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As the maritime industry grows rapidly in size, more attention is being paid to to 
a wide range of aspects of problems faced at ports with respect to the efficient 
allocation of resources. A very important seaside planning problem that has 
received large attention in literature lately is the quay crane scheduling problem 
(QCSP). The problem involves the creation of a work schedule for the available 
quay cranes at the port to vessel or given set of vessels. These optimization 
problems can be very complex and since they involve a large number of variables 
and constraints, the use of a commercial solver is impractical. In this paper, we 
reformulate a problem that can be solved by column generation. Finally, the 
proposed model was coded and solved by the exact solver GAMS 25.0 and 
evaluated by some evident examples. Also in view of theoretical challenges, and 
industrial implicating a genetic algorithm is proposed to solve the problem. The 
performance of proposed algorithm is evaluated by a number of numerical 
example. Finally, computational results show that the proposed algorithm 
significantly outperforms. 
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1.  Introduction 

The increasing development of world trade has increased cargo transportation on a 

large scale. There are three ways of land, sky and sea to transport cargo between different parts 

of the world. Ground transportation is mainly carried out by heavy vehicles and rail lines, which 

makes land transportation less attractive than sea transportation due to the high cost of road 

transportation such as trucks and the limitations of building railway lines in long distances 

(inter-country) [1]. Also, air transportation has a very high cost and in most cases it is effective 

for transporting precious, essential and small goods. Considering that 65% of the earth is made 

up of water and many countries have water borders and the cost of this type of transportation 



 

is much lower compared to other types, it has made countries highly interested in the 

development and increasing use of maritime transportation [2].  

The high traffic rate of commercial ships in ports and the high volume of goods unloaded 

from ships or loaded onto ships require detailed planning and comprehensive coordination so 

that operations can be carried out correctly and with high precision, with the least amount of 

time on the ships, as well as the waiting time in their queues [3]. This issue becomes more 

difficult when all kinds of bulk and container cargoes are imported into a port terminal, some 

of which are sensitive to certain weather conditions and it is not possible to load and unload 

them in adverse weather conditions [4]. In this research, we are looking for a solution for better 

planning of this type of coastal ports. In the rest of this chapter, we will explain the problem in 

full. 

1.2 Define the problem 

Global trade, particularly influenced by the shipping industry, plays a fundamental role 

in the global economy. Maritime transport covers about 90% of the world's commercial 

transport, which is increasing day by day [5]. This ever-increasing growth has made smaller 

ports and cargo ports to be of great importance in addition to ports and container terminals. An 

efficient and effective terminal enables faster loading and unloading to serve more ships [6]. 

Port operations include a hierarchy of activities that require accurate planning and 

implementation of programs to achieve the maximum amount of unloading and loading. In 

general, port operations are divided into two parts: coastal operations and warehouse 

operations [7]. Coastal operations are such that, according to the time of the ship's arrival at 

the port, a berth is assigned to it, where unloading and loading operations will be carried out. 

Then the cranes should be assigned to that ship to carry out unloading or loading operations, 

the unloading and loading operations will also be carried out by shore cranes based on a 

schedule, and the unloaded cargo will be transferred to the intended environment or 

warehouses to perform administrative and customs formalities [8]. 

Considering the nature of the cargo entering the cargo terminals, such as paper and 

grain, and the sensitivity of these types of items to rain, the parameter of the weather condition 

should be considered in these types of issues, considering that in the real world, the weather 

condition cannot be considered definitively. taken, it is assumed that this parameter is possible 

[9]. 



 

Also, due to the difference in the size and type of cargo entering the cargo and container 

terminals and the involvement of manpower in unloading and loading, the time required for 

each unloading/loading cannot be considered fixed. Repetition of similar tasks by the human 

force will increase their skill in using the equipment and doing the assigned tasks, which will 

reduce the activity time [10]. 

Crane allocation issues are generally from the same category as allocation issues, taking 

into account some additional parameters, such as: agreements made between the port terminal 

operator and the shipping line operator, the minimum and maximum number of available 

cranes to be allocated to a ship, the number of usable and operational cranes available [11]. It 

is in the port terminal and etc. 

In the following, we will explain the operation of the terminals to get more familiar with 

the problem space. 

1.3 Research purposes 

Reducing the service time for ships, in other words, reducing the time between the 

arrival and departure of a ship and increasing the efficiency and productivity of resources and 

equipment are known as the main goals of ports. Given that the cost of building docks and 

purchasing and using equipment such as cranes is very high, as a result, focusing on 

optimization Coastal operations are very important. 

In this matter, according to the limit of the number of cranes and the expected 

conditions, it is determined how many cranes should be allocated to each ship and the optimal 

sequence of activities to achieve the shortest operation time on the ship. 

1.4 Assumptions of the problem 

In order to design a mathematical model according to the problem under investigation, 

appropriate assumptions have been presented in accordance with the real conditions 

governing public terminals, which include the following: 

 Cranes are considered similar and their number is also limited, which in reality is 

usually the same and only changes to load and unload cargo with a different type of 

extension. 

 Each berth has capacity for cranes and ships. 

 Weather forecast for different times. 



 

 The possibility of loading and unloading any type of cargo is determined according to 

the weather at any time. 

 There is a specific number of operators required for each type of cargo and one crane. 

It is considered to be different. 

 According to its dimensions, each ship has the capacity of the number of cranes that 

can operate on it at the same time. 

 Carrying out operations on each ship with each type of cargo is different according to 

the number of assigned cranes. 

 The cargo of each ship and the arrival time of each ship are known. 

 Each operator can be assigned to a specific crane, dock and ship only when it is his 

working time and he is present at the shore. 

 Operations on all ships must be carried out. 

2.  Theoretical literature and research background 

2.1. Introduction 

Today, global trade in the container transport sector has grown and progressed 

tremendously. The existence of cargo terminals in port cities of the world always affects the 

lives of many people. Since these ports are equipped with coastal cranes, these cranes need to 

be planned. Allocation and planning of cranes is directly related to the results of operations and 

the speed of work of forces, this category becomes particularly important [12]. Weather 

conditions are also an important variable that should be considered in planning. Man always 

seeks to optimize and plan his resources, which requires extensive studies in the field under 

investigation. For this purpose, all the important and effective factors in this matter should be 

examined in order to be able to provide a workable and useful solution [13]. 

In this chapter, with the aim of getting familiar with the important issues and challenges 

in the subject of this research, we will review the literature on the topic of planning and 

allocation of coastal cranes and the background of the research in two parts of influential 

researches in this field. For this purpose, concepts such as scheduling and sequence of 

operations, cargo terminals and genetic algorithm are examined in detail [14]. Then we will 

state some of the researches that are close to the present topic. 

2.2 Theoretical concepts 



 

In order to get more familiar with the concepts examined in this research, these concepts 

are explained in this section. 

2.2.1. Timing and sequence of operations 

Timing is a common word in everyday conversation. But the lack of a clear definition of 

timing in people's minds makes them unable to implement it properly. What is in people's 

minds is the schedule, such as the schedule for the arrival of the bus, the start of the class, etc., 

if all the activities are carried out on time and according to the schedule. In the definition of the 

schedule, it can be said that a tangible and specific plan that is going to be implemented. One of 

the most important characteristics of a proper schedule is its flexibility. The following are 

usually caused by changes in programs for various reasons. Operation sequence and scheduling 

is a kind of decision-making process that has a fundamental role in improving productivity in 

manufacturing and service industries. In today's competitive world, for organizations, having 

the best sequence of operations and proper timing of activities is a basic requirement for 

survival. In today's real world, there is practically no order without a delivery date. The 

operation sequence and timing can be defined as follows [15]. 

 Sequence of operations: Determine the order in which operations are processed 

 Scheduling: determining the start and end time of operations on resources 

In fact, to determine the timing of operations, the sequence of their execution must be 

determined first. Organizations' need for proper planning in using their limited and valuable 

resources in order to maximize productivity can be named as the main reason for planning and 

scheduling the sequence of operations. Scheduling means allocating limited resources to 

activities that require those resources. In fact, scheduling is a kind of decision-making activity 

that is done with the aim of optimizing one or more goals [16]. Defined resources and activities 

can be graphed in several ways as follows: 

Sources: machines in a workshop, pilots and flight attendants of an airplane in a flight, 

flight of an airplane in an airline, processor units in a computing environment, available 

professors for students applying for a thesis, etc. 

Activities: activities needed to prepare a product, take off and land airplanes at airports, 

different stages of a construction project, run a computer program, guide a lesson project, etc. 



 

Any process may require a prerequisite activity, the earliest possible start time, and a 

delivery date. In scheduling problems, the goal of finding the sequence of activities may be 

different. Some of the common goals are: 

 Minimization of total completion time (makespan) 

 Minimization of the number of tasks completed after due date 

 Minimization of total flow time 

Scheduling is a decision-making process that has a very important role in production 

systems and information processors. Scheduling process has many applications in 

transportation, distribution and other similar service industries. 

2.2.2. History of scheduling theory 

The history of scheduling dates back to 1950 when Johnson's algorithm was presented 

to solve the optimization problem of maximum completion time for n jobs and two machines. 

In 1955 and 1956, for the first time, the basic rules of the earliest delivery date and the shortest 

process time for the optimal solution of problems for n machines were presented. This method 

was the basis of many subsequent methods. Gradually, the use of methods such as integer 

programming, branch and limit, and dynamic programming was noticed, while innovative 

solution methods were used to solve a number of problems. The discussion of the complexity 

of scheduling issues has been noticed by a number of researchers. It has been shown that a 

number of scheduling problems are in the NP-hard category [17].  

In recent years, innovative and meta-heuristic methods for solving scheduling problems 

have been noticed, and studies have been directed towards a more realistic and practical plan. 

The flow shop scheduling problem is one of the most famous and difficult combinatorial 

optimization problems. This issue is important from two aspects of management research and 

combined optimization. Since 1960, it has been proposed as a criterion to evaluate the quality 

of new optimization techniques, of which the bottleneck transfer method can be mentioned as 

the most successful. At the same time, an efficient algorithm that can solve this problem in an 

acceptable time has not been found. Johnson in 1956 and Ballas in 1969 and Jarlton in 1970 

and Florin in 1971 worked on the development of state counting methods and their research 

showed that the speed of progress in this method was very slow, Fisher and Tubson in 1963 

problem 10 And they proposed 10 cars. This problem was solved in 1989 by Carlieri. In 1995, 

Gupta and his colleagues presented a method for minimum and maximum completion time 

[18]. 



 

2.2.3. Definition of timing 

Scheduling means allocating resources to activities in such a way as to ensure the 

completion of these activities at an acceptable time. One of the most famous scheduling models 

is job shop scheduling, where sets of jobs must be processed on sets of machines. Each task 

consists of several operations, each of which must be processed at a specific time on one of the 

machines. The goal is to find the sequence of performing different operations of each task on a 

set of machines in such a way as to optimize the desired goal in scheduling. Various criteria can 

be considered for a workshop scheduling problem, including minimizing the maximum 

completion time and minimizing the maximum discrepancy between delivery date and 

completion time. Scheduling is a practical problem of allocating resources over time to execute 

a set of tasks in different situations, but in most cases, the task of scheduling tasks is considered 

after solving some issues related to the main planning [19]. 

2.2.4. Scheduling theory 

Scheduling theory mainly deals with mathematical models, and establishes a 

relationship between scheduling work and the development of scheduling models, and 

continuously tests them with theoretical and practical scheduling issues. The theoretical 

perspective is predominantly a quantitative approach and its attempt is to achieve the structure 

of the problem in the form of a mathematical compact form, especially since this quantitative 

approach starts with the interpretation of decision-making objectives in the form of an explicit 

objective function and the expression of decision-making obstacles in the form of explicit 

constraints. The objective function should include all system costs for implementing the 

scheduling decision. However, when implementing it in practice, it is difficult to measure or 

even fully specify such costs. In fact, the major operational costs are determined by the planning 

work [20]. While it is difficult to separate short-term costs. However, there are three types of 

scheduling decision-making objectives: 

A) Efficient use of resources 

b) Fast response to demand 

c) Exact compliance of delivery times, set delivery dates. 

Often, an important cost criterion related to measuring system performance (such as 

machine idle time, waiting time for late work) can be used as a proxy for total system cost, and 

few approaches to problems related to these criteria can be found in the existing literature on 



 

scheduling. Two types of feasibility constraints usually appear in scheduling problems: First, 

there are constraints on resource availability. Secondly, there are technological limitations in 

the order of doing things. Answering any scheduling problem is finding a feasible solution to 

these two types of constraints, so that "solving" any scheduling problem is equivalent to 

answering these two questions: 

1- Which resource will be allocated to perform each task? 

2- When will each task be done? 

2.2.5. Sequence of operations 

One of the basic and important tasks of management is to establish coordination and 

control between complex activities and optimal allocation of resources to these activities. In 

situations where both the allocation of resources and the sequence of performing activities are 

important, the issue is raised under the title of sequence of operations. In recent years, various 

quantitative methods have been proposed to deal with such problems. Public workshop 

scheduling is one of these methods. In this method, the goal is to find the optimal sequence of 

performing a set of tasks or activities on one or more machines. In workshop scheduling, the 

main goal is to find that sequence of doing work on machines that optimize some of the 

evaluation goals. Workshop scheduling problems are classified according to four factors. 

A) Work entry pattern: n works arrive at the workshop at the same time and all of them 

are ready to perform operations immediately. 

b) The number of machines that must be operated on, this number is denoted by m. 

c) Circulation of the work process through the machine: if all the work have the same 

circulation through the machines, then the problem is called a flow workshop. 

In other words, in the flow workshop scheduling, the number of m machines is arranged 

in series, each job must be processed on each of these machines. In this environment, all jobs 

must follow the same path. 

d) system evaluation criteria to choose the best sequence of operations. 

One of the most commonly used evaluation criteria is the maximum completion time. 

This criterion indicates the total time required to perform operations on all tasks, or in other 

words, the maximum time to complete tasks. There are other criteria as well. For example, if 



 

d_j indicates the period of time when the completion of the jth task is planned and C_j is the 

time period when the jth task is actually completed, then L_j=c_j-d_j will be a standard for 

measuring the amount of delay in the completion of the jth task. . Now, by using this evaluation 

criterion, the goal can be to determine the sequence of operations that minimizes the average 

effects in the works [6]. 

2.2.6. Container transport 

In the late 1950s, the first ocean-going container ships were introduced, and container 

shipping became a serious mode of maritime transportation. Before containerization, most sea 

freight was placed on pallets and loaded and unloaded by cranes on ships and docks. This 

method was very time-consuming and the products were moved with high vulnerability. With 

containers, easy, fast and safe relocation became possible. Containers are metal boxes of 

standard sizes, with 5 standard lengths being common. 20, 40, 45, 48 and 53 feet. 48 and 53-

foot containers are not used in international transport and are instead used for domestic 

transport. To name the containers, they use the TEU unit, which is equivalent to a container 

with a length of 20 feet, a width of 8 feet and a height of 6 feet. Also, TEU is an approximate unit. 

For example, a 45-foot container is called a TEU2 container [21]. 

At the end of the 20th century, container transportation has seen a noticeable growth, 

and for this purpose, ships with higher capacities were built, and today the capacity of these 

ships reaches 15,000 TEU. 

2.2.7. An overview of container terminal activities 

Generally, container terminals are considered as open systems of material flow with two 

external ducts. These two canals include the offshore side, which is for unloading and loading 

ships, and the shore side, which is for loading and unloading trucks and trailers. The container 

terminal connects these two channels and provides space for storing containers. Containers are 

either stacked and stored on the chassis of trailers. Under the storage on the trailer chassis, 

each container is available separately and the transfer in the beach area is done faster. But 

under bulk storage, containers are stored in several piles and stacks with the height of several 

containers, and each container is no longer directly accessible. Yard cranes are used to retrieve 

and move containers in piles [22]. 

When a ship arrives at the terminal, it first anchors to carry out unloading or loading 

operations. For this purpose, there are a number of berths in each terminal. Berths have a very 



 

high construction cost and therefore their number and length is one of the most important 

strategic decisions in the terminal that must be addressed at high management levels. A berth 

decision initiates the movement of containers into or out of storage areas. Clearly, the 

productivity of the berths directly affects the productivity of the entire terminal, so the 

decisions of operational levels related to the allocation of berth space for ships are critical [23]. 

In the next step, when a ship is in the anchorage, unloading and loading operations are carried 

out. Deck cranes are standard equipment designed for this purpose. Deck cranes are a type of 

gantry crane with a large iron frame that is placed along the deck and where ships are anchored. 

This equipment’s are usually divided based on the lifting capacity and the size of the containers 

that can be loaded and unloaded. Today's modern cranes are capable of lifting two 20-foot 

containers at a time and have a minimum lifting capacity of 40 tons. The speed of moving cranes 

is also important. Today's cranes have a speed of 60 to 80 meters per minute when carrying 

cargo. According to the given parameters, it takes about 90 seconds for a professional operator 

to move a 40-foot container crane [24]. After moorings, deck cranes are the second most 

expensive equipment in terminals. Another key parameter in these terminals is the number of 

available cranes. By improving the cranes, the terminals can reduce the stopping time of the 

ships and increase the efficiency and productivity of the terminal [25]. 

2.2.8 Terminal transportation optimization methods 

The need for optimization using research methods in operations in the container 

terminal has become an important issue in recent years. It is a fact that transportation, 

especially in large container terminals, has now reached a level of complexity that requires 

scientific methods to progress. The effect of simultaneous transportation and optimization 

methods cannot be evaluated by operation experts for a long time. 

Targeted methods are necessary to support decision making. Different concepts of 

transportation decision rules and optimization algorithms are evaluated by simulation before 

they are implemented in the real system [26]. 

Container terminal operation characters require real-time and online optimization and 

decision-making because most of the processes running in terminals cannot be predicted for a 

long time. In general, the optimization planning horizon is very short. Some examples prove the 

fact that although the container data arriving at the terminal by truck may be predetermined 

by electronic data exchange, the exact time when the container arrives at the terminal is not 

known. Containers should not be checked for damage at the time of arrival as the 



 

predetermined data may be incorrect. Both types of data affect the location of shipments. As 

the trucks have to move from place to place to the transport points, where the containers are 

lifted by cranes, the sequence of trucks at the entrance and at the transport points does not 

need to be the same. Therefore, only those container jobs can have a sequence that are currently 

free for the transportation of domestic equipment, as the trucks arrive permanently, renewal is 

required. This can be a similar argument for the train [27, 28]. Although the container data and 

other positions inside the ship are known exactly ahead of the planning process and allow the 

sequence of work to be calculated, they often have to be changed due to operational 

disturbances. Just as the ship is not stationary and its movement is permanent (due to the 

weather), the containers that are in the wake are not seen by the movement of the crane. The 

crane driver makes his decision and may load or Change your discharge [29]. 

The optimization area consists of the opposite and general effective factors, which 

include: ship planning, storage of supplies and transportation. According to the classification 

above, this section describes important processes in container terminals that can be optimized 

by operations research methods. 

2.3 Literature Review 

Padamitriou et al introduced both dynamic and static deck allocation models. They 

developed an innovative method based on Lagrangian discounting. They also extended the 

static model they proposed under the influence of a series of environmental constraints such 

as water depth and deck length [30]. Kim et al. considered the discrete allocation model and 

used refrigeration simulation to solve the model [31]. In another research, Petrkovsky and 

Daganzo proposed a branch-and-bound algorithm to solve the coastal crane scheduling 

problem. In both of these researches, it was assumed that each ship involved only one activity 

and the relationships between coastal cranes were not considered [32].  

Terminal operation planning has a multi-objective, non-deterministic and complex 

nature. Most research is focused on optimizing a specific part of the system. There is a very 

small body of research that has applied planning problems to different equipment and sectors 

and integrated them together [33]. Berish developed models and algorithms to integrate 

multiple parts together. This problem includes: 1. Determining the storage location of each 

container 2. Sending trailers or trucks for incoming containers 3. Scheduling unloading and 

loading for each crane so that the maximum time spent by the ships is minimized [34]. 



 

Terminal programming problem includes different variables and constraints. Therefore, 

to overcome the complexities of the problem, uncertainty and possible factors should be 

considered. Therefore, recently, simulation has been widely used in such problems [35]. 

Discrete event simulation models have advantages over optimization mathematical models, 

including: covering the limitations of mathematical models, supporting the computerization of 

policies and strategies and making them comprehensible, and helping the decision maker in 

making daily decisions using the "what-if" approach. Shabaik and Yang developed a simulation 

model by witness software for the Wai Chong terminal. Their simulation model was developed 

with an object-oriented approach and SIMPLE++ software was used [36]. 

In 2012, Yang et al. considered the interaction between the allocation of cranes to berths 

and ships to berths. designed a mathematical model aimed at minimizing the service time of 

ships arriving at the shore and solved it with an evolutionary algorithm with inner loops [37]. 

In 2013, Ansal et al. modeled the constraints that exist in real-life onshore terminals using 

constraint programming. Margins of safety, travel time and relationships of precedence and 

delay are among these limitations. They also considered different time windows in this 

planning. The performance of this model has been evaluated compared to the models presented 

in previous studies, which shows that it produces more favorable and stronger results than 

them [38].  

In 2016, Turkoghleri et al. examined berth allocation, berth crane allocation and crane 

planning in an integrated manner. presented a mixed integer linear programming considering 

the loading time of the ships along with their crane scheduling during their stay at the shore. 

The purpose of this model is to minimize all the costs of loading and unloading ships. Then, in 

order to solve the model, they used the brush plates method [39]. In 2017, Agra and Oliveira 

presented a mathematical model using the formulation of relative position in order to solve the 

problem of scheduling and allocation of cranes in an integrated manner. This model is designed 

in the presence of heterogeneous cranes. Then another mathematical model is presented to 

complete the planning process. Then they solved this model using the innovative method of 

rolling horizon optimization [40].  

3.  Methodology 

3.1. Introduction 



 

Considering the importance of the topic that has been discussed before and many 

researches have been investigated in this field. In this chapter of the research, taking into 

account the actual conditions of the coasts and wharves to which all kinds of bulk and container 

cargoes are sent, we have expressed the problem and assumptions. Then, according to these 

assumptions, a single-objective mathematical programming model is presented. It has been 

tried to include all the determining and important parameters and variables in this model, the 

output of which is the optimal planning of coastal ports according to the weather, types of cargo, 

cranes and human resources. 

3.2. Proposed model 

In this section, the proposed mathematical model for the investigated problem is 

presented. Before presenting the model, the characteristics used in the model, input 

parameters, decision variables, limitations and its objective function are discussed: 

Table 1 Characteristics used in the proposed model 

i Index related to the number of cranes. 

j Index of the dock. 

t,h,ţ Time period index. 

v Ship index. 

s Index related to the type of cargo. 

o Operator index. 

 

Table 2 Input parameters 

Time required to load or unload ship v with i number of cranes. 𝑑𝑖𝑣  
Ship arrival time v. 𝐴𝑣 
1 if the weather is suitable for cargo type s in time period t and 0 
otherwise. 

𝑤𝑠
𝑡  

The number of manpower required per crane for the type of cargo s 𝑔𝑠 

If in the time period t the working time of operator o is 1 and 
otherwise 0. 

𝑞𝑜
𝑡  

1 if the cargo of ship v is of type s and zero otherwise. 𝑈𝑣𝑠 
The maximum number of cranes that can operate on the ship v at one 
time. 

𝑙𝑣 

The capacity of the number of cranes in the wharf j. 𝑐𝑗 

The capacity of the number of ships in the wharf j. 𝑏𝑗  

Total number of available cranes. 𝑁 

The entire planning period. 𝑇 
big number. 𝑀 

 

 



 

Table 3 Decision variables 

If the unloading or loading operation of vessel v with cargo s starts with i number 
of cranes at berth j at time t 1 otherwise zero. 

𝑋𝑖𝑗𝑣𝑠
𝑡  

If the unloading or loading operation of vessel v with cargo s with i number of 
cranes is in progress at berth j at time t 1 otherwise zero. 

𝑌𝑖𝑗𝑣𝑠
𝑡  

1 if operator o is used to load ship v with cargo s at berth j at time t otherwise 
zero. 

𝐹𝑜𝑗𝑣𝑠
𝑡  

1 if the loading operation of ship v for product s is finished, otherwise zero. 𝑃𝑣𝑠 

 

Mathematical model 

(1)  𝑀𝑖𝑛 𝑍 = ∑ (∑|𝑡|

𝑆

𝑠=1

𝑃𝑣𝑠 − 𝐴𝑣 + 1)

𝑉

𝑣=1

 

  S.t 

(2)  ∀𝑣, 𝑡 = 1, … , 𝐴𝑣 − 1 ∑ ∑ ∑ 𝑋𝑖𝑗𝑣𝑠
𝑡

𝐽

𝑗=1

𝐼

𝑖=1

𝑆

𝑠=1

= 0 

(3)  ∀𝑣, 𝑠 ∑ ∑ ∑ 𝑋𝑖𝑗𝑣𝑠
𝑡 = 𝑈𝑣𝑠

𝑇

𝑡=𝐴𝑣

𝐽

𝑗=1

𝐼

𝑖=1

 

(4)  ∀𝑡, 𝑗, 𝑣, 𝑠 ∑ 𝐹𝑜𝑗𝑣𝑠
𝑡 ≤ 𝑀 ∗ ∑ 𝑌𝑖𝑗𝑣𝑠

𝑡

𝐼

𝑖=1

𝑂

𝑜=1

 

(5)  ∀𝑖, 𝑗, 𝑣, 𝑠, 𝑡 𝑌𝑖𝑗𝑣𝑠
𝑡 ≤ ∑ 𝑋𝑖𝑗𝑣𝑠

ℎ

𝑡

ℎ=1

 

(6)  ∀𝑖, 𝑗, 𝑣, 𝑠 ∑ 𝑌𝑖𝑗𝑣𝑠
𝑡

𝑇

𝑡=1

= 𝑑𝑖𝑣 ∗ ∑ 𝑋𝑖𝑗𝑣𝑠
𝑡

𝑇

𝑡=1

 

(7)  ∀𝑡, 𝑗 ∑ ∑ ∑|𝑖|𝑌𝑖𝑗𝑣𝑠
𝑡

𝑆

𝑠=1

𝑉

𝑣=1

𝐼

𝑖=1

≤ 𝑐𝑗  

(8)  ∀𝑡 ∑ ∑ ∑ ∑|𝑖|𝑌𝑖𝑗𝑣𝑠
𝑡

𝑆

𝑠=1

𝑉

𝑣=1

𝐽

𝑗=1

𝐼

𝑖=1

≤ 𝑁 

(9)  ∀𝑡, 𝑠, 𝑣 ∑ ∑ 𝑌𝑖𝑗𝑣𝑠
𝑡

𝐽

𝑗=1

𝐼

𝑖=1

≤ 𝑤𝑠
𝑡 

(10)  ∀𝑡, 𝑗, 𝑣, 𝑠, 𝑡 ∑ 𝐹𝑜𝑗𝑣𝑠
𝑡 ≥ ∑|𝑖|𝑔𝑠𝑌𝑖𝑗𝑣𝑠

𝑡

𝐼

𝑖=1

𝑂

𝑜=1

 

(11)  ∀𝑡, 𝑜 ∑ ∑ ∑ 𝐹𝑜𝑗𝑣𝑠
𝑡

𝑆

𝑠=1

𝑉

𝑣=1

𝐽

𝑗=1

≤ 𝑞𝑜
𝑡  

(12)  ∀𝑡, 𝑣 ∑ ∑ ∑|𝑖|𝑌𝑖𝑗𝑣𝑠
𝑡

𝑆

𝑠=1

𝐽

𝑗=1

𝐼

𝑖=1

≤ 𝑙𝑣 



 

(13)  ∀𝑡, 𝑗 ∑ ∑ ∑ 𝑌𝑖𝑗𝑣𝑠
𝑡

𝑆

𝑠=1

𝑉

𝑣=1

𝐼

𝑖=1

≤ 𝑏𝑗  

(14)  ∀𝑡, 𝑖, 𝑗, 𝑣, 𝑠 𝑑𝑖𝑣 ∗ ∑ 𝑋𝑖𝑗𝑣𝑠
ℎ

𝑡

ℎ=1

− ∑ 𝑌𝑖𝑗𝑣𝑠
ℎ

𝑡

ℎ=1

≤ 𝑀 ∗ (1 − 𝑤𝑠
𝑡+1) + 𝑀 ∗ 𝑌𝑖𝑗𝑣𝑠

𝑡+1 

(15)  ∀𝑡, 𝑖, 𝑗, 𝑣, 𝑠 𝑀 ∗ (𝑌𝑖𝑗𝑣𝑠
𝑡+1 − 1) ≤ 𝑑𝑖𝑣 ∗ ∑ 𝑋𝑖𝑗𝑣𝑠

ℎ

𝑡

ℎ=1

− ∑ 𝑌𝑖𝑗𝑣𝑠
ℎ

𝑡

ℎ=1

− 1 

(16)  ∀𝑡, 𝑖, 𝑗, 𝑣, 𝑠 |𝑡| ∗ 𝑌𝑖𝑗𝑣𝑠
𝑡 ≤ 𝑃𝑣𝑠  

(17)  ∀𝑡, 𝑖, 𝑗, 𝑣, 𝑠, 𝑜 𝑋𝑖𝑗𝑣𝑠
𝑡 , 𝑌𝑖𝑗𝑣𝑠

𝑡 , 𝐹𝑜𝑗𝑣𝑠
𝑡 ∈ [0,1] , 𝑃𝑣𝑠 𝑖𝑠 𝐼𝑛𝑡𝑒𝑔𝑒𝑟 

 

3.3. Model description: 

Function (1) is the objective function of the model. This function seeks to minimize the 

time interval between the arrival of the ship and the end of the loading and unloading 

operations. The first term of this function means ∑_(t=1)^T▒〖|t|.P_vt 〗 calculates the time 

spent until the end of the operation on each ship and A_v is the time when the ship reaches the 

shore of the operation. Therefore, their arrival time A_vs should be subtracted from the time of 

the end of the operation, and since the time period of the ship's arrival is also calculated apart 

from the time of its presence on the beach, one has been added, thus the time between arrival 

and departure is obtained. Limitation (2) is for the purpose of not starting operations on any 

ship before its arrival. Constraint (3) requires that unloading or loading operations be carried 

out for all ships entering the shore according to the type of cargo. Constraint (4) ensures that 

an operator is assigned to the ship only if the operation is active on the ship in each period, and 

no operator is assigned to it otherwise. Constraint (5) means that if the activity is being 

performed on the crane in a period, the operation must have started before that. Constraint (6) 

guarantees that the number of activity periods on each ship is equal to the time required to load 

or unload it. Constraint (7) ensures that the number of active cranes in each berth does not 

exceed the capacity of that berth. Constraint (8) ensures that the number of active cranes in 

each period does not exceed the total number of cranes on the beach. Limitation (9) requires 

that the operation on the cargo should be carried out according to the weather conditions and 

if the weather is not suitable for the operation on a cargo, the operation on that particular cargo 

should not be carried out during that period. Limitation (10) of the model requires that the 

number of operators assigned to one ship at any time according to the number of cranes 

assigned to it is not less than the required number. Constraint (11) means that in each period 



 

only operators can be assigned to activities that are available during their working time. 

Limitation (12) is to comply with the limit of the number of cranes that can operate on a ship 

at the same time. Constraint (13) requires that the number of vessels operating on each berth 

does not exceed the capacity of the berth. Constraints (14) and (15) create the conditions that 

if after the start of the operation on a cargo, the weather becomes unsuitable for that type of 

cargo during that period, the operation is stopped and then after the weather becomes suitable 

for the period The operation is initiated to completion. Constraint (16) is also used to determine 

the final period of operation on each ship. In constraint (17), the type of variables of the 

problem is determined. 

4.  Proposed meta-heuristic algorithm and calculation results 

In this section, the way to display the answers is examined. In the assumed model, the 

solution of the problem is represented by a two-dimensional matrix. This matrix has 3 rows 

and has columns for the number of shipments. The first row shows the crane assigned to each 

ship to unload its cargo inside the berth. The second line shows the berth assigned to the cargo 

of each ship to discharge its cargo. And the numbers inside this line are the berth numbers. The 

third line shows the start time of the unloading operation, and the numbers in this line are the 

start time of the activity. In the following, how to display the answer and algorithm operators 

and how to generate the initial population for the problem with the specifications of 4 cargoes, 

5 crane centers and 3 docks and 5 time periods are presented. The way to display the matrix of 

this problem is shown as an example in table (4). 

Table 4 showing the answer for 4 cargoes, 5 crane centers and 3 docks and 5 time periods 

 Cargo  1  Cargo  2  Cargo  3  Cargo  4  

Crane No 2 3 2 1 

Berth No 2 1 2 3 

Evacuation start time 3 1 1 2 

As mentioned above, the Chromosome shows the planning of the discharge of the 

products of the ships. The first line shows the assigned crane, the second line shows the 

assigned berth, and the third line shows the unloading start time. For example, the first cargo 

starts to be unloaded by crane No. 2 at berth No. 2 in the third period. 

4.1. How to generate the initial population? 

First, a random sequence of shipments is generated. Then, based on the limitations, the 

problem and the time limit required for loading or unloading the ship, the limitation related to 



 

human power, the capacity of the number of cranes in the wharf and the capacity of the number 

of ships in the wharf and other side restrictions for each crane cargo, wharf and start time are 

randomly determined. At the end, the objective function is calculated. 

4.2. Mutation and intersection operator and stopping condition of genetic 

algorithm 

In genetic algorithms, there is mixing by nature. Mixing is done by exchanging genes 

between two chromosomes, and each of the chromosomes transmits its own characteristics to 

the children. It is obvious that the chromosomes that have more fitness have a higher chance of 

mixing. The most important operator in the genetic algorithm is the intersection (combination) 

operator. Crossover is a process in which the old generation of chromosomes are combined 

with each other to create a new generation of chromosomes. The pairs that were considered as 

parents in the selection part exchange their genes and create new members. Intersection in the 

genetic algorithm causes the loss of dispersion or genetic diversity of the population. Because 

it allows good genes to find each other. This type of crossover operator always makes the 

produced children to be legal (that is, it is never possible to produce chromosomes that do not 

correspond to any member of the solution space). Common methods are single-point 

displacement, two-point displacement, multi-point displacement, and uniform displacement. 

The simplest mode of moving is single-point moving. In single-point translocation, first the 

parent chromosome pair (binary strand) is cut at a suitable point along the length of the strand, 

and then the parts from the cut point are exchanged. In this way, two new chromosomes are 

obtained, each point of which inherits genes from the parent chromosomes. For the genetic 

algorithm for the chromosome of the problem, the single-point intersection operator is used 

for combination: 

1 1 2

2 2 1

( (1: ) (1 : ))

( (1: ) (1 : ))

ch round Paret Alpha Paret Alpha N

ch round Paret Alpha Paret Alpha N

  

    

which 1 2Paret t eraPو
  is the selected parent and alpha is a cut point between the number 

1 and 1 2ch h cو
 the number of columns of the matrix and are the resulting children. This 

operation is schematically presented below: (the Alpha value is equal to 3). 



 

Table 5 Intersection Operator 

First child  1Paret  

4 1 2 1 

 

2 3 2 1 

3 2 2 3 2 1 2 3 

4 3 1 2 3 1 1 2 

Second child  2Paret  

2 3 3 2 

 

4 1 3 2 

2 1 1 2 3 2 1 2 

3 1 2 1 4 3 2 1 

 

The Swap operator is also used for the mutation operator. That is, the two cargoes are selected 

and the dock, crane and their assigned unloading start time are moved. 

Table 6 Mutation operator 

Child   1Paret  

2 1 2 3 

 

2 3 2 1 

2 3 2 1 2 1 2 3 

3 2 1 1 3 1 1 2 

 

For example, in the example above, the specifications of shipment number 1 and 

assignment number 3 have been moved. The stop condition in the presented algorithm is equal 

to the maximum number of repetitions of the algorithm. Also, the selection process is in the 

roulette cycle algorithm. At the end, after performing the jump operation and combining the 

limitations related to the time required to load or unload the ship, the limitation related to 

human power, the capacity of the number of cranes in the wharf and the capacity of the number 

of ships in the wharf and other side restrictions are checked and if any of the restrictions If the 

chromosome is violated, it will be corrected. And the chromosome is restored to its normal 

state. 

4.3. Parameter setting and specification of sample problems 

Since the proposed model is new, according to the researches, there is no standard 

sample problem for the proposed problem, the randomly generated sample problems are used 

to solve the proposed algorithms. In this research, 15 problems according to table (7) were 

used to generate the answers. Also, the parameters related to the problem were randomly 



 

generated in order to evaluate the performance of the proposed algorithms, and the uniform 

distribution function was used to generate numbers. Also, the scope of generating parameters 

according to the available articles in this field for the considered proposed algorithms is 

presented in Table (8). Also, the probability of occurrence of each scenario is selected so that 

the sum of the probability of occurrence of scenarios is equal to 1. 

Table 7 Details of solved problems 

No Pier Crane Ship Cargo Operator Period 

1 3 4 4 2 2 5 

2 3 4 5 3 4 5 

3 3 5 8 5 6 6 

4 3 6 10 5 8 6 

5 3 6 12 5 8 8 

6 4 8 15 8 10 8 

7 5 10 18 8 10 10 

8 7 15 20 10 12 10 

9 8 15 25 10 12 12 

10 10 18 28 12 15 12 

11 12 20 30 12 18 15 

12 15 25 35 15 20 15 

13 18 25 40 15 22 18 

14 20 30 45 18 25 20 

15 20 35 50 20 30 22 

Table 8 Probability distribution functions for generating parameters 

𝑈(𝑎, 𝑏) Criteria 

Uniform (1, 0.75*T) 𝑑𝑖𝑣 

Uniform (1, T-𝑑𝑖𝑣) 𝐴𝑣 

Integer Uniform (0, 1) 𝑤𝑠
𝑡 

Uniform (1, 3) 𝑔𝑠 

Integer Uniform (0, 1) 𝑞𝑜
𝑡  

Integer Uniform (0, 1) ∑ 𝑈𝑣𝑠 = 1

𝑠

 

Integer Uniform (2, 4) 𝑙𝑣 

Integer Uniform (0.25*N, 0.5*N) 𝑐𝑗 

Integer Uniform (0.3*v, 0.7*v) 𝑏𝑗 

 



 

In this section, the parameters used in the proposed genetics, which include the initial 

population, mutation rate, combination rate, and the number of repetitions in each of the 

execution times of the model, are adjusted. To adjust the parameters of the proposed 

algorithms, Taguchi experiments design method has been used. Four factors of initial 

population number, maximum number, mutation coefficient and displacement coefficient are 

considered for the genetic algorithm method. Also, the criterion of the value of the objective 

function is considered as the response criterion. Also, three levels are considered for each factor 

as follows. 

Initial population: 50, 40, 60 

Maximum number of repetitions: 50, 150, 200 

Displacement coefficient: 0.7, 0.8, 0.9 

Mutation coefficient: 0.3, 0.2, 0.1 

In the Taguchi method, the S/N criterion is used. This measure shows the amount of changes 

occurred in the response variable. For each factor, the optimal level value is the one whose S/N 

criterion value is higher, so according to table (9) for all four factors of the primary population, 

the maximum number of repetitions, intersections, and mutations in the order of the second 

level (50) , second level (150), second level (0.8) and second level (0.2) are the best values. 

 

Figure 1 S/N rate for genetic algorithm coefficients 



 

 

Table 9 The results of setting the parameters of the genetic algorithm 

The number of 
iterations of the 
algorithm 

Primary 
population 

Composition rate Mutation rate 

150 50 0/2 0/8 

 

4.4. Computational results of the proposed algorithm 

In this part, the calculation results of the examples solved with the proposed algorithm are 

presented in table (7). This algorithm is programmed in MATLAB version 2013b. In these 

tables, the first column of the problem number is based on table (4). In the second and third 

columns, the optimal value of the objective function and the problem solving time obtained 

from the Gems software, and in the fourth and fifth columns, the optimal value of the objective 

function and the time per 10 executions for the genetic algorithm are presented. Also, 

considering that the solving time of the games software increases exponentially with the 

increase in the size of the problem. The maximum solution time considered for GEMS software 

was considered to be 9000 seconds, so this time is the best solution reported by GEMS software. 

After calculating the objective functions, the sample problems are solved by Gems software and 

genetic algorithm. In the following, the value of the relative difference resulting from the 

problem for the objective function of the algorithm is calculated for each sample problem in the 

last column of the table (10). The value of RPD is calculated based on the formula 

((metaheuristic - best answer))/(best answer). 

Table 10 The results of the proposed algorithms 

 Gamez Genetic algorithm RPD 
problem The 

objective 
function 

Running 
time 
(seconds) 

The 
objective 
function 

Running 
time 
(seconds) 

The 
objective 
function 

1 8 3 8 6 0 

2 16 7 16 10.2 0 

3 31 15 16 17 0 

4 22 26 31 21.7 0.045 

5 63 47 66 36.6 0.048 



 

6 78 194 81 41.3 0.038 

7 104 853 111 60.1 0.067 

8 114 1203 123 79.9 0.079 

9 150 3395 160 126.8 0.067 

10 161 4381 176 239.9 0.093 

11 144 8627 154 332.3 0.069 

12 231 9000 251 590 0.087 

13 266 9000 287 656.4 0.079 

14 378 9000 416 1018.6 0.101 

15 517 9000 581 1250.6 0.124 

Average 152.2 3650.1 165.6 299.2 0.06 

4.5. Variance analysis of algorithms evaluation 

In order to better evaluate the algorithms, it is necessary to compare the algorithms with the 

help of statistical analysis. As mentioned, we have used hypothesis testing technique in this 

area. In this research, we have used the test of the equality of the mean of three two-way 

societies (Tukey's test). So that we considered the null hypothesis to be equal to the averages 

of the evaluation criteria in the algorithm with a confidence level of 95%. If the obtained P-

Value is smaller than 0.05 (1-0.95), the null hypothesis is rejected and we conclude that there 

is a significant difference between the performance evaluation criteria of the three algorithms 

and vice versa. In this research, two evaluation criteria have been investigated. The first 

criterion of the value of the objective function and the second criterion of the solution time of 

the algorithm are compared. 

Table 11 Statistical characteristics related to the seven investigated criteria for both algorithms in small size 

 SECTION N Mean Std. Deviation Std. Error Mean 

CPU Time 
Gams 15 152.2000 144.32216 37.26382 

GA 15 165.2000 161.48985 41.69650 

Objective Fu. 
Gams 15 3650.0667 4066.54589 1049.97763 

GA 15 299.1600 399.64729 103.18849 

 



 

In table 12, the third column (Sig. (2-tailed)) shows the p-value. On the other hand, two p-values 

have been calculated for each criterion. The first one is used when the desired standard 

deviation is equal for both communities, otherwise, the second p-value should be used. As it is 

known, the p-value for the objective functions is equal to 0.812 and this value is more than 0.05. 

As a result, there is no significant difference in the 5% error and the performance of the two 

algorithms in this error value is almost the same, that is, the results of the resulting objective 

function There is no significant difference from the genetic algorithm with the performance of 

GEMS, although the results obtained from GEMS are better than the genetic algorithm, but this 

difference is not significant. The p-value for computing time is equal to 0.004 and this value is 

less than 0.05. As a result, there is a significant difference in the 5% error and the computing 

time of genetics is significantly lower than Gems. That is, the results of the objective function 

obtained from the genetic algorithm do not have a significant difference with the performance 

of Gomes, although the calculation time obtained from Gomes is significantly more than that of 

the genetic algorithm, which means that the genetic algorithm obtains a solution close to the 

optimal solution with much less delay. 

Table 12 The test of the assumption of equality of means for seven criteria 

 

 

 

t-test for Equality of Means 

t df 

Sig. (2
-tailed

) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval of 
the Difference 

Lower Upper 

C
P

U
 T

im
e

 
Equal 
variances 
assumed 

0.240-  28 0.812 13.400-  5592.129 127.94957-  101.1495 

Equal 
variances not 
assumed 

0.240-  27.6 0.812 13.400-  5592.129 128.01425-  101.2142 

O
b

jectiv
e F

u
. 

Equal 
variances 
assumed 

3.176 28 0.004 3350.90 1055.035 1189.7634 5512.049 

Equal 
variances not 
assumed 

3.176 14.2 0.007 3350.90 1055.035 1092.0956 5609.717 



 

Table 13 P-value calculated for criteria for issues 

  (P-value) 

CPU Time 0.004 

Objective Fu. 0.812 

5.  Conclusion 

Today, with the development of global trade and the exchange of goods around the 

world, ships are one of the most important vehicles for transporting goods between countries 

and sometimes even between different cities. Since air and rail transportation have high costs 

for transporting goods, sea transportation is a priority for countries that have good water 

borders. Therefore, we can understand the importance of the location of shipping ports and 

their high capacity. Also, the delay of a ship to load and unload its cargo in the port can involve 

a lot of costs. These factors make the planning of shipping ports an important challenge that 

researchers have also solved these challenges in their studies. The special climatic conditions 

of the ports, which are very variable, and the existence of different types of goods and materials 

that are transported by ship and must be loaded and unloaded in these ports are an important 

challenge. In this research, focusing on this issue, we have sought to provide a model to solve 

this challenge. Some goods cannot be loaded and unloaded in some weather conditions. 

Therefore, some prerequisites should be made, such as an accurate forecast of the weather in 

the ports, in order to determine at what time of day the weather is rainy, sunny, or even snowy. 

In this research, using this information, we have presented a model that can provide 

proper planning for a commercial port where ships with different volume and type of cargo 

come to it, so that the loading and unloading of ships is done as soon as possible and with the 

least delay. Also, the cargoes should not be loaded and unloaded in bad weather so that the 

ships suffer the least loss due to delay time and cargo loss. Also, this model is designed in such 

a way that if the weather becomes unsuitable for that cargo during the operation at one hour, 

the operation can be left half-finished and the operation can be carried out on other ships, and 

then the half-finished operation can be completed after the weather conditions are suitable. 

delivered Until this research, this issue has been raised in the literature review as a challenge 

that has not yet been addressed in a study. 

In the initial parts of the research, the research gap was determined by examining 

previous theories and researches and recognizing the important aspects of the problem. In the 

following, by presenting the exact assumptions that represent the conditions of the problem in 



 

the real world, a mathematical model was presented in order to optimally plan the loading and 

unloading of ships in the port. 

Due to the size of the problem, the presented mathematical model is an NP-hard model. 

After solving the model, an innovative genetic algorithm according to the mathematical model 

of the research was presented. This algorithm was implemented for 15 problems in small, 

medium and large dimensions, which shows the significant difference in the solution time of 

the proposed algorithm compared to the method. As it was stated in the third chapter, the 

solution time in the large dimensions of the problem in the proposed algorithm has been greatly 

reduced, and despite this, the optimal value does not show a significant difference with the 

exact solution of GMAS, which is an indication of the efficiency of the genetic solution algorithm 

in this problem. 
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