
  
Abstract—The five national universities in Shikoku area of 

Japan have inter-university courses through a cooperative 
e-Learning project. Hundreds of students at the universities may 
take inter-university courses, because they can study the courses 
online using e-Learning systems. However, to realize all 
applications from students may be difficult owing to the 
capabilities of e-Learning system, computer network, and 
teachers. Because of that, to restrict the number of enrollments for 
respective courses is compelled. In this paper, we present a system 
to draw applicants for inter-university courses with a limited 
number of enrollments. The proposed system has parameters to 
cope with the type of courses and students’ preference. Our 
experimental results for a toy problem demonstrate that the 
proposed system works well. 
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I. INTRODUCTION 
In general, students at national universities of Japan apply for 

courses (subjects) that they want to study before the opening of 
the courses. Although students should have the right to take 
courses, in a face-to-face class, the number of enrollments that 
are students can study the course may be restricted from 
hardware limitation such as the area of lecture rooms and the 
number of personal computers (PCs) furnished in a practical 
room [1]. The limit on the number of enrollments is needed even 
e-Learning lecture courses owing to the capabilities of teachers, 
a computer network, and e-Learning servers [2]. 

In Shikoku area of Japan, five national universities are 
established: Tokushima University, Naruto University of 
Education, Kagawa University, Ehime University, and Kochi 
University. We established the University Consortium for 
e-Learning, Shikoku Center in 2013, and a project on 
cooperative university education using e-Learning systems is 
currently underway [3]. The e-Learning courses provided 
through the project are opened simultaneously at the five 
universities. Because of that, an e-Learning course had 
hundreds of students. From the aforementioned limitations, we 
need to restrict the number of enrollments for each course. 

We have two methods to restrict the number of enrollments. 
One is to set the upper limit of enrollments for every course, and 
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another is to set that for every university in a course. In the 
former case, the shortage of slots for enrollments in a course 
may occur. On the other hand, the latter setting contains the 
problem that a student cannot take a course although the course 
has a vacancy in slots of another university. To handle the 
trade-off, we need a flexible system to draw applicants who are 
students apply for inter-university courses. 

In this paper, we treat the case of the former setting and 
present a system to draw applicants for inter-university courses 
with a limited number of enrollments. The proposed system has 
parameters corresponding to the type of courses (compulsory or 
optional) and students’ preference. To confirm whether the 
proposed system works well, we also experiment for a toy 
problem. 

II. SYSTEM DESCRIPTION 
We explain our drawing system briefly. A problem to draw 

applicants (students) for courses with a limited number of 
enrollments can be formulated as an optimization problem 
called mixed-integer linear programming: 
 

                                             (1) 

Here, M = {1, 2, …, I} represents a set of I students, S = {1, 2, 
…, J} expresses a set of J courses, Nj is the upper limit of 
enrollments in the jth course, and bi represents the upper limit of 
courses that the ith student can take. The parameter  
corresponds to the priority of the ith student’s preference for the 
jth course and is set to a high value if the jth course is 
compulsory for the ith student or the ith student’s preference for 
the jth course is high. We also define  as a binary 
variable shows whether the ith student can take the jth course, 
where zero means that the student cannot take the course, and 
one implies that the student can take it, i.e., this corresponds to 
drawing results. 
 This formulation enables us to use a practical method of 
solving such as a branch and bound method [4], besides, 
MATLAB that is a powerful tool for numerical calculation has a 
function “intlinprog” based on a branch and bound method to 
find a solution to a problem of mixed-integer linear 
programming. 
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III. PROBLEM DESCRIPTION 
To confirm the effectiveness of the proposed system, let us 

consider the following problem as shown in Table I. This 
problem consists of three inter-university courses (Course1, 
Course2, and Course3) opened for five universities (A, B, C, D, 
and E), and 10 applicants (S1, S2, …, S10) who are students at 
the universities. Each university has two, three, two, two, and 
one applicants, e.g., the students S1 and S2 belong to A 
University. 

We now assume that the numbers of enrollments for 
respective courses (N1, N2, and N3 in (1)), which are restricted to 
reduce teachers’ loads, are set to 5, 7, and 5 as shown in 
parentheses at the rightmost column. We also assume that 
Course1 and Course3 are compulsory for the students at 
universities A and E, respectively; in the other universities, the 
three courses are optional. 

The number at the rows of Course1, Course2, and Course3 
corresponds to the value of fij in (1). Here, we set it to a high 
value for a compulsory course and a low value for an optional 
course. For example, the fij values of the students S1 and S2 for 
Course1 and that of S10 for Course3 were set to three. On the 
other hand, when a student applied for an optional course, we 
set the value of the corresponding fij to one, otherwise, zero. For 
example, since the student S4 applied for only Course2, the fij 
value for Course1, Course2, and Course3 were set to zero, one, 
and zero, respectively. 

The number of applicants for each course is described as the 
values without parentheses the rightmost column and can be 
calculated as the total number of non-zero values in each row. 
The values at the bottom row represent the upper limit of 
courses that each student can take, i.e., they correspond to the 
value of bi in (1). Although the value for a student was 
calculated as the total number of courses that the student applied 
for, we restricted its maximum to two. This is because we need 
to avoid the results that a student cannot take any course. For 
example, the value for the student S3 is two in spite of the fact 
that the student applied for the three courses. 

 
 

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS 
Table II shows the drawing results using the aforementioned 

solver (intlinprog function in MATLAB). The value at the 
columns of S1, S2, …, and S10 corresponds to that of xij. 

We obtained the results that the students S1, S2, and S10 can 
take their compulsory course, and the other students can also 
take some of courses they applied for. In addition, the number of 
students for each course was within the upper limit of 
enrollments (N1, N2, and N3), and the number of courses for each 
student was also within its upper limit (bi) described in the 
bottom row of Table I. Therefore, the proposed system lead to 
the good results for the students such that the two conditions in 
(1) were satisfied. 

V. CONCLUSION 
In this paper, we showed that a problem to draw students for 

courses with a limited number of enrollments can be formulated 
as that of mixed-integer linear programming. We also proposed 
a flexible drawing system in which course types and students’ 
preference were taken into account as the system parameters. 
Our experimental results demonstrated that the proposed system 
works well so that students’ preference and prescribed 
conditions can be satisfied. 
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TABLE I: EXAMPLE TO BE SOLVED. 
Univ. and student A University B University C University D University E University No. of 

applicants Course S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 
Course1 3 3 1 0 1 1 1 0 1 0 7  (5) 
Course2 1 0 1 1 1 1 0 1 0 1 7  (7) 

Course3 0 1 1 0 1 0 1 1 1 3 7  (5) 

Upper limit of reg
isterable courses 2 2 2 1 2 2 2 2 2 2  
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TABLE II: EXPERIMENTAL RESULTS WITH THE PROPOSED DRAWING SYSTEM. 
Univ. and Student A University B University C University D University E University No. of 

elected 
students Course S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 

Course1 1 1 1 0 1 0 0 0 1 0 5 

Course2 1 0 1 1 1 1 0 1 0 1 7 

Course3 0 1 0 0 0 0 1 1 1 1 5 
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