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Muc tiéu chinh clia nghién ciru nay 1a tim ra gidi phap cho van dé dinh tuyén xe bang cach
st dung cac thuat toan di truyén két hop véi thuat toan phan cum K-Means. Bai toan dinh
tuyén xe (Vehicle Routing Problem -VRP) la mét bai toan ti wu héa td hop phirc tap thudc
I&p NP-day du (nondeterministic polynomial -complete). Giai bai toan dinh tuyén xe la giai
bai toan t6i wu hoa té hop nhdm tim ra 16 trinh ti wu cho mot ddi xe phan phéi hang hoa tw
kho dén nhiéu dia diém khach hang, sao cho chi phi di chuyén la thap nhat, déng thai tuan
tha cac rang budc vé thdi gian va stre chiva clia xe. Bai bao nghién ctru thuat toan di truyén
va k¥ thuat phan cum K-Means dé tim ra giai phap dung hodc gan dung dén cac van dé toi
wu hoéa va tim kiém dé giai bai toan dinh tuyén xe.

Vehicle Routing Problem (VRP), genetic algorithm, kmeans, ga-k-means.

The main objective of this research is to find a solution to the Vehicle Routing Problem using
genetic algorithms combined with K-Means clustering algorithm. Vehicle Routing Problem
(VRP) is a complex combinatorial optimization problem of class NP-complete. Solving the
vehicle routing problem is solving a combinatorial optimization problem to find the optimal
route for a fleet of vehicles to distribute goods from warehouses to multiple customer
locations, so that travel costs are lowest and at the same time. comply with time and vehicle
capacity constraints. The article studies genetic algorithms and K-Means clustering
technique to find the correct or approximate solutions to optimization and search problems
to solve vehicle routing problems.

Vehicle Routing Problem (VRP), genetic algorithm, k-means.

1. GIOI THIEU

C6 thé phat biéu bai toan dinh tuyén xe
(Vehicle Routing Problem — VRP) mot cach
co ban nhu sau: C6 mét tap hop K xe giéng
nhau cling xuat phét tai mot kho hang di lam
nhiém vu giao hang cho N khéach hang, moi
khach hang (khach hang c6 vi tri dia Iy cu thé)
c6 cac rang budc nhit dinh: vé& nhu cau giao
hang va thoi gian nhan hang cho trudc. Yéu
cau dat ra cua bai toan 13 tim dudng di ngin
nhat cho K xe dap tmg duoc tat ca cac doi hoi

cua khéach hang [1].

Bai toan dinh tuyén xe bat nguén tir nam 1959
khi George Dantzig va John Ramser [2], [3]
thiét 1ap cong thic toan hoc va phuong phap
tiép can bang thuat toan dé giai quyét van dé
cung cap xang dau cho cac tram dich vy. Nam
1964, Clarke va Wright di cai tién cach giai
cua Dantzig va Ramser bing cach sir dung
mét cach tiép can khac, dugc goi la thuat toan
tiét kiém. Tir d6 thi sy quan tdm dén VRP da
dugc ma rong tir mot nhdm cac nha toan hoc
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sang pham vi rong cac nha nghién ctru va cac
nha thuc hanh, tir cac nganh khac nhau, trong
nhiéu linh vuc

Céc phuong phap giai chinh xac dam bao loi
giai toi wu s& duoc tim thiy trong mot khoang
thoi gian hitu han. Tuy nhién, thoi gian chay
ctia né trong trudng hop tét nhat 1 rat 16n, do
do6 16p thuat toan nay chi giai dugc nhitng bai
toan c6 kich thudc nho hodc vira nhu thuét
toan nhanh can (brand and bound) [4], thuat
toan sinh cot [5],...

Thuat toan di truyén (GA) gilp giai quyét bai
toan t6i wu hod tuyén dudng mot cach nhanh
chong. Nghién cau caa Philip [6] sur dung
thuat toan di truyén cho 16 trinh phan phdi
hang hoé; nghién ctu cia Mnasri [7] t6i uu
hoa trong bai toan dinh tuyén xe véi rang
buoc cira so thoi gian (VRPTW: V\ehicle
Routing Problem Time Window) bang cach
cai tién trao d6i chéo trong GA dan dén tuyén
duong tét nhat va chi phi toi thiéu.

Do chi phi qua tuyén mét lan nén dé phuc vu
duoc nhiéu khach hang, phan loai khach hang
theo marc d§ wu tién, phuong phap phan cum
K-Means la lua chon hiéu qua cé giai phap
nhanh chong [12], [13], [14].

Trong tdm cua nghién ctu nay 1a giai quyét
van dé phirc tap cia VRPTW bang céch két
hop GA va phuong phép phan cum K-Means
trong d6 K-Means thuc hién phan cum theo
khu vuce dia ly cua khach hang

Giai thuit di truyén GA:

Thuat toan di truyén 1a ki thuat toi uu hoa
ngau nhién dya trén thuyét tién hoad cua
Darwin. Thuat toan di truyén gdm viéc biéu
didn nhiém sic thé, xay dung quan thé, tinh
do thich nghi, str dung lya chon, lai ghép va
dot bién dé sinh san thi duoc cac ca thé mai

Céc budc chinh cua thuét toan di truyén dugc

thé hién bang hinh 1.

Khéi tao quan thé

|

Lwa chon

v

Trao ddi chéo

v

Dot bién
|

Hinh 1. Cac bwéc cua thuat toan di truyén

Diéu kién
dirng

Ky thuat phan cum K-Means:

Phan cum K-Means la thuat toan khéng gidm
sat dugc st dung dé phan cum cac d6i tuong
khac nhau thanh cac cum. Mot cum la tap hop
cac dbi twong dir liéu déng nhat trong mot
cum va khong dong nhat véi doi tuong trong
cum khac

Thuat todn K-Means c6 thé duoc biéu dién
bai hinh 2.

Dan nhan
s0 lwgng cum

i
3

Y

[ Thiét 1ap tam cym ]

r Y ™y
Xac dinh khodng
cach méi déi tuong
t&vi tAm cum

héng c6 doi twgny
nao thay déi cum

J

p Y .
Nhom cac doi twong
theo khodng cach tbi

thiéu

e

Hinh 2. Cac bwéc cua thuat toan K-Means

2. MO HINH TOAN HOC

Bai toan VRP duoc biéu dién boi mot tap V
c4c xe van chuyén, mot tap C cac khéach hang
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va mot do thi c6 hudng G. D6 thi G ¢c6 |C|+2
dinh, cac khach hang la cac dinh tir 1, 2,..., n;
dinh 0 biéu thi kho xuat phat va dinh n+1 biéu
dign cho kho két thic. Tap A cac cung db thi
biéu didn két ndi kho voi khach hang va giira
khach hang véi nhau. Mbi cung (i, j) c6 gid tri
chi phi cjj, (trong bai bao nay, chi phi gitra hai
khach hang la d¢ dai quang duong cua hai
khach hang d6). M&i khach hang i ¢ nhu cau
di. Mot 16 trinh bat dau tir kho xuat phat, di
qua mot sé khach hang va két thac tai kho
hang két thic, mdi khach hang dwgc mot xe
phuc vu. Muc tiéu caa bai todn la tim mét
phuong an diéu doi xe hop 1y dé giao hang téi
tat ca cac khach hang sao cho tong chi phi la
nho nhat.

M hinh toén 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 cua d6 thi;
V ={0, 1, .., K}: Tap c4c xe van chuyén;
C=1{1,2,...,n}: Tap cac khach hang;
cij: Chi phi di tir i dén j;
g: Strc chira cia mot xe;
di: Nhu cau tai nat i.
Khi d6 ta c6 cac bién trong md hinh:
xijk: biéu dién xem mot xe thir k c6 di tir khach
hang i dén khach hang j khong voi
v = { 1 néu xe thir k di tir { dén j

K 0 voi cac trwdng hop con lai
trongdo i, j € N,k eV.
yik: biéu dién khéach hang i co duoc xe k phuc
vu khong vai

1 néu xe thir k di dén i
Vi = y . s . . ,
- 0 v&i cac trwdng hop con lai

trong do ij € N, k eV.
Ham muc tiéu cua bai toan:

min> > > X

ieN jeN keN

Céc rang budc cua bai toén:

ZiéN Xj = Yy €N, keN 1)
ZieN ZKEN Xijk :1VJ € C (2)
Do Xk~ iy X =0 VieCkeK  (3)
ZjeNyjK.dqu vk eK )
D Xox =1 VkeK (5)
DX =0 VkeK (6)
ZieN Xk =1 vkeK (1)
Z,-EN Xnpj =0 VkeK (8)

trong dé: (1) biéu dién méi lién hé gitra x va y.
(2), (3): dam bao mdi khach dugc mot xe
phuc vu. (4) dam bao sac chira mot xe. (5), (6),
(7), (8) dam bao moi 16 trinh déu bit dau va
két thuc 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], [10].

3. THUAT TOAN GA-KMeans GIAI BAI
TOAN VRP

Cac tham s6 chinh can thiét dé chay thuat toan
GA-K-Means dugc thé hién boi cac budc:
Biéu dién nhiém séc thé, tinh gia tri ham muc
tidu, lua chon, lai ghép va dot bién, trong d6
K-Means dugc 4p dung trong khoi tao quan
thé theo nhém cum dia ly.

3.1. Biéu dién nhiém sac thé

MJ3i mot nhidm sic thé 1a chudi K doan (voi
K 1a s6 xe hay s6 cum ban dau), mdi doan la
thir tw cac khach hang can chim soc trong
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cum tuong ung da dugc phén cum theo
khoang cach dia ly, cu tric caa nhidm sic thé
dugc minh hoa trong hinh 3: ¢6 9 khach hang
trai trén 3 cum tng véi 3 xe; cum 1 gdm xe 1
phuc vu lan luot khéch hang 1, 2, 5, 4, 6; cum
2 tng xe 2 phuc vu khéch hang 3 va 7; cum 3
ung xe 3 phuc vu khéch hang 8 va 9.

k| 1 | 2 [ s [ 4] 6 3 7 8 9
Nt 1 1 2 | s [ 4 | & 3 7 8 9
Cum 1 Cum 2 Cum 3

Hinh 3. Minh hoa mét nhiém sac thé

3.2. Gia tri ham do thich nghi

Gia tri do thich nghi I tong chi phi cua tit ca
cac Xe trong tat ca cac cum dia ly.

3.3. Lai ghép

Lai ghép la qué trinh sinh san dua trén 2
nhim sic thé c6 sin dé tao ra nhiém sic thé
méi ¢6 gia tri thé luc tot hon. Sau khi cha me
duoc chon thi chon gen cit ngiu nhién dé
duoc nhiém sic thé con. Qua trinh lai ghép
duoc minh hoa nhu hinh 4:

NST1 1 2 5 4 6 3 7 8 9
NST2 1 2 5 4 6 3 7 8 9
NSTcon| 4 6 1 2 5 3 1 8 9

Cum 1 Cum 2 Cum 3

Hinh 4. Qua trinh va két qua lai ghép

3.4. Dot bién

Thuat toan st dung ky thuat dot bién trao doi:
Nhiém sic thé bd me duoc chon, st dung dot
bién gen ngau nhién: dé tao duoc nhiém sic
thé méi (hinh 5).

] 1 [ 2 T s T a6 3T 1o
NSTeon | 2 3 1 6 5 7 8 9

Cum 1 Cum 2 Cum 3

Hinh 5. Qua trinh va két qua dat bién

3.5. Lwa chon

Phuong phap lya chon hoat dong dua trén

sang loc gia tri do thich nghi trén cac nhiém
sac thé.
3.5. Diéu kién dirng

O mét s6 giai doan, qua trinh tim kiém lap di
lap lai phai két thGc. Trong thuat toan
GA-K-Means, c6 mdt sé cach dé két thac,
chang han:

= Sau mot s6 lan lap cé dinh.

= Sau mot sb 1an lap lai ma khdng c6 sy cai
thién trong gia tri ham muc tiéu.

= Khi gia tri ham muc tiéu dat dén gia tri
ngudng duoc chi dinh trudc.

Nhu vay, thuat toan GA-KMeans giai bai toan
VRP duoc thé hién nhu sau:

Budc 1:Thiét 1ap s6 xe (K) tng s6 cum

Thuc hién phan K cum véi K xe

Khai tao 1oi giai ban dau

Budc 2: Khoi tao quan thé

= Sip thtr tu khoang cach cac khéach hang
trén moi cum theo ting xe

= Tinh d¢ thich nghi ban dau

Budc 3: Thuc hién lai ghép 2 ca thé

Buéc 4: Thuc hién dot bién ca thé

Budc 5: Lya chon céc ca thé trong quan thé
dua trén do thich nghi

Budc 6: Néu thoa man “diéu kién dung” thi
dirng lai, nguoc lai thi chuyén quay lai buéc 3

4. THO NGHIEM VA PANH GIA THUAT
TOAN

Duéi day, thuat todn GA-K-Means dugc cai
dat bang ngbn ngir lap trinh Python 3.0.
Chuong trinh dwoc viét va bién dich trén
Colab. Dir liéu duoc thuc nghiém trén bo dir
liéu Solomon [11].
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CAc thong sb cua thuat toan dwge cai dit nhu
Sau:

= Kich thudc téi da quan thé: 250;
= S lugng thé hé téi da: 100;

= XA&c suat trao ddi chéo: 80%;

= X&c suat dot bién téi da: 18%;

= Tai trong cua xe: 200;

=S4 xe sir dung t6i da: 20 xe.

Hiéu qua cua cac thuat todn phu thudc vao
khoi tao quan thé va xac suit trao doi chéo,
X4C suat dot bién. Két qua c6 duoc khi so sanh
thuc nghiém GA-K-Means véi sé liéu tham
khao trén website
https://www.sintef.no/projectweb/top/vrptw/2
00-customers/ [11] &p dung vdéi giai thuat
GA truyén thdng, chi tiét dugc thé hién trong
bang 1.

Trong bang 1, cot dau thé hién 4 nhém mau
dix liéu voi cac bo dir liéu tiéu chuan sé lugng
khach hang lan luot 1a 100, 200, 300, 400
khéch hang; cot 2 la gia tri toi wu ma giai
phap dat duoc (Fitness: gia tri ham muc tiéu),
cot 3: 1a trung binh thai gian thyuc hién két qua
thuc nghiém. Vi két qua thuc nghiém, voi di

liéu khach hang tir 300 khach hang dén 400
khach hang, thuat toan GA-K-Means cho két
qua tét hon.

Bang 1. So sanh két qua trung binh
gitba cac l1an thwe nghiém

KH Fitness Thei gian tinh todn (s)
(GA/GA-K-Means) (GA/GA-K-Means)
100 649/673 1105/768
200 1706/1389 2300/1520
300 5804/3602 3010/2212
400 8571/6086 3900/2841
5. KET LUAN

Thuat toan két hop GA-K-Means cung cap
mot céch tiép can rat thi vi dé giai quyét cac
van dé khong thé ap dung mot phuong phap
chinh x&c va phuc tap trong mic do uu tién
theo cym. Bai bao da trinh bay rd thém cac
kién thtrc co ban dinh tuyén xe, l1am rd thuat
toan GA, K-Means va két hop GA-K-Means
dong thoi tién hanh thuc nghiém véi bo dir
liéu dugc phan loai cu thé.

Viéc gia ting cac giai thuat heuristic va két
hop cac phuong phap phan cum trong cac qua
trinh, bo sung thém céac rang budc gan lién
thuc tién 1a hudng nghién ctu tiép theo cua
bai bao.
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