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Abstract

In this thesis, a model is created that represents the optimal matching of students
and universities in the ’study abroad’ exchange program. The matching has many
constraints that should be considered when performing the matching. The problem
is a minimisation Integer Linear Program, and by the Totally Unimodular property,
can be simplified to a Linear Program. A computer implementation using the closed-
source library Gurobipy is used for the automation process. The automated matching
substantially outperforms the current manual matching.
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1 Introduction

Around 500 students apply to the Study Abroad program at the University of Twente
every year via Mobility Online (see section A.1). They are interested in studying abroad
for a semester at a partner university. The students enter a list of their preferences in the
system, after which the Exchange Coordinators (ECOs) make a matching. The matching
that arises from this data, is ideally such that as many students as possible are assigned
to a university that is high on their preference list.

Not only the preferences of students should be taken into account. The universities
have many constraints, such as a limited number of available total places for each semester.
Moreover, there is a limited number of spots per study level (BSc and MSc) as well as the
different faculties and programmes. Furthermore, the ECOs should be able to assign stu-
dents to a specific spot if they so wish. All these factors should be taken into account when
finding an optimal matching.

The matching of the students and the universities is currently done by hand by the
ECOs. This is a very time-consuming process, and an optimal solution is hard to find.
Therefore it would be beneficial for both the ECOs and the students if the matching could
be automated.

This thesis will focus on the optimal automated matching problem that arises in the
matching of students and universities. The research question is: How can the matching of
students and universities be modelled, optimized and automated?

A small data set with three students and six universities can be displayed as in figure
1.

Figure 1: Graphical problem representation

This is a bipartite graph, as will be discussed in section 2.1. The edges but more
specifically the numbers represent the preferences of the students. The goal is to give as
many students as possible their highest preference, which can be written as a minimization
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Integer Linear Program (ILP), as will be discussed in section 2.2. A solution to this spe-
cific problem that minimizes the sum of the chosen weights, could be to give every student
their first choice. In practice, this is not possible due to the constraints of the problem, see
section 3. A small problem as this one can be solved by hand, but with larger data sets,
an automatic matching can be implemented, see section 4. The results that follow from
this automated matching will be discussed in section 5.
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2 Preliminaries

2.1 Graph Theory

2.1.1 Notation

A graph G is an ordered triple (V (G), E(G), ψ(G)), where V (G) is a nonempty set of
vertices, E(G) a set of edges, disjoint from V (G) and ψ(G) an incidence function that
associates each edge of G with an unordered pair of vertices of G. The size of E(G) is
denoted by ϵ and the size of V (G) by µ. Edge e is a loop if the begin point and end point
of the edge are the same, else the edge is called a link. Two edges e1 and e2 are adjacent
if the begin or end point of edge e1 is the same as the begin or end point of e2. An edge e
and a vertex v are incident if v is the begin and/or endpoint of e. The degree of a vertex
is the amount of edges incident with the vertex. [3]

Figure 2 shows an example of a graph, with V (G) = {x1, y1, y2, y3, y4, y5}, E(G) =
{x1y1, x1y2, x1y3, x1y4, x1y5}.

Figure 2: Example of a graph [2]

2.1.2 Incidence matrix

The incidence matrix of a graph is the matrix A = [aij ], where aij is 0, 1 or 2 and denotes
the number of times that vertex vi and edge ej are incident. [3]
The graph of figure 2 has incidence matrix as follows:

x1
y1
y2
y3
y4
y5



e1 = x1y1 e2 = x1y2 e3 = x1y3 e4 = x1y4 e5 = x1y5
1 1 1 1 1
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1


It can be seen that the sum of every column is 2, as each edge has a begin and end point.

2.1.3 Bipartite graphs

A graph is bipartite if the vertex set can be partitioned into two disjoint subsets X and
Y , such that each edge has one end in X and one in Y . (X,Y ) is called the partition of
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G. The edges going between the students and the universities satisfy the bipartite graph
properties. Figure 3 shows an example of a bipartite graph, with X = {x1, x2, x3} and
Y = {y1, y2, y3}. [3]

Figure 3: An example of a bipartite graph [3]

This particular graph is a complete bipartite graph, denoted by Kn,m, where |X| = n
and |Y | = m, meaning that there is an edge between each vertex of X and each vertex of Y .

2.1.4 Matching

A subset E′ of E is a matching of G if the elements of E′ are links and no two elements
are adjacent in G. In terms of the student matching problem, this means that a student
cannot be matched to two universities. A matching E′ saturates a vertex v of G if some
edge in E′ is incident with v, in which case the vertex is called E′-saturated. A matching
E′ is perfect if every vertex of G is E′-saturated. The bold lines form a perfect matching
of the graph in figure 4. [3]

Figure 4: Perfect matching [2]

2.2 Linear Programming

2.2.1 Notation

This section is adapted from the book Introduction to Linear Optimization by D. Bertsi-
mas and J.N. Tsitsiklis [1]. For readability, further citations will be omitted.
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A general linear programming (LP) problem has a cost vector c = (c1, . . . , cn). The
goal is to minimize a linear cost function c’x =

∑n
i=1 cixi. This function is called the

objective function. The decision variables x1, . . . , xn are subject to a set of linear equality
and inequality constraints. A vector x that satisfies all constraints is called a feasible so-
lution.

An LP can have more than one feasible solution, so the set of all feasible solutions is
called the feasible set or feasible region. A feasible solution x∗ that minimizes the objective
function is called an optimal feasible solution. The value of cx∗ is the optimal cost. There
can be more than one optimal feasible solution if all these solutions have the same optimal
cost, from which a random solution can be chosen. If for every solution x∗, a better solu-
tion can be found, then the problem is said to be unbounded below (or just unbounded)
and cx = −∞.

Define D1, D2, D3 to be some finite index sets, and suppose there is a scalar bi and an
n-dimensional vector ai. Define N1 and N2 as subsets of {1, . . . , n}, which will be used to
indicate the non-negativity or non-positivity of the decision factors. If j /∈ N1 or N2, then
xj is called a free or unrestricted variable. This all boils down to the following notation.

minimize c′x
subject to a′ix ≥ bi, i ∈ D1,

a′ix ≤ bi, i ∈ D2,
a′ix = bi, i ∈ D3,
xj ≥ 0, j ∈ N1,
xj ≤ 0, j ∈ N2.

This can be denoted more concisely, by introducing the m× n matrix A as follows:

A =

 − a′1 −
...

− a′m −


Then the general form of the LP becomes

minimize c′x

subject to Ax ≥ b
(1)

The following example illustrates the use of the A, b and c.

Example 1

minimize x1 − x2 + 4x3

subject to x1 + x2 + x4 ≤ 2

3x2 − x3 = 0

x3 + x4 ≥ 3

x1 ≥ 0

x3 ≤ 0

Then

A =


1 1 0 1
0 3 −1 0
0 0 1 1
1 0 0 0
0 0 1 0
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The cost vector c = (1,−1, 4, 0) and b = (2, 0, 3, 0, 0).

The standard form (2) is equivalent to the general form (1) and is denoted as follows:

minimize c′x

subject to Ax = b

x ≥ 0

(2)

The notion of a basic solution and a basic feasible solution is defined below and will be
referred to later.

Definition 1 Consider a polyhedron P defined by linear equality and inequality con-
straints, and let x∗ be an element of ℜn.
(a) The vector x∗ is a basic solution if:
(i) All equality constraints are active;
(ii) Out of the constraints that are active at x∗, there are n of them that are linearly
independent.
(b) If x∗ is a basic solution that satisfies all of the constraints, we say that it is a basic
feasible solution.

The following theorem clarifies the definition.

Theorem 1 Let P be a nonempty polyhedron and let x∗ ∈ P . Then, the following are
equivalent:
(a) x∗ is a vertex;
(b) x∗ is an extreme point;
(c) x∗ is a basic feasible solution.

Figure 5 shows an example of a feasible region P with its basic feasible solutions.

Figure 5: The feasible region is P, and C, D, E, and F are basic feasible solutions
[1]

2.2.2 Total unimodularity

Before we begin with the notion of unimodularity, we must first define the notion of a
determinant of a matrix.

Definition 2 (Determinant of a 2× 2 matrix) If

A =

(
a b
c d

)
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is a 2 × 2 matrix with entries from a field F , then we define the determinant of A,
denoted det(A) or |A|, to be the scalar ad− bc [5].

This definition is used recursively in the calculation of the determinant of a n× n matrix.

Definition 3 (Determinant of a n× n matrix) Let A ∈ Mn×n(F ). If n = 1, so
that A = (A11), we define det(A) = A11. For n ≥ 2, we define det(A) recursively as

det(A) =
n∑

j=1

(−1)1+jA1j · det
(
Ã1j

)
where Ãij is obtained from A by deleting row i and column j. [5]

Now that the notion of determinant is clear, we can move on to unimodularity.

Definition 4 (Unimodular) A square matrix whose determinant is 0, 1 or -1 is
called unimodular [4].

This is a stepping stone to the definition of total unimodularity.

Definition 5 (Totally unimodular) A matrix is totally unimodular (TU) if the de-
terminant of each square submatrix is 0, 1 or -1 [4, 6, 8].

The TU property is very useful in Linear Programming. The next result from [8] is used
in the proof of a later theorem that concerns the TU property.

Theorem 2 Let A be a matrix with entries 0, +1 or -1. Then the following are
equivalent.
(i) A is TU
(ii) Each collection of columns of A can be split into two parts so that the sum of the
columns in one part minus the sum of the columns in the other part is a vector with
entries only 0, +1, -1.

The incident matrix of a bipartite graph is TU, as is formalized in the following theorem.

Theorem 3 Let G = (V,E) be an undirected graph, and let A be the V ×E-incidence
matrix of G. Then A is TU ⇐⇒ G is bipartite. [8]

Sketch proof Theorem 3
The rows of A can be split such that each column contains a 1, since there must be two 1’s
in each column. Therefore each collection of columns of A can be split into two parts so
that the sum of the columns in one part minus the sum of the columns in the other part is
a vector with entries only 0, +1, -1. Then by the result from theorem 2, we can conclude
that A is TU. [8]

In an integer linear program as in equation 2, if A is TU, then the ILP can be solved
as an LP and still an integer solution will be found. This is formalized in the following
theorem.
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Theorem 4 (Hoffman-Kruskal) Let A be a TU matrix and let b be an integral
vector. Then the polyhedron P := {x|Ax ≤ b} is integral. [8]

Therefore, for example the simplex method could be used to find the solution. This
method goes from vertex to vertex in the feasible region until an optimal vertex is reached.
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3 Model

Now that the mathematical foundation has been made, the model that applies to this
problem can be defined.

3.1 Problem description

In the introduction, a general problem description was given. This section will discuss the
detailed problem description and the challenges that come with this problem.

The university has contracts with the exchange universities that specify the total places
the university has, and if applicable, the places per programme, faculty and study level.
Those last three options might not be specified.

There are several types of contracts. The UT has so-called Exchange-I contracts. These
are mostly non-EU universities in special places such as Australia. As can be expected,
these places are popular among the students, and these places are distributed first. After
that, the other contracts will be dealt with.

The students can be master (MSc) or bachelor (BSc) students. They can go on ex-
change in semester 1, semester 2, or the full academic year. Students who want to go
the entire academic year, would in theory participate in the semester 1 draw, and stay at
the university for semester 2. For the second semester, there would be a place less, since
the full academic year student has already taken up a place. In practice, the exchange
universities are very flexible on this regard, and therefore full academic year students may
be considered as first semester students.

The students are obligated to give at least three preferences and at most six. Students
that want to go to an Exchange-I university, can only choose three of those and are advised
to place them in their top 3. Students who only give three options should not be favoured.

3.2 Model set-up

In this problem, there is a set of students for each semester S1 and S2 respectively, and
a set of universities U = {u1, u2, . . . , um},m ∈ N. This section will define the model for
semester 1, since both semesters have the same model. Take S1 = S = {s1, s2, . . . , sn},
n ∈ N. Each si ∈ S is a quadruple with the programme, level, faculty, and the identifica-
tion number of that student, so si = (pi, li, fi, i).

We can model the students and universities as a graph G, with vertices V (G) = U ∪S.
The graph is bipartite, since there are only edges going from the students to the univer-
sities. The edges, or more precisely the edge weights, represent the preferences of the
students. The edge weights can be 1, 2, 3, 4, 5 or 6. An edge weight of k ∈ {1, . . . , 6} of
edge siuj means that the university uj is the k-th place on student si’s preference list. If
there is not an edge between student si and university ui, that means that ui is not on the
preference list of the student si.

Let E be the set of all edges of the graph, E = {e1, e2, . . . , eϵ}, ϵ = |E|. Let W be the
matrix representing the value of all edge weights, W = {(s, u) : e for (s, u) ∈ E}. W has
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the students on the vertical axis and the universities on the horizontal axis, with elements
1, 2, 3, 4, 5, or 6. The placement of these values will be determined from the data files of
the ECOs.

Let O be the set that contains tuples of students with universities, O = {(s, u)|s ∈
S, u ∈ U}. These are the tuples that should be assigned. Let T be the set of the total
capacity of the universities, T = {tui | tui ∈ N ∀ ui ∈ U}. Let B be the set of the BSc
capacity of the universities, B = {bui | bui ∈ N ∀ ui ∈ U}. Let M be the set of the MSc
capacity of the universities, M = {mui | mui ∈ N ∀ ui ∈ U}. Let P be the set of all study
programmes, P = {p1, p2, . . . , p|P |}, and F the set of all faculties, F = {BMS, EEMCS,
ET, ITC, ST, UCT}.

Let L be the matrix of faculty capacities of the universities:

L =


Lu1,BMS Lu1,EEMCS . . . Lu1,UCT
Lu2,BMS Lu2,EEMCS . . . Lu2,UCT

...
...

...
Lun,BMS Lun,EEMCS . . . Lsn,UCT

 (3)

Let R be the set of study programme capacities of the universities:

R =


Ru1,p1 Ru1,p2 . . . Ru1,p|P |

Ru2,p1 Ru2,p2 . . . Ru2,p|P |

. . . . . . . . . . . .
Run,p1 Run,p2 . . . Rsn,p|P |

 (4)

Let A be the incidence matrix of G (see section 2.1.2):

A =



As1,e1 As1,e2 . . . As1,eϵ

As2,e1 As2,e2 . . . As2,eϵ

. . . . . . . . . . . .
Asn,e1 Asn,e2 . . . Asn,eϵ

Au1,e1 Au1,e2 . . . Au1,eϵ

Au2,e1 Au2,e2 . . . Au2,eϵ

. . . . . . . . . . . .
Aum,e1 Aum,e2 . . . Aum,eϵ


(5)

Lastly, define the decision variable x.

x(e) = x(s, u) =

{
0 if s and u are not matched
1 if s and u are matched

The students should now be matched to the universities. The goal is to give as many
students as possible their highest choice. Therefore, we want to choose the edges such that
the sum of all selected edges is as small as possible. This implies that the problem is a
minimization ILP:

min
ϵ∑

i=1

W [ei]× x[ei]

12



Subject To

∀ u ∈ U :
n∑

i=1

(A[u, (si, u)]× x[si, u]) ≤ T [u] (6)

∀ s ∈ S :
m∑
j=1

A[s, (s, uj)]× x[s, uj ] = 1 (7)

∀ u ∈ U : (
n∑

i=1

(A[u, (si, u)]× x[si, u]) if li = BSc) ≤ B[u] (8)

∀ u ∈ U : (
n∑

i=1

(A[u, (si, u)]× x[si, u]) if li = MSc) ≤M [u] (9)

∀ u ∈ U,∀ p ∈ SP : (
n∑

i=1

(A[u, (si, u)]× x[si, u]) if pi = p) ≤ R[u, p] (10)

∀ u ∈ U,∀ f ∈ F : (
n∑

i=1

(A[u, (si, u)]× x[si, u]) if fi = f) ≤ L[u, f ] (11)

∀ (s, u) ∈ O : x[s, u] = 1 (12)
∀ (s, u) ∈ E : x[s, u] = {0, 1} (13)

The following table explains what each constraint represents.

Constraint Explanation
6 Every university has a total capacity of students per semester
7 Every student is assigned to a university
8 Every university accepts a max number of BSc students
9 Every university accepts a max number of MSc students
10 Every university accepts a mac number of students from each study program
11 Every university accepts a number of students from each faculty
12 The exchange planners can allocate a certain student s onto a university u
13 The decision variables are binary, so must be either 0 or 1

Table 1: Explanation of constraints

The numbers necessary for all these constraints can be read from the input data, see
figure 10 and 11.

Since A is TU (see theorem 3), theorem 4 can be applied, and this ILP can be solved
as an LP with for example the simplex method.

3.3 Model refinement

The model needs some refinement before it can be implemented.
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3.3.1 Preventing an infeasible model

It is possible that matching all students to one of their options is not feasible. However to
get a feasible matching, we cannot simply relieve constraint 7. Setting the constraint to
less or equal to 1, the optimal solution will be choosing no edges at all. Therefore, another
solution had to be constructed.

The solution is to add an additional degree of freedom by introducing a dummy uni-
versity as a 7-th choice to each student with a high edge weight of 1000. If all other choices
are not possible, this university will be chosen for that student. This represents a student
not being matched, while still having a feasible solution.

3.3.2 Preventing tactical preference input

Another issue that arises due to constraint 7, is that students who only select a top three
preferences and leave the other three open, will be sure of a university that is in their top
three. This is extremely unfair to the students who select six universities.

The solution for this issue is very similar to the previous section. Three so-called
Fictional universities have been added as a preference to all students who did not enter a
preference for options 4, 5 or 6. These universities are fictional-4, fictional-5 and fictional-6
respectively. The edges between students and these universities will have the same edge
weights as actual fourth, fifth or sixth choices, which solves the tactical input problem.

3.3.3 Exchange-I universities

As mentioned before, the UT has several contracts that are so-called Exchange-I (EI) uni-
versities. The ECOs prefer these places distributed first, before moving on to the other
universities. This can be done by changing the edge weights of the lines going to EI uni-
versities.

Consider a line between student s and university u, which is the k-th choice of the
student. If u is not an EI university, the weight of the line is set to G ∗ k. If u is an EI
university, the weight of the line is just k. The value of G can be any value equal to or
larger than 1. If G is 1, the line weights are 1 to 6 as before. If G is a number larger
than 1, the weights of the lines to EI universities are lower than the other weights, giv-
ing these lines more priority. This is in principle the same as distributing the EI places first.

The weight of the lines going to the fictional universities and dummy universities should
always be more than the weights produced by the G ∗ k factor.
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4 Implementation

Now that the mathematical model has been finalised, the implementation can be started.

4.1 Flowchart implementation

The following figure shows the steps that are taken in the implementation. The library
Gurobipy is used for the optimisation.

Figure 6: Flowchart of implementation

The pseudocode as well as the entire source code can be found in section A.2.

4.2 Branch-and-Bound algorithm

Gurobipy makes use of the Branch-and-Bound (BB) algorithm to solve ILPs. The BB is a
tree search method, that starts with a (not necessarily integer) feasible solution guess.

Let X be the search space of valid solutions of the BB algorithm. A feasible solution
x ∈ X is called the incumbent solution and is stored. A subset S of X is created at
each iteration, which is called a branch. If x∗ ∈ S gives a better objective value, then x∗

becomes the new incumbent solution. If x∗ gives a worse solution, then that entire branch
will not be investigated further. Once all branches are investigated, the current incumbent
solution is the optimal feasible solution. [7]

4.3 Assigning students to a specific university

Assigning a student to a specific university works as follows. In the current matching
seen in figure 14, student 14 is assigned to its second preference, university 3. The first
preference of student 14 is university 2. Student 14 can be assigned to university 2 by
adding 14 in the column of Students assigned in the data file of the universities, see figure
7.

Figure 7: Assign student 14 to university 2 in the data file of the universities in
column Students assigned

It is also possible to assign more than one student to a university, in that case the input
in column Students assigned should be the students separated by comma and a space, see
figure 8.
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Figure 8: Two students assigned

4.4 Multiple feasible solutions

The program may give multiple feasible solutions, as can bee seen in figure 9.

Figure 9: Multiple solutions found

In this case, there were four feasible solutions found, with objective value 3483, 3493,
3504, and 4.01 ∗ 107. The optimal solution is therefore the solution with objective value
3483. The other solutions can in principle also be chosen, see section A.2.4.
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5 Results

5.1 Input data

The following section describes the input data. The data was received while the matching
was in process. The data system of the ECOs works such that the assigned university is
shifted to the first preference of the student. To clarify, when student 10 is matched to his
third choice university u, u will be moved to his first choice and his first choice to place 3.

5.1.1 Universities

Figure 10 shows a subset of the input data for the universities for the academic year
2024/2025.

Figure 10: Input data universities

All universities have entries for each study that they accept. These inputs have the
same ID, so they are differentiated from each other by the created tag ID with study field.
For example, 323241_M-GEO-WO is the tag of the first university.
The agreement type specifies the type of agreement that the UT has with this university.
The data file contains many different types, but the most important one is Exchange-I.
These are the partner universities outside the EU and are very popular with the UT stu-
dents.

Some universities have a different number of spots in the 1st and 2nd semester. This
is reflected by a nonzero value in the columns “Nr of agreed spots in semester” columns.
If the value in these columns is 0, the number of spots in both semesters is the same and
should be read from the “total places” column.

5.1.2 Students

Figure 11 shows a subset of the input data of the students for the academic year 2024/2025.

Figure 11: Input data students
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For the implementation, the ID, study abbreviation the study field, the study level and
the preferences are used. All students have to enter at least three universities. An input of
0 means that the student has not selected a university for this i-th preference (i ∈ {4, 5, 6}).

5.2 Output data

The output of the program is an Excel file, of which a subset is shown in figure 12. It shows
several columns, with the most important the student, and the university it is matched to.
The cells in the file can be sorted (see section A.3) on agreement type, then faculty, then
agreement ID, and then semester.

Figure 12: Subset of output data

The entire results can be found in section A.4. It is clear if a student is matched to a
dummy university or a fictional university, see figure 13 and 14.

Figure 13: Students assigned to dummy university

Figure 14: Students assigned to fictional university

18



5.3 Matching analysis

The quality of the matching is shown in figure 15.

Figure 15: Matching analysis

The percentage of students that get their first choice is very high, but for this data set
that is to be expected. The matching that the ECOs make should be feasible, hence giving
many students their first choice will be feasible and optimal. The program takes around 4
to 5 minutes to complete.

5.4 Exchange-I universities

In section 3.3.3, the factor G was explained. The following table shows the results of the
matching for different values of G.

G = 1 G = 5 G = 10
% First choice 85.8 84.1 83.8
% Second choice 12.9 12.9 13.4
% Third choice 1.2 2.5 2.2
% Fourth choice 0 0.2 0.2
% Fifth choice 0 0 0
% Sixth choice 0 0.2 0.2
% Students who were not matched 0 0 0

Table 2: Results for G = 1, 5, and 10

It can be seen that increasing G decreases the quality of the matching. Less students
get their first choice, and more their third, fourth and even sixth choice.

These results are not unexpected. By increasing G, a subset of the universities is
forcefully matched. That can never result in a better matching.

5.5 Validation study

It can be checked if the program works as expected with the following validation case.
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The program was tested with the final data from 2024/2025 where the total matching
was already performed. Therefore, an outcome is expected where each student receives
their first choice, since this is feasible and will result in the lowest possible objective. Fig-
ure 16 shows the result of this matching.

Figure 16: Unexpected result

As can be seen, this is not the result as expected. Upon inspection of the data file of
the agreements, from which the constraints are constructed, it was found that the solution
created by the ECOs was not a feasible one according to those constraints. There were four
universities missing from the list, as well as some total places and BSc or MSc places at
several universities. The ECOs can sometimes negotiate more places at a university, or for
a different level student to be sent than intended. The suspicion is that these negotiations
have taken place, but the data was not updated. It is not clear why a university would be
missing from the master data.

In order to still perform the validation check, the agreement data was changed by hand
to ensure that the matching made by the ECOs was feasible. Figure 17 shows the matching
analysis with the changed data.

Figure 17: Validation case

Checking all the contracts was prone to mistakes and some conditions might have been
missed. That would explain the 9 students who are not at their first choice. Therefore, it
can be said that this validation case has proven the correctness of the method.

5.6 Comparison study

The original preferences of the students for the year 2024/2025 cannot be retrieved due
to the way that the matching is stored in the system of the ECOs. However, the original
preferences and the matching of the ECOs has been found for the faculty ET for 2021.
Therefore a comparison can be made between the matching done by hand and the auto-
mated matching. Table 3 shows the number of students for each preference, as well as the
number of students who were not matched.
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ECOs Automated matching
# First choice 49 57
# Second choice 12 12
# Third choice 7 6
# Fourth choice 4 1
# Fifth choice 3 0
# Sixth choice 0 1
# Students who were not matched 2 0
Objective value 125 109

Table 3: Comparison of matching made by the ECOs and the automated matching

It can be seen that this automated matching has a lower objective value. More stu-
dents are matched to their first choice, and also there are no students that are not assigned.

The automated matching has one student who is assigned their sixth choice. If desired,
the program can be changed such that giving students their 6th choice is discouraged, by
increasing the edge weights of those edges.

It can be concluded that the automated matching is substantially better for the students
than the matching done by hand.
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6 Concluding remarks

The research question of this thesis was: How can the matching of students and universities
be modelled, optimized and automized?

It was found that the matching can be modelled as an Integer Linear Program. This
Integer Linear Program can be solved as a Linear Program because the A matrix is a TU
matrix. The optimization is the minimization of the sum of the edge weights of the chosen
edges. This implementation used the library Gurobipy to automatise the solving of the ILP.

The automated process reduces the matching process to a task of 4 to 5 minutes. This
is significantly faster than the current matching by hand, as six people are working on this
for two weeks. It has been shown that the (validated) automated matching results in a
significantly better matching for the students.

The main recommendation for further research is to continue with the implementation,
until ready for use by the ECOs. The first suggested improvement of the implementation
is using an open-source LP solver. The advantage is that no academic license has to be
requested, which makes it more easily accessible.

The second suggestion is adding the capability to save data in a file format which can
be loaded more quickly than the CSV files that are currently used. This can be done using
for example the Python library Pickle.

Furthermore, the suggestion is to make the implementation more user-friendly. The
recommendation is to build a website or computer application, in which the user can select
the input files, and with one button can run the program. After some time, the application
automatically opens the output file. In this way, the back end is hidden from the user.

If these suggestions are implemented, the program could be tested on the students from
the second semester of 2024/2025. The completeness of the constraints could be investi-
gated in that pilot.

Lastly, the data files need to be correct in order for the automated program to return
useful data. Therefore, all contracts should be correctly in Mobility Online. However, this
a task that only the ECOs can do, so if the program is used in the future, the data in
Mobility Online needs to be checked thoroughly.

To conclude, it has been shown that the matching can be automated while taking all
the specifications into account. The automated matching substantially outperforms the
current matching by hand.
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A Appendix

A.1 Application via Mobility Online

When a student wants to go to an exchange university, they need to apply via Mobility
Online. First, the student is asked for their application details, as can be seen in figure 18.

Figure 18: Application details

Then the student should enter their personal information such as student number and
date of birth, see figure 19.

Figure 19: Personal details

Thirdly, the student is asked about their current study, see figure 20.
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Figure 20: Study details

Lastly, the student can must enter at least three and at most six exchange universities
in order of preference, see figure 21.

Figure 21: Stay details
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A.2 Pseudo-code

The following section describes the code that has been written for the implementation.
The entire source code can be found by scanning the following QR code:

Figure 22: QR code for accessing the source code

A.2.1 Classes

The implementation uses two classes, one for the students and one for the universities.
The fields of the classes are filled with the information read from the input files.

A.2.2 Reading the data

The data can now be read, and all fields can be assigned to the university and student
objects.

Algorithm 1 Load the universities
for each row (= university) do

Read all the columns
Determine if there are students assigned to this university
Set the spots per semester correctly according to the input of nr of agreed spots
Set the ID_with_study_level (=study abbreviation)
Assign all values to a university object
Add to the allUniversities list
Add to the dictionary id_to_uni_object with the ID with study level as a key and
the university object as a value
Add the university to the dictionary agreement_id_to_all_universities with as key
the agreement ID and as value all university objects with that ID

end for
Add a dummy university to the allUniversities list and the dictionary id_to_uni_object
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Algorithm 2 Load the students
for each row (= student) do

Read all the columns
Set the preferences to the ID + _ + study abbreviation
Set a list of all preferences
Assign all values to the student object
Add to the correct list, either to semester or semester 2

end for

A.2.3 Defining the model

The data has been read, so now we can define the model. For the model, the library
Gurobipy has been used. This is not an open-source library since an academic license has
to be requested.

Algorithm 3 Define the model
Set all possible arcs for the first and second semester (all students to all universities)
Initialize all edge weights to infinity
Change the edge weights to accord for the preferences of the students
Set model to minimize
Set model objective function
Set all constraints
Optimize the model
Select all chosen edges
Write the solution to an Excel file
Perform a matching analysis

A.2.4 Chose different solution

Algorithm 4 Chose different solution

solution_count = modelṠolCount
for i in range(solution_count do

model.setParam(GRB.Param.SolutionNumber, i)
Find the active arcs as before

end for

A.3 Sort output data

The following figures show how to sort the output file.
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Figure 23: Select custom sort

Figure 24: Select first faculty, then agreement ID, then semester

A.4 Full results
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