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M B RESKEARKFYEEEHELN, RFE EMREFHEde B SReER
BB AT LR B, TR AT —FRE TR RN e E—
WERIE(GA), RITAH MW BT R R A 100 A R 168 IR, M MR B
# NESRARTEEEENFAURBETENERD LS AKRS, FRIERE
xR A T RER IR T MR RE,

XiE b, e L, B ERE

SFFAM, EWRE N EADTR. ERABNAEEMTH#ELEN. EPELEREBERER.
T, LE R T, A BEAME, 91, EEFHREREYLEE ATERTH
YLEL 22 % John H. Holland R H A ¥ FAM A EMEENRE M RENATIERAITH, &
BT —HEFHN ABBRARTHERINNENE R - B 5 S5 (HHEEFE)" 2 (Genetic algo-
rithm, 7R GA)e —+B4ER.GARF TEH KM, X RPEITEH B B3 EFERFTFLEE
AESENFRNE BB THENELRBMRONNA, GAR—BIFEFH®E FUANRES
R IE, FATT E LR GA BN F R Ees, AT REBMNEE LHESTERMBICRE.
SR BEMFHR TAEEMETHRX GAR R UET CAMBRRRZ )G, REESN JKE, X
X —%# AW T R0 HE,

1 GAWMBMERZHMAE
1.1 GARYEMR

GA Y B AR R F 3% R (Darwin) #93# 1b i 5 H R (Mende AR 152 R KRR HELIIRIAR.
HF-PHREFNNERABTREREN M, AAREMARE - SEF. B4, R REYRIEES
FAR, T A 55 A 4, TR W RS R FR Y T R AR EE R R B TR X REF ey R,

FHRREREZER Y. AEREIARTHECERATH BEENHRTARZ S, FL

ZAMBEALTERCET. BErERAREHEEFBHEMSRAER ST 2B LM A
Wikl —EMEN ., ERMREHNE RS ETHEN RSN TR, B S KA E SRR, W FiRE
WEFHERSRERE T, GAERE MU, HRATR(ATR)RRAFOEK", &
HENLE— B s, im0 =1 x 20 0k 22+ 0x 22+ 122 + 1% 22 = 10011 ( Z 3
#1), FE 48 — B (Polulation) " B ik »—— A~ ( Individuals), 35 & 1% T B " FHE" (AR B, €]
HEEX R BESERRE HEFEEN LN RO REMFE ST HSINRE
O FERA MG BEAR, ATIR L BN,

AELF 19964 11 A 6 HWF,
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1.2 GANERME

ER GANBE,GA EEST SRBEM T AL ERREN B0, GA ERTHLEET EY
s B EERE, GA R A OERARAEEEH 3 X (Crossover) . % 7 (Mutation) £ B 4 (Reproduc-
tion) &, MBI -
1.2.1 %X EEATIOMEREES, BHEHEAREAU EREARAKSE HRE B SRR HE
HTER ARFEH T ENEE. GANSTIERA—2M|E P, BVLERESMEETEX, Py
du“FE X", B1HT TR REETTEIRENER. (V3BT HRIZ LS.

Parent 1 1 1 0 © 0 {1 0 1] Crossover offspring 1 1 1 ¢ 0 0 0 ¢ 1
Parent 2 0 0 1 11 (00 1] ~—~ offspring 2 0 0 1 1 1 1 0 1

Bl ZINT(RE)
Fig.1 Crossover operator

1.2.2 BB ERAMEREENFSEBHTEE, £ 8%, RL0E 1,150, &CATRA
o5 Seut, B AU MR Po MR EKB AN N RS RN AL EBATER, P HY ERE", M2
R TH—ARBERTERRLE, RF e NBA N AT ERNNS . BROfEERZER
A1, B ROBE IE 7 R L0 B — . % BF A BB, FA 3 S A B R, X
ERBERNTE.

’ Mutation
Parent generation 1 [0] 0 1 1 [t 0 0] 1 Filial generation 1 1 0 1 1 0 1 1 1
— .

B2 ERNT(RE)
Fig.2 Mutation operstor

1.2.3 B4 BEREES. CAYHBERER -ENAENHETHTRSMERTEN. £9F
hEEMNRETE G TEESHE, ALE GA PR3 AT “EAERESERRE, f B X RAEH
—H R GA HHE, RTEERE, TSHHXIR.
1.3 GaRit
— Ry AL E T b
minF = F(X),F € R
s 0. G(X)=200XENRCR

HEf X=[x.z3. .2, ]T HRTFTARRO RAEFR(BTR). F HEREYE, R FREHE, R
FFn HEBEME, G(X)20, XE QUR" #ARMERMUE KB, £GATH X #FT%B.B
B k(8 .16 S8 EFENE, RA—S@HEYE Xy, #fm- FOO.BRTHE X M
FRHER I8 R B " ( Fitness) o
1.3.1 GAWEELED).  REBEKA N ZXE P, AFEP,, FHREFHAMER N T
WA EL) b M ERB(ER RO, RSN PR E B (X)), i=1,2, -, N;
cEHEAMEMBRNE R ENEROBSNE D AN IR EREREGAEMMHTEL ER . BE
BRI, ERFA (T e it RN T RMERBE: [ TRMAFR, HEHNEE e HFAE I 5,
RERE ERFTRRFRENILE.
1.3.2 iRRM. FEEERE

maxF = z%

s.t.x € [0,31]
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B N=4,P =0.6,P,=0.03, fit(z;} = F(x;)/ EREERERD, HANETIXRIE—

10000 16 256

K, K =2 F(x,), BB T ®AANTAAT
ir WeEs mWe BN 0 BE  BER
g:j BES £ SISS ﬁ;f 4% wye =@ gm wrs o
1 Q1101 2 4 - 01100 12 144
; (1]1(1)3:1 ;i ;:2 g::z ; 2 11000 1 4 11001 25 625
3 11060 4 2 11011 27 729
3 01000 8 64 0.06 0 4 2
1

4 10011
4 10011 19 a6l 0.31
REBKESL Fow = 576. REBBEAEY FL..=72%

EERPFH, Ra-—Rd, i B HRBEEN 576 £ H T 720, BEM LK ALEI KB L
R HBIE
1.4 GA RO

EXFETEDFPTHEELEESRERFE, GA R HESEEIRNEERTHRAME, B
& TSR FHEEFRNEORA AW .GATHENSYITEYE, TRLCERRSH X HUF
HEEX,, X3, ) Xy GA R A AEB B (Population) R # FF & MK, H T A B ERERARIEEE,
TR R PE- i, XM NTRARBRERYTES . GAESAABTRENRSN
M, AR RSN BSR4 AWMENE, EHARBRTFEHEENERERE
HREEEFIBNA. GANRFRENSE REMEENEN, R ERERRR/RE.
2 GAWEREKHA
2.1 GABMRBREEH

GA &R THER i John H. Holland T 1971 ££48 i M2, Holland! > @ 3 T S8 %:ﬁr“ﬁﬂeé@
EHN X ERGET GAMELE, EREN —BHEN, CARERBRSINXE, BFX GAEHERA
fIFAR.ER. EROER. GAHARKIBYF BHH, Grefensterre B8V GA A THAIRS
Ackley %#f GA BT # 2 M5 (NN ~ Neura! Networks)! "4, GABT SN H TN &2 . #BL185. 8
SOHE THadER. BENES LRSS HE, FERR TSP WEC] HSEERLEHDY.
WSk E AR Sl EH T ERA LRV S FEREBTRAHET. GA
HIRSIETH RSO E AR, M 1985 4£7] 1993 45, G ESR S — B EHIFEWN GA 2 RiTiE &,
3t £ % B i} “Evolutionary Computation” B T4, EIF S M EMBE RSN I HE LT GAMITR, &
JLHREEATH 1996 IEEE £ A 5EHEREAR W (IEEE SMC'96) FREXF GA N Hy & Eit
#. 1994 £ 1 A, “IEEE Trans.on Neural Networks”#HE T H X GAR¥H . THMAHEEEE S #i
BESREGBFEM AN, #0R — RO TR, ToEitES B8R, ez BE TR I,
CAERESHAVMEZ. A BERTHEEFFELC FHEHES. HUATRERSNHETRMAE, %€
FEOEGFAS T ENHEESHAERN KELER, GAMEEAXNRR.
2.2 GAZELEDHE &HTERPMHERNR

GAHBRTAYHSYPHUHERHBSREEHE AMARKRFEATHEMREHE L. GATHE
AUESEOHETR A METUATAY IR FEHKBARE EHSRE. SHMEN.
BB HEMESHES, TRTEY IRTHEAMEE,. AN, £9TBRPWAREEPE —FH
BAHE A, BERRRESIRES, UERRENSE LS., XFHIEEHNEENREFRER -1
MR A TR,

y{k) = CX(&),

{X(k +1) = F[X(&), U(k)],
Upin <X UR) < Uy,
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AR SN (NNETRARLESH, #ER
SEHMEHMLHRRE I, NN, EFHEHINER
FBP ¥H i, i BP HENBELRAR, BiE
EEHER P R AR, IR A GA NHR R, %
KA AR Wk a B, ATk BB ia 4y
PERE, B AR,

Ty (‘)

. . ! 3 HHiE
Utk vy (4E9) GA BB b 5 3 S FUE R TR R
ik, CEIRKR P BIMIINNE,GA BE
B3 ERABRMERSBGRENE RFEGHREEAENTE AT FERENHRY

Fig.3 Network predictor structure map in fermentation HH., BGANATEWHE, 2B GA Bid (-
1.In put layer, 2, Hid layer, 3. Out put layer GABR, GAJE%@&‘CEEE'H‘?&*%&E::

# ®F X &
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Genetic Algorithms: An Application of Evalution Theory and Genetics
to Optimization Problems in Engineering

Yu Huiming Yao Ruhua Lin Weitie
(Departmen: of Bicengineering, South China University of Technology, Guangzhou 510641)

Abstract  The natural rule tells that the superiors survive. Recently, the evalution theory and princi-
ples of genetics of bioscience are employed to the computation of optimization problems in engineering
sucessfully. Thus a computation method for optimization problems. i. e. Gentic Algorithm {GA)
which is quits different form the classical ones, has been proposed. In this paper, the evalution theory
and principles of genetics employed 1o genetic algorithm, the basic operations of genes applied in ge-
netic algorithm, the steps of genetic algorithm, the advantages over the classical computation meth-
ods, theé"development of genetic algorithm and its applications are introduced. A simple prospects for
the possible applications of genetic algorithm to bioscience is also given.

Key words Evaluation, heredity, optimization, genetic aigorithm
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