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Clustering by Clique Enumeration and Data Cleaning like Method

Abstract: Recent development on information technology has made bigdata analysis more familiar in re-
search and industrial areas. However, bigdata has big difficulties on diversity, other than its huge size. Data
with much diversity is usually composed of many groups each of those has its original feature, thus data anal-
ysis from the global structures usually fails to capture the details of the data. To analyze the data correctly,
capturing the group structure is important. Existing clustring algorithms and pattern mining algorithms
aim to extract the group structures from the data. However, they usually find huge number of solutions, too
few groups, many similar groups, or groups with large biased sizes, and often take long computation time.
In this paper, we address the graph clustering problem, and discuss what are good graphs in that we can
easily capture the group structures. From the discussion, we define a graph class that is a model of noiseless
clarified graph. We then propose a data cleaning like method that modifies the given data graph to a clarified
graph without breaking the group structures. We also show some mathematical and algorithmic properties
for the graph class and the modifying algorithm.

Keywords: data cleaning, data analysis, clique enumeration, pattern mining, clustering

goboboobbooboboobbooboboobooo
gobboobuooboboobboobboobboon

1. Introduction
gooo0ooooooooooooooooobooooo

WebO0ODODODOOOODOOOOOOODOOOOOOOO 00000000000000000000000000
00000000000000000000000000 00000000000000000000000000
00000000000000000000000000

1 00000000 00000000000000000000000000
2§$%§?§$ﬁ%??$&ﬁM”mkmmJ”” 00000000000000000000000000
1-155, Ichiban-cho, Uegahara, Nishinomiya, Hyogo 622— Joo0o0ooooooooooooooogooboooog

0891, Japan
) uno@nii.ac.jp

gogboboobboobboobbooooboooboboo

2014 Information Processing Society of Japan 1



IPSJ SIG Technical Report

000000000000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
0000000000000000000000000
00000000000000000000000000
00000 10000000000000 300000
00000000000000000000000000
00000000000000000000000000
000000000 [1],[12]0000000000000
0000000000000000000000HITSO
000000000000 4000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0oo
000000D00000000000000 [2]0000
0000000000000000000Ok means[9] O
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000200000000000000000000
00000000000000000000000000
00000 11)0000000000000 80000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000 [6,[13)J0000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000

2014 Information Processing Society of Japan

Vol.2014-AL-146 No.2
2014/1/31

01 0000000000 (Doo0oo)bo0o0ooooooooo
gooooooooooooo

ooboooooooooooobbooooboooooooo
ooboooboooooOoooooooboooboboooo
oobooobOocooooooooooooobOboOooon
oobooooooboooOobOocoooOooobooOoooobooo
oobooooooooooobboooboobooooooo
oobooobOocooobOoboooooooooooobooo
gobooooboobooobooooooobooOoooobooo
oobboooboooobbooobocOoooooboboooo
gobboooooboooobobooobobooobboooooo
oobooobObooooooooOoooooooboooo
goboooboboooboboooooobooooo
coboooooboooooooooooboooooooo
goboooboboooooobooooboooooobooo
ubooobOoooobOoooOooOoooboOooooboo
gobbooobObooooooooooboooooboooo
oobobooobobooooboooobooOooooooooo
gobbooooooooooobbooobooooooo
uboocobOoobooboOoocobOOoOoboobOooooona
ooooO k0OOOOOOOOOOO0OOOOCOOOBODOO
oobooooobooooooooboooooOoooooboboooon
gobooobooooobooooboboOoobobocooooo
ooooooOooooooooOboOooooomooooon
oobooooboobooooo
cobooooobooooooooobooboooooooo
gobboooboboooobobooobobooobboooooo
n0000 OR*) 000000000 00000000
ooboooooooooooobbooobooooooo
ubooooooooobOoobooooobooooboboooon
ooboooooOooooooboooooOoooooboboooo
goboocooo
coooooboobOooooOooobooOooobooooboon
gobbooobObooooooooooboooboboooDo
gobbooobObooooOoooOooobooO0oOooboboOooDo
gobooooboboooooooobooOoooboooooo
goboo0o1l1bcoooooooooobooooboooo
gobooobOboooobooooboobooobboooooo
ooboooobOocooooooobooOooobocooooo
oobooooobooooooooboooooOooooboboooon
oopbooobooooooobooooooooooooo



IPSJ SIG Technical Report

cobooooboooobooooobooboooooOoooooon
coboooobooooobOoboOoOoooooobooboOooDo
cobooooboooooooocoboobOocOoOobOboOooon
cobooooboooobooooboooooOoobooboOooDnon
cobooooooooobOobooobOoboOobooobooboooo
coboooooocoooOoooooooboooooooOoo
coooooooboocoboooobooOoooocOooooo
cobooooboooobooooobooboooooOoooooo
coboooobooooooooboocoooobooo
gobbooooooooooobboooooobooboooo
cobooooboooobobocoooboooooooboboooo
coboooobooooboooobooboooooOoooooo
coboooooboooboobooooOooobooOoooobooo
cobooooboooobooooooboocoooobooooo
coooooboocooooooooobooooooooo
cooooooooooooooooooooooboooo
cooobooooooooooooooboooooooo
cobooooboocooooooooobooooooooo
cooooooboooooocooooooooa

2. OO

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000 2
00000000000000000000000000
DDDDDDDDDDDDWw%ﬁﬁDDDDDDDD
0000000000 0000000000000000
00000000 U0000000000000GO000
UO0000000000000000000000000
00000000000000000000000000
000000 600000000000 6-000000
ooo
GOO0v000wO0000000000 w00v0O
0000000000000 w0 v00000000v00
00000 N(v) DOOOO0Ov 000 d(v) 00vO00
0000000000 [N(w)|0OOON[p] O N(v)u{v}
0000000000000000 wd w0 0000
00000000000000000000 KOOOO
dx(v) 0 KOOOO v000000000000K OO
0000 mingeg dx(v) 0000

3. Joggag

oobbotdwv0 000000 KOOOOOOOOK
cooobobcOov0wOO0ODOOO0OCODOOOOODOOO
O000OwDv0000OD0 (kO0)0000000O0O0OO
ooooboooobwOO0O0obOObOO0ODbOCb0OO00O000O

2014 Information Processing Society of Japan

Vol.2014-AL-146 No.2
2014/1/31

02 k00000000:00000000C0000000000
O0k<60000 k-OO0O000OO0OOOO0ORDODODOOO
gooooooooooooooooooooooo

00000000000000000000000000
000v0«w00000000000000000000
00000000000000000000000000
00000000000000000000MO00000
0000 [NpNNu/>k0000000 k000000
oooo

k-000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
ooo

O(u,0) € ED0DODODODODOD [NpNN[| >k
oooooo

cobooooooooboooooOobooboocoooooon
oobooobOocoooboooooooooooobooo
k-000o00000oooooooooooooonooo
000o0oU0o0oU0oOoooU0oOooUooU (k)ooo
ooooDOO0O000000O0O0O0000 k0000oooo
gobooobObocoooOoooobooOooboooooOoboOooon
ooboooobObooooOoooooboooooooboboooo
ooboooooobooooboocoooOooobooOoooobooo
oooo

001 n0000000004O0000000000
0000000000000 ORY) 0000

00: 000000000 00000 SO00000
000000 KO K 00D00000D0000000
0000000 KOOO w0 K OO0 000000
SCN[,Nu 000000 |N[uNNp]|>k00000
0000wD ¢v0000000000000000000
0 KUK'OOOOODOOODOO0O0O00000000S80
0000000000000000000000000
00000 k0000000000000000000



IPSJ SIG Technical Report

00000 k000000000D00000 k0000
oopoooodo L6, 00D00000000000000
000 A00000000000000 »* 000000
0000000D00000000 ,.Cr+nk=0"*) 00
000000000000 Og

0000000000000 0000000 3%/ 00
00000000000000000000000(R*) 0
coooooooobooooobooooboooooboo
oooooooooooooooooooDoOrkOOOO
oobooooboooooOoooooooooo

01 n000000 A000000000O000O0
0000 OM2376) 000000 oon

O0: 0000000000 [lojooooooooooo
0000000 0R23) 00000000000000
ooooooooodOy

02 nO000000 k00000000 OO0ODO
boodoooooooooooooooOoddOy

EODOD0O0OD0O0OO0 kE=0(n)000000k0000O
oobooooboocoooOoooooooooo

002 0004000 n00000n2/4+3n/200
0 ,000000000002%20000000000
00000000

O0D: 000 GOOOO0O0OO0OO0 V={1,...,.n}0000
0040 j0000:00000 j=4+1000000
O (G,7) 000000000000000GO0OO0O000
00000000000000000000000000
000000000000000 {2,2i—-1} 00000
0000000000000000000 2¥200000
000000 w0 v0O |[NuNNp]l=n-200000
0000000000000000000000000 G/
oooooon

VO Vi={1,35..n-1}0 Vo = {2,4,6,...,n}
00000000000000 Uy =V, 0 U; =
Vi\{2i - 1}u{2i}01<i<n/2000000 U; O
0000000000000 GOO0000000000
U; 000000000000 U; 0000 n/20000
O000U; 00000000000000000000
U; 000000000000 G¢'=(V,E)OODOOG
00000 |[V/|=n+(n/2+1)xn/2=n?/4+3n/200
000 U, 000000000000000000 (u,v)
00000000000000000000000000

2014 Information Processing Society of Japan

Vol.2014-AL-146 No.2
2014/1/31

000o0ooOoO0ooOoOooG oooooogd (wwe) O

0000|N[u NNl O

(1) (u,0) e ED0OOD n—2+n/200000

2 u,veV 00 (v,v) 0000 n—2

(3)ueU;\VOO velU; 00000n 000000
(u,v) € B

(3)uelU;\VOO veU; 0000000 n/20000
00 (u,v) € E'

cooooobooobooooobo n-O00O0O000000

00o0o0oo0ooUo "o Gooooooooooo

00o0o0@E ooooooovooooooooooo

0000o000o0ooo @ oooooooooooo

000D00000000000G' 000000 2%/200

ooooooooodp

4. J000ooooooooooboooogo
gd

ocooooOoOoOOo0o0oOoooboooD k-0000o0oo
oobobooobOocoooOoooOooOobOoOoOoOobooboOooDo
0oooooooooooooooooooOoO00Dk-O
oooooooooobOobOoocboobocbooobocboooo
oobboooooOooooooooooobooOooboooo
00ooUoooooo ¢G=(v,p)oooooGoooo
ooooooO0o0o0oO0oooooOoDODOO0O0 k000000
gooo

0000 F =90000000 (uwo) D000
INWNN[u|] > k00 v 0 v0000000000
000 w«0 0000000000

gobobobooboboboboboboobobo
gooobobbboboooooooobobbbooooooo
goboooboooboobboobboooboboooo
goboboobbooobobbooboboobbooobog
gogboooboooboooboooboooboon
gdboogoboooboooboooboooo

k-00000000000DO0000000000 k-0
gogboboobboobboobbooobboobbooo
gooooooog

001 000~ 00000 KOOODOOobOooobo
0 (+1)k/2000000000G0O00000 kOO0
goboobooobooooboooo

O0: 000 KO200wOoOOOOoOOOOOOO
goooboooood

(v+1)

2 x (vk — 5 k):”yk’fk’



IPSJ SIG Technical Report

0D00000000|NuNNp]|>k0000u0 000
00 k0000000000000000000 KOO
000D00000000KOODO0O000DOg

00000KOOO0O0D000O0 (y+1)/2y00000
00000000

003 KOOOO~kO0OD0OOO0O0O (v—1)k/3000
_ y—1y2
)-000000000000000003(1—9) <( 7)
ooooOooo0AOO0000000 KOODODOOO
ooooo

00: MO KOODOOODOOOM O kDOOO0DO0ODO
0 KOODODOOOOOOOOM = (1-6)yk(yk—1)/20
O00000KOOO o000 PO dg(v) < (y+1)k/2
0000D000Q O (v+4 1)k/2 < dg(v) < (2y+1)k/3
0000000000000p=|P0¢=|Q|00000
0O0OM O pg+p(p—1)/20000000000000

2M — —1)k/2 M

g < A0 — SMo _op 000000
6M plp—1)

7_2]9 4+ —

(v =Dk )

2

6pM s PP P

- 9 g P
G-k P TT T3

-3, 12M —(y— 1)k

2 P 20y — D)k

M < p(

D00000X =2=0-050000 p=X/3000
00OM'0 -3p+X=00000000000000X2/6
0000OMO M 000
X?/6 (X?/6

M= (1=6)((y—1k)*/2
000000 X2 <3(1-6)((y-Dk20000 X <
V31 -0)(y-1)kDODODODOOOM' /M <10000
00X <+3B1-0)(y-1kDO

N CEEnemY

2(y — Dk
gobooobooboboobboobobooo

M'/M <

31— 8)y(rk —1) — 3 < VAL D)y~ Dk(y - 1)

coooocooooooooooooo

3(1 =07k < /3(1-6)(y—1)%k
0o0ooooo

VA3 < (77_1)2

0000y

03 KOOOOA~40000000 (v—1)k/3000

2014 Information Processing Society of Japan

Vol.2014-AL-146 No.2
2014/1/31

4 N

all graphs

clarified graphs

N /

03 Dooooooooooboooooooooboboobooooooo
gooooobooooobooooobooooog

5/6-000000000000y > 6Y4/(6Y/4-1) ~ 2.7697
000000004-000000000 KODOOOO
ooooo

O00:6=5/60000000000000 1/6Y4 < (y—
1)/yOOOOOOOODOODOOOy > 6Y4/(6Y%-1)
000000000 O0oOg

00000000000000000000000000
0000000000000000A000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000kD0000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000D0000000000000000000000
00000000000000000000000000
0000000000000000000000000

k-000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000ONq O NplOOOOOOOO
00000 10000000000000000000
00 sim(u,v) 000000000K000000000
00 sim 0000000sim-0000000sim-000
00000sim 00000000 Jaccard 000000

[N[u]AN[v]|
WEGDDDDDDDDDDDDUD w000



IPSJ SIG Technical Report

ooo0O0 ¢e000O00O0O0COODOOOOOOOOO
cobooooboocoooOooooooobooooooooo
coooooobooooooobooooooooooobooo
cobooooboooobooooboooobooooooon
coboooooooooooooo
oboooooobooboooboboooooooooa
cobooooobooooboooooboooooooooo

Algorithm DataPolishing_SimilarityGraph (G = (V, E):
graph, sim:similarity measure, 7:repeat number)

1. fori:=1tor

2. B :={(u,v)|sim(u,v) =1}

3. E:==F

4. end for

5. output G

5. Algorithm for Fast Data Polishing
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for each w € N[u] do
for each v € N[w] s.t. v < u,
intersection[v] := intersection[v] + 1

end for
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Algorithm NeighborIntersection (G = (V, E))

1. intersectionfu] := 0 for each u € V

2. for each u €V do

3. L:=0

4. for each w € N[u] do

5. for each v € N[w| s.t. v <u do

6 if intersection[v] = 0 then insert v to L
7 intersection|[v] := intersection[v] + 1

8 end for

9

end for
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10. for each v € L output {v,u}; intersection[v] := 0
11. end for
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