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ABSTRACT

Many classification studies for the community of densely-connected nodes are limited to the comprehensive analysis for detecting
the communities in probabilistic networks with nodes and edge of the probabilistic distribution because of the difficulties of the
probabilistic operation. This study aims to use convolution method for operating nodes and edge of probabilistic distribution. For the
probabilistic hierarchy network with nodes and edges of the probabilistic distribution, the model of this study detects the communities
of nodes to make the new probabilistic distribution with two distribution. The results of our model was verified through comparing

with Monte-carlo Simulation and other community-detecting methods.

Keywords: Clustering; convolution; probability; network theory

I M

rhu

=dant 399 S48 /1 480l 29t e R
el ol IR sk

Txalol BHES 54 Huel ol 43 A 9l
A 2o 1A 52 A8 0|8
u} ofwl o] A WEYITANN of| 27
Aol ek BAlG] et S4e AR ESS
2 ) oS 55 <= 9 W olfe %
el ch AEe FA 1 A A
o AU A0 9 A A

mln ™
! mln
rl; rlo -
i Jlm

ﬂ.llo jaka) |‘L|

ox

il
SN0 m&
=)
‘
(S

=

ook
D
<
;:O
rlr

it

4 Eﬁi

o [
ox.
gl
El

K
=

F

N
oL

2 e
2
l‘ll.,.‘. r014
%0,

rlo wd o

r
O

2 Koo oot W
iy
=
o
1

>

rl:l

1o

i

=,

>

-

Moy

o l‘>*

oi U:>4

ox It

olr L

o o &
b

i

FlF

e}
%
I
_Q

f E_.
e ULJ _1

RIS 2
b
=
ro, 1o
[
o
r
s
2w
=
2
11}{e3
Loty
llT[ mJ
1o _134::
W 1o
i
-
oX el
€2
— ml
= o
Hin v
2
24 ol

B!
R e A o Bt e Rl el o e R L P Bt el oo
AT, JRibbel e sl ]e AT
T Corresponding author Tel.: +82-2-880-4591
Fax: +82-2-873-2087
E-mail: kyosuh@snu.ac.kr
20139 1€ 11¢ &2
20139 12 10¢ HARSER
20139 12€ 102 A

HEHT 342 ATE9] BAAol gk EAolA Al&keitt
AL E 5 Qo s e A8ste] YEAA AFTE
= ok AL UEHAE siAsted =83 wAlolH.
HEYA FxoA 23S Zopfl= W2 g o]&d
A 2 EE A2 oY deEg Bk ZAI9F FYst
ot o] WHe 24 FAOIA sk wdelu YERA AA Y
3|2 B3} Sof thokshA A{Et) (Pothen et al., 1990; Roy

et al., 2003; Zhou, 2003). AA] 22 %*JOM Hss A
Aok @AM B4l et oot SRS olgslel 43
T 5t Rl thet 7k 2] AE 9lek (Girvan
and Newman, 2002; Gudkov J. et al., 2002; Guimera et al.,
2003; Leskovec et al.,, 2007, 2010; Marcos et al., 2008;
Reichardt and Bornoholdt 2004, 2006; Wu and Huberman,
2004). YT 0|2 7|22 vEY TrolH 2T Fo}
lHL S mie- S8k ARa A B0l AHEA

FAE 7= HEYR EAIAM 283 wint fagich A
X*J% AAMS tiEste pAIE0] SEEA HAE 7K o &
A HEYAE 7|t r 3 YEQA 12 4 Fa% AXlE
O] SPol| ot silaS Al A+t (Fefferman, 1970; Guimera
et al., 2003; Leskovec et al., 2010; Peter et al., 2010)4+
AL g4 sl dF4%E T AA0 FEF E2NHE F
st #RHE AlZsh= ¢t (Dechter and Pearl, 1989;
Friedman et al., 1997; Friedman, 2004)7} 2471 kARt A4
of #et & FHe} ¢ Ao w FAs=H A} Atk
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HEYAS dZAo] 7= gk & AHA] Fojxl= &
o =zuk A= o] A] ¢=t} (Newman and Girvan, 2003). &
el ghol 39l ol Ageo] SJeA]l PR W] uf

h =

of Aoz Soles ofu Aol 7KL Sl e A
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AL 7S Fajol

9] =S HallUrhe WA oR ARS8 Wt

ot} (Ringer, 1971; Burt and Garman, 1971). A|2AE]
HASO| FEREE (1) o EHof| tigh FEZ Al
o g EAAIAE tolAe] YEASE 7|EoR K 22
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1(t): Input Signal
O(t): Output Signal
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/OO W(z)dx < h L(a:)XR(;t)dx 2)

L. Lord in link
R: Resistance in node
W. Weight in link
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Fig. 1 Convolution in network
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Fig. 2 Hierarchy Network
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Aele] Aol HENZLY Hojo] ARl 7H= 42
= sHgstd A (6) 2t
PDFy, (6)

= conv(PDFy, . PDFy, )

z . node n

n

T Start node lined with node n

AL

Tame B9 AT ABHE ARREE <fudt.
(6)°] Qito] A2 FE SAER o] Fo2]7] wZo]
Al HIEAA 20N o] FofR= ik IS A (D)3 2k

o>

PDFIV(IA) = com}(conv(PDFL(xi),PDFR(I,)),PDFR(M)) (7)
PDEF Probability Density Function
conv(a,b): convolution a and b
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Fig. 3 Convolution in Hierarchy network
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Fig. 4 System flow of CPC model
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C.C.: Criteria of Clustering
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25 0fl AN Hlol2|2rt W] Fato] AlAtEE
T 27180 B 0 AHollA 1, 29 A, 1 ERe]
A3, 4dl A, 49 Aol 7, 8W AR, 59 el 9, 10
H A OR Hpo|g|29] BHito] 747} A e 1 vle 27
Table 13} Ztt.

117 23] wpol2io] diet Zif%eﬂ Rl 2
29F Za Hpo|YAE HEshe AdE L9 &8 &
1oflA 713t wlof] wan 2z Otﬂ°ﬂ A FolAl= ‘i"i_éiﬂ HP

Table 1 Distribution of the node

start node 0 1 4 5

end node 1 2 3 4 7 8 9 10

portion 0.7 0.3 0.6 0.4 0.7 0.3 0.4 0.6

Table 2 Distribution of the Resistance in node

Node Mean Std.
0 2 1
1 2 V3
2 3 1
3 2 1
4 3 V3
5 2 1
6 3 NG
7 2 V3
8 3 1
9 2 NG
10 2 V2

olgfA0] AgEe 1008 o}al FFHA= 12 stal BE 2
EE= AFEEL (Normal Distribution)?] deiE 7}7‘]13}-1— 744
ot 7t A8 A TARKY] R 7 =2of| wet
A—] H]—tﬂiol 7:]7(']% 7‘]0]_]__ 03]7:]/K-] %}:‘/] J:]—E— 74 'E‘ﬂ"\%‘ lﬂEOﬂ
upeba] AR 5710 oIy o RS T &3
22 A add A9 Hay 24 AT 4 Q.

7HE ARE olgsto] Aklskd 1H AEY violgA 7Y
52 Tht At

.

7
PDle(T) :CO”U(TOPDFA,(r)’PDFRI(r)) (10)

Folzl& sl 109
0.75 Jot zh, FE2HAE 19 AfEazolch 4] (10)o4 +
3 S o]83t 3 HF O HgEES

= conv( icom) ( lPDFL

10 10 »(z)’PDFR.(z)

) v PDFp () )

—

U

Convolution

l Convolution

Fig. 6 Analysis process of the example
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VVpositive = ‘/‘() PDFu;l (12)
=99.76%

4] (12)7F "k 4] (12)9] Ak 0 A-ojA] o]z
hato] A= 1H Aol P wg gHEo] 99 % ool
Zh= A& oJulahy 0¥ A3 ol WS AT 7HAAL 9)
£ doleks AL oJujeitt. oA $AT Fig. 69 Z2AA
g Soto] AE ZF A 7 EES Table 49+ Zth

1, 2, 3, 5 AHL 79 &E0] 50 % oAFOR OHofA Al
2] HpoleAo] Fhalo] Jake jroLt 4¥3t 68 HHE 40 %

Table 3 Explanation to the probability of infection in node

2 2249719 YA, 7,8, 9, 108 EHE 10~20 % A
o] AHEES 7ML 542.75:;!@494 AL AdLE ASE
o

7} A7) Mgl ks wrof Zopyirt. 8 AR 7MY 7t
wiotth Hadog O AHoA 10¥9] FAbe] A
P 1H A= IS TS = 92 v 09 FHTe dF
EIb gtk RS 94131?‘& . HbEo] 1 AFe 0 AYte] 7
HHog AdEolfle W dAxst 7P o X3 &
it o] Aukg H}%Lf:' A3k 7] whebA] ot 2
o] Heaker 4 qltk. A3 7IEo] 90 %9 0, 1, 29 A
o] FA3} Ha 50 %H 0, 1, 2, 3, 58 FHo] #X3} =
40 %9 0, 1, 2, 3, 4, 5, 6 AHo] A= 719] AAw7} w2
AGo R FLRECH

ok o2 r
o
ll
o
o
A

1o

o o 0

o

Node Explanation I/Vm,gam < 90%, Group = [nodeo,nodel,nodez} (14)
1 PDFy, ) = conv(— r PDF, (,\,PDFy ) W cqative < 50%; Group = [nodeg,node,;node,,
10 nodeg,nodes
9 PDE,, ., = conv( > 3 PDF, ., PDF, ) negative < 40%, Group = [nodey,node,,node,,
2 10 nodeg,node 4, node,nodeg
3 PDFy, () = cmw( 6 o PDE L) PDEp (1) )
Table 4 Probability of Infection in node
4
4 PDFy, = COIW(TOPDF o) PDFg () Node Probability of Infection
5 PDFy, (= conv(PDF, (), PDFy, ) ! 99.76 %
- 2 92.14 %
6 PDF W) com/(PDF PDF )
o 3 71.92 %
7 PDFy ) = comv(PDE, ,, PDFy ) 4 12.21%
5 50.12 %
3
8 PDFWE(I) = CO/,Z’U(l_OPDFLl(‘T')"PDFRS(I)) 6 41.42 %
4 7 21.16 %
" 6 6 ) 9 15.32 %
PDF PDF PDF
W) = O (@) 10 22.36 %

I/I/;r,egatiwe < 90% I/I/;Legative < 50% VI{]Pgatizre <40%
:IIIIIIIIIIIIIIIIIIIIIIIII. :................................: ..............................:
:"' """"""""'-"': ;IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII: : :

- :

o O ®© o0 ©

Fig. 7 Result with the criteria of clustering
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HE7] Tzl Wy gasine 7F 90 %HTH o 4,
2 = 49, 69 HHL 40 %5 25 Aok UE g8

n &
A
[0 o
“H,
o
o
N
lo
)
lo d

2 S FoA AEsta & of dRE A o] AR
L FA EACl it siHE 3] PRt AEE sk
7S AT o Sl ZloR ke ARef S ARl A
&0l Hrhd niol2iAs] S4 wetd 7|EE g
o] P BAElAL B sl Adsford AdE 4T =

At

s
x
o
gﬂ
F
¢

2. BHO| AZ
A4 Wl vjud o) #ao] Wt FEA FEE 7L
1

A &8 oM 244 s Feke Ao] offdh & A7

of £42Ql BjE 2= Aol
E7Fsstch webA 27t Folzl Wrg REH O R HAA
FARHOE wolsto] Te 2= He7IER AlEH oA (Monte-
Carlo Simulation)& &34 CPC Rde] A7E H|w HFe
4= otk duk o BAA SIS F3t AFo] ofgkE A d
of 7Wte EE7IER AlEdolde] 414 dHS E3t Hs
AlgJgh = Q)= "hHolth (Burt and Garman, 1971; Romualdo
and Alessandro, 2000). & AtollA] =33t HE7IEE AlEd
olAdE A At W= 1,000,0003] Abolglon ASE

rlo

A ol g3t 7 Ae] QAN WHBE Table 42) AT} ¥
Tt WHTEE ToH WL ke Algt 2

n,
_ p
VI/;)ositive - 1,000,000 (15)

n, - the number of generating nodes

A7VA, n,= FrE ET AN A ddMe] T He
i 00%9] Alg71ed| 1 Sl=E F3
7+ Ao W FEE Table 59F o] & 4= itk
B o LofA] JERetE ABRAS o]gst w48 W (Clustering
with Probabilistic Convolution)¥} ZE|7FEZ A0S 9]
3 AnE fasAl SA7IA] vlasiglon] ZH7IER AlE
glo] Ao At eate] Hio] whet oS Lok thaat Aot

(Ringer, 1971; Burt and Garman, 1971).
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Table 5 Comparison with MCS

Node Probability of Infection
CcpC MCS
1 0.99761 0.99389
2 0.92143 0.91935
3 0.71922 0.71711
4 0.42211 0.42116
5 0.50125 0.49709
6 0.41424 0.41382
7 0.21164 0.20956
8 0.10121 0.10038
9 0.15322 0.15266
10 0.22363 0.22148

CPC: Clustering with Probabilstic Convolution
MCS: Mote—Carlo Simulation

0 CPC,— MCS,

error = Z (

2
D, K00 (16)

=0.5208%

4] (16)& o}43) Table 59 107} Hde] QAN U1 284
247} Wi 99.4 % olAe] ARES HojZT)

3. 7|& e} H|W

B o-tox AsiE W (Clustering with Probabilistic
Convolution)& H3Hdo] Y= 7k HEQAE aydos +
Al 2 A=) vlws e Table 63+ 2t} Fig. 52] o
A YEYAANA 29 0 A AZ=o9= d249 &
< 1022 3}l Table 19] Hl&3 Zo] d449 L& 76t
%L Table 29] 7t A9l r BAHES o83t - RE FHF
Ao A AZA9 Fho] H8H AHEH 75 HEYAE
71Eo &2 BAsk9irt

Clauset-Newman-Moore 223} Girvan-Newman % @-2
CPCe} F¥et A4S +4steltt. Wakita-Tsurumi®] HE2
58 A AQlstdi=tl 5¥ A2 CPCE o83t oA =
1, 2, 3, 59 AH 7k 0¥ dHy} 7P dAoert w2 dH
ofc}, whekA 33te] 7] 5H AHY] 7 &1 50.12 %
Hr} =7 AAshH Wakita-Tsurumi®] 2} 28 3] A}

Table 6 Comparison with the existing models

method CPC Clauset- Wakita— Girvan-
o (50 %) Newman-Moore| — Tsurumi Newman
Group 0,1,2375 0,1,2375 0,123 0,1,2375

asotel=ad AS6d AL, 2014
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