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GIAI THUAT DI TRUYEN MA HOA SO THUC
VO1 TOAN TU LAI GHEP SBX

VU MANH XUAN!, NGUYEN THANH THUY?

LKhoa Khoa hoc tw nhién, Pai hoc Thdi Nguyén
2Khoa Cong nghé thong tin, Truong Dai hoc Bdch khoa Ha Noi

Abstract. Simulated Binary Crossover operator (SBX) in Real-Coded Genetic Algorithm (RCGA)
was introduced in 1995 by K. Deb and R. B. Agrawal. In recent years, many studies about RCGA
have been used as the basis genetic operator. The purpose of this paper is to investigate some other
probability distributions in order to control the 3 of SBX.

Tém tdt. Toan tir lai ghép SBX (Simulated Binary Crossover) trong gidi thuat di truyén ma héa
56 thue (RCGA - Real-Code Genetic Algorithm) duoc K. Deb va R. B. Agrawal giéi thiéu nam 1995.
Trong vai nam gan day, nhiéu nghién ciru vé RCGA da st dung SBX lam todn tir di truyén co ban.
Muc dich clia bai bdo nay khdo st mot s6 phan phéi xéc suat khic dé diéu chinh tham s6 3 cia
todn tir SBX.

MO PAU

Todn tir lai ghép 1 mot trong céc toan tir co ban cia giai thuat di truyén (GA - Genetic
Algorithm) va khi sit dung ma héa s6 thwe (RCGA) thi ¢6 nhiéu dang khic nhau dwoc nghién
cttu va giéi thieu. Nam 1995, K. Deb v céc cong su da dé xuat todn tir lai ghép SBX
(Simulated Binary Crossover) va todn tir nay da dwoc st dung trong nhiéu nghién ciru khéc.
Khéc véi cac dang kinh dién cia todn tit lai ghép, trong SBX céc c4 thé con sinh ra khong
st dung truc tiép céc gia tri thanh phan cia c4 thé cha me ma nhan mét gid tri ndo dé dwoc
dieu khién béi mot tham s6 3 xdc dinh ty 1é khoang cich cha me v con cdi. Dua trén viéc
dieu chinh tham s6 3, tinh da dang cia quan thé dwoc tang cuwong va kha ning hoi tu cia
giai thuat cao hon. Nhiéu nghién cttu gan day cling quan tam dén cdc thuat toan lai cdc ky
thuat tim kiém dia phwong véi céc toan tir di truyén theo huéng twong tu (Deb, Anand va
Joshi, 2002; Dietzfelbinger, Naudts, Van Hoyweghen va Wegerner, 2003).

Trong [1], céc tdc gid da dé xuat todn tir lai ghép SBX sit dung mot ham phan phdi xdc
suat d€ tinh gid tri tham bién diéu khién 3. Céc két qua thuc nghiém da chitng té todn ti
nay cho hiéu qua tot hon nhiéu so véi céc toan tir lai ghép truyén théng khac. Tuy nhién
nhu cic tic gid [1] da nhan xét, c6 thé chon cidc ham phan phdi khéc dé dieu chinh tham s6
clia todn tir nay. Tiép tuc ¥ twdng doé, ching toi tién hanh khdo sit mot s6 ham phan phoi
xé4c sudt thong dung khac va thir nghiém qua mot s6 bai todn t6i wu chuan da dwoc nhieu
tac gia de cap dén ([1-5]). Céc két qua thir nghiém duwoc trinh bay tuwdng minh dé doc gid
¢6 thé theo déi va chon lra giai phép hop 1y.



GIAI THUAT DI TRUYEN MA HOA SO THU'C VOT TOAN TU LAI GHEP SBX 135

Bai bdo dwoc cidu triic nhwr sau: Phan thit nhat trinh bay cu thé todn tir SBX da dwoc
giéi thiéu trong [1] vA phan tich tham s6 diéu khién cia todn tir nay. Phan thit hai duwa ra
khdo sat mot s6 ham phan phdi xdc suat khac. Phan thit ba trinh bay két qua thir nghiém
trén mot s6 bai toan t6i wu véi cde ham phan phdi da néu. Phan thit tuw 1a nhan xét va két
luan.

1. GIAI THUAT DI TRUYEN VOI TOAN TU LAI GHEP SBX

Todn tir SBX la toan tir lai ghép dp dung cho gidi thuat di truyén ma héa s6 thuwe (RCGA
- Real-Code Genetic Algorithm), tao hai c4 thé con tir mot cap cé thé cha me da chon. Dwéi
day xin trinh bay lai thuat todn da dwoc giGi thiéu trong [1].

Gid stt @ = (21,22, ...,2,) va y = (Y1,¥2, ..., Yn) 12 hai cd thé cha me duwoc chon dé tao

sinh. Khi dé hai cd thé con ¢! = (cl, ..., ¢l) va ¢? = (2, ..., c2) dwoc sinh ra theo cong thirc:

ci = 0,5 x ((1+ ) x @i + (1= Bg) X ;) (1)

¢ = 0,5 x (1= ) x @i + (1+ Bg) x ) (2)

trong dé By dwoc tinh béi cong thirc:
(2u)77%, néu u < 0,5
ba = (ﬁ)ﬁ%, nguoc lai ®)
véi u 1a s6 ngau nhién trong [0, 1], n 1a tham s6 dieu khién.
Toan tit SBX c¢6 thé dwroc mé ta van tat nhw sau:
Buéce 1. Chon ngau nhién sé thue u € [0, 1].
Budc 2. Tinh B, theo cong thitc (3).
Buéce 3. Tinh céc c thé con ¢! va ¢? theo cong thitc (1) va (2).

Luwu ¥ 1 c¢é thé tinh céc thanh phan cia c4 thé con véi cling mot gid, tri B, hodc véi moi
i, tinh B, Gng véi thanh phan thit ¢ mot cach doc lap.

Trong céc cong thite (1) va (2), bang cdch gan cho 8, céc gid tri thich hop ta sé nhan
dwroc céc dang khac quen thuoc cia todan tir lai ghép nhw lai ghép mot diem, lai ghép nhieu
diém, lai ghép mat na (lai ghép deu) hay lai ghép s6 hoc ([6,9]). That vay:

+ Lai ghép mét diém véi diém lai ghép la t (1 <t < m — 1) ng véi cach chon B = —1
véi 0 < k <1 va B = 1 trong doan con lai.

+ Lai ghép nhiéu diémtimg véi cach dat B, = —1 trong tirng doan con cta [1,n] va B = 1
tai cdc doan con lai.

+ Lai ghép mat na tng véi cdch diat Bx = —1 hodc B = 1 v6i mot xdc sudt deu tai cdce
gid tri k € [1,n].

+ Lat ghép trung binh tng véi cach dat B, = 0 véi moi k.

+ Lai ghép s6 hoc tmg véi cach diat B = 2r — 1 trong d6 r 1a s6 ngau nhién véi phan
phdi déu trén (0, 1).

+ Lai ghép heuristic: Gia str x 1a ¢4 thé tot hon y (f(x) < f(y) v6i bai todn tim min va
f(x) > f(y) véi bai toan tim max). Bang cach dat B = 1 + 2d trong dé d la s6 ngau nhién
trong [0, 1] ta thu dwgc con duy nhat tinh béi ¢, = @k + d(wk — yi)-
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+ Todn t lai ghép BLX-a trng vé6i cdch dit 8, = 2r — 1, trong dé » 14 s6 ngau nhién dwoc
lay trong [—a, 1 + a]. Dang biéu dién théng thuong cia BLX-a la: Mbi thanh phan z; cia
cé4 thé con dwoc chon theo phan phéi ngau nhién déu trong khodng [ming —I o, maxy +1a]
trong dé ming = min(wk, yx), maxy = max(xg, yk), I = maxi —ming. Tham s6 o thuwong
duoc chon 1a 0,5.

Mat khéc, tir cde cong thire (1) va (2) ta ciang ¢6

Czl - 012 - 5q<90i - yz)

Nhu vay, tham s6 3, ¢6 vai tro diéu khién khoang cach giita céc cd thé con sinh ra tiy
theo khodng céch gitra cic cd thé cha me ching. Sy bién doi cia 3, lam tang hay gidm kha
ning cic ca thé con sinh ra & gan hay xa cha me. Do dé, bang cich thay doi cic gia tri n
trong qua trinh tinh todn ta s& dieu chinh dwoc tinh da dang cia quan theé.

2. TINH TOAN THAM SO 3

Phét trién ¥y twdng trén, ching toi stt dung mot s6 ham phan phéi xdc suat khac va tién
hanh thuc nghiém trén mot s6 céc bai todn t6i wu nham tim ra mot gidi phap tét cho van
de diéu khién tham s6 dé tinh 8, thay cho (3). Thuét todn nhuw da néu phan trén, & day chi
thay doi cong thite (3) tinh tham s6 3,, viéc tinh cdc cd thé con van theo (1) va (2).

- Phan phdi chuan

Tinh 8 tuy thudc s6 ngau nhién 2 theo cong thic

1 1 2?

§= s ewly () @

Phan phéi nay cé dudmg cong mat dé dang hinh chuoéng nhan truc hoanh lam tiém can.
Trong tu nhién, nhiéu quy luat bién doi theo phan phdi chuan, chang han trong lwong, chieu
cao clia ngudi 16m, chi s6 thong minh cia tré em, céc sai s6 do dac, do bén déo cia may
Phan phéi nay c6 ky vong EX = 0 va phuwong sai VX = ¢2. Viéc tinh 8 phu thuoe
vao chon tham s6 o, bang thuc nghiém ching téi thay néu chon o nhé thi cho két qua tot.

moc,...
- Phan phéi Loga chuan
Trong trudmg hop nay S dwoc tinh theo s6 ngau nhién 2 béi cong thire
1 1 Ina)?
g L 6

J— X J—
ovVorx p[ 202

Twong tw nhw phan phdi chuan, mét dang khic dwoc quan tam dén 1a phan phdi loga
chuan. Phan phdi nay cé ky vong EX = exp(0?/2) va phuong sai la VX = exp(c?/2) x
(exp(c?) —1).

- Phan phéi mi

Tinh 3 tiy thuoc s6 ngau nhién x theo cong thirc

B=AXexp(—=A X x). (6)

Trong thuwc t€, nhiéu dai lrong ngau nhién phit hop véi phan phdi mii, chang han thei
gian phuc vu clla mot hé ddm dong, thoi gian phuc vu ciia mot dung cu dién ti, sw phan ra
cla nguyeén tir phéng xa,... Phan phoi mu la truwong hop riéng cia ho phan phdai Veibull ¢6
nhiéu ing dung trong lam nghiép. Phan phdi nay c¢é ky vong EX = 1/A va phuong sai la
1/A%. Bang thir nghiém ching t6i thay « t6t nhat khoang tir 20 dén 30.
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3. KET QUA THU NGHIEM

Nham kiém nghiém tdc dong cic tham s6 cia todn tir SBX nhw néu trén, ching toi tién
hanh lam thir nghiém trén mot s6 ham da dwoc khao sdt trong [1-4].

Chuwong trinh thit nghiém dwoc viét bang phan mém MatLab. Céc bai toan thit nghiém
déu 13 tim cuc tiéu. Trong chwong trinh thir nghiém ching t6i chi stt dung todn tit lai ghép
(x4c suat dot bién bang 0).

Toan tir chon loc tao sinh ¢é tinh tinh hoa, cu thé nhw sau: Hai c4 thé cha me qua lai
ghép tao dwoc hai cd thé con méi. Chon hai cé thé cé gid tri ham muc tiéu nhé nhat trong
bon ¢4 thé (hai con va hai cha me) thay cho hai cé thé cha me ban dau.

Dé déi sdnh, chiing t6i st dung mot toan tir lai ghép kinh dién 1a lai ghép déu (lai ghép
mat na) va todn tir lai ghép BLX-0.5. V&i moi ham thir nghiém, cling mét quan thé khéi
tao, thurc hién tién héa sdu [an doc 1ap, moi lan chon moét dang toan tir lai ghép SBX sit dung
mot ham mat do khac nhau véi moi toan tir, chwong trinh tién hanh lip 10000 lan, cit sau
1000 Ian lap thi ghi lai két qua dé khao sét.

Két qua trong céc bang dudi day cé cau tric nhw sau: Moi bang gom 10 cot s6 liéu, moi
cot ghi gid tri ham muc tiéu cia c4 thé tot nhat tim dwoc tai budc lap twong ting (s6 Ian lap
ghi trén dong dau tién cia bang). Moi dong cia bang ghi két qua tién héa rng véi mot dang
toan tir lai ghép, cu theé la:

- Dong thir nhat 1a két qua khi sit dung toan tir lai ghép déu (lai ghép mit na).

- Dong thit hai 13 két qua khi st dung toan tir lai ghép BLX-0.5.

- Dong thtt ba 1a st dung todn tir SBX trong dé 8 dwoc tinh theo (3), tham s6 5 chon
bang 0,1.

- C4c dong thit twr, nam va sau 1a két qua twong ing véi todn tir SBX ma tham s6 8 duoc
tinh Tan lwot theo cdc cong thie (4), (5) va (6) véi cde tham s6 1a o = 0,07 va X = 25.

Céc tham s6 1,0, A chon nhw trén cin cit nhiéu thir nghiém va thay két qua twong doi
tot hon cde gia tri khéc.

3.1. Ham Sphere
n
fi(w) =) " af véin=30,-512 <a@; < 5,12
i=1

Ham nay la ham don phwong thite, lién tuc va 16i chit, ¢6 mot cuc tiéu toan cuc tai

a=(0,0,...) va gia tri cuc ti€u fi(a) = 0. Két qua thuc nghiém cho trong Bang 1.
Bdng 1. Két qua thir nghiém ham f; (Sphere)

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

—_

16.281] 16.281| 16.281 16.281 16.281 16.281 16.281 16.281 16.281 16.281

4.7537] 4.7485| 4.7485 4.7485 4.7485 4.7485 4.7485 4.7485 4.7485 4.7485

2
3| 20.738] 6.3076] 3.6336 2.1296 1.48921 0.85226] 0.46707| 0.25184] 0.15685] 0.07644
41041251 0.07133] 0.04738] 0.03891| 0.03714] 0.03706| 0.01159] 0.00249 0.0013] 0.00128

51 0.14216] 0.01482| 0.00992| 0.00685] 0.00677| 0.00676] 0.00569| 0.00569| 0.00412] 0.00219

6| 0.57621] 0.00895| 0.00042| 2.87E-05| 1.18E-06| 7.87E-08| 3.49E-09| 2.73E-10| 1.46E-11| 7.08E-13
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3.2. Ham Rosenbrok

n—1
fo(@) = (100(ws11 — @) + (s — 1)?) véi n=30,-5,12 < a; < 5,12.
i=1
Pay 1a mot ham lién tuc, don phuwong thitc véi nhieu cue tri dia phwong. Pa cé nhiéu téc
gia quan tam khdo sdt ham nay, mot trong nhirng khé khan chinh 1a su tdc dong qua lai phi
tuyén gitra céc bién. Ham nay cé cuc tiéu toan cuc tai o = (1,1, ...) va gid tri ham fo(a) = 0.
Két qua thir nghiém ddi véi ham Rosenbrok duoc cho trong Béng 2.

Bdng 2. Két qua thir nghiém ham f (Rosenbrok)

1000 | 2000 3000 4000 5000 6000 7000 8000 9000 | 10000

1 16438.4] 6438.4] 6438.4] 6438.4| 6438.4| 6438.4| 6438.4| 6438.4| 6438.4| 6438.4

1867.7] 1866.4] 1866.4] 1866.4] 1866.4] 1866.4| 1866.4] 1866.4| 1866.4| 1866.4

797991 2423.9| 740.79] 233.96| 131.34| 89.684| 68.168| 51.852| 41.819| 36.05

E-N LV 2 I S

142.03| 62.748] 53.668| 52.381] 51.599| 51.518| 51.44| 41.928| 41.899| 41.858

5 1126.09] 83.315| 65.069| 57.931| 33.142] 30.727| 30.646] 30.501] 30.124| 30.111

6 |86.637] 32.596| 28.634| 28.26| 28.035| 27.854| 27.735| 27.599| 27.526] 27.409

3.3. Ham Schwefel

n n

fa@) =D O w;)? véi n=130,-512 < x; < 5,12
=1 j=1

Pay 1a mot ham lién tuc, don phwong thitc véi nhiéu cue tri dia phwong. Piéu khé khan
nhat doi véi ham nay la gradient khong hudng theo truc toa do. Ham nay c¢é cuc tidu toan
cuc tai a = (0,0, ...) va gid tri ham f3(a) = 0. Két qua thir nghiém duwoc cho trong Bang 3.

Bdng 3. Két qua thir nghiém ham f3 (Schwefel)

1000 | 2000 3000 4000 5000 6000 7000 8000 9000 | 10000

1 1101.21| 58.051| 38.558| 38.558| 38.558| 38.558| 38.558| 38.558] 38.558] 38.558

36.903] 36.867| 36.867| 36.867| 36.867| 36.867| 36.867| 36.867| 36.867| 36.867

76.323] 58.272| 45.801| 37.214| 34.304| 29.913| 24.716| 20.079| 18.803 16.55

E-N LS 2 I S

5.1747| 3.8968| 3.4806| 3.2492| 3.0733| 2.8831| 2.8341| 2.7433| 2.668| 2.6118

5| 7.877] 6.4855| 5.8245| 5.2824| 4.7924| 4.5289| 4.304| 4.1516| 4.0691| 4.0034

6 | 7.5504| 5.2028| 3.6491| 3.1052| 2.5327] 2.2207| 1.9759| 1.7219] 1.5817 1.416

3.4. Ham Rastringin

fa(w) = 10+ (27 — 10.cos(2ma;)) v6i n = 30,-5,12 < w; < 5,12
i=1
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Ham Rastringin 13 dang ham lién tuc, da phwong thitc, ¢é rat nhiéu cuc tri dia phwong
va ¢6 cuc tieu toan cuc tai o = (0,0, ...) va fi(a) = 0. K&t qua thir nghiém cho trong Bang 4.

Bdng 4. Két qua thir nghiém ham f; (Rastringin)

1000 | 2000 3000 4000 5000 6000 7000 8000 9000 10000

1111224 112.24| 112.24| 112.24] 112.24| 112.24| 112.24] 112.24] 112.24] 112.24

109.191 108.72] 108.72] 108.72] 108.72] 108.72| 108.72| 108.72| 108.72| 108.72

226.121 202.22 169.6] 148.52] 130.79] 100.44] 86.214| 86.214| 76.963| 76.302

E-N LS 2 I S

190.39| 81.075] 45.307| 19.718] 13.561| 12.926] 12.84] 12.821| 12.817| 12.536

5 ]1193.05] 167.86] 151.05] 128.24] 113.91] 82.179] 79.06| 78.995| 78.825| 78.821

6 | 136.64| 111.82| 103.85] 73.814] 51.86 39.5] 32.842| 31.591| 30.701| 26.404

3.5. Ham Griewangk

1 <& =
f5(z) = 1000 Z H )+ 1 véi n=30,-5,12 < x; <5,12.

Ham Griewangk 14 ham lién tuc, da phwong thitc. Ham nay rat khé t6i wu vi né khong
phan ly.f5 ¢6 cuc tiéu toan cuc tai o = (0,0, ...) va f5(a) = 0. Két qua thir nghiém cho trong
Béng 5.

Bdng 5. Két qua thir nghiém ham f5 (Griewangk)

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

1 18.534| 18.534| 18.534 18.534 18.534 18.534 18.534 18.534 18.534 18.534

5.8434] 5.8314| 5.8314 5.8314 5.8314 5.8314 5.8314 5.8314 5.8314 5.8314

15.307| 7.9454| 3.5889 1.9034| 0.75165] 0.25695| 0.11711] 0.06927 0.0351] 0.02078

E-N VSN I )

0.72336] 0.20178] 0.15249] 0.10969| 0.10667| 0.10507] 0.10505| 0.10503| 0.10477] 0.10476

5 0.5911] 0.11398] 0.02912| 0.01688| 0.01289] 0.01078| 0.01038| 0.01034] 0.01013| 0.01011

6 | 0.75766| 0.0471| 0.00187| 9.57E-05| 6.02E-06| 3.68E-07| 1.45E-08| 1.02E-09| 7.10E-11] 3.52E-12

4. NHAN XET VA KET LUAN

Tl cic bang két qua trén, ching ta ¢ mot s6 nhan xét nhuw sau:

- Céc toan tir lai ghép kinh dién nhuw lai ghép mat na, BLX-a thuong chi ¢é tac dung doi
véi 56 lan tao sinh nhd, véi s6 1an tao sinh 16n thi khong tim dwoc cd thé t6t hon (xem cot
thit nhat trong cdc bang ing véi lan lip thi 1000 va cot cudi tng véi Tan lip thie 10000).
Mic du gidi thuat di truyén con mot s6 tham s6 tac dong khdc nhu xéc suat dot bién, kich
¢& quan the, song néu chi sit dung todn tir lai ghép thi ca cdc dang lai kinh dién khac nhuw lai
s6 hoc, lai mot diém, lai da diém ciing twong tu nhw lai ghép déu. Trong khi todn tir SBX
véi céch chon tham s6 diéu khién 3 nhw néu trén thi van tao dwoc céc ca thé tot hon néu
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tiép tuc tang s6 lan tao sinh.

- Trong cac phan phéi xac suat chon dé tinh 8 thi phan phdi mil cho két qua néi chung la
tot hom cdc phan phdi khdc (dong cudi cliing trong cdc bang trén), ddc biét doi véi cde ham
Sphere va Griewangk.

Khi tién hanh thit nghiém cling cdc ham trén véi mién xdc dinh cia moi bién khong doi
xing nhw trueong hop trén va loi gidi ding khong nam gitra ma gan bién clia mién xdc dinh
(chang han —1 < a; < 12 véi moi 7) thi két qua ciing khong bién dong may so véi cac bang
da trinh bay & trén. Néi chung tinh 3 theo phan phéi mii van cho két qua tét nhat.

Ciing can néi thém rang do nhiéu yéu t6 ngau nhién ma cac két qua thu dwoc sau moi lan
thuwe hién thuat toan 13 khong trung nhau, song nhin chung cic két qua niy dao dong khong
nhiéu va twong doi 6n dinh cho mdi dang toan tir sit dung.

Nhir vy c¢6 thé thay tham s6 3 ¢6 tdc dong dang ké dén s hoi tu cia gidi thuat di truyen
qua cic toan tir lai ghép tao hai con tir mot cip cha me. Géan day, da c6 nhiéu nghién ciru cai
tién cdc tham s6 dieu khién cdc todn tir nham tang tinh da dang ciia quan thé (xem [5]). Mot
s6 hwéng nghién ciru khéc 1a tim cdch tich hop nhiéu ky thuat tim kiém nhw gidi thuat di
truyen két hop véi thuat todn leo doi hodc céc ky thuat tim kiém dia phwong (local search)
khdc. Viéc tiép tuc nghién ciru, thir nghiém va chon céch diéu chinh céc tham s6 sao cho c¢6
hiéu qua tot va tich hop véi cdc todn tir khéac, cdc k¥ thuat khdc nham nang cao hiéu qua
clia gidi thuat 13 viéc lam can thiét va cé ¥ nghia. Ngoai ra cic nghién citu vé toan tir lai
ghép nhiéu cha me ciing dang phat trién va té ra kha quan trong RCGA.
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