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ABSTRACT 
 
 

This study describes a decision optimization approach for the fundamental problem of berth 

allocation at a container terminal. The assignment of berths to incoming ships is complicated by 

the fact that various vessels have varied service level needs. Terminal operators are looking for an 

effective decision support solution to help them with the assignment challenge while keeping 

service objectives in mind. As a result, this study proposes a linear programming model that is 

solved in Python using the PuLP Package to calculate the mooring time and initial berthing 

location along a single continuous quay of the X-Port container terminal, a private port operator 

in Casablanca. A time-space diagram was used to display the results of the Python program. This 

approach will enhance the port's management and boost the port’s operational quality of service 

by making more effective allocation decisions inside a cargo terminal. 
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RESUME 
 

Cette étude décrit une approche d'optimisation des décisions pour le problème fondamental de 

l'attribution des postes d'amarrage dans un terminal à conteneurs. L'attribution des postes 

d'amarrage aux navires entrants est compliquée par le fait que les différents navires ont des besoins 

de niveau de service variés. Les opérateurs de terminaux sont à la recherche d'une solution efficace 

d'aide à la décision pour les aider à relever le défi de l'affectation tout en gardant à l'esprit les 

objectifs de service. Par conséquent, cette étude propose un modèle de programmation linéaire qui 

est résolu en Python à l'aide du package PuLP pour calculer le temps d'amarrage et le lieu 

d'accostage initial le long d'un seul quai continu du terminal à conteneurs X-Port, un opérateur 

portuaire privé à Casablanca. Un diagramme temps-espace a été utilisé pour afficher les résultats 

du programme Python. Cette approche permettra d'améliorer la gestion du port et de renforcer la 

qualité de service opérationnel du port en prenant des décisions d'affectation plus efficaces à 

l'intérieur d'un terminal de marchandises. 
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I. INTRODUCTION 
 

1.1 Project Intensives 
 

1.1.1 Maritime Industry in Morocco 
 

Morocco has 11 ports for international trade where three of them are specialists in the seaport 

container terminals operations. They are accessible to foreign commerce and play an important 

role for the country’s economy growth. The maritime mode of transportation or the sea movement 

of products became recently critical to Morocco's foreign commerce. It guarantees a high 

competitivity when it comes to the logistical costs and cargo processing time. Moroccan marine 

connection has recently increased outstandingly, the thing that enables it to take the 16th place 

worldwide. Aside from the several forms of exchanges that are primarily carried out by a direct sea 

freight, another form, container transshipment, was established in the previous decade. [2] Now, 

two primary logistical operators that are public companies, Marsa Maroc and The National Agency 

of Ports (ANP), manage all Moroccan ports excluding Tangier-Med where The Ministry of 

Equipment, Transport, Logistics, and Water is the one in charge of ANP's technical administration. 

[1] 

1.1.1.1 Port Strategy 2030 
 

The 2030 strategy, that aims to transform Morocco into a top marine nation and fulfill the rising 

need for container traffic in the Mediterranean and Africa, lies at the heart of the Moroccan plan 

of ports. In brief, the government aspires to be a dominating force in Africa/Europe/Middle East 

logistics and shipping and is ready to spend up to $7 billion to achieve this goal. [9] 
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1.1.2 Tangier-Med Ranking 
 

The Tangier Med Port Authority (TMPA) manages and develops facilities, including the Tangier 

Med seaport terminal. Terminals, as well as other seaside operations, are operated under contract 

agreement by operators and global companies (APM TERMINALS TANGIER and EUROGATE 

TANGER). Recently, Tangier Med secured its place among the world's top 50 out of 500 

container ports in the newest "World Top Container Ports" ranking leased by "Container 

Management" newspaper. [4] 

 
 

Figure 1: Tangier-Med container terminals 
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1.2 Berth Allocation Problem 
 

The capacity of container terminals is continually increasing as cargo shipping expands. To match 

the growing containers volumes, shipping lines and container terminals must build more berths, 

improve operational loading / unloading activities, or enhance efficiency. Moreover, container 

terminals are facing greater constraints in order to ensure high-quality services and reduce vessel 

waiting time. As a result, among the most critical concerns for container ports is how to increase 

operational efficiency. 
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1.3 Quay and Berths Layouts 
 

Container shipping expansion creates ongoing problems to ports, not just for huge ports but also 

for medium and small terminals. The pressure increases as the vessel's size increases and the 

shipping operators' expectations for the performance of port operations and service time increase. 

Many small and medium-sized ports possess terminal layouts that differ from those of high charge 

terminals. [6] 

 
 

 
Figure 3 : Different Quay Layouts 
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Instead of a single huge quay, a port with several discontinued quays may create a variety of 

structures. Quays can be built as piers, basins, or naturally following the curve of the coastline. 

Several layouts suggest variety of approaches to fundamental seashore tactical logistical 

challenges like as berth allocation (BAP). Considering the importance of seaside activities for 

shipping operators due to their high effect on vessel service time in ports, optimization models aim 

to improve relevant decisions such as the timing of the vessel to be berthed, also, on which one of 

the berths exactly it has to be moored. Besides, we have different ways of berths layout that are 

the discrete, the continuous, and the hybrid. [5] 

 
 

Figure 4: Types of  Berths Layouts 
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II. STEEPLE Analysis : 
 

• Social: Implementing this project will help the company to grow and expand its services 

so it will need more employees to get the work done. Therefore, this will help more people 

in the society get a job and be hired. Where there is 10.000 jobs given in the maritime 

sector. 

 

• Technological: In this research project, we will be implementing new technologies to 

improve the port’s services. This will include the implementation of a linear programming 

model with making  use of python PuLP Package in order to optimize the ports operations. 

 
 

• Ethical: Thanks to this project, there will be a transparency between the ports and its clients 

All customers will be treated equally. No one is more important than the other. Also, there 

will be no priority measures taken into consideration.  

 

• Economical: By improving its services, X-Port container terminal will have an effective as 

well as efficient system that will meet the customers’ needs and affection. Therefore, the 

port will gain the clients’ satisfaction and as a result it will be a stopover for several clients 

the thing that will help the port to get better ranking.  The purpose of the Moroccan Ministry 

of Equipment and Transport's new Strategy is to Increase the supply chain's 

competitiveness; provide strategic expanded services; and keep an eye on economic 

developments. [12] 
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• Political: The implementation of this project will improve the ports services and bring more 

clients to the port from different nationalities. As Morocco has great political relations with 

several countries, the geopolitical background is very critical for shipping firms in their 

port selection procedure. 

 

• Legal: After the implementation of this project, there will be more favorable and 

appropriate working conditions and employees will effectively get their rights. In the labor 

code that corresponds to the core principles established by the Constitution as well as 

international standards outlined in UN agreements and specialized organizations related to 

the work environment, there rights are secured : inequality in employment and industries 

is prohibited, in addition to the fair wages. Also, by respecting the clients arrival, 

processing, and departure times, there will be no taxations troubles. [13] 

 

• Environmental: A poor management system enforce the vessels to get into a competition 

to arrive first at the port and get first the berth they want. The more the vessels speed the 

huge amount of fuel is spent. Therefore, this results on a big fuel emission that have a 

negative impact on the environment. As a solution, a berth allocation assignment is 

proposed to make the port system manage better the arriving vessels.
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III. Feasibility Study 
 

This phase of the capstone will be deducted to a feasibility study of the research project. 

Starting by the technical feasibility, a good knowledge in engineering and logistics is 

required in addition to a better understanding of maritime transportation concepts. Also, 

the capability of analyzing each and every dataset as we will be using PuLP package in 

python to solve the linear program that will be formulated. Approximately six weeks will 

be spent in this part of the project since it is the essential part. 

 
Regarding the financial feasibility, since this research will be based on a realistic issue that 

a Moroccan port operator is facing. Optimizing the process by reducing the waiting time 

will push the company to enhance its operations, be well ranked, and get more clients. This 

will have a huge impact on the company’s effectiveness as well as the efficiency of its 

services the thing that will rise its profits. 

 
Moving to the market feasibility, since our country Morocco started growing exponentially 

in the maritime mode of transportation, improving the quality of the seaside operations will 

be an added value to the maritime industry. Adopting a berth allocation method to manage 

the ports’ operations will have a huge positive impact economically on the maritime sector 

in Morocco.
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Finally, we have the operational feasibility. This part of the feasibility study will be 

conducted to the resources, knowledge, and skills required to complete this research project 

in terms of the data available and time needed. We already discussed the technical 

knowledge needed to accomplish the goals of this research. When it comes to the dataset, 

the necessary data was obtained from the concerned company which is X-port. Regarding 

the time available, approximately we have a timeframe of 10 weeks to deliver the final 

report, which is enough to finish the work on time. 



18  

IV. Problem Statement : 
 

4.1 X-Port Case Study 
 
 

X-Port is a new private port operator in Casablanca. The company’s main function is concentrated 

in one of its terminals which is the containers terminal. Since the first day when it started operating, 

the company adopted a first come first served way of serving its clients who have to inform already 

the port operator about their sizes and arrival time. Then, the operator make mooring time as well 

as berthing position estimations for each client without given them any official reservation or an 

appointment. The thing that pushes the clients to get into a competition in order to get a berthing 

position as soon as they arrive. In this competition, the clients are contacting each other before 

arriving to the port to see if there is a way to speed up and arrive one before another in order to be 

served the first. However, in some cases, clients do speed up in their way to the port and they end 

up waiting to moor. In this case, the vessel’s engine is still running which means it consumes fuel 

and taxes are charged because of the delayed berthing. 

In addition to that, the vessel has a plan to leave the X-Port and move to another port in a different 

country as part of its supply chain. However, it gets a delayed departure time from X-port because 

of the delayed berthing the thing that slow down the supply chain process and creates problems 

for the vessel with other ports. Because of this reason, some of the clients started changing their 

destinations and removing X-port from their planned stopovers. 

Therefore, X-Port company wants to enhance its operations in order to keep its clients and provide 

them a good quality of services. Other than this, the company’s long-term objective is to be well 

ranked and attract more clients alike Tangier-Med port. 
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V. Analysis 
 

5.1 Methodology 
 

To improve the company’s quality service, a berth allocation solution is suggested. 

Before showing up, vessels have to inform the terminal operator about their expected 

arrival and departure time, size, as well as the number of moves they have. According to 

this data, the operator has to give the adequate berthing position, mooring time, and 

completion time. 

 
 

Since X-Port has a single quay with continuous berth, the challenge here is to determine 

the adequate combination of vessels at the quay to achieve a high occupancy of the quay 

by taking into consideration the arrival, process, and departure time of the ships. 

The main objective of this berth allocation solution is to decrease the time spent at the port 

which means the time waited for a position to be free in addition to the handling time. 

 
 

X-Port has three quay cranes that take care of the loading and unloading and make 20 

moves/ crane/hour. This means that the process time is variable depending on the vessel’s 

moves; especially because X-Port emphasizes on assigning each vessel one crane. 

To solve this berth allocation problem, a mathematical model will be formulated in order 

to assign each coming ship a berthing location as well as a mooring time. 
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5.1.1 Mathematical Model 
 

This phase of the study is concerned with the analytical solution of the topic in order to fit 

it into the general framework applicable to a linear programming approach. The basic 

purpose of the linear programming study is to discover the purpose we decide to establish, 

then identify the best solution to obtain it while maintaining all of the limitations that 

indicate the constraints of the assets available to solve the main problem. This strategy 

improves decision making while also saving time and money by combining all resources 

in the best feasible way. 
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The decision variables, objective function, and constraints are the fundamental elements of 

the linear programming approach. [3] 

 
• Decision Variables: These variables indicate the quantitative measure of the 

elements of the system that can be manipulated in order to find a unique and ideal 

solution for the problem. There is no limit or specific range of decision variables 

as long as they follow a route of linearity; however, they would fail the strategy's 

basic rule, which is, in reality, linear in its core. 

 
 

• Objective function: This objective function always contains the decision variables, 

and it enables the user to shape the decision of the real issue by either increasing 

the profit or decreasing the cost Linear programming problems usually seek to find 

the best solution with respect to the objective function. 

 
 

• Constraints: The constraints describe the restrictions of the problem and what are the 

limitations that objective function can face while attempting to either maximize or 

decrease the output by varying the decision variables. These limitations are always 

significant in the linear programming approach since they restrict what we can do and 

clearly define the bounds . As a result, it is necessary to establish constraints that are 

appropriate for the situation and to identify the limitations that will determine the range 

as to how far optimizing the objective function can go. 
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5.1.2 Solving the Model : Coding – Python with PuLP 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

In our linear programming model, we have more than two decision variables; this means that the 

graphical representation is no longer an option to find the optimal solution for the problem. 

Therefore, there are several solvers that can be used. In our case, we suggest writing a code in 

python using PuLP which is an open-source linear programming (LP) package that mostly utilizes 

Python language and includes a number of industry-standard algorithms that uses a CBC solver 

that stands for COIN-OR Branch and Cut solve that is also considered as an open source (MIP) 

mixed integer program solver written in C++. [8] 
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5.1.3 Time-Space Diagram 
 
 

A time-space diagram can be used to visualize the berth allocation problem, with the horizontal 

axis that represents the time units meaning the mooring, processing, and completion time while 

the vertical axis represents the berth positions.  Vessels may be shown as rectangles with a length 

equal to the process time and a width equals to the vessel’s size. The following representation 

illustrate the time-space diagram for berth allocation problem. [7] 

 
 

 

Figure 6 : General Example of Time-Space Diagram 
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VI. Implementation Phase 

 
The formulated berth allocation mathematical model [11] is developed based on the 

following assumptions:  

 
o The expected arrival / departure time of all the vessels is known beforehand. 

 
o Each vessel can be occupied by only one quay crane. 

 
o Crane can handle 20 moves / hour. 

 

6.1 Parameters 
 

• Sets : 
 

V : the number of vessels 
 

• Parameters: 
 

LVi  : The length of vessel i 

LQ   : The quay space length 

LPH : The planning horizon length 

Pi : Expected processing time for vessel i 

Ni  : The Number of Moves in Vessel i 

Ai : Arrival time for vessel i 
 

Di : Departure time for vessel i 
 

Cb : The cost for the delayed berthing of vessel i 

Cd : The cost for the delayed departure of vessel i 
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6.2 Decision variables 
 

Mi: The mooring time for vessel i. 

Ci : Completion time of vessel i. 

Bi : The first berthing position for vessel i 
 
 

• Binary variables: 
 
 

xij : if processing time is overlapped between vessel i and vessel j 
 
 

=> xij = 1 

Otherwise 

=> xij = 0. 
 

yij : if the berthing position is overlapped between vessel i and vessel j 
 
 

=> yij = 1 . 

Otherwise 

=> yij = 0. 
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6.3 Objective function 
 

The objective function of our mathematical model is to minimize the total cost of staying 

at the port. The first cost that we have is a penalty cost resulting from the delayed berthing 

where the arrival time of vessel i is before the mooring time of the same vessel. The other 

cost is another penalty cost that result from the delayed departure when the completion 

time of the vessel is after the departure time already expected. The following formula is 

the objective function  

Cost of delayed Departure 
 

 
 

Cost of delayed berthing 
 

6.4 Constraints 
 
 
 
 

 
• When the service time overlaps, it guarantees that the berthing locations of 

vessels i and j are not interfered. 

 

 
• It guarantees that the operation periods of vessels I and j are not disrupted when 

their berthing locations coincide. 

Min 	 Cb	∗	(Mi		−	Ai		)	+		Cd	∗	(	Ci - Di) 	

Bj – (Bi + LVi) – (xij -1) LQ >= 0 (1) 

Mj - (Mi + Pi) – (yij -1) Lph >= 0 (2) 
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• They make sure that the operating times or berthing locations of vessels i and j do 

not overlap in the time-space diagram. 

 
 

 
 

• This constrain specifies the time at which each vessel departs. 
 
 
 

 
 

 
 

• They establish the top limit for each vessel's berthing duration and berthing 

position respectively. 

yij + yji + xij+xji>= 1 (3) 

yij +yji <= 1 (4) 

xij + xji <=1 (5) 

Ci = Mi + Pi (6) 

Ai <= Mi <= Lph -Pi (7) 

Bi <= LQ – LVi (8) 
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• These	are	the	non-negativity	constraints		 

	
	
	
	

VII. Application Phase 
 

For X-Port case study, a linear program was formulated with the data gathered from the company for 

two days from several clients coming with different vessels sizes ( Small & Medium). 

7.1 Formulating & solving the linear program – Coding 
 

• Data 
 
 
 
 

 
LQ 

 
500 

 
LPH 

 
40 

 
Moves/Hour 

 
20 

 
Cb 

 
600 

 
Cd 

 
800 

Table 1 : X-Port Containers Terminal Data 

Ci >= 0 (9) 

Bi >= 0 (10) 
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Vessel 
ID 

Vessel 
Length 

Vessel 
Moves 

Arrival 
expected Time 

Processing 
Time 

Departure 
Expected Time 

1 134 220 12 11 20 
2 110 200 5 10 11 
3 125 240 10 12 17 
4 140 220 7 11 25 
5 138 200 17 10 15 

 
 

Table 2 : Vessels’ Data for Day 1 
 
 
 

• Coding 
 
 
 
 

Day1: 
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Figure 7: Code to solve linear program for day 1 

This code displays the following results: 
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Figure 8: Output of the code of day 1 
 
 

7.2 Time-Space Diagram 
 

In order to visualize the results from the previous section, the following code is formulated with 

the output we got in order to have the Time-Space Diagram for the first day: 
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Figure 9: Plotting Code for Time-Space Diagram Day 1 
 

 
Figure 10 : Time-Space Diagram Day 1 



38  

Similarly, we will formulate the same code with the following data of Day 2. 
 
 
 
 

 
 
 

Vessel 
ID 

Vessel 
Length 

Vessel 
Moves 

Arrival 
expected Time 

Processing 
Time 

Departure 
Expected Time 

1 175 200 5 10 14 
2 155 260 10 13 19 
3 142 180 7 9 13 
4 120 160 6 8 15 

 
 

Table 3 : Vessels’ Data for Day 2 
 
 

By following the same plotting code of the Time-Space Diagram of Day 1, another code 

was formulated to get the next diagram of Day 2. 

 
 

Figure 11 : Time-Space Diagram Day 2

Day 2: 
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VIII. Interpretation of the results 

 
From the results we got in Day 1, we can clearly see that for vessel 2, vessel 3, and vessel 4 the 

mooring time is exactly the same as the expected arrival time already given to the terminal operator 

because the berthing positions were already free at the time of arriving. In this case, a reservation 

for these clients will be made by respecting the exact mooring time and berthing position given. 

However, the mooring time of vessel 1 is 15 while the arrival given time is 12; Also, the mooring 

time of vessel 5 is 18 while the expected time of arriving is 17 which means the mooring time of 

the two vessels are after the expected arrival time. This can be explained by the non-availability 

of the adequate berthing positions in the time horizon given by the clients of the two vessels. In 

this case, those clients will be informed beforehand about their mooring time and exact berthing 

positions; therefore, they will not have to speed up and consume more fuel in order to get to the 

port terminal before other vessels. Also, they will not get to the port while other vessels are served 

and be obliged to wait for berths to get free, the thing that will exempt them from paying the taxes 

and penalty cost for a delayed berthing/ departure. Similarly, we can see from the results of Day 

2 that vessel 1, vessel 3, and vessel 4 are having the mooring time equals to their expected arrival 

time. Yet, the mooring time of vessel 2 exceeds the time of arrival where it is expected to be at the 

port container terminal at 10; however, the given mooring time is at 14. As already discussed, the 

clients will receive a reservation at the adequate berthing with the right mooring time. The thing 

that will ensure them having their spot waiting for them upon their arrival without any delay. From 

the interpretation results and more specifically the time-space diagrams, there is no overlapping in 

terms of the processing time or the berthing positions. Also, as already mentioned, the company 
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has three quay cranes, and the policy of X-Port emphasizes that each incoming vessel should be 

served by only one crane that has the ability to make 20 moves per hour. Since the length of the 

quay is 500m, the maximum number of vessels that can be along the quay at the same service time 

is 3 which means that the quay cranes available are sufficient. 

 

IX. Recommendations & Future Work 

 
If the company wants to expand its services and attract more clients, another quay should be added 

to the containers terminal to be able to host a higher number of incoming vessels with different 

sizes. Therefore, the number of quay cranes should increase in order to satisfy all the demand. 

However, the company should change its policy of having one quay crane serving only one vessel 

because having more quay cranes loading or unloading a vessel will definitely reduce the service 

or the processing time. Thus, decreasing the vessels’ time spent at the port which means high 

efficiency of the service quality. In this case, another study should be made where our formulated 

mathematical model should be modified. 

When the company will have a different quay layout with a higher number of quay cranes, a quay 

crane assignment model has to be added. The main objective of the quay crane assignment is to 

allocate or more specifically reserve quay cranes to incoming berths it may be based on the priority 

of the vessel or based on the overall handling time that takes into consideration the vessels’ number 

of moves. After assigning each berth an exact number of quay cranes that have to serve it, then, a 

quay crane schedule should be done in order to reduce the total cumulative delay of ship 

departures.
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X. Conclusion 

 
Container terminal services strategy has become critical for successfully and efficiently meeting 

the demand for cargo transportation. This project focuses on X-Port company’s berth allocation 

problem. The study presents a mathematical method to berth assignment, with an algorithm 

developed to assign berths to ships. Using PuLP package in python whose main functionality is 

optimization, a code was written to solve the formulated linear programming model. The results 

were visualized using time-space diagrams. By adopting this new method of making berths 

reservation for clients, the company will enhance its operations and expand its services to keep its 

client and attract more.
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