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TOM TAT:

Trong bai bdo nay, chiing t6i gidi thiéu vé hai hé thong web cho phép xép thoi khéa
biéu mét cach tw dong: hé thong UTS (University Timetabling System) — hé thong xép thoi
khéa biéu cho trwong dai hoc véi cach hoc theo hoc phan va hé thdng HTS (High school
Timetabling System) — hé thong xép thoi khéa biéu cho truong phé thong trung hoc. Bai
todn dwoc dé cdp dén trong hai hé thong la bai todn xép thoi khoa biéu cho gido duc,
trong do, cdc hoc phan (mén hoc) c6 do dai Ién hon mét tiét, va c6 thé dwoc phdn thanh
cdc cum tiét khdac nhau. Thudt gidi Tabu Search duwoc tich hop vdo hai hé thong dé gidi
quyet bai toan. Hai hé thong da duoc chay thir nghiém trén 9 bo dir liéu dai hoc va 3 bo
dir liéu ciia hai truong phé théng.

ABSTRACT:

This paper introduces UTS (University Timetabling System) and HTS (High school
Timetabling System) - two web-based systems for solving the educational timetabling
problems automatically. These systems support two timetabling problems named
curriculum based course timetabling problem and high school timetabling problem, in
which courses could have different lengths and could be divided into blocks. These two
systems use Tabu Search-based algorithms as the kernel solvers and are applied to nine
real-world instances of a university and three instances of two high schools in Vietnam.
Results are obtained in reasonable time and the quality is promised for being used in
practice.

Keywords: course timetabling, high school timetabling, Tabu Search, metaheuristic,
automated timetabling system

1. INTRODUCTION

Educational  timetabling problems while the others do. The curriculum based

are known to be hard combinatorial
problems with many variants based on the
concrete requirements of each university
and high school. Based on the survey of
Schaerf (1999b) and the technical reports
of ITC2007 (the second International
Timetabling Competition) in McCollum
et al. (2007), educational timetabling
can be classified into four groups: high
school timetabling problems, curriculum
based course timetabling problems, post
enrolment based timetabling problems
and examination timetabling problems.
Problems in the high school timetabling
group don’t consider the room schedule

course timetabling problems are different
to the post enrolment based timetabling on
the decision of the conflict between courses:
in the post enrolment based timetabling,
the students will register the courses they
want to study first, then the courses are
scheduled in such a way that there’s no
pair of overlapped courses registered by
the same student; while in the curriculum
based course timetabling, the timetables
are decided not based on the registration
of the students, but on the curriculum set
up by the institution. The main thing that
distinguishes the examination timetabling
from the others is its requirement of the
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balanced workload of the students during
the exam.

Due to the complexity of timetabling
problems in the literature and the large
number of required constraints in the
practice, the tasks of creating timetables
should be done automatically by machines,
not by hand. Moreover, managing
and distributing timetables is also a
complicated job, including gathering and
updating information of lecturers, students,
courses; letting people see their scheduled
timetables in appropriate points of view, etc.
Therefore, integratedautomated timetabling
systems that include the appropriate user
interface, utilities and efficient algorithms
for institutions should be considered an
urgent and realistic demand. The high
school timetabling system named KTS,
which is introduced in Jeffrey (2006) is an
example.

This paper introduces two free web-
based integrated automated timetabling
systems: UTS (University Timetabling
System) for curriculum based course
timetabling problem and HTS (High school
Timetabling System) for high school
timetabling problem. The problem model
and data instances for testing are taken
from popular universities and high schools
in Vietnam, the proposed constraints is a
little specific, but they may be adapted to
some other institutions with a few changes.
Moreover, for convenience, there are two
off-line applications that have the same
functions with the online systems. Input
data is represented in XML and could be
used to transfer between the off-line and
online systems.

The kernel solvers of these systems are
based on Tabu Search algorithm — a popular
metaheuristic that has been efficiently
used for solving many other timetabling
problems, for example in Costa (1994),
Ramon et al (2002)

This paper is organized as follow: section
2 presents the data models of UTS and
HTS, section 3 describes the details of
educational problems considered in these
two systems, section 4 shows the main

features of each system, section 5 presents
the general overview of the Tabu Search -
based algorithms used in the solver modules
of these systems, at last, section 6 presents
the experiment results when applying UTS
and HTS to twelve data instances of one
university and two high schools in Vietnam
and section 7 gives some conclusions.

2. DATA MODELS
2.1 Data model of UTS
2.1.1 User’s role

Inthe UTS system, each user will have an
account with one of the three roles: lecturer
role, manager role and administration role.
Users with lecturer role can change their
personal information, e.g., their available
time for teaching, and view their timetable
once it’s scheduled. Administrative user
can administer other accounts. Managing
users can create, manage timetables of their
institutions.

2.1.2 Problem’s concepts

Eachtimetabling problem of each institution

is presented as a problem instance. The

main information of an instance includes

the following basic concepts:

e Time concepts: periods, sessions, days,
cycles, lectures.

e Resource concepts: lecturers, classes,
subjects, courses, rooms, devices.

e Group concepts: class groups, subject
groups, curricula, building, device
groups, time groups

The time concepts:

Each period often last about 45 minutes.
A session is a group of consecutive
periods that forms a part of the day, e.g.,
morning session includes all the periods
in the morning. Users can set the number
of periods per session and the number
of sessions per day due to the specific
instance.
A cycle is the total time of a timetable
and is often one week. A cycle may be
set more than one week based on the
special requirement of lecturers, e.g., some
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lecturers want to teach every two weeks,
not every week, the cycle should be two
weeks in this case.

Resource and group concepts:

A time group is also a group of periods,
but not required to be successive. For
example, lecturer A likes to teach in the
mornings; in that case, the managing user
should create a time group X which consists
of all the periods in the morning and assign
this time group to the preferred period list
of all courses that this lecturer is involved
in.

A class is a group of students that will
attend the same courses, note that in the
UTS, the class is used instead of the student
concept because this is a curriculum-based
problem.

A lecture is a part that lasts one period of
a course.

A course is a group of lectures that
have the same lecturer, the same attending
classes and subject. The main information
of a course includes the lecturer teaching
this course, one or some attending classes
(classes here are disjoint sets of students
at the same level, each class could attend
various courses), the subject that this
lecturer will teach in this course and the
number of lectures in a week that belonging
to this course, i.e., the number of periods
that this course must hold in a week. Each
course may be split into blocks (a block is
a group of consecutive lectures of the same
course in a day), the size of the blocks must
be in the range of [minConsecutivePeriods,
maxConsecutivePeriods]. For example,
the values of minConsecutivePeriods and
maxConsecutivePeriods of the course
named A are 2 and 3 respectively, and the
number of lectures in a week of this course
is 5. Then we could split course A into two
blocks, one lasts 2 periods and the other
takes 3 periods. Some courses may be pre-
assigned, i.e., their periods and rooms are
pre-determined by people, these courses
will not be re-scheduled again but their pre-

assigned information (e.g., the assignment
of their lecturer, classes) will be considered
during the timetabling process of the other
courses.

A room contains the information of its

capability and its location (the building
that this room belongs to, this information
will be considered in the soft constraint
of the university problem because each
building is often distanced far from the
others, so there should be some constraints
to eliminate the movement of lecturers and
students between these buildings in the
same day).
The devices include  projectors,
microphones, sockets ... Devices of the
same type are grouped into one device
group.

The concepts of class groups, subject
groups are used to define the curricula. A
curriculum 1s a combination of one class
group and one subject group. All courses
that has the pair (class, subject) belong
to some curriculum are prohibited to be
overlapped.

2.1.3 Problem instance’s representation

For the convenience, both of the
information of each problem instance and
its results after being scheduled by the
solver module are saved in an XML file.
With this kind of saving format, users
could easily switch between the offline and
the online system by importing timetables
from and exporting timetables to XML
files. Therefore, users can use UTS offline
applications to create these XML files,
and then upload them to the online system
to spread them out to the other users
throughout the internet.

The structure of the XML data file is
designed based on the data model of the
problem. It includes two main parts: the
input data tags and the output tags (for the
result timetables)
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<Input_Data>

<Time_Constraints_List>

Y
5

<Group_Subjects_List>

v
<Subjects_List >

LW

<Resourses_List>

L
WGP

<Relationship>

el

Figure 1: The general view of the tags in the XML file of

UTS

The input tag contains 6 components
as shown in figure 1 : the Time component
for the definition of the time concepts, the
Time_Constraint_List for the available
periods information of lecturers, classes
and the preferred time group of courses,

the Subject List, Group Subjects List
for the definition of the subject groups
and the curricula, the Relationship for the
main information of each courses, and the
Resourses_List for the list of devices and
rooms.

I < TimeTablingUniversity > I

<Input Data>

<Output>

<Course:

—————

<Group_Subjects_List> " <Subjects_List > ]

<Relationship>

<Timetabling > <Time_Groups_List>

/

<Time_Constraints_List-

<Subject>

I <Other_Resource_Time _Constraints_List- I

<Class_Time_Constraints_List>

<Classes_List>

<Class_Subjects_List>

<Class_Subject >

I <Teachers_List- l

L Y

I <Room _Time_Constraints _List- II

1
<Constraint_Class_Set_Not_Available > I

[ <erass> ] [ <other_Resource_Groups List=__|

I <Constraint_Room_Set_Not_Available > I

e
| <periods tists | [ <actvities Lise= | l

| <Room_Groups_Lis t> |

1
| <petiods vise- |

I <Teacher_Time_Constraints_List> II <Period> I

<Course>

I <Period> I I <Constraint_Teacher _Set Not_Available> I

<Other_Resources_List>

I <0Other_Resource> I

<Classes_List>

I <Class> I

Figure 2: The detailed list of the tags in the XML file of UTS

The output tag contains all the needed
information of the result after running the
solver on the instance, including the list
of period, room and device assignment of
all courses. The detailed tree of the data
structure in the XML file are listed in figure
2
2.2 Data model of HTS

HTS’s datamodel is very similar to UTS,
except that there are no concepts of subject
groups, subject-class groups and concepts
that are related to rooms and devices.

3. PROBLEM DESCRIPTION
3.1 Problem description of UTS

The  curriculum-based  university
timetabling problem considered in this paper
is taken from the Faculty of Information
Technology, HCMC University of Science
- it involves finding a weekly map between
a set of courses and a set of periods, rooms
and devices in such a way that satisfies
the university’s requirements as much as
possible.
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Our problem has 8 hard constraints, i.e.,
constraints that must be satisfied, and 12
soft constraints, 1.e., constraints that should
be satisfied as much as possible). Each
soft constraint is associated with a weight
factor.

e Hard constraints (denoted by H):

[HI] The number of a course’s
consecutive lectures in a day must be in
the range of [minConsecutiveLectures,
maxConsecutivelectures].

[H2] Lecturers, classes, rooms and
devices could not be assigned to periods at
which they’re not available.

[H3] All the lectures of all courses must
be assigned.

[H4] The pre-assignment of any course
must be respected.

[H5] The capacity of a room that is
assigned to a course must be equal or
greater than the planned number of students
attending that course.

[H6] Courses that have the same lecturer
or class must not overlap.

[H7] No room or device could be
assigned to two simultaneous courses.

[H8] The consecutive lectures of each
course in a day must belong to the same
session

e Soft constraints: soft constraints are
divided into two groups: high weighted
soft constraint group (denoted by HS),
which includes 1 constraint, and low
weighted soft constraint group (denoted
by LS), which includes 11 constraints:

[HS1] Courses that belong to the same
curriculum should not be overlapped.

[LS1] The movement of a lecturer
between two buildings in the same day

should be avoided.

[LS2] The movement of a class between
two buildings in the same day should be
avoided.

[LS3] Courses should be assigned to

periods that they’re preferred.

[LS4] The idle time between consecutive
courses in the same session for a lecturer or
a class should be avoided.

[LS5] The number of periods that a class
is assigned in a day should be equal or less
than maxStudyingPeriods.

[LS6] The idle time between consecutive
courses in the same day for a lecturer or a
class should be avoided.

[LS7] The number of sessions that a
lecturer was assigned to should be as small
as possible.

[LS8] The number of periods that a
lecturer is assigned in a day should be equal
or less than maxTeachingPeriods.

[LS9] The number of days that a class
was assigned to should be as small as
possible.

[LS10] In the timetable of a class in
session, if there are three periods in which
this class is idle, these should be consecutive
periods (this is a special constraint requested
by the timetabling staff because they need
use these idle periods for another purpose).

[LS11] All courses that belong to the
same curriculum which are scheduled to
the same session should be assigned to the
same building at that session.

(Note each course has its
own minConsecutiveLectures,
maxConsecutiveLectures parameters).

The linear objective function f(gq) 1s
used to evaluate the quality a timetable g:

that

f@=Ywd,

w.and d, are the weight and the violation
number of the i soft constraint, n is the
total number of soft constraints.

3.2 Problem description of HTS
The high school timetabling problem
of HTS originates from the real-world
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problems of two high schools: Ho Chi
Minh’s high school for the Gifted and Tran
Phu high school. High school timetabling
problem of HTS involves finding a map
between a set of courses and a set of periods
that satisfies all the constraints as much as
possible.

HTS’s hard constraints are similar to
the UTS, except the constraints that are
relevant to rooms and devices. There’re 7
soft constraints, including the LS3, LS4,
LS5, LS6, LS7, LS8 of UTS and one more
soft constraint: The number of sessions
that a course is scheduled into should be in
the range of [minSessions, maxSessions].

4. THE MAIN FEATURES OF THE
SUBSYSTEMS

The three subsystems of UTS and HTS
are very similar. Therefore, in this section,
we only describe the UTS’s subsystems.
The offline applications have most of the
functions that online systems have and
could connect to online systems for the
convenience. Because of the similarity
between them, we just describe the online

systems, the details and executable files of
offline application could be downloaded
from the website of the author www.fit.
hcmuns.edu.vn/~nmkhang

4.1 The teaching subsystem
When managing user adds a lecturer

to the system, that lecturer will be sent a
default username and password via his
email address. That lecturer could use this
account to log in to teaching subsystem via
the log in site as shown in figure 3, after
logging in, the lecturer could be able to:

1. View and wupdate his individual
information (email address, phone
number...).

2. Register their available periods (they
must give these information to the
system for the scheduling task)

3. View their scheduled teaching timetable:
lecturers can see the list of all instances
that he attends and view his teaching
timetables if it has already been
scheduled.

’ T « University Timetabling System
J f =) Hé Théng S3p Théi Khéa Biéu Cho Trudng Pai Hoc

Website cho phép ban cung c&p théng tin md t vé thai khéa
bigu ma ban cau sp cho trudng. Sau d6 hé thang & nhanh
chong sip ra mét thai khoa bigu dura trén nhiing thang tin ma

ban cung cép.

tién ich cho ngu@i diing trong cdc cing viéc.

& bét dau sif dung durdc website néy, xin vui léng dang nhap
vao hé thang. NEu ban chira cé tai khoan, hay tao mat tai

khoan d& c6 the bét dau sir dung.

Cam dn ban da sif dung website cla ching tai. Moi thdc mac,
u

g6p ¥ xin vui long i mail v dia chi sa
goa com hoic

B 8an ducc sif dung hoan toan midn phi cac chifc niing trong © Gido Vu O Gido Vien © Quan Tri
website.

Muc tiéu ciia website hudng dén I3 nham giiip cho ngudl ding

t6 chifc va quén I durdc théng tin clio bai todn sap thal khda
biéu thét s dé dang, gan giil va phil hp véi thdi quen lam

Vige ciia ngudl ding VIEt Nam. HE théng S& c6 gang hb tro 1l da sy

Ba”ng Nhip

Tén Téi khoan:  trinhgaz

MatKhdu:  ses
Bing Nhap

[T Lwu Tai Khodn

Ban quén mét kh&u?

Ban chufa c6 tai khoan?
Tao mét ti khodn 8 c6 thé sir dung hé théng.
&3 pang Ky Tai Khoan

Timetabling University System Beta Refresh 5-2008
{More information here}

Figure 3: The log in page of UTS

4.2 The managing subsystem
This is the main subsystems. It has all
the most important functions to support the
automated timetabling task. In managing
subsystem, managing users can:
1. Create an instance or upload an instance
from XML file, export an instance to

XML file and download it.

2. Export results to Excel file (.xIs).

3. Schedule instance by calling the Tabu
Search solver module (user can also
use the offline application to run the
solver).
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4. Manage and modify information of each
instance.
5. Email the result timetable to lecturers.
To create an instance using web-based
systems, users must give information of
time, people, things, groups and requirement
parameters. Themainimportantinformation
is courses’ info. This must be create at
the last stage - after creating information
of time, people, subjects, rooms, devices
and groups. Requirement parameters are
optional, if users don’t set these value, the
system will use default ones.
Alltheinstances will be saved in database
of the system. But users can exports them
to XML files for other purposes. Users can
view the result timetables in various points
of view: lecturer view, class view, room
view, device view, subject-class view and
the general view. Results obtained after
an instance is scheduled are appended
to the original XML file of that instance.
Sometimes the result timetables induced
by the solver module cannot satisfy the
requirements of users. In that case, these
results could be exported to Excel files
(.xIs); this helps users to view results in a
popular way and modify them by hands.

After all the information of an instance
is supplied, managers can call the solver
module to do timetabling automatically.
But before the main algorithm (Tabu

Search) is called, there will be a checking
stage. In this stage, all the information is
checked using four criteria to make sure
that the input data is valid:

1. The total number of available periods of
a lecturer must be not less than the total
number of periods that this lecturer has
to teach.

2. The total number of available periods of
a class must be not less than the total
number of periods that this class has to
study.

3. Lecturer A of a given course B
must have at least one block of B’s
minConsecutivePeriods  consecutive
available periods.

4. Three information of a course, including
the number of lectures belonging to
this course, minConsecutivePeriods
and maxConsecutivePeriods should be
reasonable (that means there must be
at least one way to split this course into
valid blocks).

Certainly these criteria are not enough
to make sure that the input data is exactly
valid, but they can help to eliminate few
mistakes in the input before the algorithm
runs. If the input data violates at least one
of'these criteria, the main algorithm will not
be called and the system will send a report
to users to help them correct the mistakes
before recall the solver.

1 T < University Timetabling System
_r_/ Hé Théng S&p Thoi Khéa Biéu Cho Trudng Pai Hoc

Quan Ly Thdi Khéa Bi&u

S—

Figure 4: The timetable viewing page in the managing subsystem of UTS
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4.3 The administrative subsystem

In administration subsystem, administrators

can:

1. Activate or block lecturer and manager
accounts.

2. Delete accounts.

3. Send emails to other accounts to
remind their passwords.

4. View profiles of all lecturer and
manager accounts.

5. THE SOLVERS - TABU SEARCH
BASED ALGORITHMS

The solvers in UTS and HTS are adapted
versions of the popular Tabu Search
metaheuristic. Details of these algorithms
are described and published in Khang
et. al. (2010a) and (2010b). Both of them
have two major phases: constructive phase
using greedy algorithm and improvement
phase using Tabu Search. There three kinds
of moves considered: single move, which
changes the periods and room (if needed)
of a block of a course, swap move, which
exchanges periods of two blocks of two
courses, and block-changing move, which
changes the block structure of a course.
The experimental results shows that these
algorithms are fairly efficient and could
give good timetables in reasonable time.
Details of the results will be presented in
the next section.

6. EXPERIMENTAL RESULTS

In this section, a very brief experiment
results when testing UTS and HTS
solver modules using twelve real-world
data instances in Vietnam are presented.
University input data are collected from

the University of Science and high school

ones are taken from the High school for

the Gifted and Tran Phu high school in

Vietnam. The weights of soft constraints

are set to be default values as follow:

e UTS: w(HS1) = 60, w(HS2) = 300,
w(HS3) = 100, w(S1) = 15, w(S2) = 5,
w(S3) =5, w(S4) =5, w(S5) =2, w(S6)
=5, w(S7) =10, w(S8) =10, w(S9) =5,
w(S10) =10

e HTS: w(S1) =100, w(S2) =5, w(S3) =
10, w(S4) = 5, w(S5) = 5, w(S6) = 5,
w(S7)=>5

Eachinstanceis tested ten times in computer
with configuration of Core2 Duo processor,
1GB RAM, and Windows XP OS. The
solvers are implemented in C++ by the
authors. Time for running UTS algorithm is
small, just less than five minute. However,
running time of HTS algorithm is a bit
larger (about 15 minutes) due to the big size
of input instance, so if users don’t want to
run this solver throughout the Internet, they
could use the off-line application of HTS to
run the solver module, and then upload the
result to the web-based system.
The objective function’s values of each
solver’s average results, of the handmade
timetables (created by the experts and were
used in the reality) and the improvement
rate of the automated ones versus the
handmade ones are shown in Table 1 and
Table 2 respectively. We could see that the
solvers’ results are better than handmade
ones, and time for running of the solver is
just evaluated by second or minutes, while
time for solving these timetabling problem
by handmade is often days or weeks.

Table 1: Results of the UTS’s solvers

Average | Handmade Improv;r::a ntrate Running time (s)
Instance 1 115 295 61% 43.8
Instance 2 135 400 66% 56.2
Instance 3 100 255 61% 55.3
Instance 4 110 370 70% 58.5
Instance 5 380 615 389 206.2
Instance 6 315 510 389 267.4
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Instance 7 835 1155 189 270.9
Instance 8 745 930 0% 306.7
Instance 9 570 895 36% 249.05
Table 2: Results of the HT'S’s solvers
Average | Handmade Improv(eo;n)e nt rate Running time (s)
0
Instance 1 3015 3130 4% 821
Instance 2 1954 2355 17% 724
Instance 3 1688 2005 16% 764
6. CONCLUSIONS ACKNOWLEDGEMENTS

In this paper, we introduced two systems
for solving concrete curriculum based
course and high school timetabling
problems in Vietnam. Problem models are
able to be extended to problems of other
universities and high schools due to their
popular concepts. The advantage of these
two systems is that it can help lecturers and
staff managers work together throughout
the Internet. Moreover, there are also two
off-line applications which have the same
main functions as the online systems.
Input data and the result timetable of an
instance are contained in just one XML
file for flexibility. Therefore, users could
switch between online and off-line systems
without any confusion. Future work of
this paper will focus on two problems:
improving the convenience in putting
input data and modifying result timetables
by hand, and improving algorithms of
the solvers. The authors hope that UTS
and HTS could be helpful to educational
institutions  for solving timetabling
problems - which are often hard to solve
by hand and for managing information,
distributing timetables to lecturers by
taking the advantages of the Internet. Any
comment on these two systems sent to the
authors is highly appreciated. Addresses
of UTS and HTS are www.fit.hcmuns.edu.
vn/~nmkhang/uts and www.fit.hcmuns.
edu.vn/nmkhang/~hts

The authors would like to express their
thanks to Tran Duc Khoa, Tran Thi Ngoc
Trinh, Dinh Quang Thuan, and Vo Xuan
Vinh, Dang Thi Thanh Nguyen, Trieu
Trang Khon for their major contribution to
these systems.
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