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Abstract. Traveling salesman problem 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 Meta-heuristic that combines Genetics algorithm and appearance
probabilities of edges in the optimal cycle. The method includes two steps: first, we apply Genetics
algorithm to find the appearance probabilities of edges in the optimal cycle from results of generations
gained in the whole population evolution; then, we find the final solution by running Genetics algrithm
again in which the cross-over operation is based on results in the first step. 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 the heuristic method of
Christofide [8]. Hence, it proposes a new approach to find optimal solutions in traveling salesman
problem.

Tém tat. Bai todn ngudi du lich 13 mét trong s6 nhirng bai todn quan trong nhét trong tap bai
todn NP-day di. DPa cé rat nhiéu nghién ctru tap trung vao tim kiém 1&i gidi cho bai todn, dic biét
13 151 gidi gan ding dé c6 thé tmg dung trong thurc té.

Trong bai bdo nay chiing t6i dé xuidt mot huéng tiép can méi cho bai todn, duoc goi 13 Meta-
heuristic. Phurong phép gém c6 hai buéc: Buéce 1, sit dung thuit toin Genetics dé tim thong tin
théng ké xdc sudt cdc cung sé xuit hién trong chu trinh t6i wu tir cdc cd thé chu trinh t6t nhat chon
loc qua céc thé hé. Budc 2, tir cdc thong tin tim duroc, thure hién lai thuat todn Genetics dé chu
trinh két qud toi uu, trong dé cdc phép lai ghép sé dua vao thong tin xdc suat tim duwoc & Budc
1. Ching t6i ddnh gid cich tiép can méi véi nhieu dir liéu thue nghiém khac nhau va so sanh véi
nhitng cich tiép can da duoc nghién ciru trude day. Két qua cho thay cich tiép can nay hiéu qui

hon véi cdch tiép can chi dung thuat todn Genetics hodac phuong phép gan diing cia Christofide [8].

1. GIOT THIEU

Bai todn nguoi du lich (TSP - Traveling Salesman Problem) dwoc phat bieu nhw sau:
Cho trwéc mot do thi G(V, E) véi tap dinh V = {vq,va, ..., v, } 14 céc thanh phé va tap cic
canh E = {eq, ez, ..., e} v&i chi phi cdc canh 1a W = {we,, Wey, -.., We,, } 1 chi phi di lai
gitra cac thanh phd. Muc tiéu ciia bai toan 1a phai tim dwoc mot chu trinh di qua tat ca céc
thanh phd, moi thanh phé chi qua mot lan véi tong chi phi nhé nhét, tite 1a tim moét hodn
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Vi T = {Un(1)s Un(2)> s Un(n)} Clia V sao cho t6i thiéu tong chi phi la: nzl W(V(3), Vn(i1)) T
i=1
W(Vn(n), Un(1))-

Trong truomg hop tap dinh V' la cédc dinh trong khong gian Euclide, bai toan duogc goi la
bai toan Euclide TSP.

Bai todn nguoi du lich ¢6 ¥ nghia rat quan trong trong thuc tién ([5]), nhw ing dung dé
tim hanh trinh ngan nhat di qua céc diém du lich, bai toan phan phdi hang héa... Tuy nhién,
bai toan da dwoc chirng minh 14 bai todn NP-day du ([2]), va cho dén nay van con la mot
van deé rat héc bia thach thite cdc nha nghién ciru. Pé tim hiéu mot cach day du vé bai toan
c6 thé tham khao tai tai lieu [9]. C6 rdt nhieu phwong phap dwoc de xudt cho viec gidi bai
toan va dwoc chia thanh 2 nhém: nhém cdc thuat todn chinh xdc va nhém cdc thuat todn gan
ding. Mot trong nhirng thuat toan chinh xéc cho bai toan la phwong phap nhanh can va da
dwoc chimg minh veé su t6i wu cia loi gidi nhung mat nhiéu thoi gian tinh toan trong truomg
hop s6 dinh cia do thi 16n. Nhém thuat todn gan ding thwong dwoc danh gid trén thoi gian
chay va mic do t6i wu cia 1o gidi. Pa c6 rat nhiéu thuat todn gidi gan ding ([5,6,7] dwoc
dwra ra nham tim dén mot 1oi giai gan t6i wu.

Mot phuwong phap gan ding cho bai toan Hamilton cé do phitc tap da thirc duoc dé nghi
b&i Christofide [8], véi 101 gidi tim dwoc xap xi véi 101 gidi t61 wu, va trong truomg hop xau
nhat dwoc ching minh 14 <1,5 lan 1oi giai t6i wu. Phwong phdp nay thwong dwoc dung
dé x4c dinh mét chan trén tot nhat cho bai toan. Mot s6 phwong phép khac nhw simulated
annealing, cac phwong phap sit dung meta heuristic nhwr thuat gidi di truyeén, thuat giai ant,...
ciing dwoc 4p dung cho bai toan. Tuy nhién két qua van con khé han ché khi s6 lwong dinh
va cung khé 16n.

Trong bai bdo nay ching toi dé xuat mot huédng tiép can méi dé tim ra mot loi gidi gan
vGi 1oi gidi t61 wu nhat, dé 1a st dung thuat gidi di truyén két hop véi thong tin thong ke
ve tan suat cdc cung sé xuat hién trong chu trinh téi wu. Ching t6i thay céc canh cé chi phi
nhé xudt hién nhieu hon han trong céc ¢4 thé chu trinh & céc thé hé tién héa. D6 la thong
tin khé hiru ich trong viéc xay dung chu trinh tot nhat dua trén thong tin thong ké qua toan
b6 qud trinh tién héa.

Trong Muc 2 cia bai bdo, ching t6i trinh bay lai phwong phép cia Christofide va thuat
giai di truyen cho bai todn ngudi di du lich. Tiép dé, Muc 3 dwa ra huéng tiép can méi cho
bai todn. Muc 4 1a két luan va két qua thwe nghiem. Két qua thue nghiém cho thay day 1a
cach tiép can hiéu qud, va trong hau hét cic truwong hop sé cho két qua t6t hon cac phuong
phap cu.

2. MOT SO PHUONG PHAP GAN PUNG
CHO BAI TOAN NGU'OI DU LICH

Pa c6 rat nhiéu cdc thuat todn tim kiém gan ding dwoc dwa ra ([3,5-12]), mot s6 thuat
toan cho két qua chap nhan dwoc, mot s6 khac thi két qua van con han ché. Trong phan
nay ching t6i s& giéi thieu moét s6 thuat giai tim kiém gan ding, dong thoi ciing trinh bay
phuong phép st dung gidi thuat di truyén co sé& ap dung trong bai toan ngudi di du lich.

2.1. Phuong phap Christofide cho bai toan nguwdi du lich
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Céc thuat gidi tim kiém gan ding duogc trinh bay kha chi tiét trong cidc bai bdo cia
Johnson, McGeoch [3], Reinelt [6], Lawler, Lenstra, Rinnooy Kan, Shmoys [9] ma tiéu bi€u
la thuat todn Nearest Neighbour [10], thuat todan Multi Fragment Heuristic [11], thuat toan
Savings [8,12]. Trong dé cdi tién cia thuat toan Savings dwoc duwa ra béi Christofide [8] cho
két qua khé tot véi két qua tim duoc so véi 101 gidi t6i wu CHRIS(I) / OPT(I) <1,5.

Thuat todn Christofide dua trén buéc tim kiém cay phi t6i ti€u (Minimum Spanning
Tree) ctia do thi, sau d6 tir cAy phi t6i ti€u nay sé bo sung mot s6 canh dé tao thanh do thi
Euler, va cudi cling sé chuyén thanh do thi Hamilton.

Thudt toan Christofide:

B1. Tim cay phu téi tiéu 7* tir do thi G.

B2. Dit U 1a tap céc dinh bac 1& trong 7%, |U]| 1a s6 chan.

B3. Tim cdc cip canh ghép M™* véi chi phi nhd nhat néi cdc dinh trong U.
B4. Db thi H — T* U M* Ia dd thi Euler.

B5. Chuyén do thi H thanh chu trinh Hamilton bang cich gidm dan cdc dinh v c6 bac 1ém
hon 2 theo quy tac bat ding thitc tam giac.

Trong thuat toan trén, do trong chu trinh két qua c¢é chira cay phi t6i thicu nén chi phi
dwoc gidm déng ké. Ngoai ra, & B3 va B4 viéc bd sung cic canh d€ tao thanh chu trinh Euler
ciing duoc toi wu bdi thuat toan cap ghép. Téc gid da chimg minh dwoc trong truedmg hop
xau nhat, két qua tim dwoc khong qué 3/2 so véi két qua t6i wu. Thuat todn nay dwoc cai
dat dé so sanh v&i huéng tiép can cia bai bdo dat ra (Muc 4).

2.2. Phuong phap tim kiém s dung gidi thuat di truyén cho bai toan ngudi du
lich

Giai thuat di truyen 1a mot cach tim kiém 101 gidi t6i wu dwa trén nguyén 1y tién héa qua
céc phép chon loc tw nhién nhw lai ghép, dot bién, chon loc [4]. Van dé quan trong nhat trong
gidi thuat di truyen la phwong phap moé hinh héa cic cd thé va xdc dinh ham muc tiéu (ham
thich nghi). Trong bai toan ngudi du lich, moi c4 thé don gidn 13 mot chu trinh cia do thi
va ham lwong gid chinh 13 chi phi cia toan bé chu trinh dé. Vi du, véi do thi cé 8 dinh, mot
chu trinh 5-1-7-8-2-6-4-3 s& dwoc biéu dién 1a Ind = (5 1 7 8 2 6 4 3) va chi phf 1a C(Ind).

Xét do thi vi du sau day (Hinh 1): Vé&i cach bi€u dién c4 thé nhw trén Hinh 1, ching ta
sé stt dung phép lai hai c4 thé nhw sau: Tir hai cd thé cha me P;, P», ta chon 2 diém cit ngau
nhién ¢; va eg :

o
i
)

2
P = 45 6|7
8 2 5|3

1 2 wy = 41
P= 47

w2:44
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6

S .~ s A < ~ .~ ~ N I3 N ’ A
Poan nam gitra diém cat [e1, co] sé duoce gitr nguyén va sao chép vao cd thé con:
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Hinh 2. Hai c4 thé b6 me Py va P, chon dé lai ghép

Ké tiép, ta bat dau dién vao céc vi tri con trong & céc ca thé con bat dau tir vi tri e + 1.
Quy tac dé dién vi trf ¢ bat ky nhuw sau:

L&y dinh u nam & vi tri ¢ — 1 trong c4 thé con can hoan thién. Trong cdc dinh nam truée
va sau v trong ca hai cd thé cha me Py, P», ta chon mot dinh hop 1é ma canh e, gitta né véi
w ¢6 trong s6 we, 14 nhé nhat. Trong truwong hop tat ca cde dinh nay déu khong hop 1€, ta
sé chon dinh hop 1é trong tat ca cac dinh con lai ma c¢é trong s6 canh ndi véi w 13 nhd nhat.
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Viéc dién vao céc ca thé con s& bat dau tir vi tri ké diém cat co. Ta mudn dién vio vi tri
i = cg + 1 trong c4 thé con Oy. Pinh & vi tri i — 1 14 5. Trong 4 dinh nam truéc va sau dinh
5 trong Py, P> 14 2, 3, 4, 6 , ta sé phai chon 1 dinh hop lé ma c6 gid tri canh ndi véi dinh 5 13
nhé nhat. Theo do thi trén hinh vé, thi d6 14 dinh 4, c4 thé con O s& nhw sau:
Oy=x |1 8254 «
Tiép tuc, ké dinh 4 (trong hai c4 thé cha me P, P») 14 3, 5, 7, 6. Theo do thi thi dinh
tiép theo se la dinh 7
Oy=x x|1825|4 7
Ctt tiép tuc cho dén khi hét tat cd nhirng dinh chwa dién vio Os. Cudi cing, Oy sé la:
O;=6 3 | 1825 | 4 7 w=41
Tuwong tu, O sé la:
O;=2 8 | 3456 | 7 1  w =40

Q. 0
4 g s 7

L]

Hinh 3. Hai ¢4 thé con O; va Oy lai ghép tir bé me P va P

Phép dot bién duwgce thue hién bang cach hoan doi vi trf 2 dinh bat ky trong mot cd the
chu trinh.
Véi mé hinh bi€u dién, cdc phép lai, cdc phép dot bién nhw vay, két qua tim chu trinh
cho ngudi du lich bang giai thuat di truyén nhuw sau:
t =0 {thé hé tién héa hién tai}
Khéi tao cdc cd thé chu trinh cda quan thé P(0)
While ¢ < s6 doi tién héa T do
Tinh do thich nghi clia céc c4 thé trong quan the P(t)
t=1+1
Chon loc quan thé méi P() tir P(t — 1)
Lai ghép mot s6 c4 thé trong quan thé P(t)
Dot bién mot s6 ca the
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FEnd While
Cong thitc tinh do thich nghi cdc c4 thé trong quan thé P(t) nhuw sau:

Két qua thuc nghiém trén nhiéu d6 thi cho thay cdc lod gidi tim dwoc khé tot.
2.3. Nhéan xét phuwong phéap trén

Véi phwong phép Genetics, qua qud trinh tién héa phat trién tuw nhién, cic cd thé trong
quan thé s& dan tot lén va kha nang ching ta tim thay dwoc mot chu trinh “gin téi wu”
la rat cao. Tuy nhién, diéu niay doi hdi mot thoi gian thwe hién khé lau. Céc két qua thuc
nghiém cho thay day la mot trong nhirng phwong phap tét nhat hién nay cho bai todn ngudi
du lich [1].

3. META-HEURISTIC - KET HOP THUAT GIAI DI TRUYEN
vOI THONG TIN THONG KE XAC SUAT
CHO BAI TOAN NGU'OI DU LICH

Huéng tiép can cia ching toi dua trén sw két hop gitra phwong phdp tim kiém Genetics
va théng ké tan suat xudt hién cdc canh trong chu trinh téi wu. Trong qua trinh quan sdt céc
¢4 thé & céc thé he, ching t6i nhan thay cdc canh c¢é chi phi nhd, mang tinh chat trong yéu
c6 tan sudt xuat hién trong cac ca thé chu trinh chon loc virot tréi hon han so véi cic canh
¢6 chi phi 16n. Do dé, sau khi thong ké ve tan sudt xuat hién cac canh qua toan bd qud trinh
tién héa, ching toi sé thue thi lai quy trinh tim kiém Genetics nhung ¢é sir dung thém thong
tin thong ké.

Goi F,, la tan suat xuat hién canh e; trong céc cd thé chu trinh qua toan bé qua trinh
tién héa. Ban dau F,, = 0, Ve;, ta tinh cic F, tir cdc ca thé tao ra cé chi phi “chdp nhan
dwoc” & thé hé thit ¢ nhu sau:

S =0
For moi c4 thé Y thuoc quan thé P(t) do
If C(Y) < Cx then
For moi e € Y do
F.=F +1
End For
S =8, +n
End If
End For
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\ 7 A 7 N sz 3 3 ~ s N / 3 N X o
Tir d6 ta chuan héa thanh gid tri xdc suat cudl cliing cla cdc cdc canh bieu dien kha nang
~ .~ N A
xuat hién trong chu trinh téi wu

Sm

Pr(e;) = Ve, € B, i=1,...,n.

Viéc xéc dinh chi phi “chdp nhan dwoc” mot cé thé chu trinh s& dwa vio mot ngudng Ca
xéc dinh truée nho cée thuat gidi gan ding. Diéu nay cho phép ta loai bét nhitng cé thé xdu
gay nhieu thong tin trong bang thong ké tan suat.

Cudi cling, chiing ta s& thuc hién lai quy trinh tim ki€m Genetics véi tri thitc b sung la
cac gia tri thong ké. Trong lan tim kiém thit 2 nay, ta khong con phai thong ké tan suat xuat
hién céc canh, nhung ta s& thay doi phwong phép lai ghép. Phuwong phép lai ghép méi nay
nhw sau:

Tir hai ca thé cha me P;, P», ta chon 2 diém cat ngau nhién ¢; va co

o
i
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2
P= 12 45 6|7
Po= 47 8 2 5|3
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Poan nam gitra diém cat [e1, co] sé duoce gitr nguyén va sao chép vao cd thé con:

34 5 6
1 8 25

X x
r x

O1= x =
Oy= o =

Ké tiép, ta bat dau hoan thién cdc ¢4 thé con bang cach dién vao céc 6 con trong, bat
dau tir vi trf ¢ + 1. Quy tac dé dién vi trf 4 bat ky nhu sau:

Lay dinh w nam & vi trf ¢ — 1 trong cd thé con dang xét. Trong céc dinh nam truée va
sau u trong ci hai c4 thé cha me P;, P, ta chon mét dinh hop 1& ma canh e, gitta né véi u
¢ gid tri thong ké F,, la lén nhdt. Trong truong hop tat ca cdc dinh nay déu khong hop lé,
ta sé chon dinh hop lé trong tit cd cdc dinh con lai ma cé canh ndi véi u 1a nhd nhat.

Véi db thi trén, sau qué trinh thue hién GA lan dau tién dé théng ké tin sudt xuat hién
céc canh, ta dwoc bang thong ké qua qué trinh thuc hién GA véi 50 thé hé, moéi quan thé cé
50 ca thé:

Bdng 1. Bang xéac suat xuat hién cdc canh qua qud trinh thue hién GA

1 2 3 1 5 6 7 8

0 | 0,04227 | 0,02486 | 0,02546 | 0,02485 | 0,04499 | 0,03049 | 0,03478
0 0,18643 | 0,02241 | 0,02026 | 0,04406 | 0,02694 | 0,05074
0 0,03864 | 0,02117 | 0,04573 | 0,02286 | 0,01675
0 0,03665 | 0,03585 | 0,04547 | 0,02503
0 0,04068 | 0,02482 | 0,01871
0 0,00249 | 0,02077
0 0,02583
0

OO = | W[~
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Viéc dién vao céc ca thé con s& bat dau tir vi tri ké diém cat co. Ta mudn dién vio vi tri
i = cg + 1 trong c4 thé con Oy. Pinh & vi tri i — 1 14 5. Trong 4 dinh nam truéc va sau dinh
5 trong Py, P> 122, 3, 4, 6 , ta sé phai chon 1 dinh hop 1&é ma c6 gid tri thong ké véi dinh 5
la I6n nhdt. Theo bang gia tri théng ké thi dé 1a dinh 6, c4 thé con O, s& nhu sau:

Oy=2 x|1825|6 =
Ta dién tiép tuc, ké dinh 6 (trong 2 c4 thé cha me P, P») 14 5, 7, 3, 4. Theo bang gia tri
thong ke thi dinh tiép theo sé 1a dinh 3:
Oy=2 X|[1825[6 3

Ctt tiép tuc cho dén khi hét tat cd nhirng dinh chwa dién vao Os, Os sé la:

O;=4 7|1 825[6 3 w =40

Tuong tu, O sé la:

O1=2 8[3456[7 1 w =40

& @

Hinh 4. Hai c4 thé con O] va O lai ghép tir b6 me P; vd P theo phép lai thir 2

Ta nhan thay, gitra hai phép lai da trinh bay & trén, phép lai thit 2 cho ra O} ¢6 trong
lrong nhd hon O-.

M6 hinh thue hién toan bo phuwong phap tim kiém nay nhu sau:

{Thuc hién GA Tan thit 1 dé thong ké tan sudt xudt hién cic canh}

t=0

Sm =10

Khéi tao quan thé ban dau P(0)

Tao mot cd thé Cz lam ngudng
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While (¢ < s6 doi tién héa) do
{Tinh @6 thich nghi cdc cd thé trong quin thé P(t)}
For moi c4 thé Y thuoc quan thé P(t) do

n—1

CY) =Y w(Y(i),Y(i+ 1)) + w(Y(n),Y(1))

End For =

{Théng ké tin sudt Tudt hién cdc canh trong quan thé P(t) }
For moi c4 the Y € quan thé P(¢) do
If C(Y) < Cx then
For moi e € Y do
Fe=F+1
Son = Sm +n
End For
End For
For moi e; € t%) canh F do
Pr(e;) = S
End For
t =t +1 {Chuyén sang thé hé ti€p theo}
Chon loc quan thé méi P() tir P(t — 1)
Lai ghép mot s6 ca thé trong quan thé P(t)
Dot bién mot s6 ca the
FEnd While
{Thyc hién GA lin thi 2 }
t=20
Khéi tao quan thé ban dau P(0)
While ¢ < s6 doi tién héa do
{Tinh @¢ thich nghi cdc cd thé trong quan thé P(t) }
For each c4 thé Y € quan thé P(¢) do

n—1
CY) =Y w(Y(@),Y(i+ 1)) +w(Y(n),Y(1))
End For =1
t =t +1 {Chuyén sang thé hé ti€p theo}
Chon loc quan thé méi P() tir P(t — 1)
Lai ghép mot s6 cAthé trong quanthé P(t) cé sitdung théng tin théng ké
Dot bién mot s6 ca thé

End While

4. THUC NGHIEM VA KET LUAN

4.1. Thyc nghiém

Chung toi da cai dit ca 3 phwong phap: Christofide, Genetics va Genetics két hop thong
ké dé so sanh, va thir nghiém trén nhiéu bé dit liéu khac nhau: Dit liéu dwoe phét sinh ngau
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nhién trén do thi day du tap dinh [an lwot 14 100, 500, 1000, 3000, 5000 v cic bo dir liu cé
san trén Internet. Chi phi méi canh khéng vwot qua 500.

Bdng 2. Két qua thitr nghiém cdc phwong phap

S6 Christofide Genetics Genetics va
dinh thong ké
Thoi gian Chi phi | Thoi gian Chi phi | Thoi gian  Chi phi
(giay) tim dwoc (gidy) tim dwoc (giay) tim duoc
100 59 4312 102 3239 124 2898
500 376 5134 623 4300 854 4074
1000 781 5769 1139 5060 1573 4061
3000 1937 8943 3286 8369 5572 7139
5000 4316 13863 5842 12389 9614 9347
10000 7893 20482 11032 17024 18347 12739
20000 15034 34927 24831 27566 38176 22371

K&t quéd cho thay véi cling thong s6 (s doi tién hoéa, s6 cd the, ty 1@ lai, ty lé dot bién),
phwong phdp Genetics két hop thong ké mic dit thue thi mat nhiéu thoi gian hon (do phai
thue hién viéc théng ké tan suat xuat hién cdc canh va thuwe hién phat sinh chu trinh tir két
qué thong ké) nhung cho ra két qua tot hon. Piéu nay cho thay viéc phédt sinh chu trinh ¢
gi4 tri thong ké ho tro 1a ding dan. Két qua thuc nghiém dwoc chay trén may Pentium 1.4
GHz, Ram 256 MB, hé diéu hanh Windows XP.

+ Dir lieu thir nghiém dwoc 1ay tir trang web

http://www.tsp.gatech.edu/world /index.html

+ S6 doi tién héa trong thuat toan Genetics: 2000

+ 86 ca thé trong quan thé: 1000

4.2. Panh gia va két luan

So sdnh vé toc do thuwe thi, thuat toan Christofide chay nhanh nhét, thoi gian thuc thi
tang theo da thirc, d6 14 thoi gian tim kiém cay phi t6i thieu. Nguwoc lai thuat todn Genetics
két hop thong ké thue thi cham nhat do phu thudc vao s6 doi tién héa trong thuat todn
Genetics, va thuat toan tim chu trinh t6i wu tir dir liéu théng ké dwoc. Tuy nhién két qua chu
trinh tim dwoc cda thuat toan Genetics va thong ké ro rang 1a tot nhat so véi cac phuong
phdp con lai (s6 dinh N cang 16n, cic két qua cang tot hon). Pay 1a mot két qua rat kha
quan, m& ra mot huéng tiép can maéi ttng dung phwong phép tim kiém nay vao 1ép céc bai
toan NP-day du.
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