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hon (phdt trién hon, hoan thién hon) th& hé trudc. Tié&n héa tu
nhién duge duy tri nhi hai qué trinh co ban: sinh sin va chon loc tu
nhién. Xuyén sudt qud trinh tién héa tu nhién, cdc th& hé mdi luén
duge sinh ra dé€ b sung thay thé thé hé ci. Cd thé nao phdt trién
hon, thich ing hon vdi mdi trutng sé tén tai. Ca thé nao khong
thich dng duge ¥6i méi trudng sé bi dao thai. Sy thay ddi mdi trutmg
la dong lye thic diy qué trinh tién héa. Nguge lai, tién héa cling téc
déng tré lai gop phan lam thay 46 méi trudng.

Chc cd thé mdi sinh ra trong qua trinh ti€n héa nhd sy lai ghép

& thé& hé cha-me. Mgt cd thé mdi c6 thé mang nhitng tinh trang eda

' cha-me (di truyén), cing c6 thé mang nhimg tinh trang hoan toan

méi (d6t bién). Di truyén va dét bién 1a hai co ché cé vai trd quan

trong nhu nhau trong ti€n trinh tién héa, dit rdng dot bién xdy ra

véi xéc sust nhé hon nhidu so véi hién tuong di truyén. Cde thuft

todn tién héa, tuy c6 nhitng diém khdc biét, nhung déu mé phéng

bén qud trinh co ban: lai ghép, dét bién, sinh sdn va chon loc tu
nhién. '

' Qua trinh lai ghép (phép lai)

Phép lai 12 quéd trinh hinh thanh nhiém sic thé méi trén co sd
ehc nhidm sdc th€ cha-me, b¥ng edch ghép mét hay nhidu doo= gon
clia hai (hay nhiéu) nhiém sdc thé cha-me véi nhau. Phép lai xay ra
voi x4c suft p,, cé thé mé phéng nhu sau: :

®  Chon ngdunhién hai (hay nhidu) c4 thé bt k¥ trong quén
‘th&. Gid sit cdc nhidm sfe thé ciia cha-me déu ¢c6 m gen.

L ] Tao mbt 5§ nglu nhién trong khoing tir I dén m-1 (ta goi 12"

diém lai). Diém lai chia cdc chudi cha-me dai m thanh hai
nhém chudi con dai m; va ms. Hai chudi nhidm sfc thé con
m6i 58 12 mj+mas VA May+mys.
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'y Dua hai cd thé mdi nay vio quin thé dé tham gia céc qua
trinh tién héa tiép thed.” - :

Thufit Giéi Di Truyén

Qua trinh dét bién (phép dét bién)

D6t bign 13 hién tugng c4 thé con mang mot (s6) tinh trang

khong ¢6 trong ma di truyén cia cha-me. Phép dot bién xdy ra véi

xdc sudt p., nhd hon rit nhiéu so véi xde s_ué't lai p.. Phép dét bién
c6 thé mé phdng nhu sau: .

‘@ Chon ngiu nhién mdt cd thé bat ky cha-me trong quin thé.
®  Tao mdt 56 nghu nhién k trong khodngtit I dénm, I Sk <m.
® Thay déi gen thd k va tra cd thé nay vé quén thé d€ tham
gia qu4 trinh ti€n héa tiép theo. '
Qua trinh sinh sin va chon loc (phép tai sinh
va phép chon) '
Phép tdi sinh 14 qud trinh trong d6 céc cd thé duge sao chép
trén co s& @6 thich nghi cia né. Db thich nghi la mjt ham gin mot

gid tri thue cho cdc c4 thé trong quén thé. Qué trinh nay c6 thé duge
mo phéng nhu sau:

® . Tinh dj thich nghi cia timg c4 th& trong quén thé hién
hanh, lap bang céng ddn cae gid tri thich nghi (theo o tha
tu gén cho timg cé thé). Gid sif quin thé c6 n c4 thé. Goi dp
thich nghi cia cd thé tha i 1a F;, téng don thit i la Fy, téng
a6 thich nghi ca toan quin thé la F,.

o Tao mét s6 ngiu nhién F trong doan tir 0 dén F,.

®  Chon cé thé thi k ddu tién thda F > Fj dua vao quin thé
cha th& hé mdéi. . )
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Phép chon 12 qua trinh loai bd cdc ¢4 thé xdu trong quin thé dé
chi giif lai trong quén thé cdc c4 thé t8t. Phép chon o thé duce md
phong nhu sau: :

. S&p x&p quin thé theo thi tu do thich nghi giam dén.

. Loai bé cdc c4 thé cudi day dé chi giit lai n cd thé t6t nhat.
U day, ta gid st quin thé c6 kich thuée c8 dinh n.

: Mbt thuat gidi di truyén, gidi mét bai todan duge cho phai co
n#m thanh phén sau:

®  Mat cfu tric dit liéu I bidu didn khéng gian léi gidi cda bai

_ todn, .
¢  Phyong pliéip khdi t@o quéin thé’ ban diu P(0),

e  Ham dinh nghia dﬁ thich nghi evail(.) déng vai trd méi
' trnidmg,

. Céc phép todn di truyén nhv di mé phéng.t'rén,

®  Va cac tham &6 thuat giai di truyén si dung (kich .thuée

qudn thé, xdc suét lai, ot bién,..)
Hinh 0.1. trinh bay mot cdu tric thuat gidi di truyén téng qust.

Thuat giai di truyén
| Bit diu
t=0

- Khdéi tao P(t);

ST e A e heaa

Thuét Gidi Di Truyén

Tinh ¢ thich nghi cho cic cé thé thude Pit)
Khi (diéu kién dimg chua thod) ldp
t=t+1;
. Tai sinh P’(ti tir P(t)
Lai Q) i P(t-1); |
Dot bién R(t) tir P(t-1);.
Chon lq.c. I;(t.) tir P(t-1) U Q(t) L Rit) P,
Hét Lip

Két thiic

S s v

Hiuh 0.1. Mot thust gidi di truyén

‘Trong l4p trinh tién héa, khi gidi mit bai todn dit ra, cAn tan
dung t6i da tri thiie vé bai todn d6 d€ chuong trinh tién hoa dat duge
hiéu qua cac nh4t cé thé. Viec tan dung tri thic bai toan c6 thé duge
thé hién (1) qua viée xdy dung mot ¢4u tric dir lidu hgp 1 sao cho
viéc xay dung cdc phép todn di truyén duge tf nhién va hidu qui
nhit (2) hay qua viée sif dung phuong phép da va dang duge sl dung
dé gidi bai todn nay va két hgp ching véi thuat gidi di truyén (3) va
cdch t§n dung hay nhat 13 tan dung cd 2 cdch trén trong 1 chuong

trinh tién héa; déy la cdch duge nhidu nha nghién ciu tng dung l4p

trinh tién héa s& dung nhst. Tuy nhién, dé khéng bi phan t4n,
chung_ tdi chi tép trung vao cach thd nhat: tdn dung tri thic &€ bidu
dién c#u tric dit lidu va xay dung cde phép di truyén. Hy vong, khi

' 9
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da ndm vimg cdc k¥ thuit cg ban cia lap trinh tién héa duge trinh
bay trong cuén sédch nay, ban ¢ thé tan dung tri thic bai todn theo
cach (2) va (3) @& gidi bai toan ciia ban.

Noi dung cida cudn sach dude xay dung trén co sd hai tai lidu

chinh: cusn Evolutionary Algorithms in Theory and Practice cia

Thomas Back (1996) va cudn Genetic Algorithms + Data Structures

= Evolution Programs clia Zbigniew Michalewicz {1999) va duge chia
lam ba phén chinh va hai phy luc:

Phian 1: Thuit giai di truyén. Phdn nay trinh bay chi

tiét vé thuat gidi di truyén ciing nhu nguyén 1y va co ché

heat dong cla né.

Phan 2: T8i wu s6. Phin nay trinh bay cich 4p dung
thuit gidi di truyén gidi cdc bai todn t&i wu s8. Chiing tbi
cing trinh bay mét sd phuong phdp gidi quyét cdc rang
budc ciia chuong trinh tién héa trong mét bai todn qui
hoach phi tuyén téng quit. : :

Phin 3: Téi wu t& hgp. Cac bai todn t& hop thuge 16p bai
todn NP-dd duge xem xét va gidi quyét bing thujt gidi di
truyén sé& duge trinh bay va phan tich trong phén nay.

Cusi cung, hai phu luc s& trinh bay cdc khia canh 1§ thuyét

cing nhy nhimg khia canh ing dung lién quan d8n thuat gidi di
truyén goc va cde thust gidi di truyén cai tién. 0 day, chiing tdi ciing
trinh bay tém tit mot s thuat toan tién hda khac.

10
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Phén 1 : Thuit Giai Di Truyén - ' -
Chuong 1

THUAT GIAI DI TRUYEN :

CAC KHAI NIEM CO BAN

_ '(?/di khé nang hién nay, mdy tinh da giip gidi duge rit nhidu
bai todn khé ma trude kia thuong b6 tay. Mac du vy, vin con mot
3 16n cdc bai todn rit tha vi nhung chua cé thuat gidi hap 1y dé gidi
ching. Trong s6 d6, cdc bai todn t6i vu la nhiing bai todn thudng -
xuyén gip phdi trong cdc ing dung thue tién.

Trong thuc tidn, cé nhidu bai todn t6i uu quan trong ddi héi
nhimg thuit gidi chat lugng cao. Vi du, ta c¢6 th€ dp dung phuong
phdp mé phdng luyén thép d€ gidi bai todn tim dudng di ngin nhét
cho xe ctiu hod hay bai toén ngudi du lich.. Ciing ¢ nhiéu bai todn
t6i wu t8 hop (trong d6 ¢6 nhiéu bai di duge ching minh 14 thude loai
NP - di) c6 thé duge gidi gdn ding trén méy tinh hién dai bing k§
thuif Monte-Carlo. :

Né6i chung, bai todn t6i wu cé thé duge xem nhu bai todn tim
kiém gidi phdp (t6t nhét) trong khéng gian (v6 cing ldn) cdc gidi
phép. Khi khéng gian tim kiém nhé, esc phuong phép cf dién nhu
trén ciing di thich hgp; nhung khi khéng gian lén cin phdi ding
d&n ohimg ky thuat Tri Tué¢ Nhdn Tao dac biet. Thudt gidi Di
Truyén (GA) 13 mot trong nhimg ky thuat d6. GA 1a mot loai thust
gidi mé phéng edc hién tugng tu nhién: k& thia va ddu trank sink
ton A& cai tién l&i gidi va khio sat khéng gian 161 gidi. Khdi niém ké
thira va ddu tranh sinh t6n dugc gidi thich qua thi du vé su tién héa
cia mot quén thé thé nhu sau: . '

_ C6 mét quén thé thé. Trong sé d6 c¢6 mot s& con nhanh nhen va
'théng minh hon nhing con khdc. Nhitng chd thé nhanh nhen va.

13
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théng minh 6 xéc suit bi chén cdo &n thit nhé hon, do d6 ching tén
tai d€ lam nhimg gi t6t nhat cé thé: Tao thém nhiéu thé t6t. Di
nhién, mét sd thé cham chap din dén ciing sbng chi vi may méin.
Quén thé nhiing chi thd con séng s6t s& bit ddu sinh san. Viée sinh
san nay sé tao ra mot hdn hgp tét vé “nguyén liéu di truyén tho™
Mot s6 thé cham chap ¢6 con v6i nhimg con thé nhanh, mét s6 thé
‘nhanh v6i thé nhanh, mgt s6 thé théng minh véi thé dan don, vv...
Va trén tit cd, thién nhién thinh thoing lai ném vao mét con thd
‘hoang di’ bing cdch lam dt bién nguyén liéu di truyén thé. Nhiing
chii thé con, do két qud ndy, sé nhanh hon va théng minh hon
nhitng con trong quén thé géc vi ¢6 .nhiéu b§ me nhanh nhen va
théng minh hon da thodt ché&t khéi chén cdo. (That hay 14 nhiing
con chén ciing trai qua nhimg tién trinh tuong tu - néu khéng nhing
- con thd &8 tré nén nhanh va thong minh d&n ndi nhimg con chén
khéng thé bat ching duge).

Khi tim kiém loi gidi 161 wu, thudt gidi di truyén cing thuyc hién
ede bude tuong ing voi cGu chuyén ddu tranh sinh tén cia logi thé.

Thuat gidi di truyén si dung edc thuit ngd vay mugn cla di
truydn hoc. Ta c6 thé néi vé céc ca thé (hay kidu gen, cdu tric),
trong mdt quin thé; nhimg c4 thé nay cing cdon duge goi 13 cdc chudi
hay cac nhiém sde thé. Bibu nay c6 thé gay chut 14n 16n: mai t& bao
cha moét c¢o thé cha mot ching loai di cho, mang mdt s6 nhimg
nhiém sfc thé nao d6 (thi du, ngudi c6 46 nhidm sdc thé) nhung
trong thuat gidi di truyén, ta chi néi v& nhimg c4 thé c6 mdt nhiém
s#c thé. Cdc nhiém sdc thé duge tao thanh tif cdc don vi - cdec gen —
biéu dién trong mot chudi tuyén tinh; méi gen kifm sodt mot (sd)
déic trung. Gen véi nhimg dic trung nhédt dinh ¢6 vi tri nhit dinh
trong nhiém sic thé. Bit of dic trung nao cia mdi ca thé c6 thé tu
bi€u hién mét cdch phan biét; va gen c6 thé nhén mét s& gia tri
khéc nhau (cde gig tri vé tinh ning).

14

Ph#n 1 : Thuat Giai Di Truyén y
g \!Méi kiéu (nhém) gen (ta goi la fdt nhidm s#c thé) sé biéu dién

" mdt 16i gidi cha bai tosn dang giai (¥ nghia cia mot nhiém sdc thé
" ¢y thé duge ngudi sif dung xdc dinh trude); mot ti€n trinh tién hoa

duge thuc hién trén mét quin thé cdc nhiém s#c thé tuong dng véi
modt qua trinh tim kigm 13i giai trong khong gian 1&i giai. Tim kiém
d6 cAn cén d6i hai muc tidu (c6 vé méu thuin nhau): Khai théc
nhimg 131 giai t6t nhat va khio s4t khéng gian tim ki€m. Leo déi 14
mot thi du vé chién luge cho phép khaj théc va cdi thién 1¥i gidi t6t
nh4t hign hanh; nhung; leo déi lai bé qua viée khao sat khong gian
tim kidm. Nguoc lai, tim kiém ngdu nhién 12 mét thi du dién hinh
cia chién luge khio s4t khéng gian tim kiém m# khéng chd y dén
viée khai thdc nhiing ving ddy hida hen cia khong gian. Thugdt gidi
di truyén (GA) 1a phuong phdp tim kiém (déc 1ap mién) tao duge su

- can d8i ddng ké giia viéc khai thdc va khao s4t khong gian tim

ki€m.

Thue ra, GA thudc 16p cdc thudt gidi xdc sudt, nhung lai rét
kh4c nhimg thuit gidi ngiu nhién vi ching két hop cdc phin t tim
kiém truc ti€p va ngiu nhién. Khéc biét quan trong gia tim ki€m
cia GA va -cfic phuong phép tim kiém khdc 1a GA duy tri va xir ly
mét tap céc 1di giai (ta goi 12 mot quin thé) - tat cd nhimg phuong
phap khéc chi xit 1y mat diém trong khéng gian tim ki€m. Chinh vi

- thé, GA manh hon cdc phitong phép tim ki€m hién c6 rdt nhiéu.

Don cfi, ta so sdanh GA véi hai phuong phép tim ki€m hién duge
st dung rong rai: Leo d3i va M phdng luyén thép. :

Phuong phap leo déi ding ky thuit lap va dp dung cho mét
diém duy nhédt (di€m hién hanh trong khéng gian tim kiém). Trong
mdi bude 13p, mot diém mdi duge chon tir lan c4n cla diém hign
hanh (vi thé leo ddi con duge goi la phuong phdp tim kiém l4n cln
hay tim ki€m cue bd). Néu diém mdi cho gid tri {ctia ham muc tiéu)
tot hon, diém mdi sé tré thanh diém hién hanh. Néu khong, mt ldn

15
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Phidn 1 : Thuat Giai Di Truyén ‘ ' @

égn khéc s& duge chon va thi. Qué4 trih trén sé dimg néu khéng cdi
thién thém duge cho 10i gidi hién hanh.

R5 rang la phuong phap leo d6i chi cung cdp cdc gia tri 6i uu
cuc by va nhiimg gid tri nay phu thuje rat nhiéu vao di€m khéi déu.
Hon niia, khéng c6 thang tin sn c¢6 vé sai s6 tuong d6i (théa t6i vu
todn cuc) cda 131 gidi tim duge.

Dé téing co héi thanh céng, phuong phdp les déi thutmg duge
thuc hign nhiéu lan; m8i 14n v6i mot di€m khdi ddu khéc nhau
(nhimg di€m nay khéng cén chon ngiu nhién - mot tap hgp cdc didm
khdi ddu cia mét lan thue thi phu thuﬁc vao két qua cua nhimg lan
chay trudc d6).

Ky thuﬁt mé phdéng luyén thép lé mét ky thuit khic phuc
nhilng bét lgi ciia phuong phép leo ddi: Lai giai khong cdn tity thude
nhiéu vao diém khdi ddu nifa va (thudng 1a) gln véi didm t5i wu. Pat
duge diu nay 13 nhé dua vio xac sufit nhan p. Xdc sudt p la ham
theo gi4 tri ciia ham muc tidu d6i vdi diém hién hanh va diém méi,
va mét tham sé diéu khién b8 sung, tham sd “nhiét d6” T. Néi
chung, nhiét d§ T cang thép thi co héi nhan di€m méi cang nhé. Khi
thye hién thuat gidi, nhiét d¢ T cia hé théng s& duge ha thap ddn
theo ting budc. Thuit gidi dimg khi T nhé hon mét ngudng cho

trude; véi ngudng nﬁy th1 gﬁ.n nhu khong con thay d61 nao duge chap -

nhin nita.

Nhy da dé cgp, GA thue hién tién trinh tim kiém 151 gidi t6i wu
theo nhigu huéng, bling cich duy tri mot qudn thé cdc loi gidi, va
thic ddy sy thanh hinh va ttao déi théng tin gifia cdc hudng ndy.
Quén thé trdi qua tién trinh trinh tién héa: & mdi thé he lai tdi sinh
cdic 161 gidi tuong d6i “t6t”, trong khi cdc 1di gidi tuong 451 “xdu” thi
chét di. P& phén biét cdc 19i gidi khdc nhau, ham muc tidu duge
diing dé€ déng vai trd méi trudng.
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" CAu trdc ciia mdt thuat giai di truyén don gidn tuong ty vdi can
triie cua bat ky chuong trinh tién héa nao (xem hinh 0.1, phin mé&
dauw). U bude lap ¢, thudt gidi di truyén duy tri mét quan thé cac lai

- gidj fcAc nhiém sdc thé, cdc vecto), P/} =[x, ....x }. Mbi loi giai

! duge lu‘dng gia dé biét duge dd “thich nghi” cia né. Réi mipt quén

thé mdu (l4n lap tha ¢ +1) duge hinh thanh bing céch chon giir lai
nha'ng cd thé thich nghi nhat. Mol s6 ca thé cla. quan thé ‘nay trai
qua nhiing bién d6i nho lai tgo (phép lui) va dgt bién (phép dt)t bién),
hinh thanh nén nhing 181 gidi méi. Phép Lai két hop céc tinh chat
cia hai nhiém sdc thé ‘cha’ vi ‘me’ dé tao ra edc nhidm sdc thé ‘con’
bﬁng cdch hodn vi cdc doan gen tuong ing cia cha va me. Thi du,
néu cha me duge biu dién bing vecto 5 chidu (a;b,cidne;) va
(@ baeadses), th lai tao, hodn vi tai vi tri thd 2, sé sinh ra cac
nhiém sdc thé con (a,,b;,c5,dse5) va (as,bs05,dse:). Phep lai cho phép
trao d6i thong tin giia cac i gidi.

Khéc véi phép lai, phép dot bién thay d6i mét cach ngéu nhién.
mot hay nhiéu gen ctia nhidm séc thé dude chon, thay d6i nay duge
thue hién vdi moét xdc suft thé hién t5c d6 dot bién. Phép dot bién
cho phép dua thém cic théng tin mdi vao quin thé lam cho chat lleu
di truyén phong phiy thém.

Mot thuat giai di truyén (hay mét éhirdng trinh tié€n héa bit kj?)
gigi mot bai toan cy thé phai gém nam thanh phén sau day:
« Céch biéu didn di truyén &ho 19 gidi cia bai toan;
+ Cé4ch khai t.:;lo.quﬁn thé ban ddu; ¢

. » Ma¢t ham luong gid dong vai trd mbi trudng, danh gid cac loi
gidi theo mic do “thich nghi” ciia chiing;

‘e Cdc phép tosn di truyén;
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»  Céc thamn s6 khéc (kich thuéc qu'm the xac suat dp dung cdc
phép todn di truyén vv...)

Dé dé hinh dung. ching t6i sé thao luan cdc tinh ning chinh
cia thuat giai di truyén qua ba thi du cu thé. Trong thi du thit nhat,
ta 4p dung thuat gidi di truyén tim gig tri ldn nhat cda mot ham
thuc mot bién. Thi du thy hai minh hoa cach ding mdt thuat gidi di
truyén d€ hoc mét chién luge eia mét trd choi don gian. Thi du 3
ban vé mét ing-dung cia thust gidi di truyén dé tiép cin mot bai
tosn t8 hgp NP-ddy dq, bai ton ngudi du lich.

1.1. Téi uu ham mot bién -
Xét bai todn tdi wu khong rang buoc sau:
Max fix) = x » sin (107 = x} +1._O, x e [-12]

Hinh 1.1 la 48 tili ciia f. Bai todn c¢6 nghia 13 tim x trong
khoang [-1,2] d& { ¢6 gid tri l6n nh4t, nghia la tim x, sao cho:

fixg) 2 fix), vxe {-1,2]

3.00.

i —— |

150 -—H

oo ﬂUnv vnuﬂ

0.50

0.00 —H

-0.50

-1.00 : |

-1.00 0.00 1.04) -2.00

Hink 1.1. D3 thi ham fix) = x = sin (10% x x) +1.0
18
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Khi dao ham bac nhat bing 0, nghia la,

F(x} = sin (10r+ x) + 10nx + cost10m = xi = O
¢ tang (10m « x} = —10nx.

Ré rang 1a phuong trinh trén c6 vé 56 1 giai,

% -1
g, 1= 1,2, .
) _
xg=0
ML AL P R

20

trong dé cdc s8 hang & 14 .cde day so thue gidm _.= 1.2, .., vai=
-1, -2, . dan vé 0. '

Cang chi y ring ham f dat dén cuc dai (cuc bd) tai diém x;, khi
i la s8 nguyén 1¢, va dat dén cuc tidu coa nd tai x,. khi 7 chan (xem
hinh 1.1).

Vi mién gid tri coa bai todn 12 |-1,2), ham dat cuc dai tai v =
2—0+819 =185+%,, 6 day f (x)o) hot 1én hon f(1.85) = 1.85 * sin (18
+1/2) + 1.0 = 2.85,

Bay git ta dung thuat gidi di truyén dé gisi bai todn trén, nghia

la, tim mét diém trong doan {-1, 2] sao cho tai dé f ¢6 gia tri lon
nhat. :
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Ta sé lan lugt ban vé 5 thanh phén chinh cua thuat giai di
truyén gidi bai toan nay.

1.1.1. Biéu dién

Ta su dung mét vecto nhi phén lam nhi€m sdc thé dé bidu didn

cdc gid tri.thyc cla bién x. Chiéu dai vecto phu thuéc vao d§ chinh

xéc can cd, tropg thi du nay, ta tinh chinh xdc dén 6 s6 1é.
Mién gid tri cia x c6 chibu dai 2 - (- 1) = 3; véi yéu cdu vé b
chinh xdc 6 s6 1& nhu th& phai chia khodng [-1, 2] thanh it nh&t

3x10° khosdng ¢6 kich thudc bling nhau. Didu nay cé nghla 12 cén c6
22 bit cho vectd nhi phan (nhidm séc thé):

2097152 = 22‘ < 3000000 < 222 = 4194304

Anh xa bién chudi nhi phén {bz;bm .bo) thanh s& thLIc x trong
khodng {-1, 2] duge thuc hién qua ha1 bude nhu sau:

e d5i chudi nh; phén {(ba;byy...by) tif co 6 2 sang co 56 10;

21}
A< byybyg-.by >)p = [Z\bizl} =x
i=0 10

e tim sé thuc x tuong I.mg

x=-1 +.t'.-2,3—

222 .1
vl -1 14 cdn dudi cia midn gid tri va 3 12 chiéu dai cia mién.

Thi du, nhiém sdc thé (1000101110110101000111) bidu dién s6
0.637197 vi

20
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’= 110001011101 10101000111). = 2288967111

vax=-10+ 2288967 x 334194303 = 0637 19_7
Puong nhién nhiém 5ﬁc thd

{0000000000060000000000) va (1111111111111111111111) biéu
dién cdc ¢an cGia mién, -1.0 va 2.0 cho méi cén.

1.1.2. Khdi tao quén thé

Tién trinh khéi tao rﬁ't'd_o‘n gidn: Ta tao mdt quin thé cdc
nhidm séc thé, trong d6 mdi nhiém sdc thé la mdt vects nhi phan 22
bit, tat cd 22 blt cia mdi nhiém sdc thé déu duge khéi tao nghu
nthién.

1.1.3. Him lugng gia
Ham luong gia eval clia cée vecto nhi phan v chinh 12 ham £:

eval(v) =flx)

trong d6, nhidm sic thé v bidu didn gi4 tri thuc x nhu d4 néi & trén,
ham lugng gid déng vai tro méi truimg, didnh gid timg 19i gidi theo
d$ thich nghi eia chiing. Thi du, 3 nhiém sZc thé:

= (1000101110.110101000111),

vz =(0004301110000000010000),

vy= (1110000000111111000101),

twong (ng v6i chc gid tri x; = 0.637197 , x» = —0. 958973, va x; =
1.627888. Va ¢6 do thich nghi tuong dng:

evalfvy) = fix,) = 1.586345,
cvalfvg) = ftxs) = 0.078878, .
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eval(vs) = flxz) = 2.250650.

R6 rang, nhiém sdc thé ¢ 14 tot nhat. trong 3 nhiém sdc thé
nay, vi ham lugng gid né tra vé gia tri cao nhat. '

1.1.4. Cée phép todn di truyé’ﬁ

Trong g:a.l doan tién hod quan thé, ta co the ding 2 phép toan

di truyén co dlen dot bign va lai.

Nhu di trinh bay & trén, dot bién lam thay ddi mot (sd) gen
(cde vi tri trong mét nhifm sic thé) vdi xdc suit bing tdc 46 dat
bién: Gid dinh riing gen thd 5 trong nhiém sde thé v; duge chon dé
dét bign. Vi dét bién chinh la thay déi gid tri gen nay: 0 thanh 1 va
1 thanh 0. Nhu vay, sau dot bién nay, v; sé& la:

vly= (1110100000111111000101)

Nhiém sdc thé nay biéu dién gxé tri x'3= 1.721638 va fix'y= -
0.082257. Piéu nay c¢6 nghia la dét bién cu thé nay lam giim kha
rhiéu gid tri clia nhiém sde th€ v; . Bay gid, néu gen thu 10 duge
chon d€ dot bien trong nhiém sic thé v, th '

v” = (1110000001111111000101) ..

Gid tri tuomg dng x"3=1.630818 va fix"y= 2.343555, kha hon
gid tri fixy) = 2.250650.

Ta s& minh hoa phép lai trén cdc nhiém sdc thé v; va v;. Gid
dinh riing diém lai dugc chon (ngau nhién) & vi tri tha 6:

vy = (00000{ 1110000000016000),

va = (11100} 00000111111000101;

Hai con ciia két qua lal la
22
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v'y= (00000! 00000111111000101)
py= 111100/ 01110000000010000).

Ciac con nay c¢6 do thich nghi:
fiv’y) =f-0.998113) = 0.940865,
flv’y) =f1.666028) = 2.459245

Chi ¥ ring con thd 2 thich nghi hon cd cha 1an me coa né.

1.1.5. Cae tham 88

P4i voi bai todn dic biét nay, ta da dimg cic tham s6 sau day:
kich thuéc quin thé pop-size = 50, xde suat lai tao p, =0.25, xéc suft
dét bién pn= 0.01. Xdc suit lai p, = 0.25 nghia 13 cd thé v trong
quén thé c6 25% o hdi duge chon d€ thue hién phép lai; cdn xdc
suat dot bign p,, = 0.01 lai 14 1% 1 bit 4t bat ky cda 1 c4 th& bét ky .
trong quan thé bi 46t bién.

1.1.6. Cac két qua thit nghiém

Bang 1.1 trinh béy. mdt s8 két qua ham muyc tiéu f&1s6thé
ha. Cdt bén trdi cho biét thé hé duge xem xét, va cbt bén phdi che
biét gia tri cda ham f. Nhiém séc thé t6t nhit sau 150 thé hé la

Upor = (111001101000100600101),
tuong fng véi gid tri x,,,, = 1.850773.

Buing nhu ta mong ddi, Xpw = 1.85 + £, va f (x,,,) 16n hon 2.85

mjt chut
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Phén 1 : Thuat Gidi Di Truydn __ .

Bdng 1.1. K&t qua cha 150 thé ha

Thé& hé thi Ham lugng gia
1 ' 1.441942
6 2.250003
8 . 2.250283
9 _ 2.950284
10 2.250363
12 - 2328077
39 2.344251
40 2.345087
51 2.738930
99 2.849246
137 . 2.850217

145 " 2.850227

1.2. Thé tién thodi ludng nan céa ti nhan

Vi du nay minh hoa cdch 4p dung thuat gidi di truyén dé hoc

chién luge clia mét tro chai don gidn: trd tién thodi ludng nan cia ti

nhéin. Bai toan duge mé ta nhu sau,

Hai ti nhan bi giam trong hai xa lim riéng bigt, khéng thé

théng tin cho nhau. Méi ti nhin duge yéu cdu la hday ly khai vé
phdn boi ngudi tu kia, mét edch doc Iap. Néu chi co mét nguoi ly
khai, anh ta duoc thudng, con. ngudi kia bi phat. Néu cd hai déu ly

24
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khai, cd hai dét bi giam lai va tra ign. Néu khong ai ly khai, ed hai

déu duie phdn thudng khé. Nhu vy, cdch chon ich ky la ly khai sé
Auén dem lgi phén thudng hode hinh phat cuo hon, bét chdp ngusi

kia chon ra sao - nhung néu cd hai déu ly khai thi ho déu lam nhitng
diéu té hai hon la hop tdc voi nhaw. Tinh thé kho khan cia nguoi to

" la phdi quyét dinh nén ly khai hay hop tdc voi nguoi kia.

Trd choi nay gom hai ngudi chai, trong tro choi nay, téi phién
minh, mdi ngudsi s& chon ly khai hoac hop tde vdi ngu’(n kia. Cée ddu
thi sé& duge ghi diém theo cach thudng phat duge lidt ke trong hang

1.2

Bdng. 1.2. Bing thuéng phat cia trd chai “Tién thodi luéng nan

© cha th nhén” : P;la sy thudng phat danh cho ngui chei 1.

Ly khai Lykhai |1 |1 _Phat vi ly khai lén nhau

Lykhai |{Hoptic |5 |0 |Cém d6 ly khai va sy t.huo’ng
' ' phat

Hop tc Ly khai 0 |5 | Sy thudng phat va cAm do ly
' khai

Hop téc Hop tac 3 |3 | Phén thudng cho su hop tdc

Ta sé& xem cdch thuat giai di truyén duge si dung dé€ hoc chién
lige caa trd choi tién thodi luéng nan nay. Tiép cdn biing GA nhim
duy tri quan thé cdc “dau tha”, mbdi cd thé c6 chién luge ciia riéng né.
Ban dau. chién luge ciia mbi d4u thi duge chon nglu nhién. Sau dé, &
mdi bude, mbi ddu thi choi va duge ghi diém. Réi 6 mot s6 ddu thi
dugc chon cho the he mdi, va mét s trong d6. duge chon d€ ghép déi.
Khi hai ddu thd duge ghép dai, ddu thi mdi duge tao ra 6 chién luge
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thita hudng tir nhitng chién luge cia cha me (lai tac). Mot dot bién,
nhu thuimg 18, ddn tdi ¢6 bién déi trong chién luge cla cde d6i tha do
céc thay ddi nghu nhién trén biéu dién cia cdc chign luge nay.

1.2.1. Biéu didn chién luge

Trude hét, ta cAn médt s6 cdch bidu dién vé chign luge (nghia 14,
mét 15i gidi kha thi). Pé don gian, ta sé quan tam dén cdc chién luge
~ tdt dinh va s dung k&t qua cia chuyén dich cia 3 budc trude dé
quyét dinh budc hién tai. Vi c6 4 kha ning c6 thé ¢6 cho mbi budc,
nén tdt ci c6 4 x 4 x 4 = 64 kha ning chuyén dich ciia 3 bude trude d6.

Cé the die t4 chién Iuge theo kidu nay bing cdch chi dinh

chuyén dich nao can duge thuc hién cho cic kha n#ing ¢6 thé xay ra.
Nhu th&, mot chién hioe ¢é thé duge.biu dién bing chudi 64 bit (mbi
bit nhén gid tri Ds -ly khai- hoac Cs -hgp téc-), chi dinh cho chuyén
dich nao phai lam ddi vdi 64 kha ning. D& ¢6 chién luge khoi diém &
diu mot chuyén dich, chiing ta ciing cén diic ta tién dé vé 3 chuyén
dich gid dinh truge khi b4t ddu trd choi. Diéu nay doi héi phdi cé
hon 6 gen, nhu vay toan bo nhidm sdc thé it nhat cﬁn 70 bit.

‘

Chum 70 bit déc t& nhing gi mot dau thd trong ting trudng hop

c6 thé x4y ra va nhu thé xdc dinh hoan toan mét chién luge riéng. -

Chudi 70 gen chinh la mdt nhidm sdc thé cia dau thu dé dung trong
tién trinh tién héa.

1.2.2. Thudt gidi di truyén

Thust gidi di truyén ding d€ hoc chifn luge tién thosi ludng
nan ctia ti nhan gém 4 giai doan, nhy sau:

1. Chon qudn thé khdi ddu. Mbi ddu thi duge gan ngau nhién
mdt chudi 70 bit, biéu dién cho mét chién lddc nhu da trinh
bay ¢ trén.

Phén 1 : Thuat Gidi Di Truyén @_

2. Kiém tra méi ddu thi d€ quyet dinh hiéu qua dat ditge. Mbi
d4u tha dung mét chién luge duge xdc dinh trong nhidm sic
thé cia né dé du véi nhimg ddu thd khac. Diém cia dau thi
la diém trung binh cda t4t ca edc bude.

8. Chon cde ddu thu d€ phdt sinh. Néu ddu thi cé diém trung
binh s& duge cho mdt diém cong. Khi diém c6 dp féch chudn
trén trung binh sé dugc cho hai diém cdng; con khi diém cé
dd lzch chudn duéi trung binh sé khéng duge diém edng nao.

4. Nhing ddu thi choi thanh céng sé duge két déi mét cdeh
ngdw nhién d€ sinh con qua mdi ldn ghép déi. Chién luge cla
mbi con sé& duge quyst dinh tir nhimg chién luge cda cha me.
Diéu nay duge thuc hién bing cdch sif dung hai phép todn di
truyén: lai va dét bién nhu trong vi du trude.

Sau 4 giai doan nay ta ¢6 mdt quin thé mdi. Qudn thé nay sé
bidu dién cdc mau ing xif gidng ciach cu xd cla nhiing c4 thé thanh
chng trong thé hé trude nhiéu hon, it giéng cAch cu xi cha nhilng ca
thé khéng thanh céng hon. V6i mdi th& hé méi, nhimg c4 thé c6

~ diém turng d5i cac s& c6 nhidu kha niing truyén cdc phén thién luge

cia chiing, trong kh: nhﬂ‘_zig cd thé khong thanh cong sé khong ¢
phén ehién luge nao duge truyén lai cho thé hé sau.

1.2.3. Két qua thue nghigm

Khi chay chuong trinh nay, ta nhin duge nhimg két qui rht
déng lwu y. Tir mat khdi d4u rat ngau nhién, thuat gidi di truyén lam
tién héa cdc quan thé ma thanh vién trung gian cing thanh cong
nhu thuit glal dung cdc heuristic sau:

1. Ping ldc lu thuyén: tiép tuc hop téc sau 3 lan f.mmg tdc
{nghia 14, C sau (CCYCCYCC)).

2. Khiéu khich: ly khai khi ddu thd khéc ly khai (nghia 13, D
sau khi nhéan (CCXCCXCD)). '
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3. Nhdn loi xin 16i: tip tuc hgp tdc sau khi viéc hop ﬁic duge
phuc héi { nghia la, C sau (CD¥DCNCC)).

4. Quén: hop tac khi sy :tﬁm'lg tdc da duge phue héi sau khi bi
Igi dung ( nghia 14, C sau {DCCCNCC)). :

5. Nhén ghép déi: ly khai sau 3 lan ly khai 14n nhau. (nghia la,
D sau (DD)(DD)(DD)).

L2 -

1.3. Bm toan Ngttdl Du Lich

Vi du cuéi cing ching t6i mudn trinh bay lél tiép can thuat giai
di truyén giai bai todn Nguoi Du Lich (TSP). Bai toan TSP duge mé
ta nhuy sau. :

M6t du khdch mudn tham moi thanh ph6 anh’ quan tém; méi
thanh phé tham qua ding mot lén; réi tré vé diém khéi hanh. Biét
trude chi phi di chuyén gita hai thanh phé bdt ky. Héy x6y dung
mét 16 trinh thod edc didu kién trén vdi t6ng chi phi nhé nhat.

TSP 1a bai todn t5i wu t§ hop va e6 rit nhidu img dung. Cé thé
giai bai todn nay bAng nhiéu phuong phdp: phitong phép nhénh cén,
phuong phdp gin déing hay nhimg phuong phép tim kiém heunsnc
Ta s& giai bai todn nay bing thuat gidi di truyén.

Nhu ta da biét, khé khan ddu tién dat ra cho nguti thiét ké

thuit gidi di truyén la bidu dién nhiém sdc thé. Trong vi du tha
nhét, t3i vu ham mét bi€n, biing cdch chap nhén mgt it sai s6, ta da
st dung biéu dién nhij phén dé bleu dién nhiém s#c thé. Con trong vi
du thd hai, v6i mét chit phan tich, ta cing dua duge vé bidu dién
- nhi phén cde chién luge cdn thiét. Véi cdach biéu dién nhu thé, cac
phép di truyén truyén théng, lai va dot bién, dugce 4p dung true tiép
khéng cin sda d6i gi cd. Khi thuc hién lai hay d4t bién, cdc nhiém

séc thé két qua van hop 1¢, nghia 1a vin 1a mot 1oi giai thude khéng

gian tim kiém. Diéu nay khong con ding trong bai todn TSP nifa.
28 -
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‘N&u biu dién nhi phan cho bai toan TSP c6 n thanh phd, mdi thanh -

phé phéi duge ddnh ma bing mdt chud: llog, (n)} bit; vA nhiém s#c
thé 1la mét chubi gém n*[ logyn)] bit. Dét bign c6 thé tao ra mot 1o
trinh khéng thoa diéu kién bai todn nita: Ta ¢6 thé tham mét thanh
phd 2 lan. Hon nia, d&i véi mot bai todin TSP ¢6 20 thanh phé (ta
can 5 bit dé biéu difn mot thanh phd), c6 mat sd chudi 5 bit nao dé
{nhu 10101} sé& khéng tuwong img véi thamh phd niao ca vi 5 bit ¢6 thé

" biéu dién t&i da 32 trudng hop. Phép lai cing gy ra nhimg vin dé

tuong tu. Rd rang néu ta diung cdc phép todn dét bién va lai truyén
thong nhu da dinh nghia trude day, ta sé phdi dung dén mét loai
“thuét gidi sda chira”, thuft gidi “sita chita” mét nhiém sdc thé
khong hop 1& dé dua né vé khéng gian tim kiém.

Cédch tu nhién la ta s& ddnh s6 cdc thanh phd va ding mét
vects nguyén dé biéu dién mét nhidm sic thé 1§ trinh. Cach biéu
dién nay gidp ta trénh phai ding thuat gidi sia chita bing cdch két
hgp nhimg hiéu bidt vé bai todn vao cdc phép toan di truyén. Véi
cach bi€u dién nay, mét vectd cdc thanh phAn nguyén v = <iy, iy, ..,
i,> bi€u dién mot 16 trinh: tiri; dén is..., tir i, dén i, va tré vé i, (v
lﬁ mdt hodn vi cua vecto <1, 2, ., n>). ' '

Vén dé thi hai 1 kAéi tgo qudn thé ddu. D6 v6i tién trinh khdi
tao, ta c6 thé si mét s§ thudt gidi heuristic (ching han nhyu dang
thuat gidi Greedy dp dung nguyén ly “tham lam” vao bai todn TSP.
Ta s& dp dung thuit gidi Greedy nhidu 14n, mbi ldn tit mét thanh
phé dau khdc nhau); hosic don gidn hon 1a khdi tao quin thé bing
cdch tao ngéu nhién cdc miu ti cde hodn vi cha <1, 2, ., n>.

Viée lugng gida mot nhidm sdc thé rét dé dang: cho trli’ﬂc chi phi
cia chuyén di gilta cdc thanh phd, ta c6 thé dé dang tinh téng chi
phi cda tron 15 trinh. '

V& céc phép todn di truyén, trudc hét, ta xdy dung phép lai OX
nhit sau: cho trude hai cd thé cha-me, c4 thé con cé dugc blng cdch
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chon thif tu 10 trinh tir mot cd thé va béao toan thy ty tuong d6i gitta
céc thanh phd trong cé thé kia. Thi du, néu cha-me la:

<123456789101112> va
<731114125210968>

va khiic duge chon 1a (4 5 6 7), cd thé con cla phép lai s@ la:

<111124567210983>

'Nhu yéu ciu, ca th€ con c6 quan hé cdu tric déi véi cd hai c_é
thé cha-me. Vai trd cda cha va me c6 thé hodn d8i khi xay dung cd
thé con thy hai.

Phép 45t bién thyc hién don gidn hon: ta chi can hodn vi hai vi
tri bt ky trong c4 thé duge chon.

(Di nhién day chi la mdt cdch dinh nghia cde phép todn di
truyén. Ban doc ¢6 th& nghi ra nhimg cich dinh nghia khéc hay
hon). o

Nhu thé, ndu cho trude cdic tham s8 lién quan, thuat guh di
truyén e6 thé duge thi hanh.

Nhfmé vin dé vé bifu didn va cic phép todn di truyén gidi bai
tosn TSP sé duoc ban chi tiét hon trong phan 8 — T6i uu t8 hop.

1.4. Thuit giai leo 651, md phong viéc luyén thep va di
truyén

Trong phén nay ta ban vé ba thuat giai, 6 1a leo d6i, md phéng
viée luydn thép va thuit gidi di truyén: cing dp dung gidi bai todn
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tdi wu don gian. Thi du sau day ching t6 kha ning wu viét cita cach
tidp can GA.

Khong gian tim kiém la rﬁ(}t tap cdce chudi nhi phan ¢ ¢6 chiéu
dai 30. Ham muc tiéu f 12 cdn cuc dai héa 1a ham:

flu) = 111 * one(v) - 150,
trong d6, ham one(v) cho biét téng s6 56 1 ¢6 trong chudi v. Thi dy,
v6i ba chubt sau day

v ={110110101110101111111011011011),
vs= (111000100100110111001010100011),

vs= (000010000011001000000010001000),
thi |

flv)) =111%22 -150| =

fluy) = | 11¥15 -150} = 15

fluy = | 11%6 -150 | =

( one(vy) = 22; onelvy = 15 va onefvy) = 6).

f' la ham tuyén tinh. Ching tbi chi ding né dé minh hoa ¥
tudng chinh eda ba thuét gidi: leo ddi, mé phéng luyén thép va thuat
gial di truyén. Tuy nhién, cdn luu ¥ 14 £ ¢6 mot cuc dai toan cue vdi

ve= (111111111111111111111111111111)
khi d6 fiv,) =11*30 - 150! va mét cyc dai cuc ba khi -

vy =(0000000000000000000000006000000)

flvy =|11* 0 -150| = 150

31



Chuong 1 - Cde Khai Niém Co Ban

C6 nhiéu phién ban khdc nhau cia thuft giai leo d6i. Chung chi
khéc nhau theo céch chudi md duge chon d& so sanh véi chudi hign
tai. Mot phiénban don gidn (l4p) cua Jeo déi (MAX lan lap lai) duge
cho trong hinh 1.2. Thoat dau, 30 lan cin duge quan tam, va lan can
v,, tra vé gia tri lén nhit fiv,). duac chon dé canh tranh v61 chudi v
~ hién hanh. Néu flv.) < fiv,), thi chudi. mdi- trg thanh chudi hnén
hanh. Ngugc lai thi khéng c¢6 cdi thién cuc bé ndo xdy ra: thust giai
dat dén (cuc bd hodc toan cuc) 81 wu {cuc bq TRUE). Trong truimg
hqp nhu viy, ldn lap k& (¢t «t+1) duge thye hlen véi mot chudi mdi,

chon theo ngdu nhién.

Bang chi ¥ ring thanh cong hay that bai cha mﬁl 14n lap trong _

thuat gidi leo doi (nghia 1a tra vé t8i wu cuc b hay toan cuc) tuy
thude chubi khdi dau (duge chon lya ngAu nhién). Rb rang la néu
chudi khai d4du c6 13 s6 1 ho#c it hon, thuat gidi sé ludn ludn chdm
dut tai tOi wu cue bd (that bai). "Ly do 12 chuS: 13 50 1 tra vé gid tri 7
ctia ham mue tiéu, va bat cd cdi thi¢n cia ting budc 1&13 déu hudng
vé £8i uu cuc by, nghia la, ting s8 s6 1 dén 40 gidm tri s0 cia ham
muc tiéu con 4. Mit khée, bat et viée gidm luong s6 1 ndo cing s&
lam tang tri s6 ca ham: mot chudi c6 12 56 1 s& mang lai gid tri 18
cho ham, chudi 11 s§ 1 cho trj 29, vv.. Diédu nay c¢6 thé ddy viéc tim
kiém theo hudng “sai”, vé phla cue dai cuc bé.

~ Thu tue leo doi
bit dau
te— 0
lip lai
32
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cuc b6 — FALSE

chon ngéu nhién'im}t chudi v,
‘tién héa v, | |
1dp lai .
+ chon 30 chubi méi trong lan cén v.
bing cdch t.hay méot ctic bit cila v,
"+ chon chuax Un trong tép CcAc chufu )
gid tri ham mue tiéu £16n nhét
+ néa flv) < flvy) '
thi v, ¢ v,
.néu khéng cuc by « TRUE- -
cho dén khi cuc bf |
£ e t{l |
cho dén khi ¢ = MAX
chiam diit -

Hinh 1.2. Thuit gidi leo d8i don gidn (l4p)

Dédi v6i nhimg bai todn ¢6 nhiéu t8i uu cuc b, co hdi cham duge
t8i wu todn cuc cla thuft gidi leo ddi 1a rdt mong manh.

Con hinh 1.3. trang sau trinh bay thé tyc mé phﬁng luyén thép.

Ham random [0,1) trd vé mdt sd nghu nhién trong khoang [0,1).
Cée (didu kién - dimg) kiém tra xem da dat “c4n bing nhiét do”

33



("] Chuong 1 : Céc Khi Niém Co Bén
chua, nghia 1a, phan b§ x4c sust cia cdc chudi méi da chon c6 dat
dén phin b8 Boltzmann khéng. Tuy nhién; trong mot s6 cai dit,
vong lap chi dugc thuc thi % lan, % 12 tham s b8 sung cia phuong
phép. |

Nhiét do T dugc ha thap theo timg budce ( g(T,t) < T v6i moi ¢).
Thuit gidi dimg khi 7 dat mot gid tri di nhé: (hiéu chuén - dimg)
kiém tra xem hé théng da “dong” ial chua, ng}ua 12, khong thay dé;

‘nao duoc chﬁ'p nhén ni¥a. .

Nhu d& n6i trude d&y, thust glén mé phéng luyén thép c6 thé

thodt khdi t6i vu cuc bd. Ta hdy xem mét chudi,

ve = (111000000_100_11611100101010.0000),
v6i 12 56 1-cho gid tri clia fg) = |11%12 - 150] = 18 v6i v, 1a chudi
khdi tao, thuit gidi leo ddi c6 thé tién dén cuc dai cyc bd

u; =(000000000000000000000000000000).

Do mot chudi 30 s6 1 bat ky (nghia 13, mdt bude ‘tién dén’ t6i uu
toan cuc) cho gi4 tri 7 ( nhé hon 18). M4t khéc, thuit gidi mé phdng
luyén thép c6 thé nhan mot chudi c6 30 56 1 lam chudi hién hanh
mdéi véi xde suat

, = expl(fTo,) - fwVT)= exph(7-18T),

d6i v6i mdt nhist dd nao d6, chﬁ.r_lg han T= 20, sé cho p = ¢
=0.57695, ' S

11/20

nghia la cde co hdi chip nhan 6t hon 50%.
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Thit tuec mé phéng luyén thép
bit ddu "
te0 ;
khdi tao nhigt dg T
chon ngéu nhién chudi v, lam chudi hxén hanh
 tién héa v,
lap lai
l3p lai .
+ chon chudi v, méi trong lén c&n v,
béngcéchthaymétb:tmavc -
+ néa fu<flv)
thi v, < v, .

+  néukhéng thi

néu random[ﬂ b< exp I(ﬁ'v,J —ﬁvJ)fT}'

' thi v, « U,
cho dén khi (didu kién dimg théa)
T e FT,E)
te—t+1
cho dén khi (diéu kién dimg 2 thda) |
chdm dwit

Hinh 1.3. Thuat gidi mé phdng luyén thép.
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Thuat gidi di truyén, nhu da trinh bay trang 1.1, duy tri mjt
quén thé céc chudi. Hai chudi tuang déi xdu, -
vs = (11111000000011011 1001110100000) va
vg = (000000000001 101110010101111111) .

mbi chudi duge lu'cng gi4 1a 16, co thé sinh ra con &t hon nhiéu (néu
diém lai roi vao bat of vi tri nao giita vi trf thi 5 va thd 12)

v7 = (1111100000011011_10010101111111).

Con méi duoce lugng gid
flog = {11*19 - 150!- 59

Ta két thic chmmg nay bhng cich dén ra mdt thong didp khdi
hai vita duoc gi6i thidu trén Internet (comp.al_.neural -nets).

“ Chi § rdng, trong moi ky thugt {leo déi] da thdo ludn ti ldu,
con thé cé thé hy vong tim dugc dinh nii gdn ché né khéi hanh.
Khong c6 gi bdo ddm ddy la dinh Everest, hodc mét ngon nii rﬁft
cao. Nhiéu phu:ong phdp khde nhau dé duge ding d€ thi tim ra t6i

uu toan cuc thuc su.
Trong mé phong luyén thép, con tho da dworc dn ubng va hy

vong mét cdch ngdu nhién sudt mot thoi gian dadi, né sdng sudt lén
va c6 hy vong nhdy lén dén dinh ddi cao nhat.

Trong thudt gidi di truyén, cé nhidu thd duge thd ngdu nhién
vdo mét s6 noi cia day Hy ma lgp son. Nhing con thd nay khéng
biét rdng ching phdi tim dinh Everest. Nhung, cit vai ndm mot lén
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ban phdi bdn chiing & do cao thdp, véi hy vong nhing con con lai se
thanh cong va sinh sdn thém™.

1.5. K&t Ingn

‘Ba thi du vé thuat gidi di truyén gidi bai todn t6i wu ham, thé
tién thodi ludng nan cia ti n’hﬁx’x va nguti du lich, cho thdy img
dung rong réi cia thudt gidi di truyén. Nhung déng thdi cing bée 16
nhitng khé khan ddu tién khi st dung thuat gidi di truydn. Vin 48
biéu difn cho bai todn ngudi du lich khéng ré rang lam. Phép todn
m6i duge s dung (lai tao OX) khong hé tAm thudmg. Con nhimg khé
khin nao nita ma ta gip phai § nhimg bai todn nao khéc (khé han)?
Trong hai thi du, t&i uu ham va TSP, ham lugng gid duoe dinh nghia
o rang; trong thi du thit hai (tién thodi ludng nan cla td nhin) mét
tién trinh md phéng don gidn cho ta mét lugng gid chia nhidm sic
thé (ta thi ting d&u tha & quyét dinh sy thanh cong ciia né: méi
d4u thi ding mét chién luge do nhidm sic thé cia né dinh nghia d&
chot v6i nhitmg d4u thid khde, con dim cia mdi ddu thi 1a difm
trung binh trén tat cd nhing trd choi ma né choi). Ta phdi tién
hanh cdch nao trong trudng hop ham lugng gia khéng duge dinh
nghia ré rang? Thi du, Bai toan Thod man bién Boolean (Boolean
Satisfiability Problem - BSP) dudng nhu cdn ¢6 mét biéu didn chudi

. nhi phan (bit thd i biéu didn thit tu ding cia bién Boolean thi i), tuy

nhién, tién trinh chon mét ham lugng gid khong phai 1a o rang
{xem c4c chumig sau).

Thi du thit nhat vé t6i wu ham khéng rang bujc cho phép ta
dung mét biu dién tién lgi, trong d6 bat o chudi nhi phéan ndo
cing tuong Wng véi mét gi4 tri trong mién gid tri ciia bai todn {nghia
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1a, [-1,2]). Diéu nay cé nghia 14 bét et mét dot bidn hay mdt lai tao
nao cing san sinh mdt con hgp 18. Piéu nay cing dung trong thi du
tha hai: Mat két hop cdc bit bat ky bidu dién mdt chién luge hgp lé.

Bai todn thd ba c6 mét rang bude duy nhat: méi thanh phé phéi xufit

hién chinh xdc mot lan trong 1§ trinh hgp 1é. Diéu nay gy ra vai

véin dé: ta da dung cdc vecto s6 nguyén (thay vi biéu dién nhi phan)

va sita lai phép todn lai. Thé bling cich ndo ching ta ti€p cén mdt
bai todn ¢6 rang budc téng quat ? Ching ta phdi ¢6 nhimg kha néng

gl?

Cau tra 1 that khéng dé dang; ching ta s& xem xét cac gi&i

phdp & trong nhimg phén sau.
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THUAT GIAI DI TRUYI’EN :
cd CHE THUC HIEN

Urong chuong nay, ching t4i sé trink bay vd co ché thye hién
cua thujt gidi di truyén théng qua mdt bai tosn t5i wu s& don gidn.
Ta sé bit ddu théo ludn mot vai ¥ kign chung truée khi di vao chi

tiét vi du.

Khong mét tinh t6ng qust, ta giz dinh nhimg bai todn 5i wu Ia
bai todn tim gif tri cuc dai. Bai todn tim cute tidu ham f chinh 1a tim
cuc dathaim g = -f:

min fix) = max glx) = max (—fix)}._

‘Hon niia, ta c6 thé gid dinh .ri’mg ham myc tiéu f c6 gid tn'
duong trén mién x4c dinh cia 16, néu khﬂng, ta c6 thé cong thém
mét hiing s6 C duong, nghla 1a:

max g(x) = max (g(x) + C}

(v& trai va v& phéi cing dat max tai 1 diém xp)

Bay gid, gid sl ta muén tim cyc dai mot ham % bién fixs,....xp)

- R*SR. Gia si thém i3 méi bidn x; e6 thé nhén gia tri trong :mén D

= {a;, b c R va fixy,...,x) > 0 v6i moi x; thudc D;. Ta mudn t&i wa héa
ham f véi mot 46 chinh xdc cho trude: gid sif cdn 6 s& 13 48 voi gid
tri cia cdc bién.
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Ré rang 1a & dat duge d@ chinh xde nhu vay mdi mién D; dude
phan cét thanh (b-a;)x10° mién con béing nhau. Goi m; 14 s0 nguyén
nhé nhét sao cho .

(b mal)x106<2m 1_- s

Nhu vay, mbi bién x; duge bidu dién bing mét chudi ahi phén co
chidu dai m;. Biéu dién.nhu irén, o rang thod:mén diéu kién vé db
chinh xdc yéu cau. Céng thic sau tinh glé tri thép phﬁn clita mbi
chudi nhi phé.n biéu dién bién x;,

a;

X =a; + decimal(ll 1001..001,). ;’;

trong d6 decimal(chudis) cho bi€t gid tri thip phan cua chubi nhi

‘Bay giv, mbi nhidm sic thé (1a mot 151 gidi) duge bidu difn bing
X . em s .5

chudi nhi phén cé chidu dai m= Z m, ; m; bit ddu tién bidu dién

céc gid tri trong khoang [a,b;); m2 bit, ké& tiép biéu dién gid tri trong

khodng [as bsl; .. ; nhém my blt cudi cling biéu ch@n gia tri t.rong
khoﬁng [ak’ bk]

Pé khdi tao quén thé, chi cén don gidn tao pop-size nhidm sic
thé ngiu nhién theo timg bit. Nhung néu ban biét mot chit vé xdc
suft, thi nén ding nhing hiéu bi&t vé sy phan phdi dé khéi tao quin
thé ban ddu sé t&t hon.

" Phén con lai cia thuit gidi di truyén rdt don gian: trong mdi
th& hs, ta lugng gid ting nhidm sde thé (tinh gid tri ham f trén céc
chudi bién nhi phan da duge gidi md), chon quin thé mdi thoa phén
b6 xéc suit dua trén do thich nghi va thyc hién cac phép dét bién
va lai d€ tao céc cd thé the hé méi. Sau mdt s6 thé he, khi khong
cdn cdi thién thém duge g nita, nhidm sic thé tot nhat s& dugc xem
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nhu &1 gidi ciia bai todn t6i wu {thudng la toan cuc). Thong thudng,
ta cho dimg thuat giai di truyén sau mdt 88 bude lap ¢d dinh tdy
thude diéu kién vé toc 46 va tai nguyén may tinh.

P61 v6i tién trinh chon loc {chon quan thé mdi théa phan bé
xdc suit dua trén cde do thich nghi), ta dung banh xe quay Ru 16t véi
céde ranh duge dinh kich thube theo dd thich nghi. Ta xay dung bsnh
xe Rulét nhy sau (gia dinh ring, cdc d6 thich nghi déu duang, trong
truimg hop nguge lai thi ta cé thé ding mot vai phép bién déi tuong
ng dé dinh lai ty 1& sao cho cac d6 thich nghl déu duong)

o Tinh dﬁ thlch nghx eual(u,) cuia m61 nhlem sic thé
v; (i= 1...pop-size).

e Tim tng gid tn thich nghi  toan quAn th&
F= z”""_ - eval(v; )

e Tinh x4c suat chon p; cho mbi nhlém séc t.hﬁ u, ,
(i= 1...pop-size): p: = eval (V) /F
e Tinh vi tri xdc sufit ¢; ciia mdi nhidm sdc thé v;, (i= 1...pop-

sl'ze). q; = Z;=I pj

Tién trinh chon loc duge thye hién bing cdch quay banh xe ru
16t pop-size lan; méi l4n chon mot nhlem séc thé. tit quan thé hién
hanh vao quén thé méi theo cdch sau:

» Ph4t sinh ngiu nhién mot s6 r trong khoang {0..1]

e Néur«g ," thi chon nhiém sic thé diu tién (v,); nguoc.lai thi
chon nhiém sdc thé thi i, v; (2 < i < pop-size) sao cho q,, <r
=G

Hién nhién, c6 thé s& c¢6 mot s6 nhidm sic thé duce chon nhiéu
lan. Diéu nay phu hgp véi ly thuyét so dé (xem chudng 3): cdc nhiém
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s&c thé tot nhét c¢6 nhidu ban sao hon, cde nhiém sic thé trung binh
khéng thay ddi, cdc nhifm séc thé kém nhit thi chét di.

Bay git ta c6 thé ap dung phép todn di truyén: két hop, lai vao
cdc ¢4 thé trong quin thé méi, vita dugc chon tit quin thé i nhu
trén. Mot trong nhimg tham s& cia hé di truyén la xdc suit lai p..
Xéc sudt nay cho ta s§ nhiém sdc thé pop-sizexp. mong doi, céc
nhiém s#c thé nay duge ding trong téde vu lai tao. Ta tién hanh theo
cdch sau day: : : :

D6i v6i mBi nhidm sic thé trong quén thé (méi) :

» Phat sinh ngiu nhién mot mét s§ r trong khodng [0..1]);
‘o Néur < p,, hiy chon nhidm sic thé dé dé lai tao.

Bay gid, ta ghép d6i cdc nhidm sic thé da chon duge mét céch
ngiu nhién: 48i véi mbi cdp nhidém séc thé dugc ghép dbi, ta phat
sinh ngiu nhién mdt s& nguyén pos trong khodng [1..m-1] (m 1a tdng
chidu dai - s6 bit - cha mdt nhidm sic thé). S8 pos che bi_é't vi tri ciia
diém lai. Hai nhi®m sic thé: :

(B;t;yg...bmbp,,.,,;... b} va
{C1€2...CoosCposs1---Cm)

duge thay biéing mdt cip con cia ching:
(b1b2...bpos Cooset-: Cn)
{c1Ca...Cpos ,mm b

Phép todn ké tlé'p, dst bign, duge thuc hign trén co 8d timg bit.
Mot tham s& khéc ciia hé thdng di truyén p,,., cho ta s bit dot bién

Pmxmxpop-size mong dgi. Méi bit (trong tat c& céc nhidm séc t'.hé_
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trong quin thé) ¢6 co hai bi dét bi€n nhu nhau, nghia 1a, ddi tir 0
thanh 1 hodie nguge lai. Vi thé ta ti€n hanh theo cdch sau day.

Dsi vai mdi nhidm sic thé trong quén thé hién hanh (nghia la
sau khi lai) va d6i-vai méi bit trong nhiém séc thé:

« Phst sinh ngiu nhién m@t' 5§ r trong khodng [0..1};
¢ Néur < p,, hiay dot bién bit dé.

Sau-qud trinh chen lge, lai va 4§t bifn, quin thé méi dén lugt
lugng gid k& tiép cia né. Luong gid nay duoc dimg 48 xay dung phan
b8 xdc sudt (cho tién-trinh chon lya k& tiép), nghia 13, d€ x4y dung
lai bdnh xe rulét véi céc ranh duge dinh kich thudc theo cde gid tri
thich nghi hién hanh. Phdn cdn lai céa tifn héa chi 1 lap lai chu

* trinh clia nhilng budc trén (xem hinh 0.1 trong phén dén nhap).

Toan bé tién trinh sé duge minh hoa trong mgt thi du. Trong vi
du nay, ta s& mb phong thuat gidi di truyén gidi bai todn t8i wu 4.

© Gi& sit kich thudc quin thé pop size = 20, vA céc xeic sudt di
truyén tuong ung la p, =0.25 va p,, =0.01 :

Ta ¢an cuc dai h\ga ham sau day:
fleg,xz) = 21.5 + x;x sin (47mc;) +xpx $in{207 x3)
v6i -3.0 <%, <12.1va 4.1 < %5 5.8,

Hinh 2.1. la d6 thi cia ham f .



™ Chuong 2 : Co Ché& Thuc Hién

Hinh 2.1. D3 thi ham f (x;,%2) = 215 + 1;x sin (4mc;) +xzx sin(207 22}

| Gié st ta cdn tinh chinh xdc dén 4 s6 1& dgi v6i mdi bisn. Mién
ciia bién x; c6 chidu dai 15.1; diéu kién chinh xde doi héi doan [-
3.0,12.1] edn duge duge chia thanh cdc khodng cé kich thude biing
phau, it nhat 14 15.1x10000 khodng. Diéu niy nghia 1a edn 18 bit
lam phin dAu tién cia nhidm sic thé:

2'7 < 151000 <2*
Mién cha bién x» c6 chidu dai 1.7; diéu kién chinh xéc ddi hoi
doan [4.1,5.8] cdn duge duge chia thanh céc khodng c6 kich thude

biing nhau, it vhat 13 1.7x10000 khodng. Piéu nay nghia 12 cin 15
bit 1am phin d4u tién cla nhiém sdc thé:

24 < 17000 < 2%

Thu&t Giai Di Truyén , @_

Chiéu dai toan bd nhiém sfc thé (vecto 1&i gidi) lic nay la

m=18+15= 33 bit; 18 bit d4u tién ma hoa x,, v& 15 bit con lai (i 19
dén 33) ma héa x,. : '

Ta hay xét mét nhiém séc thé lam thi du:

(010001001011010000111110010100010) .

18 bit ddu tién, 010001001011010000, biéu dién

%; = -3.0 + decimal(010001601011010000;) x -—qm';lg(*f'o) ,
=-3,0470352—21 __ 30,4
oSS Saeatag 00+ 1052426

15 bit k& tiép 111110010100010, biéu dién

xz= 4.1+ decimal(111110010100010,) x >3-4 _ ;1. 3190617
: gl _q - 32767

=.1+1.6565330

= 5.'}55330
Nhu vay, nhiéﬁ sde thé
(010001001011010000111110010100010)
tuong dng v <x),x2 > = <1.052426, 5.755330>.
B#g thich nghi cia nhiém sdc thé nay Ia -.

f11.052426, 5.755330)= 20.252640.



Thufit Gidi Di Truyén , B E

v;6=(110011110000011111100001101061011)

Chuong 2 : Co Ché Thuc Hién

D& cuc dai héa ham £ biing thuat gidi di truyén, ta tao mét quan
thé ¢6 pop_size = 20 nhiém séc,thé. Ca 33 bit trong téft cA cdc nhiém

séc th€ d8u dugc khdi tao ngiu nhién. vi7=(011010111111001111010001101111101)

Gia 'si riing sau tién trinh khdi tz_ao _ta c6 quin thé sau day: vys=(011102060000001110160111110101101)

vy= (100110100000001111111010011011111) v1p=(000101010011111111110000110001160) -

bp= (111000100160110111001010100011010) 020=(101110016110011110011000101111110)
Trong giai doan llIo‘ng gid ta gﬁ] ma t&ng nhidm sfe thé va

tinh cdc gid t hﬁm
s g 1'1 thlch nghl tﬁ’cﬁc glé t.n (x;, xg mdl gidi ma. Ta

vy= (00001000001100100000101011_1011101).
1 .

v,= (100011000101101001111000001110010)

e (000111011001010011010111111000101) cul(v) = f16.084492, 5.652242) = 26.019600°

ve= (000101000010010101001010111111011) - eval(vy) = f(10.348434, 4.380264) = 7.580015

vr= goomoommoonmon11011_011111_0-11) o eval(vy) = ﬂ-2-'516603- 4.390381) = 19.626329

vg= (100001100001110100010110101100111) eval(vy) < f15.278638, 5. 593460) - = 17.406725

ve= (010000000101106010110000001111100) e”‘ﬂ(vﬁ) A-1. 255173 4, 734458} = 25, 341160

v16=(000001111000110000011010000111011) evalfvg = -1.811725, 4.391937) = 18.100417

v,;=(011001111110110101100001101111000) eval(vz) = {-0.991471, 5.680258) = 16.020812

0,5=(110100010111101101000101010000000) eval(vy) = 4.910618, 4.703018 ) = 17.959701

015=(111011111010001000110000001000110) eval(vy) = 10.795406, 5.381472) = 16.127799

v,,=(010010011000001010100111160101001) evallvyy) = f(-2.554851, 4.793707) = 21.278435

v,5=(111011101101110000100011111011110) eval(v;;) = fi3.130078, 4.996097) = 23.410669
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Chuong 2 :.Co Ché& Thue Hign Thuat Gidi Di Tl'l}yén o E

po = eval(v ) / F =0.041590 P = evallv ) | F =0.054873 |
eval(vry) = 9356179, 4239457 = 1501018 pr = eval(v ) | F =0.060372 p1z = eval(v J | F =0.038712
eval(vyg) = A1l 134646, 5.378671) = 27 316102 P13 = eval(v ) ;f. F =0.070444 p=evaiv) | F =o.o5'1257'
eval(v:g) = fl1.335944, 5 151378) = 10.876234 . P15 = eval(v } | F =0.077519 pi=evalw) | F =0.061549 -
eval(vss) = A11.089025, 5 (54515) = 30.060205 p I_,'_;. éuqf_fv )/ F=0.035320 pis = eval(v ) | F =0. 039750
eval(ve = fl9.211598, 4. 993762} = 23.967227 pro = eval(v ) | F=0.051823 " pao=evalw) | F 20.035244

svaller? = fi SoToA * 571343) - 696165 Céc vi tri xde suft ¢; cGa mdi nhidm sic thé v, (I=1,..,.20) &

eval(up) = 3843020, 5158226) = 15. 414128 = 0.067099 - a _'= 0.9866 i 23 = 0.137001
eval(ve) = -1 746635, 5. 395584) = 20.09590._3 - g 0.181890 - '.q5 = 0.247240 gs = 0.293917
cval(vs) = K1.986998, 4.757338) = 18.666918 ) g7= 0335232 " gs =0.381546 o = 0.423137 |
Ré rang nhim sée thé vy manh sh&t va nhiém sic thé vs yéu a0 0476009 e '0..538381' : q,;, 0577003
- ‘ i ta xhy dung hé théng kién tr;lc bé.nh xe rulé;f. cho tién Y= 0'6475?7 | q14 = 0693794 : q;5.=. 0.77(?314
tﬁnhB:gQEl loc. Téng 49 thich nghi 2 quin th 18 :16=0.837863 __ Q7 =.0-_873.182 q1s =0.812932
q19=0.964756 . @20=1.000000

F= Z”‘ cval(v;) ='337-.77s'322 -
' i=l

Béy giv ta quay banh xe rulét 20 l4n; mdi 14n chon mét nhiém
s4c thé cho quan thé mdi. Gi sit thd ty (ngéu nhién) cia 20 s3 trong
khoang [0,1] duge phét sinh la '

 (i=1,e- la:
K4c sudt chon loc pi cta méi nhlém sie thé v; (=1 .20)

. 019547
pi= eval(l) | F= 0.067099 ps = eval(v )| F=0. |

P;-"—BUGI(UJ' / F—-0.0MSBQ '

0.513870 0.175741 0.308652 0.534534 0.947628
/ F= 0046677

p3 = eval(v y I F= 0.050355

" pg = eval(v ) | F = 0.065350 pe = eval(v)

0.171786  0.702231 0.226431 0.494773 0.424720
p3=eual(v)_,‘F=.0.046315 2264 _

pr=eval(v) | F= 0.041315
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Nhu viy, quan thé méi gom c6 csc nhim sic thé sau:

0703899 0.380647 = 0277226  0.368071 0.983437
0:005398 0.765682  0.646473  0.767139  0.780237

'S5 ddu tién r =0.513870 ldn hon qiy va nhé hon gy, nghia 12
nhiém sic thé v,y duge chon vao quén thé méi; so thi hai, 0.175741
16n hon g3 nhd hon g4, nghia 1a v,

vy = (011001111110110101100001_101111000) (p;;__)
vy = (1000110001011010_011110.000{_)1110010) (vy)

vy = (001000100000110101111011011111011) (v7) |

vy = (0110011111‘10110101100001101111000) (we)

U= (00010'1010011111111110000110001100) (v19) .

50

Vs = (100011000101101001111000001110010) (0g)

v’y = (1110111011011 10000100011111011110) (v;5)

v’s = (0001110110010100110101 1'1.111000101) {vs)
v'e = (01100111111011010 1100001101 111000) (v1))

e = (000010000011001000001010111011101} (vg)

vy = {111011101101110000100011111011110} (v;5)

vz = (0'100000{}0101100010110000001111100) (vg)

Vg = (0001010000100101010010 10111111011) (ve)

duge chon cho quén thé mdi,vv...

Thut Giai Di Truyén M
v'14 = (100001100001110100010110101100111) (v)

v's = (10111001011001111¢011006101111110) (vz0)

v’ = (100110106000001111111010011011111) ).

0’3y = (000001111000110000011010000111011) (v10)

Vg = (1110111110100010001 10000001000110) (v;3)

v’y = (111011101101110000100011111011110) (vy5)

U'ge = (1100111100000111111_00001101001011) {vgg)

Bay g;w ta s& 4p dung phép todn két hop, lai cho nhimg cd thé
trong quin th€ mdi (che veeto v’ ). Xée sudt lai p, = 0.25 vi thé ta hy
vong (trung binh) 25% nhiém sic thé (nghia 14, 5/20) s tham gia
lai tao. Ta tién hanh theo cdeh sau: d6i véi mdi nhiém séc thé trong
quén thé (m6i) ta phét sinh nglu nhién mdt s& r trong khodng [0,1};
néu r < 0.25, ta chon mét nhidm se thé cho truée &€ lai tac. -

Gid sif thi tif eéic 8 nglu nhién 1

0.822951 0.151932  0.625477 : 0.31468_5 - 0.346901

£ 0917204  0.519760  0.401154 - 0.606758  0.785402

0.031523 0.869921 0.166525 0.574520 0.758400

0.581893 0.389248 0.200232 0.355635 0.826927

Diéu nay c¢6 nghia la céc ‘nhi_ém .séc thé vy, vy, v’ va vy da
duoc chon d€ lai tao. (Ta da gap may: s6 nhiém sic th€ duge chon la

chén, vay c6 thé ghép thanh eip mot cdch d dang. Trutmg hop 12 sg
1&, chiing ta s cong thém mét nhidm séc thé ngoai hodc 18y bét mot
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nhiém sdc thé - thuc hién diéu nay mét cach nghu nhién thi tGt
hon). Bay gi¢ ta cho phdi ngiu mot cach ngiu nhién: tic 14, hai
nhiém sdc thé ddu tién (vi dy v’z va v’y ) va ciip ké tiép (v'y3 VA v’m}'
duge k&t cap. Doi véi mdi cap trong hai cip nay, ta phat sinh: rntf)t.?é
nguyén ngiu nhién pos thujc khodng {1, .., 32} (3241 1a’ téng chnjau
dai — s& bit ~ trong mot nhidm sic thé). S8 pos cho biét vi tri cua
diém lai tao. C4p nhidm sdc thé dau tién la: '

vy = (100011000] 101101001111000001110010).

U= (111011101 101110000100011111011110)_ '

va gid sif s0 ph4t sinh pos = 9. Céc nhiém s#c thé nay bi cit sau bit’

thi 9 va duge thay b¥ing cip con ela chlng:
LU = (100011000| 101110000100011111011110)

._U””= (111011101} 101101001111000001110010)

Yy

Cap nhim sic thé thit hai 1a:
v’13= (00010100001001010100] 1010111111011).

o= (11101111101000100011] 6600001000110)

va s6 phét sinh pos = 20. C4c nhiém séc thé nay dugc thay bdi mét
ciip con ciia ching: .

v = (000101000010010101{JOi 0000001000110}

Thuat Giai Di Truyén

v’s = (100011600101110000100011111011110)
o’ = (001000100000110101111011011111011)
v, = (011001111110110101100001101111000)

_ v's = (000101010011111111110000110001100)

v's = (100011000101101001111000001110010)
v’y = (111011101101110000100011111011110)
v’s = (000111011001010011010111111000101)
v’y = (011001111110110161100001101111000)
0’1o = (000010000011001600001010111011101)
v'ys = (111011101101101001111000001110010)
v’z = (010000000101100010110000601111100)
¥'3 = (000101000010010101000000001000110)
V= (100001_100001110100016'1-10101 100111)

Vs = (101110010110011110011000101111_110)

v'ss = (100110100000001111111010011011111)
v's7 = (000001111000110000011610000111011)

\ v’ = (111611111010001000111010111111011)

V' = (11101110110111b000100011111011110)
v'ze = (1100111 10000011111106001101001011)

v = (11101111101000100011‘ 1010111111011)

Phép todn k& tigp, dot bién, duge thue hién trén co 3§ timg bit
mdt. Xdc sudt dot bi€n p,= 0.01, vi th€ ta hy vong (trung binh)
1/100 sd bit s& qua dot bién. Cé6 660 bit (mxpop-size=33x20) trong

Cudi cing, quan thé hién hénh 1a: |
v’y = (0110011 11110110101100001101111000)
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toan quin thé; ta hy vong (trung bmh} 6.6 dot bién mdi th& hé. Moi
bit ¢é co hoi ddt bién ngang nhau, vi th&, déi vai mai bit trong quén
thé, ta phat sinh ngiu nhién mot s§ r trong khoang [0.1]; néu r <
0.01, ta dot bién bit nay. : _

Didu nay c6 nghia 1 ta phai phat sinh 660 s& nghu nhién. Giéd
sit, ¢c6 5 trong s8 660 s§ nay nhé hon 0.01; vi tri bit va sé ngiu
nhién duge trinh bay du6i déy

Vi tri bit S6 nghu nhién
112 0.000213
349 0.009945
18 © 0.008809
429 0.005425
602 |  0.002835

*  Béng sau cho biét nhiém séc thé vi tri cta bit bi 4ot bién tuong
ng vi 5 vi tri bit trén. '

Vi tri bit S6 nhibm séc thé S8 bit trong nhifm séc thé
112 4 13
349 n 19
418 13 | 22
429 - 13 33
- 602 1 8

Thuat Giai Di Truyén

Didu nay o6 nghia la 4 nhifm sdc thé chiu dnh huo‘ng cia phép
todn dot bién: mdt trong s& nay 1A nhiém she thé thti 13, ¢6 hai bit
bi thay déi.

54

Quén thé cufi cing duac lxet ké& & dudi; cdc bit dﬁt bién duge to
dam va gach dudi.

Uy
U.z
Uz
Uy
vs
Us
vz
Ug

g

Y10

Uy

U2
Ur3
Uis
Vs

Uis

LY

=(011001111110110101 100001].0111 1600)

=(100011000101110000100011111611110)

=(001000100000110101111011011111011)

=(0.11001111110010101106001101111@00) :

-—(OOO101010011111111110000110001100)

__(100011000101101001111000001110010}

=_(1.11011101101110000100011111011110)

=(00011101160 1010011010111111000-10 i.) |

=(011001113110110101100001101111600)

~(000010000011001000001010111011101)
=(1110111611011510019_.1100000111’0616)
=(0100000001011000101100000611111'00) |
=(ooo101000010010101060_1_00001006_1'1;)
=(10000110000111010001011010110011i)_
—(101110010110011110011000101111110)

~(100110100000001111111010011011111)
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v17 =(000001111000110000011010000111011) -
e =(111011111010001000111010111111011)

Vs ~(111011100101110000100011111011110)

vz =(110011110000011111100.001 101001011)

Ta vita hoan thanh mot bue 1ap (nghia la mot thé he) cia thé
. tuc di truyén (Hinh 0.1 trong phén din nhdp). Ta xem xé6t mdt chit

céc két qua cia tién trinh tién héa quén thé méi. Trong thai ky tién

héa, ta gidi mA timg nhidm sdc thé va tinh cac gi4 tri cia ham thich
nghi tit gid tri (x;, x) vita dugc gidi ma. Ta duge:

Thudt Gidi Di Truyén

eval(vyy) = 0.795406, 5.381472) = 16.127799

eval(vyg) = fi-1.811726, 4.200937) = 22.692462

- eval(v,y) = {4.910618, 6.703018) = 17.859701

eval(v,s) = (7.935998, 4.757388) = 13.666916

eval(v,s) = f16.084492, 5.652242) = 26.019600 |

eval(vy;) = f-2.554851, 4.793707) =91.278435

eval(vse) = f{11.134646, 5.666976) = 27.591064

eval(v;) = f(3.130078, 4.996097) = 23.410669
eval(vs) = fi5.279042, 5.054515) = 18.201083
eval(vy) = f-0.991471, 5.680258) = 16.020812

eval(vy) = f3.128235, 4.996097) = 23.412613

eval(vy = A-1.746635, 5.395584) =20.095903.

eval(vs ) = (5.278638, 5.593460) =17.406725
 eval(vy) = ﬂ11.039025, 5._054515); 30.060205
eval(vy) = f-1.255173, 4_.734458) - 25.341160
eval(vg) = i3.130078, 4.996097) = 23410669
eval(vy) = ﬂ-z.smeoé, 4.390381)- =i9.526329

eval(v;,) = fi11.088621, 4.743434) =33.351874

eval(vig) = f11.058532, 5.054515) = 27.608441
eval(vzg) = f9.211598, 4.993762) = 23.867227
Chi y ring téng d0 thich mghi F cia quin thé méi la

447.049688 cao hon téng d¢ thich nghi cia quén thé trude nhidu
(387.776822). Ciing'thé, nhiém séc thé 16t nhét hién nay vy c6 43

_ thich nghi (33.351874) t6t hon nhiém sfic thé t5t nhit vy; cia quén

thé truéc (30.060208).

Tién trinh lip ;lgj l4n nita va céc phép todn di truyén duge dp
dung, lugng gié thé hé k€ ti€p .v.v.. Gid si sau 1000 thé& hé ta duge
qudn thé: ' S

vy= ( 111011110110011011100101010111011) -

b= (111001100110000100010101010111000)

vs= (111011110111011011100101010111011)

ve= (111001100010000110000101010111001)
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ve= (111011110111011011100101010111011) -
vg= (111001100111006100000100010100001)
vr= (110101100010010010001 100010110000

vg= (111101100010001010001101016010001)

se= (111001100010010010001160010110001) -

U= (1110111101110.1101110010101-0111011)
U= (1_10101100000010010001100010110000)
U= (110101100010010010001100010110001} '

vys= (111011110111011011100101010111011)

= (111001100110000160000101010111011)
0= (111001101010111001010100110110001)

y1e= (111001100110000101000100010100001)

V= (111001100110000100000101010111011)

pyp= (111001100110000100000161010111001)

ve= (111101100010601010001110000010001) -

Ugp= (111001100110000100000101010111001)
Véi dd thich nghi tiong dng la:

eval(y) = f{11.120940, 5.092514) = 30.298543

Thuat Giai Di Truyén

eval(vy) = f (10.588756, 4.667358) = 26.869724
eval(vy) = [(11.124647, 5.092514 ) = 30.316575
eval(v,) = £(10.574125, 4,2'4.'2410; = 31.933120
cvallvg = f (11124627, 5.092514) = 30.316575
eval(vy) = f (10.588756, 4.214603 ) = 34.356125
eval(v;) = £(9.631066, 4._42_7'88_1} = 35.458636
eval(vg) = £ (11.518106, 4.452835) = 23.309078
eval(vg) = f (10.574816,_ 4.427933) = 34.393820

eval(v o) = F(11.124627, 5.092514) = 30.316575

eval(vyy) = f(9.623693, 4.427881) = 35.477938

eval(v;y) = £(9.631066, 4.427933) = 35.456066

eval(v,y) = £(11.124627, 5.092514) =30.316575
eval(v,,) = f(10.588756, 4.242514) = 32.932098
eval(v,;) = f(10.606555, 4.653714) = 30.746768
eval(v;g) = F(10.588814, 4.214603) = 34.359545

eval(v;7) = f(10.588756, 4.242514) = 32.932098

“eval(vyg) = £ (10.588758, 4.242410) = 32.956664

cval(vyg) = f(11.518106, 4.472757) = 19.669670
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eval(uzy) = f(10.588756, 4.242410) = 32.956664

Tuy nhién, néu ta khéo sat tién trinh trong khi chay, ta ¢6 thé
kh&m phé ring trong nhimg thé hé du, cdc gid tni thich nghi Cl’lill,
mét & nhidm séc thé ot hon gis tri 35.477938 cia nhiém séc thé
£5t nh&t sau 1000 thé hé. Didu nay la do céc 16i tao méu hon loan -
trong cdc chugng sau ta s& ban v8 vin dé nay. :

Khong khé d€ theo doi c& thé tét nhat trong tién trinh tién
héa. Thong thudng (trong cde cai dat thuat gidi di truyén) cd t_hé’ tot
“troi hon ¢4 duge luu trir tai moét vi tri riéng biét; bing cdch 4o,
thuat gidi c6 thé duy tri cd thé 6t nhat tim duge trong subt qud
trinh (khéng chic 1a-c4 thé t6t nh&t trong quin thé cudi cing).
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Chuong 3 |
"THUAT GIAI DI TRUYEN :
NGUYEN LY HOAT PONG

/Ven ting ly thuyét cia thuat gidi di truyén dya trén biéu
dién chudi nhi phén va ly thuyét so d6. Mot so d6 ta mot chudi, dai
bing chubi nhiém sic thé, cdc thanh phén ciia né ¢6 thé nhan mdt
trong cdc gia tri trong tp ky tu biéu dién gen hodic mét ky tu dai
dign . Sa 43 bidu difn mét khéng gian con cia khdng gian tim
kiém. Khéng gian con nay la tap t4t ca cdc chubi trong khong gian
1ti gidi ma v6i moi vi tri trong chudi, gid tri cla gen tring véi gif tri
clia s¢ d6; Ky tu dai didn “© ¢6 thé tring khép véi bat ki ky tu bifu
dién gen nao. ' '

Thi du, cdc chudi va sa d6 cé chidu dai 10. .Sa ) (*llildOIOO)
sé& khép vé6i hai chubi:

{(0111100100), (11111001003} _ -

vasodd(*1*11001 OIO)Sékhépvdi4chu5i

((0101100100), (0111100100), (1101100100), (1111100100}

Buong nhién, s¢ 46 (1001110001) chi khép véi chinh né, va so
d6 (**wsrkaixy khdp voi t4t cd cdce chudi c6 chiéu dai 10. Rb rang 1a
mdi s0 46 cu thé cé tuong Ung 2 chudi, vdi r 1a sd ky tu dai dién ¥
c6 trong s¢ d6. Mat khée, mdi chudi chidu dai m s& khap véi 2™ so
dé. Thi du, xét chubi (1001110001). Chudi nay phd hgp vdi 2" so 46

sau:

81



' E Chuong 3 : Nguyén Ly Hoat Dong
(1001110001) '
(*001110001)

(1*01110001)

(10%1110001)

(100111000%
(**011106001)
(*0*1110001)

(10011100%%
(**%1110001)

(**********)

Mat chudi chidu dai m, s& c6 t8i da 3" s0 dé. Trong mdt quéin
thé kich t.huac n, co th€ ch tuong ing tix 2" dén n x 2" so d6 khéc

nhau.

Csc so dé khdc nhau ¢6 nhimg dic trung khéc nhau. Céc dac
trung nay thé hién qua hai thudc tinh quan trong: bdc va chiéu dai

xdc dinh.

(1) Bge cia 50 d6 S (ky higu 12 o(S) ) 12 s8 cdc vi tri 0 va 1 ¢6
trong s¢ d6. Day chinh la cdc vi tri ¢6 dinh (khéng phai la
nhung vi tri cia ky tu dai dién), trong so d6. Néi cach khéc,
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béc la chidu dai cla chudi trit di 88 ky tu dai dién. Bdc xéc
dinh d#c trumg cia s¢ db. Thi du, ba sa dé chiéu dai 10 sau:

S;=(**%001*110)
S,:(****OO**O*J

S =(11101%*001)

cd béc tuong ng: _ _
O(SI)— 6; 0l8)=3; 0 (Ss)-— 8;
va S3 ia so-dd ‘die higw’ nhat.

Kh4i niém béc céa s0 46 gidp cho vxéc tinh xdc suft séng con
clia s0 d6 do 4nh hudng ciia dét bién; Ta sé théo ludn chi tiét
sau.

(2) Chiéu déi xdc dinh cia so A6 S (ky hiéu 1a 5(S)) la khodng

cich giita hai vi tri ¢& dinh & ddu va cudi. N6 dinh nghia 'd5
nén’ cia théng tin chia trong mét so d8. Thi du:
HS)=10-4 =6; &Su)= 9-—"5\:'-4‘-- HSy)=10-1=9.

Nhu vay, mét so dé chi c6 m@t vi tri ¢d dinh duy nhﬁ't thi s&
c6 chidu dai xdc dinh 1a0.

Khdi niém chiéu dai xdc dinh clia so dd giip tinh xde suét
song cdn ciia 50 46 do anh hu&ng cia phép lai’ Ta ciing s&
théo lu&n chi tiét sau.

Nhu da thao ludn & céc chu'dng trude, tién trink md phéng tién
héa cia thujt gidi di truyén 12 qud trinh l3p gém c6 4 bude:

t e t+l

chon P(t) ti P(t-1)
tdi két hop P(t)
lugng gid P(t)
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‘chi don gian dén <& thé hé tién héa; va budc
4& tinh 40 thich nghi cia céc cé thé
trong qudn thé hién hanh. Hién tugng chi yéu cia chu trinh tién
héa xéy ra trong hai budc con lai cua: chon loc va tdi k6t haop. Ta sé
ban vé hiéu qua cia hai budc nay trén mot s8 s0 46 can thiét, bidu
dién trong mot quin thé. ' '

Bude 1, (¢ « t+1),
cudi (lugng gid P(1)) 12 luong gid

Ta bt ddu bing bude chon loc.

' (4a sif, quin the c6 kich thudc pop-size 5 20, chifu dai cia
chudi (va cling 12 chidu dai cta céc 56 46) 1a-m = 33 (nhu trong thi du
da trinh bay trong chuong truée). Gid st thém ring (& thé hé tha )
quin thé gbm c6 cae chudi sau day:. ' R :

= (.100110100000001_1111110_10011011111)

vy = ('111000_160100110'1i1o_o:1d10'1900'1101;))_

v = (0000100000110610000010101110111@ .

ve = (10001166010110100111 1000001110010)

vs = (00‘011_1011001_.01001101011_1111000_101) |
v = (000101000010010'1010010101111_1101i)
o, = (001000100000110101 1'11011011111015

vg = (100001100001110100010110101100111_)

vy = (01100000010 110001011000000 1111100}

F.w |

Thujt Gidi Di Truyén - |

1o = (000001111000110000011010000111011)
vir = (011001-11111011010110000110.1.111000)
o =1 101000101’11101101000101010660000).
V1g = (1110111110100010001_100000019@0110)
vy = (01001001100000101610011 ﬁo«;mwon
vis = (11 1011101101_11000&10001111101i110) ', |
015 = (110011110000011111100001101001011)
TS (0110101111110011-110100011;1111101)
vzs = (011101000000001110100111110161101)
V19 = (00010101001111111'1110000110601 100)

Uz = (101110010110011110011¢00101111116G)
(1) Pat &S, 1) 1a s6 chubi . .
3 , o chubi trong qua K
(S quan thé & he y
hgp vdi so 46 S. Thi du, d8i véi so 46 O T be b ph
Sa=(****111*************************
X EEE
thi &Sp, ) = 3; vi P )’
o £) = 3; vi e6 3 chudi, v;3, v;5 va v, phit hop véi so |

d6 S, Chu y '
5 85, Ch ¥ riing bic cia so
dinh ciia n6 8(Ss) = 7 5 = 2d6 So, 0(Sy) = 3, va chidu dai xdic



& Chuong 3 : Nguyén Ly Hoat Dong

ghi cﬁa s¢ 48 S & thé hé & ‘Gié_ i
quén thé phit hop véi so 49 S vao

(2) Goi eval(S,t) la 4§ thich n
¢6 p chubi {vis,...Vip} trong
thoi diém £. Thi:

ievgl(vij)
- .

=

eval(8,t) =

Trong bude chon loc, mot quin thé trung gian du.'qc tﬁo r; gg:ilz
pop-size = 20 che chudi- duge chon ra ti q\fﬁn‘ thé hién ax; . i
chudi duge chon dua va dd thich nghi cia né va dlf(_!c chéR vio ql.;a i
th& th& hé mdi. Nhu ta da biét trong _chuo;l’?g tl'“_“fg chui;l t,»,-n’cotoan
suat duge chon la p; = eval(v) /F(t) (F(t) 12 tong thich nghi cua

20
quin thé vao thoi diém &, F(t) = Zmevd( v} )

Sau bude chon loc, ta c6 &S, t+1) chubi phir hgp v6i so do S'.DO:

| (1) Vé6i mit chudi phit hgp véi so dé S, trung binh xdc suét duge
chon clia né 1a eval(S;t) | Fit), '
@) g ;.hé" hé ¢, s6 _ch_uﬁi_ phi hop v6i s0 46 S 1A E(S, 1) v,
(3) Chon trong pop-size. chudi,
vay: |
£(S, t+1) = &S, ©) * pop-size* eval(S,b) / F(t).

vai Ft) = F(t)] pop _size 1 a0 thich nghi trung binh cia quan

thé, ta c6 thé viét lai cong thuc trén thanh:
K8, 1) = ES, D ¥ eval(S,t) / F(f) (3.1
& tang bang véi i 1& 40

N6i cach khae, s8 chudi trong quéan th
thich nghi cita s¢ 46 vi dd thich nghi trung
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nay c6 nghia la sg dé “trén trung binh” s&é nhan duge thém sd chudi
trong quin thé thé& hé ké tiép, so dé “dudi trung binh” nhan sé& chudi-
giam di, con so d6 trung binh v&n gi nguyén mite.

Hé qua lau dai cua ludt trén cing rbzrang. Néu ta cho rang so
dé S van giir trén trung binh ¢ % (nghia 13, eval(S.t) =F(t)+e *
Fit), thi: -

(S, t) = &S, O) (1+€),

va ¢ = (eval(S,t) -m) / F(ﬁ {e > 0, 61 v6i cdc 50 dd trén trung
binh va £ < 0 d&i vdi c4c sg d6 dudi trung binh). '

Nhu véy, ta cé thé néi rdng, chéng nhimg mét so 48 “trén trung
binh” nhén s6 chudi tang 1én trong thé& hé ké tidp, ma né cing tiép
tuc nhan s6 chudi tiing theo lily thifa trong cdc thé hé ké tigp.

Ta goi phuong trinh (3.1) la phuong trinh téing trudng sinh sédn
cua so dd. : S S

Trd vé véi so dé thi du, Sy Vi ¢6 ba chudi 1a vys, vys va vy (vio
thai diém ¢t) phi hgp véi se dd S, do thich nghi eval (Sy) cia so dé
la:

eval(Sy,t) = (27.316702 + 30.060205 + 23.867227)/ 3 = 27.081378
déng thai, dg thich nghi trung binh ciia toan quén thé la:

= 20 ' . |
F(t)= Zj:leval( v, )/ pop _size = 387.776822/ 20 = 19.388841

va t11é thich nghi ctia s¢ d6 S, d4i v6i d9 thich nghi trung binh cia
quan thé 1a;

eval(S,,t) / F(t) =1.396751
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Didu nay e6 nghia la, néu sg d6 S, trén trung binh, thi né nhan
6 chudi ting theo lily thita trong cic thé hé k& ti€p. Dic biét, néu so
d6 S, vin gi¥ trén trung binh do nhén v6i hing s6 1.396751, thi,
vao thai diém t+7, ta sé co 3%1.396751 = 4.19 chubi phi hop véi Sy
(nghia 12 4 hoac 5), viio thoi diém £+2 3%1.396751° = 5.85 chudi nhu
vay (nghia la gin 6 chubi), vv... .

Dé thay rﬁhg, sa dé S, nhu vdy xdc dinh mot phén hifa hen cia
khong gian tim kiém va s8 mAu dai dién cia né trong quén thé sé
tang theo lay thita. -

_ Ta sé& kidm tra dy dodn nay vdo thi dy cia ta, v6i so db So.
Trong quin thé vao thai diém ¢, so dd S, phix hgp vai 3 chudi vy, v1s
va v; Trong chuong trudce, ta 4a md phong tién trinh chon lgc su
dung cing mét qudn thé dé tao ra quén th& mdi. Quén thé mai gbm
“cde nhiém sic thé sauw - '

vy = (Ui1001111110110101_100001101111000) (v1:)
vy = {100001000101101001111000001110010) (v,)
v'y = (0010001_00000110101111011011111011) (v7)
vy = (011001111110'110101100001101111000) (vy)
v's .= (000101010011111111110000110001100) (v 19}
U.’ﬁ = (100011000101101001111600001110010} (v
v’y = (11101110110111000010001]111011110) (vy5)
vy = (06011 10110010100110101 11111600101} (vs)
vy = (011001111110116101100001101111000) ) |
v = (000010000011001000001010111011101) (v3)
V= (11101110110111000010001111101111'0) (015;‘
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v’z = (010000000101100010110000001111100) (vg)

v';z = (000101000010010101001010111111011) (ve)
v’y = (100001100001110100010110101100111) (0e)
Vs = (10111b0101100111100110’00101111110) (vag)
v = ( 111001'_100110000101000100010 100001) (v}
v’z = (111001100110000100000101010111011) (v50)
v’ = (111011111010001000110000001000110) (v,3)
v =(1 1101110_11611'10600100011111011110) (v15)

V0 = (110011110000011111100001101001011) (,5)
Sa @6 S, bay gis phit hop vdi 5 chudi v’y v'ry, V715, V'ig VA U0

Tuy nhién, chi riéng phép chon thi khéng gigi thidu mat diém
Jm(ri né’o dang luu tim tif khéng gian tim ki€m; chon loc chi sao chép
mot s6 chudi d€ hinh thanh qudn thé trung gian. Vi thé, bude thi
ha{ cia chu ky tién héa tdi két hgp, 6 nhiém vu gidi thiéu nhimg c4
tl'.lé mdi trong quin thé. Didu nay duge thue hién bdi cde phép todn
di truyén: lai va dgt bien. Ta ldn luct xem xét tdc dong cia hai phé
todn nay trén mét 56 so dé trong quin thé. :

PHEP LAY

LBét. ddu voi phép lai va xét thi du sau. Nhu ta da biét, mot
chudi trong qudn thé, ching han o

v's = (111011111010001000110000061000110),

gl:lfl hop véi t5i da 2% so d8; cu thé 1a chudi trén phi hop vdi hai s¢
0 sau: ' ‘

-~
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Sa={****111“‘********."‘****************)V{‘i

Sj,:{l11****:5<x********#*********.**#*10}_

Gia st them ring chudi nay duge chon dé thi hanh phép lai
(nhu & chuong 2) va (theo nhu vi du & chuong 2, v’;5 duge lai véi v'y3)
vi tri lai phdt sinh tai pos = 20. Ro rang 1a so dd S, van tén tai,
nghia 1a vin cdn mét con phi hop véi S, Ly do 12 vi tri lai nay béo
tén chudi ‘111’ trén cde vi tri thi 5, thd 6, va tha 7 cia chubi trong
mdt dita con: cde chudi: '

v'se = (11101111101000100011] o_doooomoouoL
v';5 = (00010100001001010100 1010111111011),

5@ .sinh Ta: .
_ v”13.= (11101111101000100011/ 1010111111011)

v”13 = (000101000010010101001 0000001000110)

Tuy nhién, so d3 S; c6 thé bi phd v3: khdng con nao phi hgp
véi n6. Ly do 1a céc vi tri c¢§ dinh ‘111" & d4u miu va cde vi tri ¢d
dinh “10° & cudi dugc dit vao con khac. | '

' Rb rang la chiéu dai xdc dinh cua sd d4 déng vai trd quan trong
trong xdc sust bi loai bd hay ton tai cia so dé. Chu ¥ riing, chiéu dai
<ic dinh cia so dé S, 1a8Sy) = 2, con chidy dai xdc dinh cla so 48
S, la §(5y) =32,

Va, cée vi tri lai, trong s8 m-I vi tri, cé cg hoi duge chon ngang
nhau. Didu nay 6 nghia la xdc sudt bj loai caa so ds S la:

70

Thuat Gii Di Truyén
pa(S) = 8(s) ’ -

m-1
va do dé, xdc sudt tén tai la:

ps(S) =1~ 8(s) )

m-1
Cu thé, cdc xdc sudt tén tai va bi loai cla cdc so d6 So \.ré Sy la:
pa (So) = 232; p, (So) = 30/32 ; py (Sy) = 32/32 = 1; p, (§) = 0.
] Cé méot diéu .quan trong cén luﬁ ¥ la chi .cé mét s nhiém sfc
thé trai qua lai va xdc sudt lai 12 p,. Didu nay cé nghia xdc suit tén’

tai cia so dd thuce su s& 1a:

8s)
m-1"

ps(S) = ]'—-pl'."

'I‘a. lat xem xét so s 5, clia ta, van véi thi du dang xét (p.= 0.25):
P:(Sg) = 1-0.25 * 2/32 = 63/64= 0.984375.

. Cﬁ{lg chi y ring, ygay cd khi dd chon mét vi tri lai trong s8 cée
v;{tn’ ¢d dinh trong mét so d8, so dé vin c6 co may tén tai. Thi du, '
néu ¢a hai chudi v’z va vy déu bit ddu véi "111° va tan ::img bﬁn.g
‘10", thi so d6 §; van tdn tai (nhung, xdc suét cha hién tugng nay rét
nhd). Do dé, ta nén hiéu chinh eéng thic xdc suat ton tai .cﬁa 3¢ dé:

o(s)

p(8S)z21-p,.
m-1

) I*;Ihu’ viy, tac déng két hop cda chon loc va lai cho ta mdt dang
méi cia phuong trinh ting truéng ctia so 46 sinh san:
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£(S, t+1) = &S,t).eval (S,8) | Fti)1 - p§(—3ﬂ (3.2)
i m-

Phuong trinh (3.2) cho biét ky vong s6 chudi phit hop vdi sa dd
S trong thé hé k& ti#p 1 ham cia s6 chudi dung cua so db,.vé do
thich nghi tuong déi clia so &6 va chiéu dai xdc dinh cha né. RS rang
la s¢ 46 trén trung binh c6 chidu dai xdc dinh ngan van c6 thé c6 s8
chudi c4 thé khép véi né va tdc dp tang theo Iy thia. Pai vai sa db Sy

T 8(S) .

evad (S,t) I'F(U[l - pc.;:—i-:l = 1.396751 * 0.984375 = 1.374927

Pidu nay c6 nghia la sd dd ngdn, trén trung binh S, vAn nhan
duge s chudi ting theo ldy thia trong c4c thé hé tiép theo: vao lic
(t+1) ta c6 3*1.374927 = 4.12 chudi phir.hgp vdi Sy (chi hot kém hon
4.19 - 12 gid tri ma ta chi tinh dén chon loc). Vao lic (£+2) €6 :
3+1 .374927° = 5.67 chudi nhu viy (ai ¢hi hoi kém 5.85).

POT BIEN

Phép toan ké ti€p duge ban dén la 46t bin. Phép dot bién thay
d8i mot vi tri trong nhiém sic thé mdt cdch nghu nhién vdi xdc suat
P Thay d8i tir 0 thanh 1 hay nguge lai. Rarang 12 tdt ca cde vi tri
¢f dinh ciia sg d6 phai giit khong d6i néu so d6 mudn ton tai qua dot
‘bi€n. Thi du, xét mot chudi sau: trong quan thé, chdng han nhu
chudi:

vy = (111011101101110000100011111011110)
va s¢ db Sy:

(¥ k% gk A g otk Bk A ok kR ok Sk %k ok ok Kk ok K K K F ok Kok
o= ( 111 )

Gia sif thém riing, chudi v’y tham gia 45t bi&n, nghia la cé it
nhit mot bit bi ddo, nhu da xdy ra trong chuong trude, (Nhd lai
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trorig chuong truée 1a 4 chudi da trai qua dét bién: mét trong nhing
chudi r}é.y, v';3 bi d6t bién & hai vi tri, ba chudi kia - k& cd v’y ~ chi
dét bién & mét vi tri). Do v’ 46t bién tai vi tri thd 8, nén két qua
cia né: '

"9 = (111011100101110000100011111011110), -

vﬁ‘n phit hop vdi so dé S,. Néu cac vi tri 46t bign duge chon la tir 1
dén 4, hay tir 8 dén 33, thi chudi két qui vén pht hgp véi Sp. Chi 3
bit (thi 5, 6 vA 7 - c4c vi tri bit ¢8 dinh trong s¢ d6 Sp) 1a “quan
trong”: Aot bién it nhit mét trong cdc bit nay sé loai bd so d6 Sp. Ro
rang, s6 nhing bit “quan trong” bing v6i bge cha so dé, nghia 1a
bing sb cdc vi tri ¢§ dinh. '

) Vi x4c suit thay d6i clia mét bit 12 p,, nén xdc suft tﬁn_fﬁai ciia
mgf:_ bit la 1 - p,. Mot lan dot bién doc lap véi cdc Aot bién khﬁc,.vi
t}.lf‘:' xdc sudt ton tai cia s¢ dé S qua dot bién ( nghia la chudi cac dot
bién méat-bit) la: '

P.;(S)= {1 _ pm)oh‘i)

Do p,, << 1, xc sudt nay c6 thé duge tinh gin ding 1
ps{S} =1l-0 (S)* Pry

Tré lai véi so dé thi du S, va thi du dang chay @,= 0.01) :

Ps(Sg) = 1~ 3 +0.01 = 0.97

) Tdc dong két hgp cia chon loc, lai tao va dét bién cho ta dang
mdi cta phudng trinh ting truéng sg dd sinh sin:

E(S, t+1) 2 &(S,t).eval (S,t) JW[1 - P.. S) O(S).pm] (3.3)

m-1
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Ciing nhu trong dang don gidn (phuong trinh (3.1) va (3.2)),
phuang trinh (3.8) ciing cho ta bist vé k¥ vong s6 chudi pht hgp vai
sg 44 S trong th& hé ti€p theo 12 ham theo: 56 chudi phu hgp véi so
d6, thich nghi tuong d3i cia sg 46, chiéu dai xdc dinh va bdc cia so
dd. Ta lai thay réng, cdc sd dd trén trung binh c6 chiéu dai xdc dinh
ngin va bdc-thdp vin ¢ s& chubdi phir hop vdi tdc do tang theo liy
thira.

Poi vdi so dd Sy
&(S)

eval(Se,t)/ Ft_t)[l—pc.—-iv—o(S).pm:l = 1.396751 « 0.954375 = 1.333024
m- :

Diéu nay cé nghia la so d6 ngin, bac thip, trén trung binh S,
vin nhdn mot s§ chudi ting theo lity thita trong cic th& hé k& tiép.
Vao lic £+1, ta ¢6 3 » 1.333024 = 4.00 chubi phi hgp véi Sy (khéng
kém 4.19 nhiéu - 1& gid tri ma chi tinh d&n viéc chon lua, hay 4.12 -
1a gis tri ma ta tinh dén vide chon loc va lai tao **), vao lhe £+2 :
3+1.333024% = 5.33 chudi nhu vay (lai khéng kém 5.85 hodc 5.67
nhiéu}.

Chd ¥ ring phuong trinh (3.3) dua trén gid dinh 14 ham thich
nghi f chi trd vé cdc gid tri duong; khi 4p dung GA vao nhimg bai
toan t5i wu héa ma & d6 ham t&i wu 6 thé tra vé cac gid tri am, ta
cin c6 mdt 88 4nh xa b8 sung giifa cdc ham t8i wu va dé thich nghi.

Tém lai, phuong trinh ting trudng (3.1) cho biét chon lge lam
tang téc 40 tao mau cha cdc s¢ dd trén trung binh, va cho biét thay
d8i nay 1a’theo lay thita. Viée tang trudng tu né khong dua ra mot so
46 mdi nao (khéng duge biéu dién trong tac miu ban ddu, lic ¢=0).
Diéu nay chinh 1a 1y do ma phép lai duge dua vao dé giip viée trao
d8i théng tin c&u tric nhung ngiu nhién. Ngodi ra, phép lai dua tinh
bién thién cao hdn vao quén thé. Tsc dong két hop (giy réi) cha
nhitng phép nay déi véi mot s, dd khdong hé quan trong néu so dé
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ngén va cé bdc thip. Két qua cudi cung cia phuong trmh ting
tru(mg (3. 3) cé thé duge phdt biéu nhu sau: .

Dinh 1yl (Dinh 1y s¢ do) Cdc so dé ngcin bac thdp, trén trung

bink nhdn 56 chudi tang theo liy thia trong cde thé hé tiép theo cda

thudt gigi di truyén.

K&t qué tic thoi ca dinh 1y nay 12 GA khdo sit khong gian tim
ki&m biing nhiing sg dd ngin, bde thap, do d6 nhing so d6 nay duge
diing dé trao 48i thong tin trong khi lai:

Gia thuyét 1 (Gia thuyét khéi ki€n tric) Thudt gidi di
truyén tim viée thue hién gdn t81 vu qua viée dit gdn nhau cde so dé
ngdn, bdc thép, higu qud cao, duge goi la cde khéi kién triic.

Ching ta da thay thi du hoan hdo vé khéi kién tric trong
chuong nay:

Sﬂ={****111**************************}.

S, 1a so dd ngin, c6 bac thip va cling trén trung binh (it nhat
14 d8i vdi cde quin thé ban dau). So db nay gép phan ldén trong viée
tim t6i wu.

Di: da c6 mot s6 nghién ciu duge thuc hign nhim chimg minh
gia thuyét nay, nhung d6i vgi hiu hét cdc dng dung khé, ta hdu nhu
chi tin tudng vao két qua thuc nghiém. Sust 15 nim sau nay, nhiéu
tng dung cha GA da duge phit trién dé hd trg gia thuyét khdi kién
tric trong nhiéu lanh vue khéc nhau. Dix vay, gid thiét nay cho thdy
la viée bidu didn nhifm sdc thé cho thuat gidi di truyén c6 tinh
quyét dinh d6i véi viée thue hién né, va viée biéu didn nay cén théa
man ¥ tudng vé céc khdi kién trie. '

( phin ddu cia chuong, ching ta da phét bidu la quin thé c6
pop-size c4 thé chidu dai m tao ra it nhit 2™ va nhiéu nhat 1a pop-
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size* 2™ so dd. Mét 56 so d6 duge xif 1y theo cdch c6 lgi: ching sinh
sén theo tdc dd liy thita (déng mong dgi), va khong bi loai bd béi lai
va dot bi€n (didu nay c¢6 th& xdy ra cho cdc so dd c6 chiéu dai xdc
dinh i4n v& bic caoe).

Holland da ching t6 cho thdy ring it nhat pop-size cia ching
duge xit 1y mot cach ¢6 ich - ong goi thufe tinh nay la co ché song
song dén, vi né da dat duge ma khong can bfi’t ¢ bd nhd ngoéu hoac
nhu cdu x{ Iy nao.

Chuong nay da trinh bay moét s6 gidi thich 1y thuyést vé 1y do
thanh cﬁng chia thuft gidi di truyén. Nhung hay cha y ring gid
thuy&t v& khéi kién tric chi la van dé tin tuéng va dé bi xdm pham
trong mét s§ bai todn. Thi dy, gid si ring hai so.dd ngin, béc thap,
(14n ndy, ta xét cdc so db c6 chidu dai toan b 1a 11 vi tri ),

SI= (111******#*)

Sy= .(******'**3:11)’
la trén trung binh, nhung k&t hgp cia chiing,

S;= (111%*%***%11), thiit phi hgp hon

S;,=2(000****x*x%00),

Gia sif thém rang chubi t5i wu 1a Sp = (1111111111111) (S; ph
hop). Mot thuat giai di truyén c6 thé gip nhiéu khé khin trong viée
hdi tu v& Sy, vi né c¢6 thé hoi tu vé cdc diém nhu (00011111100).
Hién tugng nay duge goi 1a biliza: mdt s§ khdi kifn tric (cac so d6

ngdn, bac thip) ¢6 thé lam lac huéng thuat gidi di truyén va la cho
né hdi tu vao cdc didm dudi t8i uu.
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Chuong 4 |
BIEU DIEN NHIEM SAC THE
CHO BAI TOAN TOI UU SO

g{hl u‘ng dung thuﬁt gial di truyén vao thye t8, d6i khi gﬁp
‘nhiing bai todn ddi héi mdt céch biéu dlén 13i gidi thich hgp, néu
khéng, thuat gidi di truyén khé eé thé cho 13i giai t6t duge. C6 thé Ia
do GA thuting héi tu s6m vé mot lii giai t8i uu khéng - toan cuc;
ciing c6 thé 13 do d6 13 bai todn t6i wu véi cdc rang bu@c khéng tdm
thudng.

Biéu dién nhi phén truyén théng cé mot sd bat lgi khi 4p dung
GA giéi cdc bai todn s8 cdn 49 chinh xdc cao, trong mét khong gian
s8 chidu 16n. Thi du, t6i wu ham 100 bién; mdi bién nhén gis tri
trong khodng [-500, 5001, chinh xdc dén 6 s6 lé, thi chiéu dai cia
vectd 1in gidi nhi phan phéi 14 3000; phit sinh mdt khéng gian tim
kigm khoing 10'™ phén tit. Tim kiém trong m{t khong gxan nhu
thé, t.huﬁt gidi di truyén thue hién r&t kém higu qua.

Céch biéu dién nhi phén khién cho bt ky cdch mi hod nao
ciing c6 cung s8 so d8, chinh vi vdy, cdch dung chuéi bit m& héa lai
gidi la mdt trong nhimg coéng viée chinh cia ngudi nghién eiu GA.
Cich ma héa chudi nhi phan thuong giup dé dang phan tich ly
thuy8t va cho phép xdy dung céc todn t& di truyén “dep”. Nhung két
qua ciia ‘cd ché song song dn‘ thuc sy khong phu thuge vao vige si
dung cdc chudi bit va c6 18 ciing nén thit nghiém vdi tdp miu ty 16n
(thay vi nhi' phén chi 0 va 1) va nhiing todn t di truyén (c6 thé 1)
mdi. Pie biét, d8i vdi cde bai todn tdi wu s§ véi cac bién lién tuc, ta
6 thé thi nghiém vdi cdc gen ma hod 13 cdc s thue cing vé6i cée
todn t¥ “di truyén” ddc biét cho cdch ma hod s thuc nay.
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Trong chuong nay, ching toi trinh bay céch bidu dién khéng
nhi phan dé gidi bai todn t6i wu s6 vdi s& bién di lén. Céc gen sé
nhin gid tri thue, thay vi phi phén nhu trong thugt gidi di truyén
gdc. Muc dich chinh la d€ mé rong khéng gian tim kigm cia GA dén
gin khong gian thue ciia bai todn hon: md rong dé budc cdc phép
todn cong phai duge sia dSi béing cdch st dung mgt s dic trung cu
th& cia khéng gian thue. Thi dy, biéu dién nay cé thujc tinh 1a hai
diém gén nhau trong khéng gian biéu dién ciing phai gin nhau trong
khéng gian bai todn, v nguge lai. Didu nay khéng phdi luén luén

ding trong cdch tiép cén nhi phan. Tuy nhién, néu ding cdch bidu

di&n nhi phén nhung theo nguyén téc Gray ta cing cé thé md rong
khéng gian tim kiém cia GA gén véi khong gian thue cia bii todn.

Tha tuc d€ chuyén mét 86 nhi phan b = (b;,..., b,) thanh s6 ma

Gray g= (g1,....8=) va nguoc lai duge trinh bay trong hinh 4.1; tham

sd m cho biét s& bit trong cdc biéu didn nay.

P8i Uu S6 | =
€ho & = 2 dém m Tt hién | |
N€u g, = 1 Thi gid_tri = NOT gid_tri
by, = gid_tri '
Hét lgp
Két thiie

Thi tuc chuyén tit nhj phﬁn sang ma Gray.
Bit diiu
&1 =P _
Cho k 2 dé'n m Tht;c hién
8 =bis XOR by
K&t thic o
 Thi tyc chuyén tit ma Gray vé bidu dién nhi phan
Bit déu |
" gidtri=g,
b= gid_tri
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Hinh 4.1. Céc thi tuc chuyén tit nhj phin sang m#& Gray va tit ma
Gray vé dang nhi phan.

Bdng 4.1. Liét ké 16 s6 nhi phan ciing v6i cde ma Gray tuong éng.

Binary Gray
0000 " 0000
0001 0001
0010 - 0011
0011 0010
0100 " 0110
6101 0111
0110 10101
- 0111 0100
1000 1100
1001 1101
1010 1111
1011 1110
1100 | 1010
1101 1011
1110 1001
1111 1000
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Chii y ring biéu dién Gray c6 dac diém la hai diém gin nhau
bat ky trong khéng gian bai toan chi sai khdce nhau mt bit. Né6i
céch khdc, viée ting gid tri tham 6 1én mt tuong img v6i viéc thay
" d8i chi mot bit trong ma. Cing cén chd ¥ 12 c6 nhiéu ciach dé chuyén
d6i giiza nhi phan va Gray. Thi du (trudng hop m = 4), cap ma tran:

1000 1 O 00
1100 : 1100
A= Al=
011690 _ 1110
0011 11111

cho ra hai bién déi sau:
g=Ab vab=A'g
trong d6 phép nhan 14 phép nhan modulo 2.

Tuy nhién, ta dung biéu dién chdm déng, thay vi nhi phérn dang
Gray, vi n6 gin véi khéng gian bai todn hon va cing cho phép dé

cai dit hjdu qua cdc phép todn di truyén. Da c6 nhiéu nghién ciu so

sédnh thuc nghiém céc cai dat (nhi phén va chim dong) trén mét s6
bai todn khéc nhau. Trong chuong nay, ching t5i minh hoa nhing
khéc biét gia bi€u dién nhi phdn va chdm déng cho mot bai todn
dic biét: bai todn tuyén tinh - béc 2. Bai todn tuyén tinh-béc 2, la
truimg hgp dic biét cha bai todn ta sé sit dung trong chuong sau,
duoe ding d& minh hoa chuong trinh tién hoa vé tinh hdi tu sém va
kha ning tim ki€m 13i gidi chinh xdc.

4.1. Mo ta bai todn

Ta da chon bai todn diéu khién déng sau:
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N-1
min Xy + Z(xf "y
k=0

VoI Xy =2 4, k=01 N- 1

.xp 1& trang thai dau duge cho; |

x; € R 14 bién trang thdi:

va ue R™ 1a vecto didu khién.

Nghiém gidi tich cia gid tri t8i vu 1a:

I = Kps,
trong d6 K, 1& nghiém ciia phurng trinh Riccati:

Ki=14+ Ky, /(1 + K, ,)) vaKy=1.

Trong céc thie nghiém sau, nhiém sic thé s& biu dién vecto
trang thdi didu khién u. Ta ciing da thila nh4n mién c8 dinh la
(-200, 200) cho mdi u; D6i véi chic thi nghiém, ta chon x, = 100 va

N= 45, nghia 13, nhiém sdc thé u = <uy,..., u.,>, 6 gid tri t6i w J°
=16180.4. ' |

4.2. Hai cai dit thd nghiém

J.t.)é so sdnh, chiing t8i trinh bay ¢4 2 phién bin: mdt phién ban
v6i biéu dién nhj phan va phién ban kia dung bidu didn thyc.

4.2.1. Phién ban nhi phén

] Trong phién ban nhi phin, méi phdn t& cta vects nhiém sic
thé duge ma héa bing cung s6 bit. D gidi mi nhanh khi chay
chuong trinh, méi phan 4t tuong ing mét tir nhé (néi chung, ta o6
thé s dung nhiéu bit hon 1 tif nhé, nhung trtmg hgp nay 1a trudng
pr mé& roéng). Theo cdch nay, cdc phén tr cé thé khai bdo kiéu
integer, vdi mét 36 thao tde nhi phan ho4 ciing nhu thép phan hoa
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mdt phin ti. Ri, mbi nhiém sdc thé 1a mdt vectd gém N tif nhd,
bang véi s6 phin ti eda méi nhiémn sfhe thé (hoic mdt bdi 86 cia tif
nhd, néu bléu dién cﬁn nhiéu lan s6 tit nha).

ba chinh xdc ciia cich 1i#p can nay phu thujc (Vdi mién xdic
dinh c6 kich thude ¢8 dinh) vao s§ bit thue sy si dung va bing véi
(UB-LB) / (2"-1), trong d6 UB va LB la cac cin cla mién xde dinh,
cdn n 1a s6 bit trong méi phin td clla mot nhidm sc thé.

4.2.2. Phién bén thye

Trong phién ban thyc, mdi vects nhiém sdc thé duge ma héa
bing mot vecto cdc s6 thue, c6 cing 46 dai nhu vecto 1¥i gidi. Méi
phén tit bujc phdi ndm trong khodng mong mudn, vi cdc phép todn
duge thist k&€ mot cdch cdn than dé bdio toan yéu cu nay.

Db chinh xéic cda cdch tiép can nay chi phu thﬁéc vao mdy.
Puong nhién, ta luén c6 thé md rong 46 chinh xdc cia bidu dién nhi

_phén bing cdch ding nhiéu bit hon, nhung nhu véy sé lam gidm -

dang k& téc 4o cha thuit gidi (xem phén 4.4).

Ngoai ra, bifu din thue cdn c6 khd ning biéu dién nhitng
mién that l6n (hay trudng hop cdc mién x4c dinh khong biét trude).
Miit khée, bidu didn nhi phan phai hy sinh d9 chinh xdc khi ting
kich thuée mién, v6i chidu dai nhi phén cg dinh cho trude. Ciing vy,
trong biéu dién thuc, viée thist k& cdc cbng cu dc bigt dé xi 1y cde
rang budc khong tdm thuimg sé dé dang hon nhiéu: diéu nay sé duge
ban day dd trong chuong 6.

4.3. Thi nghiém

Céc thi nghiém d;rqc thyc higén trén cm‘mg mdt cdu hinh may
~ tinh. T4t ca cdc két qua trinh bay & day biéu dién két qud trung
binh dat duge sau 10 ldn chay ddc lap cia timg phién ban trén.
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Trong t4t c4 cic thit nghiém, kich. thudc quén thé duge git ¢6 dinh 12
60, va sb 14n 13p la 20000. Néu khong thay ddi trang thai, biéu dién
nhi phén duge ding n = 30 bit dé ma héa mot bién (mot phin ¥ cta
vecta 161 giai), vy cdn 30 x 45 = 1350 bit cho toan by vecto diéu
khlen u.

4.3.1. Dot bién vés lai tao nghu nhién

Trong thuc nghiém nay, ta chay ca hai phién ban vdi nhing
phép todn tuong duong véi cde phép todn truyén thing.

PHIEN BAN NHI PHAN

Phién bfm nhi phén si dung nhftng phép todn dot bién va lai
tao truyén théng, nhung, dé cho giéng vdi nhimg phép todn cia
phién bdn thue hon, ta chi cho phép lai giita nhing phén ti. Xdc
suft lai duge giit ¢§ dinh 1a 0.25, trong khi xdc suit dot bién duge

thay d6i d€ dat duge t3c dé cép nhat nhiém sdc thé mong muén
(béng 4.2).

Bdng 4.2. xdc suit cdp nhat nhidm sdc thé dsi véi t6c d6 ot bién.

" X4e sufit cdp nhat nhiém sdc thé
- Phién ban 0.6 0.7 0.8 0.9 0.95
Nhi phan, p,, | 0.00047 | 0.00068 | 0.00098 | 0.0015 | ©0.0021
Thue. p,, 0.014 | 0.02 0.03 0.045 0.061

PHIEN BAN THUC

Phép lai cia phién ban thuce hoan toan gidng véi phién ban nhi
phén (cdc diém phén cach giita s6 chdm dong) va dugc ap dung véi
cung xdc sudt (0.25). Dot bién, 4p dung cho s8 chdm déng thay vi
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cho bit; két qua cha dét bién dé la mot tri ngéu vhién trong mién
[I‘B_, UB].

KET QUA THUC NGHIEM

Bdng 4.3. K&t qua trung binh la ham cia xéc suat cdp nhéat
nhidm sic thé

Xéc sudt cip nhat nhidm séc thé Ps
jéch

Phién ban 0.6 0.7 - 0.8 . 0.9 0.95 | chudn

42179 | 46102 | 29290 | 52769 | 30573 | 31212
Nhi phén |

Thyc

46594 | 41806 | 47454 69624 | 82371 11275

K&t qua (bang 4.3) cho thdy phién bin nhi phin cé vé hoi t5t
hon; nhung ciing khé ma néi ring ching t5t hon thue sy do tdt ed
déu con cdch xa loi gidi t6i wu thuc (16180.4). Hon nita, mjt hién
tugng ciing ddng luu tam: phién ban thyc 8n dinh hon vdi db léch
chu§n thdp hon nhiéu.

Ngoai ra, néu dé ¥ ring thyc nghiém trén khéng hoan toan
thich hgp dai véi biéu didn thye; dot bi&n ciia né khong “tu nhién’
bing dot bién cia phién ban nhi phén.

D& minh hoa, ta hiy khao s4t: xéc suat d& sau khi dot bién mét
phan tif s& roi trong § % clia mot khodng (400, do khoang gia tri la
[-200, 200]) tir gia tri cii cia n6? Cau tra 14i la:

Phién ban thuec: x4c suit d6 rd réng.rdi trong khodng [8, 26 1.
Thi du, cho & = 0.05, n6 sé trong khodng { 0.05, 0.1].
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Phién ban nhi phan: § ddy ta cAn xét s8 bit bac thép c6 thé
thay d8i mét cdch an toan. Gia sl chidu dai phén tif n = 30 va m 14
chiéu dai thay d8i cho phép, m phéi théa m s n + log:d Do m la sd
nguyén, nén m ={ n + log:dl = 25 va xdc sult la m/n = 25/30 =
0.833, mjt s6 hoan toan khac. -

Do 46, ta s& cb thist k& mot phuong phdp d§ bu lip nhing
k.huyét diém nay.

4.3.2. D6t bién khong dong nhdt

Trong thuc nghiém nay, ta chay, ngoai cdc phép todn duge n6i
dén trong phin 4.3.1, con c6 mét phép todn dbt bién dic bigt ¢6 muc
dich vita cii thién viéc tim chinh xdic mét phén tif via lam gidm bt
1gi cia dot bién ngdu nhién trong phién ban thye. Ta goi né la dét
bién khong déng nhdt; trong hai chuong sau ta sé ban ddy di vé
phép toin nay.

PHIEN BAN THUC

Phép dot bién khong déng nhét duge dinh nghia nhu sau: néu

§ = <vy,...,Um> 12 mdt nhiém sdc thé (¢ 13 6 thé hé) va phén td v

duge chon dé dot bién, k&t qua 1A mdt vecto s = <’y o, Ulm>, trORE
de, '

LA A(t,UB—v,} , néu chit sd ngdunhiénla 0
k= v,— A(t,up —LB), néu chil s8 ngiunhiénld |

LB va UB la cAn trén va cin dudi mién xdc dinh cia bign v,.
Ham A(z,y) tra vé mot gia tri trong khodng [0. y} sao cho xdc suit
ctia A(t,y), gin v6i 0, tang khi ¢ tang. Tinh chét nay khién phép todn
nay lic déu tim kiém khéng gian ddng bd (khi ¢ nhé), va rat cuc by &
nhiing giai doan sau; nhu vy sé ting xdc suat phdt sinh mdt 56 mdi
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gan véi hgu du@ hon 1a lya chon ngéu nhién. Ta da dung ham sau
day: '

a-1y

A(y)=y-r 7))

trong dé r 12 mét s& ngﬁu nhién trong khoang [0..1]. T & s& thé hé
cuc dai va b 14 tham sé hé théng xdc dinh mie dg phu t.huoc vao 50
14n lap (ta ding b = 5).

PHIEN BAN NHI PHAN

- D& thich hop hon d6i véi biéu didn nhi phén, ta mé hinh héa

- tofin t& dt bién khéng déng nhédt vac khong gian cia né, mic di,

thue sy, né duge dua vao chi yéu dé cai thién dét bién ciia phién bén
thue. G day, tiong tu voi phép todn chia phién ban thye, nhung véi
v’y duge xdc dinh khée:

- v’y = dét bién(v,, Vit,n),

trong dé, n = 30 la s6 bit/phén td cia mit nhidm sdc thé;
dﬁtb;en(v;‘,pos) c6é nghia la: gia tri 46t bién cda phan tir thi & trén
bit pos (0 bit 14 kém y nghia nhat) va

Vit.n) - | Act,n)| , néu chil 56 ngdunhiénla 0
[Are, nﬂ néu chi¥ s& ngAunhiénla 1

vdi tham s8 & cha A dugc diéu chinh thich hgp (ta ding b= 1.5).
KET QUA THUC NGHIEM

Ta ldp lai cdac thue nghigm tuong tu cdc nbu & phén 4.3.1, ding
dét bign khéng déng nhat duge 4p dung cing ti le v6i cac dot bién
- duge dinh nghia trude day. '
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Bdang 4.4. K& qué trung binh la h&m xac sufit clia cgp nhat

' nh;ém séc thé

Phién | Xdc sufit cdi it nhiém sdcthé | = D§ lach
Bén 0.8 0.9 chugin
Nhj phan 35265 30373 40256
Thue 20561 26164 . 2133

Bay gid, phién bdn thue cho thdy hiéu qua trung binh t6% hon
(bing 4.4). Ngoai ra, cdc két qué cia phién ban nhi phén lén nay
ciing khong 8n dinh hen. Nhumg, d€ ¥ ring 6 day mic dt cé mic
trung binh cao, cai dit nhi phén da sinh ra hai k&t qua t6t nhat cho
1an nay (16205 va 16189). '

4.3.3. Cac phép todn khac

Trong phin nay t.a.quyé't dinh cai dat va dimg céc phép todn bd
sung néu cé thé dinh nghia duge d& dang trong ci hai khéng gian
biéu dién.

PHIEN BAN NHI PHAN

Ngoai nhiing phép todn da duge mé ta nhu trén, ta cai dit phép
lai nhidu diém, va cing cho phép lai trong 56 cdc bit cla mét phin
tit. Phép lai nhiéu diém ¢6 xdc suét 4p dung vao mét phan ti duge
diéu khién bgi tham sé hé théng (12 0.3).

PHIEN BAN THUC

& day ta ciing cai dat phép lai nhibu diém tuong tu. Ngoai ra, ta
ciing cai dat phép lai s6 hoc mdt vd nhiéu diém; ching tinh trung
binh céc gid tri cia hai phan ti cht khéng trao dfi chiung, tai cac
diém chon. Nhitng phép todn d6 co dic didm la cde phén i cia cée
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nhiém sic thé mdi vin thuéec mién xéc dinh cia chung. Hai chuong
sau sé& cung cdp thém chi tiét vé cdc phép toin nay.

KET QUA THUC NGHIEM

G day, phién ban thyc cho thdy mot uu thé ndi bt (bang 4.5);
mic di cdc két qua tot nh4t khong khédc nhau bao nhiéu, chi phién
bén thue van ti€p tue dat duge ching. '

Bding 4.5. Két qué trung binh la ham xdc sufit cGa cdp nhat
nhiém sdc thé :

- : - . R ’ 2 Bfl . Tﬁ‘t
X4c suit cdp nhit nhiém séc thé
Phisn lach nhét
Ban 0.7 0.8 0.9 chuén
Nhi phan | 23814 19234 27456 6078 | 16188.2
Thue 16248 | 16798 16198 54 | 16182.1

4.4. Hiéu qua vé thdai gian

Cé nhidu nhan xét cho réng thdi gian chay GA gidi cdc bai todn
khéng tdm thuimg quéd cao. Trong phén nay ta sé so sanh hiéu qud
thoi gian eia hai phién ban. K&t qua duge trinh bay trong bdng 4.6
la két qua cha cdc lan chay & phén 4.3.3. :

Bing 4.6. Thei gian CPU (gidy) 1a ham cia sd phén ti.

Phién 88 cdc phan tif (N)
- ban 5 15 25 35 45
Nhi phén 1080 | 3123 | 5137 | T1vr | 92
Thye 184 398 611t 823 1072
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Béang 4.6 so sanh thai gian CPU cia cd hai phién ban trén s6
phén tif trén mét nhiém sdc thé. Phién ban thuc nhanh hon nhiéu
ngay ca d6i voi s& bit vira phai la 30 cho mdi bién trong c2i dit nhi
phan. Béi vai cdc mién 16n va d¢ chinh xde cao, chiéu dai toan bo
eha nhiém sdc thé tang lén, va khéc biét tuoug déi cing ting lén,
nhu 88 duge trinh bay trong bang 4.7. :

4.5. K&t luan o

Bing 4.7. Thoi gian CPU (gidy) 1a ham theo s& bit ciz mbi

. phén ti; N =45

Phién - 86 bit trén méi phan tif nhi phén

Béan 5 10 20 | 30 40 50

Nhi phén 4426 5355 | 7438 | 9219 | 10981 | 12734

Thure o 1072 (héng s6)

Cdc thyc nghiém trén cho thiy bifu dién chdm déng nhanh
hon, nhdt quan hon. Va cho dé chinh xdc cao han (nhit la vdi cdc
mién xdc dinh rong ma ma héa nhi phan phéi cAn mét chudi dai dé
biéu dién). Péng thoi két qua cha né duge ndng cae bdi cde phép
todn dac biét dé dat duge do chinh xdc cao (tham chi cao hon trong
bidu dién nhi phan). Ngoai ra, biéu dién chdm d¢ng do ban chét da
gan hon véi khong gian bai todn nén dé thiét ké cdc phép todn khéc
két hop vdi tri thic bai todn - dic td4 hon. Diéu nay cin thiét cho
viéc xur 1y cdc rang budc bai toan dac ta, khong tdm thudng (chuong
6).
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Nhimg k&t ludn’ nay-i'giéi thich tai sao ngudi su dung céc ky
thust tién héa di truyén thich biéu dién ch&m ddng hon, nhu trong:
(1) thedi mai véi tiong quan mét bign - mft gen, (21 tranh duge céc
doc Hamming va cdc thao tac khac tfong viée thue hién dot bién
trén céc chubi bit duge xif Iy nhu cde s§ nguyén nhi phan khong ddu,
(3) c6 it thé& hé hon. :

Tuy nhién, néu s& bién khéng qua 16n, nhé hon 10, va chap
nhan trudc mot it sai s6, phién ban nhj phan thye su vén hiéu qua
hon. Vi thé, ban nén thuc hién'mc}t' vai th¥ nghiém. Chon mét s

ham thir nghidm va thi nghiém véi ba hé théng dya trén GA véi cac

biéu dién nhi phan, Gray, va chdm dong. Hon nifa, ban cling c6 thé
sit dung GA ké&t hgp véi leo dbi hay 1 56 ky thust khéc c6 thé tang
d5 chinh x4c gan v6i két qué thyc. -
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Téi Uw 56 | ﬁ
CHUONG 3

BAN THEM VE |
PHEP POT BIEN KHONG DONG B§

'jhuiit giai di truyén thé hién nhimg khé khap vén cé trong
viée thuc hién tim kiém cuc bj cho cée ing dung s&. Holland dé nghi
riéng thuat gidi di truyén nén duge ding nhu mot bp tién xi ly, trude
khi giao viée xi¥ 1y tim ki€m cho mdt hé théng c6 kha ning s dung
tri thite vé mién, d€ hudng din vide tim ki€m cuc bj.

Tim kiém cuc bd cdn sif dung cdc luge d6 bac cao va chidu dai
xdc dinh lé6n hon nhimg gi duge dé nghi trong Ly thuyét s¢ dé:
Ngoii ra, c6 nhitg bai todn c6 mién tham sd khong bi gidi han, s
bién lén, va cdn dp chinh xdc cao, nhimg yéu cdu nay cé nghia la
chiéu dai cia vecto l&i gidi nhi phan rdt 16n (d6i véi 100 bién, vdi
cdc mién trong khodng [-500, 500), cdn d9 chinh x4c 6 s 18, thi
chidu dai ciia vecto 19i gidi nhi phén la 3000). Nhu da trinh bay
trong chuong trude, thudt gidi di truyén thuc hién nhimg bai todn
nhu thé rit kém hidu qua.

D€ cai thién kha nang tim chinh xéc cia thuat gidi di truyén -
la diéu bdt bugc ctia cdc bai todn cdn dé chinh xdc cao - ta thiét ké
mdt todn tit dot bi€n dic biét ma hiéu qua cta né khéc han dét bién
truyén théng. Nhd lai rling mét dot bién truyén théng thay déi mdi
lan mét bit cia nhidém sdc thé; vi vay, thay d8i dé chi dung tri thae
cuc bg - chi bigt dén bit dang bi dgt bi&n. Néu bit d6 nim & phdn
bén trdi cia chudi ma héa mét bién, thi tdc dong dot bién trén bién
d6 rat e6 ¥ nghia. Nguge lai, nhiing bit § tit ddu bén phéi cia chuédi
lai ¢6 tdc dong hoan toan nhé khi dét bién. Ta quyét dinh ding tri
thic toan cuc vé vi tri theo cdch sau day: khi quan thé gia di, nhimg
bit ndm & tit bén phai cla mdi chudi ma héa bi€n c6 xdc sudt duge
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4ot bién cao hon, t.rong khi nhimg bit n&m trai nhal lai ¢é xde suat ' Lai gi&i chinh x4c cda 5:1 théa 5.2 la:
gidm. N6i céch khdc, mot dot bién nhu thé tao ra tun kiém toan cuc
ciia khong gian tim kidm lic bdt dAu tién trinh lap, nhung cang ve
sau thi khai thdc cuc bb lai tang 1én. Ta goi day Ja dot bién khong
déng nhdt va sé ban vé né trong chuong nay.

J* =Kqx? (5.8)

¢ day K, 1a nghiém cta phuong trinh Ricati:

. ' . = : 2 =
Truse tién, ta noi vé cdc bai toan duge ding thit nghiém cho K= s + ra’K;+11{r+b°K;.,), Kv=q (5.4) :
to-_.rm tit maéi nay. Hé qua la, bai toan (5.1) dan tdi (5.2) s& duge gidi v6i cdc tap

th § ¢ béng 5.1,
5.1. Céic trudng hdp thi nghi¢m - am s trong bang

Néi chung, thiét k& va cai dat thuat gidi di truyén gidi nhimg
bai tosn difu khién t5i wu la rit khé. Trong chuong nay, ching toi

. R s Trugng hgp | N Xp 8 r q a b
thyc nghidm thuat gidi di truyén véi 4ot bién khéng déng nhat trén

ba bai todn didu khién t3i wu thoi gian — réi rac. bai todn tuyén tinh I 45| 100 1 1 1 1 1
binh phuong, bai toan thu hoach va bai toAn xe kéo da dugc rdi rac |
héa. 11 45 100 10 1 1 1] 1

5.1.1. Bai todn tuyén tinh bink phuong m| 45| 00| w0 1] 1f 1| 1

Bai toan thit nghiém dau tién 12 md hinh tuyén inh binh v 45| 100 1| 10 1 1 «1
phuong mot chidu: : :
_ Vv 45 100 1| 1000 1 -1 1
N-1
min g% + 2, tsxg +rug)  (5.1) vi| 45| 100 1 1] o 1| 1
k=0

VII 451 100 1 11} 1000 1 1

vdi: :

VHI 451 100 1 1 1] 001 1

Xy = axptb*u; , k=0,1,., N-1 (5.2)

IX| 45 100 1 1 1 11 0.01
Trong 46 x, cho trudc, a, b, g, 8, r 1a céc hiing cho truée, xx € R

la trang thdi con ue R la diéu khién cia hé théng.

X 45| 100 1 1| 1 1§ 160
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Trong thit nghiém gia’ tri cia N la 45
§.1.2. Bai todn thu hoach
Bai todn thu heach duge dinh nghia la:
N=1
max D Ju, (6.5
k=0
wﬂ phuong trinh tang trudng:
Zper = @* xp - iy (65.6)
va mét rang buje la:

xg = x5 (6.7)

v6i trang thdi khai dau cho trude 1a xo , a 12 hing s6, vax; e R, u; €
R* theo thi tif 1a trang thdi va bién diéu khién (khéng Am).

la:  *

' N_1.2
J 1/%‘,“:—“ (5.8)

a¥ l(a-1)
Bai toan (5.5) théa (5.6) va (5.7) s& duge gidi v6i o = 1.1,
xo = 100, va cdc gid tri N = 2, 4, 10, 20 va 45. '

5.1.3. Bai todn xe kéo

Vin dé cGa bai todn.xe kéo 1a cyc dai héa khoang cdch du hanh
téng cong x,;(N) trong mét thoi gian cho truée (tic 1a mét don v1) tru

tdng cdc cf géng.
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L&i gidi t6i wu chinh xde J* cla bai todn (5.5) théa (5.6) va (5.7) -

T6i.Un S6 | . Q
- xi(k+1) = x2(k) (5.9)
. '_'xz(ku) = 2xy(k) -x:(k) +1/N**u(k) (5.10)
;ré.chi $0 hiéu qua can cye dai hoé la:

p Nt .
(N)-op D ut(k) (5.11)

=0

Vdi bai toan nay, gid tri t3i wu cta chi s6 trong (5.11) la:

Bai todn xe kéo du’clc gidi vdi ede gid tri N = 5, 10, 15, 20, 25,
30, 35, 40 va 45. :

5.2. Chuong trinh tién héa giai bai toan t6i vu héa s&

Chl.rdng trinh tién héa ta di iy dung cho cde bii todn té'i wa 88
dige dya trén biéu didn thuc, va mot s6 toan to di truyén méi
(chuyén biét héa); ta 58 l4n lugt ban vé chiing.

5.2.1. Biéu dién

Trong bidu difn thuc, méi vectc nhiém sidc thé duge ma héa
thanh vectd thuc ¢ cing chidu dai véi vecto loi gidi. Moi phan tit
duge chon lic khdéi tao sao cho thugc mién xdc dinh ciia né, va cée
todn t duge thiét k& cdn thén d& bdo todn cdc rang budc nay (khéng
¢6 vin d& nhu vy trong bidu didn nhi phip, nhing thi€t ké cia cdc
todn t nay kh4 don gidn; ta khong thdy diéu d6 14 bat lgi; mat
khde, né lai cung cdp céc lgi ich khéc duge trinh bay dudi ddy).

.97



7] Chuong 5 : Ban Thém Vé Phep Dot Bién Khong Déng Bo

~ Su chinh xdc cia cdch tiép can nhu thé chi tuy thudc méy tinh,
nhung néi chung la t5t hon nhiéu so v6i biéu difn nhi phan. Puong
nhién, ta luén c6 thé ting do chinb xéc ciia bidu dign nhi phan khi
thém c4c bit, nhung diéu nay lam thuat gidi cham mot cach ddng ké,
" nhu da théao luan trong chuong trude. .

Thém nita, biéu didn thuc ¢6 khé nang biéu dién mét mién rat
rong (hodic cac trudng hop mién xdec dinh khéng hiét trudc cu thé).
Mit khéc, trong biéu dién nhi phén. dd chinh xdc sé giam khi ting
kich thudc mién, do chiéu dai nhi phan ¢& dinh cho truée. Hon nia,
véi bidu didn thuec, viée thist ké cdc cong cu dac biét dé xi ly cdc
rang budc khong tdm thudng sé dé hon. '

5.2.2. Cée todn tit chuyén bigt hoa

Céic todn i ta s si dung rat khéc cdc todn tif ¢6 dién, vi ching
lam viéc trong mét khong gian khéc {cé gia tri thue). Hon nila, mot
vii tosn tir khong déng b, nghia 1a hanh dgng cia ching phu thude
vio tubi efia quén thé. . L

- ¥, - A’
NHOM TOAN TU BOT BIEN: |
« Djt bién déng bd, duge dinh nghia tuung ty véi dinh
nghia ciia phién ban c§ dién: néu £, _<v; ..., Up> 1A

nhiém séc thé, thi mdi phan tif v, c6 cd hdi trii qua tién
trinh dét bién ngang nhau. Két qud cia mot lin dng

dung cha tosn ti nay la vecto Fom .y V- Um >
va v, la gid tri ngiu nhién trong mién ctia tham sd tuong
Ung. :

'« Dot bién khong déng b la mot trong nhimg todn ti
¢6 nhiém vu vé tim dé chinh xdc cua hé thong. N6 duge

dinh nghia nhu sau: néu s’ . <v,, ..., Uy> 12 nhiém séc thé -

va phan ti v, duge chon At bién nay {mién cda vy 1a [1,
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Téi Uu 88 . E
w1, két qui la mat vects S:fl_:: <v3...‘.v';.;...,v,,,> vai ke

(1, ..., njva -

5, = ‘[vk +A(t, up-v) ., néu chir s§ ngdw nhién la 0
| vp - A(t, vy —1ly) , néuchit s6 nghu nhiénla 1

trong 46, ham A(Z, y) tra vé gia tri troh'g'kho‘:éﬁg [0, ¥] sao cho xde
suft clia A4, y) gin bing O sé tang khi¢ tang. Xsc suat nay buge
todn ti¥ tim kism khéng gian thoat ddu la déng bd (khi ¢ nhé), va rét
cuc bé & nhilmg giai doan sau. Ta si dlgp.g hAm sau:

t gy "
1-— :
At y)=y* (=7 "T)b),

v6i r 12 56 ngdu nhién trong khodng [0..1], 7 1a s& thé hé t3i da, va b
léfut.ham 56 hé théng xdc dinh muc dé khéng dong bd. Hinh 5.1 biéu
dién gi4 tri eia A d6i v6i hai 1an duge chen; hinh nay hién thi o
rang cach ing x{ ca todn t. ' ' -

A,y Ay
y { tIT=050 b=2 y o t/T=090 b=2

Hinh 5.1. Alt,y) 461 v6i hai 1an chon.
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