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A Dynamic Load Balancing Scheme Using Genetic Algorithm
in Heterogeneous Distributed Systems

Dongwoo Lee'- Seong-Hoon Lee'' - Jong-Sun Hwang''!

ABSTRACT

In a sender-initiated load balancing algorithm, a sender (overloaded processor) continues to send unnecessary request messages for load
transfer until a receiver (underloaded processor) is found while the system load is heavy. Therefore, it yields many problems such as low cpu
utilization and system throughput because of inefficient inter-processor communications until the sender receives an accept message from the
receiver in this environment. This paper presents an approach based on genetic algorithm (GA) for dynamic load balancing in heterogeneous
distributed systems. In this scheme the processors to which the requests are sent off are determined by the proposed GA to decrease unnecessary
request messages.

FINE : O|AY HAAAH(Heterogeneous Distributed System), §8 Z8 €I2|H(Load Balancing Algorithm), X K12IE
(Genetic Algorithm)
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B =EoA Atshs guzlEe 5709 ni*lw"roii
T &= %271 8Knitalization), %824 (Check_load), 2
E# 3 7K(String_evaluation), F3 2+ 4HGenetic_opera-
tion), MA1A} #H7HMessage_evaluation) o]t} ®& &4
Zp AL 3709 R E A5 (sub-procedure) &, A 97|
4l 9d4Hlocal improvement operation), A ¥, mujf Eo =
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Algorithm | Genetic-based load balancing algorithm

{ initialization() ;

while (load_check())

{
string_evaluation() ;
genetic_operation() ;
message_evaluation() ;

}
}

Procedure genetic_operation()
{
local_improvement_operation() ;
selection() ;
crossover() ;

e 2 7] 3}(Initialization) : 27|83 ZZA|FolEy HA| A~
o] ZA-g AzE uivke] 7 T2 A Ajgig}
AA Aaele] Bl dubyog 383 A HAE
o 2EYER FAHE AL ojud 2Ege FH g)
o] Jol& wrgojAT),

ofn

71 53
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:’:’.AITrOP 1%@ T FE oA g}
2 e Fof
4 LH%Oﬂ EGEW X} A T2 AA
old 8% WAXE Rt}

Procedure load_check()
{

M FENA 22N A

if (a task arrives at processor P;) {
if (the load of P; > Ta) /* Tu: A8 UAIG +
let Pi be a sender;
else wait until another task arrives ;
}

2E 7 %7 (string_evaluation) : 2E8 By} LA H

01-5 A el EAlslE 2EYEY HFEE AN
o EF EBb2Es del HAEHAW ZEAMAMAN T
Lolg wel ui2 do] B4 A W) 2EgES
Foz ggg 8r] 98t vE o] H(previous) Hgol
EPd 2EZ 59 HPYEE ALk

o 4x A4k genetic_operation) : |9 A A8 &
A, e 58 TIsHE FAA AN ZRAF
&3 #e %“%42;_

_SL
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g Moo HeE w0y 2
Alzgl LA Ee] Aqgor aFstHol Qe @
dellMe shve] 2Ede] ple BR(par)o® TAH
of Aok A & vk a#YE gy 2L §A
dibgo] 2t 2EFY HEHY Y2 AEYER T4
g FAdto] grEozT,

3.6.1 A9 7)A d4Hlocal_improvement operation)
g4 ~EY 10 MARdg, ad gL &g ~EY (9
e shte] BEARS wrem HAlEe RE (2HEE prt
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9 ¥Hol A HEH RE 18 xdstn U= A

B2E 2EH Uid AR E AMNE g vl g2 ~
Edel g HExsh 7|E9 2EY AJPzErt oW
NE 2EYS YRe 2EDoZ g} BB 20 WiF
Artel E#utd Qo2 MAE K8 2o O Y AH A
Abo] et oM@ A M AL e 2t LR
HEET RE Fiol dist AYiH date] Byge o st

el H2e 2Eo] BEoj,

2EY 1o B A A4 il By Fol 22 27}
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Sub-procedure local_improvement_operation()
{
/o JY ol BE 2EH S te A9 AN As F3 x/
select string[i];
generate copy version of the selected stringli] ;
for (j = 1;j <= total_part_number ; j++)
/* total_part_number : p */
{
/% 311%’ 2Eg e RE S i3t FQ Wol A4t
T8
apply mutation operator to part j ;
evaluate the mutated new string ;
if (fitness of new string > fitness of
original string)
/x ol AEYS AR AuELOE WA x/

original string < new string ;

3.6.2 4 (selection)

Al dibe ~EfdEd HEHn og g yae v
E71 A3t BB/ 8 ~EY HE(pairs) S AAsE WA
2 WUitd oz Wo| o]&EE “roulette wheel selection” 7
HE AREF

w

.6.3 Wul{crossover)
Hj b2 Ajgo] whEojl 2EYE] HEE |
A 2EZE gk Hrlvt o] Fojzrh o] G
T O A 2Ef S dig REEe fF4d g3 ol
(genetic materials transfer)7} dojtcl, o]2{d Aol
W Abatel] ofa o] FojxjEr] ¥ PEAE Fa #F
S 9 wdE “one-point” Wuj AMAE HAsA A&
gtet, 71E9 &% “one-point” ] QAAbRbE SefE
83 el A (crossover point)S shutel A=Y HA FH
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A
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AAEE Udez do ¢olg shie FHAxE M43
o THE FRsPrt B =R & o g&3e §4
2 dyglESg vte R S Ri #ES st Wy

sl S Actale] @) 8%& FHUT Aty @)
%%*”l*ib A e v)Eo] s wme M4 9
@ AA FHAAE der X dn FREEY A7

B By By By

string i ‘0[1l0‘0 0‘0|1 0t0,111‘0 1|0 111|

suingj |0[1]1]0]0[1]0]1]0o]o]0]1]0]1]0]0]

l after crossover (based on Bs) )

st [o[1[o[o[o]o[1[o[o [ [1[oJo[ [o]¢]

swing (0[1]1]0]0[1]0[1]0]0]o]1]1]0]1]1]

(8! 4) mej bt

HE(boundaries) & oz sl o] AARE FoAM 3
el FAAME 92 AAse umMEs g A doh
wheba] oje} e W) GAE 1Yo RS (1Y 4)
o} ok (1Y )9 delME 16718 fHARE T gl
oA 47e] FFo] Artil P& w) olF 47 REES
ZAARBy, By By, Bo& oz ste] olg FollA s}
o e gdod® MdAste] wuAie s B
utebA ez g wejiol By W aw) date v

Procedure genetic_operation()
{
for (i = 1;i <= total_string_number ; i++)
/* total_string_number : A& AE# s +/
local_improvement_operation() ;
selection() ; /* use “wheel of fortune” method[4] */
crossover() ;
[x FAA g 2 84 WAz dd x/
send the request messages to the processors with bit position
set ‘1°;

4 8F WAAE Hdr,

o WA ] | 7Hmessage-evaluation) : WA|%] H7} =&
Aol shte] TR ANV VEYAE Bild g =
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Regy MIAIAE W& o ZaAA P7h 238k Arejolw
Acci HAMAE F412F Z2A M| Rk 23 uhgol
EB2Ag FAx TR A d4d #uE @ 9y
Z2 44 PrE B35 AEold Rejy WAIAE wJlth
ZE M PEREE 9E AR Aceid W oiE Mg
B 2 E (available list)o] @A v o] glaEl: o4 2
A UNAE B ZRANE FoA $A% ZRA A
Acci MAAE BUHA i) BAAE ojd we 2
Uy TRAMEZ FAHD, del 24E Pe o)A &
A dAlZ et BE S-S U2 Fol 41z T4
Az FAA TR AN A exast @A Migg WAIA

2wt 0d 718 dase S oae ZzAMs}
ZASW d2 shE HRAT Mig WAAE B
ZeAA P A% Z2ARYY $e ga2E 4

A9 CPU ol A%&d. a8l ol 44 ZRZAA
Pz 414 2244 Pell Ty WA A& 2ok



OlEy B4 A2HUIM REX $TEIEE 0128 28 3 25 J|¥ 55

Procedure message_evaluation( )
{

if (processor P; receives a request-message)

{

if (P{s VCQL < Ty /* Ty: 8% dAg +/
transfer an accept message to sender ;
else transfer a reject message ;

}

/* decide a receiver */
if { the processors in available list >= 2)

receiver < a processor(P;) selected in available list
randomly ;

else receiver < a processor(P;) in available list ;

/* in sender(P;) */
transfer migration message and task to Pj(receiver) ;
change VCQL of the processor P; ;

/* in receiver(P;) when the receiver receives a task from the

sender */

change VCQL of the processor P; ;

/* in sender */
send the T message to the processor P; ;

4. 45 9ot
Agkd #AA dnelEg o g e Y R} i}
R 5 718 S A daE(], 2] 2

™

o328 F(simple genetic algorithm)# H]J.L?S}J']
Aot dFstgh. AN H88 B F42 dnE
ey WHE GEd 2& gdA Actst=
W3 2bol7t Qlvk. &, 36014 A YnBFAMY A
Hak drtalA ge FHa dagErte) dyd e
A 4 TR @ e dite] HEH
a8 o W e FYEA Hed olg HgsE
wrf HAL 4 “one-point” wH) H AL o] g3 vp
Ao 2 Ed¥ol(mutation) A4S F8EA ).

=
g
& w4

FE S0

A A 4
W

41 A8 &

£ =@ XY A2l o]FY AlA"l(heterogeneous sys-
tem)2. 24 30709] ol AY ZZMAM(P, P, Py, -, Po)E T
AHAT L pgeeh Ed MEdg Z7he) elam Al

TUE Aoz JpAE, AZbe] TR ANRREY g Z8
AMze] fAA] Ag 2 gaa Ad Azhe 23 mjdz
EHEY olwf 7+ 4o e ¥ LA (random num-
ber generator)2 #E ZAAHE 3089 & ZEr) ol
ager vehdd (29 59 Zor v &3 gt
F027 Pod ) fAz dndEol & FAW A7
ZEAMZE Paeb 81 diAx] A4 9 Baa e Age
27 ") w3k ZF T MM ElAa A Ae 13
4 W2 Uehn olE U4 #$e e wAvER
H ZAAE= 3008ty e Zrum sAET d9E x
(second)Z 3%t}

Senden Receiver P, P p, P, P,
Po 0 3 1 2 3
Py 3 0 2 3 1
Py 1 2 0 1 3
Py 2 3 1 0 2
Py 3 1 3 2 0
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