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SUMMARY 

Course timetabling is a time consuming problem that arise every year in each 

university. This is a problem that deals with assigning a large number of courses to 

a limited number of rooms and timeslots while satisfying a set of predefined 

constraints. Most of the existing timetabling systems can only be used at the 

university involved in the research, as each university has its own needs and 

requirements that differ specifically. MyCourses software tries to make a 

difference by allowing each university to configure which scheduling rules to use. It 

provides a way to schedule courses for a whole semester rather than on weekly 

basis. It also gives teachers the ability to easily specify their preferences, faculty 

members to enter various university data and also provides an optional way for 

scheduling university courses. The MyCourses’s automation solver uses Simulated 

Annealing as an optimization technique for solving the NP hard scheduling problem. 

Simulated Annealing searches for a better solution as well as it has advantage to 

escape from local minimum by allowing to move to worse solution in comparison 

with other algorithms which always seeks a better one. 
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INTRODUCTION 

University course scheduling is a tedious and error-prone task. Each year a 

large number of universities are facing this time-consuming task – scheduling 

courses. For this reason automatic timetabling software would be very useful for 

universities. There are various applications that currently exist, but they can be 

used only in the university involved in the research, as each university has its 

own needs and requirements that differs specifically. If such software, that only 

specify the list of supported constraints without the ability to switch on and off 

some of them, is used, the university might end up having courses scheduled 

according constraints that are not applicable in the university. For example, 

some universities allow a lecturer to teach more than one class at the same 

time, while most of the existing applications have a constraint that limits those 

classes to be scheduled together. If the application does not allow the university 

to set the corresponding constraint as inactive, then those courses will not be 

scheduled at the same time. That is why, designing and implementing an 

automation solver satisfying university needs in a flexible way is an important 

task. Using such a system in the universities can save a lot of time and effort for 

the program administrators and program managers who are involved in creation 

and management of course schedules. Also, it will save time for the lectures 

when requesting their preferences and availability.  

There is also a wide variety of fields where timetabling problem arise 

including employee timetabling, examination timetabling, transport timetabling 

and many others. All these kinds of timetabling problems share similar 

characteristics. Because most of them have very specific requirements and they 

are very hard to be solved, a general solution of the problem does not exist. In 

particular, course timetabling is part of the whole timetabling problem. It has 
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been extensively studied for over 35 years and some limited success has been 

reported. During this time various approaches have been studied and some of 

them are graph colouring, backtracking, heuristic algorithms, and local search 

algorithms such as genetic algorithms, tabu search and simulated annealing 

algorithm. Each of them aims to minimize the conflicts in a schedule. 

The process of minimizing the 

conflicts can be formulated as an 

optimization problem which seeks to 

minimize the value of the cost function. 

A cost function is a function that 

represents the constraints being 

violated. For solving the current course 

scheduling problem the Simulated 

Annealing algorithm was chosen. It is a local search algorithm that has the 

advantage to escape from local minima compared to algorithms that always 

search for better solutions such as Hill Climbing, because the cost of a solution 

can increase as well as decrease. If the algorithm got stuck at a local minimum, 

it means that it has found the lowest value of the cost function for a limited 

range, but the optimization needs to continue until it finds the lowest value for 

the whole range of solutions, e.g. the global minimum. Figure 1 illustrated the 

difference between the local and global minima of a function. Simulated 

Annealing algorithm starts from a random point and gradually reduces the search 

radius around minima that is found. Periodically, the solver will reset and start 

searching a wider radius allowing the algorithm to jump out of local minima and 

find the global minima. As a result the algorithm finds an optimal solution or one 

that is as close as possible to the optimal. 

One of the main objectives of MyCourses project was to develop an 

automation solver that finds qualitative and feasible solution. Another objective 

was to provide a user friendly interface that allows users to easily modify and 

maintain the schedules proposed by the solver. The solver’s configuration (i.e. 

active constraint, prioritizing them, entering required input data) should also be 

exposed to the administrators and other involved participants in a way that is 

global 
minimum 

local  

minimu
m 

FIGURE 1 LOCAL AND GLOBAL 
MINIMAS OF A FUNCTION 
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understandable and easy to use. The system’s architecture had to be designed in 

flexible and easily extendable manner. For example new constraint types may 

need to be added and this should be achievable in easy way that does not 

require breaking changes to the existing code. The presentation logic should be 

built in such a way, so its customization does not require interventions in 

solver’s logic.  

The development process of the MyCourses project required requirements 

solicitation, requirements identification and analysing, design and 

implementation of the timetabling system. The process used a compound of the 

agile methodologies Extreme Programming and Feature Driven Development. 

This approach provided multiple and frequent deliverables to the stakeholders 

allowing them to monitor the progress of the software completeness. The 

development process is described in details in 0. 

This report is organized as follows, the next section introduces the main 

concepts followed during the development process. 0 presents the analysis of 

the requirements. University course scheduling problem is described in 0. 0 

introduces the details of the Simulated Annealing algorithm. The techonologies 

used for the project implementation are overviewed in 0. 0 represents the 

system design. The implementation results are discussed in 0 and the testing 

phase is described in 0. Finally the conclusion and future work are represented 

in 0 and 0 respectively. 
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DEVELOPMENT PROCESS 

The same as in the traditional software development, the process of web site 

development can also be divided into different life cycle steps. That is why the 

usage of agile methodology is applicable for MyCourses project. 

1.1 Development Process Overview 

The system development life cycle is a process of creating or altering 

systems and refers to the models or methodologies that people use to develop 

those systems (1).The development lifecycle followed the agile methodologies. 

They were chosen because according to the results of a statistical analysis of a 

survey made by Scott Amber, the agile methods do indeed improve outcomes 

from software development projects in term of quality, satisfaction, and 

productivity, without a significant increase in cost (2). Using a single agile 

methodology is not always the best choice. The reason is that the development 

methodologies are designed to be used under certain conditions. When they are 

changed, it is needed to change the existing model so that it becomes applicable 

in the new conditions or to combine several different models that work together 

successfully (3). For the purposes of the project two methodologies were 

combined: extreme programming and feature driven development. Both of them 

concentrate heavily on software implementation practices (4), which means that 

the emphasis was on the application development. In all agile methodologies the 

software development lifecycle determines the start and the end of the project, 

essential phases of the project management, the processes and the stages for 

managing the project (3). This means that the combined process also has the 

standard stages: gathering user requirements, design and documentation, 

development, testing and deployment. These phases are illustrated in Figure 2. 



 

 

 5 

 

 

The project started with defining the requirements. At the end of this 

phase, usually most important and time consuming requirements are identified. 

This allowed creating detailed project planning. Gathering as much as possible 

requirements at the beginning enable creation of a complete and detailed 

project plan. This means that only minor changes can be made later at the 

beginning of an iteration. Thus, the project end date is fairly accurate. 

After that an initial design of the application was be created. This includes 

designing the database and the architecture of the application. Each of these 

steps was performed once at the beginning of the project. Then the process 

continued with the realization of the iterations compounding the development 

stage. The duration of each iteration was in the range of 1 to 3 weeks. An 

iteration consists of the following phases: implementing the features scheduled 

for the iteration, testing them and deploying them on a test server. Finally, the 

FIGURE 2  SOFTWARE DEVELOPMENT LIFECYCLE OF 
MYCOURSES PROJECT 

1.Define Requirements 

2. Planning 

4. Begin Iteration N 

8. Quality Assurance 

11. Release 

10. System Testing 

6. Implement 
Functionality 

7. Deploy On Test 

Server 

5. Define the Scope Of 

The Iteration 
9. More Iterations? 

No Yes 

3. Initial Design 
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process ended with a system testing and a deployment. System testing had to 

verify that the system was developed according to the system requirements. 

After the system was tested it was released. The phases are explained in details 

in the next section. 

1.2 Process Stages 

Gathering Requirements 

Studies indicate that between 40% and 60% of all defects found in the 

software projects can be traced back to errors made while gathering 

requirements (5). Thus, identifying problems during the stage of gathering 

requirements is vital, because changes are much easier to be made than on a 

later stage. The reason is that the impact of a later change is much bigger. 

There are various ways to gather the requirements. Each of them has its 

advantages and disadvantages, but the most important thing is to use the one 

that works well for the team. Thus, the methods of feature driven approach 

were chosen for gathering the MyCourses’ requirements. The advantages they 

gave in comparison with the extreme programing’s stage are as much as possible 

requirements are identified in the beginning, UML diagrams are produced and 

expected final date can be defined. UML diagrams represent the business needs 

in a way that is understandable for both the customer and the developers. The 

fact that the features are determined at the beginning of the project, still 

allows adding features for subsequent releases. This list makes it possible to 

specify the project’s timeline more precisely in comparison with the XP 

principles. This means that following FDD a detailed project plan with an 

approximate completion date can be created.   

There are two types of system requirements: functional and non-functional 

requirements. The functional requirements state what is to perform. This means 

that they include all requirements associated with implementing the business 

processes in the system and criteria for their examination (3). While the non-

functional requirements specify criteria that can be used to judge the operation 

of a system, rather than the specific behaviour (6). 
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Functional Requirements 

As mentioned above the approach used in this project is simply keeping a 

list of requirements borrowed from feature driven development method.  They 

were grouped in logical elements from the business model, for example 

programs, courses, etc. Once the requirements were collected, a requirements 

traceability matrix was filled [Table 1, 0, 1.5 Use cases]. For each requirement 

an identical number, priority and use case name was given. After the features 

were identified, the use cases were described. Use cases translate the 

requirements into a package that allows easier understanding of the interaction 

of a user with the system. Then each use case was described in details as well as 

the actors. The first two stages of the project life cycle are explained in details 

in 0. 

Non-functional 

Non-functional requirements include performance requirements, interface 

requirements, data requirements, operational requirements, etc.  Interface 

requirements describe interaction of the system with the users. Data 

requirements describe the data entities, their decomposition and their 

definitions. They describe the business data needed by the application. They do 

not describe the physical database and do not identify field names. Operational 

requirements describe how the system runs and communicates with operations 

personnel. It defines how reliable the system must be. Both of the types are 

explained below in the context of the project. 

The non-functional requirements defined for the project were data 

requirements and interface requirements. The interface requirements included 

building a user friendly interface that allows various users to use the system 

without difficulty. This included providing a way for users to create and modify a 

schedule in a simple and fast way. The result is described in 1.16. The data 

requirements were defined through the entity-relationship diagrams. Thus, the 

major entities were identified as well as their relationships. They are presented 

in details in 1.14.  
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Planning 

The next step in the process was defining the planning of the project. 

Microsoft Project was used for the preparation of the project plan and tracking 

the progress. The end of each iteration of the incremental process finished with 

a milestone. Milestones represent the time when a deliverable was ready to be 

reviewed from the stakeholders. This means each iteration finishes with a 

complete functionality. While planning, the scheduling algorithm was considered 

as the most risky task. Therefore, it was scheduled as early as possible in the 

project plan. An overview of the project plan is shown on the next figure. A 

complete project plan can be view in Appendix Appendix B.  

The project plan was used for tracking the progress during the 

development. There are several commonly used methods for updating the 

project plan in the Microsoft Project with the current status. Some of them are 

using percent complete, actual work and using baselines. The later was chosen. 

Although this approach gives a more general and a high level view of the 

completeness status, it is faster and easier to be used. The approach uses the 

general measures of how complete a task is. 

 

 

FIGURE 3 BRIEF OVERVIEW OF THE PROJCT PLAN FOR MYCOURSES'S PROJECT 
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Design and documentation 

For this phase the XP principle was chosen, which follows the principle 

that the coding must be done in a way that the need of documentation is 

minimized. The reason is because of one of the main principles of agile 

development process. It states that the working software is more important than 

an exhaustive documentation. Therefore, too much documentation is worse than 

too little (3). The documents that were written for the project are the only 

necessary for developing a working application according to the university 

needs.  

During the phase the data model and the application architecture were 

designed. This includes identifying the general entities required for the software 

and their relationships, which are discussed in section 1.14 Database Design. 

After that the layers were identified described in 0. In addition the algorithm 

was selected which allowed to verify that the design was appropriate to adopt 

the algorithm. 

Development 

The development part of the process was divided into iterations each 

lasting between 1 and 3 weeks. This phase stacked to XP’s principles, except 

with the pair programming. XP focuses on the coding stage, minimizing the time 

spent on other tasks.   

Despite the methodology that is chosen, it is essential using source control 

tool. Subversion was used for this purpose. It is an open source version control 

system, which requires front end tools. The tools used in MyCourses projects 

were TortoiseSVN and AnkhSVN. TortoiseSVN is a windows shell extension (7), 

which requires an additional tool that supports Visual Studio 2010, AnkhSVN. 

Both of the tools are also open source and are reliable.  

The identified bugs with high priority from previous iterations were 

included in the next iteration following the XP practices. The glitches in the 

system were managed and prioritized through a bug tracking system named 

BugNet (8). It is open source software allowing its users to customize the issue’s 

attributes, flexibility to track issue status and history, etc.  
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During the development coding standards were followed. This helps the 

code to be easily read from other people and can be more efficiently reviewed if 

needed at a later stage. The code convention was a combination of Microsoft’s 

(9) and Lance Hunt’s convention (10). Another good coding practice that was 

used is writing good and meaningful comments making the code more 

maintainable (11). The reason is that the comments tend to become out-dated 

over the time which usually causes confusion. Such were added in methods with 

more complicated functionality or in pieces of code with tricky logic.  

Testing 

 Automated tests of the user interface were created using the Visual 

Studio 2010. It provides a tool called Coded UI Test. The tests created using this 

tool provides functional testing of the application’s user interface and validation 

of the user interface controls. Thus, they enable quicker testing of code changes 

and reduce the risks introducing errors after those code changes. The coded UI 

test performs actions on the user interface controls for an application and 

verifies that the correct controls are displayed with the correct values (12).  

Various tests were recorded focusing on the main business processes in 

MyCourse’s web system.   

Deployment 

According to the agile methods the deployment is not executed as the last 

stage of the process as it is in the waterfall, but also is part of the iteration 

cycle. The result of each iteration was deployed on a test server as soon as it 

was completed allowing the completeness of the development to be tracked.  
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REQUIREMENT ANALISYS 

The essence of the requirements was to develop easy to use web-based 

course scheduler, MyCourses. The web system was built by considering simplicity 

and the performance of the system. Considering the system was designed for 

online usage by many different people, its usability and user friendliness is very 

important. Therefore during the design phase the emphasis was to design a 

system that will allow users to enter data and requirements in a simple way and 

calculate an error free schedule.    

1.3 Goal 

All projects are defined by their goals, objectives, boundaries and 

constraints. Getting a detailed but clear picture of the project scope will make 

it possible to complete the project successfully (13). So the first step was to 

identify the project goal. It has been describes in the task description for this 

thesis as follows: 

The goal of the project is to develop a course scheduler, MyCourses. 

MyCourses will make it possible to enter data and requirements in a simple 

way using a web-based interface, calculate and propose a schedule, enable 

manual updates, and finally present the schedule for the selected courses.  

Next thing was to defining the project scope, which included identifying 

all the work that the project had to accomplish in order to achieve the goal. 

1.4 System Scope 

The scope of the project was to develop timetable management program 

that enables entering data, calculates and proposes a scheduling for courses, 
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allows manual update of a schedule and provides a presentation of scheduled 

courses. In order to achieve the objectives, the scope of the timetable system 

covers the following features: 

 Features Priority 

 General   

1.  Reduced gaps for students  Should 

2.  Reduced gaps for lecturers Should 

3.  Design user interface Must 

4.  Automatic scheduling programs  Must 

5.  Import/Export students’ data Must 

6.  Import/Export lecturers’ data Must 

7.  Import/Export classes’ data Must 

8.  Import/Export rooms data Must 

9.  Import/Export programs data Must 

10.  Online help for different user roles Must 

11.  Variety of presentations for a program Must 

12.  List unsatisfied conditions Should 

13.  Notify users for changes in schedule May 

14.  Verify schedule for conflicts  Must 

15.  Multi-language user interface Should 

   

 Administrator  

16.  
Configure system’s graphic user interface – colour theme and university 

logo 
May 

17.  Configure different scheduling rules  Must 

18.  Define rooms and details about them Must 

19.  Login Must 

20.  Create/Modify lecturers Must 

21.  Create/Modify students Must 

22.  Create/Modify other faculty members Must 

23.  
Allow defining priority of lectures according their type (heads of 

department, part time lectures, other lecturers, etc.) when scheduling 
courses 

May 

   

 Program administrator  
24.  Define program definition Must 

25.  Assign program manager  Must 

26.  Import program from previous year Must 

   

 Program manager  
27.  Enter all details about a program Must 

28.  Enter courses details  Must 

29.  Create new courses or instance of courses Must 
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30.  Enter predefinition of a schedule  Must 

31.  Manually make modifications of a proposal Must 

32.  Freeze schedule  Must 

   

 Lecturer  
33.  Define constraints for course schedule he/she is assigned to Must 

   

 Main Lecturer  
34.  Defines the details of courses he or she is assigned to Must 

35.  Import details of course from previous instance of a course Must 

36.  Defines requirements for the rooms that the course requires  Must 

37.  Submits a proposal for the courses he/she is assigned to Must 

   

 Student  
38.  View his/her schedule May 

TABLE 1 IDENTIFIED SYSTEM FEATURES 

In the feature list there are three priority levels defined– must, should and 

may. Priority “must” is used for the features that are critical for system 

functioning and must be implemented during the development phase. Priority 

“should” defines features that are important for the project, but can be omitted 

for short deadlines. Features with priority “May” are features that would be nice 

to have. 

1.5 Use cases 

UML use case diagrams are used to describe the main processes and 

functionality of the Course Scheduling System. They give a high-level view of the 

application scenario. The purpose of having use case diagram is to identify the 

scope of the system. Use case diagrams consist of named pieces of functionality 

(use cases), the persons or things invoking the functionality (actors), and 

possibly the elements responsible for implementing the use cases (subjects) 

(14). Figure 4 illustrates the use cases that exist in the application. The actors on 

the left hand side are the main actors, e.g. those that will use the system often, 

and the others are on the right hand side. 
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Actors 

The following actors were identified: 

FIGURE 4 MYCOURSES USE CASE DIGRAMS. MAIN ACTORS ARE ON THE LEFT SIDE, 
WHILST ALL OTHERS ARE ON THE RIGHT SIDE. 



 

 

 15 

 

 Administrator  

The administrator is a person who manages and maintains the system. 

The administrator has full control over the system. The administrator 

can add, edit and delete new users, assign roles to new and existing 

users. The administrators can define and edit rooms as well as adding 

or changing existing room facility types and course types. The 

administrator is responsible for the system configuration including 

turning on and off constraints and setting priority for soft constraints, 

managing timeslots, university periods, school days and holidays.  

 Program administrator  

The program administrator is a user that is responsible for 

management of the programs at the university. The program 

administrator identifies the program, its running period (starting and 

ending year), and a program manager. In cases where no program 

manager is defined, the program administrator runs the automatic 

scheduler. 

 Program manager  

The program manager is a user responsible for a program. The 

program manager can create a new or modify existing courses, add a 

course instance to an existing course and assign main lecturer to a 

course instance. The program manager can run automatic course 

schedule, manually modify schedule, approve or discard a course 

proposal from a lecturer, and freeze the schedule. 

 Main Lecturer 

The main lecturer is a person responsible for details about a course 

instance he or she is assigned to. Main lecturer can add or modify 

existing course element for a given course instance. Main lecturer can 

define the other people that are participating in the teaching 

process. The main lecturer can copy the data for a course instance 

from currently existing course instances.  

 Lecturer 
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The lecturer is a person who participates in the process of teaching 

students. The lecturer can see the schedule of courses he or she is 

teaching. 

 Student  

The student is a person who attends university courses. The student 

can view the schedule of courses that he or she is attending. 

 System 

The system actor is an external system that uses the data that is 

exported from the application.  

 

Use case description 

Use case name: Define programs 

Goal: A set of programs for the university is defined 

Actors: Program Administrator 

Preconditions: User should be authenticated 

Steps:  

 1. User identifies the program 

 2. User sets its running period 

 3. User enters a program manager 

Post conditions: A new program is created 

 

Use case name: Import program from previous year 

Goal: Program previous year is imported with some changes 

Actors: Program administrator 

Preconditions: User should be authenticated; at least one program from previous 

years should exists 

Steps: 

1. User selects a set from programs to import 

2. User launches import functionality 

3. User makes soma data changes 
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Post conditions: A program is imported from previous year 

 

Use case name: Define program specification 

Goal: All details for the program are entered 

Actors: Program administrator 

Preconditions: User should be authenticated; at least one program should exist  

Steps: 

1. User chooses a program to specify 

2. User enters all details for a program - which courses it includes, which courses 

are obligatory, which courses are optional, etc. 

Post conditions: All program details are completely defined 

 

Use case name: Verify schedule 

Goal: No conflicting constraints  

Actors: Program manager 

Preconditions: User should be authenticated; a schedule should exist 

Steps:  

 1. User chooses part of the schedule or the whole schedule 

 2. User runs verification process 

Post conditions: The schedule is verified and no conflicts exist 

 

Use case name: Freeze schedule 

Goal: A final version of the schedule 

Actors: Program manager 

Preconditions: User is authenticated; all the courses are scheduled without 

conflicts  

Steps:  

 1. User selects the schedule 

 2. User marks the schedule as final 
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Post conditions: The schedule is final and cannot be modified 

 

Use case name: Enter program details 

Goal: Program details are entered 

Actors: Program manager 

Preconditions: User should be authenticated; Program should exist  

Steps:  

1. User chooses a program to specify 

2. User enters all details for a program - which courses it includes, which courses 

are obligatory, which courses are optional, etc. 

Post conditions: Program details are entered 

 

Use case name: Manually update schedule 

Goal: A program is updated according to the specific requirement of the user  

Actors: Program manager; Main lecturer 

Preconditions: User should be authenticated; Use should have access to the 

program 

Steps:  

 1. User selects a program to update 

 2. User updates the schedule data 

 3. User saves the changes 

Post conditions: A program is updated according to the specific requirement of the 

user 

 

Use case name: Run schedule 

Goal: Schedule courses 

Actors: Program administrator; Program manager; Main lecturer 

Preconditions: user should be authenticated 

Steps: 
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 1. User selects a set of courses 

 2. User launches automatic scheduling 

 3. User resolve conflicts by updating proposed schedule 

Post conditions: The selected courses are scheduled without conflicts 

 

Use case name: Define instance of courses 

Goal: A new instance of a course is created 

Actors: Program Manager; Main Lecturer 

Preconditions: User should be authenticated; a course should exist 

Steps:  

 1. Choose an existing course 

 2. User creates a new instance of the selected course 

Post conditions: A new instance of a course is created 

 

Use case name: Mark schedule as proposal 

Goal: A proposal is defined 

Actors: Main Lecturer 

Preconditions: User is authenticated; user is assigned to a subject 

Steps:  

 1. User selects a course 

2. User runs scheduler for the course 

 3. Use marks the schedule as a proposal 

Post conditions: A proposal for a course is defined 

 

Use case name: Add constraints 

Goal: A constraint is defined 

Actors: Main Lecturer; Lecturer 

Preconditions: User is authenticated; user is assigned to a subject 

Steps:  
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 1. User selects a course 

2. User defines preferences for his or her availability for the course 

Post conditions: A constraint for lecturer’s availability is defined 

 

Use case name: Define resources 

Goal: Resources are defined 

Actors: Administrator; Program Administrator 

Preconditions: User is authenticated 

Steps:  

 1. User defines different data about resources 

Post conditions: Resources are entered 

 

Use case name: View schedule presentation 

Goal: A presentation of the schedule is visualized 

Actors: Administrator; Program Administrator; Program Manager; Main Lecturer; 

Lecturer; Student 

Preconditions: User is authenticated; a schedule is defined 

Steps:  

 1. User chooses a program or a set of courses from a program 

 2. User views the presentation of the selected program 

Post conditions: A presentation of the schedule is visualized 

 

Use case name: Import/Export Data 

Goal: Data is transferred 

Actors: Administrator; System 

Preconditions: user is authenticated; data for export/import should exist  

Steps:  

 1. User selects data to export or import 
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 2. User exports or imports the data 

Post conditions: Data is exported or imported in appropriate format 

 

Use case name: Configure 

Goal: A scheduling rule are defined 

Actors: Administrator 

Preconditions: user is authenticated 

Steps:  

 1. User defines a rule of scheduling 

Post conditions: Scheduling rule is configured 
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PROBLEM FORMULATION 

Before describing the system implementation it is essential to define the 

problem that it tries to solve. It is separated in two areas. The first one is the 

actual problem that was solved and the second one is the concrete 

implementation of the mathematical model.  

1.6 Scheduling Problem 

University course timetabling problems is an NP-hard problem, which is 

very difficult to solve by conventional methods and the amount of computation 

time required to find optimal solution increases exponentially with problem’s 

size (15). The problem involves assignment of courses to limited timeslots and 

rooms satisfying a number of constraints. The constraints are divided in two 

types: hard constraints and soft constraints. Hard constraints are those 

constraints that must be satisfied when scheduling the timetable. Soft 

constraints are desirable to be satisfied, but those that are unsatisfied must be 

kept at minimum. Weights were defined for each constraint allowing 

prioritization. Hard constraints are more significant than soft constraints. This 

means that hard constrains have much higher weight, so when they are violated 

the cost function’s value will be high. The weights of soft constraints might not 

be equal, which makes some of them more important than others. The following 

list contains the constraints and the corresponding default weights given in 

parentheses that were identified during the requirement gathering phase: 

Hard constraints: 

(H1) No more than one class per lecturer at the same time (1000) 
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(H2) No more than one class per room at the same time (1000) 

(H3) No more than one class per student at the same time (1000) 

(H4) Room capacity is less than or equal to course maximum students and 

facilities required for the course are existing in the room (1000) 

Soft constraints: 

(S1) Courses are scheduled according to predefined order (100) 

(S2) Course elements (lectures, labs, etc.) are allocated according to the 

lecturer’s preferences (25) 

(S3) A course is not scheduled more than a given number of times per 

week (25) 

(S4) The gaps between lecturer’s classes are minimized (10) 

(S5) The gaps between student’s classes are minimized (10)  

A solution satisfying all hard constraints is called feasible solution. If the 

solution does not violate all soft constraints it is called optimal. The objective is 

to find a feasible assignment of courses that minimizes the violations on soft 

constraints. The fact that a weight is given for each constraint, means that a 

cost function can be defined for evaluating the quality of the solution. This 

function is an arbitrary measure of the quality of the solution. The optimization 

problem becomes one of minimising the value of this cost function (15).  

1.7 Implementation problems 

The above basically defines a representation of the core problem that 

MyCources project tries to solve, e.g. creating optimal and error free course 

timetable in fast and easy way. In order for the solver, which is part of the 

system, to work it needs some data entered and managed through the user 

interface. Entering and managing the data is done by several user roles: 

administrator, program administrator, program manager and lecturer. The 

administrator is responsible for the global settings of the system such as 

activating and deactivating constraints, prioritizing them, available recourse, 

etc. Program administrator can manage the programs at the university. He/she 
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can create and modify existing program details and assign a program manager. 

The program manager is in charge for program details including the courses that 

are part of the program and course details. The main lecturer is a type of 

lecturer with additional rights on a course or a concrete instance of it. The main 

lecturer can define the details about a course instance and the other lecturers 

that will participate in the teaching process. The lecturer can specify preferred 

time for a course part that he/she is in charge of, the time convenient or 

inconvenient for him/her.  

The solver had to implement an appropriate algorithm that handles the 

university timetabling problem. It has to schedule a course or a set of courses. 

As a result the courses have to be assigned to a timeslot and a room. In addition 

the room’s capacity has to be greater or equal the number of students attending 

the course and has the facilities required for the course. The solver can be run 

by users from several roles: main lecturer, program manager and program 

administrator if no program manager is assigned to a program. The main lecturer 

can schedule his/her courses and mark the output as a schedule proposal. The 

program manager and the program administrator can run the solver for courses 

that are part of his/her programs or for a whole program. When schedule is 

completed and no more changes will be made the program manager can define 

the program as official, which means that it cannot be modified. This is a brief 

overview of the use cases that exist. A more detailed explanation is given in 

section 1.5 Use cases. 

MyCourses application had to allow not only specifying which constraints 

are applied in the university, but also prioritizing the soft constraints. The 

reason only soft constraints are prioritized is that hard constraints are in high 

degree physical ones, e.g. it is impossible for a student to attend two classes at 

the same time, and all of them have to be satisfied. There are some cases when 

a lecturer can take one or more classes depending on which kind of course he is 

in charge. In these cases the responsible user should specify whether the teacher 

is involved in one or more classes at the same time. Thus the necessity of 

prioritizing and activating constraints required a flexible mechanism for 
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managing constraints. Moreover new constraints have to be added easily, 

without breaking the existing code, if required. 

An important part of the project was finding a suitable visual presentation 

of the data appropriate for different user roles. Example of presentations are 

“Availability and utilization of the facilities”, “Schedule of a particular course”, 

“Schedule for a faculty member”, “A schedule for a student”, and similar.  
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ANALYSIS OF THE PROBLEM 

1.8 Analogy with Physical Annealing and Simulated Annealing Algorithm 

Simulated annealing (SA) is motivated by solid state physics: the annealing 

process. The annealing is a technique involving heating and controlled cooling of 

a material to increase the size of its crystals and reduce the defects (16). When 

the solid is heated to a high temperature, its atoms are free to move around 

allowing them to become unstuck from their original position (a local minimum 

of the initial energy). The goal is to allow atoms to rearrange while cooling down 

the solid until they make an ordered configuration. At this state the energy is 

the lowest which means that it is the state with highest stability. The 

movements are carried out by random displacements through stages with higher 

energy. The quality of the result strongly depends on the cooling temperature 

(17). Slowly cooling down the material makes the atoms to form large crystals 

and thus the material is free of crystal defects. Whereas, if it is cooled rapidly, 

the crystals will contain imperfections due to the amorphous structure of the 

material. This means that this state has a higher energy.  

An example of the annealing process is shown in the following figure. The 

areas with the highest temperature are coloured in red, whereas the coldest 

parts are coloured in dark blue.  The red paths are the cases when the process 

flowed smoothly, e.g. in each state the system energy is lower than the one in 

the previous state. The orange curves are the “jumps”. They show the stages in 

which the energy was higher, but the system configuration was accepted 

according to the probability from formula (1).  
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1.9 Simulated Annealing Algorithm 

Simulated annealing establishes the connection between this type of 

thermodynamic behaviour and the search of global minima for a discrete 

optimization problem (18). The matching of simulated annealing to the physical 

annealing is relatively straight forward. The atoms are replaced by courses. The 

energy is replaces by a cost function, change of state by calculating the 

neighbourhood solution. The cost function reflects the quality of the course 

schedule, just as the system energy reflects the quality of the material. The 

temperature controls the probability used for accepting worse solution, such as 

the temperature in annealing process controls the crystals’ structure.  

Simulated Annealing, applied in MyCourses scheduler, starts with a random 

solution, e.g. each course is assigned to a random room and timeslot. The initial 

FIGURE 5 SIMULATED ANNEALING ESCAPING FROM LOCAL MINIMUM BY 
CHAOTIC JUMPS. (57) 
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cost is calculated and the initial temperature is set. Then the algorithm can start 

to search the optimal solution by moving from one solution to a new one 

(described below in “Neighbourhood Searching”). On each iteration SA algorithm 

calculates a new solution from the current one by making small modifications. 

The new solution is called neighbour. Then the difference (∆) between the cost 

functions of the current solution and the next solution is calculated. The 

generated solution is accepted in two cases. The first one is if it does not worsen 

the overall value of the current solution (19), e.g. ∆ < 0. The second case is 

when the probability of the increase is lower than the expected at the given 

temperature T. The probability is calculated using the formula that follows: 

  ( )     (   ) (1)  

Where ∆ is the change of the cost function, T is the current temperature. 

If this probability is greater than a randomly selected value in the range (0, 1), 

the new solution is selected. The temperature is decreased by a cooling rate 

that is between 0 and 1. As the temperature decreases, the probability of 

accepting worse moves decreases (20). The process continues until the final 

temperature is reached.  

The annealing process stops usually when the temperature reaches 0, but 

the practice shows that if no progress is made for long time, there is no use of 

continuing calculating the next solution.  There are some implementations that 

allow the process to terminate after a predefined maximum iteration count is 

reached.  

For easier understanding the following flow chart illustrating the algorithm 

process is provided. 
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SA uses random numbers when determine whether to accept a solution or 

not. This means that the result solution might not be equal every time. That is 

case when an optimal solution cannot be found, a feasible solution is returned 

instead. 

FIGURE 6 FLOW CHART OF SIMULATED ANNEALING’S STRUCTURE (58) 
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The design of a good annealing algorithm is nontrivial. It generally 

comprises three components (21): (1) neighbourhood structure, (2) cost function 

and (3) cooling schedule. 

Neighborhood Searching 

SA requires a neighbourhood structure to be defined in order to move from 

one state to another. The classical simulated annealing swaps two random 

elements. Unlike it, the neighbourhood in MyCouses’s solver is constructed by 

unassigning a random course on each iteration. Then the solver tries to assign it 

to an available timeslot and room. If this is not possible, the course is added to a 

list of unassigned elements. Then the solver tries to assign a random course from 

this list which is different from the first one as long as it is possible. On each 

iteration the solver aims to assign as much as possible courses left unassigned 

from previous steps. One course can remain unscheduled if no suitable free 

timeslot and room is available in the current solution. In this way the 

neighbourhood construction is the closest to the general version of the 

algorithm. This approach was chosen instead of the original one, where the 

classes are considered to be with equal duration, two elements are simply 

swapped. This would cause problems when trying to reschedule classes with 

different duration.  
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Cost calculation 

As mentioned earlier some of the constraints are more important than 

other when calculating the timetable. These requirements can be defined by 

weighting the different components of the cost function. Thus, calculating the 

cost of a solution means calculating the cost of each constraint. It can be 

expressed by the following formal formulation. If s is current solution and fi are 

the individual cost functions for each constraint, where i is between 1 and n. 

Then the cost function can be calculated with the formula: 

Unassging the 

selected course 

Other 
unassigned 

courses? 

Select a random 

course 

Stop 

Select unused 
unassging 

course 

Can assign 

it? 

Assign the course 

Yes 

Yes 

No 

No 

FIGURE 7 THE PROCESS OF CALCULATING NEXT SOLUTION 
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  ( )    ∑   ( )

       

 (2)  

where n is the number of constraints.  

In the general case the computation of the cost function is the most 

expensive part of the algorithm. Instead of calculating every time the cost 

function of the timetable, it can be improved by evaluating the cost of the 

difference. This means that the cost of unassigning a course from a period is 

subtracted from the cost of assigning it to another period (22).  

Cooling rate 

 Cooling rate is an important part of the Simulated Annealing algorithm as 

it determines the effect of the cooling process, e.g. the quality of the solution. 

According to a number of experiments conducted by D. Abramson in (23), the 

optimal cooling rate is determined. During the test the same input values were 

annealed using different control parameters. The cooling rate values studied 

were 0.1, 0.5, 0.9, 0.95 and 0.99. According to the results increasing the cooling 

rate (i.e. slower cooling) produces better results (23). One possible explanation 

of the result is that very slow cooling allows exploring large portions of the 

search space. Thus, the algorithm gets stable cost of the final solution. The 

results of several researches ( (24), (25), (23), (26), (27)) including the 

mentioned above suggest that the cooling rate should be between 0.80 and 0.99. 

The cooling rate for MyCourses was fixed at 0.99. 

1.10 Implementation of Simulated Annealing 

As a conclusion of the structure of Simulated Annealing algorithm 

explained above, a pseudo code is presented to provide more thorough 

understanding. It outlines the main steps which the implementation of the 

algorithm follows while searching for a solution. The pseudo code is presented in 

Figure 8.  
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The function SimulatedAnnealing takes three input parameters. The 

parameter initial that contains the initial solution, initialTemp is the initial 

temperature the algorithm starts from and finalTemp is the final temperature 

that the algorithm has to reach. The function returns the best solution found by 

the algorithm.  

FIGURE 8 PSEUDO-CODE OF SIMULATED ANNEALING 

function SimulatedAnnealing(initial, initialTemp, finalTemp) 

{ 

 current = initial;   

best = current; 

//Set current temperature to initial temperature 

Temp = initialTemp; 

 

//Set decreasing temperature rate  

tempRate = (log (initialTemp) - log (finalTemp))/IN; 

 

while (Temp > finalTemp) 

{ 

  //Generate new solution (solutionNew) by Applying 

  //Random neighbourhood from different neighbourhood 

  //structure to the current solution “current” 

  //Calculate Fitness (solutionNew); 

  if (Fitness (solutionNew) < Fitness (best)) 

  { 

   current = solutionNew; 

   best = solutionNew; 

  } 

  else 

  { 

   delta = cost(solutionNew) - cost(current) 

   randomNumber = GenerateRandNumber(); 

   if (randomNumber ≤ e - delta/Temp ) 

    current = solutionNew; 

  }  

  Temp = Temp - Temp * tempRate; 

   

}  

return best;  

}  
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TECHNOLOGIES  

This section outlines the technologies used for the development of 

MyCourses project. Because the timetabling system is a web-based system, the 

client-server model is applied. The client-server describes the relationship 

between two computer programs in which one program, the client, makes a 

service request from another program, the server, which fulfils the request. This 

requires the usage of two types of technologies - server-side technologies and 

client-side technologies, which are outlined in the sections below.  

1.11 Server-side Technologies 

Server-side technologies, commonly used in e-commerce applications and 

back-end databases, provide interactive web sites that allow a user to interface 

databases and retrieve or modify data residing on a web server (28). 

1.11.1. .Net Platform 

.Net is a software platform. It is a collection of tools, technologies, and 

languages that all work together in a framework to provide solutions that are 

needed to easily build and deploy truly robust enterprise applications. These 

.NET applications are also able to easily communicate with one another and 

provide information and application logic (29).It is a language-neutral 

environment for writing programs that can easily and securely interoperate. The 

.Net platform encapsulates four technologies and ideology components: .Net 

Enterprise Servers, .Net Framework and Visual Studio, Building Block Services, 

and .Net Smart Clients (30). For the development purposes of the project the 

following parts of the .net were used: 
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1.11.1.1. .Net Framework 

.Net Framework is a software platform for development and execution of 

.Net products. It gives programming model and a base class library for 

application development and unified environment for execution of managed 

code. It supports different programming languages and their collaboration. The 

.NET Framework provides tools and solutions for building rich applications in the 

stateless environment of the Internet.  

The following figure shows the .Net 4.0 Framework architecture. The .Net 

Framework consists of two main components – the common language runtime 

and the base class library. Each of these parts plays an important role in the 

development of .NET applications and services.   

FIGURE 9.NET PLATFORM 
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FIGURE 10 .NET FRAMEWORK 4.0 

 

Common Language Runtime (CLR) is the foundation of the .Net 

Framework. It is a virtual machine that manages the execution of the .Net code. 

It provides various services such as memory management, thread management 

and other system services. CLR also enforces type control and code accuracy. It 

allows programs written in any of the supported languages, to share common 

object-oriented classes. The programmers need not to worry about managing the 

memory themselves in the code. Instead CLR will take care of that letting the 

programmers to focus on the logic of the application. 

The second core component of .Net Framework is the class library, which 

is divided in two parts – the Framework Class Library (FCL) and the Base Class 

Library (BCL). The Framework Class Library is a collection of thousands of 
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reusable classes, interfaces and value types (31). The Base Class Library (BCL) is 

part of the FCL that provides the most fundamental functionality. BCL is 

comprehensive object-oriented collection of reusable types and classes that 

provides base system functionality. BCL enables developers to accomplish a wide 

range of common programming tasks, such as input-output operations, data 

collection, string management, network services, security, multithreading and 

others. 

The top layer of the .Net framework architecture is the layer for building 

interface for the end user of the application and provides functionality for web 

and windows based user interface as well as web services. ASP.NET provides an 

easier way for building dynamic web sites and web applications and web 

services.  

 

ASP.NET 

ASP.NET is a web application framework marketed by Microsoft that 

programmers can use to build dynamic web sites, web applications and XML web 

services. It compounds the interface layer to the end user of the application and 

provides rich functionality for creating web-based user interface. ASP.NET gives 

an easy way for developing flexible dynamic web sites and applications. It can 

be used to create anything from small, personal websites to large, enterprise-

class web applications. ASP.NET aims for performance benefits over other script-

based technologies by compiling the server-side code. ASP.NET pages execute on 

the server and generate markup such as HTML, WML, or XML that is sent to the 

browser. ASP.NET pages use a compiled, event-driven programming model that 

improves performance and enables separation of application logic and user 

interface (32). 

 

ADO.NET 

ADO.NET provides consistent access to data sources such as Microsoft SQL 

Server, as well as data sources exposed through OLE DB and XML. Data sharing 
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consumer applications can use ADO.NET to connect to these data sources and 

retrieve, manipulate and update data. 

 

LINQ to SQL 

LINQ stands for Language INtegrated Query. It was introduced in .Net 

Framework 3.5. It gives query capabilities using C# and Visual Basic. Visual 

Studio 2008 and higher comes with LINQ provider assemblies with capabilities of 

querying in memory collections, SQL relational database, ADO.NET datasets, XML 

documents and other data sources (Figure 11  shows the LINQ architecture) (33). 

LINQ is actually a set of operators, called standard query operators, which allow 

the querying of any .NET sequence. The queries are integrated into the language 

which allows they are verified compile time and there is a design time support. 

LINQ is based on one of the new features introduced in .NET Framework 

3.5, lazy evaluation. Lazy evaluation is essential for performance of LINQ 

queries, because it avoids generation of intermediary unnecessary results by 

delaying the execution until the latest possible moment, when all information 

about what is wanted is known.  

LINQ to SQL is a dialect of LINQ that allows the querying of a SQL Server 

database. It also includes object relational mapping and tools for generating 

FIGURE 11 LINQ ARCHITECTURE (33) 
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domain model classes from a database schema (34). Rather than mapping to a 

conceptual data model, these generated classes map directly to database tables, 

views, stored procedures and user-defined functions. Entity partial classes are 

generated for each table that map the database. Each entity has properties 

corresponding to the table columns. Instances of so created entity classes can be 

used as data transfer objects (or also called Data Mapper by Martin Fowler (35)). 

 

DataContext  

 The data context is the source of all entities mapped over a database 

connection. LINQ to SQL queries are converted using the DataContext into native 

SQL queries. DataContext provides the ability to manipulate SQL data through 

the entity classes. It tracks changes that the developer makes to all retrieved 

entities and maintains an “identity cache” that guarantees that entities 

retrieved more than one time are represented by using the same object instance 

(36). 

At the same time the DataContext implements a number of other 

commonly used patters for a domain model: 

- identity map pattern is applied when DataContext is cashing copies of 

all objects retrieved from the database during an operation. As long as 

the DataContext instance is alive, the same copy of the object is 

returned without the need of a new query. 

- lazy loading pattern allows only a specific part of the model’s graph to 

be loaded. 

- optimistic offline lock pattern is applied when DataContext ensures 

that any changes that are about to save are not conflicting with 

changes that another transaction may have committed.  

- unit of work pattern is applied when DataContext tracks changes made 

to any object that is loaded. At any time the DataContext knows 

exactly what changes and how (delete, update, insert) has occurred. 

This knowledge makes possible to submit all pending changes in 

transaction.  
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- data mapper pattern is the abstraction that represents the mapping 

between the SQL Server database and the auto-generated domain 

objects. 

T4 Templates 

T4 Templates (Text Template Transformation Toolkit) is a template-based 

powerful code generation engine shipped out of the box within Visual Studio. It 

can generate C#, Visual Basic, T-SQL, XML and any other text files. The text 

templates consist of text blocks and control logic that can generate a text file 

(37). Text templates can be used for code generation and runtime text 

generation. The runtime text generation can be used to generate part out the 

program output, for example HTML report, while the code generation generates 

part of the source code that is used in the application. Only code generation 

capabilities have been used in MyCourses project. 

The only thing that is needed to make it generate code is simply adding a 

T4 Template with the extension “tt” and Visual Studio will do the rest. The T4 

engine performs two steps to generate the template output. During the first step 

it parses the processing instructions, text and code blocks, generates a concrete 

TextTransformation class, and compiles it into a .Net assembly. During the 

second step, the T4 engine creates an instance of the 

GeneratedTextTransformation class, calls it TranformText method and saves the 

string it returns to the output file (38). The example output file bellow (Figure 12) 

contains the generated source code for MyClass class.  

The following is a simple example illustrates how to generate “Hello 

World” method in class with a given name using T4 template (39). 
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This template will generate a class with the name specified in ClassName 

field. When the template is saved the following class is generated: 

 

FIGURE 12 T4 TEMPLATE THAT GENERATES CLASS WITH NAME 
SPECIFIED IN FIELD CLASSNAME. 

FIGURE 13 GENERATED CLASS WHEN THE ABOVE T4 TEMPLATE IS 
SAVED. 

<#@ template language=“C#” #> 

// <autogenerated> 

// This code was generated by a tool. Any changes made 

manually will be lost 

// the next time this code is regenerated. 

// </autogenerated> 

using System;    

 

public class <#= this.ClassName #> 

{ 

   public static void HelloWorld() 

   { 

      Console.WriteLine(”Hello, World!”); 

   } 

} 

<#+ 

string ClassName = “MyClass”; 

#> 

// <autogenerated> 

// This code was generated by a tool. Any changes made 

manually will be lost 

// the next time this code is regenerated. 

// </autogenerated> 

using System;   

 

public class MyClass 

{ 

    public static void HelloWorld() 

    { 

        Console.WriteLine(“Hello, World!”); 

    } 

} 
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1.11.1.2. Microsoft SQL Server 

Microsoft SQL Server is a Relational Database Management System (RDBMS) 

designed to run on various platforms ranging from laptops to large 

multiprocessor servers. It is commonly used as a backend system for websites 

and corporate systems and can support thousands of concurrent users. Microsoft 

SQL Server is comprehensive, integrated data management and analysis software 

that enables organizations to reliably manage information and confidently run 

today’s increasingly complex business applications. 

1.12 Client-side Technologies 

Client-side technologies give the user a nice representation of the data 

that is manipulated and stored from server-side technologies. 

XHTML 

XHTML stands for eXtensive Hyper Text Markup Language. XHTML is a 

markup language designed to structure information for presentation of web 

pages. XHTML is used to create hypertext documents that are platform 

independent. XHTML is the same as HTML, except it has clearer syntax. It uses 

the same tags as HTML, but it adds some new rules, such as each opening tag 

needs to have corresponding closing tag; tags need to be nested properly; tags 

must be in lowercase; all attribute values must be quoted and there must be 

only one root element.  

It is preferable to use XHTML than plain HTML if the website is an e-

commerce site, it accesses a database or another source of information that uses 

a different programming language. It is also preferred if the web site is expected 

to grow and exist for many years. 

XHTML is used to be compatible with XML programming. Following the 

rules would make it possible to include XML programming in the future. For 

example, XHTML is used when referring to XML files used for RSS feeds, some 

music players and many more applications (40).  
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Cascading Style Sheets (CSS) 

Cascading style sheets control the way web pages are displayed in the 

browser, and allow the separation of presentation from structure and content. 

CSS helps to ensure that the web pages are presented in an accessible way to all 

visitors over a range of different browsers. 

 

JavaScript 

JavaScript is a lightweight scripting technology which is used alongside 

XHTML documents to make websites more interactive. JavaScript allows 

developers to make the static web pages interact with the users and react on 

FIGURE 14 SAMPLE HTML DOCUMENT. 

FIGURE 15 SAMPLE STYLE FOR BODY ELEMENT. 

<!DOCTYPE html PUBLIC "-
//W3C//DTD XHTML 1.0 Transitional//EN" "http://www.w3.org/TR/xht
ml1/DTD/xhtml1-transitional.dtd"> 
<html xmlns="http://www.w3.org/1999/xhtml"> 
<head> 
 <title>MyCourses - Home</title> 
</head> 
<body> 
 <p>Welcome to MyCourses</p> 
</body> 
</html> 

body 

{ 

 background: #FFFFFF url(../images/img04.gif) repeat-x; 

 font-family: "Trebuchet MS", Arial, Helvetica, sans-serif; 

 font-size: 13px; 

 margin: 0; 

 padding: 0; 

 color: #7F7772; 

} 
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events that occur on the page, such as clicking on a button, entering text in a 

text box, etc.  It is built-in the browser and cannot run separately. This 

programming language is a set of constructions and scripts that are instructions 

for the browser.   

jQuery 

JQuery is a fast and full-featured library resource that contains not just 

tools that make working with the DOM a pleasure, but many additional and 

robust tools that make JavaScript coding much easier and faster. Currently, 

there are hundreds of ready to use plugins for jQuery that allows developer to 

shorten the development time and make web applications more interactive and 

user friendly.  

 

FIGURE 17 SAMPLE JQUERY USED FOR COLLAPSING PAGE CONTENT. 

FIGURE 16 SAMPLE JAVASCRIPT FOR ACCESSING QUERY STRING 
PARAMETERS. 

function getParameterByName(name) 
{ 
 name = name.replace(/[\[]/, "\\\[").replace(/[\]]/, "\\\]"); 
 var regexS = "[\\?&]" + name + "=([^&#]*)"; 
 var regex = new RegExp(regexS); 
 var results = regex.exec(window.location.href); 
 if (results == null) 
  return ""; 
 else 
  return decodeURIComponent(results[1].replace(/\+/g, " ")); 
} 

$(document).ready(function () 
{ 
 $("#imgCollapse").click(function () 
 { 
  $("#imgExpand").show(); 
  $("#imgCollapse").hide(); 
  $(".page").animate({ width: "960"}, "slow"); 
  }); 
}); 
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FIGURE 18 SAMPLE JQUERY OBJECT USED FOR VISUALIZING TIMETABLE IN 
MYCOURSES. 

events: [ 

 { 
   id: 1, 
   title: 'Software Engineering', 
   start: '2010-10-01 10:00', 
   end: '2010-10-01 12:00',  
   url: 'www.mdh.se/', 
   editable: true,  
   className: 'pendingClass', 
   roomID: 42,  
   courseID: 6 
  } 
 ] 

 

JSON  

JSON stands for JavaScript Object Notation. It is a lightweight text-based 

open standard designed for human-readable data interchange. It is derived from 

the JavaScript programming language for representing simple data structures 

and associative arrays, called objects. Despite its relationship to JavaScript, it is 

language-independent, with parsers available for virtually every programming 

language (41). 

JSON format is usually used for serializing and transmitting data between a 

server and web application. JSON is similar to XML, but has some advantages. It 

is much easier for human to read it, its structure is simpler and it can be notably 

shorter than XML document.  

The following is an example of the JSON structure used for displaying the 

data for scheduled courses in the timetable.  

AJAX 

AJAX is a group of interrelated web development techniques used on the 

client-side to create interactive web applications. With Ajax, web application 

can retrieve data from the server asynchronously in the background without 

interfering with the display and behaviour of the existing page (42). Combined 

with DHTML techniques, AJAX can update parts of the HTML document without 

having to reload the complete document. AJAX can provide a better user 

http://www.mdh.se/
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experience, because the traditional scheme of web navigation can be extended 

to provide users with a more direct feedback. 

 The following is an example of an asynchronous call of a server-side 

method. 

ASP.NET AJAX 

ASP.NET AJAX is a set of extensions to ASP.NET developed by Microsoft for 

implementing AJAX functionality (43). Including both client-side and server-side 

components, ASP.NET AJAX allows creation of web applications which can 

update data on the web page without a complete reload of the page. 

1.13 System Requirements 

The technologies used for developing of MyCourses project introduce 

following system requirements. 

Operating System  

 Windows Server 2003 Service Pack 1; Windows Vista Service Pack 1; 

Windows XP Service Pack 2 (44) 

Microsoft Framework 

Microsoft .NET Framework version 4.0  

Web Server  

Internet Information Services (IIS7) 

Database Server  

Microsoft SQL Server 2008 Express Edition or higher 

FIGURE 19 SAMPLE CALL OF SERVER-SIDE METHOD FROM CLIEN-SIDE. 

function GetEventsData() 
{ 
 // call server-side method 
 PageMethods.ParseScheduleData(CallSuccess, OnFailure); 
} 
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SOLUTION 

After identifying the functional requirements of the system, the next step was to 

design it. This task included designing the database structure and software 

architecture.  

1.14 Database Design 

This section attempts to cover the logical database designing as well as 

Entity-Relationship diagram approach to model the logical database design. 

Entity-Relationship diagrams are one of the most commonly used techniques for 

modelling the database design. Entity-Relationship modelling is a database 

modelling method, used to produce a type of conceptual schema or semantic 

data model of a system, often a relational database, and its requirements (45). 

The database design shows how data will be stored in the database.  

Database-driven approach was used when developing the application. This 

means that the database design has been first, and then the classes were 

generated. In order to implement the database, data entities need to be 

extracted from the requirements first. The following entities were identified: 

program, program instance, course, course instance, course instance element, 

schedule, room, timeslot, period, constraint and users with different roles were 

identified. The general view of the entities can be viewed in Figure 21.   
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 The entities bellow help to improve the flexibility of the system according 

to the identified entities above: course types, facility type, room type, 

departments, periods, school days, holidays and last but not least constraints.  

FIGURE 20 MYCOURSES USERS HIERARCHY. USERS ENTITY STORES DATA 
COMMON FOR ALL SYSTEM USES. LECTURER ENTITY STORES DATA SPECIFIC 
FOR LECTURER. STUDENT ENTITY STOERS DATA SPECIFIC FOR A STUDENT. 
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FIGURE 21 MYCOURSES DABASE STRUCTURE 
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The above diagram shows the relationship among the many tables of the 

MyCourses database. During the design phase the following relationships 

between courses, programs and schedules has been identified. According to the 

requirements the program can have one instance per year, but many instances in 

long term.  

1.15 Class Diagrams 

Class diagrams helps in modeling the structure of a system. They represent 

the details of the entities that make up MyCourses system and the relationships 

between them. After the Entity Relationship diagram was transformed to a data 

base, the classes were generated using the T4 template explained earlier. The 

whole system class diagram is divided into three class diagrams are represented 

– user class diagram, courses class diagram and schedule class diagram. Each 

diagram focuses on the main groups of entities that collaborate. Because of the 

diagrams are connected some entities are present in more than one diagram. 

 

User class diagram 

User class diagram is presented in next diagram. 
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 This diagram shows the entities and their relationships required for 

managing the users and their roles in the system. The roles identified for 

MyCourses software are administrator, program administrator, program 

manager, main lecturer, lecturer and student. All users have a common data 

such as First Name, Last Name and so on. This data is stored in the User entity. 

Administrator, program administrator and program manager do not have 

additional information, so there is no need of a separate entity for them.  Main 

lecturer is a regular lecturer with exclusive rights on course instance and its 

course elements. Their details are the same, which allows saving the additional 

lecturer data in one entity - Lecturer. Students require a separate entity, 

because of additional data such as faculty number. Similarly to lecturer users, 

this additional data is stored in a separate entity while the user’s common data 

is stored in the User entity referred by an association relationship. For each role 

an expiration date can be assigned. Because of this a RoleExpiration entity is 

defined.  

FIGURE 22 USERS CLASS DIAGRAM 
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Courses Class Diagrams 

The class diagram is shown in the following figure.   

 The diagram represents the relationships between the entities required 

for building the functionality for managing programs, course and their instances. 

The program class is used to manage the general information about a program. 

Each year a program instance of a concrete program is created. Each program 

consists of courses. Course instances are created when they are assigned to a 

program instance. A course instance consists of course instance elements. Those 

are the actual elements that are being scheduled. The order field is used to 

manage the order in which the course elements appear in the schedule. For 

 

FIGURE 23 PROGRAMS AND COURSES CLASS DIAGRAM 
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example, if “Lab 1” must appear between “Lecture 1” and “Lecture 2” and they 

have order 1 and 3 respectively, then “Lab 1”’s order has be 4. Courses can have 

different type such as obligatory, optional, etc. This type is managed by the 

CourseType class. The Lecturer class details are represented on previous 

diagram Figure 22.  

 

Schedule diagram 

Scheduling functionality is the most important part of the system. The 

schedule class is stores the schedules proposals made from the lectures. The 

class is used to manage the scheduled courses also. They are can be 

distinguished by the fields isApproved and isFinal. The isApproved field 

represents whether a course schedule proposed by a lecturer was approved. The 

isFinal field is a boolean value and it shows if the course schedule was marked as 

final, e.g. it was frozen. The TimeSlot class manages the timeslots that are 

present at the university. This class is required since different universities have 

different requirements for timeslots. Some of the universities have 4 timeslots – 

2 in the morning and 2 in the afternoon. Others have 9 timeslots each of which is 

45 minutes long.  

 SchoolDay class is used for managing the school days, e.g. in which week 

days classes can be scheduled. Holiday class manages the days that are non-

working days. For example Christmas holiday can be represented as one object 

with startDate 23/12/2010 and endDay 2/01/2011. This data is used when 

scheduling classes to prevent scheduling them on holiday days. The reason for 

using them is that the schedule is generated for the whole semester. 

 FacilityType class represents the facilities that can exist in a room. 

Moreover those facilities can be required by the lecturers for the courses that 

they teach. For example a lecturer may require a projector for a lecture. Then 

the solver or the program manager has to take into account this request. 

 The relationships between these classes are represented in the next 

figure. 
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FIGURE 24 SCHEDULE CLASS DIAGRAM 
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IMPLEMENTATION 

The architecture of the software defines the structure of the system. This 

includes its modules and the relationships between them and the external 

system. Designing a good architecture is an important task as the future 

maintenance will depend on this. 

1.16 Architecture 

The architecture of the application is based on the n-tier architecture 

principles and the latest architecture changes introduced since the release of 

the LINQ to SQL. The goal is building a more scalable, maintainable and 

applicable in the enterprise world system.  

When designing an application from scratch the most important 

architecture choice to make is defining the layers in the architecture. Organizing 

the code in layers makes it easier to maintain and organize.  

The layers that were identified are “MyCourses.GenericDataLayer”, 

“MyCourses.DataAccess” and “MyCourses.Web” layer. A complete picture of the 

architecture of MyCourses can be seen in the following illustration.  
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The block “Common” is not considered as a layer. It provides common 

classes and functionality used through the whole application, such as 

enumerations, custom exceptions and others.  

 The block “Scheduler” is also not a layer. It is a module that provides the 

whole functionality for calculating the schedule.  

There are two parts of the MyCourses’s data access layer. The first one is 

the Object Relational Mapper (ORM) and the Data Access Objects. It will be 

discussed in details later. 

The “MyCourses.Web” layer contains the visual representation of data. 

This will also be described in details below. 

 

Architecture considerations 

   

 In order to make the LINQ to SQL code maintainable, the repository 

pattern is used to encapsulate the objects persisted in the data store 

FIGURE 25 MYCOURSES ARCHITECTURE 

MyCourses. 
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FIGURE 26 REPOSITORY PATTERN INCLUDING A CONCRETE IMPLEMENTATION FOR 
COURSE ENTITY. 

(DataContext). As Martin Fowler states Repository pattern mediates between the 

domain and data mapping layers, building another layer of abstraction (46). 

The main goal of the Repository design pattern is to decouple the n-tier 

architecture of an ASP.NET application, providing a way to decouple the n-tier 

architecture, which improves the maintainability and helps reduce errors. This 

pattern helps to clean up and separate the layers of an application.  

The repository design pattern consists of the following elements – generic 

repository interface, generic repository, specific repository interface and 

specific repository. The repository pattern defines an interface 

IGenericRepository that outlines the methods that the data repository class will 

be able to perform. The GenericRepository<TEntity, TDataContext> class is a 

generic repository base class that implements the IGenericRepository, e.g. 

implements all basic CRUD functions. StaticGenericRepository aggregates 
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IGenericReposiroty interface. Figure 26 show the relationship of these classes 

together with a specific implementation of the repository pattern for Course 

entity.  The specific entity repositories inherit GenericRepository class by 

specifying the entity type which they are concerned with as well as the type of 

the DataContext used (47)(Figure 27).  

 

The specific static entity repositories inherit from the 

StaticGenericRepository class (Figure 28). Static repositories allow using the 

functionality defined in it without the need to create an instance of the 

repository. 

 

In MyCourses only specific static repositories were used. An example for 

using CourseStaticRepository for retrieving all courses is shown in Figure 29. 

FIGURE 27 COURSE SPECIFIC REPOSITORY 

FIGURE 28 COURSE SPECIFIC STATIC REPOSITORY 

public partial class CourseRepository :  
 GenericRepository<Course,  
 MyCourses.DataAccess.MyCoursesDataClassesDataContext>,  
 ICourseRepository 
{ 
 ... 
} 

public partial class CourseStaticRepository :  
 StaticGenericRepository<Course,   
  MyCourses.DataAccess.MyCoursesDataClassesDataContext> 
{ 
 ... 
} 
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 Without LINQ, the business layer was limited to method calls such as 

GetLecturerByLastName(string name) against the data access layer. The only 

reason for writing that method is because somewhere in the business layer it is 

needed to get lecturers by last name. This means that the data access contracts 

are explicitly driven by the needs of the business logic. Whereas by using LINQ, 

the developers are freed from the concrete dependency between the needs of 

the business layer and the contracts of the data access layer. The data access 

layer can be completely agnostic as to specific usage. It merely exposes the 

contracts of the entities and their relationship and the business layer uses them 

at-will without concern for their data implementation. In this way the power of 

LINQ is hidden behind a traditional data access layer.  

The fact that the concrete repositories’ custom methods are implemented 

through the basic CRUD operations defined and implemented in the generic 

repository makes them independent from the database access point of view. So 

they play the role of a business layer and they are still loose coupled. 

 

Layers in depth 

MyCourses.GenericDataLayer 

MyCourses.GenericDataLayer contains the IGenericRepository and 

Repository classes that comes with an open source project for implementing the 

base structure of the data access layer (47). The key features of this code are a 

request-scoped data context and entity repository classes which provide easy to 

use operations shared between all entities including the basic Create, Retrieve, 

Update and Delete (CRUD) operations implemented with Generics. The use of 

Generics allows the specific entity repositories get all the basic CRUD 

operations. In addition to the basic CRUD operations there are Count and 

SelectAll overload methods. The count function returns the number of items in 

FIGURE 29 RETRIEVING ALL COURSES. 

IQueryable<Course> courses = CourseStaticRepository.SelectAll(); 
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the database based upon filter criteria used in server-side pagination. The 

default SelectAll method returns all items from the specified type. There are 

overloaded methods of the SelectAll that allows filtering on different criteria, 

sorting and pagination.  

There are some restrictions with this approach. The first one is that the 

primary key of the table must be either integer or GUID. Also there are no 

composite keys allowed, instead the developer must add a constraint specifying 

that values in a column or a set of columns must be unique. The reason behind 

this decision is to keep things simple. The problem occurs when there is a join 

table on a join table on a join table as a track of primary keys should be kept 

(47).  

 

MyCourses.DataAccess 

This layer contains the entity classes and the specific repositories both 

static and non-static generated using the T4 template. All additional methods 

needed for managing the data in the application are added in partial classes of 

the corresponding concrete repositories. The fact that the generated repository 

classes are partial allows adding additional methods in a separate file that are 

not touched by the T4 generator. This allows when auto generating the code for 

a specific repository to overwrite or delete the files without losing the 

additionally added custom methods. The compiler combines at runtime both 

custom repository class and the auto generated partial class into one. 

All methods from MyCourses.GenericDataLayer and MyCourses.DataAccess 

that are returning a collection of entities return IQueryable<Entity>. The fact 

that IQueryable<Entity> is returned allows the query to be executed at the very 

last time, when it is needed. Deferred execution can greatly improve the 

performance when large data collections have to be manipulated, especially in 

programs that contain a series of chained queries or manipulations.  

Another advantage of the IQueryable<Entity> is that further changes can 

be made to the query later and gets the fast filtering the database provides. 

This means that the result from the SelectAll method of CourseStaticRepository 
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can be redefined, for example getting all active courses (Figure 30). This and the 

deferred execution enable only a single iteration to be made through the source 

collection, in this case the database. 

 

MyCourses.Web 

The MyCourses.Web is the presentation layer. Presentation layer is the 

most important part of an application simply because it is the one that every 

user sees and uses. If it is designed poorly, it gives the users a poor view of the 

system.  

 An open source template was used for the visual design that can be found 

in (48). Some changes and improvements were made in order to fit the needs of 

the current project. The overall look can be seen in Figure 31. The improvements 

that were made include the ability to expand/collapse the page width, a 

calendar for viewing current user’s classes, drop down menu, etc.  

 

FIGURE 30 SAMPLE METHOD FOR RETREIVING ALL ACTIVE COURSES. 

public partial class CourseStaticRepository :  
 StaticGenericRepository<Course,  
  MyCourses.DataAccess.MyCoursesDataClassesDataContext> 
{ 
 public static System.Linq.IQueryable<int> SelectAllActive() 
 { 
  return SelectAll() 
   .Where(course => course.IsActive == true); 
 } 
} 
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 The template had to be converted into master pages. Master pages allow 

creating consistent look for all pages in the system. The sections common for all 

pages, such as background, header and footer, need to be displayed on every 

page. This kind of content has to be placed at the base level master page. For 

better usability there are two types of side content columns. First one is the 

general type containing the user calendar and recent changes of the schedule. 

The second one provides sections for easier course scheduling. This includes a 

filter section and a section with unscheduled courses for a selected program. 

The fact that more than one side menu exist requires a separate master pages 

that inherits from the Base master page. The hierarchy is shown on Figure 32. 

Both nested pages apply to the left column – side menu – that is inherited from 

FIGURE 31 MYCOURSES HOME PAGE. 
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Base.Master.  Pages that allow manual changes of schedules use Schedule.Master 

page, whilst the rest of the pages use MyCourses.Master page. 

 All user pages inherit either from MyCourses.Master or from 

Schedule.Master. According to the inheritance chain, only right column - page 

content section – can be adjusted in the user pages, because the rest is inherited 

from the master page being used for the page.  

This is the general look of the system. Since one of the most important 

tasks for the project was to make the system user friendly. In order to increase 

the usability, a numerous jQuery plugins were used. They make the user 

interaction easier and smoother. The jQuery plugins are light weighted and cross 

FIGURE 32 MASTER PAGES HIERARCHY. BASE.MASTER CONTAINS THE COMMON 
ELEMENTS FOR ALL PAGES. SCHEDULE.MASTER CONTAINS THE SIDE MENU SPECIFIC FOR 
COURSE SCHEDULING PAGES. MYCOURSES.MASTER CONTAINS THE SIDE MENU THAT IS 

COMMON FOR ALL OTHER PAGES. 
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browser compatibility. The following plugins were added in the timetabling 

application: 

- Right to Left Context Menu (49) – this plugin shows a context menu 

when a right or left click (according to the settings) is made. It was 

used to show possible options for modifying course elements. On Figure 

33 a sample context menu is shown. It has two 

options – “Approve” and “Discard”. Using the 

context menu the program administrator or the 

program manager can approve a course element 

proposal or discard it.  

- iPhone style radio and checkbox switches using jQuery and CSS (50) – 

using the plugin, allowed replacing the standard checkboxes check 

boxes with more intuitive way for configuring a system. The text on 

the buttons can be configured. The plugin is used in MyCourses system 

in the constraint configuration section. An example of an active and 

inactive constraint can be seen on the next figure.  

- jQuery UI Accordion (51) – 

accordion menu is a set of pairs. 

Each pair consists of a header and 

a content panel. The menu groups 

content together and expand them 

on demand when the user clicks on 

a section header. The count of the 

visible contents at any given time 

is managed using the plugin 

settings. Users can expand the sections that are useful for them and 

keep other sections collapsed. In this way the browser’s space is 

saved, especially useful for small screens. For the purpose of the 

current project the accordion menu was used for filtering course 

elements when scheduling courses manually. A sample menu can be 

seen on Figure 34 the menu contains 5 sections for filtering periods, 

FIGURE 33 
CONTEXT MENU 

FIGURE 34 ACCORDION MENU 
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programs, courses, rooms and lecturers. Using the menu users can 

filter courses that are displayed on the calendar.  

- fullCalendar (52) – fullCalendar is a jQuery plugin that provides a full-

sized, drag and drop calendar (52). Events are fetched using AJAX for 

each month. It allows the user interface to be easily configurable and 

adding custom event format. The user interface can be repeatable 

events, long events, full day events, as well as regular events. The 

plugin provide three display modes – full month, week and day. 

Another feature of the plugin is the ability to drop external events 

onto the calendar. The fullCalendar fits well for the purpose of the 

timetable scheduling. Scheduled events can be scheduled using 

dragging and dropping of events. Unscheduled events can be scheduled 

by dropping onto the calendar. Another feature used was the colour 

customization of the different events – passed, scheduled, schedule 

proposed and unscheduled. The figure below shows a sample schedule. 

FIGURE 35 MYCOURSES'S SCHEDULE 
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- fancyBox (53) – FancyBox is a tool for displaying images, html content 

and multi-media (53). It was used for displaying a pop up form for 

manually scheduling courses.  

- jQuery cookies (54) – The plugin allows storing, modifying and cleating 

cookies. Cookies were used for saving the user’s preferences for page 

width. Thus, the next time the user opens MyCourses the width will be 

automatically adjusted.  
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TEST PLAN 

A large number of the developed software fails because of different reasons. 

They include over budget (50%), not all requirements were developed (50%), 

delay in delivery (90%) (3). This required the need of software testing in order to 

improve the quality of the software. The testing phase applied in the MyCourses 

project is described below.  

1.17 Goal  

The goal of the testing phase is to ensure that the system developed by 

the development process meets stakeholders’ functional and business process 

expectations.  

1.18 Scope 

The scope of the test plan includes testing strategy, testing tool that was 

used during the testing phase and test case scenarios. 

1.19 Testing Strategy 

The testing types which applied for this project were: 

 Automation testing - This testing uses automation test tools to help in 

exercising a system. These kinds of tests are used for functional 

requirements of the user interface and validation of it. Coded UI tests 

were created to ensure that requirements and specifications are met.  

The automation tests covered the main business cases. This includes 

creation (definition) of a new program, creation of a course instance, 

creation of a course, creation of a course instance, creation of a 
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course instance element. The scheduling process was not covered 

because as mentioned above there is no guarantee that the generated 

schedule will be the same every time, because of the use of random 

numbers. 

 Manual Testing - This is the process of testing the software manually. 

At the end of each iteration manual testing was performed.  

 System Testing - The purpose of this testing is to cover not only one 

functional unit but also to execute the system as a whole. This kind of 

test was performed before the final deployment of the system. This 

included running all automation tests defined and manual testing for 

the parts of the system not covered by the automation tests. 

1.20 Test Schedule 

Test Case MC001 Login 

Steps 1) Open application (logout if needed to) 

2) Enter Username and Password 

3) Click “Login” button 

Expected Result 1) The user should be redirected to Home page 

 

Test Case MC002 Create Program 

Steps 1) Click New Programs from the top Menu 

2) Enter Name 

3) Enter Number of Semesters 

4) Select Program manager from the drop down 

5) Click “Save” button 

Expected Result 1) A new program is created 

2) The user is redirected to view page of the program 

 

Test Case MC003 Select Program  

Steps 1) View Programs from top menu 

2) Select a program from the list of programs 

3) Click on Program Name 



 

 

 69 

 

Expected Result 1) The user is redirected to view program page 

 

Test Case MC004 Create Program Instance 

Steps 1) Select a Program 

2) Click “Add Instance” button 

3) Enter Start Date 

4) Enter End Date 

5) Check Is Active check box 

6) Click “Save” button 

Expected Result 1) A new program instance is created 

2) The user is shown the program for which program instance is 

created and the new program instance that was created 

 

Test Case MC005 Select Program Instance 

Steps 1) View Program Instances from top menu 

2) Select a program instances from the list of programs 

3) Click on selected Program Name 

Expected Result 1) The user is redirected to view program instance page 

 

Test Case MC006 Create Course 

Steps 1) Click New Course from the top menu 

2) Select Program from the drop down 

3) Enter Name 

4) Enter Course Code 

5) Enter Credits number 

6) Enter Number Of Semesters 

7) Enter Language 

8) Select Course Type from the drop down 

9) Check Is Active check box 

10) Click “Save” button 

Expected Result 1) A new course is created 

2) The user is redirected to view course page  
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Test Case MC007 Select Course  

Steps 1) View Courses from top menu 

2) Select a course from the list of courses 

3) Click on Course Name 

Expected Result 1) The user is redirected to view course page 

 

Test Case MC008 Create Course Instance 

Steps 1) Select a Course 

2) Click “Add Instance” button 

3) Select Program Instance from the drop down 

4) Enter Expected Students 

5) Check the Execution Period(s) for the course instance 

6) Select Main Lecturer from the drop down 

7) Click “Save” button 

Expected Result 1) A new course instance is created 

2) The user is shown the course for which course instance is 

created and the new course instance that was created 

 

Test Case MC009 Select Course Instance 

Steps 1) View Course Instances from top menu 

2) Select a course instances from the list of programs 

3) Click on selected Course Name 

Expected Result 2) The user is redirected to view course instance page 

 

Test Case MC010 Create new Course Instance Element   

Steps 1) Select a course instance from the list of programs 

2) Enter Name 

3) Enter Order number 

4) Click “Save” button 

Expected Result 1) The user is redirected to view course instance element page 

2) The page shows the newly created element and all previously 

defined elements 
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Test Case MC011 Create new User   

Steps 1) Select Admin from the top menu 

2) Enter First Name 

3) Enter Last Name 

4) Enter Email 

5) Enter Username 

6) Enter Password 

7) Enter the same password in the Confirm Password field 

8) Click “Save” button 

Expected Result 1) The page is show in view mode 

2) A new user is created 

 

Test Case MC012 Select User 

Steps 1) Click View Users from the Users section in top menu 

2) Select a user from the list of user 

3) Click on selected User’s Name 

Expected Result 3) The user is redirected to view users page 

 

Test Case MC013 Create new Administrator   

Steps 1) Select a user 

2) Select “Administrator” from User Roles drop down 

3) Click “Assign Role” button 

Expected Result 1) The Administrator user role is assigned to the selected user 

 

Test Case MC014 Create new Program Administrator   

Steps 1) Select a user 

2) Select “Program Administrator” from User Roles drop down 

3) Click “Assign Role” button 

Expected Result 1) The Program Administrator user role is assigned to the selected 

user 

 

Test Case MC015 Create new Program Manager   
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Steps 1) Select a user 

2) Select “Program Manager” from User Roles drop down 

3) Click “Assign Role” button 

Expected Result 1) The Program Manager user role is assigned to the selected user 

 

Test Case MC016 Create new Lecturer   

Steps 1) Select a user 

2) Select “Lecturer Type” from the drop down 

3) Select “Department” from the drop down 

4) Enter Role Expiration Date 

5) Click “Save” button 

Expected Result 1) The Lecturer user role is assigned to the selected user 

 

Test Case MC017 Create new Student 

Steps 1) Select a user 

2) Enter Faculty Number 

3) Enter Role Expiration Date 

4) Click “Save” button 

Expected Result 1) The Student user role is assigned to the selected user 

1.21 Test Results 

The test results are summarized in the following table. 

Test Case ID Date Tested Pass/Fail 

MC001 11/10/10 Passed 

MC002 11/10/10 Passed 

MC003 11/10/10 Passed 

MC004 11/10/10 Passed 

MC005 11/10/10 Passed 

MC006 11/10/10 Passed 

MC007 11/10/10 Passed 

MC008 11/10/10 Passed 

MC009 11/10/10 Passed 

MC010 11/10/10 Passed 
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MC011 11/10/10 Passed 

MC012 11/10/10 Passed 

MC013 11/10/10 Passed 

MC014 11/10/10 Passed 

MC015 11/10/10 Passed 

MC016 11/10/10 Passed 

MC017 11/10/10 Passed 

TABLE 2 TEST RESULTS 

1.22 Tools 

Coded UI tool, part of Visual Studio Ultimate 2010, was for automation 

testing. The tool allows the tests to be recorded and run any time it is needed. 

The identified issues were reported in the issue tracking system used, BugNet. A 

sample issue is shown in the following figure. 

 

 

 

FIGURE 36 SAMPLE BUG REPORTED IN BUGNET 
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CONCLUSIONS 

MyCourses project had to solve the university course timetabling problem. 

This is an NP hard problem that is really hard to solve. This makes it impossible 

to implement a universal software product. Since different universities have 

different constraints for their courses, the commercial software solutions that 

exist are not applicable in most cases. The constraints were identified and 

weighted, so that one constraint can be more important than other.  

This required implementing a solver that constructs a timetable that is as 

optimal as possible. The application had to allow universities to configure the 

solver in high degree. This includes turning on and off different constraints and 

prioritizing the soft constraints. In addition, the schedule that was created has 

to be for a whole semester according to a predefined order of course elements. 

In order to complete this project several documents had to be produced. 

The first one was to gather the software requirements, which allowed defining 

the scope of the system. Afterwards the feature list was transformed to use case 

diagram. Each use case and actor were described in details. Once the scope was 

identified it was possible to define the planning. The planning included creating 

a project plan using Microsoft Project 2010 that described the development 

process. It was an incremental process allowing multiple deliverables for 

monitoring the development progress. The most important and thus risky tasks 

were scheduled as early as possible. After that, the list of the supported 

constraints was indicted. Having the basic business rules defined, it was possible 

to proceed to the system’s design. This included a database design as well as 

software’s architecture. The database design was modelled using UML class 

diagrams. Then it was possible to proceed with the concrete implementation. 
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The implementation followed the project plan. An incremental process 

was used that combined the extreme programing and feature driven design 

technologies.  
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FUTURE WORK 

Even though the application can produce a good enough solution, there are 

still some improvements that can be made. The first one is modifying the 

algorithm to calculate the schedule in parallel. In the current serial calculation 

of the timetable, the neighbours are calculated sequentially. This means that a 

new iteration is not performed until the current iteration does not complete. 

However, it is possible to calculate multiple solutions at concurrently. This 

approach requires the algorithm to be able to calculate the solutions 

independently. In order to achieve this, the timetable must be held in a shared 

memory area acceptable to all processes (23). Another requirement is 

calculating the cost change without the need of re-evaluating the cost of the 

whole solution. This requirement is already satisfied in the current state of the 

project. 

As mentioned above the system can schedule courses only for the whole 

semester. So, second improvement would allow the university using the system 

to configure how to schedule courses. In other words the administrator would be 

able to specify whether the schedule is weekly based or for the whole semester. 

Another improvement can be adding a module for scheduling exams. Exam 

schedule differs from course scheduling in which the timetable is to be used. 

One of the differences is that some universities allow holding more than one 

examination in one room.  Also, it is often a course timetabling to have more 

constraints than examination timetable. This results in a more complex problem. 

Also, different constraints are applied to the exam scheduling than to the course 

scheduling problem. 



 

 

 77 

 

 

ACKNOWLEDGEMENTS 

I would like to sincerely thank to my thesis supervisor, Thomas Leveque, 

who has been very supportive throughout the process of writing the thesis. He 

has provided me with a lot of guidance and feedback of my work. 

I also want to thank prof. Silvia Ilieva, who gave me the opportunity to 

write this thesis in collaboration with Mälardalen University. 

 



 

 

 78 

 

 

REFERENCES 

 

1. Kaiser, Erik. On methodologies and structured problem solving. 

Modernomics. [Online] http://erikkaiser.com/wp/2010/02/on-methodologies-

and-structured-problem-solving/. 

2. The Impact Of Methods And Techniques On Outcomes From Agile 

Software Development Projects. Persons, David. Auckland : s.n., Vol. II. 

3. Ilieva, Sylvia, Lilov, Vladimir and Manova, Ilina. Building Software 

Applications. Sofia : University Press "St Climent Ohridski", 2006. 954-07-2452-X. 

4. University of Missouri - St. Louis. [Online] 

http://www.umsl.edu/~sauterv/analysis/6840_f09_papers/Nat/Agile.html#XP. 

5. Whitney, Ellen. Code-Magazine. [Online] 2001. http://www.code-

magazine.com/article.aspx?quickid=0102061. 

6. Non-Functional requirement. Wikipedia. [Online] 

http://en.wikipedia.org/wiki/Non-functional_requirement. 

7. Targis web site. TortoiseSvn project page. [Online] 

http://tortoisesvn.tigris.org/. 

8. BugNet Home Page. BugNet. [Online] http://www.bugnetproject.com/. 

9. MS Naming Guidelines. Microsoft Corporation. [Online] 

http://msdn.microsoft.com/en-us/library/xzf533w0(VS.71).aspx. 

10. C# Coding Standards. Lance's Whiteboard. [Online] 

http://weblogs.asp.net/lhunt/pages/CSharp-Coding-Standards-document.aspx. 



 

 

 79 

 

11. Best Practices. .Net Spider. [Online] 

http://www.dotnetspider.com/tutorials/BestPractices.aspx . 

12. How to: Create a Coded UI Test. Microsoft Web site. [Online] 

http://msdn.microsoft.com/en-us/library/dd286681.aspx. 

13. Define the project Scope. Managing Small Projects. [Online] 

http://www.managingsmallprojects.com/define-the-project-scope.html. 

14. Pinone, Dan with Pitman, Neil. UML 2.0 In A Nutshell. s.l. : O'Reilly, 

2005. 

15. Hybrid Generic Algorithms with Great Deluge For Course Timetabling. 

AL-Milli, Nabeel R. 2010. 

16. Simuated Annealing. Wikipedia. [Online] 

http://en.wikipedia.org/wiki/Simulated_annealing. 

17. Ludvig Maxilimians University - Munich. [Online] 

http://www.geophysik.uni-muenchen.de/~igel/downloads/inviiannealing.pdf. 

18. Henderson, Darrall, Jacobson, Sheldon and Johnson, Alan. The 

Theory And The Practice Of Simulated Annealing. Handbook Of Metaheuristics. 

s.l. : Kluwer Academic Publishers, 2003. 

19. ITC2007 Sover Description: A Hybrid Approach. Muller, Tomas. West 

Lafayette, IN, USA : s.n., 2007. 

20. Kendall, Graham. Simulated Annealing. [Online] 

www.cs.nott.ac.uk/~gxk/courses/g5baim/007sa/powerpoint/sa.ppt. 

21. Duong, Tuan-Anh and Lam, Kim-Hoa. Combining Constraint 

Programming and Simulated Annealing on University Exam Timetabling. [Online] 

citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1.5333&rep=rep1&type=pdf

. 

22. Burke, E. and Newall, J. Enhancing Timetable Solutions with Local 

Search Methods.  

23. Constructing school timetables Using Simulated Annealing: Sequential 

and Parallel Algorithms. Abremson, D. Melbourne, Australia : s.n. 



 

 

 80 

 

24. Modern Heuristic Techniques for Combinatorial Problems. Industrial 

Engineering Department. [Online] 

http://www.ie.metu.edu.tr/~ie505/LectureNotes/Week%204%20(simulated%20a

nnealing).pdf. 

25. Simulated Annealing Implementation & Result. University Of 

Bridgeport. [Online] 

http://www1bpt.bridgeport.edu/sed/projects/449/Fall_2000/fangmin/chapter3

.htm. 

26. Tsuzuki, Marcos de Sales Guesta, Martins, Thiago de Castro and 

Takase, Fabio Kawaoka. Robot Path Planning Using Simulated Annealing. 

Information Control Problems in Manufacturing. s.l. : Elsivier IFAC Publications, 

2006. 

27. Shape Optimal Design on Double-Chamber Mufflers Using Simulated 

Annealing and a Genetic Algorithm. Yeh, Long-Jyi, Chang, Ying-Chun and Chiu, 

Min-Chie. Taipei, Taiwan : s.n., 2004. 

28. Gitonga, David. Difference Between Client Side and Server Side 

Technology. [Online] http://www.ehow.com/facts_5791790_difference-side-

server-side-technology.html. 

29. Part I: The .NET Framework. [Online] 

http://media.wiley.com/product_data/excerpt/98/07645482/0764548298.pdf. 

30. Which are the main components of the .NET platform? xFunda. 

[Online] 

http://www.xfunda.com/index.php?option=com_content&view=article&id=11&c

atid=28&Itemid=73. 

31. .NET Framework. Wikipedia. [Online] 

http://en.wikipedia.org/wiki/.NET_Framework. 

32. ASP.Net. Microsoft. [Online] http://msdn.microsoft.com/en-

us/library/aa286485.aspx. 



 

 

 81 

 

33. Bancila, Marius. Introduction to LINQ, Part 1: LINQ to Objects. Code 

Guru. [Online] 

http://www.codeguru.com/csharp/csharp/net30/article.php/c13699. 

34. McLennan, Liam. Implementing the Repository Pattern With Linq-to-

Sql. The Code Project. [Online] 

http://www.codeproject.com/KB/architecture/linqrepository.aspx. 

35. Fowler, Martin. Data Mapper. Martin Fowler Web site. [Online] 

http://martinfowler.com/eaaCatalog/dataMapper.html. 

36. DataContext Class. Microsoft MSDN. [Online] 

http://msdn.microsoft.com/en-us/library/system.data.linq.datacontext.aspx. 

37. Code Generation And Text Templetes. Microsoft MSDN. [Online] 

http://msdn.microsoft.com/en-us/library/bb126445.aspx. 

38. Sych, Oleg. T4: Text Template Transformation Toolkit. Oleg Sych Web 

site. [Online] http://www.olegsych.com/2007/12/text-template-

transformation-toolkit/. 

39. How To Create A Simple T4 Templete. Oleg Sych Web Site. [Online] 

http://www.olegsych.com/2007/12/how-to-create-a-simple-t4-template/. 

40. HTML, XHTML, DHTML. Power pages web design. [Online] 

http://www.powerpageswebdesign.com/html_xhtml.htm. 

41. Wikipedia. [Online] September 17, 2010. 

http://en.wikipedia.org/wiki/JSON. 

42. Wikipedia. Wikipedia Ajax Page. [Online] September 10, 2010. 

http://en.wikipedia.org/wiki/Ajax_(programming). 

43. ASP.NET AJAX. Wikipedia. [Online] 

http://en.wikipedia.org/wiki/ASP.NET_AJAX. 

44. Microsoft Corporation Oficial Site. [Online] 

http://www.microsoft.com/downloads/details.aspx?FamilyID=32c54c37-7530-

4fc0-bd20-177a3e5330b7&displaylang=en. 

45. Entity-relationship model. Wikipedia. [Online] 

http://en.wikipedia.org/wiki/Entity-relationship_model. 



 

 

 82 

 

46. Fowler, Martin. Repository. Martin Fowler Web site. [Online] 

http://martinfowler.com/eaaCatalog/repository.html. 

47. Multi-Tier Architecture For Linq-To-Sql. CodePlex. [Online] 

http://multitierlinqtosql.codeplex.com/. 

48. Free CSS Templates. [Online] 

http://www.freecsstemplates.org/preview/simpletex/. 

49. Beckelman, Bill. [Online] November 4, 2008. 

http://beckelman.net/post/2008/11/04/Right-or-Left-Click-Context-Menu-

Using-jQuery-Demo.aspx. 

50. Dev/Grow . [Online] http://devgrow.com/iphone-style-switches/. 

51. Accordion. jQuery . [Online] http://jqueryui.com/demos/accordion/. 

52. Shaw, Adam. FullCalendar. [Online] 

http://arshaw.com/fullcalendar/. 

53. FancyBox. [Online] http://fancybox.net/. 

54. Cookies. [Online] http://plugins.jquery.com/project/Cookie. 

55. Sahet Net. [Online] 

http://sahet.net/src/software/software_lifecycle.jpg. 

56. Boltzmann contant. Wikipedia. [Online] 

http://en.wikipedia.org/wiki/Boltzmann_constant. 

57. Optimization Tips And Tricks. MathWorks. [Online] 

http://www.mathworks.com/matlabcentral/fx_files/21239/1/content/optimTip

sWebinar/html/optimTipsTricksWalkthrough.html. 

58. Introduction to Neutral Netwerks for C#. Heaton Research. [Online] 

http://www.heatonresearch.com/course/intro-neural-nets-cs/7. 

59. An Example of a Multi-Tier Architecture For Linq-To-SQL. CodePlex. 

[Online] 

http://multitierlinqtosql.codeplex.com/Thread/View.aspx?ThreadId=74673. 

 



 

 1 

 

Appendix A. APPENDIX – USED ABBREVIATIONS 

Term Description 

ADO.NET Active Data Objects .Net 

BCL Base Class Library 

CSS Cascading Style Sheets 

FCL Framework Class Library 

FDD Feature Driven Design 

HTML Hypertext Markup Language 

IIS Internet Information Services 

SA Simulated Annealing 

SQL Structured Query Language 

URL Unified Resources Locator 

XML Extensible Markup Language 

XP Extreme Programming 

TABLE 3 USED ABBREVIATIONS 
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Appendix B. Complete Project Plan 
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