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Abstract

In this paper, we present a mathematical programming model for designing balanced academic curricula.
The solution to this model gives a curriculum where the academic load of each period is as similar as possible.
Based on the use of several very efficient solving techniques, in the last years we have solved real-life instances
that show the applicability of this approach.
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1 Introduction

When designing an academic curriculum a lot of factors are taken into account. Based on the objectives
defined for the career under consideration, experts have to propose the courses covering the fundamentals
in each domain. Roughly speaking, each domain is represented by a set of courses and some precedence
relationships are also imposed among them. Indeed, the academic load of each course, representing the
amount of effort required to successfully follow the course, is expressed in some way (generally called credit).
Some explicit restrictions can also be imposed when developing a curriculum. For example, number of
academic periods, maximum/minumum number of courses per period, and maximum/minumum academic
load per period. Once this information is available, the assignment of courses to each academic period is
carried out using a trail and error approach until an adequate curriculum is reached.

Assuming that a balanced academic load favors academic habits and facilitates the success of students,
we are interested in designing balanced academic curricula. Considering that the academic load of each
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period is given by the sum of the credits of each course taken in a period, the problem of designing balanced
academic curricula consists in assigning courses to periods in such a way that the academic load of each
period will be balanced, i.e., as similar as possible. In order to obtain such a balanced curriculum we think
that a quantitative approach, instead of the traditional trail and error approach, can be very useful.

In the last years, we have solved several real-life instances using complete solving techniques, incomplete
solving techniques, as well as some schemes of cooperation among these techniques. Indeed, this problem
has been used for other authors to show the interest of using reformulation when solving hard combinatorial
problems.

This paper is organized as follows: section 2 describes the problem we are interested in. Section 3
presents an integer programming model for the balanced academic curriculum problem. In order to better
explain this model, we present, in section 4, a very simple example. In section 5, we present the solution to
this example and we also describe three real cases that we have solved using several modern optimization
techniques. Finally, in section 6, we conclude the paper and give some perspectives for further works.

2 The Balanced Academic Curriculum Problem

As a general framework we consider administrative as well as academic regulations of the Technical University
Federico Santa Maria.

Academic Curriculum An academic curriculum is defined by a set of courses and a set of precedence
relationships among them.

Number of periods Courses must be assigned within a maximum number of academic periods.

Academic load Each course has associated a number of credits or units that represent the academic effort
required to successfully follow it.

Prerequisites Some courses can have other courses as prerequisites.

Minimum academic load A minimum amount of academic credits per period is required to consider a
student as full time.

Maximum academic load A maximum amount of academic credits per period is allowed in order to avoid
overload.

Minimum number of courses A minimum number of courses per period is required to consider a student
as full time.

Maximum number of courses A maximum number of courses per period is allowed in order to avoid
overload.

In this work, we concentrate on three particular instances of the balanced academic curriculum problem:

the three Informatics careers offered by the Technical University Federico Santa Maria.

3 Integer Programming Model

In this section, we present an integer programming model for the balanced academic curriculum problem.
Classical examples and very good explanations on the subject of modeling in integer programming can be
found in [12].
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e Parameters
Let

m : Number of courses

n : Number of academic periods

a; : Number of credits of course i; Vi =1,...,m
: Minimum academic load allowed per period

: Maximum academic load allowed per period

> 2 ™

: Minimum amount of courses per period

€ : Maximum amount of courses per period

e Decision variables

Let
[ 1 if course i is assigned to period j;Vi=1,..., mVj=1,...
T4 =1 0 otherwise
c¢;j: academic load of period j; Vj =1,...,n

¢: maximum academic load for all periods

e Objective function
Min ¢= Maz{c,...,cn}

e Constraints
— The academic load of period j is defined by:
m
Cj ZZO[Z' X T VJZ 1,...,’}1
i=1

— All courses ¢ must be assigned to some period j:
n
omy=1Vi=1,...,m
=1

— Course b has course a as prerequisite:

i1
T SZ;UMVJ':Z...,TL

r=1

,n
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— The maximum academic load is defined by:
¢=Maz{c,...,cn}
This can be represented by the following set of linear constraints:
¢j<cVj=1,...,n
— The academic load of period j must be greater than or equal to the minimim required:
¢; >2BVYi=1,...,n
— The academic load of period j must be less than or equal to the maximum allowed:

¢;<yVji=1,...,n

The number of courses of period j must be greater than or equal to the minimum allowed:
m
ZSL‘,']‘ Z(SV] = 1,...,n
=1

— The number of courses of period j must be less than or equal to the maximum allowed:

m
sz’jSGVj:].,...,n

i=1

4 Example

In order to better explain the general model developed in section 3, we now present a reduced version taken
from an informatics career offered by the Technical University Federico Santa Marfa. Table 1 presents 18
courses that are assigned to 4 academic periods, each course identified by its code, and it also presents the
number of credits and the precedence relationships among them.
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Academic period | Code | Credits | Reql | Req2

01 DEW100 1

01 FIS100 3

01 HCW310 1

01 MAT190 4

01 MAT192 4
Total 13

02 FIS101 5 FIS100 MAT192

02 IWI131 3

02 MAT191 4 MAT190

02 MAT193 4 MAT190 | MAT192
Total 16

03 FIS102 5 FIS101 MAT193

03 HW1 1

03 1EI134 3 IWI131

03 1ET141 3 IWI131

03 MAT194 4 MAT191 | MAT193
Total 16

04 DEW 0 2 DEW101

04 HCW3l11 2 HCW310

04 1ET132 3 1EI134

04 1ET133 3 1EI134
Total 10
Total 55

Table 1: A reduced academic curriculum.

Considering a maximum of 16 credits per period, a minimum of 3 credits per period, a maximum of 6
courses per period, and a minimum of 1 course per period, we now develop the integer programming model
for this career.
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e Parameters

Let

m 18 (number of courses)

n 4 (number of academic periods)

o 1 (number of credits of DEW100)

Qs 3 (number of credits of FIS100)

a3 1 (number of credits of HCW310)

oy 4 (number of credits of MAT190)

as 4 (number of credits of MAT192)

g 5 (number of credits of FIS101)

ay 3 (number of credits of TWI131)

as 4 (number of credits of MAT191)

a9 : 4 (number of credits of MAT193)

a1p b (number of credits of FIS102)

a11 ;1 (number of credits of HW1)

aia 3 (number of credits of TEI134)

a3 3 (number of credits of IEI141)

Qi 4 (number of credits of MAT194)

Q15 2 (number of credits of DEW0)

a6 2 (number of credits of HCW311)

ayr 3 (number of credits of TEI132)

Qg 3 (number of credits of TEI133)

B8 3 (minimum academic load allowed per period)
¥ 16 (maximum academic load allowed per period)
1) 1 (minimum amount of courses per period)
€ 6 (maximum amount of courses per period)

e Decision variables

Let

x;; @ Assignment variables, where
1 if course ¢ is assigned to

Ty = academic period j;Vi=1,...,18Vj=1,...,4
0 otherwise

c;j : academic load of period j;Vj=1,...,4

c :  maximum academic load for all periods

e Objective function

Min ¢= Mazx (¢, c¢2,c3,¢4)
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e Constraints

4
>, mij =1
i=1

Vi=1,.

Vj=1,.

Vji=1,...
Vi=1,...
Vi=1,...
Vji=1,...
Vi=1,...
Vji=2,...

..,18

(all courses must be assigned)

(minimum number of courses per period)

~ o~ o~ o~~~

academic load of each period)

maximum academic load)

prerequisites between courses)

maximum number of courses per period)

maximum number of credits per period)
minimum number of credits per period)

Of course, constraints concerning minimum and maximum number of courses and credits per period
are satisfied by the curriculum under consideration, so this assignment represents a possible (but maybe not
optimal) solution to the model. This solution is represented by the following values for the decision variables:

Course assignment (z;;
ifjJ1]2]3]4]5[6]7][8]9]10]11]12][13][14[15]16]17] 18
1 J1J1J1]J1]1JoJoJoJoloJoJoJoJoJoJoJoOTJ]oO
2 folofJo]Jolol1]1]1l1]olo]o]o]o]o]o]o]oO
3 folofJofJololofofJolo[1 111100 O0]oO
4 folofoJololofJoJolo]JoJoJoJoJo]1]1 111

We now explain how constraints are satisfied by this solution.

e All courses ¢ must be assigned to some period j:

doay=1 Vi=1,...m
=1

This is verified by the sum of the elements in each column of the following assignment matrix:

Course assignment (z;;)
ifj [1]2]3[4]5]6[7[8[9]10[11[12]13[14[15][16]17] 18
1 J1J1]J1J1J1JoJoJoJoJoJoJoJoJoJoJoOoOJ]O]J]oO
2 fololofJolol1|1]1l1lolo]o]ojo]o]o[o]oO
3 fololo]joloflo]lofolol1 |1 ]1]1][1]0o[0[O0]oO
4 folofJoJololofJoJoloJoJoJo]oJo]1]1]1]1
(X [ifafaJufafaJufafif1 1 [1]1[1[1]1]1]1]
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e The number of courses of period j must be greater than or equal to the minimum allowed:
m
Z.’E”Z(s Vj:l,...,n
i=1

This is verified by the sum of the elements in each row of the following assignment matrix:

ld/j1]2]3]4]5]6]7][8]9]10]11]12[13[14[15]16] 17 [ 18 [ > | max | min ]
1 J1J1J1J1J1]JofoJoJo[o]JoJoJoJo[oJo[oJo4] 6 1
2 JoJoJoJoJo[1]J1]1[1]Jofo]ofJo]oJoJoJo[Oo 4] 6 1
3 JoJoJofJoJofoJoJoJo[r[1]1[1]1]o]Oo[O[O] 6] 6 1
4 JoJofoJoJoJoJoJoJoJoJoJoJoJoJ1]1]1[1]4] 6 1

e The academic load of period j must be greater than or equal to the minimim required:
CjZﬂ Vj:].,...,4

The total number of credits per period is obtained by the multiplication of the assignment matrix and
the vector containing the number of credits of each course ({z7;} - @):

1

3

1

4

4

5

3
11111000O0O0O0O0O0O0O0O0O0OO 4 13
00000111 10000O0O0©O00O0°0O0 4 1 _ | 16
0o0000O0OO0OBO0OO0OT1TTI1T1T1T1O0O0O0FO0 5 1 | 16
000O0O0OO0OO0OO0OO0OO0OO0OOO0OO0OT11 111 1 10

3

3

4

2

2

3

3

These sums also verify the minimum academic load per period allowed 8 = 3.

e The maximum academic load is defined by:

c=Maz (c1,...,c4)
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This can be representd by the following linear constraints:

cj<c Vi=1,...,4

Academic load per period (c;)

i | ¢ | ¢c=Mazx(er,ca,c3,04)
1|13 16
2116 16
31|16 16
4110 16

e Course b has course a as prerequisite:

j—1
xbjSZa:ar Vi=2,...,n
r=1

For example, considering the precedence relationship between course MAT191 and course MAT190:

g2 < 41
283 < T41 + T42
83 < T41 + T42 + T43

5 Experimental Results

Solving the reduced version of the balanced academic curriculum problem, presented in section 4, we obtain
the optimal solution presented in table 2. This solution was obtained using 1p_solve !, a software for solving
integer linear programming models. Details about techniques for solving integer programming models can
be found in [8].

As real-life instances we have considered the three informatics careers at the UTFSM, involving 8, 10,
and 12 academic periods, and 36, 42, and 62 courses. This means, 36 x 8, 42 x 10, and 62 x 12 binary
variables, respectively. A first attempt to solve these problems using integer programming techniques was
done several years ago on the curriculum of the four-year career involving [11]. Thanks to the improvement
of these techniques in the last years, nowadays we can solve all these instances.

Considering the success of constraint programming [5] for solving combinatorial search problems, we were
also interested in using this technique. In fact, using the Oz ? language [10], that implements this kind of
technique, we were able to get the optimal solution for the three cases under consideration [1].

We have also implemented a Genetic Algorithm [6] to apply the incomplete approach. We have obtained
very good solutions in a very short time, but still not the optimal solutions obtained by the complete
techniques.

Finally, we have also applied hybrid algorithms to solve these instances obtaining very promising results [3,
2, 4].

Ltech.groups.yahoo.com/group/lp-solve
2Www.l'nozart—oz.org
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Academic period | Code | Credits | Reql | Req2
01 FIS100 3
01 MAT190 4
01 MAT192 4
01 IWI131 3
Total 14
02 DEW100 1
02 FIS101 5 FIS100 MAT192
02 MAT191 4 MAT190
02 MAT193 4 MAT190 | MAT192
Total 14
03 1EI134 3 IWI131
03 1ET141 3 IWI131
03 MAT194 4 MAT191 | MAT193
03 DEW 0 2 DEW101
03 HW1 1
03 HCW310 1
Total 14
04 FIS102 5 FIS101 MAT193
04 1ET132 3 1EI134
04 1ET133 3 1EI134
04 HCW311 2 HCW310
Total 13
Total 55

Table 2: Optimal solution for the reduced academic curriculum.

6 Conclusions

We have presented a quantitative approach for designing balanced academic curricula. Using solving tech-
niques implemented in software available for free we have been able to solve very efficiently all instances we
have considered in this work. Of course, more work could be done to extend the model presented in this
paper. For example, we could consider several careers at the same time in order to assign common courses
to the same academic period. We strongly believe that this kind of quantitative approach should be used
in order to support several decision problems that arise in the educational field. Many fruitfull experiences
have already been carried out for solving, for example, timetabling problems using a similar approach [9, 7].
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