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Abstract. In this paper, we studied an integrated planning optimization model in container
operations consisting of tactical and operational level decisions. At the tactical level decision,
integration planning includes berth allocation problem, quay crane assignment problem and yard
allocation planning. These tactical level decisions are integrated with quay crane scheduling
which is an operational level decision at the container terminal. Integration of planning in
container terminals is needed because the decision on berth allocation, namely berthing position
and berthing time in seaport, is highly dependent on the decision of reserved sub-blocks positions
in container yard allocation, the number of quay cranes assigned to each vessel and its scheduling
on each vessel bays. This integrated planning decision optimization has two objective functions;
namely: (i) minimizing total operational cost, and (i) maximizing service level. Numerical
experiments have been carried out to obtain total cost efficiency and maximum service level
resulting from the proposed optimization model.

1. Introduction

In line with the rapid development of international trade in the past decade, the utilization of container
terminals to support the efficiency of global transportation costs is very important. There are around
793.26 million TEUs managed by container ports around the world and have a growth rate of 4.7% in
2019 with 64% of the total container port traffic occurring in Asia. This is a huge challenge for container
terminal managers to have a facility planning, i.e.: quay wharf and quay cranes in seaside ports, and at
yard storage area in landside as container terminal resources in efficiently and effectively to increase the
competitiveness of seaports.

Tactical level planning decisions in container terminal consists of Tactical Berth Allocation Problem
(TBAP), Quay Crane Assignment Problem (QCAP), Specific Quay Crane Assignment Problem
(SQCAP) and Tactical Yard Allocation Planning (TYAP). While operational level planning decisions
includes Quay Crane Scheduling Problem (QCSP), Stowage Planning, Internal Transport Scheduling
Problem (ITSP) and Yard Crane Scheduling Problem (YCSP).

TBAP decisions are berthing start and end time and berthing position, which are interrelated to the
number of assigned QCs and the handling time of each vessel which are the decisions of QCAP and the
location of reserved sub blocks for each vessel in the container yard storage area. However, intertwined
tactical planning decisions of QCAP and TYAP also depend on the TBAP decisions, those are berthing
time and position. Moreover, QCSP operational level decisions related to the sequence of tasks to be
processed by each quay crane (QC) also depend on tactical decisions of TBAP and SQCAP. Therefore,
solving the problem of tactical and operational planning at the container terminal should be carried out
in integrated manner and considering the interests of all parties involved, namely container terminal
managers and shipping liner owners.

In this study, we proposed a bi-objective optimization model for integration of tactical and
operational planning decisions at container terminal operations. Furthermore, the organization of this
paper has the following structure. Section 2 briefly discusses the literature review regarding various
types of integration of container terminal planning. Explanation of problems related to the operational
processes contained in container terminals at seaside and landside is described in Section 3. Section 4
Cont.ent from this work Ir}ay be. us§d under the terms of the Cre'ative Commons A.ttributio.n 3..0 licence. Any further distribution

BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.

Published under licence by IOP Publishing Ltd 1



IConISE-ACISE 2020 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 1072 (2021) 012022 doi:10.1088/1757-899X/1072/1/012022

describes the formulation of the bi-objective optimization model for the proposed integrated planning
in container terminal operations. The solution method discussed in Section 5 and continues with the
numerical experiments and analysis of the results of applying the integration model and the proposed
solution method in Section 6. Finally, Section 7 presents the conclusion remarks and further research
directions.

2. Literature Review

Several integration planning models of tactical and operational level at container terminal have been
developed by researchers. The methods for solving the integration model can be classified into three
categories, namely: (1) Sequential integration; an integration model is divided into several sub-problems
and each sub-problem is solved in stages, where the optimization results from one stage will be input
data for the next stage, such that the obtained results do not guarantee optimal overall; (2) Deep
integration: the integration model is solved as a single model. If the integration model is a NP-Hard
problem, then the optimal solution will hardly be obtained from the deep integration method, and (3)
Functional integration: the integration model is divided into several sub-problems that are interrelated
to each other, and solved by a mechanism feedback loop output from one sub-problem as an input
parameter for another sub-problem. This mechanism is done iteratively until a convergent solution
condition obtained in accordance with the specified requirements.

The most developed integration planning model at the container terminal were the integration model
between TBAP and QCAP, which is solved by sequential integration as by Chan and Chung [1] using
deep integration by Meisel and Bierwirth [2], Imai et al. [3], Zhang et al. [4], Giallombardo et al., [5],
Meisel and Bierwirth [6], Liang et al. [7], Vacca et al. [8], Shang et al. [9], Iris et al. [10], [11], Wang et
al. [12], Krimi et al. [13], Zheng et al. [14], Prayogo et al., [15], Wang et al. [16], Xie et al. [[17]. The
integration models of TBAP, QCAP and SQCAP as had been done by Karam and Eltawil [18] using
functional integration The integration models of TBAP, QCAP and QCSP had been proposed by Park
and Kim [19], Agra and Oliveira, [20], Kasm et al. [21], and solved using sequential integration,
functional integration was used by Li et al.[22], Meisel and Bierwirth [23], and Tiirkogullar et al. [24].
The integration models between TBAP and TYAP are Tao and Lee [25], Ma et al. [26]. The integration
models between QCAP and QCSP as in the model from Fu et al. [27], Fu and Diabat [28], Theodorou
and Diabat [29], and Alsoufi et al. [30]. The integration models of TBAP, QCAP and TYAP as had been
done by Zhen et al. [31], Prayogo et al. [32], and Liu [33] and were solved by using functional
integration.

This study proposed an integration model between tactical planning decisions, namely TBAP, TYAP,
QCAP, and SQCAP, and QCSP as operational level decisions in container terminal operations. The
optimization model of container terminal planning integration had been solved by using bi-objective
optimization with point of views from all involved parties, those are container terminal manager and
shipping liner owners, which objectives to minimize the total operating costs and maximize service level
to increase customer satisfaction. This bi-objective optimization for integrated planning model is solved
by applying the Fuzzy Multi-Objective Programming approach.

3. Problem Statement

This study solves problem related to berth allocation for every arrival of ships on quay wharf with
continuous berth layout dynamically. Determination of berthing time and position of each vessel
depends on the number of assigned QCs and specific QC assignment decisions aims to arrange the
sequence of tasks to be processed by each quay crane in QC scheduling problems.

In this problem, we assumed a dynamic berth allocation problem, each vessel can arrive at any time
within the planning horizon, but their feasible and expected arrival times are deterministic. Each vessel
can moor at any position along the quay wharf, which is called as continuous berth allocation problem.
The berth is divided into several berth segments with equal section length. Likewise, the time horizon,
which is divided into several time steps in equal time interval. The integrated planning is cyclical berth
and yard planning without service priorities.

In this problem also considered a time-variant assignment of quay cranes, which is, an assigned quay
crane in a vessel could be moved to another vessel while the previous vessel was still being serving by
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other quay cranes if this resulted in a more efficient solution overall. The moving time of QCs from one
vessel to another is not considered. QCs can move in bi-directional following a single track with safety
margin between QCs and have an identical working rate. In QC assignment and scheduling, it’s also
considered the safety space among QCs and non-crossing constraints, such that QCs should be ordered
from left to right along quay wharf.

For TYAP, consignment strategy is applied in yard allocation to cope of traffic congestion at
container yard storage area. Yard storage areas are divided into transit, import and export container yard
areas. Loading and unloading activities in the yard area consist of direct and indirect transhipment,
import and export operations.

4. Mathematical Formulation

4.1. Notation

In the following sections, detailed indices, model parameters and decision variables were used to
develop the integration of tactical planning and operational planning model in container terminal
operations. The design of the integrated container terminal planning model had adopted from the models
in [21], [27] [33], [34], and [35].

4.1.1. Indices

i,j:indices of vessels, i,j € V,i # j, V: set of vessels

b: index of berth segments, b € B, B: set of berth segments

q: index of quay cranes (QCs), g € Q, Q: set of quay cranes

m, n: indices of bays, m,n € M, m # n, M;: set of bays in each vessel i

k: index of sub-blocks, k € K, K: set of sub-blocks, K = KT U K' U KF

KT: set of transshipment sub-blocks in container yard area

K': set of import sub-blocks in container yard area

KE: set of export sub-blocks in container yard area

n: index of neighborhood sub-block pairs in container yard area, n € N, N: set of all the neighbor sub-
block pairs in container yard area

g: index of all blocks, which each block consists of five sub-blocks in the export and transhipment
container areas, g € G, G: set of all the blocks in container yard area

t: index of time step, t € T, whichisT = H + E

H: length of planning horizon expressed in number of time steps

E: the longest handling time of all vessels

4.1.2. Model parameters

L:  the quay wharf length in meters

I:  aberth segment length in meters

I;:  vessel length i including safety distance between two adjacent mooring vessels

[alf, bif ]: range of feasible service time for vessel i; i € V and alf, bif eET|t<H

[a?, bf ]: range of expected service time for vessel i;i € V and af,bf € T|t < H

f: Maximum start time step difference between two vessels conducting direct transhipment activity
vl-Tj: number of transshipment containers from vessel i to vessel j; i,j € V,i #j

v;: number of import containers should be unloaded from vessel i; i € V

v; : number of export containers should be loaded from vessel i; i € V

m;: total workload for vessel i; i € V in terms of QC — time steps, required for discharging and loading
activities

Q¢: number of available quay cranes at time step t

A: interference exponent for productivity loss the QCs

g™™: minimum number of QCs that should be assigned to vessel i; i € V

q™**: maximum number of QCs that can be assigned to vessel i; i € V

pq: productivity of the quay crane in TEUs per hour
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lim: location of bay m in vessel i; i € V,m € M;

Wim: workload (in QC-time steps) to be done for bay m in vessel i; i € V,m € M;

Uime: set to 1 if a QC is operating on bay m of vessel i at time stept; Vi€V, m € M;,t €T
R: minimum of safety distance among quay cranes assigned in a vessel

s7: number of transshipment sub-blocks in container yard area must be reserved for vessel i; i € V

s!: number of import sub-blocks in container yard area must be reserved for vessel i; i € V

s£: number of export sub-blocks in container yard area must be reserved for vessel i; i € V

Dj: distance between berth segment b and sub-block k for unloading activities; b € B,k € KT U K!

Df,: distance between sub-block k and berth segment b for loading activities; b € B,k € KT U KE

D},)ib]_: distance between berth segment of vessel i (b;) and berth segment of vessel j (b;) for direct
transshipment activities; i,j € V, i # j, b;,b; € B, b; # bj

C}: penalty cost for waiting of berthing start time of vessel i from its expected start service time; i € V

C?: penalty cost for tardiness of completion time of vessel i from its expected departure time; i € V

C” : transportation cost per container-meter in container yard area

M: a sufficiently large positive number

4.1.3. Decision variables
a;: the berthing start time of vessel i; i € V
Bi: the berthing end time of vessel i; i € V

7" waiting time before berthing start time of vessel i; i € V
7{": earliness of berthing start time of vessel i; i € V
tP*: tardiness of berthing end time of vessel i; i € V

727 earliness of berthing end time of vessel i; i € V

b;: berthing position for vessel i; i € V and bp; € [1,...,L]

wip: set to 1 if the middle point of vessel length i is located at berth segment b and 0 otherwise; i €
V,b €B

&p: set to 1, if vessel i occupies berth segment b; i € V,b € B

it set to 1, if the start berthing time of vessel i is t = a; and O otherwise; i € V,t € T|t < H

0;;: setto 1, if vessel i is berthing in time step t; i €V, t €T

ht;: number of time steps for handling time of vessel i; Vi € V

8%: setto 1, if vessel i is completed before vessel j starts service and 0 otherwise; i,j € V,i # j

87 setto 1, if vessel i is berthed on the left-side of vessel j along the quay wharf and 0 otherwise ; i,j €
V,i#j

sp: the start time of berth segment b is occupied; b € B

ep: the finish time of berth segment b is occupied; b € B

Xipt: set to 1, if there is p QCs assigned to vessel i at time step t and 0 otherwise; i € V,p €
[0, g™, ..., q" ™ |t €T

nq;:: number of QCs should be assigned to vessel i at time step t; i €V, t €T

p¢: number of assigned QCs in time step t; t € T

Ziges setto 1,1f QC q is assigned to vessel i at time step ¢ and 0 otherwise; i €V,q € Q,t €T

Lige: set to 1, if QC q is the leftmost QC assigned to vessel i at time step t and 0 otherwise; i € V,q €
QteT

R;q¢: setto 1, if QC g is the rightmost QC assigned to vessel i at time step t and 0 otherwise; i € V,q €
QteT

Yimqe: setto 1,1 QC q is assigned to bay m of vessel i at time step t and 0 otherwise; i € V,m € M;,q €
Q. teT

Uime: set to 1 if bay bay m of vessel iis fully handled at time step t and 0 otherwise; i € V,m € M;,t €
T

@ix: setto 1, if sub block k is assigned to vessel i and 0 otherwise; i € V, k € K
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Yike: set to 1, if sub block k is assigned to vessel i at time step t and O otherwise; i EV,k €K, t €T

vg-: set to 1, if there is direct-transhipment activity from vessel i to vessel j and 0 otherwise; i,j € V,i #
J

v} ;i set to 1, if there is indirect-transhipment activity from vessel i to vessel j and 0 otherwise; i,j €
V,ii#+j

Yjkip: set to 1, if there is indirect transshipment activities from vessel i at berth segment b to vessel j

which has reserved sub block k and 0 otherwise, i,j €V, i # j,k € KT,b € B

Kipk: set to 1, if vessel i at berth segment b and reserved sub block k and 0 otherwise,i € V,b € B,k €
K

Wip,jp,: Setto 1, if bething position of vessel i at berth segment b; and berthing position of vessel j at
berth segment b; and 0 otherwise; i,j € V, i # j, b;,b; € B, b; # bj

6},: set to 1, if berth segment b is on the left side of vessel i and 0 otherwise; i € V,b € B

95,: set to 1, if berth segment b is on the right side of vessel i and 0 otherwise; i € V, b € B

L{-“]-: setto 1, if vessel i has berthing start time before berthing start time of vessel j and 0 otherwise; i, j €
V,i#j

ij: set to 1, if vessel j has berthing start time before berthing start time of vessel i and maximum
allowance time of difference start times f and 0 otherwise; i,j € V, i # j

4.2. Objective functions
This integrated planning model has two objective function, those are OBJ;, that minimize the total
operational cost, consist of cost of delay in berthing start time, penalty cost of tardiness of berthing
completion time, QCs operation costs and total transportation cost of import, export and transit
containers in container yard areas.

Obj, = MinTC = Yiey ¢ 1f* + cf1)* + C9 Liey Seer nqic +

T T Dbic¥ jkib+Dip X jbk T I nU
¢’ Yiev Xjev Xvep Xkek Vij— 1 + € Xiev Xpep Vi Dprwip +
j#i J
T E Diébibk
¢ Yiev Xkek Xbes Vi TG (1)
13
The second objective function (Obj,) is to find the maximize of minimum service level among all
vessels.
Obj, = Max SL 2)
Service level of each vessel is correlated to delay completion time of its expected service end time as
presented in constraint (3)

_[b+

SL<1——— Viev 3)

i i

4.3. Constraints

Constraints of the tactical and operational planning model at the container terminal were divided into
three sub problems, those are the constraints related to the integration models: (1) TBAP, QCAP and
SQCAP; (2) TBAP and TVAP, and (3) SQCAP and QCSP which would be explained in detail as
follows.

TBAP, QCAP and SQCAP related constraints:
Constraints (4) guarantee that the middle point of each vessel length is positioned at a berth segment
Ype Wip =1 viev “4)
Constraints (5) and (6) ensure that berthing position of vessel i should be located within the range
[l X (b—1),l xb—1] on the quay wharf.
l'ZbEB(b - 1)-wib < bi VieV (5)
bi < l'ZbEB b'wib -1 VieV (6)
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Constraint (7) ensures that for any two vessels i and j, if 53]/- = 1, then the leftmost berthing position of
vessel j 1is not less than the rightmost berthing position of vessel i.

by +1;/2 < b—zj/2+M(1—55.) Vi jEV,i*] 7)
Constraint (8) defines that for any two vessels iand j, if §;; = 1, then the end time of vessel i must less
than the start time of vessel ;.

Bi < a;+M(1— 5% Vi, jEV,i+] (®)
Constraint (9) defines that there is no overlap for any two vessels in berth plan graph.

S5+ 6+ +68 =21 Vi, jEV,i+#] )
Constraint (10) ensures that the rightmost berthing position of vessel i should be within the quay wharf.

b;+1;/2 <L VieVv (10)
Constraint (11) defines that each vessel is scheduled to start handling at a time step in planning horizon.

Y ome=1 Viev (11)
Constraint (12) relates the start time-step a; and binary variable ;, for each vessel i .

a; =Y tm, VievV (12)
Constraint (13) connects the start and end time-steps of each vessel.

a; + Yeerbie —1 = P vieVv (13)
Constraint (14) shows the total handling time of each vessel.

hti = ZtET Git Viev (14)
Constraints (15) and (16) relate variables 7;; and 6;¢, 6;; and Z;4;.

Wi = 0 — Ojp—1 VieV,teT|t<H (15)

Oit = Zige VieV,qeQ,teT|t<H (16)
The following four constraints (17) - (20) show the relation between {;,and b;. and

b; —1;/2<s.b—1+M.6} VieV,b€B (17)

b;—1;/2 = s.b—M(1-6} VieV,b€EB (18)

b +1;/2=5s.(b—1) — M.0% VieV,bE€B (19)

Bi+li/2<s.(b—1)—1+M(1-6f ViEV,bEB (20)
Constraint (21) guarantees that if both 85 = 0 and 8%, = 0, then ¢;;, = 1.

{ip =1—05 —0F VieV,b€EB (21)
Constraints (22) and (23) define start and end time berth » occupied by vessels.

sp<a; + M1 — ) VieV,bEB (22)

ep =B — M1 — ) VieV,bEB (23)

Constraints (24) guarantees that the time window of berth b are occupied by vessels within the planning
horizon.

eb—sb+1SH vb € B (24)
Constraint (25) relates nq;; and 8;;
ng; < M.0; VieV,teT|t<H (25)

Constraints (26) and (27) enforce that the number of used QCs in each time step should not exceed the
available QCs in the cyclical berth planning.

Constraints (26) and (27) ensure that in cyclical berth planning, the number of QCs used in each time
step does not exceed the number of available QCs in container terminal.

YievNqir < Q; VtETIE+1<t<H (26)

Yiev NGt — Xiev Git+n < Q¢ VEET|t<E (27)
Constraint (28) — (30) ensure vessel operation carry out to completion.

Xior + zji: Jin Xice =1 VieV,teT|t<H (28)

zji: Jmin ©-Kice = nie VieV,teT|t<H (29)

EDND viev (30)

Constraint (31) ensures that each QC can only serve maximum one vessel at every time step.
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YievZigg <1 VqeQ,teT|t<H 31
Constraint (32) and (33) and (34) and (35) define L;q; and R;4; , respectively.
1= (Zige — Zig-1) < M(1 — Lig,) VieV,q€EQ,teT|t<H (32)
Zigt — Zig-1t < MLy, VieV,qeQ,teT|t<H (33)
1= (Zige — Zigr1e) < M(1 = Rige) VieV,q€EQ,teT|t<H (34)
Zigt — Zig+1,t < MRg; VieV,qeQ,teT|t<H (35)
Constraints (36) — (38) define the leftmost and rightmost QCs, that are assigned to a vessel.
Yo Lige = Oy VieV,teT|t<H (36)
Y2 Rige = Oy VieV,teT|t<H (37)
Yo Zige = Oie VieV,teT|t<H (38)
Constraints (39) and (42) enforce each vessel must be served within its feasible service time window.
a; > a{ VieV (39)
Bi < bif VieVv (40)
af —a; =1 — 18 Viev (41)
B; — bf = Pt — P~ VievV (42)

TBAP and TYAP related constraints:
Constraints (43) guarantees that each sub-block can be reserved for maximum one vessel.

Diev Qir <1 Vk €K (43)
Constraints (44) defines number of sub-blocks are reserved for vessel i.

Ykek Pik = Si VievVv (44)
Constraints (45) shows the relation among Y jx;p, @i and w;, as follow

l/)jkib=<pjk+a)ib—1 Vi,jEV,l':Fj,kEKT,bEB (45)
Constraints (46) defines the relation among Kjxp, @ jx and w;;, as follow.

K}kb=¢]k+w]b_1 VJEV,kEKIUKEUKT,bEB (46)

If there is a transhipment activity, then this transhipment task must be carried out in either direct-
transhipment or indirect-transhipment as presented in constraint (47).

vh + v = A VijeEV,i#] (47)
Constraints (48) and (49) ensure that the number of sub-blocks in yard transhipment area should be
reserved for the vessel whose carry out indirect-transhipment activity.

LkekT Pjk = SjT -M <1 - dey UL-I]-> VjevV (48)
i#j

LkekT Pjk < SjT +M <1 - Zi'ev' U{,-) VjevV (49)
i#j

The following three constraints (50) — (52) guarantee that for direct or indirect transhipment activity
from vessel i to vessel j are presented as follow.

< ai+f—-1+M(1—-f) VijeEV,i#j (51
vl = AT (2 - —R) Vi, jEV,i#j (52)

Constraint (53) defines the links among variables &, to ¢@;; and 6;; for each sub-block in yard export
area.

ikt = Qi + 0. — 1 VieV,keKEteT (53)
Constraint (54) shows the links between variables i to @i, 6 and v} ; for each sub-block in yard
transhipment area.

Eike = Qi + Oje + Lievvi; — 2 VieEV,keKT,teT (54)

i#]

Constraints (55) and (56) define that at most only one sub-block in each adjacent sub-block pairs can
carry out loading containers to vessels at each time step in yard export area and transhipment area.
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Yken Diev Sikt T Lken Diev Sike+n < 1 VteT[t<E,neN (55)

Yken Diev Cike < 1 VtETIE+1<t<HmneN (56)
Constraints (57) and (58) ensure that at most one sub-block in each block can carry out loading
containers to vessels at each time step in yard export area and transhipment area.

Ykeg Xiev Sikt T Xkeg iev Sike+n < 1 VtET|t<E,g€G (57)

Ykeg Xiev Eike <1 VteETIE+1<t<HgeG (58)

SQCAP and QCSP related constraints:
Constraints (59) and (60) ensure that each QC can only be placed in a single bay at any time and only
one QC can be placed in a bay at any time.

ZieV ZmEMi Yimgqt <1 Vq € Qt: teT (59)

Yqeq, Yimqt < 1 VieV,meM;,teT (60)
Constraint (61) defines that number of operating QCs must less than the number of available QCs at any
time step.

ZieV ZmEMiquQt yimqt < Qt vteT (61)
Constraint (62) is a QC non-crossing constraint with the location in increasing order from left to right
and minimum safety space R bays

ZieV ZmEMi lim-)’imq+1,t - ZiEV ZmEML- lim-yimqt =R VC[ € Qt: teT (62)
Constraint (63) ensures that all containers are handled in the planning horizon.
quQt ZtET YVimgt = Wim VieV,meM; (63)

Constraint (64) defines the value of binary variable u;,,; is set to 1 if all containers in bay m of vessel i
are completed.

quQtZZ:1Yimqh > .

T_uimt VieV,meM;,teT (64)
Constraint (65) ensures that a vessel is finished served after the task for every bay of vessel i is
completed.

Uimt = Bit Vi € V,m € Mi: teT (65)
Constraint (66) links the berthing status to the service status. A vessel remains berthed until the required
service is finished handled.

M; M; M; — .
M.y 20y —1 =Y Wi (1 = Xho1 i) + Xl Wim — Znaq Zhei Uimp VIEV,ET

66
Constraint (67) enforces that before the vessel starts berthing there are no quay cranes operating. (©0
Uimt < Z;:l T[ip Vi € V,m < Mi,t ET (67)
Constraint (68) guarantees that no quay crane will be assigned to vessel that is not moored
YM Uime < M. 6y ViEV,teT (683)
Constraint (69) ensures that all containers are finished handled
2ter Yimt = Wim VieV,m<M; (69)

Constraint (70) ensures that the position between the quay cranes meets the safety clearance distance
requirements

AR Uigr < 1 ViEV,m<M —R,teT (70)
Constraint (71) ensures that the number of QCs operating on vessel i does not exceed the number of
QCs assigned to vessel i as resulting in QCAP.

Y Uime < 1y ViEV,teT (71)
Each decision variable domain is stated in (72) — (81).
b;, a;, B, T, T8, 1P, 107, 5, €p, pr = 0 & integer VieV,beBteT (72)
Wib, Vit Skt Cip € {0,13 VieV,beBkeK' UKEUKT,teT (73)
mi 0; € {0,1} VieV,teT (74)
875,67, v, vl € {0,13 VijeEV,i#j (75)
Yk € {0,1} Vi,jeV,i#jkeK',beEB (76)
Kjrp € {0,1} vieV,ke K'UKEUKT,beB (77)
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mibijbj € {0,1} Vl,] ev,i ¢j, bi,bj € B, bi * b] (78)
61, 615, 157,15 € {0,13 Vi,jEV,i#jbEB (79)
Uims € {0,1} VieV,meM;,teT (80)
yimqt{oyl} Vi € V'm € Mi:q € Qtrt €T (81)

5. Solution method
In this study, the tactical and operational decisions of integration model at the container terminal consists
of integration models for tactical level planning, namely: TBAP, TYAP, QCAP, and SQCAP, and QCSP
at the operational level planning. The integrated planning models for container terminal were solved
using a combination of functional integration with feedback loop structure and deep integration methods.
Functional integration method had been used to solve the integration model of TBAP, QCAP and
SQCAP, as well as the integration model between TBAP and TYAP. While deep integration was used
to solve the integration model between SQCAP and QCSP. The proposed procedure for solving the
integration model of tactical and operational planning at container terminal is shown in Figure 1. The
solution method for bi-objective optimization model uses a fuzzy multi-objective programming
approach to obtain a tradeoff between the interests of the container terminal manager to achieve total
operational cost efficiency and the interests of the shipping liner owners to maximize service level in
order to improve customer satisfaction.

The following model is a fuzzy multi objective programming that was used to solve the integrated
planning model at the container terminal [36].

Max. A (82)
St w <A (83)
_ fi-h
m= i (85)
— 27 J2
Uz = f2+—f2_ (86)
0<i<1 (87)

Where: A: fuzzy membership function
Uq: Membership function of objective function minimization-mode Obj,
U>: Membership function of objective function maximization-mode Obj,
f1: Objective function value of Obj,
f>: Objective function value of Obj,
fi": the best value of objective function Obj;
fi : the worst value of objective function Obj,
f5": the best value of objective function Obj,
f> : the worst value of objective function Obj,

6. Numerical Experiments

The proposed bi-objective optimization model of integrated planning in container terminal was applied
to 12 cases which the model parameters are combination of number of calling vessels, length of quay
wharf, number of available QCs, number of sub-blocks in yard area as shown in Table 1. Quay wharf is
divided into intervals of berth segment with a length of 50 meters. Planning time horizon is divided into
time steps for 4 hours and carried out of periodic planning in 1 week. Each sub-block has length of 50
meters and contains of 240 containers. For each case, we generated randomly 10 datasets. For each
instance, three vessel types consist of Feeder vessels, Medium vessels and Jumbo vessels are generated
with composition of 90%, 30% and 10%, respectively. The vessel length and the number of containers
for each vessel type, as well as the composition of the number of transit, import and export containers;
and number of bays in each vessel follow the distribution of model parameters in [33] and [27]. Python
programming was applied to Gurobi optimization to solve proposed bi-objective optimization model of
integrated planning in container terminal and using the Fuzzy Multi Objective Programming approach.
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Table 1. shows the average of minimum total operational costs and maximum service levels for each
case that consist of 10 instances.

Integration of Tactical and Operational Planning in Container Terminal

Input TBAP: Output TBAP: :
«  Berth layout e Berthing start and end times '."pg’ﬁglﬁ,i'k yard
e Vessel length e Berthing position layout
i :;(sfacltfiiq\éessa — e Distance between
v 3 handii Feedback to TBAP: sub block yard
. f—ifnt':ate andling TBAP e Desired berthing position based area and berth of
lock 11 i
* Desired berthing e Quay whart
ire -
out pto-:;:’: loading and
utput T : . . Output TYAP: unloading
e Berthing start and end times Feedback to TBAP: e Sub blocks of yard containers for
=  Berthing position * Vessel handling time storage allocation each vessel
s Input QCAP:
= e Number of available
= QCs
S e Min and max number QCAP
E of QCs allowed for
- each vessel
e Workload of each Output QCAP:
vessel e Number of assigned QCs
e Vessel handling time
Input SQCAP:
e Range position of SQCAP
each QC
e Berthing position
Output SQCAP:
= Assigned specific QCs for
each vessel
=
= Input QCSP:
s e Bay location of each Output QCSP:
= vessel e Sequence of tasks to
g e Workload for each QcCsP beqprocessed by
= ay each quay crane
g
o

Figure 1. Solution method for integrated planning model in container terminal operations.

Table 1. Parameters and optimal solutions for each case.

Case \% L® QC¢ K¢ H°® SLf TC® Run-time (s)
C6-600-80 6 600 8 80 42 100.00% 52.35 0.66
C9-600-80 9 600 8 80 42 97.93% 245.29 0.74

C12-600-80 12 600 8 80 42 93.03% 523.64 2.57
C15-1000-120 15 1000 16 120 42 97.83% 358.12 3.15
C18-1000-120 18 1000 16 120 42 92.69% 477.06 6.74
C21-1000-120 21 1000 16 120 42 95.57% 561.49 8.03
C24-1400-160 24 1400 24 160 42 96.13% 285.30 12.72
C27-1400-160 27 1400 24 160 42 94.07% 829.74 33.12
C30-1400-160 30 1400 24 160 42 90.78% 1175.89 68.68
C33-1800-200 33 1800 30 200 42 95.69% 742.54 84.48
C36-1800-200 36 1800 30 200 42 94.92% 909.93 97.57
C40-1800-200 40 1800 30 200 42 91.72% 1510.49 176.10

V: number of vessels

L: length of quay wharf in meters

QC: number of available quay cranes

K: number of sub-blocks in yard area

H: number of planning horizon in time step.

SL: average of maximize service level

TC: average of minimize total service cost in container terminal

e o o
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Based on the optimal solutions in Table 1, shown that the increasing in number of vessel arrivals at
the case of the same quay wharf length, the number of QCs availability and the number of sub-blocks
in yard area have an effect on increasing total costs and decreasing service level. Runtime is
proportionally increasing with respect to the number of calling vessels, berths segments, and sub-blocks
in yard storage area.

7. Conclusions and Further Research Direction

This study has developed a bi-objective optimization integration model of tactical and operational
planning in container terminal operations that consist of tactical berth allocation problem, specific quay
crane assignment problem, tactical yard allocation planning and quay crane scheduling problem. The
optimization model has two objective functions, namely minimization of the total operational cost and
maximization of the overall service level. The integration model had solved using the Fuzzy Multi
Objective Programming approach. As a solution method, we had developed solution method by using
functional integration with feedback loop structure for solving the integration model of TBAP, QCAP
and SQCAP and integration of TBAP and TYAP. The deep integration was used to solve the integration
of QCAP and QCSP using Python Programming.

For further research, it might be considered uncertainty environment in container terminal
operational planning such as vessel arrival times, handling times of each vessel and productivity rate of
quay cranes. In addition, for solving the integration model effectively, the development of metaheuristic
algorithms could be considered to solve large scale problems.
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