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Applying Particle Swarm Optimization for Enhanced
Clustering of DNA Chip Data

Minsoo Lee"

ABSTRACT

Experiments and research on genes have become very convenient by using DNA chips, which provide large amounts of data from
various experiments. The data provided by the DNA chips could be represented as a two dimensional matrix, in which one axis represents
genes and the other represents samples. By performing an efficient and good quality clustering on such data, the classification work which
follows could be more efficient and accurate. In this paper, we use a bio-inspired algorithm called the Particle Swarm Optimization
algorithm to propose an efficient clustering mechanism for large amounts of DNA chip data, and show through experimental results that
the clustering technique using the PSO algorithm provides a faster yet good quality result compared with other existing clustering
solutions.

Keywords: Particle Swarm Optimization Algorithm, Clustering, DNA Chip Analysis

1. M E YR FolE Zlo] 7hsdtal FAlo HAg & W ) ol
o] FHRAE W A7 <t TE F 3, #4¢] Jhest
s s AR i At wE Jeg 7 7] wiel W& AZFS Aok & Atk Aloth HiolQ
A 7)ol Tt wet A AEE @2 Hlele F H 71eE ol&std AE AL dd A< A
(Biochip)oll tist E3 w49 ool A dFH A o F2E EHE F AL MEL AFS NS Az
ok vbol S A A& A Ao 7A B ARt o] ¥ ARAL AAYUYSFS 4T F oy Aws
&S AEHA etk DNAYY 71E9 fdEd % waha o5 & qdth
HET] 7P & o] obF A& 4o FHAELSE 1 Hpo] @ & AFEste FHA APE g Fole vl
oY HolHE FEHsL FA7 Aol FAM F3S
# 2 EEE PREEAPIEN AR YHATAE AU HAS7] s dlelHE 2AkE 24 el dasi
(No. 2009-0083992) RFe 3y A9l 5 ] SO =3l= =
+ %%;&]% ]§}o:]x}q]al—]—,_T 13EE 28k} Hald Z%/‘]' Cﬂol 1 /‘]"C‘L‘)H étg_q] %ﬁ b]o]'?’o]:a c:ﬂ"lO]—\—- o[l,
=EAS 2000 74 99 2] 53] oJAH FofellAl L Aol FaAE=t|, dolE e
4 oA 20104 19 10 o o o 0 o
AAFehE 2010 49 132 S Y8 Algete WHeE s RS 59 WH



176 F2MelEal=2X D M17-D& X3=(20106)

S
K-
X
o rlr
5
)
o
=3
3
&
ol
i
o,
M

g
w
9
%f
i
@
ol
) & e
1o
=
%0,
0 o
o
o
b
E
ok 0t
e £ %
o
IN Ei ]
N [ o
e ol
ol
T
Moo

N o
tjo
By oo
©
z
o

)
[ 1o
o

Bloxo

ol
ol
2

warm Opt1rmzat1or1) Slgnicl i
A3te 53 PSO7Ivke] st &are
PSO 4g&e
g ol WS EWste
ZbAlzEe] o ko] W
o} wEx PSO ¥x
A AEE BAe —’Fd‘ﬂ Mol 7155 7F

o

dlolel S A&

=
2
it
)
lo
ox F
1—0{1
o
oo
o
off
ol
o=

o )
ol
o

Ach
)
L=
fo
e
A
rir
o
o,

nm
tlo
o,
oo
o
2
=
jin)
tot,
&
og(:‘:‘
o

o
ot
lo

4 =

52

o
LT

-
2

R X

By

to

2,

ox

o,

(o, l

=

o,

i)

il

ne o

O

K-

Moo

e o
fru
4z

o
R0
e =

B>

wa ¥

[

off 24
[T A S

2
Y
ull
o,
lo
M
Hu
=l
Lk f;i
=
¥ =
o,
bt ol
Jh o
)
(<3 r.p o
N Kl
e \
i oX !
™
% ol
RUBR
o

o
N
-
2
-
ol
-

U‘,_,

ﬁ e

o

=

)

il

1o
oo H

=
LN
g

=
=

=]
T P wE e
o] Hojof gl PSO
K-means %3252 Hluls)
10% A= gss KNN 313 &

=

BoE T o
p‘L

T2
o
N

ol
o
o X2 2 N XL

N o
ol
o

é
=
O o
)
Az
4 a
NS
=)
1o
4
J}m
4 i
O(:){;,"
4B
M1
)
o,
S

e
ol
ol

ox flo 12 fo . B a9 ox M o2 fd 1—0—1}
o
L
0,
Ry
O
o,
ne
R
il
=)

NI
rlr
[ac)

o 1o
_L?LEE
Lo
(ALY
oo
w2 |
S %
A
o
Au) re
=2 o

oo

(
o}

>0,
o o
=2
2

| UIN
)

o)
S
z

> ok
N
o K

o S
N
==
o
z
N

ot
=2
=
ol
>
it
o
£L
e
(s
N
O
. =
—_
=AY

oy [> o ok |
oX,
olf
tjo
o,
N O
N
ot
&=
o
=)
Ry
ﬂ
=)
O
HU
(@p)
o
é

o mx rr 1 2 oo

o ot
-
o%
o
tlo
N
e
ot
R
X0,
o

o
[
s
re
-

m

2.1 HIO|2F EMAIAH

vlo] @ H(Biochip)©
Z Uyde %91 A4
=

o
el
L
;o T
@ D
Z
>
i
fU g
=
i
R
m
rlo
o
__);A_r"
il

fetl
o
o

Lo ro (i

rir

n

[%

o

o,

oty

o -

ol JZ n® o

i oxt mX M1
3 bl

oo o

=]

o
w
BN
o

jur)
-
o,

z

(microarray)= 3 & 49k 71¢] DNA, @l
5}5 HElo] E(peptide) 5 dANASE WY

, B BAS A8

F(DNAZ, T R)ol 6],
KR

(

o

=

I

k1

b

o

ol

° o

2

I

b1

il

H

o

rlr

b1

-1

o mom o
T N Y S T AU 0

o

frt
O

m

lo

=

2

=<1

=)

2

e M

N
2 e ot

X ox

Qe 8~25 97 A7) &3
10007 EAE 1,000,0007F 74A s
=t} o]2 3 DNA FHol EAjslnx

o
i)
{1
N:(r
s 4
3
Né’_m

_,d
QL
rlr
Kl
_L\.t
)
Z,
b=
il

4z [
U2

>
i

o T K

& AFAZE DNA Bl $H5e] dE FHE} £A
DNA 8#e] 9719499 Juyel met A= be £43
P4 e, olF FaHel Wit PAs sHed
Wy 58 Fa 92 AAFezd 14 DNAY 97 A%
T §A4 $AL AL AR B 54 A4 2
PPe BT 5 el

spol e B4 Az BAHAe (17 Dol u)

AA® DNAZ AdolA 544 2 (image—processing) & &
3) ]” ‘IQI‘“_TL% gelgt § Aozl FX3kE vlo]E|(data)E
eHE BAS F7] A& FAHY (quality
control)‘%i 9t Hnormalization)+41-& AXA ¥, o] d
oJHE t}A A A (feature selection)S F3 =
Zgth mpo]aR ol o] dHolH e 54 MEls 93 LSSVM
(Least squares support vector machine)®} o]Z 9|3 # 7|
3t o g PSOE ol&she A77E I A oH[7], PSO
£ AMgsle 54 Adde 3 & SVM(Support vector
machine) & &Fsh= o]l ATHATHE, 9], o]ek el
wtolAZ ool dolEle A FHaeh FHAAES AAI
Sst 54 AdeElAg o2 PSO(Particle Swarm Optimization)
S ABsE gtk o] ¥ AR AR e FHAES
a53F d55 -3 (clustering) 2 &5 8H(classification)
HAE AXTGI0-12]. 282 #AA FHA 715E TF/,
RAZZ AR FA T oigk 47 &S S dlogu

ul

|

Qualty Control &
Normalization
(H=HalE 2]

L5 HAd)

Clustering Feature
( AL Selectlon
Aol s) 2

\. =z /

=
=
Sk

=

15 [T

Al

(=3
=
=3

-
ORI H 0%
.\\

M A|AE]

= =

Hr

(3g 1) sjo|2F

22 &3} (Clustering)

T 3Hclustering) = & (training)#4 ¢lo] FAEl
Aste] FHES FEske dolgrlely JHoezA (I¥
)¢k 2ol 3 U fAME st stz R A
A& Hxz} stod diojee AAE BAS o wf, ¥
ko] FALEE Bl 98 AMEEHE AR FA4 SrEE
Euclidean distance, Mahalanohis distance 5°] tH11, 12].

gt 33 7Y 5 ASd g EYTERE Ux

at



RIS

DNA Chip HIOIE 2]

o
ol

(o

ftl

[
feorre
R
o
O
ot
m

|m
A
Lo
N
N

ﬁ.‘L

e o (U7

=l
-
H
R

o[~ T .S
HoO
Mo ® g2
sER H (Mo
‘olmo
o
Moo lo o
o rr om oo b
rQL'mlo
N
:\é—r‘
(e}
S -}
A=

L o2 X O o

=

¢

Mook T m AU

N
tot,

o o or
ox

2 ofy o
=
0
ol
<O O T RS

2 oot ot o

dr 1o

.2
1o
)
i

I
fu
o
o 2
o
fr

)

il
oo 2
rir
4z
Shd

fudob Fy

2,
MoEe
i)
o
fr
O oo

£ d
o?:, :
ol

-

|
K-means %] 3}
shite] AA7}F skt %] &3
ol9jo| = st A&
s, dlolE HAF W9 7&% |
3 mE w3 T

k)
=
=
=3
1
[

£

—1—‘ miZ
k1
o
=
)
> Mo
n=h
fj
k1

o
=
-
o
it
O

RF
oY -

p
T

233
>

(23 2) =xst

IH

02

2.3 PSO(Particle Swarm Optimization) &12|&
AefA 2 G5 A A dojvte ﬂ
ol FAE AHste] daEFed 4871
AsA Gz =
Fol1xl AENAl Qrell A 747} spui e

Zte= JNAECl Bl JRATte] 7t
gatda HAH 9 3 %
2 SoH11]. ol¥ 3
o A%k o

z}

1= =NKe]

sk H2g

A

m—{;
ox |o 4
i

o

-

3| A

oZ,
X
i
ok

L

N ko 2 1r r&’L‘

P g

S|
E 0]
= PR

2

¢

]9 3
PSO(Particle Swarm Optlmization>
AefA 2 daels F shUEA,
AgS e TEEY dF v4S
guglEolrt, o] WP o] 9
SXE QoA EAJA o],
< Fol Tk AAE AAES
PAES Aol HH9 FHE Folrt

A

f
o
ro

A

=
=

ol
=

#

Y

4y BT oo oo oo

Tt

=
=

St Particle Swarm Optimization € 12|52 H=7| 177

A7 A5 2

% 4l 94 4,

8
B
N 2 K
>

182 o

U N

(Personal Best Position, pbest) o]}l
vk AA iAES] dAAA A ‘?“ii}
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PSO Algorithm
for each particle do // A2 %713}
initialize position and velocity of particle
endfor
for each particle do
calculate fitness value // A3% A4k
if current fitness value is better than local best
fitness value then
take current fitness as new local best fitness
// phestT-3}.
endif
endfor
choose as the particle with best fitness value among
all particles in current iteration // gbest 7%
for each particle do
calculate velocity of particle // &= A4k
update position of particle // 9% Qo] E
endfor

3. PSO 7|4te| Z& S 21egEF

PSO gug=S 7gteg 3 PSO w33 dugse
FPRAL A AGAZR 2 £ Adv A HA s

Aol Aarst AAs A vtele ] dlolHE Yy dlo]
H2 v F HA gAE PSO 73 &S AFEF
v GAEA o] dAAE Zzte] Ak disiM U
(particle)E°] %718} =1 YA &9 wjgo] o]Fox
=3 ol u o2 7ZF ARy #He AEh dAe B
T FHA g8 7y Z2 AR}

WHE Y=Yt N
=

dolEl & 717 Nakel WE7E #r) 9l

AL A 8 F el &3 BE fHAxe #d
S gtz Fd o TS FRAe = stk o]g€ A
T FAo] AAHW xAFY F(Sum of Squared
Error, SSE)E Agsle] BE dxte] Hg=g Aitsta, 4

2)
d=E 74]"]'d Fr]"ﬂ\—: pbestQI- AskEl A v sk

= AR g :zal SRE 0E | 0 olgd YAt
AAE AAetA Ak ol S W A5 53
S 3 ©uk uA A A A AYE 23

¢

AzA Qe we doldel T9s A%g EEwdh (1
4% PSO BH3 ojzet.
A7 AAE ol PSO TAS FuFe 4R &%
=

9% Y 2L AYE Pre ved 2

PSO Clustering Algorithm
Step 1
input(bio data): Xi(t)=(xi, Xi, ***, Xia)
[x AR FAA o R 99 dolH Y x/
number of clusters k  /* 39 /W& AFdF
dugFe] eSS A

T

number of iterations I /*
=
=/

Step 2
Initialize the position and velocity of particles /* $J#b
o ARt £ %7]8
for number of iterations do
for each data vector do
Calculate the centroid of clusters /+* T8¢ %
e 73/
endfor
for each cluster do /* w39 A= A +/
Calculate the fitness using SSE

N

c

Zm/\ \

endfor
for each particle do /* SSE°l 7]Wtale] Qlake] #]
o HAA%E +F
Find the local best positions
endfor
for each particle do
/e A9 A VG T B

Agros 44 +

o
2
4

i)

Find the global best position
e AR SE AR/
Calculate the velocity :
V,&)=V,t—1)+c (P —X(t—1)+¢
/= Jze] A Aol
Update the particle @ X;(¢)=
endfor

@,

-X,(t—-1))
E x/
X (t—=1)+ V(t)

i

endfor

Step 3

output: clustering result for each gene corresponding
to ghest
3 A EY o/

3.1 2% ofd

PSO A3t dugFolr 4 PR (particle)= HF @<t
o] TR Sj(solution)ZM Z+ AR D A9 WEHZ ®d
¢ Ao AL 3 e FHAe} wjgo] fAnk D-A
A(D-Dimension)®] BAFrellA N7H] dAtE<] wid wF
S AFS 210 & o, ¢A whRol A9 i WA
(1<i<N) A X9 A= o7 22 Wegor 1
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sum of x; val in clusterl / count of cluster's gene
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Y, me 24 2HE TS HEIt 43 PSO #83t 2e|E Ad 23t
PSO w33t daelEe gatel 718 #4& AXWA
N, O o= 0] o 19 XLz}0 Bl =]
Z‘ic ZVZEC d(Zp7n‘])/‘q‘]| X%Eloﬂ‘—— OHZ}‘ IH Tr;ﬂxl' H]O]Ei'o/] ;IE_ZHE T;—%‘Hi }\\j_‘ﬂo]'
Fitness = — 31 b a1 2o FAe TR 2dn 2R A% e
glolejgle]l Ae)E AsA = o] Al w +HE&
oo 3 EPARE = wral 35 )
% /\E]gdoﬂ}ﬁ @1%% @1@_}_ ;@L'}F"g‘ E?i %ﬁx}%% OHIZ]— ?‘T: __?; q/\] T}El‘?oﬂ]ﬂ'olﬁ_ Hoéug—]i %{lbﬂﬂ'?’. O] iLél
=90 0% a3Lo Sro. E 3 = o Z Al o =
= oageel 4 BAYe FAAE B @ o qAg oo e WE S AU S s ad s
, Artste] Aes Feth o] #gdo] BE HlojE e s
37 7R B4 TR 4 PR A% a1 2R ] )
] ' gesy A9 Augs d94 Auge ddelEstn
ﬁ_':%H A= %ﬁx}%q HEI% jFLaH ]3—3]'04 9_'}%{]—&9} %L% PSO ol—"yg]zo o _&:}oq El AL ;}Ui}q =2 o] Z A0 o)
v = o = ord jLe - =
Ta olgA T 7 FesHES SAAFY F @ o ey m e
. e .
o] A o] Ha o] Fom AOrE AWE O = glo]E3dttt PSO Clustering<  Clustering.cpp, PSO.cpp2t
o WokEele $ag S Hojgrk
(29 9)9] PSO 33 d1eE +8 8252 B 4
4. 7+ H Fehe vl wolEE 4 HolH® AMgste], PSO
A3t daug)FS APAY. PSO dungFe] #yE o
£ FolMe= 4 dolg 2 fia doleE 1 &3t T ANzgle 7b IAE Z7|geta Yatet £EE WP
#gk PSO w8 daelFol wel At 1delM= 7 4AR} Hie 2he Ay deM HAE s
Ag7ol thte] Awata 28oM = AHE AF dolHYd  masd AFEs AN GO Ad go] HHow Zew
F44 dolge] tiske] Mwala 38elAE PSO #HE o A sl §ARY A% AT A4, wHE 5o
darelwel A9 Aztel distel 7] d 2 FAAE &% 23 Sl e Wgol Zgso] k.
(79 1002 PSO +43 duglsS 733 JHo=zH
41 FHEH dugFg v AT A5E JEte ot e
PSO «H3 duelge dss Byl A3 Al=H SME Ast 27 A3% & 100000024 HH A
d74e e <E 1> 2 Fuk Frkste 40z Ak dehin
(718 1) FuES 1008 BHEEPeta B H 7o
(1) 78 24 Entrhe] ghestgkell et FHA7E &8 ] WMEE
>4 874 HoF3 9t
- OS: MS window XP professional spv2
Aze%7A | - CPU: Pentium 4 3.20GHz
- RAM: 2.00GB
UEERE! - Visual studio 6

Aol | - Crr 4]
e —
e —
bring data

=
PSO clusteri
PSO w38 LmeEe] S 9s) AHes 48 o _opet Agorithm output
B ogde 34 42 H 384 dd2H f14 e @ - B B oo |

e}
(Gene Name), MZ™(Sample Name), &3 Ft(Expression
Value) 2 o] Fo1 3L <3 2>o4 o]5¢] #AE HFE]

‘ Particle Mapping \ Fitness value

o
AT

(E 2> REA HIO|E] mpol 2L

Bio Data Clustering Project =

A Gone Namr + top T
A F 297784 297912 297990 Experiment Number :

= initialFitness
NO00310 | 4.70523273962433 | ~1.06540479678734| ~1.71125630371349| ... Cluster Member &,
NO000287 | 5.11359232185826 | -0.30576094332653| 1.82213569753198 | ... NPT MRH T toeat fon Numher 108
NO000288 | ~1.3380279170472 | 2.70243082124646 | 2.70243282124646
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?7. Iteration 77 Result
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Last Global Best :
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?8. Iteration 98 Result

Last Globhal Fitne = —671.6516009066
Last Global Best :

1 2

1 1
5 1 1
i 5 3
4 5 1
79. Iteration 99 Result
Last Global Fitn
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