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TOM TAT

May hé tro tho oxi la mét trong nhu"ng san pham co khi dong vai tro quan trong trong trang
thiét bi y té tai cdc bénh vien, kho phan phoz may hé tro  thé oxi giik vai tro then chot dé giao diing
han va sit dung hiéu qua nguon liec khan hiém. Chwong trinh phdan phéi méy hé tro thé cho cdc bénh
vién thudc khu vuc Thanh phé Ho6 Chi Minh dugc mé hinh héa dudi dang Bai toan Dinh tuyén Xe
¢6 rang bugc tai (VRP) véi nhu cau hang ngdy va mét kho trung tam. Viéc diéu phéi thii cong qua
dién thogi dé dan dén giao tré, sir dung xe khong dong déu va phat sinh quéng dwong dw thira.

Bai bao xdy dung mo hinh Mixed Integer Linear Programming (MILP) gon dé tao tuyén kha
thi t6i thiéu héa quang dwong, cing mét luong dir lleu don gian chuyen danh sach tragm (dia chi/
toa do va nhu cau) thanh ma tran khoang cach. Tt uyen 16i vu duoce xudt 1én ban dé web nhe, hé tro
trién khai hién truong va giam sat. Trén ca thuc 1é véi mét xe va nhém tram thudc Quan 5, Quan
10, mé hinh gidi trong vai gidy trén mdy tinh phé théng, cho tuyén ngdn va ré rang hon so véi ldp
ké hoach cam tinh, dong thoi truc quan héa givip diéu hanh.

Két qud cho thdy tinh kha thi cia quy trinh “téi wu hod va trwc quan hod” cho phédn phdi
mdy ho tro  the oxi trong tinh hudng khan hiém va khan cap. Huwéng phat trién gom mé rong sang
cira sé thoi gian (VRPTW), da xe, thoi gian di chuyén theo mang dwong thiee, va tdi hoach dinh
déng tir dir liéu ton kho gan thoi gian thuec.

Tir khéa: VRPTW; MILP; VRP; Mdy hé tro' thé oxi; Bénh vién.
ABSTRACT

Oxygen ventilator is one of the mechanical products that plays an important role in medical
equipment in hospitals, oxygen ventilator distribution warehouse plays a role then lock to timely
transaction and efficient use of scarce energy resources. The Time Attendance Machine support
distributor for hospitals in Ho Chi Minh City area is modeled as a Vehicle Routing Problem with
load function (VRP) required for regular day and central warehouse. Manual control via phone
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easily leads to silly learning, uneven vehicle utilization and generation of redundant road bowl.

The paper builds a compact Mixed Integer Linear Programming (MILP) model to create the
minimum route, along with a simple data flow that converts the list of points (address/to speed and
demand) into matrix distances. The optimized route is exported to a lightweight web map, supporting
field development and monitoring. In a real case with a vehicle and a group of stations in District 5
and District 10, the model solved in seconds on a general computer the information, giving a shorter
and clearer than the intuitive planning, and directly transforming it to help the operation.

The results show the feasibility of the “optimization and direct” process for the ventilator
dispenser in the situation of scarcity and emergency. Development directions include expansion
to time windows (VRPTW), multiple vehicles, real-time network transfer times and dynamic
sustainability from data that exists in near real time.

Keywords: VRPTW; MILP; VRP; Oxygen ventilator; Hospital.

1. TONG QUAN

Trong béi canh phan phdi may hd trg
thd oxi thoi dich, hoach dinh tuyén 1a méat xich
két ndi ké hoach cung-ciu vé6i van hanh giao
nhan hing ngay. Truong hop May hd trg tho
tai Thanh phé H6 Chi Minh c6 mét kho trung
tam cp méay hd trg thé oxi cho mang ludi tram
bénh vién & ndi do, nhu cau bién dong theo
ngay va thoi gian phuc vu tai diém nhan. Néu
diéu phéi thu cong dua vao di¢n thoai va kinh
nghiém, hé thong d& phat sinh giao tré, quing
duong du thtra va st dung phuong ti¢n khong
ddng déu. Pé khic phuc, nghién ctru tiép cin
bai toan dudi dang VRP c6 rang budc tai: moi
tram c6 nhu cau, thoi gian phuc vuy; xe Xuét
phat tir mot kho, muc tiéu 13 téi thiéu hoa tong
quing duong di kém céac rang budc ludng va
nang luc.

Thuc té van hanh cho théy nhiéu han
ché cuia cach lam cii: ton kho tram theo ddi bang
Excel/Drive nén thiéu dong bo, tuyén duong
dugc cét theo phan tng khi tram béo thiéu may
hd tro thé oxi, chua tdi wu hanh trinh nhiéu
diém. Mot sb dot phai huy dong nhiéu xe tai
nho dé phuc vu it tram, lam tang chi phi va rui
ro ket xe gid cao diém. Hon nixa, viéc khong co

méc giao c¢b dinh khién diéu d6 phan tan, kho
gom nhu cau theo 19 trinh hop 1y. Nhitng van dé
nay dit ra nhu cdu chuan hoa quy trinh lap ké
hoach dya trén t6i wu hoa, dong thoi truc quan
hoa két qua dé hd tro trién khai hién trudng.

Nghién ctu xay dung mo hinh MILP
cho VRP nhim tao tuyén kha thi, rat ngan tong
quang duong, voi dir ligu dau vao gém toa do,
nhu cau va thoi gian phuc vu. Ma tran khoang
cach duogc tinh tu dong tur toa do; 101 gidi duoc
xuét 1én ban do web dé d6i van hanh dé theo
ddi 10 trinh. Thiét ké van hanh ap dung hai méc
cit 1énh trong ngay (08:00 va 16:00) dé gom
don va tai 1ap lich nhanh khi dir li¢u cap nhat.
Két qua thi diém cho thdy thoi gian tinh toan
ngin, tuyén rd rang va giam chi phi so véi diéu
phdi cam tinh; ddng thoi 1am nén cho mé rong
da xe, tich hop thoi gian di chuyén theo mang
duong va tai hoach dinh dong.

AN

Hinh 1. So d6 mé ta vé quy trinh van chuyén ciia
kho may ho tro tho oxi.
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2. PE XUAT NGUYEN LY HOACH DPINH
TUYEN CUA VRPTW

2.1. Nguyén ly lam viéc

VRPTW (Vehicle Routing Problem
with Time Windows) mo ta viéc t6 chuc 10
trinh giao nhan tor mo{t kho dén nhiéu diém
phuc vy, khi mdi diém c6 nhu ciu, thoi gian
phuc vu tai chd va mot khoang thoi gian cho
phep dén — phuc vu. Xe c6 thé dén som va cho
dén lac ctra s6 mo, nhung khéng duoc phuc vu
tré sau thoi diém dong [1]. Pong thoi phai ton
trong gidi han tai ciia phuong tién va quy dinh
ca lam viéc/tong thoi gian hanh trinh.

Dir liéu dau vao dién hinh gém: danh
sach diém phuc vu véi nhu cAu va ctra s6 thoi
gian, thoi gian phuc vu tai diém, thong tin doi
xe (stc chtra, khung gi¢ lam viéc), cung ma
tran thoi gian/ khoang cach gitra cac diém va
kho (tir toa d6 hodc mang dudng). Muc tiéu phd
bién 14 t6i thiéu hoa tong quing duong hoic
tong thoi gian di chuyén, dong thoi bao dam tat
ca cac diém duoc phuc vu ding ctra ) [4].

Nguyén ly van hanh thyc hién theo chu
trinh: [2] (1) gom nhu cau theo dot cit 1énh
trong ngay dé co tap don on dinh; (2) tao ma
tran thoi gian/ khoang cach; (3) kiém tra kha
thi so' bo theo cira s0 thoi gian va tai xe; (4) 1ap
ké hoach tuyén cho doi xe, sap xép thir ty tham
cac diém sao cho khi cong don di chuyen va
th(n gian phuc vy, thoi diém dén m01 diém van
nam trong ctra s6 cho phép; (5) xuat ké hoach
dudi dang danh sach 1§ trinh kém ETA ting
diém va tryc quan hoa trén ban db dé dé trién
khai; (6) khi dir liéu cap nhat (nhu cau thay doi,
phat sinh diém moi), ldp lai quy trinh cho dot
ké tiép. Cach tiép can nay giup can bang giita
tinh dtng han (tuan thu ctra s6) va hiéu qua van
hanh (gidam quang duong/chi phi), phu hop cho
cac tinh hudng giao nhan y té can phan ung
nhanh.
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Hinh 2. So d6 miéu td vé nguyén Iy lam viéc ciia
VRPTW

2.2. Cac thong sé co ban ciia hoach dinh
tuyén cia VRPTW

Pé lam 16 ddc diém cia hai cach tiép
can, nghién ctru trinh bay céac thong sé co ban
khi 4p dung mo6 hinh MILP cho VRPTW va
(néu can mo rong) khung heuristics dung cho
van hanh hang ngay [3].

Trong khi do, heuristics (khung tham
chiéu khi cdn mé rong quy mo/dap tng tai
hoach dinh nhanh) st dung cac tham sb dau vao
tuong tu: danh sach diém véi nhu cau va ctra s6
thoi gian, ma tran thoi gian/khoang cach, thoi
gian phuc vu va thong tin doi xe. Nguyén tic
van hanh dién hinh 1a kién tao tuyén theo uu
tien dong: & mdi budc, 1ap “tip tng vién kha
thi” thoa dong thoi ba diéu kién (con tai, dén
kip trude b, chi phi di chuyén thip), chén diém
ké tiép vao vi tri hop 1€ nhét, roi tinh chinh cuc
bo dé rat ngan hanh trinh nhung van tuan tha
ctra s6. Co ché nay giam dang ké do phirc tap
tinh toan, cho phép sinh tuyén kha thi rat nhanh
phuc vu cac dot cat 1énh trong ngdy; phin
MILP van déng vai tro chuan tham chiéu va
kiém chimg chat luvong khi so sanh.
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Bdng 1. Cdc théng s6 co ban ciia bai todn VRPTW

k Pai dién cho phuong tién la xe tai

ij Nhirng diém dau

C Strc chira cia xe k

si Thoi gian phuc vu cia khach hang i
¢ ij Khoang cach di chuyén tir dinh i dén dinh j
t ij Thoi gian di chuyén tir dinh i dén dinh j

di Nhu cau ctia khach hang i

[ai,bi]

Khoang thoi gian khach hang i can dugc phuc vu

M Hing s6 16n
E Thoi gian khéi hanh sém nhat c6 thé tir kho
L Thoi gian dén mudn nhét co thé
X ijk Bing 1 néu cung (i, j) duoc xe k sir dung; va bang 0 néu nguoc lai
T ik Thoi diém xe k bat dau phuc vu khach hang i; 0 néu xe khong dén dén khach hang i
vuot tai va tuan thu cira s6 thoi gian (dén som
3. MO PHONG cho, khong phuc vu tré). Dit liéu dau vao (danh

3.1. Xay dung m6 hinh mé phéng

Bai toan VRPTW duogc mo hinh hoa va
giai bang CPLEX vé6i muc tiéu tdi thiéu hoa
tong quing duong dudi cac rang budc tham mot
lan, bao toan ludng depot-tram-depot, khong

sach tram, nhu cau, thoi gian phuc vy, cira so,
ma tran khoang cach/thoi gian) duoc chuan hoa
trong Excel va nap vao mo hinh; van hanh theo
hai mdc cut-off 08:00 va 16:00 dé gom nhu ciu
va chay t6i uu theo dot. Két qua tra vé 1a chudi
ghé thim kém ETA/ETD cho trién khai hién
truong [3].
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Bdng 2. M6 hinh VRPTW dwoc ldp trinh khi gidi bang phan mém CPLEX

No. Equation Constraint
1 Z Z Z CyXip Giam thiéu tong quang duong di chuyén
keK ieV jeV
n+l 7 N . .
) Z Z gy =1 vienD, Ap dét rang chi ¢6 mot xe k roi khoi khach hang
ok = i va khach hang i dugc ghé tham ding mat lan.
Jwi
JED
= py Néu rang mdi xe dugc van hanh theo mot 16
4 Z""ut - Z Y =0 VYkeEK.YjeD trinh lién tuc, bat dau tir mot kho, ghé tham
o Jal khach hang, sau d6 quay tr¢ lai kho.
ieD
mal S
6 Z{d* Z xp)se Vk € K Dam bdo rang nang lug ?ﬁa xe phai duogc ding
[T ym glO
[} 1]
Pam bao tinh kha thi cta 10 trinh xe, tinh kha thi
s s nay nam trong khung thoi gian cta khach hang
7 a Z-’-‘ut STu = b Z xyx Vk € K, VIED, | 3 ap dung bat cir khi nao khach hang i khong
- L dugc xe k ghé tham trong mot khoang thoi gian
k nhat dinh.
2 (T +s+t;—Ti) =(1 —x) * M vk € K | Dam bao tinh kha thi cua lich trinh vé mat rang
vieD,jeV{0} budc thoi gian.
Biéu dién bién thoi gian cho nut dau tién ma xe
9 (E4 tu=To)S(1=xau)*MVYkEKYiED dél’l.
Xét dén thoi gian gi6i han cua xe, xe k phai dén
10 (Typ=L)< (1= xpu)*MYkEKYiED khach hang cudi cung, nguoi dén trudce thoi
diém L khi ket thic hanh trinh.
11 Tpz0vke EVieV . . ,
Cung cap cac yéu cau khong am va nhi phan
= twong tmg. Ddi véi mdi phuong tién k € K
12 xix € {0,1} vk e K (ij)e A gune phuong te
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Sau khi c6 10 trinh, hé théng tai su dung
dung “data matrix” da cip cho CPLEX ciing
bang toa do (kinh/vi d9) ctuia depot va céc tram.
Python nap céc t¢p nay, ghép thu tu ghé tham
v6i lat-lon timg diém, tinh lity ké quing duong
va ETA/ETD (Haversine/Euclid noi d6), dong
thoi cap nhat tai con lai sau mdi diém. Két qua
dugc chuan hoa thanh CSV/GeoJSON (order,
name, lat, lon, ETA, ETD, remaining_load).

T dir liéu da ghép, Python sinh
polyline theo thir tu 10 trinh va marker c6 nhan
thir tu/ETA; depot dugc t6 mau khac biét, co
thé bat/tit tuyén khi nhiéu xe/dot. Google
Maps JavaScript API (hodc Leaflet) dugc dung
dé hién thi trén trinh duyét va chia sé cho tai xé/
diéu phéi. Chu trinh 1ap mdi cut-off: cap nhat
s6 liéu — CPLEX — xuit tuyén — v& ban dd

— theo doi va tai hoach dinh nhanh.

(Tu+ s+ ty= Ty) S (1= x) * M Vk €K, Vi€ D,j € V\{0},

3.2. Phén tich két qua mé phong

B mo phong thi diém mot xe — chin
tram cho thdy mo hinh VRPTW giai bang
CPLEX tao dugc 16 trinh tbi wu trong vai gidy,
thoa tat ca ctra sb thoi gian va rang budc tai,
dong thoi t6 chire tuyén lién tuc tir kho dén cac
tram rdi quay vé. Két qua duoc xut dudi dang
chudi ghé thim kém ETA/ETD, phu hop dé
trién khai ngay ¢ hién truong; viéc van hanh
theo hai méc cut-off 08:00 va 16:00 gitip gom
nhu cau theo dot va kiém soat ludng giao trong
ngay. Tong quing dudng va sb xe st dung déu
giam so voi trude khi ap dung tbi wu hoa.
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Hinh 3. Hoach dinh tuyén toa dé t6i wu dwoc thé hién trén Google Maps
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3.3. Kha ning wng dung vao thue té

Hinh 4 13 két qua mo ta chi s6 nén theo
ddi theo dot: tong km, chi phi, % giao dung ctra
$6, sb diém vi pham. V&1 muc tiét kiém trung
binh ~148.500 VND/dot, néu chay 2 dot/ngay
trong 300 ngay thi lgi ich khoang 89,1 tri¢u
VND/nam; quy ddi theo 6 thang (gia dinh 52
dot/thang) tiét kiém xap xi 46,33 triéu VND.
Khi can mé rong, bd sung da xe va thoi gian
di chuyén theo mang duong (traffic API); trong
diéu kién ngéan sach han ché, co thé dung van
tdc d6 thi hiéu chinh va dém phuc vu dé giir 6
tin cdy ETA.

Chi phi ddng bidn b thang: Trodd v Sau ki ap dung YRPFTYW
164 (Gid dinh 52 dotithdng, 2 det/nghy. 26 ngay lam vijs

Hinh 4. Chi phi dong tién 6 thang trudc va sau khi
dp dung VRPTW vdo kho mdy hé tro thé oxi.

4. KET LUAN

Nghién ctru nay cung cidp mot khung
hoach dinh tuyén chdng cudi co thé trién khai
ngay, gan chit giita mo hinh VRPTW-MILP va
van hanh thyuc té: dit liéu chuan hoa — tbi vu
— ban d6 hoéa 19 trinh. Nho chuan héa cira s6
thoi gian va thiét ké cut-off theo dot, hé théng
chuyén d6i diéu phdi tir “phan tmg” sang “chi
dong”, minh bach héa ké hoach, giam mo ho
phéi hop va tao nén tang cho giam sat — ra
quyét dinh theo thoi gian gan thuc. V& hoc
thuat, nghién ctru chuan hoa bd ky hiéu, quy
trinh dir liéu va quy tic van hanh, 1am co s tai
lap va so sanh cac bién thé mé hinh. Vé thuc
tién, giai phap c6 chi phi tich hop thap, dé mo

rong sang da xe, uu ti€n dich vy, va tich hop
thoi gian mang duong, qua dé ting kha nang
chdng chiu cta chudi cung tng y té trong bdi
canh khan cap.

Lo1i cam on:

Nghién ctru ndy duoc huéng dan bai
thidy Phan Nguyén Ky Phuc va sy giap do bo
phan hai quan va quén ly kho bai ndi dia Cong
ty Green Global Transport da hd trg cung cap
dir liéu va dong goép y kién trong qua trinh
nghién ctru. Loi cam on ciing xin dwoc giri dén
cac dong nghiép da tham gia gop y va gilp
hoan thi¢n bai bao nay. %

Ngay nhan bai: 23/9/2025
Ngay phan bién: 06/10/2025

Tai liéu tham khao:

[1]. Toth, P., et al., “Vehicle Routing: Problems,
Methods, and Applications”. Journal of SIAM
(2014).

[2]. Azi, N., et al., “An exact algorithm for the
vehicle routing problem with time windows”.
European Journal of Operational Research
(2010).

[3]. Le Thi Yen Vy, “Vehicles routing problems:

Ventilator  distribution case  study”.
International University — VNU HCMC,
Thesis (2022)

[4]. Solomon, M.M., “dlgorithms for vehicle
routing and scheduling with time window
constraints”. European Journal of Operations
Research (1987).

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

176
cokhivietnam.vn

TAP CHI CO KHI VIET NAM, S6 335, thang 11 nam 2025



