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CAC THUAT TOAN TIEN HOA VA UNG DUNG
TRONG DIEU KHIEN TU DONG

VU NGOC PHAN

Abstract. Evolutionary algorithms are of great attentions in the last decade. They are not only powerful
search techniques for solving many conventional optimization problems but also being utilized in different
artificial intelligent systems. The present paper intends to clarify the basic of evolutionary algorithms and
their applicability to the issues of automatic control. In Section 2 the essence of general optimization problems
is expressed. The fundamental of the theory of the natural evolution and that of the genetics will be shortly
given in the third section. A combination of Section 2 and Section 3 indicates why and how the evolutionary
algorithms have been developed. The ground stones of evolutionary algorithms, namely the parameter coding,
the fitness and fitness scaling, the simulation of the reproduction and selection processes, the simulation of
the crossover and the mutation, are clarified in Section 4 to 8. In the 9th section the handling of the equality
and inequality constraints by assigning the fitness value based on the penalty function is discussed. The
convergence of evolutionary algorithms can be improved by a search interval reduction as shown in Section
10. The 11" section is dealing with the starting step of an evolutionary algorithm, i.e. the creation of the
initial population. The applicability of the evolutionary algorithms on the field of automatic control will be
described in Section 12.

Tém tdt. Bai bao nhic lai ndi dung co’ bdn cda bai todn t8i wu héa, trinh bay vai nét so ddng nhit vé té
bao hoc va hoc thuyét tién héa tw nhién. Tiép theo, bai bdo d& cidp dén nhing ndi dung nhu: ma héa tham
88 tim kiém, xdc dinh dd do fit-nit, mé phdng quéa trinh sinh sdn, mé phdng qud trinh lai ghép va ddt bién.
Sau dé 1a cach xd 1y digu kién rang budc ddng thic va bat ddng thic cda bai todn t8i wu bing phwong phip
ham phat. Cudi cling, bai bdo d& cip dén vin d& tao lip quin thé ban diu va rit gon mién tim kiém trong
quéa trinh tién héa, vai nét vé khd ning ing dung cda céc thudt todn ti€n héa.

1. MO DAU

Trong nhiéu nim lai diy, cic thudt toan tién héa di dwoc phat trién va @ng dung rat rong rai
trong nhiéu linh vuec ma & dé t8i wu ludn 13 trung tim cda su chid y. V& mit ly thuyét, cac thudt
todn tién héa khdng chtra dung nhitng khé khin todn hoc 1én, chiing mang ning tinh heuristic. Higu
qud cda mot thudt todn tién héa phu thudc nhigu vio bai todn cu thé va kinh nghiém cda ngudi gidi
quyét. Thuc chit, cic thudt todn tién héa 1a céc thuit todn tim ki€m ngiu nhién. Uu di€m ndi bit
cda céc thuit todn ti€n héa so v&i cdc thuit todn tim kiém thong thuong 13 & chd, né cho phép gidi
céc bai todn t8i wu khi ham muc tiéu khéng thé dién t4 mét cach twong minh va tham s8 tim kiém
mang nhiéu bén chit tw nhién khic nhau. D€ lam thi du hay xét trd choi tri tué thudng dwoc dwa
vao cac chuwong trinh nhu Dwdng lén dinkh O-Iim-pi-a danh cho hoc sinh phd théng. Cho hai nhém
dd vat. Nhém tht nhat gom mdy tinh, con dao va qua ciu 16ng. Nhém tht hai gom béng hoa tuoi,
hon d4, con ong chét va mét it ré to hdng. Gid s biy gid ¢6 ngudi dwa ra mét 18ng hoa va yéu ciu
hiy xép né vio nhém nio cho hop ly nhit (t8i wu nhit). Lo gidi t3i wu nhdt & diy 13 xép 1ing hoa
vio nhém th& nhit: nhém cic dd vat nhan tao, vi nhém tht hai la nhém céc do vat tu nhién. Tro
choi nay cho dén nay chi ¢c6 thé do con ngudi tw suy luin va dwa ra loi gidi. Nho cac thudt todn
tién héa, vdn dé nay mdy tinh c6 thé gidi bing cach gan cho mdi d6 vat cac gia tri fit-nit khac nhau
theo cdc géc dd khic nhau. Xéc dinh sw chénh léch gid tri fit-nit cda c4 thé méi (1&ng hoa) so véi
hai quin thé di c6. C4 thé méi sé dwoc xép vao quin thé véi suw chénh 1éch gid tri fit-nit nhé homn.

Phin 2 cda bii bdo nhic lai néi dung co bdn cda bai todn t8i wu héa. Vii nét so ding nhat vé
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té bao hoc va hoc thuyét i€n héa tw nhién sé dwgc néu trong Phin 3 d€ 1am rd co s& Iy ludn cda
cic thudt todn ti€n héa. Cédc phin ti€p theo dé cip dén nhirng ndi dung nhu: ma héa tham sd tim
kiém, xdc dinh d5 do fit-nit, mé phdng qua trinh sinh sdn, mé phdng qua trinh lai ghép va dot bién.
Phin 9 sé trinh bay cich xi 1y diéu kién ring budc ding thirc v bit ding thirc cda bai todn t3i wu
béng phuong phip ham phat. D€ tim hi€u vé tinh hdi tu cda cic thuit todn tién héa, cic phin 10
va 11 sé dé cap dén van deé tao lip quin thé ban diu vi rit gon mién tim ki€ém trong qua trinh tién
héa. Vai nét vé khi ning ng dung cda cac thuit toin tién héa sé dwoc trinh bay trong Phin 12.

2. VAN DE TOI UU HOA VA CAC THUAT TOAN TiM KIEM

Khai niém t8i vu héa dwoc dung d€ chi qui trinh nhin ra 1o gidi t3t nhit theo mét qui wéc
nao d6. D€ lam vi du, ching ta hiy xét vin dé diéu khién t3i wu. Gid st mot ddi twong dieu khién
dugc md t3 bdi phuong trinh vi phin dang

z = p(z,u,t), z(t =0)=z(0), (2.1)
y = 9¥(z,u,t), (2-2)

trong d6 z(t) 13 vecto trang thii n chiéu, u(t) 1a vecto dieu khi€n p chitu, y(t) 12 vecto ddu ra g
chiéu, t 13 bién thoi gian, p va 9 13 cic him vecto cé s chiéu twong dng. Muc tiéu cda baii todn
di¢u khién t8i wu 13 tim mét chién lugc didu khién u(t) sao cho phiém ham

T
J= % / (T Rz + uT Qu)dt (23)
0
dat gid tri nhd nhit. )
Trong ky thuit va céng nghé ching ta thudng gip rat nhiéu vin dé ma 11 gidi cda né 13 lam
sao dé cho mot hay nhiéu muc tiéu dat gid tri cuc dai hodc cwc ti€u. V& mit toan hoc, vin d& t&i
wu héa (cuc dai héa hojc cuc ti€u héa) c6 thé dién td tdng quit nhu sau. Tim z = (24, 22, ..., Zn)
sao cho z t81 wu héa f(z) véi cic rang budc

gi(z) £0, 1=1,2,...; k, (2-4)
hi(z) =0; 7= 1;2,:;m (2.5)

trong d6 z 13 vecto tham s8 n chi€u, f(z) 12 hAm muc tiéu, g;(z) va h;(z) 13 cic ring budc dang
bit ding thirc va ding thitc. Néu k = 0 va m = 0, bai toan t3i wu 13 bai todn khéng cé rang
budc. Néu k # 0 vi/hodc m # O thi vin d€ trén dwogc goi la bai todn t5i wu cé rang budc. Dua
vio cic dic difm cda vecto tham s& ciing nhu cda him muc tiéu, ngudi ta dit cho vin dé t5i
wu héa nhirng tén goi khic nhau nhu: qui hoach tuyén tinh (linear programming), qui hoach phi
tuyén (non-linear programming), qui hoach nguyén (integer programming), qui hoach 16i (convex
programming), qui hoach 16m (concave programming), qui hoach hinh hoc (geometric programming),
qui hoach ngiu nhién (stochastic programming), qui hoach m¢ (fuzzy programming), qui hoach déng
(dynamic programming)... Trong lich s khoa hoc, bai todn t61 wu di dwoc nghién ctu tir thoi
Newton, Lagrange va Cauchy. Tir sau dai chién thé giéi thi hai, bai todn t81 wu héa thuc su trd
thanh mdi quan tim khéng chi cda cac nha khoa hoc ky thuit ma cda moi linh vuc d&i séng x3 hoi.
Véi tinh chit da dang va phirc tap nhung mang lai hiéu qué rat cao, nhiéu phuong phip gidi quyét
vin dé t5i wu héa di dwoc dé xuit vi khong ngirng phat tri€n. Nhin chung, chiing ta c6 thé chia
cac phuong phip nay thanh hai nhém co bdn. Nhém th& nhit bao gom tit cd cAc phuong phép gidi
tich, cdn dwoc goi 13 cic phwong phip kinh di€n (classical methods). Trong th&i dai may tinh dién
t, cac phuwong phap nay it dwoc ¥ng dung thuc t&, nhung luén dwoc dwa vio gido trinh gidng day
& cac trwong dai hoc vi tinh todn hoc chinh xdc cia né. Nhém tht hai bao gbm cidc phwong phép
tim ki€ém (search methods). Trong nhém niy ching ta cé thé nhic dén mdt s phwong phip nhw
phuong phap tim ki€m truc ti€p (direct search method), phwong phap tim ki€m ngiu nhién (random
search method), phuong phip quay toa dd cla Rosenbrock (method of rotating coordinates), phuong
phap don hinh (simplex method) d€ gidi cic bai toadn khéng cé rang budc, va cic phwong phip nhw
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phwong phip mit cit (cutting plane method), phwong phip haim phat ndi (interior penalty function
method), phwong phip ham phat ngoai (exterior penalty function method), phwong phip da hinh
(complex method) dé gii cac bai todn c6 ring budc. Mic di cic phwong phip tim kiém di dwoc
cdi ti€n va da gép phin gidi quyét duogc rat nhiéu bai todn t3i wu héa trong thuc té, song mdt s3
khé khin mang tinh nguyén tic vin ton tai.

Truéc hét, 13 khé khin lién quan dén di€m xuidt phdt cda qué trinh tim ki€m (starting point).
Néu chon di€m xudt phat khong thich hop thi qui trinh hdi tu sé rit chim, thim chi khéng tim
duoc 151 gidi mong mudn. Hom nira, hiu hét cic phuwong phap doi héi di€ém xuit phit phai Ia mét
161 gidi thda dang (feasible solution) cda bai todn t5i wu. Trén thuc té, viéc tim mot 1oi gidi thda
ding ban diu (initial feasible solution) dé€ 1dm di€m xuit phat khé khin khong kém gi chinh bii toan
dé.

Ton tai thi hai & cac thuit todn tim ki€m thong thudng 13 ciu héi vé tinh toin cuc cda loi gidi.
Khi qua trinh tim ki€ém di dirng lai & mot di€m t3i wu, khéng c6 thdng tin nio cho biét lidu diém
ndy cé phdi 12 di€m t8i wu toan cuc (global optimum) hay chi 13 di€m t8i wu cuc bd (local optimum).
Néu nghi ring dé chi 12 di€m t5i wu cuc bd thi ciing ching c6 con dudng nio vwot ra khéi di€m dé
dé ¢6 co may di dén mét di€ém t3t hon.

R4t may 13 cdc thudt todn ti€n héa (evolutionary algorithms), mdt cdng cu tim ki€ém van ning,
di ra d&i va khic phuc dwgc nhirng thiéu sét cia cic thuit todn tim ki€m truéc né. Thuit todn tién
héa khéng bit diu qua trinh tim kiém tir m6t di€ém xuit phit duy nh&t. Trai lai, n6 bit diu qui
trinh tim ki€m ti mét tip cdc di€ém xuit phat, goi 13 quin thé ban diu (initial population), trong
d6 khong nhit thi€t moi ca thé (individual) déu phdi 13 mét 15i gidi thda ddng. Hom thé nira, qué
trinh tim kiém phéng theo qud trinh tién héa (evolution process) cho phép thoéat ra khdi cac di€ém
t8i wu cuc bd. Néi cach khic, qua trinh ti€n héa c6 thé ti€p tuc khéng phu thudc gi vio vi tri va
thoi di€m hién tai cda né. Diéu niay cho ta co may tim dwoc 1&i gidi hiéu qud hon khi ma him muc

A a~ A . ’ LY s a
tiéu c6 vd s8 di€m cuc tri (thi du ham Weierstrass bic cao).

3. CO' SO LY LUAN CUA THUAT TOAN TIEN HOA

Phdng sinh hoc 13 m&t hinh déng vi dai tdo bao cda loii ngudi va da cé lich st tir rat 1du. Tau
ngam phdng theo hinh dang c4 voi, mdy tréo ndi phdng theo con cidnh cam, tay mdy phéng theo
canh tay ngudi v.v.. Ngudi ta con du dinh xiy dung cidc mdy tinh phdng theo bd nio cda con ngudi.
Y twdng 4p dung toin bd quid trinh ti€n héa tu nhién vio cic hé thdng nhin tao (artificial systems)
dwoc bit diu tir cdng trinh cda Holland [9,10] va tiép tuc phéat tri€n bdi Goldberg (8] ciing nhuw
nhiéu tic gid khic. Hoc thuyét t& bao, hoc thuyét diu tién di siu vio ban chit cda sw s6ng, da duoc
xdy dung cich diy 150 nim va ngly cang hoan thién. T€ bao 1a hé thdng vit chit hoin chinh mang
nhitng dic tinh cda sw s6ng. Chat nguyén sinh cida té bio gom t& bao chit va nhin. Protit cda té
bio chat 12 vat chit bi€u hién cic dic tinh cda su séng, nhung s tdng hop cic protit nay lai dwgc
chuong trinh héa béi cac phan t& ADN nim trong nhan. Cic doan riéng ré cia ADN dwoc goi 13
gien. Phan t& ARN duoc tao ra trén khuén miu cda gien, chui tir nhin ra té bao chdt 1am nhiém
vu diéu khién qui trinh tdng hop protit. Mét trong nhirng djc tinh cda sw sdng bidu hién trén t&
bio 13 khi ning tuw phin chia d€ tao ra cic té bio méi. Qui trinh niy xdy ra rit phirc tap va tuin
theo nhing dinh luit hét sirc nghiém ngit. D6 13 cic dinh ludt nhu: dinh lut tinh trdi, dinh luit
phin ly vi bdo ton cac ki€u gien (genotype) vi ki€u hinh (phenotype), dinh luit di truyén két hop
giéi tinh v.v.. Tuy da c6 thé gidi mi so’ d5 gien, nhung cho dén nay lodi ngudi vin chwa hi€u diy
dd nhirng gi da chi phdi qua trinh hinh thinh su séng va con rit nhieu vin dé khic vé su sdng can
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ti€p tuc tranh ludn. Mic du viy, moi ngudi déu dé dang cong nhan véi nhau, su séng 1 hinh thtc
ton tai vit chit cao nhat va sw tién héa theo nguyén ly chon loc tw nhién 14 mdt qua trinh t8i wu
hoan hdo nhit so véi tit cd cac qua trinh t3i wu ma lodi ngudi tao ra. Tién dé trén 13 co s& khoa
hoc cda cdc thuit todn ti€n héa.

Trong sinh hoc, néi dén ki€u gien tirc 13 néi dén tip hop cic gien riéng biét vi néi dén kiéu
hinh 13 néi dén nhirng tinh trang bi€u hién ra bén ngoai. Kiéu hinh 1 két qud cda ki€u gien v tic
déng cda méi trudng 1én co thé sinh vit. Cédc thuit todn tién héa khic nhau dwgc xidy dung xuit
phét tir cich nhin ki€u gien hojc ki€u hinh.

Céc thuit todn xudt phét tir cdch nhin ki€u gien dwoc goi 13 thudt todn di truyén (gemetic
algorithm). Trong céc thuit todn di truyén, mién tim ki€m thudng 1a cdc mién thuin nhit va khong
thay d&i bdn chit trong sudt qui trinh ti€n héa. Sw van déng tir 1oi gidi hién thoi dén 161 gidi t6i
vu la sw van dong ndi tai. Cac thuit toan tim ki€m dwoc xiy dung theo cich nhin ki€u hinh dwoc
goi 1a cdc thudt todn tién hda (evolutionary algorithms). Trong cic thudt todn tién héa, cic ci thé
dugc sinh ra phdi chiu tdc dong cia méi trudng, thi du sy ti€n héa cda virut [20]. Tuy nhién cin
luu ¥ ring, khéng cé ranh gi6i ré rang giita cic thuit todn di truyén va céc thuit todn tién héa.
Thi nhit, nhu trén kia da néi, ki€u hinh bi chi phéi bédi ki€u gien. Cac thuit todn ti€n héa si- dung
sw' md phdng qud trinh sinh sdn, lai ghép va d6t bién nhu cac thuit todn di truyén. Néi cach khac,
thudt todn di truyén 13 co s& cida thuit todn tién héa. Thi hai, cac thuit todn di truyén doi khi
ciing dién ra do tic déng bén ngoai, thi du chd quan cda con ngudi [15]. Vi ly do nay, trong céc
phian sau sé chi ding chung mét khai niém thuit todn tién héa.

Nhu trén da néi, thuat ti€n héa 13 thuit todn tim “i.a 161 gidi t8i wu dwa trén sy “bit chuéc”
qué trinh ti€n héa tu nhién. V& phwong dién todn hoc, ta cé thé coi thuit todn tién héa la phwong
phép tim ki€m ngiu nhién t8ng quat. Tuy nhién, thuit todn ti€n héa khic cic phwong phip tim
kiém thong thuomg & miy di€m sau:

e Thuit toan tién héa tién hanh qué trinh tim kiém 151 gidi t3i wu trén mdt quin thé (popula-
tion) va tim dong thoi mét lic nhigu di€m cuc tri ¢ thé cé6. Do vay sé han ché sy két thic
qué trinh tim ki€m tai di€m cuc tri cuc bd va ting kha ning dat dén di€m cuc tri toan cuc.

e Thuit todn tién héa thao tdc véi cac chudi a-len (allele) ding dé€ ma héa tham s§ chié khong
thao tdc truc ti€p véi cac tham s3.

e Thuit todn tién héa khong st dung gid tri hAm muc tiéu ma st dung gia tri fit-nit cda cac
c4 thé trong qua trinh tim kiém. Thuit todn tién héa ciing khéng nhit thié€t cin dén gid tri
dao hdm cda ham muc tiéu hay cic théng tin phu khéc.

e Ciac luat chuyén ddi thuit todn giita cidc budc tim ki€m 13 céc luit ngiu nhién cht khong
phdi la cdc ludt tién dinh.

Co thé sdng 13 mét hé thdng da chiéu, tw t8 chirc va tw n dinh, c6 khd ning tw thich nghi
vé1 nhirng tdc dong da dang cda méi trudng xung quanh. RS rang khong thé mé phdng diy dd qud
trinh ti€n héa. Viéc st dung thuit toan di truyén mang nhiéu tinh heuristic va khong chit ché nhu
céc phuong phép toan hoc kinh di€n. Tuy viy, qua cdc cong trinh di dwoc cong bS, mét thuit todn
di truyén thudmg bao gom nhirng cng viéc sau:

e M3 héa tham s8 bing céc chudi a-len (trén may tinh la cdc chudi nhi phan) ¢é dd dai thich
hgp. Céc chudi a-len niy déng vai trd nhu cic t& bio séng tham gia vio cic qud trinh sinh
sdn, chon loc tw nhién, chiu su chi phdi cda cdc qui ludt di truyén va dot bién.

e Bién ddi ham muc tiéu vé dang thich hop néu cin thiét va tim d6 do fit-nit (fitness meassure)
lam co s& d€ tién hanh qué trinh chon loc tw nhién.

e Tao lip mét quin thé ban diu véi s6 luong c4 thé cin thiét d€ tham gia vao qua trinh ti€n
héa. Nhu trén di néu, cic ca thé nay khdng nhit thi€t phdi twong ing véi mét 101 gidi théa
déng cda bai todn t8i wu cé rang budc.
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e Mo phéng qué trinh sinh sdn v3 chon loc tuw nhién théng qua viéc sao chép cic ci thé tdt
va loai bd céc c4 thé xdu duwa trén d do fit-nit. Qué trinh niy cin phai thuc hién sao cho
khong phdi moi c4 thé cé gid tri fitnit nhé déu bi dio thdi, nghia 12 khéng lam méit tinh da
dang cia quin thé.

e M6 phdng qué trinh lai ghép, trong dé céc cgp ca thé két hop véi nhau dé tao ra cic bd gien
méi (cdc cd thé méi). Céc cd thé méi nay hoa nhip vao cdng dong dé€ tham gia qud trinh
tién héa.

e Mb phdng qué trinh d6t bi€n, trong dé mét hay mdt s3 ca thé bi bién d8i mdt hay nhiéu
gien mét cich ngiu nhién. Cdc c4 thé bi bién d8i gien sé bién thanh cic ¢4 thé méi, c6 thé
t6t hon hoic xdu hon theo dd do fit-nit. Qué trinh ndy xdy ra véi xac suit nhd nhung vo
cling quan trong vi nhu da biét, khéng cé dét bi€n thi khéng cé tién hoa.

Céc cong viéc trén, goi 1a cic todn td gien trong cdc thuit todn di truyén (genetic operator),
dwoc thuc hién xen ké nhau theo mét trinh tu nao dé tuy thudc vio vin dé cu thé. D&i véi nhing
van dé don gidn, ba ¢ong viéc dau chi cin lam mét [an, ba cong viéc sau duwoc 1ip lai cho dén khi
tiéu chuin dirng thda man. Tuy nhién, nhu sé trinh bay trong cic phan sau, di véi céc van de phiic
tap, ba cong viéc dau cé thé phai thuc hién trong cd qud trinh tim ki€m 11 gidi t6i wu. Tiéu chuin
dirng c6 thé chon 12 mét hodc két hop cac théng tin nhu sau:

e S3 thé hé tién héa da vuot qui mot sd cho truée.

e Su ti€n héa hiu nhu khéng dién ra nira. Néi cach khic, su khéc biét gifra cac cd thé trong
quin thé qua nhiéu thé hé 13 khong déng ké.

e Gi4 tri fit-nit cda cdc c4 thé t8t nhit trong quin thé hiu nhu khéng ting & nhiéu thé hé
tién héa néi tiép nhau.

e Dua vao y kién cia chuyén gia vé vin d& dang quan tim theo nguyén ly top N trong [26].

Sau diy ching ta sé di siu vao nhitng bwéc cu thé cda cic thuit todn ti€n héa.

4. MA HOA THAM SO BANG CAC CHUOI A-LEN

Nhu trén di néu, thuit todn tién héa khong tién hanh qud trinh tim kiém 1&i gidi 681 wu truc
ti€p trén cic tham s, trai lai cdc tham s3 truéc hét dwgc ma héa bédi cic chudi a-len va tré thanh
céc c4 thé trong quin thé cda qué trinh ti&n héa. Sau qua trinh tién héa, cc ci thé cé dd do fit-nit
16n hon sé dwoc chon ra va gid tri tham s8 t8i wu sé nhan dwgc qua phép bién d8i nguoc lai (phép
gidi mi). Phép mi héa d& hinh dung nhit va dé thé hién trén mdy tinh nhat 13 phép ma héa nhi
phan (binary encoding). D& dé hinh dung, ching ta xét thi du dwoc néu & [26]. Tim 1&i gidi t3i wu
chung cia
sin® /22 + y2 — 0,5

,y) =0,5— , 4.1
fales) (1+0,01(z2 +y2))2 f41)
f2(z,y) = 1— (z—0,3)% — (y — 0,3)?, (4.2)

véi rang bude
9(z,y) =z+y—0,25 <0. (4.3)

o) diy c6 hai tham s8 13 z va y, c6 thé nhan cic gid tri trong khodng (—oo,+00). Tuy nhién trén
thwe t& tinh todn nguwdi ta chi xét cdc gid tri cda z va y trong khodng [—a,+a] véi o 13 mét s8 dd
16n. Ta mi héa z va y bing cic chudi a-len (trén mdy tinh 13 cdc chudi nhi phan). Gid st dung mét
chudi gdm 48 bits (6 bytes) trong dé 24 bits d3u mi héa z va 24 bits sau ma héa y. Chudi 48 bits
nay déng vai trd 1 mét c4 thé cia qui trinh tién héa (hinh 4.1). Vé&i 24 bits nhi phan ta c6 thé
dién t4 céc s3 tir 0 dén 224 — 1 = 16777215. Trén thuc t& ta chi mudn giéi han mién tim ki€m trong
khodng [-20, +20]. Khi d6 z va y dwoc xac dinh bdi
40 40

S - — 920 P — — 4.4
= Torrrzis & 20 V= Tgrrgs 20 (4:4)
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trong dé {z} chi ndi dung 24 bits diu vao va {y} chi ndi dung 24 bits ti€p theo cda chudi a-len. Mt

cach tdng quat, gid st chon n bits ma héa mdi tham s8 p;, ¢ = 1,2,...,m. Tham s8 p; c6 cin duéi
bing a;, can trén bing b;. Gid tri thit cda p; dwoc xdc dinh béi
T
p; =a; + 21n — {{p,‘}, (4.5)

trong dé {p;} chi ndi dung cda n bits ma héa p;. Mt chudi a-len khi dé sé c6 do dii bing n.m bits.
Trong mot bai toan, khéng nhat thiét tZt cd cdc tham s déu phdi ma héa bang cic chudi cé do dai
bing nhau.

24 bits X 24 bits Yy

lofa1fa[ JaJasJoJ1] JoJofu1]

Hinh 4.1

S3 lwong bits nhi phan st dung d€ mi héa tham s8 déng vai trd quan trong. Nhu ta di biét, &
céc sinh vat bac thap, mot phan t& ADN ciing da chiva hang ngan gien. Con & cic sinh vat béac cao
nhu ngudi, mét phan td& ADN chita téi hang triéu gien. Chudi cic bit ma héa cing dai thi viéc mé
phdng qué trinh tién héa cang c6 higu qui, cang st tiuwc véi tu nhién hon. S8 lwgng bit ma héa
khdng di lén sé giy ra hién twong hoéi tu chdm trong hdu hét céc trudmg hop thuc t&. Tuy nhién,
56 bit cang 16n doi hdi dung luong bd nhé va thoi gian xd ly cang lon. Khé khin nay gan giéng nhw
khé khin trong viéc thi€t ké cdc bd bién ddi A/D cda céc ky sw dién t&. Céc thudt todn ti€n héa
kinh dién thudng diung phuong phip mi héa tinh, nghia 13 cic tham s dwoc mi héa ngay tir dau
va khéng thay ddi trong sudt qué trinh tim kiém. D& dung hoa gifra ddi héi vé s8 lwgng bit ma héa
chudi a-len va rit ngin thdi gian tinh todn, ngudi ta di dwa ra mét s8 gidi phap sau:

e Céic tham s8 duoc dién td theo kiéu ddu phdy di déng (floating point) bing céc trudmg [18].

e Thay ddi dd dai cda cdc chudi a-len trong qué trinh ti€n héa nh& mét co ché tw thich nghi
(adaptation) [24].

e Dung phuong phap diéu khi€n mé dé thay d8i dé dai chudi a-len trong qud trinh tién héa
(22].

Viéc thay ddi d6 dii chudi a-len khi mi héa tham s8 va viéc rit gon mién tim ki€m cé quan hé
v&i nhau. Ching ta sé xét van dé nay ky hon trong Phan 11.

5. XAY DUNG PO PO FIT-NIT

Thuit ngir @6 do fit-nit, tiéng Anh goi 13 fitness measure, dung d€ chi sttc manh cda mdi c4 thé,
kh3 ning thich éng cda ci thé v&i méi trwdmg, mirc dd bidu hién cic tinh trang t8t cda ca thé trong
quin thé. Thi du, mét gidng lda cho ning suit cao hon vi cé khd ning chéng siu bénh t8t hon,
ta néi ring gidng lda dé c6 dd do fit-nit 16m hon. Viéc xay dung dd do fit-nit cling quan trong nhuw
viéc mi héa tham s8, vi qud trinh chon loc tu nhién sé€ dwa vao d6 do fit-nit cht khéng dua truc
tiép vio gia tri cda him muc tiéu. D3 do bao gid ciing 14 mdt s6 khéng 4m trong khi him muc tiéu
c6 thé nhan gid tri bat ky. Qué trinh chon loc tu nhién giit lai cac c4 thé c6 gia tri fit-nit cao hon.
Néi céch khéc, qud trinh chon loc tw nhién cé xu huéng cuc dai héa gid tri fit-nit. Trong khi dé6, bai
todn 81 wu héa ¢ thé 13 bai todn cuc dai héa (maximization) hojc cuc ti€u héa (minimization).

Qua phén tich trén diy ta thiy, viéc xdy dung d6 do fit-nit dwoc tién hanh nhw sau. Néu vin
dé quan tim 1 mdt bai todn cuc ti€u héa thi truéc hét phai bién ddi né thanh bai todn cuc dai héa.
Ta biét ring, cuc ti€u héa v cwe dai héa 13 hai bai todn d8i ngiu. Viéc chuyén ddi tir bai todn
nay sang bai todn kia khdng c6 gi khé kh&n [1,22]. Néu bdn thin ham muc tiéu 12 mét ham khéng
nhén gid tri 4m, cé thé s& dung luén né lam dé do fit-nit. Néu him muc tiéu nhin gid tri 4m, do
do fit-nit dwoc chon 14 mét ham tuyén tinh sao cho ham ndy 4nh xa mién gid tri cda him muc tiéu
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vao mét khodng khéng 4m. Thi du ham muc tiéu f(z) cé mién gid tri 1 [c;, cu, c1,cu € R. Trong
truong hop nay, do do fit-nit ¢6 thé chon 14 F(z) = f(z) + ¢;. Trong thuc t& wng dung cic thuit
toén ti€n héa, thang do fit-nit thuong dwoc cin chinh dé€ tranh hién twong héi tu sém (premature
convergence). Khi bit dau qua trinh ti€n héa, néu cic cd thé véi gid tri fit-nit cao chiém da s8 4p
ddo trong quin thé, cic cd thé véi gid tri fit-nit thip it c6 co may tdn tai qua chon loc tw nhién.
Tinh da dang cda quin thé khi d6 bi gidm, qué trinh ti€n héa trd nén tri tré. Dé vuwot qua tinh
trang ndy, thang do fit-nit can phai c&n chinh lai. Thd tuc cin chinh don gidn nhdt 13 thi tuc cin
chinh tuyén tinh (linear scaling). Goi d6 do fit-nit ban dau la F va dd do fit-nit di cin chinh 13 F',
Fy, va F}, 1a gid tri fit-nit trung binh cda quin thé. Quan hé giita F va F' dwogc xdc dinh béi

F' = oF + B, (5.1)
trong dé o va B la cic s8 dwoc chon sao cho
Ffy=Fy va F,. . =«kF). (5.2)

Trong bi€u thtc (5.2) & 13 ty 18 hop 1y gifra gid tri fit-nit cda c4 thé t8t nhit so véi gid tri fit-nit
trung binh cda quin thé.

6. MO PHONG QUA TRINH SINH SAN

Sinh sdn 13 kha ning dic biét cla cic co thé sdng. Cha me sinh ra con cii, thé hé trwéc sinh
ra thé hé sau. Quin thé 13 nén tdng cda ti€n héa, sinh sdn tao ra quin thé méi. Nhu ta di biét,
c4c hinh thic sinh sdn trong tu nhién rat da dang va phong phi. Céac sinh vit cé mirc do ti€n héa
cang cao thi qué trinh sinh sdn cang phirc tap. Trong tw nhién, chiing ta khéng thé tich qué trinh
sinh sdn ra khdi cic qud trinh khidc nhw qud trinh lai ghép va d6t bi€n. Qu4 trinh sinh sdn duwoc mé
phdng trong cdc thuit toin ti€n héa di céng b8 cé thé xem nhw qua trinh sinh sdn vé tinh. Nghia
13, c4 thé con sinh ra gidng hoin toan c4 thé me. Viéc sao chép cd thé me thanh cd thé con dwoc
dinh doat béi su chon loc tw nhién. Qué trinh chon loc tuw nhién dwoc mé phéng sao cho thé hé méi
cb gid tri fit-nit trung binh 1én hon thé hé trudc. Vi cic c4 thé con giéng hoan toan cac ca thé me
sinh ra né, sw ting gi4 tri fit-nit trung binh déng nghia véi sw c6 mit nhieu hon cda cic ca thé cé
gi4 tri fit-nit cao hon. Qud trinh sinh sdn don gidn nay c6é thé dién td nhw sau. Gid st quin thé
hién thoi gom N cé thé, cé s8 thi tw tir 1 dén N, véi cac gid tri fit-nit Fy, Fy, ..., Fy. Truéc hét ta
tinh tOng gid tri fit-nit cda quin thé

F=F +F+..+Fn (6.1)
vi ty 18 déng gép cda mdi ci thé vio t8ng gid tri fit-nit
F;
w:;&m%) (6.2)

Dé thé hé sau cé gid tri fit-nit trung binh 16n hon thé hé truéc, cach hop ly nhit 13 tao ra mét cor
ché sao cho c4 thé thir 7 sé ¢6 con véi xac suat w;. Cach don gidn nhit xay dung co ché nay la lam
mdt cai hop dung cic quéd ciu gidng nhau, trén mdi qui ciu ghi mot s8 tir 1 dén N. S lwong cac
qua ciu mang s8 ¢ chia cho tdng s qui ciu trong hdp ding bing w;. Nhim mit lai vi tho tay vio
hop nhit hi hoa mét qud ciu. S8 ghi trén qud ciu nay cho ta ci thé thi nhit cda quin thé thé hé
méi. Trd qué ciu vio hop, tron déu va ldy hi hoa mét qud cau thié hai d€ dwoc ca thé thi hai cda
quin thé méi. Lip lai thi nghiém cho dén khi thu dwoc dd s8 ca thé cda quin thé méi. Nén nhé
ring, quin thé méi cé thé gdm ding N ci thé, nhung ciing c6 thé gdm nhiéu hon N cé thé.

Qu4 trinh sinh sdn ciing c6 thé md phdng theo kiéu lip bang diu loai, twong tu cich t8 chic
thi d4u gidi béng d4 danh cho chirc vé dich thé giéi (word cup), cu thé nhu sau.

1) Chia ngiu nhién N c4 thé thanh K nhém.

2) Chon cé thé cé gid tri fit-nit 16n nhit trong nhém lam c4 thé cda thé hé méi.

3) L3p lai cdc buéc 1) va 2) cho dén khi thu dugc di s8 lugng c4 thé mong mudn cda quin thé

méi.
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Chiing ta c6 thé thuc hién buéc 1) theo cich chi lip mét s8 it nhém (thi du 2 hofc 3 nhém)
véi 88 lwgng thanh vién mdi nhém bi han ché (thi du m&i nhém chi ¢é 5 c4 thé). Nhu viy khéng
phdi moi c4 thé déu dimg trong mét nhém. Cic c4 thé dwoc dwa viao nhém theo thé thirc bdc thim
(tung con xtc sic N mit).

Mbt cach khic d€ mé phdng qui trinh sinh sdn qua chon loc tw nhién di dwogc néu trong [5],
gdm cac buéc sau.

1) D3t V, = Fy
) Tinh Vo = Fy + F, =V, + F,.

) Tinh V; =V;_, + F; (: = 3,4,...,N).
4) Tao mét s8 ngau nhién trong khodng tir 0 dén V. Gid st gid tri nhan dwoc 13 V.
) Chon cé thé dau tién c6 gid tri fit-nit 16n hon hodc bing Vi dé 1am c4 thé cda thé hé méi.
) Lip lai buéc 4) va 5) cho dén khi thu dwgc dd s8 lwong c4 thé mong mudn cda quin thé
méi.

Con nhiéu céch chon loc tw nhién ma ching ta cé thé 4p dung. Cin chd y 13, nén cin déi giira
viéc sinh sdn cac c4 thé cé gid tri fit-nit cao va tinh da dang cda quin thé. Diéu niy dic biét quan
trong khi gidi cdc bai todn t8i wu véi rang budc. Ching ta sé xét k¥ van dé nay trong Phin 9 cda
bai bdo nay.

7. MO PHONG QUA TRINH LAI GHEP

Qua trinh lai ghép (crossover) 1a qu4 trinh hinh thanh nhidm sic thé méi trén co s& cdc nhIém
sic thé bd me, bing cich ghép mdt hay nhiéu doan a-len cda hai nhiém sic thé b8 me v&i nhau.
Qua trinh lai ghép c¢6 thé mé phdng nhr sau.

e Chon ngiu nhién hai c4 thé bit ky cia quin thé. Gid st nhi€m sic thé cda b8 gbm m a-len
va nhiém sic thé cia me gbm n a-len.

e Tao mdt s§ nguyén ngiu nhién trong khodng tir 1 dén m — 1 (di€m phéan chia chudi a-len
bd). Gid st di€m dé chia chudi m a-len thanh hai chudi nhd m; va ms.

e Tao mét s8 nguyén ngiu nhién trong khodng tir 1 dén n — 1 (di€m phan chia chudi a-len
me). Gid st di€m d6 chia chudi n a-len thanh hai chudi nhé n; va n,.

e Ghép céc chudi a-len nhd véi nhau d€ tao ra cic chudi a-len méi. Theo thi du trén cic chudi
a-len méi sé 13 m; + ny vi my + ny hodc my + ny va my +n;. Néu m va n c6 6 dai bing
nhau va ta chi mudn tao ra cic chudi cé dé dai khéng d3i thi chi cé6 chudi m; +ny va my+n;
13 c4 thé cda thé hé méi.

Céch md phdng qud trinh lai ghép trén c6 tén goi 13 qud trinh lai ghép mdt di€m (one-point
crossover) va da dwoc st dung trong [25]. Nén nhé ring, mét chudi a-len ma héa cling mét lic nhigu
tham s8. Chi chon mét di€m lai ghép ngiu nhién c6 khi ning lam cho nhiéu doan a-len khéng thay
d8i & nhiéu thé hé tiép theo. Tinh da dang cda quin thé bi han ché. Muén lam ting tinh da dang
phong phi cda quin thé, nén si dung cich lai ghép nhiu di€ém (multi-point crossover). Trong thi
du da néu, gid st tdch chudi m a-len cda b8 thanh k chudi nhd m,,my, ..., my vi chubi n a-len cda
me thanh cdc chudi nhé ny, na, ..., nk. Ca thé méi dugce sinh ra 13 chubi lai ghép giita cic m; va nj,
thi du my + ng + mg + ng—1 + .... + my + ng_r41 (r = k/2). Ciing cé thé thuc hién cich lai ghép
nhu da trinh bay trong [26]. & dé, trwée khi thue hién qué trinh lai ghép, ta tao ra cic dai ci thé
(representative individual) bang cich ghép nhiéu chudi a-len nguyén thdy véi nhau. Thuc hién qué
trinh lai ghép nhiéu di€ém véi hai dai c4 thé. Cudi cung, dung phuong phap tich ngiu nhién dai c
thé dé€ sinh ra cic ca thé con c6 d6 dai nguyén thiy. Cach lai ghép nay phirc tap va chi nén 4p dung
cho trudmg hop cac tham s8 dwoc ma héa véi s6 a-len bang nhau.

& m3i buée tién héa, qui trinh lai ghép c¢6 thé dwoc thue hién nhigu lin. Lai ghép lam ting
tinh da dang cda quin thé. Tuy nhién quéi nhiéu con lai trong quin thé sé lam cho tinh hdi tu cuc
bd bi gidm. Vi viy, tuy tirng bai todn cu thé mi chon ty 1& lai ghép. Ty 1é lai ghép duwoc chon 13
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0,65 cho thi du mé phdng & [3], 0,95 cho thi du mé phdng & [24] va dwoc chon 13 0,33 cho cic tng
dung & [25] va [26].

Qué trinh chon cip b3 me vi qué trinh tim diém lai ghép 13 qué trinh ngiu nhién ¢4 phin bé
déu. Dieu niy cin thi€t bdi né6 ddm bdo khd ning cip déi cda cic c4 thé 13 nhw nhau va khd ning
lai ghép cia moi a-len 13 nhu nhau.

8. MO PHONG QUA TRINH DPOT BIEN

Dot bién (mutation) 13 hién twong c4 thé con mang mét hay nhiéu tinh trang khéng cé trong
ma di truyén cda b8 me. Trong thé giéi sinh vit, dot bién xdy ra véi xdc sudt rat nhé nhung lai
chinh 13 ddng luc cda ti€n héa. Xac suit xdy ra hién twong ddt bién dwoc chon biang 0,008 cho thi
du mé phdng & [3], duwoc chon bing 0,001 cho thi du mé phdng & [24] va dwgc chon bing 0,004 cho
cac ing dung & [25] va [26]. Qua trinh d&t bién c6 thé md phdng nhu sau:

e Chon ngiu nhién mét c4 thé bit ky cda quin thé.

e Gid st cic c4 thé déu c6 dd dai chudi a-len bing m. Tao mét s6 nguyén ngiu nhién k trong
khodng tir 1 dén m.

e Thay d8i a-len th k (bit 1 48i thanh 0, bit 0 48i thinh 1).

e Trd c4 thé vio quin thé tham gia qué trinh ti€n héa ti€p theo.

Ciing nhu khi mé phdng qud trinh lai ghép, s8 ngiu nhién k phdi dwoc tao ra bdi mét qua trinh
ngiu nhién c6 phan bé déu. Phan bd déu ddm bdo khd ning d6t bién xdy ra & moi a-len cia chudi
déu bing nhau.

Hién twong d6t bién trén diy 13 dot bi€n mot a-len. Ciing c6 thé st dung ddt bién nhiéu a-len
bing cach l1ip lai mét sS lan dot bi€n mét a-len. Nén d6t bi€n & bao nhiéu a-len 13 t8t nhat? Cho
dén nay chwa cé cong trinh nio dwa ra dwoc mét dinh huéng cé tinh thuyét phuc. Ching ta c6 thé
thuc hién qué trinh ddt bi€n nhiéu a-len theo cdch tim s6 lin dot bién théng qua mdt qua trinh ngiu
nhién phu c6 phan bd Poisson. P4 1d qué trinh véi phan b8 cé dang

Aa:

p(z) = Ee_’\. (8.1)
S& di ta chon qué trinh Poisson vi qué trinh ndy cé ky vong va phuong sai bing nhau (b&ng A theo
cdng thirc 8.1). Trong ly thuyét phuc vu dém déng, qua trinh Poisson md t4 rit t8t hién twong xuit
hién nhu ciu phuc vu. Ta cé thé hinh dung hién twong ddt bi€n nhw 13 qud trinh phuc vu sw tié€n
héa, bdi vi @bt bién 13 ddng luc cda ti€n héa tu nhién. Mot thuc t€ nita dé nhan thdy 13, chudi a-len
cang dai thi s8 di€ém dot bién ciing cin phdi nhidu hon. Vi vay nén chon X trong cdng thic (8.1) ty
1¢ thuin vé&i d dai cda chudi. Tuy nhién theo kinh nghiém mé phdng, A chi nén nhén gi4 tri khéng
qui 2% s3 bit cia mdt ca thé.

Thoi di€m thuc hién qua trinh ddt bi€n c6 thé trwéc hodc sau qué trinh sinh sdn ciing nhuw
truéc hofc sau qua trinh lai ghép. Céch tSt nhat 13 tai mot thoi di€m ngiu nhién. Cho chay chwong
trinh tao s8 ngiu nhién 0 hodc 1 sau mdi lan thyc hién qu trinh sinh sdn va lai ghép. Néu két qud
13 1 sé cho thuc hién qué trinh dot bién.

9. XU LY PIEU KIEN RANG BUOC CUA BAI TOAN TOI UU

Nhu céc phin trén di néi, cac thudt todn tién hda 13 cic thuit todn tim ki€m 11 gidi t8i wu
trong mién tham s3 cho truwéc. Néi ngdn gon, cdc thuit todn ti€n héa chi gidi quy&t bii todn cé dang
chuin dién t4 nhu sau:

Tim z € Q := {z|a < z < B} sao cho z cvwc dai hda f(z),

trong d6 a va B 12 gi6i han dwéi va gidi han trén cia tham s3. Dé gidi quyét bai toan t3i wu dang
tdng quat véi cac rang budc cho bdi cong thic (2.4) va (2.5), ta c¢é thé 1am nhu sau.
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e Trong qué trinh tién héa, ki€m tra xem mét c4 thé méi sinh ra c6 thda min dieu kién rang
budc khéng truéc khi xdc dinh gid tri fit-nit cda né. Néu né khdéng thda man didu kién rang
budc thi loai bd ngay. Céich nay la cach t6t nhat ddm bdo diéu kién rang budc ludn dugc
théa man. Tuy nhién né lam cho khd ning tién héa bi gidm di. Béi vi, ciing nhu trong thé
giéi tw nhién, moét c4 thé lic niy khong phl hop véi méi trudng c6 thé lai phi hop rat
t6t khi moi trwomg thay d8i. Hon nita, b8 me thanh dat chic gi con céi cling thanh dat va
ngwoc lai. Mét c4 thé vi pham diéu kién rang budc, lai ghép véi mét c thé khéac cé thé sinh
ra moét c4 thé vira thda man diéu kién rang budc vira dat tinh t8i wu.

e Xap xi 11 gidi khéng kha thi bing mét 101 gidi khd thi & 1an cin gan nhit. Vé mit 16-gic,
phuong phdp niy xem ra cé ly. N6 trdnh dwoc hién twong khing hodng, khéng tim dwoc 161
gidi. Trong trwdng hop vi mot Iy do ngiu nhién nio dé, cic ca thé méi sinh ra déu khong
thda man diéu kién rang budc thi vin tim dwoc mdt cd thé 1am 1oi gidi kha thi. Nhung khi
di tim 1an cin t6t nhat ta lai phai gidi mot bai todn t8i wu phu khéc.

e Duwa viao ham muc tiéu mét him phu tro goi 13 hdm phat va chuyén bai toan t8i wu véirang
budc thanh bai todn t8i wu khéng cé rang budc. Ham phat dwoc xdy dung sao cho gia tri
cda né twong tng véi mirc 46 vi pham diéu kién rang budc. Céch niy cé khad ning khic
phuc nhuwoc di€m cda cich 2. Khi mét c4 thé méi sinh ra khéng théa man digu kién rang
budc, ta khéng loai bd né ngay ma chi “phat ” né, vin cho né mot co hdi tham gia qué trinh
tién héa. D€ han ché dnh hudng cda né dén qué trinh tién héa, ham phat lam gidm gid tri
fit-nit cia ca thé nay. Néu né sinh ra cic thé hé con chiu t5t hon thi thé hé con chiu cda
né sé ton tai. Con bdn thin né, sau mét thoi gian sé bi qué trinh chon loc tw nhién dao théi.

C6 nhiéu cong trinh nghién ctiru cich xiy dung ham phat cho bai todn t8i wu véi rang budc khi
st dung thudt todn ti€n héa [7, 21, 26]. Nhu trén da néi, muc dich viéc dua ra ham phat 1a lam thay
d8i gid tri fit-nit cda cac cd thé vi pham diéu kién rang budc. Gid st ham fit-nit twong ¥ng véi ham
muc tiéu A(z). Ham phat dwoc chon 13 £(z). Ham fit-nit bay giv s€ c6 dang

p(z) = A(a) + £(s) b (9.1
Trong bi€u thirc (9.1) p = 0 khi z thda min cic diéu kién rang budc, u = 1 khi z khéng thda man
cac digu kién rang budc. Ham £(z) 13 mét ham ty 1 véi mic dd vi pham ditu kién rang budc. Viée
xay dung ham £(z) 13 mét viéc quan trong cling twong tw nhu viéc chon hinh phat trong doi séng
x3 hdi. Néu hinh phat qui nhecéc cd thé vi pham c¢6 thé chén ép cic cd thé khic trong qud trinh
tién héa. Néu hinh phat qud ning, co may “lam lai cudc doi” ddi véi ca thé nay qui mong manh.
Duéi diy 1a mét s8 cach xay dung ham phat di dwoc néu trong [21].

e ¢(z) = (v/2)7, trong d6 v 1a s8 cac ditu kién bi vi pham, v € {1,2,...,k}, o 13 hé s8 nghiém
khic (severity factor).

e {(z) = 6(z).4(r) = 6(z).[¢o + 7.7], trong A6 §(z) 1a 46 do mirc d8 vi pham, ¢(7) 13 hé s6
nghiém khic, @o 1 gid tri ban dau, 7 chi s8 cda thé hé tién héa, 7 s8 budc tim kiém da thuc
hién.

e £(z) = (C.7)*.67(z), trong d6 C 1a hing s8, 7 chi s§ cda thé hé ti€n héa, 6(z) 13 d6 do mic
dd vi pham, a va 8 14 cdc hé s8 thé hién tinh nghiém khic.

e £(z) = A(z).77, trong d6 7 1a chi s8 cda thé hé tién héa, v 13 mét s& dwong ndm trong khodng
[0,5,1].

e £(z) = a(r).6(z) + B(7), trong d6 a(r) va B(r) 1a cdc ham don diéu ting, 7 1 chi s8 cia thé
hé ti€n héa.

Cach xdy dung ham phat diu tién don gidn nhung chua thuc sy 12 46 do mirc vi pham diéu
kién rang budc. Thi du, mét c4 thé chi vi pham mot diéu kién ring budc nhung rit ning, trong khi
d6 mét ca thé khac vi pham nhiéu diéu kién nhung chi & mtéc do nhe. Cich xdy dung ham phat tir
thir hai dén thit ndm c6 st dung chi s8 cida thé hé ti€n héa. Gid tri ham phat ting din theo cac thé
hé ti€n héa 1am cho nhitng c4 thé vi pham didu kién rang budc bi loai bd nhanh chéng hon. Tuy
nhién céc cich xay dung ham phat niy khoéng st dung mot thdng tin quan trong. D6 chinh 1a s8
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lrong cdc c4 thé vi pham digu kién ring budc tai mdt thdi di€m xéc dinh cda qui trinh tién héa.
R& rang, néu trong quin thé c6 qua nhiéu c4 thé vi pham diéu kién rang budc thi sé cé nguy co qui
trinh tién héa bi khing hodng. Nghia 1a s8 lugng céc c4 thé vi pham diéu kién rang budc ti€p tuc
ting lén, nhiéu buéc tién héa khéng sinh ra dwoc céc cd thé t8t, qud trinh tim ki€m khéng héi tu.
Dé khic phuc nhing thi€u sét néu trén, trong [26] c6 dé xuit cich xiy dung him phat nhu sau:

é(=) = 7-6%1-2 $(gi(z) — ). (9.2)

Trong bi€u thic (9.2), v 1a mdt s6 dwong, 7 13 chi s3 cda thé hé ti€n héa, n 13 s8 luong ci thé vi
pham di€u kién rang budc & thé€ hé th& 7, e 1a hé s8 ning 45, ¢(t) = 0 néu t < 0 va ¢(t) =t néu
t > 0. Gid tri ham phat trong bi€u thic (9.2) ting theo hAim mi cda s8 lwong c4 thé vi pham diéu
kién rang budc va su kéo dai qua cdc thé hé cda né. Him ¢(.) trong bi€u thic (9.2) cho phép quan
tdm t&i cac diéu kién rang budc bi vi pham nhu thé nao va bén than né chira dung thdng tin cé bao
nhiéu diéu kién bi vi pham.

10. VAN PE HOI TU CUA CAC THUAT TOAN TIEN HOA

Van dé hoi tu 1 vin dé sdng con cda cac thuidt todn 1ip, nghia 14, cé tim thay 161 gidi sau mot
s8 hiru han cac buéc 1§p hay khéng. Khi xay dung cdc thudt todn 1ip, ciu hdi ddu tién phdi trd loi
12 thuat todn dé c6 hoi tu khong va hoi tu véi t8c dd nhu thé ndo. Viéc ching minh bang ly thuyét
tinh hoi tu cda mdt thuit todn lip khéng phai lic ndo ciing thuc hién dwoc. D3i véi cac ki suw, viee
chtng minh cang khé khin hon. Nhu da thiy rd qua cic phan trén, cic thuat toan tién hda ciing
13 cic thuit todn 13p va mang d¥c tinh heuristic. Tinh hdi tu cda né chi dwoc khing dinh qua thuc
té &ng dung. Tuy nhién mot cau hdi c6 thé dit ra I3, nhirng yéu t6 nao dnh huéng dén tinh hoi tu
cda céc thudt todn tién héa. Qua thuc té mé phdng ching t6i da gip tinh hudng nhu sau: Khi qua
trinh tim ki€ém dang ti€n dén di€m t8i wu todn cuc, qua trinh lai ghép va dét bién cé thé sinh ra
céc ca thé cho gi tri fit-nit nhd hon so vé&i gid tri fit-nit trung binh cda quin thé. Néu s8 lwong ci
thé trong quin thé khéng dd 1én, hién twong ndy cé thé xdy ra trong nhiéu thé hé lién tiép. Khi dé
gia tri fit-nit cda c4 thé t8t nhit trong quin thé khong ting nita tuy né chwa phai 13 1o gidi t6i wu.
D& khic phuc tinh trang nay, ta st dung phwong phép rit gon mién tim kiém. Khi thiy qud trinh
tim ki€m cé xu hwéng tri tré (gid tri fit-nit cuc dai hodc gid tri fit-nit trung binh ting chim), ta ti€n
hanh viéc rdt gon mién tim ki€m. Gi4 s& mién tim ki€m hién thoi 1a [, B]. Gid tri tham s8 twong
irng vé&i cé thé t3t nhit 1a < x < B. Chon mot s8 § thich hop, ching han chon § = 0,362 (8 — «).
Khodng tim ki€m méi sé 1a [x — 6, x + 6]. Cach lam nay di dwgc st dung cb hiéu qud trong [26].

M6t hién twong khac xdy ra khi d¢ng dung cdc thuit todn ti€n héa la hién twong hdi tu sém
(premature convergence). Streifel va cdng su da chi ra ring, khi cic chudi a-len c6 c8u tric gan ging
nhau thi hién twong héi tu sém xdy ra, lam mat khi ning dat dén di€m t8i wu toin cuc [24]. Dé
d& hinh dung, ta xét trudng hop cic tham s8 di dwoc ma héa bing chudi nhi phan. Khi dé suw khic
biét gitra hai chudi a-len sé dwgc tinh bing s8 bit 1 cda phép céng modul 2 cda hai chudi nhi phin.
Thi du, hai chu8i 01100010 va 10001110 cé d6 khic biét ciu tric bdng 5. Néu su khéc biét cdu tric
16n nhit trong quin thé nhé hon mdt giéi han nio d6, cin tién hanh thay dSi mién tim kiém. Dé
dé& so sanh, ta iy lai thi du di néu. Gid st mién tim ki€m hién thoi 13 [o, f]. Trung di€m cda mién
tim ki€ém & diy 13 ¢ = 0,5(8 — «). Gid tri tham s3 twong tng véi cd thé t8t nhat 13 o < x < 6.
Bi€u thic o = |x — ¢| dwgc goi 13 khodng cich giita diém t5t nhat hién thoi va trung tAm mién tim
ki€ém. Viéc thay d8i mién tim ki€m s? tién hanh theo lust IF ... THEN ... cda ly thuyét mo. Cu thé
nhu sau:

e IF oratnhd THEN miém tim ki€ém co hep nhiéu
e IF o nhd THEN miém tim ki€m co vira phdi

e IF o lén THEN miém tim ki€ém mé réng vira phdi
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e IF oriatlénm THEN miém tim ki€m mé& rong nhidu
e IF o~01é6n THEN miém tim kiém khéng thay ddi

Phwong phdp don hinh va phuwong phdp da hinh ciing 13 cdc phuong phép dwa trén co sé rit
gon két hop véi dich chuyén miém tim ki€ém. Suw khic biét giira cic phwong phip don hinh v da
hinh so véi thuit todn tié€n héa cé thé chi ra nhu sau. o phuong phép don hinh va da hinh, trong
qué trinh dich chuyén, mién tim ki€m sé& co din vi cudi cung trd thinh mét di€m 1 diém t8i wu.
& chc thuit todn ti€n héa, mién tim ki€ém khéng nhit thiét phai co nhé thinh mét di€ém. Hon nira,
miém tim ki€m khéng phdi co din déu ma c¢é thé khi co hep, khi m& rdng, tiy thudc vio tinh trang
cda quin thé hién thoi.

Trong phin m& diu ching ta néi ring, cic thuit todn ti€én héa khong doi héi théng tin vé
gradient cda ham muc ti€u. Tuy nhién, d€ ting thém tinh hdi tu cda cic thuit todn tién héa, trong
truong hop cé thé, ciing khong nén bé qua nhirng théng tin nay. Cin nghién ctu thém khd ning st
dung céc théng tin vé gradient vao viéc hiéu chinh mién tim ki€ém. RS rang viéc mé rdéng mién tim
ki€m v& phia cé gradient 16m hon va rit bét & phia cé gradient nhd hon sé t6t hon 13 mé& réng vé ci
hai phia cda diém trung tim nhw hai cich lam trén kia.

11. CHON PO LON CUA QUAN THE VA TAO LAP QUAN THE BAN DAU

D5 16n cda quin thé (population size) déng vai trd quan trong trong cic thudt todn ti€n héa.
Théng thudong mét quin thé phii gdbm hang trim ci thé. D3i véi nhirng van dé don gidn nhuw céc
thi du trong (3,24, 25, 26|, dd 1én cda quin thé chon bing 100. D3i véi nhirng vin dé phirc tap hon,
dd 16m cda quin thé doi hdi phdi gap nhiéu lin. Tuy nhién, s8 c4d thé cda quin thé cing 16n thi
dung lugng bd nhé can thi€t cang 16n va qua trinh tinh todn gid tri fit-nit cho cd quin thé cang lau.
Vi viy, chon dd 16m cda quin thé phdi phu thudc vio van dé dit ra. T8t hon cd, nén 4p dung céc
thudt todn ti€n héa hai giai doan.

e Giai doan 1 (giar doan tién hda thé)

— Ding mét s8 it bit d¢ ma héa cac tham s3.

— Tao ngiu nhién mot s8 c4 thé d€ 1am quin thé ban diu.

— Thuc hién qué trinh ti€n héa don gidn (lai ghép mdt diém, ddt bién mét a-len, khong
bién d8i miém tim kiém).

— Dirng qué trinh ti€n héa sau mét s& thé hé.

e Giai doan 2 (giai doan t1én hda chinh zdc)

— Mai héa lai cic tham s8 bang cac chudi a-len c6 dd dai thda dang.

— Thuc hién qué trinh ti€n héa véi mic d8 tinh xdo hon (lai ghép nhigu di€m, dot bi€n
nhiéu a-len, hiéu chinh mién tim kiém).

(o} giai doan 1, do cic c4 thé lic d3u dwoc chon ngiu nhién nén ching rdt khic nhau. Do dic diém
cda qud trinh ti€n héa, thé hé ti€p theo s& t5t hon thé hé truwéc. Vi s3 bit ma héa it va cic todn ti
tién héa don gidn nén tSc do tién héa nhanh. Tuy nhién, vi s6 bit ma héa it nén khéng di chinh x4c
dé tim thiy loi gidi dich thuwe. Céc todn t& tién héa tinh xdo hon & giai doan 2 s& hdi tu t&i diém
81 wu chinh x4c. Chiing ta ciing c6 thé tién hanh giai doan mét theo cach khéc, trong dé khéng si
dung todn ti& dot bi€n va qud trinh lai ghép chi xdy ra vé&i xdc suit rat nhd. Cach 1dm nay ham
chira hién twong hdi tu sém nhw da trinh bay & phan trén. o} giai doan ti€n héa thd, ching ta khéng
ngin ngira hién twong hdi tu sém, trai lai con tin dung né. Giai doan 1 sé duwgc 13p lai mdt s8 lan.
Khi qué trinh tién héa thé hdi tu, ta chon nhitg c4 thé cé gid tri fit-nit 16n dé tao 14p quin thé ban
dau cho qua trinh ti€n héa & giai doan 2.

12. UNG DUNG CAC THUAT TOAN TIEN HOA TRONG DIEU KHIEN TU DPONG

Nhu phin diu di néi, pham vi &ng dung cda cic thuit todn tién héa rit rong rai, trong dé cé
linh vyc digu khi€n tw dong [2,3,4,11-17,25]. Céc thudt todn tién héa cé thé dwoc 4p dung dé gidi
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quyét cdc vin dé sau day:
o Gidi bai todn nhin dang tham s6 mé hinh va bai todn rit gon mé hinh déng hoc hé théng
[14,27).
Gidi phwong trinh Riccati trong bai todn digu khi€n t8i wu tuyén tinh [17].
Thiét ké cac bd digu khién t3i wu, thi du ditu khi€n t8i wu theo tiéu chuin H,, [25].
Diéu khién ré-bot va digu khi€n théng minh 3,20].
Xay dung céc hé luit trong digu khién mo [4].
e Ditu khi€n céc hé phi tuyén [13].

Can chd y rdng, viéc mé phéng cic thuit todn ti€n héa cho dén nay nhin chung con cin thdi gian
xt Iy twong d8i dai. Vi vdy viéc cai dit cac thudt todn vao cic co ché digu khi€n cé phdn hbi hoic
diéu khién theo thdi gian thwe chwa thuc hién dwoc, ngoai trir cic hé ¢6 tng dung phwong phip xi
ly song song hodc xt Iy mém. Viéc &ng dung cic thuit ti€n héa c6 nhirng wu di€m 1én sau day:
e Tinh bén virng cda 11 gidi (solution robustness) dwoc ddm bio.
e Gidi quyét dugc cic bai todn dieu khi€n t5i wu phi tuyén mét cdch d& dang hon vi cic thuit
toan ti€n héa khong cin nhiéu théng tin nhw cic thuit todn kinh dién.
e Gidi quyét dugc nhirng bai todn diéu khi€n khi mé hinh todn hoc c6 dd phirc tap hay dd bit
dinh 160,

Tinh bén virg l1d mét trong nhirng van dé 1én cda ly thuy€t diu khién hién dai dang thu hit
sw chii ¥ cda cic nha khoa hoc. Thuét todn tién héa van hianh trén quin thé va cing mot hic tim
nhiéu di€m t8i wu. Loi gidi dwoc hinh thanh qua ti€n héa ngidu nhién khién cho né ¢é bin chit bén
virng. Hon thé nira, dwa vao kinh nghiém chuyén gia, tir cdc c4 thé véi gid tri fit-nit 1én cé thé
chon ra céc cé thé thich hop. Céc c4 thé dé cé thé chila cac 1&i gidi can t8i wu (suboptimal) nhung
lai ¢6 tinh bén virng rat 1én. Digu khi€n cic hé thdng phirc tap bao gébm nhiéu phin hé twong téc
chéo v6i nhau (MIMO systems, large scale systems), cho dén nay vin 1a vin dé nan gidi. Dé xuit
cda Koza st dung cic thuit todn tién héa véi dién td da hop (S-expression [3]) mé ra mét khd ning
mé&i cho 16p van dé nay. C6 thé hy vong ring, trong twong lai gin, cic hé thdng nhitu chidu va céc
hé thdng 1ém khéng con 13 ndi lo ngai cda cic nha diéu khién tuw déng. D&i véi cdc hé théng didu
khi€n théng minh (intelligent control systems) cdc thuit todn ti€n héa la céng cu didc lwc. Nho céc
thudt todn tién héa, viéc xdy dung hé luit co s& cda cdc hé ditu khi€n théng minh tré nén d& ding
va hiéu qud hon [4]. Viéc tim ki€ém qui dao t81 wu cho cdc rd-bst tw hanh, xiy dung qui trinh van
hanh t8i wu cho mdt hé thdng cong nghé v.v. déu cé thé gidi quyét nho cac thuit toin tién héa.

13. KET LUAN

Bai bdo nay di trinh bay nhirng ndi dung co bdn nhit v& cic thuit todn ti€n héa va khd ning
trng dung cda né. Do phdi han ché s§ trang mét bai bdo nén nhigu chd méi chi néu so lwoc, chua
dién gidi chi tiét. Tuy vy, ching t5i hy vong bai bdo nay cé thé gitp ich cho nhirng ai quan tim
t&i van dé t3i wu hba néi chung va diéu khién t3i wu néi riéng.

Téc gid xin chian thinh cdm on Ban bién tap Tap chi Tin hoc va Digu khi€n hoc di khich 18 va
cho nhirng goi y bd ich vé céng trinh nghién céu nay.

TAI LIEU THAM KHAO

[1] Beveridge S. G., Schechter R.S., Optimization: Theory and Practice, McGraw-Hill Book Com-
pany, NewYork, St. Louis, San Francisco, London, Sydney, Toronto, 1994.

(2] Bhuyan J.N., Raghavan V. V., Elayavalli V.K., Genetic Algorithm for Clustering with an Or-
dered Representation, Proc 4th Int. Conf. Genetic Algorithms, San Mateo, CA: Morgan Kauf-
man, 1991.

[3] Chin-Teng Lin, C.S. George Lee, Neural Fuzzy Systems, Prentice-Hall International, Inc., 1996.

[4] Cordon O., Herrera F., A two-stage evolutionary process for designing TSK Fuzzy rule-based
system, IEEE Trans. on System, Man and Cyb. 29 (6) (1999).



14

[5]
6

7]

8]

[10]
[11]
[12]
[13]
(14]

[15]

[16]
(17)
18]
(19]

[20]

[21]

[22]
23]

[24]
[25]
(26]

(27]

VU NGOC PHAN

Davis L., Handbook of Genetic Algorithms, New York: Van Nostral Reinhold, 1991.

Fogel D. B., An introduction to simulated evelutionary optimization, IEEE Trans. Neural Net-
works 5 (1) (1994). .

Fonseca C. M., Flemming P., Mutli-objective optimization and multiple constraint handling
with evolutionary Algorithms, Part I: A unified formulation, IEEE Trans. On System, Mand
Cybernetics 38 (1) (1998) 26-47.

Goldberg D. E., Genetic Algorithms in Search, Optimization and Machine Learning, New York:
Addsion-Westley, 1989.

Holland J. H., Adaptation in Natural and Artificial Systems, Ann. Arbor MI: Univ. of Michigan
Press, 1975.

Holland J. H., Genetic Algorithms and Classifier systems, Foundation and Future Directions,
Gen. Alg. and Their Appl., Proc. 2nd Int. Conf., Cambridge, 1987.

Jones D. R., Beltrmo, Solving partitioning problems with genetic algorithms, Proc. of 4th Int.
Conf. Genetic Algorithms, San Mateo. CA: Morgan Kaufman, 1991.

Krishna K., Murty M. N., Genetic K-mean algorithm, IEEE Trans. on Sys., Man and Cyber.
29 (6) (1999).

Krishnapumar K., Goldberg D.E., Control system optimization using genetic algorithms, J.
Guidance Control. Dyn. 15 (1992).

Kristinsson K., Dumont G. A., System identification and control using genetic algorithms, IEEE
Trans. on Syst., Man and Cyber. 22 (1992).

Lee J.Y., Cho S.B., Interactive Genetic Algorithm with Wavelet Coefficients for Emotional
Image Retrieval, Methodologies for the Conception, Design and Application of Soft Computing,
World Scientific, Vol. 2, Singapore, New Jersey, London, Hong Kong, 1995.

Levy-Vehel J., Optimization of Fractal Functions Using Genetic Algorithms,INRIA Research
Report, No. 1941 (1993).

Marco N. et al., A genetic algorithm compared with a Gradient-Based method for the solution
of an Active-Control model Problem, INRIA Research Report, No.2948 (1996).

Michalewicz Z., Krawezyk J.B., A modified genetic algorithm for optimal control problems,
Compt. Math. Appl. 23 (1992).

Michalewics Z., Genetic Alorithms + Data Structures = Evolution Programs, New York: Springer
Verlag, 1992.

Nakaya N., Kanasugi A., Kondo K., A Reconfiguration Method of WSI Circuits Using Evolution-
ary Algorithm, Methodologies for the Conception, Design and Application of Soft Computing,
World Scientific, Vol. 2., Singapore, New Jersey, London, Hong Kong, 1995.

Patridis V., Kazarlis S., Bakirtzis A., Varying fitness functions in genetic algorithm Constrained
optimization, JEEE Trans. on Sys., Man and Cybernetics 28 (5) (1998).

Rao S. 8., Opttmization, Theory and Applications, Wiley Eastern Ltd. New Dehli, 1997.
Rudolph G., Convergence analysis of canonical genetic algorithms, IEEE Trans. Neural Net-
works 5 (1) (1994).

Streifel R.J., Marks R.J., Choi J.J., Healey M., Dynamic fuzzy control of genetic algorithm
parameter coding, JEEE Trans. on Sys., Man and Cyb. 29 (3) (1999).

Vi Ngoc Phan, H_,-optimal controller design using genetic algorithms, Journal of Computer
Science and Cybernetics 15 (3) (1999).

Vit Ngoc Phan, Ung dung thuit to4n tién héa gidi bai to4n t5i wu da muc tiéu, Tap chi Tin
hoc va Diéu khié'n hoc 16 (3) (2000) 17-22.

Vi Ngoc Phan, Vi Nhr Lan, Model Reduction for Robust Control by Using Genetic Algorithms
(will be published).

Nhin bdr ngay 4 thdng 12 ndm 2000
Nhéin bdi sau khi sta ngay 28 thing 4 ndm 2001

Vién Cong nghé thong tin



