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Bai bao nay dé xuat mot phwong phap két hop gitra giai thuat di truyén (Genetic Algorithm
- GA) va k¥ thuat cay phan I6p (Decision Tree - DT) dé giai bai toan dinh tuyén xe (Vehicle
Routing Problem - VRP). Phwong phéap st dung DT dé dw doan s lwong xe can thiét,
gitip cai thién hiéu qua khdi tao quan thé trong GA. Két qua thwc nghiém trén tap div liéu
chuan Solomon (gdm Rxx, Cxx va RCxx) cho thdy phwong phap két hop GA + DT mang
lai & gidi chat lwong cao, sai sb nhd va thoi gian tinh toan hop ly.

Bai toan dinh tuyén xe (VRP); Giai thuat di truyén, Cay quyét dinh, GA-DT.

This paper proposes a method combining Genetic Algorithm (GA) and Decision Tree (DT)
to solve the Vehicle Routing Problem (VRP). The method uses DT to predict the number of
vehicles needed, helping to improve the efficiency of population initialization in GA.
Experimental results on the Solomon benchmark dataset (including Rxx, Cxx and RCxx)
show that the combined GA + DT method provides high-quality solutions, small errors and
reasonable computation time.

Vehicle Routing Problem (VRP); Genetic Algorithm, Decision Tree, GA-DT.

ML (Decision Tree, SVM, ANN) voi

VRP 12 mét trong nhiing bai toan tdi wu to
hop NP-khé quan trong trong logistics. Trong
khi GA 1a mdt trong nhiing thuat toan dugc sir
dung pho bién dé giai VRP, viéc xac dinh s6
luong xe hop 1y dé khai tao 10 giai van con l1a
mot thach thirc.

Mot sb cong trinh nghién ciu vé GA va
Machine Learning n6i chung va DT noi riéng
trong nhitng nam gan day da c6 nhimg két qua
cu thé: L.M. Rojas, C.E. Torres st dung cay
phan 16p dé phan loai cdu hinh tuyén dudng
true khi t6i vu bang GA [6], S.D. Lin, K.H.
Li str dung cay quyét dinh dé phan cum khach
hang theo nhu cau, hd tro GA tao nhém giao
hang tot hon [7], R.J. Sanchez, et al. di trinh
bay tong quan vé cac coéng trinh két hop

metaheuristics nhu GA, PSO, ACO.,... khéng
dinh dan chimg xu huéng két hop ML + GA
la huéong méi hi€u qua [8]... Cac nghién ciu
nay chu yéu dung ML dé phan cum hoic lya
chon tuyén, bai bao niy wng dung ciy phan
16p (Decision Tree) (12 mot ki thuat hoc may
manh mé& trong phén loai) dé dw doan chinh
xic so lwong xe can thiét, tir d6 gitp khoi
tao quin thé GA hiéu qua hon. Cach tiép
can nay don gian, dé trién khai va c6 thé mo
rong voi cdc md hinh hoc may khac (RF,
XGBoost), dong thoi giam sai sé va thoi
gian tinh toan trong qua trinh t6i wu héa
VRP [1]]2].

Bang so sanh céac cong trinh nghién ctu lién
quan trudc day duoc tong hop theo bang 1.
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Bang 1. Téng hop so sanh cac nghién ctru gan day vé GA va DT

Bai bao/Tiéu chi Phwong phap Ung dung Khéi tao Tinh tong quat
giai ML hd tro quén thé dir li¢u thuye

GA thong minh nghiém

[1] Nalepa & Blocho | GA thudntay | Khong Ngau nhién Mot phan R

(2016)

[2] Zhang et al. (2018) | GA két hop Khong Ngau nhién CoRvaRC

Tabu Search

[3] Fidanova et al. Ant Colony Khéng Ngau nhién Chi tap nhé

(2021) Optimization

[4] Nguyen et al. GA + Random Khong Co6 nhung chua | Mot s6 C101,

(2020) Initialization t6i wu C102

[6] L. M. Rojas, C.E. | GA+DT Co C6 nhung chua | Chi tap nho

Torres, et al. (2021) t6i wu

[7]S. D. Lin, K. H. GA+DT Co C6 nhung chua | Chi tdp nhd

Li. (2020) t6i wu

[8] R. J. Sanchez, et GA +ML Co C6 nhung chua | Chi tdp nho

al. (2022) toi wu

2. MO HiNH BAI TOAN - Nhu cau hang héa g;.

Phat biéu bai toan:

Bai toan dinh tuyén xe (Vehicle Routing
Problem — VRP) 1a mot bai toan tdi wu t6 hop
¢ dién. Muc tiéu cua bai toan 1a xac dinh tap
hop cac tuyén duong t6i wu cho mot doi xe
xuat phat tir mot kho hang trung tam (depot),
nhim phuc vu mot tdp khach hang sao cho
tong chi phi (thuong 13 quing duong di
chuyén) 14 nhé nhat, déng thoi théa man mot
sO rang budc nhét dinh nhu: Mdi khach hang
chi dugc phuc vu bdi dung mdt xe, téng nhu
cau cua khach hang trén mdi tuyén khong
vuot qua strc chtra clia xe, mdi xe xuét phat va
quay lai kho.

DPau vao caa bai toan VRP:

= Tap khach hang can phuc vy, mdi khach
hang co:

- Vi tri (toa dd) trén ban do.

= Kho hang trung tam (depot).

= Ma trdn khoang cach giita cac diém (dua
trén toa do Euclidean).

= S lugng xe va stic chtra t6i da ctia mdi xe
Q.

Piu ra ciia bai toan:

= Mot tip cic tuyén duong, mdi tuyén tng
vO1 mot xe.

= Mdi tuyen 1a mot chudi khach hang (danh
sach di€m can phuc vu).

= Tt ca cic tuyén phai thoa méan:

- Khong ¢6 khach nao bi phuc vu 1dp lai.

- Khong xe nao bi qua tai.

- Tong chi phi (quang dudng) 1a nho nhat.

Xt ly dac trung (Feature Engineering):

= Chuyén Mat do k’héch hang tur dﬁlﬁg chudi
(Cao/Trung binh/Thap) sang dang so6 (2/1/0).
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* Tinh khoang cach trung binh gilta kho va
khach hang.
= Tinh téng nhu ciu khach hang (tong q_i).

Cay phan 16p du doén s xe:

» Thuat toan: DecisionTreeClassifier (scikit-
learn) [4].

= DPiu vao: S6 khach hang, tong nhu cau,
khoang céach trung binh.

= Paura: S6 luong xe t6i wu.
* Do chinh xac: ~95% trén tap test.

Sau  khi luyén, c6 thé dung
model.predict() d¢ dw doan sb xe tir dir liéu

huan

maoi

Két qua so_xe du_doan dugc truyén vao giai
doan khéi tao quan thé cia GA:

= Gilp khoi tao sd ca thé voi dung/sat sd xe
can thiét.

= Han ché tao ra 10i giai khong kha thi (qua
tai hoac du xe).

= GA tiép tuc toi vu 10 trinh di chuyén cho
tung xe dua trén sb xe da du doan.

Quy trinh két hop giira GA va DT bao gom:
» Tién xu 1y: Trich xuét dic trung tur dir licu
VRP: s6 khach, tong nhu cau, khoang cach
trung binh,...

= Huén luyén DT: Str dung Decision Tree dé
dy doan sd luong xe tur cac dac trung dau vao.
» Mdi ca thé (chromosome) dai dién cho
mot 161 gidi kha thi cua bai toan — tirc 1a mot
tap cac tuyén dudng cho ting xe, biéu dién
dang mot chudi hoan vi ciia cac khach hang.
Vi du: Mot ca thé: [0, 5,2, 7,0, 6,3, 1,0, 4,
8, 9, 0] biéu dién phuong 4n:

= Tuyén 1: xe 1 phuc vu khach 5 —2 — 7.

= Tuyén 2: xe 2 phuc vu khach 6 — 3 — 1.

= Tuyén 3: xe 3 phuc vu khach 4 — 8 — 9.
Trong d6, 0 dai dién cho kho, dam bao ring
mdi tuyén bét dau va két thic tai kho.

* Ham danh gid d¢ thich nghi (Fitness
function): Tdi thiéu hod tong quing dudng.

= Khéi tao GA: Dung sé luong xe du doan
dé khoi tao quan thé ban dau.

= Chay GA:

Thuc hién chon loc béng Tournament
Selection chon ngiu nhién k ca thé tir quan
thé, sau d6 chon c4 thé t6t nhat (fitness thip
nhét) dé lam cha me.

Thyc hién lai ghép Order Crossover (0OX):
git nguyén th ty mot doan con tur cha va
chén céc diém con lai tir me theo dang thtr tu.

Vi du:
Cha:[24|567|318]
Me:[61823457]
Con:[31[567]248]

Thuce hién ki thuat dot bién theo phuong phap
Swap Mutation chon ngau nhién hai vi tri (hai
khach hang) trong 101 giai va hoan doi vi tri
cua chung.
Vidu:
Trudc: [0,5,2,7,0,6,3,1,0]

Sau swap (2 «» 6):[0,5,6,7,0,2,3,1,0]
Cap nhat quan thé theo nguyén 1y di truyén.

= Két qua: Ghi nhan 16 giai tdi wu va so sanh
v6i 101 giai tham chiéu.

DU liéu VRP
(Tap di¥ lidu Solomon)

Trich chon d&c trirng
di ligu

Dung cay quyét dinh
DT diy doan sb xe

Hién thi két qua HU’U "l'fcécglal phap | Thiye hlén thuéttoén

Hinh 1. M6 hinh téng thé giai thuat két hop GA
va DT
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Hinh 2. Lwu d6 giai thuat két hop GA va DT

3. THO NGHIEM VA PANH GIA THUAT phuong phap két hop cho két qua chinh xac

TOAN cao, sai s6 nho va thoi gian thuc hién nhanh
Két qua thyc nghiém trén céc tap dir li¢u Rxx, (bang 2.3.4).
Cxx va RCxx trong Solomon [9] cho thidy  3.1. Tap Rxx

Bang 2. Két qua thwc nghiém trén tap div liéu Rxx thuéc bd div liéu Solomon

Tén file | S6 xe (DT) | S6 xe (GA) Quang duong Tham chiéu Saisd | TG (s)
R101 20 20 1663.2 1650.8 +0.75% | 24.5
R102 20 20 1460.3 1434.2 +1.82% | 23.7
3.2 Tap Cxx:

Bang 3. Két qua thwc nghiém trén tap dir liéu Cxx thudc bo dir liéu Solomon
Tén file | S6xe (DT) | S6 xe (GA) | Quing dwong | Tham chiéu | Saisé | TG (s)
C101 10 10 828.4 828.9 -0.06% | 20.2
C102 10 10 828.9 828.9 0.00% | 20.3

Két qua cho thay sai s& gan nhu bang 0%.
Pay la minh chimg rd rang vé& hiéu suét rat

cao cua GA khi dugc khoi tao cau hinh tir cay

phan 16p trong moi truong khach hang phan
bb ddng déu, tap trung gan kho.

TAP CHi KHOA HOC & CONG NGHE . SO 49 - 2025

51




KHOA HOC & CONG NGHE

3.3. Tap RCxx
Bang 4. Két qua thwc nghiém trén tap dir liéu RCxx thudc boé div liéu Solomon
Tén file | S6 xe (DT) | S6 xe (GA) | Quéing dwong | Tham chiéu Saisé | TG (s)
RC101 16 16 1615.2 1619.8 -0.28% 25.8
RC102 15 15 1484.7 1466.6 +1.23% 24.6

1.5%, cho thay kha ning tong quat hoa tot clia
phuong phép két hop GA + DT.

Nhém RC1xx c6 phan bd hdn hop (rai rac +
tap trung), nhung sai sd van o6n dinh dudi

So sénh téng quang dudng gilra phuong phap GA+DT va I8 giai tham chiéu

\ .

4N h
\ /

1000

—— GA + DT
~m- Tham chi€u Solomon

\

1600

~

Téng quang duding

800k

C102 C103 C104 RC101 RC102 RC103 RC104

Tap di liéu

R101 R102 R103 R104 Cl01

Hinh 3. Biéu dd so sanh két qua thwc nghiém
Két qua khi so sanh thuc nghiém véi cac két qua di dugc cong bd trude dé (bang 5):

Bang 5. So sanh két qua thwc nghiém véi cac céng trinh lién quan

T4p dit li¢u | Tham chiéu | GA+ DT (bai |GA thudn tiiy| GA+Tabu | GA+ML

Solomon b4o nay) [10] Search [11] | (ANN) [8]
R101 1650.8 (1T6063752/) (1T628§50/> (1T605?525/) <1T606§60/>
R102 1434.2 (1T416 223’% ) (1;1;3 2'77%) (lf 15 3'75%) (1T427 2'24%)
R103 1328.6 (lfg.gil%) (1T3257152%) (IT3 14.%)'78%) (IT3 14%30%)
mos e |5 e s e
?}l;(is) gian | 229 28.5 25.2 26.8

Trong d6: 1X%: d6 1éch so vé6i 101 giai tot nhit (Solomon), cang nho cang tdt.
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= GA + DT cho két qua gin nhit voéi 1oi
giai tham chiéu, tot hon GA truyén thong va
GA két hop ANN trong moi tap dir liu.

= Thoi gian chay thdp nhat, do DT gitp
khoi tao quéan thé gan tdi wu — it thé hé hon
dé hoi tu.

= GA + Tabu Search cho két qua tot nhung
mét nhiéu thoi gian hon.

4. KET LUAN

Bai bao dé xuét két hop giai thuat di truyén
(GA) — mot phuong phap t6i wu hoa manh mé
— v6i cdy phan 16p quyét dinh (Decision
Tree). Piém noi bat: Cay phan 16p khong chi

dung dé phan tich dir liéu, ma con dugc tan
dung dé du doan sb luong xe tdi wu — mot
budc quan trong trong khoi tao quan thé cia
GA. Piéu nay giup ting hiéu qua hoi tu va
chét luong 101 giai.

Phuong phap két hop GA va DT cho thay hiéu
qua rd rét trong viéc giai VRP: chit luong 10
giai cao, sai s6 thip va thoi gian xur Iy hop 1y.
Mb hinh DT giap GA khai tao t6t hon, tir d6
rGt ngin qua trinh tim kiém. Trong tuong lai,
c6 thé mo rong sang ciac mo hinh hoc sdu va
thudt todn tang cuong nhu Random Forest
hoic XGBoost dé nang cao hon nira kha ning
du doan [5].
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