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TOM TAT

Bdi bdo dé xuat md hinh Idp trinh tuyén tinh nguyén hdn
hop (MILP) véi cdu tric chang hai chi sé dé gidi quyét bai
toan giao hang bang xe tdi két hop drone (FSTSP). Thay
vi diing cung dwong truyén thong, md hinh gan khéach hang
Va0 cac chang co thir tie trong 16 trinh xe tai. Céch tiép cdn
nay gilp giam manh leong bién nhi phan va tw déng logi
b cac rang bugc chu trinh con phic tap. Nham dam bao
tinh theec tién, nghién cizu thiét ldp co ché tuyén tinh hoa
va rang buge déng bé thoi gian chat ché. Qua thi nghiém
trén dir ligu Agatz 2018 (toi da 45 khdch hang), mé hinh
da chig minh su virot tréi vé thoi gian hi tu so véi mod
hinh arc-based cii, dong thoi duy tri chdt liwong nghiém cao
khi quy mé tang. Cudi ciing, ching téi dé xudt hwéng tich
hop md hinh vao thugt toan lai CMSA nham gidi quyét hiéu
quda cac bai todn FSTSP véi quy md lon trong thyec té.

ABSTRACT

This paper proposes a Mixed Integer Linear Programming
(MILP) model utilizing a 2-index stage-based formulation
to solve the Flying Sidekick Traveling Salesman Problem
(FSTSP). Instead of using traditional arcs, the model
assigns customers to ordered stages within the truck's
route. This approach significantly reduces the number of
binary variables and automatically eliminates complex
subtour constraints. To ensure practical feasibility, the
study establishes a linearization mechanism and strict
time-synchronization constraints between the vehicles.
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Through experiments on the 2018 Agatz benchmark
dataset (up to 45 customers), the model demonstrated
superior convergence time compared to traditional arc-
based models, while maintaining high solution quality as
the problem scale increases. Finally, the authors suggest a
future direction of integrating this model into the hybrid
Construct-Merge-Solve & Adapt (CMSA) algorithm to
effectively tackle large-scale FSTSP problems in practice

1. DPAT VAN BE

Trong nhiing thap ky gan day, sy bung nd cia thuong mai dién tir va nén kinh té
s6 da thuc day mot cudc cach mang trong linh vuc van tai va logistics. Tuy nhién, phan
doan giao hang chang cudi (Last-Mile Delivery) van duoc coi 1a mat xich kém hiéu qua
va ton kém nhat, chiém téi 28% dén 53% tong chi phi van chuyén [1]. Cac phuong tién
giao hang truyén thdng, chu yéu la xe tai, dang d6i mat vai nhitng thach thirc nghiém
trong do tinh trang tac nghén giao thong d6 thi, cac quy dinh nghiém ngat vé khi thai va
su gia tang chi phi nhan cdng [2]. Trong bdi canh dé, viéc tich hop cac thiét bi bay khdng
nguoi l4i (Unmanned Aerial Vehicles - UAV), hay thuong goi la drone, vao mang ludi
giao hang d4 noi 1én nhu mot giai phap dot pha nho kha nang di chuyén linh hoat, toc do
cao va chi phi van hanh thap.

Bai toan ngudi giao hang két hop drone (FSTSP) dugc gidi thiéu lan dau bai
Murray va Chu vao nim 2015 [3]. Day 1a mot bién thé cua bai toan ngudi giao hang
(Traveling Salesman Problem - TSP) kinh dién, trong dé mot xe tai phdi hop véi mot
drone dé phuc vy khach hang. Co ché van hanh cét 18i cia FSTSP duya trén sy cong tac:
xe tai dong vai trd 13 mot tram gdc di dong, ¢ kha nang mang theo drone va cac kién
hang. Tai mot dia diém dung (nat phong), drone dugc phong di dé phuc vu mot khach
hang nam trong tam bay, trong khi xe tai tiép tuc di chuyén trén 16 trinh duong bo dé
phuc vu cac khach hang khac. Sau khi hoan thanh nhiém vu, drone s& quay tro lai va két
ndi vai xe tai tai mot dia diém khac (nat thu hoi) ¢ 16 trinh sau [3].

Su két hop nay mang lai nhiing loi ich vuot tri so véi cac phuong thic truyén
thdng. Nam 2018, Agatz va cong su da chi ra rang viéc sir dung drone cd thé gip giam
tong thoi gian giao hang I1én téi 40% trong cac kich ban d6 thi nho kha niang bay theo
duong chim bay va khéng bi anh huong boi mang ludi giao thong phuac tap [4]. Tuy
nhién, tir goc d6 ti uu hoa, FSTSP 1a mot bai toan thudc 16p NP-hard, c6 do phuc tap
cao hon nhiéu so véi TSP truyén théng do su bo sung cua cac rang budc vé ddng bo hoa
thoi gian, khéng gian va gigi han nang lugng cua drone [5].

Nhiéu nghién ctru da nd luc dé xuat cac md hinh MILP (Mixed-Integer Linear
Programming) dé giai quyét FSTSP. Cac mé hinh so khai thudng dwa trén cau tric cung
duong véi ba hoidc bdn chi sé, dan dén sy gia ting dot bién sé lwong bién nhi phan va
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céc rang budc loai bo chu trinh con khi s6 lugng khach hang ting 1én [6]. Vi duy, véi N
khéch hang, sb lugng bién nhi phan trong mé hinh arc-based c6 thé Ién téi O(n3), gay
ap luc cuc 1on 1én cac b giai ngay ca khi xu ly cac tap dir liéu quy mé nho [7].

Gan déy, huong tiép can dua trén ching (stage-based) dang nhan dugc sy quan
tam Ién. Thay vi dinh nghia viéc di chuyén truc tiép gitra cac cap nat (i, j), md hinh nay
tap trung vao viéc gan khach hang vao cac thu tu chang trong 16 trinh cuaa xe tai [8].
Céch tiép can nay mang lai hai vu thé k§ thuat quan trong: tu dong loai bo cac chu trinh
con nho cAu tric tha tu tuyén tinh cua cac ching va don gian hoa dang ké viéc tinh toan
thoi gian cho doi tai cac diém thu hdi. Nam 2019, Jeong va cong sy nhan manh rang viéc
str dung md hinh 2 chi s khéng chi giam khong gian tim kiém ma con cho phép tich
hop linh hoat céc rang budc vé dung lugng pin va trong luong hang hoa caa drone [9].

Chung toi tap trung nghién cau bai toan FSTSP thong qua mo hinh dua trén chang
hai chi s6 v&i muc tiéu téi thiéu hoa thoi gian hoan thanh toan bo hanh trinh giao hang.
Khac vai cac md hinh truyén théng dya trén cung dudng, vén 1am gia ting nhanh sé luong
bién nhi phan va céc rang budc loai bo chu trinh con khi quy mé bai toan ting, cach tiép
can dya trén chang td chuc 16 trinh caa xe tai theo mot chudi cac ching co thi tw, qua d6
gilp giam d6 phuc tap cuia md hinh va cai thién kha niang giai bang cac bo giai t6i uu.

Pong gop cuia bai bdo gom ba diém chinh: Tha nhét, nghién cau xay diung md hinh
MILP dura trén ciu trdc chang hai chi s va dé xuét cach tuyén tinh hoa cac bién lién két
chang, cho phép md hinh hoa thoi gian di chuyén cia xe tai ma khdng can str dung cac
biéu thtc phi tuyén. Thir hai, bai bao phan tich va mé hinh héa rd co ché ddng bo thoi
gian gitra xe tai va drone, dac biét la viéc xir ly thoi gian cho tai cac chang phdng va thu
hoi, nham dam bao su phdi hop hiéu qua giita hai phwong tién trong qua trinh giao hang.
Thi ba, hiéu qua cia mo hinh dugc kiém ching théng qua cac thir nghiém trén bo dix
liéu chuan cia Agatz nam 2018, cho thdy mo hinh dé xut cai thién dang ké hiéu qua
tinh toan trong khi van dam bao chat lugng nghiém. Nhitng két qua nay cho thay md
hinh dé xuat 12 mot huéng tiép can tiém nang cho viéc giai cac bai toan ti uvu hoa giao
hang két hop xe tai - drone, dong thoi tao nén tang cho viéc phét trién cac phuong phap
giai hiéu qua hon ddi véi cac bai toan quy mé 16n trong hé thong logistics hién dai.

2. PHUONG PHAP NGHIEN CUU

Phuong phép nghién ctru trong tam tap trung vao viéc tai cau trac bai toan FSTSP
thong qua mo hinh MILP dua trén ching. Thay vi st dung céc bién nhi phan ba hoic
bdn chi sé truyén thong dé md ta viéc di chuyén giira cac cung dudng, mé hinh nay &nh
Xa toan bo 19 trinh thanh mot chudi cac chang.

2.1. M6 hinh bai toan

Trong md hinh nay, 16 trinh giao hang dwoc cau trdc thanh cac ching thay vi chi
la mot chudi cac diém dung roi rac. C6 tat ca N khach hang can phuc vu, xe tai xuat phét
tir S (kho khoi hanh) va két thac hanh trinh caa minh tai E (kho két thic). Tap hop cac
nGt khach hang can phuc vu duoc ki hiéu 1a: C= {1, 2, ... ,N} va V=C U{S, E} la toan
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bo tap hop cac nat khach hang va ca hai kho. Thoi gian di chuyén tir nat i dén nat j 1a
T néu str dung xe tai va la T{,]- néu dir dung drone. Pham vi hoat dong cua drone bi gidi
han bai thoi gian bay téi da 1a Dg. Cac tham sé bd sung bao gdm: t. 12 thoi gian can thiét
dé phong drone va tr 1a thoi gian can thiét dé thu hdi drone sau khi hoan thanh giao hang.

L6 trinh cia Xe tai duoc biéu dién dudi dang mot chudi cac dia diém ma n6 di qua. Vi
du: i 1a dia diém thtr k trong 16 trinh ctia né thi dia diém thi k 1 twong tng véi chang k trong
16 trinh cua xe tai. Nhu vy, Xe tai bat dau hanh trinh tai kho (ching 1), thim mét s6 khach
hang va quay tro lai kho. Drone s& duoc phong di tir mot chang k (tai dia diém i) dé phuc vu
khach hang h va quay tro lai xe tai tai chang k' (tai dia diém j) véi diéu kién k' > k. Vé&i N
khéch hang, sb luong chang toi da 1a N + 2, twong tng Véi truong hop Xe tai phuc vu tat ca
khach hang. Ky hiéu K = {1, 2, ..., K} la tap hop cac chang kha thi, voi K=N + 2.

2.2. Bién quyét dinh va tuyén tinh hoa

Dé chuyén doi bai toan vé dang tuyén tinh, cac bién quyét dinh duoc dinh nghia
nhu sau:

Bién vi tri: x; , € {0, 1} bang 1 néu xe tai phuc vu khach hang i tai chang k.

Bién phéi hop drone: y, ;. € {0,1} bing 1 néu drone phuc vu khach hang h,
phdng tai chang k va thu hoi tai chang k' (k' > k).

Bién lién két chang: z; ; , Dé tinh toan thoi gian di chuyén cua xe tai ma khong s
dung tich phi tuyén x; . x; x+1, ching ta st dung bién z; ; , € {0, 1} kém theo c4c rang
budc tuyén tinh hoa:

, Zijk = Xiks Bijk = Xik+1) Bijk 2 XikXik+r ~ 1

Bién thoi gian: T, = 0 la thoi gian xe tai dén chang k

2.3. Cac rang budc hé théng

Rang bugc ¢ trinh cua xe tai

MJi khach hang phai duoc phuc vu dang mot 1an béi mot trong hai phuwong tién:

Z xh,k + Z Z yh,k,k, = 1, Vh (S C
kexX KEX k'eX k'>k

Xe tai phai tuan thi cu tric chang: tai mdi ching k chi dimg tai mot dia diém duy
nhét va hanh trinh phai bat dau/két thuc tai kho:
in,k =1 VEKEXK;, x51=1;, xgxg=1
3%
Pong bé hoa giiza xe tai va drone
Drone chi ¢c6 thé thuc hién hanh trinh phong/thu hoi néu xe tai hién dién tai cac
nut trong ing ¢ cac chang k va k':

Z Yhkk' T z xir=1 Vkk'€X

hec k'>k iEV\{E}
z z Ynik' T z Xj =1, Vkk'€XK
hec k'>k FEV\{S}
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Rang bugc thoi gian va thoi gian cho

Day 1a phan cbt 15i dam bao sy phdi hop. Thoi gian dén cia xe tai tai ching tiép
theo k+1 phu thudc vao thoi gian di chuyén va cac thao tac ki thuat:

te =ttt + Tttt g = MG — Xk — X' — Yaik')

Gioi han nang lwong drone

Thoi gian drone roi khoi xe tai (tir lic phong dén luc thu hoi) phai nam trong gidi
han pin D;. Luu ¥ rang drone c6 thé phai cho xe tai tai nat thu hdi, do d6 tong thoi gian
hoat dong duogc tinh 1a khoang cach thoi gian gitra hai chang k va k'

tk’ - tkSDd""M(l_ th,k,k,>‘ Vk< k,
hec

2.4. Ham muc tiéu

Muc tiéu cua ]Déli toan 1a tbi :[hiéu h('3a thoi gian hoan thé:lnh toan bd hanh trinh giao
hang, tirc 1a thoi diém xe tai trd ve kho két thic tai chang cudi cung:

Minimize Z = Ty o

Trong m6 hinh nay, viéc sir dung x; , gitp ching ta khdng can dén cac rang bugc
loai b6 chu t(inh con dang MTZ hgy DFJ phuc tap. Thir tu c}ia Kk (tfrl 1 dén K) mic dinh
tao ra mot luong thoi gian mét chicu, dam bao tinh kha thi vé mat cau trac duong di.

2.5. Thuat todn MILP dwa trén ching cho bai todn FSTSP

Input:

C: Tap hop N khach hang

V = C U{S, E}: tap hop tat ca cac nat (khach hang va kho)

K=1{1,2,...,N+2}: Tap hop cac ching co tha tu trong 16 trinh.

Tyj, T; ;- Thoi gian di chuyén cua xe tai va drone giira nat i va j.

Dy, t;, tg: Gidi han pin drone, thoi gian phong va thu hoi.

M: S thuc du I6n (Big-M) ding dé tuyén tinh hda cac rang budc diéu kién.

Output: L trinh ti wu va thoi gian hoan thanh hanh trinh (Ty) nho nhét

Khai tao cac bién quyét dinh

xix €1{0,1},Vi € V,k € X: Bién vj tri xe tai tai chang k.

Ynix' €1{0,1},Vh € C,k, k' € X,k < k': Bién phdi hop drone.

Z;ix €{0,1},Vi,j € V,k € K: Bién lién két chang.

T, = 0,Vk € K: Thoi gian xe tai ¢én chang k.

Ham muc tidu: Minimize Z = T (T4i uu hoa thoi gian hoan thanh toan bo hanh trinh)

Céc rang bugc:

Pham vi phuc vu khach hang: Mdi khach hang duoc phuc vu duy nhat mét lan boi
xe tai hoac drone.

42



TAP CHI KHOA HQC TRUONG PAI HQC HONG PUC P-I1SSN 3030-4628
Hong Duc University Journal of Science E-1SSN 3030-4636

Ludng xe tai va kho bai: M&i ching k chi ding tai mot dia diém duy nhat.
Xe tai xuét phat tai kho S(x,; = 1) va két thuc tai kho E(xg x = 1).
Tuyén tinh héa chuyén chang (z; j ):

Zijk = Xiks Zijk = Xjk+1

Zijae 2 Xigt X1 — 1

Dong bo hda thoi gian va tinh lién tuc:

Tk+1 = Tk + ZlEV ]EV Zi,j,k 'Ti,j: Thoi glan di Chuyén cua Xe tai
Tk, 2 Tk + TL + Tl{,h + T;l,j + TR - M(3 - xl',k - x]',k’ - xh,k'k’) . Th(‘)'l glan
drone quay vé

Cac budc thyc thi thuat toan:

Buéc 1: Gidi bai todn TSP co sé dé tim 16 trinh xe tdi thuan tay

Tim mot 16 trinh ti wu cho xe tai di qua tat ca cac khach hang bang thuat toan TSP
giup xac dinh can trén cho thoi gian hoan thanh va thir ty wu tién cua cac chang K.

Buréc 2: Phan tach tap khach hang cé thé giao bang drone

Duyét qua danh sach khach hang va xac dinh xem khéch hang nao c6 thé giao bang
drone (C}D c C) dya trén céac rang budc: trong luong kién hang, khoang céch tur 16 trinh
xe tai dén vi tri khach hang, dung luong pin cua drone.

Buéc 3: Thyee hién gan drone va téi wu héa cuc bg tai cac diém phong/thu hoi

Cheén céc chuyén bay cua drone vao 16 trinh xe tai dé giam tong thoi gian.

~ Duyétqua cac cap chang (k, k") trén 16 trinh xe tai. Thir nghiém phong drone tai k

dé giao khach hang h € Cp va thu hoi tai k'.

Su dgng Local Search: Thir hoan ddi, chén hoic loai bo cac nit giira xe tai va
drone dé kiém tra su thay doi cia ham muc tiéu.
Cap nhat ciu trdc chafmg:q Khi m(:)t }(haich ha‘mg duoc chqyén tir xe tai sang drone, cac
chang phia sau s¢€ dugc day 1én dé toi wu hoa so lugng bien Xix.

Bu6c 4: Sir dung bé gidi téi wu Gurobi d@é tim nghiém cho md hinh MILP

Dua toan bd c4c rang budc va bién sé vao bo giai toan hoc Gurobi.

Thiét 1ap cc bién Xix, Yhkk, Zijx va Tk.

Kich hoat cac rang budc lién két dé bo giai xt ly tuyén tinh thay vi phi tuyén.

B¢ giai s& tinh toan chinh xac thoi diém xe tai phai doi drone tai chang thu hoi
hodc nguoc lai, dam bao tong thoi gian Tk 1a nho nhat.

Thuat toan ding khi dat dugc sai s6 t6i wu (Gap) mong mudn hoic hét thoi gian
tinh toan quy dinh.

Két qua: Nghiém tdt nhat S* = (x, y, Tx) (L6 trinh téi uu cho xe tai va drone ciing
thoi gian hoan thanh nho nhat).
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3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Thiét 1ap thuc nghiém va tap dir liéu thir nghiém

Dé danh gia khach quan hiéu ning ctia mé hinh dé xuat, nghién ctu tién hanh thir
nghiém trén bo dix liéu chuan caa Niels Agatz nam 2018 [4]. Pay 14 bo dit liéu dugc xay
dung dua trén mang ludi duong phé thuc té (Manhattan metric), tao ra cac thach thuc
dang ké vé mat ddng bd hoa so véi cac bo dir liéu Euclid thong thudng. Cac tham sé
thue nghiém duoc thiét 1ap nhu sau:

Quy mo thir nghiém: Céc tap dit liéu duogc chia thanh cdc nhém khach hang N
€{10, 20, 30, 40, 45},

Thong sb ki thuat: Toc d6 drone dwoc thiét 1ap vy, = 2v,. Hé sé tam bay a = 0.75
(muc trung binh cao). Thoi gian thao tac t;, = tz = 1 don vi thoi gian.

Mbi trudng tinh toan: M6 hinh MILP duoc lap trinh bang Python 3.9, st dung b giai
t6i uu Gurobi 9.5. Thoi gian t6i da dé giai mdi truong hop thir nghiém 12 3.600 gidy (1 gio).

3.2. Két qua dinh hrong va thao luan, danh gia

Bang 1 trinh bay két qua so sanh giira md hinh Arc-based (truyén thong) va mo
hinh Stage-based (dé xuat) vé thoi gian giai va chit luong nghiém.

Bang 1. Két qua so sanh higu suit tinh toan va chat lhrgng nghiém

Quy md | M& hinh Arc-based | Md hinh Stage-based Tx Gap
(N) (Giay) (Giay) (Makespan) (%)
10 8.5 1.2 142.5 0.0%
20 445.6 35.1 215.8 0.0%
30 1,850.2 185.4 302.1 0.0%
40 3,600 (TLE) 512.6 368.4 0.3%
45 3,600 (TLE) 842.3 395.7 0.8%

Trong do:

Ty (Makespan) la thoi diém hoan thanh nhiém vu giao hang cubi cuing, tuc la thoi
gian xe tai quay tro lai kho sau khi phuc vu tat ca khach hang.

Gap (%) la khoang sai léch tuong dbi gitra nghiém tét nhat tim dwoc va nghiém t6i wu.

Hiéu qua vé thei gian hgi tu

Két qua cho thay su phan tach rd rét khi quy mo khach hang ting dan (N khach
hang). Trong khi mé hinh arc-based gap hién twong bang né té hop va cham ngudng
gioi han thoi gian (TLE) tai N = 40, md hinh stage-based van duy tri téc do hoi tu on
dinh dudi 15 phat cho quy mé N = 45,

Sy vuot troi nay dén tir cdu trdc ching, gidp gisi han khdng gian tim kiém mot
cach tu nhién. Thay vi phai duyét qua hang ngan cung duong roi rac va xur ly cac rang
budc loai bo chu trinh con phac tap, mé hinh stage-based tap trung vao cac hoan vi vi
tri kha thi, giGip cay nhanh can cia Gurobi dugc cét tia hiéu qua hon.
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Hiéu qud ciia co ché dong bé hoa va thoi gian chor

Qua dit liéu thuc nghiém, chiing tdi nhan thiy mé hinh xt 1y rat tét bién thoi gian cho.
Tai cac chang thu hdi drone, md hinh stage-based cho thiy kha ning nhin truéc nhd vao céc
bién lién két chang. Trong cac kich ban thyuc té cua Agatz, Xe tai thuong xuyén phai diéu
chinh té¢ d6 hozc chon 16 trinh dai hon mot chut dé dam bao drone khdng phai cho qua lau
(gay can pin) hoac xe tai khéng phai cho drone qua lau (gay lang phi Makespan).

Co ché tuyén tinh hoa bién z; ;, thay thé cho tich phi tuyén da gitp bo giai tinh
toan chinh xac thoi diém dén cua xe tai tai chang k', tir d6 ti wu héa duoc sy giao thoa
giira hai phuong tién. Vi N = 45, md hinh van tim duoc nghiém c6 sai s6 toi uvu (Gap)
chi 0.8%, mét con s6 an tuong cho mot bai toan NP-Hard.

Minh hea so sanh hiéu sudt

Dudi day 1a biéu d6 so sanh xu huéng thoi gian giai gitra hai mé hinh khi quy mo
bai toan tang dan tir 10 dén 45 khach hang.

So sanh thai gian giai gitta mo hinh Arc-based va Stage-based

—-M- Arc-based Model (Baseline) ~ aame——— ™
3500 1 —g— stage-based Model (Proposed) . -
Time Limit Exceeded ~
//
;
3000 1 e
s
4
4
s
’
— 2500 S
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Hinh 1. Biéu d so sanh xu hwéng thoi gian giai giira hai mo hinh arc-based va stage-based
khi quy mé bai toan ting din tir 10 dén 45 khach hang

Dya trén Hinh 1, chling ta quan sat thay duong biéu dién caa md hinh arc-based
¢6 xu huéng dbc dung theo ham mii. Nguoc lai, md hinh stage-based c6 do déc thap va
6n dinh. Biéu nay minh ching rang viéc st dung md hinh 2 chi sé theo chang gidp kiém
soat ganh nang tinh toan tot hon khi bai toan mé rong quy mé.

Thdng qua cac bo Benchmark cuia Niels Agatz, chiing toi khang dinh raing mé hinh
ching 2 chi sé da vuot qua dugc rdo can vé quy mo bai toan ma cac mé hinh MILP truyén
thdng thuong gap phai. Kha nang xtr ly tét t&i mac 45 khach hang mé ra co hdi tng dung
mé hinh nay vao cac khu vyc do thi c6 mat do diém giao hang trung binh, noi ma su dong
bo gitra phuong tién mit dat va thiét bj bay 1a yéu té séng con dé giam thiéu chi phi.
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4. KET LUAN

Nghién ctru di khing dinh tinh wu viét cia md hinh 1ap trinh tuyén tinh nguyén
(MILP) duya trén cdu tric chiang 2 chi sb trong viéc giai quyét bai toan FSTSP. Két qua
thuc nghiém trén bo dir liéu Agatz nim 2018 cho thdy mé hinh khong chi giam thiéu sb
lwong bién nhi phan ma con loai bo triét dé cac rang budc chu trinh con phirc tap, cho
quan ly chat ché su déng bo thoi gian gitra xe tai va drone gilp tdi wu héa tdng hanh
trinh, cung cap mot céng cu hd tro ra quyét dinh hiéu qua cho cac doanh nghiép logistics
trong moi truong do thi.

Dé giai quyét cac bai toan thuc té quy md 16n 1én dén hang 100 khach hang, hudng
nghién ciru tiép theo s& tap trung vao viéc tich hgp mé hinh nay vao khung thuat toan lai
CMSA. Trong co ché nay, CMSA doéng vai trd bd loc thong minh dé xac dinh tap hop
cac bién tiém niang nhat, sau d6 sir dung md hinh stage-based lam bo giai 18i dé tim
nghiém t6i vu trén khong gian da thu gon. Sy két hop gitra sicc manh cua siéu thuat toan
(Metaheuristic) va toan hoc chinh xac (Exact Solver) hira hen s& mang lai 10i giai chat
lugng cao cho cac mang ludi giao hang phic tap va quy mé 16n.
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