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ABSTRACT 

University Cyber AgenT (UniCAT) is a graphical social networking system. The objective of 

this system is to study the behavior of the local population in University Tunku Abdul Rahman 

(Perak Campus). The UniCAT system contain event sharing module, trading module, bus 

schedule checking module and so on. The main idea of the system is to implement the concept 

of smart campus which benefits the student and the staff in this campus. 

The project will focus on enhance the UniCAT system by solving the parking problem inside 

the campus. However, the project will mainly focus on develop a model and simulate it to solve 

the parking problem. In the simulation, it able to imitate the operation of a real-world process 

or system over time. 

After studying the existing documentation of the software that used, it has been found that the 

software able to provide the feature of simulation. The power of simulation is able to imitate 

all kinds of parking scenario and hence it could run the numbers of simulation tests. The higher 

the number of simulation, the higher the accuracy of the results that produce. Thus, it could 

solve parking problem in more advance by producing the accurate data.  

In conclusion, this project will enable the university authorities to implement a smart parking 

module according to the results and the data that obtain from the model. 
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1.1 Motivation and Problem Statement 

Motivation and Problem Statement 

As a driver inside the UTAR campus will encounter few problems such as: 

1. There is not enough parking spaces, 

2. The carpark is far from the class, 

3. Searching for empty parking space will consume lots of time,  

4. Need to walk a long distance if the carpark is too far from the destination.  

The aim of this project is to solve the problems above. It brings the motivation to solve those 

problem because the drivers will gain plenty of benefits, such as save their time by searching 

around to find parking slots, save energy by parking their car near to their destination. Besides 

that, the university authorities will also get the benefit by applying the model to understand 

better the traffic condition inside the campus and can make improvement from it. 
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1.2 Project Scope 

The scope of this project is to develop a model which allow the imitating of the parking 

condition inside the campus. The model will be utilized to run a simulation in order to allow 

university level decision maker in performing campus planning. We have design sufficient 

modelling components to develop all the carpark in the university. However, during the 

illustration we only cover the carpark at Zone D, Zone E and Zone F. 

1.3 Project Objectives 

The objectives of the projects is to develop a model which is able to analyze and simulate 

the parking problems encountered by the drivers inside the campus. 

1.4 Proposed Approach 

The project will help to develop a model in the metamodeling toolkit called, ADOxx. First of 

all, the software able to represent real carpark module into a data model. By using the model, 

it is easier to know which one is Block, Zone, Carpark and so on. Besides, the software able to 

assign the specific relationship between those attributes. For example, there is the relationship 

between Zone and Carpark. The purpose of this is to provide a convenience way for the system 

and people who use the software to recognize the relationship between the attributes. 

Next, the model allow to perform some analyze and simulation process. In the simulation 

process, the model able to imitate the real parking scenario such as how the traffic follow inside 

this campus, where the drive can search the carpark, how the driver can search the carpark and 

so on. By go through numbers of simulation cycle, the simulated results will go through further 

analyze. At the end the threshold value will be produced. The purpose of the threshold value is 

to let the university authorities know that when is the period that the carpark is full, where the 

carparks are always occupied, when need to alert the driver if the carpark is above the threshold. 

Whereby the drivers have lower chance to get an empty parking space. 

Besides that, this model will help in improving the traffic condition inside campus by go 

through the simulation process, the users able to set the condition which relate to real life by 

initializing the parameter. After that, the model will go through simulation process and produce 

the results for the further analyze use. 
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1.5 Background information 

University Cyber AgenT (UniCAT) is a graphical social networking system. The objective of 

this system is to study the behavior of the local population in University Tunku Abdul Rahman 

(Perak Campus). The UniCAT system is represented by a visualized map. The visualized map 

contains POI such as cafeteria, school buildings and experimental laboratory. 

In addition, an avatar which represents the user will appear in the system when the user is 

performing tasks using the system. The system also contains some features, such as social 

networking features, which enable the processes of file sharing, sending messages, and friend 

management to take place. The user can also share information among him or her and his or 

her friends in the UniCAT system. The information that can be shared among them included 

events, food, studies, and so on. 

The concept of the UniCAT system is to build a smart campus and to provide useful facilities 

to the students and staffs. Thus, the user who ever uses the system can easily share and retrieve 

information from it. However, in order to implement the “smart concept” in the UniCAT 

system, it is necessary to solve the problems which encounter by the students and the staffs in 

this campus. One of the problem that are going to solve in this project is parking problems. 

As a driver in the campus, it causes inconvenience and wasting of time when searching for an 

empty parking slots. Thus, to solve the parking problems this project will introduce a data 

modelling platform. This platform able to help the users to analyze the parking condition with 

relevant data. The analyze results will be very important because it will be use as a parameter 

for the developer to develop a smart parking module. 

Nowadays, data analytic is getting more and more general because it can help to study the 

behavior, pattern, and performance between the user and his or her environment. Data analytic 

has contributed in a variety of fields as well. For instance, it helps the company to make 

business decision by analyzing the past trading data of the company. Once the data analytic 

concept is implemented into the UniCAT system, it will help the user to analyze and generate 

useful results. Hence, the data collected can be reused to perform useful functions for them. 
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1.6 Report Organization 

This report consists of 6 chapters in total. The first chapter is introducing about the project, 

such as the motivation, objective, project scopes and etc. 

In the second chapter, there are five existing softwares that had been reviewed and compared. 

Besides that, the carpark applying the data modelling platform and carpark without data 

modelling platform also compared in this chapter. 

In the third chapter, there is the introduction of ADOxx and the system design. There is the 

project methodology and tools to use introduce in the fourth chapter. In the fifth chapter, there 

is the system implementation and also model results. The last chapter is about the conclusion 

and future work of the whole project.  
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2.1 Review Description 

The literature reviews in this project will breaks into two parts. The first part is to compare the 

data analyze platform. The second part is the comparison between the carpark with and without 

the implementation the data modelling method. 

There are plenty types of the data analytic platforms that found in this world. Some of the data 

analytic platform will represent the end results with graphical model, some of them will 

represent the end results with modelling method. Thus, this project will review different types 

of data analytic platform and compared them based on the need of this project. 

2.2 Review of Existing System 

2.2.1 ER/Studio Enterprise Team Edition 

ER/Studio Enterprise Team edition is a sets of new standard for data management that 

empowers the users to easily share, document and publish models and metadata across the 

whole organizations. 

Features of ER/Studio Enterprise Team Edition 

1. Provide the capabilities in analyse, document, and share essential models and metadata 

across the organization. 

2. Provide the metadata foundation to quick respond to business process demands for the 

data management professionals which will able to lower down the risk of non-

compliance, and deliver more actionable insight. 

3. Gives support of strategic enterprise system including Teradata, Netezza, Azzure and 

so on. 

4. Provides fastest, easiest, and most collaborative way for data management professionals 

to build and maintain enterprise-scale data models and metadata repositories. 
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There are some feature and the description about ER Studio represent in Table 2.1. 

  

Table 2.1 Features and Description 

about ER Studio 
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Besides the features there are some benefits represent in Table 2.2. and Table 2.3. 

  

Table 2.2 Benefits of ER Studio 

Table 2.3 Benefits of ER Studio 
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2.2.2 PowerDesigner Enterprise Architect 

The PowerDesigner Enterprise Architect allows the users to build a blueprint of the current 

enterprise. Besides that, it allow the user to visualize the impact change before it happens. 

Features of the PowerDesigner Enterprise Architect 

1. Help to prepare for new technologies and process improvement by mapping and 

understanding the information architecture 

2. Use a drag-and-drop interface to capture all the business requirements and design ideal 

implementation plans. 

3. To avoid potential risks roadblocks by performing IT impact analyses. 

4. Streamline data migration which including to SAP HANA, with a built-in migration 

feature 

5. Implement intuitive visualizations and Web-based dashboards to simplify collaboration 

between business and IT. 
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Apart from the features in side Figure 2.1 show us the Functional Capabilities and Figure 2.2 

show us the Techinical capabilities of the PowerDesigner Enterprise Architect. 

Figure 2.1 Functional Capabilities 

 

 

 

  

Figure 2.2 Technical Capabilities 
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Inside the Table 2.4 present the comparison of the ER Studio and the PowerDesigner 

Enterprise Architect data modelling tools. 

 

  

Table 2.4 Comparison of ER Studio and PowerDesigner Enterprise Architect 
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2.2.3 R Studio Integrated Development Environment (IDE) 

RStudio Integrated Development Environment (IDE) is one of the popular open source 

software for statistical computing and graphics. This open source software brings a lot of 

powerful coding tools together into an intuitive, easy-to-learn interface. R is designed around 

its core scripting language but also allows integration with compiled code written in C, C++, 

Fortran, Java, etc., for computationally intensive tasks or for leveraging tools provided for other 

languages (Vezani, 2011). Hence, the design of the Integrated Development Environment (IDE) 

is used to facilitate the user-written which extended by the R languages 

Apart from these, there are some existing IDEs for R as shown inside Table 2.5. 

Table 2.5 Others existing IDEs for R 

  



Chapter 2 Literature Review 

BCS (Hons) Computer Science 

Faculty of Information and Communication Technology (Perak Campus) 

 12 

Moreover, there are few reasons which cause the RStudio IDE to become a popular platform 

for statistics computing, such as: 

i. Four-panel layout with nicely integrations which includes: 

a. A console for interactive R sessions 

b. A tabbed source-code editor to organize a project’s files 

c. Panels with notebooks to organize less central components. 

ii. Source-code editor is rich with all kinds of features and with built-in console 

iii. The tightly linked between console and source-code to R’s internal. This helps the 

system through tab completion and also page viewer component. 

iv. The switching between different projects become easier due to setting up them is a snap. 

v. The friendly use of the administrative tools for managing packages, the workspace, 

files, and so on. 

vi. Three main operating systems are provided and can be executed through a web browser 

for remote access. 

vii. Brings more convenience to users: 

a. Easier to learn compare to Emac/ESS 

b. Easier to configure and install compare to Eclipse/StatET 

c. Bettor editor than JGR 

d. Better organized than Sciviews 

e. Available more platform than just Windows. 
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Table 2.6 shows the RStudio on initial startup, the main interface has four panels (one hidden 

in this screenshot), a toolbar, and in some cases, a menu bar. 

Table 2.6 shows the RStudio on initial startup 
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2.2.4 Google Cloud Platform 

According to Sells, 2016 he said that Google Cloud Platform is known for many things, like 

big data, machine learning and the global infrastructure that powers Google. Google BigQuery 

allows businesses and developers gain real-time business insights from massive amounts of 

data without any up-front hardware or software investments. (Google, 2012). There are lots of 

benefits for the users when they are using google cloud as their data analysis platform, like the 

storage is quite large that will able for the user to store whatever they want, if the storage is not 

enough they still can purchase to upgrade their storage. Besides this the data is protected with 

high level of security system. Figure 2.3 below shows the Google Cloud Analytics Platform. 

Figure 2.3: shows the Google Cloud Analytics Platform 
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According to Google,2012 the features of Google BigQuery: 

i. Scalability 

a. Data storage is huge enough to store up until hundreds of terabytes which does 

not require any management. 

ii. Speed and Flexibility 

a. Using the processing power of Google’s infrastructure to run super fast SQL 

queries against multiple terabytes of data in seconds. 

b. User friendly syntax like SQL query and intuitive web UI 

c. Able to JOIN enormous fact tables to most lookup tables 

iii. Integration and accessibility 

a. Integration with Google spreadsheets by letting data analysts drive massive 

datasets in BigQuery directly from a spreadsheets interface. 

b. Interactive dashboards easily build with Google AppEngine, and smooth data 

export to Google Cloud Storage. 

c. Easily read and write data in BigQuery via Cloud Dataflow, Spark, and Hadoop. 

iv. Security and reliability 

a. Multiple layers of security system protect users’ important data 

b. Customer have fully control over who has access to the data stored in it.  
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2.2.5 ADoxx 

ADoxx is the meta-modelling development and configuration platform for implementing 

modelling methods. The implementation result using ADoxx are modelling toolkits. It can be 

utilized for the development and configuration of modelling tools by User management, 

Library management, Meta model specification and Algorithms and Mechanism 

implementation.  

Besides that, the ADoxx Modelling Toolkit can be use to create and modify models according 

to a selected ADoxx meta model by using the Model management, Modelling, Stimulation, 

Queries import and export.  

 

  

Figure 2.4: Meta Modelling Platform Hierarchy: ADoxx 
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2.3 Critical Remarks 

2.3.1 System Comparison 

Table 2.7 System Comparison Table 

Criteria ER Studio PowerDesigner 

Enterprise Architect 

R Studio Google Cloud 

Platform 

ADoxx 

Analyze 

data 

Yes Yes Yes Yes Yes 

Perform 

simulation 

No No No No Yes 

Mapping 

the 

relationship 

Yes Yes No No Yes 

Way to 

present the 

results 

Table 

form 

Table form and 

diagram 

Graphical 

form 

Graphical form Diagram 

form 

 

2.3.2 Criteria Explanation 

Table 2.8 Criteria Explanation Table 

Criteria Elaboration 

Analyze data The platform able to perform data analysis. 

Perform-

simulation 

The platform that able to perform simulation when the user provide data. 

Mapping the 

relationship 

Linking the relationship between the classes in order to perform analysis 

of the data. 

Way to present 

the results 

The method that the tools choose to present the result to the user.  
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2.4 Comparison between the carpark applying and without applying the data modelling 

platform 

Table 2.9 Comparison between the Carpark Applying and Without Applying the Data 

Modelling Platform Table  

Condition Apply Data Modelling 

Platform 

Without Applying Data 

Modelling Platform 

Traffic Management Problem 
Solve Unsolved 

Carpark Management Problem 
Solve Unsolved 

Parking Problem 
Solve Unsolved  

Enlarge of Parking Spaces 
Effectively Ineffectively 

 

2.5 Comparison Elaboration 

Traffic Management Problem 

By applying the data modelling platform, at first the platform will demonstrate the situation of 

the traffic scenario for the users. After that, the platform will let the users know when is 

consider as a peak hour which at that moment the car follow is more than the normal hour. The 

user can refer to the result and make some arrangement for the car follow. When the driver 

want to carpark during the peak hour, the platform can shows where the driver should park at. 

On the other hands, without applying the data modelling platform the traffic inside the campus 

still maintain as usual. For example, at peak hour the all car will jam at there and some driver 

also encounters difficulties in finding empty parking slots. 
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Carpark Management Problem 

When applying data modelling platform in carpark management, the platform will manage the 

carpark very well. This is due to the platform able to estimate when the carpark will be fully 

occupied and where the carpark not yet occupied. In this case, when the drivers request for 

empty parking slots, it will refer the driver to the carpark which is available. In other words, if 

the without applying the data modelling platform, the carpark management still in messy 

conditions. This is due to the drivers will place their car whenever they see an empty space. 

Parking Problem 

When applying data modelling platform in carpark management, the platform will let the 

drivers know where is the carpark which nearest to them. Besides that, the drivers will also 

save their time in searching for empty parking spaces and need to walk a long distances before 

reaching their destination. However, the carpark management did not apply the data modelling 

platform, the drivers inside the campus still face difficult in finding the empty parking slots 

and need to waste too much time on searching for parking slots. If the driver parks his car too 

far from the destination, he need to waste his time on walking to his destination. 

Enlargement of Parking Spaces 

When the other developer want to enlarge or increase the number of parking spaces, the data 

modelling platform can demonstrate and simulate the results for the developers. Thus, the 

developers can refer to the results that shown to do further enlargement and expansion. The 

enlargement of the parking spaces will also would not cause any waste of money. This is due 

to the platform able to estimate how many carpark can allocate the desire numbers of cars that 

the developers wanted. On the other hands, if without the data modelling platform the 

developers would not able to estimate well how many carpark is needed or when is the carpark 

need to build at. 
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3.1 Introduction of ADOxx 

Adoxx is a Metamodelling Platform that able to develop full-fledged Modelling Toolkit. 

ADOxx offers a wide range of various functionality for implementing the modelling toolkit. 

This Metamodelling Platform consists of two toolkit which is ADOxx Development Toolkit 

and ADOxx Modelling Toolkit. 

3.1.1 ADOxx Development Toolkit  

ADOxx Development Toolkit supports the user in developing 

model structures, metamodels and functionality. There consists of 

administration of ADOxx users and user groups, ADOxx libraries, 

ADOxx models and model groups are also carried out within the 

ADOxx Development Toolkit. Figure 3.1 shows the platform of 

ADOxx Development Toolkit. 

  

Figure 3.1: ADOxx Development Toolkit 
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Use Management 

 

The User Management components allows the ADOxx developer to create and authorise 

ADOxx users. By assigning ADOxx users to ADOxx user groups, the access rights of the users 

to model groups and models can be defined. The creation, alteration and deletion of users and 

user groups are also possible within this component. Figure 3.2 shows the user management 

platform. 

  

Figure 3.2: ADOxx Development Toolkit – User Management 
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Library Management 

 

Library Management allows to implement a domain specific library. The library management 

system allows to create the class attribute, class hierarchy and relations. The library 

management system also allows to import and export and delete. User also allows to edit and 

check the library and class attributes of the application libraries takes place within this 

component. Figure 3.3 shows the library management platform. 

 

  

Figure 3.3: ADOxx Development Toolkit – Library Management 
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Model Management 

 

The ADOxx administrator can import, export and delete ADOxx models, model groups and 

application models in the model management system. The access rights of user groups are 

assigned to ADOxx model groups as well. The administrator also can perform model groups 

creation and alteration. Figure 3.4 shows the model management platform. 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3.4: ADOxx Development Toolkit – Model Management 
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Attribute Profile Management 

 

The ADOxx administrator can perform the action of add, delete, edit, export or import the 

ADOxx attribute profile groups in the attribute profile management. It represent the repository 

concept in ADOxx. It also represent one or more attributes, may be reused for any object and 

can be centrally maintained. Attribute profile are embedded in the user rights systems which 

enable unified and controlled care over attribute profile. Figure 3.5 shows the attribute profile 

management. 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3.5: ADOxx Development Toolkit – Attribute Profile Management 
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Component Management 

 

Additional components of ADOxx can be made available to the ADOxx users by using the 

component management. The current configuration of the Modelling Toolkit can be checked 

within this component. Figure 3.6 shows the component management.  

 

 

 

 

 

 

 

 

  

Figure 3.6: ADOxx Development Toolkit – Component Management 
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3.1.2 ADOxx Modelling Toolkit  

ADOxx Modelling Toolkit allows the user to test and debug the 

implementation after the models are created. Inside the ADOxx 

Modelling Toolkit, it consists of large number of components and 

modules, which allows to analyze, simulate and evaluate the models 

that created. Figure 3.7 shows the platform of ADOxx Modelling 

Toolkit. 

 

  

Figure 3.7: ADOxx Modelling Toolkit 
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Modelling 

 

 

In the modelling system, the user can build the models that require. The user can create the 

models by using the graphical editor which provided by the system. 

Analysis 

 

 

In the analysis system, the user can run the queries on the ADOxx models and relation tables 

and predefined charts can be produced in the system as well. The results of a query can de 

displayed either as a table or graphically. Besides, the results can also be exported to an ASCII 

file. It allows the user process the results future in another application, such as, spreadsheet, 

word processor and so on. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3.8: ADOxx Modelling Toolkit – Analysis Component 
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Simulation 

 

 

The simulation system allows the user to run four simulation algorithms which is Path Analysis 

which simulates the process-based models, Capacity Analysis, Workload Analysis (steady 

state), and Workload Analysis (fixed time period) which simulate the process-based models 

and the corresponding Static models. 

 

  

Figure 3.9: ADOxx Modelling Toolkit – Simulation Component 
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Evaluation 

 

 

The evaluation system enable the mechanism for the evaluation of “should-be” models as real 

running process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3.10: ADOxx Modelling Toolkit – Evaluation Component 
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Import/Export 

 

 

The import/export system provides the option of exporting ADOxx models, model groups 

and application models into ADL or XML files as well as importing them into the ADOxx 

database from such files. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3.11: ADOxx Modelling Toolkit – Import/Export Component 
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3.2 Introduction of Model Design 

Inside UTAR campus, there is limited parking spaces for the drivers. Thus, the drivers will 

definitely face the parking problem. Instead building more carpark, the system is going to help 

the drivers and the campus to manage well the parking condition inside the campus.  

First of all the system is going to model the scenario which will encounter by the driver inside 

the campus. For example, the driver which study at block D. Before he manage to search for 

the parking space. He will go through Zone D. In Zone D area, there consists of Block D, and 

2 Carpark. If the driver unable to get the parking space in Zone D then he will start to search 

the parking space either in Zone E or Zone F as shown in Figure 5.5: Design the Dynamic 

Model. 

In the system, there is the chance or probability value that assign to each Carpark. Where the 

rules for the probability is the nearer to the destination which the driver wish to go, the higher 

the probability of the Carpark he will get. For example, the driver wish to go to Block D, then 

the probability that he search parking space in Carpark D is higher than other Carpark as shown 

in Figure 5.7: Assign the Probability Value. 

At this point, the probability that assign is according to the Rank Order Centroid which used 

in modelling human decision logic. Rank Order Centroid Equation: 

Weigh ti =(
1

𝑛
)∑ (

1

𝑖
)𝑛

𝑖=1  

Where: Number of criteria (n) – the number of decision components being evaluated. 

By using the Rank Order Centroid, we can estimate the chance that the normal human will 

made. For example, there is three criteria that allow the human choose, through the calculation 

of Rank Order Centroid the higher probability that he will made is 0.28 (approximate 0.30). 

After the modelling is create and all conditions are set. The system are go through the 

simulation process. During the simulation process there are few data that could analyze from 

the results. Such as, how many car will park at the particular carpark, how much occupancy 

(workload) of the particular carpark, how much time the driver need to spend in order to find 

parking space and so on.  

Lastly, the simulated results will go through some analyze and the threshold value will be 

produced depends on the occupancy (workload) of the particular carpark. 
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3.2.1 Introduction of Model 

3.2.1.1 Dynamic Model 

 

 

 

 

Zone – Represent the Zone of particular Block. Classified into two type, Starting Point of Zone 

and Ending Point of Zone as shown in Figure 3.12. 

 

 

 

 

 

Carpark – Represent the Carpark of particular Block. 

 

 

 

 

 

Decision Point – Represent the state that the decision start to make. 

 

 

 

 

 

Smart Variable - Variables are used in models in order to define transition conditions. 

  

Figure 3.12: Zone Model 

Figure 3.13: Carpark Model 

Figure 3.14: Decision Model 

 

Figure 3.15: Smart Variable Model 
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Variable Generator - The random generator is used to assign values to variables. The variable 

may be assigned with a value by a normal, exponential, uniform or discrete distribution 

function. 

3.2.1.2 Static Model 

 

 

 

 

 

Block – Represent the particular Block in the campus. 

 

 

 

 

 

Counter - The objects of this class represent the particular performers within the working 

environment. Each performer may have one or more roles and may belong to one or more 

organizational units. A performer may also be the manager of one or more organizational 

units. 

 

 

 

 

 

Role – Represent the role for the particular performer. 

  

Figure 3.16: Variable Generator Model 

Figure 3.17: Block Model 

 

Figure 3.18: Counter Model 

Figure 3.19: Role Model 
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3.2.1.3 Specified Relationship between the Attributes 

In Figure 3.20, it shows that the Zone F starting point is linking with the decision making model 

then link to carpark and lastly is linking to the Zone F ending point. In this state, when the 

drivers are enter to the Zone F staring point it will go to decision making model and make some 

choices before they enter to the Zone F Carpark1. After the decision is make, then the drivers 

will enter to the particular carpark then lastly will left the carpark and enter Zone F ending 

point.  

 

 

 

 

 

 

 

 

 

In Figure 3.21, it shows that the Counter D belongs to Block D and has a specified role. The 

role of the Counter D is to count the numbers of car that enter to the specified carpark. 

  

Figure 3.20: Relationship Explanation 

Figure 3.21: Relationship Explanation 
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3.2.2 Worst Case 

In order to get the better comparison with the smart parking module, the project also create the 

normal scenario which without the complex and intelligent simulation model named “Normal 

Carpark Condition”. The parameter that used to compare between the worst case and the best 

case is through the occupancy (workload) of the carpark.  

There have 200 drivers having class at block D. when the 200 drivers wish to go Block D. They 

will start to search at Zone D Carpark. If failed to get the parking space at Zone D Carpark. 

They will start to make decision whether want to go to Zone E or Zone F Carpark. The scenario 

shows in Figure 3.22. 

The model must follow some rules and regulations.  

1. All the value that assign in the variable generator model will calculate through the Rank 

Order Centroid.  

a. The nearer the Carpark near to the destination, the higher probability that 

assigned to. 

2. The time that the drivers park at the parking space at particular Zone (Execution Time). 

a. Zone D Carpark – 2 minutes 

b. Zone E Carpark – 1 minutes 

c. Zone F Carpark – 1 minutes 

3. The time that the drivers drive from one carpark to another carpark (Transport Time). 

a. Zone D Carpark to Zone E Carpark – 5 minutes 

b. Zone D Carpark to Zone F Carpark – 5 minutes 

4. The time that the drivers look around to search for parking space (Resting Time). 

a. Zone D Carpark – 5 minutes. 

b. Zone E Carpark – 5 minutes. 

c. Zone F Carpark – 5 minutes. 
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Figure 3.22: Worst Case  
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Figure 3.23: Worst Case - Variable Generator 

 

 

Figure 3.24: Worst Case - Execution Time Setting 
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Figure 3.25: Worst Case - Static Model Setting 
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3.2.3 Best Case 

In the best case scenario, the model is create in the intelligent way. Instead of searching from 

one Zone to another Zone. At the end, the model able to assign the driver go to the certain 

Carpark. In this scenario, when the driver is reach Zone D, the driver can make a choice whether 

he want to find the Carpark in Zone D or straight away find the Carpark in Zone E and Zone F. 

The advantage of this model is to help the driver to save their time instead of keep searching 

around from one Zone to another Zone.  

At the end, the model able to simulate the workload of the certain carpark, the number of car 

will go to certain carpark and the simulated results will compare with the worst case. Lastly, 

the simulated results will go through some calculation to obtain the final threshold of the 

carpark. 

The purpose to obtain the threshold is to alert the driver whether the carpark still have enough 

parking space for them or not. If the carpark is below the threshold, the drivers have higher 

chance to find the parking space in that carpark. On the other hand, if the carpark is above the 

threshold, the drivers have lower chance to find the parking space in that carpark. However, 

how to use the threshold is not a concern in this project. The project is help to get the optimal 

threshold through modelling and also simulation. 

In this best scenario the model must follow some rules and regulations.  

1. All the value that assign in the variable generator model will calculate through the Rank 

Order Centroid.  

a. The nearer the Carpark near to the destination, the higher probability that 

assigned to. 

2. The time that the driver find the parking space at particular Zone (Execution Time). 

a. Zone D Carpark – 2 minutes 

b. Zone E Carpark – 1 minutes 

c. Zone F Carpark – 1 minutes 

3. The time that the drivers drive from one carpark to another carpark (Transport Time). 

a. Zone D Carpark to Zone E Carpark – 5 minutes 

b. Zone E Carpark to Zone F Carpark – 5 minutes 
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Figure 3.26: Best Case - Zone D 

Figure 3.27: Best Case - Zone E 
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Figure 3.28: Best Case - Zone F 

 

 

Figure 3.29: Best Case – Static Model Setting 
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4.1 Project Methodology 

In this project, Evolutionary Prototyping methodology will be applied as its software 

development methodology. 

Evolution prototyping is a lifecycle model in which the system is developed in increments. It 

is based on the idea of developing an initial implementation. Thus, it is ready to be modified in 

response to end-user and customer feedback. The model will keep refining through many stages 

until an adequate system is developed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Perform Module 

Design 

Construct Prototype 
Refine Prototype 

User Evaluation 

Gather User 

Requirements 

Final Product 
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4.1.1 General Work Procedures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Scope and Objective 

- Gathering requirements of the project. 

- Determine the project scope. 

- Setting objectives for the project. 

- Setting project workflow and milestone. 

Application analysis and Solution proposal 

- Analyze the requirements. 

- Refer to similar systems and existing 

parking scenario to determine a better 

solution. 

Study on UniCAT system 

- Study and analyze the architecture of 

UniCAT. 

- Understand the purpose of the system. 

- Determine the problems of the existing 

system. 

Development Phase I (Parking Scenario) 

- Study and understanding the functions 

and feature inside the platform. 

- Gather data that related to the parking 

scenario. 

- Mapping the data collected with the 

platform for analyze and simulation 

process. 

User Evaluation and Testing 

- User evaluates the prototype and gives 

feedbacks. 

System Development 

- Initiate the service on the server. 

- Publish the Searching Parking Slots 

module to the users. 
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4.1.2 Work Procedure Elaboration 

Pre Planning Stage 

Conduct some research based on the current UniCAT system. For instance, understanding the 

project background, functionality and features of each modules, contributions of previous 

developers. Start to identify the problem in the UniCAT system and the problem statements 

are constructed. 

Planning Stage 

After identify the problem of the UniCAT system, allocate the project scope based on the 

research and findings. The objective and expected contribution of the project are then identified 

from the project scope. The next step is to decide the methods use and the workflow of the 

project. 

Analysis and Design Stage 

Review several existing systems and the parking scenario that are similar to the project scope. 

In this process, the strengths and limitations of the system and the parking scenario are analyzed 

for further comparison. The results of comparison are recorded in the table. After comparing 

the existing system and parking scenario, a new approach is proposed. 

Development Phase 

Study and understanding the functions and features in the platform that chooses. After that, 

collect the data that related with the parking scenario. Next, maps the data collected with the 

platform for the purpose of analyzing and simulation. 

Evaluation and Testing Stage 

The prototype will be tested by the user and obtain the feedback from them. If the user request 

for further refinement, then the prototype will be returned to the previous phase and make the 

changes. This loop will keep running until the fulfil satisfaction of the user. The feedback will 

collect and record for the future maintenance purpose. 
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4.2 Tools to use 

ADOxx Development Toolkit 

A data modelling platform that serve the development part. 

ADOxx ModellingToolkit 

A data modelling platform that serve the analysis and simulation of the data that the users 

provide. 
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4.3 Timeline 

Gantt Chart (Project 1 and Project 2) 

 

Figure 4.1 Timeline Project 1 and 2 
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Figure 4.2 Gantt Chart Project 1 and 2 

 

  



Chapter 5 Implementation and Results 

BCS (Hons) Computer Science 

Faculty of Information and Communication Technology (Perak Campus) 

 48 

5.1 System Implementation 

5.1.1 ADOxx Development Toolkit 

Step 1: Creation the new class inside the Smart City Dynamic Library as shown in Figure 5.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 5.1: Creation of New Classes in Dynamic Library 
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Step 2: Creation the new classes in the Smart City Static Library as shown in Figure 5.2. 

 

  

Figure 5.2: Creation of New Classes in Static Library 
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Step3: Addition the new class in the library attributes as shown in the Figure 5.3. 

 

  

Figure 5.3: Addition the new class in the library attributes 
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5.1.2 ADOxx Modelling Toolkit 

Step 4: Creation of new model as shown in Figure 5.4. 

 

Step 5: Design the dynamic model as shown in Figure 5.5. 

  

Figure 5.4: Creation of the Model 

Figure 5.5: Design the Dynamic Model 
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Step 6: Design the Static Model as shown in Figure 5.6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 5.6: Design the Static Model 
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Step 7: Assign the probability value in the variable generator as shown in Figure 5.7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 5.7: Assign the Probability Value 
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Step 8: Assign the counter (performer) in each Carpark as shown in Figure 5.8. 

 

  

Figure 5.8: Assign the Counter to Carpark 
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Step 9: Assign the execution time, waiting time to each of the carpark as shown in Figure 5.9. 

  

Figure 5.9: Assign the Execution Time to Carpark 
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Step 10: Start the simulation as shown in Figure 5.10. 

 

 

  

Figure 5.10: Start Simulation 
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5.2 System Results 

5.2.1 Worst Case 

Step 1: Assign 200 drivers to the system. 

  

Step 2: Assign the value of:  

i. Execution Time (time for driver takes to find the parking space),  

ii. Waiting Time (time for the event wait for the previous event), 

iii. Resting Time (time for the driver to travel around in the carpark),  

iv. Transport time (time for the driver transport from one Zone to another Zone). 

  

Figure 5.11: Assign Total Number of Drivers 

Figure 5.12: Assign Value for Execution, Resting and Transport Time at Zone D Carpark 
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Figure 5.13: Assign Value for Execution, Waiting and Resting Time at Zone E Carpark 

Figure 5.14: Assign Value for Execution, Waiting and Resting Time at Zone F Carpark 
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Further elaboration on Execution Time, Waiting Time, Resting Time and Transport Time. Refer back 

the model that build in the Figure 3.22: Worst Case. 

The drivers start search the parking space from Zone D then follow by Zone E or Zone F. During the 

searching in Zone D, it take 5 minutes for the drivers to drive around in the Zone D Carpark (Resting 

Time). Then, it takes 2 minutes for the drivers to park in the parking space (Execution Time). However, 

if the driver failed to find the parking space in the Zone D Carpark. The drivers will take 5 minutes to 

travel from Zone D either to Zone E Carpark or Zone F Carpark (Transport Time). 

At the Zone E Carpark, the drivers need to take 5 minutes to drive around the Zone E Carpark in order 

to find the parking space (Resting Time). Then it also takes 1 minutes for the drivers to park at the 

parking space (Execution Time). The (waiting time) for Zone E event is 10 minutes to wait for the 

previous event finish executing.  

While at the Zone F Carpark, the drivers also need to take 5 minutes to drive around the Zone F Carpark 

to find the parking space (Resting Time). Then the driver take 1 minutes to park at the parking space 

(Execution Time). The waiting time for Zone F is also 10 minutes to wait for the previous Zone D event 

finish executing. 

(Please that note that the Execution Time, Waiting Time, Resting Time and also Transport Time 

can be change due to time to time. In this project the time that assign is depends on some 

particular situation. ) 

Figure 5.15 and Figure 5.16 shows that how each of the time is mean for. 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 5.15: Assign of Time 

Figure 5.16: Assign of Time 
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Step 3: Assign the value in variable generator as shows in Figure 5.17. The value is obtain from 

the equation of Rank Order Centroid shows in Figure 5.18 and the value also follow the rule 

where the nearer the carpark the higher the probability value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 5.17: Assign Value for Variable Generator 

Figure 5.18: Assign Value obtain from Rank Order Centroid 
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Step 4: Simulation Setting as shows in Figure 5.19. 

Number of simulation: 1,000 

- Which means that simulation will run 1,000 times before the execution of the results. 

The more the simulation time, the more accurate the simulated results will be produced. 

Working days per year: 365.0 days 

- Which mean the simulation will run according to the “real time”. The working day is 

weekday except Saturday and Sunday. 

Hours per working days: 24.0 hours 

- When the working days per year set to “real time ” the hours per working days also 

need to follow the “real time” situation which means 24.0 hours of working. 

  

Figure 5.19: Simulation Setting 



Chapter 5 Implementation and Results 

BCS (Hons) Computer Science 

Faculty of Information and Communication Technology (Perak Campus) 

 62 

5.2.1.1 Worst Case Simulation Results 

Simulation through capacity analysis system. 

From Figure 5.20, we can know that at first there are 200 drivers pass through the Zone D 

Carpark and take the total time of 6 hours 40 minutes. After pass through the Zone D carpark 

there are 130 drivers choose to go Zone E Carpark and 70 drivers choose to go Zone F Carpark 

where takes 2 hours 10 minutes 12 seconds and 1 hours 9 minutes 48 seconds respectively. 

Please take note that, although the probability that set in the variable generator as shows in 

Figure 5.17. The probability value for going Zone E carpark is 0.63 and probability value for 

going Zone F carpark is 0.37. It does not mean that 126 drivers go to Zone E carpark and 74 

drivers go to Zone F carpark. Through 1,000 times of simulation, we can found out that 130 

drivers have higher chance will choose Zone E carpark and 70 drivers have higher chance to 

go Zone F carpark. This is more close to the real situation that the drivers will make this choices. 

 

  

Figure 5.20: Simulation through Capacity Analysis System 
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Figure 5.21: Simulation through Capacity Analysis System (fixed time period) 
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Figure 5.22: Simulation through Capacity Analysis System (fixed time period) 

Figure 5.23: Simulation through Capacity Analysis System (fixed time period) 
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5.2.2 Best Case 

Step 1: Assign 200 drivers to the system. 

Step 2: Assign the value for the Execution Time and Resting Time. 

 

  

Figure 5.24: Assign Total Number of Drivers 

Figure 5.25: Value for Execution, Resting Time at Zone D Carpark1 and Carpark2 
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For the best case, there is no any assigned value to the transport time. This is due in the best 

case the model already assign the particular carpark to the drivers when the drivers enter to the 

Zone D .Thus, the drivers no need travel from one place to another place to search for the 

parking space. This will save the drivers’ time and also help the drivers to get the parking space 

in the shortest time. The value of the execution time and resting time for the Zone D Carpark1, 

Zone D Carpark2, Zone E Carpark1, Zone E Carpark2 and Zone F Carpark has shown in above 

Figure 5.25, Figure 5.26 and Figure 5.27. 

 

  

Figure 5.26: Value for Execution, Resting Time at Zone E Carpark1 and Carpark2 

Figure 5.27: Value for Execution, Resting Time at Zone F Carpark 
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5.2.2.1 Best Case Simulation Results 

From Figure 5.28, there are 200 drivers at first they will make decision whether want to search 

parking spaces at Zone D or Zone E. Next in the Zone E, they can make second decision which 

want to look for parking space at Zone E or Zone F. From the result we can conclude that there 

are 129 drivers who park at Zone D Carpark1, 52 drivers park at Zone D Carpark2, 15 drivers 

who park at Zone E Carpark1, 3 drivers who park at Zone E Carpark2 and 1 drivers who park 

at Zone F Carpark. 

Comparing the simulation result at Figure 5.20 and Figure 5.28, we can conclude that the best 

case have a better traffic control compare to the worst case when there is in the peak hour. For 

the best case, during the peak hour, the drivers no need travel from one carpark to another 

carpark. The drivers can save their time by following the information that provide from the 

model. This is because in the worst case, we assume that the carpark in Zone D is already full, 

thus all the 200 drivers need to search the parking spaces after leave the Zone D carpark. So at 

this point, we will ask how if some drivers are rushing for time they still need to travel until 

Zone E or Zone F carpark. This not a very convenience method to them. Thus, by following 

the information and instructions in the best case, the system will assign the drivers go to the 

particular carpark.  

  

Figure 5.28: Simulation through Capacity Analysis System 
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Figure 5.29: Simulation through Capacity Analysis System (fixed time period) 

Figure 5.30: Simulation through Capacity Analysis System (fixed time period) 
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5.3 Result Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

By comparing the simulated results from the worst case and best case in Figure 5.31 and Figure 

5.32. We can conclude that by using the best case scenario we can further reduce the occupancy 

(workload) of the carpark. When the occupancy of the carpark is reduce, it can afford more car 

to park.  

Furthermore, in Figure 5.31, there are quite a numbers of drivers prefer go to Zone D Carpark1, 

Zone D Carpark2 and also Zone E Carpark1. Thus, the threshold for the carpark can based on 

the workload of each carpark which are 5.5%, 2.6% and 0.01% respectively. For example, 

when the workload of the Zone D Carpark1 is below 5.5%, the system will allows the drivers 

to come in and look for empty parking space. However, if the workload is above 5.5%, the 

system will alert the drivers the carpark got limited parking spaces but the drivers still can 

search in this carpark but the chances to get the empty parking spaces is very low. 

 

Figure 5.31: Best Case - Simulated Results 

Figure 5.32: Worst Case - Simulated Results 
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6.1 Future Work 

There are few recommendations and further improvement for the system.  

1. Adding numbers of parking spaces. 

By adding the numbers of parking spaces in the software will allows the user to do 

further calculation for the total amount of the parking spaces and after the drivers have 

park their car in the empty parking spaces. The user can know how many parking spaces 

still left. 

2. Adding a random variable. 

There have some random cases that the user unable to predict, such as how if the drivers 

not going to follow the instruction of the system. Some of the drivers prefer randomly 

search for the empty parking spaces. This kind of behavior will definitely spoil the 

whole system. Thus, the purpose of adding a random variable inside the model is to 

prevent this kind of behavior happened and hence the model can make more predictions 

for all kind of unpredictable actions. 

3. Adding the total distance travel by the drivers. 

This is an extra suggestion because by adding the total distance travel by the drivers. 

The user may know how much time the drivers have travel, how long the distances that 

the drivers have travel. By knowing this information, next time the system will assign 

the shorter distance for the user to search for the parking spaces. 
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6.2 Conclusion 

This project manage to obtain the threshold value. The important of the threshold value is to 

alert the drivers when the carpark is full with car and have limited place to park. By applying 

the smart simulation carpark module in the ADOxx software, it helps to imitate some real 

situation and problem that might be face by the drivers during finding for parking spaces.  

By obtaining the threshold value, the model can solve the four problems that pointed out before 

which is: 

1. There is not enough parking spaces, 

2. The carpark is far from the class, 

3. Searching for empty parking space will consume lots of time,  

4. Need to walk a long distance if the carpark is too far from the destination.  

In future the university authorities can use the threshold value that produce from the model to 

alert the drivers if there is limited parking spaces or have enough parking spaces. Besides, by 

knowing the `threshold of all the carpark in the campus, the drivers can easily find the empty 

parking spaces near to their destination. Hence save the time and energy of the drivers.  

Finally, the university authorities also can manage well the carpark and traffic flow inside the 

campus by applying the model to any specific condition, for example during convocation, the 

particular carpark can occupy how many car, or if the university authorities want to build a 

new carpark how big the size of the carpark is needed or how many parking spaces needed in 

order to fit in the numbers of drivers in particular Zone. 
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