4 31 32 33 34
2HZE Uy 0.46 0.03 0.29 0.00 e 0.00 0.07 0.25 0.14
SALEAH 0.41 0.06 0.13 0.01 e 0.01 0.13 0.15 0.28

o7 $40] 7Pt
373 w8 918

2
g
o

LT 27} 32 gong Zo| Bzt WS AL o1 72 A
I B33l o] AHHE ALE A} = o] 9= EHZE upHe 9
ojt}.
512 == 7 ARl £25 EHZE YUY dHGAHS R 73t
X 1,0008) gttt T whge Ao Ads dxjets AL o 4 9%11]-.
i

=

"
o
kS
kd
i
o
Py
fu
o,
1
2
>
%)

J|-E =]

# 5.2% 34/ k=0 Ui 3 44 ZHZE P AHAGAY R 73 AFolty. EEHZE
ol A W == 1,0003] Stk

oz = 4 172 RENUEYIE JdoFE3te Uz =59 digt 28 F44S &
3l SGAGAH 93 dyele] dXE7 ARASTE F3Ho] Bty 18 527 SHFow I

SlaEaHolt). AAATEL] F743k0] 0.78, FFo] 0.772 Yeh, EHZ=Z
ol A BH oz &89 4 qluia stk

H5d A7 Seleks AEBEe] ATelA TRl ABEYaE 1007 3] T Ak
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02 5.2, PHUE 2T UMD BHLN 2 U 2 AR (MRIS)

T Hools AH7)%d Basel net ook 87 2 tiEe) ASVEYas A4Hes A4
53 9ot

olol) weh AB U EAZE Aol A FEA (scalability) FAE B3| Hde] Bag HA7 Hglck. o) A
= 2 Aele) RE, 57 34

Tl WEE ZHe AA st A ALGAYHA oS htH o g
=0

3, 2R FAA T 2AE el EHZEE dad

il
gl

o
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szl (2010). <RE LD ADUENIEA AR>, AfolAd o), 4.
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Abstract
From a social network of n nodes connected by ! lines, one may produce centrality measures such as closeness,
betweenness and so on. In the past, the magnitude of n was around 1,000 or 10,000 at most. Nowadays,
some networks have 10,000, 100,000 or even more than that. Thus, the scalability issue needs the attention of
researchers. In this short paper, we explore random networks of the size around n = 100,000 by Monte-Carlo
method and propose Monte-Carlo algorithms of computing closeness and betweenness centrality measures

to study the small world properties of social networks.

Keywords: Social network analysis, closeness centrality, betweenness centrality, small world, data scala-

bility, Monte Carlo method.
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