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TOM TAT

Trong bai bdo ndy, mé hinh t6i wu héa da muc tiéu cho bai todn
dinh tuyén phwong tién cé giGi han trong tdi va khung thoi gian
(CVRPSTW) dwoc trinh bay. Muc tiéu chinh la 161 thiéu chi phi vin
chuyén va lwong phat thai CO: trong chudi cung ung cua hé thong
cura hang Bach Hoa Xanh. Mo hinh két hop cdc yéu to nhw toi wu
héa 16 trinh, rang budc vé khung thoi gian va cdn nhdc cac tac
dong moi truong. Cac phwong phdp dwoc suc dung trong nghién
citu bao gom viéc dp dung cdc thudt todn toi wu hoa, cu thé la
phuong phap e-Constraint mo rong (AUGMECON) va phuong
phdp Euclidean dé gidi quyét cdc bai todn da muc tiéu, sir dung div
liéu thuc nghiém tur chudi cira hang minh hoa tinh kha thi cua mo
hinh. Két qua giam chi phi van hanh va leong CO: mét cich ding
ké. Ngodi ra, giai phap Pareto ciing dwoc xdc dinh nham can bang
gitta cdc muyc tiéu chi phi va moi truong.

Tir khéa: Chuéi cung vmg, CVRPSTW, da muc tiéu, hoach dinh
tuyén dwong, mé hinh t6i wu hod

ABSTRACT

This paper presents a multi-objective optimization model for the
vehicle routing problem with load window and time constraints
(CVRPSTW). The main objective is to minimize transportation
costs and simultaneously CO: emissions in the supply chain of the
Bach Hoa Xanh store system. The model incorporates factors such
as route optimization, time constraints and environmental impact
considerations. The Mixed Integer Linear Programming (MILP)
includes the application of optimization algorithms, specifically
the extended ¢-Constraint method (AUGMECON) to solve multi-
objective problems, and the Euclidean method using empirical
data from the store chain to illustrate the feasibility of the model.
The model results can significantly reduce operating costs and
CO; emissions. In addition, the Pareto solution is also determined
to balance cost and environmental objectives.

Keywords: CVRPSTW, Multi-objective,
supply chain, vehicle routing problem

optimization model,
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1. GIOI THIEU

Hién nay, nhu ciu van chuyén hang hoa ngay
cang ting cung voi sy phat trién cia thwong mai va
dich vu viéc toi wu hoa cac yéu td van chuyén khong
chi gitip doanh nghiép tiét kiém chi phi ma con giam
tac dong tiéu cuc dén moi trueong, dac biét trong thoi
ky bién d6i khi hau. M6 hinh bai toan dinh tuyén
phuong tién c6 gidi han suc chua véi khung thoi
gian mém (Capacitated Vehicle Routing Problem
with Soft Time Windows - CVRPSTW) ho trg dua
ra cac giai phap hiéu qua, can bang gitra loi ich kinh
té va trach nhiém xa hoi, dong thoi dap ing yéu cau
ngay cang sdu sic vé van dé giao thong do thi va
thoi gian giao hang. Pay 14 hudng nghién ctru thiét
thuc va c¢6 tiém nang tmg dung cao.

Bach Hoa Xanh (BHX) la m¢t trong nhiing
chudi ctra hang chuyén ban 1¢ thuc phém tuoi séng
(thit ca, rau cu, trai cdy,...) va nhu ycu pham chat
luong, nguon gbc 6 rang, chu yéu tai cac tinh mién
Nam, mién Pong va Nam Trung B6. Bach Hoéa
Xanh thanh 1ap vao nim 2015 va dugc phat trién
manh me€ v6i hon 2000 cua hang. Riéng trén dia ban
quan Ninh Kiéu, thanh phé Can Tho c6 dén 18 cira
hang. Cung v6i sy phét trién va mot luong 16n don
hang, Bach Hoa Xanh doi hoi phai tim kiém mot
ngudn cung cAp thyc phdm tuoi sdng dé dap tng nhu
cau do va thoi gian giao hang phai dugc dam bao
dung gio. 0 _quén Ninh Kiéu ngudn cung cap thuc
pham tuoi song chinh dén tir cac kho & Hau Giang,
diéu nay khong chi gitp giit chan khach hang ma
con giup thuc phém ludén duogc tuoi ngon. Tuy nhién,
Vi sy phat trién manh mé ctia mang ludi nhap hang
tir kho den Béch Ho4 Xanh! ciing mang lai nhiéu tac
d6ng x4u dén moi truong nhu ting lwong phat thai
khi CO,, NOx. Theo théng ké giao thong vén tai la
ngudn phat thai khi nha kinh 16n thir hai tai Viét
Nam, chiém 18% tong lugng phat thai. Chinh vi thé
can phai nd lyc giam thiéu nhiing tac dong nay,
thong qua viéc lap ké hoach va dinh tuyén quing
duong di.

Vé6i muc tiéu giam thiéu tong chi phi tuyén
duong va véi cau hoi “Lam thé nao dé tao ra mot 10
trinh t&i wu cho mot doi xe giao hang t¢i mot lwong
khach hang c6 sin?”. Anh and Thao (2021) da
nghién ctru thuat toan di truyén va tim kiém dé giai
bai toan dinh tuyén xe. Trong bai bao, cac kién thiic
co ban dinh tuyén xe da dugc trinh bay 16 thém, lam
16 thuat toan di truyén va tién hanh thyc nghiém véi
bo dit li¢u dugc phan loai cy thé. Sau d6, Tham and
Trinh (2023) da xdy dung mo hinh toan nhim t6i
thiéu tong chi phi théng qua viéc lya chon tuyén
dudng co thoi gian di chuyén ngan nhat dua trén mo
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hinh bai toan dinh tuyén phuong tién xe (Vehicle
Routing Problem_ - VRP) va m6 hinh 1ap trinh phi
tuyén (Non-linear Programming-NLP). Két qua mo
hinh VRP d cung cap tuyén duong tdi wu phan phdi
nong san tir kho so ché dén 18 cira hang BHX xung
quanh quan Ninh Kiéu. O cac nghién ciru trén,
nhiing két qua dugc dua ra mang thiét thyc va co
tinh ing dung cao. Tuy nhién, van con nhiing van
dé chua duoc dé cap dén nhu chua dé cap dén luong
phat thai khi CO, trong qua trinh van chuyén va chi
phi phai chiu khi giao hang khong dung thoi han.

Dé giai quyét cac van dé vé van chuyén hang hoa
tr kho Hau Giang dén Bach Hoa Xanh la mot van
dé nan giai va can dua ra cac gidi phap dé lam giam
b6t anh huong xau dén moi truong. Dong thoi can
dura ra nhitng bién phap tryc quan dé thir nghiém do
hi€u qua. Twr d6, cac van d¢ sau da dugc giai quyét:

— Giam chi phi van chuyén: Téi wu hoa tuyén
duong giup tiét kiém nhién li¢u, thoi gian di chuyén
va nhan lyc, tir d6 giam chi phi van hanh cho doanh
nghiép.

—  Giam phat khi CO»: Cung cp ché d¢ thai khi
trong qua trinh van hanh, gop phan bao vé moéi
truong va giam tac dong tich cuc deén bién doi khi
hau.

— Can bing gitta loi ich kinh té va m6i truong:
Giai phap phu hop véi cac muyc tiéu phat trién bén
virng da dugc dé xuat, dap ung yéu cau kinh doanh
va trach nhiém xa hoi.

2. COSOLY THUYET

2.1. Bai toan dinh tuyén xe c6 thoi gian giao

hang (VRPTW)

Hoach dinh tuyén duong (Vehicle Routing
Problem-VRP) dugc biét dén 1a mot bai toan giai
quyét cac van dé lién quan dén thiét ké tuyén duong,
no tap trung vao viéc t6i thiéu hoa tong khoang cach
van chuyén hodc tong chi phi van chuyen Duoc
Dantzig and Ramseur (1959) lan dau dé xuat dua
trén bai toan Nguoi giao hang (Travelling Salesman
Problem-TSP).

Sau d6, Clarke and Wright (1964) da cai tién
céch giai ciia Dantzig and Ramser (1959) bang cach
sir dung mot cach tiép can khac, duoc goi 1a thuat
toan tiét kiém. Bai toan hoach dinh tuyén duong voi
han ché vé khung thoi gian (Vehicle Routing
Problem with Time Window-VRPTW) 1a mot bién
thé cua bai toan VRP. VRPTW la mot tap hop nhiéu
tuyén duong va mot chudi nhiéu khach hang, mdi
khach hang déu c6 nhing khung thoi gian nhan hang
khac nhau. Néu nguoi giao hang dén trudce hodc sau
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thoi gian han ché thi phuong tién d6 khong thé vén
chuyén hang hoéa dén khach hang.

Tuy nhién, két qua nghién ctru ctia Balakrishnan
(1993) cho thay néu ngudi giao hang chiu tra mot
khoan chi phi phat nhét dinh thi vin dugc phép giao
hang, d6 dugc goi 1a hoach dinh tuyén duong voi
khung thoi gian mém (Vehicle Routing Problem
with soft time windows-VRPSTW). Kuo (2010) da
thém yéu t6 tdc 6 van chuyén vao mé hinh tinh toan
tiéu thy nhién liéu v6i bai toan dinh tuyén phuong
tién phu thudc vao thoi gian (Time - Dependent VPT
- TDVRP). Nhitng nghién ctru dugc thuc hién vé
VRP ¢6 can nhic dén van dé moi truong da dugc
phat trién tir rit som tir nhitng ndm 2000. C4c nghién
ctru ¢6 thé ké duge dén nhu: Ubeda et al. (2011) da
gidi thiéu thuat nglr “Green logistics” trong quan 1y
chudi hau can. Cac tac gia dd xem xét viéc giam
thiéu khoang cach va lugng khi thai 6 nhidm trong
truong hop thuc té tai mot cong ty phan phdi thuc
pham tai Tay Ban Nha. Lin et al. (2014), tong hop
va phén loai cac nghién ctru vé Green-VRP (Green
Vehicle Problem - G-VRP). Tac gia trinh bay cac
bién thé nhu Green-VRP, PRP va Reverse Logistics.
Bai viét ciing néu khoang tréng nghién ctru va dé
xudt huéng phat trién trong twong lai.

Cung véi @6, Le et al. (2022) da dé xuét két hop
phuong phap ‘cluster-first-route-second’ va thuat
toan k-means dé giai quyét bai toan dinh tuyén xe c6
thoi gian giao hang (VRPTW) trong linh vuc
logistics, tap trung vao viéc phan phéi hang dé hu
hong nhu cé, ga, bo va heo tai Viét Nam.

Bén canh dd, Logistics dang tr¢ thanh mot linh
vuc quan trong, dan dit sy phat trién kinh té cua Viét
Nam. Tuy nhién, tinh trang logistics hién tai ¢ Viét
Nam van con mot s van de, chang han nhu chi phi
cao va kha nang canh tranh thap so voi cac quoc gia
khac trén thé gidi. Cu thé, chi phi van chuyén chiém
mot ty 1¢ rat 1on trong téng chi phi logistics. Do d06,
trong thé gidi ngay nay, viéc cai thién mang ludi
giao thong va t6i uu hoéa phan phdi hang héa 1a
nhitng wu tién chinh. Vi vay, Hoa et al. (2023) da
nghién ctru phat trién mot thuat toan toi wu hoa van
tai sir dung thuat toan di truyén (Genetic Algorithm
- GA) dé giai quyét van dé dinh tuyén phuong tién
(VRP), dong thoi diéu chinh vin d¢ dinh tuyén
phuong tién co stic chita (Capacity VRP - CVRP)
voi mot thuat toan chon phuong tién. Két qua cho
thy tong khoang cach di chuyén giam 39,5%, ty 1
phat thai CO2 giam 27,1%, va ty 1& lap day cong
suét xe tang tir 56,38% 1én 97,14%.

Viéc quy hoach }uyén duodng (VRP) trong chudi
cung ung lanh 1a hét strc can thict. Boi vi cac loai
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san pham d& hu hong cin bao quan dudi nhiét do
can thiét ¢& dam bao chit luong cia san phém Vi
vay, trong chu01 cung tmg lanh viéc ti thiéu thoi
gian va tuyen dudng van chuyén 1a nhing yéu cau
thiét yéu nhit. Nguyen et al. (2022) da dé xudt mot
bién thé méi cuia bai toan dinh tuyén phuong tién
(VRP) v6i mot rang budc méi vé gidi han dudi cua
cong suat phuong tién, diéu nay chwa dugc nghién
clru trong tai lidu. Cac yéu cau cua bai toan dén tir
mot trong nhing céng ty phan phdi sira 16n nhat tai
Viét Nam. Véi hon 1000 diém khach hang dwoc bao
gom trong mot ké hoach trung binh, cong ty mat it
nhit mot ngay lam viéc dé 1ap ké hoach 16 trinh.
Viéc 4p dung phuong phap nay da dan dén sy nhanh
chong trong viéce tao ra giai phdp, nhiém vu ma trude
day mat mot ngay gid chi con hai gio.
2.2. Bai toan giai quyét phat thai CO:

Trong qua trinh van hanh, cdc phuong tién nay
thai ra mdt luong 16n khi doc hai, gay 6 nhiém méi
truong va anh huong truc tiép dén sic khoe cua
nguoi tham gia giao théng ciing nhu cu dan séng
gan céc tuyén duong. S6 lugng khi thai ngay cang
tang 1én theo tirng nam, ty 1€ thuan voi su gia ting
cua cac phuong tién giao thong duong bg. Ai et al.
(2019) ciing da c6 bai phan tich véi m6 hinh da muc
tiéu voi rang budc vé lugng phat thai CO2 va téng
chi phi van chuyén trén dia ban thanh phd Can Tho
trong viéc hoach dinh tuyén duong don san pham.

Bai nghién ctru dugc thuc hién nham tap trung
vao viéc phat trién mo hinh dinh tuyén xe bén viing.
M5 hinh quy hoach tuyén tinh s6 nguyén hdn hop
(Mixed Integer Linear Programming - MILP) duoc
phat trién dé xir 1y cac yéu td nhu tai trong xe,
khoang cach, va khung thoi gian. Cac muc tiéu da
dang dugc tbi wu ‘hoa bang phuong phap
Tchebycheff ¢6 trong s, tao ra «cdc giai phap Pareto
nhim can bang muc tiéu kinh t& va méi truong.

Két qua mo6 hinh dat dugc giam thiéu 46,7% tac
dong mdi trudong voi chi phi tang khong dang ké
(0,1%). Cac giai phap t6i wu hoa cho thiy su can
bang giita chi phi van chuyén va tac dong khi thai.
Gan day nhit, Zhao et al. (2024) di dé xuat mot giai
thuat toan di truyén da muc tiéu thich tmg (AMoGA-
GIS) nhiam giai quyét vin dé dinh tuyén phuong tién
va ¢ xét dén cac yéu t6 moi trudng, sy hai long cia
khéach hang.

2.3. Bai toan da muc tiéu

Téi wu hoa da muc tiéu (Multiple Objective
Optimization) 1a mét linh vuc nghién ctou quan
trong, dac biét trong cac hé théng thuc té noi can can
nhic giita nhidu muc tiéu mau thudn. Khoi dau tir
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nghién ctru cua Zadeh (1963), bai toan ti wu khong
theo gia tri vo hudng dugc dé xuét, nhan manh ring
khong thé tim ra mot 10 giai duy nhit ma thay vao
d6 1a tap hop cac giai phap Pareto tdi wu. Dén nhiing
nam 1970, Haimes et al. (1971) gidi thi€u phuong
phap e-Constraint, tbi wu mot tiéu chi chinh va bién
cac tiéu chi khac thanh rang budc. Tuy nhién, han
ché ctia phuong phap nay la khong dam bao kham
pha hét tap hop Pareto trong truong hop cic muc
tiéu khong 16i. Sang thé ky 21, Deb et al. (2002) phat
trién thuat toan NSGA-II, mot bude dot pha trong st
dung cac thuét toan tién héa dé tim kiém dong thoi
nhiéu giai phap Pareto tdi wu. Thuat toan nay da
dugc 4p dung rong rdi trong cac linh vuc nhu thiét
ké cong nghiép, noi cac muc ti€u nhu chi phi va do
bén san pham thudng mau thuin nhau.

Dic biét, mot cai tién quan trong cua phuwong
phap e-Constraint la AUGMECON (Augmented -
Constraint Method) do Mavrotas (2009) dé xuit.
AUGMECON b6 sung thanh phéan trong s vao ham
muc tiéu, cho phép kiém soat wu tién gitra cac tiéu
chi, dong thoi giam sé luong rang budc khong can
thiét. Vi du, Mavrotas da ap dung phuong phap nay
trong quan 1y ning lugng dé tdi thiéu héa chi phi van
hanh va giam tac dong méi truong, dat duogc két qua
Pareto toi uu hiéu qua hon cac phuong phép truyén
thong. Cing v6i d6, AUGMECON di dugc ap dung
dé tdi wu hoa 10 trinh van chuyén cho cac chudi cung
g trong nganh thuc pham tai chau Au, noi cin can
béng gitta chi phi van hanh, thoi gian giao hang, va
tac dong moi truong. Gan ddy, phién ban nang cao
AUGMECON?2 dugc st dung trong cac bai toan quy
mo 16n, chiang han Gassner et al. (2021) da ap dung
dé t6i wu hoa hé thong giao thong cong cong & Chau
Au, can b?mg gifra chi phi van hanh, hiéu sut, va
giam phat thai CO.. Viéc ung dung cua
AUGMECON con mé rong trong quan ly tai nguyén
nudc, thiét ké ky thuat va dic biét 1a chudi cung g
ndng nghiép tai Viét Nam, noi bai toan tdi wu hoa
viéc phan ph01 san pham can bang gitra chi phi nhién
lidu, giam that thoat san pham va thoi gian giao
hang.

3. PHAT TRIEN MO HiNH TOAN

bé dat dugc muc ti€u nghién ctu, cac budce thuc
hién da dugc xay dung mot cach khoa hoc va cé hé
thong. Quy trinh nay dugc thyc hién nhdm dam bao
tinh chinh x4c va logic trong qué trinh phén tich, sau
day la céac budc thyuc hién:
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Thu thip dir lidu

Thu thip cdc dit lidu vé phuomg tien,
thin gian di chuyén, khoang cach di
chuyan

Xiv dung toi ra béa mb hink

- Xiy dimg ham muc fidn
- Thaat lap cac rang budc

¥
Thanh Iap biéu d6 Pareto

- Sit dung phirons phap
AUGMECON _ .
- Loai bo cac diam by chi phin

a

Lura chon gidi phap tot nhat

- .5|.p dung plwong phap Edulidean -
Distance Basad ) ]
- Chon g1 phap ngin nhat

i
Trinh bay két quai

Trinh bay két qui tbi wn zom cic
thing 0 cy the nhir lea chon, phireng
fién, tuyen dwome, thol gian va chi

Hinh 1. So' d6 cac bwéc thwe hién nghién ciru
3.1. Mo hinh MILP

Trong chudi cung mg viéc dam bdo tinh dung
gid va hidu qua van hanh, gitip toi wu viée giao nhan
hang, giam thoi gian chd va nang cao hiéu qua trong
toan bo chudi cung tng. Dé cai thién qua trinh van
chuyen va giao hang dung thoi gian quy dinh tir kho
dén cac ctra hang Bach Hoa Xanh, viéc xay dung
mang ludi phan phdi bang mod hinh quy hoach tuyen
duong CVRPTW véi nhiéu san pham va cac chuyén
di da dugc thye hién trong nghién ctru nay. Muc tiéu
dugc dat ra trong mé hinh nham giam tdi thiéu tong
chi phi bao gdm chi phi ¢4 dinh ctia mdi phuong
tién, chi phi van chuyén, chi phi phat cho mdi gio
dén som, tré cua phuong tién trong qua trinh phuc
vu khach hang, cing v6i do 1a tdi thiéu lugng phat
thai CO, dugc thai ra trong khi phuong tién di
chuyén.

3.1.1. Cac gia dinh cua mo hinh

Mo hinh dugc xdy dung véi mot sb gia dinh sau:
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- MSi khéch hang chi cc} thé duoc phuc vu boi
duy nhat mdt phuong tién. SO lugng xe va tai trong
mdi xe dugc thé hién & phu luc Bang P1.

— Madi phuong tién bit dau va két thuc hanh
trinh tai trung tam kho.

— Téng nhu cau trén mot tuyén dudng cu thé
khong dugce vuot qua ste chira cua phuong tién.
Nhu cau cua khach hang dugc thé hién & phu luc
Béng P4.

— Moi khich hang phai dugc phuc vu trong
khoang thoi gian quy dinh nghiém ngat (hard time
window).

— Thoi gian phuc vu hodc chd doi tai mdi
khach hang phii nim trong giéi han cho phép.
Khoang thoi gian phuc vu ctia mdi khach hang duoc
thé hién & phy lyc Bang P4.

— Cac khoang thoi gian nghiém ngat (hard time
window) can duoc tuan thi tuyét doi.

— Ddi véi cac khoang thoi gian linh hoat/mém
(soft time window), c6 thé chap nhan vi pham nhung
s& phai chiu mot mirc chi phi ¢6 dinh. Thoi gian linh
hoat va thoi gian nghiém ngét dugc thé hién & phu
luc Bang P5

3.1.2. Tp hop

_ Céc tap hop (chi s6). Goi G(N, A)G(N, A) la mot
d6 thi c6 hudng, trong d6 NN la tap hop cac dinh va
AA 1a tép hop céc cung (i,j) dai dién cho cac ket

ndi gitra kho va khach hang.

N ={o,d,1,2,3, ...,n} 1a tdp hop cac nit, trong
do:

o: niit gc,

d: nut dich,

N * = N\ {o, d} latap hop cac nut ngoai trir ntit
goc va nut dich.

A(i,j):i,j € N,i # j:latap hop céc cung.

K ={1,2,3,...,v}: la tap hop céc phuong tién.
P ={1,2,3,...,p}: 1a tdp hop cac loai san ph?im.
R ={1,2,3,...,r}: 1a tap hop cac chuyén di.
3.1.2. Tham so

ds; jlakhoang cach gilta khach hang i va j (km),
t;; 1a thoi gian (gid) tir khach hang i dén j,

dm; , 1a nhu cau cta khach hang i véi san pham
p (kg),
M 12 mot s6 16m tay ¥,
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8y lugng khi CO, phat thai trén mdi km (g-CO»),
TCk la ch1 phi ¢é dinh cho mdi kilometer di

chuyén cua mdi phuong tién k (VND/km),

LCkp 1a chi phi cho mdi don vi quing duong di
chuyén trén mdi don vi tai trong cta san phim duoc
véan chuyén boi phuong tién (VND/km),

s; 1a thoi gian phuc vu tai khach hang i (gio),

a; 1a gidi han dudi cua thoi gian mém cho diém
b; 1a gidi han trén cta thoi gian mém cho diém

LB; gidi han dudi cua thoi gian cimg cho diém i,

UB; gi6i han trén cua thoi gian cimg cho diém i,

PI chi phi phat cho mdi gio dén s6m (VND/gio),

Pu chi phi phat cho mdi gid dén tr& (VND/gio).

3.1.3. Bién quyét dinh

Xirij =1, néu phuong tién k di chuyén truc
tiép tiri dén j trong chuyén r, Xir,ij = 0, khong co
phwong tién k di chuyén tir i dén j trong chuyén di
r.

XTyrijp lwong sin phim loai p duogc van
chuyén tir diém i dén diém j bang phuong tién k
trong chuyeén di r.

XLy r;p 12 lugng san pham loai p duoc giao tai
diém i boi phuong tién k trong chuyén di 7.

W, i 1a thoi gian bat dau phuc vu tai diém i cia
xe k trong chuyén di r.

WLy, = max{ai — Wk,r,i,0} la mic do vi
pham gi6i han dudi cta khoang thoi gian mém.

WU, ,; = max{bi — Wk,r,i,0} la mic do vi
pham gi6i han trén cia khoang thoi gian mém.

Ugrip = 1, néu mot phuong tién k giao mot san
phim p trong khoang t trong mot chuyén dir,
Ukrtp = 0 khong c6 phuong ti¢n k giao san pham
p trong t trong chuyén di .

Y ri=1 néu phuong tién k c6 ghé qua khach
hang i trong chuyén di r, Yiri =0 khong co
phuong tién k nao ghé qua khach hang i trong
chuyén dir .

3.1.4. Ham muc tiéu
Ham t6i thiéu chi phi:

Minimize Z = z1 + z2 + z3 (1)
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Chi phi di chuyép cua xe k duoc tinh dua trén
khoang cach di chuyén tir diém i dén j véi chi phi co
dinh cho mdi kilomet di chuyén ctia phuong tién k.

z1l = z ZZ dsi,j'Xk,T,i,j'TCk (2)
k r i

Chi phi van chuyén dugc tinh bang khoang cach
di chuyén tir diém i dén j véi chi phi cho mdi don vi
quang dudng di chuyén trén mdi don vi tai trong cia
san pham dugc van chuyén boi phuong tién va
luong san pham duoc van chuyen dén diém j J-

z2 = Z z z z Z XTk,T,l',j,p' dsi,j' LCk,p (3)
kK r 1 j

Chi phi phat do thoi gian giao hang cua phuong
tién dén som hodc tré.

23 = Z Z Z(Pl. WLy, i+ Pu. WUy, (4)
k r i

Ham t4i thiéu CO»:

24 = Z Z Z Z Z XTier,ijp-dSij- Ok (5)
k T i j P

3.1.5. Rang buoc

Rang budc xac dinh nit i ¢6 dugce phuc vu hay
khong, biéu thi mbi lién két giira blen Xy ri J va
Yiris bién Yk” chi nhan gia tri 1 néu co it nhét 1
cung X, . ; j xuét phat tir niit .

Viri > Z Xeri; VK€K €R,I€EN(6)
JEN
Rang budc ra vao kho: Xe chi duoc phép Xudt
phat tir kho va tr¢ lai kho ding 1 1an va tong so cung
di vao nuat i bang tong so cung di ra khoi nut i.

sz,r,depot,j =1 Vk€eK,r€R(7)

e
Zkadepot =1 VkeK,reR(8)
Jen

z Xirij — Z XTrjip =0

e Jen

Vk € K,r € R,i € N,i # depot (9)

~Ra‘mg budc vé sb 1an phuc vu tai cac khach hang:
Moi lghéch hélng chi dugc phuc vu diing mét xe va
mot lan duy nhat.

ZZZX,””- =1 Vi €N,i # depot (10)

r JEN
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Rang budc vé s chuyén di chuyén: Trong mot
chuyén di r khach hang i chi dugc phuc vu toi da
mot lan.

i # depot,Vk € K,r € R (11)

Rang budc vé gi6i han tai trong cta xe cho timg
san pham: Tong tai trong cho san pham p khi xe k
xudt phat tir kho trong chuyén r khong dwoc vuot
qua tai trong cua xe.

vk e K,reR,p e P (12)

Rang bugc dam bao dap ing nhu cdu cua ting
khach hang: Téng luong san pham p duoc giao dén
khéch hang i phai bang dang nhu cau cia tirng khach
hang i va loai san pham p.

Z Z XLk,r,i,p = dmi,p
k T

Vi € N,i # depot,p € P (13)

Rang buge tong luong giao tirkho bang tong nhu
cau Tong luong san pham p dugc giao tir kho bang
tong nhu cau cua tat ca khach hang.

Z Z Z XTk,r,depot,j,p = Z dmj.l’
k r j j

vp € P (14)

Rang budc lubng san pham phai dugc bao toan:
Téng luong san pham tir kho trir lwong san pham
giao bang lugng san pham con lai cho khach hang
Kké tiép.

Z XTk,r,i,n,p - XLk,r,n,p = Z XTk,T.n,j.p
i j

vk e K,r € R,n € N,p € P (15)

Rang budc dam bao san phim chi dugc van
chuyén khi co xe di chuyén giita cic niit i va j.

XTirijp < Xirij- M
vk e K,r €R,i€N,j€N,p € P (16)

Rang budc loai bo cac duong vong vo nghia
trong hanh trinh cua xe: Khong cho phép xe k thuc
hién chuyén di tr mgt nat i quay trd lai chinh no.

Xprii=0 Vk€K,r €R,i€N(7)
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Rang budc gidi han thoi gian xe di chuyén giira
cac nut: Thoi gian dén nat j phy thude vao thoi gian
bat ddu phuc vu, thoi gian di chuyén va thoi gian
phuc vu tai i. Maxub la giéi han khoang thoi gian tdi
da giita hai nut.

Wiy +tij+5i = Wiy
< maxubi']- + (1 - Xk,T,i,j)' M

vk € K,r €R,i,j €EN,j # depot (18)

Rang bugc gidi han thoi gian phuc vu khach
hang: Thoi gian phuc vu tai mdi khach hang i nim
trong khoang LB dén UB.

LB; € Wi+ (1= Yypi)-M

vk € K,r € R,i € N,i # depot (19)
Wiri — (1 =Yr).-M < UB;

Vk € K,r €ER,i € N,i # depot (20)

Rang budc phat vé thoi gian phuc tré va sdm:
Céc bién phat sém WL va tré WU duogc xac dinh
dua trén thoi gian dén Wi, so voi thoi gian gigi han
cua a; va b; cua khach hang.

Wl 2 @ = Wipi = (1= ) Xipi)-M
J

vk € K,r € R,i € N (21)

WUy =Wyri — b — (1 — Z Xirij)-M
J

vk € K,r € R,i € N (22)

Rang budc nay dam béao thoi gian dén depot cia
mot chuyén xe dén tir nat i dugc quan ly mdt cach
hop ly gitta cac chuyén di lién tiep.

Wk,r,i + ti,depot - (1 - Xk,r,i,depot)' < Wk,r,depot
vk € K,r €R,i € N (23)

3.2. Pa muc tiéu
3.2.1. Gidi thiéu phwong phap AUGMECON

Phuong phap AUGMECON (Augmented e-
Constraint Method) gitip khic phyc cac nhuge diém
nhu tao ra nghiém khong hiéu qua va tén kém thoi
gian tinh toan khi ap dung cho céc bai toan phc tap.
Phuong phap giup dam bao nghiém thu dugc ludn
la nghiém hop ly va cai thién hiu qua tinh toan
thong qua viéc loai bd cac vong lap du thira.Trong
bai toan tdi uu hoa da muc tiéu. Cach tiép can thong
dung nhét 13 tdi wu hoa mot ham muc tiéu trong khi
xem cac ham muc ti€u con lai 1a rang budc. Cong
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thirc tong quat ciia phuong phap AUGMEGON nhu
sau:

Min (zl(x) — 0 x (iz +oet A—")) (24)
T 6"

Rang budc
Zz (x) + /’{2 = 82
Zj (x) + l] = Sj
Zp(x) + 4y = &
Azy s dp 20
O day z(x) 12 ham muc tiéu chinh, zx(x),... zy(x)
la cadc ham muc tiéu phu, 2 1a mot s6 rat nho (thuong
dao dong tir 10 t&i 107), A; 7; lan luot 1a bién du
va khoang gia tri cia ham muc tiéu j.

3.2.2. Cdc budc thuc hién cu thé cua phuong
phdip AUGMECON

Budc 1: Tinh gidi han dudi va gidi han trén cla
cac ham muc tiéu va lap bang Payoff

— Giai m6 hinh don muc tiéu Z; gidi han dudi
(ZF) cia ham muc tiéu Z;.

— Giai mo hinh don muc tiéu Z,, gi6i han dudi
(Z%) cia ham muc tiéu Z,.

— Dé tinh gi6i han trén (Z Yy ctia ham muc tiéu
Z;, ham muc tiéu Z phai dugc giam thiéu sao cho
ham muc tiéu Z, khong vuot qua gidi han dudi cua
no (Z%4).

— Dé tinh gi6i han trén (Z ¥ ctia ham muc tiéu
Z,, ham myc tiéu Z, phai dugc giam thiéu sao cho
ham muc tiéu Z; khong vuot qua gisi han dudi cua
no (Zh).

Buédc 2: Phuong phap rang budc epsilon tang
cang co6 dang sau:

Min (zl(x) - QX (:—z+ +%)>
z;(X) +A; = €
zi(x) + ;= ¢
z,(x) + 4, =€,
Az sdy 20
Xac dinh &, bang cong thirc:

g =2:+72: -7 Vvk=0,12,..,GP—1
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Trong d6:

— O 1a dai dién cho mét sb nho (thuong nam
trong khoang tir 107¢ dén 1073

— A, labién phu va r, 1a pham vi ciia ham muc
tiéu thir hai

— GP (Grid Point) dai dién cho s6 lugng diem
ludi dé trich xuat Pareto va dugc xac dinh boi boi
Dominated Solutions

Budc 3: Chay mo hinh véi cac gia tri khac nhau
cua &, tim gia tri toi vu thu dugc AUGMECON

Budc 4: Vé Pareto frontier va loai bdo Dominated
Solutions

Pareto frontier la mdt khai niém thé hién tap hop
cac giai phap khong thé 1am ton thuong it nhat mot
muc tiéu khi cai thién mdt muyc tiéu ma khong lam
t6n thuong mot muc tiéu khac. Céc giai phap non-
dominated déu cai thién duoc bat ky muc tiéu nao
ma khong 1am ton thwong mot muc tiéu khac.

Non-dominated solutions con dugc goi Ia
Pareto-optimal solutions, tic la cac giai phap trong
khong gian t6i ru héa da muc tiéu. Viéc thé hién cia
Pareto frontier 1a mot tdp hop cac gidi phap ma
khong c6 giai phap nao khac c6 thé cai thién mot
muc tiéu ma khong lam ton thuong it nhéat mot muc
tiéu khac.

Dominated solutions 1a cac giai phap ma co6 it
nhit mot giai phap khac t6t hon, nghia 14 cac giai
phap dominated co thé cai thién mot muc tiéu ma
khong lam ton thuong mdt muc tiéu khéac.

Cac giai phap non-dominated trén bién Pareto
frontier va khong thé cai thién thém ma khong lam
ton thuong mt muc tiéu khac. biéu nay co thé duoc
cai thién bang cach di chuyén téi cac diém Pareto
ma khong 1am ton thuong bat ky muc tiéu nao.

3.2.3. Phuong phap duwa trén khodang cdch

Euclidean

Mic du dudng bién Pareto luén cung cdp mot tap
hop nhidu giai phap thay thé voi cac gia tri khac
nhau clia cdc muc tiéu, tuy nhién van can chon mot
phuong phép phi hop nhat dé giai quyét van dé ra
quyét dinh da tiéu chi. Trong nghién ctru nay,
phuong phép ra quyét dinh dugc sir dung 1a dya trén
khodng cach Euclidean dé xac dinh giai phép t6i vu
cubi cung (FOS).

Do céc gia tri muc ti€u c6 cac thang do va don vi
khac nhau, budc dau tién khong thé thiéu 1a chudn
hoa dir liéu. Phuong trinh (24) cung cép céach tiép
can pho bién nhat dé chuyén doi tat ca cac muc tiéu
thanh céc gia tri c6 thé so sanh voi nhau dugce:
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norm _ Fij=(fif)
Y (fif) -(£ij)
Trong do, chi 50 i biéu thi sb thir tu cua giai phap
t01 wu, con chi s6 j biéu thi muc tiéu thi j can dugce
t6i wu hoa. Sau khi chuén hoa, phuong phap xép
hang wu tién dya trén sy tuong déng v6i giai phap
Iy tuong (TOPSIS) dugc thuc hién.

(26)

"Piém ly tuong" (ideal) va "diém té nhat" (nadir)
lan luot tuong g voi diém tot nhat va diém khong
mong mudn nhat. Dya trén co s¢ nay, cac chi s6 co
thé dwoc tinh toan bang khoang cach nhu sau:

\/Z fu .Ldeal (naalir))2 (27)

Giai phap co khoang cach twong d6i nho nhét la
giai phap mong muon va dugc cho 1a giai phap t6i
uu cudi cung (FOS)

ideal (nadir) __
EDL+(L

ED]
= (o) @

4. TRUONG HQP AP DUNG

Trong nghién ciru, phan mém PyCharm dugc sir
dung va viét voi b giai CPLEX dé giai m hinh lap
trinh phi tuyén. Cau hinh may tinh dugc sir dung 13
Intel(R) CoreTM 15-3337U CPU @ 1.80GHz 1.80
GHz, RAM 4GB. M6 hinh chay trong khoang 3
phut.

Trong bai bao, viéc ap dung truong hop nghién
ctru tai chudi cung ing Bach Héa Xanh tir kho Hau
Giang dén céc cira hang ban 1é rai rac ¢ dia ban quan
Ninh Kiéu, Thanh Phé Can Tho di duoc thuc hién.
Céc s6 liéu dugc trinh bay & phan phu luc di dugc
st dung, bén canh d6 phuong phap AUGMECON
da duoc 4p dung va két qua thu dugc bang payoff
cua hai ham muc tiéu chi phi va lugng phat thai CO»
duogc trinh bay ¢ bang sau:

Céc gié tri trong bang duoc tinh bang cach tdi uu
tung ham muc ti€u riéng I, sau dé6 phuong phap
AUGMECON dugc sir dung dé xéac dinh gia tri cuc
bién cua tap Pareto.

Dua trén bang payoff ctia hai ham muc tiéu Z1
va Z2, phuong phap AUGMECON da dugc st dung
dé tinh toan va thu dwgc 10 két qua nam trong
khoang giira gidi han trén va gidi han dudi cua cac
ham muc tiéu. Cac két qua nay dwoc trinh bay chi
tiét trong Bang 2. Mdi diém trong bang dai dién cho
mot nghiém Pareto dugc tim bang phwong phép
AUGMECON. Cac gia tri trong bang phan anh sy
danh d6i giita hai muyc tiéu trong quéa trinh tdi
uu hoa.
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Bing 1. Payoff ciia tong chi phi va lwgng phat thii CO2

Zi (T 6ng chi phi) 7> (lwgng phat thai

C02)

Z,": Tbi wu héa riéng ham muyc tiéu 1 41.558.600 -
Z5": Tbi wu héa riéng ham muyc tiéu 2 - 1.155.980

Z,Y: Téi wu héa ham muyc tiéu 1 véi diéu kién Z, < Z," 50.865.600 -
Z,V: T6i wu hoa ham muc tiéu 2 voi didu kién Z, £ Z- - 1.221.360

Bang 2. Gia tri tdi wu ciia cAc hAm muc tiéu thu dwgc bing phwong phap AUGMECON

Grid point € 71 (Téng chi phi) 72 (lwgng phat thiai CO2)
GP1 1.155.980 50.865.600 1.155.980
GP2 1.163.244,444 49.451.900 1.163.244
GP3 1.170.508,889 49.261.500 1.170.508,
GP4 1.177.773,333 49.261.500 1.177.773
GP5 1.185.037,778 49.261.500 1.185.037
GP6 1.192.302,222 49.261.500 1.192.302
GP7 1.199.566,667 49.261.500 1.199.566
GP8 1.206.831,111 47.293.600 1.206.831
GP9 1.214.095,556 44.371.900 1.214.095

GP10 1.221.360 41.964.700 1.221.360

Dé co duoc két qua tét nhat, tap hop céac giai
phap khong bi chi phdi nén duge s dung dé tao
thanh biéu d0 Pareto. Dé lam dwoc didu nay, cac giai
phap bi chi phdi can dwoc x4c dinh va loai bo ching
khoi tap hop cac giai phap kha thi. Nhu dugc trinh

GP10

1190

(1000 G-CO2)

LUONG CO2 PHAT THAI

1160

1150

40500 42500 44500

bay trong Bang 2, GP3, GP4, GP5 va GP6 la céac giai
phap bi chi phdi vi cac diém nay bi GP3 chi phdi.
Do d6, dé c¢6 cac giai phap Pareto, nhitng diém ludi
nay can duogc loai bo khoi tap hop cac giai phap kha
thi. Biéu dd Pareto thu duoc tir phuong phap
AUGMECON dugc minh hoa trong Hinh 1.

46500

48500 505
TONG CHI PHI VAN CHUYEN (1000 VND)

52500

Hinh 1. Biéu d6 thé hi¢n giai phap Pareto

Dé c6 thé chon ra dugc phuong an tot nhét tir cac
phuong an trén, phuong an Euclidean da dugc st
dung va cho két qua duoc trinh bay trong Bang 3.
Trong d6 fl va f2 1a cac gia tri da dugc chuan hoa
theo cong thirc (26). Khoang cach t6i diém 1y tuong
va diém té nhét 1an luot 13 EDi+ va EDi- dugc tinh
theo cong thirc (27). Cudi cing, gia tri C; nho nhét

23

s& dugc chon dé lam phuong an tdi wu nhét dugc
tinh theo (28).

Sau khi tlnh toan, két qua cho thiy phuong an 8
phuong an t6t nhét VO‘l C; 1a 0,319, phuong an nay
gilip cén bang giira tong chi phi van chuyén va luong
khi CO; phat thai.
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Bing 3. Két qua ciia bai bao
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Phuong 4n f1 2 EDi+ EDi- C;
1 1,000 0,000 1,000 1,000 0,500
2 0,841 0,111 0,848 0,903 0,516
3 0,820 0,222 0,849 0,798 0,485
8 0,599 0,778 0,982 0,459 0,319
9 0,270 0,889 0,929 0,738 0,443
10 0,000 1,000 1,000 1,000 0,500

Tur két qua ti wu duoc lya chon ra cho théy ham
muc tiéu Z1 ¢6 tdng chi phi 1a 47.293.600 VND va
ham muc tiéu Z2 c6 lugng phat thai 1.206.831,111
g/CO,. Két qua duoc dua ra v6i 2 chuyén di va 2 xe
duoc sir dung, dé dap tng tong nhu cau cia 10 cira
hang. Thir ty giao hang va lugng hang van chuyén

Béang 4. Thuw tu giao hang cia phuwong tién

cho tirng san pham va timg cira hang dugc trinh bay
trong Bang 4 va Bang 6.

Thoi gian bat dau phuc vu tai cac dia diém theo
ting xe va chuyén. Pong thoi 1a cac phuong tién vi
pham khung thoi gian quy dinh dugc tinh toan murc
phat nham danh gia mirc d6 tuan thu thoi gian dugce
trinh bay chi tiét trong Bang 5.

Ki hiéu xe Chuyén Tuyén dwong San phAm  Tong lwong vin chuyén caa xe (kg)
P1 605
i 1 0-2-4-0 P2 774
) 0-7-0 P1 354
- P2 347
P1 1629
1 0-3-1-6-5-10-0 P2 1876
V2 P1 882
2 0-9-8-0 P2 R67

Bang 5. Thoi gian phuc vu va thoi gian vi pham

Thoi gian bit dau

Thoi gian dén som  Thoi gian dén tré

Xe Chuyén — Diadim ) vu (Wird)  hon so véi giéi han__hon so v6i giéi han
0 5
I 2 8
1 4 9,5 0,5
) 0 10,622
7 11.807 0,307
0 5
3 6,16
| I 7
6 7,796 0,204
2 5 8.447
10 9,06
0 10,283
2 9 11,5
8 125

24
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Bang 6. Lwong vin chuyén ciia tirng chuyén theo tirng sin phim va phwong tién

Xe Chuyén di  Cira hang (i) Cira hang (j) San phim Luwong giao hang (kg)
0 ) Pl 605
P2 774
Pl 351
! 2 4 P2 262
Pl 0
\%! 4 0 P 0
Pl 354
) 0 ’ P2 347
7 0 Pl 0
P2 0
Pl 1629
0 3 P2 1876
Pl 1277
3 ! P2 1515
Pl 899
1 ! 6 P2 1290
6 5 Pl 554
P2 777
Pl 222
V2 5 10 P 453
Pl 0
10 0 P 0
Pl 882
0 ’ P2 867
Pl 496
2 ? 8 P2 492
Pl 0
8 0 P2 0
5. KET LUAN ctra hang trong quan Ninh Kiéu, chua phan anh toan

Trong bai bdo, mot mo6 hinh t6i wu hoa da muc
tiéu da dugc phat trién, Két hop rang budc vé trong
tai xe va khung thoi gian (CVRPSTW). Chudi ctra
hang Bach Hoéa Xanh duogc lya chon lam vi dy minh
hoa cho mé hinh nay. Két qua mo phong cho thay
mo hinh d3 x4c dinh duoc tuyén duong hidu qua
nhit dé van chuyén hang hoa tir kho Hau Giang dén
10 ctra hang Bach Hoéa Xanh trong dia ban quén
Ninh Kiéu, gop phan giam thiéu chi phi van chuyén
va lugng khi CO2 thai ra trong chudi cung {mg.

Bén canh nhiing két qua dat dugc, song van ton

tai mot s& mat han ché. Cu thé, pham vi ap dung chi
gidi han ¢ tuyén dudng tor kho Hau Giang dén 10

25

dién chuoi cung tng ctia Bach Héa Xanh. Hon nira,
két qua nghién ctru chua duoc so sanh va ddi chiéu
v6i dir liéu phan phdi thyc té. Do d6, trong khudn
khé nghién ctru ndy, mo hinh chi giai quyét mot
phan cac van dé trong chudi phan phdi va chua thé
coi 14 giai phap t6i wu hoan toan. Pé nang cao hiéu
qua, mo hinh can dugc mo rong ra toan bd chudi
cung tng cta Bach Hoa Xanh, dong thoi so sanh két
qua mo phong véi dir liéu thuc té dé xac minh tinh
kha thi.
LOI CAM TA

Nghiéq ctru duogc tai trg bdi Trudong Pai hoc Can
Tho, ma s6: TSV2025-132.
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