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ABSTRACT

This thesis proposes a classroom timetable management system
prototype which can respond to different user requirements. Depth-bounded
Discrepancy search {DDS) is applied together with the ordering heuristic as a search
algorithm of the system. In addition, hard and soft constraints are used as a guideline
of the searching process to find a suitable solution. Objective models are used for
scoring purpose. The user interface module is designed to allow the constraints to be
defined by the users according to their requirements. The courses offered by Faculty
of Engineering, Prince of Songkla University were used as the case study in this thesis.
The results of the proposed prototype show the improvement over the original
university schedules. The resulting schedules reduce the conflicts and increase the
satisfaction of the user requirements. The experiments on ordering heuristics and
constraints provide the effects of the configuration of the proposed system in order to
create a guideline. The proposed system can be applied to other datasets with the

assistant of the provided guideline.

Keywords: University course timetabling, Depth-bounded Discrepancy search,

Heuristic, Ohjective model
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CHAPTER 1
INTRODUCTION

1.1 Motivation

University course timetabling is classified as a resource allocation
problem [1]. Course timetabling is a task to allocate available rooms and timeslots to
each class in each semester of each academic year. The allocation is based on the
constraints which are defined by the scheduler. However, the requirements in each
institute may be slightly different depending on the resources and specific conditions
such as the class should be assigned a timeslot that avoids the weekly faculty meeting
or the scheduler has to spare available timeslots for the teacher who has an
administrative work [2] {3] or, some institutes allow evening class. Therefore, the

constraints must be adapted to fit with the institute requirements.

The reguirement of the university course timetabling is an interesting
and complex problem because the requirement can be tracked down to the
department or curricuium level [4] [5]. For example, at Prince of Songkla University,
the lecture classes from Faculty of Sciénce, Faculty of Engineering and Faculty of
Agro-industry prefer the morning 1-hour timeslot. However, the tecture classes from
Faculty of Management Sciences and Faculty of Economics prefer the afterncon
1.5-hour timeslot [4]. Some curriculums contain a tot of laboratory style courses while
some curriculums contain a lot of smallsize lecture-style classes or laree-size
lecture-style classes. Each curriculum places some restrictions on the room/equipment
usages while some restrictions can be changed for each semester. Therefore, a course
timetabling system that can adapt to the reqguirements, constraints and changes will

he useful.

For example, the Faculty of Engineering at Prince of Songkla University
offers 12 undergraduate degrees in engineering fields. There are total of 143 teachers,
674 classes from 202 subjects and several 57 rooms. The teachers are grouped into 7

departments. The rooms are spaced in different buildings. The subjects include 93



laboratory-type classes and 581 lecture-type classes. Thus, the scheduler has to
allocate rooms and timeslots for a tot of classes in each semester. However, human
errors can occur because of mistakes in managing big and complex data. Not only the
size of the data that can cause a problem, but also the differences in data
characteristics increases the complexity of the process. For example, the electrical
laboratory classes are required in many curricilums, Such classes will link to many

students and reguire multiple teachers.

To demonstrate the issues further, Table 1-1 shows 94 teacher time
conflict observed from the original university schedules. Morecver, Table 1-2 shows 20

student time conflicts observed. And, Table 1-3 shows 29 room conflicts observed.

In summary, the original university schedule produces 143 conflicts

which cause a lot of problems to all parties involved.

Meanwhile, student group timetables also have time conflicts. shows
20 conflicts in student group timetable. shows 29 time conflict in room timetables.
Total time conflicts from timetable assigned by the registrar division are 143 conflicts

causing a lot of problems when the timetables are used.

Table 1-1 Teacher time conflicts observed

Teacher #Conflict Details
Sawit Tanthanuch 1 | Fri 12.00-14.50 212-202 (03), 213-481 (01)
Kanadit Chetpattananondh 3 | Mon 15.00-17.50 210-301 {02), 217-301 (C1)
Tue 12.00-14.50 210-301 (01), 211-231 (C1)
Tue 14.00-15.50 211-231 (01), 210-301 (02)
Pramote Jutaporn 1| Wed 15.00-17.50 | 217-405 (01), 212-202 (C1)
Leang Khooburat 3 | Mon 12.00-14.50 210-301 (01), 212-292 (81)

Mon 15.00-17.50

210-301 (02), 217-301 (01)

Tue 12.00-14.50

210-301 (01), 212-292 (01)

Sompat Roongtawanreongssi

Men 12.00-14.50

210-301 (01), 210-211 (01)

Kiattisak Wongsopanakul

Mon 15.00-17.50

210-301 (02), 217-301 (01)

Booncharoen Wongkittisuksa

Mon 15.00-17.50

210-301 (02), 217-301 {01)

Phanumas Khumsat

Mon 12.00-14.50

210-301 (01), 210-406 {03)




Table 1-1 Teacher time conflicts observed (cont.)

Teacher #Conflict Details
Anuwat Prasertsit 1t Wed 15.00-15,50 211-221 (01), 212-202 {01)
Pornchai Phukpattaranont 1 | Fri 9.00-11.50 210-401 (01), 213-351 (01)
Phairote Wounchoom 1 | Fri 9.00-11.50 210-401 {01), 210-251 (01)
Warit Wichakul 9 | Mon 13.00-14.50 210-391 (03), 212-231 (01}
Tue 15.00-17.50 210-391 (04), 212-231 (01)
Tue 15.00-17.50 210-391 (04}, 210-406 (04)
Wed 14.00-16.50 210-391 (63}, 210-391 (01)
Wed 14.00-16.50 | 210-391 (03), 210-231 (01)
Wed 15.00-16.50 | 210-391 (01), 210-231 (01)
Fri 13.00-14.50 210-406 (01), 210-391 (04)
Fri 13.00-14.50 210-406 (01), 210-391 {01)
Fri 13.00-14.50 210-391 (04), 210-391 {01)
Sutham Niyomwas 1 | Thu 13.00-14.50 237-203 {(01), 216-392 (01)
Somkiat Nakgul 1 | Mon 13.00-15.50 215-406 {01), 217-301 (1)
Prakit Honghirunruang 2 | Mon 13.00-15.50 215-406 (01), 216-391 (01)
Thu 13.00-15.50 216-392 (01), 216-391 (01)
Somchai Sae-ung 1| Thu 14.00-1450 | 216-391 (01), 215-111 {05)
Passakorn Vessakosol 2 | Mon 13.00-15.50 215-406 (01}, 216-391 (01)
Thu 14.00-14.50 216-391 (01}, 216-212 (02)
Theerayut Leevijit 2 | Wed 14.00-1650 | 215-111 (03}, 217-405 (01)

Thu 13.00-15.50

216-392 (01), 215-407 (01)

Charoen Jaitwiiitra

Fri 13.00-15.50

225-381 (01), 229-212 (03)

Sininart Chongkhong

1 Fri 13.00-15.50

230-341 (01), 230-444 {01)

Paiboon Innachitra

Fri 13.00-15.50

230-341 (01), 230-444 {01)

Juntima Chungsiriporn

Fri 13.00-15.50

230-341 {01), 230-444 (01)

Pakamas Chetpattananendh

Fri 13.00-15.50

230-341 {01), 230-444 (01)

Pornsiri Kaewpradit

Fri 13.00-15.50

230-341 {01), 230-444 (¢1)

Suratsawadee Kungsanant

Fri 13.00-15.50

230-341 {01), 230-444 (01}

Kulchanat Prasertsit

Fri 13.00-15.50

230-341 (01), 230-444 (01)

Nattawan Klatkaew

Fri 13.00-15.50

230-341 (01), 230-444 (01)

Ram Yamsaengsung

Fri 13.00-15.50

230-341 (01), 230-444 (01)




Table 1-1 Teacher time conflicts observed (cont)

Teacher

#Conflict

Details

Sukritthira Ratanawilai

1

Fri 13.00-15.50

230-341 (01), 230-444 {01)

Lek Sikong

1

Fri 13.00-14.50

235-371 (01}, 237-371 (01)

Prapas Muangjunburee

3

Mon 9.00-9.5C

235-230 (02), 237-405 (01}

Wed 11.00-11.50

235-230 (01), 237-407 (01}

Fri 13.00-14.50

235-371 (01), 237-371 (01)

Weerawan Laosiripot

Tue 9.00-10.50

237-480 (01), 237-341 (01)

Fri 13.00-14.50

235-371{01), 237-371 (01)

Vishnu Rachpech

Tue 11.00-11.50

235-440 {01), 235-330 (01)

Thu 8.00-9.50

235-440 (01), 235-320 (01)

Manoon Masniyom

Fri 13.00-14.50

235-371 (01), 237-371 (01)

Chaninn Dumradkarn

Mon 13.00-15.50

235-320 (01), 237-380 {01)

Tue 9.0C-10.50

237-480 (01), 235-320 (01)

Tue 9.00-10.50

237-480 (01), 200-101 (01}

Tue 10.00-10.50

235-320 (01), 200-101 (01}

Thu 8.30-9.50

235-320 (01), 200-101 (02)

Pitsanu Bunnaul

Tue 9.00-10.50

237-480 (01), 235-320 {01)

Fri 13.00-14.50

235-371 (01), 237-371 (01)

Wikhanet Damkhong

Thu 8.00-9.50

235-440 (01), 235-320 (01)

Surapon Arrykul

Fri 13.00-14.50

235-371 (01), 237-371 (01)

Thawatchai Plookphol

Fri 13.00-14.50

235-371{01), 237-371 (01)

Paircj Kirirat

Mon 13.00-15.50

215-406 {01), 217-301 {01)

Danupeon Tonnayopas

Fri 13.00-14.50

235-371 (01), 237-371 (01)

Kalayanee Kooptarnond

Fri 13.00-14.50

235-371 (01), 237-371 (01)

Woraphot Prachaseree

Tue 11.06-13.50

221-231 (01), 221-312 (01)

Nattha Jindapetch

Wed 14.00-16.50

210-391 (03), 210-391 (01}

Wed 14.00-16.50

210-391 (03), 212-202 (01}

Wed 15.00-16.50

210-391 (01), 212-202 (01)

Thu 14.00-16.50

210-391 (02}, 212-202 (02)

Fri 12.00-14.50

212-202 (03), 210-391 (04)

Fri 12.00-14.50

212-202 (03}, 210-391 (01)

Fri 13.00-14.50

210-391 (04), 210-391 (01) -




Table 1-1 Teacher time conflicts observed (cont.)

Teacher

#Conflict

Details

Krerkchai Thongnoo

2

Wed 14.00-16.50

210-391 (03), 210-391 (01)

Fri 13.00-14.50

210-391 (04), 210-391 (01)

Pichet Trakarnsiri

Wed 9.00-11.50

226-435 {01), 226-302 (01)

fri 9.00-11.50

226-435 {02), 226-302 {01)

Supapan Chaiprapat

Tue 13.00-15.50

226-302 (01), 229-213 {02)

Thu 13.00-15.50

226-401 {01), 229-213 {01)

Thu 16.30-19.20

226-302 (03), 229-213 (03}

Chatchai Jantaraprim

Tue 14.00-16.50

242-201 (01}, 241-202 (01}

Wed 14.00-16.50

241-201 (01), 242-202 (C1)

Thu 14.00-16.50

242-201 (03), 242-202 (04)

Fri 14.00-16.50

242-201 (04), 242-202 (03)

Suthon Sae-wong

Sat 13.30-15.20

242-207 (01), 242-207 (02)

Vitaya Mhadnui

Mon 14.00-16.50

215-111 (01), 215-111 (10)

Tue 14.00-16.50

215-111 (07), 216-212 {01)

Tue 15.00-17.50

216-212 (01), 215-111 (11)

Wed 15.00-16.50

215-111 (10), 215-111 (11)

Chinnadit Songnam

Wed 13.00-15.50

215-201 (02), 215-111 (03)

Naret Jindapetch

Tue 13.00-15.50

215-201 (03), 215-111 (07)

Sanguan Tungbodhitham

Mon 13.00-14.50

229-211 (01), 229-212 (01)

Mon 13.00-14.50

229-211 (01), 229-212 (01)




Table 1-2 Student time confticts observed under the original schedule

Student Group Period Subjects
EneB Tue 9.00-9.50 322-171 (03), 322-171 (04)
EngC Tue 15.00-15.50 890-101 (13), 890-101 (14)
EneH Tue 17.00-19.20 332-103 (02), 322-171 (06)
Engl Wed 17.00-19.26 | 332-103 (03), 322-171 (02)
Fngk Wed 17.00-19.20 | 332-103 {03), 322-171 (02)
2CoE(A) Tue 10.00-10.50 241-207 {01), 242-208 (03)
2CoE(B) Tue 9.00-9.50 242-205 {04), 242-206 (02)
2CoE(Phuket)(A} | Thu 8.00-8.50 223-253{01), 242-212 (01)
2BME Wed 15.00-17.50 | 212-202 {01), 210-231 (01)
2ME(B) Thu 13.00-14.50 322-271 (04), 216-212 {02)
3EnE Mon 13.00-13.50 | 221-414 (01), 223-322 {01)
3EnE Tue 11.00-13.50 221-231 (01), 221-312 (01)
3EnE Thu 8.00-10.50 221-342 (01), 223-321 (01)
3IE Tue 13.00-15.50 225-346 (03), 225-347 (01)
3MFE(B) Tue 13.00-15.50 225-346 (03), 226-313 (02)
4CoE(NW) Mon 12.00-13.50 | 241-460 (01), 241-603 (01)
AMLE Wed 11.00-12.20 216-435 (01), 211-433 (01)
4CE Tue 13.00-15.50 221-482 (01), 221-312 (01)
4MnE Fri 13.00-14.50 235-371 (01), 237-371 (01)
4MaF Wed 9.00-11.50 226-435 (01), 237-407 (01)




Table 1-3 Room conflicts observed under the original schedule

Room

#Conflict

Details

A201

1

Fri 11.00-11.50

216-391 (01), 215-221 (03)

A203

1

Thu 14.00-14.50

213-471 (01}, 216-391 (01)

Ad03

1

Tue 9.00-9.50

210-431 (01), 212-251 (02)

5104

Thu 10.00-10.50

221-342 (01), 230-334 {01)

MELAB

Mon 13.00-14.50

216-303 (01), 216-406 {01)

Mon 15.00-15.50

217-301 (01), 216-406 (01)

Tue 13.00-14.50

216-303 (01), 216-406 (02)

Thu 13.00-14.50

216-392 (01), 216-303 (01)

CE108

Wed 8.30-8.50

221-322 (01), 220-593 (01)

CELAB

Tue 13.00-13.50

221-231 (01), 224-211 (01}

Tue 13.30-13.50

224-211 (01), 221-361 (01}

Wed 13.00-15.50

221-341 (01), 221-452 (01}

Wed 14.00-15.50

221-452 {01), 221-261 (02)

Wed 14.00-15.50

221-341 {01), 221-261 (02)

Thu 14.00-15.50

221-495 {01), 221-261 (01)

Fri 13.00-15.50

221-324 {01), 223-323 (01)

CE109

Mon 10.00-10.50

221-451 {01), 220-503 (01)

IELAB

Mon 14.00-15.50

226-313 (01), 229-212 (01)

Tue 13.00-15.50

226-302 (01), 226-313 (02)

Tue 15.00-15.59

226-313 (02), 229-213 (02)

Tue 15.00-15.50

226-302 (01), 229-213 (02)

Wed 13.00-15.50

226-313 (03), 229-212 (02)

Thu 13.00-15.50

226-313 (04), 229-213 (01)

Thu 17.00-19.30

226-302 (03), 229-213 (03)

MnELab

Mon 13.00-14.30

235-320 (01}, 236-411 (01)

Tue 13.00-13.50

235-330 (01}, 235-210 (01)

Tue 13.00-13.50

235-330 (01}, 237-201 (01)

Tue 14.00-15.50

235-330 (02}, 235-210 (01)

Tue 14.00-15.50

235-330 (02}, 237-201 (01)




This thesis focuses on proposing a system that utilizes a searching
technique and the heuristics to guide the search into a good solution space. As a result,
the proposed system can adapt to the changes of the requirements. Thus, the
proposed system is more flexible to be applied on different datasets. To evaluate the
proposed idea, the problem of scheduling courses for the Faculty of Engineering, Prince
of Songkla University is used as a case study. The proposed system is developed and
evaluated using the case study. The constraints and scoring schemes are created
according to the requirements of Prince of Songkla University [4] [5]. DDS
(Depth-bounded Discrepancy search) {6] is used as the core search engine of the
proposed system in order to provide a suitable solution according to the required
constraints and changes. The experimental results will be conducted on the prototype
system which is developed in this thesis. Several different setting witl be evaluated
and studied in order to provide a euideline for applying the proposed system on

different requirements.

The remaining of this chapter contains objectives and scope of work,
1.2 Objectives

1) Todesign and develop a prototype of a classroom timetabling application using
a search technique together with the problem-specific heuristics.

2) To evaluate the prototype using the courses offered by the Faculty of
Engineering, Prince of Songkla University.

3) To propose a general guideline for applying the prototype on other university

course timetabling problems.
1.3 Scope of work

1) The workload in this study is focusing on all classes offered in the first semester
of 2012 at Faculty of Engineering, Prince of Songkla University.

2) The prototype of the proposed system must be developed.

3) The prototype system accepts the requirements as input and produces a

weekly schedule of all subjects.



® A requirement includes the room information, the subject information and
the system setting information which is a set of parameters that can be
adjusted.
® The output can be viewed in three formats including the timetables of each
teacher, each group of students and each room.
4) Some free elective subjects offered in many curriculums are excluded from
this work. However, such subjects can be considered as a unique scheduling
problem. The guidetine on how to resolve such unique problem is also

provided in this work.



10

CHAPTER 2
BACKGROUND AND LITERATURE REVIEWS

Backeround and literature reviews related to this thesis is given in this
chapter as five sections. The first section provides an overview of a university course
timetabling problem. Section 2.2 describes the process at Prince of Songkla University
in order to create the timetable. Section 2.3 provides an overview of the constraints
used in a university course timetabling problem. Section 2.4 presents DDS
(Depth-bound Discrepancy search) which is applied as the core search engine of the
proposed system. Section 2.5 describes the details of tools for developing the

prototype in this thesis.
2.1 University course timetabling

University course timetabling can be classified into two groups {7]. The
first one is post-enroliment based course timetabling, which is done after the student
enrollment period. The second group is curriculum-based course timetabling (CB-CTT)
{81, which is done before the student enrollment period. The case study in this thesis
is classified as the second eroup. Four input information including the course
information, timeslots, room information and curricutums, are required under a CB-CTT

problem [8].

® Course information includes a set of sections, teachers, a set of classes,

room type for each class, student capacity and student groups.

® The timeslot is a set of date and time available for scheduling classes.

® Room information includes the type of rooms, the number of rooms in
each type and the room capacity.

® Curriculum for each student group describes which subject must be offered

during the semester.
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Currently, many researchers are still interested in the course timetabling
problem. Mathematics models are applied in several methods including integer linear
programming (8] [9] [10] [11] [12} and reduced graph coloring {13]. Logic programming
[14] is also being interested. Recently, metaheuristics approaches are increasingly
popular to solve the course timetabling probtem [15]. The methods are categorized
into two eroups. The first group is called single solution metaheuristics including
simulated annealing [16] [17] [18], iterative local search {19] and tabu search [20] [21]
[22]. Another group is called population-based metaheuristics including genetic
algorithm [23] [24] [25] [26], ant colony optimization algorithm {27], artificial bee colony
algorithm [28], harmony search algorithm [29] and honey bee mating optimization

algorithmi30].

Some approaches are combined as a hybrid method for improving the
performance and reducing disadvantages of the algorithms including combination of
mathematics model approach with metaheuristic approach [18], single solution
metaheuristic approach with poputation-based metaheuristic approach [23] [28] {31]

and both single solution metaheuristic approaches [32].

However, the performance of the algorithm depends on the
characteristics of the dataset. The third international timetabling competition (iTC2011)
[33] shows that no method dominates the others for all types of datasets. Some
methods are better than another but they are also worse on some datasets. Thus, it
is impossible to create a method that suits all datasets, because it depends on the
institute rutes, features, costs, and fixations [34]. To bridee the ¢ap between theory
and practice, several works focus on real-world implementation [35] [36] [21]. Some
works create a guideline to measure or benchmark the results [34] [37]. McCollum [38]
suggests that the implemented system requires an interface to assist the user in

modeling the constraints.

This work will design and develop the prototype which witl allow the
requirements to be stated as a set of heuristics and constraints in order for the
prototype to provide a suitable solution to the problem. The guideline on how to

describe the requirements as the constraints is also given.
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2.2 Prince of Songkla University course timetabling

The current process to generate a course timetabling at Prince of
Songkla University [4] starts from the registrar division copying the last year timetable
and forwarding it to the faculties for the verification purpose. If there is any change,
the faculty staff will confirm the updated version data and send it back to the registrar
division. After that, the registrar division assigns the timeslots and rooms for all changes
and verify them before publishing the result on the university website. The sequence

of the process is shown in Figure 2-1.

Each depariment /
Registrar division Each faculty .
curricutum

1, Send recently used timetables :

|
L |
1-2days| |2 Forward to each deparknent / curriculum :

1 - 2 weeks

3. Update the data and changes

F 3

1 -2 weeks

4. Verify the data and forward
to Registrar division

F 3

1 - 2 weeks

5. Public the resutts

Y.

Figure 2-1 Sequence diagram of Prince of Songkla University

timetable generating process

The guideline for timetabling at Prince of Songkla University is defined

in the operating manual [4] as follows:



4)
5)

7

8)
9)
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The timetable should be suitable with the faculty/department requirements.
The student timetable should be consistent with the teacher and room
timetables.

The faculty/department has to change rooms or timesiots of the elective
subjects instead of the main subjects.

The main subject timeslot should be similar to the last-year timetabte.

The timetable should be harmonizing with the subject, timeslot, teacher and
room.

The main subjects are more important than the elective subjects. The
multiple-eroup of student subjects must be assigned rooms and timesiots
before any single group of student subject.

Subject data includes study hours, subject type (lecture/laboratory) and
teachers.

Student timetable should not contain any conflict according to the curriculum,
Teacher timetable should not contain any conflict according to their teaching

assienment and other workloads, e.g. administrative works.

10) The room capacity must be large enough for each class.

11) Assigning the classes to their own department/faculty rooms first (if possible).

12) The classes should be assigned between 08:00 AM. and 04:00 PM., except for

the specific cases.

13) Lunch break is from 12:00 PM. to 01:00 PM.

14) No class can be assigned on Saturday and Sunday timeslots except for the

specific cases.

15) The science and technology subject should be assigned a three-hour lecture

class on Monday, Wednesday and Friday using a one-hour timeslot type. The
laboratory classes should be assigned in the afternoon or on Tuesday and

Thursday morning.

The above 15 items will be used to create the initial constraints and

heuristics in this thesis.
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There are 12 majors in the Faculty of Engineering at Prince of Songkla

University. However, this thesis will classify the workload into 66 student groups as

shown in Table 2-1.

Table 2-1 Student groups in the dataset

Student Group Description

Eng A Group A of the freshman students in engineering curriculum

Eng B Group B of the freshman students in engineering curriculum

Eng C Group C of the freshman students in engineering curriculum

Eng D Group D of the freshman students in engineering curriculum

Eng E Group E of the freshman students in engineering curriculum

Eng F Group F of the freshman students in engineering curriculum

Eng i Group | of the freshman students in engineering curriculum

Eng J Group J of the freshman students in engineering curricutum

Fng K Group K of the freshman students in engineering curriculum

Eng L Group L of the freshman students in engineering curriculum

Eng M Group M of the freshman students in engineering curriculum

Ene N Group N of the freshman students in engineering curriculum

Eng O Group O of the freshman students in engineering curriculurn

Ene P Group P of the freshman students in engineering curriculum

Ene Q Group Q of the freshman students in engineering curriculum

Eng R Group R of the freshman students in engineering curriculum

2ME(A) The first group of the sophomore students in mechanical engineering
curricutum

2ME(B) The second group of the sophomore students in mechanical engineering
curricutum

2MTE The sophemore students in mechatronic engineering curriculum

2Cat{A) The first group of the sophomore students in computer engineering
curricutum

2CoE(B) The second group of the sophomore students in computer engineering
curricutum |

2CoE_PK(A) The first group of the sophomore students in computer engineering Phuket
campus curriculum




Tabte 2-1 Student groups in the dataset (cont.)
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Student Group Description

2CoE PK(B) The second group of the sophomore students in computer engineering
Phuket campus currictlum

2EE The sophomore students in electrical engineering curricuium

2BME The sophomore students in bio medical engineering curriculum

2 The sophomore students in industrial engineering curriculum

2MfE The sophomore students in manufacturing engineering curriculum

2MnE The sophomore students in mining engineering curriculum

2MaE The sophomore students in materials engineering curriculum

2CE The sophomare students in civil engineering curriculum

2EnE The sophomore students in environmental engineering curriculum

2ChE The sophomore students in chemical engineering curricutum

3ME(A) The first group of the junior students in mechanical engineering curriculum

3ME(B) The second group of the junior students in mechanical engineering curriculum

3MTE The junior students in mechatronic engineering curriculum

3CoEA) The first group of the junior students in computer engineering curriculum

3CoE(B) The second group of the junior students in computer engineering curricutum

3EE (A The first group of The junior students in electrical engineering curdculum

3EE (B) The second group of the junior students in electrical engineering curriculum

3BME The junior students in bio medical engineering curriculum

3IE The junior students in industrial engineering curriculum

3MFE (A) The first group of The junior students in manufacturing engineering curricutum

3MIFE (B) The second group of The junior students in manufacturing engineering
curriculum

3MnE The junier students in mining engineering curriculum

3MaE The junior students in materials engineering curriculum

3CE The junior students in civil engineering curriculum

3EnE The junior students in environmental engineering curriculum

3ChE The junior students in chermical engineering curricutum

AME(A) The first group of the senior students in mechanical engineering curriculum

AME(B) The second group of the senior students in mechanical engineering
curriculum

AMTE The senior students in mechatronic engineering curriculum
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16

Student Group

Description

4CoE(IT)

The senior students in the information technology branch of computer

engineering curriculum

4CoE(HW) The senior students in the computer hardware branch of computer
engineering curricutum

4CoE(NW} The senior students in the computer network branch of computer
engineering curricuium

4CoE(RB) The senior students in the robotics branch of computer engineering
curriculum

4EE (Elect) The senior students in the electronics branch of electrical engineering

curriculum

4EE (Commu)

The senior students in the communication technology branch of electrical

engineering curriculum

aEE (Power)

The senior students in the power electric branch of electrical engineering

curriculum
4B8ME The senior students in bic medical engineering curriculum
4k The senior students in industrial engineering curriculum
aMfE The senior students in manufacturing engineering curriculum
4MnE The senior students in mining engineering curriculum
aMak The senior students in materials engineering curriculum
4acE The senior students in civil engineering curriculum
dEnt The senior students in environmental engineering curriculum
aCht The senior students in chemical engineering curricllum
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2.3 Constraint

The course timetable must be correct according to the reguirements.
The requirements can be viewed as a set of constraints. Thus, the constraints can be
used for guiding the search to a suitable timetable. The review on constraints is given

below.
2.3.1 Constraint category

The timetabling constraints can be categorized into 5 groups [15]
including unary, binary, capacity, event-spread and agent. The structure of each group

will be used for designing the prototype,

Unary constraint considers only one class or one group of classes. This
constraint needs three inputs to create a relation between classes and resources. The
relation puts the restriction or permission on how to use the resources. The structure

of the unary constraint is shown in Figure 2-2.

Class Relation Resource

(Class/Group of classes) | (Allow/Disaltow) | (Rooms/Timeslots)

Figure 2-2 Unary constraint structure

For example, the unary constraints can be

® Class Ais allowed to be assigned in the morning timeslots.

® (lass B is disallowed to be assigned the meeting rooms.

Examples of the unary constraints used in this work are

® Drawing classes are allowed to be allocated in evening timeslots.

® The computer laboratory classes must be in the computer laboratory

rooms.
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Binary constraint considers the relation between two classes. For

example, a drawing lecture class has to take place before a drawing laboratory class.

Like, unary constraint, a binary constraint also needs three inputs.
However, the relation between two classes is more comptex than that of a single
permission. An example of binary constraints in this work is “drawing tecture class has
to take place before drawing laboratory class”. Figure 2-3 shows the structure of a

binary constraint.

Class Relation - Class

(Class/Group of classes) | Take place before/etc. | (Class/Group of classes)

Figure 2-3 Binary constraint structure

A capacity constraint considers the capacity of the room. That is the
room must have enough seats to hold the class. The capacity constraint needs two
inputs: class and the number of seats. An example of capacity constraint used in this
work is “Classes that do not define the student capacity will be assighed to a room

with 60 seats”. The structure of the capacity constraint is shown in Figure 2-4.

Class Capacity
(Subject/ Group of subjects) | (Number of seats)

Fioure 2-4 Capacity constraint structure

An event spread constraint considers the space between classes. This
constraint will be spreading-out or clumping-together the classes depending on the
user requirements. Event spread constraints can be controlled by the period of free
timeslots between classes and the number of maximum total hours per day. If the
users require more spreading-out timetable, they should increase the maximum free

timeslots between classes or decrease the maximum total hours per day. On the other



19

hand, if the users require a more clumping-together timetable, they have to decrease
the maximum free timeslots between classes or increase the maximum total hours

per day.

The input of event spread constraints is the maximum number of free
timeslots between classes or the maximum total hours per day. However, the
characteristic of each timetable can be different. Thus, the constraint has to specify

which timetable will be affected. The structure of event spread constraints is shown

in Figure 2-5.
Parameter
Timetable Number
(Maximum number of free timeslots/
(Student groups) (Timeslots)
Maximum total hours per day)

Figure 2-5 Event spread constraint structure

For example, the event spread constraints used in this work are

® Maximum total hours per day of all students is 12 timeslots (6 hours).

® Maximum free timeslots of all students are 6 timeslots (3 hours).

An agent constraint considers the party in each timetable including
teachers and student groups. The agent constraint gives a specific condition for some
agents such as the relation between the agent and the resources. The agent constraint
requires three inputs including agent, relation and resource. The relation will be given
as a unary constraint on the resource. The structure of an agent constraint is shown in

Figsure 2-6.

Agent Relation Resource

(Student groups/Teacher} (Allow/Disaltow} {Rooms/Timeslots)

Figure 2-6 Agent constraint structure



¥
178 (4%
’ P T VR R TAN Al L

- v"iw‘*‘l;"\wt.slww"

20

For example, the agent constraints used in this work are

® The teacher of computer programming techniques class is allowed to be

assigned to the Saturday morning timeslot.

® The graduate level classes are allowed to use the IDL meeting room.

2.3.2 Hard/soft constraints

As mentioned above that the constraints can be used for guiding the
search in order to find a suitable solution. The type of the constraints can affect the
result. Some constraints are more important than the others. For example, the
constraint of assigning available rooms and timeslots for all classes according to the
requirements is more important than the constraint of assigning the afternoon
timeslots for the laboratory classes. Hence, some laboratory classes can be scheduled

in the morning timeslots but all classes must be assigned the rooms and timeslots.

The violation of some constraints can cause problems. For example, if
the constraint of assigning the available rooms for a class is violated, then two classes
might be assigned to the same room. Thus, there are some constraints that cannot be
violated which is called hard constraints. While the other type are called soft
constraints. These are examples of hard constraints and soft constraints used in this

work.

1) Hard constraints
® The students must be able to enroll in all classes according to their
curriculums.

® The lecture class should be assiened the timeslot during the regular

business hours.
® The laboratory class should be finished before 6:00 PM.
® No class should be assigned at noon timeslots.
2) Soft constraints
® The same section class must not be assigned on the adjacent days.

® The laboratory class should be assiened after 2:00 PM.
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® The same section class should be assigned the same timeslots on each

day.

The constraints in this work are created from the information provided

by the registrar office [4].
2.3.3 Objective model

During the search in the solution space, the system must have an ability
to evaluate the sotution found in order to find a suitable solution. To evaluate the
result, an objective model is used. The objective model is a method to compare two
solutions in order to select a more suitable solution among solutions in the search
space. To compare two results, the system requires a scoring technique to determine
which result is better. The number of the constraint violations can represent the
quality of the result. The less constraint violations result is better than the more one.
Thus, the system requires a model to determine how the comparison the constraint.
However, each constraint is different. For example, the hard constraints must dominate
the soft constraints. Moreover, some soft constraints might be preferred over the
others. Therefore, the objective model can help solving this issues. This thesis applies

multi-objective modetl [39], including lexical, order-tradeoff and equal-tradeoff models.

® | exical model can be represented as Lexical (A->B), where A and B are
constraints. The model defines that A is more important than B. Thus, A will dominate
B in all case.

® Ordered-tradeoff model can be represented as Tradeoff (A->B), where
A and B are constraints. The model defines that A is more important than B. However,
if the improvement of B is larger than the degradation of A, B which is less important
can also win the competition.

® Fqual-tradeoff model can be represented as Tradeoff (A: B), where A
and B are constraints. The model defines that A and B are equal. Thus, the

improvement and degradation of both constraints can affect the result equally.
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2.4 Depth-bounded Discrepancy search

Depth-bounded Discrepancy search (DDS) [18] is a complete search
technique. The search space can be viewed as a search tree. For explanation purpose,

Figure 2-7 shows the search tree of eight solutions.

Figure 2-7 Depth-bounded Discrepancy search (DDS)

The search witl start from the root to the leaf which is called a path or
a solution. Once, the search reaches the leaf then a candidate solution is found. The
objective model will guide the calculation of the quality of the solution. The search
continues and the score will be calculated every time that the search reaches the leaf.
If the new solution is better than the old solution, then the new solution is recorded.
Furthermore, if the solution is no better than the current best sotution then the path

can be skipped in order to accelerate the search process. This effect is called pruning.

The progress of DDS will also be affected by the ordering of the branch
at each level. That is, the search will start from the left most path (A, B, D, H) which is
called the heuristic path. The heuristic is a guide of how to order the node at each
level. For example, if each node is the class to be scheduled. The order of the classes
to be considered by the scheduler is the heuristic. For example, “the laboratory-type

class is considered before the lecture-type class” is one of the ordering heuristic.
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The heuristic might be wrong in some cases and the effects of such
incorrect heuristic can be monstrous. DDS prevents such gigantic effect by probing into
each subtree in order to get a good baseline solution for pruning the search space. For
example, Figure 2-7 shows the order of leaf to be discovered by the DDS. The first leaf
is the right-most path (A, B, D, H). The next path is the 5th path (A, C, F, L) from the
right which is a path from a different subtree. This property is suitable for the course
timetabling problem because the earlier course assignments can have a huge impact
on the later courses. Furthermore, the objective model can be calculated on a partiat
solution for the lexical model. Thus, the pruning technigue can be used to avoid
searching in the area containing solutions that are not better than the current solution
found so far. In this work, DDS will be used as the main search technique in the

proposed system.
2.5 Development tools

This section describes tools for implementing the proposed system
which can be separated into three parts including the search engine, the database and

the configuration.

The search engine is implemented using Java. Java [40] is an object
oriented programming language (OOP) which executes processes on a virtual machine
called Java virtual machine (JVM). Java is selected to create the search engine of the
proposed system because the OOP scheme can be applied to use inheritance and
polymorphism for the data model which can support the additional constraints,
heuristics and agent later. The new search technigues can also be applied later. Java

version 1.8.0 is used in this work.

MySQL {d1] version 5.7.10 is used as the database of the proposed
system. All datasets are in the table format. Thus, MySQL is a suitable choice.

Codelgniter [42], AngularS [43] and Bootstrap [44] are selected as tools
for developing the remaining components of the proposed system. The user intetface

is required as the approach to configure the proposed system. The website helps the
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user to configure the system easily. because it can be accessed from a various web

browser. The website is also separated into three parts.

The first part is Codelgniter, which is a PHP framework. Codelgniter
purpose is to access the database and to prepare the data before forwarding it to the
user interface. The Angular)S combined with Bootstrap is used for implementing the
user interface. Moreover, Codelgniter provides the web service which can be accessed

from the various devices. Codelgniter version 3.0.4 is applied for the proposed system.

Angular)S can receive JavaScript object notation (JSON) from the web
service and bind the received data to the webpage in order to display the user

interface. Angular)S version 1.2.16 is used for developing the proposed system.

Bootstrap is the tool for implementing the web interface from the
template of hypertext markup language (HTML) and cascading style sheets (CSS).
Bootstrap can be applied to bind the data from the web service with AngularJS and to
display the web interface on the web browser simultaneously. Bootstrap version 3.3.6

with SB Admin version 2.0 template is used for creating the proposed system.

The website needs a web server to run the process. Apache [45] version
2.4.18 is used as the web server for running all parts of the website including

Codelgniter, Angular)S and Bootstrap.
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CHAPTER 3
METHODOLOGY

This chapter presents the design of the system including the overview,
search engine and scoring techniques. The workload and experimental setting are also

given. Finally, the implernentation details are given.
3.1 System overview

The course timetabling system requires the course data including
classes, teachers and curriculums as the resources. The heuristics specify which dataset
is chosen to create a search tree. The constraints are used as a decision to evaluate
the results. The output of the system is the set of classes with rooms and timeslots

that are assigned by the search engine, The input and output of the system are shown

in Figure 3-1,
Input Output
Classes —> {class_0%,rooms,timestot}
Rooms —
Curricilums  — 1 : - {class_02rooms,timeslot}
imetabli
Lecturers ———— Tim ling
System
Heuristics
Constraints  ——-! —> [class_n*rooms,timeslot}
* i = number of classes

Figure 3-1 Input and output of the proposed system

The system uses Depth-bounded Discrepancy search (DDS) as the main
search engine to assien the rooms and timeslots for each class. The structure of the
system is shown in Figure 3-2. The search engine is the main method to search for a
solution by evaluating each solution found so far using the scoring technique. The
search engine first creates the search tree by using the timetabling and heuristic data.

Section 3.2 will provide more information on how the search tree can be created.
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Section 3.3 provides information on the scoring techniques and the constraints used.
Section 3.4 provides the information regarding the workload characteristic. Section 3.5
gives the experimental setup. Finally, Section 3.6 gives the detail implementation of

the prototype.

T T

\___—_-_’/
. . Search —
Timetabling
Data Technique

—

T T
e ——

Heuristic

e — Scoring

Constraint Technique
—

Figure 3-2 System structure
3.2 Search engine

The main search engine of the proposed system is DDS. The search
engine requires a set of heuristics to decide how to build a search tree. Each node of
the search tree represents a ctasslas shown in Figure 3-3. Each path of the search tree
represents a solution of the search engine. Thus, the whole search tree contains all
possible solutions. The search engine will move from one solution to the next solution
and keep the best solution found so far as the baseline to prune the search space as
well. The heuristics which are defined by the scheduler will order the nodes in each
path, where the left most path is the heuristic path. The other paths are the solutions
that further away from the heuristic path. By this way, the length of all paths is equal.
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Figure 3-3 Search tree structure

The size of the search tree depends on the dataset. The scheduler can
choose all classes in each semester to create the search tree or choose a partial data
per search tree. However, the tength of each path determines the length of the
processing time for each result, because the larger search tree will result in the longer
the search time. The necessary classes that should be in the same search tree are the
classes that have a relation among themselves such as classes with mutual student
groups or classes with mutual teachers. In this works, the search trees are created
according to the student eroups, because these students have mutual classes such as

laboratories and main classes.

The order of nodes in each path is defined by the ordering heuristic.
Figure 3-4 shows an example of an ordering heuristic which can be used for creating
the search tree. The student group will be decided first. For each student group, the
laboratory classes will be considered before main, elective and free elective classes,
respectively. In the same classes type, the class hours will be used for ordering the
classes. For example, a four-hour laboratory class will be considered before a

three-hour laboratory class.
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Ordering heuristics

Freshman || Sophomore | | Junior Senior
More Less
More Less
More Less
More Less

Figure 3-4 Example of an ordering heuristic for creating the search tree

Figure 3-5 shows the main process of the system which starts from
connecting to the database in order to retrieve the data. The dataset and parameter
must be set at this point. The selected dataset is then passed to the search engine.
DDS searches the suitable rooms and timeslots for all classes in the dataset before
the results are stored on the database. The process witl be repeated until all datasets

are processed.

In detail, the search engine searcﬁes through the search tree as shown
in Figure 3-6. The search engine will move from path to path until the last path of the
tree. The order of the paths to be discovered is decided by DDS. Each path will be
evaluated. The path with the best score so far will be stored as the best solution
found. The path with no good score or no better than the current best score will be

cut in order to reduce the search time.
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Connect to the database

:

Select the dataset

Save the results to the database

Has remaining dataset?

No

Figure 3-5 Flow chart of the main process in the system

To allocate the rooms and timeslots, the search engine builds the
scoring table of all avaitable timeslots in each node of the search tree. The process to
create the scoring table is shown in Figure 3-7. The scoring engine has to check the
availability of atl related teachers, rooms and student group timeslots. Next, the scoring
engine will calculate the constraint violations for all available timeslots, and return the
score back to the search engine to create a scoring tabte. The search engine will
compare all scores in the scoring table to choose the best timeslots and rooms. Next,
the search goes along the path to get the result and compare the score of the result

with the current best score found so far. The scoring technique is described next,
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3.3 Scoring technique

The search engine requires the scoring technique in order to determine
the score of the discovered solution during the search process. The simple method to
calculate the score of the result is counting the number of constraint violations.
However, each timetabling constraints are of different types, as described in Section 2.
Thus, the engine requires a scheme to count the number of violations for each
constraint type. The unary and binary constraints are counted by the number of
violations that are occurred and multiplied by the number of student group timetables

related to the class, in order to weight in the size of the effect.

Time-spread constraints are calculated differently. The number of
timeslots represent the violation in this case. For example, the maximum timeslots
per day constraint has more violations in more timeslots than that of the violation on
the maximum timeslots per day. Thus, the number of timeslots that larger than the
defined constraint limit will be counted and multiplied by the number of related
agents, in order to weight in the size of the effect. However, the timeslot is counted
as 30-minute slot. Thus, the number of timeslots must be divided by two in order to

change the unit to hour.

Figure 3-7 and Figure 3-8 show the scoring algorithm. The process starts
from creating a scoring table and checking the available timeslots. Next, the engine
goes through the available timeslots and counts the constraint violations of the current
timeslots and multtiplying by the number of related student groups that are violated.
The scoring engine will return the scoring table to the search engine as the information

for making the final decision.

The score of each timeslot consists of the hard and soft constraint
violations. The hard constraints are the constraints that should not be violated. if any
hard constraint is violated, the result will be discarded. The comparison between two
hard constraints (HC1, HC2) uses equal-tradeoff, Tradeoff (HC1: HC2), because the
importance of all hard constraints are equal. However, some hard constraints are
allowed to be violated. For example, the electrical engineering taboratory classes are

allowed to allocated at noon timeslots due to the limited resources. The scoring
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engine will count all allowed hard constraint violations before the score will be stored

in the scoring table.

As hard constraints dominate all soft constraints, the comparison
between a hard constraint (HC) and a soft constraint (SC) is a lexical model, Lexical
(HC-> SC). By this way, any soft constraint violation cannot overrule the effect of any

hard constraint violation.

Unlike the hard constraint, the scheduler has to account for the
importance of each soft constraint. The comparison among different soft constraints
(SC1, SC2) is ordered-tradeoff model, Tradeoff (SC1-> SC2). The model defines that
constraint SC1 is more important than constraint SC2. In case that the decreasing of
5C2 violations is more than the increasing of SC1 violations, the SC2 which is less
important can be preferred over SCL. The comparison among equal important soft
constraints (SC3, SC4) is equal-tradeoff model, Tradeoff {SC3: SC4). Table 3-1, shows
the hard constraints derived from the operation manual guideline in chapter 2 while

Table 3-2 shows the soft constraints.



lastRoundViolation = NULL

;

Select path

:

Select the class for allocating

¥

Create scoring table

Has available timestot?

Select the best score timeslot

v

Allocate timeslot of
student, room and teacher

v

currentViolation

Counting and surn constraint viclations to

Is lastReundViolations NULL?

No

No

32

Cemparing curentViolations with
lastRoundiViotations

No

Is the end of this path?

Set currentViolations to
lastRoundViolations

and save the result

1s lastRoundVictations better?

Yes

No

Is the end of the ree?

Figure 3-6 Main search flowchart
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Table 3-1 A list of hard constraints

Code Description
H1 Student timetable conflict
H2 Lecture ctasses from the same section are not on the same day
H3 Teacher timetable conflict
Hd Lecture classes should be between 8.00 - 17.00
H5 Drawing classes and industrial engineering lab should be scheduled
between 9.00 - 20.00
H6 Laboratory classes excepts industrial engineering lab should be scheduled
between 9.00 - 18.00
H7 No classes is scheduled on Saturday and Sunday
H8 No classes at noon except electrical engineering lab
H9 No class before 8.00 and after 20.00
H10 | Industrial engineering lab should be scheduled between 12.00 - 19.00
H11 Computer engineering lab should not be scheduled between 7.00 - 14.00
Table 3-2 A list of soft constraints
Code Description
St Total hours per day must be less than 9 hours
52 Free timeslot between classes must be less than 2 hours
S3 Classes from the same section should not be altocated to an adjacent day
54 Computer engineering lab classes should be allocated after 14.00
S5 Classes from the same section should start at the same time on each day
S6 It is preferable that 3-hour classes are assigned in the afternoon
ST No free timeslots between 1.5-hour classes
58 Electrical engineering lab are to be assigned after 15.00 first
59 Laboratory classes are to be assiened after 13.00 first
510 | Drawing classes should be allocated between 14.00-17.00 first
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3.4 Workload

The workload in this thesis is a set of classes offered by the Faculty of
Fngineering at Prince of Songkla University during the first semester of 2012. There are
674 classes. The number of available rooms are 57, including laboratory rooms which
are mechanical engineering (ME) laboratory room, electrical engineering (EE) laboratory
room, computer laboratory rooms, hardware laboratory room, industrial engineering
(IE) laboratory room, civil engineering (CE) laboratory room, mining engineering (MnE)
taboratory room, chemical engineering (ChE) laboratory room and drawing room. There
are 66 student groups as shown in Table 2-1. There are 7 departments and 12
curriculums. Table 3-3 shows the total class hours of students from each department.
However, the first year students are set as a separated group. The first year students
have the largest number of hours following by mechanical engineering students and

computer engineering students.

To maintain a small tree size and allow the changes to parts of the
problem, the tree is created according to the student groups. The freshman students
are divided into two groups according to the current university setting. The sophomore,
junior and senior students are divided into 7 groups according to their departments.
This way, the students with shared classes are grouped together. The order of
consideration within the same level is the total class hours as shown in Figure 3-9.

Table 3-4 shows all 66 datasets.

The datasets consist of many different classes. Thus, the characteristics
of the datasets can be different. Each dataset has its own characteristic. For example,
the freshman timetables have a lot of study hours but most of them are pre-defined.
Tabie 3-5 shows that 2ME timetable has similar numbers of 1-, 2- and 3-hour classes,
while 3iE timetable contains more 3-hour classes. The number of teachers for each
class is atso considered, as shown in Table 3-7. Some datasets have less multiple
teachers such as 2CoE, 2CE, 3CoE and 4CoE. Some datasets have many multiple
teachers such as 3EE, 3MnE and 4MnE. Furthermore, the number of student groups for

each class are shown in Table 3-7. Table 3-8 shows the teacher workload. Moreover,



36

the total hours of each dataset and the room requirement are also considered. The

following list of rules shows the characteristic of the datasets.

If any eroup of classes in the dataset has a standard deviation (SD) larger
than 0.7, that group is considered to have a different-class-size
characteristic.

If any eroup of classes has multiple teachers in more than 35% of the
classes, that group is considered to have multiple-teacher characteristic.

If any group of classes has a teacher with his/her difficulty factor larger than
42, that eroup is considered to have a high workload teacher characteristic.
The difficulty factor of each teacher is calculated from the summation of
the total-hour-per-week of each class-size square. This way a total hours of
a large class-size will get a high weight.

If any group of classes allow teacher-time-conflict, that group is considered
to have teacher-time-conflict characteristic.

If any group of classes has total hours larger than the median value of all
dataset, that group is considered to have more-total-hour characteristic.

If any group of classes has multiple student groups in more than 35% of
the classes, that group is considered to have multiple-student-group
characteristic.

If there is an elective subject in the dataset, the dataset is considered to
have elective-subject characteristic.

if any classes in the dataset reguires multiple rooms, that dataset is

considered to have multiple-room characteristic.

The above rules are applied on the datasets presented in

Table 3-4 in order to classify their characteristics into 9 groups as follows.

CH1: Different-laboratory-class-size dataset includes ZME, 2CoE, 2MnE, 3ME,
3IE, 3MnE, 3CE and 4CE.

CH2: Different-lecture-class-size dataset includes Eng A - |, Eng J - R, 2EE,
2ChE, 3EE, 3IE,3MnE, 3CE, 3ChE, 4MF, 4EE, 4iE, dMnE and 4 ChE.
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® (H3: Many multiple-teachers dataset includes Eng A -1, Eng J - R, 2ME, 2EE,
2IF, 2MnE, 2ChE, 3EE, 3IE, 3MnE, 4ME and 4MnE.

® (H4: High-workload-teacher dataset includes Eng J - R, 2Cok, 2IE, 3k, 3MnE,
3CE, 3ChE, 4ME, 4EE, 4IE, 4MnE and 4ChE.

® (H5: Teacher-time-conflict dataset includes 2ME, 2CoE, 2EE, 3ME, 3Cok,
3EE, 3IE, 3MnE, 3CE, 4EE, 4E, 4MnE, 4CE and 4ChE.

® CHé6: More total-hours dataset includes Eng A - 1, Eng J - R, 2ME, 2Cok, 2IE,
3ME, 3EE, 3IE, 3MnE, 3CE, 4ME, 4MnE and 4CE.

® (HT7: Many multiple-student-groups dataset includes 2IE, 2MnE, 2CE, 2ChE,
3ME, 3IE, 4AME.

® (H8: Elective-subject dataset includes 3MnE, 3CE, 4ME, 4CoE, 4EE, 4IE, 4MnE
and 4CE.

& (H9: Multiple-room dataset includes 4ME.

Numbers of characteristics of a single dataset can be used as an
indicator of the difficulty level to allocate the rooms and timeslots. For example, 3CE
dataset which contains 6 characteristics has a high possibitity to cause a problem during
the scheduling process than 2Ef dataset which contains only 2 characteristics. The
experimental setting in this thesis aims to evaluate the effects of constraints and

ordering heuristics on various dataset characteristics.

Table 3-3 Total hours of each department timetable.

Department Total hours
1" year student 197.5
Mechanical engineering 176.5
Computer engineering 161.5
Elecirical engineering 160
Industrial engineering 156
Mining engineering 140.5
Civil engineering 1355
Chemical engineering 70.5




Eng A -1 E > | 2ME

EngJ-R 2CoE
2EE
2IE
2MnE
2CE
2ChE

Figure 3-9 Order of the dataset consideration in this thesis

Table 3-4 Dataset definition
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Year Dataset Student groups

4 Eng A -1 Eng A, Eng B, Eng C, Eng D, Eng E, Eng F, Eng |

Erg J-R Eng J, Eng K, Eng L, Eng M, Eng N, Eng O, Eng P, Eng Q,
Eng R

2 2ME 2ME(A), 2ME(B), 2MTE
2CoF 2CoE(A), 2CoE(B), 2CoF_PK(A), 2CcE PK(B)
2EF 2EE, 28ME
2IE 2IE, 2MfE
2MnE 2MnE, 2Mak
2CE 2CE, 2EnE
2ChE 2ChE

3 3ME BME(A), 3ME(B), 3MLE
3CoE 3CoE(A), 3CoE{B)
3EE 3EE(A), 3EE(B), 3BME
3iE 3IE, 3MFE(A), BMIE(B)
3MnE 3MnE, 3MakE
3CE 3CE, 3EnE
3ChE 3ChE

4 4ME 4ME(A), AME(B), dMLE
4Cok ACOE(T), 4CoE(HW), 4CoF{NW), 4CoE(RB)
are AFE(Flec), ¢EE(Commu), 4EE(Power), 4BME
glb a1E, 4MFE
dMnk AhinE, aMak
4CE aCE, aEnE
4ChE 8{hE




Table 3-5 Total hours classified by the class size and student group
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Total Class size (hours}
Dataset
hours 1.5 2 2.5
Eng A- | 114.5 50 9 34 12.5 9 0
Eng l-R 119 30 7.5 36 12.5 33 0
IME 69 20 6 22 0 21 0
2Cok g4.5 27 1.5 36 0 30 0
2EE 43 17 3 16 0 3 a
2IE | 19 6 14 0 12 0
2ZMnE 41 15 3 8 0 15 0
2CE 35 11 9 12 0 3 O
2ChE 265 11 1.5 8 0 6 O
3ME 49.5 14 13.5 16 ¢ 6 0
3Cok 39 29 0 4 G 6 0
3EE 69 20 3 18 G 24 q
3lE 62 15 0 14 0 33 0
3MinE 51.5 14 1.5 4 0 24 8
3CE 60.5 24 6 4 2.5 24 0
3ChE 22 15 0 4 0 3 0
aME 50 11 12 6 0 21 0
4Cok 32 19 3 G 0 0 4
4EE 48 14 3 22 0 9 0
alE 36 6 3 2 0 21 q
AMink 49 12 0 16 0 21 0
aCk 54 19 9 14 ] 12 0
4ChE 23 5 0 6 G 12 0




Table 3-6 Total hours classified by the group of students
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Number of student group {hours)

Dataset | Total hours
1 2 3 4 >
Eng A -1 1145 28 33 21 15 17.5
Eng J-R 119 26 35.5 26.5 8.5 225
2ME 59 a7 7 7.5 3 45
2CcE 94.5 87 1 0 4.5 2
2EE a3 31 7.5 4.5 0 0
21E 51 23 10 ) 75 45
2MnE 41 14 15 4.5 7.5 0
2CE 35 20 7.5 3 0 4.5
2ChE 265 16 3 3 0 4.5
3ME 49.5 32.5 16 0 0 1
3Cok 39 30 9 0 0 0
3EE 69 66 3 0 0 0
3iE 62 36 20 6 0 G
3MnE 51.5 42.5 5 3 0 H
3CE 60.5 43.5 17 0 0 0
3ChE 22 22 0 0 Q 0
GME 50 23 18 9 ] 0
4Cok 32 25 6 0 0 1
aEE 48 34 8 6 0 0
dit 36 30 6 0 0 0
4Mnk a9 41 5 3 0 G
4CE 56 42 12 0 0 0
AChE 23 17 6 ] 0 0




Table 3-7 Total hours classified by the number of teacher of the class

Number of teacher (hours)
Dataset | Total hours
2 4 >4
Fng A -1 114.5 745 a.5 9 24.5 2
Fne J - R 119 55 18.5 26.5 19 0
2ME 69 42.5 4.5 6 13 3
2CoE 94.5 93.5 0 0 G 1
2EE 43 28.5 4.5 0 G 10
2IE 51 29 9 6 a 3
2MnE a1 18.5 4.5 13 2 3
2CE 35 32 0 O 0 3
2ChE 26.5 16.5 3 G 1 6
3ME 49.5 58.5 3 5 0 3
3Cok 39 30 9 O 0 0
3EE 69 23 9 15 0 22
3IE 62 34 12 16 0 0
3MnE 51.5 13 20 10 0 8.5
3CE 60.5 49.5 11 0 0 0
3ChE 22 19 0 0 0 3
aME 50 33 5 3 0 9
a4CoE 32 32 0 0 0 0
4EE 48 39 6 0 0 3
i 36 30 0 0 6 0
AMNE 49 15 17 10 3 4
ack 54 51 3 0 0 0
4ChE 23 17 ¢ 0 0 6




Table 3-8 Top 20 teachers with a high difficulty factor value
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Teacher Group of students Hours | Difficulty
Vitaya Mhadnui 2CoE(Phuket)(d), 2CoE(Phuket)B), 281, 16N, 36 90
W0, 2ME(A)
Boonrueing Manasurakarn 3IE, IMFE(A), 3MFE(B), 4IE, aMaE 21 55
Supapan Chaiprapat IMFE(A), 3MIE(B), 2IE, 2MfE, 4IE, AMfE 19 49
Sakesun Suthummanon 3IE, 3MFE(A), 3CE, 3MFE(B), 3MaE, 4EE{Eled), 18 46
4FF(Commuy), 4EE(Power), 4MaE, 4BME
Runchana Sinthavalai 3CE, 3MnE, 4EE(Elec), 4EE(Cammu), 15 45
AEE{Power), AME(A), 4ME(B), 4IE, 4BME
Yodduang Pannara 3|E, AChE, 4MIE, 17A, 2B, #C, 1AD, IAE, 1A 13 43
F, 9AG, 28H, 2, 2CoE(Phuket)(A),
2CoE(Phuket)(B)
Klangduen Pochana 3IE, AMIE(A), 3MIE(B), dIE 19 425
Pakamas Chetpattananondh  AChE, 3ChE 15.5 42,25
Sirikul Wisutmethangoon ZMaE, 3MnE 22 42
Pijit Pitsuwan 3MFE(A), 3MFE(B) 15 39
Chaisri Suksaroj 3EnE 19 38.5
Sangsuree Vasupongayya 3CoE(A), 3CoE(B) 21 33
Woraphot Prachasaree 3EnE, 4CE 17 325
Kulchanat Prasertsit 4ChE, 2ChE, 3ChE 13.5 32.25
Nattawan Klatkaew 3ChE, 4ChE, 2ChE 14 32
Winit Jungcharoentham 3MnE, 3Enk, 4CE 11 29
Sompat Roongtawanreongsri | 2BME, 2EE, 3BME, 3EE(A), 3EE(B), 2ChE, 16 28
ZMfE, 2MIE, dFF(Elec), 4EE(Commu)
Vishnu RachPhet 3MnE, AMnE, dMaE 12 28
Pichet Trakarnsiri SMFE(A), 3MIE(B), 4MaE, 21, 2MfE, aIE, AMfE 10 28
Sanguan Tungbodhitham 2IE, 2MnE, 2MaE, 2MfE 12 28
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3.5 Experimental setting

There are three main experiments to be conducted in this work. The
first experiment is the evaluation of the hard and soft constraints in guiding the search
engine to a good portion of the search tree. The three objective models are evaluated.
The first model, simple mixed objective (SMO) assigns an equal priority to all soft
constraints. The second model, mixed objective 1 (MO1) assigns a high priority to time
constraints (TC). The third model, mixed objective 2 (MO2) assigns a high priority to
time-spread constraints (TSC). The constraints to evaluate the results are from
Table 3-1 and Table 3-2. Time constraints used are S8, S9 and 510. Time-spread
constraints used are S1, $2, 53, 54 and S5. Hard constraints used are H1, H3, H4, H5,
H6, H7, H8, H9 and H10. The results from this experiment can give the inside into the

effects of constraints and objective models.

The second set of experimentis focuses on the effects of ordering
heuristic on different dataset characteristics. The ordering heuristics include 6
alternative orders of class size, teacher workload and study-hour as shown in

Table 3-9.

Table 3-9 Ordering heuristic definition

Heuristic index Ordering heuristic
OH1 Class size > Teacher > Study-hour
OH2 Class size > Study-hour > Teacher
OH3 Teacher > Class size > Study-hour
OH4 Teacher > Study-hour > Class size
OH5 Study-hour > Class size > Teacher
OHé6 Study-hour > Teacher > Class size

DDS creates the search tree according to the above ordering heuristic.
The constraints from Table 3-1 and Table 3-2 are applied to the search engine with an
equal priority soft constraint, HC is used for representing the number of hard constraint

violations and SC is used for representing the number of soft constraint violations.
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The last set of experiments focuses on the performance of the
proposed prototype in comparison with the results of the original university
timetabling. The comparison will focus on the result of the prototype from the first
depth of DDS and the second depth of DDS in order to show the performance of the

proposed system versus the time requirement to complete the task as well.
3.6 Implementation

The system contains three parts which are shown in Figure 3-10. The
DDS and scoring techniques are implemented in Java language. The course
information, ordering heuristics, constraints and results are stored in a MySQL database.
Java uses Java database connectivity (JDBC) to connect to the database. The
timetabling information, ordering heuristics and constraints can be changed via the
user interface (Ul). The Ul part is implemented as a web-based format. Codelgniter,
which is a PHP Library is used for connecting to the database in order to parse the
data into JavaScript object notation (JSON) before send it to AngularJS, which is another
JavaScript lbrary. Angular)S uses the received data to connect the data with the
Bootstrap, which is a template of hypertext markup language (HTML) and cascading
style sheets (CSS), before display the results on the browser.

The search engine is presented in Figure 3-11. The search engine starts
its process by getting the datasets from the database. Then, the main process sends a
dataset and a heuristic to the dataset factory in order to retrieve the class list. The
main process forwards the class list to the DDS to begin the search. The DDS creates
the timetabling data from all related data of classes in the class list. The timetabling
data collects classes, student groups, teachers and rooms data in the map and the
constraint factory creates the constraint list. The scope of each constraint defines by
the agent factory. After all related data are ready, the DDS allocates timeslots and
rooms for each class in the class list. The allocation gets all related data from the
timetabling data and the score calculation creates the scoring data. The score
calculation calculates the score of each cell of the scoring table by counting the
constraint violations from the constraint list inside the timetabling data. After the

scoring table is calculated, the allocation compares alt remaining available timeslots
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to get the best-score timeslot and retums the result to the DDS. The DDS gathers the
results and searches until a suitable result is found before the DDS moves to the next

dataset. The results of each process is stored on the database for analysis purposes.

The entities in the database which is used by the system, and the
relations among them are presented in Figure 3-12. The data in the database is
separated into three groups: timetabling data, search engine data and search engine
configurations. The timetabling data includes classes, teachers, rooms and student
groups. The relation between teachers and classes is teaching. Curricutlum defines the

class list for each student groups. Room used is a relation between classes and room
types.

The results from the search engine are stored in the class result. The
search tree of each dataset is saved. The violation value is stored according to each
student group. The search engine configurations are also stored. The constraint type is
used for classifying the constraint groups and agent in order to define the scope of the

constraint. Heuristic is defined by the dataset type to create the class list for DDS.

Figure 3-13, Figure 3-14 and Figure 3-15 show the design of the
prototype Ul for configuring the search engine. The heuristic tist page is shown in
Figure 3-13. The users can change the order of the dataset for the search engine. A

new heuristic can also be added.

Figure 3-14 shows the constraint list page. The hard and soft constraints
are separated into two sections. The hard constraints are shown before the soft
constraints. The list has al description of each constraint and also has a button to
enable or disable the constraint. The right side of each row has an expanding button
to show more details. The users can edit the constraints, The constraint configuration
page is shown in Figure 3-15, which is displayed differently depending on the selected
constraint type. Figure 3-15 shows the teacher time conflict constraint configuration.
The users have to define the constraint name, constraint description, hard/soft
constraint, constraint priority and scope of the constraint. The flexible subject list
contains a list of subjects whose constraints can be violated. The other constraints in

the system include:
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3)

4)

8)
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Time constraint is a constraint which is defined to {imits the available timeslots.
Student-time-conflict constraint is a constraint which is used for checking the
conflict in the student group timetable.

Teacher-time-conflict constraint is a constraint which is used for checking the
conflict in the teacher timetable.

Max-free-time constraint is a constraint which limits the size of the free
timeslots between classes in the student group timetabie.

Max-total-hour constraint is a constraint which limits the total hours per day in
the student group timetable.

Start-same-timeslot constraint is a constraint which defines a set of classes to
be allocated in the same starting timeslot on different days.

Not-same-day constraint is a constraint which defines a set of classes to be
allocated on different days.

Not-adjacent-day constraint is a constraint which defines a set of classes not

to be allocated on the adjacent days.

Configuration and result

Codelgnitor | 4___ N AngularJS 3 !;: Bootstrap
(PHP) V1 (JavaScript) {HTML,CSS)

{}
- Nethean
Gl el

Database Search engine

Figure 3-10 The proposed system structure
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Figure 3-13 Heuristic configuration page
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“on | o | @ HOEE Lab, GhE Lab, MnF Lab, MFE Lab, ME Lab, GE Lab, Computer Hardware Lab, Computer Lab,
Aiito classes stiould in between 9.00 - 18.00 »

Figure 3-14 Constraint list page
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Constraints configurations

oF H3

-

Constraint Type LasturerTimeConfictConstraing

Caonstraint Name | H3
Constraint Lecturar Umetable confiict ponstaint
BDescriplion :

Allow to violated

Priority q

ar

Agent Type Al Student

Flexible Subject

Search Q

List: » 210-202 BASIC ELECTRICAL ENGINEERING LABORATORY {01}
+ 213-301 BIOMEDICAL ENGINEERING LABOLATORY { {01)
+ 210-301 ELECTRICAL ENGINEERING LABORATOMY 1 {01)

Figure 3-15 Constraint configuration page

The system consists of two parts. The first part is the search engine
using Java language in the implementation. The second part is the configuration, which
is shown in a web-based format. The database structure is designed according to the
curriculum-based course timetabling data. The datasets from the case study are
classified into nine characteristics which are described in Section 3.4. These datasets

are used for studying the effects of each constraint and ordering heuristic.
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CHAPTER 4
RESULTS AND DISCUSSIONS

The results and discussions are presented in this chapter. Section 4.1
shows the comparison results between the university original timetabling and the
schedules from the proposed prototype. Section 4.2 to 4.4 show the results of the
university original timetabling, the first DDS depth and the second DDS depth,
respectively. Section 4.5 shows the effects of constraints and objective models. Section
4.6 shows the effects of the ordering heuristics. The performance evaluation of the
search engine is shown in Section 4.7. The discussion on the results in order to provide
a guideline for applying the proposed prototype on different datasets, is given in

Section 4.8. The guideline is provided in Section 4.9.
4,1 Overall comparison results

This section provides the overall comparison results of the university

original timetabting (UA) and the results of the proposed prototype.

Table 4-1 presents the comparison results on the number of hard
constraint violations. The number of violations show that DDS can reduce a lot of hard
constraint viotations in comparison with that of the UA results. The first depth DDS
result can reduce 75% of hard constraint violations, while the second depth DDS

reduces 10% of hard constraints in comparisons with that of the first depth DDS.

Furthermore, the number of soft constraint violations of the DDS results
is also reduced in comparison with that of the UA results. Table 4-2 presents the
comparison results between the UA and the DDS results. The first depth DDS reduces
35% of soft constraint violations in comparison with that of the UA results, while, the

second depth DDS reduces a few soft constraint violations further,

Figure 4-1, Figure 4-2 and Figure 4-3 present the timetabling results of
junior environment engineering (3EnE) timetable of the UA, the first depth DDS and
the second depth DDS results, respectively. The UA result shows a lot of student time
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conflicts in the timetable. The first and the second depth DDS results show no student

time conflict on their results.

Moreover, the teacher timetables also have time conflicts. Figure 4-4,
Figure 4-5 and Figure 4-6 present timetable of Asst.Prof. Leang Khooburat in the UA,
the first depth DDS and the second depth DDS results, respectively. The UA timetable
has a lot of time conflict. The first and second depth DDS results also show the time
conflict. However, the second depth DDS can reduce the time conflict on the teacher

timetable better than that of the first depth DDS.

Table 4-1 Hard constraint viotations comparison between UA and DDS

Resutts Hi H2 H3 Ha H5 Hé H7 H& H9 | H10 | H11 | Total

UA 264 21| 250 a7 1 1 ¢ 43 g 3 1] 399

1st Depth o 2 94 1 0 0 G 0 0 3 0 100

2nd Depth G 0 87 0 0 0 ¢ 3 0 0 0 90

Table 4-2 soft constraint violations comparison between UA and DDS 4

Results 51 52 53 S 55 S6 57 58 59 510 | Totat

UA 43 | 230 | 233 H 291 ¢ 0 G 12 2| 821

1st Cepth 20 105 168 0| 220 0 0 8 9 3| 533

2nd Depth 3 118 135 0| 227 0 0 7 13 3 506
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Fieure 4-2 3EnF timetable of the first depth DDS results
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pitis

Figure 4-3 3EnE timetable of the second depth DDS results

sias auted

Figure 4-4 Asst.Prof. Leang Khooburat timetable of the UA results
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Figure 4-5 Asst.Prof. Leang Khooburat timetable of the first depth DDS results

LB e

Figure 4-6 Asst.Prof. Leang Khooburat timetable of the second depth DDS results
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4.2 University original timetabling analysis

The university original timetabling (UA) are analyzed in Sections 4.2.1 to
4.2 5. Each of which focuses on different group of students. The constraints which are
used in the evaluation of the system are also used for evaluating the UA results. The

results show that the UA produces a lot of hard constraint viclations.
4.2.1 The first year student timetable

The freshman timetables are an interesting case because they contain
classes from many faculties such as Faculty of Engineering, Faculty of Science and
Faculty of Liberal Art. Table 4-3 shows the constraint violations on the freshman
timetables. The most violated hard constraint of freshman timetables is the teacher
time conflict constraint which has been violated 27 times. Among the freshman
timetables, student group A to | has the highest number of hard constraint violations.
The most violated soft constraint of the freshman timetables is the limit-free-timeslot
constraint between classes which has been violated 23 times. The constraint of
assigning the same section classes on the same timeslot has been violated 20 times.
The student group A to | timetables have the highest soft constraint violations among
the freshman timetables. The total number of hard constrainf violations of the

freshman timetables is 27. The total number of soft constraint violations is 66.

Table 4-3 Freshman constraint violations observed from UA

Hard constraint violations Soft constraint violations

Hi L H2 | H3 | Ha | Total | 51 | S2 [ S3|S4]S5156 |57 158 |59 (510 Total

Eng A-| 0 0l 15 0 15| o|16(14| 0|18 0} 0] O] 3 0 51

EngJ-R 0 0112 0 12| 4| 7 2| 0o} 2] 0| 0y O O 0 15

Total 0 0 27 0 271 4|23416) 0of|20] 0 ©f Of 3 Y 66
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4.2.2 The second year student timetable

The sophomore timetables contain more laboratory classes in some
majors, white the classes from other faculties are reduced. Table 4-4 shows the details
of the constraint violations on the sophomore timetables. The most violated hard
constraint is as same as that of the freshman timetables, which is the teacher time
conflict constraint, 100. The highest number of constraint violations is observed from
the computer engineering timetables. The highest number of soft constraint violations
is the limit-free-timesiot between classes which has been violated 77 times. The
constraint of unassigned same section classes to the adjacent day and the constraint
of assigning the same section classes on the same timeslot both have been violated
60 times. The total number of hard constraint violations of the sophomore timetables

is 136 and the total number of soft constraint violations is 210.

Table 4-4 Sophomore constraint violations observed from UA

Hard constraint violations Soft constraint violations

H1 [ H2 | H3 {HA i Hé [ H7 | H8 | HE | Total [ 51 [ S2 | S3 | 55 | S8 | 59 § 510 | Total

ZME 1 0| 20| Of O Oy 5| O 26| 4131 5|19 2( 0 0 a3

2Cok 3] 0fF 294 4 11 3] 5| 0 g5 % 0r22(151101 0 1 2 50

2EE 1 21 141 1 0| 0yt 9 1 19| 2| 7t 8 7| 0] O 0 21

2iE gf 0] 24 21 ¢} 0| 5] ¢ 28 07| 915 2| © 0 a3

2MnE ] O O 12 0} G| O] Of © 12 0 5| 3} 43 0 0O 0 12

2CE 0] © 0 0] O 1 G} 0O 11 0 711y 2( 0 0 0 20

2ChE 0} 1 a1 0| oy 0 0] O 51 0] 61 9 3] ¢ 0 0 18

Total 5 3¢100 ) 7 1 41 15 1 1361 6|77 |60f(601 44 1 2z 210
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4.2.3 The third year student timetable

Most junior timetables contain laboratory classes, while some elective
classes are also presented. Table 4-5 shows the details of the constraint violations on
the junior timetables. The most violated hard constraint is the teacher time conflict
constraint which has been violated 75 times. The highest hard constraint violations are
observed from the mining engineering timetables. The most violated soft constraint is
the constraint of assigning the same section classes on the same timeslot which has
been violated 130 times. The highest soft constraint viclations is 63, observed from
the mechanical engineering timetables. The next highest number of soft constraint
violations is industrial, civil and computer engineering timetables with 62, 58, 58
respectively. The total number of hard constraint violations of the junior timetables is
123 and the total number of soft constraint violations is 330. The mechanical
engineering timetables result in the largest number of constraint violations among

junior timetables.

Table 4-5 Junior constraint violations observed from UA

Hard constraint viclations Soft constraint violations
H1 | H2 | H3 | Ha | H8 | H11 | Total |S1|S2E S3 [S4| S5 | S8 (S92 | Total
3ME 1 1115y 0] 9 0 26 | 0122 18| © 231 0| © 63
3CoE o 0| 3| 2| 3 1 93 0| 9 281 1 19 04 1 58
3EE 0| 13201 2| © 0 23] 012 121 0O 17y 2| 0 43
3IE 2 2| 11 2 2 G 19 6] 17 51 0 24 0 0 62
3MnE 11 0122 0| 1 0 261 0| 5 81 0 11 0| 2 26
3CE a1 a4 24 8 1 0 19111 1 21| ¢ 24| 0| 1 58
3ChE 0| t| 2| 0} O 0 31 010 8] 0 12| 01 0 20
Total 81 91 75| 14| 16 1 123 |17 |66 10| 1| 130! 2| 4 330
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4.2.4 The fourth year student timetable

Senior timetables are similar to those of junior timetables, with a special
character. That is, some majors have branches such as computer engineering and
electrical engineering. Table 4-6 shows the details of the constraint violations on the
senior timetables. The most violated hard constraint is the teacher time conflict
constraint, 48. The highest number of hard constraint violations is observed from the
electrical engineering timetable, 21, The most violated soft constraint is the constraint
of assigning the same section classes on the same timeslot, 81. The highest number
of soft constraint violations is observed from the civil engineering timetable, 54. The
total number of hard constraint violations of senior timetables is 113 and the totat

number of soft constraint viclations is 215.

Table 4-6 Senior constraint violations observed from UA

Hard constraint violations Soft constraint violations
H1 | HZ [H3 { HA | H5 | HB | HO | HI0 | Total | S1 |52 |53 |55 158]59 ] Total
4aME 11 011 5| 0] 9] 0 0 26 6| 5| 51163 0] 2 34
4CoE 2| 3| 8] 4] 0of 2| 0 0 191 023 1|14} 0] O 38
4k 0| 0|12 3] 0t 0| 2 3 20 0|16 3| 9] 3] 0 31
lla O] of 3| 3| 0 0] O 0 61 0| 6| 8| 8] 0| O 22
aMnE | 4| 1| 10| 1 11 0] 1 0 187 0f 7| 6|10] O 2 25
4CE 31 5 2 8| 0] 1] 0 0 19110 3| 21|20 O] © 54
4Cht 11 0] 2] 2| 0] 0] O 0 st 0| 4| 3 4; 0} 0 11
Jotal | 11| 9| 48| 26| 1| 12| 3 3 113116 | 64 |47 | 817 3| 4 215

4.2.5 Summary

Table 4-7 shows the total number of hard constraint violations
produced by the UA, categorized by groups of students. The total number of hard

constraint violations of the UA is 399, The highest violation constraint is the teacher
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time conftict, 250. Meanwhile, the constraint of assigning the class on regular business
hours and the constraint of not to assign the class at noon have been violated 47 and

43 times, respectively.

Table 4-8 shows the total number of soft constraint violations produced
by the UA, categorized by groups of students. The total number of soft constraint
violations is 821. The constraint of assiening the same section classes on the same
timeslot has the highest violation numbers among all. However, the violation of the
limit-free-timeslot constraint between classes and the constraint of limit maximum

total hour per day follow closely with 233 and 230, respectively.

Table 4-7 The total number of hard constraint violations observed from UA

Student Hard constraint violations

group H1 | H2 H3 H4 | H5 | H6 | H7 | HB | H9 H10 H11 Total
1st year 0 0 27 0 ¢ 0 0 0 0 0 0 27
2nd year 5 3 100 7 0 1 41 15 1 0 0 136
3rd year 8 9 754 14 -0 0 0| 16 0 0 1 123
ath year 11 9 a8 | 26 1 0 0o 12 3 3 8] 113
Total 261 21 250 | 47 1 1 41 43 4 3 1 399

Table 4-8 The total number of soft constraint violations observed from UA

Soft constraint violations

Student group | 51 | 52 S3 54 | S5 S6 | ST |58 |S9 | S10 Total

1st year q 23 16 0 20 0 0 0 3 0 66
2nd year 6 77 60| 0O 66| 0| 0| 4 1 2 210
3rd year 17 66 110 1 130 0 0 2 4 0 330
dth year 16 64 a7 0 a1 0 0 3 4 0 215

Total 43 230 233 1 291 0 0 91 12 2 821




60

4.3 The results of the first depth of the proposed system

The prototype of the proposed system is developed and evaluated.
The ordering heuristic of the proposed system is class-size, teacher-workload and
study-hours. To show the potential performance of the proposed system, the results
from searching only a discrepancy path (one-depth in the search tree) are shown in

this section.
4.3.1 The first year student timetable

Table 4-9 shows the details of constraint violations on freshman
timetables. The most violated hard constraint of freshman timetables is the teacher
time conflict constraint which has been violated 10 times. The student group A to |
timetables violated the hard constraints the most among the freshman timetables.
The most violated soft constraint of the freshman timetables is the limit-free-timeslot
constraint between classes which has been violated 19 times. The student group A to
I timetables violate the soft constraints the most among the freshman timetables. The
totat number of hard constraint violations is 10 and the total number of soft constraint

viclations is 46,

Table 4-9 Freshman constraint violations produced by 1st depth DBS

Student Hard constraint violations Soft constraint violations

group [H1iH2|H3|Hd | Total | S1[S2|5S3[54|S5156|S7[58]59 (510 Total

Eng A - | 0: 0| 7 0 71 4|12 0} 0|14} 0] O O} O 0 30

Engf-R| O O] 3 0 314 7| 0} 0] 43 0| 0| O} C 1 16

Total 0 0113 O 10} 8|19 0f 018 O O O} C 1 46
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Table 4-10 shows the details of constraint violations on sophomore

timetables. The most violated hard constraint of sophomore timetables is the teacher

time conflict constraint which has been violated 31 times. However, DDS removes

other hard constraint violations. The highest number of hard constraint violations is

observed from the computer engineering timetables. The most violated soft constraint

is the constraint of not allocating same section classes to be assigned on the adjacent

day which has been violated 72 times. Similarly, the computer engineering timetables

provide the highest number of soft constraint violations. The total number of hard

constraint violations of sophomore timetables is 31 and the total number of soft

constraint violations is 184.

Table 4-10 Sophomore constraint violations produced by 1st depth DDS

Hard constraint violations Soft constraint viotations

H1 | H2 JH3 [ HE | H6 | H7 | HE | H9 | Total | 51 152 1S3 [ 55158 59 | 510 | Total
ZME ¢ 0 4 G 0 0 G 0 41 0 31817 03 2 0 40
2CoLE 0 0113 0 0 0 0 0 134y 2|21 g112] O 1 2 46
2EE G| 0f 3] ol of o] 0 © 31 0] 97 1} 3] 2| 0 0 15
2IE 6| of 4| ol of 0] Of O 4] 0 12137 0] C 0 39
SMrE| Of O 5 0] 0| O] Of O 51 3| 112110 0| 3 0 29
2CE of ol 2 o] 0| 0y Of O 210 0 4} 1| 0] G 0 5
2ChE of ol o o] 0| 0 Of O 0| 0| 2| 87 0 0] ©C 0 10
Total 0 0] 31 0 0 0 0 0 31 513772760 2 6 2 184
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Table 4-11 shows the details of constraint violations on junior

timetables. The most violated hard constraint is the teacher time conflict constraint

which has been violated 21 times. The electrical engineering timetables produce the

highest number of hard constraint violations. The most violated soft constraint is the

constraint of assiening the same section classes on the same timeslot which has been

violated 81 times. The industrial engineering and civil engineering timetables violate

the soft constraint the most, 38. The total number of hard constraint violations of

junior timetables is 23 and The total number of soft constraint viotations is 169. The

industrial engineering timetables produce the highest number of constraint violations

among alt junior timetables.

Table 4-11 Junior constraint violations produced by 1st depth DDS

Hard constraint violations

Soft constraint violations

H1 f H2 | H3 | HA | H8 | HI1 Total | 5t | S2 | 83|54 | S5 {58159 Total
3ME 0f 0 31 01 0 0 3 0 0 3 0] 13 0 1 17
3Cot 0f 2 Gy 0| O Y 2 0 8 9 0 0 0 0 17
3EE 0 0|10} O O Y 10 0 0 9 0 1 3 0 23
3IE ot 0 1 0 © Y 1 0 7 9 0| 22 0 0 38
AMRE | 0] O] 5| 0] O 0 5 0 5 4 G 7 0 1 17
3CE 0] 0| ¢y 04 O G 0 2 al 13 G| 19 0 0 38
3ChE 0| O 21 01 0 ¢ 2 0 G| 10 G 9 0 0 19
Total 0l 2] 21 g1 0 0 23 2| 24| 57 ¢l 81 3 2 169
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4.3.4 The fourth year student timetable

Table 4-12 shows the details of constraint violations on senior
timetables. The most violated hard constraint is the teacher time conflict constraint,
32, The highest number of hard constraint violations is 16, observed from the elecirical
engineering timetables. The most violated soft constraint is the constraint of assigning
the same section classes on the same timeslot which has been violated 61 times. The
highest number of soft constraint violations is 42, observed from the civil engineering
timetables. The totat number of hard constraint violations is 36 and the total number

of soft constraint viclations is 134,

Table 4-12 Senior constraint violations produced by 1st depth DDS

Hard constraint violations Soft constraint violations
HL | H2 | H3 | H4 { H5 | H8 | H9 | H10 | Total |51 ]S2 |53 |55 | S8 59| Total
4ME ¢y 0| 7| 0 Of O] O 0 71 0| 5] 416 0f O 25
aCob 0 of of of o Oof © 0 0 0| 711012 0} @ 28
atE 0| 0|13 0| 0 O} O 3 t6fp 0| 3L 5| 4 31 0 15
aiE 0] 0| 1 0| 0} 0] O 0 11 0 2y 2| 0 0 O 4
aMnE | O O} 87 0} 07 O} O 0 8y 0 2| 4| 7 of 1 14
4cE 0| 0 0 1] O] G| © 0 11 5y 612719 0] 0O a7
4Che 0| 0: 3| 0 01 Of O 0 31 0] 0 2y 4 0] O 6
Total [ O Of32] 1] O O O 3 | 5125|3961 3} 1 134

4.3.5 Summary

In comparison with the UA results, the first depth DDS results reduce a
lot of constraint violations. Table 4-13 shows the total hard constraint violations of the

first depth DDS, grouped by the students.

A lot of hard constraint violations are reduced to 0. However, some

specific cases are violated. For example, the 4€E has to study the electrical laboratory
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class at noon because of the room availability. The most violated hard constraint is
the teacher time conflict constraint which has been violated 94 times. Table 4-14
shows the total soft constraint violations of the first depth DDS, grouped by the
students. The most violated soft constraint is the constraint of assigning the same
section classes on the same timeslot, 220. The other hard constraint and soft

constraint violations are shown in Table 4-13 and Table 4-14, respectively.

Table 4-13 The total number of hard constraint violations produced by 1st depth DDS

Student Hard constraint violations

group H1 H2 | H3 | H4 | HB5 { H6 | H7 | HB | H9 H1G Hil Total
1st year 0 0 10 0 0 0 0 0 0 0 G 10
2nd year 0 0 31 0 0 0 0 0 0 0 0 31
3rd year ] 21 21 0 0 0 0 0 0 0 0 23
ath year 0 0 32 1 0 0 0 0 0 3 0 36
Total 0 2 G4 1 ¢ 0 0 0 0 3 0 100

Table 4-14 The total number of soft constraint violations produced by 1st depth DDS

Student Soft constraint violations

group s1 52 53 54 S5 S6 | ST | S8 | S9 510 Total
st year 8 19 0 0 18 0 0 0 0 1 a6
2nd year 5 37 72 0 60 0 o ? 6 2 184
3rd year 2 24 57 0 81 0 ¢ 3 2 0 169
dth year 5 25 39 0 61 0 ¢ 3 1 0 134
Total 20 105 168 0 220 0 v 8 9 3 533




65

4.4 The results of the second depth of the proposed prototype

The results in this section aim to demonstrate the performance
improvement of the proposed prototype when the search time is increasing. By
allowing the DDS to explore its discrepancy on the second depth, the improvement

can be evaluated in terms of time versus performance.

The ordering heuristic is as same as that used in Section 4.3, However,
the DDS searches deeper into the paths of the discrepancy in the second depth of the

tree.
4.4.1 The first year student timetable

Table 4-15 shows the details of the constraint violations on the
freshman timetables. The most violated hard constraint of freshman timetables is the
teacher time conflict constraint which has been violated 3 times. The most violated
soft constraint of assigning the same section classes on the same timeslot which has
been violated 17 times. The student group A to | timetables produce the highest
number of the total violations among all freshman timetables. The total number of

hard constraint violations is 3 and the total number of soft constraint violations is 35.

Table 4-15 Freshman constraint violations produced by 2nd depth DDS

Hard constraint viclations Soft constraint viotations

Hi [ H2 [ H3 | Hg | Total | ST | S2[S3|S4|S5(56|S7|58}59]|s10| Total

Eng A -1 ol 0 0} O 0 1| 7L 0| Of14| Of Of O} 1 0 23

Enei-R| 0| O0f 3¢ 0O 3t 2y 6 0 0} 3] 01 0| 0} 0 1 12

Total o 0 31 0 3: 31131 0 017 0} Of O3 1 1 35
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Table 4-16 shows the details of the constraint violations on the

sophomore timetables. The most violated hard constraint of sophomore timetables is

the teacher time conflict constraint which has been violated 36 times. The violation is

increased from the first depth DDS. The mechanical engineering timetables violate the

hard constraints the most. The most violated soft constraint is the constraint of not

allocating same section classes on adjacent days which has been violated 58 times.

The total number of hard constraint violations is 36 and the total number of soft

constraint violations is 148. The industrial engineering timetables produce the highest

total number of constraint viotations, 51.

Table 4-16 Sophomore constraint viotations produced by 2nd depth DDS

Hard constraint viotations Soft constraint violations

Hi {H2 | H3 { HO | H6 | H7 | H8 | H9 | Total | 51§52 | S3 [ S5 | S8 | 9 | 510 | Total
2ME of ¢j12| o) ¢} o] Of © 121 0] 2|16|15] 0| 2 0 35
2Cok of of 6| 0| ¢f 0| Of O 6 0 0| 817} 0f 2 2 29
2FE of o 21 o] of 0| Of © 210 9} 1} 31 2 0 0 15
2IE 0| ol of of 0o 0 O 041 0| 8i17]16| 0| O 0 41
ZMRE| 0| O] 4| 0] O 0] G} O al o) 21tz 4] 0] 3 0 21
2CE 0| o 1| of of 0y 0} © 1{ 0] 180 1] 0] 0 0 2
2ChE of o 1] o Oof 0} G0} © 11 0] 1y a4l C| 0] O 0 5
Total | 0| O0[36| 0 0| 0} O O 36| 02315856 2| 7 2 148
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4.4.3 The third year student timetable

Table 4-17 shows the details of the constraint violations on the junior
timetables. The most violated hard constraint is the teacher time conflict constraint
which has been violated 17 times. The electrical engineering timetables produce the
highest number of hard constraint violations, 7. The most violated soft constraint is
the constraint of assigning the same section classes on the same timeslot which has
been violated 93 times. The industrial engineering timetables produce the highest
number of soft constraint violations, 41. The total number of hard constraint violations
is 17 and the total number of soft constraint viotations is 179. The industrial engineering

timetables produce the highest total constraint violations among all junior timetables.

Table 4-17 Junior constraint violations produced by 2nd depth DDS

Hard constraint viclations Soft constraint violations
Hi | H2 | H3 | HA | H8 | H1t | Total | S1 [ 52 ] S3 | S4 55|58 )59 Total
3ME 0| 0 | 0] O 0 1 ¢ 7 afy 0|12z 0 1 24
3Cok o] 0 3] 0] O 0 31 0 8 7 0 g} 0 O 15
3EE o 0| 71 0] O 0 71 0 6 5 0| 18 2| ¢ 31
3IE 0y 0| 1 0] © 0 1 ot 4 g 0| 28 0| © 41
3MRE} Of O] 34 Of © 0 3 0 4 1 0 9| 0O 2 1&
3CE 0y 0 0of 0} 0O Q 0| 0 9 8 0y 20| of o© 37
3ChE o] of 2 0} O 0 21 0 0 9 0 6| 0ol © 15
Total o of17| 0ot O 0 17 O 381 43 01 93 21 3 179
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4.4.4 The fourth year student timetable

Table 4-18 shows the details of the constraint violations on the senior
timetables. The most violated hard constraint is the teacher time conﬂict constraint,
31. The electrical engineering timetables produce the highest number of hard
constraint violations at 13. The most violated soft constraint is the constraint of
assigning the same section classes on the same timeslot which has been violated 61
times. The mechanical engineering timetables produce the highest number of total
viotations, 55. The total number of hard constraint violations is 34 and the total

number of soft constraint violations is 144.

Table 4-18 Senior constraint violations produced by 2nd depth DDS

Hard constraint violations Soft constraint violations
Hl P H2 | H3 | HE | H5 [ M8 | H9 | H10 | Totat | S1 | S2 |53 | S5 58|59 | Total
4aME 0}y ¢ 7] O Of 3| © 0 0] 0|15 81214 0] 1 45
4ok | 0§ G| 0] O O O} © 0 0y o 6] 6 8; 0| O 20
4tk 0y 0|13 0o Oof Of © 0 . 131 0 6] 2| 7% 3| 0O 16
diE ol 6| 2] 0 Oof 0 © 0 21 0 0] 1} 0] ¢} O 1
aMnE} 01 O] 4 0| OF 0} © 0 a1 0| 7] 3} 47 0 1 15
4CE 0y ¢| 1| of Oof 0} ¢© 0 1] 06127131211 0| O 48
4Che 0y 0 4 0| 0y 0} O 0 41 0 0] 14 0} G| O 1
Total 0f 031 0| 0| 3} © 0 3 0|dd4 34611 31 2 144
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445 Summary

Table 4-19 shows the total number of hard constraint violations
produced by the second depth DDS which reduces a few hard constraint violations
from that of the first depth DDS results, The hard constraint violations of H2 and H4
are reduced to 0. The most violated hard constraint is the teacher time conflict
constraint which has been violated 87 times, which is 7 time tess than that of the first
depth result. Table 4-20 shows the total number of soft constraint violations produced
by the second depth DDS. The most violated soft constraint is the constraint of
assigning the same section classes on the same timeslot which has been violated 227

times, which is 7 more time than that of the first depth result.

Table 4-19 The total number of hard constraint violations produced by 2nd depth DDS

Student Hard coenstraint violations

group H1 H2 H3 H4 H5 H6 H7 H8 H9 | H10 | H11 Total
1st year 0 0 3 0 G 0 0 0 0 0 0 3
2nd year 0 0 36 0 0 0 0 ] 0 0 0 36
3rd year 0 A 0 17 0 0 0 ¢ 0 ¢ 0 0 17
ath year 0 0 31 0 0 0 Y 3 0 0 0 34
Total 0 0 87 0 ] 0 0 3 0 0 0 90

Table 4-20 The total number of soft constraint violations produced by 2nd depth DD5

Student Scft constraint violations

group 51 52 S3 sS4 S5 56 ST S8 S9 510 Total
1st year 3 13 0 ¢ 17 0 0 0 1 1 35
2nd year 0 23 58 ¢ 56 0 0 2 7 2 148
3rd year 0 38 43 0 93 0 0 2 3 0 179
ath year 0 a4 34 0 61 0 G 3 2 0 144
Totat 3 118 135 0| 227 0 ¢ 7 13 3 506
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4,5 Hard/soft constraint relation

This section evaluates the effect of three objective models of the
constraints. The first model, simpte mixed objective (SMO), assigns an equal priority to
all soft constraints. The second model, mixed objective 1 (MO1), assigns a higher
priority to time constraints (TC). The third model, mixed objective 2 (MO2), assigns a
higher priority to time-spread constraints (TSC). Table 3-1 and Table 3-2 show the
details of each constraint. Time constraints include $8, 9 and $10, while time-spread
constraints include $1, 52, 53, 54 and S5. Hard constraints used are H1, H3, H4, H5, H6,
H7, H8, H9 and H10.

Table 4-21 shows the soft constraint violation results of all three
objective models while Table 4-22 shows the hard and soft constraint violation results
of all three objective models. At the first look, the hard constraint violations of all
three results from the proposed prototype are reduced from that of the UA results

presented in Table 4-7.

Table 4-21 Soft constraint violations grouped by models

TSC TC

Model | S11S2|S3 | S5 | Total | S8 | 59 | S10 ] Total | Overall

SMO 4161|100 |182) 347} 8|10 3 2t 368

MO1 3189 98176 366) 6| 6 3 15 381

MO2 2| 57 | 106 | 161 326 | 8|12 9 29 355

Table 4-22 Hard/soft constraint violations categorized by student groups

SMO MO MO2

Student group | HC | TSC | TC | HC | TSC | TC | HC | 75C | TC

ist Year O 261 17 0] 26| 1 0 15| 8
Znd Year 4110010) 4122 5 4 89 | 11
3rdYear 10138 ] 5 121 147 61 10| 147 5
ath Year 3| 83| 5136 71| 3} 40| V5| 5

Total 48 | 347 | 21| 52 | 366 | 15 54| 326 | 29
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The equal priority soft constraint SMO cannot dominate the other
model on any soft constraint violation. However, SMO produces the lowest number
of hard constraint violations (HC) as shown in Table 4-22. MO1 and MO2 show the
effect of mixed objective models. MO1 which assigns a high priority to time constraints,
produces the lowest number of time constraint violations. MO2 which assigns a high
priority to time-spread constraints produces the lowest number of time-spread

constraint violations.

According to the results of MO1, the total number of TC violations is
the lowest among all results because MO1 gives a high priority to the TC type, while
the results of MO2 show the lowest total number of TSC violations among all results.
Thus, this results show that each objective model can guide the search engine to a

suitable sotution according to the specified objective.

The freshman timetables are better when MO2 is applied. Since, the
freshman timetables have limited available slots, the restriction on time-spread
constraints is more effective. The sophomore timetables are considered early in the
search process. Therefore, there are a lot of available spots. Unless the sophomore
timetables, the junior and senior timetables are considered iater in the search process.
Thus, there are also limited 'spots. However, MO1 shows a few number of hard

constraint violations in comparison with that produced by MO2,
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4.6 Ordering heuristic and dataset

There are two experiments in this section. The first set of experiments
is focusing on evaluating the ordering heuristic on the original dataset. The results of
the first experiment are shown in Section 4.6.1. The second set of experiments is
focusing on evaluating the effects of ordering heuristics on the modified datasets in
order to provide evidents to draw a conclusion. The results of the second experiments

are shown in Section 4.6.2
4.6.1 Original datasets

This section focuses on the effect of ordering heuristics on different
characteristics of the datasets. There are six ordering heuristics created by a

combination of class size, teacher workload and study-hour as shown in Table 4-23.

Table 4-23 Ordering heuristic definition

Heuristic index Ordering heuristic
OH1 Class size > Teacher > Study-hour
OH2 Class size > Study-hour > Teacher
OH3 Teacher > Class size > Study-hour
OH4 Teacher > Study-hour > Class size
OH5 Study-hour > Class size > Teacher
OH6 Study-hour » Teacher > Class size

These ordering heuristics are applied in order to create a search tree,
To minimize the effect of the objective model, the SMO is used and all hard constraint
violations are combined as a single value (HC) while all soft constraint violations are
also combined as a single value (SC). Table 4-24 shows the results on the freshman

datasets. The ordering heuristic does not affect the Eng A - | students while it increases
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the soft constraint violations in Eng J - R students by 2. Thus, the class size must be

given a higher priority than that of the study-hour in case of the freshman timetables.

Table 4-24 Freshman timetables constraint violations of different ordering heuristics

Number of viotations
Dataset OH1 OH2 OH3 OH4 OH5 OHe6
HC sC HC | SC HC SC HC | SC HC SC HC SC
Eng A-1 0 16 0 16 0 16 0 16 0 16 0 16
Eng J-R 0 11 0 11 0 11 0 13 0 13 0 13

Table 4-25 shows the number of constraint violations of sophomore

timetables of different ordering heuristics. The sophomore timetables also show similar

number of constraint violations except the 2MF and 2IE dataset. ZME results show a

better performance when the class size does not have a high priority while 2IE shows

a better performance when the teacher workload has a high priority.

Table 4-25 Sophomore timetables constraint violations of different ordering heuristics

Number of violations
Dataset OH1 OHZ2 OH3 OH4 OHS5 OH6
HC SC HC SC HC 5C HC SC HC 5C HC SC
2ME C Yy 0 39 0 28 o 31 0 30 0 30
2Cok 4 29 4 28 4 28 4 31 4 25 4 26
2FE 0 6 0 6 0 7 G 5 0 5 0 5
2IE G 17 0 19 0 15 0 12 0 21 0 21
ZMnE 0 12 0 14 0 13 0 10 0 10 0 10
2CE G 2 0 2 0 2 0 2 0 2 0 2
2ChE 0 7 0 7 0 6 0 6 0 6 0 3
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Table 4-26 shows the number of constraint violations of the sophomore
timetable of the different ordering heuristics. The effects of ordering heuristic are
clearly visible on junior timetables. 3ME and 3IE datasets have a better performance
when the study-hour gets a high priority. 3EE dataset achieves a low number of hard
constraint violations when the class size gets a high priority. 3MnE dataset achieves a
better performance when the study-hour does not get a high priority. Significantly, the
OH2, OH3 and OH4 do not produce a complete result on 3CE dataset, which seems
to react well to the high priority on study-hour. 3ChE dataset achieves a better

performance when study-hour gets a higher priority than the class-size.

Table 4-26 Junior timetables constraint violations of different ordering heuristics

Number of violations
Dataset OH1 OH2 OH3 OH4 OH5 OH6
HC SC HC SC HC SC HC SC HC SC HC 5C
3ME 0 17 0 15 G 11 0 13 0 7 0 9
3CoE 2 8 2 9 2 12 2 12 2 9 2 8
3EE 7 29 7 26 G 27 11 21 13 23 14 21
3E 0 41 1 31 0 41 0 37 0 29 -0 28
3MnE 1 9 1 11 1 9 q 10 1 15 1 13
3CE 0 30 - - - - - - 0 26 0 26
3ChE 0 18 0 18 0 18 G 12 0 H ¢ 15

Table 4-27 shows the resutts of constraint violations producing under
different ordering heuristic on senior timetables. 4CoE and 4IE datasets have a better
performance when the study-hour gets a high priority. 4ME and 4EF datasets provide
a similar number of violations on all ordering. 4MnE dataset achieves a better
performance from OH4. 4CoF dataset seems to provide a better performance when
the class size does not get a high priority. 4CE dataset achieves a better performance

when a high priority is given to the teacher workload.
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Table 4-27 Senior timetables constraint violations of different ordering heuristics

Number of violations
Dataset OH: QHz OH3 OH4 OH5 OHé
HC SC HC SC HC sC HC 5C HC SC HC 5C
aME 8 30 6 26 9 31 7 21 7 28 & 25
aCot 0 18 0 20 0 14 0 13 0 10 C 6
4EE 16 11 16 6 21 10 19 9 16 11 16 10
4lE 1 3 2 2 1 4 1 4 0 4 0 q
4MnE 8 14 3 18 8 16 1 12 7 9 11 12
4CE 1 15 3 15 0 10 0 10 1 11 2 21
4ChE 4 5 5 4 2 9 7 7 5 2 5 2

DDS with OH1, OH5 and OHé6 can produce a complete result for all

datasets. The performance comparison between freshman, sophomore, junior and

senior timetables is shown in Table 4-28. The number of freshman timetable constraint

violations is similar on all ordering heuristics. OH5 and OH6 produce better

performance on sophomore datasets. Junior timetables have towest hard constraint

violations in OH1. However, the soft constraint is also the most violated in OH1. The

senior timetables is better on OH5 which considering the study-hour before the class

size and less considering the teacher workload.

Table 4-28 Comparison total constraint violations of different ordering heuristics

Number of violations

Student
OH1 QH5 OH6
Group
HC SC HC SC HC SC

1st year 0 27 0 29 0 29
2nd year aq 113 q 49 a4 97
3rd year 10 152 16 123 17 120
ath year 38 96 36 75 38 80
Total 52 388 56 326 59 326
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4.6.2 Modified dataset

To evaluate the effect of ordering heuristics on different dataset
characteristics, the UAs are modified into different characteristic datasets as testing
dataset (TD). There are 4 modified datasets including TD1, TD2, TD3 and TD4. The
original dataset is modified by splitting all two-hour, three-hour classes to one-hour
classes, in TD1. Thus, TD1 dataset contains a lot of short-class types. TD2, TD3 and
TD4 datasets are modified in a similar fashion. However, TD2 splits classes to 1.5-hour
classes. TD3 splits and combines all classes to 2-hour classes and TD4 combines ail
classes to 3-hour classes. Table 4-30 shows the characteristics of all datasets. The
experiments are conducted on 5 datasets (UA, TD1, TD2, TD3 and TD4) and 6 different
ordering heuristics (OH1, OH2, OH3, OH4, OH5 and OHé). Thus, there are 30 sets of

results.
Table 4-29 Description of datasets
Dataset Description
UA University original timetabling
TD1 1-hour lecture type classes
™2 1.5-hour {ecture type classes
103 Z-hour lecture type classes
D4 3-hour lecture type classes
Table 4-30 Characteristics of datasets erouped by subject types
Number of classes
2 tab Main Elective
3 1115 2125 314 1] 15 2125 314 1plb| 2258 314

UA 33 2136 1711|284 43| 106 61 30|41 37 8| 14 ol10}0

m’w1 73 0118 721597 11 17 6 G121 16 op 1 0] 110

D2 8 6146 Q|72 1]1031307 | 42 6 912 73621 4 0 1io

D3 5 0452 0721|187 it 222 6 gp2| 20 044 O 110

04 5 052 Q72| 1| 81 11120 6111 ¢ 2 i 0125 012010
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Table 4-31 shows the results of all datasets of freshman timetables. A
complete result can be produced for all datasets. Eng A - | students achieve good
results under TD2 and TD3, While Eng J - R students achieve good results under OHd,
OH5 and OH6. However, the score of all datasets is not greatly different.

Table 4-32 shows the results of all sophomore datasets. TD4 shows
good performances on all datasets except 2ChE. The difference between the best and
the average score is large in the datasets with large total hour characteristics, including

2ME, 2CoE, 2IE and 2MnE.

Table 4-33 shows the results of all junior datasets. Three datasets
cannot be completed in this case including 3ME, 3IE and 3CE. These datasets have
large total hour characteristics. Fspecially, 3CE with 6 characteristics has only 10
complete results out of 30 sets. TD3 and TD4 produce good performance except on
3EE dataset. 3ME, 3IE and 3MnE provide a large performance difference between the |

best and the average scores.

Table 4-34 shows the results of all senior datasets. Five datasets cannot
be completed in this case including 4ME, 4IE, 4MnE, 4CE and 4ChE. These datasets are
considered difficult. 4ME dataset contains many characteristics. 4Mnt dataset contains
many multiple teachers. 4IE dataset is classified as a high workload teacher. 4CE
dataset has the highest total hours among others. On the other hand, 4CoE and 4EE

datasets contain the branch curriculums, making them less difficult than the others.

Table 4-35 shows the results of different ordering heuristics on TD1. In
comparison with other datasets, TD1 produces the large number of violations because
TD1 contains a lot of classes. Five groups of students cannot be completed under TD1,
including 3iE, 3CE, 4IE, 4MnE and 4CE. Table 4-36 shows the results of TD2. Table 4-37
shows the results of TD3. Table 4-38 shows the results of TD4. In comparison, TD4
contains less number of classes with the biggest class size mostly. TD4 produces less
number of violations due to the less number of classes, TD1 causes issues with soft

constraints especially not-allow class to be allocated on the same day.
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TD3 with OH5 produces the best total score in comparison with the
other datasets. TD3 with OH6 also produces similar total score, with a slightly different

number of soft constraint violations.

OH5 and OH6, emphasizing on the study-hour constraint provide a
better score on most datasets. OH3 and OH4, emphasizing on the teacher workload
constraint provide a better score on multiple-teacher datasets and
allowed-to-have-teacher-time-conflict datasets. OH1 and OH2, emphasizing on the

class size constraint, provide a better score on large-class-size datasets such as TD4.

Some dataset characteristics have no effect on the selected ordering
heuristic but the difficulty in complete such datasets is increased. Such characteristics
include room-size, multiple-room and high workload teacher. Especially, the high
workload teacher characteristic causes the datasets to be too difficult to complete

(3CE, 3IE, 4CE, 4IE and 4MnE).
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Table 4-31 Results of freshman modified datasets

Has No complete Best score results Average
complete result score
results | Number | Details | HC | SC Details HC | SC
Eng A -1 30 0f- 0| 4| TD2:0H1; TD2:0HZ, 01 93

TDZ:0H3; TD2:0H4;
TD2:0H5; TD2:CHé;
TD3:0H1; TD3:0H2Z;
TD3:0H3; TD3:0H4;
TD3:0H5; TD3:0H6

EngJ-R 30 0f- 0 | 10 | 7D2:0H4; TD2:0H5; 0| 132
TD2:0H6; TD3:0H4G;
TD3:0H5; TD3:0Hs;
TO4:0H4; TD4:OH5;
TD4:0OH6

Table 4-32 Results of sophomore modified datasets

Has No complete Best score results Average
complete resutt score
results Number § Details | HC | SC Details HC 5C
2ME 30 01f- 0 {4 [ TDAOH4 0.1 ] 2253
2Cok 30 0f- 0 |13 | TD4:0OHA 1087 | 3007
2EE 30 0f- 0 ;2 | TDAOHI; TD4:0HZ; 0| &73

TD4:GH3; TO4:0Hd,
TD4:CHS; TD4:0Hé

2IE 30 0] - 0 |4 | TDdOHI 0 16.5

2MnE 30 0]- 0 [3 [ TD4:0OH1 0 126

2CE 30 0] - 0 |0 | TD4:OHI; TO4:0H3; 0} 433
TD4:0H4

2ChE 30 01- 0 1 | TD3:0H4 0.06 54




Table 4-33 Results of junior modified datasets
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Has No complete result Best score results Average
complete score
results | Number Details HC | sC Details HC | SC

3ME 29 1 | TD1:0H5 0| 6|7TD30H4 0.2 ] 1445
3CoE 30 01- 0 2| 7TD4:0H6 113 | 6.23
3EE 30 o|- 71 29 | UAOHL; UAOHZ, | 1223 ) 28.2
UAOH3
3IE 24 6 | TDL:OHL, TDL.OH2; ¢ 0| 8 | TD4OHS 0.04 | 25.67
TD1:0H3; TD1:0H4;
TD1:0HS5; TD1:0Hé
3MnE 30 0]- 0| 3| TD30OHS t|11.43
3CE 10 20 | UA:OHZ; UA:OH3; 0| 10| TD3:0HZ 06| 179
UA:OH4; TD1:OHL,;
TD1:0HZ; TD1:0H3;
TD1:0H4; TD1:0H5;
TD1:QOH6; TD2:0H1;
TD2:0H2; TD2:0H3;
TD2:0H4; TD2:0H5;
TD2:0H6; TD3:CH3;
TD3:0H4; TD4:0H1,;
TOA:OH2; TO4:OH3;
TD4:0H5
3ChE 30 of- 0| 1} TD30HI; 0 7
TD3:0H2;
TD3:0H3;
TD3:0H4;
TD3:CH5;
TD4:0H2;
TD4:GH3;
TD4:CH4;
TD4:OH6




Table 4-34 Results of senior modified datasets
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Has No complete resutt Best score results Average
complete score
results | Number Details HC | sC Details HC SC

AME 22 8 | TD2:0H3; TD2:0H4; | 4 | 25 | UAOH6 945 | 405
TD2:0H5; TD3:0HZ;
TO4:0H3; TDA:0H4;
TD4:0H5; TD4:0OHb
4Cok 30 G- G| 0| TD3:0HT1; 0| 643
TD3:0HZ;
TO3:0H3;
TD2:0HS5;
TD3:0H6;
TD4:0HZ;
TD4:0OH5;
TO4:OH6
4EE 30 0- 9| 3| TDAOHS 14.63 | 1233
ale 21 9 | TDL:OH1, TDL.OHZ, | 0 F 2 | TD&OH4 G.33 | 10.48
TD1:0OH3; TD1:0H4,
TOD1:0H5; TD1:0H6;
TD4:0H1; TD4:0H3;
TDA:OHG
4MnE 23 7 | TD1:OH1; TD1:0H2; 11 12| UAOHA 9.04 | 11.52
TD1:0H3; TD1:0H4,
TD1:0H5; TD1:0H6;
TD2:0H2
aCE 17 13 | TD1:0H1; TDL:OHZ, 0| 7|7D3:0H4 147 | 9.18
TD1:0H3; TD1:OHG;
TD1:0H5; TD1:0HS6;
TD2:0H3; TDZ:0H4;
TDZ:OH5; TDA:0H2;
TD4:0H3; TDA:OH5;
TD4:0H6
AChE 27 3 | TD2:0H6; TD4:0H3; ¢ 0 | 24 | TD1:0H4 3.04 | 11.52
TD4:0H4




Table 4-35 Constraint violations observed from TD1 datasets
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Number of violations

Dataset OH1 OH2 OH3 OH4 OH5 OH6
HC | sc | Ho | sc | HC jsc | HC | sc | HC | sC | HC | sC

Eng A - o| 16] o 16| ol 16| o 15 o| 15| o 15
EngJ-R| 0] 19| 0 19| ol 19| o 22| o 22 of 22
2ME 1| 38| 1 33 1] 38| ol a8 o| 53| o 53
2CoF o 65| o 61 ol 11| ol 71 0| 61 ol 66
2EE o 19] o 19 o] 19| of 19 ol 191 o 19
2IE o] 25| o 8| o] 25| of 3| of a| o] a3
2MnE o| 22| o 15| o] 24| o 14| of 16y o] 16
2CE o] 9] o 122 o] 9| af o o] ol of 9
2ChE o 12| o 16| o 12| o 12 ol 1] o 14
3ME 1] a3| o 24| 1| a3| ol 29 i . 1| 28
3CoF 1] 1 1 16| 1| | 1| 6 11 19 1| 6
3EE 121 57| 12 so| 12| 53| 11| 53| 211 65 16| 38
3iE - - - - - - - - - - - -
3MnE 11 2| 2 28 1] 21| ol 30 1] 23 1] 22
3CE B . - - - -1- -
3ChE ol 10] o 150 o] 13| of 13| of 10| oi 10
aME 8l 68| 9| 108| 11f 86| 18| 78| 9| 85| 8] 68
4CoF ol 12] o 13| of 17| ol 14| of 9| of 9
aEE 15| 26| 12 37| 18] 28| 121 25| 12| 38| 18| 30
4IE - - - b i |- -
4MnE - - - - - - - - - - - -
aCE - - - - N - .
4ChE 1| 25 1 6] 0| 26| ol 24 1] 23 1| 22




Table 4-37 Constraint violations observed from TD3 datasets
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Number of violations

Dataset OH1 QOH2 OH3 OH4 OH5 OHé
HC 1 sc | He | sc | HC | sc | He | sc | He | sc | HC | sc

Eng A-| ol «a o| 4 o| a4 o a4 o| 4 o] 4
Eng J-R ol 13 o 13 ol 13 0l 10 0| 10 0| 10
2ME 0| 1 ol 14 ol 14 0| 12 of 1 o| 11
2CoE o| 18 o] 18 ol 16 ol 16 ol 16 1] 19
2EE ol 3 o| 3 ol 3 ol 3 ol 3 o1 3
2IE o| 12 o 12 o] 12 o| 11 ol 1 0 11
2MnE 0| 15 o} 17 o| 15 o| 1 0| 14 ol 14
2CE 0 1 o] 1 0 1 0 1 0 1 ol 1
2ChE ol 2 o] 3 o| 2 0o 1 ol 3 o} 4
3ME ol 10 o| 11 0o 9 o] 6 ol 9 ol 10
3Cok 1 3 1 3 1 2 1 2 1 2 o| 3
3EE 1| 16! 10| 18| 12| 20| 12| 17| 1] 21| 10| 21
3IE o| 20 o] 22 0| 20 o 3 0| 19 o} 17
3MnE 1] 8 ol 1 1 6 o| 7 o| 3 0f 7
3CE o 22 o| 10 - - - - ol 13 0| 15
3ChE 0 1 0 1 o| 1 0 t 0 1 o| 2
AME 161 17 11| 2e 6| 23 61 19 9| 17
4CoF of{ o0 0] o0 o| © o 1 ol o of o
4FE 15| 5| 15| 12 o 8| 15y 8| 15| 71} 15| 2
aiE 0 9 o 5 0] 10 0| 10 ol 7 ol 9
AMNE 9| 1| 11 4 gl 11 9| 1 o 1 8| 14
4CE 1| 12 1 3 21 9 ol 7 1 4 1| s
4ChE 1 8 1] 3 1 8 1| 5 21 9 1 5




Table 4-38 Constraint viotations observed from TD4 datasets
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Number of viclations

Dataset OH1 OH2 OH3 OH4 OH5 OH6
HC | sc | HC | s¢ | HC | sC | HC | SC | HC | SC | HC | SC

Eng A-1 of 6 ol 6 0| 6 o| 6 0| 6 o| 6
EngJ - R o] 13 0| 13 0} 13 0| 10 o| 10 ol 10
2ME ol 9 0| 12 ol o 0| 4 o| s ol 5
2CoE 0| 16 0| 16 o| 15 0| 14 0| 13 1| 16
2EE o| 2 of =2 o| 2 0| 2 0| 2 ol 2
2IE ol 4 o} 6 0| 6 0| 6 0| 6 o| 8
2MnE ol 3 o| 4 0o 11 of 11 o| a o 6
2CE ol o o 1 ol o aj 0 o 1 o 1
2ChE o| 2 o| 3 t] 1 1] 1 o| 3 o 3
3ME o| 7 ol 8 o| o9 0| 7 o| 8 ol 7
3Cot 1 1 1 1 1] 1 1 1 1 1 ol 2
3EE 10§ 25| 10| 21| 19} 19} 13| 23 9] 21 8| 15
3iE 0] 20 0| 18 0 24 0| 14 o| 8 ol 13
3MnE 1] 3 2| 5 2] 3 2| 4 3| 5 2| a
3CE - - . - -1 - 2| 9 - - 20 7
3ChE o| 3 of 1 ol 1 o] 1 0| 3 ol 1
AME 12-4 14 94 16 - - - - - - -
4CoE ol 1 ol o ol 2 0o} 2 o] o ol o
4EE 150 4| 12| 4i 12| 4| 14} 3 9| 3| 14| a4
8IE - - 1| 8 - . 0] 2 1l 9 - -
AMnE 8| 10| 13| 10| 11] 5 6| 5 6| 121 12| 8
acE 2| 6 - - B 2] 1 - - -
4Che 3| 7 2| 8 - - - - 71 3 71 6
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4.7 Performance of the prototype

The proposed system is evaluated on a machine with Intel(R} Core(TM)
i5-2400 3.10 GHz Central Processing Unit (CPU) and 8 Gigabyte memory. The runtime
result is shown in Table 4-39. The table shows the number of paths and the total
numker of nodes in the search tree of each dataset that are considered by the search
process. The average runtime on each node of the first path is 0.616 seconds. The
maximum runtime per node of the first path is 0.690 seconds, from the 2MnE dataset.
The longest path solution is 51 nodes from the 2CoE dataset. Due to the caching
technique, the processing time per node is reduced to 0.462 seconds on the path of
depth 1. Thus, the total time to search the discrepancy path in this dataset is 4
minutes, without pruning any path. This is the time it takes to get the first solution in

this experiment.

Table 4-39 Runtime of the proposed system

Discrepancy level
depth = 0 {First Path) depth = 1

Dataset

" Path Time Time/node Path Time Time/node

number Node {sec) (sec) number Node {sec) {sec)
Eng A-| 1 211 13.657 0.650 18§ 378 229.8 0.608
EnglJ-R 1 14 8.448 6.603 13 182 52.114 0.286
2Cok 1 51 31.593 G.619 22| 1,122 226.8 0.202
2EE 1 17 11147 G.656 16| 272 1338 0.492
2ME 1 35 21.387 0.61t 9 315 1535 0.487
2CE 1 17 | 10.684 0.628 1 17 6.872 0.404
2tE 1 19 | 11.609 0.611 2 38 21.882 0576
2ChE 1 8 4.364 0.546 7 56 23.42 0.418
2MnE 1 15| 10.355 0.690 8 120 74.6 0.622
3CoE 1 33| 20547 0.623 1 33 18.68 0.566
3EE 1 35| 22164 0.633 4 140 7.148 0.051
3ME 1 31| 19.542 0.630 4 124 15.991 0.371
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Table 4-39 Runtime of the proposed system (cont.)

Discrepancy level

Dataset depth = 0 (First Path) depth = 1

Path Time Time/node Path Time Time/node
number Node {sec) (sec) number Node {sec) (sec)

3CE 1 37 22551 C.609 iz 444 226.3 0.510
3IE 1 32 19 0.594 8 256 146.8 0573
3ChE 1 17 10.579 0.622 16 272 134.8 0.496
3MnE 1 23 13.68 0.595 7 161 86.5 0.537
ACok 1 22 13.621 0.619 1 22 8.15 0.376
4EE 1 29 17.926 0.618 24 696 328.9 0.473
aME 1 26 16.457 0.633 4 104 657 0.632
ace 1 28 17.101 0.611 5 140 79.3 0.566
4iE 1 17 9.606 0.565 10 170 48.24 0.284
4CchE 1 10 5.904 0.5%0 9 S0 44.742 0.697
4MnE 1 24 14.448 0.602 4 96 57.698 0.601
Average 0.616 Average 0.462

4.8 Discussion

The original timetables provided by the university shown in Section 2.2
displays a lot of time conflicts on both teachers and students. Some hard constraints
are also violated. The total number of hard constraint violations is shown in

Table 4-7. As a result, many problems occur when the timetables are put in action.

Section 4.2 and 4.3 present a better solution produced by the first and
the second depth DDS. The total number of hard constraint violations is reduced from
399 to 100 and 90, respectively. The total number of soft constraint viclations is also
reduced from 821 to 533 and 506, respectively. Section 4.3 shows that the overall
number of constraint violations of the second depth DDS are lower than that of the
first depth DDS. However, the junior and senior student timetables incur a large
number of soft constraint violations in comparison with that of the first depth.

Although, the results of the total violations of the second depth DDS on some datasets
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are worse than that of the first depth DDS. The total number of hard constraint
violations is reduced from 100 to 90. Thus, the deeper depth DDS will provides a better

solution.

Section 4.5 presents the effect of three objective models. Table 4-22
shows that MO1 which emphasized on the time constraints produces a better solution
than that of the MO2 which emphasized on the time-spread constraints. Thus, the
time constraints have more effects on the proposed system than the time-spread
constraints. However, the SMO results presented in Section 4.5 which regards all
constraints as equal, show a promising score. Therefore, an equal priority can help in

avoiding the effects of constraint types for the datasets that are complex.

Table 4-40 shows the characteristics of each dataset. Section 4.6
present the effect of ordering heuristics on different datasets. The results show that
OH1 can complete the schedule for all datasets and OH1 can complete most of the
modified datasets, in comparison with other ordering heuristics. OH2 performs well for
AFF and 4IE datasets. While, OH2 cannot finish the schedule for 3CE dataset. Thus, if
the class-size constraint is already considered the teacher load constraint is a better
next-order constraint to be used than the study-hour constraint. OH3 and OH4
emphasized on the teacher workload constraint clearly achieve good performances
on 2ME and 3ChE datasets. Both heuristics also provide a good performance on the
other datasets. However, the performance differences among ordering heuristics are
not significant. Moreover, OH3 and OH4 fail to produce a complete result for 3CE
dataset. OH5 and OHé6 produce similar performance. 2Cok and ZME datasets achieve
a good performance under OH5 and OHé, because both datasets contain a lot of study

hours,

The performance of all 6 ordering heuristics on modified datasets show
that the workloads with a large number of smail class-size classes in the set might run
into an issue with time-spread soft constraints such as the limitation on the same class
to be scheduled on the adjacent day. A lot of classes will increase the difficuity on
the later classes. As a result, no ordering heuristic provides a complete result for TD1
datasets. Similar argument goes with the TD2 datasets with a less effect as only 3CE

cannot be assigned a completed schedule for OH1 and OHé.
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The performance of OH2, OH3 and OH4 on the modified datasets is the
worst among all 6 heuristics. Reducing the number of classes by creating a combination
of two-hour and one-hour classes produce a better performance under OH1, OH5 and

OH6 because the complete schedutes can be achieved.

Table 4-40 Characteristic of the dataset

Student | Class size Teacher Study hour Room

group | CH1 |CH2 |CH3 |CHe |CH5 |CHe |CH7 |cHB |cH9 | Total
Eng A - | v |V v 3
EngJ-R v v v v 4
2ME v v v |/ 4
2CoF v v v v q
2FE I/ v 3
21 v | v |/ 4
2MnE v v v 3
2CE v 1
2ChE v |V v 3
3ME v v | vV |V 4
3CoE v 1
3EE v |/ v |/ 4
3IE VAR A AN A A A 4 7
3MnE v v |/ v I v/ 7
3CE v |V VA A 4 6
3ChE v 1
aME v | vV Y v 8
aCok v 1
GEE v v v 4
Al v v v 4
AMnE v |V v iV v 6
ace v v |V v q
AChE v v v 3
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4.9 Guideline

To apply the proposed prototype on any dataset, many parameters
must be set such that the prototype will perform well in terms of the processing speed
and the user satisfaction. Firstly, the datasets of unrelated classes must be divided
into different trees in order to speed up the searching process. For example, the first
year subjects to be offered to all students might get a higher priority to be allocated
the timestots and the rooms first before other classes. This requirement can be
achieved by creating a search tree specifically for such classes. Once, the results of
such classes are completed. The results can be loaded as a predefined class-time
before starting the searching process for all other classes of each curriculum in each
faculty. Furthermore, if the resources or the teachers are not overlapped with each
other, then such curriculums can be processed in parallel. This way, the processing

time can be reduced.

Second, the ordering heuristic to be used as a basetine is OH1. OH5 and
OHé6 show some good performances on achieving the best score from many datasets.
However, the performance difference between OH1 and both OH5 and OHé6 is minimal
in terms of soft constraints. Furthermore, the OH1 always provides a better hard
constraint violation performance. With the modified datasets, OH1 only fail 6 of 172
cases to produce a complete schedule, following by OH6 at 9. Thus, the first
recommendation ordering heuristic is OH1. If the workload does not contain various

class-size then OHé can be applied.
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CHAPTER 5
CONCLUSIONS AND FUTURE WORK

5.1 Conclusions

The classroom timetabling system was developed and evaluated by
the workload of the Faculty of Engineering, Prince of Songkla University.
Depth-bounded Discrepancy search (DDS) is applied together with the heuristic and
hard-soft constraints to guide the search to a good solution space. To adapt on
changes of inputs, the proposed system allows the constraints as a system
configuration to be set by the user. Sections 4.3 and 4.4 show that the proposed
system can find a feasible solution for the datasets. The proposed system creates
weekly timetables of all datasets in the case study before the result is displayed as a
web-based format for each student group, each teacher and each room timetables.
The constraints are classified into two groups depending on how important of the
constraints to the resulting timetables. The proposed systems support 8 types of

constraints from 5 categories which are also described in Sections 2.3 and 3.6.

The original university timetable,. the first depth DDS and the second
depth DDS results are compared in Section 4.1. The comparison shows that DDS can
find a better solution. The conflicts are reduced into nearly zero. The remaining conflict
came from limited resource cases including multiple teachers and after business hour
cases. Section 4.3 shows that the first depth DDS can find a feasible solution. However,
the second depth DDS can also further reduce the number of hard constraint
violations. Since, the second depth DDS increases the number of paths to probe in
each search tree, the processing time of the second depth DDS will be increased to

complete the search for all datasets.

Section 4.5 presents that the objective model can manage the different
priority of constraints. And, the results show that the time constraints are more

effective to the search engine than that of the time-spread constraint because the
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time constraints are used as the guideline for selecting the area in the timetable to

assign the timeslot for a class.

The different ordering heuristics are also applied to the search engine.
Section 4.6 shows that the ordering heuristic, emphasizing on class size more than
teacher workload and study-hour respectively, is better than other heuristics. However,

ordering heuristics emphasizing on study-hour first are also providing adequate results.

The performance of the proposed prototype is presented in Section
4.7, While Section 4.8 and 4.9 analyze the results in order to create a guideline on how

to apply the search with another dataset.
5.2 Future work

The proposed system’ is designed and developed as a sequential
program. However, some parts of the process can be done simultaneously. Thus,
parallel programming can be applied to improve the searching time of the system. For
example, the score calcutation in Figure 3-1 can be improved to calculate the score
of each timeslot in parallel. DDS can also search simultaneously on different subtrees.
However, the data model must be stored separately to avoid an error.

The inheritance scheme of Java object .enables the system to allow
additional constraints. For example, if the institute wants to add more constraints such
as the distance between rooms. The constraint that focuses on reducing the distance

between adjacent classes can be implemented and imported to the system.
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Applying a Mixed Objective Model in a University
Timetabling Solution Searching Technique
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Abstraci—Caurse timetable is a problem that can be solved using
a search lechnigue, The task is usualfy reguired in all educational
institutes. Even thongh several literature's hud heen proposed for
the problem, the practical solution is still required a lot of human
modifications due te a list of specific requirements and the
different characteristics of each institution. This work aims to
develop a flexible model (o guide the search (echuique namely
depi-bounded discrepancy search te solve timetabling problems,
The experiments are done using the real dalu set of the Faculty of
Engineering al Prince of Songkla University. The results show
that the objective model can guide the search to a solution that
satisfies all hard conslraints with a minimal number of sofi-
consiraints violations. However, the order af the soft constraints
considered by the search technique can affect the number of soft-
consiraints violations.

Keywards-university,  depth-bounded scurch,
constraint, priority, tinmctable, sehediling

diserepancy

I [NTRODUCTION

Course timetabling problems are considered as an example
of classic constraint optimization problems. Several works
have been proposed in the past [11{23[3][5][7]. However, the
results or processes of these solutions still require buman
adjustment processes due to the specific requirements of each
institule and the differences in characteristics of the institute.
Search techniques are the most common fechnigues (o solve
constraint optimization problem. This work aims to deveiop a
flexible model to puide a scarch technique namely Dept-
bounded Discrepancy Search (DDS) [18] to sobve timetabling
problems. The results of this work will be the first slep of
devetoping a flexible objective model for ihe proposed
framework 1o solve course timetabling problems that can be
turned te fit specific requirements of each institute.

A course timetabling problem is a process of allocating
courses to avzitable and suitable rooms. Uniess the institution
uses a fit course schedule. the imstitution will have to complete
this process every semester. The process will have a large
amount of data including courses, studentl groups, teachers,
classrooms, and a list of associate requirements. For example,
some courses have limited numbers of students; some courses
must be in specific rooms; some courses must be in specific
time of days. Only solving commen consiraints is not practical
enaugh. Thus, the scheduling framework must be flexible
enough for a specific need of each insiitute to be realistic.
Howevet, ihe specific needs canaot be foreseen. To solve such

145

complicated problem, a search technigue is employed. Since,
the search technigue goes through the space of solutions to
find a suitable selution. By puiding the scarch to valve a list of
requirements will create a suitable frameswork for such tasks.

There are two types of search technigues which are the
search algorithm that works on a space of total solutions sucl
as local search [B][21][22] and the search algorathm that works
on a space of partial solutions [18]{19]. Since the number of
rooms and the number of lecturers are limited, the earkier
courses that are assigning the lecturer time slot and the rooms
can affect the later courses. Thus, the searching technique that
works on a space of partial selutions to produce a piece of
solutéon will be suitable for such task. Since the search space
can be very large, peiting to sce the poteatial of each area of
the search space eatly wiil help the search to find a good area
10 be explored. Thus, the discrepancy based search namely
dept-bounded discrepancy search that forces the search to
prabe into each subtree before moves to the promising subtree
is selected as the main searching lechnique in this framework.

To guide the search, each requirement of the institwte can
be defined as a consteaint. This way, any specific requirement
can be satisfied by delining as a constraini. Thus, the proposed
framework can be practical for solving real course timetabling
problems. However, each consiraint can have different effects
on the results. Thus, constrainis may need to be assipned a
different priority. For cxample, some comstraints or
requiremnents must be satisfied in ali situations, while some
constraints or requirements are preferred if it is possible to
satisfy. Therefore, the constraints must be specified their
priority as wefl. Since each insttute can have several
constraints, the organization of these constraints must be
designed. Even thougls the constratnt priority depends on the
user requirements, different organization of the constraints
will cause different effects on different set of workloads.

The organization of the constraints in this work is referred
1o as an objective model. The objective model guides the
search 10 a specific area of the search space because the object
model will evaluate the ‘goodness’ of solutiens in each area.
Thus, if the search finds a good solusion then the search is
confinued otherwise the search will move 1o a different area,
This paper aims to study the impact of a mix objective model.
In order words, he paper aims to study the impact of differens
way to organize the constraints.
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The remaining of this paper is orpanized as follow. In
Section 11, the literature reviews are given. Section I
described the experimental settings. Section 1V presents the
experimental results and discussions. Section V gives the
conclusion.

TE.  LITERATURE REVIEWS

This section provides information regarding the researches
on algorithms or methads (o solve course timetabling
probiems in Section A. Next, the requirements of the input
data set at the Faculty of Engincering at Prince of Scnpgkla
University are described in Section B. Then, the objective
model concepts are described in Section C. The dept-bounded
discrepancy search atgorithm is explained in Section D.

A, Selutions o course timefabling problems

There are several works on methods to solve course
timetabling problems. The survey on timetabling methods for
high school and unéversity level is given in [1]. The easly
method that often uses for solving a course timelabling
problem is mathematics modefs such as inteper linear
programming [2][3][16] or reduce graph coloring [4]. Later,
many searching technigques [5] are employed to soive the
problem due to the increasing amount of data. The next set of
methords are macliine tearning based methods such as genetics
algorithm [6] [7], jocal search [8] [9], expert System [i0],
distributed computing [11], and data mininy techniques [12].
In [13] scveral methods are compared including ant colony
optimization, genetics algorithm, iterated local search,
simulated annealing and Tabu search. The resulis showed that
each method was good on some sets of data. Ne method is
good far all data sets due to the different characteristics of the
data set.

Thus, this work aims to propose a framework with a
flexible objective madel thal can be adapted to a different set
of requirements withoul a need for low level changing of the
underiiming method. Thercfore, this work selects a search
method 1o be the core and the objective model conducted from
the specific problem requirements to guide the scarch to a
good solution in the space of partial sobutions,

B Facuwity of Engineering, Prince of Songhkfo University

According 10 [13] the data set of Faculty of Engineering at
Prince of Songkla University is considered a large instance.
Typicaily, there are more than 600 subjects for students ta
register in the first semester of each year [14]. There are 12
underpraduate programs, !l master level programs, and 8
doctoral programs. These curricalums are from 7 different
departments. Each department has different characteristic of
requirements. Several lecturers are teaching for several
curriculums. There are approximately 70 lecturers with
approximately 4,000 active students.

Currently, the course timctabling process at Prince of
Songkla University is 2 semi-automatic process [13]. That is,
the Registrar’s Division will forward the previous year
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schedules to every deparimeni under Faculty of Engineering.
Each depariment Las to speci{y any change such as teacher
changes, subject 1D changes, and new subjects. Then, the
changes must be returned to the Registrar’s Division. Finally,
the Registrar’s Division uses the collected information to
modify the previous year schedule for the rew academic year.
The process is done partly by human and a simple program to
show the conflicts. However, the Registrar's Drivision final
schedules are known to contain a lot of conflicts such as room
conflicts, lime conflicts, and examination time conflicts.

There are a few attempts at developing a program to solve
such tasks. Tn [16], a set of hard and soft constraints is created
t0 be used together with a simple greedy algorithm. A problem
specific knowledye is created as a set of heuristics fo sobve the
course timetabling for the Department of Computer
Engincering at  Prince of Sengkla University. The
experimental results in [16] showed that their algorithm could
find a schedule without any fime conflict, any teacher contlict,
ar any room conflict. However, the greedy method relées too
much on the hewristies. Therefore, it is difficult to apply such
technique on a large scale problem. In [20], a genetic
algorithm is employed to pravide a schedule for the Facuity of
Engineering at Prince of Songkla University. This work also
cmploys the hard and soft constraints. The experimental
resulis show (hat their hard constraint violations can be
reduced at the expenses of increasing the soft constrain
violations.

This work will use the data set from the Faculty of
Enpineering at Prince of Songkla University as the sample
problem set to evaluate the objective madel siudied in this
work. Due io its targe scale and variation of requirement, this
data set can draw the problems or issues of each abjective
model to Light.

. Obfective model

The tequirements of each institute can be transformed mlo
a set of constraints. However, these constraints must be put
together as a unit called an objective model. In previous work
117], there are three objective models proposed. Each of which
has a specific property. The first model is called Lexical mode§
denoted by Lexica{A—B). Under this model constraint A is
dominated constraint B. That is, a solution that provides the
best performance on conslraint A is considered geod. Even
fhough this solution may provides the worst performance on
constrainl B, the solution is still considered a better solution
because A is more important than B. The second model is
called Ordered-Tradeot! denoted by Tradeoffid—B). Under
this model, the slightly worse performance of constraint B is
acceptable as long as the improvement of constraint A is
sigmificant. The degree of improvement is calculated as the
ratio of improvement comparing with the first solution found.
Thus, this sccond model does not allow consiraint A 1o
dominate the canstraint B as much as the first model. The last
model s called Equal-Tradeoff Model denoted by
Tradeofff4:B}. Under this model, the solution with the most
improvement either in A or in B is considered gaod becanse A
and B arc equal. However, the improvement that comes with
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toe much degradation of the other will be considered “no
good™,

In this work, the first and the second models are applied.
Thus, it is the origin of a mixed medel meaning there are two
meodels in this work. The first model (Lexical) is applied for the
haed constraints which cannot be violated. The second model
(Ordercd-Tradeof¥) is applied for the soft constraints which can
be viokated if necessary. The last model {Equal-TradeofT) is not
appiied in this work because typical requsrements are of
different priority. However, an experimettal of equal priority
of 50t constraints is also conducted for performance evaluation
PUEPUSES.

D. Dept-hounded discrepancy search

Dept-bounded Discrepancy Search (DDS) [18] is a seasch
technique in the space of partial solution. The search space can
be viewed as a search tree. For example, Fipuse 1 shows the
search tree of eight solutions. The search will start from the
root 1o the leaf which is called a path or a solution. Onee, the
search reaches the leaf then a candidate solution is found. The
objective model wilt be used to calculate the score of the
solutien. The scarch continues and the score will be calcalated
every time that the scarch reaches the leaf. 1 tie new sciution
is better than the old solution then the new solution is
recorded.

DDS wili probe into each subtres very guick because DDS
wil) visit a path of each subtree. For example, Figure | shows
the order of leaf to be discovered by the DDS. The first leaf is
the right-most path. The next path is the 5rh path from the
ripht or a path from a different subtree with the fivst
discovered solution. This way, DDS gives a high priority on
the nodes closed o the root than that closed to the leaf. This
property is suitable with the course timetabling problem
because the earlier course assignments can have a huge impact
on the later courses. Furthermore. the objective model can be
calcuiated on a partial solution jor the Lexical medel. Thus,
the pruning technique can be used to avoid searching in the
area containing solutions that are not better than the cumrent
solution found so far In this work, DDS will be used as the
main search technique in our scarch engine.

N /
QO Q

/ [N N
felelelele

Figure 1
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1. EXPERIMENTAL SETFINGS

In this section, the details of the constraints in the
experiments are described in Section A. In addition, the
problem domain heuristics used to define the set of constraints
are also explained. The full description of the algorithm is
given in Section B. Finally, the workloads and measurements
are presented in Section C.

A, Constraints

As mentioned above, some requirements can e
significantly more importan! than others. Thus, the constraints
must be classificd so that the system can find a suitable
sciution to the problem at hands. In this work, there are two
types of censtraints. There are hard constraints and soft
constraints. The hard consteaints are considered to be more
important than the soft constraims. For example, each subject
must be assigned a large enough reom otherwise the subject
cannot be taught in the rcom. Thus, the consiraints that cannot
be violated wiil be defined as hard constrainis. The soft
canstraints, on the other hands, are the constraints that can be
violated if necessary. For example, the schedule of each
student should not exceed five consecutive periods in each
day. This constraint may not be possible for some students
such as those that still have to re-take some subjects.

In this work, the sources of hard constraints are collected
from the problems encountered by the Faculty of Engineering
staffs at Prince of Songkla University. The most important
comstraint for course timetabiing problem is that all subjects
must be assigned rooms and time stots. The assignments must
nat create any conflict, especially the conflict that prevents the
students to register a set of subjects according to their
curmiculums. Furthermore, the conflict on teachers misst be
avoided in order to run the current curriculum smoothly.

The list of hard constraints inciudes Hi, the students must
be able to enroll in subjects accerding 1o their curriculum; H2,
cuch lecturer must be assigned a single subject during each
time slot; H3. each room must be assigned fo a single subject
during each fime slat; 14, the class time should be assigned
during regular business hours; H5, the drawing class should be
finished before 8:00PM; H6, the laboratory subjects should be
finished before 6:00PM; H7, no class shouid be scheduled on
Saturday or Sunday; H8, no class should be scheduled &t noon.

The sofi vonstaints, in this work, are focusing on
requirements that are not as significant as the hard constraings.
The list of soft constraints includes St he schedule of each
student according to hisTer curriculum should not exceed &
hours each dav; 52, the maximuem free hours of each student
should not exeeed 3 hours; 83, the same subject must not be
assiymed in the adjacent days: S4 the |aboratory subjects shoutd
be assigmed afler 2:00PM. S35 the same subject should be
assigned the same time slots on <ach day.

B Algorithms

1n this section, the framework proposed to solve the course
timetabling problems is described. Figure 2 shows the averall
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structure of the proposed framework. The main framework
includes two paris which are the search cngine and the
objective model. There are two sets of input to the framework
which are the infermation related 1o the course timetabling and
the information related to the constraints or the specific
requirements of the framework. The course timetabling related
information such as the number of available room and its
description, the subject information, the lecturer information,
the curricalum information, will be used by the search engine
to find the selution. The constraints will be used in the
abjective model in order to guide the search engine.

The search engine empioys DDS as the main method to
search in the space of partial solutions. The pastial solution is
the partial list of assignments including a classreom, a subjeet,
a time slot, a list of lecturess, and a §ist of student groups. The
complete solutions are the completed list of assignments. Since
the DDS will search info the left path of each subtree. The
order of subjects to be considered will affect the final results.
That is, the earlier subject will be assigned the rooms before
the Jater subjects. Thus, the later subject choices are limited by
such decisions.

in this work, a simple subject ordering heuristics resulting
from the previous work [16] is employed. That is, the subjects
should start from the freshinan level classes because they are a
few classes. However, this group of students creates a jot of
time conflicts due to their cwrriculum because the freshmen
take a ot of basic sciences and social science subjects taught
by other facullies. Then, the next set of subjects is fhe
sophomore, junior and senior level subjects. For subjects with
in the same level, the laboratory subjects are considered to be
higher priority than regular subjects because they have specific
requirements of the class room and ciass time.

Search
engine
Objective
mode]
4

Figure 2. Overall structure of the propesed framework

C.  Porkload and Meastrentents

To study the effects of the objective models and several
design choices, the framework is cvaluated using the data set of
the first semester of 2012 academic year of the Faculty of
Engineering at Prince of Songkla University. There are 188
subjects from Faculty of Engineering includes 34 laboratory
subjects, 144 lecture subjects and 10 subjects that has both
lecture and laboratory class There are 14 subjects from other
faculties, 27.23% of subjects are taught by multiple ecturers.
There are 158 lecturers. There are 74 rooms from 10 buildings
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in Facuity of Engineering which are available for classes.
There are 74 registration patterns from 40 groups of students in
total. The number of constraint vielations is reported and the
detail analysis of each violation is studied to find the effects of
eaclk constraint.

Three experimental settings are organized in this work.
First, the reswlts of the simple mixed objective model as
described in Section Tl are compared apainst that of the current
schedules used by the university in the first semester of 2012
academic year which will be denoted by US. The second
experiment is focusing on the ordering of the soft constraints in
the ordered tradeoff objective model of soft constrainis. The
last experiment aims to compare the performances of all
objective models.

The simple version mixed objective models (SMQ) give
equal priority to all eight hard constraints and equal prierity for
all six soft constraints. That is, the total namber of violations of
all hard constraints is the scoring of the hard constraints. Then,
the total number of violations of all soft constrainis is the
scoring of the soft constraints. Both values will be put into a
lexical objective model. That is, the solution with a smaller
mumber of hard constraint vioiations is considered a belter
solution. If two schedules provided the same number of hard
constraint viotations then the schedule with the smatler number
of soft constraint violations is considered a better solution. 1f
two schedules provide exact same number of both violations,
the first schedule discovered by the scheduler is considered
Detter because it follows the domain knowledge heuristic.

Far the first mixed objective model {MOI1), in this work,
the soft constraints arc organized in the ordered tradcoff
objective model by first ordering S4 then 33 and 55 then 51
and S2. Thus, for each sofution the number of 54 violations
must be cafculated; the number of $3 and S5 violations must be
calculated; the pumber of S and 52 vielations must be
caleulated: the number of hard constraints must be caleulared.
Then, the improvement or degradation ratio of cach set of
constrainis is calculated. For each pair of scledules, the
schedule with the least number of hard constraints is
considered a better scheduie. If two schedules provide the smne
nusnber of hard constraint violations then the schedule with the
most improved ratio will be considered a better solution.
However, the improvement ratio of 54 is censidered more
important than the improvement ratic of 83 and 85 which is in
turn considered more important than the improvement ratio of
$1 and S2. For tire second mixed objective model {MO2), in
this work, the order of the soft consiraints organization in the
ordered tradeofl objective model is the reverse of that under the
MO1

The 81 and 82 constraints are grouped topether due 1o ils
characteristic of the numbers of consecutive learning and frce
hours of students. The S3 and S5 constmaints are grouped
topether duc 10 its characteristics of the time sfot of each
subject.

IV. EXPERIMENTAL RESULTS

Table | shows the number of hard constraint violations
under each ebjective model and the schedule cumently used at
the university. Table 2 shows the number of sefl consmraint
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violations under each objective model. Table 3 shows the
number of hard constraint viclations under the schedules used
by the university when excluding all the subjects that the
scheduler is not responsible for such as the subjects taught by
lectarers outside the Facuity of Engineering. The results of our
proposed objective model are not shown in Table 3 because
they are all zero. Meaning, the proposed objective model can
find & solution that avoids all the hard constraint violations.

According to the performances of the cument university
schedutes (denoted as US in Table | and Table 2}, there are a
lot of hard and saft constraint vioiations, especially the H3, 53
and S5. That is, the current university schedules make a lot of
mistakes in assigning the non-empty room to another subject.
The resulting schedules of each subject are also assigned on the
adjacent days and at a different time slot. Table 3 presents the
number of hard constraint violations when removing the
viokations caused by the subjects taupht by other faculties. The
number of violatiens under H2. H4, H7 and HS of the current
university schedule improves due to the removing of conflicts
caused by the subjects of different faculties.

The simple mixed objective model performances (denoted
as SMO in Table 1 and Table 2), however, are better than that
of the current university schedule under alf cases. Especially,
the nuinber of hard constraints when the conflicts caused by the
subjects taught by other faculties are removed is now zero.
Meaning, the SMO can find a solution that does not violate any
hard constraint,

Tabie 1 The hard constraints violations

Us | SMO | MO1 | MO2
H1 56 6 1 [
H2 90 77 71 64
H3 136 L] 0 ]
H4 86 60 58 60
Hs & 0 0 1
Hé 2 0 0 [
H7 12 8 Yy 9
H& 14 5 5 5

Table 2 The soft constraints violations
us SMO | MOL | MOZ
51 59 54 60 47
52 98 30 35 26
53 219 153 145 185
54 18 12 5 33
55 345 256 283 306
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Table 3. The hard constraint violations ignoring subjects taught
by other faculty under current schedule used at the university

Hl H2 H3 H4 Hs H6 H7 H8

50 21 136 30 0 2 3 9

For the performances of other mixed objective medels
(denoted as MO1 and MO2 in Table 1 and Table 2), the
performances are similar to that under SMO. The number of
hard constraint violations is considered similar among all three
objective models. For the number of soft constraint viokations,
zll three mixed objective models produce better performances
than that of 1he current university schedute.

To analyze the details of sofi constraint viofations, MQO1
provides a good S4, 53 and S5 performances comparing with
MO?2 because MOT orders the consisaints as 54, {53, 85}, {51,
$23. On' the other hand, MOZ2 provides a good 51 and S2
performances because MO? orders the constraints as {31, 52},
183, S5}, S4. As a result, MO2 provides the worst 54
performance because MO2 gives less priovity to the 34
constraint. Similarly, MOI provides the worst S1 performance
because MO1 pives less priority to the S1 constraint. These
events confirm that the objective model does proceed
aceording to its ordering,

V. CONCLUSION

This paper presents the impact of mixed objective models
on the data set of 2012 academic year of the Faculty of
Engineering at Prince of Songkla University. Constraints or
requirements are organized into a mixed objective model
Three different mixed objective models are proposed in this
work to test the impact of each model. The first model (SMO)
tesis enby the lexical idea between the hard constraints and the
sofl constraints. The experimental results show that the SMO
can find a solution that does not violate any hard constraint.
The two mixed objective model (MO1 and MO2) tests the idea
of using the ordered tradeoff idea among soft constraints. The
experimental results show that the ordered rradeoff among soft
constraints provides the solution strictly accerding to the
objectives defined.

The future works will focus on the user interface to define a
set of consiraints to the framework so that these constraints can
be transformed into an appropriated objective model
Furthermore, the classes of constraints in the university
timetabling problem will be defined and studied their impacts
on the search enginc. Once the framework is done, it will be
evaluated by 1he perspective users and on several data sets.
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APPENDIX B
THE DATABASE
This section describes the database structure of the proposed

prototype which stores two groups of data including timetable data and searching

data. Figure B-1 shows database structure of timetable data which stores the

input/output of the system.

Figure B-1 The database structure for the timetable data
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The details of cach table in the timetable data are described follows.

1) class: This table stores the class information. The table fields are described

follows.

class_id is the index of class table in an integer format.

section_id is the index of section table in an integer format.

hour_num is the number of required timeslots, 30 minutes per timeslot, in
an integer format.

class date is the date of the class in an integer format. The value is
between 1 to 7 represents Monday to Sunday.

start_time is the start timeslot of the class in an integer format. The value
is between 0 to 31 represents 7:00 AM to 10:30 PM.

stop_time is the end timeslot of the class in an integer format, The value

is between 1 to 32 represents 7:20 AM to 11:00 PM.

section: This table stores the section information. The table fields are described

follows.

section_id is the index of section table in an integer format.
subj key is the index of subject table in a varchar format with seven digits.
subj_section is the section number in a varchar format with two digits.

student_capacity is the class capacity in an integer format.

subject: This table stores the subject information. The table fields are described

follows,

subj_key is the index of subject table in a varchar format with seven digils.
subj id is the subject code in a varchar format with seven digits.

dept id is the index of department table in a varchar format with three
digits.

subj_name_thai is the subject name in Thai language with a text format.
subj_name_eng the subject name in English language with a text format.

short_ name_eng is the short name of the subject in English language with

a text format.

subj type is the index of subject_type table in an integer format.



4)

5)

6)
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® closed is the status of the subjects in an integer format. The value can be
0 or 1 represents inactive and active, respectively.
subject_type: This table stores the subject types for the subjects. The table

fields are described follows.

® subj type id is the index of subject_type table in an integer format.

® subj type name is the subject type name in a text format.

® subj type order is the subject type ordering in an integer format.
class_result: This table stores the resutts from the search engine for each class.

The table fields are described follows.
® result id is the index of result table in an integer format.
® class id is the index of class table in an integer format.

® class date is the date of the class in an integer format. The value is

between 1 to 7 represents Monday to Sunday.

® start time is the start timeslot of the class in an integer format. The value
is between 0 to 31 represents 7:00 AM to 10:30 PM.

® stop time is the end timeslot of the class in an integer format. The value

is between 1 to 32 represents 7:20 AM to 11:00 PM.
® room id is the index of room table in a varchar format with five digits.
Room: This table stores the room information. The table fields are described
follows.
® room id is the index of room table in a varchar format with five digits.
® building id is the index of building table in a varchar format with four digits
® room name is the room name in a text format.
® short name is a short name of the room in a text format.
® student capacity is a capacity of the room in an integer format.
® room_type id is the index of room_type table in an integer format.
® status is the availability of the room in an integer format. The value can be
0 or 1 represents inactive and active, respectively.
room_type: This table stores the room types for the rooms. The table fields

are described follows.
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® room type id is the index of room_type table in an integer format.
® room type name is the room type description in a text format.
8) building: This table stores the building information. The table fields are
described follows.
® building id is the index of building table in a varchar format with three
digits.
® building_name is the building name in a text format.
® faculty id is the index of faculty table in a varchar format with two digits.
® dept id is the index of department table in a varchar format with three
digits.
® building type id is the index of building_type table in an integer format.
9) room_used: This table stores the required room type for the classes. The table

fields are described follows.

® room used id is the index of room_used table in an integer format.
® class id is the index of class table in an integer format.

® room type id is the index of room_type table in an integer format.

. ® room _id is the index of room table in a varchar format with five digits.
10) teacher: This table stores the teacher information. The table fields are

described follows.
® teacher id is the index of teacher table in a varchar format with five digits.
® teacher name is the teacher name in a text format.

® teacher surname is the teacher surname in a text format.
11) teaching: This table stores the teacher workload which is the relation between

teacher and section table. The tabie fields are described follows.
® teacher id is the index of teacher table in a varchar format with five digits.

® section id is the index of section_table in an integer format,
12) student_group: This table stores the student group information. The table fields

are described follows.
® std eroup id is the index of student_group table in an integer format.

® std eroup name is the student group name in a text format.
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major_id is the index of major table in an integer format.

year is the year of the student groups in an integer format.

13) semester: This table stores the semester information. The table fields are

described follows

semester_id is the index of semester table in an integer format.
semester name is the semester description in a text format.

year is year of the semester in an integer format.

14) curriculum: This table stores the curriculum for each student group. The table

fields are described fotlows.

semester_id is the index of semester table in an integer format.
std_eroup_id is the index of student_group tabte in an integer format.
section _id is the index of section table in an integer format.
subj_type_id is the index of subject_type table in an integer format.

fixed is the status of the section in an integer format. The vaiue can be 0,

1 or 2 represents unallocated, preloaded and allocated, respectively.

15) major: This table stores the major information. The table fields are described

follows.

major_id is the index of major table in an integer format.
major_name is the major description in a text format.

department _id is the index of the department in a varchar format with

three digits.

16) department: This table stores the department information. The table fields are

described follows.

dept_id is the index of department table in a varchar format with three
digits.

dept_name_thai is the department name in Thai language with a text
format.

depth_name_eng is the department name in English language with a text

format.

faculty id is the index of faculty table.in a varchar format with two digits.
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17) faculty: This table stores the faculty information. The tabte fields are described

follows.

faculty id is the index of faculty table in a varchar format with two digits.
faculty name_thai is the faculty name in Thai language with a text format.

faculty name_eng is the faculty name in English language with a text

format.

campus is the campus where the faculty places in a text format.

Figure B-2 shows database structure of searching data which stores the

system configurations and the resutts. The details of each table in the searching data

are described follows.

1) result: This table stores the result information. The table fields are described

follows.

result_id is the index of result table in an integer format.

result_heuristic is the dataset order used in the search engine while
produces the results. The value is in text format. The text string is
composed of the dataset type and the dataset list. For exampte, to define
the dataset in the student group type with two student groups, the text
should be “dataset type id: std_group id,std_group_id”.
result_start_time is the time when the user starts the search in datetime
format.

result_end_time is the time when finish the search in datetime format.
result_score is the score of the result in text format.

result finish is the completeness of the result in an integer format. The
value can be 0 or 1 represents uncompleted and completed, respectively.

unallocated class is the list of unallocated classes in a text format.

result_description is the description of the result in a text format.



result_id
std_eroup_id

violation

result id

tree id
dataset_id
tree_node
minimum_depth
maximum_depth

timestamp
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L

dataset_id
dataset_type id
dataset_detail
dataset_description
dataset_order
dataset_heuristic

status

resutt_id
result_heuristic
result_start time
result_end time
result_score
result_finish
unatlocated _class

result_description
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path_id
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timestamp

n
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class id
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stop_time
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agent
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Ficure B-2 The database structure for the searching data
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2) tree: This table stores the search tree information from the search engine. The

table fields are described follows.

result_id is the index of result table in an integer format.
tree id is the index of tree table in an integer format.

dataset_id is the index of the dataset used to create the search tree from

heuristic table in an integer format.
tree_node is a list of classes used to create the search tree in a text format.

minimum_depth is the minimum depth to discrepancy the heuristics in an
integer format.
maximum_depth is the maximum depth to discrepancy the heuristics in an

integer format.

timestamp is the timestamp of each record in a timestamp format.

path: This table stores information of each path of the search tree. The table

fields are described follows.

path_id is the index of path table in an integer format.
tree id is the index of tree table in an integer format.

depth is the depth of DDS when searching through the path in an integer

format.

node_order is the order of nodes in the path in a text format.
unallocated class is the path unallocated classes list in a text format.
score is the score of the path in a text format.

violation is the violation list in a text format, The example pattern of the

text is “constraint_name:mumber,constraint_name:number”

selected is the status of the path in an integer format. The value can be 0

or 1 represents unselected and selected, respectively.
detail is the log of DDS for recording some remarks in a text format.

timestamp is the timestamp of each record in a timestamp format.

violation: This table stores the number of constraint viclations from the result

each student group. The table fields are described foltows.

result id is the index of result table in an integer format.
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std_eroup_id is the index of student_group table in an integer format.
violation is the number of constraint violations from the result in a text
format. The example pattern of the text is “constraint id:number,

constraint_id:number”.

5) heuristic: This table stores the datasets for creating a search tree and define

the order of dataset on the searching process. The table fields are described

follows.

® dataset id is the index of heuristic table in an integer format.

® dataset type id is the index of dataset_type table in an integer format.

® dataset detail is the dataset list in a text format. For example, if the
heuristic contains two teachers then the text will be “teacher_id,
teacher_id”.

® dataset description is the dataset description in a text format.

® dataset order is the order of the dataset when searching in an integer
format.

® dataset heuristic is the ordering heuristic of the dataset in an integer format.

°

status is the status of the dataset in an integer format. The value can be 0

or 1 represents unavailable and available, respectively.

dataset_type: This table stores the dataset type. The table fields are described

follows.

dataset_type id is the index of dataset_type table in an integer format.

dataset_type description is the description of the dataset type in a text

format

constraint: This table stores the constraints defined by the user. The table fields

are described follows.

constraint_id is the index of constraint table in an integer format.
constraint_name is the constraint code in a text format.
constraint_description is the title of the constraint in a text format.

priority is the priority of the constraint in an integer format.
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can be violated is the property of the constraint in an integer format. The
value can be 0 or 1 represents hard and soft constraint, respectively.
parameterl is the scope of the constraint in a text format. The value is
agent_id from agent table.

parameterZ is list of the agents in the scope in a text format. For example,
if the scope of the constraint is two room type then the text will be
“room_type_id,room_type_id”.

parameter3 is depended on the constraint type. The vatue is stored in a
text format.

parameterd is depended on the constraint type. The value is stored in a
text format.

parameter5 is depended on the constraint type. The value is stored in a
text format.

flexible list is the flexible list in a text format. The list contains classes
which can be violated even it is the hard constraint. For example, if the
flexible contains three classes then the text will be “class_id,class id,
class id”.

constraint_type_id is the index of the constraint_type table.

constraint_type: This table stores all constraint types which can be defined to

the search engine. The table fields are described follows.

constraint_type_id is the index of constraint_type table in an integer format.

constraint_type_description is the constraint type description words in a

text format,

agent: This table stores all agent types which can be defined as the scope of

the constraints. The table fields are described follows.

agent id is the index of agent table in an integer format.

agent_description is the agent type name in a text format.
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APPENDIX C
THE PROTOTYPE CONFIGURATIONS AND RESULTS

The configuration and the result pages of the proposed prototype are shown
in this appendix include the constraint configuration, the heuristic configuration and

the result pages.

C-1. The constraint configuration pages

To define the constraints of the prototype, the user should start with
the homepage of the configuration website. The hypertink to access the constraint

configuration page is placed at the A sign area in Figure C-1.

tinlversity Course Timetabling L
4 Homs, .. I
i Z£ Conglrait Resu lt
A
B Heurlstic
ReosultiD Hesult Dascription
EE Chiss Info . s .
1595 161 depth DOS OH1 *view |
A Resulis . i
# Reports 1597 1s! gopth DDS OH2 i
1598 15t deptn DDS OHB view
1599 T8t depth DOS GH4 view
1560 st depth DDS CHS view
1561 15t depit ROS OHG view
1815 2nd depth DOS OHY .v;ew.

Figure C-1 The homepage view

Figure C-2 shows the components in the constraint configuration page.
The constraints are listed inside the panel with the code and description. The A sign is
a toggle button to enable or disable the constraint. The button at the B sign is an
expanded button to show the scope and the flexible list of the constraint. The
expanded constraint view is shown in Figure C-3. The A sign area shows a scope of the

constraint, while the B sign area shows the flexible list of the constraints
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Figure C-2 Constraint list page
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Figure C-3 Expanded constraint view in the constraint list
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The button at the C sign in Figure C-2 is a link to the constraint detail
page which is shown in Figure C-4. The user can change the attributes of the constraint
by this page. The A sign in Figure C-4 is constraint type selector. The prototype supports
eight types of constraints which are described in section 3.6. The time constraint type
is used as an example. The B sign textbox is the constraint code which is a short name
of the constraint. The text area at the C sign is used for a full description of the
constraint, The D sign togele button is used for defining the hard/soft constraint. The

priority of the constraint can be defined in the E sign textbox.

University Course Timetabiing &
# Homg
& Gonstrain Constraints contigurations
2 Hewristio X
o3 Hig
= Class Info v
A& ResuRy “ Constraint Type Time Consirsnt H
& Repons ‘ Consiraint HiD f \ :
Hame T AR
Constirain! EE Lat sheudd in botwean 12,00 - 19.00
Description ,
Mlowto  Aow | Disallow |
viotated i -
Pricrity 3]

©

Apent Type Room Type

Figure C-4 Constraint configuration page

Figure C-5 shows the configuration of the constraint scope. The scope
can be defined in eight types include class, section, class type, room type, teacher,
student group and class size. The B sign textbox atlows the user to input some
searching phrase before pressing the C sign button for searching the agent to define a
scope of the constraint which is shown in [ sign area. After press the C sign button,
the agent list will be shown in the E sign area. The user can check the checkbox to
include the agent to the scope or uncheck to remove the agent from the scope. The
F sign toggle button is specific for the time constraint used to add a restriction to the

timeslots. The timestot can be selected in the G sign area.
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The user can also include the flexible list for a class which is allowed
to have the hard constraint violation with the component in Figure C-6. The A sign text
box is used as an input for searching phrase. The user can search for including the class
to the flexible list. The flexible list is shown in the C sign area while the user can
change the classes in the flexible list by the checkboxes in the D sign area. After

changing the attributes of constraint, the user can save the configuration by pressing

the E sign button.

Agent Type Aoom Typa

Search

List: » Etgcwical Enginesrng Lab
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Timeslot Day 7.005.000.0010.00 11.00 12,00 13.00 14.00 15.0016.0017.00

SRR EesEnE
o

Permission

ey T S . U P i

Figure C-5 Specific scope of the constraint
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» 210-401 FLECTRICAL ENGINEERING LABORATCRY 4 (01}
» 910-401 ELECTRICAL ENGINEERING tABORAFORY B}

£ 240-40% ELECTRICAL ENGINEERING [ ABGRATORY Il (&4)
i 210-20% ELECTRICAL ENGINEERING LABORATORY IH {84)
1’5& 210-40% ELECTRICAL ENGINEERING LABORATORY i {G1]

T 210-4D% ELECTRICAL ENGIMEERING LABORATORY #i {04} (
b

7 210-401 ELECTRICAL ENGINEERING LABORATORY H {01}

Figure C-6 Edit the flexible list
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C-2. The heuristic configuration pages

The hypertink to the heuristic configuration is on the sidebar at A sign
area in Figure C-7. The description of each dataset is shown in B sign area. The user
can chanee the order of the dataset by the up/down button at the C sign area. The
user can add new dataset by pressing the E sign button and change the attributes of

the dataset by the D sign button. The dataset configure page is shown in Figure C-8.

University Course Tirmetabling &=
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Figure C-7 Heuristic list page
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3
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o BMIE)
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i ZIE E
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Figure C-8 Insert or edit the dataset in the heuristic
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The user can select the ordering heuristic of the dataset at the A sign
selector in Figure C-8. The user can add the description for the dataset in the B sign
text area. The C sign selector is used to select the dataset type. After selecting the
dataset type, the user can search for the agent to insert into the dataset. The search
result and the current agents in the dataset are shown as a checkbox in F sign area.
The user can add the agent to the dataset by checking the checkbox or remove the
agent by unchecking the checkbox. The current dataset agents are listed in the E sign

area.
C-3. The result pages

The result pages are described in this section. The results contain three
categories of timetable include student timetable, teacher timetable and room

timetabie.

The student result page is shown in Figure C-9 and Figure C-10. The
Figure C-9 shows the start page of student timetable result. To access the student
result page, the user has to expand the results panel by the A sign button on the left
sidebar. After that, the student timetable hyperlink will be shown. The C sign textbox
is used for adding the code of the result. The student group name can be inserted to
the D sign textbox. Then, the user can press the E sign button to get the student

timetable from the result,

Figure C-9 shows the electrical engineering student timetable from the
result code 1615. The B sign area shows the student group name of the timetable. The
C and D sign area show timesiot and date of the timetable, respectively. The pre-
define class is shown in a lighter color as the E sign area. While, the result from the
prototype is shown in darker color as the F sign area. The user can change the student
group timetable or the result by change the student group and result code in the A

sign and G sign textbox before pressing the H sign button.
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Figure C-9 Search student timetable from the results
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Figure C-10 Student timetable view
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The teacher result page is shown in Figure C-11 and Figure C-12. The
Figure C-11 shows the start page of teacher timetable result. To access the teacher
result page, the user has to expand the results panel by the A sign button on the left
sidebar. After that, the teacher timetable Hyperlink will be shown in the third order of
the appearing list at the B sign area. The C sign textbox is used for adding the code of
the result. The teacher name can be inserted to the D sign textbox. Then, the user can

press the E sien button to get the teacher timetable from the result.

University Gaurse Timetabling &~
i Home

& Constrars Teacher Timetable

B Heuwistic o

A Rosulls 0l

Studen: Timeable

Rouin Tanetabls
B
} Teacher Timalable - o

A Heporls

Figure C-11 Search teacher timetable from the resuits

Figure C-12 shows the timetable of Vitaya Mhadnui from the result code
1615. The B sign area shows the teacher name. The timetable structure is as same as
the student timetable, which is described in Figure C-10. The user can change the
teacher timetable or the result by change the teacher name and result code in the A

sign and D sign textbox before pressing the C sign button.
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Figure C-12 Teacher timetable view

The room result page is shown in Figure C-13 and Figure C-14. The Figure
C-13 shows the start page of room timetable result. To access the room result page,
the user has to expand the results panel by the A sign button on the left sidebar. After
that, the room timetable hyperlink will be shown at the B sign area. The C sign textbox
is used for adding the code of the resutt. The room name can be inserted to the D
sign textbox. Then, the user can press the E sign button to get the room timetable

from the result.
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Figure C-13 Search room timetabte from the resulls
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Figure C-14 shows the A200 timetable from the result code 1615. The
B sign area shows the room name beside with the room index inside the bracket. The
timetable structure is as same as the student timetable which is described in
Figure C-10. The user can change the room timetable or the result by change the room
name and result code in the A sign and C sign textbox before pressing the D sign

button,
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Figure C-14 Room timetable view
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