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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.
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o] AAT & =AMt dolH rleld 71Ye el &+
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PSO(Particle Swarm Optimization) €x1g]&Fe Z o¢d
A A 2y gnF F SEN, A, B, 8 5 2
A 3= FEEY BT F4S Bste HHo 4
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RS AAY 7 YAES HAE WIAIA sHed,
T M9 g nefsAd g4 e 44 g4AEe]
dA7A AAEY HAE Wlshe ¢ M 540 F
ok wWe] YA AR, F 91X ¥EHoln o]AL AFH F
2 A4 (Local Best Position, lbest) =& 71914 HuAH
(Personal Best Position, pbest) ¢]2tx %o}t a2lm g2
s A YAEY d@A7A 2] WEE FEA M
$5Ado] EE W X HFuolm o|AE HAYH Hu
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AX;(t) 9 94 Aele g Ao o3 Juo|ESH o]
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V)= V(t—1)+¢ (P - X (t—-1)) + (P, - X;(t—1))
X (t)=X(t—1)+ V()

uf wkEeict 9o} 2 BAE AXY Z Y9 ¢xE
HsA7IA =3, HA W3 Fole= HY:E F<(Fitness
function)& °l&3td Z Yz 54L& Hrlslg A2
pbestS} gbest7} A7|W ARE Jdo|E &A Ho. HF
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¥ AHYx 3} phestE vl N2 phestES T
aela pbestFolM 71 FL& L ghest® MAFA d
o} pbests}t gbestE T 5 YA £EE Astn @A
72 fx9} AdE £E e o) EF9 YA ool
ols¥d HXNE ZAFYY. (I¥ 3 PSO ¢nF9
pseudo-codeZ B.ojFr},

PSO ¢uelFE o&3 22 53¢ zE=d. A4, PSO
GRYFL 59 SH4HE Ay Z S-S phest(Z
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HA #)F o83t zZ+ FAHS FEHoF UAANAV
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Ayt ojdtge Wavt RS e AtolE AAFHA
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PSO Algorithm
for each particle do // ¥#te %718
initialize position and velocity of particle
endfor
for each particle do
calculate fitness value // A% A4t
if current fitness value is better than local best
fitness value then
take current fitness as new local best fitness
// pbestT3}.
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 // £% A4t
update position of particle // $1X] gdlo|E
endfor

(38 3) PSO ¥12|E

3. PSO 71| ZE s 22T

PSO ¢xgFE 7|vtez & PSO #33 gndFe
FYPRAL FA AGAZ E £ o A A dA= F
B Fts FHE AR vl 3 dolHE ¥ dlo|
H2 w1 F i gAlE PSO ¢33 gnFe AHEst
E wAZA o dANAE ZzZe] AR diFA gt
(particle)&°] %713 =3 4A ¢ £x9] vjPo] o] Fojl
o o] o A9 7 FAAY L AHEYG A =2
E fAA d3 #3 23E A= N9 Az
dolel & 7k3 Nag WE7F gk dez A4E 239
FAS Z2A%7 98 T £ ZE /A9 24 @
< dsta 2@ @ #§E FHAY F2 Yy oA
239 FA4o] ZALA exAAFe (Sum of Squared
Error, SSE)2 AMgdte] RE QA HYEE Adtst, 3
REE AMNG Holes pbestst ANE AFEE ¥
pbestE AHIEF F pbestFolM 7H3 F& FE gbest
2 AR a2a £58 AN | o o5 A
AXE AAsEA g ol AL WE AFvF 7Y
< 37 ot vAY A HA dAE ARE =Ede ©
AZHN 948 2 dojge FH3} AAE =&k (2
4)e PSO £33 ¢gEe BAFL

AA dAE Eo PSO #H3 LdnFY dAe &=
o} 9% oY 2 HPE F5E ooy 2o

PSO Clustering Algorithm
Step 1
input(bio data): Xi(t)=(xu, Xi, =, Xia)

/x AFF §A4A ez FAY dolg By «/
number of clusters k  /* TH ANFE ZHE «/
number of iterations I /* ¥xglFe uHEIFE A

¥

Step 2
Initialize the position and velocity of particles /* Y=}
o] fx 9} 5 27]8 #/
for number of iterations do
for each data vector do
Calculate the centroid of clusters /* +3¢ %
g+ #/
endfor
for each cluster do /+ #39 AP A4t »/
Calculate the fitness using SSE

N,
Zj‘ =c1 2 V%E C':j d(%!mj}f‘lq}l
N,

c

endfor
for each particle do /* SSE°l] 7]|4t3le] 1z}e] A
o A{PE 7+
Find the local best positions
endfor
for each particle do
/x AY AAGF M FE A& A9 4
Hghoz 4%
Find the global best position
/* A& £x AL +/
Calculate the velocity :
V()= V(t-1)+¢ (P - X (- 1))+ (P, — X, (t—1))
[+ 479 92 delolE ¥/
Update the particle : X, (t)=X,(t—1)+ V;(¢t)
endfor
endfor

Step 3
output: clustering result for each gene corresponding
to ghest
M7V FL AYE g 2e 2 2 Y v

(2% 4) PSO ZE & ¥12|F

31 Yl of™

PSO #33 g FelA Z+ SdAHparticle)s HF Bt
o] ¥1 F(solution)Z2H 2zt At D A9 HE2 EH
sta g e A & JRe] FdAe wPe] ok D-A
A(D-Dimension)8] ©A4Fte|A N7 YAEC] Wiy
22 AFsd A0 & o, ¢dA wEA i UA
(1<i<N) 9&4 X9 A= g3 22 degdes 8
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A7) QAL DAY fAA WP AF FA @e 7
An g 228 S g 94E Agde] 1~K 7
A ol @ ol WPE AA 2788 AT,

(29 5= 100749 #AAE 549 2oz vtz
s9e M gA] ANE HPe A€ RAFE Aol

fA2H 1 [ 2 | 3 | 4 [ | 9| 100
QA 1 ——

4 | 4 1 4 5 | | 3 2

A4 1 | 2 | 3| 4|~ ]9 |100
44 2 =

28 | 5 1|25 |11 4

(3% 5) UAte] x| ofmel o

32 £ oy

PSO ¥33} ¢xFolAH &5t t3 o] vfPol
ojfodn. JAE AU &k HEHE Y Z &=
D-A99 ez o]Foch wj ¢t WA WE i} §
dA (1<i<N) 429 92 d86E dJNAFE 22
A & HE V(1) e bE 2ol 28

V()= (v;y, 959 *,v;p)

$E HHE TA%E 429 v, (84 AR £
A4 (1<j< D) #3429 258 Jehd Aoz (2
6)3 2ol & /e AP & MY FHA &9} ujPo]
Hi fAR7E £ #3E 9AANIEH 79 E d &
= @& 35 E A 2713 3o

YAE Fxo A o AXNE HAA =HedH o
o & &= @S HAY X0 pbestd} ghestE o] &%
AR gg gty Fan O A= A 9A gl ©

29 £% %& talod TR phests 2 AR WA
A olF ol F Hio HFPE &HPste A FJelx,
gbeste BE QA ALA olF ol F H1o AHIE
o #Fsts dA HEE FHJDG A (1<i<N) ¢
A}2] pbest AR P9} AA YALe] ghest AR P o3
3} o] EEE
F= [Pn,l’iz. “*sPip)
%= (pgl.pgl ."‘pgﬂ)
(28 N tF 59 JAE Feie 4% 28 A
024 ¢ ot ¥ AF AL 23, tE oFF A=
A9 X dF £EFE dAFE Aoz FE £ 3l

of g £xgd dAA S phestst A A9
A}, gbests} @A 939 AE dA 78 & gk

EE: V)= V-1+¢ (B -X(t-1)+¢(P,—X(t-1)
A2 : X, (1) =X, (t—1) + V(¢t)

#2241 | 2| 3|4~ |D1|D
92 1 ——

e 1 | 4| 0| 2|~ |[3]3

AR 1 23| 4|~ |D1| D
9q 2

g 3 | 2 [ 1| 0|0

(38 6) 5= of@e of

(328 7) PSO ZE 3t Y2|Fe| =9t /AR Al 34

33 Mgz B

42 delH7t PSO £33 ¢ugFe ol 8dd 3
37 deht AR E ZU37] Y8 AR F4E AR
s HYPx gto] 245 =3t FE Aoz Hrigd.
Zt AR AY¥E e 2AAFY FE o] &35t Asn
e Fe P ABLE A F 9AZ JYydd R A
A dAe 439 F4E FAFE SAZA YA FH0
o 2+ 4499 F4(Centroid)& T3t} A9 FAL 3
o £3 FAAEY FIRCE P x; - xR W
A A 74 299 F4E Yepds ZE FH- ois)
A (29 8)9 AXE F¥3ir,

aglzn dzte] extAlFe §& P fJaAHE F
t¢t Ael(Euclidean distance) ¥4]& AM&3T Z+ AR
s} TR FA Ateld AR AF AFs dF FH 24
o QAR FY & T FH9 LAAF §& ¢y
TRt AR Fe] §E FAED. eAAFY F ol
A5 33 HBEE FolArt ol AHREE A
¥= Fg+E dehdt NE 29 F, e id1A 239
&£ j8A JAE Uiy, ZE= ¢, 3 Jde HolH

xi=sum of x; val in cluster] / count of cluster’'s gene

x2=sum of x; val in cluster]l / count of cluster's gene

xp=sum of Xz val in clusterl / count of cluster’s gene

(3% 8) SYak Al
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WE, m & 2 259 $4E Yehdn,

5,51 vgeq, 44mc)
N,

c

Fitness=

2 2Y94 H8d AEE ¥5E Y FAAES 94
2 AR5 74 $3%e] fFrAAES 2 @ o fAF
I 3 FA4L 7S 4 29 FAH 2 £
&3 Je FAAEY ALE T ot LAAFY F2
Tk olgA TR 4 FYH2HEY LAAFY §F #
o] AYE gtel HI ol FHod A4 AYE YL ¥
A B7ta

4 7 8

2 At 949 dolg2 fAA dolHE H 83 7
% PSO 33 gnFd disd 49d. 18dAMe 7
870 diste] ddstn 28eAE SR Y dloEY
Az dlolgd] st d®stn 3MelME PSO 33}
gueFe] A9 At didtd 7ledd.

41 FEH
PSO #33 2nFY 4%E #/e] A" A=Y
33L& o <E D3} 2ot

(E 1) 78 84
4 84
- 0S: MS window XP professional spv2
A|2€87 | - CPU: Pentium 4 3.20GHz
- RAM: 200GB
ARg7A | - Visual studio 6
ARl | - Cor o]

42 A¥d|olEf

PSO #33% gnF9 3 A8 AHEE A4F dHo
EH gde 3719 £48 /MR FAA #U2A FAA9Y
(Gene Name), AZ9%(Sample Name), 2&8 Z(Expression
Value)2 o] oA <E 2>0A °]59 #AE BAZFT
(FrtazAdN AT FAA Fd AF FE U
2 Zk AEoig 200070 FAA dlolee] did] AFE 3
A=

(& 2) FH7t cole] melof gk

gAA

A4 297784 20112 297990

NO000310

470623273962433

-1.06540479678734 | -1.711256530371349)| ...

N000287

5.11359232185826

-0.30576084332653

1.822136569753198 | ...

IN000288

-1.33802M170472

2.70243282124646

2.7T02432821246%6 | ...

43 PSO 23t ¢me|F oY Ha

PSO ¥33}t dxnegFe 4A9 273 AAE AXNUA
Aol 42 Wl 744 dojHe FHE FAARZ A9
I 1 239 FHE FEd 2gxn 239 FAH g
Holegte] AglE AMSHA Hx o] Agle] wet F3E
FE 3 g FAE AMdste weg AFPd, o] &3
L 2AAFY & B AE 4AY FAHY AE
Axtstd Hgzg FI o] Aol BE dHojH| disf
ga=d A9A Hugd A934 FHugd ddolEsn
PSO ¢1ElFE o835t 4L A 239 FHE ¢
dlo]Egtt, PSO Clustering2 Clustering.cpp, PSO.cpp2t
PSOhLe] Fci#ddz FASNe™ @A Cluster 5744 100
¥ urEsle] g S oyl

(29 9)9 PSO #+33 ¢ngE #9 28=5 E9 A
ke uhole doleE 9 dHolHZ Alg3te, PSO ¥
Ag duEFE A¥Ad. PSO ¢ngFe] 48 o
Nagle 7+ s z7|dstan YA £E& v
Z AL &3t 23S A AAA A¥RE §E
Aested AP=E AN O ZF o] BHez E8d
o 23 sdde AL AF, A AF, W S
Zt {47 &3 23 Fol A WEo] TFH ok

(23 1002 PSO ¢33 dudFEe FIF FdoaH
dnEFL e P8 JFE Y HHot. ¥
5ME AAE 27 ARE &S -100000224 A F
=7t Frkske 3402 An7 velbdo,

(29 1) ¢xngFE 1008 HEFPstn ¢ | 4 o
Bojrle] ghest@tel MZste fAA £ £ MEE
BAF3 9ok

Melocity Mapping

Farticle Mapping

(3% 9) PSO TEE 212|E 78 S8x

(32 10) PSO 2Tt L12|F & =i
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(38 1) PSO ZES 212|E At &H

5. 4547

g ZdAE PSO A3 ¢ngdFe] 4% F7tl i3
At 12dMe A8 §4d distq] 43sa 240N
£ PSO 233 dueFe 4% #H7tE A8 71Ed ¢n
2|5 K-means 2xe|Fe] A5 vladte £33 A3
o d3te 71&¥rt

51 A8 &3
do] 3 dlolH £42 A¥ PSO £33 dnF9
Aee H7teb] A% A2d 842 O <& D3} 2o

(R 3) A &8

A48 874

- 0S: MS window XP professional sp2
- CPU: Pentium 4 3.20GHz
- RAM: 2.00GB
- (Fula AN AT 2H #2 DNA 3 o]
dolg |

(sample 4=t 2470, F-3A 2 4 20007H)
- Hlil AF %7t

Al 2R87

AR | oo zas wmaz

] il B i e
simple K-means %¢ite]&

52 &g Z=3

PSO T3} ¢duelFe 45E 5 75’3}71 3 PSO
A3 dudF SR 2} F Z33t3t.
A R R TS g o TSBAIZ}-% 43k
PSO ¢33t ¢xngFe] FALEE S8 oo ©E

r_‘?.
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FY£ES vag Eoh BN 19ZE 427 <E £% (2
g 12)e]A BejE
(29 12)91A4 x* HHESE yEHS
o 29 Fo
o). W47 31% 3%,
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