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Wireless LAN Load Balancing with Genetic Algorithms
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ABSTRACT

Wireless LAN, currently is receiving widespread popularity. But there are some
problems that have not been resolved. In this case it is said to connect to the
wireless network signal distribution device (Access Point) by the current standard.
Users can connect to the Access Point to access the wireless network in a variety of
way; can be connected via computers, smart phones and tablet devices. Based on
such connections, there are some problems when installing the Access Point by
point. Each point is the signal overlap. So that users can use it all the time when
they are moved across the Access Point to another Access Point, but the problem is
you cannot control the number of users connected to it. In the case, user standing
between 2 Access Points, but in the first network is high load. It’s impossible to tell
the user to connect to the Access Point to another. User’s device will connect to the
Access Point with stronger signals. These problems have inspired us to develop the
emulator connected to the Access Point with the principle of Genetic Algorithm to
assist in the calculation that the user should be connected to the Access Point either

to manage the volume, use the network much more effectively.



ANANSSUUSLNA

o &

dyd ! L 3 L1 s A =£
Tnssnuidudaganldldfeaunsanaineraisdesyn 2aesvrerasdiuinm

Tassruilaldiiauauus wuiRn wazkurnTulinwunaanuLAlutauN NI BRI
;Jﬂrﬂamaamuiﬂswméuﬁm%aawiﬁﬁ Q’ﬁﬂw*ﬂaniwwauww@mﬂuaﬁhqqa
| I o = v o ) |

YONIIVVDUNTEANAMND ANLILAzEUnATRINlnAUS N LavAosatiuayuluies
1 5 [ o a q'd
pi199 Famviadumdslafifiasonn

Y0ueuUAnUIEsUAA BIludY Nisuusl wasiludsaadlusunsuildly
TAseuunlaunaan

= a v o o o o a v s < 0

vaunaieus nuaaliaustnig lunuauAnaineessa wazaseuidelaly

ANSYINUlReRaanLT
2 | P | = P Y aaday v
gavinevavauNsEAMYNg Mnunildiutislnlassnutdiiagaslulamesnile

AAINIHN N Neae

WIBUANT ADNTUNTD



s
d13uel

Wi
MUSUANARNSIMARUULATOME LTSRN SAN DT oo |
MBI TTUUTEN I s et es e esseeneeerees I
BVTULL. o vvvvsnosssssissinasssss sonsssinsonionsisesnpqnmEIIIIIII S ... ... e50 550 e bbb e \Y
L NP ..., .. G VIl
CHEL 1Ty (| D o - NN LT 95 AP N IX
RN f A W () 3 0 (K C OF\ N W, \, W, i
11 10 1A% A IENREUUOTATIII oo 1
W HUsTES, ) oo P ASSAEE - AWS A \N ., 9 A | W 1
1.5 Femuntedlagiistl \b/ N ). XHI \e M\ /UL AF 7 L. 2
il d BETREY 1 T B Y TSN We 4 === Lo WAL T B 2
1.5 S BUTITANPIIREITT Ut et 2

- ad & v
unl 2\ A Bt L. SRR g b N e Bl 3
2.1 VANNMSYIUNUTILYITEUY SIMULBLION evvvvvierrrsiecevs et 3
2.1.1 Computer Simulation Fundamental...........cceoeinioiinneieseie e 5
2.1.2 GOrPUILRT Simulation TaxOmOMYA. ... ceeeeresee bamborrseafflelr e ersesscerareans 5
2.1.3 Paral (@ RistriButEimgulatianm A \e ..ot 8
2.2 MY GENETIC ALGOMERM wicvvrvrrerrrevooriiesesssssisss oo 12
2.2.1. Genelie Aleanthim wammessm s 12
2.2.2 Genetic Algorithm 8813478 (Simple Genetic Algorithm).........cccoeeeeveerrcres 14
2.2.3 A5 5AalASIUIYY (Chromosomes COING) ... rmmrereeeeeeeeeeeeereeeeeseee 16
2.3 NUFIUATBUTELTANE oo e 24
2.3.2 1105 USRI TEIAT M e 27

2.3.3 WATANTHANF YT LAN 1388 oo 28



GURTRINGE))

gl

2.3.8 QUNTAL WITELESS w...vcoreveveerressiesesee e s 29
2.3.5 WIreless THTUTAE  .......ooeoeeeeeeeeoeee e ses et esesssse s s s sssssssesesers s 30
2.3.6 M3 HoUABLUUNANIATIATIE (INrASEIUCTUE) ..o 32
VRGRTERC = aviT o SE LT, WA W0 1 W 0L 3 9 A5 47 200 SEPRPRI . O 33

UNT 3 NITOBNUUY UAETAUTTEUY oo esessis st e sessees e e 34
3.1 TNHAGABUANUUTIABTRRIUY 1ot seese et eeseesses e 34
p. 1 vl AR Y L e \ T T B AN 34
cRowe ) 1y s DA A AT (i TR A T 34
3753 JPUBIDIRN . - V. S, N L1101 a ) . AR 34
300 YDUIAUBILUTUNTHTIRAIT 1 oovevoesssnr sttt 35
3,15 VORITAUDMUTRATUTIVAIUT 1ottt 35
3.1.6 AT UAUATEITOTAUNATHAUY oo 35

5.2 ﬁ'ugmmaeszuuﬁwam ................................................................................................... 5
3.2.1 QUNPINERSIMULATION ... Wt S0......cocereereseereagties Mo e afosdflenssenonsonesarenssan 35
3.2.2 Programigbie. 00 S 1LV R .ooierirrensenssssanans 35
R Rl o e S o T g, o SO 36
3.2.0 ANWALNITIINIUVDITZUUTIADY covvveeeee e 36

3.3 99nwUU Genetic Algorithm TAU Load Balance ... vvovovoceeeeeeeeeecereseseseseseseses, 36
3.3.1 n1soensialasiulen (Chromosome ENCOTiNg) ... ...ovvwve..eoveevveeeeeeecrerns 37
3.3.2 MIguiRonaialszrIng (Initial Population)............vececrssecenre 38
3.3.4 nadalaslulsumuneng(Check Expire Chromosome).........ooccwe... 40

3.3.5 FBN1TUTUUAIUDIAUTENOU (OPEIALON) oo 40



Vi

#1508y (619)

TR

3.3.6 Genetic algorithm FLOWChart ..o 42

3.4 N199RNWUU Access Point Wag User TUMUUTIBDY oo, 43

31 ACCESS POINT ettt et eeas s e e st e et e st e s e e ernaesessteressreennaass st eeeeereereanes 43

3.5 1ASIASS UAEAITVIIUYDITIUTINTU oo sesee oo 44

35,1 USEMBSE ..o DN AL otlooat i 0 Wi viivsssnivinsinsinins 44

3.54 Sequance SHagrBr- M .00 ... o 0t or. & ormreen [oremmwe. v cvens Mg Mo srenineresinas a5

3.93 Flowchaftaetilhaed/ /o o e S el e S a6

£.5T Cla% & Bt EDNLATAGEED .\ o N Tt A ke R R a7

UNA A NS DIUAZRANTITVIRDD 1o veeeeevreesessesessesssioseseesesesess e oo eesetes s eee e oo 51

4 | SRl g adOMEERLY.. ) AT ATATAT A -yttt 3L o L. 51

d L7 L% o 2 a:l ¥ oA 1

4.1.1 weannsayivilsunsuvihaldmuiioonuuulivield o 51

4.1.2 \Weuanan13un Genetic Algorithm wilalun1svin Load Balance ............ 51
4.1.3 WelUSeuLiBun15yinauued Load Balance dasnuuiniltamuaivowde

1) T K100 S Nl e W RS /i B VP e X 4 S 51

8.2 AIUVDINITIAEDULU S NTH oo et 51

4.2.1 MINAFBUNITIINUUDINISUAIUTEASHUVULGITU oo 51

4.2.2 N1IVAADUNTTHNIIUYEINIIATIINT5NADI89 Access Point wag User.... 52

4.2.3 ANSNAADUNITLAAINANTITVITNNUYDY RSSlereeireeereeeee s eeeseerees e seseesenae 55
4.2.4 NISVAADUNITHARINANITYINIUVDI Genetic AlGOrthmM ..., 56
4.2.5 NINAABUNTUARINTINUIOUTIBU Load Balance .....ovveeereveersreeee oo, 58
4.2.6 M599UMTEINTINOOALTUING PDF ... 59



VI

#15U%y (619)

L
WU

4.3.1 yihnsveasdlagladinisnszaesinuues User iiqiuluusay Access Point

........................................................................................................................................ 66
4.3.3 yin1svnaaedegliuSuin User hag A213A09n1suuUsI s aauLuy
AR Sf (3] P g,/ SN  Jyu T, N, 69
o 1Y
unn 5 flfaguuasapTatoluesy belon /L 00\ Qb AL E L Ao AN e 70
5.1 Ivgsuvpifpetts. (AL U0\ Dom. gommn 2N .. N0 W - 70
51 A1y B A R PR R s o A AN Sl onorana C = 1 B T 71
5.3 WU IUN IS WRIUIMUUTIRBIRG rrroreroms oo srseessesseseseeseseesesssss sttt 71
st Lyavinratafesd LW I A XALOION o o= A8 72
UTTURTRY oy oo D o et o oo [T AR O J ..., 73

ATANUITR Rl e v ko . &, R A b A ... T4



o
137190

A5 2.1

VI

A15UA1919

L4
nu

MU UTBUSEN I ANTLRNIEN 1N TINE AL AN NABLRLRBTT ... 13

M519 2.2 ARugYaIUYes 802.11 LaTINAT LR LA ANLYNITUAIUANDE) ... 25
M151971 2.3 AT NARISATINITAVDYARDTEIENN e 28
13797 4.1 man13Mmaes User 508 vad Genetic L T TR v s s 62
51971 4.2 HANTTNAABIVD USEr 50 FADI RSS! oo 62
9971 4.3 HanIsVAaeY User 100889 Genetic ({70111 L e S 63
PN5197 .4 WANTTNIAABIVD USEr 100 FAUDI RSS|..rreioe oo 63
A9 4.5 WAN5NA@AEY User 15062089 Genetic AGOMERM oo 64
NS 4.6 NANSNAABIVOY USEr 150 FAUBI RSSI oot 64
P57 4.7 HANITVIAABY User 200 FAUB GENEtic ALGOMENIM voemerersioes oo 65
N34T 4.8 HANTTAMABIVEY USEr 200 FAUDI RSS| oo o 65
971 4.9 Wan1sMAaes User 20 suss Genetic AR a0 L. 66
A9 6,10 WANTSVAABIYaT VsereommmarReyer A .l e 2D Y 67
A5 4.11 man1sveaed User 20 fawes Genetic Ot I ... 4 4........ 68

Cﬂ']‘i’]ﬁﬁ 4.12 HANITVNAADIVDY USer 200 FAUDT RSSl....ommerieriiesieeereieesereeeeesioessessieeesrereeseenees 68



o
GREAVRTEL
sU il
g‘lh?% 2.1 High Performarse Cormpuling Comrmanity wmuwamsesmsmsammssssmasiin 5
gﬂﬁ 2. 2UNUnIW Computer Simulation Taxonomy [2]......c..oceieieeee e 5
gﬂﬁl 2.3 WHUNTWLARIGNYEUEZAITVINNULUY Event stepped [2] oo 6
gﬂﬁ 2.8 UHUANLARITNYENITTINUUUY Time stepped (2. 7
g‘dﬁ' 2 SUNUNIWUEASANBAULAIS9UUUU Share Memory Multiprocessors [2].............. 8
sUM2. 6ununMuARIdNwaIENISYINLLLY Distributed Memory Multicomputers [2] ...... 9
FUT2. AR IUUTENOUUBLATITON s e 13
gﬂﬁ' 2 BUHUATWUARITUABUNTEUUNTTVDY GENetic ALGOMENM ..ot 15
SUR2. 1A Tlon T SR BURUGIUAOY o 16

gﬂﬁ 2.10m3fmABNIUY Roulette Wheel Selection wag Stochastic

Univargal SarnlcieSelstion R 2~ /00y Xy AN o e ot . 20 o LK. 20
FUTZLIMISUAMUBEUBULUY T 30 ettt 21
FUT 2120 15UBAMUBBUBUIUU 2 Q00 st e 21
SUR2. 13N ISUAAURIUBULUY UNOMM. ottt 22
FUR 2,14 UARIN TSN UGUBIUTEIIN oot 22
gUR 2.15802NNCSMBIEA....... AT s KLl 26
5U 2.16 Msiilsusialuuuy Basic Service Set Uag Extend Services Set................ 32
UM 3.1 A INS1A0IYOY PRENOIYDE oottt s et 37
$UT 3.2 UaneTASTUUTIUSE AU BENE....o. oo 38
5Ui 3.3 uansnsifalasTulonmuneny uazn15eRolUSITUABIY oo 40
5Ul 3.4 Mating Pool 91NN15¥1 Tournament kg RANAOM. ..o 41
$UR 3.5015UaNIUALY BUATENINTATIIT e 41
E‘U‘ﬁi 3.6 Flow Chart U84 Genetic Aleanthrm.cossmmmmnanmsisnsassasmmmsmsmss a2
gﬂﬁ 3.7 MWUAAITEUL IATIUAAELYUYDY ACCESS POINT vvcrticriibiciesiees it i 43
5UTl 3.8uamsfialassaiiaiavanues Use Case 1§8nd1 “Use Case DIagram” ... a4
Ul 3.95equence diagram YBINITVIRD .....v.vvereererereererosseeeesseesseesss s eeseseseeseessessesee e 45

Al



FUT 3.10 FLOWChArt YBIMUUTIADY woovveseverreseeresssssssssssssssssesssssesessssos oo oo 46
Eﬂ‘fﬁ' 3.11 Class @G ...ttt sttt e a7
gﬂﬁ R T T RS — a7
FUT 3.13CLASS USET oottt st 48
SUT 3.18C1aSS ACCESSPOINT ...ttt sttt 48
UM B85 CLESS GA oottt sttt 49
g‘dﬁ 3.16CLass CHIOMOSOME ....... - ceeseeessassssssstsssrisssassessatassrsebemnenres 49
TUT 3.17CUSS RSl v bt s e sttt 49
U 3.18C1255 GIGDAL...cc.. OO Aot 50
U7 4.1 uamanaiingaaedumasinatasTusinssidoidaldens 58
SUT 4.2 UARINTATIY ACCESS POINT WAL USET ..ottt 53
UM 4.3 UARINTUAARBUATIG ACCESS POINE B oo 53
UM 4.8 WEMINSUOUEAIUUUITE ol 54
U 4.6 WARIHANTIVIIITUIBE RSSI. ..ot e e 56
SUT 4.7 UARIHANISYINTUYET GENGHIC AGOIEAM. ... oo 57

2

anlddunwlsinsude Lildld User v Access Point udavinisnasias Load Balance

szuuaymsiAeulnelnsudsso Ao UTUsAHGURIUEI o 57
UM 4.8 UMM TUAOUBUMIIBIATU ool et s 57
SUT 4.9 UARINSINUTIUTEU LoAd BALANCE ...t 58
SU 4.10 UARINIINUTIUTIEULARE GENEration.. . vttt 59
JUM 4.11 Uan I STOGTRETAAUBNENT oot 60
UM 4,13 DINUARIFUMLIVOL USET 50 57 ..ot oo 62
SUT 4.1 ATANUARISUALUYES USEr 100 5. ..ot s 63
U 4,15 DINLEARBTUNLIVEL USEr 150 B2 ..ot 64
SUT 417 DIWUEAIUALIVD USEr 20040389 s 66
SUT 4,18 DIWUARIFUNLIVOT USEr 20002 .ot 67



U 1

UNUI

1.1 7w uag audAnvaslasey

Hagtiuil nsPindedeanstuldgnianluethann Tnefinishindedeasituniete
1Fane vilklawazenauis uazamiusmsneglday wedmnuazanauie wagam
sa§1 vhlifimnudesnisvesfidlduimadusuaumniu vlvnistadedearsuuy
wetnelimetiu Fesnnsusvavsawluniadeusie annsasesiuddlduinssuannld
pgilUsyAngaw

madousiarsotelfaneiiodldnu Tnsduluaiudr widemsiotugunsainszans
oyqnaumie Access Point 1undn Tnea1aegld Access Point 19nn31 1 1ASas de 1
\Sers envausvesnisiuinisin e uagshiunntuuaisiedym iefly
ldamududnnuan Tuusion Access Point tn3eausn usiiildnuursdan agsvming
Access Point \ASesusnuas LA3osfiaas duinglianluidousiofu Access Point inTasusn

o

= v a ) Wk o Y o P I~ Y - = P
RIA ﬂﬁm?tﬂLﬂﬁ]ﬂ'ﬂﬂJﬁ’]ﬂqﬂuw Access Point LATa9IN LUVILLDUADNULATDIVEDY 29779

©
a®_

15911 Wireless Load Balancing atliuisnisidnuntrerdniigm eflusune
nadeusadunannlu Access Point wASeufies n1svh Load Balance 3affunisnsyans
n1suiansialiify Access Point #ifaineag luudnalndidss Tnslulsnns Received Signal
Strength Indicator (RSS)) tudsfidymndasuvusddsildawldlifuyseansam Jelah
Genetic  Algorithm %dLﬂuﬁaﬂa?ﬁumﬂ‘izqnm‘l‘ﬂumiﬁ’l Load Balance T#fiu Access

Point wialvlduunislaasrafulszansaiw

1

1.2 nguszasa
1) Weann1sweaTauunis wazannltunutwduluiesadralunisidnldanu

AccessPoint

2) et Genetic Algorithm 31%84mn"s Load Balance 483 Access Point



1.399ULUNVDILATIU
1) Wawwuuinasweumsetgliaelagly Genetic Algorithm wag RSSI
2) SELUUEIUISOTIA09ENIUNITAINITYINIUYEY Access Point TalnalAssanuduass

3) inUTIIEN 1T Access Point muauduads

14380150 TUIU
1) Anwmguivdnvenaietngliaeiiieadesiu Load Balance
2) Anumguiivdnues Genetic Algorithm Al4lun159h1 Load Balance
3) POALUY Genetic AlgoritthﬁaﬂizqﬂmﬂlﬁﬁU Load Balance
4) finuuuuiiaes Load Balance Tneld Genetic Algorithm madilémanuuuly
5) yimaed Load Balance #il4f Genetic Algorithm AilsWauntusn Tnan1ssraes
sl 2m v o al o a
winsaidiflderdrunluszuy wasSeuiisuiumaia RSS

6) UATIINANTVARDY UALATUNANTVIAG DS

¢ 1 s
1.5Uszlevunaindnezlasu

vas 2 [ = ) A 1 <
D lesuanuirnudnlafeiueiatielsangluiseswes Load Balance
2) Isuanuirnadilafieniunsih Genetic Algorithm luuszenalifiunisd Load

Balance 99uA3078

2 ~ ' ) . v a a &

3) lasyuuiianunsndiedn Load Balance w93 Access Point Tiiuszansnwunniiu

iRANNAYaINaUIEReglTNY wazUsEavEnwUBILAS 0Ty



2

=b.

un

aa A Y
NQuANLNBIVDY

° 4 X v ) 4w o . . | &
lumsvilassnusatisssssonfevnguifiientodluios Simulation Liefiayldlu
o ° a ” . «l o . & °
NI UIIABY NuL309 Genetic algorithm telelunisvin Algorithm finzlalunisvin
o ‘d o .
NNI9IR09 WA U1Ms§IU IEEE 802.11 wieavuunasgruinldluniseaniuu Access Point

La¥nN159n Load balance

@ o & A .
e | NaNNIININIUWUITUYBITSUY Simulation
. . o o L P i P ot
Simulation ﬁaﬂ'ﬁu’nauw%anm'1aadaﬂwmmﬁxuuauqmaa@mat,’aa’mau’lﬂ KA
= 1 = . d =F = (Ad o o
Tunselfinanila Computer simulation azmuefslusunsunsufmesisasin1syiauves

=
guungula

2.1.1 Computer Simulation Fundamental
1) Simulation Program agU3ulaenAfves state variable Waflasimuwuusiansly
puTrnaURsuwadluSese
2) Program variables 3o State variables tHushuusdsldidudanardlunisuansis
anuztlagtiuvesszuudidians
3) Simulation Program asUsuiUAsus1uag state variable Wiefisewamiuusiadld
mmj"mnmﬁmﬁammaﬂﬂﬁam
4) suuuvvasafifinsldindlussuu Simulation
o nafideululuuuusiass ( Simulation Time ) fo arfiwuusaaddluns
Wauiiesasssvuy Fanasinanesiinuduiusiunarissuusunuulely
N15Y19Ua39 ( Physical Time ) Wy bantuwuudiaondu 9.0 avmunefiaan
9.00 u. luszuuase waswiianthe ( 1.0 ) vewadeulululuusiaesay

& o o a
vugfalan 1 lusideululussuuass



o varideululumiudusde ( Wallclock Time ) Ao nafidsululunudy
354 ( wiffoufunafluandlaeunfing ) luseninsiuuusassiimdsine wuy
wuusiaeudusueuiinat 10.00 u. unseiedanan 1200 u. lufudl 10
unIAL 2545

o nafideululurundusss ( Wallclock Time ) Ao nanideululunudu
93¢ (wileufunanfiuandlasuniing ) lusgwinsfiuuusrasdisdaineny
LuUSIAeeEuTheLTan 10.00 u. aunseadanan 12,00 U, Tuiudl 10
UNTIAN 2545

5) dnwuznisvinueesszuy Simulation Weudwnunalunisviu aud 3 gUuuy

k)

O As-fast-as-possible execution fie N15W19TUYBILUUTIRDIAEYINUlUME
rudaigagauhivndulidleglidiusnadideulululanvesaudusss
e nMevhaueyldfuiunaildlunsiheu assmeduiudsiunaniissuy
auuulrlun1syinaw)

O Real time execution fia N15vIMUYILUUTIaBwElaud NS funatesad
Tglunisyheuvesiuusiass wu WWsknsuvsawuudiasddinanlumsvihaiusiu
anudusssluduna 15 il sedunaideululuuusassfeswiiu 15
U198

O Scalable real-time execution fla n1svUIzIALEILSTULAES T ld Y

aa o |

o as IJ as 1 ! o =l | 1 lﬂ’
m'iWNﬂu’l,uaﬂwmzw,ﬂuamﬂa’mmanu Tunsein ASTETUNATNINATTINALS

el o !

wuuinaasfagyhauldiiiniiszuusse , lunsaifsnsidrudeiasnimil (
Sasrdruazlisnnty 0) wuushassasyheulddiniissuuese uarlunsdli
Sasndruwhiunilesruuasyieuuuy Real-time execution W snsnduly
My 2 fdudlawuusiaeshenluiduna 15w hafignidey

TUlusuudanafazvindu 2 x 15 %39 30 w1l Wudu
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wazaufunsTheuuuiinesdiutuusassdifesniseudeideddunisitnu
W wuusaeswsnaiesduilduaninisduvesatasdy

2) Discrete time simulation Wussuuiinissasslaenslsmamaulanisddeundas
ludnuwalutwesanitlisedes Aeliidufuieyanasniaiistasinisineu

Faanansaudauzuuuudanqle 2 sUuuu Ao

A

state variables ] l

simulation time
A s o
JUN 2.3 LHUATNLEAIANEIIYNITVIN9IULUY Event stepped [2]



3) Event stepped Wuuuudrassfinzanladamanisaifiinisdsuntadly fedunis
doulvesnanfilflunuusaesziuagfuniafiamanisalig winfiwmanisalla
wemsaindafatuiasiimadeuliveain uwusassiifimsumengan Wy
wuudraswesauuduetnaiedearaulanstusasamoaaissiu tudeszing

< P A W o & a a
wWaguuUasdlairIestuiinistuduuaz Suadluauiudy

state

variables

simulation time
sUfl 2.4 LHUATAKARIANEUZNITNILIUY Time stepped [2]

u
" o ° | 2 w & v O |
4) Time stepped LUULLUUQW@@@WQ%LF]U’U@NUHL“LJH?I'N‘]“U@\?L'JEV] ﬂﬁuuL’]an'ﬂﬁiﬂUﬂqﬁ
o d‘ 2 L2 4:" ‘:l: -4 1 o Q ]
Vl']ﬁ'lﬁ?\]ﬁﬁﬂ']'il,a@UIU@YJEIE]WT]FNW ?N%%uagﬂumimwummLL‘U‘U%’WaEN LYU

° = v 5 = < = =
wuuvaasnIslarulUasszaudivemsa Saagiiunsidisuwlamngasadalu



2.1.3 Parallel / Distributed Simulation
Parallel/Distributed Simulation o naluladiivinl¥aunsafiavadrsuuusiaos
wieaziuiadlagldszuu Multiprocessors wion1sldmineUszananavanesuviney
$fuldl Fsmevianduguuuuiansnsoudsliiiu 2 dnunede
1) Tightly Coupled Multiprocessors System uszuuiivhauuuy Parallel
Simulation #tazdinsideusefuvemmieUszananasgralnddniu nsvianuly
suuvuiamnsaiiazuiusndu 2 susuudess mudnuaznsdeudetu
waepusldRiae
O Share Memory Multiprocessors Lﬂuasuuﬁ%wﬂﬁ’m%ﬁ memory mﬁa’l‘t’f
yuwiulnemiceysznananaten fuduees memory Suduninens
vasdunanfiaviunkudldausuiy Wisduvemaedsyananaiilash

=
pialnemnIg

CPU =0, CPU

cache cache cache

Interconnection network

memory L4 ® ® memory i/0 Device

= ar o .
SUN 2.5UHUATNLEAIANHAIENITNNNIULUY Share Memory Multiprocessors [2]

u

. . . r.\‘ ! o ¥ 1
O Distributed Memory Multicomputers Juszuunasuvansvihaululvmie

s

' ' o o o ! P
UszunanasiegteiuinmulaeiniieUssinanausasiiagd memory Wures

mias Tdlauwdaiuldeusingu uiimdisusesnanafmdunfidianansafiosdnun

vadoyafgniiulilu memory lalaenisvedoyarumbhsusznanaldiaguiy



CPU CPU
memory memaory
cache cache
communication communication
controller At d . controller

= .

interconnection network

SUN2.6UHUN N UEAIANBATNTTYI9IULUY Distributed Memory Multicomputers [2]

. <l o -
2) Loosely Coupled Multiprocessors System usguuilvienuluy Distributed
o ¥ = = dl ] 1 :.E 3 a! | s
Simulation #saziimsioasevasihgUszananaawisaneglundngnizaieiu

17 Ineagdaudanusiuszuy Network iy Internet tTugiu

2.1.4 MSWIBUBUANEUENINIEAINYDY Parallel AU Distributed Simulation

v

ANWULNNNIBAIMNUDITLUU Parallel  way Distributed  Simulation A2y
wanenafusItl Aa
. o ’
1) Physical extent #3oWuNluAI5YN91U
O @MU Parallel Simulation fiNunlun1sviawudunuy Machine Room @
o o v da s = o ul & Y o
#u15avnauleamluneRef T UU F95EUUTIRL AL asfinRdluTa
al a | Wy, TPty P o o o a 2
ey AINUIENUN USRI UARAULAZEINA 1TPI9INAILEILITOVDS
o i lg o
SEUULTBUADN 191U
O @35 Distributed Simulation funlunisvinauduuuy Global fio @1unse
o a & v o o a o o
nulaluuSnannineng Wesineiasrauiieasiuiu lauaIunsauLen
nszneiueyls lnsliszuuveusefisassumevinanuluszezlng deduleeunse

maulauginozislnafuuinualuufaiu
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2) Processors WsautiaUseuiananinuildau

O

d1m3 Parallel Simulation fivdreUszananauluy Homogenous o Mg
a o 2 ' o v < 1 - e = Lo
Usrananamhunldnuiwiuegsealumbeussinanaiifinuaudfviloudu
) [ 1 ' = v @ o
nUsenis uunemolunuIgUsnaguagIuiamuslunTvinenuy
d1m3u Distributed Simulation fiviheUszananaluwuu Heterogeneous o
wihgUsznanaimhunldnusansaiinnuusndeiuls lidwdudeaduiusien

WIONARINUSENLAEN Y

Communication Network #3asnaslunisiiaumaszuu

O

dm3U Parallel Simulation M@ nanslunmsdeusiowuy Custom switch Aa
Switch finantunnieldaulneany dwiussuunaufamasiug

dm3u Distributed Simulation l4natdlunisi¥eusiouuy Commercial
LAN/WAN fla gunsefiesthanlfendlnessuudnddaiiingdouey
Taevtly

4) Communication Latency 3anatiigydeluiiieldlunisinseseminsfiu

O

o at s - 2 - ! v dl dl !
d1mu Parallel Simulation Tgalunisissatiauuntilenisnisisusave
wiheUszanaagluiuiinin dslunaildlunsfereszaglusyiulin
Jadiunaunasesuauiiadiuni

] s

dmsu Distributed Simulation Tdlanlunsfinseurudsnzedlussdumasmany

8 =Y

aa = o a =l di - 1 dl 1 s
seufladiuniiufivsyiuiund iemnnshndesvilsvasmaiivinalnadu (aumg

tedldnarunulissnmmhelssnaraiinusadilunisvheugesaiunan

= 2 v g - o %)
LWHQL'ﬁﬂ‘L!aﬂﬂﬂquqiﬂwﬂﬁ'ﬂmﬁu‘lﬂlﬂﬂ)
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o = o . ¥ - o L
2.1.5 anudndunazdsainszuu Distributed Simulation 1119w

mudnduivedenitszuy Distributed Simulation wldeuiilasaninmsa

f199eall Ae

1)

o " . o =
annaniildlunisiuia ( Reduce model execution time ) 1UBIN@1UNT0NE
wisgasaululimheussananavans g itheiuyimy FinmsfneInuiiaing
anaaleing N i1 dmdunisideumuisUssanana N #
= a a & P & <
TUseAnBnmiAluoswaruInueeeu ( Scalable Performance ) faanuisafiaz
vialdcmeanudilussiuinmiusdinnuivieivneiingdudosminaiuise
-:i 1 1 & 1 s ] a ] 2/ q' o 1
nzwlsgesnululimheUszananavans fnenetuinanuld Wesuuvemuie
Uszinanaaziulgdemn)

A:J 2 s 1 = -] 1 @l v Aﬂ ala‘ ] s 2/
ansnnaglinunineansinguisvhausiuiugldanuduguanuiimislnaiuls

=l s d AJ o s d 1 1o s
Tunandeiu ilesainanunsafiaensganamsyinuludeanuisneg ldleaglisde
2/ ﬁ‘l ‘1‘; :1' 1 (-] a E 2
A uNUUTDuRTEUULAIsALA

al o 2 = | @ MY o ¥a
ansafndunliuuy Platform ves 05 Awanaaiuld FlnAnauazan

| 1 o v ej 1 dl v ]

\iasnnbispniveyasnudsuudasguiuures Platform Tnlitelvanunsovinem
Taufule
= ) =& o g v o o | [
fszuvlunstesiuaudeme (Fault Tolerance) dainlanunsadinzyinausole

< oy o = o oo | at L%
faninvgiimsaddaaTawmilmvinusuduiaaudee
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2.1 v9uj) Genetic Algorithm
2.2.1 Genetic Algorithm
Genetic Algorithm 1 Jui8nsAnamrenfumesseimuIsnoAnsEUIUANg
Vinumsvedsdiingnandutuslasaesiuseauaus UJohn Hollandluga:la 1960
uazgiurelaeinaduin (Goldberg) §1 Genetic Algorithm ldigmuinundszandlddmsu
‘mﬂ'Tﬁmmsﬁqmﬁw%’uﬂfy,mﬁﬁﬂmuaé’wﬁ’u%’awaaﬁaLquiNG]L“iiumimzmawamw, n13
vinnglassaiisluandifvestusiiu, msnaununisindeuiivasiusus, n1snausunisiaes
YRIATITIBY, N3EBNUULEIATS, N15BBNLULLASETIBNSHDANS
ﬁugmmaﬁ%m5ﬁaxtﬁumiejumwwﬂi%ummiwffﬁLLé"ﬂ*ﬁmzmumzmﬁﬁwm
ldur Selection, Crossover, Mutation nse¥ifiusgwinauszunnsaielunguaulduszanns
Twlwmndssunshuliilsiramansnseifnitssynsluguipufisaumituszens
IujuLﬁuﬁvﬁwuﬂ‘izﬁ"qlﬁﬂfjm'sz'zj'miﬁﬁmmmmiaﬁﬁﬁqmmmmmaqﬂmzmumﬁmﬂ
299 Genetic Algorithm lﬁLfJu%‘]ﬁd‘ﬁ
1) Genetic Algorithm l¥n1sAunlasnisidhswaesiuuseineqlutiymiidesnism
2) Genetic Algorithm azshnisfumingldnguuszannsizus
3) Genetic Algorithm 9¢ld#arduinguszeasd (Objective Function) Tunsfvunen
mmsam‘fﬂ%’ﬂuummﬂumwwaLaa%mi‘]zym
4) Genetic Algorithm a£ldFAniun1s19WLgnssH (Genetic Operators) Tun1s

o as ! d < & !
nszviungulssanimelunguinelilanguuseansin

Fednvagidosdudauuiild Genetic Algorithm Wuwwslunishwuyseynald
lunsussanananisneuiamesladfiilesann Genetic Algorithm Sfugiusnannszuiums
FannnsveddadidinmdivededudwiildSadudniilldmadugaineresuslén
Genetic Algorithm ﬁ%ﬁumﬂmifﬁmdmmwaLaaa (Population) fignidhsaiduaneues
anvsz(String) MsolumstiinenaziSontuinlasluley (Chromosome) dslddwsunvuna
wasiuilldandgmilneluusasinslulevasusenoulumenduuesdnuse (Characters) wie
BuGene) Tnsusarduiivzagluiunsiiniuouvedaslalondonilada (Locus) uas
anuzvesdu(Genes)  auiuvisiuduouuulasluloaduioniidada  (Allele) lng
anwuglanizvoslasiuleu(Chromosomes) figridrswamdndisendadlulnd

- a v o = a
(Genotypeluasnalaasuaziileinsnensvalaslulunazlananagaiweslymimanaaiq
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vaalgymilisanitillulnl (Phenotype) vosnalaagisaunsaeuiiaudfnyialdlunig
FYngazfnANlgn i uReNRIWesA MU Genetic Algorithm lARaRn5192.1 wazuans

1 1 Vet A
drudsznausnegvadlasiulaulinaguiz.7

:I =} =i 1 o as = s = ﬂl
A1519912.1 N15UTBUIBUTERIAIANIANIZNITIINEILALANIINNG ADNNALADST

AANILaNIEN19T7INeN Fwiildlu Genetic Algorithm

Chromosome String or Code of a solution

Gene Encoding

Allele A binary or digit number

Locus A location of a gene

Genotype Fitness or a value of an objective
function

Phenotype A series of decision variables

A {ocation of a genellocus)

OLLOO/1H (121314
1

An aelle I A gene
A Chromosome |
A complete of chromosome

sUn2.7usnsdruusznauvadlasialay
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2.2.2 Genetic Algorithm 8814418 (Simple Genetic Algorithm)

Genetic Algorithm g1sd1eFaadunelaelnadiuin(Goldberg) Tull.a.1989 1§

wansliluiisdiulsenounasnszvaunsiugrunessedeouisiesuredudunaulsin

1)

Buanmsgungulasiulen (Chromosome) Baidundaszunns(Population) Busu
sensviavaswsaglaslulrdluiludnnuiuinnuimiomuguass
nadauAingUsrasivasszansusazminnileniduingUszasiud

AR mIvINzay (Fitness Value) vesuwsiazlaslulaulngldrrnguszasd
(Objective Value) 179611

afeUssnnsyrlminndszvinsgaisonsinden (Selection) Tnsfasanain
AIANHLLNZAN (Fitness Value)
thuszansyelusiiléinnsevimaismemetusmansdaldudmsuanudouiu
(Crossing Over) Wagn13natewug (Mutation)

o YOJ 5 q’ =t IIII d‘ v 1 0 14 L2
VIVUADUN 2 89 6 f\runasmwaLaaﬂmlm@waqﬂmawmi’]zymwmaqmi‘[ma

=

N¥UIUNISIINTD 2 89 6 WSenimilssuuaslszving (Generation) wandlamssy
3

v

2.7
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anguuszminaiuny

¥

W IVRLAT I L AT AW A AT LML Y Ay

v

o o o *
s AauluviangpmsAian ? VAN WA N >

L . 1 o
ARLADA AT LARL T L Ay

4

o » ? z 2 vﬁ ¥ .m - & e
ATYVRATHYNVIRUMSARLaannIum

AntunT IRRENTTL

< & : .
E‘U‘ﬂ 2.8LLHUNTNLEAITUADUNTZUIUNITUDY Genetic Algorithm

as | o £ & 21 as . 5
INNTFUIUNTAINANITOUDLIAULIINTZUIUNITNEN DY Genetic Algorithm
9814478 (Simple Genetic Algorithm) Usznaulume 5 Tunaudulauinistisialasiulay
(Chromosomes Coding), n15UszidiuAIAuuIzay (Fitness Evaluation),n15Amidan

% = =l : w & . =
(Selection), nsuaniUagudu (Crossing Over), Msnanawug (Mutation) ¥InTEUIUNTT

o
Yo o=

Wwiantiaunsaesuieswadanlasail
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2.2.3 madsvialasiulen (Chromosomes Coding)

mniildndniadesdiuazdiuin Genetic Algorithm agvhmssunluligivessh
wsiAmannsidnssiasulsidaansmdmeulagilguuuuressiailliinazoglugy
voaauguaasdilaslulaudliunusmauvestigmusiarlymusenoulufewnves Allele
0 %30 1 lagmugivadlastulonazgninuanIuAINRBINIsIaS

s o o

nlusgiudnvauzveslyminedegnvedasiulauiiduauguaauanadsguiz.g

0Lzl

o = s
sun2.9lasTulauddrsaduiavgiuaes

Xs

nngulastulsaiiirsvmduaugiuasstanuen 12 Gegnlduvu 1 waleasves
Yapmisusenouludaasons X 3 fldud X1, X2 wae X3 laofuds X udazdravgnunud
sholavgiudesauen 4 dndamnaeniiaamasiidululivesiuls X udasillad
24 = 16 AuayvATINARABTDILUTH 3 Szilnsdiiteunsadatuldte 4,096 nsdl
1) msduUsEaInsIEusi (nitial population)
msduidenifioarsuszrnsunuutunidielfiiugasuduvestuneuns
Fauwnistuseuianiudunauusnifietudoufienduidinssurunsves Genetic
Algorithm  IagUszansnduusn viedszvansuiide axfnainnsduidentuin
10 nduwaslszansiemuniided Tnslunisduidonazinisduaiusiuiuees

Uszrnsfilgimuslidu Parameter vae Algorithm
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N138319U389In31UI2AU MicroGenetic Algorithm 1me David L. Carrollmsaan

wuuil ldldsinsTdausdnaunsvanetdn wadeagradufdaursatnluldinaifindszansnw

& as o o o a0 & [ o wa o =
vasilaiduanniign tngn1sandruaunsusaliunaiidnduvesseaumsufiRnuidvunasd

W7

YUINYTLVING = 5

ULV = 100

U32Lnnv83n13 Crossover= uniform
auululfiieg Crossover = 0.5

U38L09U8IN1T Mutation = RRUILUUAMNIZIAR ¥30 ABe WAL

© O 0o O O O

anudulylsvaenis Mutation = 0.02 uag 0.04

& < o s ) | o | v @
David's code Lilpauns¥iney uagynasesmsumilniagvinisdulasialey dady

wisfiwesmaiilonalianniayieuiu code usldamin

2) mMsusEiuAImINUMLNZE (Fitness Evaluation)

Tnglummmimngan  (Fithess  Value)  wetusaglaslulonasd
ANUFUAUSHUATIRgUsEadrA (Objective Value) ldmnrnevresgmAmied
MNEAINIINSANIMANANNMENEAL (Fitness Value) 1zdsnansialaslulauus
aelaslulauluiliuduusadwesligmudruinrringuszeash (Objective Value)
Tnounuiuysitldainnisaensaluluilsiduingussasddaiuiledduiliia
AuantRvedlasiuleiwnyauiolymdugdedadufutgmlunsmFeulads

'

g

(Optimization) — #3adgynin1sn1gagegalstauisainfAinguszasd
(Objective Value) WlHiduAanavangas (Fitness Value) lliasusdnduligmily
nswdeulutiesfiga(Minimization)  w3atyuinismygasiganiAumazEs

(Fitness Value) gy lalae

fi = Cmax —“ji (2.1)
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\ilo frumuAnaumnzan (Fitness value) vasusiagyseung
C nax wuAtasidaduduiuaieviniidulainasdduinndidmiaiim
wnga (Fitness value) ﬁlﬁﬂ']ﬂﬂ‘%gﬁ'ﬂaqrmﬁummuar-hC max fiinaem
f1snNAgIgaveIningUuizas (Objective value) YasUs¥vINIYA
Wsn
JiunuAringuseasd (Objective Value) @sldanainmsmlneldfladduy

Tagusvasn (Objective Function)

3) MsAnLdian (Selection)
- - o g va 2 dad o - @
nszvaumINMsAndenduduminlriinnsidentasiuleunafigatuninefadudu

dogua v ) Ao ] 1 ° &
i lAan1sAuntAneuningaestynilundarjuresdnnulaslulauvanue

'
LY

nanAedunlastalenveslyrsraeiwualudisy  (Generationuaraziinis

)
:I' A 1 1 A o dldd' 1 dy al o o
donlasluloundngaluwdayvsuiiourlaslulonidngaluguinndudinuia

.

Tnslulsalufudoqlulasimadnvoanisiadenfifoulifiassvdaliun

RouletteWheel Selection wag Stochastic Universal Sampling selection daazlsl

o3uelusieasBondsd

O Roulette Wheel Selection
Roulette Wheel Selectioniflumaiianisfnidanidiefigadanadatiannse
dhuiieuiieuldiuasdoRoulettefiivasslotiaiuualyiviniulagtessiotiis
yuralngaeuldiulenavedaslulauiisiamiumnzanauasannsogn
\donlugiulGeneration)daldldinnlusaisiivasslotifluadnazituldiu
Tonanedaslulsufifidmsmnzandiosuazazgnidoniuguinlulsdonds
UIASlotupINdBRouletteusiaz Yo I MIAAINIATIEIUYBIAIAI VI LE!
voslpslulouusazimiumnumngausnvedasiulsuyndilunisfadonas
vhmafmungansindsgaudvsunsdoroulettelasmsduiilonsdoroulette
nyaitelolaslulendignunulas Slotdestiuazgnandeniuidulnsiuluuves
Usgrnnsfuselumntuashnismuasdelasmsquasluiiedadonasluluay

¥ ow

AsumuuILUsEEINIENRURgUN2. 10usiivadunnaginieioRoulettediaign

u

I 1 Y e o 5 o Al yq‘lf 1 e o
Wi{ﬁiﬂﬂﬂ’ﬁ?ju@&ﬂ%mﬂﬂLLﬁ%ﬁ]WU’JUﬂN‘UB&ﬂW?ﬂ@]Lﬁ@ﬂ ﬂuwﬁmuaanummu

U

¥ Ao & oA e e a ¢ al
Uszenns) azseadidnnuasunnwenishndenissduldsuingUsvasan
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] , i

sosmsrolasTuluniifiiaramsngausnniarilenadiazgnidoninnuasums
nssuiailaslilenifimiumngasosfiazilomaiazgnidentosus
dosmndnnuafuosmamuranideroulettegninfrlngduiulszans
sahlunsdiffisnnudszansiesnisindenTneistdagliiduluamaringussasd
yoamsdaLdenagnautiniiielemaniusyansiifidmumngauioseivazgn
Bonldvhuvdamnnnitssnsfiiimanumsnzausnndemianunsaudlale
TnensldinainStochastic Universal SamplingSelectionZsazaSunesialy
Stochastic Universal Sampling Selection
msfndanlnomaiiadarnssvinldlaeEusuninmsmlanalunisgnidenyes
TnsTulsuusiazsdauieulffununvestasslotusaztesuondeRoulette
BN sTindaudairsiusniwihnmaduiniiveutensdoRouletteTuangn
yilsudhmsmasderoutettelifugnfiwiuausfiay360/ninsfinfesiuau
Uszannswouansuauluusiasadesiillileslilmmilshiadlonunadsios
IUszensnsumuTIuALLEUgH(Stochastic Universal Sampling
Selection)uanassguiiz. 10nsuyuiesiingidassililasTuludiddrm
wgasnnnagileniaiiazgideninnuaziaslalsa i mimngan oz

a’ - 1 v da & a
lemanazgnidendesdeanansauwndymmisfuaininaiaRoulette Wheel

Selection



VYUATIN n-1

\
myulag /
QRPN \\
T

ALIUAY

& o
VHUATIN n+1

o
HUATIN N-1

VIUAIIN n
3 ulng

! B

MR |

\

S

T

VuAsEi N+l

ALSUAY
g‘dﬁ 2.10n15AALABNLUY Roulette Wheel Selection wag Stochastic

UniversalSamplingSelection

o .
4) asuanideuiiu (Crossing-over)
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Aennanalivisudndanasiuvnatugransavyinisanalagldisnimmis

s d' P PR ot = 24 =l
WU‘L‘]ﬂ‘ﬁﬂJLWE}L'UaEJ‘IJLL‘LJaGIﬂ'iIﬁJI"?JSJ‘WNWUﬂiE‘U?Uﬂ'ﬁﬂﬁILa@ﬂ@J’ILLﬁ'JIﬂEJ’Jﬁﬂ’ISVI'N

wugnssuvilavfishanisuaniudeudu (Crossing-over) anseuiunsilaziiudume

| ) a @ .
nsquidentaslulynanguilsanlasiuloaiidiunseuiunisAnifion  (Selection)

uudlaslalaugiazisenitlasislauweusl (Parent Individuals) wazanntuzyil

msuanfsuduiusznindlastulyuveniiiadulaslalaugnunaess  (Offspring)
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Tulsznnsidswdlagnlludimsuaniudsuduagliliiatuiuynlasluluuwe

|l = o et | ' < a = = .
wiingnidenuwisiiiuegiuaruinzilulunisiinniswaniudeudiu (Crossing-over

=)

Probability) @slaeviluudadnezdaragludae 07 8¢ 09 Inemnliiinnis

U

waniaguduszvillaslulavgnalatidnwazmiioulalulvanswinnusenisivaiea

=

vasnsuanifsudunlyiuniniaounaiiade  (h-Point  Crossing-over) Wag

[
s -

(Uniform Crossing-over) lngsigasidonvesisgasnaiiniiavaduiesiadl
O n-Point Crossing-over
wiatian1swanUisuBu (Crossing-over) vilailifintulalaenisuanidoudy
[ 1 ) o o o & a X v v
sewhlaslulsngugnidugiulaeinsuanideuBuiiasiietumeiulasi
= o ¥ E: 12 o a =l
wiliwasgarimun (Crossing-over Site) wanaduiuldmugavasnisuanivaoudu
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O Uniform Crossing-over
wiadian1suaniufdsudusila n-Point Crossing-over muyIna12319199uaERa15a
&:1 =l i i ] = o A o -:1
nmsuanitisuduseninadasiuleunaudlagfasanaingeimuaiiinnsuanidfeu
8u (Crossing-over Site) waidmsumalianisuaniudsubuada Uniform
CrossingovertiagRansanmsianiuasudusenindlasiulvuwousfiazeaia (Allele)
& A o Vel | ' | I = o a
Ievinzdnvauavgiuasdagldisnisdumainudasdulunsuanfeudadan
] v oa A A v v o o = Yo a o
Hugmindadavsednlaglasuaygwliminisuanasuduladadavadasiuloud
o 1 o AQJ =l H‘ L 1 v o 1
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Tngnsdansmuauasnsds axdiainnndt sudoya feg1au auydlv RTS/CTS
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2.3.7 Service Areas
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In tecent years JEEE 80211 wircless local area networks {WLANs} have become increasingly poputar
Consequently, there has also been a surge in the number of end-users. The IEEE B02.11 standards do
not provide any mechanism for ivad distrbution and as a result user guality of service {QoS) degrades

Keywords: significantly in congested networks where large numbers of users tend to tongregate in the same arex,
Optimization The objective of this paper is to provide foad balancing techniques that optimise setwork thraughput
;’;:*ﬂ" *Ai:’;“;"‘* -~ in areas of user congestion, thereby improving user 008, Specifically, we develop micro-genetic and stan-
‘WMH;" e dard genetic algorithas approaches for the WLAN load balancing problem, and we analyse their strepgths
antd weaknesses, We aleg compare the performance of these algorithms with schemes currently In use in
HEE 302,11 WLANS. The resuits demonstrate that the propesed genetic algerithms give a significant
improvement in performance over cunent techaigies, We also show that this improvement is achieved

without penalising any class of user,
2003 Elsevier BV, Al fights reserved.
1. Introduction if users 1 and 3 migrate to AP A and users 5 and 6 migrate to AP

The uptake in popularity of IEEE 02,11 wireless local area net-
works {WLANs) in recent years has been remarkable, WLANs are
now the most popular technology used to provide broadband ac-
cess to P networks such as exsended bome networks and internet
aceess in public locations {17}, The proliferation of WEANs has re-
sulted in an ever-increasing number of end-users with heteroge-
neous quality of service {QoS) requirements. in addition these
users tend to congregate in certain areas of the network for various
reasons such as avaflabdity of favourable network connectivity,
proximity to power outlets and coffee shops {1], Such behaviour
feads to congestion at particular areas within the network, Such
congestion creates an unbalanced load in the network and reduces
averall network throughput.

A WLAN typically provides a number of Access Points {APs] that
provide service to usets in a particular geographical area, Users se-
lect access points based on the strongest received signal strength
indicator {RS$1) {17]. Thus although a congested area may be of-
fered service by several APs, if the users are clustered together,
they will tend to be connected 1o the same AP, The more users that
are connecied to a single AP, the less bandwidth they will receive.
For example, inn the simple scenario depicted in Fig, |, all users are
connected to AP B because it has the strongest signal strength for
each user. The resulting system imbalance can be casily rectified

* Conesponding author, Tets 1351 87 6391184,
E-rmnil adedresses: Ted Scully@hitio (T, Sculiy), K Browo@cs nccie (KN, Srows),

QO50-TOS{S - see front marter £ 2000 Elsevier BY, All rights reserved,
ok HLIG16/ knosys. 2008, 10508

€. For the sake of illustration, we assume that the users depicted
in Fig. 1 have homogeneous demands.

The objective of this paper is to provide efficient algorithms for
solving the WIAN load balancing problem: distribute users
amongst a set of APS to maximise the average bandwidth per user.
Therelore, the algorithms will assign each userto an AP as opposed
1o each user making that choice independently. Since users con-
nect to and disconnect from the network in real time, we are also
interested in efficiency with which the algorithms deliver effective
solutions,

We propose two genetic-based load balandng algorithms, The
first is a standard genetic algorthm (CA), which we refer to as
MacroGA, while the second is a micra-genetic algorithm, which
we vefer to as MicreGA. In the context of the WLAN load balancing
problem, GAs are attractive as candidate solutions because of their
ability 10 discover good solutions rapidly in difficult high dimen-
sional problems. We evaluate, via simulations, the performance
of the GAs and demonstrate that they provide significant enhance-
ments over the standard RSST approach and other popular load bal-
ancing mechanisms, Further, we demonstrate that they do not
achieve this by penalising any obvious class of user, The rest of this
paper is structured as follows. Section 2 discusses background
knowledge and motivates the use of genetic algorithms as poten-
tial solutions. Section 3 provides a problem desceiption. Section 4
presents the implementation details of MicreGA and MacroGA. Sec-
tion 5 empirically analyses the performance of the proposed solu-
tions. Finally, conclusions are drawn and future areas of research
ave identified in Section 6.
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Fig. v, A basie IEEE WILAN cenfiguranon.

2. Motivation and background knowledge

GAs are population-based meta-heuristic optismization alge-
rithms based on an analogy to biological eveiution and have been
successfully applied to a broad range of real-world NP-Hard prob-
lems such as scheduling {13} and data-mining {11]. Standard GAs
generate a relatively farge population of candidate solutions (there
may be several hundred) and iteratively evolve these solutions
over time, In contrast, 4 micro-CA algorithm has a small population
size that is periodically reinitialized. The idea of utilising a smail
population GA was first proposed by Goldberg [9]. He evolved
the population using normal genetic operators until it reached a
nominal convergence, that is until each individual in the popula-
tion had the same or similar genotype, When convergence oc-
curred, the fittest individual from the population was copied into
a pew empty population: the remaining places in the population
were filled by randomiy generated individuals. The first compari-
son between standard GAs angd micro GAs was performed by Krish-
nakumar {121 A micro GA similar to that proposed by Goldberg 9]
was proposed and compared with a standard GA. The result dem-
onstrated that the micro GA actually cutperformed the standard
GA on a number of problem sets. Subsequently, many other
researchers have developed applications of micro-GAs ranging
from multi-objective optimization {6] to constraint satisfaction
problems [7], However, to the best of our knowledge, the current
paper s the first attempt to apply 2 micro-GA or even a standard
GA to the WLAN load balancing problem.

As previously mentioned the ability of GAs to rapidiy discover
good solutions in difficult high dimensional problems make them
attractive as potential solutions to the load balancing problem,
which is an NP-hard problem {3}, Unlike many other local search
algorithms, GAs are intrinsically pacaliel, which allows them to
simultancously explore different areas of the solution space. This
enables GAs to quickly identify good solutions and exploit syner-
gies between solutions, It is this ability to quickly produce good re-
sults that makes GAs an attractive prospect fromy @ network
operators perspective, where caleulating the optimal userfAP con-
figuration is often a time critical operarion. This is particularly evi-
dent in dynamic networks that exhibic a high degree of user
mobility, which causes the optimal user/AP configuration to rap-
idly change over time. In an effort 2o satisfy end-user Qo8 require-
ments in such an environment, operafors sacrifice solutlon
optimality in favour of the more practical option of obtaining gooad
solutions guickly,

Previous work on the WLAN Jead balancing problem can be sub-
divided into three categories: (i} user-controlled, (i) network-cen-
tric and (iii} cell breathing. The user-controlled approach ta load

balancing allows the end-user the autonomy to choose the AP to
which it wishes to connect. As mientioned in Section 1 the current
default method of association is RSS1, Some vendors have ad-
dressed the limitations of RSST by incorporating load balancing fea-
tures into network drivers and ficmware for APs and wireless cards
15]. Each AP broadcasts the number of users which it currently
serves to all users within its signal vange. A user within range of
several APs will subsequently connect to the AP with the least
number of users, This technique is commonly referred to as least
{oaded fivst (LLF). We use LLF as one of the benchmark algorithms
against which we evaluate the propesed algorithms.

A number of other user-controlled techniques have been pro-
posed in literature that aim to improve load balancing in WLANs,
Typically, these technigues consist of a {weighted] function that
incorporates multiple metrics such as the RSS1, LLF and other mea-
sures of link quality {8,15). The distributed nature of user-con-
wolled techniques make them attractive from a load balancing
perspective. There §s no single point of fallure. However, user-con-
trolled technigues are limited in that each user views the connec-
tion problem from its own perspective, Cansequently, an optimal
network configuration cannot be guaranteed. This assertion is sup-
ported by the empirical results in Section 5.

Network-centric load balancing searches for the set of user/AP
connections that optimises some measure of network performance
{typically network throughpuot). This category of load balancing al-
lows for complete control of user assignment and 50 it can realis-
fically pursue an optimal solution. A number of network-centric
algorithms have been proposed in the fiterature [3.4,16]. Each of
these techniques demonstrated significant improvements over
the standard RSSE approach, Howeves, they are computationally
heavy and uniike the anytime genetic algorithms these approaches
are not applicable to the time critical network enviropments ad-
dressed in this paper. The algorithms proposed in this paper fali
inte the network-centeic load balancing category. The application
of evolutionary techniques to the WLAN lpad balancing problem
has not vet been investigated,

Finally, cell breathing techniques modify the dimensions of an
AP cell to control user/AP association. An AP can change the power
at which it broadcases its signal, thus increasing or decreasing the
number of users that may select it It s an interesting and worth-
while approach to foad balancing that has received significant re-
search attention over the last few years {2,10). Unlike many user-
controlled and aetwork-centric load balancing techniques, cell
breathing does not sequire clients (o possess appropriate wireless
cards, Client side software dogs not need to be modified and users
can continue o utilise the standard R85t approach. The drawback
of cell breathing is that it does not provide the level of fine-grained
control that is offeved by network-centric algorithms. For example,
an AP cannot exclude & user at distance d from the AP without also
excluding all users that are at a distance of d or greater from the AP,

3. Problem description

We consider a problem eavironment consisting of an ordered
sequence of moaccess points A= (@ndy.. . Gnp and 1 ousers
U e {iy Uy, ., ugy. Bach AP transmits an omni-directional signal
with a maximum transmission range of 150 m, The APs are ar-
ranged in a grid and are separated by a uniform distance of
0 41 A number of factors affect the bit rate that a user o, receives
from an AP ¢,. One of the primary factors is the distance between
and a;. The further u's distance from a;, the smatler its achievable
bit vate. We assume that the maximuam bit rate of & user within
50 m of the AP is 11 Mbps and we refer to this area as zonel. A user
between 50 and B0 m is in zone2 and can obtain a maximum of
5.5 Mbps. Users focated betwesn 80 and 120m of the AP are in
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zone3 and can offer a maximum bit rate of 2 Mbps, Finally, zoned is
between 120 and 150 m and a user located i this zone can obtain
a maximum bit rate of 1 Mbps from the AP, These figures are com-
monly adopted in literature |31

The final bit rate received by u; is also influenced by the type of
sevvice it requires. For example, end-users running streaming
media, voice or data applications all require different levels of band-
width, Therefore, we incorporate heterogeneous QoS requirements
into our problem description by defining different categories of
users, We describe the category of a user i © U by a weight w, , that
specifies its service requirement. The weight is used w determine
the bit rate allocation by, that user i, is allowed to receive compared
1o the other users within the same zone, For example, a useru; ¢ U
is entitled to have a bandwidth by, = w, /w,, of any other user
e ¢ U that occupies the same zone and s connected to the same
AP, This technigue of categorising users was also used in Bejerano
etal, {3L

The following describes the mechanism used to distribute bit
rates amongst users connected to an AP, The initial step 1 to assign
an avaitable bit rate to each of the zones, Initially, we identify the
number of connected users in each zone. We refer 1a a zone with
one or more connected users as an active zone. The maximum
bit rate of the AP, which was set to 10 Mbps, is divided amongst
the active zones so that each zone receives an available bit rate
that is proportional to the zones maximum bit rate. For example,
consider a problem with two active zones: zonel and zene2, which
have a maximum bit rate of 11 and 5.5 Mbps, respectively. Given
that the bit rate of the AP is 10 Mbps, zonel and zone2 would be
allotted 6.6 and 3.3 Mbps, respectively.

The available bit rate that is assigned 1o each zone must now be
divided amongst the users that populate the zone, The bit rate re-
ceived by a user depends on the user's weight and the weight and
aumber of other users within the zone. Consider the scenario
where 3 Mbps is the available bit rate in a 2one populated by the
users, w, with w,, = 2 and uy, with wy = 4. The user y, will recelve
a bit rate of 1 Mbps and u;, will receive a bir rate of 2 Mbps.

To incorporate congestion inta our problem model we ran-
domly locate users based on their polar coordinates generated uni-
formly at random (a user’s distance from the centre of the AP grid
and the polar angle are uniformiy distributed between (0, 150) and
(0, Zm), respectively). Hence, user density at the centre of the AP
grid is higher than it is near the periphery. Again this is in keeping
with previous work {3.4].

The objective of the GAs proposed in this paper is to assign cach
user u ko an AP g; 50 that the s of all user bit rates is maximised.

4. Genetic Ipad balancing ajgorithms

Section 4.1 presents the implementation details of MicroGA,
while Section 4.2 describes MacroGA.

4.1, The MicroGA algorithm

The problem of representation in GAs can be described as deter-
wining a mapping from the phienotypes to the corresponding geno-
types. in MicroGA and MacroGA a phenotype is a set of user/AP
connections, such that each user is connected 10 a single AP, We
map a given phenotype to an integer based genotype. We reprosent
# genotype as an ordered sequence of 1 inegets Uy, Gy, ., . Gp)
such that ¥i ¢ 1,.. .1, 0y € A and represents the AP to which user
g is assigned. An example of the vepresentation used is depicted
in Fig. 2, which shows a phenctype and its corresponding genotype.

The MicroGA algorithm presented in this paper is based on the
micro-GA described by Krishnakumar {12]. The initial stage of
the algorithm involves the random generation of a micro-poputa-

Fig 2 A example phenotype and s correspending geaotvise for 3 WLAN user/AP
configuration.

tion of 5 individuals, We denote the population for generation
number x as p,. An individual is constiucted by randomly assigning
each user to an AP within the user's range, Given the wser]AP con-
neetion defined by an individual, fitness assignment involves cal-
culating the sum of all individaal user bit rates. The process of
determining the bit rate for each wser, based on their AP connec-
tion, is described in Section 3. Other fair scheduling algorithms
have been proposed in Ni et al. and Buddhikot et al, {3,14], MicroGA
employs & form of elitist strategy; upon completion of the fitness
assignment phase the fistest individual is copied ta p,.,. the popu-
fation for the next generation,

GAs have a tendency to converge toward a single solution, The
smaller the population size the quicker the algerithm will converge.
‘Therefore, ensuring population diversity in a micro-genetic algo-
rithm is crucially important. Micro-genetic algorithms achieve
diversity by reinitializing the population if it is deemed to have con-
verged. While there are a number of possible methods of checking
for convergence, MicroGA monitors the gradual improvement in
overall fitness over multiple generations. Convergence occurs if x
number of generations expire without any improvement in fitness
value. That is, i the fittest individual in generation x has the same
fitness fevel as the fitness individual in generation x + «. 1f the pop-
ulation does converge MicroGA randomiy generates four individuals
and inserts them into the population p, . The algorithm subse-
quently commences the next generational foop, However, i the
algorithim has not converged, normal execution confinues,

The next stage of the MicroGA algorithm involves the selection
of four parent individuals for the mating pool. This is achieved
through binary tournament selection of the population p,. That
15, two parents are picked randomly from g, and the fitter of the
two is copled into the mating pool. The subsequent phase of the
algorithm s crossover, Two parent individuals are randomly se-
lected from the mating pool. The crossover operator iterates
through each gene in the parents’ genotypes. If the probability of
crossaver i true, the gene at index i of one parent is copied to in-
dex i of the second parent and vice versa. This method of crossover
was chosen because experimental evaluation showed that it con-
sistently outperformed the standard n-peint crossover for various
values of n. The resulting individuals are copied info the population
£, 5 Mutation was not performed on the population because veini-
tialization adds enough diversity to the population. Also the inclu-
sion of a mutation operator did not demonstraie any improvement
in performance in the experimental evaluation.
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4.2, The MucroGA algorithm

Much of the functionality included tn MicroGA is replicated in
the MacroGA algorithm. Therefore, to avoid repetition the follow-
ing description provides a brief overview of the MacroGA genetic
algorithm. Through ecach generational loop the population will
first undergo fitness assignment. The MacroGA utilises the same
mechanism of ftness assignment as the MicroGA algorithin, The
fittest individual in the current population is copied to the pop-
ulation for the next generational loop. Binary tournament selec-
tien is used to populare the mating pool with parents. The
recombination phase consists of the two stages, The first is cross-
over as described for MicroGA; the second is mutation, While
convergence in the MacroGA algorithm occurs at a slower rate
than in the MicroGA it is still necessary to epsure some sort of
diversity, The mutation operater in MocroGA performs this fune-
tion. 1t picks each individual in turn and iterates through their
constituent genes. if the probabitity of mutation is true then
the gene at index i is replaced by a random gene. The gene at in-
dex | represents the AP to which user i is attached. Mutation
picks another randem AP within signal range of the user and as-
signs it to index i.

5. Emipirical evaluation

The objective of the empirical evaluation is to investigate the
performance of MicroGA and MacroCA compared to other common
load balancing techniques and also to perform a comparative
analysis of the proposed algorithms, Section 5.1 presents the exper-
imental methodology. Section 5.2 presents the network throughput
achieved by rach algorithm over time while Section 5.3 analyses
the distribution of bandwidth amongst users by the proposed
algorithms.

5.1, Experimentat methodology

To evaluate the MicroGA and MacroGA algorithms, we compare
their performance with that of theee other popular mechanisms:
RSSL LLF and HLB (hybrid Joad balancing}. HLB combines the RSSI
and LLF techniques. It connects each user to the least-loaded AP
within the user's signal range, and in the event of a tie, it connects
the user to the AP with the highest signal strength,

The experimental evaluation considers a network populated by
20 APs, which are arranged ina 5 by 4 grid where the distance be-
{ween adjacent APs is set to 100 m, The parameters for the bwo GAs
were selected during an initial evaiuation period. The MicroGA con-
vergence paramerer x has a value of 5 and its crossover probability
is 50%, The poputation size of MacroGA is 200. Its crossover and
mutation probability are 50% and 0.5%, respectively,

The three results presented in Section 5.2 analyse the load bal-
ancing capability of all algorithms for the following scenarios: (i) a
relatively lightly loaded network of 50 users, (i1} a moderately
loaded network of 100 users and (1ii) a heavily loaded network of
250 users, Each experimental result presented t this section is de-
rived from the average of 30 independent experimental runs,
where a single run executes each algorithm for a fixed period of
time on the same networkfoustomes configuration,

5.2, Network throughput results

The initial result obtained from running the algorithms in a net-
work popalated by 50 users s depicted in Fig. 3. Each algorithm
was allowed to run for a total of 105 and every 6.1 5 it reported
its best result, LLF exhibits the poorest performance, while the
two GAs significantly outperform all other approaches.
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Fig 3. Peddormance of all algunithms for 2 WLAN poputated by 50 usess,

On average MacroGA has achieved a network threughput that
constitutes an improvement of: (i} 36X over LLE, {if) 33% over RSSI,
{Jit} 20% over HLB and {iv) 4% aver MicroGA. Therefore, for these
settings it reprosents @ very significant upgrade in performance.
It is interesting to note that MicroGA outperforms MacreGA for
the first 25, After this point MacreGA is dominant, The MicroGA
has a small population size and can evolve it very quickly. There.
fore, it can produce good results very quickly. In contrast, the Mac-
10GA has a very large population, which evolves at a much stower
rate,

The second result. depicted in Fig. 4, compares algorithm per.
formance i a moderately loaded network of 100 users. Again the
CAs significantly outperform all ather technigues with the MacreG-
A dominant after a few seconds, In contrast Lo the previous exper-
tient LLF performs better than RSS1, This can be attnibuted to the
fact that LLF is betier at distributing the load across APs, As the
number of users increase the ability to distdibute users amongst
APs become critically important, On the other hand RSSI suffers be-
catise users connect to the AP with the strongest signal and in an
arca of user congestion this will result in & large concentration of
users all connected 1o the same AP. The MacreGA algorithm nutper-
forms) (£} RSSI by 31%, (i) LUF by 30%, (iii} HLB by 18% and MicroGA
by 2%, 1t is interesting to observe that an increase in user numbers
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Fig. 4. Performance of 3l algovithms for a [EEE 80211 WIAN popilated by 100
users.
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Fig. 5, Performance of ot slgonthms for & TEEE $U2.17 WIAN populared by 250
users,

improved the performance of MicroGA relative to MacroGA. This in-
crease leads to a heavier computational foad for both of the GAs.
However, having such a large population, MacroGA is more se-
verely affected, For example, notice that as user numbers increase,
MacroGA takes progressively longer to produce an initial result,
Consequently, MicroGA becomes more competitive relative to
MacroGA.

The genetic algorithms are dominant yet again in Fig. 5, which
shows the results obtained for a congested network with 250
users. Also the patterns observed in Fig. 4 are even more pio-
nounced in Fig. 5. The MicroGA outperforms MacroGA for, on aver-
age, the first 85 The results also show that the 14F approach
significantly outperforms the RSS51 approach. Therefore, from the
above experiments we can conelude that the proposed genetic load
balancing algorithms do represent a very significant improvement
over techniques currently used in 1EEE 802,11 WLAN networks,
Qur comparative analysis of the GAs reveal that MacroGA has a
clear advantage over MicroGA as it provides beteer results for smal-
les numbers of users and its performance 15 equal with that of Mic-
raGA Tor large user numbers. However, in a time-critical setting,
MicroGA has a significant advantage since it outperformed the
MacroGA in the early stages of each run. In fact as user numbers
increased this advantage became even more pronotnced, to the
point where it outperformed the MacroGA algerithm for over 85
in a congested WLAN network of 250 users,

5.3. Bandwidth distribution results

This section investigates the distubution of user bandwidth by
the proposed algorithms, The objective of the analysis is to check
that the GAs do not achieve a high network throughput (as demon-
strated in Section 5.2) by increasing the bandwidth of certain cat-
egories of users while severely restricting the bandwidth of other
categories of users, For example it may reduce the bandwidth of
users that already have low bandwidth in order to increase higher
end-users, in this section we compare the distribution of band-
width amaongst users by the proposed algorizhins with that of the
RSSI, LLF and HLB technigues. As in the previous section this eval-
uation was carried out for population settings of 50, 100 and 250 to
simulate varying degrees of network congestion. Due to space Hme
itations we only present the results for @ WLAN with 50 users,
However, in the context of bandwidth distribution the results ob-
tained for a WLAN with 100 or vven 250 users i$ consistent with
that of 50 users.,

Per-User Bandwidth {Mbps)
- =] <

A

r—
45

B I R R T
User index

Fig. 6. Randwidih Distribution of all atgorithms for 1EEE 80211 WLAN with 50
useTS,

The distribution of user bandwidth by all algerithms is depicted
in Fig. 6. The Yeaxds represents the per-user bandwidth amd the X-
axis represents the bandwidth sorted in increasing order. The user
locations are different at each rum, and therefore the bandwidth of
the user with the same x index actually indicates the average band-
widih of the x-lowest bandwidth user in each experimental run.
Notice that the distribution of bandwidth by the proposed genetic
algorithms represents 3 improvement over RS5L ELF and HLB and
thus the ith tanked user in terms of bandwidth uader either GA re-
ceives more bandwidth than the ith ranked user under the other
approaches, for all ranks, For the users with a fower bandwidth in-
dex the HLB technigue is competitive with the genetic algorithms,
However, the HLB's performance degrades and is significantly out-
performed by the genetic algorithms for users with & medium to
high bandwidth index. Although this is a favourable result for
the GAs, it should not be interpreted as meaning that the GAs guar-
antee an improvement in performance for alt users in gach exper-
imental run. There may still be a significant percentage of users
who experience a loss in bandwidth when using the CA. This of
course may not be revealed in Fig. 6 if the percentage increase in
performance experienced is much greater than the percentage
decrease,

Therefore, we also analysed the percentage of users that experi-
enced an increase and decrease in performance for each experi-
mental tun, These figures were then averaged over all 30
experimental runs, Again for reasons of space we confine our anal-
ysis 10 a comparison between MicroGA and RSSH LLF and HLB. The
MicroGA results are comparable with these of MacroGA, The RSSI
comparison showed that 573 of users expetienced an average in-
crease in bandwidth of 270% when using MicroGA over RSS1, Also,
40% of users expericnced an average bandwidth decrease of 45%,
The remaining 3% retamed exactly the same bandwidth, A total
of 54% of users experienced an average increase in bandwidth of
A473% when using MicraCA instead of LLF; 36% of users experienced
an average decrease of 54%. The bandwidth of the remaining 10%
was unchanged. When HLB is contrasted with MicroGA it reveals
that 46% of users experienced an average increase in bandwidih
of 372%, while 43% of users experience an average decrease in
bandwidth of 36%, The remaining 11% had the same bandwidth,
The results reinforce the view that HLB is the best of the standard
strategies. However, MicroGA still sutperforms HLB and the aver-
age bandwidth increase expevienced by a user opting for MicroGA
is vastly superior to the average decrease,

We were also interested in identifying paiterns of behaviour by
the MicroGA. For example, were there patterns in the way the Mic-
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reGA treated particular weighted users? Did it reward users of a
certain weight more than others? Was there a pattem evident in
the way that MicroGA distributed users of a certain weight amongst
APs? We performed a comprehensive analysis of the experimen-
tal data, We fooked for patterns and corvelations based on user
bandwidth, user weight and user locations, In terms of user ipca-
tions we looked at user distance to connected AP, as well as ratios
suech as distance to nearest AP relative to distance to second near-
ost AP,

We were able to educe two main patterns from the experimen-
tal data. The first, which was expected, is that MicroGA consistently
pushes users from the populated APs at the centre of the AP grid to
the less utilised peripheral APs. For example, we found that in envi-
nments consisting of 50 users the R381 technique wtilised an
average of 9 APs, while the MicreGA utilised an average of 19
APs, We found that there was no bias in this distribution of users
by MicroGA; that is, it did not tend to push users of a certain weight
out to the periphery more than others,

The ather pattern identified was in relation to the percentage of
weighted users that could expect to receive an increase in bang-
weidth if the WIAN operator used MicroGA instead of RSSI, White
an operator who switches to using the MicroGA would see the
majority of users receive an increase in bandwidth, we also found
that the percentage of users that experience an increase vavied
depending on the user's weight. A larger percentage of low
weighted users receive an increase in bandwidth convpared to high
weighted users, For example, we found that a larger percentage of
users with weight 2 would receive an increase in bandwidth com-
pared with users of weight 3. This was consistent across all
weights, However, this pattesn did net occur when MicroGA was
contrasted with LLF or HLB,

6. Conclusions

The olsjective of this paper is to provide load balancing tech-
niques that improve network throughput and consequently pro-
vide customers with a better QoS, Towards that end we proposed
1w genetic load balancing algorithms called MicrotGA and MacraG-
A, Empirical evaluatien demonstrated that bath algorithms autper-
form the current WLAN techniques in terms of tatal network
throughput and distribution of user bandwidth, We show that on
AVETAZe A USer can expect 1o receive an increase in bandwidth i
1t uses one of the proposed GAs, The GA performance improvement
is achieved without penalising any particular category of user. A
comparative analysis of the GAs reveals that MicroGA is more
applicable to a time-critical Joad balancing scenario. In fulure, we
aim to investigate the performance of the proposed algorithms
when supplemented with greedy initialisation strategies,
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