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Abstract  

In industries, successful logistics management delivers higher performance and value 

(time, cost, profits, and quality). Projects involving ports logistics systems are complex 

to manage due to the level and number of entities to manage, such as the expensive 

equipment units and the interconnection of the flows of goods and information. In these 

complex projects, it is difficult to conduct experiments on the real logistics system to help 

management predict future strategies due to high costs, time and infrastructure constrains. 

Therefore, to achieve the objectives of managing ports logistics system it requires that 

managers select the best strategic tools and methods. Simulation is one of the best 

predictive and strategic tools which allows the use of real-time, real-world data collection 

to stage mathematical analyses of the “what-if” scenarios. 

This thesis presents a simulation model for a case study on the port container terminal 

transportation of the port of Gävle in Sweden. In this model, a simulation approach is 

developed with a high software engineering maintainability that enables companies to 

analyse and study various scenarios that are motivated by changes in different inputs to 

measure their impact on the outputs that include throughput, resource utilization and 

waiting times. This study method adopted a simulation that covered both qualitative and 

quantitative research approaches. 

The main contributions of this study are: (i) developing a simulation program helps 

improve visibility in decision making process at port industry.(ii) providing a guideline 

for designing the maintainability of simulation models (iii) The simulation model has 

proved to be an industrial solution for the case company and its various stakeholders. 

  

Keywords: Simulation, container terminal, port logistics process, software maintainability.  
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1 Introduction  
Ports are intermodal gateways for international trade, and the shipping industry carries 

about 90% of global trade by volume (Panayides and Song, 2012). In 2017, global ports 

expanded rapidly, and global container terminals flow grew by about 6 per cent during 

the year, up from 2.1 per cent in 2016 (UNCTAD ,2018). Ports logistics activities in the 

global supply chain have become more complex and the workload for port logistics is 

increasing (Park, 2012). It is therefore necessary to improve the port's potential and 

develop logistics services.  

  

A container terminal management is a complex process that embraces many decisions, 

and most of the world’s goods are transported via intermodal terminals (Gambardella et 

al., 1998). Goods arrive and leave on several transportation means such as trucks, trains 

and ships. The container terminal plays a key role in directing goods to and from their 

origins and destinations. It is a basic node in the transport network, where thousands of 

daily decisions are made to manage this continuous flow of containers (Gambardella et 

al., 1998).  

  

Simulation tool is one of the most advanced and sophisticated techniques in system 

analysis (Ugurlu et al., 2014). As Derse and Göçmen (2018) mentions that simulation 

model can be used to investigating how port logistics can be analyzed and optimized. 

Further, Derse and Göçmen (2018) states that many simulation models have been 

previously used in maritime ports in many different areas but modelling a simulation 

program is rarely used in case studies. Therefore, the authors suggest that a case study 

should be used to test simulation program validity and the outcome of a simulation model 

and its implications at a port.  

  

Modelling a simulation program is described as a mathematical portrayal of a problem, 

where problems related to alternatives or different solutions are resolved in relation to 

decision making, visualization, hypothesis testing, and reasoning (Keebler, 2006). 

Computer based discrete events simulation enhances our understanding of logistics and 

supply chain systems by providing flexibility to understand system behavior (Rosenfield 

et al., 1985) and by allowing time pressure (Chang and Makatsoris 2001). In order to have 

a well working simulation model, the creators need to have an insight of how to maintain 

the software as Coleman et al. (1994) states. Also, the validation of the simulation process 

is an important factor to be able to have reliable data. This should be done by comparing 

output from simulation to the real system (Zhao, 2018).   

 

Longo et al. (2013) uses discrete event simulation modelling to replicate the activity of 

the port of Salerno in Italy. They found that inter-arrival times and unloading/loading 

rates, amongst others, are critical factors in port management.  

 

If companies get a better understanding of predictive analytics, decision-making on 

management level will be improved (Bonnes, 2014). This thesis provides an overview of 

how using of simulation in ports as methodological and predictive tool helps improve the 

visibility for better decision-making process, with consideration of software validity and 

maintainability. Through a practical example of modelling a simulation program. 
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1.1 Practical relevance - Description of the port involved 

The port of Gävle is the third largest container terminal in Sweden (Port of Gävle, 2019). 

It is a coast hub where shipping, rail and trucks meet to direct goods to and from their 

origins and destinations. From the perspective, a simulation approach would enable 

management to predict the behavior of such a system (Chiang et al., 2018). Therefore, in 

this study, we aim to investigate the effect of simulation in ports logistics operations 

through a case study approach on the port of Gävle. Moreover, to investigate how future 

events can be predicted using internal logistics simulations models with some 

implications for the flow of trucks on nearby roads to the port and the increment of 

containers at the port. As suggested by Port of Gävle (2019), there is an expansion of the 

container terminal where the goal is to double the size of the container terminal. If we 

have the double number of containers, we expect to see an increment of trucks in the 

system as well. 

 

This problem derived from a suggestion from Logistikbyrån in Gävle, with the focus to 

investigate ‘Gate 2’ at the port of Gävle.  Gate 2 at the port of Gävle is not utilized at this 

moment, only in certain cases. Therefore, this study investigation is on how the full 

utilization of Gävle port Gate 1 will impact the internal and external logistics activities 

under different scenarios. 

 

1.2 Research gap  

Although there is a wide range of tools and methods available in from predictive analyses 

and supply chain that uses statistical and other empirical techniques to predict future 

events, there was no overview of the combination of these topics (Bonnes, 2014). With 

several resources of different types operating and interacting, the project could be so 

complex that it is not easy to predict the behavior and performance of the system without 

simulation (Kotachi et al., 2013). And as mentioned, that port logistics is a complex 

project. The point is, what to do in the future if logistics volume increases to the doubled 

amount current data?  

  

1.3 Purpose 

• To develop simulation models of container transportation within Gävle Port. 

• To apply the simulation models as a tool for optimization of the operation process 

of container transportation. 

• To support the port planning by providing predictive measures of the container 

transportation operation under various scenarios 

 

1.4 Research questions  

In accordance with the thesis purpose and in line with the case study at the 

port of Gävle, three consecutive research questions have been identified in 

terms of the outcome of simulation model, validation of the model and 

finally how the maintainability can be developed in order to obtain an 

effective simulation model in the future, as below RQ's: 

 

1. How can a simulation model be validated in a case study?   

2. How can a simulation approach be beneficial to assess the key factors affecting 

port performance?  

3. How to design maintainability of simulation model? 
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1.5 Study model  

In figure 1, a description of how the execution will be performed in this study  

    

 
  
Figure 1: Study model  

  

Port logistics performance step is about today’s logistics performance at the port of Gävle, 

here we need to determine which settings we need to start with the simulation model. And 

if there are any problems with the infrastructure or goods flow. Simulation modeling step 

is creating a simulation model suitable from the environment at the port, here we need to 

set up a logic in a 2D-enviroment for the processes and creating the overall structure in 

3D. Current logistics system step involves how to validate and maintain the simulation 

for adoptability to different scenarios and situations. Here the simulation needs to be 

matched with reality to see how the logistics performs today. Internal processes in last 

step is to evaluate the internal logistics performance and test different outcomes in the 

simulation model.   

 

1.6 Delimitations 

In these simulation approach we are defining some of the port operations due to time 

limitation. These areas are:  

• The bulk storage in the port 

• Train transportation of goods 

• Loading and unloading processes from vessel to container terminal 

 

   

  

  

Port logistics  

performance    

Simulation  

modeling  approach   

Current logistics  

system   

Internal logistic  

performance   
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2 Literature review  
2.1 Containers and container terminal  

The main container terminal unit is a container, a loading unit often referred to as TEU, a 

twenty-foot equivalent unit (Meisel, 2009).  

  

Container terminal is a type of transshipment terminal where containers are loaded and 

unloaded on container ships, using port equipment that can manage heavy weights 

(Bichou, 2009). The terminal acts as a node link between sea and land, therefore 

demonstrated as intermodal gateway (Tarantola, 2005). The terminal is a system 

consisting of berths, quays, loading and unloading areas for goods, allowing the transport 

of goods from one means of transport to another (Roa et al., 2013).  

  

2.2 Operational analysis of container terminal logistics  

There are several different views on how to divide flows and processes. Subprocesses are 

usually distributed by the location of the operations.  

  

According to Li and Li (2010) container terminals are container shipping centers for 

multimodal transport from land to sea and the only way of switching between empty 

containers and shipping containers. Container terminals can be divided into two main 

areas in geography: quayside or berth side and terminal or storage yard. The former is the 

most important part of logistics in the entire container terminal and focuses on a mass of 

handling and transport equipment and builds a compact loading and unloading platform 

for container vessels, which includes container handling and transport. The latter works 

as temporary container storage or stacking area, where placing between loading / 

unloading container vessels and picking up / delivering container trucks in substance. 

Storage yard management is the most complex part of container terminals with respect to 

the import, export and transport containers that want to load and unload at the same time. 

The operation of the main resources on the yard, which includes yard space and cranes in 

the yard, has a direct and significant impact on container terminal logistics overall 

operational efficiency (Li and Li, 2010).  

  

Henesey (2006) point out that the process in a container terminal consists in four 

subsystems as is evident in figure 2. These are:  

• Ship to shore: When the ship enters the port until it docks.  

• Transfer: Unloading / loading the container from the vessel to the berth, 

unloading / loading to the transport vehicle and moving from the berth to the 

storage area  

• Storage: storage flow and the transport to assigned storage place and 

dropping/picking of the container.  

• Deliver and receipt: the final subsystem flow, picking up/dropping of a 

container, transport of the container to and from the landside. Then 

load/unload the container onto a transportation such as truck, train and others.  

   
Figure 2. Container terminal logistics system (Henesey, 2006)  
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Olesen et al. (2015) presents that, there are three main operational areas in the terminal: 

the dock where the container ships are loaded and unloaded, the gate-in through which 

the trucks arrive and the container storage area (see figure 3).  

  

 
Figure 3. Flow of container terminal operations (Olesen et al., 2012)  

    

The process of containers terminal involves several different equipment units which 

perform dedicated transport or storage operations. Three types of main equipment are 

used in container terminals: quay cranes, yard cranes and shuttle trucks for ground 

transport between the different terminal areas (Vis and de Koster, 2003). The activities of 

a port container terminal are illustrated in figure 4.  

  

  
Figure 4. Container terminal operations (Vis and de Koster, 2003)  

  

Kotachi et al. (2013) illustrates that the process at the port starts by the arrival of 

transporters. When a vessel arrives at the terminal and seizes a quay, the dock cranes are 

used to unload the vessel by moving the containers from the vessel board to the mobile 

truck. Backyard trucks are usually available to pick up containers from the crane. 

However, if a truck does not have a yard, the crane will have to wait for an empty yard 

truck. The yard truck transports the containers to the container yard or the storage place 

and parks in the assigned area awaiting processing. A rubber-tired gantry cranes (RTG) 

transfers the container from the truck to the stack of containers. This process lasts for 

several hours or a day until the vessel is emptied of all containers that must be emptied. 

After unloading, the loading process begins and follows the same steps as before but in 

reverse. RTG moves the container from the container stack to the yard truck, which moves 
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to the vessel. Finally, the crane moves the container from the yard truck to the ship's board 

until the ship is loaded with all the assigned containers Pre-sailing and sailing port.  

  

Container terminal logistics can be considered as the efficient and sturdy flexible 

manufacturing system for all the import, export, and transferring containers. That is driven 

by the information obtained from cargo agency and shipping agency via electronic data 

interchange (Li and Li, 2010).  

  

2.3 Port performance & measurements  

The port industry is like any other industry that measures its performance. Performance 

assessment is a requirement for the development of any business activity and the literature 

offers different definitions of performance (Marlow and Casaca, 2003). Mentzer and 

Konrad (1991) define performance as an inquiry of effectiveness and efficiency in the 

achievement of a given activity and where the assessment is carried out in relation to how 

well the objectives have been met.  

  

There are many studies and views on determining factors measuring the performance in 

ports. Based on interview and previous theories, Feng et al (2012) summarized 15 factors 

of how to evaluate port performance. Under the 15 factors a presented.   

1. Availability of shipping services (destinations, frequencies, etc.).  

2. Port/terminal handling, warehousing and other charges.  

3. Price of shipping services.  

4. Feeder connections to the deep-seaports and major shipping lines.  

5. Port/shipping service is on the cheapest overall route to the destination.  

6. Speed of port cargo handling.  

7. Congestion.   
8. Risks.   
9. Port/terminal security and safety.  

10. Technical infrastructure of the port (handling equipment, information 

communication, etc.). 

11. Proximity of the port to your customers and/or sources of supply, availability of 

skilled employees.  

12. Quality of landside transport links (intermodal links).  

13. Availability and quality of logistics services (warehousing, freight forwarding, 

cargo handling).  

14. Government supports for logistics activities.  

15. New developments in the region and depth of navigation channel.  

2.4 Simulation  

2.4.1 Simulation as a methodological strategy  

The main and most important factors of the experimentation of computer-based 

simulation is possibility to controlling and/or observing a real system. As Chang and 

Makatsoris (2001) confirm that the use of simulation models in experimental designs is 

an appropriate alternative to understanding the behavior of the system in the difficulty of 

experimenting with logistics and supply chain systems. It is possible to do some 

modifications or changes in the process or system can be made through simulation, in 

addition to the possibility of observing these changes to the system (Manuj et al., 2009).  
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Chang and Makatsoris (2001) point to the examination of processes or dynamic systems 

becomes easier through simulations, the possibility of real time compression, since 

running simulations presses time so that what needs years of operation can be achieved 

within hours. That helps to get some conclusions about the behavior of the system in a 

time period and making decisions opportunely. Law (2006) states that the results 

presented by simulation models may not be ideal but better compared to other alternatives. 

Banks (1998) believes that because most of the input and outputs of simulation are 

random variables, it is difficult to interpret the simulation results. In addition, it is difficult 

to know whether the results of observation are due to interrelationship or randomization.  

  

2.4.2 Developing simulation model  

Simulation models consist of the following components: system entities, input variables, 

performance metrics, and functional relationships. According to Zhao (2018), here are the 

phases to develop a simulation model (see figure 5).  

  

  
  

Figure 5. Phases in simulation modelling.  

  

2.4.2.1 Simulation model validation  

Is the process of comparing the results of the simulation approach with the real system. If 

the comparison is true, then it is valid, else invalid. This process is repeated until model 

accuracy is considered acceptable (Zhao, 2018). There are three main steps to perform 

validation of simulation model as we see in figure 6:  

1. Design a model with high validity. 

2. Test the model with existing data. 
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3. Determine the representative output of the Simulation model.  

  

  
Figure 6. Steps of validation (Zhao, 2018).  

  

In one good example of a model validity, Van der Vorst et al. (1998) measure their 

simulated output against actual implementation of a simulated scenario to two retail 

outlets and a control retail outlet. Several others, like Bienstock and Mentzer (1999) and 

Appelqvist and Gubi (2005), validated their models by comparing simulated output to 

available company data.  

2.4.3 Simulation in port logistics  

Due to that the logistics, especially the large container terminals, have reached a high 

degree of complexity, which led to the need for any improvement of scientific methods 

(Steenken et al., 2004)  

  

One of the main drivers for developing the simulation model or using any other modeling 

method is “it is an inexpensive way to gain important insights when the costs, risks or 

logistics of manipulating the real system of interest are prohibitive” (Kellner et al., 1999) 

and allows testing of many strategies and scenarios (Smew et al., 2013). The complexity 

of the observed system can be one of the reasons for the use of modeling and simulation 

in logistics and Disney et al (1997) explained that "to enable a model of simulation of 

supply chains in the real world completely, we must build a large and complex model in 

our minds, and this exceeds the capacity of most people, but the use of computers can 

help to a large extent. Steenken et al (2004) conclude that "different logistics concepts, 

decision rules and optimization algorithms must be compared to simulations before they 

are applied in real systems.”  

2.4.4 Simulation impacts in port performance  

Many researches have been carried out to perform port safety measures by creating 

simulation models to predict the current situation in order to prevent delays, save time 

and reduce costs. Studies were carried out on schedule loadings at container terminals to 

integrate optimization algorithms and performance evaluation across functions in the 

simulation model (Kotachi et al., 2013). Simulation studies are typically used to develop 

platforms to improve the performance of dynamic and complex systems such as terminal 

ports. Simulation helps to mimic port operations and provide current and future 

predictions of performance and outcomes. Different scenarios can also be tested in a 

simulation model and results can be studied and analyzed (Kulak et al., 2013)   
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2.4.5 Topology of Discrete Simulation Model  

The logical model used to simulate activities within the port container terminal is 

developed based on the real terminal topology. In this direction, the berth play an 

important role in the terminal. The volume of the container flows from the port to the city 

must be properly equipped. In addition, container transit across the terminal plays an 

important role in port activities. In Figure 7, shipments from the berth, storage and 

landside transmission of the typical marine container terminal are represented (Rusca et 

al., 2018)  

  

 
Figure 7. Typical topology of port container terminal (Rusca et al., 2018)  

  

The processes according to Rusca et al (2018), from vessel (1) arrived at the berth, the 

containers (3) (import or inbound containers) are unload by cranes (2) and are loaded with 

containers on them (export or outbound containers). For the performance of the logistics 

operation in container terminal, the number of dock cranes has an important role in the 

transit capacity through the container terminal and the handling capacity. The dock cranes 

provide direct transshipment between vessels and landside vehicles (railcars – 8 and 

trucks – 9) and from port stacks on the landside vehicles. On the berth, there are operative 

container stacks (marine stacks – 4 and 4’). In storage area (5), containers wait before 

departure with another ship or for rail or truck transshipment. This area is served by rail 

mounted gantry cranes (6). These cranes are useful also for load/unload trucks. A 

container may be stored in container terminal in one or more storage areas. Between 

marine stacks and landside stacks, containers are handled with straddle carriers, reach 

stacker or chassis (7).  
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2.4.6 Simulation programs used in modelling port terminal operations   

Simulation methods are the most common tools of theory and operations management in 

the enterprises and industrial organizations management. This indicated that they could 

provide effective support for the analysis of the operating institutions to improve 

production and management processes through coordinated action and supervision of all 

subsystems (Muravev et al., 2016). Many literature researchers used different simulation 

programs to model port operations such as Arena, AnyLogic, Flexsim, GPSS, and 

ProModel. All these programs allow users to analyze the behavior of discrete event or 

system quickly without any financial investment. Of course, they have different logic to 

build different models or tools to analyze input and output data. Dukulis (2008) 

summarized the characteristics of the various simulations as shown in Table 1. Normally, 

the analysis of the same system with two different simulation programs should produce 

the same results. However, due to the different features of the software, the deviation can 

be seen in the results. Therefore, it can be asked that can there be a big difference in the 

same event results as different simulation programs? There is no study focused on this 

question in literature as well. 
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Software  Output analysis  Batch run or 

experimental 

design  

Tools to support 

packaging  

AnyLogic  Statistics tools, various 

charts, histograms, etc.  

Simulation, 

optimisation 

(including Monte 

Carlo and 

sensitivity 

analysis), and 

custom 

experiments  

Generates Java 

applets and 

applications with 

full simulation 

optimisation 

functions  

Arena  Arena output Analyser 

for statistical analysis  

Arena process 

analyser  

Seamless 

operation, no 

tools necessary  

ExtendSim Suite  Easy calculation of 

confidence intervals  

Automated 

execution of 

different scenarios  

Free 

downloadable 

player from the 

website runs the 

models  

Flexsim Simulation 

Software  

Flexsim charts outputs to 

Excel and Access  

Flexsim 

experimenter  

  

ProModel  

Optimization Suite  

Output analysis reports 

to Excel and Access  

Predefined 

unlimited 

scenarios to 

experiment on 

parameters  

Models packaged 

within software; 

view using free 

ProModel Player  

Service Model  

Optimization Suites  

Output analysis reports 

to Excel and Access  

Predefined 

unlimited 

scenarios to 

experiment on 

parameters  

Models packaged 

within software; 

view using free 

ProModel Player  

SIMUL8  

Professional  

Included in main product  Included in main 

product  

Included in main 

product  

Table 1. Description of some simulation programs tools (Dukulis, 2008)  
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2.5 Software maintainability  

Controlling and managing changes is one of the best challenges we have address within 

software engineering (Land,2002). Many publications report the importance of 

maintainability and state the significance of good maintainability in software 

development that it will facilitate adaptions and be less susceptible to faults (Coleman et 

al., 1994). Maintainability is defined the facility which a software system or component 

can be modified to correct faults, improve performance or other attributes, or adapt to a 

changed environment (Riaz et al., 2009). Thus, maintainability is a feature of software 

systems while maintenance means the corresponding process after delivery (Riaz et al., 

2009).  

  

Despite the diversity of attempts to measure maintenance, considerable efforts have been 

made in constructing formulas to describe maintainability (Land, 2002). According to the 

view that maintainability is a set of attributes that depend on the effort required to make 

specific adjustments (Land, 2002), maintainability described according to this approach 

as a function of directly measurable attributes A1 through An, that is: M = f(A1, A2, ..., 

An)  

  

“Maintainability measures are validated using expert judgments about the state of 

different systems and modules. Such prediction models are often based both on the 

argument that maintainability must be discussed in the context of particular changes – it 

might be easy to perform one particular change, while another is virtually impossible” 

(Land, 2002)  

  

 2.6 Effectiveness of a simulation modelling 

A software process simulation model is used to study certain software activities, such as 

development, maintenance, or evaluation (Kellner, 1999). The development of simulation 

models is believed to have an impact on the quality of the models produced (Eriksson, 

2003). 

 

Ahmed et al. (2005) founds that there was lack of material to guide the software process 

simulation model in how to produce a software process simulation model, which is why 

he developed a framework and a guideline for the simulation modeling process. Ahmed 

et al. (2005) focused on simulation quality and model maintainability and through various 

interviews, evaluations and experiments it was noted that the maintainable simulation 

model is more effective, and results are more credible and closer to the real system.  

 

Vale et al., (2015) proposed 7 criteria and guidelines (table 2) to improve software 

maintenance in software product lines, which begin by identifying maintainability 

problems, and elaboration of guidelines to guide software engineers and developers to 

perform maintenance and increase maintainability. 
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ID Criteria 

1 

Description Is the goal of the refinement explicit in the source code? 

Motivation 

The presence of documentation comments indicating the 

purpose of the implementation of refinement facilitates the 

code understanding/analysis. 

Guidelines 

1 - Add at the beginning of class/refinement/method a 

comment stating the purpose of their implementation. 

2 - Rewrite the comment if there is one, but this one is not the 

goal of the class/refinement/method, although it is explicit 

what the code does. 

2 

Description Do the methods of a class have too much responsibility? 

Motivation A method that has a lot of responsibility is difficult to refine. 

Guidelines 

1 - Find methods amenable to refactoring (can be used the 

number of lines of code and/or cyclomatic complexity per 

method). 

2 - Refactor the method met to make it more concise using the 

refactoring methods: Extract Method, Replace Temp with 

Query and Decompose Conditional. 

3 

Description Are there clones of source code at the features implemented? 

Motivation 
Code clones can cause negative effects on software system 

reducing the maintainability and introducing errors. 

Guidelines 

1 - Find code clones and check the reason for its existence (e. 

g., failure of programing or limitation of technology). 

2 - Refactor the code to eliminate the clones, when it is 

possible; using the refactoring methods: Extract Method, Pull 

Up Field and Form Template Method. 

4 

Description 
Are the mechanisms new and overrides used to indicate 

explicitly new and overridden methods? 

Motivation 

In the chain of refinements, a method can be refined several 

times and new methods can be added by refinements. The 

explicit indications of new and overridden methods assist in 

maintaining and indicate to programmer pay attention with 

present methods in the chain of refinement. 

Guidelines 

1 - Find new methods and add new on the declaration of this 

method. 

2 - Find overridden methods and add overrides on the 

declaration of this method. 

5 

Description Do the classes of a feature have too much responsibility? 

Motivation 

Excessive responsibility in a class can indicate the existence of 

God Class. This type of class can generate problems on the 

chain of refinements on the evolution of SPL, because it 

extends the possibility of undue refinements which increase 

the amount of responsibility of class. In addition, a class with 

methods and attributes unduly public or protected can 

facilitate the coupling. 
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Guidelines 

1 - Find Classes with too much responsibility (e. g., excessive 

methods and/or attributes public and protected). 

2 - Refactor classes using the refactoring method: Extract Class. 

6 

Description Are the data of class encapsulated? 

Motivation 

In the chain of refinements may be necessary to access 

attributes to access their values. The mixin composition engine 

composes the features using a sequence of inheritance, so the 

attributes are visible to subclasses. It should implement the 

encapsulation, keeping private attributes and proving accessor 

methods to reduce the coupling. 

Guidelines 

1 - Find the classes that have public or protected attributes. 

2 - Refactor classes using the refactoring methods: Encapsulate 

Field, Remove Setting Method, Move Method and Hide 

Method [7]. 

7 

Description Is the writing of code following the Java Code Conventions? 

Motivation 
Code conventions improve the reading of source code 

facilitating software engineer to understand the code. 

Guidelines 
Inspect the source code of the features adapting it to Java Code 

Conventions. 

 
Table 2 Software Maintainability. Criteria: description, motivation, and guidelines (Vale et al., 2015) 

 

  



15  

  

3 Methodology  
3.1 Research strategy  

As Yin (2002) suggests, a case can be characterized with different layers. For instance, 

the technicality of the situation with different variables. It relies on different data sources 

and benefit from prior data of theoretical propositions to guide the data collection. We 

chose case study as the strategy for this research, this is because we are studying a 

phenomenon in the port of Gävle. As Eisenhardt (1989) states, a case study is based on 

investigating events that are occurring now. We can apply this due to changes that the 

Port of Gävle is facing right now to prepare for future events. Yin (2002) states that a case 

study also needs to fill some criteria to be called a case study. This regards to how the 

interview questions are asked, for instance with “how” and/or “why” questions. Biggam 

(2008) agrees on this statement, but also suggests that “why” questions mainly refer to 

the qualitative field of research and “how” questions are in the quantitative field.  As seen 

in our questionnaire, we have an explorative basis in the study and “how” questions are 

necessary to ask for preparing the port of Gävle for future events.   
 

3.2 Research approach 

The research approach is focused on different fields throughout this study, first we 

determine the type of research, and here we look at what kind of objective we are 

approaching. In figure 8 the different steps in the approach are presented and then 

described why and how the sections are used to deduct this study. 

 

 

 
 
Figure 8: Research approach.   

 

This study is based on positivistic area of research due to the way of research. Opinions 

will be set aside, and the simulation model predicts what will happen and the results will 

be the same regarding to who is looking at it. As Biggam (2008) suggests, positivistic 

research is that the result or observation of the target will not change from observer to 

observer. With other word, the output will always be the same and not influenced by 

human interference. 
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With our simulation model we can only accept the outcome. The validity of the model is 

changing the variable and can be changed, but from an observational point of view the 

values; in this case, time and number of vehicles are not affected by the observer.   

 

 

3.2.1 Data collection  

This study mainly uses quantitative data for the simulation modeling at the port. Only 

some minor observation is a part on this section and has been used to understand the flow 

of the truck internally and externally. Also, to scale the simulation model, more on that in 

chapter 4. The quantitative data will be implemented in the simulation model to provide 

a statistical overview for the truck flow. This is later set as the basis for testing different 

scenarios at the port. 

  

The simulation models will be divided into different parts (see figure 9a), were the first 

part simulates the process of vehicles arriving at the facility and either leaving or 

collecting goods at the port. Simultaneously, the flow will be interfering with personal 

cars at the port and nearby roads. The other parts simulate the lead times and processes of 

moving goods to the berth and different stuffing terminals located at the port of Gävle. 

Also, how the personal cars will affect the goods flow.  

 

  
   
 Figure 9a: Conceptual simulation models  

  

In this study, the data collection is dividing on two segments as seen above (figure 9a), in 

order to provide an understanding of the port and the goods flow. This will be used to 

simulate the processes. And the second segment is to link this to previous research.  

 

3.2.1.1 Primary data  

The first segment involves collecting data for understanding how the flow of goods looks 

like now. Also, providing for how the processes are carried out and lead times for the 

processes. The data was collected during an open interview with a logistic manager at the 

port.  

 

The simulation provides data from today's perspective, which we must validate to have a 

good source of information as possible. The validation involves meetings with the 

employees at Yilport to provide inputs and thoughts on the simulation model. After the 

validation, different scenarios can be setup, for instance, increasing the flow of trucks in 

the simulation model to see the capacity of the port today. Also, what will happen to 

internal- and external logistics if these changes are done. 

3.2.1.2 Secondary data  

This type of data involves data provided from the port of Gävle and Yilport.    
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3.2.2 Data analyzing 

In this study, a mixed analyzing approach is used, mainly a deductive is chosen due to the 

statistical side of this research. The focus is to explain something that may or may not 

occur. As Deborah (2013) states, that deductive research is generally connected with 

quantitative research, as in this study, where the data is mainly quantitative.  

 

According to Creswell (2013) the qualitative approach is a way of creating a link between 

the research objective and the results from raw data. Also developing theory from the 

text-based data that was collected, usually from the secondary data, this is an inductive 

way of researching. This differs from the quantitative side of the research where the 

exploration of theory is in the spectrum and observing the phenomenon through statistical 

test.  

 

The deductive approach is coming from understanding previous theory and analyzing the 

data that comes from the simulation model. This data involves minimum, maximum and 

mean time for the trucks and the cars in the simulation model. Both for the external part 

and the internal. This part of the simulation will be tested in different scenarios and the 

data will be described and related to the different iterations of the simulation. 

 

3.3 Simulation maintainability 

The logic of the simulation model is designed to be adopted to different scenarios or 

expended to handle more processes (Eriksson, 2003). This is done by programming and 

have a standardized way of how the logic operates. When we look at the process flow in 

figure 9b, we see the standard procedure of the processes which is used today at the port 

for personal cars and trucks. But some parts are excluded from the simulation such as bulk 

storage, train transportation and internal processes for the container terminal.  

 

 
Figure 9b: Main processes at the port. 

 

We have left some blocks open so that the simulation model can be expanded without 

creating new logic, these are the orange blocks that we see in figure 9c. 
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Figure 9c: Maintainability of the simulation model. 

 

In the first block, we see different vehicles, now there are trucks and personal cars. This 

can be expended in the future to handle train- and/or boat transportation as well. In the 

second block we have different missions that the vehicle is assigned to and the number of 

gates can be increased in the future. 

 

The import and export can be modified to test what will happen if the numbers are changed 

and what impact it will have. And lastly, it is possible to make new operations with the 

existing logic as well. This can for instance be applying train transportation inside the 

port. 

 

3.4 Critical review of methodology 

3.4.1 Validity  

The validation process of the methodology comes in different steps as suggested by Yin 

(2002). The first step is construct validation which involves:  

 

1. Selecting the specific types of changes that are to be studied (in relation to the 

original objectives of the study) and  

2. Demonstrating that the selected measures of these changes indeed reflecting the 

specific types of changes that have been selected.  

  

The validation process is applied by validating simulation model, through checking the 

existing data and its outputs from simulation and comparing it with the real system and 

its results. Then we can see whether the selected data was the appropriate one, or another 

test should be carried out. As we can see in the next chapter (chapter 4, how the simulation 

model is operating), that we test the simulation from different scenarios. The first one is 

for the current system, the numbers there are set against other iterations for example, 
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testing the second gate. As Biggam (2008); Korb (2012) suggest, that the importance for 

validating a quantitative research is by understanding what you are measuring. For 

example, you are measuring how long a truck is in the port of Gävle, but the outcome is 

how many vehicles are in the port under the measuring time. You will have a result, but 

it is not in the right field of the research. There for, it is important to understand what you 

are measuring. 

  

The next step of validation is the internal one, Yin (2002) states, the internal validity is to 

determine how the x-factor is affecting the y-factor or if some interferences between this 

are not identified. To have the internal validation done, the experimenter must be certain 

that there is a correlation of the tested data. To exemplify this, we can bring up previous 

example, if we test the current system and testing it against an improved and optimized 

version. Like if we open a new gate and have a better road to it, is it the road and the new 

gate that are affecting the outcome or is it some other factor? In our case, we can observe 

and compare the data collected from the simulation and see what happens at certain times 

while running the simulation. Here we can see what factor has influenced the results. And 

the data collection will consist of time it takes for trucks to go to the port, and the 

measurements will be minimum, maximum and average time it takes. Also, measures 

from the internal stay time at the port. This uses the same parameters as the previous 

measurement. 

  

External validity according to Yin (2002) is how to generalize the results of the case study. 

This can be hard for single case studies depending on what type of data collection method 

is used. But, if the data is selected on goods basis this can be readily generalized to a 

larger universe (Yin, 2002). As we see in our research, it is specific to the performance of 

the port of Gävle. This could affect the generalizability if we implement for example, this 

simulation in another port, due to the infrastructure for both internal- and external 

operations. 

Korb (2012) suggests a similar way of validation, this is more directed to quantitative 

research, and how your measurements should be validated. The steps are:  

1. Construct Validity 

• Homogeneity – the instrument of measuring a single construct. 

• Convergence – how other instruments is related to other measures in the 

same construct.  

• Theory – that the test behaves in similar fashion from previous research.  

 

2. Criterion validity  

• Convergent validity – new research in the same field should have a high 

correlation of the previous research.  

• Divergent validity – is the result of the research specifying what the results 

are.  

• Predictive validation - is new research in the same filed having the same 

reasoning of the studied field. 

 

3. Content validity 

• Is the result of the study covering the area that the research was meant to 

do? 
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4. Face Validity 

• Is the measurement instrument measuring what it is supposed to do? 

The first step is to find out if the measurement system generates another result depending 

on the type of measurement tool used. If the result differs from the use of instrument, the 

data-analysis is probably wrong, or the way of conducting the analysis has flaws. If the 

instrument that you are using for the analysis has not been used previously in the same 

field of research, it can be problematic to validate the outcome without references to 

others research. For instance, using Flexsim to analyze different operations in port 

logistics. Is the instrument known to do so? 

Criterion validation for this study lies in the theoretical framework, that we used to 

describe the different processes and measuring tools (different simulation software). Also, 

what we are supposed to measure how it will be done. Due to our results in the simulation 

approach and findings, we describe the relationship between the simulation and the real-

world data.  

The measurements we use to conduct in this study are to compare real world data with 

simulation model. This later used to optimize the system and predict the consequences in 

the future.   

To connect this point to our simulation model we compare it to actual data from the port 

of Gävle and Yilport. Here we can find some similarities from how the real world works 

and how our simulation models get the same outcome.    

3.4.2 Reliability  

The reliability element is how the results can be repeated according to Yin (2002). How 

this research can obtain higher reliability is to be specific in what operations or processes 

that are investigated. For instance, how the simulation model is used, how it is built and 

what different scenarios that are tested. The problem with is that an understanding of 

computer science is required to be able to replicate this. This could affect how this study 

is viewed from a reliability standpoint. Shuttleworth (2009) points out that to be able to 

have high reliability of a test it is impotent to do the same test in different scenarios, this 

is demonstrated in this research by conducting the same test with some modification see 

if there are some correlations or differences between those.  

3.4.3 Ethics and social aspects  

According to Burgess (1989), ethical considerations in research are crucial. They help to 

determine the difference between acceptable and unacceptable behaviors, and ethical 

standards are important because they prevent fabrication or falsification of data by 

promoting the pursuit of knowledge and truth which is the main objective of research. 

Ethical behavior is also necessary for cooperative action because it promotes an 

environment of trust, accountability and mutual respect among researchers.  

  

In our research we consider the anonymity and respect for the different peoples involved 

in this study as an element of ethical principles. This is in commitment to set appointments 

for the meeting and furthermore, this will also help to access the gate. Ports are gateways 
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of international and global trades (Panayides and Song, 2012) so in data collection we 

consider the approval and privacy of data and information.  

  

In societal perspective the use of new technologies requires appropriate experience and 

the need for advanced skills. There is a growing need for training and development in new 

technologies. So, the main challenge is to create and develop new competencies, improve 

entrepreneurs, and companies must work with their employees to develop ideas.  
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4 How the simulation model is operating  
A discrete simulation model introduced that can capture the realistic logistics in the 

complex system. The proposed formulation combines the accurate modelling of the 

various functioning units within the port terminal with the possibility of adding new items 

such as additional unloading units or the improvement of transport and storage facilities. 

The simulation model built in Flexsim is supposed to mimic logistics flow inside and to 

some degree outside the port of Gävle. This is done by building an Automate Guided 

Vehicle network (AGV-network) to simulate different paths for trucks and personal cars 

and how they are driving around the facility.   

  

Our research is to investigate how port logistics can be measured and analyzed with 

simulation tools. The different variables that we simulated was numbers of trucks going 

to the port of Gävle, time before checking in to the facility which was measured from 

Lerviksvägen to the main gate. And the stay time in the system. Due to the scale of the 

map we used as model floor, is not according to reality, we had to measure the time from 

Lerviksvägen to the main gate in real life. This was done driving that path in three 

different iteration as seen in table 3. We used to average time to calculate the velocity of 

a vehicle from reality and converting it to Flexsim AGV movement speed.   

  

Iteration                 Time  Velocity  

1 108  ~60  

2 

3 

 Avg. 

115  ~60  

110  ~60  

111  ~60  

  
Table 3: Time to main gate  

  

This was done by taking the average time and velocity of the iteration and calculating one 

unit of speed in Flexsim and scale it to real time velocity.   

4.1 The 3D-model  

The model consists of two simulations, one built in a 3D-enviroment and the other one in 

2D. The 3d-model is built on a map taken from Google earth for an easier visual 

understanding of the simulation, as seen in figure 10.   
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Figure 10: The 3D-model  

  

The objects that are used for running the simulation are mainly AGV-networks which are 

connected to flow items. The flow items are an object which are the drivers of the 

simulation and are represented by either personal car or a truck model (see figure 11). 

Here we see some red and black lines; these are what the AGV-network consist of. The 

black lines are the actual network while the red is connection between the checkpoints as 

we see as small black dots. This is the beginning of the simulation and the flow items 

goes from Lerviksvägen to one of the gates. As we see in figure 12, there are trucks that 

are in the process of check-in to the facility, we have two gates that we can utilize and 

test in different scenarios.   
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Figure 12: Overview of the gates  

  

In Figure 12, we can see two green objects and two red. These are supposed to symbolize 

where the gates are. And depending on what scenario is tested, one or two is active.   

  

  
  
Figure 12: Flow items and AGV-network  
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Other important 3D-objects used in the simulation is queues that are used as stuffing 

terminals inside the port (see figure 13). These are the dark grey areas where we see the 

containers. This connected with a checkpoint on the AGV-network and works as a 

guideline for the flow item to navigate through the simulation. A Crane is also utilized in 

the simulation, this is used for visually see where the simulation ends, as seen below in 

figure 13. The crane connected with two queues and can pick up goods from one of them 

and leaving it the other. We want the 3Dsimulation to be as accurate as possible there for 

we are implementing new objects in the simulation, these are the model of twenty-foot 

container.   

  
  
Figure 12: stuffing terminal at Yilpot container terminal  

  

Lastly, we are using AGV to work as forklifts internally. As soon as a stuffing terminal 

has filled a container a trigger is used to activate the AGV. Then the AGV is locating the 

position of the container and collecting it and dispatching it to the container terminal at 

Yilport.  

4.2 The 2D-model   

The 2D-simulation is the complex part of building a simulation in Flexsim. The 2D-

simulation consist of the logic for the 3D-simulation. worth mentioning, the two 

simulations work together while the 2D-simulation is determining how the 3D-simulation 

is operating. In figure 14, we can see how the logic is built.   
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Figure 14: The 2D-model  

  

In our simulation, we built the logic in different blocks which are related to different 

processes. The processes consist of:  

  

1. Starting the simulation and create a new vehicle.   

2. Assigning the vehicle to an objective and connecting it to the AGV-network.   

3. Go to assigned gate.   

4. Check-in to the port or go to Bönavägen.   

5. Fulfil task (loading/unloading goods at stuffing terminal or at container terminal).  

6. Go to assigned gate.  

7. Check-out from the port.  
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8. Go to checkpoint at Hamnleden.   

9. Destroy object.   

10. End of simulation.   

4.2.1 The logic of the 2D-simulation  

The logic is built by existing blocks in the program but needs to be adopted to suit the 

purpose with the simulation in question. In our case, some of the logic blocks did not 

exist, therefore we use script programming to compliment some of the functions.   

  

The first step of the simulation is arriving of a flow item, and or a token. A token is a 

representation of an item in the system, even thou, it is in the 2D-simulation. The token 

is created by a source which we determine the inter-arrival time (see figure 15).  

  

  
Figure 15: Source and inter-arrival time  

  

The time between the creation of tokens comes from a memoryless exponentially 

distribution as we see in the graph in figure 15 and this is with other words, random 

intervals. These tokens are also used for determining the time it takes for a truck in be 

created and arriving to the check-in gate and can be modified to suit the number of trucks 

in a day.  This is later connected with the numbers from table 2, were we adopt the speed 

of the trucks in the system from actual numbers.  
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An example of how we can make the truck go to the gate is by utilizing checkpoint in the 

3D-model and connecting it with a global list in the program (see figure 16).  

  

  
 Figure 16: Global list of available checkpoints  

  

 This is later linked with custom code as we see underneath.   

  
/**Custom Code*/ Object 

current = param(1); treenode 

activity = param(2); Token 

token = param(3);  
treenode processFlow = ownerobject(activity);  

  
treenode conpoint = model().find("CP1"); 

treenode TE = getlabel(token,"Truck");  

function_s(conpoint,"addConnection",-1,TE);  

  

Here we state that the token is referred to the label “Truck”, this is specified in the process 

flow as well. We want the truck to search for available checkpoints it can allocate, and 

then go to. When the truck is arriving at the checkpoint, it is removed from the global list 

and will be put back when the truck has allocated a new checkpoint. We use this logic to 
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be sure that no more than one vehicle can allocate the same checkpoint at once. This is 

done to maintain a high maintenance in the logic so it can be adopted to different networks 

and paths on the 3D-model.   

  

In the second step of the simulation, we want to delay the token from entering the port, 

this is done by using a logic block which is called delay. Also, here we utilize exponential 

distribution to simulate changes in the entering time (see figure 17).  

  

   
Figure 17: Check-in process  

 

Why we do it like this comes from that it is seldom that two trucks have the same time for 

checking in. Directly after this process is done the token (or truck) is assigned to a stuffing 

terminal or the container terminal. For the stuffing terminal the task is to leave goods to 

be stuffed into containers, when the container terminal is for picking up containers. For 

assigning which task the token is about to do we use decision points in the logic. Here we 

can add a percentage of which task it should do. According to Yilport, the distribution of 

import and export is an 80% to 20% relationship were export is the biggest factor. Also, 

here we use exponential distribution to determine the pickup or dispatching time.   

  

How to know which task the token is about to do comes from a list where we can see 

available stuffing terminals (see figure 18).  
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 Figure 18: Available terminals  

  

The list contains of all the slots in all the different terminals and the age (or the lifetime) 

determines where the token should enter. We have added 10 slots to each terminal, with 

other words, 10 truck can enter the terminal at the same time.   

  

After the loading/unloading process, once again the token is assigned to a gate, where it 

should exit the facility. We use the same logic here as from the check-in process. Then 

the simulation is done for that token.   

  

The time for the simulation is set to 9 hours, from this number we should be able the have 

between 700 and 1000 vehicles in that period. This is modified by scaling and place the 

location for the exponential distribution.   
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4.3 Different scenarios for the simulations   

In our research, we will test five different settings and collected data from it. The running 

time for the simulations will be nine hours to simulate a full working day. The tested 

settings will be:  

  

1. Simulate the processes with actual data from the port of Gävle.   

This setting was with ~700 vehicles a day, with almost a 50/50 distribution of 

trucks and personal cars.  

  

2. Simulating the processes with an increased number of trucks.  

Here we had doubled the number of trucks entering the port. This number was set 

to ~700 trucks and a total of 1000 vehicles a day.   

  

3. Simulating the processes with actual data and opening a new gate for check-in and 

check-out.  

When we are opening a new gate, the trucks will only go through there if there are 

any blockage or a checkpoint is allocated by another vehicle. This test was also 

had ~700 vehicles.   

  

4. Simulating the processes with an increased number of trucks and opening a new 

gate.  

In this simulation the number of trucks was set to ~700 and with a total of ~1000 

vehicles overall. The new gate will act as back up and evening out the flow of 

trucks.  

  

5. Simulation increased number of trucks and modifying the road to the new gate to 

act as a bottle neck.  

Today, the road to the new gate is a gravel road. This will affect the speed of the 

trucks. In this simulation we well simulate a good asphalt road to see if this affects 

the queue building and external performance. 

4.4 Simulation model development 
 To further develop the simulation model, you can copy one of the blocks inside the 2D-

model and connect it to existing logic. An example is with creating train transportation. 

As we saw in previous chapter in simulation maintainability, there are some presets that 

can be changed to test different scenarios. But if extension will be applied we need to 

modify the logic. The simulation development is therefore divided into different stages. 

 

4.4.1 Create new roads 

In this step of development, we only need to draw new roads in the 3D-model as described 

earlier with the AGV-network. New checkpoints also need to be installed. The logic does 

not need to be modified. 

 

4.4.2 Modify intervals or distributions 

This type of development is in the 2D-model, here we need to find what kind of change 

we want to do. In Figure 19 we show how the import and export are changed to fit different 

scenarios. 

First you need to know the interval that you look for, and then apply it into the box percent. 



32  

  

 

 
Figure 19: Changing the import and export rate. 

 

4.4.3 Creating new operations 

This step is more complex than the others, here we need to create a new block in the 2D-

model. Luckily, most of the process does not need to be developed from scratch, only to 

copy one of the existing blocks that might suit the new operation (note that both 2D- and 

3D-model might need to be modified in this step).  

 

4.5 Software maintenance for a robust design 

Software maintenance is one important aspect of creating a simulation model that can be 

expended and adopted to different scenarios, or even different industries. The importance 

lies in creating an environment that can be modified without disrupting the overall 

structure of the logic. What signifies a simulation model with high maintenance is how it 

can be changed; this is proved in the different test that are carries out in the next chapter 

(chapter 5 Findings). We suggest a structure that can be used in the future for developing 

a new simulation mode: 

 

1. Create a main platform of the for the logic 

This will include the start point for the simulation model and where the first flow item 

enters the simulation and how the logic with tell the object what to do. The structure here 

is crucial to make the operations and processes work as intended.  

 

2. Define the logic 

It is important that the overall structure of the simulation model is created and tested with 

the actual data that will be analyzed later. The output of the simulation model should be 

the last thing to look at for the validation process. It is more important to see that the logic 

is working as intended. 
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3. Divide the logic into different blocks 

For a complex simulation model, it is important that the maintainability is high, this is due 

to changes that may be done in later steps. This is done easily by creating an overall logic 

that will be enough to run the simulation but without extra steps. For an example, the 

simulation model in this study is done with an AGV-network, here we have the main logic 

for the container flow and the infrastructure. Later, other steps are added to the logic but 

with a block structure to make it easy to navigate through the logic and see the different 

steps that are involved.  

 

4. Analyze the through-put in the different blocks and the complete model 

When the logic is ready for the statistical collection, it is important to validate the 

throughput in the different stages of the simulation model. This is due to an overall lock 

at the model can indicate a seemingly correct result but have some issues down the line 

that will create uncertainty for the results. We suggest that the analysis should be in the 

different blocks to begin with. If we have a good result from this, we can start with the 

data gathering for the complete through-put.  
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5 Findings  
In the findings, we will test different scenarios in the simulation model to see how the 

simulation differs from previous ones. Under the subheadings there will be a table with a 

data summery, then two graphs with the raw data for visuals. The first graph will be red 

and contain data from the precheck-in. In the blue graph we have the data from the internal 

stay time at the port. We chose to segregate them to make it easier to understand which 

data you are looking at.  

    

5.1 Collected data from the first simulation model  

As we see in table 4, the average time for the trucks in the port is 2836 seconds. As we 

have found from meetings with Yilport this is a quite accurate number. Also, we see that 

the min value is 1384 which accumulates to 23 minutes which is best case scenario, both 

in the simulation and from reality. Why we have high max value comes from queue 

building from either waiting for an available stuffing terminal or waiting to check-in from 

the gate.    

  

Zones  Avg.  Min.  Max.  

Trucks: Stay time in the port Trucks: 

Time before check-in   
2835,81  1383,82  8269,58  

143.29  112,57  313.92  

  
Table 4: Average stay time and time before check-in, iteration 1  

  

In figure 20, the whole distribution of the time before checking in, and this is measured 

from Lerviksvägen to the main gate. This value corresponds from table 3, where we can 

see the average, max and min time to starting the check-in process.   

  

  
Figure 20: Time before check-in (iteration 1)   
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As mention in previous chapter from table 4, the average time to the gate was around 111 

seconds. This is shown in the min-value from table 4. And when we have a more intense 

flow of vehicles this will affect the time.    

  

For the stay time in the facility, we have a timer which is triggered as soon as a truck is 

entering the port of Gävle. Factors that are affecting the time a truck is in the system 

comes from the time it takes to go to a stuffing terminal and the unloading/loading time 

for the truck. Also, the traffic flow or the number of vehicles in the area can affect the 

stay time for the truck.   

Figure 21: Stay time in the port of Gävle for trucks (iteration 1)  

  

As we see in figure 21, there is a quit big spread of the time in the facility. But if we 

connect this to table 3, most of the trucks are staying in the port under 3000 seconds. But 

there are some instances when the stay time is over 6000 seconds. This corresponds to the 

availability of the terminals and traffic flow as mentioned.   

  

5.2 Collected data from the second simulation model  
Here in the second simulation, we see that the numbers are almost the same in the stay 

time at the port in table 5. With only a minor change in the max stay time. But when we 

look at the time before the check-in process. The averages time to go to the terminal has 

increased with almost one and a half minute. This indicating that the queues has increased 

to the main gate.   

  

Zones  Avg.  Min.  Max.  

Trucks: Stay time in the port   

Time before check-in   

2 897,58  1 341,97  9 120,52  

225,88  112,57  557,73  

Table 5: Average stay time and time before check-in (iteration 2)  
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This is also indicated at figure 22, where we see a higher spread of the time. There are 

more spikes in this graph then the previous simulation as seen in figure 19, this is a direct 

result from the higher number of vehicles.   

 
Figure 22: Time before check-in (iteration 2)   

  

One solution to fix spikes is that we either decreasing the time for vehicles to check-in to 

the facility, increasing the number of slots that are available for at the gate or opening a 

new gate which is tested further down.   

  

The stay time for this simulation as seen below in figure 23. Compared to the previous 

simulation these spikes are in a greater number and has more spread. This probably arrives 

from allocation of checkpoint for vehicles. With other words, the road is blocked.   
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Figure 23: Stay time in the port of Gävle for trucks (iteration 2)  

  

One more interesting thing seen in figure 23, it looks like most of trucks are staying in the 

system for longer periods under certain time periods of the day. Almost a wave shape is 

appearing in the graph. This can also be seen from figure 22, where it is more visibly 

clear. This can be traced back to the simulation logic where we use memoryless 

exponential distribution, or a random exponential distribution for the inter arrival rate.   

  

5.3 Collected data from the third simulation model  
Here in the third run, we have some interesting results shown in table 6. When we open a 

new gate to have more stable flow or the check-in process, the average time is increasing 

slightly. Also, the max time for the process is lower, this result is indicating that the 

process is more efficient but external factors might contribute to the increase of the 

average time. This can be the distance to the new gate or that the speed is lower at the 

new gate due to there is a gravel road there now.    

  

Zones  Avg.  Min.  Max.  

Zone: Stay time in the port   

Zone: Time before check-in   

2 783,22  1 327,48  8 106,63  

177,31  112,57  270,3  

  
Table 6: Average stay time and time before check-in (iteration 3)  

  

When we looked at the graph (see figure 24) for the simulation we needed to change the 

visuals for the format due to the density of the graph. What we can extract from this is 

that the distribution is more than previous runs. The trend for this simulation is clearly 

shown that either the time to the gate is close to 120 seconds or the time is 240. Of course, 

we see some outliers that are outside this trend, but it is not as noisy as the previous 

simulations. The ideal scenario would be if the data is meeting in the middle, as we see 

from the average time before check-in, the time should be around 177 seconds.   
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Figure 24: Time before check-in (iteration 3)   

  

When we look at the stay time (see figure 25) for the trucks in the port, There is no 

significant difference from the previous iterations. You will save around 100 seconds if 

we utilize two gates.   

 
Figure 25: Stay time in the port of Gävle for trucks (iteration 3)  

  

What we can learn from this is the system is robust and can handle infrastructure changes 

and maintain the average lifetime of trucks. This has implications for maintainability for 
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the simulation model. It is built not only for a specific scenario; it can be used to test 

different alternatives of truck paths and such.   

  

5.4 Collected data from the fourth simulation model  
What we can see here in table 7, that this simulation is like to the second simulation. The 

internal stay time is not affected that much from the increased amount of trucks in the 

area. But the time before, has some changes. This is more stable with the increased 

number of vehicles. This shows that if the port has an increased number of vehicles 

entering the port of Gävle in the future they should consider opening the second gate to 

have more efficient way of managing the ingoing traffic.   

  

Zones  Avg.  Min.  Max.  

Zone: Trucks  

Zone: Time before check-in   

2 827,27  1 321,13  9 074,36  

182,08  112,57  273,39  

Table 7: Average stay time and time before check-in (iteration 4)  

  

As we saw in the third iteration of the simulation, when we are opening a new gate the 

time before check-in is more stable. As we see in figure 26, this will also work if the 

number of trucks is increased. But we will have some more outliers here, and this is 

naturally accruing if there are more than one truck arriving at the gate simultaneously. 

This refers to that arrival rate is not normally distributed, and two or more arrivals has a 

probability of happening.   

  

  
Figure 26: Time before check-in (iteration 4)  

  

The implications with this are to prepare for a scenario like this. When we have a doubling 

of trucks in the system and how to handle it if there are queue build ups or blockage in 

the infrastructure.   
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The stay time is still similar from the previous simulations, this means that the port can 

handle the increase of truck flow in the facility. As we see in figure 27, the wave shape is 

appearing once more and still does not affect the overall result of the simulation.  

  

  
Figure 27: Stay time in the port of Gävle for trucks (iteration 4)  

  

5.5 Collected data from the fifth simulation model  
In this simulation, we made the road to the second gate better. This is done by increasing 

the speed that are available for the trucks and this is as according to Hamnleden which 

goes to the main gate. As we see here in table 8, the time before check-in is lower than 

previous simulations with increased number of vehicles. This indicated that this 

influenced the system.  

  

Zones  Avg.  Min.  Max.  

Zone: Trucks  

Zone: Time before check-in   

2 788,43  1 342,37  8 869,07  

134,37  112,57  255,47  

Table 8: Average stay time and time before check-in (iteration 5)  

  

Also, as we see in figure 28, the upper trend is lower than previous simulation with almost 

100 seconds. Why we see two lines in this graph is due to the distance between the two 

gates. The second gate is located further away than the main gate. Also, there are more 

outliers in this simulation, but the time should not have to big impact on following 

process. Only the extreme outliers could contribute with some delay for other vehicles.   
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Figure 28: Time before check-in (iteration 5)  

  

In this graph (see figure 29), we still see the familiar wave shape and the numbers suggest 

that the system is still stable as we should expect if we optimize the system.   

  

  

 
Figure 28: Stay time in the port of Gävle for trucks (iteration 5)  

   

This further validates that we have a robust simulation model which can be used to test 

different scenarios.  
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5.6 Data summery 
In this table (Table 9) we have a summary of the different iterations in previous part. It is 

structured from the scenario, performance measure, and notes from the iteration. The 

waiting- and staying times in this table are also converted to minutes instead of seconds 

as seen in the graphs from the iterations. 

  

 
Table 9: Data summery  
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6 Discussion  
6.1 Discussion of port processes  
As Li and Li (2010) states, that there are several different views of the flow and processes 

of container terminal logistics. Not only for the main processes, but the subprocesses as 

well. What we found from our simulation is that the largest part of the flow items is 

connected to the container terminal which puts pressure on the availability of 

infrastructure and terminals. This concerns all the processes, how an item is 

loaded/unloaded can have an impact on the flow of other flow item. Therefore, we can 

see spikes in the stay time from the graphs. Why it comes to the container terminal is the 

most important part in the port depends on it is acting as a central hub for most of the 

containers and goods for the facility. At the port of Gävle, the container terminal is located 

at the berth, which is a strategic placement due to the transportation of the containers is 

minimized. But as Li and Li (2010) suggests, the container terminals are the main recourse 

and take a lot of capacity for the port. It is not only in requiring space, but in operation 

time and management for utilizing cranes and forklifts as well.  

  

Henesey (2006) states, that there are four subsystems in the container terminal processes. 

In our research we are focusing on three of theses. Transfer, storage and deliver and 

receipt. Why we are not using all of these comes from that this research focusing on how 

different scenarios can affect the internal and external logistics and how we can adopt to 

the changes. Therefore, we do not need the ship to be simulated for the time being.  

  

Transfer in the subsystems refers to how the container is loaded/unloaded to the truck. As 

mention previously we use exponential distribution for simulating changes in the process, 

which regards to issues for the process or simply, everything is going great. What we 

found is that the transfer process is the main issue with container terminal logistics, due 

to how the availability of the stuffing terminals are and how it is easily disturbed. If 

something goes wrong, this has a chance of affecting other incoming trucks, and a longer 

allocation of the terminal then necessary can even affect the check-in process as we have 

seen in the simulation.   

  

The storage is the next subsystem. This is connected to the stiffing terminals, for pack, 

drop off and pick up. We can relate this system to the transfer. As we discussed before, 

longer allocation of the terminals, when necessary, it can affect other processes. And if 

goods cannot reach the terminal the containers cannot be packed and sent to the container 

terminal.   

  

Another important ingredient for the success of the internal infrastructure is to get to the 

port, as Henesey (2006) mentions, delivery and receipt are the process before loading 

/unloading for the container terminals subsystems, as we have seen, the efficiency also 

comes from the external infrastructure. And can affect what is happening inside the port.   

  

According to Marlow and Casaca (2003) port industries can be treated as any other 

industry, therefor performance assessment is a criterion to have the industry working and 

to continue develop the business. With this, we have utilized the performance under 

different scenarios to assess how changes in the system can be affected and how to prevent 

them. As we found, the system is sensitive to large changes in the number of vehicles, 
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this affect the waiting time at the main gate which also led to a slower check-in and more 

trucks are in the system simultaneous. Thus, affecting the allocation of the terminals.   

  

As Feng et al. (2012) did in their research, to summarize 15 different factors that are used 

in assessing performance at ports. We used five of these to conduct our simulation model 

and how to assess which measurements that were important. The first one is port/terminal 

handling, here we need a system to mimic how real life is done and what factor are 

integrated with the process to determine the time for the processes. Another performance 

factor in this is speed of port cargo handling and use this to how efficient the process of 

converting goods to containers. Technical infrastructure of the port is kind of a key area 

for us, here we are testing different solutions for how the external infrastructure can affect 

the efficiency of the internal processes.   

  

What we also need to consider when measuring the performance is how the location of 

the port is affected by it. As previously mentioned, there are some new houses being built 

near the port. By applying a new gate in the existing system and if the amount of trucks 

is increased, this will likely affect the people living near the area. This is with more queues 

and how long the time will be from the port. This relates to the performance measure for 

new developments in the region and depth of navigation channel.   

  

6.2 Discussion of the simulation model   

As Chang and Makatsoris (2001) suggest, the importance of using simulations as a 

research tool is because it is an easy way to understand the system when the model is 

complete. But the step to get there is time consuming and needs a knowledge and full 

understanding of the system in advanced. But while the simulation is running, changes 

can be made to analyze different outcomes in a short time period as Manuj et al. (2009) 

states. This is true to some regard. To be able to analyze different alternatives or scenarios 

the system must have a high degree of maintainability (Ahmed et al., 2005). If the system 

is created for a specific purpose, then the experimenter can have a hard time conduction 

different experiments on the system. As Land (2002) mentions, the most challenging part 

of software maintainability is controlling and managing it. Therefore, it is important at 

the beginning of the creation process to have a strict idea of what you are creating as Zhao 

(2018) suggest. Is it a system for a specific purpose or should the simulation model be 

adoptable to other cases or companies? We started building our simulation from the logic 

of the system because the process of going to a facility and the internal processes are 

usually the same at different companies. If this simulation model should be implemented 

elsewhere, the 3D-model needs to be change, but the logic is implementable.   

  

With the use of simulations as a tool the results may not always be ideal as Law (2006) 

mentions. This can be an effect of the validation and the reliability of the simulation 

model. As Zhao (2018) states, the comparison of the results of the simulation model and 

the real system is how a simulation can be validated. This is true, but a simulation model 

can generate a similar output to a real system but lacking results in sub detail. Therefore, 

the simulation validation should consist in different blocks, where one output is compared 

to the real-life system and so on.  This can be a complex and time-consuming process 

depending on the complexity of the simulation model.   
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To some degree, simulation models are not accurate and need to be treated as an 

illustration of reality, not fully imitating it. This is also suggested by Banks (1998) who 

states the inputs are randomized and the results should not be treated as facts. But a 

simulation can test actual numbers and have a reliable result. In our case, we utilize 

random distributions to be able to test the data existing data due to there are not any 

available data for all the different processes in the real system. Therefore, we can expect 

the interarrival times consist of quite random numbers and test different scenarios from 

this. This kind of validation is also backed by Van der Vorst et al. (1998); Bienstock and 

Mentzer (1999); Appelqvist and Gubi (2005).  

 

Why simulation as an approach is useful and important for companies? It is an 

inexpensive way of to gain insights of processes (Kellner et al., 1999). But experience is 

a requirement to be able to manage the system. And cost for education and time might be 

a factor in performance. One important statement from Disney et al. (1997) is that use of 

simulation might be problematic for many people, due to the complexity and how to 

visualize a logistics system or supply chain. But it is also a great tool for showing those 

people that it is manageable to simplify the system and get somewhat reliable results.   

  

6.3 Discussion of the results  

• How can a simulation model be validated in a case study? 

 

The validation of the simulation model in the case study needs to be divided into different 

blocks due to the complexity. Thereafter, the data provided by the case company or 

through the observation were validated. After validating the various blocks, a full test 

should be applied to determine the whole system.   

 

• How can a simulation approach be beneficial to assess the key factors affecting 

port performance?  

 

Through the study and the practical results that were conducted in the port, including the 

link with the previous studies and theories discussed, the thesis contribute to know that 

by using simulation to represent real system as a virtual interface will allow to test current 

and future situations in logistics flow and operations without having to experiment with 

the purchase of real equipment and at the end saving cost. In addition, using simulation 

as an analyzing tool and documentation (increase reliability and quality) as a key 

performance indicator may enable the logistics management to make the right decision in 

determining future strategies. Also, simulation model approach is developed based on the 

theoretical knowledge that is adapted by taking  empirical findings into consideration, 

such model can be used to structure other academic studies aimed at specific purposes 

such as safety, sustainability, services, and performance.  

 

The results suggesting that real system has the capacity it needs to be able to function 

internally as it is today, with an increased amount of trucks at facility and different 

stuffing terminals. But as results show, the external part of logistics flow might have some 

bigger issues. As mentioned before, simulation models are usually using random variables 

to simulate arrivals. This can have an impact on the system. For example, two trucks are 

arriving at the same time and process for check-in at gate is longer than usual, then it can 

affect the flow even if this does not happen in the real system. We also saw that the 
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external flow could be managed by utilizing a new gate from Bönavägen, then after this 

change, the logistic flow was better and had no effect on the internal process. Overall, the 

waiting time was greatly reduced. But we still need to make some changes to make the 

process run more smoothly, and then we implemented a new road to the second gate, this 

had the largest impact on the time before the check-in process. This also can have some 

future implication of environmental sustainability, to reduce the time trucks and cars are 

waiting to check-in we can reduce the amount of emission in that area. 

 

• How to design maintainability of simulation model? 

 

Based on the analysis, software maintainability criteria guidelines (Vale et al., 

2015), results and experience in this case study, a guideline of designing 

maintainability is proposed: 

 

a. Identifying the key problem in the project 

b. Collecting data and analyzing the data for model development 

c. Developing the conceptual model in an abstract form 

d. Predicting the future behavior of the business process 

e. Validating the prediction 

f. Making the model in blocks so that the blocks are 

independent as much as possible 
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7 Conclusions  
This thesis offers a simulation model for the methodical study of container terminal 

operations at the port of Gävle in Sweden. It is a predictive tool, capable of isolating and 

exploring the contributions of both individual and shared components within the port 

authority and stakeholders. Emphasis was placed on practicality and flexibility, with 

model design to assist with long-term investment planning and decision-making strategies 

in logistics management.  

  

The simulation model is designed with a high engineering maintainability that allows 

interested people to easily modify, upgrade and extend the model for future development of 

port. The developed model can potentially serve as good supporting tool in decision making 

on the management of port. 

  

Through different scenarios in simulation model and repetition in the forward-looking test 

of the logistic traffic increase ratios, new suggestions and solutions have been introduced 

as simulation models, which can help make better strategic decisions. For example, to 

propose the distribution of logistics traffic on port gates at certain rates.  

  

7.1 Contributions & Knowledge  

• A basic simulation model has been developed and demonstrated its application 

• A guideline proposal for how maintainability of simulation model can be designed 

• Various scenarios can be tested in Port of Gävle for evaluation when real data are 

collected for the model validation 

• Specifically, a further effort can be made to investigate what is the performance 

of the port when the container volume increases to different level 

• The model can easily be extended, for example, by including bulk package 

operation 

• Potentially, the built model can be extended into outside of the port and then 

different stakeholders involved: 

• Swedish Transport Administration 

• Gävle-Dalarna region 

• Central Swedish Chamber of Commerce 

• Leading logistics companies 

• Gävle harbor 

• Yilport 

 

7.2 Limitations  

The limitations for this study was amount of data, we had to perform and understand all 

the logistical processes. This is due to the port of Gävle and Yilport does not have that 

kind that we needed, only general guidelines. This regards to stay times and port for 

trucks. But we followed the guidelines and adopted it and maybe in the future the real 

values can be implemented in future if the data is available. Lastly, time has been factoring 

in this thesis, simulation model takes time to develop and validate, and there are still 

things that could be expended or implemented in the system. For instance, train 

transportation and bulk materials at port.    
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7.3 Future research  

For further research, we suggest that simulations are applied into more detail for internal 

processes at port of Gävle and Yilport. This can be by either expending our existing 

simulation model or building new one for sub processes and the areas of expansion can 

be bulk material and/or train transportation. Also analyzing the vessel operations. We also 

suggest that the road Bönavägen is investigated in more detail due to the expansion of the 

port and how it can affect people in that area from emissions and queues from more traffic.   
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