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Abstract— Aiming at the problem of number of students and available projects with the teachers,
the student-project allocation (SPA) problem emerges. In this paper, we address SPA problem by
using stable marriage algorithm (SMA) based on Gale Shapley algorithm. We consider list of
choices from students and teachers, which are our participants in SPA. The SMA then uses the
preference list to find stable matches among the participants. The stable matches will be found
when the algorithm terminates. Furthermore, we use graphical user interface (GUI) connected
to SQLite database to maintain the preference list of participants. In the subsequent stages of
implementation, we use the database maintained through the GUI. The online storage of
preference list avoids data loss and make it easy to use when number of participants increases. It
is a sophisticated way to access and modify database when required. Combining the SMA and
GUI we address SPA challenges and it can also be used to solve problems in relatable contexts
where stable matches are required to be allocated.

Index Terms— GUI, SQL.ite, Stable Matches and Student Project Allocation.

|. INTRODUCTION

In most of the academic institutions, it is required from students to work on a project in the field of their
specialization, it is part of student’s course completion criteria. The students are provided with projects presented
by the supervisors. Each supervisor will be having two or more projects he/she is working on and required
assistance. Usually, there are more projects than the students [1]. Students are then asked to submit a preference
list containing projects ranked from best to worst based on their interest and skill set. Each teacher will also have
choice of students they prefer to supervise, by analyzing their interests, skills, experience in the respective fields
of specialization. While a teacher typically has choice regarding the students that he or she is willing to supervise,
each student has a list of choice over the projects they prefer to work. Both set of participants have their preference
list. When more than one student prefers the same project, it give rise to the problem of student project allocation
(SPA) problem. To address this issue, we are using stable marriage algorithm (SMA) to find the most stable match
of student and project which can be grouped together [2]. Stable marriage algorithm, which is also known as the
Gale-Shapley algorithm, is an efficient and accurate algorithm to find stable matches. Each participant would list
their order of preference from best to worst. The algorithm iterates several times to find the stable matches, till
both sets of participants are satisfied [3]. The stable matching theory finds its application in various fields including
economics, computer science and mathematics to find stable matches. Different methods existing in matching
theory are one-sided matching, two-sided matching and many-sided matching. In two-sided matching the variants
in computation are one to many, many to one, and many to many matching [4]. Our work is based on Gale-Shapley
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algorithm, where the preference list of both participants is equally important to find the most stable matches. In
the end when algorithm terminates, there cannot be a participant without a match. Matching is completely
depending on the order of preference submitted by the groups in the case of two sided matching algorithm. SMA
can be used in various fields like matching markets. Some of the applications are discussed below [5]
e Quarter Allocation : To allocate quarters to residents, preference list of both are collected. Used in the
matching algorithm to find stable matches.
e College Hostel: The stable matching method can be used to pair up roommates in hostel, depending on the
preference list created by the students considering their class schedule and routines.
Another challenge we are considering in this work is managing the preference list of participants. When the size
of participants is in hundreds conventional method to store and collect database fails. In this case, when we apply
it at the university level, the number of participants are high, hence the large data size of preference list make it
difficult to store it in offline manner [5]. To address this issue we are implementing a system in which preference
list of participants are entered into the GUI connected to SQL.ite database. With this we can store and display the
preference list and other information of the participants in the online platform we are creating. There is also a
provision to modify or delete the data as per the requirements. Thus, data loss can be prevented and increase the
efficiency of the system by minimizing human errors [6]. In this study we find stable matches among students and
projects, then store the preference list of both participants in a database through GUI. Thus making the application
efficient and user friendly.
The remainder of the paper is structured as follows. The synopsis of related work is covered in Section Il. In
Section 1ll, the suggested incentive model is presented. We have covered the building blocks of the workflow
diagram, such as the algorithm and GUI implementation, in this section. The result and analysis of the system that
was put into place are covered in Section IV. And finally, Section V, concludes the paper.

Il. RELATED WORKS

In this section, different techniques for finding stable matches in various applications are discussed. These methods
have been studied and analyzed from the works of [6], [7], [8], [9], [10], [11], [12]. The authors of [6], [7], [8]
have presented an algorithm which is a variation of two-sided matching algorithm. The matching algorithm is
using Fuzzy logic to address SPA. The algorithms developed in [6] are student’s marks based fuzzy method and
incomplete preference list of projects based fuzzy logic. Algorithms try to reduce random allocation of projects to
students. The authors of [7] and [8] have also suggested a fuzzy logic approach to solve SPA problem in university
level, considering large number of students and number of projects available.

The incremental algorithm implemented in [9], used manyto-one matching theory, in which set of both participants
submit their order of preference. The method is based on a metric score, by taking average of the ranking of
preferences of the participants. It is then used for validating the course matched to the student after executing the
algorithm.

According to [10] and [11] stable matches is found using Reinforcement learning (RL) method. With insight of
Markov decision processes, [10] has implemented a framework for teacher-student learning. The algorithm acts as
the teacher, advising the student’s neural network to take actions predicted by the DRL. In the work of [11], a
method which utilizes allocation of resources by taking into account real-time feedback is discussed. RL needs lot
of data which can exhaust the system and thus reduce the quality of result. The research work in [12], is based on
a model to allocate satellites to unused ground network spectrum.

In this section we have discussed about the methods and approaches suggested in different papers about
maintaining and connecting to database. The work in [13], discussed the issue of self generation of android
database. They have suggested a methodology for syncing SQLite database and application programming
interfaces (API). A technique popular in android technologies is used to create the suggested method in [14] is
used to automate the creation of database and API. The tool they developed is driven by model engineering
technology. It make use of XML language, popular in computer science. The suggested model is simulated in
ARM-Linux environment. It has structure and behaviour of API. They created a simulation setup to test the SQL.ite
data base. The GUI platform created is based on embedded system. The data managed using the embedded system,
is rooted in guiding theory.

In the GUI created in the work of [15] is based on Database Management System (DBMS) tool .NET. It is
convenient for dealing with database. They created GUI, which do not require querying to access the database
connected to it using code like RUD in DBMS. The RUD command is used to perform read, update, write
operation.

In their research [16], [17], [18], they have explored different application based on SQL.ite. Application ranging
from internet of things to embedded system. The authors of [16] developed a GUI-based SQL.ite database system
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for Internet of Things (1oT). The model enabled the users to instantly store and retrieve sensor data. It is used in
the applications which involves sensor and warnings. The data collected from sensor can be stored and utilized
using SQL.ite database. In [17], [18], authors have worked on embedded system to create database for variety of
applications ranging in size and functioning. These studies demonstrate that utilizing a GUI and SQL.te to build
database applications is generally advantageous and effective. The authors of [18], used the GUI connected to
SQL.ite to mainly store the statistical information of students admitted in degree colleges. Along with SPA problem
we have addressed the issue of database management for the preference list of the participants in SMA.

I1l. WorK FLow DIAGRAM

In order to implement the SMA, for solving SPA problem, we used four stages as shown in Fig. 1. Getting input
data in the form of preference list from students and teachers is the first step in the model. After collecting the
input data, it is then passed to next stage of implementation which is stored in SQLite and also used in SMA to
find stable matches. The code written for GUI implementation in python is connected to SQL.ite database using
the connect() method. The list of choices of students and teachers are used as input data in SMA which produce
stable matches of student and project. Given database is used both in GUI and stable matching [21]. The different
stages of implementation are as follows:

Student Preference List

Teacher Preference List

Input Data

SQLite

Stable Matching Algorithm

Graphical User Interface

Student Project Allocation

A. Student Preference List

It is important to collect the preference list to ensure each student get the projects from their order of preference
[18]. To collect preference list to find stable matches by executing algorithm, we obtain them in the following
form. Q is set of students, g represent each student in the set of Q, where gie¢ Q. Q = { gu, Q2, gz... }. Table | shows
the list of choices of students to the available project wj from the teachers t«. In this example we have considered
six students and six projects. The preference list of each participants are given in the following tables.

Student Preference Teacher Preference
List List
-

Input Data

Gul sSPA

Figure 1. Diagram showing the suggested model’s workflow

B. Teacher Preference List

Similarly, we have to obtain the teacher’s list of choices in the following form. T is set of teachers, tj is element in
set T. Below table shows the number of teachers we are considering and projects with each teachers.

Here, we have considered 3 teachers, with total of six projects. TABLE Il indicates list of projects with each
teachers. TABLE 111 represent the preference list submitted by each teachers for the projects they are have with
them.

These projects are allocated to students, after considering the order of preference of both teachers and students,
which are the participants of SMA. The number of projects taken and available would be updated through out the
iteration of SMA.
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C. Input Data

Input data comprises of preference list of students and teachers. After acquiring the list of choices of both sets, we
completed collecting the data required as input for implementing GUI and input to the algorithm to find stable
matches [15]. Therefore we can proceed to the subsequent stages, as explained below.

D. SQLite

Most of the applications require a database to work efficiently. The advantage of implementing GUI with Python
is, SQL.ite is an inbuilt feature of it. Hence by making use of Python libraries we can connect the GUI to SQL.ite
database and use the code to perform different entries and modification in the database. The GUI is connected to
SQL.ite database through connect() method. The keyword calls cursor in the code to query the database. The
preference list is stored in the database in format of table. The SQLite command connector .execute() method is
used to interact by connecting with the database. The preference list of the participants is entered through GUI and
stored in SQL.ite database.
Algorithm 1: Student Project Allocation

Assign each student to be available;

while current student q is available do
begin matching;

w = first project on q’s preference list ;
if w is available then

assign g and w to be paired to form a stable
match ;
else

if w prefers g to current student g’ then

assign g and w to be matched and g’ to
be made available

else

w removes ¢ and w to be matched and
q’ to be

end

end
end

Result: output is the stable matches of n pairs of
students and projects

E. Stable Marriage Algorithm

The SMA is summarized in the given algorithm above. Each participants are initially available and waiting to be
matched. The preference list is collected from participants of both sets. As in the Gale-Shapley algorithm, one of
the set is chosen as the "proposer™ to make proposals. Choose project or student as the "proposer"”, both would find
stable matches, but matches would be unique. In our work we have considered students as the "proposer™ group
and teacher as "acceptor” [1]. The group of students g, provide a list of preferred projects and teacher t provides
information on the availability of projects w. The algorithm is executed and in each iteration students request to
most preferred projects in the order of preference list. The project can tentatively accept the assignment and break
it in future if student of higher order preference, request for assignment. The algorithm also addressed the issue
when multiple students prefer same project. SMA resolved it by assigning students to project from their next
favourite in the order of preference given as input. The participants are unable to initiate request to the ones which
have rejected before. But SMA allows to break tentative assignments and proceed to next round of iteration to find
potential matches. Number of iterations in SMA is n?, where n is the number of elements in each group [19].

F. Graphical User Interface

The GUI is implemented in Python and connected to SQL.ite database using SQLite commands. Using the Python
libraries such as Tkinter, SQL.ite, Tkt, datetime, messagebox, and tkcalendar we can set the font, colour, size, data
entry format of GUI. The GUI frame for storing the preference list of the participants is shown in Fig 2. Inside the
frame on left side, we can see the input buttons to insert data of participants like name, contact, branch, email,
preference list. Using the method "sglite3.connect(’Preferencelist.db’)", SQLite database file with .db extension
to store the information of the participants is created [15]. The data we entered in GUI is stored in a table format
in the database. We created the table named "Preferences" in the database by using the keyword "CREATE
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TABLE". To query the database we used the “conn.cursor()" method and SQLite statements such as SELECT,
INSERT, UPDATE, DELETE in the code to enter or modify the data. By using Python library like
tkinter.messagebox, GUI can also send interactive messages to user while entering data. "Students Preference List"
and "Teachers Preference List" are stored in SQL.ite database which is connected to GUI. After the execution of
GUI implementation code, a file with .db extension which contain the information of participants is created. SQL ite
commands in the code is used to perform different tasks on the input data of participants, stored in the database
[20].

TABLE |. STUDENT’S PREFERENCE LIST TABLE lI. LIST OF PROJECTS WITH TEACHER
gt Wy , W1, Ws, W3, W, Wg
4 Wi1,W2

2 W1, We, W2, W5, W3,Wy

W3,Wg4,W:
K] Ws, W1, W2, W3, W4, We b 3T
s Wa, Ws, W3, W1, W2, Wg ts Wsg
Os Wa, W2, W1, Ws, Wg, W3
*[) We, W1, W2, Ws, W3, W5

TABLE lIl. PREFERENCE LIST OF PROJECTS

W1 01, 92, 93, G4, s, Oe
Wa 3, 44, 05, Ge; 1, 2
W3 4, 43, J1, G; Os, G2
Wy s, d1, 92, G4, 43, J6
Ws 1, 44, G2, G, 6, s
Ws 02, 41,03, Js, Ga, Os

F. Graphical User Interface

The GUI is implemented in Python and connected to SQL.ite database using SQLite commands. Using the Python
libraries such as Tkinter, SQL.ite, Tkt, datetime, messagebox, and tkcalendar we can set the font, colour, size, data
entry format of GUI. The GUI frame for storing the preference list of the participants is shown in Fig 2. Inside the
frame on left side, we can see the input buttons to insert data of participants like name, contact, branch, email,
preference list. Using the method "sqlite3.connect(’Preferencelist.db’)", SQLite database file with .db extension
to store the information of the participants is created [15]. The data we entered in GUI is stored in a table format
in the database. We created the table named "Preferences" in the database by using the keyword "CREATE
TABLE". To query the database we used the “conn.cursor()" method and SQLite statements such as SELECT,
INSERT, UPDATE, DELETE in the code to enter or modify the data. By using Python library like
tkinter.messagebox, GUI can also send interactive messages to user while entering data. "Students Preference List"
and "Teachers Preference List" are stored in SQL.ite database which is connected to GUI. After the execution of
GUI implementation code, a file with .db extension which contain the information of participants is created. SQL ite
commands in the code is used to perform different tasks on the input data of participants, stored in the database
[20].

G. Student Project Allocation

The objective of the algorithm is to solve SPA problem by considering the preferences of both sets of participants.
SPA is the last step in workflow diagram for the model shown in Figure 1. In this work we have used SMA to solve
SPA problem. The students are allocated to projects based on the preference list given in the SMA algorithm given
above. Based on the ranking of both group’s preferences, student project allocation is done [21]. After allocation,
there would be no elements of both the sets left out without matches, as we assumed an equal-sized group. When
the algorithm terminates we have the stable matches of students and projects as shown in Fig. 4.

1. RESULTS AND ANALYSIS

Multiple approaches have been applied to address student project allocation problem (SPA). We have developed a
stable marriage algorithm (SMA) based on Gale Shapely to address the SPA problem by finding stable matches.
As the number of participants in the SMA increases, it become difficult to manage the database. To overcome this
challenge, we used the GUI connected to SQL ite database, which enhanced the efficiency of the model by storing
preference list in online database. The Table | shows preference list of students. We have considered 6 students as
example in this work. Q denotes set of students and individual elements are denoted by g, projects are denoted by
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w. Set of teachers denoted by T. Individual teachers are denoted by t as given in Table 1I. The preference list of
students for projects is depicted in Table Il1. The preference list given in the tables are used as input data to the
algorithm to find the stable matches. The GUI implemented is shown in Fig. 2. The algorithm and GUI can be
used to solve problems from similar contexts. The database of 6 students and teachers entered into GUI is given
in Fig. 3. In Fig. 4, we can see the final stable matches after the algorithm terminated. In Fig. 5 and Fig. 6 we can
see the simulation with sets of varied size 16. Fig. 5 shows the GUI after adding preference list of 16 students and
teachers. In Fig 6., the SPA simulation with size of 16 is given. The algorithm we implemented in Python solved
SPA problem and GUI connected to SQL.ite database helped to store preference list of the participants. It can be
used in applications in similar fields.

Preference List Preference Lis!

Figure 2: GUI of Preference List Figure 3: GUI of Preference List after inserting input data

Student Project Allocation:
q1 is matched with w4

q2 is matched with wl

q3 is matched with w2

q4 is matched with w3

q5 is matched with wé

q6 is matched with w5
“'ql', lw4l], [lqzll 'Hl'], [lqAI' lw3l]' [lq3ll IHZ'], [Iqel' stlll [lqsl' 'Hﬁ']]
ql w4

Q2 wl

q4 w3

Q3 w2

q6 w5

Q5 w6

Figure 4: SPA from the results of SMA Figure 5: GUI of Preference List with size 16 X 16

Student Project Allocation:
ql is matched with w12
q2 is matched with w8
q3 is matched with w9
q4 is matched with w4
q5 is matched with w7
q6 is matched with wé
q7 is matched with wl@
q8 is matched with w5
q9 is matched with wll
qle is matched with wl6
qll is matched with wl4
ql2 is matched with w15
ql3 is matched with wl3
ql4 is matched with wl
ql5 is matched with w2
ql6 is matched with w3

[[‘q1a*, ‘wi'l, [‘g8', ‘wS'l, ['a5', ‘w7'l, ['a1’,
‘wl2'], ['ql2', 'wi5'], ['qg7', 'wl0'], ['ql6’', 'w3'],
[‘a1s', ‘w2'l, ['q2', ‘ws'], ['a6’, 'we'l, ['g3', 'wd'l,
['q9', 'wil'], ['g4', ‘'wa'], ['ql3', 'wi3']l, ['qll’,

‘wla'], ['qle', 'wie'l]

Figure 6: SPA with size 16 X 16

I11. CONCLUSION

In this work, we have developed and analyzed stable marriage algorithm (SMA) in Python, with GUI connected
to SQL.ite database. The student project allocation (SPA) problem and data storage issue is resolved using the
model. We considered set of students and teachers as our participants in the SPA problem. The preference list of
participants are stored in database through GUI. After executing SMA using the preference list of the participants,
stable matches of students and projects are found. The allocations found are most preferred by the participants.
The algorithm was tested by varying the size of participants. It was able to find stable matches from the given size
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of sets. The data inserted using GUI can store, display, modify or delete according to the requirement. Since real-
time data monitoring is challenging, we employed a predetermined list of choices for testing and creating SMA.
In the future, we can increase the efficiency of the system by adding a feature which automatically notifies the
participants when the SMA completes it’s execution.
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