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Abstract

This paper presents the analysis and modeling of a spe_ial class of the timetabling problem. The introduced problem is a hybrid
one. It combines the school and the university timetabling cases. The set of imposed constraints on the introduced problem is 5
tight one. This class of problems can be identified in some institutions such as Military Technical College.

1. Introduction

The course timetabling is the process of scheduling a se-uence of meetings between instructors and students in a prefixed period
of time (typically a week), satisfying a set of constraint; of various types. A large number of variants of the timetabling problem
have been proposed in the literature, which differ fro1: each other, based on the type of institution involved (university or high
school) and the type of constraints. The problém has been traditionally considered in the operation research field. It has recently
been tackled with techniques that belong to artificial intelligence field (e.g. genetic algorithms, Tabu search, simulated annealing
- and constraint satisfaction).

This paper studies the modeling of a hybrid class of course timetabling problem. This class of problem combines both the
school and university timetabling. This class of problem can be identified in some institutions. The Military Technical College is
one of these institutions. The imposed set of constraints in such institution is a very tight one.

2. The General Timetabling Problem

2.1 Formal Definitions

A timetable, or schedule, is a description of the movem :nt and grouping of resources over time, often to achieve a certain aim o
aims and/or subject to a set of constrains [10]. Resources may cover any number of objects which may be grouped according tc
type, for example, a type of resource in a school timetable would be a class and a specific instance of the type: Form 10B
Similarly, we could have trains, machines, instructors, rooms and slide projectors ot anything else that may be required.

The definition of the timetabling problem is “ound in literature in many forms. The following definitions represent the
most famous ones:

Timetabling problem is the assignment of ti ¢ slots for the courses afford in semester so that the various requirements
and constraints are satisfied [17]. A time slot is defined by the day of the week and time period. The period beginning time and
duration describe a period.

While another definition of the timetable is as it centrally involves the need to assign times to a set of events, subject to
constraints on these assignments, simply a pair of events must not overlap in time. This may be because, for example the two
events are lectures and one or more students must sit both of them, or they may be classes given by the same instructor, and so on
[14).

Also the Timetabling problem could be defined us the problem of creating a valid timetable involves scheduling classes,
instructors and rooms into a fixed number of periods, int such a way that no instructor, class or room is used more than once per

period. A particular combination of an instructor, a subject, a room and a class is called tuple. A tuple may be required more than
once per week. Thus, the timetabling problem can be -hrased as scheduling a number of tuples such that an instructor, class or

room does not appear more than once per period, [1].

* Staff Members of the Military Technical College
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Where. [11] introduces the problem in its simplest orm:

Timetabling is the process of assigning courses or exams to periods and rooms such that either no conflicts or minimum
number of conflicts occur. By “conflicts™. we mean when students or staff are scheduled to be in the same place or whe'n a room is

scheduled to be used by more than one group at the same time. [11].

At last. [20] defines the Timetabling problem as assigning times and places to a many separate lectures.
tutorials. . etc. to satisfy several constraints concerning capacities and locations of available rooms:. Free-time needs and oiher

such considerations for lecturers. and relationships between particular courses.

A feasible timetable. or schedule. is one that satisfies its associated set of constrains [10]. Such constraints might include
groupings thal must occur at some point. groupings that may never occur: that if one resource is present. so must another be: thai
one required grouping occurs before another: that all groupings must involve a certain amount of each type of resource.

The most prominent overall constraint (central to all timetabling problems) is that there should be no clashes: that is any
pair of lectures which are expected (o sharc common students or instructors should not be scheduled simultanecusly. {207,

2.2 Specific Timetables

Each different occurrence of the general scheduling problem carries with it its own sets of jargon. rules and requirements. Very
ofien. the problems are so different that they may hardly be classified as of the same form. and more often that not an efficient
solution methodology for one will prove inefficient on another. A few of the more common occurrences of the timetabling or
scheduling problem are described brieflv below

2.2.1 School Timetables

The school timetable describes when each class has a particular lesson and in which room it is (o be held. The actual
content of the timetable is largely driven by the curriculum: the number of hours of each subject taught per week is often set
nationally. Each class consists of a set of pupils. who must be occupied from the time they arrive until the time they leave school.

a specific instructor being responsible for the class in any one period [10].

Instructors are usually allocated in advance of the timetabling process. so the problem isto match up meetings of
instructors with classes to particular time slots so that each particular instructor meets every class he or she is required to.
Obviously each class or instructor may not be involved in more than one meeting at atime. Oflen. it is required that each
instructor has at least one morning or aflernoon free per weck. Many other similar constraints may exist.

2.2.2 Rail Timetables

The rail timetables describes the movement of trains around the country. when they should leave a station and when they are due
to arrive at the next one, Unlike school timetables that are specified on a period by period basis, this schedule must be defined to
the minute or even sialler time unit.

Clearly. restrictions exis! in terms of the track and surrounding infrastructure. The frequency of signals dictates how often
a train may use a piece of track. The presentation of the timetable is dependent on the information required by the user. Someone
wishing to travel from Cairo to Aswan would not normally be interested in local trains along the Nile. The size of the stations (and
the number of tracks) dictates a maximum number of trains in anv one place at once. Staffing levels also present similar
constraints: each train might require a driver and at least on¢ guard. '

Certain qualities may be ascribed to a good timetable. Is the timetable robust? If a train breaks down. how long before a
replacement can be found? What proportion of train journeys are passenger carrying and what proportion are not? Is the timetable
likely to cause two trains to be on the same track at once? If satisfactory answers cannot be found to these questions. then the
timetable designers might ask themselves do we need more frains or should we discontinue services? [10] -

2.2.3 Job Shop Schedules

Perhaps the most researched and most quoted instance of the scheduling problem is Job Shop Scheduling. On a factory floor arc a
number of machines. The factory has a number of orders. which must be processed, each generally requiring the use of several
machines. in a particular order. Some machines might process one item at once: some might take any number of items at the same
time. The problem is further complicated in that new orders arrive all the time whilst old orders are finished and packed ofT to the
customer.

Even a simple situation. such as in Fig-1 can produce conflict. How often is machine?2 to be run? Do we maximize
efficiency by running it only once machine | has processed n times. or do we maximize speed of output by running it each time it
receives an input? [10] ’
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Fig-1.1 simple Job-Shop Scheduling Problem

2.2.4 University Course Timetable

Although. in principal. much likes a school table. the construction of a University Course Timetable is quite different. Many
different departments each offer a multitude of courses from which students are required to take some and choose a number of
other (this way is used in most of the universities around the world) [10], [21]. In some cases, each department is responsible for
its own timetable and must try to take into the accoust the timetables of other departments. Where, in other cases. the whole

timetable is decided upon centrally.

The main difference with the high school problem is that university courses can have common students, whereas school
classes are disjoint sets of students. If two courses have common students then they conflict, and they cannot be scheduled at the
same period Moreover. schoolteachers always teach to more than one class. whereas in universities. a professor may teach only
one course. In addition. in the university problem. availability of rooms (and their size) plays an important role. whereas in high
school problem they are often neglected because. in most cases. we can assume that each class has its own room.

2.3 The Complexity of Timetabling

There are several reasons why we might wish to know how difficult a particular problem is to solve. From the point of view of a
developer of timetabling software. it would help in the generation of test problems comparable with those that must actually be
solved and would help in the comparison of different methodologies. From the point of view of someone wishing to select a
particular approach for their own problem. it would give a guide as to what sort of method is required and what sort of solution
rnay be produced.

In some cases. the timetabling problem consists of finding any timetable that satisfies all the constraints. In this case. the
problem is formulated as a search problem. In other cases, the problem is formulated as an optimization problem, that is. the
required is a timetable that satisfies all the hard constraints and minimizes (or maximizes) a given objective function which
embeds the soft constraints. In some approaches. the optimmization formulation is just a means to apply optimization techniques to
a search problem.

In both cases (search and optimization). we define the underlying problem, which is the problem of deciding if there
exists a solution with a given value of the objective function. in the case of an optimization problem. When we mention the
complexity of the problem. we refer to the complexity of the underlying decision problem. Therefore. an exact solution is
achievable only for small cases (less than 10 courses). whereas real instances usually may involve a few hundreds of courses. It
follows that heuristic methods are feasible. which do not guarantee to reach the (optimal) solution. The artificial intelligence
techniques can modify the computational aspects of a given problem, {11], [21].

[10] gives some advice on how to select an appropriate timetabling heuristic, suggesting that one that is known to be
effective is tried, concentrating solely on producing a conflict-free timetable. and then (if possible). extra constraints can be
incorporated. This provides a simple assessment of how difficult the timetabling problem is. To produce an effective measure.
however. it would be more appropriate to use arandom based algorithm over several runs since examples may be constructed
where deterministic algorithms performs very badly.

To find the difficulty of the problem. clearly. the heuristic (or random) solution must be compared with the requirements
of the institution. The smaller the amount of timie available in comparison to the amount of time used by the heuristic algorithm.
the harder the timetable will be to find.

[11) mentioned that timetabling and constraint satisfaction are very hard problems and belong to the NP-Complete class
of problems for which a general polynomial time deterinistic algorithm is not known. In the timetabling problem. the process of
finding a period for each tuple (course. instructor. room or class) has been shown to be equivalent to assigning colors to vertices in
a graph so that no adjacent vertices always have different colors. [10].

[10] presented computational complexity results relating to a range of difficult problems including the optimal coloring of
random graphs. These problems he grouped under the heading of NP-complete. These are the problems that may not be solved in
polvnomial time using deterministic algorithm. No deterministic polynomial time algorithin is known for any of these probiems
and most people believe that such an algorithm does ot exist. This result implies that the use of an exact algorithin to find an
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optimal coloring of the timetable graph would be oo time consuming to be practical and that instead good approximate methods
must be found. In fact. the problem of finding a k coloring (2 coloring using exactly k colors) is also NP-complete

2.4 Timetables Quality

Targets for timetable quality cannot be sef before a solution has been attempted. at least not without an effective measure of the
problem’s difficulty. This is because the quality of the solution is completely dependent on the difficulty of the problem and the
efficiency of method used fo produce the timetable. In general. the only requirement is to compate timetables rather than creale
benchmark since it is inconceivable that any institution. with a complex timetabling problem. should not already have an exception
of the quality of possible timefables given previons solutions of its own problem.

Generally. timetable quality is very subjective and its definition changes from problem to problem The usual measure.
which is common to all applications. is in terms of the number of constrains that are broken. [10]

Twao important measures of timetable quality relate specifically to its feasibility and arise dircctly from the graph-coloring
problem  These are the requirements that no student is required to sit more than two periods with the same course sequentially and
hat there must be sufficient seats available for the number of students scheduled. As has been said. a timetable that satisfies these
constraints is considered feasible but this does not necessarily mean that it is sufficiently good (o be used by an institution.

In terms of producing acceptable or pood timetables one thing should be bom in mind above all others: “As Lions
obscrved 25 vears ago the ultimate test of a computer genciated timetable is Will the school or the college buy ir? . The concepl
of an optimal timetable is hard to define. As mentioned abce, it secms fo perceive a difference between what is called the optimal
limetable and the one which staff would accept. This begs the question *If the staff will not accept the timetahle, how can it he
optimal "> The most important faclor here is whether stafT iocepts the timetable or not. As [10] states “There is no need to seek an
‘optimal™ solution. in fact in the context of college timet bles this concept is hard to define.” 1t is necessary. though. to agree on
one or more measures of quality as otherwise Table-1. it weuld be impossible o produce quality timetables.

e Lectures should be scheduled early in the timelable
«  Some courses may on' take place in certain rooms
e Courses should be located near to their home departments

e Some comrses should be scheduled in a particular order

Table-1 Soite lxamy le Timetabling Quality Measnres

We should have a numerical value of quality for each constraint: there are {wo ways in which we can distinguish between
timetables. ‘The weighted penalty function approach, involves giving each timetable one single quality rating calculated as follows

Timetahle Score = a;c; V axca ! axcat.... b aCp

Whete a,. a~  a, are weights quantifying the impartance of each constraint and ¢, . c» . ..... ¢, are actual numerical slores
for each constraint satisfied. The timetable with the highest score is then selected as the one to be used.

Another method [10]. which involves keeping i store of potential timetables. is 1o keep a veclor of values and then keep
those that are not dominated by any others i e are not oviperformed in every component This is called the sel of Pareto optimal
limetables

Timetahle Score = P00 g Ot s 5 C o

The Institution may then take its own decision as (o which is to be used.

3. Problem Formulation

In this section. we describe in detail the high school melabling problem. also known as class instructor model We start
describing a simplified version. which can be solved in polynomial fime: therefore. we move lo the basic formulation. Although
that is still not a “real” problem. it has the minimal set of constraints that makes it a hard problem. and its solution requires the
heuristic techniques employved also for the more complax cascs. Subsequently. we introduce the corresponding optimization
problem. and describe some vatiants of it considered in the literature Finally. we discuss solution techniques and approaches.

Simplified polynomial problem

We have m classes ¢ . . 1 teachers 1y, .. 1, and p periods 1....p. We are also given a non-negative integer matix /2,
called Requirements matriv. where r,, is the number of lectures given by teacher 1, 1o class ¢;.

The problem consists in assigning lectures to periods in such a way that no teacher or class is involved in more than one
lecture at a time The mathematical formulation is as follovis [21]:
1TPI
Find Y (i=1. .m. il k=1..p)




Proceeding of the 1%, ICEENG conference, 24 — 26 March, 1998 CE.5 357

p . .
St. > X ik =1 (=1..m j= ) (1)

k=17 |

n

) 3 Xk £1 (=1 k=1..p) 2)
Jj=1

m

3 xl‘jk <1 (_;': k = i,‘...p) 3)
j=1 "
Xijk =0orl (i=h..m  j=l..nm k=1,.,p) @)

Where x,; = 1 if class ¢; and teacher f, meet at period k. and x, =0 otherwise.

Constraint (1) ensure that each teacher gives the right number of lectures to each class. Constraint (2) (respectively
Constraint (3)) ensure that each teacher (respectively class) is involved in at most one lecture for each period.

In addition. [21] proves that there exists always a solution of this problem, unless a teacher or a class is required to be
involved in more than p lectures. More precisely. there exists a solution if and only if

m < . l 5

,-z;]r’j <p  (j=1,...n) (5)
"

j}E Z <p (i=1..m) (6)

In order to solve TTPL. we may associate to an instance of the problem a bipartite multi-graph: Classes and teachers are
associated to vertices. and each class c, is linked to each teacher 1, by r;, paralle! edges. The solution technique is based on finding a
sequence of maximal matching in the resulting bipartite multi-graph. where a matching is a set of edges with no common nodes.

Alternatively. the problem can be reduced to a problem of edge coloring on graphs: Given p colors (each period
corresponding to a color). the problem consists of finding, an assignment of a color to each edge such that no two adjacent edges
have the same color. Thereafter. the variable x;; gets value 1 if one of the edges between c; and ¢; gets color k.

[21] considers also some variants TTP1 that are still solvable in polynomial time. He considers the possibility that a
teacher (and a class) can be involved in more than one lecture for each period. In such variant, a period represents not an atomic
time slot -but a set of them (for example. a day). He also considers the case in which the lectures are constrained so that they must

be spread as much as possible throughout all the periods.

Basic search problem
The ‘problem TTP1 does not include any constraints on the possible scheduling of the lectures. In real instances. instead. we must
take into account the possibility that a teacher (or a class) is unavailable at a given time.

We now introduce the school timetabling problem with unavailability of teachers and classes. [21] introduces two binary
matrices 7., and (., such thatr, =1 (respectively ¢ = 1) if teacher 1, (respectively class ¢)) is available at period k. and 1, = 0
(respectively ¢, = 0) otherwise. Thereafler. he replaces Constraints (2) and (3) in TTP1 by Constraints (7) and (8) as below:

TTP2
Find x'.].k (i=1...m j=l..m k=1..p)
p . .
St. [(E ]xijk =1 =1.m  j=1..0) )
n
Elx"ﬂ‘ <ty (i=L...,m, k=1,.,p) (N
m .
,E]xijk < < i (i=1,.,m k=1,..p) (8)
x.., =0or | (i=1..m j=l..m  k=1..p)
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[21] considlers also constraints due to preassigninents: A particular lecture can be imposed to be scheduled at a given
time Reassignments can be expressed by adding a set of constraints of the following form

Xk > Piik (= Yo 8 j=lo.n k=1..p) ©®

Where p,x = 0 if there is no preassignment. and p, =1 whena lecture of teacher , to class ¢, is preassigned to period k. [21] also
shows that unavailability can be expressed as preassignments with dummy classes or teachers.

Optimization Problem

The problem TTP2 is a search p-oblem. whose solution is any feasible timetable. However. in real applications. a feasiblc
timetable can be better than another on. and the goal is to find the optimal one. This consideration forces us to formulate the
timetabling problem as an optimization protem with an onjective function to minimize (or maximize). [21] proposes to add fo the
basic problem TTP2 the following objective finction

m n P

min Y Y, Y dy ¥

& Sijk (10)
i=1 j=1 k=1"""Y

Where a large d is assigned to periods 4 in which a lecture of teacher 4 to class c; is less desirable.

[21] introduced a more complex objective function based on the following quantities (with decreasing weight):
e The didactic cost: e.g. spreading (he lectures over the whole week:
e The organizational cost: e.g. having a teacher available for possible temporary teaching posts:
o The personal cost: for example a specific day-off for each teacher.

He introduced a different approach based on constraint language. and associates a penalty for each constraint violated.
Their objective is to minimize the overall penalty As an example of constraint violation, they consider the possibility that
teacher is forced to teach in a period in which he is not available.

4. Analysis of a Hybrid Course Timetabling System

This Section is dedicated for analyzing the Military Technical College hybrid course timnetabling system as a real case study. The
timetabling problem at the MTC is a mix between school and university timetables. The constraints are very hard. The lectures arc
only scheduled during daytime. Forty teaching hours are available during the week. The number of teaching hours for any student
is forty hours weekly. No vacant periods could happen. The problem is a very condense one.

Ac. Year: 1997/98
winter

Military Technical Tallegs
DTF (Flanning Branch) Term:
Teaching Plan

TTEAR3ecE Hame
Ei:E’ TP 'NT'V'““'VI‘T‘.' oy Tl" -
BLEFTRNT  WEAETRMENTL |
EE36 MIrT WAVE FECHNTAE ) MW
ES1> TELERH N “Tsweo
ESAT WAVIGATI N Th. & AveTENE | M-W-0O ] 52 | 52
£S41 SIGNAL THEORY H-W-0 '
ES52 LOGIT FIRTINTS T n-W
ES54 PADAR THEORY 11 M=
ES62 SUTDANTE THEORY D T
ES66 puLer teommione . | H-w-0 |
ES79 ASSEMFIY & Cy~. FLOGPAMMIC -W
ES120 | COMIOTER Sye. ARCWITECTIRE | [-W-O B
ESB2 | “FTICS 1 -w-o
ESB17 | AUTOMATIC CONTROL A-W
AUTOMATIC CONTROL, 1 r-w B
A=-W-F

Fig-2 Teaching land™. Year Electrical
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The Military Technical College (MTC) is one of the Institutions of the Arab Republic of Egypt (ARE) Armed Forces,

responsible for the graduation of military engineers. It is crganized as a set of academic branches. Each branch consists of several
ytime, students must attend four periods of lectures

departments, which carry out the academic and instructional work. During da
(two hours each,) and perform exercises in different college departments. No lectures or classes can be scheduled in the afternoon.
So, all teaching activities must be carried out during the daytime. This constraint makes the problem of timetabling a very hard

one. Branches and departments group the curricula for the offered subjects. Every curriculum is specified by the subject code.
name and Lecture/Exercise weekly hours. For example. the course "ES709" Assembly & Systems Programming 4/2. means that.
this subject or course “09” is given by the department of Computer & Operations Research “7" of the branch of Applied Electrical

Engineering “ES” in “4” hours weekly as lectures and “2” hours weekly as exercises.

All courses are grouped in the teaching plans. The teaching plan is a table that lists the codes, weekly hours (WH) and total
number of hours (TH) for every subject studied each semesier. Fig-2 shows an example of one of the teaching plans.

k. The loading hours ranges from 8 to 20 hours weekly. The

Each staff member has his different loading hours per wee
his is due to the subjects he taught. his scientific degree

administration decides the max no of loading hours 1o eacl stafT member. (
and his location in the college.

4.2 The Course Scheduling Process

In any large university or institution there will be many difficult management and administrative problems of which timetabling is

only one. Within the timetabling process. independent autornated systems may prove useful to the administrators in many different
s the sequence of actions taken to produce a final timetable from

situations. The timetabling process itself may be defined a
students and courses data (see Section 2). This. of course. iacludes not only the actual scheduling stage where courses are assigned

to timeslots but also consolations. checking and correcting data and document production.

In course timetabling. the typical sequence of events is roughly as follows. Departments decide which courses to be

given. After several weeks when options are finalized. daa is collated together. Room sssignments may be separated or done at
the same time; the scale of the room assignment problem is likely to be less than the course scheduling one. The draft timetable is
then circulated to departments/staff who may make comments that are then taken intoaccount. At this stage. the timetable is then
presented to the instructors and students. who have a fixed deadline by which time they must report any problems (e.g. clashes that
have not been previously noticed). Any problems are then dealt with (possibly by reconstructing part of the timetable.) and final

timetable is produced. This is distributed to all studeuts. stafl and other personnel involved in the teaching process.

“Just what is an appropriate use of computer processing in the management of a
modern school or university timetable?" There is no doubt that each sub-procss may be automated. but would it be an effective
and appropriate use of the computer? This will obviously vary according to the size and requirements of the particular institution
but many have reported good results. Unfortunately. the problems that cause srstems (o fail are rarely reported.

part of the timeable production forms the hardest part of the process.
tratively and 'ogistically, and therefore should not be overlooked.

It is interesting to consider at this point

Although, from a computational point of view. the
the other stages also provide their own problems. both adminis

4.3 Description of the Timetabling Process at MTC

The Military Technical College is a specialized engineering college. It has very special specializations in different engineering
branches. The number of these specializations is a much more than other engineering's faculty. This makes a numerous number of

courses offered at the college.

The quality of teaching at Military Technical College is of a greal importance. To achieve this quality. number of
students per class can not exceed twelve students. Because all of the above. the timetabling process at Military Technical College
is a very hard problem. The process goes in a sequence of phases as shown in Fig-3.

The teaching plan for a department is a list cf all conrses offered by this department in a given term. The extract of
courses in a typical department is shown in Fig-4.

There are courses. such as “Pulse Technique' . “Logic Cireuits ... are to be giving to several specializations. In such
case the students may be divided into groups. The number of groups for each course based on number of students to study thal
course and the maximum number of students allowed setting together in an auditorium to listen to a lecture. After a deparimenl
receives the extract of the teaching plan and number of gronpsior each course, the total number of hours for a course is decided.

For example, The course “Pulse Technique " (4/1), & shown in Fig-4, is to be given to all Fourth Year Electrical. And the
maximum allowed number of students in a group equals 5. which means that we have two groups in Fourth Year Electrical. Then
the total load hours for that course will be 8 lecturing hours and 9 exercises hours. Each department board. should sit together (o

decide who will teach each course.

The teaching load form actually can be seen as 1 (w0 dimensional array. The rows represent subjects. while the columns
represent staff members. The instructors make their cecision based on their interests. qualifications, availability and all other
factors. the lecturing and exercising hours for some Curses may be given by more than one instructor. After the teaching load
form is being filled. personnel in charge of timetabk preparation should revise it. The purpose of revision is to make sure that
teaching hours of all courses offered in the given term has been assigned to instructors, and to make sure that the load is balanced
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between all staff members in the college. Also the assigned hours conforms to regulations informed by the teaching board of thc
college. +ny problems or any thing that does not conform to rules should be discussed and solved before the next phase starts.

Prepare 1eaching plans for departments
¢ Y
Teaching load assignments

y
Revising teaching loads

Yes /4.\' Problems

e

A

Prepare empty timetables

y

‘ Carry out the assignments of teaching periods
to subjects and instructors

y
Issue timetables

Fig-3 Timetabling Process Phases

The empty timetable forms are prepared. The forn: can be seen as a matrix. The rows are labeled by the weekdays divided
into lectures. Each day is divided into four periods. Each period is two teaching hours. The period splits into two parts, the upper
stands for odd weeks and the lower stands for even weeks. If a course is to be given as three lecturing hours for cerain
specialization. Then it should occupy a cowplete period and a half in either odd or even weeks. Also if there is a course to be
given for one hour per week. then the class will meet every other week. either in the odd numbered weeks or even numbered
weeks. The columns in the form are labeled by all classes in the college.

Military Technical rolleqe Ac. Year: 1997/98
DTP (Planning Branch)
Teacring Plan
sbieat Name
ELETTRONTC O TReTiTe .
% ELECTRONTC MEASTIRMENT - N T ) TEE03 z
MICROWAVE TECHNIQUE - I TN [
2
LOGIC CIRCIUTS ESSN1 i ES502 2 '
RADAR STSTEMS ) ES519 3
2
GUIDANCE THEORY ES602 [l ES603 2
3
PULSE TETHNIQUE FS606 1
1
AITOMATIC CONTROL ESR17 ] ESB1R 3
< 2
INFRARED SYSTEMS ) ESAIQ ]
G 2
Yo ;
ELECTRICAL MACHINES -, ESAD] ? FSANZ
a

N

Fig-4 Teaching Plan jin Tvpical l)e,;nﬁlnenl.
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Several timetable forms are printed out. A form for every group of related specializations is printed out. Typically, one
form is printed for electrical specializations. another for mzchanical and third one for other specializations then the most important
phase in the manual process begins at this point. So at least two highly qualified staff members set together to start assigning the

time slots to courses and instructors.

5. Modeling of the Considered Timetabling System

This section considers the modeling of the MTC timetabling system. The timetabling process encompasses every action that is
required to create a final. complete and correct timetable from the initial data input. This includes receiving, validating and
formatting data, sending out draft versions. making alterations and then producing the final timetable. In this section. we are going
to discuss the data model of our timetabling process in the Military Technical College, the preprocesses or subprocesses which
must be done before setting the timetable. the applicd algorithm and the computer based resources which are used for
implementing the timetabling process. In addition. how much time is available to produce the timetable and why might timetables
change from year to year as well as between drafl and final versions.

5.1 The Data Model

The data model can be introduced as an Entity Relationship Diagram (ERD) as shown in Fig-5. There are several main entities in
any course timetabling system. the detailed description of these entities differs from one timetabling system to another depends on
the nature of the colleges strategies. Whoever. a tentative list of these entities may include the Branch, the Department, the Class.
the Course, the Instructor, the Room and the Timeslot.

& =

Timesint

Department

Fig-5: Entity Relationship Diagram (ERD)

As mentioned before in sections two and four. a valid timetable involves scheduling classes or groups, instructors.
subjects and rooms into a fixed number of timeslots. ir such a way that no instructor or class is used more than once per slot. In
addition, in each timeslot a class is taught a course by an instructor. A particular combination of class. course. instructor and room

is called a ruple. A tuple may be required more than once per week.

In any timetabling system. the core entity is the ‘imeslot entity. The timeslot entity is not a physical entity. It results from
the collection of four major entities. the class. the course. .he instructor. and the room (bold border entities in Fig-5).

Based on the importance of these entities. the following sihsections include detailed description of three of these entities.
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5.2.1 The Class / Group

A class in the college should belong to one of the five academic years. classes in the first year are of general specialization. In the
second year, a class should belong to one of the five main engineering branches in the college. A class in the third year to the fifth
year should belong to one of the specialization departments of different engineering branches. Every class is given a unique code
Sometimes we have to collect some classes together forming a group. these classes have some common courses.

5.2.2 The Course

Each course in the college belongs to one of the eight Branches. and their departments. A specific departinent is responsible for
teaching the planned lecture hours and planned exercise hours for the course by its own instructors. these planned hours is are

determined by the teaching plans.

The course code is a combination of three codes. The first field is determined by the branch code (two letters). The
department's code (two digits) specifies the second field. and the third field is a serial number for the course in the department
(two digits). For example the “FElectronic Circuits™ course has the code £E0706 which means that this is the course number 6
given by the “Circuits & Systems " department which is the department number 07 in the “Electrical Engineering” branch.

5.2.3 The Instructor

Like the course in the college. each department in the college branches has it is own instructors or staff. The department chief
maneuvers with his staff in distributing the teaching load in a predefined ratio.

The instructor's load is decided according to many parameters like his scientific degree, military rank, his additional
position and tasks in the college. and mainly his experts in departiment fields. The teaching load in some departments may be large
number of hours according to extension of course materials or decreasing of the department staff member due to military job
movements. In that case. the department starts to make coniracts with external instructors from different universities to teach in the
military technical collage and to share load with its staff members

The instructor may not be available in either all weekdays or in all day hours. This may happen because of research
activities or additional administrative tasks in the college.

5.4 The Process Analysis

This section introduces the process model of a general course timetabling system followed by a detailed description of the process
model of the paper case study. We briefly described the ihree main entities of our problem. the class or group, the course and the
instructor. Now we will discuss how these entities are tied together to perform the required tuples and then to assign a timeslot for
each of these tuples.

A fully automated course timetabling process consists of four: subprocesses: the course planning subprocess which is
most probably do not change from year to vear. the class grouping subprocess which differs from year to year. the teaching load
assignment subprocess which changes from one term to another in the same year and sometimes it changes within the same term.
and the time slot assignment process. Fig-6 shows the process sequencing for the timetabling process including the three
subprocesses. We will discuss how we handled each process in the automated system to make it just under user fingertips.

5.4.1 The Classes Grouping Subprocess

Based on teaching plans. the classes may be grouped together. This grouping should be done carefully and it takes a lot of time
and effort if it is done manually. The maximum number >f students in each group and the balance between number of students in
all groups in the same specialization should be considered. It is always required to reduce number of groups to reduce the overall
teaching load. A class may belong to more than one group in different subjects. This makes an additional constraint to the
timetabling process. This makes the process of plotting adjacent classes in the empty timetable a difficult problem.

5.4.2 The Planning Subprocess

The planning process is the assigning of different courses to different specializations in five academic years with specification of
weekly planned lecture and exercise hours. This process is done once ever. and sometimes the user needs to do little changes to
these assignments, if he dose. he should do it before getting into the other processes.

5.4.3 The Loading Subprocess

The loading process is the assigning of teaching hours exen lecture or exercise hours for specific course to a specific instructor or
instructor. Each instructor belongs o a specific department. which is responsible to teach its courses with its instructors.
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5.4.4 The Time Slot Assignment Subprocess

This is the most difficult part of the problem. A set of heuristics is used while assigning timeslots in the manual system. This
subprocess is a very time consuming one. In many auto-nated systems. artificial intelligence techniques should be considered in

solving such a problem.

6. Conclusion

The timetabling problem is a hard one. Different operations research lechniques have been developed to tackle such a problem
Recently, artificial intelligence techniques and tools proved to be efficient in solving this problem.

This paper gives a study of the classes of the timetabling problem. The paper also gives a comprehensive study of a ven

special and complicated timetabling system al the Military Technical College. which gives a proposed model that, could be used
for solving the problem. The model includes both data and process modeling.
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A full implementation of an automated system will appear in a future work by the authors.

References

Abramson, D. and Abela, J. (1992). “A Parallel Genetic Algorithm For Solving The School Timetabling Problem ™. High
Performance Computation Project. Division of Information Technology. C.S.L.R.O.. Carlton, Australia. Published at the 15
Australian Computer Science Conference, Hobart. 1992.

Azvedo, Francisco and Pedro Barahona. (1994). “Timetabling In Constraint Logic Programming . In proceedings ol
World Congress on Expert Systems '94. fa@fct.unl.pt

Burke, E., David Elliman and Rupert Weare (1995). “The Automated Timetabling Of University Exams Using A Hvbric
Genetic Algorithms”. Department of Computer Science. University of Nettingham. Nottingham. UK. http :// tawny. cs.
nott. ac. uk/ ttg/index.html.

Burke, E., David Elliman, Peter Ford and Rupert Weare. (1995). “Examination Timetabling In British Universities - A
Survey”. 1% International Conference on the Practice and Theory of Automated Timetabling (ICPTAT'95). Napier
University Edinburgh. http :// tawny. cs. nott. ac. nl/ ttg/index.html.

Burke, E., David Elliman and Rupert Weare. (1995). “A Hvbrid Genetic Algorithm For Highly Constrained Timetabling
Problems”. 6" International Conference on Geneiic Algorithms. Pittsburgh, USA. July 1995. http :// tawny. cs. nott. ac.
uk/ ttg/index.html.

Burke, E., David Elliman and Rupert Weare. (1995). “Specialized Recombinative Operators For Tinietabling
Problems”. Departinent of Compuler Science. University of Nottingham. Nottingham. UK. http :// tawny. cs. nott. ac. uk/
ttg/index html.

Burke, E.,David Elliman and Rupert Weare. (1994). "4 Genetic Algorithm For University Timetabling ". In Proceeding
of the AISB Workshop on Evolutionary Coputation. http :// tawny. cs. nott. ac. uk/ ttg/index.html.

Burke, E., David Elliman and Rupert Weare (1994). “The Automation Of The Timetabling Process In Higher
Education”. Department of Computer Science. [lniversity of Nottingham, Nottingham, UK. http :// tawny. cs. nott. ac.
uk/ ttg/index.html.

Burke, E., David Eliman and Rupert Weare. (1994). "1 University Timetabling System Based On Graph Coloring Anc
Constraint Manipulation”. Journal of Research on Computing in Education. Vol 27 issue 1. ppl-18. email:
ekb@uk.ac.nottingham.cs

Bt;rke, E., David Elliman and Rupert Weare. '1994). “A Genetic Algorithm Based University Timetabling System ™. In
2™ East-West International Conference on Compu.er Technologies in Education. Crimea. Ukraine. ‘

Burke, E., David Elliman and Rupert Weave (1993). “duromated Scheduling Of University Exams . Proceedings of
LLE.E. Collequium on Resource Scheduling for Large Scale Planning Systems. Digest No. 1993/144. http :// tawny. cs.
nott. ac. uk/ ttg/index.html. ’

Corne, D., Hsiao-Lan Fang and Chris Mellish. (1993). “Sohing The Modular Exam Scheduling Problem With Genetic
Algorithms”. Proceedings of the 6" International Conference in Industrial and Engineering Applications of Artificial
Intelligence and Expert Sysiems. pp. 370-373 .

Cor;ne, D. and Peter Ross. (1995). “Peckish Iuitialization Strategies For Evolutionary Timetabling . Department of
Artificial Intelligence. Unive-sity of Edinburgh. Edinburgh, UK. In proceeding of the first international conference on the
theory and practice of automated timetabling. Napier University. Edinburgh, 1995.

Corne, D., Peter Ross and Hsiao-Lan Fang (1994). “Evolutionary Timetabling: Practice, Prospects And Work In
Progress . In UK planning and scheduling SIG Workshop. email: {dave| peter| hsiaolan} @ aisb.ed.ac.uk



Prnceeding of the 1% ICEENG conference, 24 — 26 March, 1998 CE.5 36°

(15]

[16]

(171

(18]

(19]

(20]

[21]

Frangouli, H., Vassilis Harmandas and Panagiotis Stamatopoulos. (1995). “UTSE: Construction Of Optimum
Timetables For University Courses - A CLI Based Approach ™. Departinent of Informatics. Panepistimiopolis. University

of Athens. Athens, Greece. email: {bxpro| vassilis| takis} @di.uoa.ariadne-t.gr

Ghosh, Sukumar and Mehmet Hakan Karaata (1991). “A Self. Stabilizing Algorithm For Coloring Planner Graphs ™.
Department of Computer Science. University of lowa. lowa City. IA. USA. In the 29th. Allerton Conference on control.

Communication & Computing In Oct. 1991,

Gunasena, U., Soundar R. Kumara and A.len L. Soyster. (1989). “4 Knowledge Based System For Course
Scheduling . Arificial Intelligence and expert sstems Laboratory. Department of industrial and management Systemns
engineering. Pennsylvania State Universily. University Park. Pennsylvania. Applied Artificial Intelligence: 3: 463-432.

1989

Lajos, Gyuri (1995). “Complete Universitv Modular Timetabling Using Constraint Logic Programming”. Inthe 1".
International Conference on the Practicce and theory of Automated Timetabling. Pages 364-375. email:

gyuri@scs.leeds.ac.uk

Monfroglio, Angelo. (1988). “Timetabling Thrugh A Deductive Database: A Case Study”. Via Beldi 19, 28068
Romentino. Italy.

Ross, P., Dave Corne and Hsiao-Lan Fang. (1994). “Successful Lecture Timetabling With Evolutionary Algorithms ™. In
Proceeding of the 11" ECAI workshop. email: {da e| peter| hsiaolan} @ aisb.ed.ac.uk

Schaerf, Andrea. (1995). "1 Survev Of . -ttomated Timetabling”. Computer Science/Department of Software

Technology. Tech. Rep. CS-RY9567. CWI. Amsterdam. The Netherlands.






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

