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Tém tit

Phan nay tém tdt muc dich cia bai viét, givip déc
Nghién civu gidi quyét bai todn dinh tuyén xe trong
mang lwGi chudi cung vmg diedi bt dinh theo cdach
tié’p cdn da muc tiéu va ldp kich ban. Bai todn
duwge g dung mé hinh hén hop tuyén tinh mo
(FMILP) va gidi bang thudt toan Branch-and-cut
va thudt toan Adaptive Large Neighborhood
Search (ALNS) dé tang toc dé xit Iy b dit liéu quy
mo lon. Phwong phadp Idp kich ban cho phép xay
dung cac kich ban 16i wu véi cac muc tiéu khéc
nhau nhw: (i) toi thiéu chi phi van hanh, (ii) toi
thiéu thoi gian giao hang va (iii) toi thiéu khoi
lwong phat thai CO.. Két qua thuc nghiém cho
thdy viéc thay doi mire dé wu tién gita cdc muc
tiéu sé tao ra nhitng phwong dn t6i wu khdc nhau,
twong vmg véi muc tiéu dwoc dit lén hang dau.
Nghién ciru c6 tinh kha thi va phix hop trién khai
cho doanh nghiép Viét Nam.

Tw khoa: Dinh tuyén xe, VRP da muc tiéu, lap
kich ban, FMILP. Branch-and-cut, ALNS.
Abstract

This study addresses the vehicle routing problem
(VRP) in uncertain supply chain networks using a
multi-objective and scenario-based approach.
The problem is formulated as a Fuzzy Mixed-
Integer Linear Programming (FMILP) model and
solved using a Branch-and-Cut algorithm in
combination with Adaptive Large Neighborhood
Search (ALNS) to accelerate computation on
large-scale datasets. The scenario-based method
enables the construction of optimal scenarios
under  different  objectives,  including:(i)

minimizing operating cost, (ii) minimizing
delivery time, and (iii) minimizing CO: emissions.
Experimental results indicate that varying the
priority levels among objectives leads to different
optimal solutions, consistent with the objective
emphasized. The proposed approach is feasible
and well suited for implementation by Vietnamese
enterprises.

Keywords: Vehicle routing, multi-objective VRP,

scenario planning, FMILP, branch-and-cut,
ALNS.

1. M& dau

Giai quyét bai toan dinh tuyén dang tré' thanh mot
nang Iyc ¢t 16i quyét dinh hiéu qua van hanh va st
canh tranh cua nganh logistics Viét Nam trong bdi
canh hoi nhap qudc té va chuyén doi s6. Theo Ngan
hang Thé gidi, chi phi logistics tai Viét Nam hién vao
khoang 16,8%, cao hon dang ké so véi mirc trung binh
10-13% cua cac nudc ASEAN [1]. Trong ciu trac chi
phi nay, van tai chiém gan 60% tng chi phi logistics
va van tai duong bo dam nhan khoang 77% khdi
lugng hang héa. Vi vay, cac béat hop ly trong dinh
tuyén khong chi lam tang chi phi van hanh & cip
doanh nghiép ma con khuéch dai chi phi toan hé thong.
Bén canh d6, ty 1& xe chay rdng chidu vé c6 thé dat
50-70% [2], kéo theo gia ting quang dudng va thoi
gian khai thac nhung khong tao thém doanh thu.

Céc han ché vé chit luong phuong tién va tic dong
moi truong cang 1am van dé dinh tuyén tré nén cp
thiét. Cu thé, hon 90% d¢i xe tai ¢6 tudi doi trén 5 nam
khién quang duong di chuyén thuong bi kéo dai, tiéu
hao nhién liéu kém hi¢u qua va tiéu hao nhién li¢u
kém hiéu qua [3]. Dong thoi, phat thai CO: tir van tai
duong bo ude khoang 30 tridu tAn/nam, twong tng
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86% tong phat thai ctia nganh vén tai [4]. Nhitng dic
diém nay ham y rang cai thién dinh tuyén khong chi
mang y nghia giam chi phi ma con gop phan nang cao
hi€u qua nang luong va giam phat thai.

Tuy nhién, bdi canh trién khai tai Viét Nam cho
thdy nhiéu rao can vé ning luc t6 chirc va cong nghé.
Hon 90% doanh nghiép logistics thugc nhom vira va
nho, phan 16n van 1ap kich ban thu cong hodc duya trén
céc hé théng quan 1y van tai (TMS - Transportation
Management System) véi kha nang t6i wu hoa nang
cao con han ché. Do d6, doanh nghiép kho thich tmg
trude cac khong xéac dinh trong thyc té van hanh, bao
gdm: tic nghén giao thong gio cao diém khién toc do
di chuyén giam xudng dudi 16 km/gio tai cac d6 thi
16n nhu Hai Phong [5]; bién dong nhu ciu theo mua
vu lam chi phi ting t6i 25% do mat cdn bang container
[6]; va cac thay dbi dot ngdt vé phi cau duong hodc
gi4 nhién liéu. Hé qua 1a hiéu suit dich vu, thuong
dugc do bang chi sb giao hang dung va du (OTIF),
theo chuan qudc té dat khoang 80-90% nhung ¢ xu
hudng thap hon trong diéu kién Viét Nam [7].

Trong bdi canh d6, bai toan dinh tuyén xe (Vehicle
Routing Problem - VRP) dong vai tro nhu mdt cong
cu nén tang nham ddng thoi giam chi phi van tai, han
ché quang duong du thira, cai thién muc do dap tmg
dich vu va gidm phat thai. Tuy nhién, cdic md hinh
VRP truyén théng van chu yéu dya trén gia dinh dir
lidu tinh hodc ban tinh, do d6 khé phan anh day du
tinh bién dong theo thoi gian thuc cia mang ludi giao
thong va nhu cau [8, 9, 10]. Trén co s& nay, nghién
ctru phat trién mot mé hinh VRP da muc tiéu két hop
1ap kich ban, cho phép tu dong tdi wu theo thoi gian
thue, ddng thoi duoc thiét ké theo hudng d& trién khai
cho doanh nghiép vira va nhd. Hiéu qua cua mo hinh
dd dugc kiém chung thong qua thir nghiém ¢ mot
doanh nghiép Hai Phong, cho thdy mirc cai thién vuot
troi so v6i cach tiép can truyén thong.

2. Tong quan nghién ciru
2.1. Co sé Iy thuyét

Bai toan dinh tuyén (Vehicle Routing Problem -
VRP) 12 mot trong nhirng bai toan t6i wu t& hop kinh
dién va quan trong nhét cua khoa hoc quan 1y chudi
cung ung va logistics. Bai toan dugc Dantzig va
Ramser [4] gidi thiéu 1an dau tién vao nam 1959 nham
giai quyét vin dé 1ap kich ban phan phéi xing dau
bang xe tai. Noi dung cbt 16i yéu cu xéac dinh tap hop
c4c tuyén dudng t6i vu cho mot doi phuong tién xut
phat tir kho trung tam (depot), phuc vu day di nhu cau
cua toan bd khach hang, sau do quay tré lai kho, sao
cho tong chi phi van hanh (hodc thoi gian, quing

duong, lugng phat thai CO-) dat gi4 tri nho nhat dong
thoi thoa man cac rang budc thuc tién nhu tai trong
phuong tién, khung gio giao nhan hang va gidi han
quing dudng mdi xe trong mdt ngdy lam viéc.
Solomon (1987) 1a nghién ctru kinh dién cho VRP cé
rang budc thoi gian, nhin manh vai trd ctia cic co ché
xdy dyng va diéu chinh tuyén dé duy tri tinh kha thi
v6i rang budc thoi gian [11]. Vi ké hoach tuyén xe phu
thudc chét ché vao cac rang budc thoi gian, mo hinh
dinh tuyén c6 thé suy giam hiéu qua khi dwa vao van
hanh thyc té néu dir liéu dau vao bién dong.

Tir goc d6 ly thuyét, mot trong nhitng cach tiép can
pht hop dé mé hinh héa cac tham sé bat dinh 1a 1y
thuyét tap mo (fuzzy set theory). Theo Bellman va
Zadeh, fuzzy cho phép biéu dién thong tin khong chic
chin hoic khéng hoan toan 16 rang dudi dang cac mirc
d6 thudc, thay vi budc moi dai lugng phai dugc xac
dinh bang mat gi4 tri duy nhat va tuyét dbi [3]. Cach
tiép can nay dic biét phit hop v6i cac bai toan ra quyét
dinh trong moi truong thuc, noi ngudi phan tich
thuong chi c6 thé ude luong cac tham sd trong mot
khoang hop ly hodc dudi cac trang thai lac quan, trung
binh va bi quan. Trén co s& do, Tanaka va Asai (1984)
mo rong tu tudéng ndy vao quy hoach tuyén tinh mo,
cho thiy cac tham s cua bai toan tdi uu c6 thé duoc
mo hinh héa bang s mo dé phan anh tot hon tinh bat
dinh cua dir liéu thyc té [11]. Trong bai toan nay, cac
yéu t6 nhu thoi gian van chuyén, chi phi va phat thai
CO: thudng bién dong do giao thong, didu kién van
hanh va tai trong, nén khé xac dinh chinh xac tuyét
d6i. Vi vay, mé hinh fuzzy phii hgp vi né cho phép
phan anh tinh bét dinh gan véi thyc té hon mé hinh tat
dinh, dong thoi van ¢ thé chuyén vé dang tuong
duong dé giai bang cac cong cu tdi wu. Trong nghién
ctru ndy, fuzzy dwgc ap dung bang cach thay thé cac
tham s6 dau vao co tinh bién dong, nhu chi phi, thoi
gian di chuyén va phat thai CO: trén mdi cung (i,j),
bang sb md tam giac thay vi coi chiing 13 cac gid tri
c¢d dinh.

Lap kich ban (scenario planning) cling dugc dung
dé tranh phuy thudc vao mot dy bao duy nhét biang cach
xay dung nhiéu phuwong n hop 1y, rdi kiém tra d6 kha
thi cua phuong an trén tung kich ban [12]. Wack
(1985) nhan manh kich ban khong phai dy doan ma la
cong cu nhan thie gitp td chirc nhan ra cac cAu hinh
twong lai khac nhau dé diéu chinh quyét dinh hién tai
[12]. Schoemaker (1995) hé théng hoéa quy trinh lap
kich ban theo logic: nhan dién khong xac dinh then
chét, phat trién mot s6 kich ban nhat quéan, va chay thir
hé théng cac phuong én dé tim lya chon it nhat khi bbi
canh thay ddi [14]. Cac nghién ctru trén ciing chi ra
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viéc 1ap kich ban da phat trién thanh nhiéu trudng phai,
nhung diém chung 14 chuyén cac yéu td bat dinh thanh
mdt tap tinh hudng c6 cau tric dé hd tro ra quyét dinh.

VRP thuong duoc biéu dién dudi dang MILP
(Mixed-Integer Linear Programming), trong d6 cac
quyét dinh nhu chon cung hodc gan xe cho khach
dugc biéu dién bang bién nguyén hodc nhi phan, con
ham muyc tiéu va cac rang budc déu tuyén tinh; MILP
1a m6 hinh t&i wu hdn hop ¢ bién nguyén, trong do
ham muc tiéu va cac rang budc déu tuyén tinh theo
chc bién quyét dinh, véi cac tham sé trong md hinh
dugc biéu dién dudi dang tuyén tinh. Trong thuyc té,
cac tham sd nhu thoi gian di chuyén, chi phi van hanh
va phat thai bién dong theo giao thong va diéu kién
khai thac, nén 1y thuyét tip mo cia Zadeh (1965) va
khung ra quyét dinh trong méi trudng mo ciia Bellman
& Zadeh (1970) cung cip mot cach mé ta phit hop hon
d6i v6i nhimg rang budc khong co gia tri dang sai
tuyét d6i ma bién dong theo giao thong va diéu kién
khai thac [13], [14]. Trén co s& d6, md hinh hdn hop
tuyén tinh mo (FMILP) duoc xem 1a mot huéng tiép
can hi¢u qua nham tich hop tinh bat dinh vao ciu trac
MILP théng qua viéc biéu din cac tham s6 dudi dang
md dé xir Iy. Zimmermann (1978) va Tanaka & Asai
(1984) cho rang cac tham s va rang budc co thé dugc
dua tryc tiép vao mé hinh réi mo hoa dé chuan hoa di
liéu MILP [11], [15].

Trong khi d6, dé tng dung MILP vao phwong phap
1ap kich ban, mé hinh doi hoi dua ra nhiéu muc gia
dinh khac nhau lién quan dén céu hinh trong s chi
phi-thdi gian-phat thai, nén thudt toAn meta-heuristics
thuong dugc ap dung. Meta-heuristics 1a cac thuét
toan tim kiém théng minh dé tao ra nghiém t&i wu, phu
hop véi nhiing bai toan c6 nhiéu tham sb bat dinh.
Trong d6 mdt lya chon tiéu biéu cua thuat todn meta-
heuristics 14 ALNS, phat trién tor LNS (Large
Neighborhood Search) cta Shaw (1998) va duoc
Pisinger & Ropke (2006) mé rong thanh khung tong
quét cho nhiéu bién thé VRP. [17-19]

Tuy nhién, han ché cua ALNS 1a khong dam bao
nghiém t6i wu tuyét dbi, vi vay bai toan thuong duogc
giai két hop véi phuong phap khac, tiéu biéu 1a cac
phuong phép exact (cac phuong phap ti uu c6 thé tim
ra nghiém ti wu tuyét ddi nhung thuong ton thoi gian
khi bai toan 16n) dé tdi wu tuyét dbi cac tap nghiém.
Thuét toan Branch-and-Cut 13 mdt thuat toan exact
duogc sir dung rong rdi, voi cac cong trinh kinh dién
ciia Padberg & Rinaldi (1991) va cac bién thé cho
CVRP (Capacitated Vehicle Routing Problem) nhu
Lysgaard va cong su (2004) [9], [16].

Nghién ctru nay ap dung két hop giita thuat toan
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(ALNS) dé nhanh chong tao va cai thién nghiém dinh
tuyén va mo hinh FMILP giai bang thuat toan Branch-
and-Cut chinh xac dé tinh chinh va kiém chimg chét
luong nghiém. Cac phuong 4n dinh tuyén dugc danh
gia bd sung thong qua phan tich kich ban theo nhiéu
mure bat dinh va cac wu tién khac nhau, nhim dam bao
10 giai d& xuét 6 tinh linh hoat va bén vimg khi ap
dung trong diéu kién van hanh thuc té.

2.2. Khodng trong nghién ciru

Trén thé gidi da c6 nhiéu cong trinh nghién ciru vé
xir Iy tinh hudng bat dinh trong bai toan dinh tuyén xe,
song phan 16n vin con nhitng han ché nhét dinh:
Nhiéu nghién ctru ding mé hinh hdn hop tuyén tinh
truyén thong (MILP) véi cac tham sb cb dinh hodc lap
trinh ngau nhién [20], [8] chua giai dugc chinh xé4c
toan cuc [21], [22]. Vi vay, viéc xdy dung va giai
chinh x4ac mé hinh hdn hop tuyén tinh m¢ (FMILP)
cho bai toan VRP da muc tiéu trong cac tinh hudng bat
dinh trén dit liéu thuc t& van con rat méi va chua duge
thuc hién mot cach déng bo.

Qua tra ctru k¥ cac co so dit liéu khoa hoc trong
nude va qubc té (VIOL, Google Scholar, Scopus, Web
of Science) dén thang 11 nam 2025, chua thy c6 cong
trinh nao cung lac dap tng dugc bon yéu té sau:

(1) Xay dung mo6 hinh FMILP cho bai toan VRP
da muc tiéu;

(2) Tich hop 1ap kich ban hoan toan dua trén ly
thuyét mo va ty dong sinh kich ban tur dir liéu thuc té;

(3) St dung dir liéu thuc té tir doanh nghiép Viét
Nam (d6i xe 8 xe, trung binh 120-150 diém giao hang
mdi ngay tai khu vuc ndi va ngoai thanh Hai Phong)
va giai bang phuong phap chinh xac Branch-and-Cut.

Céc nghién ciru trong nude hién nay cha yéu van
dung dir lidu gia 1ap Solomon (bd dir liéu chuin qudc
té gdbm 56 truong hop thir nghiém véi 100 khach hang
duogc sinh ngau nhién tir nim 1987, thuong dung dé
kiém tra va so sanh cac thuét toan VRP c6 rang budc
thoi gian hoac dir liu ty tao voi quy mo rat nho), chua
¢6 cong trinh nao trién khai thuc té tai doanh nghiép
va ciing chua ap dung phuong phap giai chinh xac cho
bai toan c6 yéu té bat dinh va quy mo 16n.

Xuét phat tir nhitng khoang tréng trén, nghién ciru
nay thir nghiém mot hudng di méi tai Viet Nam: Két
hop mé hinh FMILP véi 1ap kich ban dé giai quyét bai
toan dinh tuyén van tai trong bdi canh bt dinh, so
sanh cac phuong an theo trong sd chi phi - thoi gian -
phat thai dua trén dir liéu thuc té doanh nghiép
logistics tai Hai Phong. Nghién ctru ¢6 thé gop phan
giai quyét cac van dé trong bai toan dinh tuyén xe
trong mang ludi chudi cung tmg bat dinh , dong thoi
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mang lai mot giai phap kha thi gitp cac doanh nghiép
vira va nho cai thién hiéu qua van hanh, giam chi phi
va giam phat thai moi truong.
3. M6 hinh va phwong phap nghién ciru
3.1. Binh nghia bién
Chi s6/ Tap chi sb

k : Chi sb cua xe;

Tham s6 dit liéu (dau vao mang ludi - chi phi -
phat thai);

c;j: Chi phi van hanh trén tuyén (i,/) (VND);

dy: Chiéu dai doan duong (km);

g+ Phat thai khi di cung (ij) (kg CO);

Fi: Chi phi c¢6 dinh khi st dung xe k
(VND/chuyén).
Tham s6 nhu ciu & ning lwc

gi: Nhu cau khéach i (don vi hang), ¢,=0;

Ok: Tai trong ti da ctia mdi xe.
Tham s6 thoi gian

[a;:b;]: Ctra s6 thoi gian tai khach i (phut);

T;: Thoi gian di chuyén tuyén (i,j) (phat);

Si: Thoi gian phuc vu tai khach 7 (phut), s¢=0;

Sj: Thoi gian phuc vu tai khach j (phtt), s=0.
Bién quyét dinh

xik e {0,1}: =1 néu xe k chay cung (i,j);

vit e {0,1}: =1 néu xe k ghé diém i,

ie {0,1}: =1 néu xe k dugc sir dung;

t;= thoi diém bét dau phuc vu tai khach i;

t;=thoi diém bt dau phuyc vu tai khach j;
H¢ s6/thiét 1ap cho ham muc tiéu da muc tiéu

apy e [0;1], a+f+y=1I: Trong sb wu tién cac muc
tiéu;

p (VND/phut): Hé s6 quy ddi thoi gian ra tién;

7 (VND/kgCO,): Gia Carbon/ hé sé quy ddi phat
thai CO; ra tién.
3.2. Thiét lip bai toin VRP vi tmg dung
FMILP

Bai toan Vehicle Routing Problem (VRP) dugc
thiet 1ap nham xac dinh tap hop cac tuyén duong toi
uu cho ddi xe K tat ca deu xuat phat tir mot kho trung
tam (depot). Moi xe phai phuc vu mot nhom khach
hang trong d6 moéi khach hang i ¢6 nhu cau q;, Céc
tuyén dudng duogc xay dung sao cho thda man dong
thoi cac rang bude ve stic chua, thoi gian va céc diéu
kién véan hanh khac. Him muc tiéu c6 dién dugc dinh
nghia nhu sau:

minZ = XX ZiCiiXjik (D
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Vi cac rang budc chinh nhu:

Pam bao mdi khach hang duoc phuc vu mot lan:

22 = 1 (2)
Khoéng vuot qua tai trong cua ting xe:
ZievQivik <Qx, 3)

DPam bao thoi gian phuc vu nam trong cira s6 thoi
gian:

ai <t < by, ())
Thoi gian di chuyén hop 18:
t = ti+ Tyj+si- M(1- x4 ) ()

Trong d6: t; thoi gian dén nat 7; [a; ,b;]: Cira s6
thoi gian, M 1a mot hing sd rat 16n:
M = (max b; + max Tj; + max s;) (6)
3.3. Cong thirc mo hinh VRP da muc tiéu

Mo hinh VRP dugc mé rong thanh dang da muc
tiéu nham dong thoi toi wru héa 3 yéu td chinh: Chi phi
van hanh, thoi gian hoan thanh va phat thai khi nha
kinh CO., dong thdi xem xét chi phi c6 dinh lién quan
dén viéc sur dung phuong tién. Ham muc tiéu dugc
dinh nghia nhu sau:

min Z = o 2i2fcixi+ r2ye) + B p iy Tty
w20 2)giXijk (7

Trong do:

i cixii + r2kyk: Chi phi van hanh + mo xe;

30 Tyxie: Tong thoi gian di chuyén trén tuyén;

ZkZﬁy)gngjk.' Chl phi COz

Rang budc phat thai:

ek 2ijengiik < Gmax (®)
v6i Gux ngudng phat thai t6i da.
3.4. Quy trinh vin hanh chi tiét

Budc 1: Thu thap dir licu dau vao. Trudc tién can
thu day du cac thong tin nhu: Vi tri cta kho trung tim
va vi tri ting diém giao hang; nhu clu, sb lwong hodc
khéi lugng can giao tai mdi diém; thoi gian phuc vy;
thong tin doi xe gdm sb luong xe, stc chua, chi phi
khoi dong xe. Ngoai ra, can biét khung gio hodc mirc
d6 wu tién cua timg diém giao. Tiép theo, sir dung ban
d6 dé xac dinh thoi gian va quang duong di chuyén
giita ting cdp diém. Nhimng tuyén duong khong kha
thi hodc khong dap tmg yéu cau thoi gian s& duogc loai
bod ai+bi+tl~j Sbl

Budc 2: Xay dung kich ban: Lap kich ban (vi du
giao thong/chi phi/phat thai); dong thoi thiét 1ap cac
bo trong s6 wu tién a, B,.

Buéc 3: Sinh nghiém nhanh bang thuat toan
ALNS: Chay ALNS d¢é tao tuyén kha thi va cai thién
chét lugng; luu nghiém tdt nhét 1am nghiém khai tao.
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Budc 4: Tinh chinh va kiém chimg bang FMILP:
Dung nghiém ALNS dé khoi chay mo hinh FMILP (da
chuyén vé dang xéc dinh theo kich ban) va giai bang
thuét toan (Branch-and-Cut) dé cai thién nghiém.

Budc 5: Téng hop KPI (chi phi - thoi gian - phat
thai, mtrc vi pham rang budc thoi gian néu co), loc
nghiém khéng bi tréi va chon cac tuyén dai dién cho
ting kich ban va vu tién dé dé xuat.

4. Két qua thir nghiém

Trong nghién ctru ndy, sau khi cac tham sd bat dinh
trén timg cung (i,/), gdm chi phi van hanh, thoi gian
di chuyén va phat thai CO,, dugc biéu dién dudi dang
$6 mo tam giac va khtr mo dé thu dugc bd tham sb xac
dinh twong dwong, mé hinh FMILP dugc chuyén vé
dang MILP da muc ti€u theo tung kich ban wu tién.
Trén co s& d6, nghién ctru d& xuit mot khung giai hai
giai doan. O giai doan thi nhit, Adaptive Large
Neighborhood Search (ALNS) duoc sir dung dé xay
dung va céi thién nghi¢m kha thi ban dau. O giai doan
thir hai, nghiém tét nhat thu dugc tir ALNS dugc ding
lam nghiém khoi tao cho budc t6i wu exact theo co
ché Branch-and-Cut, duy kién trién khai bang Gurobi.
Cach t6 chirc nay phii hgp véi xu huéng chung trong
cac nghién ctru VRP hién nay, trong d6 metaheuristic
dugc dung dé nhanh chong tim nghiém tét, con solver
exact dugc dung dé ting cudng chat luong nghiém
hodc kiém tra murc d6 t6i wu trén cac instance nho va
trung binh.

Quy trinh gidi c6 thé dugc mé ta nhu sau:

XALNS = ALNS(L)

x* =arg min {Z(x)|x € X}, x « xS

Trong d6 7 1a bo dir liéu dAu vao, con X 1a tap
nghiém kha thi cia mo6 hinh MILP sau khir m¢. Nhu
vy, ALNS déng vai trd tim nghiém tSt ban dau trén
khong gian nghiém 16n, con pha Branch-and-Cut dam
nhiém viéc cai thién va kiém tra nghiém trén mo hinh
xac dinh tuong duong.

4.1. Thiét ké bé di ligu

Xéttap nit V={1,2,3,...,18,19,20} gidi dinh, trong
d6 nut 1,2 va 3 dong vai tro diém xuat phat dong thoi
1a diém quay vé, va cac nit con lai 1a tap khach hang.
Mai cung (i,j) duge dic trung béi bon tham sé: Quéng
duong djj (km), thoi gian di chuyén T (phut), chi phi
van hanh ¢;; (VND) va chi phi mo xe F; (VND), va phat
thai g (kg CO>).

Mot tuyén khir hdi kha thi Z dwoc hiéu 1a mot
chudi cac cung lién tiép bit dau tai 1,2 hoic 3, di qua
20, va két thuc tai 1,2 hodc 3 tuong rng. Khi do, cac
chi s6 téng hop theo tuyén dugc xac dinh theo nguyén
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tic cong don:
D(Z) = Lijerd;i, C(R) = Zijercii + Fr,
T(Z) =%jerT, G(Z) = Lijergii
Céc tham sb bét dinh duoc biéu dién bang s6 mo

tam giac:

Gy = (c,-’“j,ci"}'-’,cil]'-),fij = (tl’“],tf‘]”, ) g = (eU,eU,e

Sau d6, cac tham s6 nay dugc khir mo theo gia tri
trung binh:
o) = et

L M
(et
tij = /

M
s _ (elelfe )
el'j—

4.2. Thudt todan khdi tao va ALNS

Dé mo ta quy trinh tinh toan rd rang hon, nghién
ctru tach riéng budce khadi tao nghiém kha thi va budc
cai thién nghiém bang ALNS

u

Input:

-Tapnut V= {1,2,...,20};

- Tap depot tmg vién D = {1,2,3};

- Nt bat budc phai ghé: 20;

- Nhu céu ¢/

- Strc chura xe Q = 14;

- Cac tham s6 khir mo ¢*ij, t%ij, e*ij;

- Bo trong sb (a, B, ).

Output:

- Depot dugc chon d tdi wu;

- Nghiém ban dau $"0.

Budc 1: Voi tung depot 4 € {1,2,3}, sinh mot
nghiém so b;

Bude 2: Bat budc chén nit 20 vao it nhit mot
tuyén;

Budc 3: Phan bd cac khach hang con lai sao cho
khong vi pham téi trong;

Budc 4: Tinh Z cho timg phuwong 4n xuat phat tir
depot A4,

Budc 5: Chon depot d t8i wu ¢6 Z nho nhét;

Budc 6: Xuat nghiém ban dau S*0 tuong tmg voi
d toi uu.

Khi ap dung Thuat toan 1 1én bg dir li¢u gia dinh
trong Bang 1, h¢ thong lan luot xay dung ba nghiém
khoi tao twong tng voi ba depot ing vién la nuat 1, nat
2 va nut 3. Do cau trac dir liéu da duoc thiét ké theo
ba vung uu ti€n khac nhau, két qua lya chon depot cho
thay su phén hoéa 16 rét gitta cdc nhom kich ban. Cu
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Bing 1. H¢ thong kich bin ALNS

Nhém Kich bén a p y
Chi phi Al 0.60 | 0.20 | 0.20
A2 0.70 | 0.15 | 0.15
A3 0.55 | 0.30 | 0.15
A4 0.65 | 0.10 | 0.25
Thoi gian Bl 0.20 | 0.60 | 0.20
B2 0.15 | 0.70 | 0.15
B3 0.25 | 0.55 | 0.20
B4 0.10 | 0.65 | 0.25
Phat thai Cl1 0.20 | 0.20 | 0.60
C2 0.15 | 0.15 | 0.70
C3 0.25 | 0.20 | 0.55
c4 0.10 | 0.25 | 0.65

thé, dbi voi cac kich ban A1-A4 thudc nhom uu tién
chi phi, depot dugc lya chon 1a ntt 1; doi voi cac kich
ban B1-B4 thudc nhom wu tién thoi gian, depot dugc
lya chon 1a nut 2; trong khi do, véi cac kich ban C1-
C4 thugc nhoém uu tién phat thai, depot dugc lua chon
la nut 3. Két qua nay cho thay ngay tir giai doan khai
tao, mo hinh da phan anh diung logic nghién ctru dat
ra, tire 1a hé thong khong mic dinh trudc mot diém
xuat phat co dinh ma chu dong xac dinh depot toi uvu
dua trén dac diém dir li¢u va dinh huéng vu tién cia
tung kich ban.

Input:

- Depot da chon d*;

- Nghiém ban dau S0,

- B trong sb (o, B, v);

- Sé vong lap N_iter.

Output:

- Nghiém t6t nhat SNALNS;

Bude 1: S_cur «— §70;

Budc 2: § best — S0,

Budc 3: for iter = I d&én N_iter do;

Budc 4: Chon toan tir pha huy;

Bude 5: Loai bo mot phan khach hang khoi S_cur;

Budc 6: Chon toan tir tai tao;

Budc 7: Cheén lai khach hang vao cac vi tri t6t hon;

Budc 8: Bado dam céc nat dugce phuyc vy;

Budc 9: Tinh Z(S") = aC(S') + BT(S") + yE(S);

Budce 10: Néu S' tét hon thi cép nhat S best;

Budc 11: Cap nhat S_cur theo tiéu chi chép nhan;

Budc 12: end for;

Budce 13: Return S"ALNS.
4.3. Téi wu tgp nghiém

Sau khi ALNS tao ra cac nghi¢m tt cho tung kich
ban, bude tiép theo ciia nghién ctru 14 dua cac nghiém
nay vao pha tdi wu exact. trong nghién ctru nay,
Gurobi dugc xem la solver thyc hién pha exact trén
md hinh MILP xac dinh trong duong sau khtr mo. Noi
cach khac, ALNS khong phai 1a budc cubi cling, ma
chi dong vai tro tao nghiém kha thi ban dau va sang
loc cac phurong an t6t; con Gurobi méi 1a cong cu thuc
hién t6i uu hoa chat ché trén khong gian nghiém
nguyén. Céch tach bach vai tro gilta metaheuristic va
solver exact nhu vay ciing phu hop v6i cach trinh bay
solution framework trong céc nghién ctru gan day, noi
thudt toan heuristic dugc dung dé tao nghiém ban dAu,
con Gurobi dugc ding dé kiém chung hoic tiép tuc
cai thién nghiém.

Cu thé, sau khi lya chon dugc kich ban dai dién
trong tirng nhém muc tiéu, nghiém tot nhit tir ALNS
dugc chuyén thanh mot nghiém khéi tao x°cho mé
hinh MILP. Nghiém nay dugc dua vao Gurobi dudi
dang MIP start. Y nghia ctia budc nay 1a Gurobi khong
can bét dau tir trang thai rong, ma c6 thé xuét phat tir
mot 101 giai da kha tot, tir d6 rt ngan thoi gian tim
kiém va ting kha ning cai thién nghiém cudi cing.

Téi wu exact duge md ta nhu sau:

xALNS = ALNS(7),
x* = arg min {Z(x) | x € X}, x « xA4LNS,

Trong d6 Jla dir li€u dau vao cua kich ban, con
Xla tap nghiém kha thi cia mo6 hinh MILP sau khi cac
tham s6 mo d3 duoc khir mo.

Khi nhan nghiém khéi tao ttr ALNS, Gurobi s€
thuc hién t6i wu hoa theo co ché Branch-and-Cut. O
mdi nit cia ciy nhanh, solver trudc hét giai bai toan
thu gidn tuyén tinh dé xac dinh can dudi:

LB, = min {Z(x) | x € X}P}.

Néu tai mot nat, Gurobi tim dwoc nghiém nguyén
kha thi, nghiém nay s& dwoc ding dé cap nhat cn trén:
UB=min{Z(x) | x

€ X, x 1a nghiém nguyén kha thi}.
Mot nut nhanh sé& bi loai khoi cay tim kiém néu:
LB, = UB.

Diéu nay c6 nghia 1a nut d6 khong con kha nang
tao ra nghiém t6t hon nghiém tot nhét hién tai.

Song song v6i viéc chia nhanh, Gurobi con tu
ddng sinh cac rang budc cit hop 16 dé loai bo nghiém
phan s6 ciia bai toan thu gidn nhung van giir lai toan
b nghiém nguyén kha thi. Khi do, mién nghiém tai
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Bing 2. Két qui ALNS theo tieng kich bin

Phat
. Quing Chi phi N . I " z
Kich Depot . . Thoi gian thai Gia tri muc tiéu chuan
3 duong (nghin i .
bén chon (phut) (kg héa
(km) VND)
CO2)
Al 1 712.45 8554.72 1509.82 194.48 0.7399
A2 1 716.32 8639.07 1552.88 196.27 0.7187
A3 1 691.59 8422.11 1457.10 188.18 0.7365
A4 1 789.17 9521.87 1625.55 211.66 0.7966
B1 2 665.58 9318.37 1075.48 162.47 0.6850
B2 2 690.16 9575.49 1123.72 168.98 0.7073
B3 2 749.09 10169.70 1212.63 186.64 0.7701
B4 2 757.67 10282.27 1228.22 188.44 0.7879
Cl 3 791.06 12864.38 1407.45 151.34 0.7878
C2 3 874.40 13859.75 1547.24 170.17 0.8556
C3 3 794.41 12907.74 1399.48 153.23 0.8032
C4 3 810.10 13094.67 1460.44 155.02 0.7951

nat rdugce cdp nhat:
X « X ne,

Trong d6 C,la tap cac bat dang thirc cit duoc bd
sung tai nit dang xét. Nho vay, qua trinh hoi tu dugce
tang toc va chit lwong nghiém cudi cing dugc cai
thién.

Input:

- Depot da chon d*;

- Nghiém tdt nhat tir ALNS: SAALNS;

- M6 hinh MILP xac dinh tuong duong;

- Tap rang budc kha thi X.

Output:

- Nghiém cubi cung x*;

Trén bo dir liéu gia dinh 20 nat cua nghién ciu,
pha Gurobi khong dugc ap dung dong thoi cho toan
b 12 kich ban, ma dugc st dung dé tinh chinh ba
phuong an dai dién tdt nhat sau budec ALNS, cu thé 1a
kich ban A2 trong nhom uu tién chi phi, kich ban B1
trong nhom uu tién thoi gian va kich ban C1 trong
nhom uu tién phat thai. Chﬁmg han, véi kich ban A2,
ALNS truée hét tao ra mot cAu hinh tuyén ma trong
d6 depot duoc lya chon la nit 1. CéAu hinh tuyén nay
sau d6 dugc chuyén thanh tap bién quyét dinh ciia mo
hinh MILP, bao g6m céc bién nhi phan x;;, bién lua
chon depot z,va céac bién lién quan khéc. Trén co s&
d6, Gurobi tiép nhan toan b ciu trac 15 giai nay nhu
mot nghiém khoi tao va tiép tuc kiém tra kha nang cai
thién thém vé thu tu phuc vu, phan bd xe cling nhu
chu trac cung trong mang luéi. Quy trinh tuong tu

SO 86 (04-2026)

cling dugc thuc hién ddi véi kich ban B, trong do
depot dugc chon la nat 2, va kich ban Cl1, trong do
depot dugc chon 1a nat 3. Nhu vay, trong nghién ctru
nay, Gurobi khong thay thé ALNS ma dong vai tro 1a
pha t5i uu exact tiép ndi sau ALNS. Néu ALNS chiu
trach nhiém tao ra cac nghiém tdt trong thoi gian ngan
trén nhiéu kich ban khac nhau, thi Gurobi dam nhiém
viéc tinh chinh va kiém tra chit luong t6i wu cua cac
nghiém dai dién d6. Cach két hop nay khong chi lam
cho phin phuong phéap giai tré nén chit ché hon, ma
con cho théy solver dugc sir dung nhu mot thanh phan
thuc sy nam trong logic t6i wu héa ciia mé hinh, chi
khong chi ding ¢ murc néu tén mang tinh hinh thirc.

bé ngudi doc théy rd thudt toan hoat dong trén dir
liéu nay nhu thé ndo, Bang 3 trinh bay ludn cau hinh
tuyén cua ba kich ban dai dién A2, B1 va C1.

Bing 3. Ciu hinh tuyén ciia ba kich bin dai dign

Kich < <
Nhém R Depot Cau hinh tuyen
ban
Chi phi A2 1 1-4-10-8-6-1
Thoi gian B1 2 2-10-11-15-2
Phat thai C1 3 3-9-7-5-4-3

Tir Bang 3 c6 thé thdy rd hon vai tro cta ting
depot. Trong nhom chi phi, depot 1 gitip gom t6t cum
khach hang phia tdy va trung tay. Trong nhéom thoi
gian, depot 2 nim gan ving trung tim hon nén rat
ngin dang ké thoi gian van hanh. Trong nhém phat
thai, depot 3 cho phép khai thac cum phia dong véi hé
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s0 phat thai thap hon, du phai chap nhan thém mot xe
dé giam tai cho cac tuyén dai.

Budc 1: Chuyén céc tuyén trong S*ALNS thanh nghiém khéi tao x0
Budc 2: Pua x*0 vao Gurobi dudi dang MIP start

Budc 3: Gurobi gidi bai toan thur gidn tuyén tinh tai nit gbc

Budc 4: Thiét 1ap cin trén UB tir nghiém kha thi hién tai

Budc 5: while con nat nhanh chua xir ly do

Budc 6: Tinh cén dudi LB _rtai natr

Buéc 7: | NéuLB r> UB thi logi niit r

Bu6c 8: | Néu nghiém tai niit r 14 nghiém nguyén kha thi thi
Budc 9: ‘ Cap nhit UB

Budgc 10: | else
Budc 11:
Budc 12:

Sinh nhanh trén bién nguyén phén sé
Bb sung cac bét ding thirc cit hop 1&
Budc 13: | end if

Budc 14: end while

Budc 15: Return nghi¢m t6t nhét x*

Hinh 1. Gurobi-Branch-and-Cut véi nghiém diu vio
tir ALNS

5. Két luan

Bai bao da xay dung mot mo hinh hon hop tuyén
tinh mo (FMILP) t6i uu cho bai toan dinh tuyén, trong
d6 tuyén dugc mé ta thong qua cac cung duong véi
céc tham s thoi gian, chi phi van hanh va khéi luong
phat thai CO,. Trén co s& bién quyét dinh nhi phan x;;
hoic x; trong truong hop nhiu xe), md hinh dam bao
hinh thanh céc tuyén hop 18 theo yéu cau van hanh
(xuét phat-quay vé depot, phuc vu dung khéach, tuan
thi rang budc trong tai Q, va cira sé thoi gian hard néu
ap dung). Cac chi sé téng hop theo tuyén duoc xéac
dinh theo nguyén tic cong don, cho phép lugng hoa
nhit quan quing dudng, thoi gian, chi phi van hanh va
phat thai CO; trén toan hanh trinh.

Bén canh d6, nghién ciru d& xuit co ché danh gia da
tiéu chi voi ba cum chinh: Chi phi van hanh, tong thoi
gian va chi phi/phat thai CO,, qua d6 lam r6 quan h¢ gitra
cac muc tiéu. Viéc 1ap kich ban kich ban thong qua diéu
chinh v tién hogc céc tinh hudng bt dinh gitp nguorl ra
quyét dinh lya chon phuong an phtt hop véi mong mudn.
Trén co s& nghién ciru nay, cac nghién ctru tiép theo trién
khai mé hinh nay trén hé thdng web: Tir dit liéu cung dau
vao, hé théng co thé tinh toan tuyén d& xuat, udc tinh thoi
gian, chi phi van hanh va tac dong phét thai, va ho trg so
sanh cac kich ban mdt cach minh bach.

Loi cdm on

Nghién ctru nay duoc tai trg bdi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma so: SV25-26.187.
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