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Tém tit

Trén thi truong kho lanh Viét Nam hién nay, viéc
dp dung céng nghé méi chi phé bién & cdc kho
I6n. Trong khi do, cdc kho lanh nho voi cac
phirong phép quan 1y kho hang truyén thong, van
gap nhiéu khé khan trong viéc lap lich cho don
hang va diéu phoi nhan luc mét cach hiéu qud,
dan dén tac nghén ¢ khu viee cho, khéng toi wu
dwge nang sudt lam hang. Do vdy, nhém nghién
civu dé xudt vmg dung thudt toan FCFS két hop véi
Branch and Bound dé gidi bai todn ldp lich kho
lanh, cu thé la lap lich don hang cua khach hang
va lap lich ca lam cho nhdn céng. Ung dung nay
duwoc ky vong sé 16i wu héa duwoc lich trinh lam
hang ndng cao hiéu qua quan ly kho, giam tinh
trang tdc nghén, tir dé givp dam bdo dwgc chat
lwong hang héa va giam chi phi logistics cho
doanh nghiép.

Twr khoa: Lap lich kho lanh, ldp lich ca lam, thuqdt
toan FCFS, thudt toan nhanh cdn.

Abstract

In the current Vietnamese cold storage market,
adoption of new technologies is only prevalent in
large - scale warehouse. Meanwhile, small cold
storages with traditional warehouse management
methods still encounter many difficulties in
scheduling orders and coordinating manpower
effectively, leading to congestion in the waiting
area and not optimizing cargo handling capacity.
Therefore, the research group proposes applying
the FCFS algorithm combined with Branch and
Bound to solve the cold storage scheduling
problem, specifically customer orders scheduling
and work shifts scheduling for workers. This
application is expected to optimize the cargo
schedule, warehouse

handling improve

management  efficiency, reduce congestion,

thereby helping to ensure the quality of goods and
reduce logistics costs for businesses.
Keywords: Cold warehouse scheduling, work

shifts scheduling, FCFS algorithm, Branch and
Bound algorithm.

1. Pit van dé

Quan 1y kho hang 1a mot trong nhimg yéu t6 ct
16i ctia chudi cung tmg hién dai, anh huong truc tiép
dén hiéu qua van hanh va chi phi logistics ctia doanh
nghiép. Dic biét, trong kho lanh, viéc t6i uvu hda quan
ly hang nhap va xuat déng vai trd quan trong do cac
dic thu vé bao quan, nang lwong tiéu thy va chi phi
van hanh cao [1].

Bén canh do, lap ké hoach xuit nhép hang dong
vai trd quan trong trong viéc giam thiéu tinh trang lam
viéc qua tai, dac biét ddi v6i cac kho lanh ¢o quy md
nho. Viéc 1ap ké hoach don hang cuia khach hang
(Customer Order Scheduling - COS) da dugc nghién
clru rong rai nham cai thién thoi gian giao hang, nang
cao chit lugng dich vu va kha ning dap tng theo nhu
cau khach hang [2]. Néu qué trinh xtr Iy don hang
trong kho lanh khong dugc kiém soat hiéu qua, tan
sudt mo cira kho s& tang cao, dan dén muc tiéu thu
nang lugng 16n hon. Pang cht y, nghién ciu cla
Furkan Yener va cong su (2024) da phét trién mot mo
hinh todn hoc méi nham t6i wu hoa trinh ty xir Iy don
hang va giam thiéu chi phi ning lwong cho kho lanh,
dwa trén thuat toan di truyén (GA) [3]. Tuy nhién, ddi
voi cac kho lanh c6 quy m6 nhd va muc d9 tu dong
hoa thip, phuong phap luu trir don hang theo cach 1
container sép Xép trén 1 k& hang, viéc rng dung GA
c6 thé khong thyuc sy phu hop do tinh phirc tap cta
thuat toan. Ngoai ra, nghién ciru ciia Sonny Aji & Aina
Nindiani (2023) ciing chi ra ring khdi luong cong viéc
ctia nhan cong trong kho lanh anh huong dang ké dén
nang suét tong thé, qua d6 nhan manh sy can thiét cia
mot hé thdng 1ap ké hoach hang hoa hiéu qua [4].
Pdng thoi, thong qua trao ddi véi mot s6 don vi van
hanh kho c6 quy mé vira va nho dang hoat dong tai
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Hai Phong, viéc l1ap lich trinh dang trd thanh mot nhu
céu cép thiét. Theo sb liéu tir khao sat, tinh trang xuét
nhap hang & 70% cac doanh nghiép c6 thé phai cho tir
2 &n 3 tiéng mdi luot lam hang cua 1 container.
Nguyén nhan cho tinh trang nay xuat phat tir viéc quan
Iy viéc 1ap lich trinh con thii cong, viée sip xép nhan
su con dya nhiéu vao kinh nghiém, diéu ndy dan dén
viéc sdp xép hang cho bi kéo dai, tang chi phi van
hanh, giam hi¢u qua khai thac. Do dd, hoat dong lap
lich trinh doi hoi sy tdi wu hoa cao cac ngudn lyc hién
¢6 ctia kho hang dé dam bao dau ra két qua ¢ mirc cao
nhét. Song viéc lap lich trinh mang tinh tdi uu lai
khong phai 1a mot bai toan don gian. Nham tim ra giai
phap cho van dé trén, nhém nghién ciru da tim hiéu va
thong qua su két hop ciia hai thuat toan First-Come-
First-Serve (FCFS) va Branch and Bound (B&B) dé
xay dung mot gidi phap 1ap lich khai thac hang nhap
va xuét kho lanh hiéu qua, pht hop cac kho lanh ¢
quy md nho. Viée ap dung két hop hai thuat toan nay
s€ tao ra mdt giai phap lap lich hiéu qua, phu hop véi
céc kho lanh quy mé nho, gitip toi wu hoa ngudn nhan
cong va giam thiéu tinh trang tic nghén tai khu vuc
cho, cai thién hiéu sudt van hanh va giam chi phi
logistics cho doanh nghiép.

2. Co s Iy thuyét

Thuét toan FCFS, mot trong bon thuét toan 1ap lich
CPU co ban, dugc goi 1a 1ap lich dén trude phuc vu
truge. Pay la mdt phuong phap don gian va tryc quan,
trong do6 céc tac vu dugc xur 1y theo thir ty chung dén,
tire 1a cong viée dén trude s& duoe xir Iy trudce. Trén
thuc té, cac cong viéc dugc dua vao mdt hang doi va
1an luot dwoc xtr Iy khi dén luot. FCFS thuong s& duoc
su dung trong trudng hop céc cong viéc co6 cung mirc
d6 wu tién dén [5]. Trong cac nghién ctru trude day,
phuong phap nay da dugc tng dung trong céc linh vuc
khac nhau. Tac gia Hong Jiang va Tianwei Ni
(2010) da tmg dung FCFS vio hé thong 1ap lich tac vu
cho dién toan ludi véi muc tiéu cai thién ty 1€ st dung
tai nguyén hé thong va rit ngén thoi gian phan hoi [6].
Thuét toan nay da timg dugc két hop voi thuat toan
lap lich Round Robin, 4p dung cho hé théng dd xe
trong bai nghién ctru cua tac gia Bhupendra Ram va
Manisha Pundir (2023) [7]. Trong linh vyc vé& kho
hang, thudt toan FCFS d& dugc tac gia
Gnanapragasam va Daundasekera (2024) ap dung dé
1ap lich cho cac xe dén tai mot nha kho c6 nhiéu cira
tiép nhan [8]. Tuy nhién, cac nghién ctru niy moi
chi cho thiy tinh tmg dung ctia phuong phap trong
viéc giai quyét mot khia canh cua bai toan lap lich,
thay vi t6i wu hoa tong thé hoat dong nhap va xuét
hang trong kho lanh.

Trong khi do, thudt toan nhanh can (Branch and
Bound - B&B) dugc st dung rong rai trong cac bai
toan toi wu hoa, tim kiém giai phap tot nhat bang
cach chia nho khong gian tim kiém thanh cac nhanh
nho hon, dong thoi loai bo nhitng phwong 4n khong
kha thi dé rat ngén thoi gian tinh toan [9]. Trong linh
vuc 1ap lich, thuét toan nay cling dugc dé cap trong
mot s bai nghién ctru. Vi du, Hiroshi Kise va cong
su (1994), dé giai bai toan 1ap lich dong chay 3 may,
da ap dung B&B. Bén canh do, tac gia Rodrigues va
cong su (2004) cling da rng dung B&B vao lap lich
cho cac qua trinh lién tuc trong quy trinh san xudt
theo 16 [10]. Ngoai ra, Geetha Baskaran va cac cong
su (2014) da két hop branch and bound vao giai bai
toan lap lich ca lam vi¢c cho y ta [11]. Tac gia Mieke
Defraeye va Nieuwenhuyse (2016) ciling da st dung
thuat toan nay cho viéc 1ap lich ca lam viéc véi nhu
cau ngiu nhién khong ding [12]. Nhing tng dung
nay cho thiy tiém ning cia B&B trong viéc ti uu
hoéa thoi gian va ngudn luc trong céc bai toan 1ap lich
phtec tap.

Mac du, thuat toan FCFS va thuat toan nhanh can
da dugc dé cép nhiéu trong cac bai toan vé lap lich,
nhung chua dugc 4p dung phd bién trong cac bai
nghién ctru vé linh vyc 1ap lich kho hang. Thém vao
d6, véi su khit khe v& yéu cau nhiét d6 va do am,
thoi gian 1am hang tai kho lanh dic biét can dam bao
nhanh chéng dé trong qué trinh lam hang, thoi gian
lam hang khong tré thanh khé khan cho viéc dam
bao chit lugng cho hang héa dugc dua ra hoic vao
trong kho. Pac biét, cac kho lanh quy mo6 nho véi
mirc d6 ty dong hoa thap & Viét Nam dang gip nhiéu
thach thuc trong viéc didu phdi nhéan luyc va t6i wu
hoa lich trinh 1am hang. Viéc két hop 2 thuat toan
nay sé& gitip giai quyét bai toan 1ap lich theo mot cach
tiép can toan dién hon. Nhom nghién ctru dé xuét ap
dung thuat toan FCFS cho phép sap xép thir tu cac
don hang theo thir tw don gian dya trén mdc thoi gian
dit lich va thoi gian xe dén 1am hang du kién, két
hop voi thoi gian 1am hang trung binh cho phép lap
ra lich trinh thoi gian phu hop cho ca kho hang va
khach hang. Tuy nhién, néu thoi gian lam hang
khong dugce dam bao sé gay anh huong dén lich trinh
da duogc lap trude d6. Trong khi d6, Thudt toan nhanh
can gitp 1ap lich cho ca 1am cia cac cong nhan dé co
thé tdi uu hoa duoc nang suét lam viéc, dam bao
duoc thoi gian 1am hang. Do vay, viéc két hop giita
hai thuat toan s& giup t6i wu hoa duogc qua trinh quan
1y kho hang, giam tinh trang tic nghén tai khu vuc
cho cua kho, nang cao hiéu suét van hanh va giam
chi phi logistics cho doanh nghiép.
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3. Thiét ké giai phap
3.1. Xur ly thong tin

Bude 1: Thu thap dir liéu vé thong tin cac don
hang, dic biét luu ¥ thong tin vé thoi gian du kién xe
dén 1am hang va thoi gian dit lich ctia don hang.

Budre 2: Sap xép thir tw vu tién cua cac don hang
trong cuing mdt ngdy theo nguyén tic cia thuit toan
FCFS:

- Pon hang c6 thoi gian xe dén lay hang dy kién
cua xe som hon s€ dugc wu tién lam trudce.

- Néu c6 nhiéu hon 1 don hang c6 thoi gian xe dén
ldy hang du kién giéng nhau, don hang c6 thoi gian
dat lich sém hon s€ dugc wu tién lam trudce.

Bude 3: Xac dinh sé luong don hang lam trong
ngdy, yéu cau phai phii hop véi kha nang luu trir hién
tai cua kho hang.

Budc 4: Lap lich trinh 1am viéc theo nguyén tic
cua thuat toan B&B, lya chon phan cong nhém cong
nhan 1am viéc phai dam bao nguyén tic:

- Tong thoi gian 1am viée 14 ngan nhat;

- Céc cong nhan 1am viéc c6 thoi gian khong nhidu
hon 8 tiéng.

Buwéc 5: Xac nhén lich trinh cong viéc. DPé co thé
kiém chimg mirc d6 hidu qua cua thuat toan trong vén
dé 1ap lich trinh cong viéc, nhém nghién ctru da dat ra
cac gia thuyét bai toan dé img dung nhu sau:

- Cong suit cuia xe nang tai kho 1a khong doi;

- Thoi gian bbc xép clia cac loai container khac
nhau 1a mdt gia tri duoc xac dinh tham khao béi thyc
té 1am viéc tai kho hang;

- Khéi lwong hang héa xuat/ nhap kho du kién sat
v6i thyc té nhdm tranh sai 1éch trong vi¢c dua ra két
qua, dong thoi, khong vuot qua sire chira cia kho, anh
huéng dén chét lwong ciia hang hoa.

3.2. Dinh nghia bién

27 Tong thoi gian lam hang cua 1 ngay lam viéc
(h);

Xi: Luong hang cua don hang i (pallet);

Y;: Nang suét trung binh ctia nhan vién j van hanh
xe nang (pallet/h);

Yi: Nang sut trung binh ctia nhan vién & van hanh
xe nang (pallet/h);

Z: Ning suét trung binh cta nhén vién kiém dém
(pallet/h);

Trong d6, j va k la 2 cong nhan khac nhau lam
viéc trong cung 1 ca lam;

P;: Mtrc 36 uu tién khi lra chon sép xép thir tu don
hang i (P; eN, P; € {1; 2; 3, ...});
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T;: Mbc thoi gian Trung binh dy kién xe dén lay
hang ctia don hang /;

O:: Mbc thoi gian ma khach hang dit lich cho don
hang 7,

(ieN,ie{l; 2;3;..0); (G keN;, je{l 2; 34},
ki{l; 2; 3,4} j#k).

Yéu ciu bai toan: Hay tinh toan sao cho v6i ngudn
lyc ma kho s& hitu, 1dp 1 lich trinh lam viéc trong 1
ngay ctia kho véi thoi gian ngan nhét, trong khi nhan
vi€c dung voi kha nang hién tai cua kho va nhém cong
nhan 1am viéc trong 1 ngay khong qua 8 tiéng.

3.3. Ham muc tiéu

MinY t=¥(i=1) % = 1) X(k = 1) (TBX +

Xi X
z T Yj+Yk) (h) @

(ieN,ie{l; 2;3;...})

Gk eN: jE{1;2:3:4): ki{l:2; 3:4):j%k)

Trong d6:

MinY, t: Tong thoi gian tdi thiéu dé hoan thanh tat
ca cac don hang trong 1 ngay lam viéc;

in : Thoi gian trung binh kiém dém 1 16 hang;

Xi

Teve Thoi gian trung binh d€ nhém cong nhén 2

nguoi thue hién van chuyén hang hoa ra vao kho bang
Xe nang.
3.4. Ham diéu kién
Sé lwrong hang nhép/xuét duy kién sat voi thyc té:
Zthz?lp thuc té < Zthélp du kién (2)
szuﬁt thuc té < Z:X;\fm"{t du kién (3)
Tong lugng hang héa trong kho khong vuot qua
suc chua:
Zthé\p thuc té — 2 (Xyuae dwkién T
chn trong trong kho) (4)
Tét ca cac bién lién quan dén sé luong hang héa
va nang suét déu phai duong:
X, Y, Yo, Z>0 (G €N jEYL 2, 3.0 k{1 2;
3 J#ER)
Tdng thoi gian 1am viée ciia 2 cong nhan lam viée
trong 1 ngay khong qua 8 tiéng:
> <3 (5)

Yj+Yk =

Thoi gian bdc xép hang cuia timg loai container 1a
c6 gia tri quy dinh 13 ¢6 dinh cho timg loai container:
TBX = constant )

Sép xép murc do uu tién cia don hang:

236

SO 83 (08-2025)



TAP CHI ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCEENCE AND TECHNOLOGY-

P=If(Ti< Tyyq, “Untién”; If (Ti = Tipq, Oi<
041, “Un tién”; If (Ti> Typq, “Xép sau”))) (7)

Trong do: Khi so sanh mirc do uu tién giita cac
don hang véi nhau:

- “Utu tién” tire 12 don hang s& dugc uu tién lam
trudc;

- “Xép sau” tirc 1a don hang s€ dugc thuc hién
sau don hang dugc uu tién.

3.5. Xir Iy vin dé xe dén tré

Trong qué trinh lam viéc, 1 s6 don hang khong thé
thuc hién do xe khong thé dén kip hoac mot so van dé
khéch quan tac dong, kho hang phu trach lién lac véi
cac chu hang c6 nhu cau c6 thé thay thé cho don hang
khong thé thyc hién. Tt d6 1ap dugc 1 danh sach don
hang thay thé.

Lua chon cac don hang thay thé.

Dit bién:

- T, Thoi gian 1am hang dy kién cua don hang
thay the;

- txa: Thoi gian 1am hang du kién cua don hang bi
tré xe;

- X,i: Khéi lwong cua don hang thay thé;

- Xi: Khéi lugng cua don hang bi tré xe.

Trong d6:

Tmi = (TBX +Xmni/Z+Xmi/(Yi+Yy)) (h)  (8)
txie = (TBX +Xw/Z+ X/ (Yi+Yx)) (h) )

Ham st dyng:

=If (Tmi <= txu, “OK”, If (Tmi > txu, “Loai”)) (10)

Trong dé:

- “OK” tirc 1a don hang thoa man diéu kién vé thoi
gian;

- “Loai” tirc 1 don hang khong thoa mén diéu kién
ve thoi gian.

Tir d6 ta lap dugc danh sach cac don hang co thé thay
the vao vi tri cia don hang khong lam. Pong thoi, ap
dung phuong phap xép lich CPU, ta s€ xét muc do uu
tién P; ctia cac don hang thay thé cho don hang dén tre.

4. Thir nghiém thuét toan tai kho DKP

Kho DKP la kho c6 thiét k& véi strc chira 40 ké
hang, twong duong véi 1200 pallet, mot nhom cong
nhan van hanh xe nang ha gdm 4 ngudi va 2 nhan vién
kiém dém, nhan hang. Hién tai, kho dugc danh gia 1a
mdt kho nho, strc chira khong 16m, déng thoi chi co 1
ctra cho phép container c6 thé nhap hodc xuét hang.
Tir nhitng yéu t6 trén, cho thay kho gip khé khin khi
xudt hién cac truong hop nhidu hang dugce d don vé
kho dé Iuru kho hodc xuit kho. Pong thoi, kho hién tai
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van dang quan 1y va van hanh chu yéu thong qua cac
cong cu lam viéc co ban trén may tinh, chua co sy
quan 1y bang mot hé théng quan 1y hodc mot phan
mém phuc vu cho vén hanh, luu trir thong tin. Do d6,
nhém nghién ctru di quyét dinh lya chon kho DKP dé
thuc nghiém mirc 6 hi¢u qua cia thuat toan.

Phan mém dugc cai dit trén may tinh clia quan 1y,
két ndi internet, giup kiém soat don hang, khach hang,
ton kho va nhan sy. Phan mém tu dong 14p lich trinh
lam viéc thay vi chia viéc thu cong.

Quan 1y chi can dang nhap, xem danh sach don
hang can xir 1y, danh gia kha nang kho, rdi 1ap va phé
duyét lich trinh. Lich trinh sau d6 dugc gui dén nhan
vién qua hé théng chung, gitp t6i wu hiéu suat van hanh.

Bdng 1. Bdng so sanh thoi gian hoan thanh cdc don

hang theo loai container

Thoi gian .
. Thoi gian trung
trung binh . .
. . . binh hoan
Loai hoan thanh . .
i . ; thanh don hang
container | don hang truéc .,
. sau khi ap dung
khi cé giai e
B giai phap
phap
20RF 1h45p 1h38p
40RF 2h28p 2h20p
45RF 2h41p 2h33p

Nguon: Nhém tc gid tw téng hop

Két qua ing dung cho thdy rang, véi kha nang hién
tai cua kho, vi€c nang cao nang sut trung binh 1én trén
5 container 20RF van gip nhiéu thach thirc. Tuy nhién,
thoi gian xur Iy hang cia mdi don hang da ¢ sy cai thién
dang ké, voi mire t6i thiéu giam tir 8-15 phut trén mdi
container. Bén canh d6, quy trinh 1ap lich trinh lam viéc
va phan bd cong viéc trong kho da dugc ty dong hoa,
gitip nhan vién nhan lich nhanh chéng va dong bo hon.
Diéu nay cho phép ngudi quan 1y kiém soat ludng thong
tin vé don hang va nhan cong hiéu qua hon, rat ngin
thoi gian xtr 1y so voi cac cong cu hién tai tir 15-20 phut.
T nhing két qua trén, viéc ing dung hé thong vao kho
DKP khong chi gitip cai thién kha ning quan 1y va tbi
uu hoa ngu(‘Sn nhan Iyc ma con hd trg xdy dung lich
trinh 1am viéc nhanh chong, chinh xac hon. Qua do, kho
¢6 thé nang cao hiéu suit van hanh va ting cudng ning
luc canh tranh trén thi truong.

5. Két luan

Nghién ctru dd chtng minh dwoc viée ap dung két
hop 2 thuét toan FCFS va Branch and Bound trong
quan 1y kho hang, dac biét la cac kho hang lanh mang
dén mot sd hiéu qua 1o rét, trong do6 bao gém viéc lap
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lich va phan chia cong viéc ty dong, déng bd trong
van dé quan 1y thong tin ciing nhu giam vén d& kho
hang bi Un tic khi khéi luong 16n don hang duoc dua
vé kho dé 1am hang. Nhirng két qua trén dong thoi da
mé ra mot hudng di méi trong viéc quan ly va van
hanh kho hang khong chi 1a cac kho hang lanh c6 quy
mé nhoé ma con co thé ap dung nhidu don vi co quy
md 16n hon. Tuy nhién, do nguén lyc c6 han, nghién
ctru hién tai méi chi c6 thé két hop ap dung mot cach
don gian dé giai quyét bai toan duoc néu. Trong twong
lai, khi bai toan duoc mé rong véi nhiéu yéu té khac,
giai phap trén can dugc cai thién, xem xét dén mot sb
yéu t6 khac co thé anh huong dén viéc dwa ra két qua
t6i .
Lo&i cdm on

Nghién ctru nay dugc tai trg bdi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma so: SV24-25.61.
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