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SO SANH HIEU QUA CUA GIAI THUAT DI TRUYEN
VA GIAI THUAT TOI UU HOA PAN KIEN
CHO BAI TOAN NGUOI DU LICH

Lé Qudc Anh
Vién Ky thudt Cong nghé, Truong Dai hoc Vinh
Ngay nhan bai 17/6/2019, ngay nhan dang 02/8/2019

Tém tit: Trong bai bao nay, chiing toi nghién ctru ap dung giai thuat di truyén va
giai thuat toi wu hoa dan kién, 1a cac giai thuat thuc 16p giai thuat tim kiém meta-
heuristics, cho bai toan nguoi du lich. Chiing t6i thyc hién cac thyc nghiém dé danh gia
giai thuat nao giai bai toan hiéu qua hon theo nghia dat dugc chét lwong nghiém va
thoi gian tim kiém nghlem t6t nhat. Két qua thur nghiém chi ra rang giai thuét t6i wu
héa dan klen 1a giai thuat hiéu qua trong viéc tim chu trinh ngan nhit, nguoc lai giai
thuat di truyén 1a giai thuat hiéu qua vé thoi gian khi sb dinh cua do thi 1on.

Tir khéa: Giai thuat di truyén; giai thuat tdi uu héa dan kién; thuat toan tim kiém;
bai toan nguoi du lich.

1. Giéi thi¢u

Bai toan ngudi du lich (Travelling Salesman Problem - TSP) 1a mét bai toan tdi
uu t6 hop dugc nghién ctru trong linh vuc t6i wu hoa va khoa hoc may tinh. Bai toan TSP
dugc mo ta nhu sau: cho mot tap cac thanh phé, chung ta can tim mot chu trinh di qua tat
ca cac thanh phd, mdi thanh phd dung mot 1an sao cho tong khoang cach di qua cac thanh
phé 14 nho nhat. Bai toan TSP c6 thé dugc bidu dién bdi mot dd thi G = (V,E), trong d6 V
1a tap cac thanh phd twong Gmg cac dinh cua dd thi va E 1a tip cac duong di giita cac
thanh phd twong Ung vé&i canh cua dd thi. Mdi canh (i,j) € E dugc gan mot gia tri dIJ
tuong tng la khoang cach cua thanh pho i den] Nhu vay, bai toan TSP tuong duong voi
viéc tim chu trinh Hamilton c¢6 d¢ dai ngén nhét trén mot do thi co trong s6. Bai toan TSP
thudc 16p bai toan NP - khé (NP - hard) vi c6 d6 phirc tap tinh toan 1a ham giai thura [1]
va co thé dugc giai bang cach sir dung thuat todn vét can (exhausive algorithm) hoic
thuat toan tim kiém x4p xi (approximation algorithm).

Thuat toan vét can cho phép tim duge chu trinh ¢6 chidu dai ngan nhét cho bai
toan TSP, d6 13 tim tat ca cac chu trinh Hamilton trong dd thi va sau d6 1ay chu trinh c6
chidu dai ngin nhét. V&i @6 thi co n dinh s& c¢6 tdi da (n-1)1/2 chu trinh Haminton, tac 1a
d6 phirc tap cua thudt toan 1a ham giai thira, do vdy khi s dinh cta d6 thi ting thi sb
phép tinh trong thuét toan sé ting cap giai thira. Vi du v6i do thi 25 dinh, thuat toan vét
can can thyc hién 25!/2 ~ 8 * 102 phép tinh. RS rang rang sir dung thuét toan vét can
dé giai bai toan TSP 1a khong kha thi khi s6 dinh dd thi ting 1én nhanh.

Mot hudng tiép can khac dé giai bai toan TSP hi¢u qua la sir dung cac giai thuat
tim kiém xap xi dé tim mot chu trinh dung hodc gan dung trong mot thoi gian chap nhan
dugc. Cac giai thudt xap xi c6 thé dugc sir dung dé giai bai toan TSP nhu giai thuét lang
giéng gan nhat (nearest neighbour algorithm) [1], giai thuat di truyén (genetic algorithm)
[2] - [4], thuat toan tbi wu hoa dan kién (ant colony optimization) [5], [6].

Giai thuat di truyén (Genetic Algorithm - GA) duoc phat trién boi Holland va
cong sy trong thap nién 1960 tai truong dai hoc Michigan véi y tuong dua trén qué trinh
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tién hoa va chon loc tu nhién cua sinh vat [3]. Cho dén nay, GA di duoc sir dung dé giai

quyét hidu qua cac mot 16p cac bai toan tdi vu té hop voi cac 101 giai chap nhan duoc [3].

Dic tinh quan trong nhat cia GA 1a khong can st dung cac diéu kién truyén

thong nhu diéu kién lién tuc hay kha vi lam diéu kién tién quyét. Dé tim nghiém, GA

thyc hién tim kiém song song ddng thoi trong quan thé (population), trong d6 khai niém
“nhiém sic thé” (chromosome) dugc st dung nhu 1 nghiém cua bai toan.

Giai thuat 1. Giai thuat di truyén

Vao: mot quan thé va mot ham danh gia do thich nghi (fitness)
Ra: mot nhidém sic thé, tirc 1a nghiém cta bai todn
Khéi tao quan thé, ti 1& dot bién p, xac suat chon loc e.
M3 héa nhiém sic thé

Repeat

banh gia do thich nghi

Chon loc

Lai ghép

Dot bién

Until (thda man diéu kién dimg).

Tra vé nghiém

CoNoORLNE

el
= o

Giai thuat toi wu hoa dan kién (Ant Colony Optimization - ACO) 1a mot phuong
phap tim kiém nghiém t01 wu xap xi dya trén y tuong mé phong cach tim duong di cua
cac con kién tu nhién tur t6 toi nguodn thirc an ciia chung. Khi tim duong di, dan kién trao
d6i thong tin gian tlep va hoat dong theo phuong thirc tur to chirc. Cu thé, khi di tim moi
cac con kién s& rai vét mui (pheromone) dung dé danh dau duong di. Bang cach cam
nhan vét mui, cac kién cé thé lan theo duong di dén ngudn thirc an dugc cac con kién
khéc khdm pha theo phuong thire chon ngau nhién ¢6 dinh hudng theo nong do vét mui.
Kién chiu anh “huong vét mui ciia cac con klen khac (duong di c6 nong do vét mui cang
cao thi xac sudt dugc kién chon cang 16n) vé quyét dinh chon dudng di chinh 13 ¥ tuéng
thiét ké thuat toan ACO. St dung mé hinh dan kién, Dorigo d xay dung thuét toan hé
kién (Ant System - AS) giai bai toan ngudi du lich [5]. Thuat toan nay déa duoc phat trién
va tmg dung dé giai quyét hidu qua cac bai toan tim dudng di cho robot [7], bai toan tach
canh cua anh [8].

Trong bai bao nay, ching t6i nghién ciu ap dung giai thuat GA va giai thuat
ACO bang thyc nghiém dé xac dinh giai thuat nao giai bai toan TSP hi¢u qua hon theo
nghia dat dugc chat luong nghiém va thoi gian tim kiém nghiém t5t hon. Phan con lai
cuia bai bao duge td chirc nhu sau. Phan 2 mo ta vé viéc ap dung giai thuat GA va ACO
cho bai todn TSP. Phan 3 mé ta cac thyc nghiém va dua ra cic danh gia cua cac giai thuat
GA va ACO cho bai toan TSP. Phan 4 dua ra c4c két ludn clia bai bao.

2. Ap dung giai thuit GA va ACO cho bai toian TSP
2.1. Ap dung gidi thuit GA cho TSP

Giai thuat GA 1a mot chudi cac hanh dong bao gdm khdi tao quan thé, danh gia
d6 thich nghi, chon loc (selection), lai ghép (reproduction) va dot bién (mutation) cac ca
thé trong quﬁn thé, nhu duoc mé ta & Giai thuat 1. Khéi tao quén thé 1a biéu dién céc ca
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thé duge chon ngéu nhién theo mot dang ma hda nao d6 ma thuong dugc goi l1a nhiém
sdc thé. Mdi nhidém sic thé dugc danh gia do thich nghi thong qua mot ham thich nghi
(fitness). Chon loc 1 qua trinh chon cic nhiém sic thé t6t theo nghia ctua ham thich nghi
dé lai ghép sinh ra thé hé tiép theo. Lai ghép va dot bién nham sinh ra mot thé hé mai tot
hon thé hé truée d6. RS rang, GA 14 giai thuat dua trén y tuéng cia qua trinh tién héa va
chon loc ty nhién nham sinh ra thé hé tiép theo t6t hon thé hé trudc d6 theo nghia cua
ham thich nghi.

Ky hiéu ¢y, Cy, ..., Cy 12 tAp gdm n thanh phd, ky hiéu d (Ci,cj) 1a khoang céch gitra
2 thanh phd ¢; va Cj. Trong nghién clru nay, chiing t6i thir nghiém véi d6 thi vo hudng, do
do6 chung toi gid st rang d(ci,cj) = d(cj,Ci) va nhu vay nghiém cia bai toan TSP 1a mot
hoan vi cua n thanh phé. bé ap dung giai thuat GA cho bai todn TSP, chung t61 dinh
nghia cac phép ma héa, chon loc, lai ghép va dot bién nhu sau:

- M héa nhiém sic thé: Phuong phép biéu dién duong din duoc st dung dé
biéu dién cic nghiém (nhiém séc thé) cua bai toan. Vi du v4i n = 5, cac nghiém co thé 1a
cachoanvi {1, 2, 3,4, 5}, {1, 3,4,5, 2}, {1,5, 4, 3, 2}, {5, 1, 4, 3, 2}.

- Ham thich nghi: Muc tiéu ctia bai toan 13 tim chu trinh ngén nhat di qua tat ca
cac thanh phd véi mdi thanh phd dang mot 1an, do vay ham thich nghi cia giai thuat
dugc dinh nghia nhu cong thirc (1). Piéu ndy ¢ nghia rang nhing cé thé tbt 1a nhitng ca
thé c6 ham thich nghi 1a bé.

n
D= 2 d(Cur Crnt) VOi thANA PAS Coppr = €1 o)
k=1
- Chon loc cac nhiém sac thé: Dé chon loc cac nhiém sic thé cho thé hé sau thi
mdi nhidm sic thé can dugc danh gia d6 thich nghi. Sau d6, cac nhiém sic thé dugc sip
xép giam dan theo ham thich nghi. Gia sir Nkeep 12 s0 ca thé duoc giir lai va ciing chinh 1a
s ca thé dugc chon dé lai ghép, khi d6 x4c suat dé chon cé thé thir i (i = 1,2, ..., Nyeep)
duoc dinh nghia nhu cong thue (2).
Nieep — 1+ 1
N keep - (2)
Yiog 1
- Lai ghép nhiém sic thé: Néu st dung toan tir lai ghép cho bai toan TSP nhu
giai thuat di truyén nhi phan [2], [3] thi giai thuat sinh ra 16i. Vi du néu 2 c4 thé x = {3, 5,
1,2,4},y={1,4,5,3,2} va diém ghép k=2 this€taora2 conla{3,5,5, 3,2} va{l, 4,
1, 2, 4}. Hién nhién 2 con tao ra khong phai 14 2 chu trinh. Do véy, chung t6i dinh nghia
toan tur lai ghép nhu sau:
- Chon mdt vi tri ngau nhién trong 2 c4 thé va 2 ca thé hoan doi 2 s6 nguyén & vi
tri duoc chon dé tao ra 2 ca thé méi.
- Tiép tuc hoan ddi 2 s6 nguyén trong 2 c4 thé tao ra néu bi tring gia tri cho dén
khi khong c6 gia tri tring trong mdi cé thé.
Vidu v6i 2 ca thé cha, x = {4, 1,5, 3, 2, 6}, vame, y = {3, 4, 6, 2, 1, 5}, v6i diém
ghép bat ddu k = 4. Khi d6 toan tir lai ghép dugc thyuc hién nhu sau:

p(c) =
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Ha{ ca the cha Buoéc 1 Buwoéc 2 Budce 3 Buwoéc 4
va me: X, Y
415]|3|26 4152|2|6 41115216 4145216 345216
346]2|15 346 3|15 31416325 [3]116325 416325

- Dot bién nhiém sic thé: Toan tir dot bién dugc thuc hién véi mot xéc suét nho
nham tranh bay cuc bd, d6 1a hoan doi 2 vi tri bat ky ctia mgt nhiém sac thé sau khi thuc
hién toan tir lai ghép.

2.2. Ap dung gidi thudt ACO cho TSP

Giai thuat ACO la mdt 16p cac gidi thuat dua trén y tuong mo phdong cach tim
duong di cta cac con kién tu nhién tir to téi ngudn thirc an ciia chung. Giai thuat ACO
cho bai toan TSP dugc mo ta nhu Giai thuat 2 [5]. Trong bai bao nay chung toi ap dung
giai thuat hé kién (Ant System - AS) va giai thuat h¢ dan kién (Ant Colony System -
ACS) [5], 1a 16p giai thuat ACO, dé giai bai toan TSP. Su khac biét cc thuat toan AS va
ACS 1a cach thure cap nhat vét mui trén duong di cua céc kién.

Giai thuit 2. Giai thuat ACO cho bai toan TSP

Vao: Mot dd thi co trong $6 G = (V,E)
Ra: Mot chu trinh
Khai tao tham s6 , ma tran vét mui 7, khai tao m con kién
Repeat
fork <« 1tomdo
Kién thir k xay dung 10i giai
Cép nhat vét mui theo luat cap nhat cuc bd
end for
Cép nhat vét mui theo luat cap nhat téng thé
Cap nhat chu trinh t6i uu nhét
Until (thda man diéu kién dimg)
Tra vé chu trinh tim duoc

o
NEBboo~NooswNe

2.2.1. Gidi thudt hé kién (Ant System - AS)

Giai thudt AS gidi bai toan TSP dugc dua trén Gidi thudt 2, tuy nhién khong c6
lua:t cép nhét cuc by (dong 7). Ban dau moi kién dquc,khéi tao ngau phién 6 mot thénl}
pho xuat phat. Trong qua trinh tim nghiém, mdi con kién k & thanh phd i chon thanh pho
lan can j dya trén xac suat chuyén trang thai (random-proportional rule) duoc dinh nghia
baoi (3):

[z(i, D] [n (i, )IP
Pr(6,)) = { Zueslt@ W] [0 w)]f
0 néu ngwoc lai

néus € J,. (i)

(3)

trong d6 (i, j) 1a vét mui cia canh (i,j), n; = % la gia tri hueristic cia canh
3]

(i.j), Ji (i) 14 tap céc thanh phd 1an c4n ma kién k chua ghé thim va £1a mot tham sb xac
dinh quan hé giita vét mui va do dai cta cac canh (8 > 0). Sau khi tat ca cac con kién
hoan thanh chu trinh, thuat toan s& tién hanh cip nhat tong thé nham thay doi vét mui
trén cac canh cua do thi theo luét (4):
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@) = =@t ) + ) At(i)) @
k=1

) . {i, néu (i, j) thudc chu trinh cda kién k .
trong d6 At (i,j) = {Lk ,0<a<ll
0, néu nguwoec lai
tham sb bay hoi ciia vét mui, Ly 1a chidu dai cta chu trinh tao boi kién k va m 1a sé kién.
Muc dich cua lut cip nhat téng thé 12 cAp nhat cang nhiu gia tri vét mui cho cac chu
trinh ngén.

2.2.2. Gidi thudt hé dan kién (Ant Colony System - ACS)

Giai thuat ACS giai bai todn TSP khac véi giai thuat AS ¢ ba khia canh sau: (i)
luat chuyén trang thai cia mdi con kién 13 can bang giita qué trinh thim do canh méi va
khai thac vét mui da tich liy trude do; (i) luat cap nhat vét mui tong thé chi dugc thuc
hién cho canh thudc dudng di tot nhat; va (iii) luat cap nhat vét mui cuc bd cho mdi con
kién khi di qua mot canh nao do.

- Luét chuyén trang thai: Luat chuyén trang thai ciia mdi con kién di chuyén tir
thanh phé i d&én thanh phd j dua trén cong thirc (5):

argmax{[t(i, N]. [n(i,/1°} néu q < qo,
j=1 uen® (5)
J néu ngwoc lai

trong d6 q 1a mot sé ngau nhién duoc phan bd déu trén khoang [0,1], qo 1a mot
tham sb xac dinh trude (0 < go < 1) va J 1a mot gia tri duoc xac dinh dya theo (3). Véi
céch 4p dung luat chuyén trang thai ndy, thuat toan duoc chi ra 1 tim dugc nghiém tbi wu
hon AS [5].

- Luét cap nhat vét mui tong thé: Sau khi tat ca cac con kién hoan thanh chu
trinh, luat cap nhat vét mui tong thé thuc hién cap nhat vét mui trén chu trinh c6 chiéu dai
ngan nhét theo luat (6):

©(0,j)) = 1 —a).t(i,j) + alz(i,)), (6)
L néu(, J) thudc chu trinh ngan nhat
trong d6 At(i,j) = {tob va0<a<1lla
0, néu nguwoc lai
mot tham sé bay vét mui.
- Luét cap nhat vét mui cuc bd: Khi mdi con kién di qua mét canh (i,j) nao do,
luat cap nhat vét mui cuc bd duogc thyc hién nhu luét (7):

t((,)) = A = p).t(i.)) + pAt(i,)), (7)
trong d6 0 < p < 1 la mot tham s6, Az(i, ) 1a tham sé dugc xac dinh boi thuc
nghiém. Trong bai bdo nay ching tdi chon Az (i, j) = 0.

3. Thue nghiém

Trong phan ndy, ching t6i thuc hién cac thir nghiém bang phan mém Matlab 7.0
trén mdt may tinh Core i7-8550U CPU 1.8 GHz v6i 16 GB RAM. D¢ danh gia hiéu qua
cua giai thuat GA, AS va ACS cho bai toan TSP, chlng tdi tao ra cac do thi lién két day
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da (complete graph) ma toa do cac dinh duoc tao ngiu nhién trong doan [0,1]. Ma tran ké
cua do thi dugc xay dung dua trén khoang cach Euclide cia toa do cac dinh.

3.1. Chon cdc tham sé ciia thudt todn

Dé lwa chon cac tham sé t6i uu cho cac giai thuat GA, AS va ACS, ching t6i tao
ra 5 do thi ngau nhién co6 s6 dinh 1a 10, 20, 30, 40, 50 va thuc hién cac thir nghiém dé
danh gia sy anh hudng cua cac tham sé dén chat luong nghiém ciing nhu thoi gian thuc
hién giai thuat. Cu thé, trong giai thuat GA, cac gia tri tot nhat ciia cac tham s6 duoc
chon 1 & = 50% sb luong quan thé, xac suit dot bién p = 0.01, s6 vong lap tdi da 1a
5000. Céc gia tri tdt nhét cta cac tham sb trong cac giai thuat AS va ACS duoc chon 1a a
=09, 5=9.0, p=0.1, go = 0.05 va s6 lugng kién 1a m = 50% s6 dinh cuia do thi.

3.2. Két qua thwe nghi¢m

Chung t6i so sanh hiéu qua cia cac giai thuat GA, AS, ACS trén 2 yéu t6 1a thoi
gian thuc hién dén khi thuat toan bat dau hoi tu va chiéu dai chu trinh tot nhéat tim duoc
cia cac thuét toan dén khi thuit toan hoi tu. Dé so sanh hiéu qua cua céc giai thuat,
chiing tdi tao ngAu nhién 5 d6 thi cho mdi loai cé cac kich thude 10, 20, 30, 40 va 50.

Dau tién chung t6i thyuc hién cac giai thuat GA, AS, ACS cho mét do thi day du
c¢6 20 dinh nhu Hinh 1 dé quan sat sy thuc hién cia cac giai thuat. Hinh 2(a) mo ta sy
bién thién cua chiéu dai chu trinh tim dugc theo su tién hoa cia cac thé hé. Sau khoang
240 thé hé, giai thuat GA hoi tu va chu trinh tim dugc nhu Hinh 2(b) véi chiéu dai cua
chu trinh 14 4.5058. Hinh 3(a) mé ta chiéu dai chu trinh tim dugc theo cac vong ldp cta
giai thuat AS. D@ thiy rang cac chu trinh tim dugc qua cac vong lip 1a khong 6n dinh.
Hinh 3(b) md ta chu trinh t6t nhat tim duoc sau 200 vong lap véi chidu dai 1a 4.0216.
Hinh 4(a) mé ta chiéu dai chu trinh tim dugc theo cac vong lap cia giai thuat ACS. Két
qua thir nghiém chi ra rang sau khoang 80 vong ldp, giai thut s& hoi tu vé mot chu trinh.
Hinh 4(b) m6 ta chu trinh sau khi giai thuat hoi tu v6i chiéu dai 1a 3.9509. Véi d6 thi nay,
dé thay rang giai thuat ACS tim duoc chu trinh ngin nhat.
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Hinh 1: D6 thi day di 20 dinh dwoc tao ngdu nhién
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Két qua thu nghiém cho céc dd thi c6 cac kich thude 10, 20, 30, 40 va 50 duoc
chi ra & cac Hinh 5 va Hinh 6. M6t s6 nhan xét chinh tir quan sét cac két qua thyuc nghiém
nhu sau:

- Hinh 5 chi ra két qua so sanh chiéu dai chu trinh tim dugc cua cac giai thuat.
Khi db thi c6 s dinh 1a 10 hodc 20 (danh chi s tir 1 dén 10), chiéu dai chu trinh tim
dugc cua giai thuat 12 xdp xi bang nhau, nhung khi d6 thi c6 s6 dinh 1a 30, chiéu dai chu
trinh tim cta cac thuat toan di bat dau thay ddi, d6 1a thuét toan ACS tim duogc chu trinh
ngin nhat, tiép theo 1a thudt todn AS va GA. Tuy nhién, khi s6 dinh cta cac do thi ting
dan, su khac nhau cta chiéu dai chu trinh tim duoc cta cac thut toan cang thé hién ro.
Thuét toan ACS ludn tim dugc chu trinh ngin nhét, tiép theo 13 thuat todn AS va GA.

- Hinh 6 chi ra két qua so sanh thoi gian thyc hién cia cac giai thuat dén khi cac
giai thudt hdi tu. Giai thuat GA hoéi tu nhanh nhat, trong khi 2 giai thuat AS va ACS co
thoi gian dé hoi tu 14 x4p xi nhau.

Toém lai, gidi thuat ACS 1a giai thudt hiéu qua trong viéc tim chu trinh ngén nhét,
giai thuat AS c6 két qua xap xi voi giai thuat ACS, nhung giai thuat GA hiéu qua hon vé
thoi gian khi s dinh cua d6 thi 16n.
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Hinh 5: Chiéu dai chu trinh tim dwoc cua cdc thudt todan GA, AS va ACS
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Hinh 6: Thoi gian tim kiém chu trinh ciia cdc thudt todn GA, AS va ACS
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4. Két luan

Bai bao nay trinh bay cac két qua nghién ciru thuc nghiém trong viée ap dung cac
giai thuat GA, AS va ACS cho bai toan nguoi du lich. Muc dich cua nghién ctru nham
danh gia giai thudt nao giai bai toan hiéu qua hon theo nghia dat dugc chit luvong nghiém
va thoi gian tim kiém nghiém t5t nhat. Két qua thir nghiém chi ra ring giai thuat ACS la
giai thuat hiéu qua trong viéc tim chu trinh ngén nhat, giai thuat AS c6 két qua xap xi véi
giai thuat ACS, nhung giai thuat GA hiéu qua hon vé thoi gian khi sb dinh cua d6 thi 16n.
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L. Q. Anh/ So sanh hiéu qua cua gidi thudt di truyén va gidi thugt toi wu hda dan kién cho bai toén...

SUMMARY

COMPARING THE EFFECTIVENESS OF THE GENETIC ALGORITHM
AND ANT COLONY OPTIMIZATION ALGORITHMS
FOR THE TRAVELING SALESMAN PROBLEM

In this paper, we apply the genetic algorithm and ant colony optimization
algorithms, which is a kind of meta-heuristics search algorithm, for the traveling
salesman problem. We perform experiments to evaluate which one among these
algorithms solves the problem more efficiently by means of the solution quality and the
execution time. The experimental results show that the ant colony optimization
algorithms are efficient in terms of the solution quality, while the genetic algorithm is
efficient in terms of the execution time for large traveling salesman problems

Keyword: Genetic algorithm; ant colony optimization; metaheuristics; Travelling
Salesman Problem - TSP.
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