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Abstract

The FCM algorithm finds the optimal solution through iterative optimization technique. In particular, there is a
difference in execution time depending on the initial center of clustering, the location of noise, the location and number
of crowded densities. However, this method gradually updates the center point, and the center of the initial cluster is
shifted to one side. In this paper, we propose a TI-FCM(Triangular Inequality-Fuzzy C-Means) clustering algorithm that
determines the cluster center density by maximizing the distance between clusters using triangular inequality. The
proposed method is an effective method to converge to real clusters compared to FCM even in large data sets.
Experiments show that execution time is reduced compared to existing FCM.

2 %
FOM 2uel%e w2 A48 /e 53l A2s)g 2k 53, 20289 27 $4% 89 92, 2ogle 2xd
1, el T AN Aol e, AT o] WHE FAUE A AU A Yo w 201 Helse A0
B ol g

T =
gt Zo® X XA Ha SYaEY A dxyt As S~ disEgie] 218 E7F Wolzin. whahA
7RG AE o] 8ete] Fel2H 1 £ FHug dolAA Aol TI*FCM(Triangular
Inequality-Fuzzy C-Means:AH2HE-52-FCM)E2] A8 8 LdugE5s Aottt Ak 2] ] o] ] o A =
FCMell uvlal] Al Fe128d 83t 23420 Wlola Adg Fa 7|& FCMRETE Aol 7HAgS BT

ol
Q2
lll
v
[>
T
ol
o,
d
) ”ﬁﬁ
=
E
.
rlo it
4
oo r
o
lo,
T

Key words : Fuzzy C-Means(FCM), K-Means, Data Mining, Big Data, Clustering

. ME A5k wlolE noly Aglo] Tha oA &

zeglo] BopolA tolE wlold AL uls F

SASTEAT R P dolel 1E A5H asn fad ol deld hold A
dolgulo]z: Beiojzi MaA Ayl oy Fm dolH AgadN §88 AnE A5He
dolHE A%ar BAa] 9% Aze %8 = st 3gol, o e doleulo]sg
B4 s 2P @O, 2 ey BHe lE AT 944 e A P2 & 3l AEx
o dolgulo) 2z BATE te #A A2 WHd  f8% AEe Daay] 98 ALATM, 5l o5
2R WAk B3] teF tolHE Aelatn & wsHdA AS WED AT nAel 1002e

* I'T Convergence Engineering, Shinhan University,

* Corresponding author

E-mail : kklee@shinhan.ac.kr, Tel : +82-31-870-1744

% Acknowledgment

Manuscript received Jun. 4, 2019; revised Jun. 10, 2019; accepted June. 11, 2019.

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by—nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

(419)



Improved TI-FCM Clustering Algorithm in Big Data 71

ol FUE AAANE FAekE AT AL
Wele ARE dEas A5 AFsE
ZesEYe 54 Fd dolHE Aday ¥
E A1ee Aedel ARG %ol HoHE Hed)
5 RReT ZeaEYe tolHE $4 dHe
= waain Adaie gl o4 242 94
del dolHE FZale] f8% AnE AT
% qlofof k. AMHOow & oteldl FCME
2t A2 E olgad] WA 2EEE B
Foan 2exHYe +aa7 B, 6l 2
26 e Foldl dolEe] §A (similarity) S 7]
Fom 2Y~HE FAHat TPE 5 A

(unsupervised learning strategy)s 3ttto] ™, FCM
e FEY= A HAEE AEs FAHS BAIE)
Wrhe W os 7] Se2H $4lo] 3 How
A A A Ee= o] FAHOE A AHo| gk 1
e S svE Ao dAxrt s 2824y
B ooisEgke] ATt otk AA el e 4

e 2HE Y] FAS HEE S Eue
7h =Esle
= oz H
2B ] FAlo] AR AAEWE AE ol

Pe) )

o 2Bl Lol 4

rl

H

0

O
w0 ol ofN
o
o
i
e}
[>
2
1o,
ofN
o
g,ﬁ\_,
o
=

i

8oy
ol
iy

v
[
Al
ol
my
&
N
)

k)
i)
ol

N

i, o

2

olr

i

Mo oox

2

)
T A L

2

ojf

>,
tlo
o
ofo
ol
ol
s
P
N

U
AV

>,

Lo

A
x4
UL

2

>

X

ol

N VLA VO /o T S O e
I
B
N

OE_&Q}E

> M
s}
0 o

2o T
o It

SO
iy
A

o oﬁ 1:12 O{N
Jou o o

-
@
=
e
=
L)
)\
o
é
o
=

o
>
o
o
N
L
'l
do
&)
)
i,
=
|
Po)
@
=
e
R

57 2o 2E Yol N RE A5

e 5o vsiA 03 14bole] 745 A

it

=
=

i

A
=
=

74

=

L] dloly ¥1E= st B
F Atk olel HEl FCM2 h& s Abgste] 3}
uho] diolg ZET} oy /e FaHe M=

A= = =]
e JEE £%8 5 YRS 3

A7), BE dold ol tal Yu, = 10]th ne

i=1
dolge] A, ce Sd2HY AF 28 me
2] 254 wE Uehie 7sAloltt o = {z), 2y, 2,
l dlel® WE J3t v={v,vy,0,} S FEE
g FHE Alole] &% ARE cxnd FE
U= uy) 2 Yebd 5 Slek 2 Q2)elA uy = kA

dolgj7h i A S Bl ot 2525 UE

Wi, A@elA v,(1<i<c)e iHA Fe2F
FAolth o714 meo] 1Rt & A9 BE 4 k
of A v, =z, & TH3hA 99 A& g

Wit (U, V)7h g, 9 Axsts sbsetA @t of
=< A2 A3 AFE R g

E:ﬂ_ h m
e oW Aazl o Fawh

2 -1
<\ [ dig | m=1)
uik={2(d—") } 7 @)
J=1\ Yjk
v, = bl 3)

¢

)

. TI-FCM 12| &

FCMoll M= 27] Sel2E Sl Al s A
FH2He FAo] AxtHElrz AAE S AH

SAol vEgS vEti=d AdA Xeta @9



72

o] Z7}gtH10]. 2R =
A= FA

o
1=

B
=
K3

>

H2E Ky, Ko
Aol ol d), e FA

el FAL AdE A

¢
KU ro

[0 m 4
b

o,

ol
el

=

Ho
il
Ach
Bt

=
P‘L
I
e
o
o o

ofy

o M 4o g

o3
L
T
i
H
>

ob
Nl
o
N
ﬁg};w

B
i

B X
o> N

Moae o jo

e ol

[JO
ol
-
£
ey
O

o, on Hr mv ot X oo o mx off

1 C

(V) = ()3 Dur

k=1li=1

max(lﬁV){Jm |z, —v; | 2} (4)

==

=

N
=~

SEEEREEE

Fig. 1. The shortest distance based on the density of
triangular inequality.
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Table 1. FCM vs TI-FCM data execution Time.

# 1.FCMvs TI-FCM HIO|E] A&l Azt
(9] EEx)
&35 FaYN
RN AgAZE | FCM | TI-FCM H12(%)
100 0.0156 0.0115 0.0041
1000 0.0175 0.0120 0.0055
10000 0.3551 0.3170 0.0381
100000 3.5052 3.3100 0.1952
1000000 6.1825 5.6430 0.5395
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Fig. 3. Comparison of FCM vs TI-FCM execution time.
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