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Abstract 

This project is built to find a solution near to the optimal for final exam scheduling problem 

in College of Administrative science and Informatics in Palestine Polytechnic University, 

that has suffer from some problems: it takes more time and gives exams schedule has a lot of 

conflicts. The implemented solution is an automated system based on Genetic Algorithm. 

In this project we applied genetic algorithm using java programming language to get 

relatively excellent final exam schedule with less number of conflicts, it has some constrains 
that we used. 

After we finished the system, we get final exam schedule better than final exam 

schedule that produced manually, that is used in the college of Administrative Science and 
Informatics. 
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1.1 Overview 

Universities face every year a problem in building a suitable final exam scheduling, which 

are generated manually. Even if the developers try to develop the optimal table many times, 

they will not be able to do that, and the final table will have problems for instructors, as well 

as for students. 

For students, the final table will have many problems, such as two exams at the same 

time, large gap between exams; sometimes difficult exams come in the first days, and other 
problems. For instructors, examples of the problems that face them are: a limited time to 

correct the exams, many observations for some instructors than others, etc. 

College of Administrative Science and Informatics in Palestine Polytechnic 

University (PPU) for example spends a lot of days in producing a final exam schedule. They 

alter it many times because the first version often has many problems, and the final version 

still has many problems for students and instructors. 

In this project, we will solve this problem by developing automated system using an 

intelligent algorithm. We will take into account in our project: exams and rooms to create 
complete table. 

1.2 Scheduling problem 

Scheduling problem can be defined as "a problem of finding the optimal sequence for executing a 

finite set of operations (tasks or jobs) under a certain set of constraints that must be satisfied" [IO]; 

This means that there is a little number of time slots, and a lot of events. These events must 

be arranged around the little number of time slots. There are a number of constraints that 

are divided into hard constraints, which must be satisfied (Critical and have infinity cost), 
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and soft constraints, which are not essential to satisfy (have less cost compared to hard 
constraints) [3, 5]. 

There are many types of scheduling problem, and these types differ in terms of the 
kind of constraints involved [5]. Examples of scheduling problems are: course scheduling, 
shop scheduling, multiprocessor scheduling, staff scheduling, etc. In this project, the 
university exam scheduling problem will be handled. In exam scheduling, exams are the 
events, and time slots can be considered as the separate timeslots for exams. Examples of 
hard constraints are: no student can take two different exams at the same time. Example of 
Soft constraints: small gab between each exam for each student [13]. 

Scheduling problem is considered to be a non-polynomial-time hard (NP-hard) 
problem. This means that there is a solution, but suboptimal; there is no proof for the 
solution to check if it is optimal or not. 

1.3 Problem statement 

Students and lecturers constantly face this scenario; the timetable of final exams has many 
problems and not suitable for them, also they should give their comments in order to alter 
the table. 

The necessity of developing an optimal exam scheduling table and in limited time 
becomes very important in order to keep the resources of universities such as time, and to 
increase the lecturers and students satisfaction. Exam scheduling involves assigning exams 
and rooms to a specific number of timeslots, and satisfies a set of constraints. 

1.4 Literature review 

Exam scheduling problem is that the basic challenge facing universities to schedule 
examinations. It has a limited time period and number of conflicts and a number of side- 
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constraints that different between universities. 

To solve this problem we can use heuristic methods that can produce good timetables, 

but the size and complexity of modern university timetabling problems related to use more 

general problem solving algorithms, or Meta heuristics, such as stochastic search algorithm, 

simulated annealing, evolutionary algorithms, Final Exam Scheduling Package-SA, Graph 

Coloring, Hybrid Algorithm, memetic algorithms. 

In the following section we will describe the Background and the literature review of 

exam scheduling problem, and how to solve it such as: 

1.4.1 Stochastic search algorithm 

Stochastic search is the method of choice for solving many hard combinatorial problems. 

and it has a ways to search, for solving problem such as: Simulated annealing Algorithm 

(SA), and Genetic algorithm (GA), and Final Exam scheduling Package (FESP)-(SA)[8]. 

1.4.2 Simulated annealing Algorithm: 

"Is based on idea from physics and is analogous to the physical annealing of solid"[8]. And another 

definition : it is a probabilistic methods proposed for finding the global minimum of a cost 

function that may possess several local minima[1]. It's based on search strategy which keeps 
track of one feasible timetable. 

Each timetable followed as neighbor, this neighbor is accepted as the current timetable 

if it has a lower cost. If the neighbor has a higher cost which is related to a control 

parameter called temperature increased that's mean the iteration increase, to reach the 

nearest optimal solution. 

The process is analogous to the cooling process in actual annealing. One drawback with 

simulated annealing is that the cooling process can take a long time in order to achieve good 
result [3]. 

1.4.3 Genetic algorithm: 

"it based on the idea of natural evolution. They simulated natural population reproduction and 

selection operation to achieve optimal result" [6]. And it analogous to Darwinian evolution. A- 
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population consist of timetables, chromosome is maintained, the fittest timetables that have 
the lowest cost are selected to form the basis of the next generation, to improving the overall 
fittest whilst maintaining diversity. A crossed-over based on the cut and divided 
chromosome to create new timetables. 

However, researchers found an intelligent mutation operator to be more successful 
than two-parent cross over. 

The Automated Scheduling and Planning group at the University of Nottingham, 
has developed genetic algorithms for examinations scheduling which employ a large degree 
of heuristic knowledge, to generate the initial population, and to improve the genetic 
operators. 

Nottingham crossover works on a timetable period level, taking meetings scheduled 
in both parents first, and then according to a heuristic ordering, until no more may be placed 
in the child timetable without conflict. The use of this type of crossover lead to very 
efficient room usage [2]. 

1.4.4 Final Exam scheduling Package_SA: 

" proposed a heuristic algorithm for exam scheduling and called it Final Exam scheduling 

Package(FESP)'1ll]. Consists of 4 steps and each step solve part of the problem until they 
reached to the final solution. 

After that the experience has on the previous algorithms, they concluded: the results 
of (GA) and (SA)it's show the good final exam scheduling that are better than (FESP_SA), 

also (SA) and (GA) allows to reduce the number of exams days without any effect on 
Conflicts, however (SA) is more suitable as it's faster than (GA), also all three algorithms 
produced better result when the maximum period for holding exams increased and worse 
when decreased[ll]. 

1.4.5 Graph Coloring 
Graph Coloring it's a set of node (V)and, a set of non-directed edges between node(E). The 
edge connecting tow nodes are said to be adjacent. This problem is known as: 
Node coloring : "assigns colors to the nodes of the graph such that no two adjacent nodes 
have the same color" [7]. 
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Edge coloring: "assigns colors to the edges of the graph such that no two adjacent edges have 
the same color. Two edges are said to be adjacent if they both share a node in common" [7]. 

The main idea of the algorithm: Researchers represent the courses by nodes of a 
graph, where two nodes are adjacent if the two corresponding courses are registered by at 
least one student. Then, it is required to assign each course represented by a node a time slot, 
such that no two adjacent nodes have the same slot. 

This algorithm provided a mechanism to solve the problem for exam scheduling 
through the achievement of the objectives of fairness, accuracy, and optimal exam time 
period [7]. 

1.4.6 Hybrid Algorithm 

The researchers present hybrid algorithm for examination timetabling, that consisting of 
three phases: a constraint programming phase to develop an initial solution (feasible 
timetable) satisfying all constraints, a simulated annealing phase to improve the quality of 
solution, and a hill climbing phase for further improvement [9] [ 11] [ 12]. 

Examination timetabling is a good-studied combinatorial the best problem. We 
present a new hybrid algorithm for examination timetabling, contain of three level: a 
constraint programming phase to develop an initial solution, a simulated annealing level to 
improve the quality of solution, and a hill climbing level for addition improvement. The 
examination timetabling problem at the University of Melbourne is introduced, and the 
hybrid method is proved to be superior to the current method employed by the University. 
Finally the hybrid method is compared to established methods on the publicly available data 
sets, and found to perform good in comparison. 

1.5 Project objectives 

This project is expected to achieve the following objectives: 

• To build a stand-alone program that generate a final exam scheduling and reduce 
the time that is consumed at traditional way. 

• Reduce complexity. 
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• Avoid mistakes in final exams table. 
• Maximize students study time. 

1.6 project domain 

The system will help the Palestine Polytechnic University to create final exam scheduling. 

1.7 The organization of this document 

This document is organized into the following chapters: 

• Chapter 1: Introduction 
This chapter gives an overview about examination problem, scheduling problem, 
problem statement in general, and objectives of this project. 

• Chapter 2: Planning and system requirements 
This chapter explains the project plan and schedule, also mention the methods that 
used for fathering information. It describes the current system in the college, and the 
alternatives. The primary section in this chapter is the functional and non-functional 
requirements. Finally, the feasibility study and potential risks are mentioned. 

• Chapter 3: System specifications 
In this chapter, the functional requirements are specified in more details; also the 
models like context diagram and dataflow diagram are illustrated. Finally, it gives a 
general description of the database. 

• Chapter 4: System design 
In this chapter, we will explain the problem modeling and represent the solution and 
the algorithm that we applied to solve the problem and steps and functions of the 
algorithm. 
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• Chapter 5: System implementation 
This chapter comes after system design, we will begin programming the system and 
in this chapter we will explain the environment of implementation phase that 
includes needs of project from several tools. 

• Chapter 6: system discussion and testing 
In this stage, we will apply system testing on the entire system and check if 
components of system work correctly, also we will compare the results to find best 
solution. 

• Chapter 7: system maintenance 
This chapter represents the final phase of the project life cycle, we will describe 
maintenance system, upgrading and backup. 

• Chapter 8: Conclusion 
In this chapter, we will list the conclusion and recommendations for our project. 



Chapter 2 

Planning and System 
Requirements 

l. Introduction 
2. Project schedule 

3. Information gathering 
4. Description of current system 

5. Alternatives 

6. Functional requirements 

7. Nonfunctional requirements 

8. Feasibility study 

9. Risks analysis 



Chapter 2; PLANNING AND SYSTEM REQUIREMENTS 11 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Figure 2.1:Gantt chart for first semester 

Expected 

Actual 



Chapter 2: PLANNING AND SYSTEM REQUIREMENTS 10 

2.1 Introduction 

In this chapter, we will describe the project schedule and project plan. After that, we will 
explain the methods that we have used to gather information about the problem. Then, we 

will describe the system functional and non-functional requirements. Finally, we will 

explain the feasibility and analyze the risks that may face the project. 

2.2 Project schedule 

We have a set of tasks, and by the end of the semester, we should finish them. The tasks and 

the number of weeks needed is shown in the table (2.1). 

No. Symbol Tasks Number of weeks Number of semester 
I Tl Literature review 5 First and second 

semester 
2 T2 System planning 3 First semester 
3 T3 Requirements of collection 4 First semester 
4 T4 Requirements specification 4 First semester 

and analysis 
5 T5 System design 3 second semester 
6 T6 System programming and 11 second semester 

implementation 
7 T7 System testing 3 second semester 

8 T8 System documentation 33 second semester 

Table 2.1: Tasks distribution 
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2.3 Information gathering 

Much of the knowledge in requirements elicitation comes from reading documents about 
the subject and talking to people who are involved in similar systems. Gathering 
Information is a significant step and basic stone towards the analysis phase. It helps us in 
organizing the large amount of required data and build up a clear non-ambiguous 
understanding of what is expected of the under-developed application. We basically 
depended on two effective techniques of information gathering, interviews and 
questionnaires[13]. 

2.3.1 Interview 
We made one interview with Ms. Worod Al-Sharabati, who is responsible for the 
registration in college of Administrative Science and Informatics , and she is responsible for 
building the final exam scheduling. 
We have added the interview to the appendix later. 

What we concluded from the interview? 
From this interview, we concluded the description of the current system in the college, 
which is done almost 90% manually. We knew the details about it, and the problems that 
arise. In addition to that, we knew the constraints that the final table must has, and other 
information such as the total number of students, rooms and exams. The interview helped 
us in understanding the problem deeper and clearer[13]. 

2.3.2 Questionnaire 
We prepared a questionnaire and then distributed it to a sample of students in the college. 
We have added the questionnaire to the appendix later[13]. 

What we concluded from the questionnaire? 
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From this questionnaire, we concluded the most important things that the students wish in 
the final exam scheduling, and what are the difficulties and problems that face them. Also, 
we concluded some of the requirements for our system, the results of questionnaire in 
summary, most of students reject to have two exams in same period and same day and they 

suffer from this point. 

2.4 Current System Description 

The current system for final exam scheduling in our college is done manually. The process 
takes at least a week. The system consists of students, exams and rooms. The academic 
supervisor place the examination table depending on the academic students plans. At each 
day, they have two periods in order to avoid the depletion of the university's resources 
(rooms and observers). Each period can serve at most 200 students (400 students per day). 

The system finds the final exam scheduling with minimum number of conflicts. It is 
specialized for college of Administrative Science and Informatics in PPU in order to reduce 
the time and effort done by the human since it takes at least a week. 

In this system, the mechanism that is used to distribute students into the rooms, 
exams on the students, and exams on the days are explained consecutively. 

2.4.1 The distribution of students in the rooms 

Each exam's students are distributed among the rooms depending on the capacity of each 
room, and on the number of exams that the room accommodates. 

For example, if we have 120 students for "Organizational Behavior Course" and 60 
students for "Computer Programming Course", we will distribute 60 students from the 
"Organizational Behavior Course" and 30 students from the "Computer Programming 
Course", and then we will put them in the rooms that have a capacity of at least 90 students. 
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2.4.2 The distribution of exams to the students 

Exams are distributed for the students depending on the academic plan for those students. 
The constraints in this case are: try to make the student should not have two exams at the 
same time and no more than two exams in the same day. In addition, the exams that are in 
the same level must not be in the same day. 

The exams for courses which are not possible to be in the same semester can be 
scheduled in the same day, such as Arabic Language, Islamic Culture and Palestine History. 
On the other hand, the course and its prerequisite course must not be in the same day to 
avoid conflicting. 

2.4.3 The Distribution of exams on the days 

The university policies limit the exams days to maximum 10 days, so each day can contains 
two exams as mentioned above. In addition to that the Saturday (which is the week end 
day) can have one exam. 

2.5 Alternatives 

The alternative of this current system is developing an automated system that creates the 
final table in few minutes, and depending on intelligent algorithms, so it has a minimal 
number of conflicts, and increases the usability of university resources, such as time and 
space. 

Our system will take into account the distribution of exams, rooms to a specific number of 
time slots, and satisfying a set of hard and soft constraints. 

The hard constraints are: 

1- The maximum number of days is 10 (20 time slots). 
2- Each day must have two time slots. 
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The set of soft constraints are: 

1- The student should not have two exams at the same period. 

2- The student should not have two exams at the same day. 

2.6 Functional requirements 

The minimal set of functional requirements that the system should perform are: 

1- Import the data that related to students, courses, rooms and timeslots in the system. 

2- Import the set of hard and soft constraints. 
3- Store the imported data. 

4 Update the system database manually. 

5- Build the final timetable with minimal number of conflicts. 

6- Display reports, which are: college exams timetable, rooms table, and student's 

exams table. 

2.7 Non-functional requirements 

1- Usability: the system must provide an easy to use Graphical User Interface (GUI), it 

will be easy to learn and no hidden keys. 

2- Flexibility: the system must work with any new requirement. The system structure 

must be adaptive to new university rules. 

3- Maintainability: if some errors occur in the system, it should be able to be 

maintained by the developers or by another team. 

4- Speed: the system gives its results in a few times. 

2.8 Feasibility study 

This section will describe the software and the hardware needed to develop the project. 
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2.8.1 Software development resources 

The system needs development software resources as explained in table (2.2): 

Item Quantity Price $ 
Java (JDK) 3 0 
Netbeans 3 0 

MS-Office Professional 3 89.45 
2010 

Latex I 0 
Total 268.35 

Table 2.2: Software development resources 

2.8.2 Hardware development resources 

To develop the system, we need to use a computer with specifications, according to the 
programs that will be used to build the system. The following table (2.3) shows the 
recommended hardware that needed to build our system: 

Item Specifications Cost $ 

CPU:2GH 
Personal Computer Ram: 2GB 394 

H.D: 80GB 
Monitor: 19 Inch 

Table 2.3: Hardware development resources 

2.8.3 Human resources 

The following table (2.4) shows the human resources: 
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Name No. of workers Total cost 

System 3 1500 

analyst 

Programmers 3 4800 

Total 3600 

2.8.4 Total cost: 

Table 2.4: Human resource 

In table (2.5), we show overall project cost 

Software cost Hardware cost Human resources Total cost 

268.35 $ 394 $ 3600 $ 4262.35 $ 

Table 2.5: Total cost 

2.9 Risks analysis 

In this section, we will list the expected risks that we may face, and the proposed solutions. 

The expected risks are: 

1- The time constraint, time is limited by the end of the course. 

2- System failure. 
3- One or more of the workgroup member quit for any reason. 

The proposed solutions are: 

1- Commitment to time schedule. 

2- To avoid system failure and loss of data, we will make periodic system backup. 

3- The rest members will continue working by increasing their tasks. 
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3.1 Introduction 

In this chapter we will describe the system functional requirements in more details and 
specifications. Also we will illustrate some models such as context diagram. Finally we will 
give general description of the database. 

3.2General system description 

The proposed system supposed to build the final exam scheduling table in the college of 
Administrative Science and Informatics in short time. The system consists of these main 
parts: exams information, students' information, and rooms' information. These data 
should be stored in the system. 

The system will find the sub-optimal solution by applying an intelligent algorithm, 
and the result will be outputted through the reports. 

3.3System development life cycle 

Our project will passes in several stages, that broken down to fundamental levels from 
define the problem and put functions and requirements of system for solve this problem to 
last stage that tests the system if it do correctly without mistakes. 

It is important to understand steps that we should achieve it and it helps to walk 

sequentially through building our system. 
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3.4 Requirements specifications 
In this section, we will determine the specification for each functional requirement in the 
system. 

The set of functional requirement are: 

1. Importing the data that related to students, courses, rooms and timeslots in the 

system. 
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2. Importing the set of hard and soft constraints. 

3. Store the imported data. 

4. Updating the system database manually. 

5. Building the final timetable with minimal number of conflicts. 

6. Display reports, which are: college exams timetable, rooms table, and student's 

exams table. 

The specification for each will be explained in the following: 

1- Importing the data that related to students, courses, rooms and timeslots in the 

system. 

Function Importing data 

Description Importing data that related to students, courses, rooms, and 
timeslots from the registration database. 

Input Tables such as student table that contain student_N ame, 
student_No, ... etc, and course, rooms and timeslots tables. 

Source Registration database 

Output Imported data in the system. 

Target ( destination) System database 

Requirements Logging on as administrator 

Precondition Access to the registration database. 

Post condition Old data will be removed and only the new data will be 
available. 

Table 3.1: Importing data 
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2- Importing the set of hard and soft constraints. 

Function Importing constraints 

Description Upload excel file that contains hard and soft constraints. 

Excel file that contain set of hard and soft constraints. Input 

Source Administrator 

Output Imported data 

Target System database 

Requirements Logging on as administrator. 

Post condition Enable administrator to save and update the data. 

Table 3.2: Importing constraints 

3- Store the imported data. 

Function Storing data 

Description Enable the administrator to save the imported data to the 
system database. 

Input Imported data such as student's information, constraints, 
... etc. 

Source Administrator 

Output New data in the system database. 

Target System database 

Requirements Logging on as administrator. 

Precondition Import the data. 

Post condition Enable the administrator to update the data. 

Table 3.3: Storing data 
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jg the system database manually. 

n Updating the system database manually 

on Enable the administrator to update the database such as 
insert, delete, modify. 

Stored data 

System database 

New updated data 

System database 

nts Logging on as administrator. 

on Import the data, save the data 

tion Enable administrator to save and update the new data. 

Table 3.4: Updating database 

the final timetable with minimal number of conflicts. 

Building final timetable 

The data will be entered to the algorithm that will make 
some processes, and then build the final timetable. 

Stored data 

System database 

Final solution 

System database 

nts Logging on as administrator. 

on Import the data, save the data 

Table 3.5: Building final table 
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6- Display reports, which are: college exams timetable, rooms table, and student's 

exams table. 

Function Display reports 

Description Display reports, which are: college exams timetable, 

rooms table, and student's exams table. 

Input Stored data, final solution 

Source Database, administrator 

Output Reports 

Target 

Requirements Logging on as administrator 

Precondition Build the final solution 

Post condition Modify the reports 

Table 3.6: display reports 

3.5 Context diagram 

Administration 
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Figure 3.2: Context diagram 
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3.6 Data flow diagram 
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3.7 Database general description 
In this section, we will present a general description of the system database, we will resent 
the tables and their attributes, also we will use ER-diagram to represent the entities and 

relationships. 

We have 5 tables in our database, which are: 

I. Student (stdNo, stdName,stdMajor, stdYear) 
2. Course (courseNo, courseName, instructor) 
3. Room (roomNo, Capacity) 
4. Period (period.No, type, day) 
5. Schedule (courseNo, roomNo, periodNo, stdNo) 

In our system , we have used files instead of building database. And we depended on files to 
import/export data. See figure 3.3 the ER-Diagram which shows the structure of the data. 

3.8 Test plan 
Testing the project during its life cycle is very important, and the importance comes from its 
general purpose which is verifying that the produced software meets the expectations that 
are predefined as requirements or specifications. 

We will apply seven types of testing starting from component testing and passing 
through module, database, system, integration, acceptance and interface testing. 

We will apply these types of testing through project life cycle, when we add new 
module or function, and when we will finish the project, then we will compare the results 
with requirements of system even treat problems and do any task not exist in system, at last 
we will put recommendations about results. 
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4.1 Overview 

In this chapter, we will present the problem modeling, then we will present the solution and 

the algorithm that we applied to solve the problem. After that, we will describe the 

algorithm steps and functions, database schema and the Graphical User Interface (GUT). 

4.2 Problem modeling 

In this section we will start working on the design for a tool that will solve the final exam 

scheduling problem for college of Administrative Science and Informatics, and to handle the 

problem correctly, we have defined the problem to be in six different sets: 

D: The number of days for the exam period. 

T: The number of time slots on each day. 

C: A set of courses. 

R: A set of rooms. 

S: A set of students. 

We want to find a schedule K : C ~ ( { 1 .. D}, { 1 .. T} ,R) that is acceptable by the students. 

D={d, d,, d,, ...,d,}, each element in D is a number (d,) where d, is the day number. 
Number of days (n) will be specified at run-time. 

T = {t1, t2, t3, ••• ,tm}, each element in Tis a number (t;) where t, is the number of time slot 

in day (d,), the number of timeslots (m) in any a day will be also specified at run-time. 

C={c,, C5, C,, ...,c,}, each element in C is a vector of courses (cNo,nOs) where 

cNo is the course number and, nOs is the number of student in each course. 

R= {r,, r, r, ...,1,}, each element in R is a vector (rNo, cap) where rNo is the room 
number, and cap is the maximum capacity of this room. 
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4.1 Overview 

In this chapter, we will present the problem modeling, then we will present the solution and 
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S= {s,, s;, s3, ......., S,}, each element in S is a vector (sNo, ci) where sNo is the student 
number, and ci is an array indicating to the courses that this student have registered. 

4.3 Solution definition 

Scheduling problem is considered to be a non-polynomial-time hard (NP-hard) problem, 
and the solution domain is very large. Many algorithms when are applied to solve this 
problem like hill-climbing find the solution that is in local minima. This leads to 
unsatisfactory solution. So, we need an algorithm that finds global optima well. Genetic 
algorithm is the technique that we have chosen, and we show other approaches in the 
literature review [3]. 

4.3.1 Genetic algorithm 

Genetic algorithm is classified as a type of evolutionary search methods, which are a part of 
artificial intelligence. It does not guarantee to find the optimal solution. The idea comes 
from the nature; there are a large number of species, and the survival of the strongest and 
the fittest. 

In genetic algorithm, there is a population, which contains a number of solutions. 
The solutions are called individual or chromosome. The chromosome consists from many 
genes, and each gene represents one case for a specific solution. Genetic algorithm generates 
the first generation of the population randomly. Then, it measures the quality for each 
chromosome according to a fitness function. After that, it generates a second generation 
through cross over operation and make mutation for each chromosome. Finally, it chooses 
the chromosomes according to the fitness function. These steps are repeated until find the 
suitable chromosome. Here is a pseudo code for the algorithm:[20],[21]. 

initializePopulation P 

for each soli from P do 
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calculateFitness( sol) 

repeat 

select two parents soll and so/2 from P 

child= erossover(soll, sol2) 

mutate( child) 

calculateFitness( child) 

replaceSome(P, child) 

until stop condition meet 

end for 

The steps in more details are discussed below: 

1- Initialize the population 

G ={81,32,83, ..... , gn} is the set of genes which constitute the individual (chromosome), 
each gene is a vector (exam, dayNo, timeNo, roomNo) where exam is the course number, 
day is the day number, time is the time slot (the period of a day), and the room is the room 
number. 

Gl G2 ...... Gn 

Coursel Course2 Course 
n 

day No dayNo dayNo 

timeNo timeNo time No 

roomNo roomNo roomNo 

Table4.1: The individual 
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The next flowchart explains the steps of initialize the first generation of the population: 

C Start ) 

0 
i==O 

No 

No 

Yes 
Assign random day, time to 

this course 

0 
i=i-+-1 j=j=1 

End 

Figure 4.1: Initialize the first generation 

2- Evaluate individuals 

Every individual has a cost; sum of hard and soft costs. Each constraint has a cost, and hard 

constraints have a big cost rather than soft constrains. The fitness function is used to 
determine if the individual live or die depending on his cost. 

3- Crossover 

The crossover process happens for two individuals, if the number of population is 20 (10 
pairs and 20 children), five crossovers will occur(in the children only). The crossover 
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operator chooses a point in first individual, and cuts it, then pastes it to the second 
individual, and cuts from the second individual and pastes it to the first individual, the 

following flowchart explains that: 

( Start ) 

'utoint= randornlliumniber or) 
Chromosom size 

No 

g 1 =population[i) 

g.2=popu.lation[i-+ 1] 

j==O. k=C'utoint 

TNVo 

g3= Add(gl[j]) 

g4= .Add(g.2[j)) 

j=j-+-1 

No 

3s.A.ddg2[kD) 

g-4 _A.dd(g 1 [k]) 

k===kc+ l 

i==i-=.2 

Emd 

Figure 4.2: Cross over 

Through our system, we calculate the cost according to the following equation: 



Chapter 4; SYSTEM DESIGN 35 

Cost = number of hard constraints hard constraint weight + number of soft constraints 
soft constraint weight. 

4- Mutation 

The mutation process is applied for each individual. The mutation operator chooses a 
random point in each individual, and changes the values (it changes the room number and 
day number for some course). We apply the mutation to escape from local maximum, we 
want to find the solution that exists in a global optimal the following flowchart explains 

that 

( san) 
1 

Random 1 
Random 2 

Swap day time 

Chromosom (Random2) and 
Chromosom (Random2) 

Figure 4.3: Mutation process 

5- Select individuals 
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In each repetition we choose the half number of population. The selection process depends 
on the calculated fitness value. We repeat the above steps until we find the near optimal 

individual. 

4.4 Data design 

In this project, we have used files to store the data we needed. The data we collected it from 
the registration department in the university. This real data is related to the College of 
Administrative Science and Informatics . The following tables represent the components for 
each file: 

Column name Column type 

courseNumber Integer 

numberOfStudents Integer 

Table4.2: Courses data 

Column name Column type 

roomNumber Integer 

room Capacity Integer 

Table4.3: Rooms data 

Column name Column type 

studentld Integer 

studentCourses Integer 

Table4.4: Students data 
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In our project, we have solved the problem within the object oriented principles using java 
language, so we have designed all the sets that we mentioned in the previous section into 
classes. Each class is described in the following tables: 

Name Data type Description 

courseNO Int Course number 

noOfStudents Int Number of students who 
registered in this course 

Table 4.5: The class of courses (Course) 

Name Data type Description 

roomNo int Room number 
Cap int Capacity of this room 

Table4.6: The class of rooms (Room) 

Name Data type Description 
stdNo Int Student number 

std Courses Array List<int> Array list of courses that this 
student have registered 

Table 4. 7: The class of students information(Student) 

Name Data type Description 
Course Course Course number and 

number of student from 
course class 

da No Int Ca aci of this room 
timeNo Int 
Room Room Room number and 

ca aci from room class 
Table 4.8: The class of gene information(Gene) 
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Name Data type Description 
List Array List<Gene> Array list of genes from 

Gene class 
Cost Int 

Table4.9: The class of chromosome information(Chromosome) 

Cost of this 
chromosome(hard costs 

and soft costs 

4.5 Class design 
In this section, we will present the data members and the methods as a class diagram. We 

took the advantage of the encapsulation in object oriented programming. The following 

figures show the diagrams: 

Course 

- course No :int 
- noOfStudents :int 

+ Course() 
+ Course(int, int) 
+ getCourseNo() :int 
+ getNoOfStudents() :int 
+ setCourseNo(int) :void 
+ setNoOfStudents(int) :void 

% a4ill, e e 

Figure4.4: Course class 
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- 
Room 

- cap :int 
- roomNo :int 

+ getCap() :int 
+ getRoomNo() :int 
+ Room(int, int) 
+ setCap(int) :void 
+ setRoom No(int) :void 

le 

Figure 4.5: Room class 

Student· 

+ stdCources :Arraylist<lnteger.> 
- stdNo :int 

+ getStdCources() :ArrayList <Integer> 
+ getStdNo() :int 
+ setStdCources(Arraylist) :void 
+ setStdNo(int) :void 
+ Student(int, ArrayList) 

Figure4.6: Student class 
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Room 

- cap :int 
- roomNo :int 

+ getCap() :int 
+ getRoomNo() :int 
+ Room(int, int) 
+ setCap(int) :void 
+ setRoom No(int) :void 

Figure 4.5: Room class 

Student· 

+ stdCources :Arraylist<lnteger> 
- stdNo :int 

+ getStdCources() :ArrayList <Integer> 
+ getStdNo() :int 
+ setStdCources(Arraylist) :void 
+ setStdNo(int) :void 
+ Student(int, Arraylist) 

Figure4.6: Student class 
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Geno 

course Course 
dayNo :int 
room :Room 
timeNo :int 

­ 
+ 
+ 
{ 

­ 
+ 
+ 
+ 
+ ­ 

Gene() 
Gene(Course, int, int, Room) 
getCourse) :Counse 
getDayNo() :i n11: 
getRoor() :Roon 
getTimeNo() :int 
setCourse No(Course) :void 
setDayNo(i nt) :void 
setRoomNo(Roon) :void 
setTimeNo(int) :void 

Figure 4.7: Gene class 

Chromosome 

- cost :int 
- list :Arraylist<Gene> 

+ Chromosome() 
+ Chromosome(ArrayList<Gene>) 
+ Chromosome(AnayList<Gene>, int) 
+ crossover(Anaylist <Chromosome>) :Arraylist <Chromosome> 
+ getCost() :int 
+ getList() :Anaylist<Gene> 
+ mutation() :void 
+ printlnfo() :String 
+ produceChromosome(int, int, Arraylist<Room>, Arraylist<Course>) :void 
+ setCost(int) :void 
+ setList{Arraylist<Gene>) :void 

Figure 4.8: Chromosome class 
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4.6 Initial interfaces design 
In this section, we will present the initial interfaces that we will depend on them to design 
real interfaces for system. The following screens display the initial interfaces of the project: 

Administrator 

Through this interface, the system administrator can import data files of data and make 

update on them. He can input some information as the number of days for the exam period, 
the number of time slots on each day, and the date of start and date of end. Also he can 
make exam table process with save and update options. 

Final exam scheduling DD□
[ Administrator ) [ Reports ) ( Sign out ] [ Help ] 

Number of days Number of timeslots 

Start date 

End date 

(Mate exams tabl) 

Save table Update table Print table 

L--------' L--------------------:_=- 

Figure ( 4. 9): Administrator interface 
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Reports 
Through this interface administrator can get final exams table and room table. Also he can 
search for any student and get his final exams table. 

Final exam scheduling □□□
Administrator [ Reports ] [ Sign out] 

Student ID Exams table 

Figure 4.10: Reports interface 
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Sign in 
Through this interface the administrator can enter to system with username and password. 

Final exam scheduling □□□

User name 

Password 

Figure 4.11: Sign in interface 
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5.1 Introduction 

This chapter will explain the environment of implementation phase. This phase will contain 
the project needs such as the software, hardware, data, and other tools. 

Implementation phase converts any project into practical phase, in this section we 

will provide a detailed explanation about the development environment and required 

environment. 

5.2 Developing environment requirements 

This phase describes some details about the environment requirements and programming to 

develop the project. 

1- Operating system windows 7: Windows 7 is one of the modern operating 

systems that produced by Microsoft. It is characterized by reliability, compatibility 
and security, those characteristics were needed to develop this project as reliability, 

compatibility and security. 

2- NetBeans: Sun Microsystems NetBeans produced as open source. It is an integrated 

development environment (IDE). NetBeans application platform that helps the 
developers to rapidly create their web, enterprise, desktop, and mobile applications 
by using the Java platforms, as well as PHP, JavaScript and Ajax, Groovy and 
Grails, and CIC++, that it improves developers productivity through a smart with 
faster editor under one of IDE[15]. "NetBeans IDE 7.1 introduced support for JavaFX 2.0 
and NetBeans IDE 7.1.2 introduces support for JavaFX 2.1 by enabling the full 
compile I debug I profile development cycle for JavaFX 2.1 applications. The release also 

provides significant Swing GUI Builder enhancements, CSS3 support, and tools for visual 
debugging of Swing and JavaFX user interfaces. Additional highlights include Git support 
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integrated into the IDE, new PHP debugging features, various JavaEE and Maven 
improvements, and more"[15]. It is available for Windows, Mac, Linux, and Solaris. 
And it has new important features as: 

• JavaFX 

It is support the JavaFX 2.1 and it is suitable tool for the all three deployment 

models: Desktop, Applet, JNLP and it improves application loading experience. 

• Java 

It has New Visual debugger, it is a gap support in Grid Bag Layout customizer and it 

comes with improved Java doc highlighting and formatting. 

• JavaEE 

It gives support for Glass Fish 3 .1.2 and considered Cluster and Instance deployment 

support for Glass Fish, and it makes improvements in Java Persistence, Web 
Services, EJB, Web Logic and more. 

3- Java programming language: Java is originally language developed by Sun 
Microsystems, it is versatility, efficiency, platform portability, and the security make 

it the ideal technology for network computing. 

It is an object oriented that enables developers to write software on one platform and 

run it on virtually any other platform and then it will operate everywhere. And we 

used NetBeans IDE that provide the java developers with all tools they need to produce a 
professional java program[ 4]. 

4- JDK 1.7: JDK is free software from Sun that means Java Development Kit. It used 

to support java programs, implement the basic set of tools needed to write, the need 

to compile, test and debug Java applications and applets [14]. 

5- Microsoft Excel 2010: Microsoft Excel is one from Microsoft office group, and it 

provides the ability to analyze, manage, and sort data in tables. It will used to 
import data and gives more efficiency and flexibility to accomplish the goals of the 

project. 
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5.3 Tools installation: 

We used NetBeans program to develop our system and it has some steps to install it before 
we start use it, so this case will explain installation guidelines. it needs to download the 
required software that will support it as: JDK6 or JDKS and JavaFX 2.1.[14] 

When you want to download the NetBeans IDE, you can obtain one of several 
installers, each one of them contains the base IDE and additional tools that you can use to 
develop any system. And the following installers are available such as: Java SE that Support 
all standard, Java SE development features ,Java EE that provides tools for developing Java 
SE and Java EE applications ,C/C++ that supports development in the C, C++, etc, php 
provides tools for PHP 5.x development, Zend and Symfony Framework support, all of 
these are a full download options, which contains all the runtimes and technologies 
available. The following are the steps of installation: 

5.4 Interfaces of system: 

After the team developed the system that tried to give optimal final exams scheduling, it 
became ready to use, and users can use any operating system to run it, as Unix, Windows? 
and Vista, and it does not need other supportive tools for the implementation. We design 
suggestion dynamic interfaces where it has more than one active page but we do not use it 

in this project because we focus on results of system and make comparison, in the following 

are the most important interfaces of system: 

. · d f · f ms and import 1. Log-in page: In figure 5.1 page adrmn can enter peno o tune o exa1 
6 file And he can make exams scheduling courses, rooms, students and constraints tes. e 

process and saves or prints the results. 
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le Sign out Close • 

_yaasiicarts+ ] Ros [ s sa] 
I 

Courses 

Rooms 

Stedents 

Enke •~=• table I 
Print tab'e ; 

I peae 

Figures. I: Admin page 

2. Reports page: In figure 5 .2 page used to get reports about exams table and rooms 
table, and the user can enter student ID to get his/her exams table. 

L;; 

I File Sign out Close 

11 Adml:lstrator j Reports ] Sign out J 

6 

Exams table Rooms table 

I 
___ J 

Figure (5.2): Reports page 
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6.1 Introduction: 

The testing is very important and one of the most important stc du' th s eps unng t e system life 
cycle. It comes to make sure that the developers implement th • · err system correctly and work 
as the expected system requirements, specifications and functic And th ons. e system needs the 
testing to check the effectiveness and efficiency. In this chapter will t t r we es our system 
according to applying these levels of testing on it: 

1. Results testing. 

2. Methodology testing. 
3. System Acceptance testing. 
4. System testing. 

6.2 Results testing 

This level is the most important in testing, it depends on analyzing the results of some 

experiments to get better results and make sure that the system works correctly. 

In our system, we tried seven times with repetition, each one to five times because 
the result depends on random variables that will change in each different experiment, so 

after each five experiments, we compared the five results with each other, then we chose the 
best result of them. Each sample has a specific population size and a number of generations, 

we start from small sample then move to the large in order, that was as the following: 

No. Population size Number of generation 
1 40 100 

2 400 100 
3 800 100 

4 40 1000 

5 400 1000 

6 800 1000 

7 1600 10000 

Th I Of chromosome information (Chromosome) 
Table 6.1: e c ass 
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6.2.1 Best cost 

In the following seven figures, we repeated the experiments fi . th 
ve times en we calculate the 

average and the best cost for each 5 experiments. Then we co 1 d th h 
. . . . nc u e at, w en the number 

of individuals is small, with a few generations, the result was 1gh 
. ' s not enou and the solutions 

were not good. The following figure shows the results: 

Average and Best cost 

For 40 individual X 100 genaration 

45000 
I 40000 

35000 
30000 

25000 
20000 
15000 
10000 
5000 

0 
0 20 40 60 80 100 120 

- Average 
-Best 

Figure 6.1: Cost of first experiment 

Where the cost is the number of hard constrains times, the hard constrains weight, plus the 

number of soft constrains times, and the soft constrains weight. In the next figure, we 

increased the population size, and kept the number of generation 100 individuals. The carve 

slop became less than previous. 

Average and Best cost 

For 800 individual X 100 genaration 

35000 

30000 

25000 

20000 
15000 
10000 

5000 

0 
0 

I 
>Average 
=BeSl 

20 40 GO 80 100 120 

Figure 6.2: Cost of second experiment 
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When we chose to make a test with small population size but ·ith 1» 
e u WI arge generation 

size, after the generation number 700, there was no need to n.. .... ,p . 
laKe more generation since the 

cost didn't reduced. 

Average and Best cost 

For 40 individual X 1000 genaration 

45000 
40000 
35000 

:, 30000 2 ,, 
t 25000 
20000 
15000 
10000 

5000 
0 

0 

®Average 
-Best i 

200 400 600 600 1000 1200generation 

Figure 6.3: Cost of third experiment 

In figure 6.4, we can say: when we increase the generation number, the cost became less. 

And we note that, the cost will not reduce very much if we used a large number of 

generations more than 700. 

Average and Best cost 

For 1600 individual X 10000 genaration 

45000 
. 40000 
I 
I 35000 

:, ! 

~ . 30000 
-t- ' 

I 25000 
20000 
15000 
10000 

~~ '---------- 2000 4000 coco a0oo 10000 2Generation 0 

-Average ' 
-BeSt 

Figure 6.4: Cost of forth experiment 
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In the figure 6.5, we show the relationship between numb . er of population and 
line represent a set of test, the generation number is 200 and th . cost, each 

.. :% le population size was 40. 80 
100, 200, 800 and 1400. Mainly if the population size incre . ' ' ases the cost will reduce. 

Population size affect 

30000 

25000 

20000 

¥ 15000 
0 
O 

10000 

5000 

0 
0 50 100 150 200 250 

Generation No 

- 

Figure 6.5: Cost of fifth experiments 

-40 
-8) 

100 
200 
-800 
- 1400 

In figure 6.6, we show the relationship between the number of generation and the cost, 

when we increase the number of generation, the cost decreases until the algorithm reaches 

very good solution. If the number of generation was very small, there is a solution but the 

application didn't find it, if the number of generation was very large, there is a solution but 

the application still searching for better one without finding it. 

Through experiments, we noticed that, when we increase the number of days to hold the 

examinations, the number of conflicts decrease then the result became better. In figure 6· 7 

we did eight experiments, and then we concluded the relationship between number of days 

and the cost, 
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Number Of Generation Affect 

30000 

25000 

20000 

t6 15000 
0 
O 

10000 

5000 

0 
0 200 400 600 800 1000 

Generation No. 
1200 1400 1600 

-40 
-80 

100 
200 
>800 
·-- 1400 

l 
! 
I 
I 

- - -·--- -- _j 

Figure 6.6: Cost of sixth experiments 

The relation between 

Number of days and Cost 

2500 

2000 

1500 
6 
0 
O 1000 

500 

0 
7 8 9 10 11 12 13 14 15 16 

Number ofDays 

JJ» 

-Cost· 

Figure 6. 7: Cost of seventh experiments 
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6,2.ZResult of experiments 

Each experiment gives exams table with their times, we calculated th fli . . 
e con ct 111 same tune 

slot and the same day in each table. In the following, number of fli t . 
con c s in two experiment. 

»] opatios» [ Nasr] Nasr 1 5... 
generation Number of conflicts in same conflicts in 
' so[ so [ Mme slot [ same time day ] 1 5000 16 305 

2 1600 10000 2 149 

Table 6.2: Number of conflict in some results 

6.2.3 Best exam schedule 

In our experiment, we took the best exams table from seven various experiments, the 

following shows the part of entire final exams schedule for College of Administrative 

Science and Informatics to this semester (2013). 

6.3 Methodology testing 

After system gives its results in N teBeans program, we take it and check all times of courses 

and search about the conflict for each student. We use the excel files to do this process and 

record the notes about conflicts. 

6.4 System acceptance testing 
T . . from building system to get there 
Ie requirements of users is the most important part • 

. . oint after deploying the system in 
assent and satisfaction on it, so we must take it as basic P 
'al world, 
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In thlS. case we will check if the system achieve its functional requi 
' trements and 

The system is built for students and academic supervisor of college t 
oals. {0get the best 
'al am scheduling with less number of conflicts. Our system currently red 
in exa luces number 

flicts with courses and gives entire final exam schedule for college of Ad . . . ,f con Illlnistrat1ve 
: and Informatics, and it suffers some of problems that appear in traditional cience lway, 

,.5 System testing 

'Ne have tested the system under several of data, and we extracted the results and found the 

roblems, an there were some of problems in results of system, upon these results and its 
roblems all identified problems have been treated. 
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7. sySTEM MAINTENANCE a!I: 
,1 Overview 

,x intenance phase keeps the system up to date and solves pr bl th 
Md :. .· {otlems at happen +ft 

.,ementation of the system, and it is important to supp rt th . a er the in! · . o e connection be 

d e
lopers and users, it is consisting of four parts, the corrective .: tween 

e© /e mamtenance: that • d 

rr
ect design, logic and code errors and repairs fault, adapt' . is use to co . ive mamtenance: deals with 

panging the environment of the system as hardware compc 1d c h . th . onents, an make the system 

daptive with any clange in e envrronment, perfective maint s th a enance. at used to enha 
th fu 

· f nee 
the requirement and e inctions o system to increase the syste , rfi . m s pe ormance by using 

CO
nunents of the users on the system and preventive maintenance· th t · .. . . . . a increase the ability 

ofthesystem to maintain as adding comments and updating documentation [14]. 

This chapter will explain suggest maintenance plan for the system and the system 

deployment. 

1.2 Maintenance plan 

When a system works in real life, it will face some of errors and problems, there is a 

probability for that to happen, and that should be avoided. The users may do not have 

ability to solve these probability problems, so it will need some procedures from the 

developer to handle and avoid problems that may be occur and end-users cannot deal with. 

This part put suggestions to build maintenance plan for the project, and it contains: 

12.1 System deployments 
Th fin h lex steps for installation 

e al system is an executive program and does not ave comp 
or the " ·d al · th it and deals with many 

0 er Supportive tools to run it, it is easy for the uses to e wi ' 
User that can implement it on their devices by take only executive program. 

2.2 Backup 
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All the systems suffers from the possibility of destruction in its, ha d ftw r ware or so are so any 
system should have a full and correct backup plan of the entire syste d ·ts . ' · em and1units, and any 
odification to the system should be stored on offline storage. 

In this process we preserve copy of the program itself and it: fil f dat .. s teot a and additional 

C
omponents on an offline media, in safe and far place from th k • e wor! environment. And 
these backup copies will be used when any failure that will happ en. 

In our system, during the building process, we created a weekly backup copy weekly to 

prevent the possibility of losing data, and after the deployment of the system, a copy will be 

taken of executive program and its modulation files every week at users and us, so we will 
commend for any user to necessity of weekly backup that will be token by copying system 

files and save each copy in several places. 

7.2.3 Upgrade 

The upgrading process makes a new versions of the system, that grant the enhancement on 

productivity and tasks. They will have new characteristics for the system as add suggestion 

graphical user interface to system, that we set it in design chapter. This needs to replace the 
existing system with a new version to facilitate and help users to achieve the best service 

from system. 

7.3 NetBeans maintenance 
Using the NetBeans to make improvements on design and the functions of the system as 

add some enhancement on user interfaces and modify reports that come from processes of 

the system in the program to increase the performance and reliability of the system. 

7.3 Handle errors 
I . th tries to solve them. If any idleness 
t means the expectation and detection of errors en . . rror that occurred without terminating the 
occur then recover executive program from the e d 1 · · : ed; plication after save last modulation 
@pplication, or in the worst case terminate an affected. 3PP 
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eriodically. A run-time error allocate place during the execution of the program on the 
· · alid data e · 11 if th memory when entering mnva 2specially 1e memory processes more than one 

program at the same time, then will lack of sufficient memory to run an application or a 

memory conflict with another program. Run-time errors can be resolved by minimize 
number of programs that is using memory. 

Some errors happen when viruses attack the system and destroy parts or the entire 

system, to prevent this problem we must have an anti-virus program on the device, if this 

problem occurs with existing anti-virus try to do scanning or replace anti-virus to a better 

one. 

7.5 Request maintenance 

If system suffer problems that the user cannot solve, he/ she can send request a maintenance 

to the developers of the system to explain the errors and problems of the project to them 

through a fill model of request that is attached with system. 
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g.1 Introduction 
·This chapter will list a some of conclusions and recommendati: that 10ns, a we ave reached 
and that we can use in future works. " 

8.2 Conclusion 

Final exams scheduling comes to solve traditional process in set final exams in Palestine 

Polytechnic University, that has some problems as number of students, that may have more 

than one exam at the same time and this process take more time may be 10 days to set good 

exams table, but this project apply genetic algorithm to try find the optimal solution, the 

system will help academic supervisors to make the best final exams scheduling with no more 

conflict in a less small time. 

In our system we reached to get a final exam schedule with minimum of conflicts, 
we did more than 3 7 experiments to obtain the best solution with less cost. The last 

experiment gave less cost and has 2 conflicts in the same time slot and 149 conflicts in the 

same day and different time slots, this experiment has worked on data of College of 

Administrative Science and Informatics. 

To test the efficiency of our system, we took the final exams table of the college of 

Administrative Sciences and Informatics of this semester (2012), that have made in 

traditional way and we calculated number of conflicts. We compared it with results of our 

system, the following show the comparison of differences between two results: 

Number of conflicts in same Number of conflicts in 
time slots same day 

Final exam schedule by 58 144 

traditional way 149 
Final exam schedule by 2 
our system (Automated 
Final Exam Scheduling 
System using an Genetic 
- Algorithm) .. al wa and automated system 

Table 8.1: comparison between tradition y 
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Depending on the previous comparison we can say that the traditic 1al e a 1 on way has cost 
higher than Automated Final Exam Scheduling System using the Ge =ti:. Al, : enetuc \gorithm. and it 
cives its result in less time may be 8 hours to 889 student with 1600 ° f . ' %° s1zeot population and 
10000 number of generation for one process. 

8.3 Recommendations 
This system does not stand at final point, but it has the ability to make enhancement and 

development in the future, so the teamwork recommended to who work in this filed the 

following: 

Special recommendations for future work: 

I. Adding some features as distributing students in rooms. 

2. Use professional graphical user interface. 

3. Adding additional soft constraints as defining min and max period between times of 

exams for each student. 

General recommendations for future work: 

1. Using a modem database management system rather than excel files to input and 

output data. 

2. Compare our results with other techniques. 
3. Trying other methods to solve the problems such as heuristic algorithm or another 

algorithm to generate the first generation. 
4. Using other hard and soft constrains to enhance results of this system. 

idt b · xams instead of just final 5. Using the system in the first, second and midterm as1c e 

exams. 
. 1 d ther colleges that will make 

6. Trying expand the scope of the system to me u e O ' 

greater and complex space system. 
h . final exams scheduling problems. 

7 • Using this system for further researcl 1n 
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