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ABSTRACT

With the increasing complexity of educational
initiatives, several challenges arise as to appropriately
allocate human and material resources or how to select
alternative investments within a portfolio. Due to the
complexity, solutions based on intuition are risky,
which leads to a search for less intuitive and more
reliable ways of solving educational problems. An
engineering approach to the problem may lead to
operations research mathematical modeling as a way to
help on finding the solution for timetabling. In this case,
a timetable is a schedule or, more precisely, a list or
table of events arranged according to the time when
they take place. This text features new and useful
software to optimize the use of human resources. The
software is based on a mathematical model for
determining the timetable while minimizing the number
of students with conflicting schedules.

Keywords: mathematical
scheduling, timetable.
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1. INTRODUCTION

Timetable is an event table used to specify who will
participate, who will be held where and when such an
event occurs. Generally, build an adequate timetable is
not an easy task since some kind of constraints should
be fulfiled in a manner there is no conflict in the
schedule. That is it; Timetable is so hard that find a
feasible solution is even difficult.

One category of Timetable problem is the
Educational Timetabling. This problem can be
classified in two sub-categories: exam and course
timetabling (Al-Yakoob, Sherali, and Al-Jazzaf, 2010;
Carter and Laporte, 1998).

To propose a course timetabling of a university is
necessary to relate the different variables and interests
related with students, teachers and classrooms. Some of
examples of them are prerequisites established by the
university for each discipline, individual preferences of
teachers/students for certain disciplines to be
taught/routed and, most often, the downtime between
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classes should be avoided. Added to this, there are risks
of errors in the definition of the grids and these may be
detected only when the classes have already begun (Al-
Yakoob, Sherali, and Al-Jazzaf, 2010).

According to (Carter and Laporte, 1998) the course
timetabling problem can be divided into five
subproblems: teacher assignment, class-teacher
timetabling, course scheduling, student scheduling and
classroom assignment. The student scheduling problem
only allocates students to courses without using the
information about the courses allocation to time
periods. Student scheduling problem often uses a given
allocation of teachers and courses (Gunawan, Ng, and
Poh, 2013).

This work will address the Problem of Assignment
of Classes to Students (PACS) that combines student
scheduling and courses allocation problem
simultaneously within a university. A special feature
had been considered in the model in order to consider
student incompatibility to attend for more than one
class. That is, as general purpose, students must attend
the classes with the least possible incompatibilities and
different from the one considered in recent literature
(Al-Yakoob and Sherali, 2013).

PACS is part of the set of combinatorial
optimization problems (Schaerf, 1999; Willenmen,
2002) which justify the development of heuristics and
meta-heuristics. Another contribution of this work is to
develop and apply an approach that enables solving of
real large-scale problems.

This paper is structured as follows. Section 2
presents the mathematical model of PACS, while
section 3 presents the proposed solution method and the
developed software. Section 5 addresses conclusions
and future work.

In this research report, in the section devoted to
materials and methods, we present a mathematical
model for determining the timetable while minimizing
the number of students with conflicting schedules. This
model is useful for determining the number of
prospective students to be met for the subject matters of
a university course that employs the system of credits.
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Then, in the section with results, it is both presented and
discussed software with features that aim to simplify the
use of the method, especially when using an interface
that allows a wuser without basis in advanced
mathematics to enter the relevant information and
perform the optimization of the use of resources.
Finally, a section presents the main conclusions and
suggests future work.

2. MATHEMATICAL MODEL

To determine the possible number of students to be

served by the subjects of a college course that used the
credit system, the mathematical model given below was

developed.

Table 1: Materials in a course that employs the system

of credits.
Number | Subject matter Prerequisites
1 Calculus | -
2 Analytic Geometry| -
3 Calculus Il Calculus | and Analyti
Geometry
4 Calculus I Calculus Il

A constraint that must be met is to check whether a
given student has the prerequisites required to perform a
given subject matter. In other words, there are subject
matters that can only be routed after verifying that the
student has been approved in another one. For example,
assume a course whose contents are described in Table
1 and whose prerequisites are given in Figure 1. Subject
matter 3 can only be followed if the student has
attended and successfully passed the subject matters 1
and 2.

o
©

O

Figure 1: Indication of the relationship between
prerequisites between subject matters of Table I.

From Figure 1 it is possible to determine whether a
given student may or may not attend a subject matter
based on the approval history. For example, if a student
has been approved only in subject matter 1, then this
one cannot attend the subject matters 3 or 4. The same
statement can be made if the student has been approved
only in the subject matter 2. It is important to note that
Figure 1 is a graph where the nodes represent the
materials and the relationship arcs of prerequisites
between them. Figure 1 also can be used to show the
evolution of the student during the course in each time
period as given in Figure 2.
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Period 1 Period 2 Period 3

Figure 2: lllustration of a student's progress throughout
the course considering data shown in Table 1.

Figure 2 illustrates the evolution of a student who
hasbeen approved in the subject matters 1 and 2, which
allowed the same in Period 2 to attend the subject
matter 3 and finally with the approval of the latter to
attend subject matter 4 in period 3.

In order to facilitate the storage of information
relating to the approval history of a variable number of
students, y, a strategy that can be employed follows.
The variable y is equal to 1 if the studeri is
approved in the subject mattgmat the end of periot}
yi« = 0, otherwise. The example of Figure 2 for one
stucent corresponds to the values given in Figure 3.

Subject  Subject Subject Subject

matter 1 matter 2 matter 3 matter 4
Period 1 1 0 0
! Y111 Ya11 Y311 Ya11
Period 1 1 1 0
2 Y112 Y212 Y312 Ya12
Period 1 1 1 1
3 Y113 Y213 Y313 Ya13

Figure 3: Representation of the evolution of a student,
given in Figure 2, in the variabﬁkt .

From the variable j; it is possible to express in
mathematical terms whether a student may attend a
subject matter based on his/her history of approvals and
prerequisites between the subject matters. To do so, it
must be also defined a new variablg j¥ndicating
wheter the studerit in periodt can attend the subject
matteri. A matrix M may be defined such that if;M
1, then, the subject mattgr is prerequisite for the
subject matter.

It is noticeable that the array of prerequisites is not
only invariant with respect to the period, but that it is
also supposedly unique. If there are students from
different courses, then you need it is necessary to
consider different matrices according to the courses of
each student. The matrix;Mf prerequisites associated
with the example of Figure 2 is given in Figure 4.
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Subject | Subject | Subject | Subject

matter 1| matter 2| matter 3| matter 4
Subject 0 0 0 0
M T My | Mz | M | M
Subject 0 0 0 0
M Ma | Mz | Mz | Ma
Subject 1 1 0 0
M T Ma | Mz | M | M
Subject 0 0 1 0
T Ve | Ve | Mo | M

Figure 4: Matrix prerequisites associated with the
example in Figure 2.

Notice that the third row of Figure 4 shows that, for
the subject matter 3 to happen, it is necessary to have an
approval in the subject matters 14M 1) and 2 (M, =
1). The value ¥ can be obtained fromyyand M; by
mears of (1).

J
Xia = Dl“'\"n ~Yid (1)

An additional constraint on the variablg ys that
this should be such that after a studkie approved in
a mattey in periodt this approval shall be considered in
subsequent periods. This constraint can be represented

by (2).

Yie 2 Yikes) 2)

In addition to (1) and (2) it is necessary to consider,
too, that every subject matter should be offered
according to a given workload. Therefore, it is
necessary to set a timetable such that the spaces in the
grid, called slots, indicate whether in a given day and
time a subject matter will be given. In order to facilitate

the appropriate reference to these spaces in the grid Minzz

hours, the slots are associated with a number(pai),
wherer indicates the time interval ardindicates the
day as given in Figure 5.

07:30-08:20 (1,6)
(2,6)
(3,6)

(4,6)

(1,5)
(2.5)
(3.5)
(4.5)

(1,2)
(2,2)
(3.2)
(4,.2)

(1.1)
(2,1)
(3,1)
4.1)

(1,3)
(2,3)
(33)
(4.3)

(1,4)
(2,4)
(3.4)
(4,4)

08:20-09:10|

09:30-10:20
10:20-12:10

Figure 5: Numerical correspondence between the pair
(r, c) and gaps (slots) of the timetable.

Proceedings of the European Modeling and Simulation Symposium, 2013
978-88-97999-22-5; Bruzzone, Jimenez, Longo, Merkuryev Eds.

To represent that a particular sl@tc) of the
timetable is occupied by a subject mattéollowed by
studentk in a periodt, the variable f(r,c) with a value
of 1 indicates that it is occupied while the value of O
indicates that the slot is empty. This new variable,
however, must meet two constraints: (1) meet the
workload of a subject matter, and (2) avoid the conflict
between subject matters. The representation of these
two constraints, in mathematical terms, is given below.

For constraint 1, which addresses the workload of a
subject matter, we have that a particular subject matter
should answer a weekly workload CMathematically,
thisis given by (3).

iihm(nc) =CH,

r=1c=1

®3)

For the second constraint on the conflict zone
between subject matters, we have a @lpt) occupied
by a subject mattdrfollowed by a studerk in a period
t that cannot be shared by other subject matter.
Otherwise, there will be a conflict of time between
subjects and the student must choose to take only one of
them. In mathematical terms, this restriction is
represented by (4).

> Y h O $1 “

Finally, the objective function is such that it should
minimize the number of students that despite the
prerequisite to study a subject mattecannot do so
because the slots that such subject mattexcupies in
the timetable are conflicting with one or more subject
matters. A possible objective function is one such that it
only counts the number of slots in which mismatch
occurs between thesubject matters for aK students
in all T periods as given by (5).

KT RS L (h(r,o)x, ]
k=1 t=1 r=1cz=;.iz=;.j; 1(' Ry (1,C) X * M ®)

The complete mathematical model is given by (6).
Note that the model given by (6) is a nonlinear, integer
and stochastic problem. The stochasticity arises from
the fact that it is not possible to know in advance the
approval history of a student, ie, the value pf Yo
this end, there are two possible solutions: (a) assuming
that the value j is known only to the periotard that
the optimization process is performed only for the
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period immediately follows, or perioft+1), and (b)
assuming that the best estimate provided by a predictor
or a process of random generation based on the history
of previous students is employed.

_ K T R C 1 N (r,C) Xy
Min
2222 * Dy (1€)X
k=1t=1r=1c=1i=1j=i+
. MJ
J
.Sa. K = IJ_:ll_‘Mij - yjkt‘

(6)

Yic 2 Yikas

iihm(nc) =CH,

r=1c=1

iizhikt r,c)x, <1

|
r=1 c=1i=1

To solve this problem, in this work, we adopted the
second hypothesis. Having the variable's valueityis
possble to determine the variablegxby (1) and the
prodem can be reformulated as given by (7).

Sa (7

Notice that the model (7) is a combinatorial
problem whose complexity is to allocate schedules of
materials in the timetable and requires exponential
computational effort to find the optimal solution.
Referring to the example of Figure 5, there are 8 time
slots to be placed in one of 24 positions, namefy; 24
which is approximately 18, or almost one trillion
possble solutions. The enumeration of all possible
solutions with subsequent evaluation of the degree of
incompatibility of each is not a suitable alternative to
real problems in that the number of subjects and the
timetable is greater.
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To solve the model (7), it is proposed as an
approach to apply heuristic methods in which there is
no guarantee of obtaining the optimal solution. Despite
this, good quality solutions can still be found in a
suitable computational time.

However, even with the use of heuristics there is
the problem of the amount of information needed to
encode a given solution. Note that, for the case of
Figure 7, it is necessary to employ H x C x T x | binary
variables, or 4 x 6 x 2 x 1 = 48.

There is, however, an alternative in which the
number of variables for each solution depends only on
the number of periods T and, for Figure 5, it would
result in employing only a single integer variable. This
alternative is the representation of the solution by rules,
which will not be detailed in this section. However, it
employs two key concepts: (a) the representation of
occupation timetable through a matrix and (b) this
matrix modification may suffer depending on the
application of a rule to fill the timetable. The most
important aspect of the approach is that the set of
subject matters provided for each perniasl represented
by a matrix B and that this array is filled to ensure
obtaining a feasible timetable provided that all
prerequisites are met. It is of interest to note that the
proposed algorithm facilitates the application of
heuristics in solving the model given by (7).

3. COMPUTATIONAL SYSTEM

Instead of direct solving the binary mathematical model
given by Eqg. (7), one option is to use a simulation
procedure combined with rules of filling the slots of
timetable in a unified framework. The complete
procedure is as follows:

(2)Apply filling rules that can be based on some type of
criteria like teacher assignment, or in some pedagogic
feature.

(2)Evaluate how many students could not attend to a
course, although he or she already the prerequisites.
This may happen because two courses that a student
could attend is sharing one or more slots in Timetable.

(3) Return to (1) and apply different rules.

This combination of simulation and rules
framework is necessary to avoid increasing of
computational burden for real large-scale problems and
was successfully applied for other types of problems
with more complex binary model for problems with
matrix structure like Stowage Planning (Azevedo et al.,
2012).

The developed program used this features that aim
to simplify the use of solving the problem. This
becomes possible by using an interface that allows a
user without advanced mathematics knowledge to enter
the relevant information and perform the optimization.
Figure 6, below, shows the main screen of the software.
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Figure 6: Softwarenterface for determining tt
timetable.

The softwae was developed in JavDeitel and
Deitel, 2006).In the upper left corner of the windc
shown in Figure 6, on "File", we have the following:
"new", which allows you to open the window !
registration of disciplines, opens the window
registration of students and allows you to open
window registration of each coursf) "save", whiclk
lets you save the timetable of the selected c; and
(c) "leave", which closes the program.

In Figure 7, the bar is highlighted with se\
buttons perceived in Figure 6. An example is show
Figure 7, withthe window associated with a n¢
discipline where the corresponding fields must be fi
out with information such as the name of discipl
number of students, course loadurse prerequisit.

Nova Disciplina. Nowo Cirso. Nowo Alunc | | Excluir Aluna Liskar Alunos. Listar Disciplinas Ratatodio

4

Abre a janela de Cadastro de Disciplinas.

Pry Requaas 1 Pre Rezanem 3 Fre Reguinm 3

Figure 7: Bar with buttons and window associawith
the registration of a new discipli.

The system takes care of managif a student has
the prerequisites to attend a particular matter
presentsa list of possible subjects that the student
attend next semester. This list is automatic
generated for all registered studentststit is possible
to evaluate each suggestion thdgspite having th
prerequisite to attend a course, cannot do it, becaus
in conflict at that schedule with another.
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4. CONCLUSIONSAND FUTURE WORKS

It can beconcluded that thOR has great potential for
application to problems of administrative nie,
including those related to tiatives in education.
However, mathematical modeling often inhibits the
of tools and optimization techniques given the neet
deeper knowledge of the procedures and algor.

In this perspective, this researckport presents
software with various features that allows, throug
direct understanding interface, perform the optimiza
of resource use, in this case having been focuse
determining timetable minimizing the number
students with scheduling corct. The determination
timetable is a significant problem for different types
institution, but especially for those responsible
larger initiatives involving a larger number of stud.

Future work will involve the survey and analysis
data on theuse of the software here presented in
situations, with a view to improving procedures .
algorithms in use. Since the algorithm develope:
determine the timetable facilitates the applicatior
heuristicsthrough rules and simulation instead crect
solving the binary model explained by equatic.
Further investigations may also involve the exploita
of the potential ofBeam SearchDella Croce and
T'kindt, 2002;Ribeiro and Azevedo, 20; Valente and
Alves, 2005 for search the better combtion of rules
application among other types oimeta-heuristics
combined with rules application with simulat.
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