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TOM TAT

Bai toan nguoi du lich (TSP) 1a mét bai toan t6i wu t6 hop kinh dién. N6 thudc 16p
cac bai toan NP-kho va khong thé giai duoc trong thoi gian da thiee. Trén thuc t€
nguoi ta thuong giai quyét cac bai toan nay bang cac phurong phap heuristic, chiing
cho ra nghiém gén t6i vu. Cac phwong phép heuristic bao gobm phuong phap nhanh
can, heuristic ACO (Ant Colony Optimization), thudt toan GA (Genetic Algorithm),

nhung cac phuong phap nay chi ap dung cho 16p cac bai toan nhd, khi kich c&
bai toan 16n thi thoi gian chay cua bai toan la rat 16n. Trong bai bao nay, chung t6i
nghién cttu khung thuéat toan chung PSO (Particle Swarm Optimization) , ttt d6 xay
dung mo hinh toan hoc va ap dung d€ giai bai toan TSP véi s dinh cta bai toan 16n

va t6i vu thoi gian thuc hién

Tt khoa: TSP, PSO, bai toan ngroi du lich, Metaheuristic PSO.

1. MO PAU

Bai toan t6i wu to hop la bai toan tim ra t6 hgp tot nhat trong nhitng td hop cd
thé tao ra, thoa man yéu cau cho truede. Véi cac bai toan t6i vu td hgp NP-kho ¢d ¢d nho,
nguoi ta ¢d thé tim 10i giai t6i vu nho phuong phap tim kiém vét can. Tuy nhién, véi cac
bai toan c& 16n thi dén nay chua thé c6 thuat toan tim 10i giai diing véi thoi gian da thac
nén chi cé thé tim 10i giai gan dang hay du tot [1].

Theo cach ti€p can truyén thong hay 1a tiép can cing, cac thuat toan gan dang
phai duoc chtiing minh tinh héi tu hodc wéc luong dwoc ty 1€ t6i wu. Véi viéc doi hoi
khat khe vé toan hoc nhur vay lam han ché s8 lwong cac thuat toan cong bs, khong dap
tng duoc nhu cau ngay cang phong phu va da dang trong nghién cttu va tng dung. D&
khac phuc tinh trang nay, nguoi ta dung tiép can du tt dé xay dung cac thuat toan t&i
wu mém|[1].
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Bai toan nguoi du lich (TSP: Traveling Salesman Problem) c6 thé bidu dién thanh
mot d6 thi, trong d6 cac thanh phd la cac dinh, cac con duong di lai gitra cac thanh phd
la cac canh, dong thoi khoang cach gitra cac thanh phd la trong s6 twong tng cua canh
ndi chiing, néu gitra hai thanh phd khong c6 duong di truc ti€p ma phai thong qua mot
thanh phd khéc thi ta gan trong sd cta canh d6 la s6 16n nhat c6 thé. Khi d6, bai toan
ngroi du lich trd thanh bai toan tim mot chu trinh Hamilton ngén nhat, va 10 trinh cta
ngudi du lich chinh 1a chu trinh Hamilton ngan nhat.

Néu dung phuwong phap vét can d€ giai bai toan TSP thi ta luén cho ta mot dap
an t6i wu nhat, tuy nhién d¢ phtc tap cua né la qua cao (O(n!)). Vi vay, dé€ giai bai toan
nay nguoi ta thwong dung cac thuat toan tdi wu mém.

Nam 2017, tac gia D6 Nhu An [2] da nghién ctru thuat todn nhanh-can dé giai bai
toan TSP nhung dd phtc tap thoi gian tinh todn dang ham ma. Vi vdy, néu dua thuat
toan vao st dung ciing chua dap ting duoc yéu cau thuec té.

Thuat toan di truyén [3] la thuat toan metaheuristic, metaheuristic 1a mot cach
goi chung cho cac thuat toan heuristic trong viéc giai quyét cac bai toan tdi wu td hop.
Abid Hussain [4] va cac dong nghiép da cai tién thuat toan GA dé€ giai bai toan TSP
nhung bai bao chi tap trung vao danh gia cac phuong phap cai tién chwa dwa ra duoc sd
dinh t6i da va thoi gian chay cua thuét toan. Omar [5] va cac dong nghép da cai tién
thuat toan GA dé€ giai bai toan TSP nhung chi moé phong duoc t6i da 20 dinh.

PSO (Particle Swarm Optimization) la khung thuat toan chung dwa trén kinh
nghiém cua bay dan duoc dé xudt bdi boi Kennedy va Eberhat [5]. N6 la mét khung
thuéat toan thong minh dya trén bay dan, mo phong lai hanh vi xa hoi ctia bay chim hay
dan cd khi di tim ngu6n thic an.

Mot ca thé (particle) duoc thé hién trong PSO twong tu nhu mot con chim hodc
mdt con ca tim kiém thikc &n trong khong gian tim kiém ctia né. Su di chuyén ctia mdi
c4 thé 1a su két hop gitra van t6c va hudng di chuyén. Vi tri ctia moi ca thé tai bat ky
thoi diém nao cling bi anh hudng bdi vi tri t6t nhat cua nd va vi tri t6t nhat cua ca bay
dan. Hiéu qua dat duoc ctia mot ca thé duoc xac dinh boi mot gid tri thich nghi, gid tri
nay duoc xac dinh phu thudc vao tirng bai toan [5].

Trong PSO, quan thé bao gom céc ca thé trong khong gian cua bai toan. Céc ca
thé duoc khoi tao mot cach ngﬁu nhién. Mdi cé thé sé cé mot gia tri thich nghi, gia tri
nay duoc xac dinh boi mot ham thich nghi dé t6i wu trong mdi thé€ hé. Trong mdi thé€ he,
mdi ca thé thay d6i van tdc va thay d6i vi tri cia né theo thoi gian. Dua vao gia tri thich
nghi, mdi c4 thé tim ra giai phap t6i wu cuc bo trong khdng gian tim kiém nhiéu chiéu.
Sau do, giai phap t6i wu cuc bd duoc so sanh véi giai phép toi wu toan cuc cua ca bay
dan dé€ cap nhat lai gid tri cho giai phap tdi vu toan cuc. Dya vao giai phap t6i vu toan
cuc d€ tim ra giai phap t6i wu nhat.
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Bai bao nay nghién cttu khung thuat toan chung PSO dé giai bai toan TSP, tir d6
xay dung md hinh toan hoc, dwa ra giai thuat va cai dat thir nghiém. Két qua thuc
nghiém dwoc phan tich va danh gia véi thuét toan di truyén ctia Luca Benci (2015).

2. MO HINH VA THUAT TOAN
2.1 M6 hinh hé thong

bé ap dung khung thuat toan PSO vao bai toan cu thé chiing ta phai xac dinh
dwoc vi tri, van tdc, ham thich nghi, vi tri tdi wu cuc b cua ting ca thé va vi tri toi uu
toan cuc ctia ca bay dan [5]. Phan nay bai bao tap trung xay dung mo6 hinh toan hoc dé
giai bai toan TSP.

Chung ta xét quan thé gom Y c4 thé, mdi ca thé x 13p N Tan dé tim kiém thitc an
trong khong gian Mx chiéu. Nhu vay, tai vong 13p thit i, (i=1...N) mdi c4 thé x, (x=1..Y)
sé ¢ Mx vi tri, Mx van toc va dwoc biéu dién:

M
Pix = {pilx:---:pixx} (11)
Vie = (Ve - Vi ) (1.2)
Trong dé:

pljx la vi tri cia ca thé x & vong lap i tai chiéu j, (j=1...Mx).

vl]x la van toc cua cac thé x 6 vong ldp i tai chiéu j, (j=1...Mx).

Trong bai toan nguoi du lich ta ¢6 Y thanh phd, mdi thanh phd duoc ndi véi
nhiéu thanh phd l1an can. Mdi ca thé x (x=1..Y) tim kiém thanh phd trén khong gian Mx
chiéu d€ tim ra thanh phd hop ly tai Ian 14p thi i, mdi c4 thé x sé tim ra c4c thanh phd
va M chinh 14 s8 thanh phd 1an cin véi x. Gid tri ctia p{, chinh 13 thanh phd j 1an can
véi x. Gia tri nay duwoc 18y ngau nhién tir 1 ... My, va gid v/, duoc 1y ngau nhién tir -Mx
... Mx, v6i Mx la s6 thanh phd 1an can véi thanh phd x.

Dé€ dat dwgc muc tiéu la tong chi phi di qua cac thanh phd la nhé nhét, chiang ta

xay dung ham thich nghi d€ ca thé x chon ra thanh phd 1an can tai [an lap thit i nhu sau:
jy_ 1
Fow) =22 (1.3)

Trong do: Cyjy 1a trong s6 cua thanh phd x véi thanh phd j tai Ian 1dp thi i. Khi
trong s6 C;j, cang cao thi gia tri ham thich nghi cang thap. Nguoc lai, khi trong s C;jy
cang thap thi gia tri ham thich nghi cang cao nén xac suat d€ thanh phd x chon thanh
phdj cang 16n.

Ttr ham thich nghi & cong thic (1.3), ta tién hanh xay dung cong thirc d€ tim vi
tri t61 wu cuc b cua ca thé x tai chiéu j+1 nhu sau:
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je1 _ |pbE T néuF (o) 2 F(},)

pbiy (1.4)

pbi];c nguwoc lai

Vi tri t61 wu cuc b tai vi tri j+1 duoc cap nhat néu gid tri cia ham thich nghi tai
vi tri j+1 16n hon hoac béng gid tri cia ham thich nghi tai vi tri tredc no, ngueoc lai nd
van gitra lai gia tri ctia ham thich nghi trudc do.

Sau khi xac dinh duoc vi tri tdi wu cuc b cua tiing cac thé, ching toi tién hanh
xac dinh vi tri tdi wu cuc bo 16n nhat cua cac ca thé (Pbest) va vi tri tdi wu toan cuc cta
ca dan (Gbest) nhw sau:

Sau khi mdi ca thé x (x=1...Y) tim kiém dwoc thanh phd 1an can trén khong gian
M chiéu, mdi ca thé tim dwoc vi tri t8i wu nhat (Pbestx) bang cach phan tich cac vi tri t&i

wu trén moi chiéu va dwoc xac dinh:

Pbesty = _ max {pbl} (1.5)

Vi tri t6i wu toan cuc cua ca dan (Gbest) phu thudc vao vi tri t6i wu cuc bo 16n
nhét cua ting ca thé va duoc xac dinh nhw sau:

Gbest = rpla>§{Pbestx} (1.6)

MObi cé thé dwa vao van toc hién tai va khoang cach tir Pbest, dén Gbest dé thay
doi vi tri va diéu chinh tdc d6 ctia né nhw sau [5] :

v,{+ 1= v,{ + c1z,(Pbest, — posi') + cyz,(Gbest — pos,{) (1.7)
pos,{+1 = posi' + UJ{ (1.8)
Trong dé:

- posZ: vi tri hién tai ctia c4 thé thit x tai chiéu j.
- ¢1,¢5: hé sd gia toc.
- 73,2,:1a s6 ngau nhién gitra 0 va 1.

- v}:van tdc cta cd thé x tai chiéu j.

2.2 Thuat toan TSPPSO

Ap dung m6 minh todn hoc ¢ Phan 2, chiing ta xay dung thuat toan TSPPSO
ap dung cho bai todn ngwoi du lich nhw sau :

Diau vao: Tap ca th€' Y, ci,c2, 56 dinh va tap chita trong s8 gitra cac dinh.

Péu ra: Mot duong di gan tdi wu di qua cac dinh.
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Phuwong phap:
1 Khoi tao vi tri, van tOc cuia cac thé;
2 While chwa tim duwoc dwong di qua cac dinh DO
Begin
Tinh gia tri thich nghi nhw cong thirc (1.4);
Tinh Pbest nhu cong thitc (1.5);
Tinh Gbest nhw cong thitc (1.6);
Tinh van toc va cap nhat lai vi tri nhw cong thire (1.7) va (1.8);

End

L NN o U s~ W

Hién thj ra duong di gan t6i wu qua cac dinh

3. MO PHONG VA PANH GIA THUAT TOAN

Thuat toan TSPPSO duwgc cai dat trén ngdn ngtt C#, st dung tap dit liéu chuan
Pr76Dataset.xml va thu vién TspPsoDemo. Cac tham s6 cta thudt toan TSPPSO duoc
xac dinh nhuw sau:

Truwong hop 1. M6 phong thuét toan PSO tie tap dit liéu Pr76Dataset.xml
D liéu dau vao:
- S&Tan 1ap: 20000
- S& ca thé: 50.. 200
- Hé sd gia toc cuc bd (c1): 1.4
- Hé sd gia toc toan cuc (c2): 1.4
- S8 dinh: 76 dinh va trong sd duoc 14y tu tap dir liéu chuan Pr76Dataset.xml

Cac két qua cua Bang 1 va Bang 2 dwgc 1ay trung binh cong cua 5 lan chay thi
nghiém.

Badng 1. Két qua thuwe nghiém vé thoi gian va d¢ 1éch duong di khi thay d6i s6 cd thé

S6 ca thé Thoi gian thuc hién (gidy) D(;:;;}; ‘;lixf(;gni;(()";:;n
50 25.5 9.971
100 50.3 3.714
150 76.7 2.480
200 102 2172
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Két qua thyc hién ctia thuat toan TSPPSO:

Thuat toan khoi tao cac gia tri: hé s6 gia tdc cuc bd Ci=1.4, hé s gia tdc toan cuc
C2=1.4, s0 ca thé thay do6i tir 50 dén 200, s6 dinh 76 va cho két qua ¢ Bang 1.

Dua vao két qua thiee nghiém ¢ Bang 1, ta thdy khi s6 ca thé cang 16n thi thoi
gian thuc hién cang cao nhung nguoc lai d6 léch dwong di so v6i duong di toi uu cang
thap. Thoi gian tinh toan cta thuat toan TSPPSO tang dan ti 1é thuan vdi s lwgng ca thé
(khi s6 luwgng cd thé it thi thoi gian thic hién nhanh, vdi 50 ca thé thoi gian thyc hién la
25.5 giay, nhung khi s6 ca thé' 1a 200 thi thoi gian thwee hién 1én dén 102 giay).

Khi s& ca thé16n thi s6 lan 13p sé tang 1én, nén thoi gian thuc hién ctia thuét toan
sé 16n. Khi s6 c4 thé cang 16n thi sé tim ra nhiéu vi tri tdi wu cuc bo (Pbestx), vi vay, xac
sudt tim dwoc vi tri t6i wu toan cuc cuia ca dan (Gbest) sé cao.

Thuat toan TSPPSO giai bai toan TSP cho két qua chinh xéc cao khi thye hién trén
bd dit liéu co s6 luong dinh va s6 ca thé 16n. Khi s6 dinh va s0 ca thé cang 16n, thi vi tri
t6i wu cuc bd sé ting 1én, xac xuat dé€ chon dwong di ngan nhat cho vi tri toan cuc sé cao.
Vi vay, khi s6 dinh va s0 ca thé cang 16n thi d6 1éch d6 dai duwong di tim dwoc véi d6 dai
duong di t6t nhat sé thap.

Truong hop 2. So sanh thuéat toan TSPPSO véi thuéat toan di truyén

Nam 2015, Luca Benci (https://github.com/7Ib/TSP) da st dung thuat toan di
truyén dé giai bai toan nguoi du lich. Bai bao nay st dung thuét toan di truyén ctia Luca
Benci d€ cai dat va chay thi nghiém. Sau d6 so sanh thoi gian thuc hién cta 2 thuéat toan.
Két qua thit nghiém duoc thé hién 6 Bang 2 va Hinh 1.

Dt liéu dau vao cta thuat toan TSPPSO:
- S&Tan 1ap: 20000

- S0 ca thé: 200

- Hé s0 gia toc cuc bd (c1): 1.4

- Heé s0 gia toc toan cuc (c2): 1.4
- SO dinh thay d6i tir 5 dén 30 dinh

Dit liéu dau vao ctia thuat toan di truyén:
-  mutRate =0.03;
- elitism=6;
- popSize = 200;

- numCities =5 ..30;
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Bdng 2. Bang so sanh thoi gian thuwe hién ctia 2 thuét todn khi thay d6i sd dinh tir 5 dén 25.

SO dinh 5 10 15 20 25

Thoi gian thyc hién cta thuéat toan di truyén | 0.009 | 0.12 17.5 434 300

Thoi gian thuc hién cua Thuat toan TSPPSO | 9.15 12 14.8 18.8 | 23.56

So sanh thoi gian thuce hién
350

300 /

(3% (%]
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Thoi gian (giay)
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100

50 ~

S6 dinh

— — Thujt ton di truyén Thuét toan TSPPSO

Hinh 1. Biéu d0 so sanh thoi gian thwe hién cua 2 thuéat toan khi s6 dinh thay d6i tit 5 dén 25
Phan tich va danh gia 2 thuat toan:
T két qua cia Bang 2 va Hinh 1 cho thiy:

Khi s6 dinh nho (tir 5 dén 15) thi thuéat toan di truyén sé tdi wu vé thoi gian hon
vi khi s6 dinh cang nho thi tdc d6 hoi tu ctia thuat toan nhanh. Trong khi d6 thuét toan
TSPPSO ciing phai chay du s6 lan lap va duyét qua tat ca cac ca thé d€ tim giai phap toi
uwu cuc bg, vi vay thoi gian thue hién cua thuat toan sé cao hon thuat toan di truyeén.

Khi s6 dinh 16n (ttr 20 dén 25) thi tdc do hoi tu cta thuat di truyén rat cham, vi
vay khi s0 dinh 16n thi thoi gian thyc hién cta thuét toan rat 16n. Thuat toan TSPPSO
van duy tri s6 c4 thé va s& [an 13p nén thoi gian khong tang dot bién nhu thuat toan di
truyén.

Khi s dinh 16n (ttr 30 dén 35) thi tdc d6 hoi tu ctia thuéat toan di truyén rat cham,
c6 nhiéu treong hop thuat toan khong di dén diém hoi tu duoc lam cho thuéat toan bi lap
v0 han. Trong khi d9, thuat toan TSPPSO duoc thit nghiém trén 76 dinh, thoi gian thyec
hién 102 gidy va d¢ léch duong di so v6i duong di tot nhat gan 2.2% (Bang 1) nén két
qua nay c6 thé chap nhan duoc
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4. KET LUAN

Bai bdo nay tap trung vao nghién cttu khung thuat toan chung PSO, sau d6 phan

tich va xay dung mo hinh toan hoc ap dung PSO vao d€ giai bai toan TSP. Tt md hinh

toan hoc da xay dung bai bao tién hanh cai dat thuc nghiém va so sanh voéi thuat toan di

truyén. Théng qua viéc phan tich, danh gia cac két qua thuc nghiém, déi sach trén cung
mot bo dir liéu cho thdy khi s6 dinh 16n thi két qua cta thuat toan TSPPSO c6 su cai tién

dang ké vé thoi gian so voi thuat di truyén dang st dung.
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ABSTRACT

The Traveling Salesman Problem (TSP) is a classical combinatorial optimization
problem. It belongs to a class of NP-hard problems that cannot be solved in
polynomial time. In fact, these problems are often solved by heuristic methods that
obtained outcomes are near-optimal solutions. Nowadays, there are many heuristic
methods used to deal with this problem such as the branch and bound method,
heuristic ACO (Ant Colony Optimization), Genetic Algorithm (GA). However, in
case of the problem with large-scale data, these methods are inefficient. In this paper,
based on studying of the PSO general algorithm framework, we constructed a
mathematical model and applied to solve TSP problems having the large number of

vertices with optimal execution time.

Keywords: TSP, PSO, Traveling Salesman Problem, Metaheuristic PSO.
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