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Crossover methods are important keys to the success of genetic
algorithms. However, traditional crossover methods fail to solve a trap problem,
which is a difficult benchmark problem designed to deceive genetic algorithms to
favor all-zero bits, while the actual solution is all-one bits. The Bayesian optimization
algorithm (BOA) is the most famous algorithm that can solve the trap problem;
however, it incurs a large computational cost. This paper, therefore, proposes a novel
crossover technique, called a front-rear crossover (FRC), to enhance the simple
genetic algorithm. We test the proposed technique with various benchmark problems
and compare the results with four other crossover algorithms, including single point
crossover (SPC), two point crossover (TPC), uniform crossover (UC) and ring crossover
(RC). The FRC outperforms the four techniques in all test problems. It can also solve
the trap problem by requiring the 40 times lesser number of fitness evaluations than

BOA’s.
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897 TunauIniieiugnIT dulldulsenouvestunaunig 9 fedl

2.1.1 asAUsznaUVENTetUneUIT B eiugnT
2.1.1.1 msnsialastulau (Chromosome encoding)
Hutuneududulunszuaunis Aenissmualasiuleulfodly
sUuuufiaenndesfiuliym Tasdruanninazimualiedluguuuuvesuaidnuse (Sting of
alphabet) #30un2UBUAVFIUADY (Bit string) lnadunriivasduuiasBuazunusinusenau

[y

19 9 vasAmauludym masialastulavaiunsavilavale sukuy Ausgiuguiuued

p9AUTENOUYRBvRIAnaULar U Nn i ueenly lnafegranisidnsialasiulanlu

[y

sUBUUANG o Tdsil
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¥ LY . . < :’/
- MsisialaslulaniuuLaYgIuEes (Binary encoding) WUTUABUYBINIT
wWhsralasiulounviinswasudneulviegluguveuargiuas (Binary) Nilalussruseneau

1 = o 1 = I 1 = " L7 A
YDYUTDATLAUINIUN € WUAT 0 199 1 MUY AN 1

Chromosome A 1 0 1 0 0

Chromosome B 1 1 0 1 0

A 1 MssalasluluwuuATg AR

- Msisvalaslulaulneaiaig 9 (Value encoding) ludunaunisidnswe

laslulgununuenlusifusenougesvsomunianils o mevilndoya JULUUAIG 9 1Qu

v @

19NY5 IUIUITY MTOMATLUFULUUAN AaIeg19nIng 2

Chromosome A a b C d e

Chromosome B | 0.11 | 0.25 | 3.21 | 4.12 | 0.65

Chromosome C | left | up |right | left |back

d‘ 4 Y ! 1
AN 2 N5t sRalATIUlBULUUAIANN 9

- maswalasluleunuuiesduludeu (Permutation encoding) 1Uunns
wWhsialaslulguiuvuailuosnusenaugssriomuniens o Tulanlugnu wu Jgymwinis

LAUNIVBINTINGIUVIY AININD 3

Chromosome A 9 8 7 6 5

Chromosome B 1 2 3 q b

ANN 3 NsLnsalAslu LU ULS seduLAY
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. Msisalasiulrukuuns (Tree encoding) Wumsitnsvalasiuloudien

vosasAUsEnavgaagluluun (Node) vewiulll Asnind 4

2NN 4 NSNS TElASIUlEUWUUNS

n1ssdentdnisidnsialuguuuusing q geudanumaigauiiuandiusenty n1s
A ¥ LY :’I ¥ A b4 L o 3
denguuuulunisidrsiaiu szdesdenlivuneiulagviuazsusuuaneuvesdymiu q
e
2.1.1.2 msasnusernsaunia (Initial population)
Judumsulunisadrdastulgaduunludwauisidivue lay
lasluloufasrvuantuazeglusuuuunmsidisianmuigiudynidig q gediuindnag

91f8N13du (Random) Tunisimusesruseneuvdeslulasiuleuvesssyins

2.1.1.3 mslvirguuulasiuley (Fitness function)
< ! t% 1 J [ Y B e E4
Judiwvesnishiazuuuunlasialauuiazyn vinliiunniudi

Tndmmevveslymuindesiiiedds azuuuveslasiulanudasyatuiiouaiiouniny

a A 1

wdussvedlasiulaudu o Mavselifedslsineonsiiazuuulastulouiuaiunsaidlavane

JULUU Bawsazguuuuiduegivigmissiusenty

U o

2.1.1.4 MIANIUNITNIERUENTTH

Jutusoudiliunisniunannistunesuisidaiugnssy e lviia

3 ' 1ala = [ (J Aot = o o a o
Wusulndndanuninnseldunnounanau “U\TGU‘INYEJUﬂ'ﬁW]L'L!Uﬂ']ﬁ/INWUﬁqﬂiill‘Uizﬂﬁ)UlU

9 9

[

PALEAILAN ) A9T
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2.1.1.4.1 MsAmaen (Selection)

Wuduneaulunisdadeniiiatenlasluleuffansomuizauain

o v I

Uszansianuedidl e luiduaneiugiuiiidaUszannsiulmd Wunsdadenlaeiianiig

9

1% '
= =

AN ITinguvessensiiintuanindasiaulndifeaiuAneuningadu Hn1sAntaen

TaslulguilvungaursananUsesnsianus Aivaledsnasiueanll sndlegray

- FBn133An15Utsu (Tournament selection) Wi sdnident
o1fennnAnIMIutsturi q W Tagazidenlaslulonuiloudstuinlasdamudusmio
wnzausnnIfy endaegnty sndenlastulealaenisduunaesiaslaley 91ty
Wisuiflsuarumanzauainazuuuveslasiulenassaslulsudy TasTulsuladaanm

winzanunnfvzieinluduue wazszgnifenlululasiulaudmsulinuia

ada v v W . 1< [ | 1
« TM33ndudU (Ranking) LumsAnianlaggaNAIAIUmMINT AL
= a 44 a | a
M30ALwUUYaIlATIUlTY TaalastulguiA AU AN ITENNINUSDALLULANINALLAIAINY

wzdulumsgnidenandunussmnsiisiun dethlydulasiuleuliiia

- FBN5uUUEeAR (Roulette wheel) LunsAnideninegana
AnUIzay dlasiulauresdineuiiaiaumuizanuiniazddileniagnidentuidu
Us1n3AImeu nanfeaInumNIzauveIUszyInsyniiszgniuAuiasduainiy

Wnzlunselonanlasiulenazgnidoniiuies

2.1.1.4.2 mshwiUdeu (Crossover)

Wudunewlunisirlastuleuidenliidulastulaudusia wn
o a o Y Y [ = 1% I | =) v P al
adunskaumeudmeiy Weaalulaslulanusernssului Gamsledivdeuiivane
08U Mg

» M5t TlUAguLUUIALFET (One point crossover : OPC) N5k

N a [ a 14 a a o 1 ~ o 1
L“LJ@EJ‘L!LL‘U“Uf\]‘(ﬂLﬂEJ’JL‘U“LJLV]F‘W“LJﬂﬂ'ﬁVLSU’JL‘UaEJ‘LWILaE]ﬂﬁ’]LL‘VI'LNELL!E‘WEJIF’]?I&JI“USJ@J’]%UQG]"ILL%UQ

[y

ndwinsadulasiuleuvesdiuiegnaaiuwnivedlasiuleuiladentd Fuiliaady

el (3

aneuglnainiesavsenavdesvasussansauinllaludadiuingi q du lngnisiden

sundsiindugesniudiulvaiinesidenainnisdy dsnmd 5
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Cut Point
1

At 5 Msledfuwuulaiien

» N5l AUABULULABIRA (Two points crossover : TPC) N33
wWasuwvvassgailumalinnislvfivasuidendunisluanslasiulonuiaosdiung

niwinsadulasiulauvesdunegseningadaiivinnsidenl ivsaesgn inliAnduane

o a

Wuglnindesausenevdesvesaneiugauniia uaslagdrusndnidenyasianiassyalay

9

1 v ‘ﬂl
NITEU ANAINN 6

Cut Ploint Cut Ploint

HEEEE -

a v
A 6 nsluiidasunuugaesyn

» nsladivdgunuutensy (Uniform crossover : UC) msledilaeu
wuuengUilumefiansleideundendadulalunisuanesdusznoudesyn q drumis
Tngardeanuinsiiuividulunsdedulainzdenunaniasiuleusuiuiadila danm

77
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EEEEE W

i 7 msledildsunuuensy

2.1.1.4.3 M3naneug (Mutation)

1 (3

< gj A o a 1 A
LUu?Jumaumu’ﬂﬂiilli"?]llll']LUaEJua'JUSUEIQ@\"]ﬂUizﬂa‘UﬁJaEJ'Vﬁ@
a aaa

swnuanielulasiuley Favseuldwmiloududdiadiandn1siTuuinis nisnateiugly

TUABUITINUTNTTUUUIVAIEFULUUAIEY LU

- n1snaneiuglusiunisdn (Bitwise mutation) {un1snanewugd
mnsideneasAusznavgesvsemuntslulasiulauduinaniduiniswasualieglumng
Frufud A wu 0 10y 1 lngnisidendiwnusiinnviinisnateiuguu dnadenisduiie

aniwrudlulastuleuduun A9nIng 8

1o1oo:>1'"1‘w.0‘0t1,

dl U o 1 a
ANN 8 ﬂ'ﬁﬂﬁ’]EJW‘NﬁTLUWWLLVUQUW

- NINAIBRUTHUUATU (Swap mutation) Msnaneuguuuadudu
n15v1n15USUlAsueIRUsEnavd e nsamkrnusvaclasiuley Tnani1siaandiwnualy
Tastuloudunnealtaduniusiwrusdululasialeudedny Inen1sidanaanlsenauy aense

suvislulastuloududnldnisgulunisien danimi 9

1 N 3 | 4 S > | 1 e 3 | ¢ e

AN 9 NMINANERUGLUUASY
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2.1.2 Fumaun1sNATUYeItunouIsIaRugnI Ty

v o
v a % =

JUABULUNITVIUYBITUADUITHTINUTNTIY TNTEUIUNITAIAINA 10 LD

q

Y ° Aaa | = = o av v & I3 !
ﬂu%']ﬂ']m@UWﬂV]aﬂsU@ﬂ{jQJJ%']&LUGU'NL'J@']‘VIUQ 9 %QﬂqmaUﬂlﬂﬂqﬂ%umausﬂ@ﬁ GA QSL‘U‘Uﬂ'@N

q

Uszmnsniazuuunings neldansudusig q aldnmuall

a v
LIURUY

i v ° =
A313UTT!MATAUALUA

v

»  UszliuaAnumanzan

=
Raulumivga

v

( aumahau )

v = v ° a
ARLAINUTZTINNTAUNILUA

v

v VR |
loiwasu

AN 10 TUABUNTINUVBITUABUIT BN UGNITY

(%

NN 10 TURBUNMTVINUVDITUNBUITINTUTNTTU UTENBUAIBTURBURIN 9 Fdil

1. a¥uusznsduside Wunisadlasiulenfmneuiuinainnisdy Taensidisia
Tasluleaniu agdunadsialastuleumuiiasinun

2. Usudliuanuwinzauvaslasiuloy Iag Fitness function

3. asvaouleulvnsvganisvhau Wy Suiugeaaveminensiiannsaltlsvie
190AADUTFDINITUAN

o a

4. Aadeniastuleuiegldluaneiugiuinin lnedsnisdndenilanmumenly
5. vinsleiiddsulaslulanateiugduinlaidonld mudsnislelid deuiisile
sty

6. yinsnaneiugiuUsesnsgulud eadsnisnaneiuglaninuall



25

detuneuaniunsiiudunoun 4 fs 6 awadagrililavszansimeugulng
gonun Usgrnsqulmifazgnussifiuannnumungay uazasyingiduneud 2 89 6 aunseiy

Foulunisugaviauasduas

2.1.3 MIAUIUMIANAINAINTANY

AaunaInvatsluduneuisiBeiugnssuiduaildesuiefsdnvusves
laslulguiegnrslunguussyinsnienisnseatedivesdnnegniglulastuley frany
warnnaleventia1lszyInsusenunaInnateveslastulenazsidusiianisiivenis
Tonamnudisavestuneuddidaiugnssulunismameulanannfe wWelssyinsiiiaiig
& o a ° PN v i ! 1 PN
wanvangunndnazdidilsznauvesineungnienseawegludiunig q vedastulaui
1 & = o 1al £ =1 @ Y 1 a 4 ! d'
agngluuszyinsiavun Zedmeulndngnairedunnndlenialasudiungniesaindiui
gnaesnsyatgedlulasiulountgluussyinsnavun Tun1sAuInAInIIunaINaled
LwﬂﬁmmagﬂLLUUMﬂ@JW%@MWﬁ%’W@Q (Diaz-Gomez & Hougen, 2007) lauiausiiag
nsassrnssuialvliannnuvainiaieanazdmalituneawisivseansnmlunis

MAMBULRLINATY 1139lAlaueIdluN1SATLIMNMANUTAINYAIBENAIBE LYY

« MImuINAIANENaINaslusEaudy (Gene-Level Diversity) 1unns
A1l 0 wazls 1 luussvinsnguniyirfidnununuandaiunseld lngdsn1sAuan

fssdelud
1
H(P) = 72§.=1 H; (1)

AIAUNAINTIAN8TBIUTEYINTNGUNTY H(P) Awilaainaunisi 1 loed

L anuenvedlasiilounay H; awnsarmwinlainaunisdeluil
_ N
Hy = = 2i=1 Pij * log,P;; (2)

NauNN 2 inuali N Aevuiavesdssrnsuay Py Aeauuiaziluves

a saaa a | A v o Id A L ! ! =
ATLAALUANITUNUUSR O Lagum 1 ImSﬂﬂﬂlm‘ﬂﬂﬂﬂ’]iﬂ’mim'ﬂ8L1JU@WVIE]§JJIU”U’N§8‘VT’J’]\1 0 03
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1 lduaniruruaiuvainuatsvesdn 0 wazdn 1 Negludseying 1 Ju dAAladay
Inafu 1 annuansadnnguusznsiidnuiude 0 uazln 1 eglndifiseiu uavidAilndiAes

fU 0 WntunaneAuIOnduNndandy 0 vse 1 willoutwdudiuiuuin

2.2 U8NPV

Turudeilladnavewatianislviivsuuwuulmidiomanumneureslymiiu

an fIvedslanenidenuidessndu 2 dw dwinisresidenneidestulagwiudn

lngidrdamadansedunsudsngninausiiiounldundyninaznaansnla diunassde

'
a A

NUITLNALINUNIS N UAsuNeSU1edamatians i iUasunulaulasiufanisuiaue

A av ) a a & aa ) va X
mﬂuﬁwmaqmi%ﬂiuﬂqwizammwmawummﬁmqwuﬁqmiﬂwmu

2.2.1 Avenstuiladsy

o

Tusuideuea (Pavai & Geetha, 2017) 19¥i1N15815790aL b UIUTELANV DY

I o

wadianisleagundionly aneuddedilvindnsinaveamainnisleiivisy

aa a o

‘vimﬂ‘wmamﬂﬁﬂiummf’fﬂmwwmaq%umauaﬁL%awuqﬂiiuLﬁuﬁwuauum nsenlginaila
nslufasuluniseitgnsadunisdendiuraulalues lunuideds (Kaya & Uyar,
2011) M nauamaianislafiudsunuuismau (Ring crossover : RO) Wumadanislad
Wasuumnsnseenluanmadianislviivdsuguuuudy q lasmaidanisloivasuuuuls
wnudunislusivasuiiendelaslulsuguinia 2 Tastulsuiioutumaiarly arntuth
Taslulsanuseneuidrde fuauiafursnasuagiinisduandndun eutsanax
soniuaasaruriliindulasiilaulng 2 TasTulsudunn msladivasuwuuiumuinls
TnslulsudiAndulmissddrunedasiuleuludasidiuiiviniu uidumndwednonalile
Fundaduiesndedinmsdssdduiiiasuliannsivuslidniilndgadauinigadu
JnusnvoslasTulaalusldanni 11 Tueidsoveamaiansloliddeuuuuicumuiiuy weade
Fanalinadulseansanvesinauiifnimaianislodivasuuuudy 9 wimaianig

lefiasunuurwmunlilafinaninvesdineufidngadunndamingnituimeasslu

=1 1A v a Y
MUIYU LLWWW@@ﬂULWUQUWQ{]@JMWL‘Vl']uu
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Cut Point Cut Point

\

AR 11 NMSIAURSULUUIAIU

A8n1sluiasuves (Li & Goodman, 2007) Minauswmalialunisuiuls
Usgansnimveesnisiuiwasuliadu Insluanuidslaviinisneasstumatianistuiasu

a o o o Ao v =2 o U can v o 1
LUUAgIkayyinn1ssrsii lugadnvadlasiuleusiutanmsimaansladn dumnsle

'
a

gndnudwhliranumuzautsyawmisendaagyinisindesgadanana e lavinlvia
ANMUMUNIZANLEAS LAgATN1TTUAINURANAINLUUANNNSNLAS UG UADIRINHIU
N58UIUNISNS AR URAWN Tl AS I lo U 9apIR2TlANAIN LML duTkE aans o tas ey
U o 4" 1 a LY z.:" = d' = K 1 & 1 2 r-:ll
fladrntlsneaswardndinialuinnuiasuwlas Tunsdlsenainasiainnisiviudsuly
ASITUNYARANTY q dn1sianaintunislelildeuintuuazitnistuidnuiuasslunis
Ranatntold uenandlunuidedlalianunungvesnislailasunyseauainudisaty
44 ° ) v a Y A ) Y A Aat o o A
A9 1AslulauANMBUNEDIAINNIUNS I UR S ULA LA INANAINUANNLFUNATUTIEDIAINT D
Taslulaudlamnilsndutazatnnumiizanvasasiulsudndliiudsunlasiain nnstad
Wasulupssiulszaumnudnsa ag1alsAnnumailanananazaaddnineinsiindusiuiu
i weAYn U sEANS ARLTUAsUAY NadnsAlaannuItstumAtaNUEUaEINN50
iliusgansnnlunismameuadunigladymangniiumaasswazsimalianisluideui

Y lgluanuise

MUITeve9 (Herrera, Lozano, & Sanchez, 2005) @i auswmailnfiay
YSulgelseansnimlunisuidgynivseniAinavvaslyni Tnan1svinislafidsusuy
weunaunanie finsimaidanisledivasuninniniasuldlunsmmeeuadmi o
wonantudwhnsSsuiieulssansnmussnsineusiufuveanaiasig q Tngly

nuidylaauswealindunsunymuuudiuiueie dwaansilasonuntuwinliiuiinis
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musniurewnalialamunzdulymorls wazliUszdnsaminuazldfniwuuduuin

] = aw & o § v & aa A = Y] % ! al'
‘UBEJL'WENGL@ QWU?‘USNQSWWIM'&W@J'HQLa@ﬂLf‘]']']ﬁ'i/lL‘Vm'?gall‘ﬂLW@J'WN']UiUI{fLUQWUWWUGHQ N

[
0

agneladaymideiuls wazdaluaAdenilimuiinisuiuusassansamliavuly

I [

919lulAna1nIsRAnTudwieadudsnlsannisiimaiaNdagunaudnle iy

Y

[

2.2.2 yiduReatudlymiun
ﬂzgmﬁ’ué’fﬂLﬂuﬂﬁgmﬁmﬂﬁgﬂa%ﬁumLﬁaéfaaﬂ'rmaaﬂiﬁﬁﬂu’umaufi%m%m
Tnslulsudneuilailndissiudmeuiignies s1u3seues (Goldberg, Deb, & Horn, 1992)
LAz UIBYs (Deb & Goldberg, 1993) lavinnmaasauayiinsizidaymiuanitliiiuga
mmmﬂ‘lumsmﬁmauﬁaa%umaui%l,%qﬁuqﬂssu sATedwngfigminausiiionidam
sazlinsnennslumsuidamdusniduswounn uinuidedwlngigniauesisne:
widaymiuruinvestymfiin 11uideves (Pelikan, Goldbers, & Cantu-Paz, 1999) 'l
11@Ue Bayesian optimization algorithm (BOA) Lﬁu%gumauﬁﬁﬁqmiumiLLf’ﬁjagmﬁ’uéfﬂ

Tasdunouisaziinisadiaazrditauinisiiuainuu1azidy Tuseninenssuiunis

(%

<

Tiwunstuseuisagiseuiuazyiumanunasdulidnlndiudmeungndes Tuneuis
UlgnsnenslunisAniadiuiunniliednnduaauinsissuinanuduiusseninedn
Nue Muddsdulngdesnimazaniaiwaznsneinstunismameauvveslymiiuan lag
TuliRegadudu BOA lafenuldeues (Harik, Lobo, & Goldberg, 1999) Au@u® The
compact genetic algorithm (cGA) Tuneudstidudunsunienazlinsneinslunisaui
esninlunsaiiunisvestunou uadunsuninanndldansadntsiinevvestym
AUANLA LarI1LIT8Be (Ahn & Ramakrishna, 2003) lawinusyansanwlywnu cGA Fanaila
[ I 1 Y YY) <@ & Aav a o a a
AanandaEnsaRAtamlaiieadudnuiaanvinty uTenusuUslssansninues cGA
N VY @ I | a 1@ v 1 o (YY) i
fliiuesnunegwmstdesnndeliamnsamanevvestymiuanle
nuidgniauetuneuislugluuudeenieundyniiuinegreauideves
(Ondas, Pelikan, & Sastry, 2006) lainausiuidefldde The genetic programming (GP)
way The probabilistic incremental program evolution (PIPE) NdiA218gUg D uNINAT
TURUIBLFINUGNTIN wazlunwideves (Cox & Watson, 2014) NdnauaIsn1smAInaud
15871 Schema gramma MsaRsATTaITaMmAIneUTesUgymtuanaua 3 aeaiu BOA

uausammnevvestymiudnwuin 5 19 egrelsiniunisluliremsneinsmuiaily

Tunsmdmeutunawing o fnddnineinslunismeneusgdudiuauuin



ax a o =1 v
ATNITINULEUBLUDINUY

Tuuniazinauetunouislunsiinismaass suadtniounisd osfuluauds
Fupsunarlunszurumsang q IngnisnaaesasiUisuiisuanuansavesitaidunisle’
Wasuluwuudng q sufainauemadalunisiviivasusuiuulvidsianumensausu
Hymunndeaiodn waziivszavsamlunmsmensuduedils dduduneunssniuny

[

YBIYATIABINTTYINUTA

3.1 N15LM38UNTSHUBIAY

[
[y

= a v = = U cav v a Yy !
LUBNIYTIANTUD UumaﬂﬂqiLﬂiﬂUW]EIUNaaWﬁV]vL@"\]']ﬂWlﬂu@ﬂ’]{LGU'JLUaEJUEULLUUW']\T 4

v ¥ v
v v = Y A

AUUTIR 9NN TENTUTLNTUFINSUNISYN UL DIAU LR8NV UAINENTIUADUNNS

= o &
LAYUNTITIAIU

3.1.1 msLsﬁsmmiv‘mwuﬁm%’u%’jumau'ﬁ%’@ﬁuqmm
Tuduneudsideiusnssuazdseneulude dunsunsadreuszrnsduriia
(Initialization population) FuneunsUsyfiunnumanzay (Fitness evaluation) Funou
nsfmidenUseannsuiida (Selection) duneunslatiuden (Crossover) funaunsnane

[y

s a = 1 gj = a o [ le’
Wug (Mutation) @eluusdaztunauiinswisun1sineu fsl

3.1.1.1 N385 9UszYInIAUAILn (Initialization)
TutumaureIn1saselszeInsauALlaty 93A9ln1sAINUAIENS
v o vo o & & au A vad v o a A ° ¢
WsialiiuTuneuil Felumuidedlaldismsdrsiawuuluuivionsnmunesausznou
gosvadlasiulyulidlaua 0 du 1 Wil lnerveudarinazinainnisgy wenaniu
22A0UN19AIUUATIUIUUTEVINT (Population size) LazAIAIINEIIUDILAT LU LYY
(Chromosome length) sae Warun1svirulutunsuiazyinliAndugaussyinseu

AMIANTIUILYTEINSHAaEANNENYRAS U lgURUA AR UALe LY
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3.1.1.2 MyUszifiuaniiunzauueslasiuley (Fitness evaluation)
HutumeuitarUsedulaslulounis 9 flanumunzauviold Tne
AuNzaNT A astimsimuandnnislunisussiumumangantuan slusidded
IinsTausyanssmmaianislafivdsufuiinsussumumasauiaonn 4 Jaymn

NAADU bALA

- JaymrTanilannnga (One max problem) 1unisliriazuuuaiy
winnzauduasaUsenavdes My “17 Fepziuunanuauadlasiulouniasfadiuiures

I3 ' A N Gam O Aaa &y = & o A s
p9AUsENavgaaniA Il “1 ﬂ?@l@U%ﬂW?jﬂ‘U@ﬂﬂi‘g%’]ﬂﬂ@5%\1LUUﬂ']G]EJU'1/]3J@\‘1ﬂU§$ﬂ@U

gopnniunisdiandu “17 feogragu 11001 tastuleuifidanumnzandy 3

- Yymdnaudunnan (Zero max problem) Wunishidiaziuupiy

) 13 ' a g & = o =% A o
wnzauiuesaussnaugesiilu “0” Frzuuuinuavedlaslulaunisasfadiuiuves
asRUsznavgasffiandu “0” Aneuiinngaveslymnde 5 Fududneuniesduszneu

goannsunisiiandu “0” dregatu 11001 Tashuleudfiaanumunzaundy 2

aaedislunisuszsiuaianumungaunsedymingnidonu iy
Yandesrunazamnsavenlaintuneudsilalunsuidymusemmneutudinuaides
Tluns “17 w3e “0” n3al lnvaduunuaiusesdnsnmlunsmeaineuvesisasstynil
sgfotmenunilounseolndifssiuiioldudeduduinmaiianiedunouddsnlddulaiinng
o a
GUIBER

- YymUnasaniineinnisdu (Random max problem) tdunisliia

AZLUUANULNILAUNUDIAUTENBUE R NTAINSINUAINBUN L NTUALENL) DlleeRUsenau

a

! o 1Y < = LY 1 ] o A ! Ql'
YRYNMUDUNUNINNISUASLUUNIN AIDYIILYU mmawaa{]@mm 10110 dulastuleud

agUszifiuanungaufe 11100 duveslasiulsuimilounumnovvestymilandu 3

(% '
v Y [ =

WuMeeUNANgaAAmauilauiuAmaunlanmumelitues ddunisivuemney
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Tasluleandnuteduionun 4 Tastalew v 4 Tashileufitundedasdenlnenisdu andudn

fiAAzkuuAIMINZaNInTignaIna 4 lastuley Tudulastulsuduidasely
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rate) Anuu1ztdulunisnateius (Mutation rate) wazsnulIuAsIlun1sNAaas (Number
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of runs) &slusuAdelamuuaamsdieasaig 9 1l1aw15199 4
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Parameter Value
Population size 30, 80
Chromosome length 30, 60, 120
Tournament size a4
Crossover rate 0.8
Mutation rate 0.01
Maximum number of generations 500, 1000
Number of runs 100
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Function SPC TPC ucC RC FRC
100% 100% 100% 100% 100%
One Max 30
5106.3 5353.5 1774.2 319.2 298.8
29% 37% 67% 100% 100%
One Max 60
13778.4 13788.3 10364.4 5538 504.6
0% 0% 2% 100% 100%
One Max 120
15000 15000 14984.4 878.4 835.5
100% 100% 100% 100% 100%
Zero Max 30
5185.8 5100 1631.4 310.8 293.7
39% 39% 69% 100% 100%
Zero Max 60
13781.4 13540.8 10086.6 536.4 506.1
0% 0% 1% 100% 100%
Zero Max 120
15000 15000 149937 890.4 838.8
100% 100% 100% 0% 31%
Random Max 30
5075.4 5324.7 1858.2 15000 12823.8
29% 39% 2% 0% 0%
Random Max 60
13706.1 13580.4 10519.5 15000 15000
0% 0% 1% 0% 0%
Random Max 120
15000 15000 14968.2 15000 15000
2% 2% 1% 100% 100%
Trap (3) 30
14726.4 14751 14852.7 378 348.9
0% 0% 0% 100% 100%
Trap (3) 60
15000 15000 15000 746.7 T16.7
0% 0% 0% 100% 100%
Trap (3) 120
15000 15000 15000 14121 1314.3
2% 2% 0% 82% 100%
Trap (5) 30
78415.2 17626.4 80000 15968.8 1078.4
0% 0% 0% 63% 100%
Trap (5) 60
80000 80000 80000 31635.2 2058.4
0% 0% 0% 58% 100%
Trap (5) 120
80000 80000 80000 35763.2 3648
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Guuuc.ﬁlgmﬁm(&ﬂ.}[l]lsmupummm
inspired by the principle of natural evolution The process of
GA mwﬂlaeamgapmlnfcmmmm:[mlhda

A crossover operator is of very importance o gFenetic
alporithms. It plays an important role to belp explore a wide
vanety of feasible solotions in a larpe search space by middng
promising candidate solidons together. Thers are vanouws
CToSsOovVer operators proposed in the literatore. Some rossowver
for a particular problem There exists a comprehensive survey
of cossover operators. Paval and Geetha [2] reviewed a
hmdmdcmsm-erm:hmqnﬁanddamﬁadmssnmmﬂmds
into two Jm.m categoTies: ‘Lmssmrer for represemtstion of

978-1-5090-4834-217/331.00 ©2017 IEEE

mspmsadmﬁehnmﬂmemmchssof

benchmark problems, which is stll difficolt for genetic
algorithme to solve. Such benchmark problem is a deceptive
problem so called a trap problem.

The trap problem is hard becamse it is designed to fool the
alporithm to search in the direction opposite to the ome that
leads to the solution. The stadies in [3-7] provides snalyses of
the hardmess of the rap problem There have been mamy
attempiz fo solve the trap problem, but almost all can solve
only the small-sized problem andfor require a larpe amount of
computational time to solve a larzer one.

The most farmons alzorithm that can solve the trap problem
is the Bayesian optimization algorthm (BOA) [B]. The BOA
comstructs and evolves a Bayesian network model to estimate
solutions. During the evolution process, the alzorithm learns to
adjust the probability distribution to come close to the global

optimmm The BOA takes a huge computstional time becanse it
takes into calculation dependencies between all bit pairs.

Orther smdies tries to solve the trap problem by taking less
computational time. In the same year as BOA is published
Harik et. al. [9] proposed the compact penetic algorithm (cGA),
whose probabilistic model sssumes independency betwesn
each bit pair This model is simple and requires less
computational resources. Unfornmately, the oGA fails o reach
the zlobal optimum in the trap problem In 2003, Abn and
Famskrishna [10] proposed enhsmced coAs: elitism-based
compact genetic algorithms (Le, pecFA and necGA) After
update the probability model, the alporithms stills keep a small
mumber of the fittest candidate solutions (3o called elites).
Those elites are retsined throughout a pre-defined mimber of
zenerations. Both of the alzorithms succeed in solving one of
mininmm deceptive problems, at not in any of folly deceptive
such as the aforementioned trap problem. In 20004,
2013 and 2015, [11-13] comtimed on improving the cGA. The
mhmmtbsemmmmmeg]ﬂhlupﬁnmhﬂm
trap problem.

Different kinds of evolutionary algorithms are proposed o
solve the trap problem For example, Ondas et. al. [14] achieve
programming (GF) and the probabilistic incremental program
evolution (FIPE). The GF and the PFIPE are more complex than
the GA They evolve candidate solutions in a form of tees
instead of simple bit smings. Cox and Watson [15] successfully
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solve the trap problem by using the penerstive grammar. The
propesed model is a set of mles (called schems zramma), nsed
o peneraie solotions. Both of the research works [14-15] can
achieve the global optimum of the trap problem (frap size = 3),
while BOA can solve the trap problem (map size = 3).
However, their computationsl costs i terms of the member of
fitmess evaluation are very high

In this paper, we iniroduce a3 mew crossover techmigque
called the “font-resr cossover” (FRC) o solve the map
problem (both trap sizes of 3 and 5). The FRC can easily be
adopted in the simple genetic alporithm which is simpler and
requires mmch fewer computationsl resources. The rest of this
paper is organized as follows. Section I presemts other
crossover operators that will be compared with owrs. Section IIT
introduces the proposed FRC ique. Section IV describes
the benchmark Section WV shows the experimental
results. Section VI discusses why the proposed techmique
outperforms the existing techniques. We draws a conclusion in
Section VIL

O CrROSSOVER TECHNIJUIES

A crossover operator is ome of mechanismc in genetic
alporithms to create offspring. Typically, ﬂxis techmique
dividing the chromosomes in many parts. 'Ihim,ltswapsﬂle
parenis’ mmmoﬂhnmgsrjrmsum There s a
belief that mizing chromosomes of promising candidate
sohufions will lead to the better ones. This section imtroduces
crossover, closely melated to ow work. We show the
comparison results of all the techniques below mcloding ours
in Section V.
4. Single Point Croszover

Single point crossover (SPC) is a basic cossover techmigue.
It randomly selects a cut point in parents” chromosomes. The
first offspring is created by concatenating the first part from the
first parent and the last part from the second parens. Likewisa,
another offspring comes fom joining the frst part of the
second and the last part of the first, a5 exemplified in Fizgure 1.

||-| il:-l] || 1
i .'i
I .

i

Figure 1. Singls point crossoeer

B. T'wo Point Crossover

Two points crossover (TPC) works by randomly selecting
middle parts of the parents chromosomes, as illostrated n
Fipure 2.

Figms 2. Two point crossorver

C Unjform Crozsover

Uniform crossover (UAC) produces offspring by modomly
choose a bit from parents. With equal chance, each bit in the
offspring”s chromosome is chosen from either the first parent’s
it or the second parent’s, &s shown in Figore 3.

Figae 3. Unifiomm. oros sover

I Ring Crosover

Ring crossover (RC) is proposed by [14]. It first joins the
parents’ chromosomes (P1 and PZ) to form a ring {as shown in
Figme 4 (leff)). The random out point separaies the ring imbo
halves and two offspring’s (C1 and CI) are produced Cme
child arranges bits im a clockwise direction, and the other
arranges bits i an anfi-cleckwise direction, as illsirated in
Fipme 4 (might). The RC technigue is quite similar fo our
proposed techmique. However, it produces offspring in both
cledkwise snd amti-clockwise mamners, which causes some
parts of Cl1 and C2 having a reverse-bit order, while the
proposed fechnique does not. The difference in bit ordering has
an effect on the acouracy. We will discuss abowut this issue in
section VIL

Fipme 4. Ring omssowar

IIL THE FRONT-BEAR CROSSOVER

This paper proposes 3 Dew crossover technique called the
fromi-resr crossover (FRC). Typically, crossover out-point
positions of the two chromosomes are the same Om the
conirary, FRC allows different cut-point positions. We named
our proposed techmigque as fromt-rear crossover becsuse the
operation swaps the front of one parent’s chromosome (P1) and
the rear of the other’s (F2) to produce offspring. The front-rear
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crossover gperation is described below snd the example is
depicted in Figure 5-8.
Procedure of the front-rear crossover.
Srep-1: Fandomly select the length L,
where 0 < L < chromosomeLangih.
HNoote we discard I=0 snd L=chromosomeLength
because they do not affect a chromosome
simchare.
Srep-1: The cut points are at the position L of P1
and chromosomeLength - L of P2
Stap-3: Create offspring by swapping a group of bits at
position O to L (the front part of P1) and
a group of bits at position
chromosomeLangth - L to L (the rear part of P2).

_______Iaf W

Fignm 5. Front-mear crossover

Figure § illustrates an example of FRC. Given two parent
chromosomes (01100 and 11011}, and L=2, P1’s fiont part
comtzins O], while P2's the rear part contins 11. Then, the
offspring are produced by swapping the front and the rear parts.
The new chromosomes 11100 and 11001 are zenerated.

2

.|;.|...
i
L | i
I/

'_

L R
b s

Figeme . Exmmple of the fromt-mar cos sover

IV. BENCHMARE PROBLEME

The poposed oossover operator is  tested agAinst
‘benc hmark problems described below.

4. Oneldax Problem

OmeMax problem is an essy problem for testing genetic
alparithms. A fimess value is caloulated by counting ome bits.
The optimsl solution has the fitness wvalwe equal to the
chromosome’s length, where the comesponding chromosome
composes of all one bits.

B. ZeroMa: Problem

This problem i= similar to the OnpeMax problem but it
coumts zere bits instead The optimal solotion of this problem

composes of all zero bits. This problem is chosen to be one of

the test problems in our experiments o prove that the proposed
method is not biased to fver erther one or zero bits.
C. Trap Problem
Trap problem is 3 hard problem for zenstic alzorithmes [3-
T]. It is devised to delude genetic algorithms to favor zero bits
Tt the optimal solition is all one bits. The larger the momber
of zeTo bits, the higher the fimess vales. Nevertheless, the all
In the map problem [17], the score of a block of k bits

{where F is 3 trap size) is defined as:
f# . fu=k
Fi['bl:-"‘bl-ll= fh _“% : i -

(1)

where fi and f£.. are the pesk scores of the kbat blodk,
and

be (0,1Lu-F B

Usually, fla is greater than fl., flg is set to k, and fi. is
setto kL

To make a irap problem, we concatenste m blocks of k bits
(Bs, B)..., and B, ). The comesponding trap fimction is defined
follows-

as

FiulB, B )= EF. (B,).B o1}

In this paper, we use the trap sizes (F) of 3 and 5 in the
experiments. As an example, given 3 chiomosome
11111100011 1M, its fitness walues is 3+3+2+3+2 = 13, and
5+2+2 =9, when kis 3 and 5, respectively. Note that the larger
the trap size, the harder the problem.

V. EXPERIMENTS
In all experiments, we select parents for each generation
acoording to 2 method called toumament selection, and we
choose a bitwise mmtation for owr oomation scheme. The
ommament selection method randomly chooses Chromosomes
from a pool of population The mumber of the selecied
chromosomes is called 3 towrnament size. These chromosomes
then compete i the fouwnament The one with the hiphest
fimess value i= 3 winner, becoming a parenmt of the next
zeneration The process of selecting winmers is then repeated
until the mumber of parents reaches the populaton size. A
larper tourmament size resulis in 2 smaller survival chance of
candidates with a low fimess value. In all of our experiments,
the fournament size is 4. The chromosome length (problem
size) varies among 30, 60 and 120 bits. Table I shows the

parameter setting of owr proposed algorithm
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TABLEL PARANETER SETTRNG
Parameier Valne
Popuhticn swine 30 {for Cmaldax, ZarnMax and trap (=3
B0 {for tap (1=51)
Crossowes e [
Miutation s 0ol
“loumemont s L
Mavirmme mmshar of | 500 (for Cmcliae, Zorobisx and trap (=3)
gRnations LK) {for trap =510
Member of rems 100

In the experiments, we compare the proposed techmique
with other crossover methods: single point cossover (SPC),
two point crossover (TPC), uniform crossover (UC) and ring
cossover (BC). The performance results in Table IT are the
averape mumbers of fimess evalnations over 100 mms The
mumber of fimess evalnations is 3 stndard cost messurement
in the evolutionary computation research field The smaller the
mumber of fitmess evalwations, the more efficient the alporithm.
Using the mumber of filmess evaluations is far to compare
different genetic alzonthms (and even to compare the same
zenstic algorithm with different settings) becanse it represents
the time that each alporithm consulits the clairvoyant (to
evaluate each candidate’ fimess value) for 3 hint o discover the
solution.

We test the alzorithmes apzinst the Oneliax Farobfax and
trap problems (with & = 3, and ¥ = 5). Each row of Table I
presents the performances of all oossover methods when tested
apainst each problem case. For example for the OmeMax
problem of size 30, SPC uses up to 51063 fmess evaluations
{on average) to find the sohition The percent in the parenthesis
means SPC is able to achieve a global solution in all 100 nons.

TABLETL ConPaR1s0H OF CROSAWER TECHNIGUES
Problem SPC TRC oo EC FRC
Omekiax 51063 53533 1742 3192 1988
fze=30) | (100 | qoow) | oos) | qooss | quoot)
Omeliax 137764 | 13TBEB3 | 1d3&4+ 3533 S504.6
fizesl) | ot | o | T | oot | oot)
Omehiax 150000 | 150000 | 149844 ETE4 B3ss
el | g | | @) | oo | oo
Teroklax 51B5E F100.0 15314 3108 193.7
fze30) | (1oees) | oo | oot | oo | uoot)
Teroklax 137E1.4 | 133208 | 10084648 5354 506.1
fizetl) | et | o) | (%) | oot | (uoot)
Terohlax 150000 | 150000 | 149937 04 B388
fee=l) | geg | e g | goess | oy

Toap(=3) | 147264 | 147500 | 148327 | 3780 | 3489
Eze3t) | | @] g | oo | (o)
Trap (=3} 150000 | 150000 | 150000 T45T TIET
zesl) | e | @) | @) | qoos) | oot
Trap [=3) 150000 | 1350000 | 135000.0 14121 13143
feel) | ogemg | e | @ | goes | ooy
Trap(i=5) | 7B4152 | 776264 | BO000.0 | 1396EE | 10784
fsze=30) o | ]| e | s | (oot
Trap (i=5) | B00D0.0 | BOCOC.D | B000O.0 | 316352 | 20584
zesl) | (e | @ | @ | g | (oo
Trap (=) BODDD.O | BOOOOLO | BOOO00 | 3FTSIT J648.0
peel2t) | g | ]| W | gEe | o

Table I shows that ouwr proposed method (FRC)
other crossover techniques in all test problems. &
can successfully find the slobal optimum of all fest problems
by requining the least mmber of fimess evaluations. In the 30-
bit Omelfax and 30-bit FeroMax problems, which are the
easiest problems, all techniques always find the solutiom
However, for the 60-bit OpneMax and 60-bit FeroMax
problems, SPC, TPC snd UC can occasionally achieve the
zlobal optimom (37-69 percent of success rate). When we
increase the problem size to 120 bits, both 5PC and TPC never
reach the optimnm while UC have the success rate of 1-2%.
Mote that SPC, TPC and UC have limited mombears of saocesses
in finding the zlobal optiomom for the 30-bit rap problems (of
size § and 5). They camnot find the solotions of the 60- and
120- bit trap problems.

It is inferesting to mention in the Omeliax Zerohfax
and irap problems (=3), FRC and B.C can successfully find the
zlobal optinmm (with 100% success rate). However, there is a
slipghtly difference in terms of the mumber of fimess
evaluations. The proposed FRC requires a litle bit smaller
mumber of fmess evalustions. Mevertheless, for the wmap
problem (of size 5), the proposed technigue uses the 10 times
less pumber of fimess evaluatons. We can also reach the
zlobal optinnm i every mm while FC has the success rate of
5882% We will dismuss why owr proposed technique
outperforms BC in solving the trap problems in Section VI

Table I snd I'V show the comparative resalts of the simple
zenetic algorithm (enhanced by ouwr FRC) and other techmiques
(mentioned earlier in Section I). Shown in Table I and TV are
the mumbers of fimess evaluations, required to salve the trap
problem (=3) with the chromosome length of 21 amd 30,
respectively. The mmmbers of the previous algorithms are
obmined from [9, 13, 14-15]. The proposed crossover
techmique outperforms all of themr it solves the problem by
using 3t most the 400 tmes lesser mumber of fimess
evaluations.

TABLE I U:’MAMH‘-’EP.EHI.T&{!I-NTM mmr:ij
Alporiem Trap (3)
{ize=21)
FEC 1544
GP [14] 40000
FIFC [14] B0
Schema Search [15] =1
Foand Restart [15] =P
TABLEIV.  COMPARATIVE RESULTS (30-RIT TRAF PRokl B, £=3)
Aporiem Trap (3)
{mze=30}
FEC HEE
2GA 9] 30000
oA 9] 3333
moGA [13] 133333
pecGA [13] 150000
necGA [13] 125000
fh-cGA [13] 5000
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Figure 7. The numhar of fimess svanations: med to solve tap problem (=5)

BOA is farouns for its ability to find the global optinmm in
larpe trap-size problems. Fipare 7 show the performance
comparison between BOA and the proposed technique. As the
problem size varies among 0, 60, 90, 120, 160 and 180 bits, we
plot the mombers of fimess evalnations that BOA takes to find
the solutions. (The mumbers are obtained from [§].) The graph
rend illusirates that the mumber of fitness evalations required
by BOA grows exponentislly, and that FRC needs the way
lesser mumber of fimess evahmtions. For example, to solve the
180-bit problem, FRC requires the 40 times lesser mumber of
fimess evalnations than BOA does.

VI. DIECUSSION

This section chows and discosses why the proposed
techmique performs betier than the others do. Consider the first
case where both parents’ chromosomes begin with zero bits. In
this simation, SPC, TPC and UC pever produce offspring
whose left most bit is one becavse of their bit-position
preservation namre SPC swaps parents’ chromosome parts on
the nght of their cuwt-point position. TPC swaps the parts
either the first or the secomd parent If the first bit of each
parent is zero, it is impossible that the offspring have the one
it at the first position. Om the comfrary, BC and FRC allow
swapping bits fiom different positions. The parenis’ last » bits
(from the right positons) counld be swapped to the children’s
first » bits. Such swapping style is beneficial as it increases
chromosome diversity, preveniing 3 premstre CODVETEROCE.
Since the premstune convergence is a vital problem in the GA
[18], maintaining a varety of chromosome structure is crucial.
Fimme B illusirates the swapping resulis in the case just
mentioned Given the two chromosomes, (0101 and 00111, we
can see that the panents” first two bits are zero. In this case itis
certain that the offspring produced by SPC, TPC and UC never
starts with a one bit That is why SPC, TPC and UC fail to
MEﬂEtapmabhnﬁ;i}mﬂnﬂpmnm When the trap
size becomes larper, the alporithms are more likely to be
deceived. They will produce chromosomes that have more zerg

‘positions with bits in the left part of chromosome.

Ac mentioned earlier, our proposed FRC method and RC
are closely related Both can find the zlobal optinmom of the

out point, and the other one by smmanging bits in the opposite
direction. It inevitsbly causes both chromosomes” part having
the reverse bit order. Contrastingly, FRC preserves the order of
the parents’ bits. FRC swaps n front bits for n rear ones. From
the rap-problem (k=3) experiments, we observe that FR.C has
an advantage over B.C, as depicted in Figmre 9. Assume that the
parents” chromosomes are (011111 and 1111100000, and
the cut point is at the seventh posiion. RC creates a child's
chromosome (e, 1110000011}, starting with the bit 8-10 (of
the first parent), followed by the last 7 bits (in reverse order) of
the second parent. The other offspring’s chromosome bits are
armanped in an anti-clockwise direction; thus, 1100000111.
Given the same cutf point, FRC oestes offspring’s
chromosomes by swapping the first three bits of the front for
the resr parts, yielding 0000011111 and 1111100, which
are the same as the parents®. Evidently, FR.C can perform better
than RC in the wrap problem FRC does not destroy any
Tilding blocks, which are groups of bits that zive high fimess
values. Tt preserves the block 11111 and O while RC
destroys them Maintmining the diversity and preserving the
milding Blocks is essenfial for penetic alporithms to reach a
solufion [19]. The proposed FR.C's mechanism both maintsins
preserves building blecks (by not reversing the order of bits
‘while performing a crossover).
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Figas 9. Diffarence between FRC ad RC

VI CONCLUSION

This paper proposes 3 Dew crossover fechmique called
Fromt Fear Crossover (FRC). It allows selecting crossover
pumat{hfﬁaatpmms,andmmmgﬂmﬁwmﬁurﬂnrur

hecmﬂnymu]ﬂfnﬂlmﬂalalgmﬂlmshbehﬂm&im
local optiomms. Thus far, the traditional alporithms can sohve
ooly irap problems (of small sizes) If the problem size
becomes larze, they require a larpe Dumber of fimess
evaluations. Fortonately, FRC is 3 mew cossover techmique
that not only can easily be adopted in the simple penetic
alporithm but alse can solve the rap problem by demanding a
relatively small pumber of fimess evaluations. In all test
problems, the experiment results show that FRC outperforms
all the other algorithmes: it discovers better solutions amdior
requires a lesser mumber of fimess evaluations.

ACENOWLEDGMENT

This wark is fimded by the Faculty of Informatics, Burapha
University (Crant Mo. £/2560).

REFERENCES
[1] Golbag David E “Genetic algorthos in sarch, cptimization, and
‘macking kaming Addion Wedey.” Roading (1985).
[2] Pavai G. md T. V. Geatha. "A om Crossover Oiparators. ™ ACM
Computing Survays (CSUR) 49-4 (2016): 72.

(] Dnb,h]}iﬂo}' and David E. Goldbarg. "Analyring deception in trop
functions.” Foundations of genetic akgorithms 2 (19%3) 53-108.

hmm&mm?lm}]cllﬂ

[5] Deb, Eaxlysnmoy, and Goldbarg, David E. “Snffcsnt comditions Sor

tqtnn-l binay functions.” Amnals of Mathematics and

hﬂ.bpnm.lﬂ.‘i-ﬂ.m] JE3-HE

[6) Gul:l:mg.Dnuﬂ.E Dgoh, Eatypmmoy and Hom, Jeffey. "Massneg
mmlimodality, decoption, and genctic alporithms ™ Proceadings. of the
Plrl]]n]M]nmth-gﬁnnHim HEN]I.[IM}3T—45.

[7] Teonss, Teary and Fomrest, 2 jn. “Fitmass & cormk as 3
mn{pnhlmﬁﬁ.mhfinp-mﬂgnﬂm. Proceadings of
the & Evomational Comforence cm Ganstic Algorithess, (1995 184-
182

[E] Pelian, Martin, David E. Goldberg, and Frick Canrar-Paz. "BOA: The

optimimtion algontim” Procesdings of the st Azl

i Ewclutionary Compuiation-Veoloma 1.

[¥] Hark, Georges B, Femando G Lobo, and Dandd E. Goldberg, “The
compact genetic algorithm " [FFE tomsactions on svolstionary
computation 3.4 {1999): 287-297.

[mlﬂmih.nsWud:.-de&Emimm "Elitism-based

penetic algosithms.” IFFE T = o E ¥

Cmm'."ﬂ?ﬂﬂ!j}ﬂHEﬁ

b romal Commpuier Sciance and Exginsaring Conf (2013).
[lilﬁ.nnl:hmm, Mhbﬂlﬂwm
ﬁnq!mcy—'hludm algorithm (frcm).”
anhnmﬂhmlﬁhm:dw?l{!mﬂ
[14] Cmdas, h.:hm.h[m?dik-.mdﬁm.sm."ﬁutiﬁ
progamming, protehiisic  incroments] orolntion, and
scabshility.” Apphicatioss of Soft Cm!)nf-; Springer  Bearlin
Heidelbarg, 2006, 363-3TL

[15] Cur.. Chsis B, and Bickand A Wm block
using " P s of the 2014 Azl
Cc-ﬁmmmﬂm-lﬁmm ACK, 2004

[16) El}i,‘l’lh.ls,l.udhtlf}' "A noval crosover oparator for
alporithees: ring crossover.” Al preprint e 11050355 2011).

[17] Ackloy, David H "A Comnectiomist Maching for Ganotic HillcEmhbing ™
Beowton, M A Ehrwer Arademic Pob i {1957).

[1E] Pandey, Efasi M, Chomdhary, Ankit and Mchrotra, Decpti ™
comparative review of approaches fo mmm
GA " Applied Soft Computing 24 (2014): 1047-1077.

[19] Holland, John H. "Building blocks, cchort gesetic algoridms, and

functions.” Evclationary Compeiation 8.4 (2000
373381




81

foruflary

msulipuifsusasimsziilszansnmeensnslaiulamwludwnewisis
nusnssudmsuiiTuNAFaULULERIN T

PERFORMANCE COMPARISION AND ANALYSIS OF CROSSOVER TECHNIQUES
IN GENETIC ALGORITHMS FOR THE FUNCTION OF UNITATION PROELEMS
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Abstract

A genetic algorthm s an optimization algerithm that imitates fhe process of natural evolution. The algorthm
generates a pool of candidate solulions and ewolves them by mixing their chromosomes fogether. A
crossover is 8 key element of generating new candidates. This research, therefore, measures fhe
performance of four crossover techniques, namely the one-point crossover, two-point crossowver, unifiorm
crossover and ring crossover. The benchmark problems wsed in the experiments are the functions of
unitation. We employ the one-max, zero-max, random-max and frap problems to fest the four crossover
technigues. The experiments show that the ring crossover can achieve an opdimal sclution even in the trap
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problern, which is hard and deceptive. One interesting issue we have discowered is that although the ning
crossover has shown outstanding efficiency in solving the hard problem, it is fail to solve the random-rnax
problern. Conversely, the wniform crossover that is fail to solve the harder ones can reach the oplimal
aclution of e rendom-max problem. We also present a behavior analysis of e crossover technigues by
counting e number of crossover successes in each generation that can explain why one can achieve the

optimal solution while the others are not.

Keywords: Genetic algorthm, Crossover, Funchions of unitation. Behavior analysis
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ndwasidninsAu e frmuede snik
smavfidfzesalymiifann dnlulariuley
mila uﬁuﬁﬂnauﬂg aahaiua safaathats
dmaui iﬁqnﬂ‘a 10110 wazTRsTuTaudmaui
dwsawitathaiuanfia 00101 femaumanzaufa
2 Anfadiwanyasdundai faumdandy
il'mnu'ﬁﬁ'ﬁ'qn [iﬁunﬂ.iﬂ 2 fiu 3) mquﬂﬁ CFT
danfgniiulglunrmasey damndains
neFRUA I aLT R TAT T TInay g
i 0 waz 1 o ml{mﬂﬂiwﬂ:!mﬂ“ ﬁlmﬂqﬂ
uarfgmidnguduinas uddy wri iy
naanmilauiuTawiiusnissnam ety

TwIfUAn (Trap problem )™ (dudum
mnndmTmaan TeemTARuRuRT NI R
TRzumsundm iU TasTuTruAdhe 0 un wif
sfaudadmauian anfialaTluly uﬂqﬂﬂ milu
1 ATl ssdiwdATR Ay el niaz
FTHIMLATITHIRTAIAUAT 1w SR IasAUan
il 3 ssdamdrradTasiuTeufia: 3 in Tan
rwistidrmues BT AR NI 3 uas
5 ulauyaTaTTaTrudnevaamiwewineuf
dmuatiuds fanlwdindudmmumanzay
#1TatTaTen #gﬂuﬂqaaﬂm«i silaslddEIRIIN
IMuEANAIY (Table 1-2)

Table 1 Filness value of rap size 3

Fitness Ghromosome
3 111
2 000
1 001, 10, 100
0 110, 101, ¢11
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Tahle 2 Filneas value of trap size 3

Fitness Chromosome

mimn

OODD0

O0001, 00010, 00100, 01000,
10000

11000, 10700, 10010, 10001,
2 01100, 01070, 01001, 00110,
00101, 00011

11100, 11070, 11001, 10110,
1 10101, 100117, 01110, 01101,
01011, 00111

10111, 11011, 111017, 01111,
11110

s1ata Y 8l (Table 1-2) mTdwamen
ATIUAN =AY mtﬂﬁim:ﬁiﬁm‘1ﬁﬂ:ﬂﬁ!uﬁ!
wdrbemumins R AR R a s e e
AnumnzarradTaTuTrdeamin ww Fmi
Tanidudnzuie 3 iTaslulsudinamiu
110100111 drarumuzaua=dide 0+1+3 =4
1l

3. mTAaEsmbzEnIAuAubia

iRl lummnd anlizrnTie
AufiamIondt asenidzauuuaiielain
{Teumament selection #a e TarTyTeudu
Auiiala LEH mrdanTlesluTsyraidimausin
Urzrasdsauiinmusisedwaunilany
surRA A nuatld {Toumament size) ud 1@ an
TasTulrufidraiiumutzaufan Fnan
Iﬂﬂu'[wﬁipnﬁt;m

4. miledifEo

PR RT i A B Y e
4 ShrmhmmwmessaiauSamR e Eaw
Tren Tl fRmwt 4 TElemati

arsleduldeeuy uRALANT (One-Point
Erossover) Lﬂumﬂﬂlﬂﬁﬂuﬁﬂmtiuhunm
mﬂ'lu'[nﬂu‘['lui"umuﬁ:qa uazthmusnulann
finya4ala ﬂuTﬂiuﬁagni‘ﬁiﬂ uml.aﬂ‘lii‘r‘l’lﬂ'ﬁi:u
Fuin Swanalu (Figure 2)

1 al s E-lin |

Figure 2 One-point croasowver

o
'

n I:|I : '|.'
1
H

mﬂn'ﬁﬂi.auuuua'na!a {Two-point
crossover) lﬂlﬂ'ﬂﬂﬂlﬂﬁlw#h'ﬁtﬂﬁﬂuﬂﬂﬂu
Tl anazsdumils uasvha anlEo
ﬂmaa'[ni‘l'u'['luf'lag::n'hah umkan iaaﬁi::u
Fuan Fruanalu (Figure 3)

wfal . rriad

|1 !:|1
H

Figura 3 Two-point croasowver

| o
'
1

1 L | 5

a1sladfildanuuy 18a 31 (Uniform
erossover) 1] uastrtiAouiluudasdiuml
wasTasTuTueziTana 50% lumie=1dinas
AamTauin Aauandlu (Figure 4)

e 0
1-|.-:., |

Figure 4 Uniform crossover

I'.||'.' 1 1

‘B |




Tahle 4 Experirmental results

Probiem "™ One-point Two-point Uniform Ring

One max (30 fim) 4;{:{;1; slﬂ 1:1{;:.}: m
One max (45 Tim) 1312?: mgg?ﬁ 553?&5 lgl':
One max (60 {im) 135::2 mﬁi 111;25‘.}; 15?;2
Zaro max (30 ﬁn} ;;.;E Sgﬁ 1:;?;‘_}: ;t‘ll;:
Zoro max (45 Dim) 111;? mﬁzgi Sﬁgamg 12:
Zoro max (80 Tim) mg; m;ﬂfﬁ 1$ lﬂ
Random max (30 iin) ;ﬁt 4&% 1:3:“} lmmuﬁ
Random max (45 iim) m?gz 1{:422 5!::1; ISDD{ﬁ
Random max (50 iim) 139352? 1334% 1$ Iﬂ}mﬂ%
Trap (31414 3) (30 fim) 1435& 14&512 14?1?; IE
Trap (WA 3) (45 Tim) 15{1;;“; 150{::% 153;:._}; 15.2?':,1G
Trap (2W74 3) (60 Tim) 15.,;;2 15;1:% 1mni :‘m
Trap (#W1a 5) (30 fim) 131;:!; 15{;.{;.{;“; 15:130{?_}; 63?3
Trap (#W1A 5) (45 Tim) 1 m::’; 1500& 1mni mi::
Trap (w14 5) (60 Tim) 15@2? 151){)1% 153:10{:[‘.}; W’:'E

17 (Table 4) uasm lARuinl=mnEam
luarrmidsauraalen Somaiantiled
Wiewii 4 woumeldwmime Fdmes Saii
wamalummaudazuTiie umanTMRRRITRILA
axifgwineaay Tanldiinslafwdnuis ¢
Al wanTMesRLEssRLARuEaN fLludan
a:ﬁmnﬁﬂmﬂﬁmﬁummmhauﬁﬁ'ﬁi‘a
tuazuansiwaue fnadnlwmnldwie
munzau snfaashaludyn One max fifnw
g1l TuTyy 30 da Iaumﬂ'rfmﬁﬂuuuuqn
Fridmiuatineadin auﬁiﬁqa (Optimal) fia
100% Hwmneauhend e filunrmesa
\'fmunmnimm‘lm'fmﬁ'uuuuuqmimmmmm

hauﬁiﬂqﬂﬁ‘qm% uaslunrmesaamund
dnadnrasdusadi lddvioanzaua qﬁ'
46170 nh1 wrweTiintandad dlasmiueas
STamudaauch) padwflummaniu el
iwilulamdmmilanngaus=ingudinnaals
W1 30,45 uaz 60 On imefianTlrhldowdd
ﬂiﬁﬂimnmnﬁqﬁlummﬂ'mnmmiﬂﬂm_m
fifa Tt hufoweurauman il wawaiile
araadnaniia 100% e uasidnowedile
mahndwiemumaeauitas ammAiia
A 4 madia m'l.m]qmﬁnqdqa#
linsnatidy makan17ly Nudowid
Us=imEn nlumm‘lihniluﬁiﬂqnﬂ‘n mad
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fiwldEafa arumurnlvmmidmauyas
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wndn g lnd s duatananiandn
InuuLmirhEn TmdeeidE R Em Tl
Wisudwings wanvinidawisusnRdnsld
AEUMMA ML ALTnAa T wR W Tl e ey
Wwlunafiie At hufeweuutaunauids
munwdmayldlaglEninenTitasndintg
tefifewuuniu winle iR
fifafandazagduiu lulymingaeiiisnn
Ay mrtrflfsseryaumul fineani
aghaunn -Jr.luﬁnﬂi'rr]m"rmﬂﬂﬂﬂuuﬁ‘li‘mrm
nesaamuRLEsneLd AT ndifsai
smaufiafian wilwmanduiudumidngaasen
au nmmr‘muﬂ'lﬂiﬁ‘mﬁimﬂrﬁﬂi'ﬂmuuqﬂ
] mi‘lﬂmi'uuuuuaaqa ua=mTtriaem

wrzng Sriirstr iAo ianaefldudlam
ﬂ'n!dil"il'ﬁl.ﬁiliﬂﬂn"l'ii‘l.lﬁﬁa mrtr i dnuuuy
Laﬂgﬂﬁﬁrm'li‘ni"n mnmltasi qai'ma-:

unaaiseRandtauetnIan
imn:ﬂﬂﬂiﬂﬁmaﬂswnaﬁﬁim"ul.mm il
maRamTlrhuEowns 4 ludawsg 9 79
anuuaainaaliimEan luamidmaud
dnanuaantl Taeluwrwidbyas Zhenhua L™
kv Anmarlum e divde s
JLEELT: u‘lﬂ'iuhmun‘fnaamqmnlﬁfm'lﬁ
waswilddeumanzautazas (Fail: F) u
swTansne @l iU ikl
TarTuTmuiiatr it umiaisudadnma
mazauudas lmamdndseniativdouls
Fumiin

'lu-ﬂu".ri’uﬁnu:;ﬁ'i’ BidlRd IR TIRR
dmdrunlzgadldlunmhansimgiinamls
nﬁi“ﬁﬁﬂﬁiu‘lal'ﬁiﬂEI'IﬁEI.‘iIH"HI;ﬂﬁI.I Taald
P B - puLuse 1 Tnod T ey
4 gilﬁutim’lﬂﬁ Zhenhua Li tédmaual Tae
Twriduitn TR TILEE weiluiwaaumiad
WasuEnieneTaTTuisudiney 1 afesrild
Lﬁnmn‘mifﬂnﬂnun 6 wuufla SRR TY
wzaTaTluTsudnauuAiwniaeams (55)d1
mumnzanIn AR inoeaztanamitaans
(SF) drarumanzanuaiunaaouazta
Wimsulsmitans (sU) fmTimnuzautana
famasane (FF) anumanzautagamitane
szl fr A amitians (FU) wa=fa71Y
manzaldimafesulsaiasana (UU) Le T
1.ﬁ'ud'|mun'fqﬂtﬁamqmnﬂ.’1f: 6 m-n.lmmﬂ.u
nn 7 famifrum 30 daaeldwmimati
mmuatiasdudniundniniaoa: Samadnd
fduandlu (Table 5
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Tahle 5 Percent of crossover success, failure and unchange

© Problem Ome-max Zaro-max Random-max  Trap (8% 3) Trap (BW4 3)
55 0.00% 0005 0.00% 0.01% 0005

5F 4827 435.58% 48.77% 48.85% 47.80%

E suU 0.00% 0100 0.00% 0.00% 0.0
g FF 0.00% 0100 0.00% 0.56% 0.17%
FU 0.00% 0.00% 0.00% 0.02% 0.01%

uy J1.73% A% H23% J0.55% 3202%

55 0.00% 000 0.00% 0.01% 0.0

- SF 51.04% 40.84% 48 26% 5127 40.04%
E s5U 0.00% 0005 0.00% 0.00% 0005
; FF 0.00% 0005 0.00% 0.57% 0.15%
Fu 0.00% 0100 0.00% 0.03% 0.01%

uu 48.86% 20.16% I1.F4% 48.12% 49.80%

55 0.00% 0.00% 0.00% 0.03% 001%

SF J25T% 32.T6% 32.86% 48.58% 30.17%

g sU 0.00% 0005 0.00% 0.01% 0005
E FF 0.00% 000 0.00% 121% 0.42%
Fu 0.00% 0100 0.00% 0.13% 0.06%

uw 4T 42% 47 24% 47 14% 48.03% 48.34%

55 0.00% 0% 1.38% 1.04% 0.06%

SF G1.80% G224% 13.88% araak 38.45%

-4 su 0.00% 0.0 1.28% 0.B2% 0.02%
E FF 0.00% 0005 B4.19% 4212% 3T3%
FU 0.00% 0.0 11.90% 8.13% 082%

uw IB20% 37.TE% 5.18% 1211% 36.80%

%10 (Table 5) v lRUAung@nsinnas
madanslefulfzuusiazuuflsng lulam
w1 7 s afifwfnuanslummaduiavazuas
Fmawaiamanatla T dewns & mantzal
snazadlud s dnnilay naRTeantsled
waen uuuimﬁ'u'nﬁmn Ll salfdaate?
wWimueddanumanzaunaddauTsudmay
niwiiasIE (SS) 0.00% dumnoaTahle
FmauRim AT eI Ren 6 umam el pstad
Lﬂ#ﬂHI.IIJUTH WA munui:“h.ll.ﬁﬂmn‘m:dﬁm'hr

T TuTrudmaudifa s iwiaes
i uﬂmﬂmﬂﬂﬂﬂlﬁm‘[ﬂhuﬁ“aﬂﬂmmu
manzauinikuastasssat e il finds
fis 48.27% huﬁr;ﬁi'u‘lﬂ‘ﬂﬁmniui'aﬂﬂuhui
Aumniidaaanty AawgRnTruraanaianni
trfulfoudilszimiamlummidinauas
ﬂn_mﬂmn#qwnn Table 4 SawgRnTmaanaia
st L‘FH{Hﬂﬂlﬂhﬁi'ﬂﬂmmalﬂﬂ:ﬂ
uszamilssiudhdnimlsaanald di
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Urzidni 1 'luﬂﬁ_]mﬁ“ﬂ-:u’lﬂi;n LRz
Tymiinmuduinam FanafiamateTiowwy
JaumawinilUsz inEawaani an Wasunan
madam et deseam ik eowa Sl
A n‘ﬂﬂﬂﬂ'ﬂ'l.ﬂmi P S BT AT BRI PIR e oT
nisuaztana (SF) warhmTtr iR T
Awnueaa1ud fntandedieaui s
muzau i diueastapasluandnaiu 4
faudresdtaruTnmitafiutas uiluiwnaums
fnldany aﬂswnauﬁi'l.im"ul.ﬂ':':uﬁi sidanE
TaTTuTmiifamuminzaunatud Wiyt
fuuvnlniudaty dunaneaadmaideas
mantsdlding fun Tanalumaidhlad
fmaufivnmuidae uammﬂuﬂm_mﬂmﬁd
yqﬁuﬂ:ﬁngﬂdpi:ﬂﬂﬁnnﬁnmﬂﬁuﬁwwu
aumTwk kN mmqmﬁﬁ' dnazaull
WinnlsmemaaeslaTule {uuy itasni
maiiain Bunaneaaim iy Sk
wranaRd A R Tl A adilad
Amavaaniudaduinnils mRHA i ldinedia
Tt hE s IEmdmaLtdih
AiunaBain

Usziiud 2 910 (Table 3) iuldile
ﬂ:!mﬂnﬂ"mauﬁ' Lﬁni"lﬂmﬂ‘mfumnﬁﬂfrmﬁ
wWisuiitmimEawlsmmnde au#ﬁaﬂf‘lgﬂ
#a mTlrfouuunaunan Silu [Table 4) h
IWifuimginruresnstrivinueuua s
ﬁ'uﬂqmﬁnﬂ"mauﬁ' Lﬁﬂ‘iﬂﬂmiiuﬁﬂiuin‘lﬂﬂﬂ
madem A oseuudsadaun Sadwan
WEALH l|||m7ﬂﬁﬂ1mﬂﬁ‘ﬁﬂ#ﬂﬂui1ﬂ‘ﬂlﬁﬁﬂ #n
Anumnzauniansm i@ TaT Ty {FF) Wi
Fmwanidastann Remnefimtr iy oy
JaumTuEnHER AT e T o Inddmavyas
Tamman 'fqtﬂumq'lﬁmnﬁnfm’lm'ﬁﬂﬁ'ﬂuuuun
wawldawrsamdesurananidieowacle
FmawadtlunnlEdvi e zaasi
i‘m*mqu"‘lﬂ'ﬂ"mumm‘l‘f

Usziind 3 Tulfgrmdvsn imafiannsied
L:JEl'uuﬂﬂﬂi:i‘nimﬂlumm’lﬁﬂnauﬁiﬁqnﬁa
mARAnE LR UL Taotamiaudn
fuziimalsdwiamumaizaufiuandiaen
Tamdufiesnaanldiunanifiioiumms et
TerTuTmiimteudude 0 dudwawnn Sl
Alaarnudirnmmudmautaanaiams
trdilEmsuur sl téiua Qﬂ"umqﬂ‘ﬁdﬁ
TerTuTmahmalrffswdaddrmumanzaui
Fwuazudadlwaa@nImesE) dammsm
Ty R ERE i o P ST v S
Wamindudan danaltimanefmaimaia
i qmnﬂ.’n‘&nmﬂﬂ‘ld’lﬂuﬂﬁu'lunﬂ uFUTIER
mamdmauludamidudni udiifiauladia
iﬁmmm|.r|n‘m'::lﬁmﬂrﬁuﬁuul.l.u:l.mumu
ninTaTluTruiddmrumusautaoamaaa
a7ty (FF) fmﬂmﬁqmidﬂmi ildmdie
wadTarluTounduandiafidunds 1 indu e
aiuauuia i"uingwiﬁqﬁ'm_l‘ﬁ'miﬁwmnﬁu
dmiimafueiadida lWinefiamatad
L:J'n'ﬂmumaumu'luﬂm_mﬁuﬂ"ﬂ'nmﬂ 5 FUTTA
mdmautdi 100% SrmmimeFuEem
dhtlsarmesanRuduiidud maRudmeas
Uszaandu 150 uasAuEnia Toumament size
dlu 6 FanadwinidRe muTamdmautd 100%
uazismn B wrm iRz e
Tnﬂutﬂumi'ﬂagﬁ 1515.0 Ay ua=dwgfnTiy
1a4mqmidrf:: & wuund i mudanTug
3 TmeLm !mn{ﬁﬁﬁmﬂ'ﬂﬁﬂ fzuudadnau
muzauta Hﬂlﬁﬂﬁﬂﬂﬂﬂtﬁu{m sy
a1nLAulu (Table 5) 970 3.75% llu 50.84%
ARRnTINRInEI Lﬁn{uﬁqiiuﬂuﬂh Aulieg
i mﬂrrﬁfﬁﬁﬂﬁmﬂrnﬁuuﬁﬂﬁnﬂuhuﬁ
femamuzantanantiaadtasTuleluilam
fusn dwissammdimaismrtr i
wnauanantdmaridils=inEam #i_rqﬂ'h
medamtrfidendn 3 Fuun
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