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TOM TAT: Bai todn tim kiém chu trinh Hamilton la mét trong s nhitng bai todn quan trong
nhdt trong tdp bai todn NP ddy dii. Pa ¢6 rdt nhiéu nghién citu tap trung vao tim kiém 1oi gidi cho bai
todn, ddc bigt la loi gidi gdn diing, dé dp dung vao cdc tinh huéng cu thé trong thicc €.

Chiing t6i dé xudt trong bai bdo nay la mét hudng tiép cdn mdi cho bai todn ndy, sit dung
thudit todn Genetics k&t hop vdi thong tin thong ké cia tdn sudt cdc cung sé xudt hién trong chu trinh
t61 wu. Chu trinh 16t nhdt sé dugc tdng hgp tit qud thuc hi¢n tim kiém bing Genetics két hop vdi tri thitc
b sung la thong tin thu lugm ti cdc thé hg qua cd qudt trinh bién d6i ciia qudn thé. Chiing t6i ddnh
gid cdch tiép cdn mdi vdi nhiéu bai todn cy thé khdc nhau va so sdnh véi nhitng cdch tiép can da dugc
nghién citu. Két qud thic nghigm cho thdy cdch tiép cdn ndy hiéu qud hon vdi cdch tiép cdn chi diing
thudt todn Genetics, tit dé md ra mdt hudng mdi dé gidi quyét cdc bai todn tim kiém gin diing chu
trinh Hamilton 161 uu.

Tix khda: Bai todn ngudi du lich, chu trinh Hamilton, thudt gidi di truyén, xdc sudt thong ké..

1. GIGI THIEU

Bai todn tim chu trinh Hamilton [5], con goi 14 bai todn Ngudi du lich (TSP - Traveling
Salesman Problem), phdt bi€u nhv sau: Cho trudc mét dd thi G(V, E) véi tip dinh
V={v,v,V5,v,} vd tdp céc canh E={e,e,,e,.... e} v8i chi phi tirng canh la

*m
W = {wul,wez,wul,......,wum } Muc ti€u cia bai todn la phdi tim dugc mot chu trinh di qua tit cd cdc
dinh ciia d6 thi, mdi dinh mét 12n véi chi phi 12 nhd nhat.

Bai todn Ngudi du'lich c6 ¥ nghia rit quan trong trong thuc tién [5], nhu 'ng dung dé€ tim hanh
trinh ngdn nhat di qua cdc diém du lich, bii to4n phin phdi hang héa ... Tuy nhién, bai todn di dudc
chitng minh 12 bai todn NP-ddy di [2], vd cho d&€n nay vdn con 13 mot van dé rat héc bda thdch thirc
cdc nha nghién cifu. Pa c6 rit nhiéu thuat todn gidi gin ding [5, 6, 7] dudc dua ra nhim tim d&€n mot
161 gidi gdn (61 uvu, tuy nhién k&€t qud vin con khd han ch€ khi s6 lugng dinh va cung kh4 16n.

Trong bai bdo nay, chiing toi dé nghi mot hudng ti€p cdn méi d€ tim ra mot 13i gidi gdn vdi 15i
gidi t6i uu nht. PGS 1a si dung thudt gidi di truyén k&t hdp vdi thong tin théng k& v& tn suiit cdc cung
s& xudt hién trong chu trinh t6i wu. Chiing t6i quan st va thdy riing, cdc canh c6 chi phi nhé xuét hién
nhiéu hon hdn trong cdc c4 thé chu trinh § cdc thé hé ti€n héa. D6 1a thong tin khd hitu ich trong viée
xdy dvng chu trinh t5t nhit dia trén thong tin théng k& qua toan bd qud trinh ti€n héa. K&t qui thuc
nghi¢m cho thdy ddy 1a cdch ti€p cdn hiéu qud, va trong hdu hét cdc trudng hdp s& cho k&t qua 15t hon
cdc phudng phdp cil (xem 4.1).

2. CAC KET QUA NGHIEN CUU TRUGC PAY

Pia c6 rdt nhiéu cdc thudt todn im ki€m gin ding dudc dua ra [3,5,6,7, 8,9,10,11,12], mot s6
thudt todn cho két qué chdp nhin dugc, mét s6 khac thi k&t qud vAn con han ch&. Trong phin nay
ching t6i s& gidi thiéu mot 58 thudt gidi im ki€m gin ding, ddng thi ciing trinh bay phuong phép s
dung gidi thuit di truyén co s& 4p dung trong bai toin Hamilton.

2.1. Phuong phép tim ki€m gin ding

Cdc thuit gidi im ki€m gdn ding dugc tinh bay khd chi tiét trong cdc bai bio cla Johnson —
McGeoch [3], Reinelt [6], Lawler, Lenstra, Rinncoy Kan, Shmoys [9]. Trong dé tiéu bi€u 13 thuat todn
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Nearest Neighbour [10], thudt todn Multi Fragment Heuristic [11], thuat todn Savings [8, 12]. Trong dé
cdi ti€n cda thudt todn Savings dudc dua ra bdi Christofide [8] cho k&t quad kh4 5t vdi k&t qui fim
dugc so v8i 18i gidi 161 wu CHRIS(I) / OPT(I) < 1.5.

Thuit todn Christofide dya trén budc tim ki€m cdy phd t6i ti€u (Minimum Spanning Tree) clia
dé thi, sau dé tif cdy phd t8i ti€u nay sé b8 sung mot s8 canh dé tao thanh dd thi Euler, v cudi ciing
s& chuyén thanh dé thj Hamilton.

Thuét todn Christofide:

B1. Tim cdy phil 5i tidu T* tir dd thi G

R2. Pit U la tip cac dinh bic 18 trong T*, | U |14 s6 chdn

B3. Tim cdc cip canh ghép M* véi chi phi nhd nhat néi cdc dinh trong U
B4. B4 thi H=T* U M* 12 d6 thi Euler.

B5. Chuyén d4 thi H thanh chu trinh Hamilton bing cdch gidm din cdc dinh v ¢6 bic>2 theo
quy tdc bat ddng thifc tam giic.

Trong thudt todn trén, do trong chu trinh k&t qud c6 chita cdy phi t6i thi€u nén chi phi dugc
gidm ddng ké. Ngoai ra, & budc 3,4 viéc b8 sung cdc canh d€ tao thanh chu trinh Euler ciing dudc tdi
vu bdi thuét todn cip ghép. Tdc gid da chitng minh dugc trong trudng hgp xau nhat, k&t qua tim dugc
khéng qud 3/2 so vdi két qua t8i wu. Chiing t6i dd cii dit thuit todn ndy ding d€ so sdnh vdi hudng
ti€p cén cla chiing tdi (muc 4 — Thuc nghiém).

2.2. Phudng phdp tim ki€m s dung gidi thuit di truyén

Giai thuat di truyén 12 mdt cdch tim ki€m 19i gidi t6i vu dva trén nguyén 1y ti€n héa qua cic
phép chon loc ty nhién nhuy lai ghép, dot bi€n, chon loc [4]. Vin dé quan trong nhat trong gidi thudt di
truyén 12 phudng phip md hinh héa cdc c4 thé va xdc dinh ham muc tiéu (ham thich nghi). Trong bai
todn Hamilton, mdi c4 thé don gidn 13 m6t chu trinh cda dd thi vi ham lugng gid chinh 1a chi phi cla
toan b chu trinh d6. Vi du, véi dd thi cé 8 dinh, mot chu trinh 5-1-7-8-2-6-4-3 s& dugc bi€u dién 12 Ind
=(51782643) va chi phila C(Ind).
Véi cdch biéu dién cé th& nhu viy, chiing ta s& sit dung phép lai 2 c4 thé nhu sau: tif hai c4 thé
cha me P,, Py, ta chon 2 di€m cdt ngiu nhién ¢, va ¢y
€ C2
B= 4l a la . 5819 ¥
P,= 4 7 1 8 2 5 3 6
Poan nim gifta diém cit [c,,c,] s& dudc giit nguyén va sao chép vao c4 thé con:
Op="" X % 3 4 5 6 X X
02= : X X 1 8 2 S X X

K& ti€p, ta bit ddu dién vao cdc vi trf con trdng & cdc cd thé con bt ddu tif vi tri cp+1. Quy tic
dé& dién vi tri i bAt ky nhu sau:

Ly dinh u nim & vi tri i-1 trong c4 th€ con cdn hoin thién. Trong cdc dinh nim trudc va sau u
trong c4 hai c4 thé cha me P, P, , ta chon mét dinh hodp 1& ma canh e giita n6 v6i u ¢ trong s§ w, la
nhd nhit. Trong trudng hdp t4t cd cdc dinh ndy déu khéng hgp 1€, ta s& chon dinh hop 18 trong tit cd
céc dinh con lai ma c6 trong s& canh néi véi u 1A nhd nhait.

Vi du, ta mudn dién vao vi tri i = cp+1 trong cd thé con O,. Pinh d vi tri i-1 13 5. Trong 4 dinh
nim trudc va sau dinh 5 trong P, P, 12 : 2, 3, 4, 6, ta s& phdi chon 1 dinh hgp 1€ ma c6 gid tri canh ndi
vdi dinh 513 nhd nhit. Gid s& d6 12 dinh 6, thi c4 thé con O, s& nhu sau:

G= x x41 8 38514 =
Viéc dién vio cdc cd thé con s& bt diu tir vi tri k& diém cit c,.
Phép ddt bi€n dudc thyc hién biing cdch hodn ddi vi tri 2 dinh b4t ky trong mét c4 Tthé’ chu trinh.
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V8i md hinh biéu dién, cic phép lai, cic phép dot bi€n nhur vy, k&t qua tim chu trinh Hamilton
biing gidi thuat di truyén nhu sau:
t=0 {th& hé ti€n héa hién tai}
Khdi tao céc cd thé chu trinh ciia quin thé P(0)
While t < s6 ddi ti€n héa T do
Tinh d§ thich nghi cia cic cd thé trong quin thé P(t)
t=t+1
Chon loc quin thé méi P(t) tir P(t-1)
Lai ghép mot s& c4 thé trong quin thé P(t)
Dot bién mot s6 cd thé
End While
Cong thirc tinh d6 thich nghi cdc cd thé trong quin thé P(t) nhu sau:
For each c4 th Y e qun thé P(1) do
cy=>Y, w¥@),Y(i+1)
End For
K&t qui thyc nghiém trén nhiéu db thi cho thiy cdc 181 gidi im dugc khd t5t.
2.3. Nhéin xét phudng phdp trén
Véi phuong phap Genetics, qua qu4 trinh tién héa phat trién wy nhién, cdc cd thé trong quin thé
s& din (5t 1&n va kha niing ching ta tim thiy dudc mét chu trinh “gin t8i wu” 14 rit cao. Tuy nhién,
diéu nay doi hdi mot thai gian thuc hién khd 1au. Céic két qua thyc nghiém cho thdy ddy 1a mdt trong
nhitng phudng phép t5t nhi' hién nay cho bai toin Hamilton [1].

3. HUGNG TIEP CAN BE NGH]

Hudng ti&p can clia ching toi dya trén sy két hop gilta phuong phép tim ki€m Genetics va thong
ké tAn suft xuit hién cdc canh trong chu trinh t8i wu. Trong qud trinh quan st cdc cd thé & cdc th& hé,
chiing t8i nhin thiy cdc canh c6 chi phi nhd, mang tinh chit trong y&u c6 tAn sudt xuat hién trong céc
c4 thé chu trinh chon loc vugt trdi hon hin so véi cdc canh ¢6 chi phi 16n. Do d6, sau khi thdng ké vé
tAn suit xuit hién cdc canh qua todn bd qud trinh ti€n héa, chiing t6i s& thuc thi lai quy trinh tim ki€m
Genetics nhung c6 sif dung thém thdng tin théng ké.

Goi F, 1a tAn sui't xudt hién canh e, trong cc cd thé chu trinh qua toan bd qué trinh ti€n héa.
Ban diu F, =0,Ve,, ta tinh cic F, tir cdc cd thé tao ra c6 chi phi “chip nhin dugc” & thé€ hé thi t
nhur sau:

For each c4 thé Y e quin thé P(t) do
If C(Y) < Cx then
F,=F,+1,VeeY
End If

End For

Viéc x4c dinh chi phi “chdp nhan dudc” mot cd thé chu trinh s& dua vio mdt ngudng Cx xic
dinh trudc nhd cdc thudt gidi gin ding. Piéu nay cho phép ta loai bét nhitng c4 thé xiu gy nhiéu
thong tin trong bang thdng ké tan sudt.

Cuéi ciing, chiing ta s& thuc hién lai quy trinh tim ki€m Genetics vdi tri thitc b8 sung 1a céc gid
tri théng ké. Trong ldn tim ki€m thi 2 ndy, ta khdng cdn phdi théng ké tin sudt xudt hién cdc canh,
nhung ta s& thay d6i phudng phap lai ghép. Phuong phdp lai ghép mdi ndy nhu sau:

Ti hai c4 thé cha me Py, P,, ta chon 2 diém cdt ngiu nhién ¢, va ¢y
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K& ti€p, ta bit diu hoan thién cdc cd thé con bing cich dién vao cic 6 cdn tréng, bit diu tif vi

0= X X 3 4 5 6 X X
0,= X X 1 8 2 5 X X

tri cp+1. Quy tdc dé dién vi tri i bat ky nhu sau:

Ldy dinh u ndm & vi tri i-1 trong c4 thé con dang xét. Trong cdc dinh nim trudc va sau u trong
cd hai c4 thé€ cha me P, P,, ta chon mét dinh hgp 18 ma canh e, gita né véi u c6 gid tri thong ké
F, la 16n nhét. Trong trudng hgp tét cd cdc dinh nay déu khong hop 18, ta s& chon dinh hgp 1& trong

tit cd cac dinh con lai ma c6 canh ndi vdi u 1a nhé nhit.

Vi du, ta mudn dién vio vi tri i = c,+1 trong c4 thé con O,. Pinh & vi trf i-1 14 5. Trong 4 dinh
ndm true va sau dinh 5 trong Py, P2 12 : 2, 3, 4, 6, ta s& phdi chon 1 dinh hdp 1& va c6 trong s§ canh

ndi vdi dinh 5 12 nhd nhat. Gid s d6 1a dinh 4, thi cd thé con O, sé nhu sau:

Bpm E R GL B2 8 EE ok

Viéc dién vao cdc cd thé con s& bit ddu tir vi tri k& diém cdt c2.
M5 hinh thuc hién toidn bd phudng phdp tim ki€m nay nhu sau:

{ Thuc hién GA ldn thit 1 d¢ thong ké tdn sudt xudt hign cdc canh)
t=0

Khdi tao quin thé ban diu P(0)
Tao mdt c4 thé C, lam ngudng
While t < s8 ddi tién héa do

{Tinh dj thich nghi cdc cd thé trong qudn thé P(t) }
For each c4 thé Y € quin thé P(t) do
C)=. w¥(@),Y(i+1)
End For
{Théng ké tan sudt xudt hién cdc canh trong qudn thé P(t) }
For each c4 thé Y € qudn thé P(t) do

If C(Y) < C, then

F.=F +l,VeeY

End If
End For. :
t=t+ 1 {Chuyén sang thé h¢ tiép theo)
Chon loc quin thé mdi P(t) tir P(t-1)
Lai ghép mdt s6 cd thé trong quin thé P(t)
Dot bi€n mot s& ¢4 thé

End While

{ Thuc hign GA ldn thit 2 }

t=0

Khdi tao quin thé ban ddu P(0)
While t < s8 ddi tié€n héa do

{Tinh dj thich nghi cdc cd thé trong qudn thé P(t) }
For each c4 thé Y e quin thé P(t) do
C) =), w¥(@),Y(i+1)
End For
=t+1 {Chuyén sang thé h¢ tiép theo)
Chon loc quin thé mdi P(t) tir P(t-1)

Lai ghép m{t s6 c4 th€ trong quén thé P(t) c6 sit dung thong tin thong ké

D6t bién mot s6 cd thé

End While i
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4. THUC NGHIEM VA KET LUAN
4.1. Thyc nghiém

Ching t6i da cai dat cd 3 phuong phdp: Christofide, Genetics va Genetics két hgp thong k& dé
50 sdnh, va thif nghiém trén nhiéu bd dit liéu khdc nhau. K&t qua cho thdy véi ciing thong s& (s6 ddi
ti€n héa, s6 c4 thé, ty 18 lai, ty 1¢ dot bién...), phuong phap Genetics k&t hop thdng k& mac di thuc thi
mat nhi€u thoi gian hon (do phdi thuc hién viéc théng ké tin suit xuat hién cdc canh va thuc hién
phat sinh chu trinh ti k&€t qud thong k&) nhung cho ra k&t qué 6t hon. Diéu nay cho thdy viéc phat sinh
chu trinh ¢6 gid tri thong ké hd trg 1a ding ddn. K&t qua thye nghiém dudc chay trén mdy Pentium 1.4
GHz, Ram 256 MB, hé diéu hanh Windows XP.

= S0 doi ti€n hoa trong thuit todn Genetics: 2000

*  S& cd thé trong quan thé: 1000

®  Cdcdir lidu thit nghiém 12 d6 thi ddy dd, v6i chi phi m3i canh < 500

- | Genetics
S0 dinh | Christofide | Genetics | va théng
. ké
100 4312 3239 2898
500 5134 4300 4074
1000 5769 5060 4061
3000 8943 8369 7139
5000 13863 12389 09347
Hinh 1. Bang k&t qua so sdnh thdi gian thyc thi cda ba phuong phip
THO'1 GIAN THU'C HIEN
25000 -
20000
15000
10000
s L i
0 Al m —'.‘. e - FRS
100 500 1000 3000 5000
sé dinh
[—¢—Genetics —s—Genelics va théng ke Chstorde

Hinh 2. Bi€u dd so sédnh thdi gian thuc hién

Sacbia e 'Genet’ics

B Christofide | Genetics | va thing
dinh | S R

: B i il ke

100 4312 3239 2898
500 5134 4300 4074
1000 5769 5060 4061
3000 8943 8369 7139
5000 13863 12389 9347
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Hinh 3. Bing so sdnh k&t qua thif nghiém cia ba phudng phép

KET QUA
ABO0 oo e e e
14000 |— 2y
12000 L LEAER Nt RIS vt
10000
8000 i
6000
4000 -
2000
0 : : . .
100 500 1000 3000 5000
s4 g@inh
(_.—Genetics —w— Genetics va théng ké Christofids |
Hinh 4. Biéu dd so sénh k&t qua tim duge
4.2. K&t ludn

- So sénh v& t&c do thuc thi, thuit todn Christofide chay nhanh nhat, thdi gian thuc thi ting theo
da thic, d6 1a thdi gian tim ki€m cdy phd t6i thi€u. Ngudc lai thuit toin Genetics k&t hgp thong ké
thuc thi chim nhit do phy thudc vdo s& ddi ti€n héa trong thudt todn Genetics, va thuit todn tim chu
trinh t8i vu tir dit liéu thong ké duge. Tuy nhién k&t qua chu trinh tim dugc cda thuit todn Genetics va
théng ké rd rang 12 t8t nhit so vi cdc phudng phap cdn lai (s dinh N cang 1n, cdc két qud cang tot
hon). Pay 12 mét k&t qua rt khd quan, md ra mdt hudng ti€p cdn mdi ing dung phuong phép tim ki€m
nidy vio 1dp cdc bai toin NP-ddy di.

APPLYING GENETICS ALGORITHM AND STATISTICAL PROBABILITY
RESULTS TO SOLVE HAMILTON CYCLE PROBLEM

Nguy&n Thanh Hang®, Hoang Ki&€m®
(High School for the gifted students — Vietnam National University in Ho Chi Minh city
@ Center of Information Technology Development - Vietnam National University in Ho Chi Minh city

ABSTRACT: Finding Hamilton cycle is one of the most important NP-complete problems.
Several studies, used in real problems, have been conducted to solve it, especially in heuristic solutions.
In this paper, we propose a new approach that combines Genetics algorithm and appearance
probabilities of edges in the optimal cycle. The final solution will be selected from results of generations
gained in the whole population evolution. Our proposal is evaluated in various practical problems and
compared with previous works. The experiment results prove that our approach is more efficient than
those using either Genetics algorithm or statistical probability results. Hence, it proposes a new
approach to solve heuristically problems of finding optimal Hamilton cycle. )

Keywords: Travelling Salesman Problem, Hamilton cycle, Genetics algorithm, statistical
probability.
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