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The Compact Genetic Algorithm (¢GA) is one of evolutionary algorithms. It employs a
probabilistic model instead of using population in searching for solutions. This makes the compact
genetic algorithm take advantage in using a small amount of memory and eliminating genetic
operators such as crossover and mutation. This technique helps the algorithm to process faster. It
is comparable with Simple Genetic Algorithm (sGA). This thesis proposes an adaptation of
updating strategy in the compact genetic algorithm to help the algorithm to achieve a higher solution
quality with fewer evaluations. We named the proposed technique as the frequency based compact
genetic algorithm (fb-cGA). The fb-cGA collects information from the past, i.e. frequencies and
continuity of updating probabilities towards 0.0 and 1.0. The frequencies and continuity are used
to guide an updating step size. The experiment results show that our proposed method requires
lesser number of fitness evaluations and achieves similar or higher solution quality compared with

the original cGA.
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fori:==1to!
begin
if winner(i] 7 loser{i] then
if winner[i] = 1 then
Ufreqli] := Ufreq[i] + 1;
Uconli] := Ucon[i] + 1;
Dcon [i] = 0;
if (Ufreqlil > Dfreqli] AND Gen > (psize/4)) then
plil = pli] + ((Upsize) + (plil * (Uconli]/100));
else
plil = plil + (I/psize);
end if
if (pli] > 1) pli = 1;
else
Dfreqli] = Dfregli] + 1,
Dcon [i] == Deon [i] + 1;
Uconli] = 0;
if (Dfreqli]l > Ufreqlil AND Gen > (psize/4)) then
plil = plil - (Ipsize) + (pli] * (Dcon [i] / 100));
else
plil == plil - (I/psize);
end if
if (pli] < 0) pli] = 0;
end if
end if

end

A @ J ] I g}/ a a o v Y 1 a
NINN 3-2 ﬂTﬁ‘]JT]JTJ?Qﬂ"Iﬂ'JnJH"ﬁ]SL‘IJ1!ﬂl@ﬂﬂlu@@u?‘ﬁlsﬁﬁwuzjﬂiiﬂllﬂﬂﬂigﬁslf‘]_lﬂ?]ﬂﬂ']ﬂﬂ']llﬂ

26



27

U

MIMNUVBITUABUIBITINUENITNUVDNSZTUAIBAIN1IND

Y H H
MIMNUVITUABUITIF IR UFATTUNLUATEFURIeAIANUAT T AR UAIAND Haza
1 4 @ 1 [] I 4 o v A I [
anugetiioslumsdsulgemanuingidudm 0.0 uaz 1.0 et lslumsaadulanazSuilgea

' I Y ad a o @ Yt a a A 2 o 1 =~ 9
ﬂ']’lllu1°’IJ$L°]J‘L!GUQQGUu@]'ﬁ]u?‘ﬁlﬂﬁwuﬁﬂjjnuﬂﬂﬂjg"]fﬂi‘ﬂllﬂigﬁm‘ﬁﬂ"IWL‘WﬂJﬂJ1ﬂsUu IﬂﬂMﬂWﬂ’ﬂNﬂNﬂ%

v A o 1 1 4 [ 1 ] I X v <
lumisdaaula vazihmanuasiiownldlunmsdSulsemanuiegiu F1eazideavonistamy
9 ! = ' A Ao A
VOYANTIAITUD LASATNINUADIUDINANY

=

1 msdaiudoyamnnug
' o 2 an =~ v d Y 1 = o J ]
Tusgn119m13MNUI0ITUAUIT s imsTanuvoyannud lunmsdsuilgeannuiiag
I 1 a J 13 4 o | v A @ 1
Wuvewaazialunaaeianuiniu werihunlddudeyalsznoumsdaaulalumsysulysmna
] I 1 { @ J ] I L { a @ '
unzdlu TasannudlumsdSulssmaamningiluiiawnsanazuen lddesianisvesnsdsualgean
] I a & J a 1w 1 [ 1 ] <
anuinzduludaiug Nideme ) lumadannaiinusgrinamsdSudzsmnnusingdudim 1.0
A é Y [ d' @ [ [ I~ 9 [ ] [ d' @ [
139 0.0 ¥3011nA1ANNa Tumslfulgennnuiesthudima 1.o mannmanudlumsiliulyean
1 < 9 1 < 1 a dyda [ 1 [l I 9 1
ANuazEluINIA 0.0 N9199zHEANNN TUTANTNANIIYEINT TV JeannuheEl g
1 1 { @ 1 ] I 1 T { @ J
1.0 s mnaaud lumsdsuldgeannuuinsduding 0.0 winnmanud lunmsdSulgean
1 I~ Y 1 I ] a dﬂlda o ] ] I 9 J
aNuazElu I 1.0 Ae19zrenNuNludaulnameveInslivljeannuiegdl i

9
v A v v

9 o 1 1 I gi a A 1 = [ [
0.0 LLﬁ&ﬂWﬁ?ﬂ{lufﬂi‘]Ji‘lJ‘1J§Qﬂ”Iﬂ’JHJLlW$Lﬂuﬂluﬂiﬁuu3~mﬁﬂ1§‘ﬂﬁiﬁ H ‘Uﬂ”lﬂ’ﬂllﬂﬂl@ﬁﬂﬁﬂi‘ﬂ‘ﬂ?ﬁﬂW

[

9 9 v
anninzduudl Auaasidanudlullidhlunsdfudlsesanningduaisdiifaniefigndes

q

$1981999915197 3-2



28

A J ] v J A o J ] I
AT NN 3-2 mamﬂmiﬂmﬂummmaium’iﬂiuﬂgﬂmmmmﬂmﬂu

Uszmng A1ANG
Usznsquii 1 TasTulwsuii 1:011110 anuah1ng 1.0 (Ufieq) 001100
TasTulwsuii2:01001 1 mnuah1ng 0.0 (Dfieq) 000001
Uszansquii 2 TasTulamfi 1:10101 1 At 1ng 1.o (Upeg) 102100
TasTulauii2: 010111 mnuah1ng 0.0 (Dfieq) 010101
Uszannsguil 3 TasTulwuii1:111101 annuah1ng 1.0 (Ufieq) 103200
TasTulesufi2: 110011 annuaih1ng 0.0 (Dfieq) 010111

Ad' =% ) ) 1 ] ] 9 Iy} é =1

NN 3-2 TA08199091 52910508 3 71 Tasudazjullsznoudlolszsing 2 47 &l
vuavedIns Tulywy 6 Do auy@li I Tulaui 1. vesdazudlulszmnsdfivuy Welimsalfuils
1 [ < [ 1 9 = ~ [ 1 [ < [ 49! ~
amanuiezulunaazsundirsciannud lumsdsulysaanuiegdulumsdsvvunazah

a X v oA 7 ’ g p 1 R v ! ) v
mmlu“luLmazummnﬂmaimmummﬂu Tﬂﬂliﬂﬂ’ﬂﬂTﬂ’NNm‘Uﬂﬂa 1.0 uazmmmmmﬂﬂa 0.0

a

atnurulusznsguit 1 Tudumiisi 3 veelasTuTaud 1 uaz 2 Audeifiadeiu TasTas Tu Ty

Y
Y

L % 1 ~ o ] g’; A 2 o oA
1 autlu 1 aniwsnzdsuaanudn1ng 1.0 ludwvdaiumuay 1 uazludmmian 6 Tas Tu sy

=h.

3 U

A = I v ¥ o A v 9 ° 1
2 1 Ty 0 aaruswzdsuamanun1ngd 0.0 Tudunualmnwuyy 1
w [~ v \ \l d‘
2 MIdaNUVeyaNIANNADIHBY
I v I 9 1 [ A 1) [ 1 I [ a o
Wumstamnuveyaninnuasiioslunisdsulyeannuissitluvesaazialunames

anuinzdi et lFlumslfulssmanuingdulussaz Savesnawesanuinziiu Taa

Y
=

[ d' Y ] [ I~ dy d‘ YR @ 9 d' Aa Iy
anuaotieslumsliulyemnnuinzduliaunsofvzven ldtsanudaudeinmavulumsydsulss

<3| ! a =2

1 [l a J ' 4 @ ' ] I
annuiziulunaazia Fadmnludalafisinnuasiiioslumsdiudseamanuinniluios

g g

[ a @ [ 1 [l < o [ 1 1 4
uerasnludaiuniianudaudslumsdsudseaanuingduun vazazimsdiuaanuaeriioa]d

Wugud delimsdFudlgalyluiianeasadudin uadwnludalatiaanuaeiieslunsdSulgem

y g

' 3 1 A = o ] o ' ' I 9 o '
ﬂ’meﬁJszmﬂﬂ L!ﬁﬂ\??"liu‘]J@uuﬂllﬂfnllGUﬂLLfNGl‘HﬂTi‘]Jﬁﬁﬂg\iﬂ']ﬂfnllu'ﬁlglﬂuuﬂﬂ HUARUTYNITUIN



29

9
v A

mamnsoiazaiula ldhmsdsulgemanuingduludmininsdiulsd U lufaneidanudedis

A9913197 3-3

~ @ 1 v 1 [ A 1) 1 1 I
M3 3-3 grvgIMITanuaInNuaBIlod lunslTulgemanueziy

Uszang Manudeiilos
Ysznsquitt TasTwlsuiii:o11110  manwudediead Ing 1.0 (Ueon) 001100
TasTulauiiz: 010011 manudeiiieushlng 0.0 (Deon) 000001
Usznsjuiiz TasTulwufii:101011  manwserdioudi1ng 1.0 (Ueon) 102000
TnsTulwuiiz 010111 manwdeieudi1ng 0.0 (Deon) 010101
Usznsguii s TasTulwufi 111101 manwserdiendi1ng 1.0 (Ueon) 103100
TnsTulwuiiz 110011 manwdeieudi1ng 0.0 (Deon) 010011

d' A o 1 1 1 1 1 9 U é =
INN15199 3-3 UA0819¥e5291n50d 3 31 Tasudazjuilsznoudlelszying 2 47 &l
2 a2 { 1 1 3 v A \ o
uavelns lulsw 6 Ua duydld Ins T Tysud 1. vewaazswilulszansdfsus Welimsdiuilge
] I 3 ] U i ' 4 o U ] I
amanuiziulundazjuudrsziiannuasiiioslumssvilgemanuiiezidlud1ng 1.0 uaz 0.0
a é’ 1 Aa J ] I = T 1 A 9 9 1 1 A Y
navulunaazinveananeinnuiiziy Tagizennannuaeiioudn1ng 1.0 tazamnnuasiiiowd
o ] ' J { o VoA A < A Aa 1 o
1nd 0.osedrausuluilszansgui 2 Tudwsiih 3 vosTas TuTaud 1 waz 2 udantimiaienu Tag
o A A g v & o ] A 9 9 ° v 2 4 2
Tas TuTeuddn 1 Nantly 1 aaiusezdSumanuaeieudilng 1.0 Tudwrusiumuiu 1 uagly

o oA v A = B~ o g’; @ 1 1 A 9 Y o [ g’; A da!
Auriuan 4 Ias luTxuan 1 uanilu 0 asuwsiezdsuamanuasiioadilng 0.0 Tudmvuatunwuay

] 1 A F) 9 ) ] g}/ 9 o o 1Y) I v
1 LL@]ﬂTﬂ’NJJ@]@L‘L!@QLGUﬂﬂﬁ 1.0 1u@1llﬁuﬁuu%$@]ﬂﬁ‘ﬂ1ﬂ13ﬂﬁﬂﬂﬁﬂll%ﬂu 0f8Y

3 msdSudgamanunaznily

H 1] 9
nnMsAnyImaasainnNud wazmanuaoiowlFlumsdsulgeiuaeumsinuves

Y
o/ ad 4 '

a o I ) a, { 7 a a o v
VUADUIDTIV uﬁﬂiillLL‘]J’]_Iﬂi8Glf’]_lLla3llﬁllﬂ1!"1]1!@]'EJH’J%i‘ﬁllﬁLdiflﬂ?]"l“]]i!@]@H’J%Lsﬁﬂwuﬁﬂﬁﬁullﬂﬂﬂizsﬁﬂ



30

vy
% [

9 [ =y YA Yo 1 ~ 1 1 A Y g’/ o 1 ] I =
AIYAINITUDUU W1 ‘t’JulﬂuWﬂWﬂ'J'liJﬂ u,azmmmﬁeLuemﬂﬂumuﬁeumiﬂwﬂgQmmmuwmﬂu KN

[

@ 1 ] I - a a o v 9 J Aa = 2
ﬂWS‘]JiTJTJ?QﬂWﬂ’NlIUW%LTJWIJ’EN"‘IJHG]@H’J‘HL%QWH‘Qﬂiimm‘uﬂiz%ﬂﬂ?ﬂﬂ1ﬂ31nﬂui1ﬂa$L’E]EJ@ JU

|

1. odwuzaiauilu 1
ady A g LY ' = o ' ' < a P v
Tupsaingruzianilu 1 1u snamanudlumsdivlysmanunezdulunamadnlng 1
J A : Y J ' I a 1 [ '
Hawnnnmanualumsdsvlymanuminziiuluismadi1ng o veanunmsdSuilyeainan
] I a 1 ] 4 { o 4 13 a { o 1 o { 1 § o
unziuludatiiaonindeteni liiyene laauilu 'l ludemeamiligmaeuhadu uazieduau

9 9
v % as

Ao 1 1 o Iy 1 ] a3 1
YoINITIIAIMITAWINNN psize/n 1AW TUABUITIZINMTUT VY JemanminzduTasldaany
' 4 @ J ] I a g 1 1 { o 1 ] I a
aotioslumsdiulyeamanuihgiiuvesdail uadmnaianwalunmsdsudgeaanuningdluluis

1T : [ 1 1 3 a 3
nmaudn1ngd 1 desninannudlunmsdsulssannuinsdulufianaudilngd o wiedwauvesnis

[

a Y 1 . 2 addy o @ J ] I Y @ 1 1
MIANUINITUBYNIN psize/n GU‘L!GIE]‘Ll'J“ﬁuﬁ]31/l’lﬂ’l§ﬂ5ﬂﬂ§\°lﬂ'lﬂ'ﬂhu'li]gLﬂuﬂ’)ﬂﬂ’]ﬁﬂﬁﬂﬂ?ﬂﬂ’lﬂfl’lﬂu’ﬁ]g
I 2 a a o @ ¥ a
Lﬂumawummmmwugﬂiimmumwmmummu

2. fwuziiauiuo

) ] LY '

Tunsaiiduzdianilu o 1iu Srnaranud lumsdSulgesmanuinziduluiamadhlng o

1 [ { [ 1 1 I a 9 9 1 ] [
umwnnNmanudlumsdsulgesmanuizdulunamadndng 1 vueanumnnsdsulgsmany

A

] I a dyd A A A Y A ] a A 9 A o
m%mﬂuiuuwuummmwaaammwiwgwaa@"lﬂa1gﬂu"lﬂ1umﬁmNmﬂmm UAZIUBDITUIUUBINIG

Q

9 v
v Y % as

a ] [ o @ ] ] I~ ] ] 4
FIMUIMSAWINNN psize/n 131U TuaoUIBIzTIMsUT U Femanuiezitiudemanuaoiioslu
[ U ] I a dy 1 1 { o 1 1 I a

msdsvlgemanuinzduvesdall uadmnannud lumsdsvdgemanuuinngduluiemadnlng
Y [ A [ 1 ] I a 9 9 A o a o Y

0 HeenNAmaNud lumsdivlyaanniheztlulunamadilng 1 v5emuveImsIIwuInstios
' H Qddal o [ J ] 3 Y ax Z ax a o

N1 psize/n VUADUITUILTINTUTU 791921011921 UAITTNITVOITUABUITIFINUFATTULU

9
NITHULVUALAY



31

a d
WININABT psize/n

~ YA o Y o o g’; as A o v Y 1 = <3 Y
ﬂ'lﬂ“n@')ﬁ]ﬂulﬂltl'llﬁuﬂfnﬁ“ﬂN']Ll‘llstUuﬁfJLl’)‘ﬁL‘]NWu‘ljﬂﬁﬁiJL!.‘U‘Uﬂﬁ%Gb"Uﬂ'JfJﬂWﬂ'J'mﬂ ﬂ$LTTullﬂ

1 Y9a v o a 4 . I A & v Aa o 1 1 I = a 4
NGIWN0T psize/n WuTuRou lunilalumsdadulaliviyeaanuineziu Fanniwes

. A 9 o A A 1 Y Y3 o '
psize/n ﬂ@GULlTﬂ‘llfNﬂ33515'Iﬂ'51’i'13ﬂ'38ﬂ']u'3u n (U9 n Ao ﬁ’JusU’f)\'iGUu"lﬂ‘]Jﬁgsb"]ﬂi ) um”lmﬂu’amwmu

o Py v a o 1 ] < A o ao A 1
voualszrng W lslunsdadulelsvlyeaanuinegthuieiiuuee 3 imuinsuaIuInn

an

9 i 9
AT 1TINVIIAYTEHINTU Lﬁ’t’)\iﬂ"lﬂﬂﬁﬁNWUiﬂ‘Uuﬁﬂ €] VONUUABDUIBL

o

9
ANUTNITNUDUNISTFUUUIN

KD

9 ]
BNUNNNVUADUITIZITY

S8

1A A ] [ J ] I =
uliJZJ‘V]ﬁ‘V]N“VIL!‘LA‘L!ﬂuﬁluﬂﬁﬂﬁﬂﬂ?ﬂﬂWﬂ’NN‘HW%LﬂH HAgANNITANHIVDN

°

v
L% Y

A Aa ~ [ 1 1 I A ] Aa o Y & A o &R 9
ll‘i/]?ﬁ/nx‘l‘VIG]W]H]‘Lli‘Llfﬂﬁ‘]Ji'Uﬂ?\“lﬂ'lﬂ')'lllu'lﬁwL“lJ‘LlLlI’E]W'Iu'J’WJJu'lﬂ'lﬁ]lﬂll,a'Jﬁgﬂgﬂuﬂ ANUHURNT ﬂﬁN]‘lﬂ

=

o = 1 a 4 . d' = =R o 1 d‘ d' o Y 2’, ad A Y
MMTANHIATNITTUIADT psize/n LW@ﬁﬂ'H10\16@51ﬁ’J“Ll°I/I!,°I’Tll13ﬁil‘ﬂfl]31!1%ﬂ%iuﬂluﬁﬂu’ml%ﬂwuﬁﬂiiu

DL

v 9 !
UUUNISTUNIIATNIUY

5%

(% o 1 a 4 v o a :
Tumsnydide ldhnmsnagouamsines psizen nudymiswaudaniiauings, Jon
< o v o oA 1 Y 1
UIUADULUN, ﬁﬂlumiaﬂai‘m Lla&’ﬂiyﬂ’lﬂﬂﬂﬂ NUYUIAVDN tournament 2, 4, 8 LASUNUAT n AIYAT 2, 3, 4
[ Y

WAL 5 Y30 psize/2, psize/3, psize/d UAe psize/s tlonagovlsz@nsamnmsmaminey vazsiuiuaselu

a ' a s Y o An Y o A =
ﬂ’lfl'ﬂfl'gLlluﬂ’]ﬂ')’llllw3J’]$ﬁ3J"]J@\°ILWIﬁ$W’]§’]3JWI@5 Lm’Jumami‘vmam‘whlﬂmmu’smmaL’iﬁiﬂumﬂu
[ | 1 1 o é’, a 1 a S = ~Aq Y o 1
@ﬁi’]ﬁjﬂﬂ’lﬂj’]ﬂlwll1$ﬁﬂ§]@ﬁ]’]u3uﬂﬁ\1ﬂ1iﬂ5$L3Ju6U@\3LL@a$W'I§']3JL@@§ %Qg@iﬂi%iuﬂ’liﬂ1u’)mﬂ’lﬂ1

9 9 v

DATIAIUAIANUHUICANADIUIUATINTY TN UUY Llﬁﬂ\‘]ﬂ\iﬁﬂﬂ'lﬁﬁ 3.1
fhmmmmzﬁuﬁaﬁqmﬁ%umu%’%mm"lﬁ'

° ¥ a
AT IAIUAANUHNIZANADTUIUATIN T 521N = N ) . 3.1
sunuaselumsilssdivamanumingay

' ] Y
=

{ 3 o 1w ' ' 1o 19
{l]']ﬂﬁllfﬂﬁﬁ 3.1 nJumJm'ﬂnWtﬁaﬂmam‘mmamWﬁaumﬂammmzfmmmuaumdmﬁ

9 ] 1
Usgiiulumstaureiuasu SN uENTsULLUNTEFUMeIAND Taenmsiaianumigauia

v
%

H Y 1
‘VIE:f@‘17‘]51]‘L!GI’E]’LJ’J‘ﬁ“rﬂll115“1%15%38%?11!31!?\5011!ﬂ1‘iﬂi$m1,lﬂ1ﬂ’ﬂllwill1$ﬁh %Qﬂ1ﬂ@]51ﬁ’{]uﬂ1ﬂ’ﬂm

[
=

9 H 9
mnzauass A IMIseuinniuznaasdalseaninmlumsmimnouigs

Y

9 ]
GIiYGT’Juﬂ'lﬂ’NllL‘Vill1$’G’f3~|@]f]%°1u’3uﬂi\ifﬂiﬂi%LiJuﬁnJ11‘]95}Lﬁf]’3ﬂ‘ﬂ38?(‘1/]‘55]11/\!61]?]@!!,@]'@8
a S o 2 I [ 1 [ 1 A A ~ g}/ as Y o
WITIWRDINNINITNATDU G]NL‘]JLli’)ﬁi"lﬁ?]i!i%ﬂ’ﬂ\iﬂTﬂ’ﬂllL‘ViNTSﬁNﬂﬂﬂ@'ﬂﬂﬂlH@@U?ﬁﬁTNTqﬂ ny
9 9 v
ﬁ?ﬂ?l&ﬂi\ﬂuﬂ1iﬂi$muﬂ1ﬂ'ﬂlﬂﬁ1ﬂ$ﬁh T@ﬂmamwmummmmnwﬁmaﬁwmumqmiﬂizmuﬁqﬁ

a a o { . { <3 o [ [ 1
LLﬁﬂ\‘lﬁ\iﬂiSﬁ‘lﬂ‘ﬁﬂTW11!ﬂ1§1’ﬂﬂ1@]’0‘].]ﬁq\1 c’f&wmmsnﬁ 3-4 LlﬁﬂQiﬁ!ﬁﬂ@@]i?ﬁ?l&ﬂ?ﬂiﬁ%ﬁﬂ13?1’3“5]@



32

9 9 v
55'11!’Juﬂﬂﬂﬁﬂi%mumﬂ’ﬂqﬂﬂﬂl{}ﬁW HAzOATITIUAANUHNZFNADNIUIUATINMITUszliu Taamas Tag

Y ' H v
psize/4 UABATIEIUAMANUWHNZAUABTIUINATINTU 52l umasNgalu tournament size 4 uag 8 Falu

9 ]
tournament size 4 UA1OATIAIUAIANUHUICAUADIIUIUATINTU T2 UIRGY 0.0340 nazlu

Y ]
tournament size 8 YAOATIAIUAIANUHUILAUADTIUIUATINTUT LN UIMTY 0.0418 uazluvuIAvDg

3/ ' v ! ! ' o 3’, a { 1 a 14
tournament size 2 U psize/3 ﬁﬂmmmmmmmmmzﬁumammumqmiﬂszmu‘ﬁqqmmﬁmmm

Il Y '
51! TAaliA10AT 1@ IUAIANUNNIETUABTIUIUATINITYTLU AT 0.0249 1NNITIADATIIUAINIY

9 F4 9 H
Mz NUIUATINITsZNTABT WY ABATIAIUMANUNIETUABIINIUATINTUTEHIUNG

v ' v v
ﬁq@liﬂ’iﬂﬂ psize/4 “?\‘lﬂ?ﬂﬁi']ﬁﬁuﬂ']ﬂ’ﬂﬂlﬁil'lgﬁll@]’l’)ﬁ]ﬁl!’J‘L!ﬂi\‘]ﬂ']i‘ﬂigmuTﬂﬂlﬂﬁﬂﬂ?ﬂﬂﬂﬂ@ﬂW uag

Y v
YUIAUD tournament U psize/4 HAUNIND 0.0330 AIA15 19N 3-5

H Y
A15190 3-4 HANSINOATIAIUAINNUHIIZTUADTIUIUATINTU 2 1H U

ATIAIUMANNHINZANABIUIUASIM U 523U "4
Problem RRIOEGH]
One-Max Random Max Royal Road Trap
o ~ psize/2 0.0557 0.0333 0.0051 | 0.0004 0.0236
§ .g psize/3 0.0575 0.0363 0.0053 | 0.0005 0.0249
5 ‘U’_' psize/4 0.0528 0.0353 0.0043 | 0.0004 0.0232
2 psize/5 0.0547 0.0345 0.0049 | 0.0004 0.0237
o < psize/2 0.0764 0.0429 0.0095 | 0.0008 0.0324
E Q psize/3 0.0762 0.0423 0.0102 | 0.0009 0.0324
:E, (7] psize/4 0.0826 0.0419 0.0107 | 0.0010 0.0340
2 * psize/5 0.0790 0.0409 0.0119 | 0.0009 0.0332
o © psize/2 0.0850 0.0403 0.0148 | 0.0007 0.0352
% Q psize/3 0.0784 0.0425 0.0146 | 0.0009 0.0341
:E, (") psize/4 0.1058 0.0472 0.0133 | 0.0011 0.0418
2 * psize/5 0.1014 0.0456 0.0139 | 0.0011 0.0405

H 9 H
A15199 3-5 ma@]s"umummmmmzﬁmaﬁi’maumqmsﬂizmuiﬂﬂmaﬂmﬂnﬂﬁmm HAagUUIAUDN

tournament




33

oNEIUMANNHINZaNABIMIUATINM S5z uaende

psize/2 0.0304
psize/3 0.0305
psize/4 0.0330
psize/5 0.0325

] ¥

A I ~ = U ) 1 Aa 2 1 '
NINN 3-3 lﬂuﬂiﬂlwmllﬁ@NﬂQﬂﬂljglmTQ‘ﬂ1ﬁ@Um@Qﬂ1ﬂj1ulwNTgﬁﬂJmlﬂﬂmu@QH@ﬂjgﬂﬂﬂ5§u

J 4 [ a 14 o w x
usnaudelszmnssugaeilonado U U NI NADS psize/2, psize/3, psize/d WAE psize/S MUY &4

~ I o o a = ~ =1 a
ﬂﬁ??\l‘ﬂllﬁ@ﬂlﬂuﬂaﬂ'li‘ﬂﬂﬁ@\?ﬂ'i_lﬁiy}‘Vi'l"l]'l‘L!']‘IHJ@]WUQﬂJTﬂqﬂ‘Wﬂig‘lﬂﬂﬁﬂJmUTW 100 UA HAZUYUIAUDY
9
tournament (N1NY 2 Tﬂﬂuﬂuuauﬁaguﬂlmnwmmi !,!,ﬂumﬁammmmmzﬁu !,Lamgf)u?fﬁwﬁaﬁnmm
A av A 1w
NIUVBDINIAUINTITUAUNIND psize/n

]
ad A

Y~ ] 4 ] a o 1 T @ g’; o A
Wﬁfﬂi‘ﬂﬂﬁ?Nll,ﬁﬂxﬂﬂlﬂu’ﬂlﬁﬁ)?uﬂlﬁ)\i’J’J@JuWﬂﬁﬁﬂWWHﬂll psize/n YUADY ‘ﬁ‘wmmungmﬁ

1 1 1 o [] I~ v a A 1 Aa o 1 [ Y
ManurnzaugEingmaon laed 193137 Funa1nnsilioFuued TN sNAUIINY psize/n 137

Y H
c% ad A o

=~ [ 4 1 I 9 1 1 I~ ~ 433
VYUABDU ‘ﬁTIu’llﬁ'u’ﬁ]llfﬂﬁ‘]Ji‘]Jﬂ?\‘llﬂﬂm’ﬁliﬂ'JnJuﬁ]glﬂu@'JEJﬂWﬂ'NiJH'H]gLﬂUWiJ'IﬂﬂJ‘H HAZIMNMAANIT

'
ax A o '

A A 2 g 34 A g 9J 1o 9 ' ) Ay
NAADUND 7 UATNINVUVUABUITNUUTUDNIIUNITLIINAUYVIFANNDUAIYTUUDIIIMNUINITNUBYA

LT}

d’ o d'
1398 €] ANNINN 3-3



34

100 T : 100 T
90 B Q0 - B
4 80 - & 80 -
= =
[ [l
> >
n n
] I
% 70 - b E 70 - b
60 - b 60 - b
Fitness Convergence —+— M Fitness Convergence —+—
SU 1 Il Il Il 1 SU Il Il 1 1 1
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Generation Generation
(a) psize/2 (b) psize/3
100 T T T ; 100 T
90 - B 90 - b
& 80 B & 80 B
=] =]
[ [
> >
0 0
i i ;f
ﬁ 0r B E 0r- b
60 - B 60 - B
Fitn3§5 Convergerllce — ) ‘ ‘ Fitne§5 Cunvergeqce —
50

50 1 1

0 100 200 300 400 500 600 0 100 200 300 400 500 600
Generation Generation
(c) psize/4 (d) psize/5

{ J o o a 4
AT 3-3 MIGINHIANADUVBIMINAADINUNITNNIADS psize/2 , psize/3 , psize/4 U psize/s NN

a & 9y
Danilanga Taglda1a tournament 2

Y
2 Y o

A < 1A ° 1 aw ~ 1 24
INHNINN 3-3 llﬁ@\?clﬁ}lﬂuj'lﬂ\iﬂ'] n ll'lﬂ("ﬁu%']u')u?um@qgjﬁuu’lﬂ'liﬂﬁllgl"lnw'lﬂ'lﬁﬂﬂﬂEN

9 = 3 J ) = "9 o AQ A 2 g 1 . [ Y A
UDYAI YINNATIWILLV U psize/S UMIPUIIANDUNLIINGA AT INI psize/4 1aNUBY LALUBIIINND

[ Aa a 9 Y3 1 . = a a A A 1 . [V g’/
fﬂi'mﬂi$ﬁ'ﬂ‘ﬁﬂ1wulﬂllﬁﬂﬂﬁlﬁlﬂu31 psize/4 Mﬂ'lﬂigﬁﬂ‘ﬁﬂ'lWIﬂEJLﬂﬁEWIgﬂﬂ’J'l psize/S muu‘lum‘mﬂam

Y Y
o/ a Q/ % v

a o Y = 9n o 2 A Yy o a &
VUADUITIFIWUTNITULVUNISTUAIYATIAITUDUU {7 EJiNLaf’Jﬂ(lﬂ)’pSlzeM Tunisauiumsnaaes 99

A 4
osueluuNy 4



=
unn 4

Han1InNaaog

A g o an g a a o
Gl“l«!“]J‘ﬂ“LJL“]Jl!ﬂﬁu%ﬁu@’)‘ﬁﬂﬁﬂﬂﬁ@ﬂ HAZHANTINAQDIVIIVUADUITIBTIWUTNTTNUDY

[

o Y A a 7 o 2 ax PN Yo
NILFUAIYAIAIIUD (fb-cGA) memﬁwwmimmwummummﬂ@aiummmmm%”lﬂm

Y H
Y ad A

o v 1 9 1
VUADU ﬁmmmuammaamuﬂmmmq 9 “lmm

[am—

PYymdmudanilaninga (One-MaxProblem)
2. ynwsuao 13in (Random Max Problem)
3. ﬂ’muﬁﬁ o8a 15a (Royal Road Problem)

4. “ljilluﬂffﬂﬁﬂ (Trap Problem)

v & o ' ° = o an A YA
Tﬂﬂwaaw‘ﬁ%']ﬂﬂ'lﬁvlﬂﬁ’[’)l]ﬂﬂll@agﬂﬂ]uﬁ'lﬂzgﬂu'lll']llﬁﬂUlﬂﬂUﬂUmuﬂau’J‘ﬁﬂNa@u

as

o ! vy & Ay Yo ~ Y
HUFTHUDUINOUNUT YUADU ‘ﬁ‘ﬂhlﬂ HJWL‘]_'L%fJ“LIL‘V]fJ“LI ]lﬂl,l,ﬂ

Y
%

1. VUABUITIHIHUTNTTNDE19418 (SGA)

as Y

UADUITITY u‘gﬂismmumwﬁu (cGA)

[\
See

Y
%

3. TUADUIBITIWUENITUUUUNTZFUAILAUNDAY (mcGA)

as Y

9
4. YUADUITLYN uﬁﬂiimm‘uﬂi%ﬂfﬂiﬂﬂi%@l’llﬂ\illﬂﬂﬂ?’)i (pe-cGA)

o

Y v
5. TUADUIBITINUENITUIUUNTZFU TaelFAunuFINT (ne-cGA)

TUABUMINAADI
gz ax A o o 9 1 A o [ a &
1. MAAIVUABITIINU NI TNLVUNTEFUAIIAIANNDNUT T uIulanilann
< @ v @ { <
qa, Yymususeuudn, Tymsedalse nazdymnuan Taswanminaaosi lailu

1 { 2’, o a 4
AnnagINMInagou TUsHUATUNIMUA 50 TOUMININU LLﬁSi%W"IiTiJL@@i psize/4



36

9 9

A5eUNsUNaNITNABRINUIUADUITIFTINUTNITNOE19418, TUADUITIFY
o o 3’/ ax A o v Y 1 A 3’; ax
HUFNITUUVUNIETY, TUADUITIFINUFNITUUVUNIEFUAIWAUNAY, TUADUID
v
FUFNTTUNUUNTEFU Taelddunuuuo1I3 LaztuApUIBIFINUTNTTUUDIY
g Y o ' o o 3’; ax A o 1 dy
nzduTaslaaunauuusIng TagiinsnaaouTuAdUITIFINUFNI TV AT
o o a & < ] [
nulariidudanilannga, dymusuaeuuiin, Tyrisedalsa wazariny
[ 1 = @ g’/ ax A [ % 9 1 d' Y o
AN IFURBINVIUADUITIFTINUFNITUUUVNTEFUAIAIAIND 1A NIWaN13
4 2 -
naaeunagaInmMsnaaov 1sunsy 50 aseuufFeumeunanisnaaes
a 4 o g‘/ a, 1 [} I [
AATILHATHINUVBIIUABUITIINAINNNUI Y LagmnNuHNIZay 1ag
o 1 ] I J H] 1 1 =<
MmNy tagmanumnzanaalizsnsgunsnaudalizang

[ o 1 ] I 1 4
1!Ejﬂ‘VSI}TEHJ'lﬁ]ﬂVI'IﬂS'IW“UfNﬂWﬂ’NiJHW‘U&TJH HazNIIMUIAIANUHIZ TN Lﬁ’f)

P

= o A4 a X
UEANDNNITNINIUNDAUY

a d H
e snl¥lunsnaasy

A R g Y, A P 2
NITTUADTIAN ) ‘1/11‘])'11!ﬂ'l'i‘ﬂﬂﬁf’N‘]Jﬁgﬂf’)ﬂﬂ')ﬂWTiTﬂJlﬁf’)ﬁ@]'N f AU
1.
2.

3.

[

AN Ing T Tay
vualszang

VUM tournament

o [ a d 1 a 4 [
TumMsMUUANIVEINITINADTA 9 Glmmazﬂtgm VNS WADTVTANVLANA

[

[ 3’, Lé 1 a o’d' 9 1 [ d'
ﬂumugﬂzmmmﬂmmuu 9 "”INﬂWWﬁWm@]i’Jﬁﬂi‘;}fﬂﬂﬂﬂJﬁW]N S UFANANAITINN 4-1



A a I
ATTNN 4-1 WIULEDIN Gl“lfﬂ‘UﬂﬂJﬁW]N 9

37

ey anueIasiulawy vnailszrIng Y1 tournament
° A = A 2 2 4
Jydwaudanilann | 100 Ua 2,4,6,8, 10 tAuAUN 2
a9 az 2 AU 100
53 a A 2 4
Yayriwsuaou uin 100 U@ 2,4,6,8, 10 tNUAUN 2
=
Az 2 U 100
1Y) Aa A 2 4
oyrinseda T3a 64 U9 2,4,6,8, 10 tWUYUN 240078
=4
Az 2 U 100
Hyrminuan 30 UA (NUANAW 8, 500, 1000, 1500, 24u8g 8
123 UATIUIU 10 | 2000, 2500 AT 3000
%0)
NaNIINAADY

Y
Mmuﬁé’ 81U oH’(?f‘L!’E]‘ENWﬁﬂTiVIﬂﬁ@\ﬂl@\ﬁllW]’E]u'J‘ﬁHNWH‘ﬁﬂiilll,l,’]J“]Jﬂi 6]5’]JG]’J‘(’J

' A a I’ Y Y 1
ATNITUD Tﬂﬂﬂzmuawamimam uazmsamiwﬂu 301U "lmm

1. QUMNAINBY (Solution Quality)

9
2. Nuuasalumsiszdumanumuzay (Number of Fitness Evaluations)

J ' <
3. nawmeianuu1ezilu (Probability Vector)

Nﬁﬂ]‘iﬂﬂﬁﬂﬂﬂﬂﬂﬂlﬁ] mmuwﬁmmnaﬂ

9 v v
Tumsnaaeausn y’j EJ‘VITﬂﬁ‘ﬂﬂﬁ’ﬂﬂﬂlu@@uﬁ%ﬂﬂﬂiyﬂiﬁ?ﬂ?ﬂﬂﬁﬁﬁﬂﬂ?ﬂfjﬂ cTﬁmﬂmw

~ I o ) a & a
N 4-1 L‘}JuNamsW\amﬂuﬂfgmmmuu@wmmﬂqﬂ ﬂfl”lllfl”l’ﬂﬂiillj%’ll 100 U§ YUIRUBDN

1w I o { §
tournament (N1NY 2 meﬂuwﬁﬂ1iﬂﬂﬁ®\‘iﬂ1ﬂ 50 'i’E)‘UﬂTi‘ﬂ%ﬂuIﬂEJmaEJ Iﬂﬂﬂﬂ/‘lﬁ 4-1N Llﬁ@\iﬁﬂ

AMANUHINZAY HonaaauAUVHIAANNE 1AT 1 Tyua1a o uazaIni 4-19 HAAIDIUIY




38

g a 1 % g A o o v
ﬂﬁ\iﬁluﬂ'lﬁﬂ5$LNuﬂ1ﬂ31NLﬁM1$ﬁM «?&mamimammwmé’a ﬂqﬁWWﬂWiﬂﬂaﬂ\? uazaany

9
VoyaLea
A Yy I =K 1 H ada Aa
AINANINN 4-1(N) Waﬂ'lﬁﬂﬂﬁf)%!ﬁﬂxﬂﬁlﬁuﬂ\iﬂ']ﬂ')']i]!,ﬁﬁJ"lgﬁﬁJ Tﬂﬂ‘llu@l@u’l‘ﬁ!cb'\i
o o 9 ' = ° A A v A ' 2
‘W‘L!‘IjﬂﬁﬁilmJTJﬂi%"]ﬁJﬂ’JEJﬂ1ﬂ’J'lilﬂ’€’ﬂiJ15ﬂ1’TTﬂW]’E]‘]J‘VIﬂ‘VI’q@llﬂlll’i]ﬂluTﬂ‘]Ji%‘b’Tﬂﬁﬂﬂﬂ]T 40 VU
= = Yo & A a o o e ad a o
vl,‘]J "IN’ﬁT'lll15‘@]&1/]6“”llﬂﬂﬁﬂluﬁ@uﬁ‘ﬁl“lﬁ‘wuﬁﬂiﬁﬂl!ﬂﬂﬂig%ﬂ HASVYUADUITIBINUTNIITULUD D
Y 9 1 d‘
NITTUAWIAURAY
A [~ J A o J g 2 atA o ?
ANNNN 4-1(V) Llﬁﬂﬂiﬂlﬂu’ﬂiuﬂ]u'lﬂﬂigﬂﬂﬂi‘VW]'lﬂ’J'l 40 UUH YUADUITUITIUIUATI

A ~ v & ax A A ) 2
ﬂluﬂ'lﬁﬂﬁgllluﬂ’]ﬂ'ﬂlllﬁll’]gﬁll‘ﬂMWﬂﬂ?Wﬂlu@@uTﬁ@u !L@LN@‘MU’]@‘U@Q‘]J?%GD"]ﬂﬁLW‘JJ?J’]ﬂ“Uu

Aaa A o 3IA o g’/ a 1 A Y 1 3’, Aax A
‘Ll@']'ﬁ]u'J‘ﬁﬂu'l!auﬂﬂiJﬁﬂu'Juﬂi\isl,UﬂWTiﬂigllluﬂ?ﬂﬂ?ulﬁﬂll13ﬁuﬂu@ﬂﬂ31ﬂ]u@@u3‘ﬁl°]§\3

éQQ

o

9 9
UINITULVUNTIUDYINGY, mumam%wﬂwuﬁﬂﬁimmumm‘u !Lag"llu@fJU’J%LG]NWU‘EﬂﬁTJJ
v 9 ' A
UUUNITTUAIIAURAY

= Y A Y 1 g’/ axt A [ v Y 1 Aa
DILWININN 4-1(D) fﬂzllﬁﬂ\‘lGlﬁL‘H“Ll’:ﬂsllu@fJu’J‘ﬁLGD'QWLleﬂiiiJLL'U‘Uﬂig“D”Uﬂ’JEJﬂWﬂ’JHJﬂN

@ @

v 9 Y
MANUHIETUNANNVUADUITIFINUT NI TULVUNTEFU Tag 1FaunIuuV1IT HazTunoUIT

q

o

a o Y o J < ] 1 A Y < 1
LY ‘L!‘Iqiﬂ‘iillL!’]J’]JﬂiwvﬂiﬂﬂﬁlﬂfﬁjlﬂﬁllﬂﬂﬂﬂﬂiTJﬂiﬂnJ UAINNINN 4-1(V) uﬁmslwmum
g’/ Aax A [y % 9 1 d’d ) gJJ a 1 d'
51]1!@I@u’l‘ﬁl%ﬁwuﬁﬂﬁiﬂllﬂﬂﬂ5$GIﬁJﬂ’JfJﬂ1ﬂ'ﬂllﬂll%TL!'Juﬂﬁﬁsll‘lﬂ']iﬂﬁgLNUﬂWﬂ’JﬁJLTﬁJTZﬁNW
Y v
ll'lﬂﬂ’)ﬁlu@@lﬂ%L%Qwu‘gﬂi‘ihuﬂUﬂigﬂfﬂiﬂﬂi%ﬁ’llﬂdllﬂﬂﬂ1ﬁi HAagUYUABDUITIBTINUTNITY

nuunseu InsloaunausIng 19



39

4000

100 T
SGA —+—
CGA -=He--
3500 - mMcGA —-B-=
pe-cGA

i ne-cGA - @ -
3000 - fb-cGA

/
‘

90 -

80 - ,:,:’ 2500

2000

Fitness Value

70+

w
4
SGA —+—
60

GA -
mcGA —-B-—
pe-cGA 500 -
ne-cGA = @ =

ﬂe—cGA

1500 -

Nurmber of fitness Evaluations

1000 -

50 1 L L
0 20 40 60 80 100 0 60 80 100

Population size Population size

Y
(N) MANUHUITTY (V) 1MIUATITUMTU TSN UAANHNIZ TN

AN 4-1 wamanaaesntymiuaudanilanga

wan1snaasInuifayriusuaauain

'
ax A o

{ g [ < .
ﬂ']WVdI 4-2 UFAINANITINADDIVUADU ‘ﬁ“l/luuﬁuﬂﬂ‘lJ‘ljﬂJuﬁu!,ﬁuﬂﬂ‘JJmJﬂ quaf‘nﬁ

[

g o v g A U
V]ﬂaf]\iﬂ\jﬂn@?jaﬂﬂ @Q]Jﬂqﬂ'li‘ﬂﬂa@\? L!agﬂ@ljﬂﬂeﬁ}ﬂy’alﬂq IﬂEJm‘INV] 4-2(n) ﬁ@ﬂ’lﬂj’lmlﬁn’lgﬁm

= A o ? a & = ) aa A
HAZNINN 4-2(V) AoTUIUATI UMY sTUMANUININZ ALY FIINNINA 4-2(N) VUNDUITLYI

o o

v 9 ' i ~ =) Y v g’: as
'L:l‘ljlﬂi‘iiJL!’U’Uﬂ‘iZ“lﬂJ@1'JEJﬂ1ﬂ'J13JaiJﬂ1ﬂ’J13JLW3ﬂ$ﬁ3J‘ﬂ’fﬂiﬂii‘llfﬂEJUIlﬂﬂﬂellu@E]u’J‘ﬁW‘Ll‘ﬁﬂiill

Q

Y 1 H 1 g’/ =Y =) o
puunszdu Tagldaunauunding uazlinnnumngauinnANIUAeUITIFINUFNTTULUD
% 9 o J
nsz¥u Taelgaunauuunns

[ Y 9
10NN 4-20) TududiuiuasalunsdsziiuanNumuzay YuaouIsIF

o

1 9
m;ﬂiimmuﬂiz%uﬁ”gamﬂam'ﬁéfmﬂ1i%"1mum‘ﬂumiﬂizmummmmmzﬁuumiumum

Y
A X o gll

A~ <} A = A a 1
GU’EN‘]JiZ“]ﬂﬂiﬂll"ll‘Lﬂmaﬂ u,mnmJiwmmmummwmumuaumﬂumiﬂizmummm

== 9 ~ Y ~ Y v 3}/ Aax A o o
mmzﬁuﬂmmﬂuwaﬂuaﬂm ua:mmsamsm"1@1ﬂmlumau’mmwuﬁﬂssmmumzw ag

Y
% asy [

FUADUIBITINUFNI TNV UNTZFUA0AUNAY



40

4000

100
]
;""“-. 27N
b N 3500
[ )
90 3
2 3000
o
g s} /f ] 7 2500
= w
= @
E | I 2000
T s
B L i
y 1500
o
g
SGA —4— Z 1000
60 - ® GA M-
mecGA —-B-—
pe-cGA 500
ne-cGA = @ -
fh-cGA
50 1 1 1 L 0
0 20 40 60 80 100 0 20 40 60 80 100
Population size Population size
Y
1 o 4 r.l ﬂ o a 1 o
(N) ANV T (V) NUIUATILUMTUITLLUUAANUIH VT TY

{ <
ﬂTWﬁ 4-2 NaﬂTi‘ﬂﬂa’ENmﬂﬁiy’ﬂuliuﬂ’E]MLMﬂ

wansnaassnuifarisedalsa

1 Y 1
NN 4-3 HAAINANITNAADIVDITUABUITAN ) NUTyH1TedalsaNvuInvey
tournament (1101 2, 4 1Az 8 AN 1A 13 15y 64 DA LazUUIAUTEBING 4 — 100 TATNINT 4-

3(0), 4-3(A) 1AL 4-3(9) LAAIDIMANUNINZTY LA N 4-3(V) , 4-3(9) UAE 4-3(R) AD IUIU

[

9 F
1% a 1 [ o v
‘ﬂi\?ﬂluﬂ”liﬂiglﬂ‘lllﬂ?ﬂﬁ?ﬂlﬁll”%ﬁll Wﬁﬂ?i'ﬂﬂaﬂﬁ'ﬂﬂﬁuﬂﬁ%ﬁ]ﬂllﬁ}ﬂTﬂTﬁﬂﬂﬁ@Q uazfﬂmﬂwﬁ’aga

U

[

= Ay Y dal
N G]f\iwﬁﬂﬁ‘l/]@af]d‘ﬂhlﬂllﬂdu
gJJ ast A o 9 1 d‘d 1 d‘ = Y v gl./
1. YUADUIDIBI uﬁﬂiﬁllﬂ’JfJﬂ?ﬂ’NﬂJﬂllﬂTﬂ’JﬁJWﬁJWZ’diJ‘l/lﬁTiJﬁﬂW]EJ‘lJulﬂﬂ‘]Jleuﬁ’ﬂu
9 FJ

ATIBPINUTNTINBYINNY, GUL!@ﬂuﬂ%L%ﬂWH‘ljﬂiﬂJuﬂﬂﬂi%%’U uazmumm%gm

[ % Y 1 d' =) g’/ a 1 d'

‘Ll‘ljﬂiiul!ﬂﬂﬂigﬁﬁﬂﬂ’lﬂﬂ%ﬂﬁfJLLG]iJﬁ]TU’JUﬂﬁQGluﬂﬁﬂigLNUﬂTﬂ’NMWiﬂ%ﬁN‘VI
Y ' ]
UDYNITHAYINN

A = v & ax a o o Yo 1 < A

2. L%JE’JL‘]J%EJ‘]JWIEJ‘]Jﬂﬂﬂlu@]ﬂul‘ﬁﬁf\iwu‘gﬂiilmﬂﬂiZGIﬁJIﬂﬂiﬂfﬁ?tﬂﬂll‘ﬂ‘ﬂ%]ﬂi"ﬂ‘VI

Y v

VYUIAUDY tournament sNINY 2 mumu?’fﬁgmwu‘qﬂﬁmm‘umwuﬁ’aﬂmmmaﬁm

Aa 1 "9 o a 1 ~ 1

ANULHNICAUNANI Lm@]@\iﬂﬁ%11.!’31!11!ﬂﬁﬂ’i%muﬂWﬂ’ﬂMm1J1$ﬁ1]T]3J1ﬂﬂ’J1

1 ] < { 1w g}/ a 7
LL@]E’JEJNlliﬂG]"IZJﬁ"U‘L!”IWUEN tournament fN1NY 4 LIAT 8 mumuﬁmwu‘gﬂsimmu



41

9
%

o Y 1 A A A Y o ad A @
ﬂﬁwumammmnummmmmzaummau"lﬂﬂumummmwwu‘qmmuu
o Y o ' o 19y o 2 a '
ﬂ5$‘lf‘]JIﬂEJi‘lfﬁ’JlﬂﬂLﬁJ‘U“lf’Jﬂi'l’J LLGW]E]\‘]f‘ﬂii]1u3uﬂiﬁ1uﬂ1§ﬂ§$!m1.lﬂ1ﬂ’ﬂll
Ay 1
IHUZTUNUDYNIN
=2 EVR 3 ax A o Y Y v ' Y o gl-l
mgmwuum@mmﬂmwu‘gﬂﬁmmummuTﬂai%magﬂaanﬁmmmﬁnmumq
Aa 1 A Y 1 3 ax A o v Y
1uﬂ15ﬂszguuﬂ1mwmwmzmmuaamwum@mmmwu‘qﬂssmmUﬂszﬂmmﬂ
1 i g 1 J g ax a o o
ﬂ'lﬂ’)'liJaﬂﬁHJ Lmiuﬁ'mmmmmmmmzawumm?ﬁwqwuﬁﬂiimmumwu

Y ' A Aa 1
AIYAINIUDNAIANULHNICTUNANIN



60 T
56GA —+—
CGA - Mo
mcGA —-B-—
50 | pecGA
ne-cGA = @ =
fb-cGA
40 -
@
3
®
>
w 30 -
@
b
w
20 -
10 -
#_’i’;.:’/
& 1 1 I I

0 20 40 60
Population size

(M) MANVHNIZFY (Tournament size 2)

80

100

60

5

=]

40

30

Fitness Values

20

10

Population size

(M) MANUNNIZEY (Tournament size 4)

60

T

SGA —+—

CGA =¥

mcGA —-HB-—
50 pe-cGA

ne-cGA - @ -
fb-cGA

40 -

30 -

Fitress Value

10 -

0 20 40 60

Population size

(@) MANUHVIZAY (Tournament size 8)

MNA 4-3 Hamsnaasannlyrisedalia

80

100

50000

40000

30000

20000

Number of fitness Evaluations

10000

0

42

T
5GA —+—
CGA ===~

mcGA —-B-—
pe-cGA
—ne-cGA - @ -
fb-cGA

Py

_..-—-.-—,'."._‘.-'

._’_.__,.__._—0

0 20

40 60

Population size

80 100

9
) Nuuase lumsysaiiumanurng ey

40000

35000

30000

25000

20000

15000

Number of fitness Evaluations

10000

5000

T
SGA —+—
CGA ---¥ee
- mcGA —B-—
pe-cGA
ne-cGA - @ =
I fb-cGA

= — g

e I

0 20

40 60

Population size

80 100

Y
(@) Duauaslumssedumanumuzay

40000

35000

30000

25000

20000

15000

Number of fitmess Evaluations

10000

5000

T
SGA —+—
CGA seedffens
- mcGA —-B-—
pe-cGA
ne-cGA = @ =
L fb-cGA

Population size

9
@) Nuuaselumsysaiiumanumne ey



43

WamInaaeInUlayrnuan

AN 4-4 LAAIHANINABDINNTYHINVANYUIA 3x10 TR NUYUIAVOI tournament

MINY 2, 4 1AL 8 LAZIUIAVBILTTFINTINIAY 8, 500, 1000, 1500, 2000, 2500 LA 3000 LATAIN

S

~ A O A o 2 A
N 4-4(N), 4-4(A) 1AL 4-4(2) ADAANUHNVIZ AN LUIAIAD AUNINVDIAINBY (Correct BBs) N0

[

9
%"mawgﬂmmﬂmumﬂmﬂﬁnﬂm“lu iy 1 sienua nazuuIueufie vuAvelszaIns

H v
(Population Size) HaTAINN 4-4(V), 4-4(9) uag 4-4(n) Avdwauaselumsdselivuainiu
)

Y
N PVRFASRY ummﬁa NUIUATIIUNsUseiumanumuza (Fitness Evaluations) 4aguIUDU

i1 Y
ad A =

9
fio viavestlszng Tasnamsnaaesniniuaeuisou q Addinauemdeunii 1diiun
A2 an & aa s = AN YA o 2
VINUNANUNVUABUIDUUANUW Fanansnaaseh Ialaell
A Y Z an A o o Y ' Aa
1. NYUIAYD tournament 111NV 2 TUABUITIFINUFNTTNUVUNIZFUAIIAIANND
H Y v
AMANUIRZTUNAN VUADUITIFINUFNTTUBI 1Y, YUADUITIFBINUFNTIY
9 [
HUDNTEFU HazTUADUITITINUFNTTULUUNTZFURI8AURTY LazlinIna1w
o v
MR AUNAININTUABUITIFINUENIsuDUNTEFU TaslFaunaunnIs uaz
gJJ a A Y] Y 9 v 1 &
VUABUIBIFINUFNTTULUVNIZFU Tag lFaun D uEIAT
A Y ) an a o o Y ] Aa
2. NUUIAVDY tournament 1NN 4 VUABUITIFINUFNITHUUUNTEFUAIBAIANNDI
H Y 9
AMANUAMNIZAUAAN TUADUIDFINUFNITULVUNTEFU taziioy Tdnutuaou
ax A o Y o 1 = A :': J
TFINUFNITUHVUNTFU Tag 1A UNWUVDIIT HATAIANMHNIZANNAINI

Y
QU ad a %

UU ﬂu’l‘ﬁﬁﬁwu‘ﬁﬂ‘iiﬂﬂﬂNxﬂﬂ mummmmwu‘ﬁﬂﬁmmum %umammaﬂ

Q

hal

me‘i’umu?%z%aﬁ'mjﬂsimmumz%’uiﬂﬂi%ﬁmﬁmuwﬁhmn

H Y H
3. NUD4 tournament N1NU 8 mu@flu’)“ﬁ!,%\iwu‘ljﬂiiﬂllﬂﬂﬂi$"lﬁjﬁ?ﬂ?ﬂﬂ'ﬂﬂﬂhfﬂ

v Y Y
ANV TUNAND TUADUITIFINUFNTINUVUNIETY, VUADUITIFINUFATIY
@ 9 o 1 g’z a A [ % Y o
uuunTz U Iag 1FANNUUN1IT HazTUARUIBIFBINUENTTUIUUN Tz Taede)
1 @ 1 1 4 :; 1 3’; a @ 1 [
ALUDTINTIY HATAIANURIZANNAINNUVUADUITIFINUFNTINOH1IUAY

an o

9 H
VUABUITLIYI u‘gﬂﬁmmumwuﬁ’aﬂmmaﬂ



44

a @

9 9
4. °luﬁ’msueq%"mauﬂiﬂumiﬂﬁxmummmmmmu VUADUIBFINUFNT TNV

q

=\

v 9 1 AA o ¥ a 1 Ay A
ﬂi%“lfﬂﬂ'.lflﬂ'lﬂ’ﬂllﬂlﬁ]'lu'J‘L!ﬂi\ﬂ‘h!ﬂ'liﬂigLiJuﬂ'lﬂ’ﬂﬂJH’iiﬂ%ﬁll HUDYNGA LUasy
° Ay v 2 ax A 1 = v <
‘NL!’J’L!“I/I‘LAEJEJﬂ’J']GUHGI’t’JM'J‘ﬁ’t’JHTTGWEJWI'IGlLl“IQﬂSULHWU’OQ tournament “]NLLZY@\‘]GIM!‘H’H
= a A 3/ ax A Y v Y 1 d'd'é o =
ﬂﬂﬂi%ﬁﬂ‘ﬁﬂ1wsllﬁ]ﬂﬂluﬁ@H’J‘ﬁl"]ﬁwuﬁﬂiillllﬂﬂﬂi%ﬂfﬂﬂ?ﬂﬂ1ﬂ’.ﬂllﬂTIGHQHTLET‘L!@'EN

] ° Ay
msl¥szeznarlumsmmaeuiiiios



10

Correct BBs

(M) MANVHNIZFY (Tournament size 2)

10

Correct BBs

45

. . 140000
120000
100000
2
o
5 80000
2
[im]
[=
S 60000
S
2
40000
SGA —+—
CGA e |
mcGA —-B-—
] pe-caA 20000
............ ne-cGA - @ -
W fb-cGA
| 1 3 e - 5.3 0
500 1000 1500 2000 2500 3000 0

Population size

SGA —+—
CGA =¥
mcGA —B-—
pe-cGA
ne-cGA - @ -
L L 1 1 ﬂJ'C‘GA
500 1000 1500 2000 2500 3000

Population size

(M) MANUNNIZEY (Tournament size 4)

10

Correct BBs

500

1000 1500 2000 2500 3000

Population size

(@) MANUHVIZAY (Tournament size 8)

MNA 4-4 HaMINAaEINNTYHINUAN

1000 1500 2000 2500 3000

Population size

9
) Nuauas lumsysadiumanurng ey

140000

120000 -

100000 -

80000 -

60000 -

Function Evaluations

40000 -

20000

1000 1500 2000 2500 3000

Population size

Y
@) uauas lumssedumanumuzeay

140000

120000 ~

100000

60000

Function Evaluations

40000

20000

80000

T
SGA —+—
CGA -
mcGA —-B-= |
pe-cGA
ne-cGA = @ -
fb-cGA

1000 1500 2000 2500 3000

Population size

9
@) uauaselumsysaiiumanurne ey



46

a 4 d ] <
msamﬁwm’mmmmmm%!ﬂu

d' = d' ] ] < 4 ] < 1
AN 4-5 naasnanslasunasaanuizdlulunaweianuvissdlulunnag

9 9
FOUNMITNNIU(TY) Lla3ﬂ1ﬂ’J']JJH’T3J18ﬁJJﬁ]']ﬂﬂlu%f)uﬂ%ﬂﬂW‘uﬁﬂiﬁJL!UUﬂigab"U, VUADUIDITY

o

v Y
UFNITULULNTEFUA 1A URAY, TuABUIDIFIWUFNTTNLUUNTeFU Taslddunsuuuniag,
Y

v Y
TUADUITIFINUFNTT UL DT FU TaelFaunaDudIATI LAz TUAUATIFTINUENTTUUDY
nszFudrea1nmd dimiudymidanilauinga NUUIAYOI tournament ININU 2 HAZYUIA
529NN 100 TAgNaNIINAa0IN IANAINAURFEIN 50 TOU

Y 9 =2 1 ] I ] 1 J = ]
ﬂiﬁ/‘l‘ﬂT\W]'lu%'lflllﬁﬂﬁﬂﬁﬂ'lﬂﬁ'lﬂill?filgL‘ﬂuﬁﬁlmﬂigGBTﬂi?uL!iﬂ%uﬂﬁﬂiZ‘BTﬂi?u

Y =

. ' o ' Y o ' Y
’Lj@]‘]/l'lil %aagiugmmmmmwmnm I@]EJ?H 0 Lmumﬂi‘nu?{m a1 !L‘VI‘L!WJEJIVI‘H%%H’J UNY
9

' ] I 1 Aaa 4 1 < o !
uauﬁammmumszu“lmmazmmammmmmmm%mﬂu uamﬂu@Qﬁammummgumm

SIEPS ALiE
Y = 1 A a da! g‘; J U =
NIIUNNATUVIUAAIDIAIANNHZAUNINATUAA 52T JULTNIUDA 52903
Y

1 9 1 1
JUFANY Tﬂﬂl!ﬂuu@uﬁ@guﬂlﬁ]ﬁﬂi$ﬂﬂﬂi Lm&&ﬂuﬁﬁﬁ@ﬂ1ﬂ'ﬂhlﬂh1$ﬁll

v 9 9
INNINN 4-5 611uﬁam%wqwuﬁﬂsimmumwu (cGA), %UWGMD%L%QWU‘QﬂiiMLUU

a o @

1 9 H
ﬂigﬂﬁﬂﬁ}’lﬂﬂ%ﬂaﬂ (mcGA) uamum@m%wawuﬁﬂssmmumwuﬁ’wmmm?\ (fb-cGA)

o P~ { 3 T ] I ' aa
aunsommeeunangala laensnedudronaasiimunamanuunziuluuaazifue
o ' I A A g = v 9 ] =<
namoianuinaziluansaivziad i Inudvn lanavua vaznsnedeniudasdam
~ " 9 A Y 9 Ig’J ax A @ @ 9
anumgauiansogmaigega Idonaie uatuaouIBIFUENI SN UNTEFU Tae 19
v Y ]
AANWVUDMITHAZTUADUIDITINUENTTNDUNTz U Tagldaunsunusins i ldawsan
o Ao Y 9 9 Y3 K aa 4 ' A
mavuiangald Tasnslnsdudendaldimudauiiavownmesanuiinazitluiiainnu
] I I A o kY 9 2K ~ 1 19 oA
zidlunmeduInudd naznsmnmsiudeudastsmanuminz aui luawnsagdmaii
Aa 9
anga ld
A Y I 1 3’, ast A o v Y 1 A
1Az NN 4-5 naas IAAUNTUADUITITINUFNITUNDUNTZFUAIIAIAD (fb-

a

1 o v v < f g]/ X [ o o
cGA) A5 IznImIaUNANgAlAI5IN 1T UABUITON 9 FIATINUADNANITNAADY



47

= Aa A o [ g’/ Aan A 9 1 9 dy Y I =X

Llr'%fJ“Um‘EJ‘IJ”IJ5$ﬁ“l/l‘ﬁﬂTWfﬂi“l/l'N11!511fJ\‘]Llﬁazﬂluﬂﬂu’l‘ﬁﬂqm!ﬁﬂﬂﬂﬂuﬁ1!11! waznaa iU
a A 3 a A Q. o 9 1 AAX o = 9

‘]J5$ﬁ‘l/l‘ﬁﬂTWGIJ@QGU‘L!G]@‘L!’J‘ﬁL‘lN‘W‘L!‘IjﬂiillL!‘]JTJﬂ§$"]f‘]J@1'JEJﬂ'lﬂ’JnlﬂT]“BQH'ILETH@OQT‘HSI‘H?%EJ%L”JEH

Tumsmimnountios



1800

1600

1400

1200

1000

800

600

400

200

20

40

60

80

(M) a1y (cGA)

1800

100

1600

1400

1200

1000

800

600

400

200

0
0 20 40 60 80

() MANNUILTY (mcGA)

100

| [T I 1T 10

1600
1400
1200
1000
800
600
400

200

0
0 20 40 60 80

@) MANNHIEY (pe-cGA)

{ ' [} I 1
A 4-5 MaNudIey tagAmANUKIE EY

100

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

Fitress Values

Fitmess Values

Fitness Values

48

50

50

100

90

80

70

60

50

FilnE§5 Cunve‘rgence I—'—

200

400

600

800

1000

1200

1400

1600

1800

Generation

(V) MANUHNZTY (cGA)

Fitne;ss Cnnve‘rgence I—'—

1 L L L
200 400 600 800 1000 1200 1400 1600 1800
Generation
1
) MANURVIZTY (mcGA)
T T T
g
. ‘ ‘ ‘ . Fitnelss Cnnve‘rgence‘—O—
200 400 600 800 1000 1200 1400 1600 1800
Generation

(R) MANURUZHY (pe-cGA)



1800

1600

1400

1200

1000

800

600

400

200

0

1800

1600

1400

1200

1000

800

600

400

200

0

0 20 40 60 80

) MANVUITY (ne-cGA)

100

0 20 40 60 80

@) Aanu1zdlu (fo-cGA)

100

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

Fitness Values

Fitness Values

50

50

{ 1 1 ] I 1
NN 4-5 (919) MANNUIY LazMANUHINZ T

49

‘ . ‘ Fitne;ss Cnnvelrgence I—‘—

200

400 600 800 1000 1200 1400 1600 1800

Generation

(5%) MANUHIIEAY (ne-cGA)

Fitness Convergence ———
N 1 L

200

400 600 800 1000 1200 1400 1600 1800
Generation

() MANUHWIZAN (fb-cGA)



=
Unns

annenazagiwa

9
ﬂWﬂfﬂiﬁﬂ‘H1ﬂ15ﬁ1\111!611ﬂﬂﬂluﬁ@u’l%L%Qwuﬁﬂiﬁullﬂﬂﬂig%‘u E;T’J%ﬂulﬁjWUﬂ‘UﬂﬂJuWWﬂ’NiJlliJ

wuuoulumsdsulgeannuiieg 215l wazn it uaouSies ﬂmﬂumﬁﬂi‘uﬂﬁammmmmgﬂu

Y Y
=X v

o o a o I ya K 9y & = J ] I A a 1
%@Lﬂumu’summammmiﬂllmﬂmu"lﬂumizﬂzwm HaZINNITANEIAANN UL UNNATUAILA

v

o o ' [ 1 1 I 1
ﬂﬁ‘ﬂN']uifJ‘ULlﬁﬂﬂuﬁﬂﬂ'liﬂ"lﬂhi’f)ﬂ@ﬂ“l/al}']ﬂ Fﬁ%ﬂﬂWU’JﬂUﬂTﬁﬂiUﬂ?ﬁﬂWﬂ’J'ﬁJUﬁ]$Lﬂullﬁa$'§ﬂ‘ﬂﬂﬁ

U

=

o a = oA A X2 aad
MOUTAINNND LazaNuaBeUNAYN FITULANIN ﬁi/]'l\‘liﬂﬂ'liﬂiﬂﬂi\?ﬂ?ﬂ’ﬂhlﬂﬁ] L‘]J‘LJ‘VIGH@H]U% y

)
o]
2De
=

mmm‘lumsﬂmﬂsqmmmm% Lﬂu"lﬂ“lumﬁmmuq ataneiiing ualufiaiianu luuduowus

H H ! Y
mﬂumz"l,aJﬁmmﬁiumiﬂiuﬂgjamﬂ:nmm]zﬁJu‘ﬁmmﬁm"lﬂﬂamﬁmﬂﬂamwmﬁm aaiudivedala

o [ = [ 1 A té‘ 9 Y] @ 1 [ a3 o ax A
HINIANUD uazmmmmmmumﬂlﬂum'iwsmuWﬂﬁﬂiuﬂgﬂmmmummﬂuﬂlawuﬂauamm

o

o VA v 2 a o v 9 ' {
UINITUHVUNISHY Lla3SL’H%@'JWJHGIE]H%%L%\‘IWU‘EﬂiﬁNLLUUﬂﬁgﬂﬁJﬂ?ﬂﬂWﬂ'ﬂha

Han13)8

[

v A g awv @ s A an @ J 14 ' <
\‘]’lu EJHHJHQ’]‘L!'N]‘(’J Gmﬂiz?NﬂLW’e‘)ﬂiuﬂﬁ’g‘ﬁmiﬂiumnﬂmaiﬂ’gmuwmﬂuﬂlm

Q q

A A o @ = A a A 2 & = o 2 an A
GU‘LW]@uﬁ‘ﬁLGINWuﬁﬂﬁﬁNLL‘UUﬂﬁgﬂfﬂiﬁuﬂﬁgﬁﬂ‘ﬁﬂWWLWNmu HFIVINNITANHINTITNINTUUDIVUADUID LU

[

% Y Y [ d' o Y (v an [ 1 J [ I~
ugnssunuunszsudIse lanudatenawisoszihunlflSul st msliuamameianuiitziu

9

> an a o o Y Aa a A 2 9 < o
Gllﬂwu@l@uﬁ‘mmwuﬁﬂiimmuﬂiz%Uiﬁuﬂizﬁﬂ‘ﬁmwmmju%@@ﬂnJ‘Ll 2 ﬂﬂzﬂﬂ

[

tadeiiniia losnndive ldwududaminnu hiviueulumsiSulssmainingdu uay

v A Y ant A a o J ] I A o o a o 3 Y a 2
ﬂ’J'IWGUUGIGU’J‘ﬁﬁWII‘1/]?(‘1/]']\‘]51,1!ﬂ1‘§ﬂ§'ﬂ’]J:Nﬂ?ﬂ'ﬂllﬂ'li]gL“]Juﬂﬂfﬂﬁ]‘uﬁﬂ‘u’JHGU’EN’J’JGJJ‘H'IﬂTEﬂVI,ﬂLﬂﬂﬂlull“]J

YA o 2 Y o . Y ° Y Y 3 o '
U;ﬁ')ﬁ e ‘WlN W?ﬂﬂﬂﬁllﬂHTﬂJuqﬂm@\iﬂ'ig%Wﬂﬁ (psize) NIKM1TAIYITUIU £ Llajllﬂlﬂu@@'i']ﬁ?usll@\iﬂluqﬂ

G

v a o 1 ] 1 A 4 o [
U520 (psize/n) W15 lumsdaduledfulsesanuningdudieainudndeiiosiuiuuues

[

a Y a dy =KX o 1 dy Y = [ a A U 9 [
9 GJJ‘L!"Iﬂ"Iillmﬂﬂ“U‘L!ll"lﬂ\‘li’)ﬁﬁﬁiluulm’J F901nN1INAaIIalszansnnlaemsunun »n AeA12 3 4



51

Yy o KR

g @ a A < 1 1 a A § §
uaz 5 uu wamsindszansamudasliinum psize4 Tianlszansnmnanga gadedslaldonsidiu

o

dy g axt a v 9 1 =
HUTUADUIBFINUTNT TULUUNTEFUAIIAIAIIND

Q

Y Y
=X v

'y} . [ 1 I { a [ o o
tadenaes i]'lﬂﬂ'liﬁﬂy'lﬂ1?’1'.ﬂllu'lﬁ]%Lﬂu‘ﬁLﬂﬂ"’lluﬁﬂLmﬂ15‘Vl'N1uﬁﬁlﬂllﬁﬂﬁ]uﬁ\1ﬂ1§1/l'l\ﬂuﬁ’ﬂﬂ

[

gato dseinuhlumsdivdgsaanninzgdundazseumshnuiismanud uazanuderiiosues

L)

[y 1 ] <3 1 o a d é Qadlda [ 1 ]
mﬁﬂi‘uﬂgqmmmm%xLﬂuimmaziaumimqmmmu “]NGlLliJm/IiJ‘ﬂﬁ‘l/]']\ﬂl!ﬂ']iﬂﬁﬂ‘]J?\‘iﬂ"lﬂ’J"IﬁJU"lﬂz

=\

I ' ] @ ES { 1 4 o 1 ] <
ihudvian 0.0 W5 1.0 sersdamnuinaziinnud waganuaetiioslumsdsulysmnnuinziulllu

[ [

=3 Y o 1 = F) v A o J ] I
ﬂﬁmwuamqmﬂua ﬁﬂﬂﬂa@\‘]ﬂu W'J ﬂ‘ﬂﬂulﬂ mmamauﬂﬂumimﬁu%ﬂiuﬂgqmmmm%Lﬂu

U

Y [ A I 1) [ 1 I
wazlsmanuasiiiouuviaveanstivlamanuuiozilu

a A

9 [
ﬁ]'lﬂWﬁﬂ'li’Jﬁ]ﬂﬂi?ﬂg’J'I‘llim’f)u’ﬁl%\ﬂ/‘lu‘ﬁﬂiihl!ﬂﬂﬂig%ﬂﬁjﬂﬂﬂTﬂ’JﬁJaﬁﬂigﬁﬂ‘ﬁﬂTWﬂﬁﬁ"l

A dd

o { Y o

ﬂ’l@l@ﬂﬁaﬁq@q Qﬁ’lu’lﬁﬂl‘ﬂﬂﬂﬂﬂﬂﬂﬂ]u@l@u?ﬁ@u 1 NUY ']Lﬁu’t’]ll']ﬂ’t’]uﬂu'l IUag ﬂ\?i%ﬂ’lﬂjﬂﬂi\iiu
a U A 9 2 o av A Y 7 a a o

ﬂ’]ﬁ‘]Jfl'gllluﬂ']ﬂ'J'llILWlI']gﬁllTIu@ﬂll'lﬂ GINL‘]JuNami’mﬂmmﬂﬂwmuawum)u’gmf’mwu‘gﬂﬁmm1J

A A o { < a A o
n3g Glﬁ_lﬂ'JfJﬂ']ﬂ'J']ll ﬂﬁ ﬁ'VI‘ﬁﬂ']Wﬂ']ﬁW']ﬂ']ﬂ@U‘ﬁﬁ'JﬂLﬁ'J !,Lagfl]']ﬂﬂ']TVIﬂaﬂﬂllﬁﬂﬂlﬁﬂﬂﬂﬁgﬁﬂﬁﬂWWﬂU

@

2 an A A Yo 9 v <] Y v g aa a
VUADUITOU €] NUAH uﬁuamnauwmﬂuﬂmumﬂwm wamw@ammgﬁ@ﬂmwmwummmm

% A:ld'

] 9 ' Y
‘LlﬁﬂiﬁllLL‘U‘Uﬂﬁ%%ﬂﬁﬁﬂﬂ?ﬂﬁ?ﬂﬁﬁﬁ?ﬂ'J‘Llﬂ'i\iﬂl‘l!ﬂ']'iﬂigLlll!ﬂ?ﬂ'ﬂmfﬁiﬂgﬁﬂﬁﬁ}@ﬂﬂﬂﬁluﬁﬂuﬁ‘ﬁ@u

WA

VDA UDIUUL

1Y a, [ 1 14 Il I 2 at a o o
TunmsdfulgaismsdfuamamesanuiinzduvesiuaeuisiFaiugnssunuunse 50 14T

Y Y
Y %

] Y 1] H '
“]J‘izff‘ﬂ‘ﬁﬂTWLWMﬁuuu@ﬁ]iﬁ‘(’Nllﬂi]i]‘(’J§U1/I’(3f1iﬂ‘ii‘l‘1/li]$wGJJquLlﬁ’E]u’J‘ﬁﬁNWU‘ﬁﬂ‘iﬂJL!’UUﬂi 6]f’]JGIfI’ilI

@ I @

Y v 1
Uszanamidtumniuld daluani doiilumisalatenilangideinnldlumsdsulsait sl ua
J ] 3 ' = av [ aw <Y = ] ] a 2 TR
nameinuzily uaanmsanyIteluriwsniTauinisdinslianu lumivewnadueg ¥
< J o @ v 4 o A o w v v
o199zt uilsz Temilumsih l)wannee iwenmiladeiamisoszmvadymiany lduuveulunis

Ysnlgesanningdluluiiwsnvesifannms ¢



52

V3TN

! Y

Wiy 9oules uaz gl LBaNTTNITHN. (2557) mﬂfv’yﬂi:fﬁw?ﬂ7W7Tyumau3§4%dﬁuyﬂim
HUNTEFUAIeMIUSUAIIAme AN 19211 7@8?5715%’1?%77%?73711!7’71173, g
Us529uIMMITZAUNIA 180aNHN Y adai 6,3 - 4 NINYIAN 2557, UN1INYIAY
Veanal, UATATHITUIY.

93358 TFYNINT HazAuBUY. (2548). "lfuﬁﬂuﬁflﬁi’dﬁuyﬂiiwﬂﬂﬂ!AWﬂﬁ!!ﬂﬂﬁﬂ
of. Bangkok (Thailand): w1,

C. W. Ahn and R. S. Ramakrishna. (2003). Elitism-based compact genetic algorithms, in IEEE
Transactions on Evolutionary Computation.

D. E. Goldberg. (1989). Genetic algorithms in search, optimization and machine learning.
Addison-Wesley.

G. R. Harik. F. G. Lobo and D. E. Goldberg. (1999). The compact genetic algorithm. in IEEE
Transactions on Evolutionary Computation, Vol. 3, No. 4, 287-297.

M.H. Afshar. (2009). Application of a compact genetic algorithm to pipe network optimization
problems, in Transactions A: Civil Engineering, Vol. 16, No. 3, pp. 264-271.

Sunisa Rimcharoen, Daricha Sutivong and Prabhas Chongstitvatana. (2006). Updating Strategy in
Compact Genetic Algorithm Using Moving Average Approach, in IEEE Conference on

Cybernetics and Intelligent Systems.



MANUIN



NMANUIN N



2013 International Computer Science and Engineering Conference (ICSEC 2013)

A Frequency-Based Updating Strategy in Compact
Genetic Algorithm

Srichol Phiromlap, Sunisa Rimcharoen
Faculty of Informatics, Burapha University, Chonburi 20131
Email: vitscp@src.ku.ac.th, rsunisa@buu.ac.th

Abstract—The Compact Genetic Algorithm (cGA) is one of
evolutionary algorithms. There are proofs in the literature that
the cGA mimics the behavior of Simple Genetic Algorithm (sGA).
The cGA has a benefit in requiring almost minimal memory to
store candidate solutions. It represents a population as a
probability distribution instead of storing whole candidate
solutions. Although the cGA has many advantages, it has a
limitation on solving some problems such as deceptive problem
or so called trap function. Therefore, this paper proposes an
adaptation of updating strategy in the compact genetic algorithm
to help the algorithm to achieve a higher solution quality with
fewer evaluations. We named the proposed technique as the
frequency based compact genetic algorithm (fb-cGA). The fb-
cGA employs information from the past. We count frequencies
and continuity of updating probabilities for both up and down.
The frequencies and continuity are used to guide an updating
step size. The experiment results show that our proposed method
requires fewer evaluations and achieves a higher solution quality
than the cGA. It can save the number of fitness evaluations up to
ninefold when compared with the cGA using tournament size of 2
on 3x10 trap problem.

Keywords: genetic algorithm, compact genetic algorithm,
updating strategy, frequency based, trap function

l. INTRODUCTION

Genetic Algorithm (GA) [1, 2] is one of search algorithms
inspired by natural evolution [3]. The search process of the GA
begins with generating a pool of candidate solutions called a
population. Each of candidate solutions is evaluated and a
fitness value is assigned. The GA produces offspring by
selecting good candidates and applies genetic operators such as
crossover and mutation. The processes are repeated until the
stopping criterion is fulfilled. Although the GA has been
widely used in many applications, it has some limitation on
requiring a large number of memories to store candidate
solutions, which is difficult to apply to some fields such as an
embedded hardware. Many years ago, Harik et al. [4] proposed
the compact Genetic Algorithm (cGA). It represents the
population as a probability distribution which is not require to
store a whole set of candidate solutions. The cGA is proved
that it achieves comparable quality with approximately the
same number of fitness evaluations as the GA using a small
amount of memory [4]. There are many research works that
employ the cGA to solve a problem. For example, M.H. Afshar

[5] applied the cGA to pipe network optimization problems.
Amr Badr et al. [6] used the elitism-based compact genetic
algorithm to solved protein folding problem. Kathleen M.
Timmerman [7] used the cGA to implement in an insect-scale
flapping-wing micro air vehicle. However, for difficult
problems such as deceptive problems, the cGA does not
provide acceptable solutions. There are many attempts to
modify and improve an updating strategy in the cGA. Bui Van
Ha et al. [8] presented an improved cGA using simultaneously
dealing with more probability vectors for EM complex system
design. They used more than one probability vector (PV) to
enhance the exploration properties of the algorithm. Sunisa
Rimcharoen et al. [9] presented an improved cGA using
moving average approach. Chang Wook Ahn and Ramakrishna
[10] presented two elitism-based compact genetic algorithms
namely persistent elitist compact genetic algorithm (pe-cGA),
and nonpersistent elitist compact genetic algorithm (ne-cGA).
The pe-cGA keeps the current best solution until a better
solution is found and ne-cGA keeps the best solution for the
life time.

In this paper, we propose using a frequency-based updating
technique to modify the updating strategy of the cGA. The
concept behind this technique is that we should make a use of
information from the past. The number of updates in up and
down directions is counted. It is used to adjust an updating step
size toward the promising direction. The details will describe in
section I11.

The paper is organized as follows: Section Il introduces
background knowledge of the compact genetic algorithm.
Section Il describes the proposed technique. Experiment
results and analysis are provided in Section IV. A conclusion is
drawn in Section V.

II.  THE COMPACT GENETIC ALGORITHM

The compact genetic algorithm (cGA) proposed by Harik,
Lobo and Goldberg[4], employs a probabilistic model instead
of using population in searching for solutions. This makes the
compact genetic algorithm take advantage in using a small
amount of memory and eliminating genetic operators such as
crossover and mutation. This technique helps the algorithm to
process faster.



The cGA represents a solution as a probability vector
instead of a bit string. The number of dimensions of the vector
equal to a chromosome length. Each dimension of the vector
stores a probability that a bit is 1. It samples two candidate
solutions from the probability vector. A fitness value is
assigned to them. The winner and the loser are identified
according to this value. The probability vector is then updated
towards the winner. The pseudocode of cGA is shown in Fig.
1. The parameters are a population size(psize), which is used to
define an updating step size (psize is analogous to population
size in the simple genetic algorithm), and a chromosome
length(1).

The pseudocode of cGA

Step 1: Initialize probability vector. Each dimension is
set t0 0.5

Step 2 : Create two candidate solutions by sampling from
probability vector
individuall := generate(p);

individual2 := generate(p);
Step 3 : Calculate fitness values of the two candidates

Step 4 : Compare the fitness values. The best one is a
winner and the another is a loser

Step 5 : Update the probability vector according to the
winner.

fori:=1tol
begin
if winner[i] # loser[i] then
if winner[i] = 1 then
p[i] := p[i] + 1/psize;
else
p[i] := p[i] — 1/psize;
end

Step 6 : Check the vector whether it converges or not.
If the probability vector converges (all
dimensions are zero or one), the algorithm
terminates. Otherwise, repeat step 2 to 6.

Figure 1. Pseudocode of cGA

First step, the cGA initializes the probability vector as 0.5
in every dimension. Two individuals are then generated from
the vector denoted as individuall and individual2 in the
pseudocode . Next let individuall and individual2 compete
using their fitness values. The probability vector is updated
towards the winner. The probability increases or decreases if
the winner is not equal to the loser. It increases when the
winner is one, and decreases when the winner is zero. The loop
is repeated until the vector converges, that means all dimension
of the probability vector contains zero or one.
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Harik, Lobo and Goldberg also modified the cGA by
adding more candidates, called a tournament cGA. The
modified version samples candidate solutions of size s and uses
a tournament selection to select the winner. By rearranging
candidate solutions, denoted as an array S[] in the pseudocode,
S[1] is the winner. The probability vector is updated by
competing S[1] and S[j] in the same manner of step 5 in the
original version.

Pseudocode of a tournament cGA
Step 1: Define tournament size of s

Step 2: Create s individuals from the probability vector
and add them to SJ[i]

Step 3: Evaluate each individual
Step 4: Rearrange S so that S[i] is the best individual

Step 5: Compare S[i] with S[1] and update the
probability vector
fori:=2tosdo

begin
winner, loser := compete(S[1], S[i]);
update the probability vector using step 5
of the original cGA

end

Figure 2. Peseudocode of a tournament cGA.

I1l.  MODIFYING UPDATING METHOD

This paper proposes applying a frequency-based updating
technique to update the probability vector in the compact
genetic algorithm.

In each step, the cGA updates each dimension of the
probability vector towards one or zero. Some dimensions rise
and some are dropped. Some of them are also fluctuating.
These show uncertainty in updating the probability vector. It is
obvious that the probability vector fluctuates in the beginning
period and converges to some direction in the end.

The information of these uncertainties that occur in
updating process can use as a guideline to show a trend of
converging to solution. Therefore, this paper proposes using a
frequency and a continuation of updates to guide the algorithm
to the promising direction by adjusting a suitable step size of
the probability vector. In each dimension, we count the number
of updates both of updating towards one and zero. We also
count the number of continuity updates which perform in the
same direction (called a continuation). The continuation is reset
to zero if the vector is updated in an opposite direction. This
proposed method shown in Fig. 3 which is a modification of
step 5 of the cGA.



4) calculating the updating rate of fb-cGA

fori:=1tol
begin
if winner[i] # loser[i] then
if winner[i] = 1 then
Ufreq[i] = Ufreq[i] + 1;
Ucon[i] = Ucon[i] + 1;
Dcon [i] =0;
if (Ufreq[i] > Dfreq[i] AND Gen > (psize/3)) then
p[i] := p[i] + ((1/psize)+(p[i] * (Ucon[i]/100));
else
p[i] = p[i] + (1/ psize);
else
Dfreq[i] = Dfreq[i] + 1;
Dcon [i] = Dcon [i] + 1;
Uconli] =0;
if (Dfreq[i] > Ufreq[i] AND Gen > (psize/3)) then
p[i] := p[i]+((1/psize) + (p[i]*(Dcon [i] / 100));
else
p[i] == p[i] + (1/psize);
end

The parameters :

Ufreq : the number of increment updates.

Dfreq : the number of decrement updates.

Ucon : the number of continuous increment updates.
Dcon : the number of continuous decrement updates.
Gen : the number of generations.

Figure 3. Pseudocode of a modification of cGA.

Fig. 3 presents a pseudocode of the frequency-based
updating strategy in the compact genetic algorithm (fb-cGA).
The probability vector is updated when the winner and the
loser are not equal. In case that the winner is one, the algorithm
checks whether Ufreq is greater than Dfreq or not. If Ufreq is
greater than Dfreg, it means that in this dimension the
probability vector should be updated according to the majority,
the algorithm offers larger step size. In this paper, we also use
the confident value, the number of updates that count from a
continuity of updating in the same direction, to make a larger
updating step size. The algorithm performs in the same
manner. When the winner is zero, the algorithm updates
probability vector by decreasing probability towards zero. Note
that the proposed strategy is performed when the generation is
greater than 1/3 of population size(psize). It uses the original
method in the early generation. This is because we should give
enough time and let the algorithm runs and explores solutions
before using past information to make a decision.

IV. EXPERIMENT RESULT AND ANALYSIS

In the first experiments, we test the proposed method with
one-max problem, which is an easy toy problem to test genetic
algorithm. The objective of this problem is to find a bit string
that contains all one. The fitness value is given according to the
number of 1-bits in an individual. Fig. 4 shows the results of
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100 bits one-max when varying a population size from 2, 4, 6,
8 to 100 with tournament size 2. The graph is shown with
average results from 50 runs. The y-axis is average values of
solutions quality (the number of correct bits). The x-axis is
population sizes. We compare the results of fb-cGA with sGA,
CcGA and mcGA. The result of the fb-cGA is comparable with
other techniques.

100

90

80

70

60

Solution Quality {the number of correct bits)

i SGA —+—
L J CGA ===~
mcGA —-B-—
fb-cGA - @ -
50 Il 1 Il 1
0 20 40 60 80 100

Population size

Figure 4. Solution quality on the one-max problem.

The trap problem, the difficult function to test the genetic
algorithm, is designed to fool gradient-based optimizers to
favor zeroes, but the optimal solution is composed of all ones.

The graph in Fig. 5 shows fitness values of 3-bits trap
function. The maximum fitness value obtained when all bits are
one. But, when the candidate solution contains two bits of 1,
the fitness value is zero.

28 4

fitness value

0 1 1 | =
0 1 2

the number of 1-bits

Figure 5. 3-bits Trap Function

We can create kxm trap problem by combining in groups of
k-bits trap, and the fitness value is calculated by summing up
the score of all groups. Here, we test the algorithm with 3x10



trap problem. For example, a candidate solution “111 001 110
000 111> is assigned a fitness value of 9.

Fig. 6 and Fig. 7 show the results on trap problem using
tournament size of 2 and population sizes of 8, 500, 1000,
1500, 2000, 2500 and 3000. Fig. 6 shows solution quality as
the number of correct building blocks. The result from the fb-
cGA has higher quality of solution than sGA, cGA and mcGA.
However, the pe-cGA and ne-cGA outperform other techniques
in terms of solution quality. Fig. 7 shows the number of
function evaluations used to find a solution. The experiment
results show that the fb-cGA requires smallest number of
fitness evaluations. It uses fewer fitness evaluations than the
SGA about fourteen times, the original cGA about nine times,
the mcGA about twelve times, the pe-cGA about three times
and the ne-cGA about two times. These show the efficiency of
the proposed method in terms of saving fitness evaluations.

T
sGA —+—
CGA *.

mcGA —-B-—

Correct BBs

L 3 e - ]
0 500 1000 1500 2000 2500 3000

Population size

Figure 6. Solution quality on the trap problem with tournament size of 2.
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Figure 7. The number of function evaluations on the trap problem with
tournament size of 2.
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Fig. 8 and Fig. 9 show the results on trap problem using
tournament size of 4 and population sizes of 8, 500, 1000,
1500, 2000, 2500 and 3000. Figure VII shows solution quality
as the number of correct building blocks. The result from the
fb-cGA has higher quality of solution than pe-cGA and cGA.
However, the sGA, mcGA and ne-cGA outperform other
techniques in terms of solution quality. Figure VIII shows the
number of function evaluations used to find a solution. The
experiment results show that the fb-cGA requires smallest
number of fitness evaluations.

10

Correct BBs

0 | 1 1 1
0 500 1000 1500 2000 2500 3000

Population size

Figure 8. Solution quality on the trap problem with tournament size of 4.
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Figure 9. The number of function evaluations on the trap problem with
tournament size of 4.

Fig. 10 and Fig. 11 show the results on trap problem using
tournament size of 8 and population sizes of 8, 500, 1000,
1500, 2000, 2500 and 3000. Figure IX shows solution quality
as the number of correct building blocks. The result from the
fb-cGA has higher quality of solution than cGA, pe-cGA and
ne-cGA. However, the sGA and mcGA outperform other
techniques in terms of solution quality. Figure X shows the
number of function evaluations used to find a solution. The
experiment results show that the fb-cGA requires smallest
number of fitness evaluations.
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Figure 10. Solution quality on the trap problem with tournament size of 8.
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Figure 11. The number of function evaluations on the trap problem with

tournament size of 8.
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V. CONCLUSIONS

This paper proposes using a frequency-based updating
approach to modify the updating strategy of the cGA. The
proposed method takes the advantage of the frequency and
continuity of increasing and decreasing probability to modify
an updating step size. The experiments on simple and deceptive
problems show that the frequency-based updating technique
can yield a comparable result with other techniques in the one-
max problem and can improve the solution quality with a
smaller number of function evaluations than the original cGA
in the trap problem.
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