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A Genetic-Based Optimization Model for Clustered
Node Allocation System in a Distributed Environment

Kyeongmo Park'

ABSTRACT

In this paper, an optimization model for the clustered node allocation systems in the distributed computing environment is presented, In the

presented model with a distributed file system framework, the dynamics of system behavior over times is carefully thought over the nodes and
hence the functionality of the cluster monitor node to check the feasibility of the current set of clustered node allocation is given. The cluster
monitor node of the node allocation system capable of distributing the parallel modules to clustered nodes provides a good allocation solution
using Genetic Algorithms (GA). As a part of the experimental studies, the solution quality and computation time effects of varying GA
experimental parameters, such as the encoding scheme, the genetic operators (crossover, mutations), the population size, and the number of node

modules, and the comparative findings are presented.

JIS : @b BHFE AlAH, BAE(Cluster), B8 YnElE(Genetic Algorithms)

1.

M E

Hal

19

e

= dE FH2EH(clusten)[9] 71&€ S o] &%
7 g B0 FHe] st} FelxEd 14
s WEYAY LANSZ 9 49 #AFH =289 AL
onget, AFEY =E= SMP(Symmetric Multi-Proces-
sor) MW, FA2H oA, A8 AFHPC)7} 2 F
ok Z4zhe wemi 7|E AMEHY AXP AEAA AL
o] Ji5atu FaH RTEL e B AFY A
Heg FF AAE FH4E & vk EY2EHAME FE
3¢ BAY Z2EZZN A3 d4E AFH =g
2= do(single) Aoz A FAe sbAA ALE
B2 #3 ZEAHL A5 ATk oy ¥F AF
¥ B @TE A0IUE JHEY N v Ps) Afe g olLolHg.

t j§ 3 9oREYdga AFE YT ue

EA
R 20014 124 319, AAeks 12002 1249 29

FEwn
A AFHE o

M

q £ o on

-
By

P2

)

Bl Mo At uH o A3} ofgE HE Y=
2dold EniAHE 7Y B AFE #HAAE A
H &0 8 &4A AHEE F Atk 4 Fei2H A2gd
A frF el Rat e FAFE wsojd T2y g}
AL FEHEsA SGAA ZaaHe] WuE s I
gt & dl] AEHE gl Y 2HHE AN wER o
48 ¢ Sla fazHeld F9 shtE AU u(file ser-
ver)2 AMEE 4 Qo] tiftE UFE Al FoHFYH
o BF7h= A& (throughput)€ 42 4 UTH9, 10].

Bl Alade oy By %31%1 AFH =B Af
HolAut ApgA A= e AFHE AH&ste AAY
9 BB AEAE 3hte AEE AadHor B

-.;-
D
™

ohoold B4 #4E A8 ZEHs BYE oW wEoA
b oge wyez °l%’*’~°124°k #o. ZzHast 445
S sl s AAEE WA Pdel 47y mew



16 FEMEEB=ER A MI0-AT HI15(2003.2)
PehAE o g shtel ALY EFo] RE ARH 7
Salok vl B BN FEHOZ AEHES Hoig)
G CltA Y e A2 38 dedelag s
Al”“" AEAY Aol Axde) BE CPUSS $9
A B3 e deE Qs st BEEe
016}714 Holzlth o Hof TrAAZ ARE W mE
Adge a4E Ayl Y P 3aE wAs
A8l M2 gxslop sta AAHL B 9} Axgo] B

Y

B Y Ase Bfen o weg ot
2 = 95 doo 44 44 3

dolch HUAMSL BelollEE F48 B o
W [1 M= vl ALgAEel R AR A
a7l nk ol Aaglold BAANE 44
U8 2D 484 OIS AT AY W A7
Belahs A8e WA Wk B4 e Aswe B Al
9 49 st FefolAE, A gAT ofel A% &
R Q= YeiE WaErh mepy AulaE BN AU
o MENAE Foto £ Ao dolHi S
ARG ol A, AgAES A2 e A
2 zagidel §9% T2ay 44g S8V £ o
L CIEE {«}raaroa A9l w548 ool
A7) HEe E we) 1%251 R A
ol A9l WAA e, 24 AAY ol A
JAET} B EAsh AT AHHA A2
sttt AlA® Fadl Qo) B Haprolut
e g
N ek FesE G A2me 4 o
B9 ARl A0S a5 A1 A A
2 olgahun Radedl HE wa
P =0 9l A=A g

r
m1
i
:{o

1>

lo

of 2 X > In 2oz
2o o
2,
OR'\IWHQ—J
o —r-]m
-

=
o
o

- .
ez xx:f, i o
I
Mo
=2

o

2
=)

1>
@
2
e
o

~
T
pLs
i

o

L N>

P
= T U
=)

e vt AAste @9 P e 2

R
_“ s
2 |
o g
fo
0
e
e
0
f
I‘l

<4

4
v
et
+

i
L
g
o
i
s}

O zZ20y ZE(F0)E FeiAENY 4E A4EHe o
A2 el B2 Ed(traffic) S 2283AY e &
o 2Ho gt

@ AHE 7hed BBl BB g3 g sty
Foltde ndste] Zrad AY¥-sHworkload)E
sk WA I

A 9 7IHE o] &shH Fu2Ezte) Ed¥o] HE
¥ oty CPU #F& AtelE8& o Wol && & Qlo] W&
AZFE B@EAYE AHE A& F 9tk o]& sty B
e A AR 7}*611114 olelg sAAY AHE
71 fA8A B EEelME 4 HFEY $400M WY =
af Aol yhed FejzE A @9 HAs wdle

st e
:&L ‘rUO] ,7}\40 E]»—Q-¢l- {"L]— nyoﬂ)\«‘

BRAA FelzH A4 ¥7 SAE d9sta FeAE
nE Y Aage] Rds g1 49E :

rir
Az

>
2
qf
M
ot

Aokyl wdol 7] xate] AlAe MA TA A o] Alata}

HA3 7oz A8F #A o}_ﬂﬂ] =0 )%j_%‘"]'.ﬂ By

i 2o 7&dn AYH A7 dBow ;W AW,

wd, gddel, AAPY 27 ge u}o&a& 54 A% 5
]

g e w2 ZE 5ol B £3A £3 9 A A
ol #g v 49 ARE 494 ARt o 5%
oA & dgte] A& F7) A-FAERE 9 oFgie)

2. 249 « ¥

A2 B4 AlzE #4d N FeiaE v g7
g 9y ®2719a A Ao diste] A ALg
A read] BAA(RE)ES B4 Ay dad o
o HdEE dAxsud dgg S nndd §
A W Baage] d¥s 5 é%ﬁi.éﬂ ke Eaﬂm
& Hasle}v) HaH HY ZEoOd REg ofgA g4
AHop sh=vtel 2H& Eub F WHE &

REre] Al EEH%%% ey

e Aot
(229 2-1)& 140 71 284 &9 71'3& o1 &3t
of Hd *4%}::% HAFHon dFd wgojrh. Fo7
d zaadd 8o ER FAH Ze2E b9 9
2ol wol dck ZRidel XEe FeAH 19 ¢
Azl wolA MAECE 8719 HAHEE A Al Al
AT HE LEEL EdY HAE V)R ey A
AR ALE 7H5 e 6700 SelaHEd #BdE T UA
71 EelaE e shtel wrmol gt

5@@ fffffffff 50

Chusters !

=Y 7 e &8

o

@O0
®0O®

Clustar 1

Cluster 5

ddol glol F8 HEeE 8
Hashr7)a 22 1417‘}]6} 4 4 Hdsehe
Zolrt WE Zzag] el qlof 01 Feagd F



AL

()

e Zeade wule WY REER RIHEd 4 2
E52 AR 7158 2 adA #3849 ¢ vk A8 ¥

4 REES FYHE 594 BE 4 FASEA "4
? FUdEg o]Fo|z Holg BEE Mgt

AA B TG ’*]*%‘3 wdo Mt Zh Fel2E e 2y
B X (monitor node)E Fof TR Zz g 3 B
Ao gt dolHE fx #Esin i #FeAEH BEYH
s HAHE 7P olgdte WY ZRaYg AL
oy MY REES F2Hd Ao BT o
& 23 o B a7 #HAZ VHMeE fd dands
(genetic algorithms @ GA)& o] &84t}

Adury o w AHsjojol & ofm FA4H HAle 7t =
F oy AAEY FRAAMe B4 AR A4 5 vk
A 8 (optimal solution)& F73H= oH)d HAAE A3}
BEAg 2 5 gtk FAlol dg £7402 32 gAFT
o A= A A 947 M(exhaustive search) WHO R F
BaAnt 2 gzt 553 AFA%F 7ol A
ged 4 dnase o Y F R HE Be
A7} olFojAm dtH5, 8 11]. AHEE T 4 FaEEel
a dA AERe 3FelA Zlgdt

dlolE] & thFi= datel oi@ HejE sy el Al

Wg mugsicd ASE /HES theat gk
o Shel W Zzade mAd oF 5w 3 ®

HEE wajdrt
o 2} TEE FAAH|AY REAH ANE E¥ U
] B2og 7zt BEo] FAsL Jd == 44
gt 29 dolHe Aol Fuw Lzl FA
s el 2B §ARI
o MY DEEL A" o] EAso] AMtsh=d &
8% 7} BLES HA 2T
o A 2Elo| M A} FbEE nof Fel2EIE ATEn

ks

ok

Aoty Bdol N FexH xnE S 93 AHEHE &

A gngdEe f44 Asd FdDarwin)d] HAYEY
A9 PAHe 2yste A gARHeln £ ¢xz
& 87t 2 7bsAel A AR Hpopulation) & #31%

o 2H ofy wake) gag HePsiHr olE WY X
2 FAHL =R e gae A9 HE o §
8t A (exploitation)® BT S ZAFSHE Al(exploration)
Apole] A #3¢ dez o AAALE Ad A3
FAS Fulizd zb AldielA vay Fe e A4
g1 U ge rdHch o uE e e Aelg
sty 98 879 dee FHsHE, & AP =(fitness)ol
o3 s Hrlals B4 $H4e(objective function)®& AM&
ok fAA A4 #d sebulee] i@ B3 H¥4 2
A AVEHS 3 4%oA 71E8t L ol e 5 g BY

A BHANM ERAE £ ZE AIAH

o

?l
=]

o
rz

QX 7B AXT 29 17
S MSe=d a7t 2¥E 9

Wy zgods vddsied ALSEHE BU|EA T2
ool A 1Y WolHE thRe dibd did FAdE <F
2-1>8 Qokgh}

CE 2-1) BI|9a ot Jof
' A siolg 4t 49
Code Blocks - T80 e Fo2HZRE 4343
CB Z2HE 4% 7 4Y 25 g 2= 85 o
(B8 4E)
File Distribution - 4 F2{ 26 ¢ %Y F4 kxn &
),
FD,; =1: 3% i 828 5o old wmx=o A%
FD,;; =0: % i7} 8ux¥ ;9 ezol] A Q.
Global Program Output Data - A% Ao &9 do]H
GPOD | 8 £zl 221¥ ZH2HIRE A5 284

FD

tl i 7" /ﬂ

Inter-Module Communication - 2&7F2] F2( mx m 3
IMC ) IMC,, 8 EE M BE R AT [‘“‘)]H

HEo &

Local Module Output Data - 3 28] 2% 27 do]
LMOD | B 2% & (2% #E); LMOD,: AUHE F¢ol &
£ Mol oF XY Ao &8 dolg BF F
Maximum Transfer Speed - &8l 28 Alojo} Hu &5
MTS | (mxm&E); MTSc.c HEAR 94 Zeixg
Y AE jrlole] Ao AFEE

Number of Remote Commands - Al 5A] €44 43 23
840 wE gloje HEo] 5

Read/Write Data - 3 REo| 98 AxAd dolg &
RWD | & F(kxm HE); RWD, ;& Y io] tg 5,9
7/ 2] A

NRC

21 S g

faxdold HESNA A HH FxE HE
2 37 f8) B By Z2Y =Z2ad Y43 #¥ g
olg] Wt whg @A T FR wW FH2HD

A EdY e Aigste BE REES ¥IAAT k.
olgid E&HA I AN ASHE HH e 44
sHoA FH24EY 2aHE F EWY HEE BE3
ol mEETH

F = 10 + RWA + IMC
10 : Input/Output, RWA : Read/Write Accesses,
IMC : Inter-Module Communication.

o2 A Y& (Input/Output) ¥l-EolE AE
A A o ZzaW Ay % ALY F Uxe g
Eoj Hd RES Hule B AF U8 H3 FeiE
2R AlF ZH2HZ 498 d%ded =5 29 4
|2 ¥,

AlE vlgol diste] B AztE Bol2 @k ARgAlE
ojd Fe|AHdAM Ty po AYE AT F Sivh



18 YEAN2E2=2X A HI10-AT H15(2003.2)

AHEAE wETE Qe FYAHE ¢, $5E TR
7b dE E2HE 2 A AT ZEALE F 92
2y A A Ak e A% Bdste] C,0A4 C,®
9474 g8 dag ayshs glola F A gAdAME 3
4 25 olfel Auste ¥ wiE WE C,={E,, . E,}
o wit ¢, AdE 2} s FEHAHRZ o]FAE
Aolty, A7H Ha m& TEIPE FARE REY F
L33 CpE EE V) #YAE Eo g9sojok gt
RAE A ZE dEolth AL e d F82H A
ZFCs={CL -, Cciolgtd H3y Fe2H 7 Wi
Cp={EE,} E;eCs 1sisms #AE FET
a3 AF &t )2 oo & FHoE wHHY
o7]M A" ®71E oA ied E7Ie] HoE wiEt

’-1)
in

By

ej

morir

Init . = Init| + t,
Init, = NRC/MTS¢, c, i C,*C,

A FHA WA Fel2y €9 ¢,/ Tdsh it
=07 €vh Zel2E C,olH F82H BEYH 2Ex #

A guelE We olgstel ¥E REEe ez
BAAE 9 Ba gt

28 ulgo g Agon A ¥HEH REIREE
de 2EY A} HAFAH 2 WA WY Zaady
of gl FY2H €, olFsHo] Ak 1yl ¢4 ¥
8% A9He Ag ¢Ed Fo Mg AN d3E C,
229 Fe2HdN ¢, AT FH2EHZ AFE oY
& 22 (Output) Hl14& thE 2o A

GPOD, n  LMOD,

Outbut = s e o © & MTS, o

g dasEd 2e v g o8 ZREEEFH
dole] RYE& %4/1 92 2NE e A2 (Read Write
Accesses)E E§FT) AlAlshE Alsag] REE F4F Al
oA Wa AME = Eote] dMzd HAdEe] RAL
E(replica)e]l vt 7pAL} o] AL B FE o]
FolA st AR g 2N xmd #Fe ﬁ}°J°]
ZE25o] uid 3P ol AF FE&Hol FHHIT A
5 WoME o]Ho] gith ol dAMA a¥d dig
#FHe Mula A e ARG AEE 5 Q7] dE ol
thoold FHE wito] difie B4t AagdAe 3
%2 (file replication) 7)¥e] A& vt

awrd oy BYEL M3 e 48 doly 8%
2 dojy Y 4 2ol Ty RWA Hl &A= 2

HaE2r Y Hd 398 gAY S2HAM 2ed =
T odolE 8% olfdh: AYe EFIC AHEH= 29
2Hol s @ 4y REo] vk RWA HEL2 tUE
2t

=1 g

& RWD,,

1| Max{MTSg, : (p=1, NA FD,,=1)}

% AFeld AMAEE BddAe 94 AFE 3Y F
)5g nestel B 23 §59 dold FRE ¥
‘—LO—L FAgY, & RWD 52E RD(ReadData) 2 WD
(WﬂteData) Bzow Bys) Yyn FAE Zo 7F w
& MTS d4 2 st9d-g& desto —lf: A9 Azteto o
o FAog ek

-{u:

M

k m RDIJ
RWA= 2, ,g [ Max{MTSg,c,: (p=1,
WD,,
MZ%{MTS}« " (p=1,

N/\FD[,p = 1)} J

2E A&7 4 (Inter-Module Communication) H]-£-of
LEZRS] wAAY dolgE Afshed =v HEE
i Aad Bdg ASAT7 98 oE 22 7t
Fr) 97)AE F FY 2 Atel B4 Har ¢
Wk M E JheEtn BE i BE ;A9 FAH
] slo] g kel gl REAAM OE& Wgez
2 2 At G2 me ZEIWE T

gl

ox M oo 2 o R gl
of " o O
W WS
ol
e o

P
3l
Mt
©
4
o
o

m—1

m IMC
MC= 2 2 HTS 1.5

md PEa gEsie) ¥y ZTeaddd Ui Ha TR
I(profile)& Ash7] A RUEy Z2Axe FeiiH
g viyog ogH A YugF TaAX7E 2%
th ol ZRAAEE Bl 98 FHAHNE Mz
T &= Alad HolHWol g FAstn o 7 2
29 CMN ==e 3 vk F Zaag] L2
ek AR FaH TUEH =Z2F%EH ¢ 5 . 22
T HARE A 93 WY 2oy 9@ RESH i &
ols YUHHsR +HE Y PR} old mE (B,
LMOD, RWD, IMC % Z7|83AY £+ HA JE=E
Rk =

HESAAS oW Fe|2HE AF Se2H B& 4y
Z8~87 9 $ gevr 7 Fej2e e CMN k=i
oy sda boly By A FRE AFdE d
ojglulo] 28 FAIEL glth FelxEd $¥ EUH k=
o= FelAEe] oW x=Zo Y T2y dd @)
e TRy fd dness HEAA 48 29 2



sat =

g 73 glek ool Fej2H RUH x=EE F9
2HEY ALE b EE #H AEE A

zzad A4 ¥ 9“3¥°4 sted Z7] AgEe 3a vd
zZgay Zggo] wEoch AMgA 8ol ne X
2aYPEC] oupFH AT FHE & Atk AHAY s =
29e fA] A8 A7AAG o) ETL Slolok gtk
w3 A2e Zaay e whEold wwin A b
oJEE sfof ¥ M= Ei%—% HED YA EelE
g o 1 GnAFE ol &F Fay @7 VIYE 48
A7,

4 dndES AgsiE WA AHE e d e AE A
Ed ¥ 28 A#E Agdech 74 Fe2Hd e @
A AL o AeE FelzE 2UE RER St F13
e @t ZRaPe Ay o 2ol U 29
2H9 ZUH =EE g F oA ¥9 43E BE.

@ A4 ALE Me e FHaEH AE dE A Leke
adlE dAgc. & ojw ¢, WEfe] ta] o HWE
wE 44 AREOl B4 AE ed ez A

Cxol £3l=AE HAbgir)

o geo @A AA¥ AHE BEAL

W F oz g9 maAsg FA,

) g+ i ZesEs R0 Fol Hete

A ook A2e Feay g9 fa o

A daeFE olFA G,

1

ol Ay E
O
LR
lo
2o

>
:10 JL))

Y2y A2ge ZRAN, 74A, vaa, dEH%
A, ENA Bo Qo B FEE HAUA HE B W
of 9o} &2 784S ATY & U 7}%*é(availability)
& Apgatol A o] & HsE AlxE HEAITY ¥ES 9
ook Felag 784 el slel Aol W gl frAlE
EOQEY At Al @A Ak vty @Y 2R
A2z ol ¥ 918 Yart Yok A4 5 AR §
A A xRN BY Zeadd FaE £ oglen dA A
26 A%e AL F A FHol A 83 AHsE
A8 F7hHA Heladel A/HAAT FeAEY M8
A AY Bh stude] 2 AXEC §ARS, T,
Jdadels § AAHN Axy Mu2E HE oY ¥
g Z2As §A7 gaste B4 Azg Ade 584
o] &% A TR

Folz ¥y #AlEE Friayd #gstu UM 7k F
Hxe e d8 =8 Asy] A3 w3 #316] 7Y
& AHEE Stk F old 53 A4S Aol HeE ¢
Sl o RER ¥@ee] o ws=d EAANA PG
ohd AA 48 £E5E FAANE 5 al AR FEHe
weo] 2] dRE Bt e w2 o|FAA FY8
EE g AE shEsith ool W@ de dwE CPU 7t

= AARE S HLSES 2L A

OtM BRAH =5 E AARE 2T RTX 718 HNe 29 19

£ o9A Aolsh=rtd we gekd £ Aok wY &
F Yaxgolo] gol o|Fo g ol FFrtd 53
Hal 78 7He AHEE "avt gk Faprt AL s
HolMe zhehs] Foww 9%Fd A dd A3
z2 g2 NFE Adste H4 v&E e A32dHol
Ag Megc

3. fEx Jie WY WD2E

B 3ol Al kB ¥ oj&HE 3 41
g & Ao #a =t x= & B mif =
= RE AME Ve o) SeiaH7E FoAn b
RE g8 gAste] ojo uhg u&E& AT o
e EAYAFNY AV | 2™ 2 0F7] ooE £
A (intractable problem)ojtt, o] FAlo] tate] HH HAe
ob 7wt & A sl (optimal solution)o AN #EE& A7
98 FH dnES ol & Ful2H(heuristic) #F4E
A gk, AAL An B FA g HH AAE &
71g 4 @a oW A ALE HaR &Y “Hv‘?l o
iR ow EXgraRy fLEE JUideE
29l C*’T"ﬂ Z A (solution quality) & #71gt}

FA guYFoME £8 5% EFH0E TPl
A AR WE), P ={x1{,x 1 AAIGE
A8 7 £54 2y HriEe] AY: ez AHgE
th 6% A ANE AdFGozA &8 1+ 1o AR
& ARl FAHT o AAFHGe] WAWEL F4 4
Aztell ola] WAAALE Ho MER EFAE FAHTT
2 wslol s 3 MAZTE AMEZLE HAE A o
AW g SdWol(mutation® & EE 1 ojAte o 9
MAZRE LRSS AFste N2 AME PAHske 2
A E) @ (crossover) 7t @A EA gl

AHgEE FAH AT UEE 7 oA AEE
ot AFE Fo A o] Fol dielES YL oW 7}
Z F& AL A A3 #H M8 (best solution)E e
Wi ez 7iggel of (28 3-DE 432 1ds
FARI g

F

b

Step [1] F&9 8 =7 ARG P(HE A h 1(A) <0
Step [2] AL 2 AA daA) et AFEE AN
Step [3] 2527A& & g7t hg GAE MEYT

[3.0) tet+1

{311 P(r— DEXRE P(1)E At

[3.2] & p AW ZICh(LRE)

[3.3] &8 P, Ed¥e] AUL(EI]E)
Step [4] d4 AAASE A2 AAE AIAGo2 YA T
Step [5] Step (212 71ct.

(O 3-1) /™ gu2|Fe =



20 BEMEIEB=EX A HI0-AT M133(2003.2)

Az Adss AsAge Sael 59 ANE Wl
e 5d GnFY AAHA T2 Jepa,

3.1 A Faiuk

B odqele] dAaA gawgel lo] siAe i-HA
FALAI) jEbs AL A wnE et EeaEd ¥
FHE AE ousitt d& Ho, AEH 11100011 &
S o] 1, 2, 3,7, 8 xEEL FHAH 1o @d9siu
THE 4,5 6 =282 22y 0o d3de o3& ve
ful=

HEHOo R AL Eo & olA(binary) F¥-& AKX vE
F HuFel Av|vletg AFsta sje] vE 2EY 5y
o7 o2 #Mg Hysd i F e s
gioh ey o] #ZHE oA g A EAd H8
A o A Aol vHdH HAger v F
Ha A mAg wa 2AE A 1"’3}71‘/} B3¢ xR
el EAg o FaeA gy e dHES M T
AAH HEA G vjE 2EY) ’\}%4 Faeta A
Aol B2 HA EAAM & ot 4939 Bu
7} Sdvis, 7,1

Az ﬂ%‘fﬂ 5 KA ARS H HAE o
F7vatn Qe F :
gogd fAd AAXELR stodF FAd A QEE Fr}
% d4 Fde EF FdoA HE e 5 oAle HEel
AN FA] Zl7g A of dhal 2 widE FYsict
E Ade] gith o4& Ed® Ayl HE & HE 9%
o] ol o8 A< o]zl WA M= YA gt
BofdM AAjshe FolaE fHa @9 2do M2
g sy IHES FHEsto i 4EE B RS st
lvkar Azpeet,

2ol 3 (gray coding) ¥EE A FIA HE 9
He ZE 7 HEo] 3 HER L}v thiz Adg hAa §
o, Z wihEae) ghel & A Foks mEdA §oWE
o] Bzl s)Fech olWF b= by, b, >F o] A
T og={ g, gn>% A3} BN 1 2 o
ojF HER whEE HAE (g 3-2e Yeksth o
el Al me ol H#HAA e HE & vebdth

j=d
m

A

)

&

o

il
U]

procedure Binary—to-Gray
begin
g, = by,
for k=2 to m do
ge= by XOR b, ;
end.
procedure Gray-to-Binary
begin
value= g, .

b, = value ;

for k=2 to m do begin
if g,=1 then value = "value;
b, = value;
end
end.

(38 3-2) o|Zl-2fjo] Bgt 2n2|E

32 WA AE 27| % 2718

271800l Bste] AAGeel 29 AADEE 2]
sfabs el mate] Agalcl @k AdRwe 278 =
We 25 A et 4y 5 ek A ol we
g g AR AR 208 R e ¢ A 2
A ATAEE FE SRAG VT AN QA A5
2ol maEel ANTHe 2715 AFHoE AL 8
27} Q= AoR Az 27 AAPR Y AAE
& A b EFA Fl EFA Eold A ol
@ Faol AckE o 4 $EE 9% o Be 49e 4
79 s Aol wigkdsiein mi Aolch e A o
TR M G2 ok 4 AAYHe are
%209 A%E 4 5 Advk: AL wolEn Yt 4
AHE F AES 4G Fael old@ ARE e
B ool w3 2] ANYRE weE Py e
w18tk Felae 2o0s b AleE 2 A9 2l
e LV S )

i

{
i

o 2

_d_&

33 gotatreol ME

274X 7wdt HAE0F) REEREH fEHe 3ot
ger(evaluation function) & F3) #2142 &34 F4(so-
lution quality)& |7Heet. 54/4718wE $¢ 4$Hl

F& ANAE g A FAshy] gk MEl(selection) T

A Fad.

He At f daelFel A AFEh T
Be e wow f4 Yo AR Y& FRY FE
ek VT gol How s w7k Uy waAA A,
AgHen §H7 g 2vlds gaEne dze o
oo et Zye WelEMow oy te dY dHg v
S AT AN gAeE Fo0 A we
Mws FE gD Yok M G g4 F

G oEAd A 4 oAl Aden GH% BAL Sus
A 4] e,

AAE MaE 5 e o] WlEe] oy & 49 4
Fol Al AREE e Hollande) 4 &80 (Rou-
lette wheeD) A# 719lo] of}}t Backol AIQEH (+1)7]
H[1]olt}, o] Wolr = Eme}l z}z;:o 2HE A 2L

A E deate AR YaEN BR(p)9 2AE00)9]
AE Ao RERE thE Aue] ﬁl*iéﬂ(# V& dEg o



AEpdE AAAGM 25 AAY A4 dege 34
A7) & A& HE 28 5 den A2 g
AFAge] Azstxn Qo

34 1 oy

Wl(crossover) it H RO JAaFHe AREE A
Z oHload FRo 5YE ARste] F e FAE A

£(offspring) & A4S &7 @ Ao UE RAE A9
o AR wFg 9z HEHY. gol AMEEHE Zu) AR
ol -2, 2-A1d, #5 uw) A B A Az Qe

2 AFoMeE A A u ddAEE dE fd AR
3 233t A% AF 2945 vlug.
cut-point MEXH e x| H
$£1[1 rlofriola + + *
X151 S I O LIS I
EiEzl 1 I 1 | O O 2 O ‘ ‘ # ‘
Y gl 1 | 1 1 0 1
AREtptprfologr o ? ?
ezl 1 |1t lopr RO O O
1-X[ " (1-cut point) & (uniform)

(T8 3-3) il HAke] F=

=213 el Ak (28 3-3)ollMe gol & %9 4
Ao el F A Y(cut-point)e FEASE AHE e
of AHRH ENA A A4A {AHUAA EA $ES
ze ‘?iH-E— e A FAA S wgdt B4 G
E4 #HES AN @949 5 FER 77 AR 2-
= % EHMA‘]L A (A, 23 TSR M9 o
& 12 AR 23 AR AA d4Ae 5 GES
#e W EA dAA wgtt g% as15] dat
AME A WHoR vlxIA(mask)Ehs AE AHE
o NEE Z+ FMA FANE A o F39
2 g dYAEY B gES 449 AHEAN ug
Aur ngE F A9 dide] o8 F REY dMAE
Yol Fahdch 4 REZRE FARE 0¥ 84 E
o] & deste) Aol HFEE FHAAE AT

35 Eoiuo|

Ed¥ol(mutation) AAE AAF D FU12 WEE
5137 98 A8EHy AoR EdWo&(mutation rate)
I FYE 5L /M dud d4AA s e
ol e HHJNE o2 WHAF = Helth ol& = 31
1 HAHo wAA] A vrEolFy] f3) A} &2
S f8 AMEE Ed¥el dataE o fi(inversion) ‘3‘3 i
Bswap) Fibatelt), A9 EdWe] dato e HE e

ZOIM ZHAE TS T AAHES 9B

X 7igE X RE 21

310

2 234 $d5EY 549 A AHo] A% 29 @

Aol (19 3-4)% e &0l wEojArh g
Awle] Aae st F ML TANR Mustd 1
Wge A BPHT B AL T ls) 9]

B GE R SEAES A ASHAN ehit

Aee vl

M xig Mef X

4
[h)
[=]
<
i
i
f e
<

A | 1 1 0 0 [N 1 1 0 0 1

A # (inversion) 1 gHswap)

(38 3-4) EciHo| Aol 7=

36 88 =74

gog dhte] Fa% de wdTEN T8 2A(ter-
mination condition)<> Mt} %, A4t A3 AT, 4‘3 T
H g ¥¥ete o sk A 7|Eol o 7 W
Hel wer 2ol & F Aok 9 HAgE £EL )
APG BE JAA7F 2e HYR FE 7 do Ao
U & AFoM A8 T8 FH02R AMEHD

4. Mmool d=

4ol e A A F4 gusdl sxso #4
g ALgd wE A Ag duE B4 =9t A
E#old HA¥2 Sun Sparc/Solaris YA AHo|AAGA C
dojz ZEIY Ak H¥And ogd Hris A3 Al
|HE 7 7HA A% F3XE 5 9 @9 A A
olth, HAZ AT Hs FAlo] e HH AAE v
A2 i oW AMAZLE HeE 3] WEd dyrde
B EHg,2Ry fRHE WoEsEE 53 2939
24 E A (solution quality)# ANEE(AHE 188t
A AR HE AYEc g7 £54H EEE AEHE
B @4‘94 2 sty £3ME Ay Had vgg
ujghch, fHA A" A #Hste] ALgE kA AY
FE MAdE 271, 29 3, 12, E9We], == EE
Me Tor o fge g&d 2.

B o odmord b

o 2719 AT A7) 120

o 2/l @ W ol B AHe :Y

o 370e] awe) Oy 1-AH, 2-RH, #F @l
o 2/fl9] Seivie] WY ;A9 2 W
o g = H =5 BE 20, 40, 80

Fd A4 BB BE EL wui&(d 1 080~095)7%



22 EXMIIET=RA A MI0-ATY HI1%=(20032)

W BVl E(0006~001D) AHES ARsh B AFAN
AbEE wnfg EAWOIEE 7y 1.00] Alggoy VB
AHog wul ¥ EdWol HEL ;W Mes Fo
A FA whel Fel2go] o Aoz AAd)
<HE 4-1>E AFE#E BoFed 2] o2 AAdg
o ate] M(cell)®] T FUsit)h HolA L v BE
(20, 40, 80)E E*]o}"*/ﬂ 5ol g e wr7F %9
drch F ool ] Brh oolEid xEE 1079 FHaHE
Fozith HolA AL {4 A9 GFE 23S Jed
oo ARRE EE A AEY YR F L= 2><3><2
xHe] AEo} wEol . Zhzhel Ao oig 1077
H AEE FA9s wERD o7 EAEH EE *lf@l
e AZ e O F2 3E AMESE 10W A8l
S FEHgen Jebd ot Mt BEAE 452 HA
HE ojn|ghrt.

(B 4-1) == 28 9
e RE - 20 40 80

A2l H-8 I AZHER)| ulE | AIRKE) | W8 | ATHE)
RICIM1 | 43831 133 78654.7 713 | 132528 | 8014
RIC2M 1 | 42826 14.0 7693.0 016 | 133104 | 83%7
RIC3M1 | 42851 116 | 68111 725 | 128664 | 7613
RICIM2 | 4503.1 154 TH05 | 768 | 149736 | 7358
RIC2M 2 | 43916 163 | 7542 | 1009 | 14701.0 | 9390
RIC3M 2 | 42875 234 6820.8 1786 | 136536 | 24892
R2CIM1 | 33245 108 | 53092 794 73968 | 9976
R2C2M1 | 33269 108 | 53238 | 715 73560 | 9254
R2C3M 1 | 33124 | 106 | 51325 | 739 | 72446 | 8638
R2CIM 2 | 39249 127 61972 7.8 12140.1 | 4621
R2C2M 2 | 37979 132 57417 629 | 112348 | 3852
R2C3M 2 | 35022 130 | 54941 809 82672 | 51

FHQUAL ZE| WE 45 81

<E 4-1>oAle o8] ohE 23 §4 ARE e &
F4 F2d dis Adojg mi}"ﬂ ol AR er AL A
49 s Maiel Be wsE 2E AAUel o Fald
ok & FHioA HA v|& 44 ztolel o] 202 Al
2 6810“ Hgte] B0kt Ala"lR oF 76320t} 1Bl g
227 B2 Azdoe] Bl go] 9l HERE o] He d
ol7 A& 7HsAel v vk A AT ol E FAl
AgE Btk 20kmd M 1339 AolE Holx wh
ol M= 21089 & xbol& HYrl ol A= &
HHE FHAA sErEE A9 ALge] FasitiE RE
HojgEr)

MAR G A BEste 209 MALDE e A
A 1 F oulQl 407hE e ASs whAER &84
F23% ARt AT Qo] AR AEE BoFddch 2 A
AR DS AL E8d BHoR 22 ARYg o Ve &4
& 48 FoR Josht dA AddAAANe 3ty 4|

=4

§ 9 A 370 Ag B ANPT 2 Fo] gl %
He 2 & AU & AAYRS) A7)0 we BH §
Mgl plulg WstE woler) Wakshz AN 20
0E 23 g5 g A% A A%E 2 AN £
e AR 2712 0 Hdadt GA 4¥H A7
el ANYD 2718 HZetel Aetulg Algo] Ba

4y o

52
7|@ o] & ZetEhAl dutEd 4 glvke Aol ¥
2 $4Mo2 H4% sy g 23S 598 1
# Al digt AP Fag A ggd &g
Cost Comparison: R1 and R2 {C3M2 Set)
16000
14000
12000 Pl
10000 e - —4— R1C3M2
Zggg — —— R2C3M2
4000 //,r
2000
0
20 40 80
Nodes
(38 4-1) FHECIX C3M2 M Eo| cist EHUHE(R], R1) H|I
Cost  Comparison : C1,C2, and C3 (R2M2 Set)
140000
120000 j
10000.0
80000 N —— R2C1M2
) " —®— R2C2M2
60000 —&— R2C3M2
40000
20000
00
20 40 80
Nodes

(38 4-2) wELIXt R2M2 MEo)| CHE: e 4Rt
(C1, €2, C3) Him

Cost Comparison : M1 and M2 (R2C3 Set)
16000
14000
12000
10000
8000 n —&— R2C3M1
6000 e —8— R2C3M2
4000 ——?’f/
2000
Q
20 40 80
Nodes
(3% 4-3) FEQIX}E R2C3 MEO| gt FHO|(MI1, M2)
H| o

(78 4-D~(T¥ 4-3)e M= dEHeE 329 FH
A AE g @A FELARL RD, wuf AAAHCl,
C2, C3), Bd¥o] AiaHML, M2)E Hlusdte] g3 A
HE BolFErh oldd HAY Ade 0S5 Fo] 2odrn



o BHUM BRAH wE BY ANAHE 2T %

AA g ol 2L AMSE AU &4 F4E YE
He 538 vl A AZE ScAMeld :dge] 2
#Eo Sk ole 3P dPFdE RFEY BY
ol AdHer FATLH FH /Mg AUAES AEH
L2 TEE duE As MEEH AR l—X]Xé, 2-A]
A, o5 o AR T A A Ao Hlad 2 2-
A ne) A -2 aw 2o d8HA o Fo9
E T P s o it s B e - 2 R . i
of ol 1-A3 e dite] 2-x eyt FF wuj AdR
o owEAT 24 FEE 1A% 9§ FF a4l
I-AA, 2-A3 2w 44 5o o $& A%E By o

T 1-A4 ) A dedes de i AR A
Age Az Adste AL AH HF &S HE A

FFes grE AL duidd vhAger ug £499
of Aie &7 FHI A Al A G G
Q.

ToAAME fazdHeld S22 7Y B4 A
Bojx B Zzad dfe HY s k&
A A2d 2dg At ¥ AJs @ F
A 331*51 AzdelA F7 gngFE IEE
H o8 fFHdA H2vige zde] we d3
Blwatget. AtE Aad AR E4F
d 72E HReR A nE Axy HF4
st FxH €3 AEV} B©BE AE dHde B
e =29 71%& 2483 3d T8 715E ¥t
I 7€ hesite A EoEth & dT7dAME A
T d¥e Fe AU devHzE 29 ¥, AHA
@e A7), mHl, EdWe] A & HWIHAMNA xE B
E Aol g &F4 FH 9 AL Al #8 9n) 9
Hla AEdAE ANt
FF F7HHQ d7AAzE A JHAE a%dn. ANR
£ ANgHold drodMe Fad@e addtd FAA 73
+& M3ed B4 B¢ ‘Ii*ﬂ* olFE u¥ F
Zt2 AF7E Slofok @t EAE £A dngF 71N 9l
OE Felad 7|HE, dE 8o, AEUIE odd, 4%
&, B EY 5o ZIY R o2 ATE g3 AAE A
2o Hgdtd H5e FH EHsto vm d¥ Hrtst
€ FA7 Atk ole] B¢ AFRI[12,13,17, 1917F HZol
Lo nt mR e RE AQtd Aad 2d 2 HA AHY
of & Mgl die] 7|zste] BHrp A A2de
2 TRste #At A% €4 == T daUFE B
B Alagel M A gste] drlyg A BAE THASEA
g7hske Aot

° 3

L
o
a3

o

rl

].

3

e
T
&
2.
=
%)
L
l:_
™
o
=
ES

e -u oo 30
ol

mo _%;L g

i

HXE 718 =MD 29 23

#1888

{1] T. Back, “Selective Pressure in Evolutionary Algorithms :
A Characterization of Selection Mechanisms,” The First
IEEE Conference on Evolutionary Computation, Piscata-
way, NJ, pp.57-62, 1994.

{2] U. M. Borghoff, “Design of Optimal Distributed File Sys-
tems : A Framework for Research,” Operating Systems
Review, ACM Press, Vol.26, No.4, October, 1992.

{3] H. Chou, et al., “Genetic Algorithms for Communication
Network Design-An Empirical Study,” IEEE Trans-
actions on Evolutionary Computation, Vol.5, No.3, pp.236-
249, June, 2001.

{4] M. Gen and R. Cheng, “Genetic Algorithms & Engineer—
ing Optimization,” John Wiley & Sons, 2000.

[5] D. E. Goldberg, “Genetic Algorithms in Search Opti-
mization, Machine Leaming,” Addison-Wesley, Reading,
MA, 1989.

[6] D. E. Goldberg, “Real-Coded Genetic Algorithms, Virtual
Alphabets and Blocking,” UIUC, Technical Report No.
90001, September, 1990.

[7] F. Herrera and M. Lozano, “Gradual Distributed Real-
Coded Genetic Algorithms,” IEEE Transactions on Ev-
olutionary Computation, Vol.4, No.1, pp.43-63, April, 2000.

[8} J. H. Holland, Adaptation in Natural and Artificial Sys-
tems, The University of Michigan Press, Ann Arbor, Also,
MIT Press, 1975 and 1992,

[9] K. Hwang and Z. Xu, “Scalable Parallel Computing :
Technology, Architecture, Programming,” McGraw-Hill,
1998.

[10] L. Kleinrock and W. Korfhage, “Collecting Unusing Pro-
cessing Capacity : Analysis of Transit Distributed Sys-
tems,” ACM Symposium on Operating Systems Princi-
ples, pp.482-489, 1989.

[11] Z. Michalewicz, “Genetic Algorithms + Data Structures =
Evolution Programs,” Third, Revised and Extended Edi-
tion, Springer, 1996.

{12] K. Park, “A Coarse-Grained Parallel Genetic Algorithm
for Clustered Document Allocation in Multiprocessor In-
formation Retrieval Systems,” Journal of Electrical Engi-
neering and Information Science, Vol.4, No.6, pp.641-649,
December, 1999.

[13] K. Park, “Comparison of Genetic Algorithms and Sim-
ulated Annealing for Multiprocessor Task Allocation,” The
Transactions of The Korea Information Processing So-
ciety, Vol.6, No.9, pp.2311-2319, Sept., 1999

[14] C. Reeves, “GAs for Flow Shop Sequencing,” Computing
Operation Research, Vol.22, No.l, pp.5-13, 1995.

[15] G. Syswerda, “Uniform Crossover in Genetic Algorithms,”



24 BEM|ET=EX A HIN0-AT HM123(2003.2)

The Third International Conference on Genetic Algo-
rithms, San Mateo, CA, pp.2-9, 1989.

[16] Y. Zhang, et. al., “A Performance Comparison of Adaptive
and Static Load Balancing in Distributed Systems,” The
28th Annual Simulation Symposium, Phoenix, AZ, pp.332
~340, April, 1995.

[17] A. Y. Zomaya, C. Ward, and B. Macey, “Genetic Sched-
uling for Parallel Processor Systems : Comparison Studies
and Performance Issues,” IEEE Transactions on Parallel
and Distributed Systems, Vol.10, No.8, pp.795-812, Au-
gust, 1999,

[18] S. Jang and B. Yoon, “A Comparative Study on Real-
number Processing Method in Genetic Algorithms,” KIPS
Transactions, Vol.5, No.2, pp.361-371, Feb., 1998.

[19] B. Hamidzad%, L. Y. Kit and D. J. Lilja, “Dynamic Task
Scheduling Using Online Optimization,” IEEE Transac-
tions on Parallel and Distributed System, Vol.11, No.l1,
pp.1151-1163, November, 2002.

E I
e-mail : kpark@catholic.ac.kr
19800 Fod gt Haksreh ERA(8HA
198341 M &gt AabE A st
A4t 8 (o] A A}
19831 ~ 198541 44 Al #H3Fe A
A
19903 ©v]= New Jersey Institute of Technology
1994 U= George Mason University(GMU)
HFE AR (FshAL
19943 ~ 19953 GMU IT&E Lab. 79
19954 ~ 19964 3t A 2B A AT A/ETRI A+4
2001 ~20024d ZA el AFE g HEae
1996 ~ A 7HE st HFEHART Y Faug
FARok HFE AlaY s F4 - dEAY, A2 F

43}



