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ABSTRACT

The Ministry of Education of Saudi Arabia has converted most high
schools in the Kingdom to the scmester-credit-system (SCS). Even though it is a
sophisticated systcm, a number of problems arose with its implementation.
Registration of stude'nts, scheduling of courscs and examination scheduling are

tedious tasks of the system to be carried out smoothly.

In the first part of this work we design and implement a registration and
examination sc})eduling system. The solution to scheduling uses Graph Coloring
heuristics on the course conllict graph produced from the student registration
file. Different variants of examination and time-tabling problems can be

formulated as graph vertex coloring problems.

In the second part of this work we present various heuristics to the NP-
Hard coloring problem. We also introduce the concepts of node-splitting and
node-spilling. These concepts arc helplul in situations where a desired k-coloring

is neccessary, even if the problem instance docs not admit a k-coloring.

In the final part of the thesis we conduct a detailed empirical study of the
cfficiency and quality of various hcuristics, and proposc a hybrid algorithm that

mimics the best heuristic for the given graph instance.



CHAPTER |

INTRODUCTION

1.1 Motivation

High schools in the kingdom have been converted to the secmcster-credit-
system (SCS). Under the SCS system a student can select the periods,
instrucfors, and courses from an offcred list, subject to certain rules. This
flexibility causes a number of problems for the school staff. These problems arc
due to the tedivm involved in registration, cxamination scheduling and course

offering. -

Final examinations are held at the end of each semester. All examinations
should be finished in eight days. Two periods are sct cvery day for the
examinations. In total we have 16 periods to set thc cxaminations in. Each

examination period is called a time slot.

Courses, instructors, stud;:nts and room assignments should all be
considercd to produce a good schedule. Two courses that are required by a
student, taught by the same instructor, or require the same room cannot be
offercd in the same period. The examination of thesc courses cannot be held in

the same time slot cither; this is considered a conflict.
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Currently the procedures of the SCS are carried out manually. In spite of
the numerous advantages, it is burdening the faculty with cxcessive
administrative work. Despite the fact that it is taking significant amount of

time, the manual scheduling of courses and examinations are causing too many

problems.

It takes a long time and a lot of cffort to register the students. A school has
on the average 500 students. Each student may register for courses different
from those registered by his fellow student. Each student registers 10 courses on
the average. The courses should be writtecn on the student registration shect and
the student name should be written on the class roster. On the average cach

class has 20 students in it.

To produce a transcript, an advisor picks up the grade of cach student from
the class-grade-shect. This process is tedious. For each student’s course an

advisor searches a number of class rosters.

Automation is required for the SCS system to save time and effort of school

staff. There exist some automated systems such as:

1. Registration and scheduling system of KFUPM (King Fahd

University of Pctroleum and Mincrals, Dhahran, Saudi Arabia).

2. Registration and scheduling system of KSU (King Saud University,
Riyadh, Saudi Arabia).



3. Sakhar registration system [SAKHS89].

These systems are unsuitable for the requirements mentioned above due to

the following reasons.

- They arc too large to run on a personal computer.

- The ones that run on personal computer do not have scheduling

systems.

- They are written by companies from outside Saudi Arabia. Technical

support and customization to local nceds is difficult to achieve.

- Systems with scheduling subsystems do not have good scheduling

heuristics.

A good scheduling algorithm is required. An automated computerized
implementation of the examination scheduling algorithm is highly desirable and

so is the registration system.

1.2 Informal Description of Registration and Scheduling Aspects

SCS has many new features. We describe here only the important features

from the design point of view.

In SCS differcnt students can take different credit loads thus enabling

students to progress "at their natural spceds. To prevent an over ambitious
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student from taking much more than what he can handle, and to allow students
progress with a guaranteed rate of progress, there are maximum and minimum

limits on the number of credits a student can take.

Exceptions do come into picture with respect to students under probation
(those who arc not doing well), the graduating students, and those who have

demonstrated their superiority by performing very well during the past 2 or 3

semesters.

SCS allows different students to take courses at different periods with
different instructors and during different semesters. This fcature helps the
student to register the difficult courses at his most convenicnt time and with the
instructor that he can grasp the most with. It also allows the student to delay or
start with the courses that he finds most convenient, provided that he is within
the limits of maximum and minimum load, and within the framework of courses
required for graduation. It allows the studcnt to plan his day, when to start,

when to end and when to have rest hours.

New subjects can be added to the system as desired by the ministry causing
the least effect on the student schedule. The ministry can change the credits for
a course, or cancel it. If a course cannot be offered in a certain semester, due to
delay of text books or instructors, the student can take it in the following
semester. In other words, SCS is mcant o support an cvolving curriculum which

is smoothly adjusted according to nced, demand and new developments.



1.3 Why This Thesis?
This thesis has been selected because of the following reasons:
I. The wide effect of the results of the research:

There are hundreds of high schools in the kingdom that follow the SCS
system. Each school spends a significant amount of effort in solving its

registration and scheduling problems.
2. The repetition of the use of the results:

The SCS schools repeat the rcgistration and scheduling process every
semester. This means a large number of hours is spent every semester on the

same problems. This research can save a lot of time and effort for each school.
3. The similarity between this problem and the graph coloring problem:

There are many heuristics that can help if well selected or modified to suit
this problem. A course can be considered as a vertex. A vertex conflict graph (a

course conflict graph) is built as will be shown in Chapter 3.

The approaches for solution of the timctabling problem have varied from
pure simulation of hand construction of a timc table [BARR 65] to sophisticated
algorithms. The programs developed by Purduc University in 1956 and CLASS
(Class Load and Student Scheduling) developed by IBM shortly thercafter fall

in the category of simulation of hand construction of timctabling. Most of the
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previous studies have dealt with school timetabling problems (see for instance,
[BARR 65], [LION 66]), [AUST 73], [AUST 76]. There are relatively few
studies dealing with the College or University timetabling problem [ALMO 66],
[ALMO 69}, [AKK 73], [WHIT 76]. An attempt was made lo solve the school
timetabling by the flow method [WERR 71]. Attempts to solve the timetabling
based on Langrangean relaxation are discussed in [FISH 84]. Finally employing

graph coloring has becn the theme of [WHIT 79}, [MEHA 81}, [TURN 88],
[KARC 88}, [CHOW 90].

In this thesis we first describe the registration system in Chapter 2. We
study tﬁe current mode of operation, proposc a system and then describe the
design and implementation of the new system. It is at that ﬁoint that the work
. related to examination scheduling and timetabling becomes more important. We
" define in Chapter 3 the scheduling problem, mention the previous work on it
and then formulatc it as a coloring problem. We study the examination
scheduling algorithms in Chapter 4. Enhancements to these algorithms are
covered in Chapter 5. The concepts of node splitting, preassignment, and vertex
coloring priority and spilling are introduced in this Chapter. Experimental
results are shown in Chapter 6. As well, a test was made on Dhahran high
school cxamination scheduling in Spring 1989. We asscss the previous heuristics
and dcvelop a hybrid algorithm that achicves good performance in Chapter 7.

Finally we conclude this work and discuss the futurc work in Chapter 8.



CHAPTER 2

THE REGISTRATION SYSTEM

In this chapter, we will first describe the current mode of operation in the
SCS schools. A computerized system will be proposed and then a data base is
designed and implemented. Input to and output of the current mode of

operation as well as the implemented system are shown in the appendices.

2.1 Current System

Since the SCS system is made to help the student in his selection of courses
and time periods, we are going to illustrate the student life cyclc to be able to
notice the interaction between the student and the SCS system. This interaction

information is very important to notice the bottlenecks of the system.

2.1.1 Student Life Cycle

The student follows a path of the following life cycle:

a- Studcents that enroll in SCS schools arc usually:
- transferred from similar schools.
- graduated from intermediate schools.

- transferred from traditional high schools.
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If the student is graduated from an intermediate school, he is offered onc
of the preset schedules. He then selects one of these preset schedules by
registering his name in the class roster. If the student is transferred from
a traditional school his degree is evaluated. Students transferred from
similar schools join other students in the school in their course selection.
They select the courses they will take from an offered course list. They do
this by filling a registration form. Each student is assigned an advisor to

help him in his academic program.

A student must have the approval of course instructor and his advisor for

each course he intends to take. If courses are closed the student can revise

- his registration form and sclect other courscs.

. A student has the right to drop some of his courses provided that he

carries a minimum of 20 credits. One can drop courses only during the
first three weeks. To drop a course a student is required to fill a drop

form and then have it approved by both the instructor and advisor.

If a student does not attend 15% of the course meetings, he is dropped

from the course with an "omittcd” mark as his grade for the course.

Class grades are submitted to the rcgistrar to producc the transcripts.
The student’s grade in a course is made up of 25% midterm examination,

50% final examination, and 25% for the scmester class work.

If a student fails he is given a probation. Three probations in a row
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means that the student will be dismissed from the school. Once the
student finishes all courscs required for his graduation, he is given the

graduation degree.

h- During this life cycle a student could change his major, withdraw for a

semester, or quit from the school.

2.1.2 Drawbacks/Limitations of the Current Manual System

Quite a bit of work is required by the school to plan each student’s
~education three years ahead. In its manual implementation limited time forces
one to focus on the immediate nceds and problems. As a consequence of this
narrow focussing, too many difficulties are coming into picture as drawbacks.
Some courses that have to be taken before others (prerequisites) are often
overlooked for the graduating students. The cause of this is the delaying of
necessary prerequisite course(s) until the very end and also the failing of

students in the prerequisite courses.

Graduating students may have to take more than 8 three-hour courses
which cannot be sct in normal schedulcs. Or a collection of students might cause
this problem. For example, student A nceds courses (1,2,3,4,5,8), while student
B nceds courscs (3,4,5,6,7) and student C nceds courses (1,2,6,7,8). Hence, some

courses may have to be offercd twice in a semester with one or two students

each.
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In some periods all rooms arc occupicd and more rooms are nceded while in
other hours fewer rooms are used. This causes modifying course periods which

is, along with its consequences, a cumbersome activity to dcal with.

Students that did not pass in a major for two semesters must change their
majors, thus causing the student to be late in some course scquences and fast in
other course sequences. This limits the number of credits that the student can
take because no prerequisite is offered (or courses need prerequisites that he

does not have as he was not in the major).

Students with high G.P.A. have priority in recgistration. That causes
inconvenience to students with low G.P.A. as they find courses closed. Then 2
weeks later the ﬁigh G.P.A. students may drop from 5 hours or more leaving
open courses, thatt were needed by low G.P.A. students, but who could not then

get into them because addition of courses is not possible at that late time.

Students are allowed to transfer from and to traditional schools. Because of
this transfer a student may have to take courses that are not in the plan (not

offered) or take two courses such that one is a prerequisite of the other.

Tests have to be graded, total grades have to be calculated, letter grades
have to be filled into transcripts and chccked and rechecked within threc days.
Knowing that there are over four hundred students and an average of twenty
cight hours/semester/student will make it casy to secc the rcason why many

crrors occur in the current system.
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Prior to the beginning of cach semester a scheduling committee is made.
This committee has to produce a list of offercd courses for the current semester.
This list has to satisfy students’ needs, instructors’ and room constraints. This is
a very difficult job. This job requires a significant amount of time to produce a

good list, which is not available.

Ignorance of Arabic type writing and the SCS systcm by most of the
instructors causes the work to progress very slowly. This increases the needed

time to prepare transcripts and offered course list.

2.2 Propesed System

SCS consists of four subsystems. They are the admission, the scheduling, the
registration and the examination scheduling subsystems. The interaction
between these subsystems is shown in Figure 1. In this thesis, we focus only on
the registration and examination scheduling subsystems, which are the most

desired subsystems for automation.

The admission subsystem gets its inputs the students’” admission forms.
Evaluation of course transfers, updation of students’ rccord with transferred
courses, if any, is part of this subsystem’s activity. Modification to admission

requirements are also processed by admission subsystem.

The scheduling subsystem produces a list of courses to offer, subject to

various constraints and the nceds of students, a list of instructors’ timetables,
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rooms’ timetables. The list of offered courses should include in it the periods,
instructors name and room allocatcd. The curriculum (suggested sets of courses

to be offered every semester) is set and modified by the scheduler.

The registration subsystem accepts the approved registration form. Each
course in the form is approved if there is a place for the student in the scction.
Modifications can be made to the registration shect. Adding and dropping
courses are also proéessed by the registration subsystem. Grades are filled and

transcripts are printed by the registrar.

The examination scheduling subsystcm generates schedule for the
examination periods of the courses. This subsystem needs the student
registration information in the registration file. It builds a schedule that uses
minimum number of periods to conduct the examinations without any student

conflict, if possible.

This work proposes a data base registration system with an examination
scheduling system. The proposed system stores, retrieves and modifics a number
of files to support the above requirements such as an instructor, course, offered

course and room files. The next scction illustrates the design of this proposed

system.
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2.3 Design and Implementation

For the sake of brevity only the important steps of the design are shown.

More details about sample inputs and outputs are given in the Appendix.

2.3.1 Requirements Formulation

Based on the study of the current system, its operational mechanism, its
fcatures and drawbacks, and based on many intcrviews with specialists who
work with the current system, thc following rcquirements arc formulated that

serve as the starting step for the design of the new system.
Customer Wishlist:
- Generally function keys are preferable, i.c., menu-driven interface.

- The system should process the admission requirements for each new student

(fresh or transferred).

- The system should evaluate the certificate of students transferred from

traditional schools.
- The system should allow for the transfer from one major to another.

- The system should help the registrar making the cxamination schedule by

showing any conflicts as the registrar adds courses.
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- The system should provide suggested examination timetables of teachers,

classes and students.

- The system should allow for addition and deletion of courses by a student

within the rules of maximum and minimum load.

- The system should allow addition or deletion of sections by the registrar

showing him the consequences of that action.

The system should follow up the probations and decide about who should

change major or who should be dismissed.

2.3.2 Conceptual Design

In this section SCS is shown as a Data Flow Diagram (DFD). There will be
four DFD’s. The top level one shows the complete system (See Figure ). It is

then made into three DFD’s in the second level (see the Appendix).

The complete system DFD shows the data flow between the entities
(student, registrar, instructor and administrator) and the data stores (student-
info, student history, teacher-info, coursc-info, class-info, curriculum and courscs
offered) through the processes (admission, scheduling, registration and

administration).

The admission process in Icvel one is made into a DFD in level two. The

admission DFD shows the data flow betwcen the entities (student, registrar and
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admission) and the data stores (admission requirements, student-info and
student history) through the processes (admission requirements, modify

requirements, admission evaluate courses, load courses, dismiss list).

The scheduling process in level one DFD is made into a DFD of level two
as well. This DFD shows the data flow between the entities (registrar,
administrator, student and instructor) and the data stores (student-history,
course specifications, instructor-info, class, curriculum and coursc offered)
through the process(s (modify-course, modify-inst, modify-class, modify-
curriculum, scheduling, modify-offered-list, list-course-timetable, list-offered, list-

inst-timetabling, and list-room-timetable).

Finally the registration process in level one DFD is enhanced into a DFD of ‘
level two. This DFD shows the data flows between the entitics (registrar,..
student, instructor) and the data stores (courses offered, student history and
student-info) through the processes (register-student, modify-registration,
produce-registration-slips, produce-probation-notices, load-gradcs, prepare-class-
list, add-and-drop, change-major, list-expected-graduates, list-of-students-by-

advisor, list-of-students-by-major, and grade-sheet-list.

After the design of the DFD in this scction, we will derive thc records and

the relationships in the next section.
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2.3.3 Logical Design

In this section, the relationships between the entities of SCS will be shown.
An entity relationship diagram E-R will be given (Figure 2). Then the relation

schema and the physical schema will be given.

The following ER diagram (Figure 2) shows a number of entities such as
(course, major, student, dept, section, semester, and teacher), relations such as
(major-courses, dept-majors, major-students, class, offering, teacher-speciality,
teacher-offering-sections and teacher-dept) and some of the ficlds that belong to
the entities or relations. The following table will show a detailed description of

the relations and entity schemas.

In this diagram, the rectangles rcpresent entity sets, the ellipses represent
attributes, diamonds represent relationship scts and lines link attributes to entity

sets and entity sets to relationship sets [KORT 86].

'Now we have the E-R diagram from which we can build the schema. For
example, a class schema is: (course, course-name, semester #, section #, teacher-
ID, student #, student-name, student-address, student-major, work grade, mid-

term grade, final grade etc.). The following is the schema.
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Major-courses
Major-students

Dept-major

Teacher-dept

Name Ficlds/Attributes

Class course-ID, course-name, course-credits, section-number
semester-1D, teacher-ID, room-ID, period, work-grade,
midterm-grade, final-grade, student-1D, student-name

Teacher-speciality |teacher-1D, teacher-name, course £, course-name

Offered course course-id, section-number, semester-id

Teacher-offered teacher-id, teacher-name, course-id, section-id

sections

major-id, course-id
major-id, student-id
dept-id, dept-name

teacher-id, dept-number

A normalization process is made on this schema to produce normalized

relations. An example is shown followed by the table of normalized relations.

We use the class schema as an example. This schema has a number of fields.

In this process we will define the functional dependencics between the attributes

of the schema. Attribute Y is said to be functionally dependent on attribute X if

the value of X determines the value of Y (X — Y).
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course id — course-name course relation

course id — course-credits

course-id, section-number, semester-id - teacher-id
course-id, section-number, semester-id —  room-id offering relationship
course-id, section-number, semester-id - period

((course-id, section-number, semester-id), student-id)y —» work-grade
((course-id, section-number, semester-id), student-id) — midterm-grade class -

info
((course-id, section-number, semester-id), student-idy — final-grade

student-id — student-name } student relation

We can replace the class schema by four relations (course, offering, class-

info and student-info).

This process is repeated on all schemas and the resultant relations arc
checked to see if they imply the original set of functional dependencies. The
result of the normalization process is shown in the following logical relational

table.
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Relation Name Key Fields Other Fields
Course course-id course-name, course-credit-hours,
spec’s, prerequisites, dept-name
Student student-id student-name, student-advisor-id,

Major-courses

Teacher

Major

Dept-teachers

Room

Dept-Major

Offered-courses

Class-Info

Dept

Teacher-
Speciality

Teacher-
offered
courses

major-id
course-id

teacher-id

major-code

dept-code
teacher-id

room-No

dept-id
major-id

course-id
semester-No
Section-No

student-id
course-id
semester-No
section-No

dept-code

teacher-id
course-id

tcacher-id
semester-id
course-id

student-major, student-phone,
student-date-of-birth,
student-place-of-birth,
student-enrollment-date,
student-status

teacher-name, teacher-id,
teacher-speciality, teacher-phone,
teacher-major,
teacher-enrollment-date

major name

room-size, room-type
room-No, teacher-name, period
work-grade, midterm-grade,
final-grade

name, head, phone-No

section-No
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2.4 Physical Design

The relational table was used as a basis for the physical design. Relational
schema that serves the registration system such as (student, class, offering) were

used to implement a Dbase IV registration system. Fields were assigned sizes

and types before their implementation.

SCS was designed using the DFD’s, E-R diagrams and the normalization of
its schemas. Selected registration schemas werc physically designed and the
registration system was implemented on a Dbase IV system. In summary, this
Chapter described SCS. It proposcd the development of the registration and
examination scheduling of the four major components of SCS, the admission,
the scheduling, the registration and thc cxamination scheduling. A detailed
design Q.f the database has been carried out going through the requirements
analysis, conceptual design, logical design. The next Chapter_ focusses on the

examination scheduling subsystem.



CHAPTER 3

EXAMINATION SCHEDULING AND TIME-TABLING

In this chapter thc examination scheduling problem will be discussed. It is
known that the exam-scheduling and timc-tabling problems arc rclated
[METHS8!, WHIT79]. So we focus our attcntion on the cxamination scheduling.
This problem is part of the SCS subsystems describcd in the previous chapter.
An illustrative example is given and then the previous work on the problem is

mentioned. We then formulate the problem as a graph coloring problem.

3.1 Problem Statement

The examination scheduling problem is an NP-HARD problem. Even a
restricted casc of it is shown to be NP-HARD [EVEN 75]. Currently, the best
known solution requires an exponential amount of computation time to produce
an optimal schedule. A solution of thc problem, that cnumecrates all possible

solutions is very expensive and time-consuming as can be scen from the analysis

below.
Let N be the number of courses offered.

I6 examination time slots available for scheduling examinations
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Course (1) examination can be held in any of the 16 cxamination time slots. The
same can be said of courses (2), (3),.....(N). Thereforc, the number of choices

are:

16 choices for the first course x 16 for the sccond X.... X 16

for the N-th course = 16 x 16X 16X ...... (N times) = 16" choices.

But most of the choices in thc above brute-force approach are not
acceptable because of the occurrences of course conflicts. The role of the
examination scheduler is to find which of thesc choices are acceptable. This job
is tedious. In the conventional approach, it takes a significant amount of timec

and effort from the school staff.

A conflict graph is a structurc that captures the csscnce of conflicts between
courses and/or scctions. There are two approaches to build the conflict graph

depending upon whether the vertices of the graph are courses or scctions.
The following cxample will illustratc this:

Ahmcd registers Mathematics 1 Scction A and Physics 2 Scction A

Salch registers Chemistry 2 Scction A and Mathematics | Scction B

Mohamed registers Physics 2 Scction B and Chemistry 2 Scction B

If the course conflict approach is used then the course Mathematics |
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examination can neither be held at the same time slot as Physics 2, nor can it be
held at the same time slot as Chemistry 2. This problem happens because
ncither Ahmed nor Saleh can have two examinations in the same time slot.
Ahmed cannot have Mathematics 1 and Physics 2 in the same time slot, and
Saich cannot have Mathematics | and Chemistry 2 in the same time slot.
Because of Mohamed, Physics 2 cannot be held in thc same time slot as
Chemistry 2. Three time slots are the lcast number of slots that can be assigned
to the above case. That is becausc Mathematics conflicts with Physics and

Chemistry, and Chemistry conflicts with Physics.

if scctions-conflict-approach is used then the coursc Mathematics 1 Section
A can be held at the same time slot as Chemistry 2 Scction B and Physics 2
Scction B. Likewise, Physics 2 Section A can bc held at th same time slot as
Mathematics 1 Section B and Chemistry 2 Section B. This means that the
course is split into sections. This dccreases the conflicts among scctions. If we

have 16 time slots, this approach incrcases the total number of slot selection to

16 choices per section. The total number of choices will be IGN, where N is the

number of sections instcad of courses.

If the section-conflict-approach is used to solve thc problem, then some
sections of the same course can be merged in the same time slot. For example
Mathcmatics | Section A and Mathematics | Scction B may be held, if
required, in the same time slot provided that the maximum number of time slots

is not cxceeded. This is called scction [node] merging. This is usually more
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convenient to the instructors, so that they can use the same cxamination paper.

If the scheduler produces more than one good schedule, other constraints
are applied to the schedule sclection. These coastraints can be of high
importance (rigid constraints). An example of that is a maximum number of
students in a classroom. The other type of constraints are of low importance
(soft constraints). An example of that is math examinations should be held on
Saturday time slots to give the student morc timc to study during the weekend.

Later in this Cﬁapter the problem will be formulatcd as a coloring problem.

3.2 Previous Work

The examination scheduling problem received a significant amount of
attention. Some of the papers followed similar method to papers présentcd
earlier with minor changes. Others tricd ncw ways to attack the problem. This

Scction will show some of these methods.

3.2.1 Grouping Operations [FISH84]

The idea of this method is to reduce the large number of interactions in the
scheduling system. The grouping opcrations splits the intcractions into a

number of groups:

a- Student Group: is a group of students who are cnrolled in thc same strcam.



27

Let §,,5,5;,--.,5, be the subjects to be attended by the particular student
group
Let P,P,P,,....P, be the number of periods per week required by the

subjects S,,S,,....,S, respectively.

If T P, > NP (NP is the total number of periods per week)

i=1

then timetabling problem is infeasible and student group should be

split into two groups.
e.g. if student group is S,,5,,5,,5,,5,,5,

then it could be a. §,,S5,,S,,S,

b. §,,5,5,S, o.r otherwise

b- Subject Group: the group of subjccts which are attended by the same sct of

students.
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student
group A B C
Subject
I X X
2 X
3 X
4 X X
5 X X X
6 X X
7 X
8 X X
9 X X X
10 X

e.g. subject group 1 = subjects 2,7 attended by B

subject group 2 = subjects 3,10 attended by A

subject group 3 = subjects 1,8 attended by A,C
etc.

C- Room Group: rooms of identical capacity and specifications are grouped into

one room group. Each is associated with a subject group.

d- conflict matrix is drawn to represent the conflicts between the various

subject groups.

So, this method tries to control the complexity of the problem.
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3.2.2 Lagrangean Relaxation Method [FISH81]

A solution method based on Lagrangean rclaxation coupled with
subgradient optimization is used on the school timetabling problcm. The method
also incorporates a branch and bound procedure which takes advantage of
special ordered sets of variables. It was applied on a large timetabling problem
involving 900 subjects. This method maintains the cffect of the constraints by
giving them a ‘price’ and then applics that to any of the other methods. Two
problems were encountered during computation. The first is large storage

requirement, and the other is long computational time.

3.2.3 Flow Methods [WERR7i]

The method constructs timetables by successive steps with the timetable
being prepared one period at a time. Each step consists of the allocation of
meceting to a determined period of the week. When we have completed the

allocation for the k first periods, we call the allocation of the remaining meetings

to periods k+1, k+2, ...., n.

A program has becn written in Fortran IV to solve the problem. A serics of
cxperiments was carried out with program. It was not always possible to avoid

failure in constructing the timetables.
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3.2.4 Improving Infeasible Timetables [AUST75]

This method describes a way of improving infeasible timetables. It reduces
the teaching resources, breaks and spreads infeasibilitics in three stages. The
first of these involves the solution of a series of capacitated transportation
problems and is used when an initial timetable is not given. Under the
limitations imposed by actual timetables this stage may be simplified. The other
two stages involve solving a series of small integer programming problems which
are called interchange problems, and they determine the movement of entries
within the timetable. Such a method can handle fixed and block meetings, sets,
allocation of special rooms and variable teachcr. availability while producing an
acceptable spread of repeated meetings. The mcthéd has becn programmed in

Fortran and run on CDC 6400 computer.

3.3 Formulation as a Coloring Problem

It has been illustrated earlier that a number of methods have been used to
solve the examination scheduling problem. In this work the Graph Coloring
heuristics are used to solve this examination scheduling problem. A student
course registration file is made. A course conflict table is built using the
information in the course registration file. This table is used to build the course

conflict graph. The graph is then colored with a minimum number of colors.

The registration system describcd earlicr is designed with the course
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examination problem in mind. Data is collected and sorted so that related data
fields are put in the same files. This process saves a lot of redundancy of data,

in other words it is normalized. Onc of the physical files is the student course

registration file.

The student course registration file is to be used to build the course conflict
table GRAPH(N,N), where N is the number of the offered courses. The
building of the graph is illustrated as follows:

S1, S2 are students

Cl, C2, C3, C4 are courses
Graph (4,4) is two dimensional table all of whosc elements are initialized to 0.

S1 registers for Cl and C2, this is represented by adding ! to both conflict
graph (table) CI-C2 and C2-Cl as shown in the table below. This means that
we connect vertex Cl with vertex C2 by an edge El. If two courses (vertices) are

connected then they have a conflict. A "1” is placed on the edge El to represent

one student conﬂ.ict.
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GRAPH Ci C2 C3 C4
Cl 0 i 1 0
C2 I 0 0 0
C3 | 0 0 0
C4 0 0 0 0

S2 registers for C2, C4, and CI.

Then one is added to the graph (table) C2-C4 and C4-C2, one to the graph
C2-CI and CI1-C2 and one to CI-C4 and C4-CI as shown below:

GRAPH Cl Cc2 C3 C4
Ci 0 2 1 l
C2 2 0 0 1
C3 1 0 0 0
C4 I I 0 0

Now we can sec that Cl conflicts with C4 by onc student and with C2 by
two students. C4 conflicts with C2 by onc student. Counting the number of

conflicts betwcen each two courses can bc useful when using the coloring
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heuristics. The following algorithm is used to build the conflict table in the way

described:

build student-list
f;)r each student do
build student-course-registration-list
J=1
for each course in the-student-course-registration-list do
J=J+1
For I = J to the-number-of-courses-in-the-student-registration-list do
graph (course(J), course-list (I)) =

graph (course(J), course-list (I)) + |

It is time now to color the graph. The graph will have N vertices, where N
is the numbecr of offered courses. For cach conflict between two courscs, an edge
between the two vertices, representing the two courses is drawn. The number of
students that have the conflict between these two courses can be seen as a

weight of the edge as shown carlicr.
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Graph coloring heuristics are now to be applicd on the graph to come up

with a coloring. The best algorithm is considered using the following aspects.

A - Least number of colors used for the graph: this minimizes the

eXamination time slots.

B- Speed in coloring the graph: this produces fast results giving the

opportunity to apply more constraints.
C - Algorithm simplicity: this helps in the enhancements of the system.

D -  Algorithm size: this is enable the algorithm run on a personal computer.
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CHAPTER 4

COLORING HEURISTICS

This chapter covers the description of five graph coloring heuristics. These
five heuristics use the registration conflicts graph, GRAPH, built carlier to
produce the lcast number of colors neceded to color the graph. The heuristics
should not color any adjacent vertices with the samc color. The five heuristics

are explained in this chapter with an illustrative example for cach.

4.1 Greedy Heuristic

This is a very simple heuristic. It picks up a vertex and gives it the smallest
color that is not used by its neighbours. The process is repeated for all the
vertices. A list of vertices and their colors is then printed. If the number of
colors cxcecds the number of time slots the solution is rejected. This mcéns that

this heuristic does not produce an adequate solution.

The following example illustrates the heuristic:

Assumc the shown graph is to be colored:
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36
English 1

Mathematics

N

Physics 2 \ -

\\ —— Biology 2

Chemistry !

N

Onc of the vertices is picked, say, Mathematicsi and given color 1.
Any onc of the remaining vertices is picked, say, Composition2. It is then
given the smallest color that is not given to any of its ncighbours. It
cannot have color 1 since it is a neighbour to Composition2 so it is given
color 2.
The same process is followed for Englishl, English2, Chemistryl,
Biology2 and Physics2 given the following table:

VERTEX . COLOR

Mathematicsl 1

Composition2 2

Englishl 3
English2 2

4

Chemistryi

| Biology2
Physics2 3
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The algorithm is as follows:

ALGORITHM

Load conflict graph

Initialize vector color of size n, where n is the number of vertices, to zero.

fori«— ltondo

3

begin

GET the adjacent colors to vertex (i)

Color [i] PICK first missing color

end

print color

where n is the number of vertices. Then from the above we can sce that the

algorithm has a time complexity of O (nz).

4.2 Independent Set Heuristic
This algorithm docs the following:

. Builds the largest Independent-sct. Each sct contains the vertices that are

not related to cach other pairwise. These vertices can be colored by the
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same color.

2 Colors cach vertex of the Independent-set by colorl.

3. From the remaining vertices in the graph, finds the larcht Independent-
set.

4. Colors each vertex of the Independent-sct in szep 3 by the next color.

5. Repeats sfep 3 and 4 until all vertices are colored.

6. Writes the list of vertices and their colors.

The following cxample illustrates the heuristic:

Assume the shown graph is to be colored:

Composition 2

nglish |

Mathematics |

/N

Physics 27 \ /
\\ /

Chemistry 1

__— Biology 2
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1. The heuristic picks the vertex with the highest degree. In this graph it is

Mathcmaticsi.

2. Then it picks the next highest degree vertex that is not a neighbour to

Mathematicsl. In this graph it is Biology2.

3. It repecats step 2 until no more vertices cxist. Each time the algorithm
picks a vertex it makes sure that the vertex is not connccted to any of the
Independent-set vertices. In this case the set picked is (Mathematicsl,
Biology2) it is not the largest Indepcndent-set. This shows that the

heuristic (tries) to build the largest Independent-sct but does not always

succeed.

4. Mathematicsl and Biology2 are given colorl. The heuristic is rcsumed on
the rest of the vertices to build the next Independent-set. In this casc it is

Englishl and Physics2.

5. This process is repeated until there arc no more vertices to be colored.

Every time a vertex is picked the degrces of neighbour vertices are

adjusted.

Finally the following tablc will result:



VERTEX COLOR
Mathematicsl 1
Biclogy2 {
Englishl 2
Physics 2
Composition2 3
Chemistryl 3
English2 3

The algorithm is as follows:

40

Construct X, X,,....X, ,X, such that cach X,

contains vertices that can be colored by the same color

fori « to k-1 do
begin
X «0

i-1
V< GW)- UL X,

whileV <> 0 do
begin

pick a vertex u € V with the minimum number of
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neighbours in V.
X, <X U{u}
VeV— {u} —{ ncighboursof u}
end

end

Xk — G(n-U! x,

This algorithm has the time complexity of O (nK 2) where K is the number of

Independent-sets that are in the graph.

4.3 No-Choice Algorithm
The algorithm does the following:

i. Finds the largest set of vertices that are connected to cach other, in a
form that each vertex is connected to all other vertices in the set. This set

is the clique. This process uses a greedy heuristic.
2. Color each vertex of the clique by a different color.

3. Some of the remaining vertices in the graph must be colored by a specific
color. These vertices are called the No-choice vertices. These vertices are

assigned to their No-choice colors.
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4. If there are still No-choice vertices then the algorithm repecats the

previous step until there arc no more No-choice vertices.
5. For the remaining vertices the algorithm picks a color for one of them.

6. If there are still some vertices the algorithm repeats 'stcps 3, 4 and 5 until

there are no more vertices.

The following example illustrates the heuristic:

Assume the shown graph is to be colored:

Composition 2

— | T~

Mathematics 1

\ English2

Chemistry 1 Biology 2

1. The heuristic build the largest clique, say (Mathcmaticsl, Physics2,
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Chemistryl, English2), and gives each vertex in it a unique color, say

1,2,34.

2. If the algorithm has to color the graph with only four colors then

Composition2 must be colored with color 4. It is said to be a No-choice

vertex.
3. It continues to color all No-choice vertices until no more vertices to color.
4. If there are vertices remaining that are not No-choicc vertices pick one of

them and repeat the process.

Finally the following coloring would be produced.

VERTEX COLOR
Mathematicsl |
 Physics2 2
Chemistryl 3
English2 4
Composition2 4
Englishl 2
Biology2 tord

The algorithm is as follows: [TURN 88]



ALGORITHM NO-CHOICE

for all vertices xe X do

begin
Avail (X) = {allcolors)

end
Build a maximal clique, X.
Assign a unique color to every vertex of the clique X

forxe X do

begin
for y € neighbours (x) do
begin
avail (y) « avail (y) — color (x)
if y has only one choice thenQ « QU {}V}
end;
end;

while 0+#[] do
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begin

X <« next vertex in the queuc
if lavail (x) | #1 then return false;
color (x) «min (avail (x))
for y € neighbors (x) do
begin

avail(y)« avail(y) — color (x)

if y has only one choicethen Q « QU { Y}
end;

This algorithrh can be implemented to run in 0 (n +m log k), where n is the
number of vertices and m is the number of edges and k is the size of the clique

[TURN 88].

4.4 'The Brelaz Heuristic
This algorithm docs the following:
I. Builds the heap having the smallest degree vertex to be at the root.

2. While the heap is not empty, it picks the root and colors it with the

smallest available color.
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3. It decreases the degrees of thc neighbour vertices and then for each one it

adjusts the heap.
The following example illustrates the heuristic:

Assume the shown graph is to be colored:

Composition 2

ngiish 1

Mathematics 1

N

Physics 2 8 \ /

Chemistry 1

I. The heuristic builds the heap to be as follows:



Biology
2
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bn2

2. Biology2 is colored with color! and the heap is adjusted after its
neighbours’ degrees are decremented.
3. It repeats this process of coloring with minimum availablc color until no

more vertices remain to be colored.

Finally the following table results:

VERTEX COLOR
Biology2 1
English| 1

English2 1
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The algorithm is as follows [TURN 88].

ALGORITHM BRELAZ

forx e{l...n} do
begin
Initialize colors of all vertices to zero;
avail (x) « {1, . . .,n};
end;
Build the heap H of vertices (I, . . .,n) bascd on their degrces
while H # { } do
begin
Delete top of the heap (H)
color (x) « min (avail color);
for y € neighbors (x) do
| begin
if color (y) =0 then
begin
avail (y) « avail (y) — c(x) ;
deg(y) « deg(y) — | ;
Adjust the heap (H) for vertex y;
end;
end;

end;
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This aigorithm can be implemented to run in O(m log n), where n is the

number of vertices and m is the number of edges [TURN &8].

4.5 The Random-Clique Algorithm

This algorithm is similar to thc No-choice algorithm with the following

differences:

-When this algorithm picks the first veitex to build the clique around it, it
randomly picks it up from a set of high degree vertices. This gives the ability to

build different cliques from different starting points.

-It does the same thing every time it picks a vertex to be added to the clique.

This gives the ability to change the composition of the clique being built.
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CHAPTER 5

ENHANCEMENTS

This chapter discusses some cnhancements to the algorithms covered in the
previous chapter. These enhancemecnts are: the splitting of the nodes,
preassignment of colors to some of the nodes, priority and ordering of vertices to
be colored and finally spilling nodes. This chapter specifies how each of the
previously mentioned enhancements affect each algorithm, discussed in the

previous chapter.
5.1 Node Splitting

When a graph cannot be colored by a preassigned number of colors, one of
the nodes that cannot be colored (4) can be split into two nodes (A1, A2) so
that about half of .the A’s neighbours arc assigned to be ncighbours of (A1) and
the rest as neighbours of (42). That is similar to splitting a course that cannot
have its examination at a certain period into two sections so that some of the
students can have their exams in onc period and the othcers in the other period.
For example, if student A4 attends coursc Cl and C3, B attends course C2 and

Cl, and C attends course C3 and C2. Then the following is the conflict graph.

Cl c2

co
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If we have only two colors then we cannot color this graph. If we split node
C3 into two nodces (course C3 into two Scctions) then the following graph can be
colored with two colors as shown below. The nodes split from the same original

node arc connected with a (dashed) cdge to make sure that they do not get the

Q- --------Q

same color.

Greedy Algorithm:

In this algorithm simply the first vertex that runs out of available colors
before it is colored is the candidate for splitting. This process is to repeated until

the graph is colored with the specificd number of colors.

Independent Set:

After the k-7h Independent-set is colored, where k is the maximum number
of colors available, the remaining vertices arc split onc at a time. The coloring

algorithm is run after cach split. This ncw initiation could give different coloring
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because the split vertex is connected to at least onc of the Independent-sct

vertices.

No-Choice:

In this algorithm the vertices can run out of colors if the clique size is larger
than the number of colors or when these are two connected vertices. In the case
of the clique the node splitting algorithm splits the first vertex in the clique. In

the other case it splits the first vertex that cannot be colored.

The Brelaz:

In this algorithm the first root that cannot be colored is split. The neighbour
vertices adjust their degrees and the hcap is adjusted. The whole process is

repeated until the heap is empty.

The Random Clique:

This is very similar to the clique problem though the split vertex (might) not
be as helpful as it is with the case of No-choice. That is because this algorithm is

non-deterministic.

5.2 Preassignment of colors

Some of the courses are requested to be held at specific times. These courses
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are given preassignment periods (colors). For example, a difficult course is to
be scheduled on the first day of the wecek to give the student weekend to prepare
for it. Two courses nced a specific room might be assigned two different colors
to make sure that they are not assigned the same time period. Therefore every
time the algorithm wants to color a vertex it has to make sure that vertex is not

neighbour to one of the preassigned vertices that has the same color.

5.3 Ordering and Priority

Some vertices have higher priority to be colored for a number of reasons.
One of these reasons is that if the graph can not be colored by the specified
number of colors then one makes sure that the high priority vertices are already
colored. Different ordering of priority might give different results as will be
described in Chapter 6. For the time being the ordering added is picking the
vertices with respect to their degrec. The Brelaz algorithm and Independent-sct
algorithm have that priority in tHcir “original procedure. The No-choice
algorithm has it only in the clique building. It is added to it in two places, the
first onc while selecting one of the No-choice vertices. The second time while
sclecting one of the No-choice vertices. The second time while selecting the next
vertex to be colored among the remaining uncolored vertices which are not No-
choice vertices. The same can be said for thc Random-clique. The simple
Greedy algorithm is modified to adapt the priority changes in picking thc next

vertex to be colored.
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5.4 Node Spilling

Spilling a node means removing it from the graph to be colored. Such
removal will sin'xplify the graph by reducing the number of nodes by one and the
number of edges by the number of edges connected to the node. Turner
discussed the spilling concept and emphasized three issues that should arise
when spilling method is added. The cost benefits of deleting a specific node, the
spilling should not wait until the coloring algorithm reaches a block, and the

running time should be reasonable [TURN 88].

In conclusion, spilling is made on nodes if their removal has best effects on
the graph coloring. This can be identified by having high degree and least loss
which can be identiﬁed; by the least number of students represented by these

edges.
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CHAPTER 6

EXPERIMENTAL RESULTS

This chapter describes the testing system, the results of the coloring
algorithms, and the effect of node splitting on the results. Results are made into
tables and graphs. Comparison analysis between the algorithms is made. A

detailed analysis of cach algorithm is shown. In the next Chapter this analysis is

uscd to develop a hybrid algorithm.

6.1 Testing System

An automated systcm is developed to test the coloring algorithms. The
system consists of three parts. The first part generates test files. Files that
simulate the conflict graphs of examination scheduling. Different types of
simulations are made for each graph size and complexity ratio. The second
part runs the different algorithms against the conflict graphs produced in first
part of the testing system. Test results arc produced into a formatted file. The
last part averages the results of the graphs of same number of nodes and ratios
and places each average in a record of the resuits file. This testing system is

implemented as a shellscript under UNIX.
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The first part of the testing systcm simulates the cxamination scheduling
conflict graph building. It reads the specification of the school it should simulate
and produces its conflict graph. It reads thc number of nodes which represents
the number of courses offered, the complexity ratio of the nodes and produces
the conflict graph. For each specification a number of graphs arc made. This is
done to obtain robust experimental results by avcraging their results. The
number of graphs for each graph spccification is placed in the first record. A
number of graph specifications are build in each run. These graph specifications
have different number of nodes and complcxity yatios. The number of graph
specifications contained in the produced file is placed in the sccond record. Each
conflict graph specification is shown by two numbers. The first number shows

the number of nodes in the graph and thec other shows thc complexity ratio.

The first part of the testing system, the graph gencration part of the system,
builds the conflict graph randomly. It picks up two numbers randomly, say A
and B. Each of these numbers represents a node. If these nodes were not
connected from the previous tries, a ‘1’ is placed in the conflict graph, say
GRAPH [A,B]. This ‘1’ represents the drawing 6[‘ an cdge bctween these two

nodes. The number of cdges that should be placed in the graph is calculated

using the formula;

Edges = Ratio* Nodes * Nodes/2
This number is calculated as soon as the complexity ratio is rcad into this part

of the system. This number is decremented cvery time an cdge is added to the
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graph. When the number reaches zero, this means that the desired number of
edges are placed. This is repeated for the same graph specification as required
in the first record, to provide diffcrent random graphs with the same
specification. The previous work is done for a number of conflict graph

specifications.

The conflict graphs produced by the first part of the system are read into
the second part of the system, the coloring part. For each algorithm different
tests are conducted. The first test finds the best coloring the algorithm can
produce for a specific conflict graph. The second test ﬁn:is the CPU time
required to produce a coloring using a preassigned number. This number of
colors is a number that the algorithm can color the graph with. The third test
finds the effect of node splitting on the graph. This process is conducted for

every graph produced by the first part of the testing system.

The results of the tests are placed into a file, each record of this file
represents the three tests on a single conflict graph by one algorithm. Each
record contains the number of nodes of that conflict graph, its complexity ratio,
the algorithm tested, the minimum number of colors required to color the graph,
the CPU time required for a coloring by a selected number of colors (K), K,
where K is selécted so that all algorithms can use it to color the graphs. It is
greater than or eqlial to the minimum number of colors required of all
algorithms, and the CPU time required for a coloring by a selected small

number (W), W, where W is selected so that it is less than the required number
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of colors required by all the algorithms. [t shows the effect of node splitting on
thesc algorithms. If K is very small then W is given the same number as K
because splitting the nodes is hard. The third part of the system reads the file
produced by the second part and averages the rccords of the same graph

specifications into one record of the resuits file.

The threc parts of the testing systcm are cxecuted using shcllscripts. This
procedure runs the graph generation part, runs the algorithm testing part and

averages the test results with the previous tests in the results file.

6.2 Test Results

The tests made produced 16 different conflict graph specifications. The
conflict graphs specifications have different sizes. The sizes ranges from 50 to
250 nodes. Also the conflict graphs have different ratios. The graph complexity
ratios used are 0.05, 0.1, 0.2 and 0.3. Each such graph spccification is used to
generate 20 different graph instances. Knowing that we have five algorithms to
test, there \-avill be 1600 different initial result records. Each group of 20 of these
records resulting from the same graph specification and algorithm test is
averaged into onc result record giving at the cnd 80 result records. These

aggregate rcsults are plotted to easc their analysis.

Forty two plots were produced from the results file. These plots can be put

into three major categories. The first onc consists of 16 plots (Al to Al6). Each
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one of these plots shows the behavior of all the five algorithms. This behavior is
presented as a curve on the plot. Four of these plots show the cffect of different
conflict graph sizes (number of nodcs) on the CPU time rcquired by each
algorithm. Each of these four plots uses one of the previously mentioned ratios
as a fixed ratio to the plot. Four others show the effect of complexity ratio size
on the CPU time required by the algorithm to color the conflict graph. Each
plot uses one of the conflict graph sizes mentioned earlier for each plot. Four
plots show the effect of the differcnt graph sizes on the number of colors. Each
plot uses one of the ratios mentioned carlicr. And the last four in this category
show the cffect of complexity ratio on the minimum number of colors required

by the algorithms to color the conflict graph.

The second category consists of 16 histograms. Each histogram represents a
conflict graph test against the five algorithms using a preassigned number of
colors. Each histogram has a fixed conflict graph size and a fixed ratio. The
preassigned number used should force some of the algorithms to split their
nodes. These graphs show the effect of node splitting from a CPU-time point of

view, on the graphs that require higher number of colors.

The third category consists of 10 plots. Two plots for cach algorithm. Onc to
show the effect of different conflict graph size on colors produced by the
algorithm. On each plot four curves are madc one for cach ratio. The other
shows the effect of different ratios on the colors produced by the algorithm. On

each plot four curves are made onc for cach conflict graph size.



6.3 Graph Analysis

Four types of analyses are made. Onc is to analyze the behavior of the
algorithms towards the different sizes of graphs. The second is to analyze the
behavior of the algorithms with different ratios. Both of these analyses usc the
CPU time and the number of colors produced to mcasure the differences
between the algorithms. The third analyscs shows the differcnt behavior of the
aIgdrithms towards a preassigned number of colors. It shows the effect of node
splitting on the algorithms that requirc many colors. The fourth analyses is a

detailed study of each algorithm towards the changing graph size and ratio.

6.3.1 Effect of Size and Ratio

This section covers the first and sccond type of analyses. The other two are
described in different sections. From plots Al to A8 we can see that the greedy
algorithms have always the best CPU time. It is noticeably different from the
other four algorithms in that respect. As the graph size increascs more difference
is seen between these algorithms. The Greedy algorithm is followed by the
Random-clique algorithm followed by the Independent-sct algorithm and finally
the Brclaz algorithm. In the Brelaz algorithm, the CPU time increases
drastically as the size of the graph and ratio grow. The Independent-sct
algorithm is almost as poor as the Brelaz algorithm. The No-choice algorithm
and the Random-clique algorithm look similar to cach other. They tend to have

intermediate CPU time rcquirements among the five algorithms tested. For very
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small graphs and ratios the Brelaz algorithm tends to givc better results than the

other algorithms.

From plots A9 to A16 we can sec that the Random-clique algorithm gives
the best coloring in most cases followed by the No-choicc algorithm, followed by
the Independent-set followed by the Greedy algorithm followed by the Brelaz
algorithm. The No-choice algorithm tecnds to give better results as the size of

graph and ratio decreases, as in the case of (100 nodcs or lcss and 0.1 ratio).

Two tables that rank the algorithms are shown bclow. One shows the
ranking of the algorithms in an increasing order of number of colors required.
The second ranks the algorithms in an increasing order of CPU time consumed

to color the graph. Different ranks are for different intervals of graph size and

ratio.

In the case of low ratio and size the Independent-sct algorithm gets better
results. As the ratio increases all the algorithms increase their coloring

drastically.

6.3.2 Effect of Node Splitting

In practice, we have limited number of colors to color the graph.
Algorithms that require more colors nced to split some of their nodes so that it
can provide a proper graph coloring. Plots A17 - A32 show the cffect of node

splitting on some of the algorithms, oncs that require large number of colors.
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Each plot, histogram, reflects the amount of CPU time required by cach
algorithm for a specific graph. The number of colors to color the graph with is
preset. It is less than the number required by some of the algorithms. It can be
seen that the Brelaz algorithm requircs large amount of time to kecp its coloring
as low as the others. The Independent-set also rcquires high amount of time but
not as much as the Brelaz algorithm. As the maximum number of colors
required by the user is farther than the number required by the algorithm, the

amount of time increases drastically.

6.3.3 Effect of Changing Environment

Plots A33-A42 show the bchavior of algorithms towards the changing
environment. The behavior of each algorithm is presented in two plots. One
shows the effect of ratio on the coloring of the graph and the other shows the
effect of graph size on the coloring. In the first plot four curves are plotted one
for each graph size and in the second four curves are plotied each represent
different ratios. We can sec from the plots A33-A42 that the curves are

smoothly plotted to illustrate that the algorithms arc lincarly affected by the

environment.

6.4 Real Life Experiment

The above algorithms have been tested on the Dhahran high school data.
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This school has about 500 students, 32 instructors, and 120 offered sections out
of 85 courses. In practice far too many course conflicts occur. This problem
forces the school to do many fixations some of which even violate policies. One
of these decisions is to have a student take three periods in a day. Another
decision is to have a student taking the examination in different time than his
classmates. The above algorithms in their first run (with no node-splitting) on

the high school data resulted in 22 time slots.
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CHAPTER 7

HYBRID ALGORITHM

This chapter develops a hybrid algorithm extracting the best of all the five
heuristics. Towards that, we will utilize the test results from the previous

chapter summarized in the ranking filc. -

7.1 Hybrid Algorithm

From the previous results, summarized in the color ranking file and the
CPU time ranking file, it can be seen that in different intervals, different
algorithms have different performance. In cach interval, the diflferent
algorithms were ranked. This fact will be used to get the best results of each

interval, by applying the corresponding algorithm.

The Hybrid algorithm reads the graph to be colored, characterizes it by
computing its size and ratio. Size is provided to it by the user and ratio is
calculated by counting all the edges in the graph and applying the ratio formula.

The ratio calculating formula is:
Ratio = edges * 2 [ nodes | nodes

Now the ranking file is consulted to determine the interval of the given graph,
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using the calculated size and ratio. Once this interval is allocated the first
algorithm in the rank is most likely the best to run. Since this may not always
be the best for each instance, the subscquent algorithms in the ranked order arc

also tricd in order for better results.

This idea can be used for best coloring using the color ranking file or best

CPU time using thc CPU time ranking file.

7.2 Test Results

Tests have been made on the Hybrid algorithm. Thesc tests used the same
graph sizes and ratios used for the other algorithms. The resuits show that the

Hybrid algorithm achieves the best results of all.

Piots Bi-B4 show the effect of ratio on thc coloring. Plots B5-B8 show the
cifect of graph size on the coloring. Plots B9-B12 show the effcct of graph size
on the CPU time. Plots BI3-BI6 show the effect of ratio on the coloring. Each
plot contains six curves. Five of thc curves are the same as the ones shown
earlicr in the last chapter and the new onc is that of the Hybrid algorithm.
Thesc plots show how the Hybrid algorithm behaves better than all the other
algorithms. Each point in the plot is the average of twenty different simulations
of the same graph specification. This means that for very few instances, if any,
the Hybrid algorithm might not sclect the best first, it sclects the best algorithm

for most graphs of that specifications.
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7.3 Implementation of Hybrid Algorithm

The algorithm is written in pascal. The program is uscr friendly. It asks the
uscr whether the ranking preferred is best color ranking or best CPU time
ranking. It also asks if there is a limit in thc number of colors required by the

user or a limit in thc CPU time requirced.

The Hybrid algorithm then rcads the graph, characterizes by calculating its
ratio and searches the ranking file requested. The algorithm numbers are placed
in the Rank (I) array. Using the case statcment as follows the best algorithm is

selected, and the results are printed.

ALGORITHM HYBRID-COLORING
Read Graph

Dctermine the characteristics of the graph
Using the experimentally determined rank file (color or
CPU time) and the characteristics of the given graph
determine the rank of individual algorithm
( Rank [I-5] contains this information)
Case Rank (1)
Greedy: call Greedy
Indepcndent-sct: call Indcpéndcnt-scl
No-Choice: call No-choice

Brelaz: call Brelaz



Random-Clique: call Random-cliquc
End case

Print colors

The rest of the algorithms in the rank arc also tested for betler results. If nro
algorithm can give accepted colorings, maximum number of colors is exceeded,

node splitting is carried out to gct better results.
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CHAPTER 8

CONCLUSIONS

Two major tasks were covered in this thesis. The first one is the analysis,
design and implementation of an information system for the semcster credit
system (SCS). The second is study and analysis of different algorithms that
solves the examination scheduling problem. Two packages were developed to
support the work. The first is registration systcm built on a Dbasc VI system,
and the sccond is a hybrid algorithm that supersedces the other graph coloring

algorithms.

The first two chapters are about the analysis and design phase of the new
SCS system. The first Chapter introduces the system by giving an informal
description of the system and its importance. The second Chapter discusses the
current system, the proposed systcm and the design and implementation of the
ncw system. The phases of requircment analysis, conceptual design, logical

design and physical design are covered.

The sccond part of this thesis was covercd in Chapters three to scven.
Chapter threc introduces thé examination scheduling problem as a timetabling
problem. It also formulates it as a coloring problem. Chapter four introduces
five coloring heuristics to solve the cxamination scheduling problem. Chapter

five adds some cnhancements to coloring concepts such as node splitting,
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preassignments, priority ordering of nodes and node spilling. Some of these ideas
such as node splitting was addcd to the five heuristics in the dcchopmént of a
testing system that was discussed in Chapter six. Test results were drawn on
plots. Plots were analyzed, and intervals where algorithms change their rankings.
were detected. Two files of algorithm-rankings werc produced. One ranks the
algorithms with respect to number of colors required and the others ranks them
with CPU time required. In Chapter secven a hybrid algorithm was proposed
and implemented. Test results were plotted. Analysis proved the superiority of

this new algorithm.

A number of scheduling probicms can also usc the hybrid algorithm. These

include scheduling operation rooms in hospitals, airplancs to gatcs, €etc.

This algorithm also allows for other coloring heuristic algorithms to be part

of it if they are analyzed and addcd to the ranking files.



APPENDIX

Inputs to Current System:

The current implementation of SCS standardizes its inputs by making use of

the foilowing forms.

I.  Admission form: as the student is admitted to school he fills out a form
which requires some information about his personal status, such as, name,

phone, parcnts job ctc.

2.  Courses offered. is an output of the scheduling subsystems. It includes the
courses offered in a scmester, its credits, periods offercd, room and the

instructor assignment.

3. Registration form: A student fills out this form with the courses he intends
to take in a semcster. The form should be approved by the instructors of
the corresponding courses as the student registers. This form includes some

information such as course numbecr, time offered, instructor’s name.

4.  Drop form: The student fills out this form if he intends to drop a course.
The drop form should be approved by the advisor and then by the

instructor of the course.

S.  Class grade sheet: It includes a list of student namcs in a class, their

numbers, midterm test grades, quiz accumulative grades, final test grades,
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and the total grades.

List of students in a schedule: 1t includes the names of the studcnts

registered in a certain schedule (set of scssions that are set for newly

enrolled students).

A schedule: Newly enrolled students usually do not understand the SCS.
Therefore, the school registers them in groups, cach of which is called a

schedule.
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Outputs of Current System:

The current system produces the following reports/documents.

1.  Class roster: This is prepared for cach section, by the instructor as he signs
the student’s registration form to show his students in order of number. It

includes their majors, advisors.

2. List of advisor's students: This is prcparcd cvery time the advisors's list
changes. Advisors are assigned by the registrar. It includes students name,

ID, G.P.A,, etc.

3.  Transcript: Prepared by advisor at the end of each semester. It includes,
for each student, courses the student took in a semcster, credit hours,
grades, points, G.P.A., etc. Probation or congratulations or none is given

with the transcript.

4.  Grades Analyses sheet: The system ouputs some analysis about grades,

their distribution on this shect.

5.  Honors List/Probation List: List of honourcd or probation students.

6.  Schedule List: List of students in a schedule.
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INPUTS to new system are:

Admission form: includes student’s name, phone, ctc.

Completed courses form: includes evaluated courses and courses taken in

similar school

Registration form: includes courses registered by the student

Drop form: includes courses dropped by the student

Grade sheet: includes the gradcs of students in a scction

Course spec’s: includes the course number, name, credits and prerecquisites

Instructor info.: includes instructor number, name, speciality and date of

recruitment

Class info.: includes section number, course number, instructor number,

and date offering

Offered courses changes: includes course number, section number,

instructor number

Change student info: includes student name, address, enrollment date and

status

Change registration sheet: includes student number, course number and

semester number
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12. Add form: inciudes student number, course number and semester number
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The Output of the new system are:

I.  Course list: list of all courscs

2.  Section students: list of students in a scction of a coursc

3.  Transcript: scmester and graduation transcript

4.  Grade sheet: list of the students, their grades and analysis of the shect

5.  List of major students: list of ail students specialized in the sclected major

6.  List advisor students: list of all students that arc advised by the sclected

advisor
7.  Courses offered list: list all the courses offered in the current semester
8.  Students list: list of all students in school
9.  Special status student list: list of all students that carry the sclected status
10.  Instructors list: list of all instructors and their information

11.  Class information list: list of all classcs and their periods

12.  Course list: list of all courses and their information
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