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TOM TAT: Xét mot I6p bai toan 161 wu mét muc tiéu cé tinh chat sau: Ton tai mot 56 k
(1<k<n) c6 dinh khong phu thugc vao kich thudce n cia bai todn sao cho chi can chon k bién
dé thay doi gia tri thi cé kha ning tim dwgc mot [oi gidi 1ot hon loi gzcn hi¢n hanh, ky hiéu lop
bai todn nay la Oy. Bai bdo nay dé xudt mot ky thudt t6i wu $6 mdi, giai thudt Tim Kiém Theo
Xdc Sudt (TKTXS), dé giai cdc bai todn 16i wu mot muc tiéu thuge lop Oy Chung téi da ap
dung giai thugt TK TXS trén mot s6 bai todn t6i uu mot myc tiéu, ciing nhu mo réng cho bai
todn toi wu da muc tiéu va da tim dwoc cdc két qua tot rat on dinh.

Tir khéa: Gidi thudt, t6i wu s6, ngdu nhién, xdc sudt.

1.GIOI THIEU

Chiing ta xét mot 16p bai todn toi wru mdt muc tiéu co tinh chét sau: Ton tai mot sd k
(1<k<n) c6 dinh khong phy thude vag kich thude n cia bai toan sao cho chi can chon k bién dé
thay déi gid tri theo phép thir sai ngau nhién thi c6 kha nang tim dugc mét 10i giai tot hon 1oi
giai hién hanh, ky hiéu 16p bai toan nay la O. Trong bai bdo nay chung toi thlet ké mdt ky
thudt toi uu sé méi, giai thuat Tim Kiém Theo Xéc Sudt, dé giai cac bai toan t6i wu s6 mot
muc tiéu thude 16p Oy. Giai thudt TKTXS don gian da dugc ching t6i gidi thigu vdi co s¢ toan
hoc ban dau ctia né trong céc bai bao [5][6]. Trong bai bdo nay, vé mat ly thuyét ching toi mo
rong va ching minh b xéc sudt thay déi mot cach tong quat va chinh xac hon, chimg minh d6
phirc tap cua giai thuat TKTXS 1a Om**") déi véi 16p bai toan Oy, xdy dung mdt md hinh xich
Markov, chimg minh tinh hoi tu cua giai thuat. V& mat ap dung ching tdi dé xuit mot phuong
phép tinh bd xdc suit bién ddi tong quat cho thuc nghiém va mé rong ap dung giai thudt cho
céc bai toan téi uru da muc tiéu.

2.MO HINH BAI TOAN TOI UU MQT MUC TIEU

Ching ta xét m6 hinh bai toan Téi Uu Mot Muc Tiéu (TUMMT) c6 mdt muc tiéu f(x) var
rang bude gi(x) (=1,...,r) voi 10i gidi x=(xy,...,X,) cO n bién quyét dinh duge dinh nghia theo

mo hinh nhu sau:
Minimize f(x)

subject to
g,(x)s0 (j=1L..,r)
where a,<x,<b,a,b eR,i=1,.

Gia sir cac bién quyet dinh x; (1<i<n) c6 m chir s6 dugc ky hiéu tir trdi qua phai 1a x;;
(1<j<m). Nhéan xét chir so xjj co va1 trd quan trong hon chit $6 x; j+1 trong vxec dinh gia ham
muc tiéu, diéu d6 co nghla 1 chir sb xij+1 chi tim duge gid tri ding khi chir 50 x;; dd xdc dinh
duoc gia tri ding cta nod déi voi mot 1o giai t6i uu nao d6. Xét cac bai toan thude 16p O, giai
thuat TKTXS giai cac bai toan thude 16p Ok dugc de nghi dudi ddy 1a mot giai thuat 1ap, trong
mdi lan 1ap chi chon ra k (1<k<n) bién trong n bién dé tim kiém, va giai thuat tim kiém lan
luot tirmg chit s6 mot tir trai qua phai ctia moi bién. Giai thuit TKTXS duogc trinh bay dudi day

theo hai mirc, murc co ban va mirc ning cao.
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3.GIAI THUAT TKTXS CO BAN

3.1 Céac buée dai cwong ciia gt. TKTXS co ban
De giai bai toan thudc 16p Oy, giai thudt TKTXS co ban lan lugt tim kiém cac gla tri clua

chi so thir nhat dén chir s6 thir m cua n bién cua mot 161 giai t6i wu. Khi tim kiém gxa tri cua
chit b thir j J (15j<m), giai thuat lapN lan. Trong mdi 1an lap giai thuat chon k bién ngau nhién
dé thuc hién cac phép thir sai ngau nhién. Ta c6 giai thuat TKTXS co ban duoc mé ta theo céc
budc tong quan nhu sau:

B1. Chon ngiu nhién mét 16i giai kha thi x.

B2. je1 (xét chit sb thtr j=1).

B3. L0 (khoi dong bién dém cua vong lap tim chit s6 tht j).

B4. y—x.

BS5. Chon ngdu nhién k bién trong n bién cua 1&i gidi y va thay doi ngu nhién gia tri cua
céc chir s6 thir j cuia k bién nay .

B6. Néu y la 1oi giai kha thi va fly)<f(x) thi x «y.

B7. Néu L<N thi L L+1, va quay lai B4. _

B8. Néu j<m thi je— j+1 (xet chir s6 ké tiép), va quay lai B3.

B9. Giai thuat két thuc.

3.2 bj phire tap cua giai thuat TKTXS co ban

Xét chir s6 thit j (1<j<m), glal thudt chon k bién ngau nhién trong n bién. Xac suat dé mot
bién dugc chon va tim duge céc gié trj tot nhat cho chit sé thu j j ctia bién nay la
k1 _k
n10 107

Goi A 1a bién ¢ k bién dwoc chon va tim duoc cic gid tri tot nhat cho céc chit sd thit j jcua

ching, va p, 1a x4c suat ciia bién c¢b A. Ta co:
:‘:

- Pr(A)— Ok k

Ky hiéu X 1a s6 lan xuét hién cua bién cé A trong N 1an ldp. Khi d6 X ¢6 phén phdi nhi
thirc

Pr(sz)zC'"'(p,{)‘r(l-—p,,)N_"' (x=0,1,...,N)

Do ps kha bé va N khé 16n nén ta c6 thé xap xi phan phdi nhj thirc biang phan phbi
Poisson nhu sau:
Pr(x =)= &

VOi A=N.p, v E(X)=2
Do cach chon k bién 1a ngau nhién va co phan b6 déu, nén dé mdi blen déu dugc chon va
¢6 kha nang tim dugc gia tri tot nhit cho chir sé thir j j cta né thi ta chon sé lan 13p trung binh
sao cho bién ¢b A xuét hién it nhét n/k lan, khi d6 ta co:
w
E(X)>Z=aNp, >2
( ) k P A
n B lol nh-l
k pd kk+|
Do ¢6 m chir s6 nén sb 1an Iap trung binh dé giai thuat tim dwgc mot 101 giai tdi wu & lan
dau tién la

=>N>
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k k
m[%_}?m :[";2 )n

Trong mdi lan lap giai thudt thuc hién k cong viée bao gdm céc phép thir sai ngau nhién co
d6 phirc tap O(1). Do k 12 mdt s6 c6 dinh khong phy thude vao n, nén d9 phirc tap cla giai
thuat TKTXS dbi v6i 16p bai toan t6i uu Oy 1a O(n*™).

Vi du: Khi k=1, trong mt lan bién ddi thi chi cin chon ra trung binh 1 bién quyét dinh dé
gy tic dong bién ddi thi di dé co kha ndng tim duoc mot 101 giai kha thi t6t hon 1oi giai kha
thi dang c6. Cac bai ton ti wu thudc loai nay thudng cé dang nhur sau:

Minimize f(x)= ij}(xi)

a; Sxi Sb;’ ai"bj €R, i= L,...,m.

Trong cong thirc tinh gid tri ciia ham myc tiéu, mdi bién x; dugc tinh toan doc lap va khong
phu thudc vio cac bién con lai. Vi du bai toan ham Sphere va ham Rastrigin.
3.3 M6 hinh xich Markov ciia gt. TKTXS

Goi Eo 1 trang théi khoi dAu cia n bién, E; (1<i<m) 1a trang thai cta n bién da tim duoc
cac chit sb thr i tot nhat trong cing mot 10i giai t6i vu nao do. Goi p 1a xdc suat de n bién tim
dugc céc gié tri tot nhat cho chit so thir i ciia chung trong cung mot 16 giai toi wu nao d6. Theo
muc 3.2 ta co: ;

kl:+|
pP= 10
Pt g=1-p. Ta c6 ma tran xac sudt chuyén la P=(p;)
q i=j0<i<m-1

Vol 1 i=j=m

P> P Jj=i+1,0<i<m
0 i#ji+l=j
nhu sau:
Be| Ei| Bl | Bal Ea
B
Eo q p 0 |
E, 0 q P | 0 0
E, 0 0 q | 0 0
B 0 0 0 : q p
1
Em| O 0 o] o 1

Ky hiéu X(t) 1a vi tri cua 101 gidi tai thoi dém t. Ta co:
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Do xéc suat trén chi phu thudc vao trang thai trudce 13 i va trang théi sau 1a j ma khong phu
thudc vao thoi diém t nén hé 1a mét qua trinh Markov thuan nhat. Ta ¢6 cong thirc tinh x4c
suat dé qua trinh bi hip thu vao trang thai m khi xuat phat tir trang thai i (0<i<m- 1) la:

m-1

U, =p,. +Zp,}.uj (i=0,..m=1)
=0

Cu thé ta c6 hé phuong trinh sau:
Uy =quy + puy, Uy = qu, + pu,

l’m 2 qum—” + pum 12 H p * qum-!

ﬁug:ulz..-u =]

m

biéu nay cho thay 1o giai xuét phét tir trang thai i nao, dic biét 1a tir trang thai khoi dau,
thi cing bi hip thu dén trang thai cudi m.

Ta ¢ phén phéi dung la nghiém khéng am cua hé phuong trinh sau:
(‘I”o =Ty PRy +q7, =70y, p, +q7, =7,,

1 pﬂ-m—E + qﬂ-m—l - ‘?Tm—l ? p”rrl*l +1 'ﬂm =7

m?

n

Z:r,. =]

L =0

>n,=m=...=7,,=0,7, =1

Nhén xét: Céc két qua trén c6 duoe véi déu kién p>0. Diéu nay c6 nghia 1a mién kha thi
clia bai toan phai du 16n dé khi thay dbi gié tri cia k bién thi c6 thé tim duoc cac 10i giai tét
hon.

4.TANG TOC HQI TU CHO GIAI THUAT TKTXS
4.1 Céc b§ x4c suit ting tbe hji tu
Chiing ta ting toc hgi tu cho giai thuat TKTXS co ban bing cach 4p dung hai k¥ thuat nhu
sau:
- Thay cho viéc tim kiém gla tri clia cac chit sb cua k bién dugc thuc hién l4n luot tir trai
qua phai cho timg chir s6 mot, ta ap dung mét bd xac suét thay d6i cho phép giai thuat

tim kiém gia tri cua cac chir s6 ctia k bién mét cach so le va ngau nhién.

- Ap dung mét bd xac sudt xir ly cac gia tri thay d6i tai mot chit sé.
4.1.1 B x4c suit thay dbi

Do céc quan hé cua céc bién trong cac biéu thirc cuia ham muc tiéu va cac rang budc c6 cic
mirc d§ kho6 khdc nhau nén viéc tim kiém cac gia tri tot ciia cdc chir s6 ¢6 thé so le véi nhau,
dé thuc hién diéu nay ta dua vao mét bd xéc suét cho phep thay dbi gla tri clia cac chir s6. Xét
chir s6 thir j 1 xjj cua bién x; (1<i<n, 1<J<m) 80i A la bién cb chir sb thi j j dugc thay dbi gia
tri. Ta noi bién c6 Aj 1a quan trong hon bién cO Aj (15j<m), didu nay c6 nghia la sau khi bién
cd A xuit hién mot sb Ian nao do, no s& tao dleu kién t6t cho sy xuat hién sau cia blcn cd Ay
Néu gia tri cua cac chir sb bén trdi cua chir s6 thi j J sau khi da tim dugc la khong xau hon gla
tri trudc d6 cua chung, thi ta phai ¢ dinh cac chir s6 bén trai va thay doi gia trj cua chir sd thi
j sao cho ¢6 kha nang la gia trj méi cua chit s6 thir j s& tot hon gia tri hién hanh cia no theo
X4c Suat.
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Goi q; 1a xdc sufit ctia bién ¢b A; var; 1a s lan xuét hién ctia bién cd sau
AA, . A A, (1<jsm)
Pé c6 kha nang tim kiém duoc gid tri t6t cho chir s6 thit j, gia st bién cb trén cén phai

xuat hién r; lan:

(44;..7, A] (1< j<m)

Sau mdt s6 1an 13p cua giai thudt, , chuing ta muén tao diéu kién tot cho cac bién cb nay xay
ra theo tht tu nén chiing ta xét bién cd tich

() @a ) @ a4 ) . (44, 24, )

Do céc bién ¢d A; 1a doc lap véi nhau, nén xédc suat cua bién co trén la
(7 ry# Pyt ) PRy T,
() (1-q,) (g.)* (1=, )™

i '(qﬂl—l ),;"_l (1 i qfli'-l )rm ( m )rm

Xac xudt nay 16n nhat khi
r

= . I1<j<m
= Bt By Foeth, (8 am

j+1 m

Do céc chit sb ben trai quan trong hon cac chir s6 bén phai trong vi¢c dinh gla ham muc
tiéu, nén céc chir sb bén trai c6 tinh én dinh nhiéu hon cac chit s bén phai. Diéu nay c6 nghia
la cac bién cb bén phai A;;, thuong xuét hién nhidu hon céc bién cd bén trai A;. Nén ta phai c6
N<n<. .. <y, Suy ra q;<q:<...<qn, va

g [id
r,+(m-1r, m+1-j
Vi du: Cho rj=r;=...=r,=1 va ta c6 bd xac suét thay dbi
1 1 1
===yl s gy g =y m:I'
4q " q; ] 9 3 q

Pay la két qua han ché, img véi r)=ry=...=r,=1, da cong b trong [5][6].
4.1.2 By xdc suiit xir Iy gid tri cia chiv s
Trong mot lan 1dp, xét hai chir s6 ké nhau ctia mot bien goi 13 a, va a;. Trong do trang thai
gi4 tri cia chir s6 a duqc gilr nguyén va gia tri cua chit sb a, duge thay d01
Goi ry la xéac suat chon mgt mot gla tri nguyen tir 0 dén 9 cho chir sé ay, 12 12 Xxac sut ting
gla tri cua cua chir b a, 1én mot don vi ¢o glu s6 nhé nén hai chir sé aja co xac suét tim duoc
gia tri dung cua ching 1a 1/100, r3 la xac sudt giam gla tri cta chit s a, xuéng mot don vi c6
giit s6 nhé nén hai chit sb a,a, ¢6 xac suét tim dugc gia tri dung cta ching la 1/100. Ta c6 céc
truong hop sau xay ra:
Trudng hop 1: Neu chir s6 a; da tim dugc mot gia tri khong xdu hon gia tri truéc cua no,
thi xdc suét dé chir sé a, tim duge mot gia tri méi tot hon gié tri hién c6 cua no la:
# "‘—l—+r, *—l~+r3 *—
10~ 100 100
vi rj+1ry+r;=1, nén xac sudt trén 16n nhét khi r,=1, va r,=r;=0.
Tru‘émg hop 2: Néu chir s6 a, c6 gia tri xau hon gia tri trudc cla no, thi xac suat dé ca hai
chit s6 a; va a, dong thoi tim duge cac gid tri méi t6t hon gié tri hién c6 cua ching 1a:
n*0+n *LH'; a8
100 100
vi rittri=1, va cac xac SUAt 1y, 13 ¢o vai trd nhu nhau nén nén xac suét trén 16n nhat khi
=0, va r,=r;=0.5.
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Cac truong hop khéc co ba, bén, . e dén 6 chir so k& nhau c6 thé phan chia thanh rit nhiéu
truomg hop va trong méi truong hop déu co xdc suét cho kha nang tim dugc mot 161 giai moi
tot hon 101 giai hign hanh Ia rat bé nén c6 thé xem nhu khong déng ké. Léy trung binh cho ca
hai truong hgp 1 va 2 trén ta ¢6 r;=0.5, va r;=r;=0.25.

4.2 Giai thuit TKTXS ning cao

Gia su 101 giai clia bai todn c6 n blen quyet dinh, mdi bién quyét dinh c6 m chit sé, mot
chir so cho phin nguyén va m-1 chir s cho phan Ié. Sir dung ham random(10), ham nay tra vé
mét s6 nguyén ngau nhién tir 0 dén 9. Giai thuat TKTXS nang cao dugc mod ta qua cac budc
dai cuong nhu sau:

B1. Phét sinh ngdu nhién mét 10i giai kha thi x.

B2. yex;

B3. Phat sinh ngau nhién m 56 nguyén duong r; (1<j<m) c6 gia trj tir 1 dén 100 sao cho
r<n<...<r, Tinh bd xac suét thay déi (91,92,-..,qm)theo cong thirc:

», ,
= : (1<j<m)
BB ot

m

Qj

B4. Chon ngiu nhién k bién cia 10i giai y, thuc hi¢n k§ thuat blen ddi theo huéng dan cua
xdc sudt trén cac chir sé cua k bién va dong thoi két hop céc chir sé lai dé cho ra mot 16i giai
moi.

Ky hiéu y; 1a mét trong k bién da dugc chon, goi y;; 14 chi s0 thi j (1<j<m) cua bién y;.
Thi tuc bién ddi gia trj ciia cac chit sé cia bién yi theo huéng din cuia xac suét nhu sau:
B4.1. y;«0
B4.2. j1 (xét chir s thir j)
B4.3.
if (blen cb ngau nhien véi xdc sudt qj xay ra) then
if (bién cd ngau nhién véi xéac sudt r; xay ra) then
{chon mét gia tri ngau nhién tir 0 dén 9 cho chir sb Yii}
yie— yi+10'*random(10);
else
if (bién cé ngiu nhi€n véi xac sudt r, xay ra) then
{tdng gia trj clia chix 56 Xjj Ién mot don vi}
yiemyi +1019%( X +1);
else
{giam gia tri cta chir s6 Xij xubng mot don vi}
Yie y+101 J*( Xij _1)
else {giir nguyén gia tri x;; cho chir 56 Yii }
yieyi +107% x;;
B4.4. if j<m then j—j+1, quay lai B4.3.
B4.5. if (yi<a;) then y;—a;; if (y;>b;) then y;«—b;;
BS. Néu y khong 1a mot 10 giai kha thi thi quay lai B2.
B6. if f(y)<f(x) then x«y.
B7. Néu diéu kién dimg chua duoc thoa thi quay lai buéc B2.
B7. (Diéu kién dimg duoc thoa) Giai thuat két thic.
Ky thuat blen dbi tai mot chir sé trén day co the dugc bd sung thém bang cach tang/giam
mot gid tri ngdu nhién tir 1-2 don vi cho cac chir s bén trai va 3-5 don vi cho céc chir s6 bén
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phai nhim lam cho su nr(mg tac gitra cac blen quyét dinh véi nhau phong pht hon trong mét
bai toan cy thé. Piéu nay 1am cho céc chir s bén phai c¢6 bién do tdng gidm cao hon so vdi cac
chit s6 bén trai nhim lam tang thém toc d¢ hoi tu cua giai thuat.

Giai thuat mo ta trén c6 thé ap dung twong tu cho bién quyét dinh c6 m chit sb véi phan
nguyén c6 nhiéu chir sé.

4.3 Cac dic diém cia giai thuit TKTXS

Y twéng trye quan cia gii thudt: Trong mdi lan ldp cta giai thuat, mot sé k bién cia bai
todn tdi uu dugc phén rd thanh cic chir s6 roi rac, sau d6 ching dugc thay dbi theo hudng din
clia xdc suit va duge két hop lai thanh mét 161 giai maoi ¢ kha nang tot hon 1o giai hién hanh
theo ky vong trmg voi xdc sut.

Hanh vi cia giai thuit: Giai thuat tim kiém céc gié tri cua cdc bién 14n lugt tir cac chr s6
bén tréi sang céc chir s6 bén phai theo huéng din clia xdc suit. Do cdc xdc suat bién dbi ting

.....

dan tir trai qua phai nén khi ‘cac gid tri cua céc chir s6 bén trai cia mot 1o giai t6i rru nao do da
dugce xéc dmh thi cac chir s6 bén phai cung tim kiém gid tri ciia cung 1o giai tdi wu do.

Tham s k: S6 k phu thudc vao méi quan hé cua cac bién trong cac biéu thire dai s cua
ham muyc tiéu va céc rang budc.

5.Cac bai toan thir nghiém

Str dung mdy tinh PC, Celeron CPU 2. 20GHz, trinh bién dich BC++ 3.1 va s6 thyc kiéu
double. Céc bang thong ké cho két qua cua 30 1in chay thir nghiém giai thuit TKTXS, chon
don vi do thoi gian thuc thi ciia mdy tinh 1 gidy.

5.1 Bai toan thir nghiém 1,2 va 3

Bai todn 1: Ham Sphere

Minimize f(x)= Z x
i=|
~5.12<x <5.12
Bai toan 2: Ham Rastrigin
Minimize f(x)=10n+ i(xf ~10cos (Zxxi))

i=l
-5.12<x <5.12
Ca hai bai toan 1 va 2 déu c6 1oi giai tdi wu la
=(0,0,...,0), /(x*)=0
Chon k=1, m=3 cho ca hai bai toan 1 va 2. Cic bai toan dugc thir nghiém lan luot voi
kich thuée n=100, 300 va 500, s6 1an 13p theo tinh todn cua ly thuyét trong truong hop xéu
nht 1an luot 1a 100000, 900000, 2500000. Ap dung giai thudt TKTXS nang cao ta c6 s6 lan

lap dé giai thuat dat duge 101 giai t6i wru chinh xéc dén hai s 1é f(x)=0.00 duoc théng ké trong
cac bang sau .

Bing 1. Thong ké két qua cua gt TKTXS cho bt. 1

n=100 | n=300 | n=500
Min 6841 27298 | 52663
Max 15412 | 40473 | 90661
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Average 9487 34159 | 62301
Median 0230 | 32862 | 60649
S 2559 | 4307 | 11201
Deviation

Bing 2. Théng ké két qua cua gt TKTXS cho bt. 2

n=100 | n=300 | n=500
Min 22265 | 73425 134960
Max 37758 | 149555 | 217016
Average 29397 | 93120 172299
Median 29906 | 85111 168562
o 4308 | 22699 | 24561
Deviation

Nhin xét: Cac bai toan 1, 2 ¢6 cac biép quyét dinh khong phu thude lAn nhau, su ting
giam ctia mét bién chi anh hudng dén den so hang chira bién do trong biéu thirc cua ham muc
tiéu, nén trong m6i‘ lan 1ap chi can chon mot ’bién dé tac dong thay doi theo xac suat (k=1) la
i dé c6 thé tim kiém duge mot 161 giai méi tot hon 161 giai hién hanh.

5.2 Bai toan thir nghiém 3,4,5 [1][2]

Pé giai cac bai ton 3,4,5 duge md ta dudi diy H.Tuy da st dung hudng tiép can Téi Uu
ba Thue [1][2].

Bai todn 3:

Minimize f(x)=x,
st (% =5) +2(x,-5) +(x,-5)" -18<0
(% +7-2x,) —4(2x +x,~11) =5(x,=5)" +100<0

Theo [1][2] 1&i giai cha bai toan 3 dugce tinh toan mat 33.703 gidy nhu sau:
x=(3.7476920, 7.1714200, 2.3623170)
1(x)=-0.0442234318469965
g2(x)=-1.4937534820130050
f(x)=3.7476919999999998

Loi giai tot nhit dugc tim thdy boi giai thuat TKTXS:
x=(3.7207610, 7.1684090, 2.3619040)
21(x)=-0.0000018931010047
25(x)=-0.0000280523730037
f(x)=3.7207610000000004

Bang 3. Théng ké két qua ctia gt TKTXS cho bt 3
Pidu kién dimg: f(x)=
3.7207

Thoi gian (gidy)
Min | 8

Trang 18



TAP CHi PHAT TRIEN KH&CN, TAP 12, 80 11- 2008

Max 24
Average 16
Median 15
St.

Deviation 6

Bai toan 4:
Minimize - f(x)=4(x]x, +2x x,5] x; +
2730, M5 x, x 2 x + 3x3)% +
3(2x7x2 )(4x)x, +4x,x, )%
oSt g (%) ==2(2x,x + 5x7x,x2 x, )(3x,x %
+5+4x,x2)? +7684.470329 < 0
8, (%) = 2(2x,x3x, %] (2%, %, 0, %2 + 2%, X2 X,

—x2x2)? —1286590.314422 <0
0<x, <5  (i=1,2,34,5)

Theo [1][2] 1&i giai ctia bai toan nay dugc tinh toan mat 514.422 gidy nhu sau:

x*=(4,987557, 4.984973, 0.143546, 1.172267,
0.958926)

g1(x*)=-9.1368492553
2,(x*)=-1286588.3913488842
f(x*)=28766.0421745152

Loi giai tot nhat dugc tim thdy boi giai thuat TKTXS:
x=(5.000000, 5.000000, 0.116252, 1.195885,

0.929709)

2:(x)=-0.0000866421,
22(x)=-1286590.3144169073,
f(x)=28565.2059225965

Bing 4. Thong ké két qua cta gt. TKTXS cho bt. 4.
Pieu  kién  dimg:  f(x)=
28565.205922

Thoi gian (gidy)

Min 42

Max 74

Average 35

Median 52

S. Deviation | 4
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Bai toan 5:
Minimize f(x) = (34 x,X,)(x,%,X,X, + 2x,%; + 2)%
it |

g,(x) =-3(2x,x, + 3x,x,x,)(2x,x; + 4x,X, — X,)

= (X%, + 3x,%,x, )(4x;3x, + 4X, X%, + XXy

—dxx,x) " +3(x, + 3x0x,) (35,

#3x.x, + 23,3, = 3x,3,%,)% +309.219315 50
2,(X) = =2(3x, + 3,6, %,)(X,X,%; +4x,%, - x,%,)’
+ (3x,%,%,)(3%, + 2X,%,%; +3x,)" — (x,%3%,

+ X, 03, )(4x, = 1)% = 3(3x,x, + 2x,23%, (X, X, X, X,
F X%, = AX X300 = 2xY
+78243.910551<0
g5(x) = =3(4x,x,x,)(2x, + 2x,x, — x, = &3
+2(x,x,%, +3x,%,%, ) (3, %, + 22X, X,
+4x, — X0, 0, - %,x,)' —9618 <0

0sx, <5 (i=1,23,4)

Theo [1][2] 161 giai cua bai toan nay dugce tinh toan4mét 6.343 gidy nhu sau:
x=(4.994594, 0.020149, 0.045424, 4.928073)
g1(x)=-121.9272141539, g,(x)=-273.0030924901,
g3(x)=-10957.4771852535, f(x)=5.9062908426

Loi giai t6t nhit duoc tim thiy boi giai thudt TKTXS:
x=(4.999983, 0.014853, 0.044224, 4.999999)
g,(x)=-0.0129304855, g,(x)=-0.0060945030,
23(x)=-10968.5559747276, f(x)=5.8677613664

Bang 5. Thong ké két qua cua gt. TKTXS cho bt. 5

Pidu  kién dimg:  f(x)=
5.8677613664

Thoi gian (gidy)

Min )
Max
Average
Median
St.
Dcviation

N | B Boo|—

Nhén xét: Qua céc bai toan thir nghiém trén, ching ta nhén thdy dbi voi giai thuat TKTXS
d phic tap cua giai thuat dé6i voi mot bai toan khong phu thudc vao cac ham muc ti€u va cac
rang budc la tuyén tinh hay phi tuyen ma phu thudc vao mdi quan hé gilta céc bién quyét dinh
v6i nhau trong céc biéu thire dai s6 cua cac ham muc tiéu va ring bude.
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5.3 Bai todn 6: Thiét ké dz’im han [3]

bing cach chay mdt thi tuc tdi*ru mot muc tidu mdt cach doc lap trén mdi ham muc tiu sao
cho thoa man cac rang budc da cho. Péi VOl bal toan toi uu hal muc txeu loi giai toi uu Pareto

.....

.....

cuc tri. Xét bai toan thlet ké dam han dugc mo ta nhu sau [3]:

Minimize f,(X)=1.10471x]x, +0.04811x,x,(14.0 +x,)
Minimize f,(X)=2.1952/(xx,)

s.1.

g,(X)=13000-7(X) 20, g,(X)=30000-0(X)=0,
g:(X)=x,-x20,g,(X)=P(X)-6000=0,

£(X) = (r) + (" +(57'7") [ JO25(2 + (x, + %)

6000 _ 6000014 +0.5x,),J0.25(x; + (x, +1x,)’

V2xx,’ 2(0.707x,x, (x2 /12 +0.25(x, +x,)°

o(x) = 22890 b ()~ 64746.022(1-0. 282346x, )x,x
G e A

0.125<x, <5.0, 0.1<x, <10.0,
0.1<x,<10.0,0.125<x, <5.0.

Dé giai bai toan nay, K. Deb da sur dung mdt thu tuc goi la INNOVIZATION [3], thu tuc
nay tim cac 101 giai ndi suy tir cc loi gidi ¢ hai cyc ciia mt bién pareto dugc tim thdy bing
cach sir dung cac giai thuat di truyen noi ueng nhu NSGA-II. Str dung giai thudt TKTXS
chung tdi tim dugc cic 1&i giai tot hon 11 giai cia [3] nhu trong bang so sanh sau.

Bing 6. So sanh két qua gitra hai 10i giai cuc tri cua [3] va giai thudt TKTXS.

Min. f1 Min. 12
TKTXS [3] TKTXS (3]
Xi 0.2444 0.2443 1.7341 1.5574
X3 6.2186 6.2151 0.4792 0.5434
X3 8.2915 8.2986 10.0000 10.0000
X4 0.2444 0.2443 5.0000 5.0000
g:(x) | 0.000002 | 1.309381 0.000388 | 19.9308385
2:(x) | 0.000145 | 43.063002 28992.00 28992.00
gi(x) | 0.000000 | 0.000000 3.265947 3.442600
g4(x) | 0.003042 | -1.500453 | 58075552.0 | 58075552.0
fi(x) | 2.381134 | 2.381467 | 36.421245 | 36.440171
fr(x) | 0.015759 | 0.015723 0.000439 0.000439

Loi giai Min. f, cua [3] ¢ rang budc thir 4 1a gy(x)=-1.5004538528 vi pham rang budc

g4(x)>=0.
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Béng 7. So sanh két qua cac 161 giai ndi suy cua [3] va cic 16i gidi cua giai thuat TKTXS

3] Giai thuat TKTXS
X, | 0.2326 | 0.235600 | 0.235700
x, | 53305 | 5.163576 | 5.160600
x; | 10.0000 | 10.000000 | 10.000000
xs | 02356 | 0.235600 | 0.235700

g(x) | 14560 | 0.0010 | 0.0012

o(x) | 8607.80 | 8607.8 | 8616.8

o(x) | 00030 | 0.0000 | 0.0000

g(x) | 7650 | 76.5077 | 84.2485

f,(x) | 2.509649 | 2.488764 | 2.489435

f,(x) | 0.009317 | 0.009317 | 0.009313

6. GIAI THUAT TKTXS CHO BAI TOAN TUPMT

6.1 Mb hinh bai todn tbi wu da muc tiéu

Maximize f,(x) (k=1,...,5)
g,()<0 (=1t

where x=(x,),a,<x,sb,a,beR,i=l..,n

subject to

6.2 Khai niém t6i wu Pareto
6.2.1 Thir ty Pareto

Trén R® chiing ta dinh nghia mdt thir ty Pareto nhu sau:

Néu u=(u,, uy,..., uy), v=(vi, Va,..., vs) €R’, thi

urve&u 2v, viell,...,s}

va USVESSUSY VA UFY

khi @6 ta noi v bi trdi baoi u.
6.2.2 Téi wu Pareto

Loi giai x*eR® duge goi 1a mot 1oi giai t6i wu Pareto néu khong c6 xeR® sao cho
F(x) > F(x*) voi F=(f},f,...,f;). Tép P*={xeR" x 1a 10i giai t6i uu Pareto} duogc goi la tap toi
wu Pareto, va anh cta n6 qua F, F(P*)={F(x) : xeP*} dugc goi la bién Pareto.
6.3 Giai thuat TKTXS cho bai toan TUPMT

Giai thuat TKTXS dugc mé rong cho bai toan t6i urr da muc tiéu nhu sau:

B1. Phat sinh ngiu nhién mot tap S gbm M 1oi giai kha thi ban dau.

B2. Ap dung giai thugt TKTXS cho timg 1i gidi trong tdp S dé tim 15 giai tét hon theo
tiéu chuan Pareto.

B3. Sép th tu tap S theo thir ty d¢ wu tién cua cac ham muyc tiéu.

B4, Néu co 101 giai bi trdi (boi cc 101 giai 1an cén) thi loai bo 1oi giai nay.

B5. Néu diéu kién dirng khong thoa thi quay lai B2.

B6. Giai thuat ding.

Sau khi giai thudt két thic, néu trong tip S c6 céc 141 giai gidng nhau thi chi gitr lai mot 1oi
giai (loai bo cac 10i giai gidng nhau con lai), khi d6 tép S thu dugce 12 mot bién Pareto. Co the
thuc thi giai thuat trén nhiéu lan dé thu dugc cac tap S. Lay hop cac tap S nay, loai bd cac loi
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giai giéng nhau va 1oi giai bi tréi thi ta thu duoc mét bién Pareto voi 6 luong céc 1oi giai kha
16n.

Nhén xét: Qua trinh thyc thi cua giai thudt cho bai toan TUDMT duoc khoi diu véi mdt
tap S gom M 16i giai kha thi duoc phat sinh ngiu nhién. Sau d6 gt. TKTXS duge ap. dung lan
luot cho tung 101 giai mot. Cac 101 giai trong tap S hoat dong, doc 1ap voi nhau va moi mot 1o1
giai tw no tién vé phia bién Pareto trong mdi lan 13p cua giai thuat.

6.4 Ap dung: bai toan thir nghiém 7 [3]
Maximize f,(x)=2+(x, =2)* +(x, = 1)’
Maximize f,(x)=9x, —(x, = 1)*
subject to
¢, (x)=xf +x; -22550, ¢,(x)=x, - 3x, +10<0
-20<x, 20, -20<x, <20
Lai giai tdi wu Pareto ciia [3] 1a: x,¥=-2.5, 2.5<x,*<14.79 va c6 biéu db nhu sau:

0
0
50 4

=100

| -150

=200

250

~ Hinh 1. Bién Pareto cua [3]
Biéu db cua cac loi giai tim duoc bing gt TKTXS

250.00

100.00 150.00  200.00

Hinh 2. Bién Pareto cua gt TKTXS

Nhén xét:
Co6 8 101 giai cua Srinivas va Deb [3] bi trdi boi céac 101 giai tim duoc boi giai thuat
TETXS.
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Bang 8. Tam 1o giai cua [3] bi trdi boi cac 161 giai tim duge boi giai thudt TKTXS (in
nghiéng).

X; X, Max f; Max f, ¢ ()

-2.5 4.17 32.298900 -32.548900 -201.3611 -5.0100
-2.42784 4.270679 32.303117 -32.547910, -200.8668 -5.2398
-2.5 6.72 54.968400 -55.218400 -173.5916] -12.6600
-2.39156 6.803856] 54.970509 -55.208748,  -172.9880, -12.8031
-2.5 9.05 87.052500 -87.302500[ -136.8475| -19.6500
-2.48945 9.055895 87.052570 -87.302458  -136.7934, -19.6571
-2.5 11.72 137.168400 -137.418400 -81.3916, -27.6600
-2.4742 11.73081 137.168722 -137.418056 -81.2664) -27.60660
-2.5 11.82 139.322400 -139.5724 -79.0376, -27.9600
-2.40165 11.860) 139.33133000) -139.571658 -78.5537 -27.9840)
-2.5 12.69 158.90610000 -159.156100 -57.7139] -30.5700
-2.20883 12.800) 158.95980100; -159.125018 -56.2750, -30.6095
-2.5 13.66 182.52560000 -182.775600 -32.1544] -33.4800
-2.41448 13.690 182.52828300 -182.770969 -31.7492, -33.4850
-2.5 13.87 187.88690000 -188.136900 -26.3731] -34.1100
-2.41272 13.900 187.88829800,  -188.130680 -25.96200 -34.1134

~ Giai thuat TKTXS tim dugc nhiéu 10i giai & hai cuc cua bién Pareto ma 1oi giai cia [3]
khong cé nhu sau.

Bdng 9. 20 101 giai & hai cuc ctia bién Pareto:

Xi Xz Max f; Max f, ¢y c;
1.09997 3.69999 10.1000 2.6097 -240.100140 0.000000
1.098911 3.699637 © 10.1000 2.6021 -240.105081 0.000000
1.097032 3.699011 10.1000 2.5886 -240.113838 -0.000001
1.095632 3.698544 10.1000 2.5785 -240.120363 0.000000
1.091963 3.697321 10.1000 2.5521 -240.137434 0.000000
1.091 3.697 10.1000 2.5451 -240.141910 0.000000
1.089403 3.696468 10.1001 2.5336 -240.149325 -0.000001
1.049252 3.683084 10.1028 2.2443 -240.333962 0.000000
1.045862 3.681954 10.1032 2.2198 -240.349387 0.000000
1.002713 3.667571 10.1105 1.9084 -240.543490 0.000000
-4.69768 14.24542 222.2998 -217.7200 -29.999812 -37.433940
-4.73634 1423261 2224801 -217.7289 -29.999896 -37.434170
-4.74754 14.22888 222.5323| -217.7309 -29.999838 -37.434180
-4,7564 14.22591 222.5735 -217.7322 -30.000144)  -37.434130
-4.76518 14.22298 222.6147] -217.7336 -29.999899 -37.434120
-4.77361 14.22015 222.6541| -217.7348 -29.999982 -37.434060
-4.78021 1421793 222.6849| -217.7356 -30.000059 -37.434000
-4.80288 1421029 222.7909| -217.7376 -30.000002 -37.433750
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-4.82796 1420179  222.9082 -217.7388 229.999963|  -37.433330
-4.84191 14.19704  222.9735| -217.7390 -29.999963  -37.433030
7. KET LUAN

Trong bai béo nay chung t6i xét mot 16p bai toan t6i wu mot muc tidu c6 tinh chét sau: Ton
tai mot s0 k (1<k<n) c0 dinh khong phu thuge vao kich thuge n cia bai toan sao cho chi cin
chon k bién dé thay d6i gia tri theo phép thir sai ngdu nhién thi ¢6 kha nang tim dugc mét 1oi
giai tot hon 161 giai hién hanh, ky hiéu 16p bai toan nay la Oy. Giai thuat TKTXS don gian giai
céc bai toan tdi wu s6 mot muc tidu thude 16p Oy da dugce ching toi gidi thi¢u véi co s toan
hoc ban dau trong cac bai bao [5][6]. Trong bai bao ndy, vé mit ly thuyét chiing t6i m& rong
va ching minh bd xac suit thay d6i mot cach tong quat, chimg minh d phurc tap ctia giai thuat
TKTXS la O(nk”) dbi véi 16p bai toan Oy, xdy dung mot md hinh xich Markov chimg minh
tinh hdi ty cua giai thudt. V& mit ap dung chiing t6i dé xudt mot phuong phap tinh bo xac suat
bién déi téng quat cho thuc nghiém va mé rong dp dung giai thuit TKTXS cho céc bai toén ti
uu da muyc tiéu.

A NEW PROBABILISTIC ALGORITHM FOR SOLVING A CLASS OF
SINGLE OR MULTI-OBJECTIVE OPTIMAL PROBLEMS

Tran Van Hao, Nguyen Huu Thong
HCMC University of Pedagogy

ABSTRACT: We consider a class of single-objective optimization problems which
haves the character: there is a fixed number k (1<k<n) that is independent of the size n of the
problem such that if we only need to change values of k variables then it has the ability to find
a betrer solution than the current one, let us call it Oy In this paper, we propose a new
numerical optimization technique, Search Via Probability (SVP) algorithm, for solving single-
objective optimization problems of the class Oy The SVP algorithm uses probabilities to
control the process of searching for optimal solutions. We calculate probabilities of the
appearance of a better solution than the current one on each of iterations, and on the
performance of SVP algorithm we create good conditions for its appearance. We tested this
approach by implementing the SVP algorithm on some test single-objective and multi-
objective optimization problems, and we found good and very stable resulls.

Keywords: Numerical optimization, Stochastic, Probability.
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