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Abstract We examine berth allocation problems in tidal bulk ports with an objective of

minimizing the demurrage and dispatch associated berthing cost. In the proposed optimization

model inventory (or stock) level constraints are considered so as to satisfy the service level

requirements in bulk terminals. It is shown that the mathematical programming formulation of

this research provides improved schedule resolution and solution accuracy. We also

show that

the conventional big-M method of standard resource allocation models can be exempted in tidal

bulk ports, and thus the computational efficiency can be significantly improved.
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An Efficient Mixed-Integer Programming Model for Berth Allocation in Bulk Ports
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Table 1 Parameters

Sets Meaning
1% Set of vessels to be scheduled for berthing
Vim) Set of vessels carrying the bulk cargo type m € M
B Set of candidate berths to be allocated for each vessel in V
Blv)c B Set of berths for which the berthing of vessel v& V is available
M Set of bulk cargo types
T Set of time points satisfying the tidal constraints
(i.e., set of available tidal time windows)
Set of tidal time windows for which the berthing of vessel v& V is available
Tw)c T
considering its arrival and ready time
O, Minimum inventory level for bulk cargo m (.e., safety stock)
D, , Demand (consumption) rate of bulk cargo m at time t
S, bm Supply (discharge) rate of bulk cargo when vessel v&€ V is berthed at b € B
Total work time for completing the discharge of all cargo types from vessel
WTL' b
’ v at berth b € B
TT, Turn time of vessel v
C’IT,C;,_ Demurrage cost rate and dispatch cost rate of vessel v
T, Allowed discharging time for vessel v
R, Arrival (or ready) time of vessel v
Table 2 Decision Variables
Variables Meaning Indices
Binary variable to represent whether vessel v enters
Lot berth b at tidal time window ¢ vEV, 1€ T().bE Blv)
e, Quay side entrance time of vessel v for berthing veV
I Departure time of vessel v after completing the vE TV
v discharge of all bulk cargo types
65, 6, Demurrage time and dispatch time of vessel v vEV
Wy, 4 Inventory (or stock) level of bulk cargo m at time ¢ meM, teT
AAH, Tw)c T A5 A veve] 98 & D, = ALY AIZHE S AME RO E AIRE
2 gl gl FRAIRE #E Hbbs A1 2 A3 FFAES vERdTE Aduk o7t A4 pel
HeFolth dute] 93 =AM R E UER HAeted AS BE gEo U3 9SS g}
o JA dasts TR JARWHEF MR F 7] 91 AJANE W, = AAY AR E F
AAH, Zh sE FH ome Mo Ans HARA & 44 gem FojArk Aut o A=
A o, ofs) deEofof Fry. Auk o7b A W zZg AL 9% ase o a8z O
I gle WA EE Avte A4 AR S o ggge, A4 &@w 84S welsd
=) =] ==
b dAaA s, HAY FF H A7 C;— - Cfly_?:]% AR = T DS = N PN B A S
2 st ns= 2 Fox =08, T
e e o T ST ebgel S8 guite r2 e
Aut p7b A2 el FeE FA s EASE m
of A A FUFFS oveH, RidE



Journal of the Korea Industrial Information Systems Research Vol.27 No.6, Dec. 2022 :105-114

3.2 Decision Variables
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4.6 MIP Formulation
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=V
Subject to
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z,,, 10,1}, e, >0, I, =0,
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Table 3 Computation Time (seconds)

F

Scheduling
. Proposed Reference
Horizon
MIP Model Model
(# of vessels)
1 month
(23) <1 3
2 months
(45) 5 625
3 months _
(73) 32
4 months N
(95) 178
5 months _
(119) 725
6 months _
(146) 1143
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