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CO CAU LUA CHON THICH NGHI TOAN TU LAI GHEP
TRONG GIAI THUAT DI TRUYEN MA HOA SO THUC

NGUYEN THANH THUY!, VU MANH XUAN?

L Khoa Céng nghé théng tin, DH Bdch khoa HN
2Khoa Cong nghé thong tin, DH Thdi Nguyén

Abstract. Self-adaptation is an essential feature of the natural evolution. Among the evolutionary
methods, self-adaptation properties have been explored with evolutionary strategies, evolutionary
programming and genetic algorithms. In this paper, we introduce an adaptive mechanism of selecting
crossover operators in real-code genetic algorithms. Exprimentations have showed the efficiency of

the proposed approach.

Tém tdt. Tu thich nghi 1a moét dic trung chi yéu clia tién héa tu nhién. Trong céc phwong phép
tién hoa, cdc tinh chat tu thich nghi da dwoc khio sit trong chién luoc tién héa, chuong trinh tién
héa v& gidi thuat di truyen. Trong bai bdo nay, ching t6i giéi thiéu mot co cau lua chon thich nghi
toan tr lai ghép trong gidi thuat di truyén ma héa s6 thue. Céc thue nghiém da chimg té hiéu qué

) ’ e ~ N
cua cach tiép can nay.

1. PAT VAN PE

Tinh toédn tién héa (Evolutionary Computations - EC) bao gom gidi thuat di truyen
(Genetic Algorithm - GA), chwong trinh di truyén (Evolutionary programming - EP) va
chién lwoc tién héa (Evolution Strategies - ES) dua trén nén tang tién héa tw nhién dé cing
14 cdc phwong phap tu nhién nham gidi quyét bai todn t6i wu va tim kiém. Muc tiéu co ban
ctia EC 14 co cdu tinh todn nham tao ra su tién héa cia quan thé gom nhiéu cé thé véi muc
dich quan thé sau “t6t hon” quan thé truéc. Cac toan tir st dung trong EC bao gom: lai
ghép (crossover), dot bién (mutation) va chon loc (selection). Céc toan tir nay két hop véi
nhau trong mét moé hinh tién héa va dwoc dieu khién béi mot vai tham sé nhw kich ¢& quan
thé, xéc suat lai ghép, xéc suat dot bién...

Tinh toan tién héa thich nghi (Adaptive Evolutionary Computations) da dwoc nhiéu téc
gid ([2,3,6,7,9]) nghién ctru, chi yéu nham diéu chinh cdc tham s6 tdc dong dén qué trinh
tién héa ngay trong khi thwe hién chwong trinh, lam ting toc do tim kiém. Peter J. Angeline
[6] da phan tich céc tinh todn tién héa thich nghi va chia ra 3 16p chinh: thich nghi lé6p quan
thé, thich nghi I6p c4 thé va thich nghi 16p thanh phan. Céc tic gid [2,4,6, 9] cling quan tam
téi van dé tu thich nghi (self-adaptive) trong tinh todn tién héa néi chung va giai thuat di
truyen néi riéng.

Bai bdo nay dé xuat mot co ché Iwa chon thich nghi toan tir lai ghép trong thuat toan di
truyen ma héa sé thire bang cdch chon todn tit ¢é tiém niang hon dé tién hanh tién héa. T
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tudng chinh & day la: Dua trén hai toan tir lai ghép da cé, ban dau mot todn tir dwoc chon
dé thurrc hién mot cach ngau nhién. Sau dé, xéc suat dé lira chon toan tit dwoc tinh duwa trén
ty 1& 4p dung thanh cong ciia toan tir d6 (khdi niém thanh céng & day duwoc hi€u la sau lan
tao sinh, xudt hién c4 thé con cé do thich nghi cao hon cha me chiing). Co ché nay cé thé sit
dung véi s6 cac toan tir dé xuat nhiéu hon 2, trong qud trinh thuc hién chwong trinh, todn
tik nao ¢ tiém nang hon sé c¢é co hoi dwroe chon d4p dung nhiéu hon va nhu vay kha nang hoi
tu nhanh hon.

Bai b4o duoc cau triic nhwr sau: Phan 1 gidi thiéu co s chung veé tinh toan tién héa thich
nghi. Phan 2 trinh bay so lwoc cdc toan tir lai ghép sé duwoc sit dung trong thir nghiém va
mot mo hinh tién héa (MGG - Minimal Generation Gap). Phan 3 dwa ra co ché lwa chon
thich nghi toan tir lai ghép dwoc dé xuat. Phan 4 néu cdc két qua thir nghiém va Phan 5 1
két luan.

2. TINH TOAN TIEN HOA TU THiCH NGHI
(SELF-ADAPTIVE EVOLUTIONARY COMPUTATIONS)

Mot cich hinh thitc nhw trong [6], cé thé xem bai todn chuan trong tinh todn tién héa EC
la mot ham F : V — R, trong d6 V 1a khong gian tim kiém, F dwoc goi 14 ham thich nghi
chita dung cac thong tin dic trung cho bai todn. Moi vong lap cia tinh todn tién héa cé thé
dinh nghia bdi cong thite:

vir1 = Blvs, F(vi)),

trong A6 3: V x R — V 13 mot ham tao ra moét vecto méi, nghia 13 mét quan thé méi v;q
tlr quan thé cii v;, B thuong duwoc xéc dinh bdi dang tinh toan dang sit dung, céch chon quan
thé méi tir quan thé cii va cdc con méi sinh ra cling véi cdc toan tir diéu khien ching.

Tinh todn tién héa thich nghi cé thé dinh nghia 13 mét ham

vip1 = Bs(vi, Fv;), 6;),

trong d6 B5: V X R x § — V, ham nay cé b6 sung mot doi s6 § dwoc goi la tham s6 thich
nghi hay tham s& chién lwoc. Céc tham s6 thich nghi nay diéu khién qud trinh tién héa theo
huéng tao ra thé hé méi cé cdc con tét hon cha me ching.

C6 hai dang quy tac cap nhat cdc tham s6 thich nghi la quy tac cap nhat vo dieu kién va
quy tac cap nhat theo kinh nghiém. Quy tac cap nhat vo diéu kién dwa trén tinh todn théng
keé trén tap cdc [an tao sinh va cdc quan thé. Quy tac cap nhat theo kinh nghiém chi ré mot
ham dot bién cho cdc tham s6 thich nghi va qua trinh canh tranh vén cé trong EC dé quyét
dinh xem viéc thay d6i cdc tham s6 mang tinh tich cwc. Mot tinh todn tién héa bién doi ci
cac tham s6 thich nghi duwoc goi 1a tuwr thich nghi.

Tu thich nghi 14 mot trong nhirmg diac trung chi yéu cia tién héa tu nhién. Khi mo
phéng hién twong nay trong tinh todn tién héa cé thé phan lam ba 16p co ban tiy thude vao
céc tham s6 thich nghi ([6]): k¥ thuat thich nghi Iép quan thé (population-level) chinh Iy cc
tham s6 chung nhdt cho toan bo quan thé chang han nhw tin s6 lai ghép, phwong phap thich
nghi 16p cd thé (individual-level adaptive) hiéu chinh mot ca thé trong quan thé twong tuw
nhu phép dot bién va thich nghi I6p thanh phan (component-level) bién ddi cdc thanh phan
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trong mot ca thé mot cach doc lap. Tat ca cac 1ép nay déu nham mot muc dich diéu chinh
mot cdch ning dong cdc gia tri cia cdc tham s6 chién lwoc theo hwéng tao dwoc thé hé méi
chira cc con chau cé do thich nghi cao hon.

Bai b4o nay dé xuat mot co ché lra chon thich nghi khong phdi theo huéng diéu chinh
céc tham s6 cia giadi thuat di truyén. Véi mot bai toan téi wu, c6 thé thiét lap hai hay mot
vai todn tir lai ghép, trong qud trinh tién héa sé quyét dinh chon sit dung todn tir nay hay
toan tir kia tuy thuoc vao hiéu qua cia né.

3. MOT SO TOAN TU LAI GHEP TRONG GA MA HOA SO THUC

Xét bai toan t6i wu min f(w1, 2, ..., ¥,) trén mién D thuoc khong gian R”.

Trong céac bai todn dang nay, mot cdch tw nhién thudmg st dung GA ma héa s6 thuc, moi
cé thé duoc bieu thi bdi mot vecto thure trong R™ (tat nhién phai thudc mién xic dinh D).
Mobi quan thé kich c¢& m (c6 m cé thé) cé thé biéu dién nhw mot ma tran thuc cip m x n.
Vé&i GA ma héa s6 thuce, ¢6 nhieu dang toan tir lai ghép khac nhau da duwoc giéi thiéu. Trong
bai nay ching t6i chi tap trung trinh bay mot vai dang cia todn tir lai ghép trong GA ma
héa s6 thue dwoc sit dung trong céc thir nghiém.

Cédc toan tir lai ghép néu dwédi day da dugce trinh bay trong [2, 8, 10].
3.1. Lai s8 hoc

Véi hai ¢4 thé cha me p1 = (21, @2, ..., ) Va p2 = (Y1, Y2, ..., Yn) Céc cd thé con dugce sinh

ra nhw sau:
1 =Ap1+ (1= XN)pa; o= (1 —N)p1 + Apo.

3.2. Lai don gian

Phép lai nay twong tu nhw lai mot diém cia GA kinh dién. Vé&i mot vi tri k& chon ngau
nhién (1 < k < n), cic cd thé con dwoc sinh ra nhu sau:

C1 — (%‘1, vy Loy Ykt 1,5 7yn>a C2 — (yly cooy Yky Lht1, 7$n>

3.3. Lai ghép mét na

Phép lai nay khdi tao mot vecto ngau nhién r = (r1, 79, ..., r,) trong dé céc r; chi 1a 0 hay
1. Sau d6 c4 thé con dwoc sinh ra nhw sau:
c1 = (21, 22, ..., 2n) trong dé z; = x; néu r; = 1 va z; = y; néu r; = 0.
’ ~ N ~
¢y = (ug, ug, ..., up) trong d6 u; = x; néu r; = 0 va u; = y; néu r; = 1.

3.4. Lai ghép BLX-a

Phép lai nay chi tao mot ca thé con tir 2 ¢4 thé cha me. Moi thanh phan z; cla cé the con
dwoc chon theo phan phéi ngau nhién déu trong khoang [min(x;, y;) — I.cr, max(x;, y;) +1.af,
trong d6 I = max(x;, y;) — min(x;, y;).

Tham 6 o thudmg dwoc chon 14 0,5. Khi dé todn tir nay con dwoc goi 14 BLX-0.5.

M6 hinh tién hda MGG (Minimal Generation Gap)

M6 hinh MGG [3] dwoc giGi thiéu bdi Satoh nam 1996 va dwoc sir dung nhwr mot moé hinh

tao sinh luan phién. Thuat todn chi tiét dwroc moé ta nhu sau:
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B1l. Khéi tao quan thé: Tao lap quan thé khéi tao bdi céc vecto sé thwe mét cach ngau
nhién.
B2. Chon d€ tao sinh: Chon ngau nhién mét cip cha me tir quan thé.
B3. Tao sinh: Sinh ra céc c4 thé méi st dung mot todn tir lai ghép véi cap cha me da chon.

B4. Chon loc d€ tai sinh: Chon 1 c4 thé t&t nhat tir tap cdc ca thé vira tao dwoc cing véi
cha me chiing. Mot cd thé khic dwoc chon theo céch diing banh xe Roulette. Hai c4
thé nay sé thay thé cip cha me da chon ban dau.

B5. Lip lai tir B2 dén B4 cho dén khi thod diéu kién dirng.

4. CO CHE CHON LUA THiCH NGHI TOAN TU LAI GHEP

Trong phan nay ching téi dé xuat mot co ché lra chon thich nghi bang céch chon toan tir
lai ghép thich hop. Dé tién viéc trinh bay, ching t6i xem xét trudmg hop sit dung hai toan
tir lai ghép. Vi cdc todn tir lai ghép da duwoc thiét ké truéce, tai moi [an lap, thuat todn sé
quyét dinh sit dung todn tir ndo phu thuodc vao ty 1é 4p dung thanh cong cia toan tir dé. Ky
hiéu LG1 va LG2 1a 2 toan tir lai ghép, Pﬁgplly va P?Dgéy la xdc suat ap dung LG1 hay LG2,
cdc gia tri nay dwogc tinh béi:

P success
paprply LG1 (%)
LG1 — P success | p success )
LG1 LG2
apply apply
Prey” =1=Pra”, ()

trong dé P FEeess va P FEees 13 ty lé dé moi toan tir lai ghép tao duge con t6t hon cha me
trong lan 4p dung cudi cing cda LG1 hay LG2 twong tng.
Thuat toin duwgc mo ta nhuw sau:
Input: Quan thé cé m cé thé dwoc khéi tao ngau nhién.
Output: C4 thé c6 do thich nghi (theo gid tri hAm muc tiéu F) cao nhat.
Algorithm:
B1. Tao sinh quan thé ban dau
Tao ngau nhién m vecto thue (mdi vecto tmg véi mot ca the).
Khéi tao Pﬁgplly bdi nguol st dung. Pat Pﬁgp;y =1- Pﬁgplly.
B2. Khdi tao cdc tham s6
Céc tham s6 N1, No, TCy va TCs khéi tao bang 0. (N1, N2 dém s6 [an thurc hién todn tir
LG1 hay LG2. TC; va TCs dém s6 lan LG1 hay LG2 tao dwoc con t6t hon cha me).
B3. Tao sinh
1. Chon c4 thé cha me:
Chon 1 cip c4 thé Parentl va Parent2 ngau nhién tir quan thé hién tai.
2. Sinh con:
+ Chon LG1 hay LG2 theo xdc suat Pﬁgplly va Pﬁggly. Ky hiéu toan tir duoc chon la LG.
+ Ap dung toan tir LG trén Parentl va Parent2 tao nén hai con C1 va C2.
+ N; = N; + 1 (v6i N; twong tng LG).
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3. Chon c4 theé ton tai:

Chon 2 c4 thé tir quan thé chira cd cha me va cdc con cia chiing nhw sau: cé thé thi
nhét 1 cd thé ¢é do thich nghi cao nhét, ¢4 thé thit hai dwoc chon tir cdc cd thé con lai st
dung banh xe Roulette.

Thay thé hai cha me bédi 2 c4 thé vira chon. Néu cé con t6t hon cd 2 cha me thi TC; =
TC; +1 (TC; twong ting véi LG).

B4. Tinh lai x4c suat chon toan tir Pﬁgplly, Pﬁggly7 theo (*) va (**) trong dé
PSS IO /Ny PSS = TCy/Na.

B5. Lap lai tir B2 dén B4 khi diéu kién dirng chwa théa.

s ~ s . s . N N ~ . N N ’ ~ N
C4 the c6 gia tri hAm muc tiéu t6t nhat trong quan thé cudi cing la c4 the can tim.

5. KET QUA THU NGHIEM

Céc chwong trinh thit nghiém dwoc viét trén phan mém Matlab. Céc bai toan chon dé
minh hoa déu cé s6 chieu n = 30; kich ¢& quan thé la m = 50. Moi quan thé 14 mot ma tran
thue gom 50 dong, 30 cot. Mai ca thé dwroc bieu dién 1a mot vecto dong. Quan thé khéi tao
13 mot ma tran cap 50x30 dwoc sinh ngau nhién. Dé tién khio sit, chi ¢6 mot loai todn ti
lai ghép dwoc sit dung (khong ding toan tir dot bién).

Céc bang sau néu két qua thu dwoce sau 5 lan chay doc 1ap (moi dong phan anh két qua
1 Tan chay), moi [an chay thuc hién lap 1000 Ian.

Cot 2 cho gia tri ham muc tiéu cla cé thé tét nhdt trong quan thé khdi tao. Céc cot 3
va 4 cho gia tri ham muc tiéu cia ca thé t6t nhat trong quan thé cudi cing thu dwoc sau khi
lip st dung mot loai todn tir lai ghép twong img. Cot cudi cling cho gié tri ham muc tiéu cia
¢4 the tot nhat khi st dung co ché chon thich nghi hai toan ti lai ghép theo thuat toan da
néu trén. Céc gid tri dwoc lam tron dén 5 chir s6 1é.

5.1. Cyc ti€u ham Rastrigin

min f(x1, x2, ..., x,) = 10.n + Z(m? — 10. cos(2.7.2;))
i—1

véi n = 30; kich ¢& quan thé m = 50; —5,12 < 2; < 5,12 véii = 1, ..., 30.

Lan | C4 the t6t nhat | C4 thé tot nhat | Ca thé tot nhat | C4 thé tot nhat theo
chay khdi tao khi lai BLX-0,5 | khi lai don gidn | co ché chon thich nghi
1 244.,86370 102,78037 121,00012 55,80548
2 261,03475 92.92947 153,39344 47,41601
3 267,70168 108,31135 102,99350 50,37644
4 291,86649 122,07861 108,33097 53,40808
5) 280,47529 106,69162 133,78436 3491191

5.2. Cyc ti€u ham

n

min f(x1, %2, ..., ®,) = Zz(m? +10.(1 — cos(2.7.2;)))
i—1
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Lan | C4 the t6t nhat | C4 thé tot nhat | C4 thé tot nhat | C4 thé tot nhat theo
chay khdi tao khi lai BLX-0,5 | khi lai méit na | co ché chon thich nghi
1 3924.78608 520,87936 578,16316 69,64405
2 3488,71266 419,63400 178,41935 93,49087
3 3325,51171 817,84562 467,60317 118,01287
4 3705,48158 473,12391 39497221 168,45532
5 4030,72816 428,37519 535,78499 135,01246

5.3. Cuc ti€u ham Elipcoit

véi n = 30; kich ¢& quan thé m = 50; =5 < a; <5 véii = 1,...,30.

min f(zq, 22, ...

Lan | C4 the t6t nhat | C4 thé tot nhat | C4 thé tot nhat | C4 thé tot nhat theo
chay khdi tao khi lai BLX-0,5 | khi lai méit na | co ché chon thich nghi
1 2392,71041 415,87447 9747571 53,25859
2 2367,29037 496,768754 105,57320 76,07677
3 2536,57566 352,12613 154,99772 77,93205
4 2195,43508 463,54587 78,11627 37,24473
5 2232.75074 451,21011 167,94205 87,47584

5.4. Cuc ti€u ham Schwefel

min f(x1, 2, ..., x,) = 418,9828 x n + Z(ml x sin(+/|z;]))

=1

véi n = 30; kich ¢& quan thé m = 50; =500 < ; < 500 véi i = 1, ..., 30.

Lan | C4 the t6t nhat | C4 thé tot nhat | Ca thé tot nhat | C4 thé tot nhat theo
chay khdi tao khi lai BLX-0,5 | khi lai méit na | co ché chon thich nghi
1 10500,48774 278767522 2069,80611 270,14869
2 10285,84499 571507773 2075,52312 27,92845
3 993792722 7252,29452 2581,90905 92,30387
4 10815,51780 5161,55513 2482,93591 8,60257
5 10630,67775 6420,70504 171045171 63,64511

5.5. Cyc ti€u ham

min f(zq, 22, ...

7mn> -

—20 x exp(—0,2) x

=1

n

1
x? — exp(ﬁ Z cos(2mz;)) + 20 + e.
i—1

véi n = 30; kich ¢& quan thé m = 50; =32 < o; < 32 v6ii = 1, ..., 30.
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Lan | C4 the t6t nhat | C4 thé tot nhat | C4 thé tot nhat | C4 thé tot nhat theo
chay khdi tao khi lai BLX-0,5 | khi lai méit na | co ché chon thich nghi
1 20,70876 10,14688 12,76219 8,87978
2 20,83165 10,69340 11,02621 8,37523
3 20,68829 11,20207 11,54916 8,46823
4 20,71883 10,11810 11,80349 8,27243
5 20,78156 9,56505 13,69364 7,68781

Cian cttr cdc két qua thir nghiém trén ta thay ro rang co ché lwa chon thich nghi todn ti
lai ghép cho két qud t6t hon (xem cot 5 trong cac bang) viec sir dung chi mot loai toan tir
véi cling 86 lan ldp (xem cdce cot 3, 4). C4 biét ¢6 nhing lan thir cho két qua rat tot (ham
Schwefel). Ngoai ra néu tang s6 lan 1ap doi véi viéc sit dung mot toan tir lai ghép sé cé hién
twong dirng sém, khong tim dwoc ¢4 thé con ¢é gid tri ham muc tiéu t6t hon thé heé trude.
Song néu thue hién co ché lra chon thich nghi nhw trén, kha nang tim dwoc cé thé tot hon
dwoc kéo dai hon. Céc tac gia cung da thir nghiém theo hudng thire hién hai toan ti lai ghép
ké tiép nhau trong qud trinh lip, song khong thu dwoc két qua tot nhw thuat todn néu trén.

Tuy nhién, viéc chon 2 todn tir nao dé két hop véi nhau chi yéu dwa vao kinh nghiém,
chura ¢6 co s& toan hoc chi ro nhirng loai toan tir nao két hop véi nhau thi hiéu qua tot. Khi
thir nghiém, néu két hop ngau nhién 2 toan tir ndo dé sé cé nhirng trirdng hop khong tot hon
viéc chi dung 1 todn tir.

6. KET LUAN

Bai b4o nay da giéi thiéu va khéo sdt mot co ché chon lwa thich nghi trong viéc sit dung
toan tir lai ghép deé gidi cdc bai toan toi wu s6 bang thuat toan di truyén ma héa sé thue.
Két qua thue nghiém da chi ra thuat toan niy cho két qua tot hon cach lam truyén thong la
chi st dung mét loai todn tir lai ghép trong mot bai toan. Ngoai ra trong GA khong chi ¢é
mot loai todn tir lai ghép duoc thue hién ma con sit dung cd todn tir dot bién. Van dé két
hop cdc toan tir lai ghép theo phwong thitc nay véi todn tir dot bién cling can dwoc nghién

ctu nham tang téc do tim kiém va két qua tot hon.
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