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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 11th 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.

T6m tiit. Bai bao nh~c lai n9i dung co' bin cila bai toan t6i iru h6a, trlnh bay vai net so' ding nhat vEl te
bao hoc v a h9C thuyet tien h6a t~· nhien, Tiep theo, bai bao de c~p den nh img n9i dung nhtr: ma h6a tham
so tlm kiem, xac djnh d9 do fit-nit, mo pho ng qua trlnh sinh sdri, mo phong qua trlnh lai ghep va d9t bien.
Sau d6 111.each xu' ly dieu kien rang buoc ding thtrc va bat ding thrrc cd a bai toan toi Ull bhg phuong ph ap
ham ph at , Cuoi cung, bai bao de c~p den van de tao l~p quan the' ban d~u va rut gon mien tlm kiem trong
qua trlnh tien h6a, v ai net ve khd n ang ung dung cda cac thuat toan tien h6a.

1. Md DAU

Trong nhieu narn lai day, cac thu%t toan tien hoa da diroc ph at trign va irng dung rat r~>ngrai
trong nhieu linh virc m a {y do toi U'Uluon la trung tam cii a su' chii y. ve m~t ly thuydt , cac thu%t
toan tien hoa khong chira dung nhirng kho khan tcan h9C Ion, cluing mang n~ng tinh heuristic. Hieu
qui cii a m9t thu%t toan tien hoa phu thucc nhisu vao bai toan C\l thg va kinh nghiern cu a ngrrOi giii
quydt. Thu'c chat, cac thuat toan tien hoa la cac thu%t toan tim kiern ngh nhien. U'u digm n5i b%t
cua cac thu%t toan tien hoa so vo i cac thuat toan tirn kiem thOng thuong la {y chc5, no cho phep giii
cac bai toan toi U'Ukhi ham m\lc tieu khong thg di~n ti m9t each trrerng minh va tham so tim kiem
mang nhieu bin chat tit nhien kh ac nhau. Dg lam thi du hay xet tro cho'i tri tu~ thirong diro'c dira
vao cac ChU'011gtrmh nhir Du:?rng zen il:inh 6-lim-pi-a danh cho h9C sinh ph5 thOng. Cho hai nh6m
do v%t. Nhorn thir nhat gom may tinh, con dao va qui cau lOng. Nhom thtr hai gom bong hoa tiroi,
hen da, con ong chet va m('>t it r~ to' hong, Gii su- bay gia co ngtroi dua ra m{)t ling hoa va yeu cau
hay xep no vao nhorn nao cho hop ly nhat (toi iru nhat), LOi giii toi iru nhat {y day la xep ling hoa
vao nhorn thtr nhat: nhorn cac do v%t nhan t ao, vi nh6m thir hai la nh6m cac do v%t t\l" nhien. Tro
chci nay cho den nay chi co thg do con ngtro'i t\l" suy lu%n va dua ra lai giai. Nha cac thu%t toan
tien hoa, van de nay may tinh co thg giii bhg each gan cho mc5i do v~t cac gia tr! fit-nit khac nhau
theo cac goc d('>khac nhau. Xac dinh su' chenh l~ch gia tr! fit-nit cua ca thg moi (ling hoa) so vo'i
hai quan thg da co. Ca thg moi se ducc xep vao quan thg vo'i su' chenh l~ch gia tri fit-nit nho h011,
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te bao h9C va h9C thuyet Lien h6a t'! nhien se diro'c neu trong Phan 3 dtf lam ro C(/ sO-ly lu~ cda
cac thuat toan tien h6a. Cac phan W!P theo de c~p den nhirng ni}i dung nhir: ma h6a tham SC>tim
kiem, xac dinh di} do fit-nit, mf phong qua trlnh sinh sin, mf phong qua trlnh Iai ghep va di}t bien.
Philn 9 se trlnh bay each xJt ly dih ki~n rang bui}c ding thirc va bat ding thirc cda bai toan tc>iiru
blng phuong phap ham phat. D~ tim hitfu ve tfnh hi}i t¥ cda cac thu~t toan tien h6a, cac phan 10
va 11 se de c~p den van de tao l~p quan thtf ban dau va rut g9n mien tim kiem trong qua trlnh W~n
h6a. Vai net ve kha nang u-ng dung cua cac thu~t toan tien h6a se diro'c trlnh bay trong Phan 12.

2. VAN DE TOI lTU BOA VA cAe TBU~T ToAN TIM KIEM

Khai niem tc>iU"U h6a diroc dung dtf chi qua trinh nh~n ra Uri giii tc>tnhat theo mi}t qui uac
nao d6. D~ lam vi du, chiing ta hay xet van de dieu khitfn tc>iU"U. Gia sJt mi}t dc>itirong dieu khi~n
diroc mo ta bo-i phuong trinh vi phan dang

:i: = rp(x, u, t), x(t = 0) = x(O),
y = ",(x, u, t),

(2.1)

(2.2)

trong d6 x(t) la vecta trang thai n chieu, u(t) la vecto' dieu khitfn p chieu, y(t) la vecto' dau ra q
chieu, t la bien thOi gian, rp va '" la cac ham vecta c6 SC>chieu tirong irng. Muc tieu cda bai toan
dieu khi~n tc>iU"U la trm m9t chien hroc dih khitfn u(t) sao cho phiem ham.:J = - (xT Rx + uT Qu)dt

T 0
(23)

d,!-t gia tr~ nho nhat.
Trong ky thu~t va cong ngh~ clning ta thirong g~p rat nhieu van de ma lai giii ciia n6 la lam

sao M cho mi}t hay nhi'eu m¥c tieu dat gia tri C,!Cdai ho~ ctrc titfu. ve m~t toan h9C, van de tc>i
U"U h6a [cue dai h6a ho~c circ titfu h6a) c6 thtf di~n ta t5ng quat nhir sau. Tim x = (Xl> X2, ..• , xn)

sao cho x tc>iU"U h6a f (x) v6i cac rang buoc

gi(X) ~ 0, i = 1,2, ,k,
hj(x) = 0, j = 1,2, , m,

(2.4)
(2.5)

trong d6 x la vecto tham SC>n chieu, f(x) la ham m¥c tieu, gi(X) va hj(x) la cac rang buoc dang
bat ding thirc va ding thirc. Neu k: = 0 va m = 0, bai toan tc>itru la bai toan khong c6 rang
buoc. Neu k =I- 0 va/ho~c m =I- 0 thi van de tren diro'c goi la bai toan tc>iU"U c6 rang buoc. Dira
vao cac d~c di~m cua vecto: tham SC>cling nhir ciia ham muc tieu, ngtro'i ta d~t cho van de tc>i
U"U h6a nhirng ten goi khac nhau nhtr: qui hoach tuyen tfnh (linear programming), qui hoach phi
tuyen (non-linear programming), qui hoach nguyen (integer programming), qui hoach loi (convex
programming), qui hoach lorn (concave programming), qui hoach hlnh h9C (geometric programming),
qui hoach ng£u nhien (stochastic programming), qui hoach mo- (fuzzy programming), qui hoach d<}ng
(dynamic programming)... Thong lich sJt khoa h9C, bai toan tc>iiru da diroc nghien ciru tn- tho-i
Newton, Lagrange va Cauchy. 'I'ir sau dai chien the gioi thu- hai, bai toan tc>iiru h6a tlnrc Sl! tny
thanh mdi quan tam khong chi ciia cac nha khoa hoc ky thu~t rna cua rnoi Iinh virc dai sc>ngxa hi}i.
V6i tfnh chat da dang va plnrc tap nhirng mang Iai hieu qua rat cao, nhieu phiro'ng phap giii quydt
van de toi U"U h6a da diroc de xuat va khong ngirng ph at tritfn. Nhin chung, cluing ta c6 thtf chia
cac phtrong phap nay thanh hai nh6m co ban. Nh6m thfr nhat bao gom tat ca cac phuong phap giii
tich, con diroc goi la cac phucrng phap kinh di~n (classical methods). Thong thai dai may tinh di~n
tJt, cac phuong phap nay it diroc u-ng dung thirc te, nhimg luon diro c dira vao giao trinh giang day
0- cac trirong d~i hoc VI t inh toan h9C chinh xac cua n6. Nh6m thrr hai bao gom cac phircng phap
tim kiem (search methods). Thong nh6m nay chiing ta c6 thtf nhifc den mi}t SC>phtrong phap nhu
phuang phap tim kiem tr,!c tiep (direct search method), phuang phap tim kiem ngh nhien (random
search method)' phuang phap quay t9a d9 cua Rosenbrock (method of rotating coordinates)' phuang
phap dan hlnh (simplex method) M giii cac bai toan khOng c6 rang bU9C,va cac phuang phap nhu
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plnrong phap ml!-t c1t (cutting plane method)' phirong phap ham phat ni?i (interior penalty function
method), phirong phap ham phat ngoai (exterior penalty function method)' plnrong phap da hlnh
(complex method) dg gili cac bai toan c6 rang buoc. Ml!-cdu cac phircrng phap tim kiem da dtroc
d.i tien va da g6p phan gili quyet diroc rat nhieu bai toan toi U'U h6a trong thirc te, song mi?t so
kh6 khan mang t inh nguyen t1c v~n ton tai,

Triroc bet, l3.kh6 khan lien quan den digm xuat phat cda qua trinh tim kiem (starting point).
Neu chon digm xuat phat khong thich hop thi qua trinh hi?i tl! se rat cham, th~m chi khong tim
diroc lcri gili mong muon. Hon nira, hau bet cac plnro'ng phap doi hoi digm xuat phat pHi l3. m{>t
lai gi<li thoa dang (feasible solution) cda bai toan toi tru, Tren thtrc te, vi~c tim mi?t lai gi<li thoa
dang ban dau (initial feasible solution) dg lam digm xuat phat kh6 khan khong kern gi chinh bai toan
do.

Ton t~i thu hai lJ cac thu~t toan tim kiern thong thmrng la cau hoi ve tinh toan qc cda lai gili.
Khi qua trinh tim kiem da dimg lai lJ mi?t digm toi iru, khong c6 thong tin nao cho biet li~u digm
nay c6 phai la digm toi tru toan Cl!C(global optimum) hay chi l3.digm toi iru Cl!Cbi? (local optimum).
Neu nghi rhg do chi la digm toi U'U Cl!Cbi? thi cling ching c6 con dirong nao virot ra khoi diEfmd6
M c6 C<1may di den mi?t diEfmtot hen.

Rat may l3.cac thu~t toan tien h6a (evolutionary algorithms)' mi?t cong Cl! tim kiem v~ nang,
da ra dai va khlc phuc diroc nhirng thieu sot cua cac thu~t toan tim kiem truxrc n6. Thu~t toan tien
hoa khOng bitt dau qua trinh tim kiem trr mi?t diEfm xudt phat duy nhat. Trai lai, no bl{t dau qua
trlnh tim kiem tir mi?t t~p cac diEfmxuat phat, goi la qU3.n thEf ban dau (initial population), trong
do khong nhat thiet moi ca thEf (individual) deu phai l3. mi?t 1m giAi thoa dang. Hon the nira, qua
trinh tim kiem phong theo qua trlnh tien hoa (evolution process) cho phep thoat ra khoi cac digm
toi iru Cl!Cbi? N6i each khac, qua trlnh tien h6a co thEf tiep tuc khong phu thuoc gi vao vi tri va
thai digm hi~n tai cda no. Dieu nay cho ta C<1may tim duoc 1m giai hi~u qua hon khi ma ham muc
tieu co vo so diEfmC~'Ctri (thi du ham Weierstrass b~c cao).

3. CO' sO' LY LU~N CDA TBU~T ToAN TIEN BOA

Phong sinh hoc la mi?t hanh di?ng vi dai tao bao cda loai ngtroi va da co lich sd- tir rat Hiu. Tau
ngam phong theo hlnh dang ca voi, may treo mii phong theo con canh cam, tay may phong theo
canh tay ngufri v.v .. Ngtro'i ta con dir dinh xiiy dung cac may tinh phong theo bi? nao cd a con ngucri.
Y tulJng ap dung toan bi? qua trinh tien hoa t~· nhien vao cac h~ thong nhiin tao (artificial systems)
dtroc b1t dau tir cong trinh cua Holland [9,10] va tiep tuc phat triEfn b&i Goldberg [8] cling nhir
nhieu tac giAkhac. H<JCthuyet te bao, hoc thuydt d'iiu tien di sau vao ban chat cda sl! song, da dirrrc
xay dimg each day 150 nam va ngay cang hoan thien, Te bao la h~ thong v~t chat hoan chinh mang
nhirng dl!-ctinh cda sir song. Chat nguyen sinh cda te bao gom te bao chat va nhan. Protit cda te
bao chat l3.v~t chat bi~u hi~n cac dl!-ctinh cda sir song, nlnmg Sl! t5ng hop cac protit nay lai diroc
clnrong trinh h6a b&i cac phiin td- ADN n~m trong nhan. Cac doan rieng re cda ADN diroc goi la
gien. Phan td' ARN diroc tao ra tren khuon mill cda gien, chui tir nhiin ra te bao chat lam nhiem
vu dieu khiEfn qua trinh t5ng hop protit. Mi?t trong nhirng dl!-ctfnh cda Sl! song biEfuhi~n tren te
bao la kh<lnang tl! phan chia M tao ra cac te bao mo'i, Qua trlnh nay x<ly ra rat phtrc tap va tuiin
theo nhiing dinh lu~t het suc nghiem ngl!-t. D6 la cac dinh lu~t nhu: dinh lu~t tinh tri?i, dinh lu~t
phiin ly va bao ton cac kigu gien (genotype) va kiiu hinh (phenotype), dinh lu~t di truyen ket hq'p
giai tlnh v.v .. Tuy da co thEf gi<lima S<Ydo gien, nhung ~ho den nay loai ngu'ai vh chrra hiEfuday
dd nhiing gi da chi phoi qua trlnh hlnh thanh Sl! song va con rat nhi'eu van de khac ve Sl! song can
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tiep tuc tranh luan. M~c du vay, moi ngtro i deu d~ dang cong nhan v&i nhau, su: song la hinh thrrc
t<ln tai v~t chat cao nhat va su' wrn h6a theo nguyen ly chon 19Ctv' nhien la m9t qua trinh toi U'U
hoan hao nhat so v&i tat d. cac qua trinh toi U'Uma loai ngiro'i tao ra. Tien de tren la CO"56' khoa
hoc cua cac thuat toan tien h6a.

Trong sinh h9C, n6i den ki€u gien tire la n6i den t~p hop cac gien rieng bi~t va n6i den ki€u
hlnh la n6i den nhirng tinh trang bi€u hi~n ra ben ngoai. Ki€u hinh la ket qui cii a ki€u gien va tac
d9ng cua moi trirong len CO"th€ sinh v~t. Cac thu~t toan tien h6a khac nhau du'o'c xay dung xuat
ph at tir each nhin ki€u gien ho~c ki€u hlnh.

Cac thu~t toan xuat ph at tir each nhln ki€u gien dtro'c goi la thu4t todti di truyen (genetic
algorithm). Trong cac thu~t toan di truyen, mien tlm kiern thircng la cac mien thuan nhat va khfmg
thay d5i bin chat trong sufit qua trinh tien h6a. Su' v~n d9ng tir lai giii hi~n thai den 101 giii toi
U'Ula su' v~n d9ng n9i tai. Cac thu~t toan tlm kiern dtro'c xay dung theo each nhln ki~u hinh diro'c
goi la cae thu4t totin. tien h6a (evolutionary algorithms). Trong cac thu~t toan tien h6a, cac ca th€
du'oc sinh ra phai chiu tac d9ng cii a moi tru'ong, thi du S,! tien h6a cii a virut [20]. Tuy rihien can
hru y rhg, khOng c6 ranh gi&i ro rang giira cac thu~t toan di truyen va cac thu~t toan tien h6a.
Thu' nhat, nhir tren kia dil n6i, kie'u hinh bi chi phdi b6-i kie'u gien. Cac thuat toan tien h6a sUodung
s,! mo phong qua trlnh sinh sin, lai ghep va d9t bien nhir cac thu~t toan di truyen. N6i each khac,
thu~t toan di truyen la CO"56' cu a thuat toan tien h6a. Thir hai, cac thu~t toan di truyen doi khi
cling di~n ra do tac dfmg ben ngoai, thf du clni quan cua con ngufri [15]. V1ly do nay, trong cac
phan sau se chi dung chung m9t khai niern thuat toan tien h6a.

Nhir tren dil n6i, th uat tien h6a la thuat toan tim 1.::;:",n loi giii t6i 1J:Udu a tren S,! "biit chuxrc"
qua trinh tien h6a tv' nhien. ve phiro'ng dien toan hoc, ta c6 th€ coi thu~t toan tien h6a la phircng
ph ap tlm kiem ngh nhien t5ng quat. Tuy nhien, thu~t toan tien h6a khac cac phiro'ng ph ap tlm
kiem thong thircng 6- may die'm sau:

• Thuat toan tien h6a tien hanh qua trinh tlm kiem 101giai toi iru tren mot qulin th€ (popula-
tion) va tlm d<lng thai m9t hie nhieu die'm ctrc tri e6 the' e6. Do v~y se han che su' ket th iic

qua trlnh tim kiern t ai di€m ctrc tr] eve b9 va tang kha nang dat den di€m ctrc tri toan cvc.

• Thu~t toan tien h6a thao tac v6i cac ehu~i a-len (allele) dung de' mil h6a tham so clur khong
thao tac tru'c tiep v&i cac tham so.

• Thuat toan tien h6a khong sU-dung gia trt ham m\lc tieu ma sU-dung gia tri fit-nit cua cac
ca the' trong qua trlnh tlm kiem. Thuat toan tien h6a ciing khOng nhat thiet can den gia tri
dao ham cua ham muc tieu hay cac thong tin phu khac.

• Cac lu~t chuy€n d5i thu~t toan gifia cac burrc tim kiern la cac lu~t ngh nhien chir khOng
phai la cac lu~t ti'en dinh.

CO"the' s6ng la m9t h~ th6ng da chieu, tv' t5 clnrc va t,! 5n dinh , c6 kha n ang t,! thfch nghi
v6i nhirng tae d9ng da dang cua moi trtro'ng xung quanh. R5 rang khong the' mf phong day du qua
trinh tien h6a. Vi~e sUodung thu~t toan di truyen mang nhieu tinh heuristic va khong eh~t chf nhir
cac phirong ph ap toan h9C kinh die'n. Tuy v~y, qua cac cong trlnh dil diro'c cong b6, m9t thu~t toan
di truyen thiro'ng bao g<lm nhfmg cong vi~e sau:

• Mil h6a tham so bhg cac chu6i a-Ien (tren may tlnh la cae chu6i nht phan) c6 d9 dai thfch
hq·p. Cac chu~i a-Ien nay d6ng vai tro nhu cac te bao s6ng tham gia vao cae;:qua trinh sinh
sh, eh9n 19Ctv' nhien, ehtu sv· chi phoi eua cac qui lu~t di truyen va d9t bien.

• Bien d5i ham m\lc tieu ve d~ng thfch hqp neu can thiet va tlm d9 do fit-nit (fitness meassure)
lam CO"56- de' tien hanh qua trinh eh9n 19Ctv' nhien.

• T~o l~p m9t quan th€ ban dau v6i so IU'qng ca th€ eh thiet de' tham gia vao qua trlnh tien
h6a. Nhu tren dil neu, eac ca th€ nay khong nhat thiet pHi t1J:ong ung v&i m9t IO'igiii th6a
dang cUa bai toan toi 1J:Ue6 rang buge.
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• Mo phong qua trinh sinh sari va chon loc tlJ nhien thong qua viec sao chep cac ca th~ tot
va lo ai bo cac ca the' x~u dira tren d<?do fit-nit. Qua trlnh nay din phai thu'c hien sao cho
khong phai moi ca th~ c6 gia tri fitnit nho deu bi dao thai, nghia la khOng lam m~t tinh da
dang cii a quan the'.

• Mo phong qua trlnh lai ghep, trong d6 cac c~p ca the' ket ho'p v&i nhau de' tao ra cac b9 gien
mo'i [cac ca th~ mo'i]. Cac ca th~ m&i nay hoa nh~p VaG c9ng dong de' tham gia qua trinh
tien h6a.

• Mo phong qua trinh d9t bien, trong d6 mot hay m<?t so ca th~ bi bien d5i m9t hay nhieu
gien m<?t each ngh nhien. Cac ca th~ bi bien d5i gien se bien th anh cac ca th~ moi, c6 the'
tot hon ho~c x~u hon theo d9 do fit-nit. Qua trinh nay xay ra voi xac suat nho nhirng vo
cling quan trong vi nhtr da biet, khong c6 d9t bien thi khong c6 tien h6a.

Cac cong vi~c tren, goi la cac toan tu' gien trong cac thu~t toan di truyen (genetic operator),
diro'c thu'c hien xen ke nhau theo m9t trmh tlJ nao d6 tuy thudc VaG v~n de Cl].the'. Doi vo i nhirng
v~n de don gian, ba cong vi~c d'au chi can lam m<?t lan, ba cong viec sau du'oc l~p lai cho den khi
tieu chuiin dirng thoa man. Tuy nhien, nhir se trinh bay trong cac phfin sau, doi voi cac van de plurc
t ap, ba cong vi~c dau c6 the' phai thu'c hien trong d. qua trinh tim kiem lei giai toi iru. Tieu chuan
dimg c6 the' chon la mot ho~c ket hop cac thong tin nhir sau:

• So the h~ tien h6a da vu'o't qua mfit so cho trtroc.
• SI].·tien h6a hau nhir khong di~n ra nira. N6i each khac, Sl].'kh ac bi~t giii'a cac ca the' trong

quan th~ qua nhieu the h~ la khong dang k~.
• Cia tri fit-nit cua cac ca th~ tot nhat trong quan th~ h'au nhir khong tang ?:J nhieu the h~

tien h6a noi tiep nhau.
• DI].·aVaG y kien cua chuyen gia ve van de dang quan tam theo nguyen ly top Ntrong [26].

Sau day cluing t a se di sau VaG nh ii'ng biro'c cv the' cii a cac thuat toan tien h6a.

4. MA HOA THAM s6 BANG cAc CHU()I A-LEN

Nhir tren da neu, thuat tcan tien h6a khOng tien hanh qua trlnh tim kiem lai giai toi tru truc
tiep tren cac tham so, tr ai lai cac tham so tru'o c het diro'c ma h6a bo-i cac chu6i a-Ien va tro- thanh
cac ca th~ trong quan th~ cii a qua trinh tien h6a. Sau qua trlnh tien h6a, cac ca th~ c6 d9 do fit-nit
l&n hon se ducc chon ra va gia tri tham so toi U'U se nh~n diro'c qua phep bien doi ngucc lai [phep
giai mal. Phep rnji h6a d~ hinh dung nhat va d~ th~ hien tren may tinh nhat la phep ma h6a nhi
phan (binary encoding). De' d~ hmh dung, cluing ta xet thi du diro'c neu ?:J [26]. Tim lai giai toi U'U

chung cu a

( I= sin2.,jx2+y2_0,5
II x, y - 0,5 - 2 '

(1+ 0,01(x2 + y2))

h(x, y) = 1 - (x - 0,3)2 - (y - 0,3)2,

(4.1)

(4.2)

voi rang buoc
g(x, y) = x + y - 0,25 :-=:; 0. (4.3)

0- day c6 hai tham so la x va y, c6 the' nhan cac gia tri trong khoang (-00,+00). Tuy nhien tren
thirc te tinh toan ngirci ta chI' xet cac gia tri cu a x va y trong khoang [-a, +a] vo'i a la m<?t so du
lo n. Ta ma h6a x va y bhg cac chuih a-Ien (tren may tinh la cac chu Si nhi ph an]. Cia suodung m<?t
chu6i gom 48 bits (6 bytes) trong d6 24 bits dau ma h6a x va 24 bits sau mji h6a y. Chu6i 48 bits
nay d6ng vai tro la m9t ca the' cua qua trinh tien h6a (hinh 4.1). VOi 24 bits nhi phan ta c6 the'
di~n ta cac so tir ° den 224 - 1 = 16777215. Tren thirc te ta chi muon giOi han mien tim kiem trong
khoang [-20, +20]. Khi d6 x va y diro'c xac dinh bO'i

40 40
x = 16777215 {x} - 20, y = 16777215 {y} - 20, (4.4)
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trong d6 {X} chi n9i dung 24 bits dau vao va {y} chi n9i dung 24 bits tiep theo cii a chu(ji a-Ien. M9t
each t5ng quat, gii str chon n bits ma h6a m(ji tham s5 Pi, i = 1,2, ... ,m. Tham s5 Pi c6 c~n diro'i
b~ng ai, c~n tren bhg b., Gia tri th~t ciia Pi dtro'c xac dinh bo-i

b. - a·
Pi = a; + -'--' {Pi}, (4.5)

2n -1

trong d6 {p;} chi n9i dung cua n bits mji h6a Pi. M9t chu(ji a-Ien khi d6 se c6 d9 dai bhg n.m bits.
Trong m9t bai toan, khOng nhat thiet tt:t eft cac tham so d'eu phai ma h6a b~ng cac chu6i c6 d9 dai
b~ng nhau.

24 bits X 24 bits y
~~ A ~ A~ _

Hlnh 4.1

So hrong bits nhi phan str dung M ma h6a tham so d6ng vai tro quan trong. Nhtr ta da biet, 6-
cac sinh v~t b~c thap, m9t phan tu: ADN ciing da chira hang ngan gien. Con 6- cac sinh v~t b~c cao
nhir ngtro'i, m<?t ph an tu: ADN chira tai hang trieu gien. Chu6i cac bit ma h6a cang dai thl viec mo
phong qua trlnh tien h6a cang c6 hi~u qui, cang sat tlnrc vai t\i" nhien hrrn. So hro ng bit ma h6a
khOng du Ion se gay ra hi~n tu'ong h9i tv cham trong hliu het cac trtrong hop thirc te. Tuy nhien,
so bit cang Ian doi hoi dung hro'ng b9 nho va thai gian xu' ly cang Ion. Kh6 khan nay gan giong nhir
kh6 khan trong vi~c thiet ke cac b9 bien d5i AID cua cac ky SlY di~n ttr. Cac thu~t toan tien h6a
kinh di~n thtro'ng dung phirong phap ma h6a tinh, nghia 130cac tham so diro'c ma h6a ngay tir dau
va khong thay d5i trong suot qua trlnh tim kiern. D~ dung hoa giii a doi hoi ve so hro'ng bit ma h6a
chu1)i a-Ien va rut ngh thai gian tinh toan, nguo i ta da dira ra mdt so gill.i ph ap sau:

• Cac tham so du'cc di~n ti theo ki~u dau phay di d9ng (floating point) bhg cac tru-ong [18].
• Thay d5i d9 dai cua cac chu1)i a-Ien trong qua trlnh tien h6a nho m9t cr:t che t\i" thich nghi

(adaptation) [24].
• Dung phuong phap dieu khi~n mer d~ thay d5i d9 dai chu6i a-Ien trong qua trlnh tien h6a

[22].
Vi~c thay d5i d9 dai chu1)i a-Ien khi ma h6a tham so va viec rut g9n mien tlm kiem c6 quan h~

v6i nhau. Chung ta se xet van de nay ky ho'n trong Phan 11.

5. XA Y DlfNG DQ DO FIT-NIT

Thu~t ngir ai} do fit-nit, tieng Anh goi la fitness measure, dung d~ chi su'C manh cua m(ji ca thg,
kha nang thich iing cil a ca thg vo'i rnoi trtro'ng , rmrc d9 bi~u hien cac tinh trang tot cu a ca th~ trong
quan th~. Thi du , rndt giong hia cho nang suilt cao hon va c6 kha nang chong sau benh t5t hon,
ta n6i rhg giong hia d6 c6 de? do fit-nit 16n hem. Vi~c xay dung de? do fit-nit ciing quan trong nhir
viec ma h6a tham so, vi qua trinh chon 19Ct\}.·nhien se dua vao d<?do fit-nit chir khong du a true
tiep vao gia tr~ cii a ham muc tieu. D9 do bao gia ciing la m9t so khOng am trong khi ham mvc tieu
c6 th~ nhan gia tr~ bat ky. Qua trlnh chon 19Ctv' nhien giii" lai cac ca th~ c6 gia tr~ fit-nit cao ho'n.
N6i each khac, qua trlnh chon 19Ctv' nhien c6 xu hiro'ng C\i"Cdai h6a gia tr~ fit-nit. Trong khi d6, bai
toan toi lYU h6a c6 thg 130bai toan C\l'Cdai h6a (maximization) ho~c cue tigu h6a (minimization).

Qua phan tfch tren day ta thay, viec xay dung d9 do fit-nit diroc tien hanh nhir sau. Neu van
de quan tam 130m9t bai toan C\l'Cti~u h6a thi truxrc het phai bien d5i n6 thanh bai toan C\l'Cdai h6a.
Ta biet r~ng, C\l'Cti~u h6a va circ dai h6a la hai bai toan doi ngh. Vi~c chuye n d5i tir bai toan
nay sang bai toan kia khOng c6 gi kh6 khan [1,22]. Neu ban than ham mvc tieu la m9t ham khong
nhan gia tri am, c6 thg str dung luon n6 lam de? do fit-nit. Neu ham muc tieu nhan gia tri am, d9
do fit-nit diro'c chon 130mdt ham tuyen t inh sao cho ham nay anh x~ mien gia tri cii a ham muc tieu
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VaGmi?t khoang khong am. Thi du ham mve tieu f(x) co mien gia tri la [c/, cu], ci, Cu E R. Trang
trtro'ng h91> nay, di? do fit-nit co thg chon la F(x) = f(x) + Ct. Trong thirc te irng dung cac thu~t
toan tien hoa, thang do fit-nit thtro ng diro'c can chinh M tr anh hien tuxrng hi?i tv sorn (premature
convergence). Khi bitt dau qua trlnh tien hoa, neu cac ca thg vrri gia tr] fit-nit eao chidm da so ap
dao trong quan thg, cac ca thg voi gia tri fit-nit thap it co ca may ton t.ai qua chon loc tv- nhien,
Tfnh da dang cua quan thg khi do bi giarn, qua trlnh tien hoa tro- nen trl tr~. Dg vtro't qua tlnh
trang nay, thang do fit-nit din ph ai can chinh lai. Thi] tuc can chlnh do'n gian nhat la thu tuc can
chinh tuyen tinh (linear scaling). G9i di? do fit-nit ban dau la F v a di? do fit-nit di can chinh la F',
Ftb va FIb la gia tr; fit-nit trung binh cu a quan thg. Quan h~ giira F va F' diro'c xac dinh bo-i

F'=aF+(3,

trong do a va (3 la cac so diroc chon sac eho

FIb = Ftb va F:nax = KF:b . (5.2)

Trong bigu thirc (5.2) K la ty l~ ho'p ly giira gia tr] fit-nit cua ca thg tot nhat so vO'i gia tri fit-nit
trung blnh cu a qulin th~.

(5.1)

6. MO PHONG QuA TRINH SINH SAN

Sinh san la kha n ang d~e bi~t cu a cac co' thg song. Cha m~ sinh ra con cai, the h~ triro'c sinh
ra the h~ sau. Quan thg IlLnen ting cua tien hoa, sinh sin t ao ra qulin thg maio Nhtr ta di biet,
cac hinh thtrc sinh sin trong t\!· nhien rat da dang va phong phii. Cac sinh v~t co rmrc di? tien hoa
cang eao thi qua trinh sinh san cang phirc tap, Trong tv- nhien, cluing ta khong thg tach qua trlnh
sinh sin ra khoi cac qua trlnh kh ac nhir qua trinh lai ghep va di?t bien. Qua trlnh sinh sin diro'c mo
phong trong cac thu~t toan tien hoa di cong bo co thg xem nhir qua trlnh sinh sin vo tfnh. Nghia
la, ca thg con sinh ra giong hoan toan ca thg m~. Vi~e sac chep ca thg m~ th anh ca thg con dtro'c
dinh doat bo'i str chon loc tv- nhien. Qua trlnh chon loc tv- nhien diro'c mo phong sac eho the h~ mo'i
co gia tri fit-nit trung binh Ian hen the h~ truxrc. Vi cac ca thg con giong hoan toan cac ca thg me
sinh ra no, SIr tang gia tri fit-nit trung blnh dong nghia vo i su' co m~t nhieu hon cua cac ca thg co
gia tr i fit-nit cao ho'n. Qua trinh sinh sin don giin nay co thg di~n t<l.nhir sau. Gii sli' qulin thg
hi~n thci gom N ca thg, co so th ir t\!· t.ir 1 den N, vo'i cac gia tr] fit-nit Fl, F2, ... , FN. Trtro'c het ta
tfnh t5'ng gia tri fit-nit cii a quan thg

(6.1)

va ty l~ dong gop cua m6i ca thg VaG t5'ng gia tri fit-nit

r.
Wi = F . 100 (%). (6.2)

Dg the h~ sau co gia tri fit-nit trung binh Ian hen the h~ trurrc, each h91> ly nhat IlLt ao ra mi?t co'
che sac cho ca thg thu' i se co con voi xac suat Wi. Cach don gian nhat xay dung co' che nay IlLlam
mi?t cai hi?p dung cac qua cau giong nh au, tren m6i qui cau ghi mi?t so tir 1 den N. So hro'ng cac
qui cau mang so i chi a cho t5'ng so qui cau trong hi?p dung blng wi. Nhitm mitt lai va tho tay vao
hop nh~t hu hoa mi?t qui cau. So ghi tren qui cau nay cho ta ca thg thli' nhat cua quan thg the h~
maio Tri qui cau VaG hop, tri?n d'eu va lay hu hoa mi?t qui cau thli' hai M duxrc ca thg thir hai cua
quan th~ mo'i. qp lai thf nghiern cho den khi thu dtro'c dli so ca thg cua quan thg maio Nen nho'
rhg, quan th~ mci co thg gom dung N ca thg, nhirng ciing co thg gom nhieu ho n N ca thg.

Qua trlnh sinh sin ciing co thg mo phong theo kigu l~p bing dau loai, ttro'ng tv- each t5' chirc
thi dau giii bong da danh cho chirc vo dich the gi6i (word cup), cv thg nhir sau.

1) Chia ngh nhien N ca thg thanh K nhorn.
2) Chon ca thg co gia tr] fit-nit Ian nhat trong nhorn lam ca thg cu a the h~ maio
3) L~p lai cac burrc 1) va 2) cho den khi thu dU'qc dli so luqng ca thg mong muon ctl.a quan thg

maio
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Chung ta c6 th€ thu'c hien btro'c 1) theo each chi l~p m9t so it nh6m (thi du 2 ho~c 3 nh6m)
voi so hrong thanh vien m~i nh6m bi han che (thi du m~i nh6m chi c6 5 ca th€). NhU' v~y khOng
phai moi ca th€ deu dirng trong m9t nh6m. Cac ca th€ dircc dtra vao nh6m theo th€ thrrc boc tharn
(tung con xuc s~c N m~t).

M9t each khac M md phong qua trlnh sinh sin qua chon loc tl].' nhien da diro'c neu trong [5],
gom cac bu'oc sau.

1) D~t VI = FI
2) Tinh V2 = FI + F2 = Vl + F2.

3) Tinh v.: = Vi-I + F; (i = 3,4, ... , N).
4) T'ao m9t so ngh nhien trong khoang tir 0 den VN. Gii s1.l:gia tri nh an diro'c la Vk.

5) Chon ca th€ dau tien c6 gia tri fit-nit Ian hem ho~c blng Vk d€ lam ca th€ cu a the h~ moi,
6) qp lai buo'c 4) va 5) cho den khi thu dtro'c du so hrong ca th€ mong muon cila quan th€

maio

Con nhieu each chon loc tl].' nhien m a cluing ta c6 th€ ap dung. Can clui y la, nen cfm di)i giira
viec sinh san cac ca th€ c6 gia tr] fit-nit cao va tinh da dang cua quan th€. Di'eu nay d~c bi~t quan
trong khi giii cac bai toan toi U'Uvoi rang bU9C. Chung ta se xet ky van de nay trong Phan 9 cua
bai bao nay.

7. MO PHONG Qu.A TRINH LAI GHEP

Qua trlnh lai ghep (crossover) la qua trlnh htnh thanh nhiern s~c th€ rno'i tren CO' sO-cac nhI~m
sl{c th€ bo m~, blng each ghep m9t hay nhieu dean a-Ien cua hai nhi~m sl{c th€ bo me voi nhau.
Qua trlnh lai ghep c6 th€ mo phong nhir sau.

• Chon ng[u nhien hai ca th€ ba:t ky cua qulin th€. Gia str nhi~m s~c th€ cii a bi) gom m a-Ien
va nhi~m s~c th€ cua me gom n a-Ien,

• Tao m9t so nguyen ngh nhien trong khoang tIT 1 den m - 1 (di€m ph an chia chuiH a-Ien
bo). Gii str di€m d6 chia chu6i m a-Ien thanh hai chu~i nho mi va m2.

• Tao mdt so nguyen ngh nhien trong khoang tir 1 den n - 1 (di€m phan chia chu6i a-Ien
me]. Gii SUodi€m d6 chia chulH n a-len th anh hai chu~i nho ni va n2.

• Ghep cac chu~i a-len nho vci nhau d€ tao ra cac chu6i a-Ien moi. Theo thi du tren cac chu6i
a-Ien mo'i se la mi + nl va m2 + n2 hoac mi + n2 va m2 + nl. N€u m va n c6 di? dai blng
nhau va ta chi muon tao ra cac chu6i c6 di? dai khOng d5i thl chi c6 chu~i mi + n2 va m2 + ni
la ca th€ ciia the h~ maio

Cach mf phong qua trinh lai ghep tren c6 ten goi la qua trlnh lai ghep mi?t di€m (one-point
crossover) va da dU'<?,Cstr dung trong [25]. Nen nha rlng, m9t chu6i a-len ma h6a cling mi?t hie nhieu
tham so. Chi chon m9t di€m lai ghep ngh nhien c6 kha nang lam cho nhieu doan a-Ien khOng thay
d5i 0- nhieu the h~ tiep theo. Tinh da dang cua quan th€ bi han che. Muon lam tang tinh da dang
phong phu cua quan th€, nen srr dung each lai ghep nhieu di€m (multi-point crossover). Trong thi
du da neu, gii str tach chu~i m a-Ien cu a bo thanh k chu~i nho ml, m2, ... , mk va chuiH n a-Ien cua
me thanh cac chu6i nho nl, n2, , nk. Ca th€ moi diro'c sinh ra la chu6i lai ghep giira cac ~ va nj,

thi du mi + nk + m2 + nk-I + + mr + nk-r+1 (r = k/2). Ciing c6 th€ thirc hien each lai ghep
nhu da trinh bay trong [26]. (] d6, truxrc khi thirc hi~n qua trlnh lai ghep, ta t ao ra cac dai ca th€
(representative individual) blng each ghep nhieu chu6i a-Ien nguyen thuy voi nhau. Thuc hien qua
trlnh lai ghep nhieu di€m vo'i hai dai ca th€. Cudi cung, dung phuong phap tach ngh nhien dai ca
th€ M sinh ra cac ca th€ con c6 di? dai nguyen thuy, Cach lai ghep nay phirc tap va chi nen ap dung
cho tru-ong h9'P cac tham so diro'c ma h6a voi so a-Ien blng nhau.

(] m6i bU'ac tien Ma, qua trinh lai ghep c6 th€ dU'<?,cthv'c hi~n nhieu Ian. Lai ghep lam tang
tinh da d~ng cua quan th€. Tuy nhien qua nhieu con lai trong quan th€ se lam cho tinh hi?i tv cvc
bi? bi giim. Vi v~y, tuy tirng bai toan cv th€ ma ch<;>nt"Srl~ lai ghep. TJ l~ lai ghep du'q'c ch<;>nla
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0,65 cho thi du mf phong & [3]' 0,95 cho thi du mf phong 6- [24] va diroc chon la 0,33 cho cac irng
dung 6- [25] va [26].

Qua trinh chon di.p bo me va qua trinh tim di~m lai ghep la qua trinh ng£U nhien co phan bo
deu. Di'eu nay can thiet b&i no dam bao kha nang d}.p dai cu a cac ca thg la nhir nhau va kha nang
lai ghep cu a moi a-Ien la nhir nhau.

8. MO PHONG QuA TRINH DOT BIEN

Dc;>tbien (mutation) la hi~n tiro'ng ca th~ con mang mdt hay nhieu tinh trang khOng co trong
ma di truyen cua bo m~. Trong the giOi sinh v~t, dc;>tbien xay ra vci xac suat rat nho nhirng lai
chinh la dc;>nghrc cua tien h6a. Xac suat xay ra hi~n tiro'ng dc;>tbien dtro'c chon b~ng 0,008 cho thi
du mo phong 6- [3]' duoc chon bhg 0,001 cho thi durno phong 6- [24] va diro'c chon bhg 0,004 cho
cac irng dung & [25] va [26]. Qua trinh dc;>tbien co th~ ma phong nlnr sau:

• Chon ng£U nhien mc;>tca thg bat ky cua quan th~.
• Gi<l.suocac ca th~ deu co dc;>dai chu6i a-Ien b~ng m. 'I'ao mc;>tso nguyen ng£U nhien k trong

khoang tit 1 den m.
• Thay d5i a-Ien thu- k (bit 1 d5i thanh 0, bit 0 d5i th anh 1).
• Tra ca th~ vao quan thg tham gia qua trinh wrn hoa tiep theo.

Cling nhir khi mf phong qua trinh lai ghep, so ng£U nhien k phai diro'c tao ra b&i mc;>tqua trinh
ng£U nhien co phan bo deu. Phan bo deu dam bao kha nang dc;>tbien xay ra & moi a-Ien cua chu6i
deu blng nhau.

Hien tu-ong dc;>tbien tren day la dc;>tbien mc;>ta-Ien. Cling co thg su- dung dc;>tbien nhieu a-Ien
bhg each l~p lai mc;>tso Ian dc;>tbien rndt a-Ien. Nen dc;>tbien 6- bao nhieu a-Ien la tot nh at? Cho
den nay chira co cong trmh nao dira ra diro'c mc;>tdinh huang co tfnh thuydt phuc, Chung ta co th~
thirc hien qua trinh d9t bien nhieu a-len theo each tlm so Ian d9t bien thong qua mc;>tqua trinh ng£U
nhien phu co phan bo Poisson. Do Ill.qua trinh voi ph an bO co dang

XI:
p(x) = Ie-A.

x.
(8.1)

S6- di ta chon qua trinh Poisson vi qua trinh nay co ky V9ng va plnrcrng sai bhg nhau(bhg ). theo
cong tlnrc 8.1). Trong ly thuyet phuc vu dam dong, qua trinh Poisson mf ta rat tot hi~n ttro ng xuat
hi~n nhu cau phuc vv. Ta c6 the hinh dung hi~n ttro'ng d9t bien nhir la qua trinh phuc vu su' tien
h6a, boi vi d9t bien Ill.d9ng hrc ciia tien h6a tq: nhien. Mi?t thirc te nira d~ nhan thay la, chu6i a-Ien
cang dai thi so di~m dqt bien cling can phai nhieu ho'n. Vi v~y nen chon ). trong cong thirc (8.1) ty
l~ thuan vci di? dai cu a chu6i. Tuy nhien theo kinh nghiern mf phong, ). chi nen nhan gia tri khong
qua 2% so bit cua mc;>tca thg.

Thoi digm thirc hien qua trinh dqt bien co thg triro'c ho~c sau qua trinh sinh san cling nhir
trtro'c ho~c sau qua trinh lai ghep. Cach tot nhat Ill.tai mi?t thai digm ngh nhien. Cho chay chiro'ng
trmh tao so ng£U nhien 0 ho~c 1 sau m6i Ian thirc hi~n qua trinh sinh san va lai ghep. Neu ket qua
la 1 se cho thirc hien qua trinh d9t bien.

9. XU LY DIEU KI~N RANG BUQC CUA BAI ToAN TOI UU

Nhir cac phan tren da n6i, cac thu~t toan tien h6a Ill. cac thu~t toan tim kiem lOi giai toi iru
trong mien tham so cho trurrc. N6i ngltn gon, cac thu~t toan tien h6a chi giai quydt bai toan c6 dang
chu[n di~n ta nhu sau:

Tim x E 0 := {xla ~ x ~ ,B} sao cho x C1!'C iIq.i h6a f(x),
trong d6 a va ,B la giai han diro'i va giai han tren cua tham so. D~ giai quydt bai toan toi U'U dang
t5ng quat voi cac rang bui?c cho b&i cong thirc (2.4) va (2.5)' ta c6 thg lam nhir sau.
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• Trong qua trrnh wrn hoa, ki€m tra xem m9t ca th€ moi sinh ra co thca man dieu kien rang
bU9C khOng triroc khi xac dinh gia tr] fit-nit cua no. Ngu no khOng thoa man di'eu kien rang
bU9C thi loai be ngay. Cach nay 111.each tot nhat dam bao di'eu kien rang bU9C luon dircc
tho a man. Tuy nhien no lam cho kha nang tign hoa bi giam di. BCriVI, cling nhir trong the
gieri tv- nhien, m9t ca th€ ilk nay khOng phu h91> veri moi truo ng co th€ lai phu hop rat
tot khi moi triro'ng thay d5i. Han nira, bo m~ th anh dat chitc gl con cai cling th anh dat va
ngurrc lai. M9t ca th€ vi pham di'eu ki~n rang bU9C, lai ghep veri m9t ca th€ khac co th€ sinh
ra m9t ca th€ VITa th6a man dieu ki~n rang bU9C vira dat tfnh toi iru.

• Xap xi lai giai khOng kha thi bhg m9t lai giai kha thi CrIan c~n gan nhfit. ve m~t Io-gic,
plurong ph ap nay xem ra co lY. No tr anh dircc hi~n tirong khung hoang , khong tlm diroc lai
giai. Trong tru'o'ng ho'p VI mi?t ly do ngh nhien n ao do, cac ca th€ mcri sinh ra deu khong
thoa man dieu kien rang buoc thi vh tlm diro'c mot ca th€ lam lai giai kha thi. Nhirng khi
di tlm Ian c~n tot nhat ta lai phai giai m9t bai toan toi iru phu khac.

• Dua vao ham m\lc tieu m9t ham phu tro goi la ham pho; va chuydn bai toan toi iru veri rang
buoc th anh bai toan toi iru khOng co rang buoc. Ham ph at dtro'c xay dung sao cho gia tri
cua no tu·ang ling veri mITC d9 vi ph am dieu ki~n rang bU9C. Cach nay c6 kha nang kh1c
phuc nhiro'c di€m cua each 2. Khi m9t ca th€ mci sinh ra khong thoa man dieu ki~n rang
buoc, ta khong loai bo no ngay ma chi "phat " no, v~n cho no mi?t co' hi?i tham gia qua trinh
tien hoa, D€ han che anh hirong cii a no Mn qua trlnh tien hoa, ham phat lam giarn gia tri
fit-nit cua ca th€ nay. Neu no sinh ra cac the h~ con chau tot hon thl the h~ con ch au cua
no se t<Jn tai. Con ban than no, sau m9t thai gian se bi qua trinh chon 19c t\l· nhien dao thai.

Co nhieu cong trinh nghien ciru each xay dung ham phat cho bai toan toi tru veri rang buoc khi
sli· dung thuat toan tien hoa [7, 21, 26]. Nhu tren da noi, muc dich viec dua ra ham ph at la lam thay
d5i gia tri fit-nit cii a cac ca th€ vi ph arn di'eu ki~n rang buoc. Gia suoham fit-nit tu·ang irng veri ham
muc tieu .>.(x). Ham ph at duo c chon la ~(x). Ham fit-nit bay gia se co dang

p(x) = '>'(x) + ~(x) 11-. (9.1)

Trong bi€u thirc (9.1) 11-= a khi x thoa man cac dieu ki~n rang bU9C, 11-= 1 khi x khOng thoa man
cac dieu kien rang bU9C. Ham ~(x) la m9t ham ty l~ vci mire d9 vi pharn di'eu kien rang bU9C. Vi~c
xay dung ham ~(x) la m9t vi~c quan trong cling ttro'ng tv- nhir viec chon hlnh ph at trong doi song
xa hi?i. Neu hmh ph at qua nhe cac ca th€ vi pham co th~ chen ep cac ca th~ khac trong qua trinh
tien hoa. Neu hlnh phat qua n~ng, err may "lam lai CU9Cdoi" doi veri ca th~ nay qua mong manh.
Diroi day la m9t so each xay dung ham phat da diro'c neu trong [21].

• ~(x) = (v/2)"", trong do v la so cac dieu ki~n bi vi ph am, v E {I, 2, ... , k}, (J la h~ so nghiern
kh1c (severity factor).

• ~(x) = 5(X) ..p(7) = 5(x).[.po + 7.J.]' trong do 5(x) la d9 do mITC d9 vi pham , .p(7) la h~ so
nghiem khitc, .po la gia tr] ban dau, 7 chi so cii a the h~ tien hoa, j so buxrc tlm kiem da thuc
hien.

• ~(x) = (C.7)u.5f3(x), trong do C la hhg so, 7 chi so cua thg h~ tign hoa, 5(x) la di? do rmrc
di? vi pham, a va (3 la cac h~ so th~ hi~n t.inh nghiem kh1c.

• ~(x) = '>'(X).77, trong do 7 la chi so cua the h~ tien hoa, ,la m9t so duong n~m trong khoang
[0,5, I].

• ~(x) = a(7).5(x) + (3(7), trong do a(7) va (3(7) la cac ham dan di~u tang, 7 la chi so cua the
h~ tien hoa.

Cach xay dung ham phat dau tien don gian nhirng chtra thirc str la d9 do mITCvi pharn dieu
ki~n rang bui?c. Thi d\l, m9t ca th€ chi vi ph~m mi?t di'eu ki~n rang bU9C nhrrng dtt n~ng, trong khi
do m9t ca th€ khac vi ph~m nhi'eu dieu ki~n nhrrng chi Crmtrc d9 nh~. Cach xay d\lng ham ph~t tIT
thtr hai den thu· nam co sU' d\lng chi so cua the h~ tien hoa. Gia tri ham ph~t tang dan theo cac the
h~ tien hoa lam cho nhfrng ca th€ vi ph~m dieu ki~n rang bui?c bi lo{ti bd nhanh chong hem. Tuy
nhien cac cach xay d\l·ng ham ph~t nay khOng su- d\lng mi?t thong tin quan tn;mg. Do chinh la so
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hrcng cac ca th& vi pharn dieu ki~n rang buoc t ai mi?t theri di&m xac dinh cii a qua trlnh tien h6a.
Ro rang, neu trong quan th& c6 qua nhieu ca th& vi pham dieu ki~n rang buoc thl se c6 nguy CCI qua
trlnh tien h6a bi khung hoang. Nghia la so hro'ng cac ca th& vi pharn dieu ki~n rang buoc tiep tuc
tang len, nhie u butrc tien h6a khOng sinh ra diro'c cac ca th~ tot, qua trlnh tlm kiem khOng h9i tv.
B& khJ{c phuc nhirng thieu s6t neu tren, trong [26] c6 de xu St each xay dung ham phat nhir sau:

k

e(x) = 1.e7-. L4>(gdx) - a;). (9.2)
i=1

Trong bi&u th irc (9.2), 1 la mi?t so ducng, T la chi so cila the h~ tien h6a, TJ la so hrong ca th& vi
pharn dieu ki~n rang buoc d the h~ thrr T, e la h~ so nang da, 4>(t) = 0 neu t ~ 0 va 4>(t) = t neu
t> O.Gia tr~ ham phat trong bi&u thirc (9.2) tang theo ham mii cii a so hrong ca th& vi pharn dieu
ki~n rang buoc va str keo d ai qua cac the h~ cii a n6. Ham 4>( .) trong bi&u thtrc (9.2) cho phep quan
tam tai cac dieu ki~n rang buoc bi vi ph am nhir the nao va ban than n6 chira dung thong tin c6 bao
nhieu dieu ki~n bi vi ph am.

10. VAN DE nor TV CUA cAe THU~T ToAN TIEN HOA
Van de h9i tv la van de song con cu a cac thu~t toan l~p, nghia la, c6 tlm thay 1m giai sau mQt

so hiru han cac bucc l~p hay khong. Khi xay dung cac thu~t toan l~p, cau hoi dau tien phai tni leri
la thu~t toan d6 c6 h9i tv khOng va hi?i tv voi toc di? nhir the nao. Vi~c chirng minh bhg ly thuyet
tfnh hi?i tv cii a mi?t thu~t toan l~p khOng phai hie nao ciing thirc hi~n diro'c. Doi vo'i cac ky sir, vi~c
clumg minh cang kh6 khan ho'n. Nhir da. thay ro qua cac phan tren, cac thu~t toan tien h6a ciing
la cac thu~t toan l~p va mang d~c tinh heuristic. Tfnh h9i tv cua n6 chi diro'c khhg dinh qua thuc
te irng dung. Tuy nhien mi?t cau hoi c6 th& d~t ra la, nhirng yeu to nao anh htrorig den tinh hi?i tv
cti a cac thu~t toan tien h6a. Qua thirc te mo phong cluing toi da. g~p tlnh huong nhir sau: Khi qua
trlnh tlm kiem dang tien den di&m toi tru toan cue, qua trlnh lai ghep va di?t bien c6 th& sinh ra
cac ca the' cho gia tr] fit-nit nho hon so vo'i gia tri fit-nit trung binh cua quan the'. Neu so hro'ng ca
th~ trong quan th& khong du lcn, hien tu'o ng nay c6 th~ xay ra trong nhieu the h~ lien tiep. Khi d6
gia tri fit-nit cua ca the' tot nhat trong qulin th& khOng tang nira tuy n6 chira phai la loi giai toi U·U.
Be' khJ{c phuc tlnh trang nay, ta s11-dung phircng phap rut g<;mmien tlm kidm. Khi thay qua trinh
tlm kiem c6 xu hirong trl tr~ [gia tri fit-nit ctrc dai ho~c gia tr] fit-nit trung blnh tang cham], ta tien
hanh viec rut g<;mmien tlm kiem. Gilt s11-mien tlm kiem hien tho'i 111.[a, ,8]. Gia tr~ tham so turrng
irng voi ca th& tot nhat 111.a ~ X ~ ,8. Chon m9t so 6 thich hcp, chhg h an chon 6 = 0,362 (,8 - a).
Khoang tlm kiem mci se 111.[X - 6, X + 6]. Cach lam nay da. diro'c s11'dung c6 hieu qua trong [26].

M9t hi~n tuong kh ac xay ra khi ung dung cac thu~t toan tien h6a la hi~n tuong hi?i tv so m
(premature convergence). Streifel va ci?ng str da. chi ra d.ng, khi cac chu5i a-Ien co cau trtic gan giong
nhau thi hien ttro'ng hi?i tv s&m xay ra, lam mat kha nang dat den die'm toi iru toan cvc [24]. Be'
d~ hinh dung, ta xet tru'o ng hop cac tham so da. diro'c ma h6a b~ng chu6i nhi ph an. Khi d6 s1! khac
bi~t giira hai chu8i a-Ien se dtro c tinh bhg so bit 1 cu a phep c9ng modul 2 cua hai chu6i nhi phan.
Thf du, hai chutii 01100010 va 10001110 c6 di? khac bi~t cau true bhg 5. Neu su khac bi~t cau true
Ian nhat trong quan th& nho hon mi?t giai han nao d6, can tien hanh thay d6i mien tlm kiem. Be'
d~ so sanh, ta lay l<;tithi dv da neu. Gia s11'mien tlm kiem hi~n thm 111.[a, ,8]. '!rung di&m cua mien
tlm kiem 6- day 111.C = 0,5 (,8 - a). Gia tri tham so tU"O'Ilgu'ng v&i ca the' tot nhat 111.a ~ X ~ ,8.
Bdu thu'c (J' = Ix - cl drrqc g9i 111.khoang cach giu'a di~m tot nhat hi~n thai va trung tam mien tlm
kiem. Vi~c thay d6i mien tlm kiem se tien hanh theo lu~t IF ... THEN ... ctla ly thuyet meY. Cv the'
nhu sau:

• IF (J' rat nh6
• IF (J' nh6
• IF (J' Ian

THEN
THEN
THEN

miem tlm kiem co h~p nhieu
miem tim kiem co vita phai
miem tlm kiem m6- ri?ng vita phai
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• IF (7 rat Ian THEN miem tim ki~m m60 re;>ngnhieu
• IF (7 ~ a Ian THEN miern tim kiem khOng thay d5i

Phuong phap don hinh va phiro'ng ph ap da hinh cling la cac phuong phap dua tren CO' s6- rut
gon ket ho'p vci dich chuyen rniern tim ki~m. SlJ khac bi~t giira cac phuong phap don hinh va da
hinh so vci thu~t toan tien h6a co th~ chi ra nhir sau. 6' phucrng ph ap do'n hmh va da hinh, trong
qua trinh dich chuydn, mien tim kidrn se co dan va cudi cung tr6- thanh mdt ddm la di€m t<li iru,
6' cac thu~t toan tien hoa, mien tim kiem khOng nhat thiet phai co nho th anh m9t di€m. Ho n nira,
miern tim kiem khong phai co dan deu ma co th~ khi co hep, khi m60rgng, tuy thucc VaG tinh trang
cua quan th~ hien then.

Trong phan m60 dau cluing ta noi r~ng, cac thu~t toan tien hoa khOng doi hoi thong tin ve
gradient cu a ham muc tieu. Tuy nhien, d€ tang them tinh he?i tv cua cac thu~t toan tien hoa, trong
trtrc'ng hop co th€, cling khOng nen bo qua nhirng thong tin nay. Can nghien cU'Uthem kha nang sli'
dung cac thOng tin ve gradient VaG vi~e hieu chinh mien tim kiern. R5 rang viec m60 r9ng mien tim
kiem ve phia co gradient Ian hon va rut bo't & phia co gradient nho hem se t<lt ho'n la m60re?ng ve d.
hai ph ia cua di~m trung tam nhir hai each lam tren kia.

11. CHQN no L<1N CD-A QUAN THE vA T~O L~P QUAN THE BAN DAU

D9 Ian cua quan th~ (population size) dong vai tro quan trong trong cac thu~t tcan tien hoa.
ThOng thirong m9t quan th€ phai g<>mhang tram ca th€. D<li vo'i nhirng van de den gian nhir cac
thi du trong [3,24,25,26], de;>Ian cii a quan th€ chon bhg 100. Doi voi nhirng van de phirc tap ho'n,
d9 Ian cu a quan th~ doi hoi phai gap nhieu Ian. Tuy nhien, so ca th€ cu a quan th€ cang Ian thi
dung hro'ng be?nho' can thiet cang Ian va qua trinh tinh toan gia tri fit-nit eho d. quan th€ cang lau.
Vi v~y, chon de? Ian cu a quan th€ phai phu thuoc VaG van de d~t ra. T<lt hen ca, nen ap dung cac
thu~t toan tien hoa hai giai dean .

• Giai doan. 1 (giai iloq.n tien h6a tho)
- Dung m9t S<lit bit d€ ma hoa cac tham S<l.
- Tao ngh nhien m9t so ca th€ d€ lam qulin th€ ban dau.
- Thuc hi~n qua trinh tien hoa don gian [lai ghep me?t di€m, d9t bien m9t a-len, khong

bien d5i miern tim kiem).
- Dirng qua trinh tien hoa sau m9t S<lthe h~.

• Giai iloosi 2 (giai doati tien h6a chinh xdc]
- Mii hoa lai cac tham so bhg cac ehu~i a-Ien co de?dai thoa dang.
- Thirc hien qua trinh tien hoa voi rmrc d9 tinh xao hen [lai ghep nhieu di€m, d9t bien

nhieu a-len, hieu chinh mien tim kiem).

6' giai dean 1, do cac ca th€ hie dau diro'c chon ngh nhien nen cluing rat khac nhau. Do d~e di~m
cua qua trinh tien hoa, the h~ tiep theo se t<lt ho'n the h~ triro'c. Vi S<lbit ma h6a it va cac toan ttr
tien hoa don gian nen t<le de;>tien hoa nhanh. Tuy nhien, vi S<lbit ma hoa it nen khOng dli chinh xac
d€ tlm thay loi giai dfch thirc. Cac toan ttr tien hca tinh xao hon 6- giai dean 2 se h9i tv tai di€m
t<li U'Uehinh xac. Chung ta cling co th€ tien hanh giai doan me;>ttheo each khac, trong do khOng sli'
dung toan ttr d9t bien va qua trinh lai ghep chi xay ra vo'i xac sufit rat nho. Cach lam nay ham
chira hi~n tu'o'ng h9i tu som nhir dii trinh bay & phan tren. (; giai dean tien hoa tho, chUng ta khong
ngan ngira hien ttro'ng he?i tv so m, trai lai con t~n dung no. Giai doan 1 se dtro'c l~p lai me?t S<lIan.
Khi qua trinh tien hoa thO he;>itv, ta chon nhirng ca th€ co gia tri fit-nit 10'n d€ tao l~p quan th€ ban
dau eho qua trlnh tien hoa 0' giai dean 2.

~ • A. , A, '..... "" ..:.

12. UNG DVNG CAC THU~T TOAN TIEN HOA TRONG DIEU KHIEN TVDQNG

Nhir phan dau dii noi, ph am vi irng dung cua cac thu~t toan W;n h6a rat re;>ngriii, trong do co
Iinh VV'edieu khi~n tV' d9ng [2,3,4, 11- 17,25]. Cac thu~t toan tien hoa co th€ dU'qe ap d~ng d€ giai



CAC THUAT TOAN TIEN HOA v): lrNG mJNG TRONG DIEU KHIEN TlT I)()NG 13

quyet cac van de sau day:
• Giai bai roan nh Sn dang tham so mo hlnh va bai roan rut gon md hinh di.'mg h9C h~ thong

[14,27].
• Giai phiro'ng trinh Riccati trong bai toan dieu khie'n toi U'U tuyen tinh [17].
• Thiet ke cac bi? di'eu khie'n toi iru, thi du di'eu khie'n toi iru theo tieu chua:n Hex> [25].
• Dieu khie'n ro-bot va dieu khie'n thong minh [3,20].
• Xay dung cac h~ lu%t trong di'eu khie'n mo [4].
• Dieu khie'n cac h~ phi tuyen [13].

Can chu y rhg, vi~c mo phong cac thu~t toan tien hoa cho den nay nhin chung con can thoi gian
xu: ly nrong d5i dai. VI v~y viec cai d~t cac thu~t toan vao cac CO' che dieu khie'n co ph an hoi hoac
di'eu khie'n theo tho'i gian thu'c chira thu'c hi~n dircc, ngoai tr ir cac h~ co u'ng dung phirong phap xt1-
ly song song hoac xu: ly memo Vi~c irng dung cac thuat tien hoa co nhirng U'U die'm Ion sau day:

• Tinh ben virng cua 101.giai (solution robustness) diro'c dam bao.
• Giai quyet diro'c cac bai toan di'eu khie'n toi u·u phi tuyen mdt each d~ dang hen vi cac thu~t

toan tien hoa khong can nhieu thOng tin nhir cac thuat toan kinh die'n.
• Giai quyet ducc nhirng bai toan dieu khie'n khi mo hinh toan h9C co di? plurc tap hay d9 bat

dinh Ian.
Tinh ben virng la mi?t trong nhirng van de Ian cti a ly thuyet di'eu khie'n hien dai dang thu hut

str chu y cu a cac nha khoa h9C. Thu~t toan tien hoa v~n hanh tren quan the' va cling mi?t hie tirn
nhieu die'm toi U'U. Lo'i giai dtro'c hlnh th anh qua tien hoa ngh nhien khien cho no co ban chat ben
virng. HO'n the nira, dua vao kinh nghiern chuyen gia, tir cac ca the' voi gia tr! fit-nit km co the'
chon ra cac ca the' thich hop. Cac ca the' do co the' chi la cac 101.giai c~n t5i Ull (suboptimal) nlnmg
lai co tinh ben virng rat Ian. Dieu khie'n cac h~ thong plnrc tap bao gom nhieu ph an h~ tucng tac
cheo vo'i nhau (MIMO systems, large scale systems), cho den nay v~n la van de nan gili. De xu St
cua Koza suodung cac thu~t toan tien hoa vo i di~n d, da hop (S-expression [3]) mo ra mot kha n ang
rnci cho lap van de nay. Co the' hy vong rhg, trong turmg lai gan, cac h~ thong nhieu chieu va cac
h~ thong IOn khong con la n6i 10 ngai cil a cac nh a dieu khie'n tv: di?ng. Doi vci cac h~ thong di'eu
khie'n thong minh (intelligent control systems) cac thu%t toan tien hoa la cong cu d~c hrc. Nho' cac
thu~t toan tien hoa, viec xay dung h~ lu%t CO" sb cua cac h~ dieu khie'n thong minh trb nen d~ dang
va hi~u qua ho'n [4]. Vi~c tirn kiem qui dao toi iru cho cac ro-bot tv: hanh, xay dirng qui trlnh v%n
hanh toi iru cho m9t h~ thong cong nghe V.V. deu co the' gili quyet nho' cac thu%t toan tien hoa.

13. KET LU~N

Bai bao nay di trlnh My nhirng ni.>idung CO' ban nhat ve cac thu~t roan tien hoa va kha nang
u'ng dung cu a no. Do phai han che so trang m9t bai bao nen nhieu ch6 mrri chi neu so' hro'c, clnra
di~n giai chi tiet. Tuy v~y, chung toi hy v9ng bai bao nay co the' giup Ich cho nhirng ai quan tam
tai van de toi iru hoa noi chung va dieu khie'n toi uu noi rieng.

Tac gill. xin chan thanh earn an Ban bien tap Tap chi Tin h9C va Dieu khie'n hoc di khich l~ va
cho nhimg gqi y b5 ich ve cong trlnh nghien ciru nay.
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