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TOM TAT

Bai bdo nay tdp trung vdo viéc nghién ciru bdi todn diéu dg tau vao bén cdng container
trong truong hop déng, véi mé hinh khéng gian cau cang hon hop, két hop gitka cdc dic diém ciia
cau cang roi rac va lién tuc. Bai todan dwoc thiét lap dva trén nén tang cua bai todan cutting stock
2D, mot bai toan NP-Hard, va phu hop voi hoat dong tai cac cang container o Viét Nam, noi khong
gian cau cang thuong han ché. Nghién ciru dé xudt mot gidi thudt meta-heuristic dé gidi quyét bai
todn véi kich thude twong dwong thiec té trong thoi gian tinh todn chap nhéan dwoc. Tinh hiéu quad
ciia phirong phdp dwoc kiém chimg théng qua cdc thi nghiém sé. Két qud nghién ciu nham t6i wu
héa viéc sir dung khong gian cau cang, giam thiéu thoi gian quay vong tau va hé tro cdc nha khai
thac cang trong viéc lap lich trinh tau mot cach hiéu qua va linh hoat.

Tir khoa: Cau cang; Te 6i uu héa; Meta-heuristics; Piéu do; Tau container:
ABSTRACT

This paper focuses on studying the problem of ship scheduling at container port berths in
dynamic conditions, utilizing a mixed berth space model that combines the characteristics of discrete
and continuous berths. The problem is formulated based on the 2D cutting stock problem, an NP-
Hard problem, and aligns with operations at container ports in Vietnam, where berth space is often
limited. The research proposes a meta-heuristic algorithm to solve the problem at realistic scales
within acceptable computation times. The efficiency of the method is verified through numerical
experiments. The research aims to optimize berth space usage, minimize ship turnaround time, and
assist port operators in scheduling ships effectively and flexibly.
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1. GIOI THIEU

Bai toan phan bd bén (Berth Allocation
Problem - BAP), con duoc biét dén 13 bai toan
1ap lich bén, 13 mét thach thirc hoat dong quan
trong trong cic cang container. Van dé nay lién
quan dén viéc chi dinh khong gian cau cang cho
cac tau theo thoi gian dé tao diéu kién thuan loi
cho hoat dong bdc xép hang hoa. Viéc phan bd
bén hiéu qua c6 vai trd tdi quan trong trong viéc
t6i da hoa ning sudt cua cang, giam thiéu thoi
gian quay vong cla tau va giam tic nghén. Chi
phi xay dung va mé& rong cac bén 1a rat 16n, do
do viée st dung tdi wu céc nguén luc hién co
tr& nén dic biét quan trong. Ban chdt co ban
cua BAP la mot bai toan NP-completed , diéu
ndy cho thiy viéc tim ra giai phap t6i uu cho
cac truong hop quy mé 16n trong thuc té 1a rat
khé khan vé mit tinh toan. Diéu nay giai thich
cho khdi lugng 16n cac nghién ciru danh cho
viéc phat trién cac phuong phéap heuristic va
metaheuristic hiéu qua.

Su gia ting khong ngimg ciia khdi luong
giao thong container va khong gian bén c6 han
cang lam ndi bat tim quan trong ctia cac chién
luoc phan bd bén hiéu qua dbi véi su bén vimg
va tang trudng cia cac cang. Cac giai phap BAP
hiéu qua c6 mdi twong quan truc tiép véi kha
nang xir 1y khéi luong thuong mai ngay cang
ting ctia mot cang ma khong can mo rong co sé
ha ting dang ké, nhan manh y nghia thyc tién va
kinh té ctia linh vic nghién ctru nay.

Linh vyc nghién ctru vé diéu do tau vao
bén trong mot cang da dugc nhiéu tac gia trén
thé gioi nghién ctru nhu [1], [2]. Néu dua trén
thudc tinh khong gian, bai toan ¢6 thé dwoc phan
thanh cac cach bé tri bén rdi rac, b tri bén lién
tuc, hoac bd tri bén hdn hop. B tri bén roi rac
[3] 1a cdu cang duoc chia thanh mot s6 hiru han
cac bén, mdi bén co thé tiép nhan mot tau tai mot

thoi diém. Déi véi cach b tri bén lien tuc [4],
tau co thé cap bén ¢ bat ky vi tri ndo doc theo cau
cang trong pham vi ranh giéi ciia n6. Phuong
phap bd tri bén hdn hop [5] 1a su két hop cac
khia canh cta bd trf rdi rac va lién tuc, cho phép
sap xép bén linh hoat hon (vi du: cac tau nho
ding chung mot bén, cac tau 16n chiém nhiéu
bén). Viéc lua chon bd tri bén co anh hudng
dang ké dén do phuc tap cua BAP va cac loai mo
hinh toan hoc va thuat toan tdi uvu hoa phu hop
nhéat. BS tri lién tuc, mic du co kha nang str dung
khong gian tot hon, thudng phirc tap hon vé mat
tinh toan so v&i bd tri rdi rac. Diéu nay cho thiy
sy danh dbi gitra tinh thuc té va loi ich tiém ning
vé hiéu qua cua cac mo hinh lién tuc so véi sy
don gian twong ddi va kha ning giai quyét bang
may tinh ctia cac mo hinh rdi rac, anh huong dén
trong tam cua cac dong nghién ctru khac nhau.
Ngoaira, néu dua trén thoi gian tau dén, bai toan
c6 thé chia thanh: tau dén tinh [6], [7] 12 tat ca
céc tau can duoc phuc vu da c6 mat tai cang khi
bat dau lap lich. Mot khia canh khac thoi gian
tau dén co thé xem 1a tau dén dong [8] c6 nghia
1a tau dén theo thoi gian va thoi gian dén cua
chung c6 thé duoc biét trude hodc khong chic
chan. Phan 16n cac nghién ctru dd cong bd xem
xét truong hop dong. Mot cach tiép can khac
thoi gian tau dén khong chic chan 1a thoi gian
dén khong duoc biét chinh xac va c6 thé tudn
theo mot s6 phan phdi xac suat nhat dinh. Cac
kich ban tau dén dong thé hién hoat dong thuc té
cua cang mot cach chan thyc hon va do do6 thu
huat sy chii y dang ké cta gioi nghién ctu. Sy
phtrc tap gia ting cua viéc tau dén dong doi hoi
cac phuong phép lap lich phuc tap hon so véi
céc kich ban tinh. Diéu nay nhan manh tinh phu
hop thuc té cta cac nghién ciru tap trung vao
BAP dong, vi nd nham giai quyét cac van dé ma
céc nha khai thac cang phai d6i mit hang ngay.
Nhu ciu vé céc giai phap manh mé c6 thé xir Iy
tinh cht thay doi theo thoi gian cta viée tau dén
1a rat quan trong.
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Trong nghién clru nay, tac gia s€ nghién
ctru bai toan diéu do tau vao bii khi xét bai toan
dong, va ddi véi cach chia cau cang 1a hn hop.
Bai toan duoc dé cap dén trong nghién ctru nay
phu hop voi hoat dong cua tau ¢ bén cang cia
Viét Nam, do bén cang thong thuong ¢ chidu
dai cau cang han ché, va thoi gian dén cua tau
c6 thé linh hoat trong luc 1ap lich trinh.

Trong phan ké tiép, mot mo hinh toan
s& duoc thiét 1ap. Phan 3 cua bai bao giai thuat
meta-heuristics dugc dé xuat dé giai bai toan
v6i kich thuée twong dwong trong thuc t& voi
thoi gian tinh toan chép nhan duoc. Phan 4
chinh 1a phan thi nghiém s dé kiém ching
murc do hi€éu qua cua gidi thuat dugc dé xuét.
Cubi cung 1a két luan cua bai bao.

2. BAI TOAN DPIEU PQ TAU VAO CAU
CANG VA MO HINH TOAN

2.1. Mo ta bai toan

Trong phan niy, bai toan diéu do tau
vao cau cang dugc miéu ta chi tiét. Trong bai
nghién clru nay, bai toan diéu do s& duge md
hinh dya trén nén ting ctia bai toan cutting
stock 2D, day 1a mot bai toan NP-Hard, tirc 1a
khong ton tai mot phuwong phap giai xac dinh
nao c6 thé giai bai toan trong thoi gian tinh toan
tuan theo ham da thtrc khi kich thude bai toan
thay d6i. Hai chiéu ctia bai toan cutting stock
duogc twong tng voi chiéu dai va thoi gian phuc
vu tau trong cang. Thém vao do, bai toan nay
dua trén bai toan diéu do dong, tuc 1a thoi gian
san sang cua cac tau khac khong khi lich trinh
duogc 1én. Va mo hinh khong gian cang s& két
hop gitra md6 hinh céng rd1 rac va cang lién tuc.
M& hinh hybrid nay cho phép tan dung wu diém
cua ca hai cach tiép can: su linh hoat cia mo
hinh lién tuc dé t6i uvu héa viéc st dung khong
gian va kha ning mé hinh hoéa cac dic diém

cu thé cua tung vi tri bén (nhu loai can céu,
do sau) thong qua céc doan roi rac. Hinh 1 thé
hién bai toan diéu do tau vao cang véi bén cang
dang hdn hop bao gdm bén lién tuc, cac tau co
thé neo dau trong khoang khong gian bén, chi
can dam bao khoang cach an toan, va cac bén
10 rac, tau dugc neo dau trong ting bén cang
dugc chia sin, chiéu dai tdu phai bé hon chiéu
dai cua bén.

Thoi
gian T2
(gio) . 4
Tau?2 N
ay
R 5
Ta
Tau1l 3

23
Bén roi rac (mét)

Hinh 1. Bén tau hon hop

Bén lién tuc

2.2. M6 hinh toan bai toan dieu d¢ tau vao
cau cang

Bai toan nay voi muc tiéu toi uu hoa
viéc sap xép cac tau container vao cau cang dé
giam thiéu tong thdi gian phuc vu cua cic tau.
Sau day la chu thich céc ky hi¢u ciia m6 hinh
toan:

Tap hop:

V=1 ’253, e ,N Tap hO’p}\ Cac"tau container
duoc diéu do

K=123...M | 1aphop cicvitricaucang

roirac

Tham so cua tau:

Thoi gian tau i tdi cang

a . ...
i (ready time), voii EV
Thoi gian phuc vu tau i, voi
P; iEV
1 Chiéu dai ctia tau i, v6ii €V

Thoi di€ém mong mudn bat
i dau phuc vy tau i, véii €V
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C.

1

Thoi diém mong mudn két
thtc phuc vu tau i, voii €V

Tham s0 ciu cang:

Tong chicu dai cua cau cang
lién tuc

Chicu dai cua vi tri cau cang
roirac k, voik € K

Vi tri bat dau cua cang roi rac
k,voik EK

Vi tri két thuc cua cang roi
rac k, véi k €K

Tdng thoi gian 1ap ké hoach

Vi tri cdp cang (theo chiéu
doc cau cang) cua miii tau i,
voii EV

Thoi gian bat dau phuc vu tau
i,voii EV

Bién nhi phan, c¢6 gia tri 1 khi
tau 1 dugc phén vao vi tri ciu
cang roi rac k, gia tri 0 néu
nguoc lai

Bién nhi phan, gia tri 1 néu
tau i dugc phan vao cau cang
lién tyc, gia tri 0 néu nguoc
lai

o By vy

Bién nhj phan phu trg, c6 gia
tri 1 khi tau i va tau j c6 kha
ning chdng lan vé thoi gian
cling nhu khong gian, gia tri
0 néu nguoc lai

Ham muc tiéu:

Min Cppax (2.1)
Rang bugc:

Cmax =t +p, VIEV (2.2)
tj=a,vVieVv (2.3)

L+p = H, VieVv (2.4)

L+p= ti + Mﬁii,Vi,j eEV,i# ] (2.5)
tj +p;j < t; + MBy;,Vi,j €V,i#j (2.6)
% +L <x+My;VijeVi=£je
X +1 <x + M8, VijeV,i*j s

g5 + By + vy + 8 = 3,Vi,j EV,i £j(2.9)

w; + Z Zik = 1,V1 eV (2.10)

keK

% +1 < Q) +M(1 —w;),Vie V,ke K(2.11)
Qf — % = M(1—z;),Vi€ V,k € K(2.12)
x+1; —Qf = M(1 —z;,),VieV,ke K(2.13)
L, = Lyzp + M(1 —z;),Vie Vke K (2.14)

Ham muyc tiéu trong md hinh 14 t6i thiéu
thoi gian hoan thanh cia tat ca cac tau. Rang
budc 2.2 thé hién dinh nghia cua thoi gian hoan
thanh cua tau cudi cung. Rang budc 2.3 thé
hién bai toan dong, tau khong thé duoc phuc
vu trude khi né d&én bén cang. Cac rang budc
tir 2.5 dén 2.9 nham tranh sy chong 1an cta cac
tau vé khong gian va thoi gian. Cac rang budc
tir 2.10 dén 2.14 1a cac rang budc vé viéc phan
bb cau cang cho tau dua trén viée phan bd vao
bén lién tuc hay bén roi rac, va cac gidi han lién
quan dén chiéu dai ciia tau so vé6i cau cang. Vi
bai toan dugc mo6 hinh dua trén bai toan cutting
stock 2D va day la mot bai toan NP-hard nén
khong c6 phuong phép xac dinh nao cé thé
gidi dugc trong thoi gian tinh toan theo ham

da thirc. Phan ké tiép s& d& xuat giai thuat local ¥
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search dé giai bai toan trong thoi gian tinh toan
hop ly.

3. GIAI THUAT LOCAL SEARCH

Giai thuat dugc dé xuét 1a mot phuong
phép tim kiém cuc bo (Local Search), mot dang
metaheuristic, nham giai quyét Bai toan Diéu
do6 Bén bai Pong (Dynamic Berth Allocation
Problem - DBAP). Muc tiéu chinh 1a tim kiém
mot lich trinh ti wu cho viéc phan bd céc tau
vao cac bén cang c6 sin sao cho t6i thiéu hoa
mot ham muc tiéu, cu thé trong trudng hop nay
1a makespan (thoi diém hoan thanh ciia con tau
cudi cung).

1) Céu triic biéu dién 101 gii

Mot lich trinh (101 giai) dugc biéu dién
dudi dang mot mang s6 nguyén (int[]). Cau
truc nay c6 hai thanh phan chinh:

« ID Tau: Céc sb nguyén duong dai dién
cho ma dinh danh (ID) ctia mdi con tau.

« D4u phan cach (Separator): S6 0 dugc
su dung nhu mdt dau hi¢u dé phan tach hang
doi cua cac bén.

Vi du: Loi giai {8, 11, 0, 14, 48, 0, ...}
c6 nghia la:

*Bén 18 phuc vu Tau 8, sau do dén Tau 11.
* Bén 2 s€ phuc vu Tau 14, sau d6 dén Tau 48.
* Va ctr ti€p tuc nhu vay cho cac bén con lai.

2) Ham muc tiéu

Ham muc tiéu dugc st dung dé danh
gia chat luong ctua mot 101 giai 13 makespan.
Gia tri nay dugc tinh bang cach mé phong
toan bo lich trinh. Giai thuat duyét qua mang
10i giai, v6i mdi tau, no tinh toan thoi gian bat
dau phuc vu sém nhit bang cach lay gid tri 1on

hon giita thoi gian tau dén va thoi gian bén sin
sang. Thoi gian hoan thanh cta tau dugc tinh
bang thoi gian bat dau + thoi gian xur 1. Thoi
gian ndy sau do s& cap nhat lai thoi gian bén sén
sang cho tau tiép theo trong hang doi.

3) Quy trinh ciia Giai thuit Local Search

Giai thuat hoat dong theo mot chién
luoc tim kiém 1ap di lp lai dé cai thién dan
10i giai. Pay 1a mot bién thé cia Iterated Local
Search (Tim kiém Cuc bo Lap lai).

Buwoc 1: Khoi tao

* Giai thuat bat dau bﬁng cach tao ra mot
101 giai ban dau hoan toan ngiu nhién nhung
hop 1& (chira du ID tit ca cac tau va sd lugng
dau 0 can thiét).

Bwoc 2: Tim kiém lan cin

o Tu lo1 gidi hién tai, giai thuat tao
ra cac “loi giai 1an c4n” bang cach thyc hién
nhirng thay ddi nho. C6 hai phép toan tao lan
can chinh:

- Hoén vi: Chon ngau nhién hai vi tri
trong mang va hoan doi gia tri cia chung.

- Di chuyén: Chon ngau nhién mdt tau
va di chuyén n6 dén mot vi tri méi1 trong mang.

Buéc 3: Chién lwoc chip nhin va thodt khéi
t0i wu cuc by

« Trong mdi vong lap, gidi thuat s& thir
mot sO lugng lan can nhat dinh.

« Néu tim thiy lan cin t6t hon (co
makespan nho hon) 161 giai hién tai, no s€ di

chuyén dén lan can do.

« Néu khong tim thdy lan can nao tot
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hon, tic la dang bi ket tai mot diém tbi vu cuc
bo, gidi thuat s& thuc hién mot budc di ngau
nhién (bang cach hoan vi hodc di chuyén) dé
nhay dén mot ving khong gian tim kiém khac.
Day 1a co ché then chdt gitp thuat toan thoat
khoi cac diém toi wu cuc bd va co co hoi tim ra
101 giai toan cuc tot hon.

« Trong sudt qua trinh, giai thut ludn
luu lai 161 gidi tot nhat da ting tim thay.

Budc 4: Két thiic
* Qua trinh tim kiém s& dung lai sau khi

dat dén sé vong lap t6i da. Loi giai tt nhat tim
duogc trong toan b qua trinh sé 1a ket qua cuoi

4) Thye nghiém sb

DPé tim ra bd tham sd hiéu qua nhét
cho giai thuat Local Search, mdt loat cac thi
nghiém di duogc tién hanh theo phuwong phéap
Thiét ké Thi nghiém (Design of Experiments
- DOE). Hai tham s6 chinh dugc khao sat la:
I1: S6 vong lap tdi da (maxIterations) va I2:
S6 lwong lan can duoc tao va danh gia trong
mdi vong lip (neighborsToTry). V&i muc tiéu
la tim ra c@p (I1, I12) cho gia tri Response (dai
dién cho makespan) nho nhit. Dit liéu thu thap
dugc tir 40 1an chay thi nghiém da duoc tong
hop va phan tich. Bang du6i day tom tit cac chi
s6 thong ké quan trong cho ting bo tham sd.

cung.

Bang 1. Thuc nghiém xac dinh tham 56, trén phcfn mém Minitab

STT 11 12 Makespan STT 11 12 Makespan
1 10000 1000 117 21 100 50 142
2 5050 525 116 22 5050 525 118
3 100 50 137 23 10000 1000 118
4 5050 525 117 24 100 50 174
5 10000 50 121 25 5050 525 118
6 10000 1000 115 26 10000 50 122
7 100 1000 130 27 100 1000 126
8 5050 525 118 28 100 50 147
9 100 50 131 29 5050 525 117
10 10000 50 122 30 10000 50 122
11 100 1000 122 31 100 1000 125
12 10000 1000 117 32 10000 1000 116
13 100 1000 124 33 5050 525 118
14 5050 525 117 34 5050 525 118
15 100 50 140 35 100 525 127
16 10000 50 122 36 5050 525 118
17 10000 1000 117 37 5050 525 117
18 100 1000 128 38 10000 525 118
19 5050 525 118 39 5050 50 125
20 10000 50 123 40 5050 1000 117
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Qua qua trinh phén tich quy hoach thuc nghiém, diém t6i wu d6i v6i I1 12 6200 va 12 1a 1000.

a TG S TR G 0 % G (e L]

Hinh 2. P6 thi cdc nhan t6 chinh khi quy hoach

Trong bang 2 1a 15 truong hop kich thude khac nhau cua bai toan véi kich thude tuong
duong trong thuc té, giai thudt dugc thuc hién trén may tinh Windows 11, vdi ngén ngit 1ap trinh
Java, CPU Core™ i7 — 10750H. Ung voi mdi bai toan, viée tinh toan b?mg giai thuat dugc lap lai 20
lan dé théng ké. Két qua cho théy giai thuat dat do 6n dinh do do 1éch chuan nhé va thoi gian tinh
toan chép nhan duoc.

Bdng 2. Chay thuc nghiém s6

) o Gia tri ma!{espan Gia tri makespan | P9 léch chuin | Trung binh thoi
STT | So tau | So bén ban dau sau khi giai cia makespan | gian tinh todn

trung binh trung binh sau khi gidi (gidy)

1 10 4 91 31 0.0 3.12

2 15 4 109 53 0.0 4.74

3 20 8 101 43 0.0 5.44

4 25 8 155 46 0.5 7.46

5 30 8 163 56 0.3 7.58

6 35 8 170 62 0.4 8.90

7 40 10 207 58 0.5 9.22

8 45 10 189 64 0.6 10.39

9 50 10 244 70 0.6 12.07

10 55 10 243 77 0.6 12.65

11 60 10 245 82 0.7 12.96

12 65 10 253 89 0.6 13.58

13 70 12 277 81 0.6 14.65

14 75 12 226 87 0.7 15.92

15 80 12 299 94 0.7 16.72
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5. KET LUAN

Bai bio dd nghién ctu vé viée didu
d6 tau vao bén, voi gia thuyét bén hdn hop,
bao gdm phan bén lién tuc va bén roi rac. Mo
hinh todn da dugc 1ap va mdt giai thuat meta-
heuristics dugc dé xuit dé giai quyét bai toan
véi thoi gian tinh toan hop ly. Phuong phap
quy hoach thuc nghiém da dugc str dung dé tim
dugc tham s6 t6i wu cho giai thuat 1a s6 vong
lap dé tim kiém nghiém 1a 6200 va sb 1an can
tim kiém 10i giai 14n can trude khi cap nhat 1o
giai hién hanh nén 13 1000 1an. Cac van dé voi
kich thudc khac nhau di duoc dua ra dé kiém
chung do on dinh va téc do tinh toan cua giai
thuat. <
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