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PHAT TRIEN GIAI THUAT LAI
CO SUDUNG HOC MAY DE GIAI BAI TOAN
PINH TUYEN XE VEHICLE ROUTING PROBLEMS (VRP)

o Nguyén Minh Dé*e L& Viin Hanh
Trwong Pai hoc Quoc Té Hong Bang

TOM TAT

S phdt trién trong linh vue Tri tué nhan tao Artificial Intelligence da cung cdp cdc ky thudt
manh mé dé gidi quyét bai toan Vehicle Routing Problems (VRP) va cdc bién thé ciia né. Bai bdo
nay de xudt két hop ky thudt Hoc mdy Machine Learning ML véi mét gidi thudt lai dé gidi quyét bai
toan VRP Gidi thudt lai nay la sw phoi hop giita gidi thudt Toi wu bay dan PSO va gidi thudt Di
truyén Genetic Algorithm GA. Viéc tan dung Hoc mady dwoc thuc hién theo hai butde, va hai bude
nay duoc thue thi véi danh sach cac khach hang nhw sau: Mot mé hinh phdn 16p dé dw dodn so
liong xe can thiét cho ting tdp khach hang dwoc xdac dinh bang kj thudt Cdy phén 16p toi wu
Optimal Classification Trees OCT: mét gidi thudt phdn cum ma cé thé tan dung diwoc cac tri thirc
c6 duore tir swe phan 16p dé cé thé toi thiéu héa so lwong xe van tdi can dé phuc vu hoc tap cdc khdch
hang. Cac két qud thuwc nghiém cho thdy rdang gidi thudt lai da thuc thi véi tap diF liéu khach hang
ddu vao la nhé hon tir 1% dén 5% va da gidm tdi xik Iy cho gidi thudt lai.

T khéa: bai toan ldp 16 trinh/dinh tuyén xe, gidi thudt di truyén, Toi wu bay dan; Hoc may,
gidi thudt tién héa

DEVELOPING A HYBRID ALGORITHM

USING MACHINE LEARNING TO SOLVE VEHICLE ROUTING PROBLEMS
e Nguyen Minh De o Le Van Hanh

ABSTRACT

The development of Artificial Intelligence Al field has provided powerful techniques to solve
the Vehicle Routing Problems VRP problems and its variants. In this paper, a combination of Machine
Learning ML technique with a hybrid algorithm is proposed to solve the VRP problem, which this
hybrid algorithm is obtained from the combination of the Particle Swarm Optimization PSO and
the Genetic Algorithm GA. Leveraging Machine Learning is done in two steps, and these two steps
are executed with the customer list as follows: A classification model predicts the required number
of vehicle for each set of customers determined by the Optimal Classification Trees OCT; A clustering
algorithm which can take advantage of the knowledge gained from classification to minimize the
number of vehicle required to serve a set of customers. Experimental results show that the hybrid
algorithm implemented with the input customer data set is 1% to 5% smaller and has reduced the
processing load for the hybrid algorithm.
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1. TONG QUAN

Bai toan dinh tuyén xe VRP 14 bai toan dwoc chinh thitc gidi thidu vao nim 1950 bdi G. B.
Dantzig va J. H. Ramser [1]. K& tir d6 d3 c6 rat nhiéu cong trinh mé rong cho dang bai toan VRP va
nhiéu cong trinh c¢6 gang gidi quyét ching [2],[ 3]. Bai toan dinh tuyén xe VRP 1a bai toan thudc
nhém bai toan t6 hop Combinatorial Optimization (CO), va con 1a bai toan dang Nondeterministic
Polynomial time (NP) khé [2], do d6 viéc gidi quyét bai toan 14 van dé thach thic rat 16n. Vé tong
quat thi bai toan VRP nhim dén viéc xay dung mot tap 16 trinh (LT) giao hang cé chi phi thap nhat
ttr kho dén mot nhém khach hang phan tan theo dia Iy do mot doi xe thuc hién, va chiu cac rang
budc x4c dinh tir trudc. Viec gidi bai todn VRP thong thuong duoc gidi tdng quat bang cac nhém
gidi thuat chinh x4c va gidi thuat heuristic (gdbm mé rong metaheuristic), va khoang thoi gian vai
thap nién gan day la nhom giai thuat duoc dé xuat 1a nhoém gidi thuat lai [4]. Cac cong trinh nghién
ctru gin day ciing phan loai cAc nhém phuong phap gidi dang bai toan VRP theo 3 nhém phuong
phap: Chinh x4c (exact); Heuristic (gdm metaheuristic); Lai (hybrid).

K§ thuat ctia ba nhém phuong phép & trén dé gidi bai toan VRP ¢ hiéu qua khac nhau. Nhém
phuong phap chinh xac ¢6 hiéu qua cho dén khach hang tht 50, va dén kho thtt 50, ma c6 thé phan
vao 3 loai: Tim kiém trén cy truc tiép; Quy hoach dong; Quy hoach nguyén va tuyén tinh. Nhém
phuong phap Heuristic (cii) cung cp cac thi tuc dé tim cac giai phap chap nhan duoc thong qua
mot tip da phat hién thay c6 gi6i han ciia khong gian tim kiém. Cac k¥ thuit ciia Nhém phuong
phap Heuristic (cii) gdbm: Cheén Insertion; Ngoai trir Savings; Quét day Sweep; Hai budc Two Phase.
Nhém phuong phap Heuristic méi (metaheuristic) gom: Tabu Search Tim kiém Tabu; Genetic Di
truyén; Iterated Local Search Tim dia phuong lap lai; Simulated Annealing M6 phéng luyén kim;
Variable Neighborhood Search Tim lan can tiy bién; Ant Colony Cot dan kién; Neural network
Mang no-ron; Artificial Bee Colony Bay ong nhan tao; Particle Swarm Optimization T6i uu bay
dan. Nhom nay da cho ra cac két qua tot hon so véi cac heuristic cii. Nhém phuong phap giai thuat
lai duoc phat trién vai thap nién gan day da cho thiy su don gian vdi toc d6 toi wu héa nhanh va tinh
toan it do nhém giai thuat nay da két hop giai thuat chinh xac vao cac heuristic. Mot trong s cac
heuristic duoc quan tAm gan day dé giai quyét bai tan VRP giai thuat PSO, hon nita PSO thudng s&
két hop v&i mot so gidi thuat meta-heuristic khac (nhw GA) dé tao nén mot giai thuat lai c6 hiéu qua
cao hoic 1 dua vao chinh ban than cac giai thuat chinh x4c dé tao thanh gidi thuét lai [5 - 11].

Bai bao nay trinh bay cac budc phan tich va thiét ké dé xay dung giai thuat lai GWPSO tir viéc
két hop giai thuat di truyén GA vao giai thuat PSO, sau d6 udc tinh sb lwong xe tdi thiéu cho timg
tap dit liéu khach hang theo giai thuat CFA c6 tir phuong phap Hoc may ML. Phan con lai ciia bai
bao nhu sau: Phan 2, phan ké tiép trinh bay cic dang mé rong clia bai toan VRP; Phan 3, trinh bay
Giai thuat lai dé nghi d€ gidi quyét bai toan VRP; Phan 4, trinh bay k¥ thust may hoc va viéc tich
hop né vao giai thuat lai néi trén dé gidi quyét bai toan VRP; Phan 5, trinh bay cai dit, két qua va
thao luan.

2. BAI TOAN VRP VA MOT SO DANG MG RONG

Khai bdo bai todn [12]: Cho G (V, E) 1a mot do thi vo hudng cé trong sd, V dai dién cho cac dia
diém (dinh) va cac canh trong E dai dién cho duong di gitta mot cdp dia diém. Di kém vdi timg
duong di e € E 1a mdt trong s6 khong am a(e) thé hién khoang cach giita hai dinh.

Cho O C V dai dién cho tap kho hang, m&i kho x € O lic dau chtta m(x) xe. Cho C S V 1a tap
khach hang, mdi x € C ¢ nhu cau d(x) > 0, nhu cau la s6 don vi hang hda ma khach hang cé yéu
cau. Muc dich bai toan 1a thiét k& mot tap 16 trinh toi wu va/hoic lich trinh cho timg xe theo thit tur d&
thda man tat ca cac yéu cau clia khach hang. Nhém bai toan VRP ¢é nhiéu dang khac nhau, trong
khuon khé bai bao sé trinh bay cac dang bai toan VRP nhu sau:
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a. Bai todn VRP (g6c): ¢6 nhidu xe bat ddu & mot kho trung tam dé phuc vu khach hang. Méi xe
c6 toc d6 khac nhau. Muc dich bai toan 1a tdi thiéu tong thoi gian dé dén timg khach hang cé yéu
cau. Néu thay thé yéu cau vé thoi gian thanh tong chi phi (khodng cach) it nhat thi ta c6 bai toan
nguoi ban hang di du lich - Traveling Salesman Problem (TSP).

b. Bai toan CVRP: 1a bai toan VRP, ¢6 nhiéu xe duoc dan nhan tir: 1, 2, .., m, khéi hanh tir mot
kho trung tim dé phuc vu khach hang. Xei< {1, 2, .., m} ¢ stc tai w(i), timg khach hang x € C ¢6
nhu cau d(x).

Cac xe duoc dit & mot kho trung tAm va s& di dén cac khach hang nam rai rac khip noi trén cac
vi tri va s& di dén cac vi tri theo trinh tr trudc sau d€ phuc vu timg khach hang. Bai toan cn xay
dung mot tap 16 trinh hop 1y, chi phi thap — danh cho timg xe mot. Mot 16 trinh 14 thit tu ctia cac vi
tri ma mot xe phai dén véi s6 luong hang duoc yéu cau né phai cung cap. Xe phai bat dau va két thic
16 trinh cuia no tai kho trung tam.

Muc dich bai toan 14 tim ra 16 trinh xe ngin nhat (t6i thiéu tong do dai ciia tat ca cac 16 trinh xe)
ma tat cd khach hang c¢é yéu cau phuc vu phai duoc théa man; hodc tim ra 16 trinh nhanh nhét (t6i
thiéu 19 trinh dai nhét cho tat ca cac 16 trinh xe).

Nhu vay, phai xay dung mét tap c6 t&i m 16 trinh ma: (i) timg 16 trinh bat dau va két thc tai kho;
(ii) tat ca nhu cau phai duoc thda man; (iii) stc tai ctia cac xe khong bi vuot tai; (iv) mot khach hang
chi duoc duy nhat mot xe di dén; (v) tong chi phi phai t6i thiéu héa.

c. Bai toan VRPTW: 1a bai toan VRP, c6 cu hinh twong tr CVRP véi thém rang budc 1a timg
yéu cau khach hang phai duoc phuc vu trong mot khung thoi gian (timg khach hang phai duoc di
dén trong mot khoang thoi gian xac dinh, duoc goi la khung thoi gian).

Muc dich bai toan 1 thiét ké mot tap 16 trinh t6i wu va/hodc lich trinh cho timg xe theo thi tu dé
théa man tat ca cac yéu cau ciia khach hang.

3. XAY DUNG GIAI THUAT LAI GWPSO

3.1. Xay dung va phat trién giai thuat di truyén GA

a. Gidi thudt GA co ban: Xét giai thuat GA co ban co6 cac qua trinh sau [16]:

i. M@ hoéa dit liéu: hay con goi 1a biéu dién di truyén cho 10i giai ctia bai toan

ii. Khéi tao quan thé (xay dung tap hop nghiém ban dau): c¢6 thé ngau nhién hoic khong ngiu
nhién

iii. Xac dinh ham thich nghi: hay ham luong gia cho mdi nhiém sac thé hay chinh 13 cho cac
phuong 4n nghiém trong tap nghiém. Ham nay dung dé& danh gia do thich nghi clia cdc nhidm sic
thé.

iv. Qua trinh lai ghép: day 1a qua trinh nhiém sic thé méi duoc hinh thanh dua trén nhiém sic
thé cha me bang cach lai ghép mot hay nhiéu doan nhiém sic thé cha me v&i nhau. Phép lai ghép
X4y ra v&i xac suat 1a p1 cé thé duoc mo phéng nhu sau: i) Chon hai (hay nhiéu) c4 thé bat ky trong
quan thé. Quan thé & diy bao gdm cac nhiém sic thé (cha me) c6 do dai bang nhau. ii) Chon diém
lai 1d mot diém c6 vi tri bat ky (nhw nhau) trén nhidm sic thé cha-me va thuc hién hoan di cac doan
gen ctia nhidm sic thé cha me tai diém lai nay. iii) Pua hai ca thé nay vio quan thé dé thuc hién vao
cac qua trinh tién héa tiép theo.

Mot s6 phép lai cai tién nhu sau [16]: i) Lai ghép c6 xét tdi cac dic tinh troi va 1in trong tu nhién
(Céc dic tinh nay duoc quy dinh trudc trong khi biéu dién ciu tric nhidm sic thé); ii) Lai ghép timg
phan (Viéc gitt lai nhitng doan ma da “tdi uu” trong nhidm sic thé ciing 1a mot cach dé qua trinh lai
ghép trd nén hi€u qua hon); Lai ghép co trat tu; Lai ghép dua trén vi tri; Lai ghép chu trinh; Lai
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ghép thir t tuyén tinh; Lai ghép da diém (c6 thé cho 2 cé thé lai ghép & 2 hay nhiéu diém lai ghép).

v. Qud trinh dét bién: 1a qua trinh c4 thé con mang mot hay mot s6 tinh trang khong c6 trong ma
di truyén ctia cha me. Qua trinh nay xdy ra véi xac suat p2 (nhd hon nhiéu so véip1) c6 thé dwoc mo
ta nhu sau: i) Chon ngau nhién mot ca thé bat ky trong quan thé; ii) Chon mot gen bat ky ctia ca thé
vira chon; iii) Thay ddi gia tri gen d6, rdi trd vé quan thé dé thuc hién cac qua trinh tiép theo

Nhiéu cach thirc [18] d€ thuc hién qua trinh giy dot bién ngay cang hiéu qua hon: i) Dot bién
dao nguoc (Inversion Mutation); ii) Dot bién chén (Insertion Mutation); iii) Dot bién thay thé
(Replacement Mutation); iv) Dot bién tuong hd (Reciprocal Exchange Mutation); v) Dot bién dich
chuyén (Shift Mutation).

vi. Qud trinh chon loc: cac ca thé méi sinh ra duoc gitt lai hay bi loai bd khéi quan thé dua vao
do thich nghi ctia ching. Do thich nghi & day thuong 1a mot ham gan mot gia tri thuc cho cac ca thé
trong quan thé.

b. Gidi thuat GA co chinh sita

Trong 6 qua trinh cia GA trén thi c6 3 qua trinh (2) Khéi tao quan thé, (4) Qua trinh lai ghép,
va (5) Qua trinh dot bién 13 c6 thé thiét ké lai theo cong trinh [18] d€ gidi quyét cac bai toan VRP, cu
thé nhu sau:

o D6i v6i qué trinh (2) Khéi tao quan thé thi cé mot thii tuc chuyén biét Khoi_Tao_Quan_The(.),
thii tuc ndy tao cc cac ca thé khong phai hoan toan ngau nhién ma c6 dua vao mot sd ki thuat
(mang no-ron, nguyén ly tham lam, leo dbi,...) va sit dung thém toan it Lua chon TS.

e D6i véi qua trinh (4) Qua trinh lai ghép thi sir dung 2 toan tit lai ghép 1a Sinusoidal Motion
Crossover va Hai_Con_Lech (nghién ctru nay dé xuat thém mot toan tir lai ghép riéng). Toan tit
Hai_Con_Lech c6 dau vao 1a 2 ca thé cha me va cho ra 2 c4 thé con (dic thu 1a c6 su chénh 1éch vé
su thich nghi ctia chung). Ngoai ra qua trinh nay cé st dung thém toan tr Lai ghép ttr cong trinh [18]
dé nghi 13 toan tir OX dé thuc thi.

e Ddi v6i (5) Qua trinh dot bién thi da c6 nhidu cach thirc dé thuc hién qua trinh giy dot bién
ngay cang hiéu qua hon: i) Dot bién dao nguoc (Inversion Mutation); ii) Dot bién chén (Insertion
Mutation); iii) Dot bién thay thé (Replacement Mutation); iv) Dot bién twong hd (Reciprocal Exchange
Mutation); v) Dot bién dich chuyén (Shift Mutation). Trong bai bao nay thi dé nghi sit dung 2 toan
tir dot bién 1a: Toan tir EM do [18] d& nghi; va Toan tit Phoi_Hop. Toan it Phoi_Hop 14 két hop ctia
cac toan tir (Inversion Mutation, Insertion Mutation, Replacement Mutation, Reciprocal Exchange
Mutation, Shift Mutation).

Két qua ctia qua trinh nay 1a tao ra mot giai thuat lai 1a su két hop giai thuat di truyén da chinh
lai va mot s6 ky thuat chinh xac nhu da trinh bay & trén, va c6 tén 1a Mix Genetic Algorithm MGA.

Giai thuat MGA

Giai thuat MGA

Procedure MGA
Input: tap tham s6 vao
Output: tap ket qua tim dwoc o ’
1. Khéi tao tham 0, thu tuc va thanh phan can thiet
2. PM & Tao ThamSo()
3. Q¢ KhoiTao QuanThe(.)
4. Q < Qf+ Qf // OV : O dusi ngiwong + O : O trén nguong
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5. While <DieuKien Lap()>// hét Idip (MaxIter) hocic hét thoi gian maxTime
3.1. P & chon_ChaMe(.)
3.2. CH € Lai_Ghep(P)
3.3.ILS RVND SP(CH)
3.4. If ~HieuQua(CH) then Chen(CH, QY), CaiTao(CH),
Else Chen(CH, Qf),
3.5. if SoLuong(Q) >= MaxQ then Loc(Q)
3.6. CauHinh ThamSO(PM),
3.7. if ~KiemTra_TotNhat(Q1) then CaiTao QuanThe(Q)
6. End While
7. Return Lay TotNhat(Q)

8. end MGA.

3.2. X4y dung va phat trién giai thuat PSO

a. Gidi thudt PSO co ban:

Xét giai thuat PSO cii tién gdm cac budc duoc md ta nhu sau:

i) Khdéi tao: Tao mot quan thé va danh gia ham muc tiéu (ham thich nghi).

ii) Cdp nhdt tot nhat cuc bé (personal best) va tot nhat toan cuc (global best): Xét mdi phan tir
dé xac dinh vi tri tot nhat cuc b méi. Néu vi tri hién tai t6t hon tot nhat cuc bo, tot nhit cuc bo s&
la vi tri hién te_}i. Néu khong, trét nhat cuc bff) V?ll} duoc git nguyé?. Néu bat ky phan tu’ nao trong bay
dan c6 vi tri tot nhat cuyc b tot hon vi tri tot nhat toan cuc, ca the do sé tré thanh phan tir dau dan va
vi tri tot nhat cuc bo clia né s& trd thanh tot nhat toan cuc.

iti) Cdp nhdt véan toc va vi tri ciia tat cd cac phan tik: Vi tri va van toc & thé hé thit t duoc cap
nhat bdi cac phuong trinh:

v(t) = wv(t-1) +au (p(t-1)) - x,(t-1) +a,U (g(t-1)) - x(t-1)
x(t) =x(t-1) +v(t) At

Trong do: v, 1a van toc ctia phan tir thiri; x, 1a vi tri clia Rh?m tir trong khong gian tim kiém; p. 1a
vi tri tot nhat cuc bd ma phan tir d6 chiém gitt; g 1a vi tri tot nhat toan cuc ctia mot ca thé nao d6
trong bay dan; u ,vaU, co gia tri ngau nhién trong kh:)éng [0,1]; W, al, a2 14n luot 13 cac tham s gia
toc, anh hudng cd nhan va anh hudng xa hoi (tap the).

iv) Dot bién thich nghi (Ada;?tive mutation): Nham gitp cac ca thé khong bi dung khi gip cuc
tri cuc bg, vi tri ctia x, s& bi dot bien mot cach ngdu nhién va ting dan ty 1é theo s6 vong lip nhu sau:
Chon ngiu nhién c4 thé i, va s6 chiéu j tai vong lip t va thuc hién:

X*,(t) = m*x,(t) * rand()

x;(Onéufxi (1) < f(xf (rj)

X, (t) néu khac

x50 =

Trong do, x(t) laca thé sau dot bién, m 14 hé s thich nghi ting dan theo s vong lip, rand()
12 ham ngau nhién trong dai % (cho trudc hodc xac dinh) cta ving tim kiém.

Cham diet qud trinh tim kiém hodc tiép tuc tim kiém: Qua trinh tim kiém duoc dung lai néu: i)
budc hién tai twong duong véi budc gan nhat hodc ii) bay dan da hoi tu (ban kinh ctia bay dan nhé
hon % (cho truéc hoic xac dinh) ctia khong gian tim kiém). Néu khong, quay tré lai bude 2.
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b. Giai thudt PSO chinh sua:

Trong bai bao nay dé nghi thém vao mét s6 ki thuat dé gia ting kha ning tim kiém ctia PSO va
duy tri duoc su da dang ctia quan thé, cach lam nay tuong tu nhu cac cong trinh [8 - 11]. Cac ky
thuat duoc dua vao gidi thuat lai nay thudc loai phuong phap tim kiém dia phuong dé thoat khdi cac
t6i uvu dia phuong ma van duy tri tinh da dang ctia quan thé giai phap.

Bai b4o ndy ciing str dung lai k¥ thuat loai bd va chén thong minh dé tao ra cc gidi phap 1an cin
do [12] gidi thiéu: Worse-Distance Removal (WDR); Worse-Time Removal (WTR); Greedy Insertion
(GI); Best Time Insertion (BTT). Ngoai ra, nghién ctu ndy ciing d& nghi thém mot k¥ thuat dé loai
bd va chen thong minh 1a Time-Distance Removal (TDR) va Balance Insertion (BI).

Giai thuat 6RIPSO

Giai thuit 6RIPSO
Procedure 6RIPSO

Input: tap tham s6 vao

Output: tap két qua tim duoc
Khdi tao tham s, thi tuc va thanh phan can thiét
Q € Khoi_Tao_Quan_The(.)
Tinh Gia_Tri_Thich Nghi(Qi)
Luu_GP_Thich_Nghi(Q1)
Luu_Ca_The_Thich Nghi(Q)
While <Diéu kién diung= // dat sd 1an lap 161 da
6.1. Toc_Do(Q1)
6.2. Toc_Do Max(Q1)
63 Vi_Tri(Q1)
64 Vi_Tri_Gior_Han(Qi)
6.5. Tinh GT_Thich Nghi(Q1)
6.6. CapNhat GiaiPhap XacSuat(Qi, eET)
6.7. CapNhat_CaThe_TotNhat(Q1)
6.8. Chon_LoaiBo_ChenVao()
6.9. Tinh_ GT_Thich Nghi(Qi)
6.10. CapNhat_GiaiPhap XacSuat(Qi, ¢ET)
6.11. CapNhat_CaThe_TotNhat(Q1)
6.12. CapNhat_Trongluong QuanTinh(Q1)
7. End while
8. Return s*
9. end 6RIPSO.

—

Yo o

o

Két qua ctia cac qua trinh két hop & trén 14 tao ra mot giai thuat lai 14 su két hop giai thuat PSO
da chinh lai nhu ¢ trén va mang tén 1a 6RIPSO, nhu sau:

Xét PSO két hop véi GA & trén thi cé mot s6 budc da ting cuong:

e Ngay tai 1 thi ding két qua ctia phan trén

e Sau budc 3 cé thé thém vao cac phuong phap chinh xac

e Sau budc 7.1 c6 thé thém vio 1 budc d€ thuc thi qua trinh Dot bién

e Cac budc 5, 6, 7 thi van dung giai thuat 6RIPSO

o Két hop giai thuat di truyén MGA va giai thuat toi uu by dan cé trong s6 6RIPSO dé tao ra
giai thuat ¢ tén 1a GWPSO nhu sau:
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Giai thuat GWPSO

Giai thuat GWPSO
Procedure GWPSO

Input: tp tham sé vao

Output: tap két qua tim dwoc
1. Khéi tao tham sb, thu tuc va thanh phan can thiét

ThietLap ThamSo()
. Q € Khoi Tao Quan_The()

Do
4.1. MaHoa_Thuc_CaThe(Q1)
4.2 Tinh GT Thich Nghi(Q1)
4.3. Tim Prest va Goest
4.4. Chon LoaiBo ChenVao()
4.5. CapNhat_CaThe_TotNhat(Qi) //dung ham tuyén tinh giam
4.6. If n > Nmax or GiaiPhap_Tot()

oW b

CH€T
Else Lai_Ghep(); Dot_Bien(); CH € F
5. Until CH
6. Return s*
7. End GWPSO.

4. KY THUAT HQC MAY VA GIAI THUAT LAI

4.1. Ky thuat hoc may

Mot s6 phuong phap duoc xay dung tir viée két hop cac k§ thuat ML vio trong cac heuristic da
duoc phat trién d€ giai quyét VRP va mot s6 dang lién quan. Cac phuong phéap nay c6 thé duoc chia
thanh hai nhém nhu sau:

e Nhom 1: Giai bai toan VRP dua trén cac tap dit liéu vé khach hang. Phuong phap trong nhém
nay stt dung dit liéu qua khit ¢é du doan cho: Yéu cau cap hang; Qua tai. Trong bai toan VRP ¢ yéu
cau phan phdi hang cho khach hang dinh ky theo thoi gian ¢6 dinh nhwr 30 ngay. Cac két qua du
doan s& dung dé toi wu 10 trinh tong quat. Cong trinh Bosman and La Poutré (2006) [13] da khai
thac viéc du doan nhu cau d€ cai thién hiéu sut cho giai thuat tién hoa. Du doan yéu cau duogc tinh
toan bang md hinh xac suat dé giai thuat tién hoa xit Iy cac yéu cau hién tai va trong lai. Cong trinh
[13] cho thay céc ich loi ctia viéc tich hop cac két qua du doan vao cac heuristic gidi quyét VRP.

e Nhém 2: St dung cac ki thuat ciia hoc May ML diéu chinh va cai thién cho cac meta-
heuristic. Phuong phap trong nhém nay da st dung viéc phan cum dé xac dinh cac két cau giong
nhau trong bai toan VRP vdi 1y thuyét thong tin. Tiép dén, cic phuong phap nay s& du doan cac cum
véi giai thuat di truyén GA, sau d6 sé diéu chinh viéc lua chon céac tac vu tim kiém va tham s6 ctia
bai toan VRP. Cong trinh Ventresca, Ombuki-Berman, and Runka (2013) [14] cling da st dung
chién luoc & trén d€ gidi quyét bai toan VRPTW ma cho ra két qua c6 hiéu suat xtt ly ting 1én mot
phan nho.

4.2. Ap dung ML dé phan 16p va du doan sb xe

Bai todn hoc ¢ quan sat 13 ¢€ tim mdt ham phan 16p y, ma gan cho timg diém dit liéu x gia tri
1a nhan 1 thudc mot tip nhan L gidi han. Chat lwong ctia ham phan 16p thuong duoc do béi d6 chinh
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xac tir tap kiém thi, tap kiém thit 1a tap cac diém dit liéu ma thudc vé 16p dan nhan da xac dinh tir
trude d6. Bai toan hoc ¢é quan sat ¢é cac nhém phuong phap xtt Iy nhu sau [15]: Phan 16p tuyén
tinh; LAn c4n gin nhat; Mang no-ron; CAy phan 16p; Xay dung tap di lidu.

Nhiém vu hoc quan sat trong bai toan VRP & diy la du doan duogc s6 xe can thiét dé c6 thé phuc
vu duoc tip khach hang c6 yéu cau. Dit liéu tap khach hang & day duoc xem la tap dit lidu tho nén
can duoc lam min lai theo khuon mAu riéng d€ thuc hién cho cac tac vu ké tiép, cac budc thuc hién:

a. Xay dung tap dit liéu min ctia khach hang, timg dit liéu ctia tap nay can phai cé cac thong tin
nhu: O vudng ban do (co thé kich thude 1a 400x400); Kho & trung tam ban do; Khach hang tai cac
vi tri khac nhau trén ban do; Toc do ctia cac xe déu 1a 1 trong ciing mot don vi khoang cach trén ban
d6; Khung thoi gian khach hang theo don vi thoi gian; Khoang thoi gian dinh ky; Nhu cau cta
khach hang; Thoi gian dich vu cung cép.

b. Tao cac nhan, mdi diém dit liéu trong tap dit lidu déu twong tng véi mbi tap khach hang duoc
dan nhan cung véi s6 xe phuc vu. viéc thuc hién tao cac nhan nay 1a nho vao thuat toan duoc xay
dung riéng.

c. Tang cuong dit liéu, dé phat trién kich thudc ctia tip dit liéu ma vdi chi phi tinh toan thap thi
gidi thuat phai tinh dén timg t6 hop cac xe trong mot tap khach hang cu thé. Cho S la tip khach
hang, ¢ 4 xe theo yéu cau la a, b, ¢, d d€ phuc vu. Viéc 1ap 16 trinh cho tip S nay véi 4 xe duoc dan
nhin 4 s& bung nd viéc tinh toan cho mot diém dit liéu, do d6 dé gidm viéc tinh toan thi s& xét dén
viéc dan nhan nhu sau cho: Céc xe a, b, ¢, d déu duoc gan nhan 1; Xe a, b gan nhin 2; Xe a, ¢ gan
nhan 2; Xe a, d gdn nhan 2; Xe b, ¢ gdn nhan 2; Xe b, d gan nhan 2; Xe ¢, d gan nhan 2; ...

K¥ thuat OCT theo cong trinh [19] 4p dung phan 16p cho tap khach hang c6 cac dic trung nhu
sau:

e Tai timg nuit méi thi dung ham gi4 tri d& x4c dinh phan nhanh hay ngimg lai

e Néu mot niit duoc xac dinh 14 dimg thi s& gan nhan cho né 1a nit 14

e Néu mot niit duoc xac dinh 14 phan nhanh thi s& gan gié tri bién cho no

e Trong qua trinh phan 16p cho cac diém dit liéu huan luyén dua trén cay dang duoc xay dung
thi phai chon ra mot nut 14 ma diém dit liéu d6 phai duoc bio toan duoc ciu tric ciy (theo rang budc
xac dinh tir trudc).

Dé phan 16p va du doan s6 xe cho tap khach hang thi cdy OCT duoc xay dung nhu sau:

e Xac dinh do sau d6i da cia cay 1a D.

e C6 duoc chiéu sau thi xac dinh duoc cay tdi da.

e Cay coT=2(D+1)—1nut, theochisot=1,..., T.

e p (t) d€ chi nit cha cia nit t va A (t) &€ biéu thi tip cac t6 tién clia nit t.

e AL (t) 1a tap hop céc t6 tién ctia t ¢6 nhanh trai duoc theo sau trén duong dan tir nut goc dén
t, va tuong tr AR (t) 12 tdp hop cac t& tién nhanh phai, sao cho A (t) = AL (t) U AR (t).

e Chia cac nut trén cdy theo hai nhom:

+ Cacnut nhanh: Cacnutt: T, ={1,...,[T/2]} 4p dung phén chia c6 dang a"x <b. Cac diém
thda man s phan chia nay theo nhanh bén trai trong ciy va nhimg diém khong theo diing nhanh.

+Cacnut la: Cacnutt = T = {[T/2]+1,..., T} duara dw doan phén 16p cho mbi diém roi vao
nut 1a.

+ Tao su lan vét clia viéc phan chia cac nit trén theo rang budc xac dinh.

e Thuc hién to chirc ciy lai theo phan cap xac dinh.
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e Xay dung danh sach cic bién dé mo hinh cu tric cy trong tip dit liéu khach hang.

e Thuyc hién 4p dung ham tdi thiéu héa cac diém dit liéu bi phan 16p sai 1am

e Tong chi phi phan loai sai 1a X, . r, L. va do phuc tap ctia cay la s6 lan tach trong cay, duoc
cho b&i X, ¢ 7 d..

e Xac dinh cay OCT cho tap dit liéu khach hang.

e Du doan s xe can thiét trén tap dit liéu khach hang da 1am min.

4.3.Ap dung ML dé phan cum va xac dinh s6 xe ti thiéu can thiét cho tip khach hang xac
dinh

Giai thuat Clustering Framework Algorithm

Str dung giai thuat phan cum Clustering Framework Algorithm:

Giai thuat Clustering Framework Algorithm
Procedure CFA

Input: tap tham sb vao
Output: tip két qua tim dwoc X
1. Khdi tao tham sé, thu tuc va thanh phan can thiét
X € rong
C € Tao_Cum(.) /phat sinh cac cumvoit=0.1
CL € Phan_Cum_Lai(.) //tao cdc cum trong C ma sé xe du doén < ngudng

TR NV

S € Quy_Hoach_Cum(.) /xéy dung cdc cum lai véi rang bubc theo céc chi sé

nguong

5.1. R € Xu_Ly R()) //tinh toén lai R theo diéu kién

5.2.Rx € Xu_ Ly R _x()/tinh toén lai Rx theo diéu kién

6. X € To_Hop(.) //t6 hop danh séch R va Rx

7. S € Quy_Hoach_Cum_Phu () /xdy dung cdc cum lai véi rang budc theo cac chi
56 nguéng theo C1 va cd gidi phdp A

8. X € To Hop()//té hop danh sach X va A

9. Retum X

10. end CFA.

5. CAI PAT, KET QUA VA BAN LUAN

5.1. Cai dit va két qua thuc nghiém

Céc giai thuat (MGA, 6RIPSO, GWPSO, CFA) s& dugc trién khai véi 1ap trinh véi Python va
trén hé diéu hanh Window 10 (64bit), trén may Intel (R) Core (TM) i7 3.4 GHz CPU va Ram DDR4
16G/3600. Dit liéu clia bai toan VRP cu thé s& duoc liy tir 2 dia chi web sau:

e Trang web http://web.cba.neu.edu cung cap chi tiét co sé dit liéu ctia bai toan VRPTW. Trang
web nay con cung cap chi tiét dit liéu ctia 6 tap dit liéu bai toan khac nhau: R1-type; Cl-type; RCI1-
type; R2-type; C2-type; RC2-type. Trang web nay con cung cép cac BKS cho cac tap dit liéu trén
theo bang thong ké, mbi bang déu co cac cot: Problem (tén tap dit lidu bai toan); NV (gia tri NV);
Distance (khoang cach/chi phi); Authors (tac gid). Chi tiét cia cac dit liéu ctia bang trén dugc trinh
bay tai http://web.cba.neu.edu/~msolomon/heuristi.htm.

e Trang web http://neo.lcc.uma.es/vrp/vrp-instances. dugc danh riéng cho viéc nghién ciu
VRP, web nay da tong hop & trong rat nhi¢u thong tin vé chinh ban than web dé truy cap cong khai,
goém: Bao co k¥ thuat; Nhiéu bién thé khac nhau ctia VRP; Thuét toan va ki thuat thay thé dé giai
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quyét n6; Mot sb truong hop ndi tiéng clia bai toan VRP; giai phap tot nhit BKS cho dén nay cho
cac truong hop ctia bai toan VRP; Thu muc; Lién két lién quan.

5.2. Panh gia két qua

Két qua thuc nghiém ctia bai bao cé sit dung 4 chi s6 dé danh gia cac giai thuat chuyén giai
quyét nhém bai toan VRP 1a: Tong khoang cach di chuyén Total Distance TD; Tong khoang cach di
chuyén trung binh Average Total Distance ATD; Thoi gian chay CPU; va Chat luong clia cac gidi
phap. TD va ATD chinh 14 céc tiéu chi so sanh chinh cho VRP va xac dinh gié tri ctia giai thuat. Thoi
gian chay CPU md ta hiéu qua giai thuat. Chat luvong ctia cac giai phap 1a chi so toan dién, biéu thi
ty 1& phan trim sai 1éch so véi gidi phap BKS. Cong thiic tinh ty 1& phan trim sai 1éch nhur sau:

Z - Zbest
. =—— 2 2 100%

dev
best
Trong do, z,_ laty 1€ phan trim sai léch so v&i Best Known Solutions BKS, z 1a chi phi ctia
gidi phap hién tai, Z, __, 1a chi phi ctia BKS.
Sau day 1a mot s6 két qua thong ké thuc nghiém:
Bang 1. Két qua viéc hoc véi s6 khach hang khac nhau

Number customers OCT accuracy (%) Prediction error rate (%)
500 75.2% 5.1%
1200 74.9% 7.2%
1900 76.2% 9.4%
3500 76.4% 10.7%
9000 76.6% 8.9%
0.8
0.7
0.6
0.5
X
Qg 04
<
< 03
g
Q
Q- 0.2
()
0.1
0
0 5 10 15 20 25 30 35

S6 lan lap

Hinh 1. D6 chinh xdc ciia OCT theo s6 lan ldp
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5.3. Thao luan

Trong bai bao nay di dé xuat mot gidi thuat lai GWPSO tir viéc diéu chinh gidi thuat di truyén
GA va két hop vao giai thuat PSO, sau d6 xay dung gidi thuat CFA d€ phan 16p va t6i thiéu héa sd
luong xe vén tai can cé. Viée sit dung k¥ thuat Hoc may vao viéc gidi quyét bai toan VRP theo hai
bude: M6 hinh phan 16p, 4p dung May hoc dé du doan s6 luong xe can thiét cho timg tap khach hang
xéc dinh; Giai thuat phan cum ma cé thé tan dung duoc céc tri thirc ¢ dugc tir sw phan 16p dé cé thé
t6i thiéu héa s luong xe van tai can 6. Két qua thuc nghiém cho thay giai thuat lai da thuc thi véi
tap dit liéu khach hang dau vao 14 nhé hon tir 1% dén 5% va da gidm tai xit ly cho gidi thuat lai da
xay dung. Cac nghién ctru trong tuong lai ¢6 thé trién khai cdc huéng sau:

+ Xay dung toan ti trong gidi thuat Di truyén c6 hiéu qua tot hon cho bai toan VRP.

+ Gia ting d0 chinh x4c ctia phan cum s& lam cho viéc cac gidi thuat lai giai quyét bai toan VRP
c¢6 duoc hiéu suat tét hon. Thuc hién viéc nay s& gap hai van dé: Cac cum duoc tao trong truong hop
xAu va xau nhat; Tap dit liéu khach hang khong dugc dong nhat va theo cac khung lam viéc khac
nhau.

LOI CAM ON

Nghién ctru ndy duoc Truong Pai hoc Qudc té Hong Bang cap kinh phi thuc hién dudi ma s6 dé
tai GVTC 15.15.
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