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Abstract

Genetic Algorithms face an inherent conflict between exploitation and exploration.
Exploitation refers to taking advantage of information already obtained in the search.
Exploration show that a pattern in bits coupled with another pattern elsewhere in the
string is more effective. In this paper shows that the selection method has a major impact
on the balance between exploitation and exploration. A more heavy-handed approach seeks
to exploit the available information. If decisions must be made quickly ,especially those in
real-time trading environments, then quicker convergence through exploitation may be more
desirable. Also this paper we present some theoretical and empirical the selection method
in genetic algorithms for a GA-hard problem.

1. A&

FAR gz FE AHY MAA(individua) 7} Ao HBHog Folz
o] AelE Fatn], A P&E(fittest survival)e] WHo g s FIH
o] =gt AuiAle o] BoA e duFoZ HOlandd 93 Hgo=z =YUHU
t}.

AR duEFA oA AEZ FAH Y Mdl(generation)7} 2 B (evolution)d o o]
Ao M7t B5g @740 W} FR= GA4A(chromosome)?l = FHHY g Ao
Agdr}, ojw ZA(parents)d F4AA7F T2 E-A(reproduction) o] Ar&(child)e] AgH
= Aol oldel 249 FAA A9 (selection), XA crossover), &AW ol(mutation)A4E&
o] &3 o PAAME AgHrh 7 MUFolA g AA AdEHo] Ao A HRE F
4 FES dHer I A 45 FE gESE gtol wEk W fHA danES
o] 7Fx] T/ HAHs FAlo §EH0 £ ZRE BHoFa Yz, ¥ FAHA HF

* BAGSGD FH7IedTAa AT
= FAqGa 4g-FeH
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3} BAAMNE Zo] o] &H Qr} 53], o] ¢nEFE TERAoR 7 AN WA 23}
o 718 F ASE HZo WHE AL AFHA A Row ofd oA AH At 7]

S E 423 e v ueE 238 28 FAd st sy fAad ¢ngEe o
L8 A AAH A (global optimum)E F& F U AL olUd. o|RE& FHrEs
(fitness population)®] @ otE £ Jov] PAHE Z77) A (initial population)olt £
Hol W], wAug] Bel 8 £5 Yo =3 313 ARE viE Fte] gt a1 A
7 geixin, adeg AR dudF dFdME ol ¢ vi/A¥ S (parameter)Eo] F
o}zl 87} g4 HHo) Wt AL BFF F ¢yl WEelm, WHEAFE] ¥ HAH
Arko] wet CPU timed AAFtol B& FAHol ety dch ol 22 FAHE 3
a8t} B AME 9 NFFLE Solv] A HHom s R HdaAdze] AFd
2% 2 dugge FH42A45% 28 Bgo Ut ZFAAE A adaptive) HEHILA
o] AAL §9 ARAA A A v &)S MHAAI T CPU timeg Foled Z2HH o
gdg o FAHA ¢ Ee exploitation?} exploration?te] thyol 93 FPHr} o 7]A
exploitatione 312] FA43}AHA ojn] Jojn ARG HHAEA LIS FAH AT o4&
9, MAZAAN FAAA 10108 2E stringgol Btk A HEE & ZFE stringEol
gtal 7 stA wheF AoizE A st HA A 10109 FEE e old ¥ FAJAEY HA
Eo| wEA nA(fixing) B4, exploitation® 7MAT HF HAFY=E AdsicdH oldd A
BE o &3A ot 28y ATl WS M oled fAJAEE FAHAEGE Abdy
#H(premature)ol 2t 18] wEA ®Hrth 74 o|g4T e AAFHEE WAHFE Aol &,
stringo| Al FAUAEY =oe& eyt o ZHHYd £ UdE AL HAFE H
explorationo| o}, #FH A @] FAE exploitation™ explorationZte] o[ 7Z+E ZH8Fo] A
EA8d N7t APHAA ©% AME AE @A Jgolt. AP e exploitation
explorationzt9] ZHAg FY L T A} ARA & st Aol Aeryoldt

mala B @ Ae sl g ol dHH 9gg i A HE ol 3o ¥
g AN, AMNRE @5 & F UA 24 A9 g viE eSS dugE: #
FA GAHE FARES Hdsiax o

2. EAAE

EAAZolet Eele H&H A" Holland[4] 3 AFoz AANHUG 7EH
2 ALY EAY 4 HEL AATE oJFE F¥ Ad 93 LY A BAAY
A, MR Aol N2 FH=(performance)s ARFE Hd AAEYD saZR T
A AT AN B34 £ Fisp® 7489 A3AA EAdA o 2344
A saE HAAZY g3 APHe 14 AL 2@ otk 2R M2 It H
= AAES A3 ATl 248 EQ2Y 3 ¥ F AAFE ANLEYEH
AAE AAELS 22EY MAZTH dd(select) F T, F3 AR &3 =g A& A
Rl g

ol¢t & FAAY L &3 2 HEAAE A

ABA

@A L (27 AT A)E AESHA A4E0]

DA 2. [AN)NA EAste 4 saE ANBT]

4 3. [(HEBE Sy o 2o Addn]
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F(Sw)

Sy = %

GA 4 [(HERE BXo] o3 ANEZRE Add AASd 98 AN + D&
AR FH ANAE HLPTh v 22 7]

97 3944 FEW HYsWe del JEE FoA dNHon fAR YuZd Fed
7199 roulette wheelo] 9@ 7lgolth o] Adslge] mo= Hgwo os ddy AL
A WA sE Rolth ]2 ot & MdnAo| Adett YA etR, 7 Zo] M¥d g=
Aol dg AEH vl oA,

o] FumelFAA At APHE Sob AGws} AL ANES 2PHD, AGnst 2 AA
5 AAT AA WA GAHo BYL o/f: Uk #W, HoHworsHe AA7F W@ o]
sgtuzEe HgA AdY £% o ol e AL oy Mol A8y $HA A3
Bz £dEE X RADE, FF olde] HFEE 2= AAE FAHAT FT. o 7
HgA AAES AhgsE AR ol WARAY Adge 2 FAsYolmE W
X 47} sojof @},

BAAGAN 23 AN o8] AAHE A& s AgEd BE HgE Fon
o agne, g AUE FARE AN sad JldeE e g

EL(Sp] = n- K(Sy)
. F(Sw)
pHIE)

F(Sp)
LSRsw

_F(Sa)

F(A(N))

P AYEE A= ANEL YRR F4o F&2 4y 9, W] BFE o4
AAEL st olFe AEEo] AAMHY, Wit olsty NAEL s o3y &S YA
o aduEg Foix @40 ALYzl dAd) o2 ANAAS A g FHAA APz o
3 EABSE AT Bo Z 8&E FHsA = A0)AAS Y AAe] s A4
AN dshE A4FT I9AT AAB o9 2L AFY NAUAN AES T A
Wel A&eA T oHEE EAHA gk & A4gse] dAE e A AAE 9
3 o]e} B HEYHL o] &3 Aol FA ARy HFoln)

3. A¥ A

AEEA ARATE Zn AFHE GAsS Ad7t AR ¢ FAHes JfHE HE
Ztedh 713 AgsA AEdde AL AATAA HPez FPHE AAT] AT J&@
o= ZHolth GAsY Fd F4L& & AUz FE o AdzA dgged o&He desg
olth oridE FH A Ulpotential) 4 (parents)ES AF A HAH}D 2EL o] &3] o
A M2E AS(offspring) S A 7140 88 €2 7@ M7t veido. & FHe
M GAsolM A =2E AEE BAAA7IcY 2AHH &8s ste AE71EEd d8) dFstn
2 gt
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3.1. Roulette Wheel selection

o] AL HAFLd] ZTAF 715X (weighted)E ©] 43 XYL o] &3t fEEC], 10
N9 AA(individua) & Zi= sue] AAFE 7HEEA. oriele Azte FHO 6709 #A
& AAEel ¥dH:, B 4709 FAR AAES XFET A st AL JHAE
& 129! fitnessge 21 9la, BY AMELS 79 fitnessFE 2ol 7pA AL olg g A
T2 % fitnessg< 6X12+4x7=1000t}, Wt AL F fitness#d T2HHMEE AA 81, B
£ 28HHEE AT ojspgto] ulgo] 98 E-A(reproduction)?t °lFolAE WYol
weighted roulette wheel?]'8e]t}. olgldt H2WAL 72, £F AdE 728 4E9 wheel
2 FAHD Be 28HAEY wheel2 FAED. oS AUE dAs7 93, @A wheelS
108 3lAA 7 A9 BEEY M2 AAES s A&t A2E AdE Fe T
o, sgaol4e AxEol Fef Adle oF 79 MAL Boies 2709 AAZE £FET. wheel
9] A& 7]3(using a random number generator in the computer implementation)ol]l 2]3j
SASHAA 7] qFo, A4 AB ¥EL 01103 1000744 =A% 8 F Ut 2FAR,
B ol HT} Z fitness# e #E MAE & AUE FAsI= MAZ € 8o vt
F FolAd. o9} Z& roulette wheel 7| T3 22 AL AE A

L0

4A 1 [RE AAEY AH¥=E HErh]

gA 2. (& AAE dYGEF 7 AHEES ANA]

oA 3. [03F 1 AtololA AT Z7(n)vtEe] d+E SAPTT]

A 4 [T Gt aAY Ze 74 d9E8E @GS dE A 9E AdE 74
3= AT JRA7E "]

& B, g3 22 10709 AMAER 749 WAL S 7HASAL

A A (individual) 1 2 3 4 5 6 7 8 9 10

A3 = (fitness) 8 2 17 7 2 12 11 7 3 7

MEgg 0.1053 0.2237 0.0263 0.1447 0.0395

0.0263 0.0921 0.1579 0.0921 0.0921
*HAHRE 01053 0.3553 04737 0.7763 0.9079

0.1316 0.4474 0.6316 0.8684 1

714 03 1A}olol A 1070¢] Y8 2 A&, roulette wheelZ7] el 23] a5 o] thg A
W& F4se AATL gt 2

4 0267640 0596378 0487218 0513040  0.192649

0739615  0.906407 0344526 0168955  0.565321

A€ AA 3 7 6 9 7 3 6 3 3 6

Roulette Wheel7| & &2 AAE B2F 7|Yoz Addo=z & AF=E zE /14
= o8 AMdE FA43le AR BEAE JMeAe] w3, vHHd AL HYRE Ze MAes 2
7bsAdo] agrE Folzth mpatA of FolA HFP=IE E AMAA 3 6 79 MAE tha A
of 28] o]2e] v &2 EAETE AL & F Uk
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3.2. Stochastic remainder selection.

Solq AFH 10749 MAEY A BE FHE AAZL s e Adel Aze Y
ol A7 EALY A $= 727002, vhdd] Bele el spAsE EAE sld £ 28
Aoltt, & 71Ee AWA, 7|9 AFRE 79 28 & ARNE FAsE ANER ¥F
ANz & AAES 7T BARL 27) BAsid & AtE P3G dSoeR 1084 A
AE AT 93 AFAolsF-E S weight a roulette wheelH§ & ol &3ty wapa 2
714-E& Ast BAAEZ 713 =& 82HEE g AAE SAAFA @9 £ 71H L fitness
vl &o] dHeA BEE Rog g AUE AFsted HE FgHolde Ao 5 & ¢
ia=8

3.3. Stochastic universal selection

o] 71L& 99 F7IHH}E thE varationo] Y R, @A IAE & oFHRE
P71 Aolth  olggtol YA Azl 2YE wheeldl A7F EAIEHO Je FEO
72%, B7} HAIE FHo] 28%E AA 8= roulette wheelolth 10708 7MAEol F53A &
AE g5 upgZE HFYE 44T roulette wheeld 1919 Ao FolAr}, o-& A
g FA3E NAEL 2387 Slsted, £AE 10702 AXES AT, F AT Y9 ¥
Aol AYele MAE &dstn, BT wdldol = BIE AAE &Fed 2 7HS
stochastic remainder selection® FAHg A7t vetdoh & & 7199 A¢E 73EE 829
AAEZ FAHEH

3.4. Genitor selection

E 71348 1989 ] Whitleyol 98} /A¢=o}& variation2 2, @48 rankingol A% A
H(selection) FAE olgdct  AUA A= AGANA Add HgE(fitness)o] o
string®] ranking€ AAI}. Ggoz JRAFNA HAF stringg HAl(copy)std Ho}
(worst)®] string®} AT AT 27 AATNA HAH #HEHA stringol FHAHL
N e2 £ o8 g HA stringd] °1EL OPTIEZ &, GAse d#He GAE Amrd,
OPTIE: mxte} EdWoldAe 8 Wyg 4 gk ey veF OPTIEZ M HA &3
A AEsA AhE, 4 AdolA Aot string® AL diAlEch Adivich 39 string?
o] A EE ATl FE3/ AHME A4 AATY ZrWNEY Ad7E HAAoF
. 2gxg 9L g £48 M AT AVEG 84 & Alg £E §43)
oo} gt} whef Mee] ZetAQl(heavy-handed)F Bl 2 A TIHE, AMZE WMEA +HEA
doh dEEC, HA stringg 57 EAFA S/ Hte stringd WA, ME FHLS
beatA T F29 de pAstA £k ol94ge& AF$E premature convergencest Tt
& ZIFEe gAY99L 2ASEYH FET ALE JHENEA gA3te Aol oty &A
e MAZDS gAs 2 ol

3.5. Ranking selection with roulette wheel

B AL fithessol o8l AAMTE rank-orderingsts Ao &3] A3tk tpSeo=w,
1}9] assignment functiono] &3] thg& MUE A% 7 AA FEo| Fojry, HO & &
8o AAe G ANE A4S o 2o F &858 #ETE roulette wheel assignment
function°] 98] dAHARN $HEAE HA 2 o] &3t n/le ZV|E ZE AATY GE
At FolA wheeld n¥ FAAA HECD. o FALE NAFGA ¢ 434 FdH=
AAZLE selection 3= Aoy g AUE FAH3=d ol ofE EAHT AAEE 28
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3.6. Tournament selection

tournamentE ohg Mol Fodd § dE HAETHY FHL joustingAl ¥ Zh o] #HA
< FAY T RE 2 ol AAES EFUY. dEE], F MAEC] NATLE FH
A A=A, 259 fitness@ S vlndt F AAFAA Fo] © FL& AA, &
fitness#tel € A= & MUAE TS e NAZ AFHos Adso AAY, 7M5X7 &
odg FHE WA F INAET 3 M dHE 5 A EgAdEEG. AEES], F
Y F2 AAZ A48 Fgo| BRE AAFHUAGH, dHol Y& HFEo] 0758 7+EA7} §F
oqd F4& d¥9. T FH0] gl U, F3e) o FL& AAE A9, 1A
gow 2 Yo E Mgt tournamentsE MATE & Muizt SASA FAHE o 7
A Ao F8sc)

4. ZF Ag71 g9 H g digk 24y

£ 79 ®ej4gelE IBM PC 586, Pentium 133MHz, 32MB Memory$l @714 A #s
Ao AHgd WS Mathematica Ver 22328 A sta] 202 AY48 A3} 19 0]
A HAdo =g HALS o 2 FAXNE AAHE RSO TY A7) N=100, 23§
Pc=060, EQ¥o|&E Py=0.001)Z oldjs} Zo] Foln EA[F:d 119 Add A7y
o H&3te] HANE T3] AT ERAHEY 58 L AMALY Fio BE EAFE I
otataz g}

f(x, y)=21.5+xsin(4xx) + ysin (20 ry)
—3.0=x<12.1
4.1<y<5.8

EF Fo FEXASEE bias[7]E WAEEAY HEAA AdSFE AR, o) F e
AX HHHE T3ty A8 A4 AridEy F9EHAE (29 2094 [2¥ 79 =A%,
(B 1]& 71&€9 f3ALE $PA] A9rjgoz AHE-HE Roulette wheel7| 3 vl gk
e AT AR ZIE AA Aolth AgrjA e A& AANHHHAY RH(f=39.2)7
v 23 djolct.

{1 2] [Z2¥ 4]9 =Ad A971¥< Roulette Wheel, Stochastic remainder,
Stochastic universal 2 #&2<Q #AEL WEE 7|YHoeg FJuAoz & HYXE = A
A oS AdE FASdE AAE AL /Mol Fa, vhdd HE AYJEE e AAE
2 7HeAdel 2 wE HoA e A4y Eoltth ojglzdo] 8 Hdudte] Hed mdoA
7 $A4Q A9 A dA4ed S48 2EEAY AEE 5 e AR A8 3
o Mol =&& FA E3e Fert wAd. ades s $4U dHAAMEL Adst [
P = Tl AL AESEA st Ho Mo =& & F Q& Ad9ride "aol A7)
A

(29 5l9lA [29 7] AIAE Genitor, Ranking, Tournament 53 2 71¥ & ddo] 7%
AHA 2 FadA= Aoz A AU AAE Ayt AgHE B T AU A
AEF dAHE 7MLz &9 Mg WA APdods & ¢ + Utk aY o9
< 7IHEL o &S FoU AMTl FE A MUz IPHEA JAANEL ] T2
(homogeneous)el Helt FFoz UAs) ALATHY o] Erh 3 BYAH Hdgrye
Z+ AdEity 7 40 9SS vl AAsta glojof stug FEFH HAHr| Yl
uls] AL 3% B = FrEshY A AL 5%7AA A MAATIE 2F7 A
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nEtd AATY 277 F A 24U AAES AL AT AdgddAs +49H
Ag Wzeldel AAsior stnz Ao XFE "N vjg £t 2ng ALY A
717 & A%olE A9 A971 42 Roulette wheel, ¥l AATY 77 7L 3¢l
E )9 /MM Fo] £ Rankinge] #EE HH7UE o] 83t= Aol GAs A AdAzHE
Zolx #o AL NdA7IEd 2RH 98 sAEH

[’ 1] Ax y)=21.5+xsin{dxx) + ysin(0my) &} THZ

40
37.§ 0 ,
37.8 e
35 a5 P il
»
332'5 B32.5 //
£ 30 LI I
o £ 30
na7-3 o5
k25 .
22.5 ]
ZU 22:8
20 -
U 20 40 60 80 100 ) o e 1m0
Generation Geperation
[29 2] Roulette Wheel selection [23 3] Stdchastic remainder selection

49 40
1.5 W“\f‘\lw
37.5 N A
ss /_‘N/‘ e 35
£
wiz.s e 8355 /
. / g a0
2 3c 5]
C- I f fzr.s g
»272.: / 25t
7 2.8
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! z0
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[1¥ 4] Stochastic universal selection [z 5] Genitor selection
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40 40
7.5 f/ 38 /f_
is 30 /
n |4
§32 5 / n25
£ 30 §ZG
275 I 215
251 10
22.5 5
20 o -
o 20 40 60 80 1060 1] 0 40 60 a0 100
: o .
Sensration Geperation
[29 6] Ranking selection [Z1¥ 7] Toumament selection

(£ 1] 4 Je71H7e 43 vl

2 i ALEAH(Z) | e A(%)
Roulette Wheel selection 783 925
Stochastic remainder selection 787 M3
Stochastic universal selection 776 93.1
Genitor selection 823 964
Ranking selection 815 958
Tournament selection 824 989

5. 48 v

2 a7 e FAAGnESd J3) EFEAE AdsteH slol AJNNDE DdFATR
3 9 A& AdATIeH 2AH 488 s AYrIUES 24¥ S 3 via A7k

B2 Addwo] A8d 2doM= 71 $4U AL 4L A 28R AEo] 3
8 A =8-S FA Fote F8& 90 H1 ed, F AAE A9sd F AT ¥
A MAE AL BEAFE Tournament REL 3o AL MHAIE ¢ EFHAHA BHY
< R4 E T s = HEEH BAHA AU ES FEAHA YT A
B AGANE 3% F= FUhstd, e AL 5% 7AA ZA AMAATIE £t

€ d7dMe A9 dig A7E ¥ 7184 Addes 498 FPUd 2 2
3o Add AHAHY 9FE FE of UId ZAAY £ 2L 2}E FARAHY A7
7t g8t £
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