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CAC TOAN TU LAI GHEP CHO THUAT TOAN DI TRUYEN
GIAI BAI TOAN TO MAU PO THI PON

NGUYEN XUAN HUY, VU THIEN CAN

Vién Cong nghé thong tin

Abstract. This paper describes and compares some crossover operators of the genetic algorithm for
the problem of single chromatic graph. Using a fixed number of evolutions and a specified number of
colors, we count the number of pairs of adjacent vertices having the same color for each certain graph.
This number is calculated in real-time and the best operator is one that produces better solution.
Genetic algorithms mentioned in this paper mainly use proportionally selected operators and classic
mutation operators.

Tém tdt. Bai bdo mo td v so sdnh mét s6 todn tr lai ghép khac nhau cla thudt todn di truyén
gidi bai todn t6 mau do6 thi don. Noéi dung so sanh 14 dém bang thue nghiém, véi s6 [An tién héa 6
dinh cho trwéc va s6 mau cho trudc déi véi moi loai d6 thi. S6 dém nay dwoc xdc dinh trong thei
gian thuc. Toan tir duoc chon sé 1a todn tir cho két qua troi.

Céc thuat todn di truyen dé cap dén 1a todn tir chon ma chii yéu 13 todn tir chon ti 1& va todn
tir dot bién c6 dién.

1. BAI TOAN TO MAU PO THI DON

1.1. Bai toan

Cho G = (V, E) 1a mot do thi don vo huéng, trong dé V' 13 tap cac dinh va E 1 tap cac
canh. Ta gidi bai todn sau.

Diing mot s6 € cho truéde cidc mau, xdc dinh mau t6 cho moi dinh i € V sao cho s6 canh
c6 dinh cting mau 1a nhé nhat.

D6 thi & dwoc goi 1 don néu moéi cap dinh c¢é thé xdc dinh khéng qua moét cung néi
ching ([1]).
1.2. M6 hinh todn hoc cia bai toan
Vé&imoii eV va véi moi j =1,2...¢, dat
o { 1  vé6idinh i€V cd mau j
i

0 nguoc lai

Bai todn c6 thé phat biu nhuw sau ([1,3,5])

£
min E E Lijdtj

j=1(it)er

véi rang bude

3
inj == 17 T € ‘/7
j=1
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Tij5 = 0 hay 1,7 € ‘/7 j= 1725

2. KY THUAT DU'A TREN QUAN THE

Trong cic k¥ thuat nay, mot co ché tién héa duwoc str dung dé bién déi mot quan thé (tap
hop) céc loi gidi tir thé hé nay dén thé heé ké tiép sao cho tir quan thé ké tiép. c¢é nhiéu hy
vong tim dwoc nhitng 1&1 gidi t6t hon. Tai moi thé he (hay néi cach khéc, tai moi lan liap),
ta st dung hai quy trinh, quy trinh tap thé va quy trinh ¢4 nhan.

Trong quy trinh tap thé, cdc 1oi giai cia quan thé hién tai dwoc so sanh va két hop dé
tao ra céc 11 giai khédc, cé ké thira cdc tinh chdt “t6t” tir cdc 1o gidi “cha me”. Sau dé, 1oi
gidi méi tim duoc duwoc tién héa bang quy trinh ca nhan, tir @6 hinh thanh quan thé méi.

Céch t6 chirc cdc quy trinh tap thé va cd nhan khic nhau giip hinh thanh céc k¥ thuat
khdc nhau. Céc ky thuat chinh dwoc sit dung hién nay la: thuat todn di truyen, thuat toan
tim kiém rai rdc, thuat todn Vwong Quéc Kién ([1]). Trong bai bdo nay, chiing toi chi sir dung
thuat toan di truyen.

2.1. Thuét toan di truyén

Thuat todn di truyén ([1,6,7]) 1a thuat todn mo phéng qud trinh tién héa cia sinh vat,
dura trén cac nguyén 1y chon loc va tién héa tu nhién. Trong thuat todn di truyén, quy trinh
tap thé bao gom todn tir chon vi todn tir lai ghép, con quy trinh c4 nhan dwoc thuc hién bdi
todn tir dot bién.

Tai moi buwéc lap (hodc thé he), ba toan tit néi trén dwoc 4p dung dé tao ra tap cic loi
gidi (con) méi. Sau dé mot todn tir thit tur (todn tir culling) dwoc d4p dung dé xéc dinh quan
thé trong thé hé ké tiép bang cich chon cic cd thé tir cdc cd thé cha me va cd thé con céi
méi sinh ra. Thong thuong, ngudoi ta thwong st dung quan thé cé kich thuée N (s6 lrong
cé thé) cd dinh, vA quan thé méi thuomg bao gom cic cé thé tot nhat (nghia la céc cd the
lam cuc tieu héa ham muc tiéu).

Trong cac so do cé dién, tai moi thé hé, thuwomg quan thé dwoc thay déi toan bo. Deé
lam nhw thé, N 1oi gidi cha me dwoc chon va ghép cip. Sau dé, todn tir lai ghép dwoc ap
dung véi xdc suat nao dé dé tao hai 1o gidi con twong ing. Ngwoc lai, hai 1o gidi cha me
trd thanh hai loi gidi con twong ing. Quan thé trong lan lap ké tiép bao gom tat ca céc loi
gial con.

Trong mot bién thé khic, nguoi ta sit dung “quan thé véi trang thai 6n dinh”, nghia la
trong moi thé he, chi cé mot s6 it c4 thé bi thay ddi theo chién lroc trén. Uu diém cia “quan
thé véi trang thai on dinh” dwoc dé cap dén trong [1].

2.2. So db cia thuét toan di truyén
Khéi tao:

Sinh ra quan thé ban dau véi N 1o gidi a;, i = 1,2...N, nghia 13 Py := {21, 25...2x5} trong
dé x; dwoc bicu dién bang z;, i = 1,2...N.

bit iter:=0, niter :=0; P := Py, stop := false. Goi z* 1a 1oi gidi tot nhat trong Pp.
Thuét toan di truyén
while not stop

iter:=iter+-1; niter:=niter+-1.

Ap dung todn tit chon.

Ap dung todn tir lai ghép.
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Ap dung toan tir dot bién.
Ap dung toan tit culling dé tao ra quin thé méi P’ cdc 1o gidi.
pP.=P.
Chon 2’ la phan tir t6t nhat trong P’
Néu f(2') < f(2) thl z* := 2/ va niter := 0
Néu iter = itermax hay niter = nitermax thi stop := true.
x* 13 101 gidi tot nhat tim dwoc.
2.3. T8 chirc dir liéu
. MBoi 1o gidi « € X dwoc bi€u dién nhwr mot vecto z € R™. Gid tri cia loi gidi « dwoc bieu
dién bdi z va dwoc ky hiéu 1a f(x) hay f(z). Tong quat, X C R*, m # n.
Mot 161 gidl « cua bai todn t6 mau cé dang

va dwoc biéu dién bang vecto z ¢ RV trong dé z; = j(i), i ¢ V.
Nhuw vay, thanh phéan thit 4 cia vecto z 14 s6 hiéu mau to cho dinh .
2.4. Toan ti¥ chon

Toén tir chon ([2]) ding dé chon mot s6 chan cic loi gidi cha me tir quan thé hién tai.
Moi loi gidi cha me dwoc chon theo mot trong cdc chién lwroc néu sau. Chd ¥ rang mot loi
gidi c¢6 thé dwoc chon nhieu lan. Céc 1oi giai cha me dwoc ghép cap dé 4p dung todn tir lai
ghép trong pha ké tiép cia thuat toan nham cho ra loi gidi con cai.

2.4.1. Chon ngiu nhién

Mot toan tir chon don gidn nhat la chon ngau nhién véi wu diém 1 tang do da dang cia
quan thé sinh ra. Ciling cé nhiéu loai todn tit chon khéc dwoc dé cap dén, chang han chi chon
dé ghép cip nhitng 1o gidi tot nhat trong quan the.

2.4.2. Chon ti 16

Mot loai todn tir chon khéc 1a todn tir chon ti 1é duoc thuce hién nhuw sau
(i) Sap thit tu cdc phan ti clia quan the P: 2!, 22 2N,

N
ii) Chon ngau nhién o trong doan [0, L
(i) oL NG g doan [ ;m]

(iii) Goi r 1 chi 86 16n nhét sao cho Y f(lzi) <a
i=1

(iv) Lod gidi 2" dwoc chon lam 1o giai cha me.
Hién nhién, co may dé chon loi gidi = tang v&i do thich nghi 1/f(z) do chiéu dai cia doan

N
0, L] (lien két véi z) tang khi nho.
[ El 7o) ( z) tang khi f(2)

2.4.3. Chon kiéu thi ddu

Mot loai toan tir chon khéc: todn i chon ki€w thi ddu 1a chon 1o giai t6t nhat tir mot
tap con céc 1o giai cia P (chon ngau nhién). Néi cdch khéc, goi Ny 14 s6 nguyén sao cho
1< N €N
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(i) Lan lwot chon ngau nhién N, 1oi gidi tir P (mot 101 gidi c6 thé chon nhiéu lan) dé tao
thanh tap con P;.
(i) Goi 2; 1a 1o gidi tot nhat trong P;.
(iii) z; dwoc chon lam 1o giai cha me

Cht ¥y rang néu N; = N, chinh la chon 1o gidi t6t nhat trong quan thé. Néu Ny = 1, loi
gidi cha me duwoc chon ngau nhién.

Yéu diém 16n nhat cia viéc chon phan tit t6t nhat 1a dé bi viedng vao cue tri dia phwong.

2.4.4. Chon dya vao do da dang cda quin thé

Mot cach khéac 1a chon lra dua vao do da dang cia quan thé. K¥ thuat sau dua trén
huéng nay.
(i) Sap thit twr cdc phan tir clia P theo do tang ciia ham muc tiéu 2!, 22.. 2N
(ii) Pat »r =1+ D, D ¢ [0,1] 14 d6 do ding dé do do da dang clia quan thé. Dau tién gan r = 2
(iii) Chon s6 ngau nhién p < [0, NV/7]. Bat r = [p]
(iv) Vay 2" dwoc chon lam loi giai cha me

Céch chon trén thay doi do tot tiy theo dd phan téan cia quan thé.
2.5. Toan t lai ghép

Muc dich chinh cia viéc st dung todn tir lai ghép 1a sinh ra 161 gidi con cdi ma van gitr
lai mot s6 dac tinh cia loi gidi cha me (theo mot tiéu chuan) trong quan thé hién tai. Pieu
nay nham hwéng viéc tim kiém trén mien ¢é trién vong cia khong gian X trong khi van gitt
dwroc phan nao s da dang cia quan thé.

Viéc st dung cdc toan tir lai ghép khéc nhau trong viéc nghién ciru hiéu qua cia thuat
todn di truyén la mot khuynh huéng thuomg dwoc 4p dung hién nay ([5]). Trong bai bdo nay,
ching toi cing di theo hwéng khao sit viec sit dung thuat todn di truyeén trén bai todn to
mau d6 thi don bang céch so sanh nhiéu toan tit lai ghép khéac nhau.

Chiing t6i khao sat nam loai todn tir lai ghép sau.

2.5.1. To&n ti lai ghép moét diém

. N vy, N N vy, > , x N ~ K] . A

Sinh ra hai loi giai con tir loi giai cha me bang cach chon ngau nhién mét diém chia roi
, . . N g s e N A P
trdo doi hai thanh phan cia hai 1o gidi cha me cho nhau, két qua 13 hai 1o gidi con céi.

2.5.2. To4n ti& lai ghép hai diém

x N . K] . x. K] Lx RN vy, A , A .
Chon ngau nhién hai diém chia ciia chuoi biéu dien hai loi giai cha me, roi trdo doi hai

N N .~ b e vy . S N e .~ N
thanh phan ciia doan gitra ciia hai loi gidi cha me cho nhau, hai doan dau va cuoi gitr nguyén.

2.5.3. Toan tit lai ghép déu

Sinh ngau nhién chuoi nhi phan kich thude m, néu bit thit i bang 1 thi trdo doi hai thanh
phan twong tng ctia hai chudi biéu dién cia loi giai cha me, néu khong thi thanh phan twong
rng gitt nguyen.

2.5.4. Toan ti¥ lai ghép trén duwdng ndi cha me

Noi dung toan tir ndy dwgc dé cap dén trong [4]. Goi z1,x2 1 cic phan tir cia quan the.
Ky hiéu d(x1,x2) 1a khoang cach Hamming gitra x1 va x2. Mot lan can cia mot loi gidi x1, ky
hiéu N(x1), la tap céc phan tir x (khong nhat thiét thuoc quan the) cé khoang cich Hamming
dén z1 bang 1.

Cho hai cha me psl,ps2, ky hiéu N(psl,ps2) 1 tap cic phan tir cia N(psl) c6 khodng
cach Hamming ps2 nhé hon khodng cach Hamming dén psl. Todn tit nay hoat dong nhu sau.
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Tai moi buée lap, ta chon ps € N(psl, ps2) (diung toan tir chon ti le). Néu loi gidi nay tot
hon 161 gidi ban dau psl va ps2, thi ps trd thanh 1oi gidi con os. Nguwoc lai, psl dwoc thay
bdi ps va ps2 déng vai tro cda psl. Thi tuc lap cho dén khi psl = ps2. Vay os = psl = ps2.
Thuét toan lai ghép trén dwdmg ndi cha me
Khéi tao:

bat: 21 va 22 1a hai loi gidi cha me, psl := z1; ps2 = 22; ¢ stop := false;

While not stop

Xéc dinh tap con N(psl,ps2) C N(psl)

Dung todn tir chon dé ps € N(psl, ps2)

Néu f(ps) < f(z1) hay f(ps) < f(22) thi stop:=true

psl ;= ps2

ps2 :=ps

Néu d(psl, ps2) = 0 thi stop := true
0s :=ps

2.5.5. Toan ti tang tri thic

Toan tit nay duwa trén dac trung ve cdu tric cla bai todn t6 mau do thi nhw da néu [3).
Todn tir nay sinh 1a mot 161 gidl con os tir hai 161 gidi cha me 21 va 22.

Vé&i moi 1oi gidi 2, ki hieu CN(2) 14 céc dinh dung d6 mau cia z (nghia 13 tap cdc dinh
c6 dinh ké véi né cing mau).

CN(z) ={i e V|3(,1) € £ sao cho j(1) = j(1)}

Mot loi gidi con dwoc sinh ra bang cich t6 mau dinh dung do cla mot loi giai cha me
bang cdch ding mau twong ing cia loi gidi cha me con lai, néu mau sau khong dung do. Néu
mot mau bi dung do ca & 2 1o gidi cha me, ta ding mau ma mau dé dwoc dung it nhat trong
céc canh dinh ké nhau & cd 2 1oi gidi cha me. Con cdc dinh con lai (nghia 14 khong thudc cdc
dinh dung do cia ca 1o1 giai cha lan 101 giai me), thi duoc t6 nhw trong todn tir deu.

Thuét toan lai ghép tang tri thirc
Khéi tao: Pat 21, 22 la hai 161 gidi cha me.

Véiic CN(z1), néui € ON(z2) thl osi := 22.

Vé&ii € CN(22), néu i € ON(z1) thl osi := 21.

Néu i € CN(21) NCN(22) thi osi := mau it bi dung do nhat.

Néu i € (V — (CN(21) UCN(22))) thi chon ngau nhién « < {0,1}.

Néu o = 0 thi osi := z;1, néu khong thi osi := 22

os 1a 161 gidl con sinh ra.

2.6. Toan tir dot bién

Khi 1oi gidi con dwoc sinh ra, mot quy trinh c4 nhan cé thé dwoc 4p dung cho loi gidi
con nay. Mot cach lam c6 dién la thay d6i ngau nhién mot thanh phan nao dé cia loi gidi
véi mot xdc suat nho.

Véi i tir 1 dén N, sinh ra s6 ngau nhién « € [0, 1].

Néu a < ag thi chon gid tri ngau nhién méi cho z;.

Gia tri ap thuwong dwoc chon kha nhd dé viéc thay ddi thanh phan cia z; dwoc thue hién
véi xac suat nhod. Todn tir dot bién nham gid lap viéc cé nhitng tdc dong ngau nhién cia
ngoai canh vao quan thé.

Todn tir dot bién khoéng can thiét bang todn tir lai ghép vi ching cé tin suat sit dung
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thap hon so véi toan tir lai ghép. Nhung loi diém cia viéc sit dung toan tir dot bién & chd né
giip lam ting do da dang cia quan thé, nham tranh viéc bi sa vao cuc tri dia phwong xau.

3. KET QUA THU'C NGHIEM

Chiing t6i da so sdnh bang thurc nghiém viéc 4p dung céc todn tir lai ghép khac nhau da
trinh bay & trén dé gidi bai toan t6 mau trén do thi don. Véi todn tir lai ghép mot diém chia
va toan tir dot bién don gian, chiing toi tién hanh so sanh trén 3 thuat todn chon khéc nhau
14 chon ngau nhién (g0la), chon theo ti 1& (g01b) va chon lwa kiéu thi dau (g0lc).

Sau dé, cling véi thuat todn sinh ngau nhién, chon theo kiéu ti 1é, dot bién don gidn,
ching t6i lan lwot stt dung cac thuat toan lai ghép hai diém chia g02a va g02b, lai ghép deu
g02c, lai ghép trén dudomng ndi cha me g02d, lai ghép ting tri thirc g02e.

Tiéu chi d€ so sanh 14 véi s6 [an tién héa ¢é dinh cho trude d6i véi moi loai do thi, ching
to6i xem xem thuat todn ndo dwa ra két qua tot hon. Ching toi thue hién moi chwong trinh
10 lan, trong moi lan thuce hién, thuat toan cho quan thé tién héa 1000 lan.

Thuat todn dwgc thire hién trén 14 loai do thi (ddnh s6 tir 1 dén 14), gom c6 céc do thi
vong, do thi hinh sao, do thi day dd, do thi ngau nhién véi s6 dinh nhé nhat 14 10, nhieu
nhat 13 100. Két qua cho nhu sau.

Thuat S6 miu S6 canh c6 dinh ciing {néu\cﬁa d6 thi twong ting
todn trong mudi bon do thi khao sit
2 01517 26 0 2 16 41 56 1 20 0 9
gola 3 00211 18 0 0 12 30 44 0 32 0 10
2 016 202902 18 50 74 1 55 0 20
g0lb 3 0131017 0 0 10 31 44 0 30 0 10
2 02 6 1930 02 2051 71 1 49 0 16
gole 3 00211 16 0 0 10 31 44 0 27 0 7
2 02518 30 01 19 50 76 0 54 0 21
g02a 3 003 918 0 0 10 30 46 0 32 0 13
2 017 18 2902 19 50 73 0 53 0 20
g02b 3 0131116 01 9 28 43 0 30 0 11
2 01 6 1728 01 19 49 71 0 45 0 17
go2e 3 00311 18 0 0 10 28 44 0 32 0 10
2 02 6 1933 0219 5276 0550 19
g02d 3 0131117 01 10 32 46 0 33 0 12
2 015111501 4 8 10 O 0
g02e 3 002 6 701 2 3 60 0

+ Thoi gian chay cia thuat todn g01b 1a lau nhat.

+ Chuwong trinh dwoc thwe hién nhanh nhat véi thuat todn g02e va két qua cia thuat
toan nay la tot nhat.

4. KET LUAN

¢ D3i v4i bai todn t6 mau do thi don nhw trinh bay & trén, viéc thay doi cac thuat toan lai
ghép khéc nhau c6 thé gitip ching ta cai thién duwoc két qua.
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e Véi két qud thuce nghiém trén, ta thay thuat toan lai ghép tang tri thitc cho két qua tot
nhat va thue té khi thue hién chwong trinh cho thay téc do thue hién chwong trinh rat nhanh.

e Viéc thay déi céc ky thuat chon phan tir cha me khéc nhau, cling nhur viéc tim ra céc toan
tir lai ghép khac ¢ thé lam tang hiéu qua cia chwong trinh va dé ¢é thé 1a nhitng phuwong
hwéng nghién ciru tiép theo cho bai toan t6 mau doé thi don.
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