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TOM TAT

Bai toan nguoi du lich (TSP) 1a mot bai toan t6i wu t6 hop kinh dién. N6 thudc 16p
cac bai toan NP-kho va khong thé giai dugc trong thoi gian da thire. Trén thuc t€ nguoi
ta thuong giai quyét cac bai todn nay bang cac phuong phap heuristic, ching cho ra
nghiém gan t6i wu. Cac phuong phép heuristic bao gom phuwong phap nhanh céan,
heuristic ACO (Ant Colony Optimization), thuat toan GA (Genetic Algorithm), ...
nhung cac phwong phap nay chi ap dung cho 16p cac bai toan nho, khi kich ¢& bai
toan 16n thi thoi gian chay cua bai toan 1a rat 16n. Trong bai bao nay, chung t6i nghién
cttu khung thuat toan chung PSO (Particle Swarm Optimization) , tit d6 xay dung mo
hinh toan hoc va ap dung d€ giai bai toan TSP vdi s6 dinh cua bai toan 16n va t6i wu
thoi gian thiee hién
Tt khoéa: TSP, PSO, bai toan nguoi du lich, Metaheuristic PSO.

1. MO PAU

Bai toan tdi wu t6 hop 1a bai toan tim ra t6 hop t6t nhat trong nhiing t6 hop co thé tao
ra, thoa man yéu cau cho truede. Véi cac bai toan t6i wu t6 hgp NP-kho ¢ ¢d nhd, nguoi ta
c6 thé tim 101 giai t6i wu nho phuong phap tim ki€ém vét can. Tuy nhién, vdi cac bai toan
c0 16n thi dén nay chua thé c6 thuat toan tim 10i giai dung véi thoi gian da thic nén chi
o thé tim 10i giai gan dang hay du tot [1].

Theo céach ti€p can truyén thong hay la ti€p can cing, cac thuat toan gan dung phai
dugc ching minh tinh hoi tu hodc wéc luong duoc ty 1€ toi wu. Voi viéc doi hoi khit khe
vé toan hoc nhu vay lam han ché s6 luong cac thuéat toan cong bg, khong dap ting duoc
nhu cau ngay cang phong pht va da dang trong nghién ctru va ting dung. D& khac phuc
tinh trang nay, nguoi ta dung ti€p can du tot dé€ xay dung cac thuat toan tdi wu mém[1].

Bai todn nguoi du lich (TSP: Traveling Salesman Problem) c6 thé biéu dién thanh mot
do thi, trong d6 cac thanh phd la cac dinh, cac con duong di lai gitra cac thanh phd 1a cac
canh, dong thoi khoang cach gitta cac thanh phd la trong s6 twong ting ctia canh noi ching,
néu gitra hai thanh pho khong c¢é duong di truc ti€p ma phai thong qua mot thanh phd
khac thi ta gan trong s6 ctia canh d6 1a sd 16n nhat cé thé. Khi do, bai toan nguoi du lich
tré thanh bai toan tim mot chu trinh Hamilton ngén nhat, va 10 trinh ctia nguoi du lich
chinh 1a chu trinh Hamilton ngén nhat.
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Néu dung phuong phap vét can dé giai bai toan TSP thi ta luén cho ta mot dap an t6i
wu nhét, tuy nhién d phtc tap cua nd la qua cao (O(n!)). Vi vay, dé€ giai bai toan nay
nguoi ta thwong dung cac thuéat toan tdi wu mém.

Nam 2017, tac gia DS Nhu An [2] da nghién cttu thuat todn nhanh-can dé giai bai toan
TSP nhung dd phtic tap thoi gian tinh todn dang ham ma. Vi vay, néu dua thuét toan vao
stt dung ciing chwa dép tng dwgc yéu cau thuc té.

Thuat toan di truyén [3] 1a thuat toan metaheuristic, metaheuristic la mot cach goi
chung cho cac thuéat toan heuristic trong viéc giai quyét cac bai toan tdi wu t6 hop. Abid
Hussain [4] va cac dong nghiép da cai tién thuat toan GA d€ giai bai toan TSP nhung bai
bdo chi tap trung vao danh gia cac phuwong phap cai tién chua dua ra duoc s dinh t6i da
va thoi gian chay ctia thuét toan. Omar [5] va cac dong nghép da cai tién thuat todan GA
d€ giai bai toan TSP nhung chi mé phdong dwoc tdi da 20 dinh.

PSO (Particle Swarm Optimization) la khung thuat todn chung dua trén kinh nghiém
cua bay dan duoc dé xuat boi boi Kennedy va Eberhat [5]. N6 1a mét khung thuét toan
thong minh dwa trén bay dan, mé phong lai hanh vi xa héi ctia bay chim hay dan ca khi
di tim nguo6n thitc dn.

Mot ca thé (particle) dugc thé hién trong PSO twong tu nhw mét con chim hodc mét
con ca tim kiém thitc an trong khong gian tim kiém ctia né. S di chuyén ctia moi ca thé
1a si két hop gifta van t6c va hudéng di chuyén. Vi tri cia moi c4 thé tai bat ky thoi diém
nao cting bi anh hudng bai vi tri t6t nhat ctia no va vi tri tot nhat caa ca bay dan. Hiéu qua
dat duoc cia mot ca thé duoc xac dinh boi mot gia tri thich nghi, gid tri nay dugc xac dinh
phu thudc vao ting bai toan [5].

Trong PSO, quan thé bao gom cac ca thé trong khong gian cua bai toan. Cac ca thé duoc
khéi tao mot cach ngﬁu nhién. Mbi ca thé sé c6 mot gid tri thich nghi, gia tri nay dwoc xac
dinh boi mot ham thich nghi d€ tdi vu trong moi thé hé. Trong moi thé hé, mdi ca thé thay
d6i van tdc va thay ddi vi tri ctia né theo thoi gian. Dura vao gia tri thich nghi, mdi ca thé
tim ra giai phap t6i vu cuc bd trong khong gian tim kiém nhiéu chiéu. Sau do, giai phap
t01 vu cuc bo duoc so sanh véi giai phap t6i wu toan cuc cua ca bay dan dé€ cap nhat lai
gia tri cho giai phap t6i wu toan cuc. Dya vao giai phap ti wu toan cuc dé tim ra giai phap
t01 wu nhat.

Bai bdo nay nghién ctru khung thuat toan chung PSO d€ giai bai toan TSP, tir d6 xay
dung mo hinh toan hoc, dua ra giai thuat va cai dat thir nghiém. Két qua thyc nghiém
dwgc phan tich va danh gia véi thuat toan di truyén cua Luca Benci (2015).

2. MO HINH VA THUAT TOAN
2.1 M6 hinh hé théng
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bé€ ap dung khung thuéat toan PSO vao bai toan cu thé chung ta phai xac dinh dwoc vi
tri, van tdc, ham thich nghi, vi tri toi wu cuc b cua ting ca thé va vi tri t6i wu toan cuc ctua
ca bay dan [5]. Phan nay bai bao tap trung xay dung mo hinh toan hoc d€ giai bai toan
TSP.

Chung ta xét quan thé gom Y cé thé, mdi c4 thé x 1ap N lan d& tim kiém thiic &n trong
khong gian M chiéu. Nhu vay, tai vong lap thit i, (i=1...N) mdi ca thé x, (x=1..Y) s& c6 Mx
vi tri, Mx van t6¢ va dwoc bidu dién:

Pix = {ph o Di" } (1.1)
Vie = (Ve o, V2 } (1.2)
Trong do:
pl 12 vi tri ctia ¢4 thé x & vong 13p i tai chidu j, (j=1...M.).
v] 12 van t8c ctia cac thé x & vong 13p i tai chiéu j, (j=1...Mx).

Trong bai todn nguoi du lich ta cd Y thanh phd, mdi thanh phd dwoc ndi véi nhigu
thanh phd lan can. Mdi ca thé x (x=1..Y) tim kiém thanh phd trén khdng gian Mx chiéu d&
tim ra thanh phd hop ly tai lan 14p thit i, mdi c4 thé x s& tim ra cac thanh phd va Mx chinh
12 s6 thanh phd 1an can véi x. Gi trj cua p), chinh 12 thanh phéj 1an can véi x. Gia tri nay
duoc 18y ngiu nhién tir 1 ... My, va gia v/, duoc 14y ngdu nhién tir -Mx ... My, véi M 1a
s0 thanh phd 1an can voéi thanh phd x.

bé dat dwoc muc tiéu la tong chi phi di qua cac thanh phd la nho nhat, chiang ta

xay dung ham thich nghi d€ ca thé x chon ra thanh phd lan can tai lan 1dp thit i nhu sau:
Jjy=_L
Fpo) =22 (1.3)

Trong d6: C;j, la trong sd cia thanh phd x véi thanh phd j tai lan 1dp thi i. Khi
trong sd Cjj, cang cao thi gia tri ham thich nghi cang thap. Nguoc lai, khi trong s6 C;jy
cang thdp thi gia tri ham thich nghi cang cao nén xac sudt dé thanh phd x chon thanh phd
j cang 1on.

Ttr ham thich nghi 6 cong thiic (1.3), ta tién hanh xay dung cong thirc d€ tim vi tri
t01 wu cuc b cua cd thé x tai chiéu j+1 nhu sau:

1 - .
N AL ARG

X

X (1.4)
pbijx nguwoc lai

Vi tri t61 wu cuc b tai vi tri j+1 dwoc cap nhat néu gid tri cia ham thich nghi tai vi
tri j+1 16n hon hodc bﬁ“mg gid tri cia ham thich nghi tai vi tri tredc nd, nguoc lai néd van
gitra lai gia tri cia ham thich nghi treedc do.
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Sau khi xac dinh dwgc vi tri t6i wu cuc b cua tirng cac thé, chung toi tién hanh xac
dinh vi tri t6i wu cuc bd 16n nhat cta cac ca thé (Pbest) va vi tri t6i wu toan cuc ctia ca dan
(Gbest) nhw sau:

Sau khi mdi ca thé x (x=1...Y) tim kiém dwoc thanh phd lan can trén khong gian
M: chiéu, mdi c4 thé tim dwoc vi tri t8i wu nhat (Pbest.) bang cach phan tich cac vi tri t5i
wu trén mdi chitu va duoc xac dinh:

Pbest, = X=l“r%1;fl=)1(“M {pbij;c} (1.5)

Vi tri t61 wu toan cuc ctia ca dan (Gbest) phu thudc vao vi tri t6i vu cuc bd 16n nhat
cua tung ca thé va duogc xac dinh nhu sau:

Gbest = rpla>§{Pbestx} (1.6)

Mbi ca thé dura vao van tdc 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,{ + clzl(Pbestx - pos,{) + czzz(Gbest - pos,{) (1.7)
pos,{Jr1 = pos,{ + v,{ (1.8)
Trong do:

- posi: vi tri hién tai ctia c4 thé thit x tai chiéu j.
- ¢1,¢3: hé s0 gia toc.
74,2, 1a s6 ngau nhién gitra 0 va 1.

- vJ:van t6c ctia c4 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 nguoi du lich nhw sau :

Péu vao: Tap c4 thé'Y, ci,c2 56 dinh va tp chira trong sd gitra cac dinh.
Péu ra: Mot duong di gan tdi wu di qua cac dinh.
Phuwong phap:
1 Khoi tao vi tri, van tOc ctia cac thé';
2 While chwa tim dwoc dwong di qua cac dinh DO
Begin
3 Tinh gid tri thich nghi nhw cong thitc (1.4);
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4 Tinh Pbest nhur cong thitc (1.5);

5 Tinh Gbest nhur cong thitc (1.6);

6 Tinh van toc va cap nhat lai vi tri nhw cong thie (1.7) va (1.8);
7 End

8 Hién thi ra duong di gan t6i wu qua cac dinh

3. MO PHONG VA PANH GIA THUAT TOAN

Thuat toan TSPPSO dugc cai ddt trén ngdn nglr C#, st dung tap dit liéu chuan
Pr76Dataset.xml va thu vién TspPsoDemo. Cac tham s0 cua thudt toan TSPPSO duoc xac
dinh nhw sau:

Truong hop 1. M6 phong thudt toan PSO tir tap dir liéu Pr76Dataset.xml
Dit liéu dau vao:
- S8 lan lap: 20000
- S3 ca thé: 50.. 200
- Hé s0 gia tdc cuc bd (c1): 1.4
- Hé sd gia toc toan cuc (c2): 1.4
- S0 dinh: 76 dinh va trong s dwoc 1y tir tap di liéu chudn Pr76Dataset.xml
Céc két qua ctia Bang 1 va Bang 2 duwoc 1ay trung binh cong ctia 5 lan chay thit nghiém.

Badng 1. Két qua thuc nghiém vé thoi gian va d6 léch duong di khi thay ddi so ca thé

S§cithé | Thoi gian thyc hién (gidy) Z)jc‘:ré:;hd?:r;nfh:’i o i
50 255 9.971
100 50.3 3.714
150 76.7 2.480
200 102 2.172

K&t qua thuc hién ctia thuat toan TSPPSO:

Thuat toan khoi tao cac gia tri: hé so gia tdc cuc bo Ci=1.4, hé s gia toc toan cuc
C2=1.4, s0 ca thé thay do6i tir 50 dén 200, sd dinh 76 va cho két qua ¢ Bang 1.
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Dua vao két qua thuc nghiém ¢ Bang 1, ta thay khi s6 ca thé cang 16n thi thoi gian
thurc hién cang cao nhung nguoc lai d6 1éch duong di so véi duong di t6i wu cang thap.
Thoi gian tinh toan ctia thuat toan TSPPSO tang dan ti 1€ thudn véi s6 lwong ca thé (khi
s0 luong cd thé' it thi thoi gian thwe hién nhanh, v6i 50 ca thé thoi gian thuc hién la 25.5
giay, nhung khi s ca thé la 200 thi thoi gian thwc hién 1én dén 102 giay).

Khi s ca thé 16n thi s6 lan ldp sé tang lén, nén thoi gian thuc hién cta thuat toan
s€ 16n. Khi sO cd thé cang 16n thi sé tim ra nhiéu vi tri t6i wu cuc bo (Pbestx), vi vay, xac
sudt tim dwoc vi tri t6i wu toan cuc cua ca dan (Gbest) sé cao.

Thuat toan TSPPSO giai bai toan TSP cho két qua chinh xac cao khi thuec hién trén
bd dir liéu o so lwgng dinh va s6 ca thé 16n. Khi s6 dinh va s6 cd thé cang 16n, thi vi tri
t01 wu cuc bd sé ting lén, xac xudt d€ chon duong di ngén nhat cho vi tri toan cuc sé
cao. Vi vay, khi s6 dinh va sd ca thé cang 16n thi d6 1éch d6 dai duong di tim dwoc voi
do dai duong di tot nhat sé thap.

Truong hop 2. So sanh thuéat toan TSPPSO voi thuat 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 thuat toan di truyén cta Luca
Benci d€ cai dat va chay thit nghiém. Sau d6 so sanh thoi gian thuc hién cua 2 thuét toan.
Két qua thtt nghiém duoc thé hién ¢ Bang 2 va Hinh 1.

Dit liéu ddu vao ciia thuat toan TSPPSO:
- S& lan 1ap: 20000
- S8 ca thé: 200
- Hé s0 gia toc cuc bo (c1): 1.4
- Hé s0 gia toc toan cuc (c2): 1.4
- SO dinh thay d6i tir 5 dén 30 dinh

Dit ligu du vao ctia thuat toan di truyén:

mutRate = 0.03;

elitism = 6;

popSize = 200;
-  numCities =5 ..30;

Bang 2. Bang so sanh thoi gian thuc hién cua 2 thuat toan khi thay doi s6 dinh tit 5 dén 25.
S6 dinh 5 10 15 20 25

Thot gian thuc hién cta | 509 | 19 175 | 434 300
thuat toan di truyéen




TAP CHI KHOA HOC VA CONG NGHE, Trudng Dai hoc Khoa hoc, DH Hué TAp ..., S6 ... (202..)

Thaoi gian thuc hién cua
Thuit toan TSPPSO 9.15 12 14.8 18.8 23.56

So sanh thoi gian thue hién
350
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— — Thuét toan di truyén Thuét toan TSPPSO

Hinh1. Biéu d6 so sanh thoi gian thuc hién ctia 2 thuat toan khi s6 dinh thay doi tie 5
dén 25
Phan tich va danh gia 2 thuat toan:
T két qua ctia Bang 2 va Hinh 1 cho thiy:

Khi s6 dinh nho (ttr 5 dén 15) thi thuét toan di truyén sé t6i wu vé thoi gian hon vi
khi s6 dinh cang nho thi tdc d hoi tu ctaa thuat toan nhanh. Trong khi d6 thuat toan
TSPPSO ciing phai chay du sd Ian ldp va duyét qua tat ca cac ca thé dé€ tim giai phap t6i
wu cuc bd, vi vay thoi gian thyc hién cua thuat toan sé cao hon thuéat toan di truyén.

Khi s& dinh 16n (t& 20 dén 25) thi téc dd hoi tu ctia thuéat di truyén rat cham, vi vay
khi s6 dinh 16n thi thoi gian thyc hién ctia thuat toan rat 16n. Thuat toan TSPPSO van duy
tri s ca thé va s6 lan 1ap nén thoi gian khong tang dot bién nhu thuat toan di truyeén.

Khi s6 dinh 16n (tr 30 dén 35) thi tdc d hoi tu ctia thuat toan di truyén rat cham,
c6 nhiéu trueong hop thuéat toan khong di dén diém hoi tu dwgc lam cho thuét toan bi 1ap
v0 han. Trong khi d¢, thuat toan TSPPSO duoc thit nghiém trén 76 dinh, thoi gian thuc
hién 102 giay va d¢ léch duong di so voi duong di tot nhat gan 2.2% (Bang 1) nén két qua
nay c6 thé chap nhan dugc
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4. KET LUAN

Bai bdo nay tap trung vao nghién ctru khung thuat toan chung PSO, sau d6 phan tich
va xay deng mo hinh toan hoc ap dung PSO vao dé€ giai bai toan TSP. Ttt mo hinh toan
hoc da xay dung bai bao tién hanh cai dat thuc nghiém va so sanh véi thuét toan di truyén.
Thong qua viéc phan tich, danh gia cac két qua thue nghiém, ddi sach trén cing mot b
dt liéu cho thay khi s6 dinh 16n thi két qua cta thuat toan TSPPSO ¢ sw cai tién dang ké
veé thoi gian so v6i thudt di truyén dang st dung.
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A STUDY ON PSO GENERAL ALGORITHM FRAMEWORK FOR SOLVING TSP
PROBLEM

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). Howewver, 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.



