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Tém tit

Bai bao d& xuét cach cai tién thut toan Ant Colony dé hd tro tim ra dudng di ngin hon cho bai toan ngudi ban hang. Bai
to4n ngudi ban hang yéu cu tim ra duong di ngén nhit cho ngudi ban hang di qua cac thanh phd va cubi ciing quay vé
lai thanh phd xudt phat, mdi thanh phd chi duoc ghé thim mot lan, biét riang tat ca cac thanh phd déu co duong di dén véi
nhau va khoang cach giira cac thanh phd 1a biét true. Co rat nhiéu thuat toan giai quyét duge bai toan nay. Mot trong
nhitng thuat toan dwoc nghién ctiru nhidu va giai quyét kha hiéu qua cho bai toan nay 1a thuat toan Ant Colony (thuat toan
dan kién). Thuat toan Ant Colony c6 nhitng hd trg tim kiém rat manh mé va to ra khé thich hop v6i nhitng bai toan c6
khong gian tim kiém cyc 16n. Tuy nhién khi 4p dung thudt toan Ant Colony cho bai toan ngudi ban hang thi chi phi van
toan ngudi ban hang. Ching t6i da tién hanh xay dung thir nghiém véi nhidu bo dir lidu dau vao dé so sanh giira thuat toan
cai tién v6i thudt toan Ant Colony nham danh gia mot cach chinh xac va khach quan nhét. Két qua cho thay thuat toan cai
tién ctia nhom chung t6i dé xudt da co cai thién déang ké vé chi phi so véi thuat toan Ant Colony.

Tir khéa: Ant Colony, thudt toan cai tién Ant Colony, bai todn ngudi ban hang.

Abstract

This article proposes a way to improve the Ant Conlony algorithm to assist in finding a shortest path for the Travelling
Salesman Problem. The aim is to find the shortest path for sellers to go through cities and finally return to the starting
point, each city is visited only once, given that all the cities are interconnected and the distances among the cities are
given. There are many algorithms to solve this problem. One of the algorithms that has been studied and proved to be
effective for this problem is the Ant Colony Optimization (ACO). ACO has very strong search support and seems suitable
for problems with extremely large search space. However, when applying ACO to the salesman problem, it is still quite
expensive. Therefore, our team designed an algorithm to improve ACO to find a better solution to the travelling salesman
problem. We have built a test with multiple data sets to compare the proposed algorithm with the ACO to evaluate
accurately and objectively. The results showed that our improved algorithm has significantly improved the cost compared
to ACO.

Keywords: Ant Colony, improved Ant Colony algorithm, Travelling Salesman Problem.

Email: lengocvan2610@gmail.com



12

1. Giéi thi¢u

Ly thuyét vé thuat toan Ant Colony va tng
dung thuat toan da duoc nhiéu tac gia trong
va ngoai nudc nghién cuu. Cac tdc gid Marco
Dorigo, Thomas Stiitzle ¢ truong dai hoc The
MIT Press Cambridge, Massachusetts London
da dua ra cach tiép can va Iy thuyét dé ung dung
thuat toan Ant Colony vao bai toan nguoi ban
hang (TSP) [1]. Trong bai bao cua tac gia Pham
Hong Luan va Duong Thanh Nhan, Tap chi
Phat trién Khoa hoc va Cong nghé (Journal of
Science and Technology Development), ISSN:
1859-0128 da dua ra thuat toan Ant Colony va
ung dung thuat toan vao quan ly chi phi du an
xdy dung [2]. C6 thé néi, nghién ciru 1y thuyét
vé thuat toan Ant Colony di rat hoan thién. Bai
bao nay dé xuat mot cach cai tién thuat toan Ant
Colony dé co thé tim dugc duong di ngan hon
duong di ma thuat toan Ant Colony tim ra.

Ngoai phan gidi thiéu va lich sir nghién ctru
clia van dé ¢ phan 1, phan 2 s& trinh bay vé bai
toan nguoi ban hang va cac giai thuat giai quyét
bai toan. Phan 3 trinh cach cai tién thuat toan Ant
Colony. Két qua nghién ciru va két ludn sé 1a noi
dung cua phan 4.

2. Bai toan nguoi ban hang (TSP) va cac giai
thuit giai quyét bai toan

2.1 Bai toian ngwoi ban hang (Traveling
Salesman Problem)

Bai toan yéu cau tim duong di ngdn nhét cho
nhan vién ban hang (traveling salesman), nhan
vién ban hang xuét phat tir mot thanh phd, di qua
1an luot tat ca cac thanh phd c6 trong 16 trinh duy
nhat mot 1an va quay vé thanh phd ban dau voi
chi phi thap nhat.

Vi du ¢ Hinh 1 bai toan yéu cau tim duong di
ngan nhat cho ngudi ban hang xuat phat tir thanh
phd A va can di qua tat ca cac thanh phd B,C,D
sau d6 quay vé thanh phd A, tit ca cac thanh phd
déu c6 duong di dén cac thanh phd con lai.

Néu nguoi ban hang xuét phat tir thanh phd A,

va khoang cach giita hai thanh phd bét ki da biét
trude thi duong di ngan nhat ma ngudi ban hang
6 thé thuc hién dugc sao cho di hét tat ca cac
thanh phd, mdi thanh phd mot lan dé quay vé lai
thanh phd A ban dau 1a nhu thé nao?

Bai toan nay dugc dé xuit giai quyét vao thé
ky thir XVII boi hai nha todn hoc ngudi Anh 1a Sir
William Rowan Hamilton va Thomas Penyngton
Kirkman, va dugc ghi chép trong gido trinh Ly
thuyét d6 thi ndi tiéng ctia Oxford. Sau d6 bai
toan tré thanh bai toan kho thach thirc toan thé
cac nha toan hoc va tin hoc trén thé gisi boi do
phirc tap thuat toan tang theo ham s6 mii (thudc
16p bai toan NP-kho).

Céac nha khoa hoc bit dau tiép can bai toan,
ding may tinh thir nghiém tinh toan va cong bd
cac két qua giai bai toan nay tir nim 1954 véi s6
thanh phd 13 49, va nam 2004 bai toan giai dugc
v6i sb thanh phd 1a 24.978, va sé luong thanh
phd cang ngay cang ting cao [3].

Hinh 1. Bai toan ngudi ban hang

2.2 Gidi thudt Ant Colony
Bai toan ngudi ban hang hoan toan c6 thé giai
bang giai thuat Ant Colony, thuat toan nay c6 thé
ap dung cho nhiéu 16p bai toan. Dé co thé hiéu
hon vé thuat todn nay ching ta co thé tim hiéu
dic diém hoat dong trong tu nhién cta dan kién
va tir d6 6 thé hiéu hon vé thuat toan Ant Colony.
Trong tu nhién loai kién hoat dong theo quy
luat sau: Khi tim kiém thirc an, trong qué trinh



di chuyén kién thuong dé lai mui riéng ciia né
dé cac con kién trong dan co thé nhan dién ra 15
di chuyén cua chang, mui cua kién dé lai trén
duong di d6 duoc goi 1a pheromone. Pay 1a yéu
t6 giup dan kién danh dau va trao doi thong tin
v6i nhau khi chiing di tim ngudn thic dn. Khi tim
thdy ngudn thirc an, mdi con kién s& di chuyén tir
t6 toi noi c6 ngudn thirc n theo duong di da tim
thy. Tir to kién dén noi c6 thirc dn s& c6 nhiéu
duong di. Vi thé ban dau cac chi kién s& di ngau
nhién theo cac con dudng tir diém xudt phat dén
dich. Tuy nhién, sau mot thoi gian di chuyén
nhét dinh, cac cha kién trong dan s€ tim ra dugc
duong di ngdn nhat tir t6 toi ngudn thirc an. Sau
khi quan sat va nghién ctru hoat dong cua dan
kién trong tu nhién, chiing ta nhan thay rang qua
trinh tim dudng di ngan nhét tir t6 t6i nguodn thic
an dua trén cac quy luat sau:

Khi di chuyén kién s& dung phoremone dé
danh diu va trao d6i thong tin v6i nhau nhim
tim ra duong di ngan nhét tir t6 dén ngudn thirc
an, dong thoi trong qua trinh di chuyén d6 ching
dé lai mot luong mui (phoremone) trén duong
chung di chuyén qua.

Céc con kién di sau s& dya vao lugng mui
ma céc con kién di trude dé lai dé tién hanh tim
duong di cho minh, khi trén duong di chua co
mui dé lai thi ching di chuyén mét cach ngau
nhién, lugng mui dé lai trén duong di ctua cac
con kién di chuyén trudc ciing bi bay hoi theo
thoi gian.

Puong di ndo c6 lugng thong tin mui dé lai
cang nhiéu thi xac suat duoc cac con kién chon
cang cao, nguoc lai dudong di c6 lwong mui thip
thi x4c sudt chon cang thap.

Qua mot qua trinh di chuyén dan kién s& chon
dugc cho minh mot dudng di ngan nhét tir to dén
ngudn thirc an.

Dua vao co ché hoat dong cua dan kién trong
ty nhién ma thuat toan Ant Colony da ra doi.
Thuét toan Ant Colony mo6 phong hoat dong cua
dan kién nhan tao nhu sau: Thuét toan sir dung

13

mot dan kién nhan tao (Artificial Ants) dé mé
phong lai cac hoat dong trong tu nhién ctia dan
kién. Dan kién nhan tao c6 mot s6 diéu chinh vé
mat hoat dong so véi dan kién tu nhién nhim
tang tinh hi¢u qua cua thuat toan. Giai thut nay
cht yéu mo ta hoat dong tim dudng di ngan nhat
ctia cac con kién nhan tao dya vao lugng mui dé
lai trong qua trinh di chuyén cua dan kién. Cu thé
vé hoat dong cua dan kién nhan tao duoc trinh
bay nhu sau: Cho mot d6 thi diy du gdm cac dinh
va canh trong d6 dinh 1a noi kién s& di qua va cac
canh 1a cac doan duong. Nt ban dau cho duong
di cuia mdi con kién dugc chon mdt cach ngau
nhién va thong tin mui (pheromone) dugc tinh
toan va dat trén mdi doan dudong. Mdi con kién
s& chon duong di theo cac nguyén tic:

+ Duya vao thong tin mui dé lai co trén cac
doan duong dé tinh xac suat chon doan dudng
tiép theo va lam dudng di cho con kién.

+ Puodng di c6 lugng mui (pheromone) nhiéu
hon thi s& duoc gan mot xac sudt 16n hon. Nguoc
lai cac doan duong di c6 lugng thong tin mui
thap hon s& c6 xac suat dugc chon thap hon. Con
kién s& tim duong di cho t6i khi hoan thanh mot
duong di cta n6 (thoa min diéu kién dimg cua
con kién).

+ Mot dudng di ddy du va hoan chinh dugc
goi 1a mot 101 giai dung cho bai todn dat ra. Cac
duong di tim dugc s€ dugc phan tich, so sanh va
danh gia dé tim phuong an tdi wu nhét co thé. P6
14 16i giai toi uu ctia bai toan.

+ Sau khi tat ca kién trong dan hoan thanh
viéc tim duong di cua no, ta s€ tién hanh cap nhat
thong tin mui cho cac cung. SO lugng ctia mui s&
duoc tinh toan va diéu chinh dé tim duoc phuong
an tbi uu tot hon:

e Céc 10i giai c6 dudng di ngan hon s& c6 khdi
luong pheromone 16n hon dé dat trén cac cung
da dugc di qua. Nguoc lai, cac 101 giai cho dudong
di dai hon sé& co khdi luong pheromone bé hon.

e Con kién s& chon duong di c6 luong mui 16n
hon va xac suét chon dudng di d6 ciing cao hon.
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Qué trinh nay duoc ldp di lap lai cho dén khi hau
hét cac con kién trong dan kién nhan tao chon
cung mot duong di, va day chinh la 101 giai cua
bai toan.

THUAT TOAN ANT COLONY

kho#i tao sb thanh
vi tri toa d& céc thanh phd,

Input: S6 kién,
phd,
diém xudt phat, khdi tao mui.
Output: Chu trinh dudng di ngén
nhédt tu thanh phd xudt phat qua céc
thanh phd con lai mdét 1lan va quay
vé lai thanh phd ban dau

Method:

Begin:

Bl:Nhap dit 1iéu dau vao: sb kién,
thanh phd,
khodng cach gitta cdc thanh phbd,
diém xudt phat, khoi tao mui.

vi tri toa dbé céac

B2: Xay dung phuong an lua chon
dudng di

B3: Céap nhat mui

B4: Néu chu trinh dudng di 1la
ngdn nhit thi qua B5 nguoc lai
thi quay lai B2

End

3. Giai phap cai tién thuat toan Ant Colony

Trong qua trinh xem xét va tim hiéu vé giai
thuat Ant Colony cho bai todn nguoi ban hang,
chung t6i dt ra van dé liéu rang ¢ cach nao dé
cai tién thuat toan Ant Colony dé duong di tim
duogc ciia cac con kién trong thuat toan ngin hon
khong?

Qua mét qua trinh xem xét va tim hiéu chung
t6i nhan ra rang trén chu trinh duong di ma thuat
toan Ant Colony tim dugc c¢6 nhiitng doan duong
di giao nhau, dua vao d6 ching t6i c6 thé lam
cho cac doan duong di nay ngan hon bang cach
khong lga chon céc doan duong di giao nhau
trong chu trinh duong di tim ra dugc tao ra boi
thuat toan Ant Colony do6.

Ching t61 da dua vao toan hoc dé tim cach

nhén ra hai doan duong di giao nhau va tién hanh
thue hién loai bd nhitng doan duong di giao nhau
do6 dé tao thanh mot chu trinh méi c6 do dai ngin
hon chu trinh ma thuat toan Ant Colony da tim ra.

A D A D

|/

Hinh 2. Chu trinh ¢6 cit nhau va chu trinh cai tién

C B C

Chéng han, vi mot hanh trinh di ¢6 giao nhau
nhu Hinh 2 14 ABCD, chung t6i tién hanh loai bo
nhimg doan duong di giao nhau dé tao chu trinh
méi 14 ACBD c6 do dai ngan hon.

Y tudng cua thuat todn cai tién duoc mo ta
r& hon nhu sau: Gia st nguoi ban hang can di
chuyén theo chu trinh ADB>C>D->A. Nhu
vay theo Hinh 2.1, ta thay tong chiéu dai chu trinh
ngudi d6 can di chuyén 1a AB+BC+CD+DA.

Hinh 2.1

Trong chu trinh di chuyén ta thay c6 hai doan
dudng giao nhau 1a BC va DA.

Viéc nguoi ban hang di chuyén qua hai doan
duong nay vi nguoi ban hang phai di chuyén
theo chu trinh A>B->C>D->A. Bé lam cho
chu trinh di chuyén cta ngudi ban hang ngin
hon nhom chung t6i dé& xuat ngudi ban hang di
chuyén theo chu trinh ADB>D->C>A. Viéc
nay lam cho dudng di cua chu trinh di chuyén
s& ngan hon vi theo toan hoc ta thiy doan dudng
AC+BD<BC+DA.



Diéu niy ta hoan toan c¢6 thé chimg minh dugc
dua vao Hinh 2.2

DA=AO+0OD

BC=BO+0OC

Nén DA+BC=A0+0OD+BO+0C

Trong tam giac AOC thi AC<AO+OC
Trong tam gidac BOD thi BD<BO+OD
Vi vay ta c6 AC+tBD<AO+OC+BO+0OD
Hay AC+BD<DA+BC

= Chu trinh méi ABDCA s& c¢6 chiéu dai
ngin hon chu trinh c¢6 duong di giao nhau
ABCDA ban dau.

3.1. Cac budc xdy dung gidi phap

Buée 1: Xay dung cong thic xac suit lya
chon duong di cho con kién k theo thudt toan Ant
Colony: Chon con kién k trong s6 m con dang &
thanh phé i, chon ngau nhién thanh phd j véi xac
suét pij. Xac suat chon ngiu nhién thanh phd i
dugc tinh theo cong thirc sau:

[ ij (t)] Th] ]ﬁ
ZleN;‘[ il] : [nij]ﬁ

PE(t) = néu j e Nk [4]
Trong do:

Pl-']‘- la xac suit con kién k Iwa chon canbh ij

T;,- la mui cua canh ij,

o 1a hé s0 diéu chinh anh hudng ctia mui T,
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n, = 1/d;1a mui khoi tao ban dau voi d; 1a
khoang cach giita hai thanh phd i,j.

a, f chi ra mic d0 anh huong cua thong tin
ban dau va thong tin khai pha.

+ Duyét qua cac thanh phd j thudc S dua trén
X4c suat pij.

Buée 2: Xay dung thuit toan kiém tra trong
phuong an c6 hai duong di giao nhau hay khong?
Pay 1a phan cai tién co ban ctia nhom chung toi
nham gitp tim ra chu trinh dudng di ngin hon so
v6i thuat todn Ant Colony.

Input: Toa dé 4 diém A,B,C,D
Output: AB c6 giao v&i CD khdng?
Method:
Bl: Kiém tra C,D ndm khac phia so
véi dudng thdng AB
B2: Kiém tra A,B ndm khac phia so
véi dudng thing CD
B3: Néu C,D ndm khac phia so vdi
dudng thdng AB va A,B ndm khéac
phia so v&i dudng thdng CD thi AB
va CD giao nhau thi thuc hién tim
duong di khéng giao nhau thay
thé=>cidp nhat lai chu trinh.

BR4: K&t thuc

Buoc 3: Xay dung cong thuc cdp nhat mui
theo thuat toan Ant Colony

+ Bay hoi mui cac thanh phd khong nam trong
hanh trinh tot nhat:
T,(tHD)=(1-p).T,(0) + Ty(t+ 1) = (1 —p). Ty () + Z AT (1) [4]

Trong d6: p 1a tc d6 bay hoi (0<p<l),
ATl-f (t) 1a lugng mui ting thém bai con kién k
duogc tinh theo cong thurc:
k
po =[O

néu con kién k di qua canh (i, j)
nguoec lai

[4]
+ Gia taing mui cho cac thanh phé nam trong
hanh trinh tt nhat.
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3.2. Nji dung thudt todn cdi tién Ant Colony

Input: S6 kién, khdi tao sé thanh phd,
vi tri toa d& cdc thanh phd, diém xult
phéat, khdi tao mui.
Output: Chu trinh dudng di ngdn nhét
ttt thanh phd xudt phdt qua cac thanh
phé con lai mét 1lan va quay vé lai
thanh phd ban dau
Method:
Begin:
Bl:Nhap dtt liéu dau vao: sb kién,
vi tri toa d6 cac thanh phd, khoang
cach gitta cac thanh phd, diém xuit
phat, khdi tao mui.
B2: X&y dung phuong &an lua chon
dudng di dua theo xac sudt P_ij"k
B3: Néu trong phuong &n lwa chon cé
doan duong di giao nhau thi loai bod
doan dudong di giao nhau, cap nhat
lai chu trinh.

B4: Cép nhéat mui

B5: Néu chu trinh dudng di 1a ngén
nhidt thi qua B5 nguoc lai thi quay
lai B2

End

4. Két qua thwe nghiém va két luin

Nhom chung t61 da xdy dung chuong trinh
thuc nghi€ém va chay chuong trinh thtr nghi¢m
nhu sau:

Buée 1: Khéi tao s6 thanh phd ban dau va tao
duong di ngau nhién gitra cac thanh phd: Cac
diém dén (x,y) duoc tao ngdu nhién trong khong
gian 2D, trong do x, y thudc [0, 1]
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Buée 2: Chay chuong trinh tim duong di ngan
nhit bang giai thuat Ant Colony va ghi nhan
chiéu dai chu trinh duong di thu duoc
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Hinh 4. Chu trinh dudng di do thudt toan Ant Colony tim
ra c6 chiéu dai L=10.6270

Buée 3: Chay chuong trinh tim duong di ngan

nhét bang giai thuat cai tién thuét toan Ant Colony
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Hinh 5. Chu trinh dudng di do thudt toan cai tién Ant
Colony c6 chieu dai L= 9.6540

Buéc 4: So sanh két qua chiéu dai duong di
giita thuat toan Ant Colony va thuat toan cai tién
Ant Colony do nhéom xay dung.

Sau qué trinh chay thu nghiém chuong
trinh nhom chiing t6i ¢4 nhan thiy rang: Viéc
cai tién thuat toan Ant Colony bang cach loai
bo nhitng doan duong di giao nhau va thay
thé bang mot chu trinh dudng di khong giao
nhau thi chu trinh duong di thu duogc tu giai
thuat cai tién do nhoém xay dung c6 do dai
ngin hon. Piéu nay di duoc ching toi thuc



nghiém nhiéu 1an va cho két qua kha quan.
Bang so sanh va danh gia chiéu dai thuc hién
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thuat toan cai tién do nhom cai dat va thuat
toan Ant Colony nhu sau:

Bang 1. Bang két qua danh gia giira thuét toan Ant Colony va thuét toan cai tién Ant Colony

STT | Sé thanh phd | Chiéu dai dudng di tim duge béi | Chiéu dai duong di tim duge boi | Ty 1€ % cai thién
thuat toan Ant Colony thudt toan cai tien Ant Colony
1 10 36.054 35.531 1.45
2 100 90.599 87.023 3.95
3 150 106.601 101.869 4.44
4 200 122.123 115.679 5.28
5 250 134.874 127.367 5.58

M&i bo dir liéu trong bang déu duoc tién hanh
chay 10 lan thuat toan Ant Colony va thudt toan
cai tién Ant Colony trén cing mot may tinh
Intel(R) Core(TM) i5-4210U CPU 1.7 Hz, RAM
4.0GB. Két qua vé doan duong di chuyén trung
binh ctia ngudi ban hang trong hai thuat toan
dugc dua ra trong Bang 1.

Qua dir liéu ctia Bang 1 ta thay viéc sir dung
thuat toan cai tién thuat toan Ant Colony da gitip
giam dang ké duong di cho nguoi ban hang. Gia
str don vi tinh ctia duong di gitra cac thanh phé 1a
km thi theo bang s6 liéu ta c6: Truong hop ngudi
ban hang di chuyén qua 10 thanh phd thi s6 km
giam dugc 13 36.054 - 35.531 = 523 km. Néu
tang s6 thanh ph 1én 100 thi doan dudng giam
duoc 12 90.599 - 87.023 = 3.576 km. Truong hop
nguodi ban hang di chuyén qua 150 thanh phd thi
s6 km giam dugc 1a 106.601 - 101.869 = 4.732
km. Trudng hop sd thanh phd tang 1én 200 thi sb
km giam duoc khi ngudi ban hang di chuyén 1a
122.123 - 115.679 = 6.444 km. S km cang dugc
giam nhiéu hon khi sb thanh phd 1a 250, cu thé:
134.874 - 127.367 = 7.507 km.

Tir viéc phén tich bang s liéu két qua & Bang
1 ta thay s6 thanh phd cang tang thi ty 18 cai thién
duong di cua thuat toan cai tién Ant Colony do
nhom chiing t6i dé xuit cang ting, dong thdi qua
d6 cho thay thuat toan Ant Colony van con nhuoc
diém la dua ra phuong an dudng di ¢6 10 trinh con
dai cho ngudi ban hang. Dic biét khi s thanh phd
trong 16 trinh cang ting thi nhuoc diém vé chi phi
duong di cua thudt toan Ant Colony cang thé hién

13, trong khi d6 néu sb thanh phd trong 16 trinh
cang ting cao thi thudt todn cai tién Ant Colony
cang thé hién tinh wu viét vuot trdi ciia nd va dugce

thé hién ro trong cOt ty 1€ % cai thién ctia Bang 1.

5. Két ludn

Bai bao da d& xuit duoc giai thuat cai tién thuat
toan Ant Colony dé tim dugc dudng di ngan hon
cho bai toan nguoi ban hang, xay dung chuong
trinh hoan chinh &p dung cho giai thuat d6. Thuat
toan cai tién thuat toan Ant Colony dugc mo ta

& muc 3.2. Két qua chay chuong trinh do nhom

xay dung trén nhidu bai toan thiét k& cho thay tinh

dung dén cua giai phap dé xuat va tinh hiéu qua vé
mat chi phi duong di so vdi thuat toan Ant Colony.
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