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An Adaptive Genetic Algorithm for Parameter Tuning
Based on the Superiority of an Individual
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_ Genetic algorithms (GA) are widely used to solve large-scaled optimization problems with complex
constraints. In a GA, setting parameters or operator probabilities to appropriate values is required to
enhance the GA performance. The adaptive GA has been proposed for this problem, which automatically
tune these values during the GA execution. We proposed a new measure called Elite degree for adaptive
crossover operator selection, which can estimate the potential superiority of individuals. However, it had
the problem that the Elite degree lacks accuracy since it was defined based on integer values. In this
paper, we propose a new definition of the Elite degree based on real values, and applied it to benchmark
test problems to show the effectiveness of the proposed method. '



- ]

TRIZBI 284 2 F B THEREH 2 ROZ D

ARBEECRBENA SR THY, BN TED
R ECEHEEI TR Z EFROORTRE. ZhED

R % DT A BT 5 5B M TRER £ R
5T LEEERD, La—YAF 4y 7FEDL DEL

TRIEMT IV TU XL (GA) FRASNTWS [3]. GA &

WREY ORI SFEE L HRNREFETH Y,
B2 b n-BEOREmIHT 2BV RERD 2 #-o.

GA DMERRIZ GA 2Rl T 5859 21— 24, RUF~
V- s BARERICKE(ERETAI LA MOhTED,
INODEDBY R BEIVEIC LS. RO GA O
g 2=y METIX, AHOBRE, KBS GA 2EAT
BRIV F =77 - 5 EEHVTHR ) RITERIC
Lo TR o TWIN, N7 A— S EOREIE RO
MEELZD, #WE2/1T A— 7 HOBRSHTE X 2V,
EVIMERDD o2, TOhD, GADNT -5
B BENICITS I MRINEERA T2 bhTwa,

De Jong 1%, i GA KBWTEEOFFOMBOW
{22 LTERMICE D#ERNT A—-FHERR
L7z, 72, Grefenstette i&, GA D/ EBHS/85 A —
FEE HEIEICIRE T HFHL LT meta-GA [4] 2R
L7z, Schaffer & IZMIEHZERICLY [8], M [4] i
Lo TRENLNT A= FHRBVIT 2 — F HOWST
KETHDHILERLE LrL, Thb0FFHEARN
NT A-FEERD D IDOHERYFERICKE, B
BOA YRS VAT LB R8T A — SBT3
b Lhizv, WE%/ 1T A— 2 ik GA EATHITRL
FTa2b LAk, LnIRESS DS,

GA BERWC, BN THEINN L7 0EATHY, GA
DEFTRINT A— S EEBAESETW I LIZERE:
TAFTTHhHoHI0, HEHEENTVITIXAEN)
FEIRREN, BE, BLOMRFEERTVS [6].
EELIZ, BROBENLELEOESERTHRIETHS
TY—-FEERREL, GAOBRFRBIIIKELEELR
2%, XEFE, RRERTE, BRPERCEELHC
RET 2 BEHNREN7T VT XAEARBL TS [5).
ZZITRELTVAY - FEREFOBECESNT
FRESN, HERDIBEEORICESTVTNT A—F %

HERICHE T2 FELRBL T, L YEGOBENE
BLOESVERS Z LATELE 2 ) GA OMEEDRE -
PERTE S, , ,

X [5] TR, Y — P EREOBKOREORE Y
ORDTY -} BETNBFOWETERL, £, 5
ZOoNIROKFADHTHENNT + -2 Y A2 EOH
HEZY=FELT, LEVEYHCTRENICESL
TWa, LaL, BEHEIC L2 EHCREKOBLEL
LTHBEOHWIERE 2o TWhDT, AN TIERE
FRAVREORVEBELRETS. 4, BELLE
BRERBVARXFEOBCH 2 RRFELRRL, 30
N7 X b HEBIcH LRRFEOFDELRT.

AROBBILRD L ) IhoTwAD, 3, 2. T2l
JSESRAEM T NV ) XA D WTE L H7f%, 3. THE

DA BT SRENEELOEALTRIEEL L
T - FEERREL, 4 CoORBICETS(EEFE

OB 2 BIRFELRRT 5. BEXFEOERICEZF
fliz 5. TRL, EEPELOBELTS. LT, B
I 6. TEEBTRARS,

2 ESARENT VT X L

GA BREZONHENHEREEDTEGORE (K
By 1o3d L TR a0 58 LA L, SoBARICE VR
FHRELTWVL 3], HHELE LR EAZL, £
RTRBFEDOKRAPOBAELBIGEIC L VFML, HL
WRERERT D, ERNZREREL LTIHBR, &
XN, BRERNDD. ROOMEES X LNARTE
BT TRYET.

BB 7 GA TRAETCRMER 2 LOREREED
L LY b ARETHA SN, OBARER
GANG 2—F LIRIThTE Y, Muc b B, ZTXF
B, BRER, BRAEOEINZ LOS  OWEND 5.
TNbIX GA OREICKE ZHBES L B0, B

EEBRT B L PLETH BN, AFCRTRBRICL

D ZhEFL ) T L REERECREOT CRIEY S 3
72, HBYICAT % ) FHEARRER TS [1).
BERIENT VL) X A1, GA 2EBORMEICHE
B Ledth IS GA /S5 A — 7 R BT B FHETHY,
GA EIFPICER S W -BERORELEE L TROEAR,



DGANFA—FEERETHILIZEY GANT A—
YORELITR-oTwS, LaL, @BEoREL DL
JIERETIPCOVTRELZREN R bORALNT
VRV, 2 MEREEEA L TATHRY?RIT UEX

D ZORELHATHOOL LAY, RIZHREOHE -

HEEZES POEMERHVTAT Y ASEL 0% Y
E 9, 1.

3 IY-—hE

AW CIHESE Y OBEBNT VS ICHE LTHIBH
ICGA NS A—FELRETH LR EL D, —RIE

HROFEEECE L hHESKS. LA LBEREEE

DETFEEOELOESL LTHVD L, HEARWEZR
HLzvd oo, REOMER LR ICKET 2 MEN
£U3, ¥z, BEOEBEIRIES TS, TOEEIHR
PHORVWEREZZIIOVWTWARHALELLAD. £
T, MAEBOMEL L CRIGE DRV BEEE ViR
1o b DRI VHIEEE £ b OB AT & E X (5],
BAOBEN LR SEETRELLTUTO 20T
DERY: 3> 3N

3.1 MEEEERWAIV-FEOTH[4]

BHERENL HVBVAF—T 2R TV AR FHT
ARELLTEANZY - THE0TEL0 2 HIZH
BLT, BBELAVIY - PERUTOL) KER
T5. 37, INEORREER 0 L L, BEOER
2T (>0) k5. #R T 0o%kE0 i BHOBEKE
z¥(0 < i < Popsize -1, Popsize BEGE) L, B
th 2T D j B OEMDOKEE Anc (§) LT 2.

T - VEEEET LD, FTF)V-F 2 E#HTS.
HHEENH LR CBT) - THH LI, BK
{LREIZ BV TR EDOBROPOEROBICED T %
ERSHEEELT, BCEOTFHESE p, WEEDOR
WREE o L LA B ptaxo D EDBESEER
BHEELY—bETHE, 2T o BFEADERTHS.
ZotE, BAEBBEICH LTI Y- PEEXUTOLS
CEHTS.

Elite] (j) = {e} 7|27 7 € Ancl(j),

pr-i +ax or_; < f(z; )}

level.maz

Z , {|E1ite?(j)| x ,eff}

j=0

EyT,i) =

level-mae

> {unFarxe |

J=0

TIT, Elite] (§) idEE T I 2 T - jTOT
J—bTHLEHOEE, pr, oridtER T OEAEOE
JSEOTHE L MgRE, f(]) RERTTOiFHD
BHROESE, o i) - MRERYE, (0L
Ry - NERERBTHS. o 2RE(THLELY -
P ERBRENZBEEENDRL LY, Bl o BHELT
LB kA, Tz, B EEASIETEWROHEED
PR B SEBILYTES, BMEMBEICHT AT
Y- FEOEHSFARCATI S LATTESD.

fl1: BBEZRAVWAZ) - FEEROAZRT. B
ITHAIMESERL, RIEEOHE VI REE
FT. Ny FOMFVIEERTY - OEEEE
7. B~ ES kl/’*ﬂ/@ﬁkﬁﬂ level_maz 13
3TH5. oL EHRTOi BEOEK O
- FEREOEERSERERL>TR IO L

JHEERD,

level 1

level 0

148 b2nghasg’
1+2%B'+4xpg%45+5°

Elite_degree =

B 1 BBEICET () - FEORES

3.2 EHEEAWAEIVU-FEOEM

BEMEICLA2Y) - FEOERTIE, HEGITY—
FCHBBE DR, BEOBLEF SO L5 L6
N LEWEL EOEEFOBREL LTS, aDEN
RELBMTILEWHEPES 2B OLY - ERRE



BTi) = 53+ (65+50)X0.3 + (45450455472)X0.8 + (63461458+30+4X0.3

100X (1 +2X0.8' + 4X0.$+ 5X0.5)

0.5541

2: MEEHICET (2 ) — F EORHEH

NAEEEHRIL, AEFITY - b LR DEEK
AT 2. ZZT, «DEAT0.2 % L OISR
ThiE, TV —bERZENEERICBNT, B
BSEOBVVESKY, L X VEMEOBEOE&IXE
BWiezy—F LR2ENS7D, L)~ THEE
CRESEICKSBRESEL 2TERESHZ LWVHH
EiHs, 20k, LEVECED CHEBRNLED
EORETIR, drtfticBiI2REHOELELRT
CREVREE 20T, UTTIRRZETZEY, 85
ErEREE LfeReE®T 5.

& B TIC B 2R PROBE 21, 23, ..., e i
L, BENSOBEEE f(z1), f(22), - flzn) T2
b, B st devT(x;) HARE LS.

YT (=:) — fT(=)
N-1

st.dev” (z;) =

e
22T, f(z)= % 3 f@) ThA. KK, BED
(R T deo™ (o) BRO & 3 1HERA,

T .\ _ FT
TdevT(z:) = f—sft’_-d-)w—r(’;—()—’l x 10+ 50

kiz, TdevT(z) LBE 2,0V~ jithHHE
OEE AncT(G) BBV, HECS»PORIEREKE
level.maz, HRMOYBELRTRELALLT, &
oz, DEFMEA V2T — FE E(T,i) 28 T0 X5
CEHETS.

level_omaz
Z T devT 7 (z1) x B
i=0 Vz:—j EAnc?(j)
level.maz

100- 5 |AncT(G)| x &

j=0

E.(T,i)=

ZZT, V2T € Ancl(j) &1, BR TicBIT 28
Fo T3, JERNCEIT22ToRERERT.

Gl2: AREETEAVEL) — FEERDIBAELTT. B
24 levelimaz =3, =05 L LAk &, BIIR
FTERANE D >BE 20T — MNEERD TS,
J—FIHHT 2, /-FFRT5iIR0K
RicBir s/ —F OBREOREMEEERT. =) —
FEOEHA LY E(T,i) =0.554 &% 3.

4 XXFEOEICHRR

ZITIRT Y — MEICED CEISE GA R T. AFE
Tit, FLEFIBICRINS 2 DORDI Y — FED
HMOKE LB TKROEREET Y77 41 7ERXT
W, B0, HVuARTOBERIT 2 AL
R0 2 WEETH. 2T, 2 AERE-HEXL
Dh, AXF—IEBBETHIUEIFTEL, BVAF-—<¢%
FIBEELPTVEV)IERER->TYS [10]. S0k
W, 2 200BNIY— FEOMEIE LEFKE VS
A3 2 MELEHALTRVAF—RREL, hin
BA B L TRFRBEEET S, BT
REFEDT ¥ 757 1 TR BROFEERT.

SRS v ¥ A KE b L 2 D 0RK
of Tt L, BBERAV ) — ME B TR, X
ROBHELTOROT N T) XXX YBET S,



[E; & BV AR FEOHBEGERBRIRTFE]

if (EuT)6)+ Ea(T,5)) 2 Den)
Two-point crossover;

else
Uniform crossover;

ZZT, Dpi2—¥FPTFORETIEHRT, (0 <
Dun < 2) DR E#O.

—%, EREEAVLZY - ME E. TR, Z0E
MERTFOTLTY ML) RET .

[E. & B XX HFEOEGHBRFE]

E (T,i) + E(T,j) — 2Emin

> Rand(0,2
-Emaa — Emin = man ( ’ ))
Two-point crossover,
else

Uniform crossover;

if (

\::.T, Emuz,Emin‘iv %kv &ﬂﬁfﬁ&bﬂéﬁﬁ
B2 ERBORGoT Y — F EORKE L BMEE
g7,

5 B

REL-FPELFET 520, BEBEEHVETY -}
BT GEDHTE, ERErAvAT) - ERE
ST R L, O TRVFEL OLBRREAT
ol

TOY G ARBRLEBETNTY XA L LT Greffen-
stette DR L7z GENESIS 5.0[4] 2L, #EL:
BERRIFEEMARR, T—7AF—-2aYLTC
SEYAVWTER L. GENESIS O/87 A — ¥ {Hi3fE
#¥0F 50, EXHEE 0.6, HAMF¥yy 7% 1.0, R
=N r¥YA4rF RS, BRAEERZY - MRER
R, a=F AV 727 VvAa—F 17, BRAEFFEE
EI# 10000 & L TERET o7, MPRIIT V¥ 2ick
Bl7:. =Y —rEfiite =02, = - MNERER
Bizp =05 LEWED,=15¢EL7.

RRFELEREORBUL, —HMIERERETR
LT3, De Jong Test Suite, NK-Landscape IZ
LT Z, £7 =73 LT 10 @32 GA 2EfT
LEBRBLERBEZHEDLBROTE 2RO BB
BLIZGADPROLBLRVRET S,

BONIREROMEBRT AT TR 57201, R
FRLERECN LEEREREREHD LI EADF
¥, RUGHERD, REFCENHLPL) PORE
ol RER2BICOVT, FRE:ToH. &

| BAMES % TEABE A% END S OIOVT I tIRE

¥, B58HE AR SN2 VE DIZOWVTIE Welch % F
Wi,

8.1 De Jong Test Suite

De Jong X YELY Lif 6, GA OHEEREFFMEICLAHK
A ST E - BER/MEBEORY FY -7 T A L
TH5. SHEEOMENH Y, (1) ExtE/EHRE, (2)
Bt/ S, (3)2 RBE/2 RTLRVRE, (4)BX
To/EKRTT, (5) REH/FEEM, L) &) ke
BhHIMKEHRICLTWA M),

RRFHE% De Jong Test Suite IZHA L - RBRHER
2R 1LIRT. BRIt 2 AR LA TH 5.
T-F 4 Y7 RBERANAD 2 EEREA, SERO
Yy FEIZ10 & L7z B/MERIEROT, HOMESVEE
PRWRE R L, FHD Ey, E., 2-point, Uniform i,
&4, BHOLELY - bEERVCECHFE, SkEE
ZHEWETY — ME X 2 E0HFE, 2 ARADHK, —
BEXOARET. REOER, BRABCEFALAL
bR, AN THo. 2MEL S E.EAVER
WEEEFRORVEEZHEALTWS, I/, BYD3
DOMBIZOVTH, B 2REFECHLFEIEVER
TREBZHALTWS, 5L T, HEHTEW
FHEIRERYROTVWEVDT, ETOBRKTELH
WHIER R FEFRVEREBTVAI L VRS,

5.2 NK-Landscape

Kauffman (2 & YUY Lif S /-7 A + BT, 0,1 O3
SHEESORS NORGBHISHL, SRETISEGE
CHSTAER, MORETEICHS kBORETFOM
CESWTEHHESNS, BRERTI YT A8 LLRER
SRICEDERLZ 0.0 25 1.0 DEEd2E,L, N
BORETECOWTOF»LEHT S, K OfFICE
D BSEOSENEML, K=0 TREFHIHENI 2
{, NIVTERLBVERE b OEREDRERERE
Wt 5. k=N-1 T, BTVAS L AEDONIV/E



K1 BRERLBRBEHDL AR

| Solution | Gen. |  Variance
fi
Eq 7515 x 105 | 211 | 5.147 x 10 32
E. 7.515 x 10~5 137 | 5.147 x 10—24
2-point | 7.515x 1075 | 437 [ 5.147x 10~
Uniform | 7.515x10~% | 202 | 5.147 x 10-%¢
. - 7
Eg 1.879x 1072 | 362 | 5.657 X 107
E, 1.625x 10~3 | 353 | 1.506x 1021
2-point | 2.094 x 102 174 5.028 x 10~*
Uniform | 1.907 x 10~2 287 1.712 x 10~3
73
Eg 1.000 x 10-T | 183 | 0.000 x 100
E, 2.000 x 10~1 | 156 | 4.556 x 10~!
2-point | 0.000 x 10° 386 0.000 x 10°
Uniform | 0.000 x 10° 315 0.000 x 10°
7
Ey —1.039x10° | 259 | 3.643x10 T
E, —1.430 x 100 294 5.890 x 10~
2-point | —1.119 x 10° | 322 1.080 x 10°
Uniform | —1.088 x 10° | 307 | 4.340 x 10!
f5 ‘
Eg 9.980x 10~1 | 109 | 1.9T4x10-'°®
E, 9.980 x 10~1 | 241 | 1.974 x 10~16
2-point | 3.544 x 10° 143 1.200 x 10!
Uniform | 5.289 x 10° 22 8.714 x 10!

L BRE b 2o W E R DRREM L % 5 [2).
REFHEZ NK Landscape IZBA L - ERERYHE 2
RT. ARt 2 AR WX TH D, Sbfh
1232y NEONAFYR L) U FE LI B/MEBHE
BZOTEOINSVEFBRVEBL 2D, REIC LY, RBR
ICEHFRLNTDDIX k=31 £ k=10 ThH o7, k=10
Tt E.DEEH 2 FEFRVBERDL. k=10 Tk
—HEXDLDFENRVBRERD TS, LiL, &
DFEEMEE D LERIMD 3 o0PEICHFS
BV, k= 0D YRSV ARORVEBICKL T,
BRBICEFRO bR EPo 225, —HEASRDEN
HATBREROTVS, Zhid, k=0DMBEBICNLT
i, —HRI 2 AR RRPE DAL FETH
7%, EHGHRZICBWT, 2 AXX O L
olilzbbEIOND, 0D, ML EER
DNBRETILENHLEZEIOND,
6 HeHE
EWTE, SERODZHRICBYT 2 BN BEORE
BEFTHFLVEME LT — FEVREL, ohi
BOT7 VTN XADRITPEIRELXT Y77 41708
Ry 2FEERLA. SHROBEELT, ) BosS

&2 BEREBRABREND L AR

| Solution | Gen. | Variance
n=92, k=31
E4 0.2678 42 1.790 x 10~2
E. 0.2610 43 1.857 x 10—4
2 —point | 0.3250 10 7.432 x 1078
Uniform | 0.2599 69 8.501 x 10~8
n=32, k=10
Ey 0.2919 53 6.932x 10~ ¢
E. 0.2716 42 6.781 x 104
2-point | 0.2807 65 2.644 x 10~
Uniform | 0.2747 56 8.953 x 103
n=32, k=0 R
Eq 0.3402" 47 | 7.401x10- 17
E, 0.3402 - 46 7.401 x 10-17
2 —point | 0.3402 90 7.401 x 10717
Uniform 0.3402 | 38 7.401 x 1017

A= 3 b EBINT A SMEFEORE, (2) RETFHE
DA AR IO, % AT 5.

SE

[1] L. Davis: “Adapting operator probabilities in genetic
algorithms,” Proc. the 3rd International Conference
on Genetic Algorithms, pp. 61-69 (1989).

[2] K.A.DeJong, M. A. Potter and W. M. Spears:, “Using
problem generators to explore the effects of epistasis,
” Proc. the 7th International Conference on Genetic
Algorithms, pp. 338-345 (1997).

D. E. Goldberg: “Genetic Algorithms in Search, Op-
timization, and Machine Learning,” Addison-Wesley
Publishing Company (1989).

J. 1. Grefenstette: “Optimization of control parame-
ters for genetic algorithms,” IEEE Trans. on Systems,
Man, and Cybernetics, Vol.SMC-16, No.1, pp. 122-
128 (1986).

K. Hatta, K. Matsuda, S. Wakabayashi and T. Koide:
“On-the-fly crossover adaptation of genetic algo-
rithms,” Proc. IEEE/IEE Genetic Algorithms in En-
gineering Systems: Innovations and Applications, pp.
197-202 (1997).

R. Hinterding, Z. Michalewicz and A. E. Eiben:
“Adaptation in evolutionary computation: A survey,”
Proc. the 7th IEEE International Conference on Evo-
lutionary Computation, pp. 65-69 (1997).

[7] &40, EHe D SRIBHT AV T) X5 HAEE (1995).

[8] J. D. Schaffer, R. A. Caruana, L. J. Eshelman and
R. Das: “A study of control parameters affecting on-
line performance of genetic algorithms for function op-
timization,” Proc. the 3rd International Conference on
Genetic Algorithms, pp. 51-60 (1989).

[9] W.M. Spears: “Adapting crossover in evolutionary al-

gorithms,” Proc. the 4th Evolutionary Programming
Conference, pp. 367-384 (1995).

[10] G. Syswerda: “Uniform crossover in genetic algo-
rithms,” Proc. the 3rd International Conference on
Genetic Algorithms, pp. 2-9 (1989).

3

=

[4

L.

[5

—

[6

—




