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Muc tiéu chinh ctia nghién ctru nay la tim ra gidi phap cho cin dé Pinh tuyén xe béng cach
st dung cac thuat toan di truyén. Bai toan Dinh tuyén xe (Vehicle Routing Problem - VRP) la
mot bai toan tdi wu héa td hop phirc tap thudc Iép NP - day di (nondeterministic polynomial
- complete). Vehicle Routing Problem |4 mét van dé toan hoc, va dé bai gbc clia bai toan nay
g6i gon trong cau hdi: “Lam thé nao dé tao ra mot 16 trinh tdi wu cho moét ddi xe giao hang téi
mot lwong khach hang c6 s8n?”. Bai bao nghién clru thuat toan di truyén va ky thuat tim
kiém Tabu dé tim ra giai phap ding hodc gan dung dén cac van dé ti wu hoa va tim kiém dé
giai bai toan Dinh tuyén xe.

Bai toan dinh tuyén xe (VRP), thuat toan di truyén, thuat toan tim kiém Tabu.

The main objective of this research is to find a solution to the Vehicle Routing Problem using
genetic algorithms. Vehicle Routing Problem (VRP) is a complex combinatorial optimization
problem of class NP-complete. The Vehicle Routing Problem is a math problem, and the
original problem of this problem is encapsulated in the question: “How to create an optimal
route for a fleet of vehicles to deliver to an existing customer?". The article studies genetic
algorithms and search techniques to find the correct or approximate solutions to
optimization and search problems to solve vehicle routing problems.

Vehicle Routing Problem (VRP), Genetic Algorithm, Tabu search.

1. GIOI THIEU

C6 thé phét biéu bai toan VRP co ban mot
cach don gian nhu sau: C6 moét tap hop M xe
gidng nhau ciing xut phét tai mot kho hang di
lam nhiém vu giao hang cho N khach hang,
mdi khach hang doi hoi cung cap mot luong
hang nhat dinh. Y&u cau dit ra cua bai toan 1a
tim duong di ngin nhit cho M xe dap tng
dugc tat ca cac doi hoi ciia khach hang [1].

Vehicle Routing Problem bit ngudn tir nam

1959 khi George Dantzig va John Ramser
[2][3] thiét Iap cong thirc toan hoc va phuong

phap tiép can bang thuat todn dé giai quyét
van dé cung cip xing dau cho céc tram dich
vu. Nam 1964, Clarke va Wright di cai tién
cach giai cua Dantzig va Ramser bang céch sir
dung mot cach tiép can khac, duoc goi I
thuat toan tiét kiem. Tir d6 thi sy quan tam
dén VRP da duoc mé rong tir mot nhom cac
nha todn hoc sang pham vi rong cac nha
nghién ctu va cac nha thyc hanh, tu cac
nganh khac nhau, trong nhiéu linh vuc

Cac phuong phap giai chinh xac dam bao loi
giai t6i wu s& dugc tim thay trong mot khoang
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thoi gian httu han. Tuy nhién, thoi gian chay
ctia no trong trudng hop tét nhat 1 rét 16n, do
do 16p thuat todn nay chi giai duoc nhirng bai
toan c6 kich thudc nho hodc via nhu thuat
toan nhanh can (brand and bound) [4], thuat
toan sinh cot [5],...

Céc phuong phap gan ding gom céc giai thuat
cho chat luong 16 giai gan voi 1o giai toi vu
nhu nhom céac giai thuat heuristic ¢ dién,
nhém cac giai thuat tim kiém cuc bo va nhém
cac giai thuat metaheuristic [6],[7]. Mot trong
s6 chung la giai thuat tim kiém Tabu Seach, 1a
mot giai thuat metaheuristic cung cdp mot
phuong phap kinh nghiém cuc b dé kham
pha khong gian giai phap ngoai mirc téi wu
cuc bo.

Trong thuét todn nay, tir mot loi giai ban dau,
tim kiém Tabu s& lap lai qua trinh tim kiém
nham cai thién dan 10i giai tét nhat hién co.
Tai mdi budc lap, thuat toan s& duyét trong
mot mién 1an can (hodc toan bo 1an can cua
loi giai dé chon ra 10i giai tot nhat, 16i giai nay
s& thay thé cho loi giai hién tai ¢ budc lap ké
tiép. Mdi loi giai trong 1an can cua 10 giai
hién tai duoc goi la mot 1an can cuaa loi giai
hién tai. Qua trinh tac dong Ién loi giai hién
tai dé bién n6 thanh mot 1an can cua 10i giai
hién tai duoc goi 1a mot budc chuyén (move).
Giai thuat tim kiém Tabu cé cac thanh
phan chinh nhw sau:

Tao loi gidi ban dau:

Loi giai ban dau co thé dugc khoi tao bang
mot heuristic don gian hodc phuong phap
ngau nhién.

Chon mién 1an cdn

Tay thudc vao khdng gian tim kiém cua bai
toan ma c6 cac cach thac chon mién 1an can
phu hop. Thuong thi hai cach thic sau dugc
sir dung: Thir nhat & xét toan bo 1an can cua

loi giai hién tai va tir ¢ chon ra 10i giai tét
nhat; cach nay s& khdng hiéu qua khi sé luong
lan can cua loi giai 1a du 16n. Thi hai la xét
mot tap con lan can ngau nhién cua loi giai
hién tai (trong bai bado nay chung téi stir dung
cach tha hai nay).

Chon lan can

Néu budc chuyén tt nhat trong mién 1an can
cd thé cai thién dugc Ky luc thi tit nhién budc
chuyén d6 s& dugc chon, nguoc lai thi budc
chuyén d6 s& duoc chon véi Xac suat p nao do,
néu sau phép thir X4 suat ma budc chuyén
nay van khong duoc chon thi s& chuyén sang
thuc hién budc lap tiép theo voi 1oi giai hién
tai duoc giltr nguyén.

Tiéu chudn mong doi

Mot van dé cd thé xay ra la mot buge chuyén
du dang bi cdm nhung né lai c6 kha nang cai
thién ky luc; do dé dé tranh bo sot cac bude
chuyén tét nay, thuat toan tim kiém Tabu dua
ra khéai niém tiéu chuan mong doi (aspiration
criteria). Tiéu chuan mong doi thudng duoc
&p dung la: Néu mot bude chuyén Tabu co thé
cai thién duoc Ky luc thi budc chuyén nay van
duoc chon va né sé duoc loai khoi danh sach
Tabu.

Chién lirgc bé sung

Nhim nang cao chat luong tim kiém, thuat
toan tim kiém TABU dua ra hai chién luoc
tim kiém bo sung 1a: chién luoc da dang hoa
va chién luoc ting cuong hoa.

» Pa dang hoa loi giai (diversifying)

Muc dich cua viéc da dang hoa 1a hudng dén
nhitng mién khong gian tim kiém méi. C6 thé
thuc hién viéc da dang héa 1oi giai bang cach
cho x40 tron ngau nhién mot s phan tir cua
|0 gii.

» Tang cuong hda loi giai (intensifying)
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Muc dich cua viéc tang cuong hoa la tap trung
tim kiém sau hon & nhiing ving khéng gian
tim kiém c6 trién vong chua loi giai tét. Co
thé thuc hién viéc ting cuong héa 1oi giai
bang cach 1a: Néu sau mot sé budc 1ap nhat
dinh ma ky luc van khong duoc cai thién; khi
d6 qué trinh tim kiém TABU s& duoc khoi
dong lai véi 161 giai ban dau chinh 12 1oi giai
ung vai ky luc.

2. MO HINH TOAN HOC

Bai toan VRP duoc biéu dién boi mot tap V
cac xe van chuyén, mot tap C cac khach hang
va mot dd thi c6 husng G. Bo thi G ¢6 |C[+2
dinh, cac khach hang la cac dinh tur 1, 2,..., n;
dinh 0 biéu thi kho xuét phat va dinh n+1 biéu
dién cho kho két thuc. Tap A cac cung do thi
biéu dién két ndi kho véi khach hang va giia
khach hang vai nhau. Mdi cung (i, j) c6 gia tri
chi phi c;j. Mdi khach hang i c6 nhu cau di.
Mot 19 trinh bat dau tir kho xuat phat, di qua
mot sb khach hang va két thic tai kho hang
két thiic, mdi khach hang dwoc mot xe phuc
vu. Muc tiéu cua bai toan la tim mot phuong
an diéu doi xe hop 1y dé giao hang téi tat ca
cac khach hang sao cho tong chi phi 1a nho
nhat.

Mo hinh toan hoc cua bai toan nhu sau, gia
su:

n: tong sé khach hang can phuc vu;

K: tong s6 chuyén xe;

N={0, 1, ...,n+1}: tap cac dinh caa db thi;
V ={0, 1, .., K}: tap cac xe van chuyén;
C=1{1,2,...,n}: tap cac khach hang;

cij: chi phi di tir i dén j;

g: suc chura cia mat xe;

di: nhu cau tai nat i.

Khi d6 ta c6 cac bién trong mé hinh:

Xijk: biéu dién xem mot xe thtr k c6 di tir khach

hang i dén khach hang j khéng véi
_ { 1 néu xe thir k di tir { dén j
Fik ™ 10 véi cac trwong hop con lai
trong do i,jeN, keV
yik. biéu dién khach hang i co6 duoc xe k phuc
vu khong vaéi
1 néu xe thir k di dén i

Yie = {IJ véi cac trwdmg hop con lai

trong d6 ieN, keV

Ham muc tiéu cua bai toan:

min > > CiXi

ieN jeN keV

Céc rang bugc cua bai toan:

DX =Y VieN, keK 1)
Do D Xie =1V €C (2)
DXk~ 2 Xk =0VjeC, keK  (3)
D aYi*dj<a vkeK (4)

Yo =1 keK (5)

X =0 vkeK (6)
DKy =1 VkeK )
ZjeN X =0 VkeK 8)

trong d6: (1) biéu dién méi lién hé gitta x va y.
(2), (3): dam bao mdi khach dugc mot xe
phuc vu. (4) dam bao sic chira mot xe. (5), (6),
(7), (8) dam bao moi 16 trinh déu bit dau va
két thic tai kho

Viéc mo hinh hoa bai toan VRP dugc nghién
ctu bai nhiéu tac gia va da duogc trinh bay chi
tiét trong cac bai béo [8], [9], [9], [10].

3. THUAT TOAN TABU SEARCH GIAI BAI
TOAN VRP

Cac tham s6 chinh can thiét dé chay thuat toan
Tabu Search duoc tom tat trong hinh 1.
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Hinh 1. Thanh phan caa Tabu Search

3.1. Khdng gian tim kiém

Trong bai toan nay, khéng gian tim kiém bao
gom tat ca cac tuyén kha thi thoa man tat ca
cac rang budc da cho da néu trudc do trong
cbng thac caa bai bao.

3.2. CAu trlGc cta vung lan can

CAu tric vung 1an can duoc tao ra bang cach
&p dung “di chuyén” cho giai phap hién tai xt
tai mdi lan lap, tir d6 tao ving lan can N(xt)
trong khong gian tim kiém.

Bai bao str dung cau tric lan can nhu sau: Di
chuyén mot khach hang tai mdi lan lap lai tir
mot tuyén duong va dat khach hang sau vao
mot tuyén duong khac hoic mét noi nao do
khéc trong cing mot tuyén duong. Vi du:
trong so dd bén dudi, khach hang 2 da duoc di
chuyén khai vi tri hién tai (gitra khach hang 1
va khach hang 3) va da duoc chén vao gitra
khach hang 3 va 4 (hinh 2).

L | ————

w9 —9—0—0 =

Hinh 2. C4u tric viing lan can
3.3. Tabu Move

“Tabu Move” la tinh nang co ban cua Tabu

Search gitp phan biét n6 véi Tim kiém cuc bo.
Trén thuc té, "Tabus" duoc sir dung dé ngin
chan viéc di chuyén khoi t6i uu hoa cuc bo
thong qua cac budc di chuyén khéng cai thién
(Brasssy va cong su 2001) [11].

Vi du: néu khach hang 2 da dugc chuyén tir
tuyén 1 va dugc dit trong tuyén 2, viéc
chuyén khéach hang 2 tro lai tuyén 1 c6 thé
dugc khai bao Tabu cho maot sé 1an lap.

' ©
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Hinh 3. Tabu move

Quyén so hitu Tabu trén thyuc té dé cap dén sé
1an lap lai ma mot nude di duoc khai bao Tabu.
“Tabu move” dugc luu trit trong cau trac bo
nhé ngin han dugc goi la danh sach Tabu.
Viéc luu trit ndy c6 thé dugc thuc hién theo
maot s6 cach, cu thé 1a:

1. Ghi giai phap hoan chinh;
2. Ghi lai mot s6 phép bién ddi cudi cung

dugc thuc hién trén giai phap hién tai va ngan
chin cac phép bién d6i nguoc lai.

3.4. Tiéu chuan mong doi

Theo Brasssy va cong su (2001) [11], mét tiéu
chuan mong doi 1a mot thuat toan cho phép
nguoi ta hiy bé “Tabu move”. Tiéu chuan
mong doi don gian nhat lién quan dén viéc
cho phép di chuyén, mic du 1a “Tabu move”,
néu n6 dan dén maot giai phap co gia tri muc
tiéu 16n hon so vai giai phap tét nhat hién tai.

3.5. biéu kién dirng

O mot sb giai doan, quéa trinh tim kiém lap di
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lip lai phai két thuc. Trong thuat toan Tim
kiém Tabu, c6 mot sé céch dé két thic qué
trinh tim kiém, chang han:

= Sau mot s6 lan lap cé dinh.

= Sau mot sb 1an lap lai ma khdng cé su cai
thién trong gia tri ham muc tiéu.

= Khi vat kinh dat d&én gia tri ngudng duoc
chi dinh truéc.

Nhu vay, thuat todn Tabu Search giai bai toan
VRP duoc thé hién nhu sau:

Budc 1: Khai tao 16i giai ban dau i trong tap S,
gani*=ivak=0;

Budc 2: Gan k = k +1 va tao ra mét tap con
V* cua giai phap N(i,k) sao cho moét trong cac
diéu kién Tabu bi vi pham hoic it nhat mot
trong cac “tiéu chuan mong doi” duoc thoa
man;

Budc 3: Chon chi sé j tét nhat trong V* va
gani=j;

Budc 4: Néu f(i) < f(i*) va gan i* = I;

Budgc 5: Cap nhat Tabu va “tiéu chuan mong

b b

doi”;
Bu6c 6: Néu thoa man “diéu kién dimg” thi
dirng lai, nguoc lai thi chuyén quay lai buéc 2.
Trong do:

i, j: chi s6 cua giai phép;

k: chi s6 lap lai;

V*: tap con cua giai phap;

N(i,k): 1&n can cua giai phap i ¢ vong lap k;
f(i): gi& tri ham muyc tiéu cho giai phép i.

4. THU’ NGHIEM VA DPANH GIA THUAT
TOAN

Duéi day, thuat toan Tabu duogc cai dit bang
ngdn ngir 1ap trinh R. Chwong trinh duoc viét
va bién dich trén Rstudio 1.4.1717 va chay

trén may tinh c& nhan Core i7-E7440 4600U
2.7GHz 8G RAM. Sau khi khéi dong RStudio,
chon project la CVRP_NCKH.

Ham danh gia:

evaluation_ func (move_value, frequency,
Tabu_time_left)=

move value + k1 * frequency + k2 *
Tabu_time_left

Trong do:

L = itj_.iter'. abs{maxmov ey 1)), néu freq = avgfreg
L= €. abs(move, .. nEU freq < avgireq

0 néu move 13 Tabu

ke = itg. absimove, ;0. néu move khéng 13 Tabu

Trong do:

k1, k2: hé s6 anh huong cua viéc di chuyén
tan suat va thoi gian con lai cua di trong trong
Tabu

cl, c2, ¢3: 1a cac hé thé thuc nghiém lan luot
twong tng la 10; 0,01 va 0,01

Cac thdng sb cau hinh cho thuat toan duoc
thiét lap nhu sau:

= S xe sir dung 50 xe;
= Chi phi stir dung mot xe 14 200.
Két qua thuc nghiém cho I = 10:

Hiéu qua cua céc thuat toan Tabu phu thudc
vao khoi tao quan thé va cac chién lugc bo
sung trong Tabu. Két qua c6 duoc khi so sanh
thuc nghiém Tabu véi s liéu tham khao trén
website

https://www.sintef.no/projectweb/top/vrptw/so
lomon-benchmark/100-customers/ [12], chi
tiét duoc thé hién trong bang 1.

Trong bang 1, cot dau thé hién 4 nhém mau
dir liéu véi cac bo dir liéu tiéu chuan sé lugng
khach hang lan luot 1a 100, 200, 300, 400
khéch hang. Véi két qua thuc nghiém, vai dix
liéu khach hang tir 300 khach hang dén 400
khéch hang, thuat toan Tabu cho két qua tot
hon.
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Bang 1. So sanh két qua trung binh 5. KET LUAN
gitra cac 1an thwe nghiém

Céc thuat toan Tabu Search cung cap mot

Phicong phdp Kétqua | Chuong trinh | cach tiép can rat tha vi dé giai quyét cac van
Mdéu tot nhat TABU dé khong thé &p dung mot phuong phap chinh
R1 12.00 36.00 xac. Bai bdo da trinh bay rd thém céac kién
1217.73 3070.24 thirc co ban Dinh tuyén xe, 1am r6 thuat toan
R2 2.13 Tabu Search va tién hanh thuc nghiém véi bo
967.75 ~ 1ia A . 2
dir ligu dugc phan loai cu the.
c1 10.00 )
828.38 Viéc tang cac giai thuat heuristic va két hop
c2 3.00 16.78 c4c giai thuat tim kiém trong cac qué trinh 13
589.68 1985.25 huéng nghién ciu tiép theo cua bai bao.

(1]
(2]
(3]
(4]

(5]

(6]

(7]

(8]

9]

(10]

(11]
(12]
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