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TOM TAT: Gén day, Iy thuyét gidi han ciia thudt todn tién héa (Evolutionary Algorithms -
EA) cho bai todn 167 uu héa mot muc tiéu da dugc phdt trién khd t61. Két qud tré nén khdc
hdn dbi véi cdc lanh vic t6i wu héa tién héa cdc ham da muc tiéu. Do ldp cdc bai todn nay
cd thé dugc xem nhu la truong hop ddc biét ciia bai todn xdc dinh tdp cdc phan ti t6i tiéu
(hay t6i dai) trong cdc tdp hgp sdp thit t riéng phdn. Ly thuyét g% han ciia thudt todn tién
héa c6 thé ddp ving cho loai vin dé nay, né cho phép chuyén tdt cd cac .inh chdt va két qua
vao truong hop ddc bigt ké trén. Mt van dé khdc lién quan dén hiéu qud ciia thudt todn, dé
la thoi gian thuc thi ciia thudt todn, sau khi phdt trién mé hinh déng ciia thudt todn, nhiéu
cong trinh da thit nghiém tiéu chudn ditng vdi gid tri t6t nhdt nhdn dutge trong thé hé trudc do
lam gid tri so sdnh va phdt trién cdc phuong phdp dé nhdn duge cdc tiéu chudn thich hop.
Bai bdo nay sé dé cdp dén mét phuong phdp néi bat nhat, trong dé thoi gian cho mong dgi
( Expected Waiting Time - EWT) s& dugc tinh todn dya trén co sé mé hinh Markov ciia Nix va
Vose dd phdt trién cho thudt todn di truyén co bdn (Simple Genetic Algorithm - SGA). Cdc két
qud dugc trinh bay trong hai phdn: phdn 1, gidi thi¢u cdc khdi niém co bdn; phdn 2, trinh
bay cdc dp dung.

1. MG PAU

Ly thuy&t gidi han cda thudt todn ti€n héa cho trudng hgp t81 vu héa cdc ham da muc tiéu
hién vin con non tré, chi mdt s6 it cdc két qud da dudc dé cap dén trong [1], phin 16n cic
k&t qua 1y thuy&t lién quan dén gidi thuit ti€n héa cho d&€n nay van chua duge khdo sdt mot
cdch c6 hé thong. Mit khdc, nhidu bai todn trong thuc t€ c6 thé dugc xem nhu 1 cdc truding
hop dic biét clia bai todn di tim tdp cdc phin t i tiéu (hay t6i dai) trong tdp hgp duge sip
thit t khong toan phin (xem [2]). D€ ¢c6 thé 1am thay d6i tinh trang trén, G.Rudolph & dai
hoc Dortmund (Germany) da dé xudng mot cich ti€p cdn ma trong d6 thay vi phat trién 1y
thuy&t riéng cho titng bai todn, cin phét trién mot cd sd 1y thuyét cho EA sao cho c6 thé cai
bién thich tng vdi st da dang cla cdc tdp gid tri thich nghi (fitness) c¢6 thi tu riéng phan.
Trong bai bdo nay chiing t6i chi trinh bay cdc két qud chinh cda 1y thuyét tdng quat-va 4p
dung clia chiing vao mdt s6 16p cdc bai todn dic biét, ching han nhu t6i uvu héa da muyc tiéu,
cdc hAm muc tiéu véi gid tri khodng va bi nhiéu.

2. TAP GIA TRI THICH NGHI CO THU TU RIENG PHAN

2.1. Pinh nghia va khai niém

Trong phidn nay ching tdi trinh bdy mdt sd nhitng dinh nghia va khdi niém cia sy hdi tu
ngiu nhién dén tip cdc phin t¥ t5i tiéu.

Cho F 12 mdt tip hdp, mot quan hé phan xa, phdn xtng, va bdc cdu “<” trén F duge goi
1a m6t quan hé th tu ri€éng phan, trong khi d6 mot quan hé thd ty riéng phin nghiém ngit
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“ <" phdi théa tinh chdt khong phan xa, khong d6i xing, va bic cidu. Quan hé sau ¢6 thé cé
dudc tit quan hé hinh thitc hon bing cdch ditu<v := (u < V) A (u=v).

DPinh nghia 1
Né&u quan hé thy ty riéng phin “< “ ¢6 hiéu lyc trén F thicdp (F, <) dugc goi la tip c6
thit ty riéng phan (partially ordered set ,viét tit 1a poset).

Pinh nghia 2

N€u u < v vdiu, v batky thude vé F, thi v dugc goi la trdi cia u hay u dudc troi bdi v. Cdc
di€m phén biétu, v e F dugc goi 1a so sdnh duge khi tdn tai u < v hodc v< u. Ngudc lai u
va v la khong so sdnh dudc, trong trudng hgp nay ta diung ky hiéu u ﬂ v. N&u mdi cidp diém
phan biét cia mot poset ( F, <) 12 so sdnh dudc vdi nhau thi ( F, <) dudc goi 1a mot tip c6
thit ty toan phan hay mdt day chuyén.

Pinh nghia 3 (Trudng hdp doi ngiu)
Néu mbi cp di€m phan biét ciia mot poset ( F, <) 12 khong thé so sénh dude thi poset ( F,
<) dudc goi 1a mt dbi chuyén (antichain).

Pinh nghia 4

Phan tif u* e F dugc goi la phin ti¥ 6i tiéu clia poset ( F, <) néu khong tdn tai u € F sao
cho u < u*. Goi M (F, <) hay F* la tdp tit cd cdc phan tf t5i tiu, M (F, <) duge goi la
day di néu véimdiu € F tdn tai it nhat mot phan ti u* € M (F, <) sao chou*< u.

Trong trudng hgp tap poset hitu han hodc khdng qud dé€m dudgc, khi d6 tinh diy di ciia M (F,
<) dudc dim bdo (xem [3] trang 98).

Gid st f: X — F la mdtdnh xa tr tdp X nao d6 vao poset ( F, <) . Cho tip A cX, tidp
Mi(A, )= {a e A:f(a) € M (f(a), <) ) chta nhitng phan ti¥ trong A ma &nh cla né l1a
nhitng phin ¥ t5i tiéu trong khong gian dnh f(A) = {f(a):ae A} c F.

D€ lam rd khdi niém “héi tu ngdu nhién d&n tap cdc phdn ti 6i ti€u”. Chiing ta cin cdc do
do khodng cdch giita nhitng tdp di€m hitu han. |
Dinh nghia § ;

Néu A va B 1a cdc tdp con clia mOt tdp nén hitu han X thi d(A,B) = [4U B|-|4 B| 1a mot.
metric trén tap ldy thira cda X.

B¢ do thit hai ding dai lugng 0,(4) =|4-|4n B| d€m s6 cdc phin ti ma né thude vé& A
nhung khdng thudc vé B.

DPinh nghia 6

Gid sit A, 12 quan thé ctia mOt thudt todn ti€n héa nao d6 tai bude lap t >0 va F, = f(A) 1
tap dnh dudc lién két ciia n6. Thudt todn ti€n héa dudc goi 12 hdi tu vdi xdc suit 1 d&n toan
bd tép cdc phin ti tdi tidu néu:

d(F, F*) > 0 v@i xdc sudt 1 khit > .
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Thuét toan dudc goi 12 hdi tu vdi xdc sudt 1 d€n tdp cdc phén t t&i tiéu néu:
& =(F)—> 0 vdi xdc sudt 1 khit - oo,

Nhdn xét: d(F,, F¥) = 0 kéo theo 0 p«(F))—> 0.

2.2. Mot s két qua
Trong phin nay chiing toi trinh bay mot s6 k&t qué chinh vé sy hoi tu ngiu nhién trong thuat
todn ti€n héa. C4c k&t qua nay dua trén cdc gid thi€t sau day.

Gia thi&t

Tap tim ki€m X 1 hitu han v ham thich nghi f: X— F 4nh xa mi cd thé xeX vao mdt
thanh vién ctia tip thich nghi F ¢ thi ty riéng phan va kbAng nhat thi€t 12 mot thit ty s&
hoc.

Thuét toan 1.

B(0) dugc trich ra ngdu nhién tir X"

A(0) = M¢(B(0), =)

t=0

repeat
B(t + 1) = generate (A(t))
Alt+1) = M{ADUB(t+1), <)
t «t+1

until  tiéu chudn dirng dugc théa

Pinh Iy 1.

Gia st G 1a mOt ma trin ngdu nhién thuin nhat md td hanh vi truyén tng tir A(t) dén B(t+1)
trong thudt todn ti€n héa. Néu ma trin G 12 xdc dinh dudng thi d(f(A,), F*) — 0 v&i xdc suit
1 va hoi tu theo trung binh khi t—>o0. :

Trong thudt todn trén c6 hai diém ddng dudc quan tim: Thi nhdt, kich c3 tip A(.) s& ting
trudng dén |F*, diéu nay din d&n han ch€ cho cic dp dung thyc ti€n clia thudt todn trong
trudng hop téng qudt (dic biét khi IF*[ 16n). Thit nhi, néu ma trin G 12 ma trdn t8i gidn
nhung khong xdc dinh duong, khi d6 sy hdi tu khong thé dugc ddm bdo trong trudng hgp
téng quat.

Pé giit quin thé & muc kich ¢d c6 thé qudn 1y dudgc, ching ta can phdi cdi bién mot cach
ddng k& thi tuc chon lya cla thudt todn ti€n hod. Gid st n = ]Bt[ va m =n, trong d6 m
dung dé chi kich thudc i da cla tip A, ham draw(k, C) trd vé mot tip c6 tdi da k phan tf
phén biét dugc trich ra tir tdp C biing mot phuong phdp bat ky. Néu k = 0 thi mot tap rong sé
dudc tra vé.

Thuit todn 2.

B(0) dudgc trich ra ngdu nhién tir X"
A(0) = M(B(0), <)

t =1
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repeat
B(t) = generate (A(t— 1))
B*(t) = Mi(B(t), <)
cy =0

foreach b € B*(t) do
Dy={ae A:f(b) < f(a))
if Db # & then
A(t) « (A(D)\ Dy) U {b}
elseif V a € A(t):f(a) | f(b) then
C(t) « C(t)u {b} endif
endfor
k = min { m- |A(t)|,|C(t)| }
A(t+1) = A(t) U draw(k, C(t))
t «t+1
until  ti€u chudn ditng dugc thda

Vi chi ti€t duge minh hoa trong thudt todn 2, ta c6 thé chitng minh dudc Pinh 1y sau.

Pinh Iy 2.
Gid sit G 1a mot ma trdn ngau nhién thudn nhat md t hanh vi truyén ng tir A(t) d€n B(t+1)
trong thudt todn ti€n héa. N€u ma trin G la xdc dinh dudng thi 8 p«(Ft)— 0 va A tl — min

{m,|F %} véi xdc suat 1 va hoi tu theo trung binh khi t— oo.

Né&u F ¢6 thit ty toan phan thi thuit todn ti€n héa néu trong dinh Iy 1 va 2 duge dong nhit va
ching qui vé mot thudt todn ti€n héa vdi luge db chon — (1+n). Luu ¥ rang kich thudc quin
thé clia thuat todn tién héa thit hai ¢é thé thay d6i trong sudt qud trinh tim ki€m; tuy nhié€n,
cudi cing kich thudc s& ding chinh x4c bing min {m, ]F*I } va hoi tu theo trung binh khi

{— 00,

Xudt phdt tir viéc kich thudc cdc quan thé thay ddi khong phai 1a diéu thong thudng trong
linh vyc tinh todn ti€n héa, nén ching t6i dé ngh1 ap dung mdt thudt ti€n hoa trong dé kich
thudc quéan thé dugc gitt nguyén. Nhung luu § ring quan thé A(.) c6 thé chia nhitng ca thé
bi tr$i bdi mot s& cd thé khdc. Piéu nay tuong phdn vdi phién bdn trudc, trong dé chiing ta
c6 tinh chat bat bi€n cda quin thé 12 mot d6i chuyén, ¢é nghia 12 moi cd thé khong thé so
sdnh dudc vdi nhau.

Thuét toan 3.
B(0) dugc trich ra ngidu nhién tir X"
A(0) = M¢(B(0), <)
t=1
repeat
B(t) generate (A(t— 1))
B¥(t) = My(B(t), <}
B(t) « B(t) \B*(t)

1l

]
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City . = @
foreach b € B¥*(t) do
Dy={a e A:f(b) < f(a)}
if Dy, # @ then
A() « (A(H)\ Dyp) v {b}
B*(t) « B*(t)\ {b}
elseif V a € A(t):f(a) | f(b) then

C(t) « C@u {b}
B*(t) « B*(t)\ (b}
endif
endfor :
k =min { m- [ACt),|Ct) )
" A+ = A®) U draw(k, C(t) )
k = min { m- IA(t+ 1)‘,|B*(tj }
A(t+1) = A(t+1) U draw( k, B¥(t))
k =min { m- |ACt+D)||Bt) )
A(t+1) = A(t+1) U draw(k, B(t))
t e t+1 '
until  tiéu chudn ditng dugc thda

Dinh Iy 3.
Gia st G 12 m6t ma trin ngiu nhién thuin nhat mo td hanh vi truyén dng t¥ A(t) d&€n B(t+1)
trong thuit toin ti€n héa. Néu ma trdin G la xdc dinh duong va |[F*> n khi d6

8 p+(f(Ay) = 0 (khi kich thudc quin thé n khong d8i) vdi xdc sudt 1 va hoi tu theo trung binh
khit— 0.

3. AP DUNG

3.1. Téi vu héa da muc tiéu

Khéc biét chinh gifta t6i wu héa don muc tiéu va da muc tiéu dugc cin cif trén y&u t8: hai
phan tl bat ky clia bai todn da muc tiéu khong chic c¢6 thé so sinh dudc vdi nhau. PE hifu
vin dé mot cdch diy dd, ching ta cin dinh ¥ 1 cdc gid tri f1(x), f2(x),..., fax) vdid > 2
cia cdc ham da muc tiéu, bi€u dién cdc s6 lugng khong thé so sdnh duge vdi nhau, chiing
khong c6 thé cuc ti€u h6a mot cdch ddng thdi. Ching han, f; ¢6 thé diing d€ do chi phi, f; ¢6
thé do mifc d6 6 nhi€m, f; d€ do dd nén clia mdt 16 hdi, v.v... Chinh vi th€ khdi niém “t&i
uu” clia mot 13 gidi can phdi c6 mot tiéu chi tong quat hon, gidng nhu trong truding hdp don
muc tiéu. Theo nguyén ly Pareto, trong khi ti€n héa 13i gidi, thuat todn 1am cho 15i gidi thda
rang budc ndy tot 1én ma khong 1am cho bi xau di d6i vdi rang bude khdc. Trong ngit cidnh
ndy, nhitng phén tif mang tinh chdt trén dugc goi 12 phin tk t6i wu - Pareto (pareto-optimal).
Tit d6 cdm sinh m&t thi tu ty nhién:

usv-eouzv A Vi=1,2,.,d: y < v (1)

trong khong gian muc ti€u Fvdiu, v e F R® va ham thich nghi f: X—> Fvdiu=f(x), v=
f(y), Vx,y € X. Hién nhién, cdc 15i gidi tdi wu - Pareto trong khong gian muc tiéu chinh 13
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nhifng phan t t5i ti€u cla tap thif ty riéng phan (F, <) vdi F =R®va quan hé thi ty <
nhu di cho trong bi€u thite (1). Nhin xét nay din d&€n mot s két qua sau:

Hé qua 1. .

Gid st f: X— F < R? 1a ham muc tiéu gi4 tri vector ciia bai todn t&i uu da muc tiéu. Quan
th€ cta thuit todn ti€n héa lién két véi ma trin chuyén G x4c dinh duong, sinh ra nhitng 15i
gidi dy tuy&n mdi v4i quan hé tht tw nhu di cho trong bi€u ("wfc (1), s& hdi tu vdi xdc xuat 1
dén tap Pareto. Khi d, kich thudc quan thé hoi tu v& min {m,|F*}, trong d6 m 1a mot gii
han trén dudc chon trudc.

Hé qua 2. .

Gid st f: X— F < R®1a ham muyc tiéu gid trj vector cda bai todn t&i wu da muc tiéu vdi
[P n. Quédn thé kich thudc n céia thuat todn ti€n hoa lién k&t v6i ma trdn chuyén G xdc
dinh dudng ctia Binh 1y 3, sinh ra nhitng 13i gidi du tuyén méi va quan hé thi tw nhu da cho
trong biéu thic (1), hdi tu véi xdc xuat 1 dén tdp Pareto. Trong trudng hgp nay kich thude
quan thé n khéng déi.

3.2. Ham thich nghi vdi gi4 tri khodng

Néu gid tri udc lugng ctia ham thich nghi lién quan dé€n céc gid tri khodng, s6 hoc khodng

duge khuyén cdo sit dung, né cho phép chiing ta udc dinh mitc do tin ciy vé& mit s6 hoc.

Trong trudng hgp ndy chiing ta nhén dugc cdc khodng thich nghi thay cho cdc gid tri thich

nghi. Khi dé thi tuc chon loc ciia thudt todn ti€n héa phdi dép ting dudc vdi mot thd tu

khodng. Do cdc thi ty lién quan dén khodng 12 céc thit t riéng phén, chiing ta ¢6 thé trién”
khai cdc thudt todn ti€n héa dugc thi€t k€ cho cdc tép thich nghi c6 thu ty riéng phin, § day

thit tw riéng phan nghiém ngit duge dinh nghia nhu sau:

Chiing ta c6 thé gid thi€t u; < u, khdng lam mat tinh tdng quat, khi dé

[u1, uz] < [vy, vz] < [upu] N v, v]=9 (2)
Ngugc lai cdc khodng thich nghi 12 khéng so sdnh dydc trit phi chiing dong nhit véi nhau.
Véi quan hé uu tién dudc cho § trén tdp cdc khodng déng [[= {[x;, x2] c R:x; £ x, } 14
mot tdp co thit tu . :
Tuong tu, tip v6 han d€m dudc (Ha,i) véi [[,={[x-g,x+e]cR:xe Ny}, e>121a
mdt tdp c6 thit ty riéng phan vdi cdc phan tit khong so sdinh dudc vdi nhau. Trong khi d6 véi
g < 1/2thi T, 12 mdt tAp ¢6 thit ty toan phin va do dé 1a mot ddy chuyén.
Hién nhién chiing ta phdi ddm bdo ring muyc tiéu cla viéc im ki€m ti€n héa, d6 1a phin ti
t6i ti€u cda tdp cdc khodng thich nghi biéu di&n 15i gidi “hgp 1§”. Ta c6 thé phét biéu cdc
két qué sau day:

Hé qua 3.

Gid sit f: X— F < [] 12 ham muc tiéu v6i gid tri khodng clia bai to4n t8i wvu héa mdt muc
tiéu. Quin thé cla thuft todn ti€n héa lién k€t véi ma trin chuyén G xdc dinh duong ciia
Dinh 1y 2, d€ sinh ra nhitng 18i gidi ¥ng vién mé6i va quan hé thit ty nhu da cho trong biéu
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thifc (2), hoi tu véi xdc xudt 1 dén tdp cdc khodng thich nghi t8i wu. Khi d6, kich thude quin
thé hoi tu vé min {m, |F*|}, trong d6 m la mdt gidi han trén dugc chon trudc.

Hé qua 4.

Gid st f: X— F < [] 12 ham muc tiéu vdi gid tri khodng cda bai todn t8i vu héa don muc
tiéu véi |F ¥ > n. Kich thudc quan thé n cia gidi thudt ti€n héa lién k&t v6i ma trén chuyén
G xdc dinh duong Pinh 1y 3, d€ sinh ra nhitng 15i gidi @ng vién mdi va quan hé thi ty nhu
da cho trong bi€u thic (2), hdi tu vdi xdc xudt 1 d€n tip cdc khodng thich nghi t3i wu. Trong
trudng hgp nay kich thudc n clia quan thé dudc giit khong ddi.

Ly thuy&t gidi han ctia thudt todn ti€n héa trén c4c tap thich nghi cé thd t riéng phin c6 thé
chuyén duge ngay thanh'ly thuy€t gidi han cho cdc thudt todn ti€n héa ding dé gidi cdc bai
todn t8i wu héa da muc tiéu, cdc bai todn vdi ham thich nghi gid tri khodng, va mét s6 cdc
bai todn khdc. Trong céch ti€p cén theo hudng ddi tugng clia thuit todn ti€n héa nay, ching
ta chi can thém vao phuong thic so sinh hai phin tif d€ cho thuit todn ti€n héa thuc sy lam
viéc dugc trén 16p bai todn mdi lién quan d€n cdc loai tip poset riéng biét.

4. THO1 GIAN CHO MONG 1310) |
Trong phan nay cu tric 1y thuyé&t dua trén xich Markov cho thuit todn di truyén co ban sé&
dugc sit dung dé tim ra mot c¢d sd xdc dinh mitc d6 ditng cia né.

4.1. Pinh nghia

Gid st {J} < {Z) 1a tdp con clia toan by khdng gian cdc trang thdi quin thé ma cdc thanh
phin cta né c6 chita it nhiat mot ban sao phdn tf t8i wu toan cuc clia mot bai todn cho trudc.
Thai gian chd mong ddi, c6 thé dugc biéu dién nhu 14 trung binh cdc thanh phan tham gia
cia dai lugng m;j , né la thdi gian mong dgi dugc tinh theo phudng phdp phin tich budc di
thit nha't [5] d€ qud trinh Markov chuyén tif trang th4i i d&€n trang thdi j ndo d6, véij e {J },
v@iithudctdpcon { Z-1J}:

EWT(J)= Z P(i,o)-mu

ie)
Fio) 12 xdc sudt ma trang thdi i dugc im thdy trong quin thé khdi tao.

b4 ”

Gia tri myj thu dugc bing cdch quan sét trang thdi i c6 thé “nhdy” d&n bat k¥ trang thai j nao
d6 trong mdt budc thdi gian vdi xdc sudt Qi Nhu vdy van con du lai cdc budc chuyén cia
SGA tif trang thdi i d€n cdc trang thdi k, k ¢ { J }. Xudt hién nay vdi xdc suat Qiy va ciing
doi héi mdt bude. Tuy nhién, lic nay con du lai my budc dé dat dén trang thai j bat ky vdi j
e{]}. (xem[6])

my =) Qy+> Qu(1+m,)
el ked
Gia st chi ton tai mot gid tri t6i wu toan cuc duy nhat. Ta ¢6 thé ching minh dudc k&t qua
sau biing hai phuong phép: tinh todn m;; bing phucng phdp tryc ti€p, hoic bing phuong phap
ding md hinh ma trin hdp thy Markov. C4 hai phuong phdp déu dua dén ciing mot két qua
trong tinh chat sau:
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4.2. Tinh chat

Gi4 tri m; trong mo hinh Markov clia Nix va Vose cho thudt todn di truyén cd bdn vdi
trudng hgp trang thdi ngiu nhién hoan toan, khi dé vdi

Lo i ]
n

My

ta s& nhin dudc két qud cho EWT(J) dd dé cip dén trong 4.1 13

EWT(J)=Y P(i'o).f—t%‘—l
igl

Trong d6 n 1a kich thudc quin thé, 1 chidu dai chudi var=2".
5. KET LUAN

Céc két qua 1y thuy€&t dat dudc néu trén, cho phép chiing ta d4p dung thuét todn ti€n héa dé
gidi mot s& bai todn trong cdc lanh vuc kinh t&; hodc mdt s6 bai todn trong lanh vyc khoa
hoc tu nhién nhu: sinh hoc, héa hoc.
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ABSTRACT: The limit theory of Evolutionary Algorithms for optimization problems with
single objective has been developed well recently. The result will become quite difference
for the domain of the evolutionary optimization of mulitple objective functions. Since these
problem classes can be considered as a special case for determine a set of minimal elements
(maximal) in the partially order sets, the limit theory of the evolutionary algorithm can
satisfy for this kind of problems, it allow to transfer all the results and properties to the
above special case. Another problem concerned to the efficiency of the algorithms, that is
the execution time of the algorithm, after developing of the dynamic model for the
algorithm, many study had been tried to test the stop criterion with the best value which
obtained in the previous generation for comparing and developing the methods for finding
the responsible criterion. This paper deal with a well known method, in which the Expected
Waiting Time (EWT) will be calculated clearly base upon the Markov model of Nix and
Vose which developed for the Simple Genetic Algorithm (SGA).
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