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ABSTRACT

Equitable distribution of teachers to schools is a significant challenge in education
systems particularly in rural and underprivileged areas which shortage of teachers require a
balance teacher preferences and school demands. This project proposes a Teacher-School
Assignment Algorithm that optimizes teacher assignments according to subject and
geographical preferences. The algorithm applies greedy approach to assign teachers to schools
by prioritizing exact matches before using the category-based fallback mechanism. The
effectiveness of the assignment algorithm was evaluated through simulated scenarios with
different number of teachers, subjects and location preferences constraints. The assignment
results generated by the algorithm show high assignment rates with high subject preference
matches and moderate location matches among the scenarios. Besides, minimal school with no

assigned teachers shows that the teachers were evenly distributed across the schools.



ABSTRAK

Pengagihan guru secara saksama ke sekolah-sekolah adalah cabaran yang signifikan
dalam sistem pendidikan terutamanya di kawasan luar bandar dan kurang bernasib baik di mana
kekurangan guru memerlukan keseimbangan antara keutamaan guru dan permintaan sekolah.
Projek ini mencadangkan Algoritma Penugasan Guru-Sekolah yang mengoptimumkan
penugasan guru mengikut keutamaan subjek dan geografi. Algoritma ini menggunakan
pendekatan tamak untuk menugaskan guru ke sekolah dengan mengutamakan padanan tepat
sebelum menggunakan mekanisme sandaran berasaskan kategori. Keberkesanan algoritma
penugasan telah dinilai melalui senario simulasi dengan bilangan guru, subjek dan kekangan
keutamaan lokasi yang berbeza. Keputusan penugasan yang dihasilkan oleh algoritma
menunjukkan kadar penugasan yang tinggi dengan padanan keutamaan subjek yang tinggi dan
padanan lokasi yang sederhana di antara senario-senario tersebut. Selain itu, sekolah yang
minim dengan tiada guru yang ditugaskan menunjukkan bahawa guru-guru tersebut telah

diedarkan secara merata di seluruh sekolah.
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CHAPTER 1: INTRODUCTION
1.1 Introduction

Education systems around the world face continual issues in ensuring fair access to
excellent instruction, particularly in rural and underprivileged areas. The problem of teacher
shortages and uneven distribution is widely known nowadays which some schools unable to
match their staffing demands with teacher expertise, particularly in specialised subjects like
mathematics and sciences. This will not only affect the quality of education at the school but
also affect the students in their studies.

A web-based simulation, Teacher Allocation Simulation is developed to help the
schools by automating the process of allocating teachers to schools which ensuring that their
expertise matches the needs of each school. According to Kraft et al. (2020), utilising
computational approaches in resource allocation enhances efficiency while also reducing the
possibility of human error, which is useful when facing complicated staffing needs in education.
The computational techniques such as Greedy algorithm is used in the system to optimally
assign teachers based on their subject specialization and other constraints. The system allows
the admin to minimize manual decision making on the assignment of teachers and input the
school information and automatically generate optimal allocation that consider different
constraints. This system significantly improves and balances the allocation of teacher to

schools which enhance the educational outcomes.

1.2 Problem Statement

The efficient allocation of teachers to schools, particularly in rural and underprivileged
areas, is an ongoing concern in worldwide education systems. This issue evolved from several
causes, including insufficient alignment between teacher qualifications and school staffing
requirements which frequently results in an imbalance in the distribution of experienced

teachers. According to Luschei and Chudgar (2015), they highlighted that the shortages of



teachers are often caused by inequitable distribution of teachers. Schools in underprivileged or
rural regions are particularly affected by these shortages, as educators are typically hesitant to
transfer to these places, preferring to stay closer to major cities with greater infrastructure and
resources. Besides, the geographical preferences of teachers are another factor that affect the
allocation. Many teachers prefer to work closer to their hometowns for reasons such as family
ties, insight with the local culture, and better work-life balance. However, this preference
causes shortages in regions without a sufficient local teaching workforce and leaving certain
schools continuously understaftfed and significantly affecting kids' educational experiences in
those areas. Furthermore, inefficient manual processes for assigning teachers can also causes
the shortages of teachers in certain regions. Traditional method requires extensive paperwork,
limited data integration and some consideration of factors like specialisation or regional
demand which resulting in inconsistent and often ineffective teacher allocation.

To address these issues, an effective allocation mechanism is required to optimise
teacher assignments while taking into account essential aspects such as specialisation, school
requirements, and geographic limits (Dillon & Malick, 2020). A systematic and automated
approach using a heuristic-based Greedy Algorithm can efficiently streamline the allocation
process by associating each teacher with a school based on their expertise and proximity to the
school. This approach focusses on making the best possible assignment at each stage. Thus,

this approach will improve educational performance across varied regions.

1.3 Scope
The scope of the project is considered by few aspects:
1. Model Constraints
e Teacher Specialization - Match teachers to schools based on subject expertise.
e Geographical Location - Consider the geographical origin of teachers to assign them

closer to their preferred areas.



e School Prioritization - Prioritize the schools at the rural areas.
e Teacher Preferences - Take into account teacher preferences to enhance satisfaction
and minimize reallocation requests.
2. Focus Area and Data Size
e Region - Target the schools in the underserved and rural areas at Sarawak.
e Simulated Data - The model uses a dataset of 50 teachers, 20 subjects, and 20
schools to simulate real allocation issues.
3. Solution Technique
e Heuristic Algorithm — Greedy Algorithm is used to make optimal and efficient
decisions about allocation.
1.4 Objectives
This project aims to develop a teacher allocation web-based system which can optimize the
assignment of teachers and the recruitment process for teachers. The objectives are:
e To simulate Teacher-School Assignments with Subject and Location Considerations.
e To develop a Heuristic Algorithm for Teacher-School Assignment.
e To evaluate the accuracy of subject assignment using F1-score and geographic preference
satisfaction using preference satisfaction rate.
1.5 Methodology
The methodology used in developing the teacher allocation web-based system is
waterfall methodology. The waterfall methodology is structured sequentially like a waterfall’s
flow where the operation progress for one phase to the nest phases without return to the
previous phases (Waseem, 2023). This means that each development phase starts only when
the previous one is completed (Senarath, 2021). This methodology is particularly effective for
short-term tasks like final year projects because of its straightforward and linear approach. The

Waterfall approach divides software development into phases with each phase providing input



for the next (Senarath, 2021). Minimal customers involvement in waterfall methodology
because of the project will only begin after the customer’s requirements are clearly stated
(Waseem, 2023). There are five phases in waterfall methodology which are requirements,

design, implementation, verification and maintenance.

requirements THE 5 STAGES

of the
7| %] design WATERFALL

METHOD

implementation

@ maintenance

Figure 1.1: Waterfall Methodology Stages from Waseem (2023).

During the requirement analysis phase, the primary goal will be to identify and collect
the datasets required for the Teacher Allocation Simulation. This includes obtaining teacher
and school data, such as topic specializations, school capacity, and geographic locations, to aid
in the allocation process. These datasets will be analysed to ensure that they are comprehensive
and relevant to properly addressing the allocation problem. The requirement phase is crucial in
the early stages of system development because it develops a firm understand of the project's
aims and objectives, providing the groundwork for succeeding phases.

For the design phase, the major goal will be to identify the core issues in the teacher-
school allocation process and create an appropriate algorithm to address them. This
includes developing a detailed foundation for the allocation algorithm which ensuring that it is
consistent with constraints such as subject demand, teacher preferences, and school capacity.
The tools used to develop the allocation algorithm and the simulation will also be briefly

discussed in this phase.



In the implementation phase involves the actual coding and development the system
based on the previous design determined in the design phase. The front-end and back-end of
the teacher allocation simulation will be started in this phase. The front-end development will
be focus on the user interface of the system while the back-end development will focus on the
implementing of the allocation algorithm and the database functionalities of the system. Testing
will also be conducted along with the system development to identify and solve any issues.

During the verification phase, the algorithm will undergo extensive testing to ensure
that the accuracy of the assignment is as expected. The accuracy of the algorithm must be tested
with different scenarios and any issues encountered during the testing will be refined in this
phase. Thus, this phase is important to ensure the algorithm is well developed without any
eITors or issues.

Last in maintenance phase, it involves addressing any problems, delivering updates or
improvements based on the user feedback. This phase will focus on system maintenance,
improving the system functionalities and ensuing the system meets the user satisfactions. Thus,

this phase is important after the system is post-deployment.

1.6 Significance of Project

The implementation of a web-based simulation for teacher allocation has benefited both
schools and teachers by resolving significant problems in the equitable allocation of teachers,
particularly in underserved and remote areas. The system matches teachers' qualifications and
subject expertise to school-specific requirements, eliminating administrative overhead and
assuring equitable resource distribution. The overall quality of education can also be improved
which ensure that the students in the school receive proper guidance. For teacher, the system
takes into account subject specialisation, personal preferences, and geographical limits which

resulting in higher job satisfaction and fewer reallocation requests. In short, the development



of the system is important to reduce the teacher shortages and boost the educational equity
which will benefit students' educational performance and school operational efficiency.

1.7 Project Schedule
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Figure 1.2: The project schedule of FYP 1.



Identify Relevant Literature
Review Literature

Review Software and

Hardware

Collect Detailed Requirement

’ Milestone 5: Chapter 2 is completed

V

Desi

J_F‘(P Chapter 3

ign System Architecture

Design System Diagram
Plan Databasg Design

Design User Interface

’ Milestone 6: Chapter 3 is completed

FYP 1 Final Report

Oct Nov Dec Jan
t6 Oct13 Oct20 QOct27 Nov3 Nov10 Nov17 Nov24 Dec1 Dec8 Decl15 Dec22 Dec29 Jan5 Jan12 Jan19 Jan26 Feb?2
L J Final Year Project 1
FYP Brief Proposal
Identify Aroject Title
! Identify Problem Statement
Define Objectives and Project Outcomes
Identify Basic Skill Requirements
‘ ilestone 1: Brief Proposal is compldted
FYP Feedback and Comment from Reviewer and Examiner
Refine Brief Proposal
‘ ilestone 2: Brief Propdsal is refined
’/::LFYP Full Proposal
Refine Problem Statemént and Objectives
Elaborate Prdject| Scope
Identify|Methodology
Create Project Schedule
. Ailestone 3: Full Proposal is completed
FYP Chapter1
Define Project Repart Outline
. ilestone 4: Chapter 1 is completed
Figure 1.3: Gantt Chart of FYP 1.
Dec Jan Feb
17 Nov24 Dec1 Dec8& Decl15 Dec22 Dec29 Jan5 Janl12 Jan19 Jan26 Feb2 Feb9 Feb16 Feb23
*
L _‘LFYP Chapter 2

Compilation and Final Check of FYP 1
’ Milestone 7: FYP 1 Final Report is submitted

FYP Presentation

’ Milestone 8: FYP Presentation is completed

Figure 1.4: Gantt Chart of FYP 1.



ACTIVITIES START <D DUE

Final Year Project 2: 24/Mar 101d 02/Jul
(©) Revised Final Year Project 1 24/Mar od 01/Apr
2 (© Create Gantt Chart for FYP 2 24/Mar 9d 01/Apr
3 @ Milestone 1: Revised Final Year Project 1 submitted 01/Apr 1d 01/Apr
© FYPChapter4 02/Apr aad 15/May
5 (© Development of Teacher-School Assignment Simulation 02/Apr 39d 10/May
6 @ Draft Report For FYP Chapter 4 11/May 5d 15/May
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1.8 Expected Outcome

The expected outcomes of this project are as follows:

e The teacher allocation system can automate the allocation of teacher to eliminate the
manual effort needed to allocate teacher.

e The teacher allocation system can ensure that every school have achieved optimal
distribution of teachers.

e User-friendly and interactive interface of the system can ease the user while using the

system.



1.9 Project Outline

There are six chapters consist in this FYP report. Chapter 1 gives an overview of the
project which including the introduction of project, the problem statement, the project scope,
the project objectives, the methodology, the significant of the project, the project schedule, the
expected outcomes and the project outline.

Chapter 2 includes a literature review and a comparison of related online resources such
as research papers on the related existing allocation approaches and comparable web-based
applications.

Chapter 3 covers the methodology used to solve the teacher-school allocation problem.
This chapter identifies the required datasets and designs a solution to the teacher-school
allocation problem. The tools used for developing the design will also be discussed in this
chapter.

Chapter 4 describes the design's implementation through allocation algorithm design
and the system design. This chapter will cover every step of the project's development.

Chapter 5 covers all the evaluation testing take placed after the allocation algorithm is
proposed to make sure the teacher-school assignment reached optimal solution. Every
evaluation of the algorithm will be recorded in this chapter.

Chapter 6 discusses the project's conclusion and makes recommendations for further

work on the proposed system.
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CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

This chapter will focus on a review of existing allocation algorithm and systems
relevant to the proposed system. Three relevant systems or research articles will be chosen
from online resources and studied and analysed to further understand the concepts,
technologies, approaches, and implementations. The information acquired will aid in
determining the proposed system's potential requirements, enhancements, and limitations

based on a comparison to the selected systems.

2.1.1 Assignment Problem

Assignment problem is essential in numerous sectors globally due to its practical
significance and have been solved utilising a variety of ways. In education sector, assignment
problem is categorized in two main category which is timetabling and allocation problem. The
focus of this project is the teacher-school allocation problem which had been an issue for the
school in underserved or rural areas. Allocation problems within the education sector
frequently involve several constraints that must be addressed to maintain equity and efficiency.
The key constraints that affect the allocation problem include teacher specialization and
geographical constraints.

Teacher specialization is an important aspect in the teacher-school allocation process as
it guarantees that students receive education from educators with knowledge in the subject
areas they teach. According to studies (UNESCO, 2021), assigning teachers to fields outside
of their specialization, sometimes known as "out-of-field teaching," can have a negative
influence on student results, especially in complicated subjects like mathematics and science.
Specialization not only increases the quality of instruction but also connects with national
education goals to increase student achievement and eliminate learning gaps. Systems that

emphasise teacher specialization in allocation models understand the need of matching teacher
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qualifications to the subject requirements in order to sustain academic standards and promote
equitable education delivery (OECD, 2019).

Geographical constraints play an important factor in teacher allocation systems,
particularly in underserved or rural areas. These constraints take into factors such as the
teacher's location, distance to the school, and availability of transportation which might
influence a teacher's willingness and capability to work in specific schools. Teacher allocation
system with geographical constraints will help to reduce the inequities by matching teachers
not only to schools in need but also consider the teachers’ location. This is crucial for increase

the teachers job satisfaction.

2.2 Review on Existing Allocation Algorithms

Before selecting algorithms, it is important to thoroughly study and review existing
algorithm to determine the greatest fit for the proposed system. Furthermore, creative designs
can be taken from the studied solutions to generate excellent concepts for the proposed system.
2.2.1 Greedy Algorithm

The Greedy Algorithm is an essential technique in optimization and problem solving
that involves making a sequence of locally optimal decisions at each stage with the goal of
attaining a global result. This algorithm emphasises efficiency and simplicity by evaluating the
optimal option immediately without taking into account the long-term effects of future
decisions. The approach includes iteratively choosing the most promising candidate based on
a predetermined criterion, such as maximizing utility or minimizing cost. According the studies
Ali (2021), greedy algorithm is proposed to solve the student allocation problem that occur
during internship program. The algorithm optimizes the overall distance and time needed for
teacher visits. The proposed approach included the following key steps:

1. Initialize the distance matrix and capacity constraints for each university.
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2. Calculate the cost of allocating each student to each university which taking into account
constraints such as teacher-student ratios.
3. Students are distributed to universities in order of increasing expense until capacity has
been reached.
4. The solutions are revised to reduce travel distances and ensure that all students are assigned
to a university.
2.2.2 Priority Rule-Based Algorithm
The Priority Rule-Based Algorithm is a simple heuristic solution for solving assignment
and scheduling problems. This algorithm operates by establishing a series of priority rules or
criteria that control resource allocation. In resource allocation tasks, entities such as workers,
machines, or educators are assigned according to their priority ranking which may be
influenced by characteristics such as experience, availability, workload, or job urgency. The
algorithm's simplicity comes from its reliance on established rules which make it
computationally effective and quick to execute, particularly for problems with reasonable
limitations. However, this approach may not always give the optimal solution. Alipour et al.
(2020) have developed a Priority Rule-Based Heuristic Algorithm to solve the on-line order
batching problem in an order picking warehouse. This algorithm ranks orders from customers
according to predefined priority rules and allocates resources like batches and pickers. The
author hopes to reduce the maximum completion time of all the batches. The proposed
approach included the following key steps:
1. Define rules for batching orders and allocating resources.
2. Set threshold for the incoming orders and limit the sizes.
3. Sort the incoming orders according on the chosen priority rule and group them into batches
based on the predefined batching parameters.

4. Allocate the highest-priority batch to an available resource.
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5. Determine the best route for each batch.

6. Continue until all the orders are processed and stop.

2.2.3 Ultimate Hungarian Algorithm
The Ultimate Hungarian Algorithm is an optimized version of Hungarian Algorithm
which solves assignment problems in polynomial time. These problems include distributing
resources like workers and equipment to reduces or increases a particular cost or benefit which
is often represented by a cost matrix. Chen et al. (2019) has proposed the ultimate Hungarian
Algorithm to maximise task assignment in cases when several workers are assigned with varied
tasks, each with differing efficiency. This algorithm developed uses a bipartite graph model,
which one set of vertices representing workers and the other set representing jobs. The edges
between these sets are weighted according to how efficient each worker is at each task. The
proposed approach included the following key steps:
1. Label every node in one subset based on the maximum weight of the edges that connect
them.
2. Create an initial matching M with edges marked with maximum weights and the algorithm
terminated if the matching is matched.
3. Search for augmenting path from any unpaired vertices.
4. Change edges in M with those along the path that are not already in M after identifying an
augmenting path.
5. Increase vertex labelling if no augmenting path is found.
6. Repeat steps 3 to 5 until an ideal fit is found.
2.3 Review on Similar Existing Systems
This section will review and analyse three relevant systems. The sources for the
literature review will be "Excel Solver", "OpenSolver", and " AtoZmath.com" found on the

Internet. The discussion will focus on the relevant features of the selected systems in
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comparison to the proposed system. More information will be delivered in the following

subsections.

2.3.1 Excel Solver

Excel Solver is an advanced add-in for Microsoft Excel which helps the user find the
best solutions to mathematical and engineering problems. It's a flexible approach that could be
applied to a variety of optimization problems including those in finance, operations research,
and engineering. Below will show some of the Excel Solver interface:

Solver Parameters x

Set Objective: $A$1‘ 1
To: © max ) Min O value Of:

By Changing Variable Cells:

I+

Subject to the Constraints:

Add

Change

Delete

Reset All

Load/Save

Make Unconstrained Variables Non-Negative

Select a Solving GRG Nonlinear R Options
Method:

Solving Method

Select the GRG MNonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex
engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are
non-smoath.

Figure 2.1: Overview of Excel Solver
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Solver Parameters X

Set Objective: SAS1 t
To: O max O Min () value Of: 0
By Changing Variable Cells:
z
Subject to the Constraints:
. Add
Change
Delete
Reset all
v Load/Save
Make Unconstrained Variables Non-Negative
Select a Solving GRG Monlinear Options
REieeE GRG Nonlinear
Simplex LP
Solving Method Evolutionary v
Select the GRG Monlinear engine for Solver Problems that are smoaoth nonlinear. Select the LP Simplex
engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are
non-smooth.
Figure 2.2: 3 Options of Solving Method
Solver Results
Solver found a solution. All Constraints and optimality
conditions are satisfied. Reports
(8)ikeep Solver Solutio Sensitivity
Limits
O Restore Original Values
[ return to Sclver Parameters Dialog O outline Reports
oK Cancel Save Scenario...

Solver found a solution. All Constraints and optimality conditions are satisfied.

When the GRG engine is used, Solver has found at least a local optimal solution. When Simplex LP
is used, this means Sclver has found a global optimal solution.

Figure 2.3: Solver Results
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Add Constraint

Cell Reference:
| +

Constraint:

Add Cancel

Figure 2.4: Add Constraints

There are some functions in Excel Solver will be listed in the table below:

Table 2.1: Functions in Excel Solver:

Functions

Descriptions

Set Objective

Figure 2.1 show the set objective function in the
first row. The user can set their objective
function of their problem by specifying the cell
that contain the formula for the objective
function. The user can select whether to
maximize, minimize, or set the objective to a

certain value.

Decision Variables

The user can select the cells in the spreadsheet
that represent the variables the user wishes to
modify to determine the best solution. These
variables can be either continuous, integer, or

binary.

Constraints

The user can define the constraints of the
solution by clicking “Add” button shown in
Figure 2.1 and it will redirect the user to Figure

2.4 which allow the user input the constraints.
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The user can add multiple constraints to the

problem.

Solving Methods

Figure 2.2 show 3 options of solving method
that can be chosen for the user. The user can
choose the suitable solving method based on the
nature of the problem. GRG Nonlinear is
suitable for smooth nonlinear problems while
Evolutionary is suitable for non-smooth
nonlinear problems. LP Simplex can be used for

linear programming problems.

Sensitivity Analysis

After the user solved the problem, user may
conduct sensitivity analysis report that shown in
Figure 2.3 to observe how different input
parameters affect the ideal solution. This allows
the users to make more precise decision on the

problem.

Overall, Excel Solver is an excellent tool for resolving optimization issues within

Microsoft Excel. Its user-friendly design and integration with Excel's familiar environment

make it suitable for a wide range of users. Besides, Excel Solver also a useful tool for the user

who lack of significant programming or optimisation knowledge to use it to solve optimization

problem. However, its capabilities are restricted by its dependence on iterative techniques

which can be computationally demanding for large tasks. Excel Solver can also have difficulty

with large-scale problems and may not perform as well as specialized optimization software.
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2.3.2 OpenSolver

OpenSolver is an effective open-source add-in for Microsoft Excel that expands the
functionality of the built-in Solver tool. It offers a more efficient and reliable solution for linear
and integer programming problems. It can tackle larger and more complex problems than the
normal Excel Solver because of the use of the COIN-OR CBC solver. This makes it an
invaluable resource for academics, analysts, and students who need to address optimization

problems in the familiar Excel environment.

OpenSolver - Model X

What is AutoModel? AutoMadel

AutoModel is a feature of OpenSolver that tries to automatically determine the problem you are trying to optimise by observing the structure
of the spreadsheet. It will turn its best guess inte a Solver model, which you can then edit in this window.

Objective Cell: ‘ J ® maximise (" minimise (" target value:

Variable Cells: J

Constraints:

<Add new constraint> ‘

| =

Add constraint | |

[+ Make unconstrained variable cells non-negative

[+" Show named ranges in constraint list

Sensitivity Analysis [ | gt sensitivity analysis on the same sheet with top left cell: J

|7§Dutput sensitivity analysis:; ® updating any previous output sheet (" on a new sheet

Solver Engine: Current Solver Engine: CBC Solver Engine...

[# Show model after saving Clear Model | Options... | Save Model | Cancel |
A

Figure 2.5: Overview of OpenSolver

19



- OpenSolver - AutoModel X

. Determining the objective (the objective is what you want to optimisa)

AutoModel has tried to guess the "sense" you want to optimise by looking for "min", "max",
' "minimise", etc. on the active spreadsheet. If it found it, it looked in the area for something that
- might be the objective function cell, e.g. a cell with a SUMPRODUCT() formula in it. If it cannot
find anything, or gets it wrong, you must enter the objective function cell so AutoModel can
| proceed. You can also leave both the objective sense and the objective cell blank. In this case,
| OpenSolver will just find a feasible solution to the problem.

AutoModel was unable to guess anything.
Please enter the objective sense and the objective function cell.

| The objective isto: (™ minimice  the value of the cell: I ;I

. AutoModel will use the objective information and the sheet structure to try and determine the
decision variables and constraints. You can edit the model it produces in the Model window.

Finish AutoModel | Cancel | |

Figure 2.6: AutoModel in OpenSolver

| Openbaolver - Choose Solver X

' Choose a solver from the list belows:

. The COIN Branch and Cut solver (CBC) is the default solver for
OpenSolver and is an open-source mixed-integer program (MIP)

| solver written in C++. CBC is an active open-source project led by

' John Forrest at www.coin-or.org.

0K Cancel

Figure 2.7: Solver Engine in OpenSolver

Figure 2.8: OpenSolver s button and menu in Excel'’s Data Ribbon
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= -
QuickSolve Options

Set QuickSolve Parameters...

Initialize QuickSolve
Temporary Files

View Last Model File

View Last Solution File

View Last Solve Log File

View Last Error Log File

View All OpenSolver Files...

Open Last Model in CBC...
Import

Import LP File...
About

About OpenSaolver...

About COIN-OR...

OpenSolver Examples 4
Help

Open OpenSolver.org

Open COIN-OR.org

Figure 2.9: OpenSolver s menu for more advanced options

There are some functions in OpenSolver will be listed in the table below:

Table 2.2: Functions in OpenSolver.

Functions

Descriptions

AutoModel

Figure 2.6 show the AutoModel features in
OpenSolver after the user click “AutoModel”
button shown in Figure 2.5. The modal will use
the objective information and the sheets enter
by the user to determine the decision variables
and constraints. This feature runs automatically

and generates the Solver model.

Set Objective

Figure 2.5 show the set objective function in the

first row. The user can set their objective
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function of their problem by specifying the cell
that contain the formula for the objective
function. The user can select whether to
maximize, minimize, or set the objective to a

target value.

Decision Variables

The user can select the cells in the spreadsheet
that represent the variables the user wishes to
modify to determine the best solution. These
variables can be either continuous, integer, or

binary.

Constraints

The user can define the constraints of the
solution by inputting the constraints and
clicking “Add Constraint” button shown in
Figure 2.5. The user can add multiple
constraints to the problem. The user can also

delete the selected constraint.

Solver Engine

Figure 2.7 show the options of solver engine
that can be chosen for the user. The user can
choose the suitable solving method based on the
nature of the problem. All the solver engine has
detailed information so that the user can know

the use of the solver engine.

Sensitivity Analysis

The user can choose to list the sensitivity
analysis on the same sheet or output the

sensitivity analysis in a new sheet or previous
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sheet which shown in Figure 2.5. This allows
the user to observe how different input
parameters affect the ideal solution. This allows
the users to make more precise decision on the

problem.

Quick Solve Figure 2.8 show the Quick Solve feature in
OpenSolver. The user can use the Quick Solve
to solve the problem when repeated solving the
same problem. This can shorten the time of

resolving the models.

In summary, OpenSolver offers numerous features which ease the users to solve the
assignment problem. OpenSolver provides the user with a powerful solver engine which is the
COIN-OR CBC solver. This enables the user to handle complicated optimization problems
efficiently. Besides, OpenSolver does not set artificial limits on the size of problem to solve
which means that user can set many constraints for the problem. This allows the user to handle
complicated optimization problems. On the other hands, the limitation of OpenSolver lies on
the steeper learning curve needed for utilise the tool. It requires the user to have a basic
understanding of the optimization concepts and Excel formula before using it. Furthermore,
OpenSolver has limited documentation and community support for the users. This will cause
problem for the users when they encounter issues with the tool and require troubleshooting.
2.3.3 AtoZmath.com

AtoZmath.com is an interactive online platform that helps users solve mathematical
questions in a variety of fields which including algebra, calculus, statistics, and operations

research. The website provides a variety of tools and calculators with step-by-step solutions to
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problems. This resulting it is an excellent resource for students, instructors, and professionals.
One of its most notable aspects is its operation research section, which provides solvers for the
assignment problem that employ approaches such as the Hungarian algorithm for both
minimization and maximization situations. AtoZmath.com assists users in improving their

understanding and solving mathematics and optimisation problems more efficiently.

Support us
! | Select Language v
AtoZmath.com , :
Try our new - Enter problem or search problem E
Home What's new College Algebra Games. Feedback About us
Algebra ‘ Matrix & Vector Numerical Methods Statistical Methods Operation Research Word Problems Calculus Geometry Pre-Algebra
Home
Solve any problem
step by step solutions) Input table (Matrix, Statistics|
AtoZmath.com (step by step ) put table ( )
/
it mathmath Mode = Dociralv
Decimal Place =|4 v
['Solve |[ Clear | Calculator page
Solution = Help

Input help (type the value like this)

1. Polynomial addition - (xA3-12*x"2-42)+(x"2+x-3)

2. Polynomial subtraction - (xA3-12*x"2-42)-(x"2+x-3)
3. Polynomial multiplicaiton - (xA3-12*x2-42)*(x*2+x-3)
4. long division (x*4+6x2+2)/(x"2+5)

5. ic division (3x"3-2x"2+3x-4)/(x-3)
6. i theorem (3x"3-2x"2+3x-4)/(x-3)
7. Ascending order -2x*2+3x"3+3x-4

8. Descending order -2x*2+3x"3+3x-4

Table to Input conversion - G...

2% atozmath.com

Table Type
Table (m x n)

Matrix or Determinant (m x n)

Statistics - Ungrouped data
Statistics - Grouped data

Statistics - Bivariate Grouped data

| Ok H Cancel H Random H Transpose |

|{(6,15,55},{15,55,225},{55,225,979}}

Figure 2.11: Input Table
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Supportus.

Soloct Language |

Powereaby Go ge Translate

AtoZmath.com

Try our new - Enter problem or search problem =
Home. | What's new College Algebra | ‘Games. Feedback Aboutus
re Matrix & Vector ] Nismarical Matticds ‘Statistical Methods Ojetaton Ruxsarcti I Word Problems Calculus Geometry | Prealgebra

Home > Operation Research calculators

AtoZmath.com::

four textbook, etc

Operation Research Calculators ( )
math math 1. Assignment problem

1.1 Assignment problem (Using Hungarian method-2)

1.2 Assignment problem (Using Hungarian method-1)

2.1 Travelling salesman problem using hungarian method

22 Travelling salesman problem using branch and bound (penafty) method
2.3 Travelling salesman problem using branch and bound method

2.4 Travelling salesman problem using nearest neighbor method

2.5 Travelling salesman problem using diagonal completion method

3. Crew assignment problem

2. Simplex method (Solve linear programming problem using)
Formulate linear programming model examples.
Graphical method

Simplex method (BigM method)

Two-Phase method

Primal to dual conversion

Dual Simplex method

Integer Simplex method (Gomory's cutting plane method)
Branch and Bound method

0-1 Integer programming problem

Revised Simplex method

TENeOnRGNSO

Figure 2.12: Examples of Operation Research Calculators

Home What's new | College Algebra Games | Feedback | About us.

| Aigebra Matrix & Vectar Numerical Methods Statistical Methods Operation Ressarch Word Prablems. Calculus Geometry. Pre-Algebra

Home > Operation Research calculators > Crew assignment problem calculator

Algerithm and examples
Crew assignment problem
Type your data, for seperator you can use space or tab
a 06.00 12.00 10530 11,38

AtoZmath.com

© 11.38 17.38

. 3 15.88 21.80
d 19.900 e1.00 4 18.30 00.30
90.30 96,30 5 00.00 06.00
#hmathmath -

4 P
oR oR
Rows 1[5 Generate
City-1: [Deihi City-2 : [Mumbai
Delhi - Mumbal Mumbal - Delhi
Flight No Departure Arrival  Fiight No Departure ~ Arrival
a 06.00 | [ 1200 1 05.30 | [ 1130
b 07.30 1330 2 09.00 15.00
c 11.30 1730 3 15.00 21.00
d 19.00 01.00 4 18.30 0030
B 0030 | [ 0630 5 00,00 | | 0600
Minimum layover of hours between flights : [4
(Find [ andon e

Salution | Helo

Figure 2.13: Crew Assignment Problem Calculator

Solution

Solution will be displayed step by step (In 4 parts)

Solution

Crew assigi t problem
Delhi - Mumbai Mumbai - Delhi
Flight No Departure | Arrival | Flight No | Departure Arrival
a 06.00 12.00 |1 05.30 11.30

b 0730 13.30
c 130 |17.30
d 19.00  |01.00
e 0030 |06.30

00.00  15.00
1500 21.00
1830 0030
0000  06.00

e wm

Minimum layover of hours between flights : 4

Solution:

To determine optimal assignments, first we calculate layover times from the above time table.
Calculating values for table 1 (layover time)

1" Row

Cell-1 Arrival time (Mumbai) = 12:00, Departure time (Mumbai) = 05:30, Waiting time (difference) = 17.5
Cell-2 Arrival time (Mumbai) = 12:00, Departure time (Mumbai) = 09:00, Waiting time (difference) = 21
Cell-3 Arrival time (Mumbai) = 12:00, Departure time (Mumbai) = 15:00, Waiting time (difference) = 27
Cell-4 Arrival time (Mumbai) = 12:00, Departure time (Mumbai) = 18:30, Waiting time (difference) = 6.5

Cell-5 Arrival time (Mumbai) = 12:00, Departure time (Mumbai) = 00:00, Waiting time (difference) = 12 ﬁ

Figure 2.14: Step by step solution
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There are some functions in AtoZmath.com will be listed in the table below:

Table 2.3: Functions in AtoZmath.com.

Functions

Descriptions

Dashboard

Figure 2.10 show the dashboard of the
AtoZmath.com. The wuser can enter their
problem or search related problem in the text
area. The user can also input the table by

selecting the types of tables shown in Figure

2.11.

Different problem example

Figure 2.12 illustrate the different types of
problem calculators in Operation Research
section. The types of problem include
assignment  problem, simplex method,
transportation problem, linear programming

tools and others.

Step by step Solution

Figure 2.14 show the step-by-step solution of
the problem entered. After the user clicked
“Find” button shown in Figure 2.13, the system
will show the step-by-step solution for the

problem.

Thus, AtoZmath.com is a useful tool for addressing a variety of mathematics and

optimization problems. Its comprehensive tools such as those for tackling assignment problems

and developing transportation models, are very useful in operations research. Besides, the step-

by-step solution also one of the strengths of the platform. The detailed explanation of the
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solution will let the user have more understanding on the problem. However, one important
limitation is the lack of customization options which may make it difficult for users to adapt
the tools to very particular or advanced problem scenarios. This causes their flexibility for the
professional use is reduced.
2.4 Comparison of the Existing System

The review and investigation of existing systems might give insights into the features
and functions that could be included in the proposed system. The table below compares the
features of existing systems.

Table 2.4: Comparison of the Features of Three Existing Systems.

Systems Existing Systems

Features Excel Solver OpenSolver AtoZmath.com
Dashboard X X v
Add Constraints v v v
Sensitivity Analysis v v X
Solver v v X
Customization
Multi-Objective v v X
Optimization
Error Handling v v X
Step-by-Step X X v
Explanation
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Examples and X v v

Templates

Based on Table 2.4, OpenSolver appears to be the best tool among the three existing
tools for solving optimization problems. This is because OpenSolver provides numerous
significant features that are essential for addressing complicated optimization issues, including
the capacity to handle a larger number of variables and constraints, integration with the COIN-
OR CBC solver for improved efficiency, and support for a variety of optimization techniques.
Although Excel Solver is user-friendly, it has constraints in managing large-scale issues and
may lack the efficiency of OpenSolver for complicated optimization tasks. Lastly,
AtoZmath.com is a useful tool for learning and practicing mathematical issues other than
solving large scale of optimization problems. This is because of the lack of necessary features

that used to solve the complex optimization problem.

2.5 Evaluation Metrics for Teacher-School Allocation

To evaluate the accuracy of teacher-school allocation, different types of evaluation
metrics have been proposed by the previous studies. These metrics help to evaluate the
accuracy of subject assignment and the geographical preferences satisfaction for the model.
2.5.1 F1-Score

The F1 score is a crucial evaluation metric used in classification tasks to assess a
model's performance. It integrates precision and recalls into a singular metric. It offers
equilibrium between these two measurements and is often used in classification, resource
allocation, and optimization issues such as teacher-school assignments. The formula of F1-
score is as follow:

Precision X Recall

F1S =2X
core Precision + Recall
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From the formula above, the Precision is defined as the ratio of correct positive predictions to
all positive estimations (Chen & Xu, 2024). Recall indicates how effectively a model can detect
true positive cases. It can be expressed as the number of true positive predictions divided by
the total number of real positive cases. The F1-score, with values ranging from 0 to 1is a
helpful metric for measuring performance, particularly in circumstances of unequal class
distribution or varied effects of false positives and false negatives on job performance.
According to Chen and Xu (2024), the authors used F1-score as one of the evaluation metrics
to evaluate each algorithm that used for automatically grading students' assignments. This
provides the authors a valuable insight of the effectiveness of each algorithm in enhancing the
assessment processes. Thus, the Fl-score is suitable to use as the evaluation metric for the
subject specialization assignment in teacher-school allocation.
2.5.2 Preferences Satisfaction Rate

Preference Satisfaction Rate (PSR) is a metric that determines how effectively an
allocation system matches individuals' preferences. It is widely used in workforce allocation,
educational planning, job matching, and resource distribution to assess whether individuals are
assigned to their chosen options which including regions, job roles, or institutions. PSR is
defined as the percentage of people who acquire assignments that match their stated preferences.
A high PSR implies a greater match between preferences and actual assignments whereas a
lower PSR indicates many individuals were assigned to non-preferred options. The formula of
Preference Satisfaction Rate (PSR) is as follow:

PSR = Individuals Assigned to Preferred Options % 100%
B Total Assigned Individuals °

2.6 Conclusion
Chapter 2 delivered a review of the literature on existing allocation algorithm and

systems to inform the design and deployment of teacher allocation web-based system. The
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analysis consisted of three notable platforms, Excel Solver, OpenSolver, and AtoZmath.com.

Each platform was carefully evaluated for its features, strengths, and weaknesses.
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CHAPTER 3: REQUIREMENT ANALYSIS AND DESIGN

3.1 Introduction

After reviewing several research on assignment methods from the previous chapter, this
chapter will focus on the method that will be used to develop a simulation to solve the teacher-
school allocation problem. It is important to choose an appropriate method in ensuring the
project is completed successfully and on time. The problem will be identified carefully and the
allocation algorithm is developed to solve the allocation problem in this chapter. The possible
issues faced for the solution will also be discussed and followed by the discussion on the tools

used in the implementation phase.

3.2 Problem Description

The teacher-school allocation problem relies on the challenge of assigning teachers to
schools in a way that meets the educational goals of the schools while also considering the
teachers' preferences. The issue is particularly serious in rural areas of Sarawak where teacher
shortages, geographical limits, and poor infrastructure make it difficult to ensure appropriate
staffing. The issue refers to teachers who possessing unique qualities such as subject expertise,
location preferences and schools which have particular needs including subject demand and
recruitment capacity. The goal is to create an optimal allocation approach that aligns teacher
preferences with school needs which ensuring that underprivileged schools obtain the

necessary teaching resources while remaining fair and efficient in the allocation process.

3.2.1 Teachers

Teachers play an important part in the allocation simulation since they are the major
resource for meeting the educational needs of schools. Each teacher is defined by unique
attributes such as subject specialization and geographic preferences. These characteristics
influence the allocation process which ensuring that teachers are assigned to schools that match

their skills and preferences.
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Subject specialization of a teacher is a critical aspect in the allocation process. It is
important to ensure the subject expertise of the assigned teachers are align to the specific
subject demand of the schools. This can reduce the risk of mismatch of subject specialization
in the schools and improve the educational level of the schools. Besides, matching subject
specialization with school demands improves resource utilisation and ensures that available

teaching skill is efficiently distributed across all subjects.

Geographical preferences of teachers are another aspect that need to be considered in
the allocation process. Teachers frequently express preferences for urban or rural postings
based on criteria such as closeness to home, family needs, and availability to facilities. This
causes the schools in rural area faced the shortage of teachers due to the location. Thus, it is
important for the teachers to state their preferable distance between their house and the schools
for the allocation process. Thus, this can make sure that the allocation process assigns teachers

based on the teacher preferences.

Alternative methods are critical for dealing with situations in which a teacher cannot be
assigned to their first preference because of constraints such as school capacity, subject
mismatches, or geographic preferences. One option to solve this problem is to reallocate the
teacher to nearby schools that closely align with their preferences. Besides, reconsideration of
the subject preferences of the teachers can be another way to solve the problem. For example,
the teacher could be allocated the subject in related field with their preferences. Thus, these

methods will solve the problem and ensure the optimal assignment reached.

3.2.2 Schools
The teacher-school allocation problem focuses on the rural schools in Sarawak. The
schools considered in this problem are in the area of Siburan, Bau, Lundu, Asajaya, Serian and

other rural areas. Schools in these areas often faced issues such as teacher shortages and limited
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resources because geographical location of the schools. To solve the allocation problem, there
are few aspects of the schools need to be considered which are the subject demand by the

schools, location of the school, and capacity of the school.

Subject demand is an important issue for the schools in rural area of Sarawak. Subject
such as Mathematics, Science, English and other specialised field are always lack of qualified
teachers with specialized knowledge in these fields. Thus, these subjects must be prioritizing
in the allocation process in order to solve issue of the schools. The assigned teachers must have
the specific subject specialization which align with the school’s subject demand. By clearly
identifying subject demand, schools guarantee that the allocation process is in line with their

educational objectives and fulfils essential teaching tasks.

Schools are classified depending on their geographical regions, such as rural, urban, or
semi-urban locations, and each presents unique obstacles in the allocation process. Rural
schools frequently have crucial challenges in attracting teachers due to reasons such as
insufficient infrastructure, remote locations, and accessibility limitations, which may prevent
teachers from accepting assignments. Thus, the distance between the school and the teacher
location preferences will be considered and the nearest distance will be first chosen during the

allocation process.

The school’s capacity refers to the number of teachers that can be assigned to a specific
subject for the schools. This capacity is influenced by factors such as the number of classrooms,
student enrolment in each topic, and the total need for teaching professionals in a specific
subject area. It is important for the allocation process to ensure that teacher assignments are in
line with the school's actual needs, avoiding overstaffing in specific subjects and providing a

fair allocation of teaching resources across all subject areas.
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3.3 Modelling the Teacher-School Allocation Problem
After studying on the teacher-school allocation problem from the previous section, this
section will discuss the constraints and objective function used to solve the teacher-school
allocation problem.
3.3.1 Constraints
Constraints are critical in the Teacher-School Assignment Problem as they specify the
constraints and conditions that must be met when assigning teachers to schools. Constraints
can be categorised as:
Hard Constraints:
e A teacher can only be assigned to one subject at a time.
e A school can only receive teacher with subject specialize that match with the subject
demand of the school.
e Number of assigned teachers for a school cannot exceed the capacity of the school.
Soft Constraints:
e Teachers can specify the subject that they prefer to teach.
e Teachers can specify the ranges of school that they prefer to assigned to.
e Schools can set the number of teachers required for the schools.

e Schools can specify the subjects needed by the schools.

3.3.2 Objective Function
Optimize the assignment of teachers to schools while fulfilling all the constraints and

maximizing specific criteria.

3.4 Methodology
This section will explain and design the algorithm used to solve the allocation problem

and followed by the tools that used to develop the simulation and the interface for the excepted
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output solution. The detailed steps of the algorithm will also be showed and discussed in the

section.

3.4.1 Algorithm Design
The Algorithm Design section focusses on developing the logical and procedural steps
required to effectively solve the teacher-school allocation problem. A heuristic algorithm,
Greedy Algorithm is used to solve the teacher-school allocation problem. There are a few
constraints such as subject specialization, geographical preferences, and school capacity will
be considered while designing the algorithm. The main steps of the algorithm are showed as
follow:
Step 1: Input the teacher data, school data and constraints
e Input teacher data such as name, subject specialization and location preferences.
e Input school data like name, subject demand, capacity and location
e Determine the constraints of allocation.
Step 2: Sort the teachers in a list according to a priority criterion
e Teachers with fewer preferences options will be assign first to reduce the risk of
unassigned teachers.
e Teachers with high demand subjects such as Mathematics, English will also be assigned
first.
Step 3: Sort the schools in a list based on school demand.
e Schools with high demand of subjects will be processed first.
Step 4: Iterate the teacher list for allocation until optimal assignment found
1. Find matching schools
e Determine schools that match with the teacher’s subject specialization and
preferences.

e Filter out schools that do not meet these criteria.
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2. Check school capacity
e Make sure the number of assigned teachers does not exceed the school’s maximum
capacity.
3. Assign teacher
e Assign the teacher to the highest-priority school that meets the criteria.
4. Update the school capacity
e Reduce the school's remaining capacity to reflect the new allocation.
Step 5: Handle unallocated teachers
e Mark the unallocated teachers as unallocated.
e Match again with the closest preferences.
Step 6: Display the assignment results

e A list of teacher-school assignment will be displayed.

Figure 3.1 shows the flowchart of the proposed algorithm used to solve the teacher-school

allocation problem.
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Figure 3.1: Flowchart of the Proposed Algorithm
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3.4.2 Implementation

PHP programming languages and MySQL database will be used for the implementation
of the teacher-school allocation simulation. PHP is suitable for creating algorithms and
managing the logic required to handle teacher and school data. Besides, PHP allows for smooth
interaction with Laravel which provides a user-friendly interface for data entry, simulation

execution, and result presentation.

MySQL database is utilised to store and manage information on teachers, schools,
subjects, and allocation results. It preserves data integrity and enables quick querying of big
datasets which making it ideal for the allocation process. The data stored in the database will
then be used for the allocation process which the algorithm will retrieve the data from the

database and use to find the optimal solution for teacher-school assignment.
The interface of the output is shown below:

Allocation Results

Q Dropdown v m

2

ﬂo

Assignment ID Teacher Name School Name School Location Assigned Subject Status Remark

B

B B ©

Figure 3.2: Allocation Results
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3.5 Possible Issues

There will be several possible issues faced during the allocation process. One of the
possible issues may arise is the solution may not reach optimal because of the performance and
efficiency of the chosen algorithm. Besides, the reliance on accurate and comprehensive data
for teachers and schools will be another possible issue. Any errors or missing information could
result in inefficient allocations. Moreover, constraints such as geographic preferences and
school capacity limitations may lead to certain teachers being unassigned. Lastly, the algorithm
may suffer with scalability if the number of teachers and schools increases rapidly, thereby
affecting the system's performance and efficiency. Thus, the optimal solution heavily depends

on how these issues been solved.

3.6 Conclusion

In conclusion, this chapter has presented a detailed discussion on the methodology used
to solve the teacher-school allocation problem. The incorporation of specific constraints, such
as subject specialization, geographic preferences, and school capacity which makes sure that
the solution is both practical and applicable to real-world situations. The chapter also outlined

the allocation design from the allocation problem for further implementation in next chapter.
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CHAPTER 4: IMPLEMENTATION AND TESTING
4.1 Introduction
Chapter 4 will explore and present the implementation of the Teacher-School Assignment
Simulation using the algorithm proposed in Chapter 3. The Teacher-School Assignment Simulation was
implemented and tested using Microsoft Visual Studio Code. Besides, this chapter will also include the
information about the simulation's input data. This chapter will also provide a detailed description of

how the algorithm operates during the simulation. Finally, this chapter ends with a conclusion.

4.2 System Requirements and Specification
This section will clearly capture and describe the requirements for software and hardware.

Considering a suitable software and hardware is critical to ensuring that the simulation runs well.

4.2.1 Software Modules

The Teacher-School Assignment Simulation depends on a specific software environment to
guarantee solid development and implementation. Microsoft Visual Studio Code, a flexible source code
editor that supports PHP, HTML, CSS, and JavaScript is been used for the development of the algorithm.
Besides, the backend is created with Laravel 11, which provides an organised and efficient platform for
handling the assignment process and data exchanges. MySQL database is used to store teacher, school,
subject, and assignment information which ensuring the flexibility and reliability for multiple
simulation datasets. The software requirement needed for the implementation of the simulation is
outlined below.

Table 4.1: Software Requirements.

Software Specifications

Operating System Windows 10 or higher

Web Browser Google Chrome

Source Code Editor Microsoft Visual Studio Code
Programming Languages PHP, HTML, CSS, JavaScript
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Programming Framework Laravel 11

Database MySQL

User Interface Materialize CSS template

4.2.2 Hardware Requirement

The simulation is run on a laptop with an Intel or AMD dual-core CPU to meet the processing
demands of the Laravel-based backend and JavaScript-driven frontend. A minimum of 8 GB of RAM
is necessary for multitasking and smooth functioning of Microsoft Visual Studio Code, MySQL, and
web browsers. A screen resolution of 1280x768 or greater is required for clear visualisation of the
interactive map and user interface. Lastly, a steady and high-speed internet connection is crucial for
obtaining OpenStreetMap tiles which enabling smooth map rendering and data exchanges during
simulations. The hardware requirement needed for the implementation of the simulation is outlined
below.

Table 4.2: Hardware Requirements.

Hardware Specifications

Laptop Processor Intel or AMD Dual core

Memory (RAM) 8 GB or higher

Screen Resolution 1280x768 or higher

Internet Connection Stable and high-speed Internet Access
4.3 Input Data

The Teacher-School Assignment Simulation requires several input data to run the assignment.
This section will display the input data needed for the proposed algorithm. The teacher, school and
subject data will be shown below.

4.3.1 Teacher Data

The teacher data will consist of the data such as teacher id, name, address, latitude, longitude

subject preference, location preference and dataset name. User can either submit the teacher data
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through filling the submit form or upload a csv file. Below show the interface of the teacher data and

the table to store the teacher data.

Teacher
o]
~
Py Filter by Dataset
All A
oz o NAME SUBJECT PREFERENCE LOCATION PREFERENCE ACTION
4
Subject Preference 1 Heather Ng Pendidikan Moral, Sejarah, Bah. 40km or more
2 Regina Chan Biology, Accounting, Physics,... 20-30km
Location Preference
Select Location v 3 Donald bin Azlan Pendidikan Islam, Economics, E... 10-20km m
m 4 Ryan Lau Pendidikan Islam, Sejarah, Acc... 40km or more
5 Ashley anak Ridzuan Business Studies, ICT, Physics... 40Km or more
Or Upload CSV File .
6 Maria Bala Pendidikan Islam, Economics, B... 10-20km
Upload CSV File
Choose File  Nofile chosen 7 Joe Teo Pendidikan Jasmani & Kesihatan...  30-40km
8 Barbara Ng Bahasa Melayu, Pendidikan Isla 40km or more
9 Carlos Lim Business Studies, Accounting,... 30-40km
—

Figure 4.1: Input Teacher Data
Table 4.3: Table of Teacher Data

ID | Name | Address | Latitude | Longitude Subject Location Dataset

Preference Preference Name

4.3.2 School Data

The school data will consist of the data such as school id, name, address, latitude, longitude and
subject demand and capacity. User can either submit the school data through filling the submit form or
upload a csv file. The data of the schools will be shown using a map. Below show the interface of the

school data and the table to store the school data.
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Table 4.4: Table of School Data

Schools

Subject Demand

Select Subject Demand

Or Upload CSV File
Upload CSV File
Choose File

No file chosen

Figure 4.2: Input School Data

Singkawang

= Leaflet | Map data © OpenStreetMa

ID

Name

Address

Latitude

Longitude

Subject Demand & Capacity

4.3.3 Subject Data

The subject data will consist of the data such as subject id, subject name, subject priority, and

subject category. User can either submit the subject data through filling the submit form or upload a csv

file. Below show the interface of the subject data and the table to store the subject data.

o

2

b
0

Subjects

Subject Priority
Select Subject Priority
Subject Category

Select Subject Category

Or Upload CSV File
Upload CSV File

Choose File No file chosen

SUBJECT NAME

Bahasa Melayu

English

Mathematics

Science

Sejarah

Additional Mathematics
Physics

Chemistry

Biology

Pendidikan Moral

Figure 4.3: Input Subject Data
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SUBJECT PRIORITY

High
High
High
High
High
High
High
High
High

Low

SUBJECT CATEGORY ACTION
Language
Language
Core Academic
Core Academic Delete
Core Academic Delete
Core Academic
Science

Science

Science

Ethics & Social Studies Delete



Table 4.5: Table of Subject Data

ID

Subject Name

Subject Priority

Subject Category

4.4 Output Result

After inserting all the necessary data that required for teacher-school assignment, the result of

the assignment will store in a table that consist of assignment id, assigned teacher, assigned school,

assigned subject, distance between teacher and school, and assignment status. Users can run the

assignment by selecting the dataset and the result will display in a table. Users are able to find the

specific result by filtering based on status, school or subject. Lastly, users can also view the assignment

analysis by clicking the “Show Analysis”. The assignment analysis will consist of the information about

total assignment, total assigned teacher, total unassigned teacher, assignment that within teachers’

location preference and subject preference, and school with no assigned teacher.

o
2
h
d
a

Dataset:

Select Dataset v Run Assignment

Assignments for Dataset: teachers_1
Filter by Status:

All

D

17 RIS CR

Assignment

Filter by School:

v All

TEACHER

Heather Ng

Regina Chan

Donald bin Azlan
Ryan Lau

Ashley anak Ridzuan
Maria Bala

Joe Teo

Barbara Ng

Carlos Lim

Filter by Subject:

v All

ASSIGNED SCHOOL

SEKOLAH MENENGAH KEBANGSAAN SARIKEI BARU
SEKOLAH MENENGAH KEBANGSAAN ASAJAYA
SEKOLAH MENENGAH KEBANGSAAN BAKO

SEKOLAH MENENGAH KEBANGSAAN TINGGI SARIKE|

SEKOLAH MENENGAH KEBANGSAAN SIBURAN
SEKOLAH MENENGAH KEBANGSAAN SRI SADONG

SEKOLAH MENENGAH KEBANGSAAN SANTUBONG

SEKOLAH MENENGAH KEBANGSAAN TINGGI SARIKE|

SEKOLAH MENENGAH KEBANGSAAN SINGAI

v

ASSIGNED SUBJECT

Pendidikan Moral 140.20
English 27.04
Economics 17.36
Accounting 154.54
Physics 150.99
Biclogy 1263
Pendidikan Jasmani & Kesihatan 18.03
Bahasa Melayu 138.56
Additional Mathematics 34.22

Figure 4.4: Interface for Assignment
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DISTANCE (KM)

STATUS

Assigned
Assigned
Assigned
Assigned
Assigned
Assigned
Assigned
Assigned

Assigned



Assignment

Dataset:

EEEHEERE W m

Filter by Status: Filter by School.

Al v All

Dataset Analysis

Dataset: teachers_1

ted: 0

on Preference: 43 (86.00%)
Subject Preference Match: 44 (88.00%)
Schools with No Assigned Teachers: 4

Assignments for Dataset: teachers_1

[+ TEACHER ASSIGNED SCHOOL ASSIGNED SUBJECT DISTANCE (KM) STATUS
1 Heather Ng SEKOLAH MENENGAH KEBANGSAAN SARIKEI BARU Pendidikan Moral 140.20 Assigned
2 Regina Chan SEKOLAH MENENGAH KEBANGSAAN ASAJAYA English 27.04 Assigned
3 Donald bin Azlan SEKOLAH MENENGAH KEBANGSAAN BAKO Economics 17.36 Assigned
a4 Ryan Lau SEKOLAH MENENGAH KEBANGSAAN TINGGI SARIKEI Accounting 154.54
5 Ashley anak Ridzuan SEKOLAH MENENGAH KEBANGSAAN SIBURAN Physics 150.99
6 Maria Bala SEKOLAH MENENGAH KEBANGSAAM SRI SADONG Biology 12.63
7 Joe Teo SEKOLAH MENENGAH KEBANGSAAN SANTUBONG Pendidikan Jasmani & Kesihatan 18.03
8 SEKOLAH MENENGAH KEBANGSAAN TINGGI SARIKEI Bat felayu 138.56
9 SEKOLAH MENENGAH KEBANGSAAN SINGAI Additional Mathematics 34.22
Figure 4.5: Assignment Analysis
Table 4.6: Table of Assignment
ID Teacher ID School ID Subject ID Distance Status

4.5 Processes of Coding Algorithm

After the user inserted the data in the database that required to run the assignment, the algorithm
will first retrieve the teacher data with valid coordinates and dataset name. Then, the algorithm will sort
the teacher data based on the subject priority from high to low. Teachers with high-priority subject
preferences will be prioritized first in the assignment to ensure that the assignment reaches optimal.
Teacher with high-priority subject will be given score of 1 and teacher with low-priority subject will be

given score of 2 to differentiate them. Below shows the illustration figure (Figure 4.6) and code in PHP

(Code Snippet 4.1 & 4.2).

Teacher
ID Subject Preference
1 Geography
2 Mathematics

Subject
Mame Subject Priority
Mathematics High =
Geography Low

Figure 4.6: Sorted teacher list
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ID Subject Preference
2 Mathematics
1 Geography




$query = Teacher: :whereNotNull :

$query->where mn: ‘dataset i $selectedDataset);
$teachersForAssignment = $query->get

$teachers s-»sortTeacher(t on: %$teachersForAssignment);
$schools $this->sortschool

$subjectPriorities = su
return $teachersCollection-
$preferences = array ma 1 't ' 0 ~i $teacher->subject_preference));

$preferences);
$highestPriority = lempty($priorityScores) ? min($priorityScores) : 3;
return $highestPriority;
})-»values();

Code Snippet 4.2: Code for sort teacher

After the sorting of teacher data, the algorithm will sort the school list based on the subject
priority and the total subject capacity. School with high-priority subject demand and higher total subject
capacity will be prioritized first in the assignment. For example, school 2 has subject demand of
Mathematics and Science with capacity of 2 respectively since both are high-priority subject and the
total subject capacity is 4 then school 2 will be prioritized first compared to other schools. Below shows

the illustration figure (Figure 4.7) and code in PHP (Code Snippet 4.3).

School Subject Sorted School List
Score
D Subject Demand Han = Name Subject Priority D Subject Demand
1 {subject: Geography, capacity:1}, » Mathematics High - 2 {subject. Mathematics, capacity-2},
{subject: Science, capacity:2} {subject: Science, capacity:2}
Total Subject Capacity Science High
2 {subject: Mathematics, capacity:2}, ID1: 1+2=3 1 {subject: Geography, capacity:1},
{subject: Science, capacity:2} D 2: 2+2=4 Geography Low {subject. Science, capacity:2}

Figure 4.7: Sorted school list
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1 sortSchool (

$subjectPriorities = Sub : :pluck(column: u ct p ity ey: 's ct _name');
return School: :whereNothull 1
->get
->map(ca Functio 1 $school): T™
$school->demands = $school->subject demand ??
return $school;
}
->sortBy(call i 1 el $school) use ($subjectPriorities): int {
$highestPriorityScore
foreach ($school->demands as $demand) {
$priority = $subjectPriorities[$demand['su
$score = W ($priority

El
$highestPriorityScore = min(\ : $highestPriorityScore, values: $score);

Feturn $highestPriorityScore;
1
J
->sortByDesc(ca : function ( 1 $school): float|int {
$totalCapacity = @;
foreach ($school->demands as $demand
$totalcapacity += $demand|[ 'ca
)

return $totalCapacity;

Code Snippet 4.3: Code for sort school

After done sorting teacher and school data, the algorithm will then start the assignment phases.
The algorithm will assign each teacher based on three prioritized phases which are High-Priority
Subjects, Low-Priority Subjects and Same-Category Subjects. For high-priority subjects’ phase, the
algorithm will first find teachers with high-priority preferred subject and calls the findMatchSchools()
function to find all schools with available for the subject. Then, selected schools will be filtered again
by the algorithm which the algorithm will call findNearestSchool() function to select the closest school
within the teacher’s location preference. The distance between the school and teacher will be calculated
using the Haversine formula. If the school is within the teacher’s location preference, then the algorithm
will create an assignment record. Below shows the illustration figure (Figure 4.8) and code in PHP

(Code Snippet 4.4 & 4.5).

School Assignment
Teacher
o Subject Location Find all schools D Subject Demand Distance ID  TeacherID SchoolID Subject|D Distance
Preference Preference which has Mathematics {subject Mathematics, capacity-1}, 30 =
1 Mathematics, 10-20 1 (subect Science, capacity:2y 1 1 2 1 15
English
g ¢+ 2 {subject: Mathematics, capacity:2}, 15
Calculate the distance {subject: English, capacity:2}
biw schools and teacher and

choose the closest school
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Figure 4.8: Assignment by high-priority subject

-—>attemptA551gnmpnthP|10P1tv
$teacher
$subJELtPpre|ence,
: $schools,

n attemptAssignmentByPriority(Teacher C B g jec erenc string riority, Collection $schools, ?string

$subjectPriorities = Subj :pluck(column: 's
$teacherName = $teacher->name;
if (($subjectPriorities[$subjectPre fprem_z:] ?n
$matchingSchools 5 indM Schools ce: $subjectPreference, sc s: $schools,
if ($matchingSchools->isNotEmpty()) {
$nearest = indNes Sc (teacher: “her, s s: $matchingSchools);
if ($nearest)
$assignedsSchool = $nearest
$distance = $nearest['d anc
$demands = collect $assignedSchool
$assignedDemand $demands ->firstWhere - $subjectPreference);
$subjectId = :whe n: ject | $subjectPreference)->value(column
$canAssignPrefe F
if iaqﬂgnedDemand[ su
&& stripos( ck: $teacherName, r

: $teacherName, r

$assignedCount = Ass nent:: re(column: id* : $assignedSchool->school id
->where ' ject id" $>ub]ect1d
->where : 0
->where ‘data : $dataset
->count();
$a=.51gnedDema1d &8 $canAssignPreferred 8& $assignedCount < $a=.>1gned[)ennnd[
‘teRecords(te ~: $teacher, s $assignedSchool,

Code Snippet 4.5: Code for High-Priority Subjects function
If the teacher does not assigned school in high-priority subject phase, the algorithm will then
go to the next phase which is the low-priority subject phase. The algorithm will try to assign the teacher
based on the low-priority subject in teacher’s subject preferences. The flow of the assignment will be
similar to the assignment in high-priority subject phase. Below shows the illustration figure (Figure 4.9)

and the code in PHP (Code Snippet 4.6).
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Teacher

Assignment

Subject
Preference
Mathematics,
English

Location Find all schools
Preference which has English
10-20 -

Calculate the distance

biw schools and teacher

and choose the closest

D

]

School
Subject Demand Distance 1D
{subject: Physics, capacity:1}, 10 N 1
{subject English, capacity:2}
{subject: Mathematics, capacity:2}, 20

{subject: English, capacity:2}

1

1

TeacherID  School ID  Subject ID

2

Distance

10

school

Figure 4.9: Assignment by low-priority subject

if (l$assigned) {
foreach
if

$teacher,

($preferences as $subjectPreference) {
->attemptAssignmentByPriority(

$subjectPreference,

Code Snippet 4.6: Code for calling Low-Priority Subjects function

If the teacher still does not assigned school in low-priority subject phase, the algorithm will

then go to the next phase which is the same-category subject phase. The algorithm will try to assign a

teacher to a school for either their preferred subject or another subject in the same category if the first

two phases failed. For example, Teacher 1 has subject preference of Science but failing to assign in

high-priority and low-priority phases due to location preference mismatches. The algorithm will find

the subject that has same category as Science in subject table like Physics then it will filter out all the

schools with subject demand of Physics and assign the teacher to the nearest school with the subject,

Physics. Below shows the illustration figure (Figure 4.10) and the code in PHP (Code Snippet 4.7).

Subject
Mame Subject Category
Science STEM
Physics STEM
English X Languages

Sorted School

Find subject that
Teacher same category as Science
D Subject Location 1D
Preference  Preference
1 scence  10-20 !

2

Find all schools

Assignment

Subject Demand Distance
{subject: Physics, capacity2} 30 =
1 1
{subject: Physics, capacity:1} 15

2

ID  TeacherlD SchoollD Subject ID

2

Distance

15

which has Physics
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Figure 4.10: Assignment by same-category subject

if (!$assigned) {
fc ich ($preferences as $subjectPreference) {
-»attemptAssignmentByCategory|(
: $teacher,
~eference: $subjectPreference,
: $schools,

: $selectedDataset)

Code Snippet 4.7: Code for calling Same-Category Subjects function

Finally, if all three phases failed, the algorithm will create an unallocated record and saved in

the database. The assignment status will be marked as Unallocated. Below shows the code in PHP (Code

Snippet 4.8).

d) {
nt::create(attrib :
->teacher _id,

t id' => null,
> 'Unallocated’,
=> $selectedDataset

Code Snippet 4.8: Code for create unallocated record
Below shows some helper function used in the algorithm.

function calculateDistance($lat1l, $lonil, $lat2, $lon2): |
$earthRadius = 6371;

$dLat = deg2rad(num: $lat2 - $lati);

$dLon = deg2rad(num: $lon2 - $lonl);

$a = sin(num: $drLat / 2) * sin(num: $dLat / 2) +

cos(num: deg2rad(num: $latl)) * cos(num: deg2rad(num: $lat2)) *
sin(num: %$dLon / 2) * sin(num: $diLon / 2);

$c = 2 * atan2(y: sqrt(num: $a), x: sqrt(num: 1 - $a));

return $earthRadius * %c;

Code Snippet 4.9: Code for Haversine formula
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createRecords (Teacher $teacher, Sck SC $distance, 7 $dataset =

reate(attrib - I

id" =» $teacher->teacher id,
=> $school->school _id,
=> $subjectId,

=> $dataset

, $teachersubjectCategory = null, $dataset = nu

$subjectCategories = ] :plu umn ject ¢ ) : _name');
ret $schools->filter(fu ($school) use ($subjectPreference, $checkCategory, $teacherSubjectCategory, $subjectCategories, $datase
($school->demands as $demand) {
$schoolSubjectCategory = $subjectc: [ $demand [ 17 221
$subjectId = S umn : tn ' or: $demand[ ' sub *1)->value(co

$assignedCount = g ' : $school->school id
->where
->where g
->where(c n: “da e a : $dataset
->count

$hasCapacity = $demand] 'c > $assignedCount;
if ($hasCapacity

if (!$checkcategory) {
if ($demand[” $subjectPreference)

f ($schoolSubjectCategory === $teacherSubjectCategory)

Code Snippet 4.11: Code for finding matched schools
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1ndNearestsSc

$nearestschool = null;
$minDistance = PHP_INT MAX;
$defaultMinMoreDistance = config(key: .default_min_m

if (str_contains( 2 $teacher->location preference
$minPreferredDistance = $defaultMinMoreDistance;
$maxPreferredDistance = PHP_INT_MAX;

$range = explode(separa c str_replace(seaz ac b t c reference));

if (count( $range) 2 8&& is numeric(val tr R $range[1]))) {
$minPreferredDistance 0 $range[0
$maxPreferreddistance f r $range[1])

{

return nul

h ($schools as $school
$distance ->calculateDistance(
1 : $teacher->latitude,
: $teacher->longitude,
: $school->latitude,
$school->longitude

if ($distance >= $minPreferredDistance && $distance <= $maxPreferredDistance & $distance < $minDistance) {
$minDistance = $distance;
$nearestschool = $school;

Code Snippet 4.12: Code for finding nearest schools

it (!$nearestschool && !$strict |
F ($schools as $school) {
$distance = ->calculateDistance(
$teacher->latitude,
$teacher->longitude,
$school ->1atitude,
$school->longitude

if ($distance < $minDistance) {

$minDistance = $distance;
$nearestSchool = $school;

urn $nearestSchool ?
1' => $nearestSchool,
=> $minDistance

Code Snippet 4.13: Code for finding nearest schools
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4.6 Conclusion

In short, this chapter outlined the software requirements and specification that required for
running the assignment like the data for teachers, schools and subjects. A greedy algorithm also being
implemented for that assigns teachers to schools based on subject preferences and location constraints.
The implementation of the algorithm is then explained step-by-step with illustration figure and code
snippet that show how the algorithm flow. The implemented algorithm has successfully assigned teacher
to school based on teachers’ subject preferences and location preferences. Lastly, the assignment result

will be evaluated in the next chapter.
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CHAPTER 5: EVALUATION

5.1 Introduction

This chapter will evaluate and discuss about the performance of the simulation and the
assignment result generated. The main concern of the simulation is the effectiveness of the
assignment algorithm in obtaining the optimal assignment. Different scenarios will be carried
out to examine the effectiveness of the assignment algorithm. The parameters that set in
Chapter 1 are used for running the simulation include the number of schools which fixed at 20,
the number of teacher (50 teacher) and the number of subjects is 20. Each school has three
subject demands with capacity 1-3, and each teacher has randomized subject and location
preferences. The teacher and subject data are show in table while the school data is show in a

map. Below shows how the data for each parameter being display in the simulation.

B Teacher
m Filter by Dataset:
a v
az ] NAME SUBJECT PREFERENCE LOCATION PREFERENCE ACTION
‘Sublect Freference 1 Heather Ng Pendidikan 40km or more m
2 Regina Chan Biology, Accounting, Ph 20-30km m
Lac Prefe
Select Location v 3 Donald bin Azlan Pendidikan Islam, Economics, E. 10-20km
m m 4 Ryentau Pendidikan Islam, Sejarah, Acc 40km or more m
5 | Ashiey anak Ridzuan Studi s A0km or more m
Or Upload CSV File
Maria Bala 10-20km m
Upload CSV File
ChoaseFile  Na file chosen 30-40km
bara Ng 40km or more m
Carlos Lim Business Studies, Accounting,... 30-40km m
Subjects
o
2
E[:ﬂ D SUBJECT NAME SUBJECT PRIORITY SUBJECT CATECORY ACTION
B Sublact Proriy 1 BahasaMelayu High Language
Select Subject Priority ~
oz English High =
bject Category v 3 High =3
. High Dele(z
Or Upload CSV File 6 High m
Upload €S File
ChooseFile N file chosen 7 Physi High m
0 Pendidikan Moral =

Figure 5.2: Subject Data Interface
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Schools

b Eem ©

bloct Demar

= e
Or Upload CSV File 9 >
pload CS
Choose Fil 27

ile  Nofile chosen

Figure 5.3: School Data Interface

5.2 Simulated Data

To examine the effectiveness of the assignment algorithm, different scenarios of the
teacher-school assignment will be carried out to test the ability of the algorithm to handle
different conditions. The parameter such as number of schools is fixed for all the three scenarios
with 20 schools in Sarawak. Below shows three different scenario that will be carried out and
the data used for each scenario.
Scenario 1: Balanced Teacher Supply with Moderate Subject Pool
The data used for Scenario 1 are 20 schools, 50 teachers and 20 subjects. There will be 10
datasets used which each with randomized subject and location preferences. For the 20 schools,
each school will have 3 subject demands which the subject capacity of each subject is ranging
from 1 to 3. For the 50 teachers, each teacher will have 5 subject preferences.
Scenario 2: Teacher Shortages
The data used for Scenario 2 are 20 schools, 15 teachers and 20 subjects. There will be 10
datasets used which each with randomized subject and location preferences. For the 20 schools,
each school will have 3 subject demands which the subject capacity of each subject is ranging
from 1 to 3. For the 15 teachers, each teacher will have 3 subject preferences.

Scenario 3: Large Teacher Supply and Subjects
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The data used for Scenario 3 are 20 schools, 80 teachers, 20 subjects and 30 subjects. There
will be 10 datasets used which each with randomized subject and location preferences. For the
20 schools, each school will have 3 subject demands which the subject capacity of each subject
is ranging from 1 to 4. For the 80 teachers, each teacher will have 5 subject preferences.
5.3 Results
5.3.1 Scenario 1

This section will assess how well the greedy algorithm assigns teachers to schools
which concentrating on its ability to optimise assignments while meeting constraints in
Scenario 1. Scenario 1 illustrates a balanced teacher supply for a moderate subject pool. The
key metrics used to analyse the effectiveness of the proposed assignment algorithm includes
the total number of assigned teachers, total number of unassigned teachers, percentage of
assignments within location preferences, percentage of subject preferences matches and the
school with no assigned teachers. Below shows analysis of the assignment result generated by
the proposed algorithm based on Scenario 1.

Table 5.1: Assignment Effectiveness Across Datasets for Scenario 1

Datasets Assigned | Unassigned | Location Subject School with No
Teacher | Teacher Preferences Preferences (%) | Assigned
(%) Teachers
Dataset 1 50 0 60 82 1
Dataset 2 50 0 54 76 2
Dataset 3 50 0 64 97 2
Dataset 4 50 0 58 76 2
Dataset 5 50 0 62 82 4
Dataset 6 50 0 64 78 3
Dataset 7 50 0 62 84 4
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Dataset 8 50 0 74 78 1

Dataset 9 50 0 68 78 1

Dataset 10 50 0 62 80 1

Figures below show the interface of the analysis.

Dataset Analysis

Dataset: teachers_1

Total Assignments: 50

Total Assigned: 50

Total Unallocated: O

Within Location Preference: 30 (60.00%)
Subject Preference Match: 41 (82.00%)
Schools with No Assigned Teachers: 1
Execution Time: 10.272 seconds

Figure 5.4: Analysis Interface

Table 5.1 presents a complete evaluation of the effectiveness of the proposed
assignment algorithm over 10 datasets which each having 50 teachers and randomized subject
and location preferences. Based on the table, all datasets obtained a 100% assignment rate with
50 teachers allocated and none unassigned. This illustrates the algorithm's efficiency in
guaranteeing complete teacher allocation which likely because of the fallback mechanism of
category-based assignments in Phase 3. The algorithm will try to assign the teacher who failed
in the first two phases, high-priority subjects and low-priority subjects assignment using the
fallback mechanism of category-based assignments which allow the teacher to be assigned to
the subject that has the same subject category in their subject preferences. Thus, this fallback

mechanism will ensure the proposed algorithm to obtain optimal assignment.

The main concern that may affect the effectiveness of the proposed assignment
algorithm is the teachers’ location preferences. There are few options that can be chosen for the

location preferences which including 5-10km, 10-20km, 20-30km, 30-40km and 40km or more.
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Based on the analysis from the 10 datasets, the percentage of assignment within teachers’
location preferences is ranging from 54% in dataset 2 to 74% in dataset 8. The lower
percentage in dataset 2 is because of the stricter location preferences like 5-10km or 10-20km
were often unmet and the fallback mechanism will relax the constraints to ensure assignments.
The algorithm will try to assign the teacher to the second nearest school that met the subject
preferences. On the other hand, the high percentage in dataset 8 indicates that it has more
compatible location preferences which the dataset has a greater number of assignments within
teachers’ location preferences. Thus, the teachers’ location preferences will likely influence the

assignment to reach optimal.

Furthermore, teachers’ subject preferences will also affect the effectiveness of the
proposed assignment algorithm. The percentage of subject preference matches assesses the
efficacy of the assignment algorithm in matching teachers assigned subjects with their stated
preferences. From the 10 datasets, the percentage of subject preference matches varied from
76% in dataset 2 and dataset 4 to a high of 97% in dataset 3. High match percentage indicate
that the algorithm has successfully found the exact matches between teacher’s subject
preferences and school demands in early phases, Phase 1 and Phases 2. For example, dataset 3
achieved a 97% match percentage which indicating an optimal distribution of teacher
preferences linked with school demands. It contains more exact subject preferences that aligned
with the school high-priority subject demands which may increase the percentage of subject

preference matches.

Lastly, the number of schools with no assigned teachers is another concern on the
effectiveness of the assignment algorithm. Based on Table 5.1, the number of schools with no
assigned teachers is ranging from 1 in dataset 1, dataset 8, dataset 9 and dataset 10 to 4 in
dataset 5 and dataset 7. This behaviour aligns with the greedy algorithm's local optimisation
approach which prioritises allocating each teacher to the nearest suitable school rather than
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revisiting previous assignments to balance school distribution. Although there will be some
schools have no assigned teacher but each teacher has been assigned to a school based on the

proposed assignment algorithm.

5.3.2 Scenario 2

This section will assess how well the greedy algorithm assigns teachers to schools
which concentrating on its ability to optimise assignments while meeting constraints in
Scenario 2. Scenario 2 illustrates the teacher shortage with high subject diversity where 15
teachers and 20 subjects are used. The key metrics used to analyse the effectiveness of the
proposed assignment algorithm includes the total number of assigned teachers, total number of
unassigned teachers, percentage of assignments within location preferences, percentage of
subject preferences matches and the school with no assigned teachers. Below shows analysis
of the assignment result generated by the proposed algorithm based on Scenario 2.

Table 5.2: Assignment Effectiveness Across Datasets for Scenario 2

Datasets Assigned | Unassigned | Location Subject School with No
Teacher | Teacher Preferences Preferences (%) | Assigned
(%) Teachers
Dataset 1 15 0 66.67 66.67 9
Dataset 2 15 0 60.00 86.67 10
Dataset 3 15 0 80.00 86.67 12
Dataset 4 15 0 60.00 93.33 10
Dataset 5 15 0 71.43 71.43 10
Dataset 6 15 0 66.67 80.00 9
Dataset 7 15 0 66.67 73.33 10
Dataset 8 15 0 60.00 100.00 11
Dataset 9 15 0 60.00 86.67 8
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Dataset 10 15 0 86.67 100.00 11

Table 5.2 presents a complete evaluation of the effectiveness of the proposed
assignment algorithm over 10 datasets which each having 15 teachers with randomized subject
and location preferences. Based on the table, all datasets obtained a 100% assignment rate with
15 teachers allocated and none unassigned. The excess of available slots around 120 slots where
each school has 3 subject demands with average of 2 subject capacity ensures that all 15

teachers can be assigned.

The primary factor that may affect the effectiveness of the proposed assignment
algorithm is the teachers’ location preferences. Based on the analysis from the 10 datasets, the
percentage of assignment within teachers’ location preferences is ranging from 60% in
dataset 2, dataset 4, dataset 8 and dataset 9 to 86.67% in dataset 10. The 60% of assignment
within teachers’ location preferences means that there 9 out of 15 teachers that are assigned
with their preferred ranges. The other may affected by the strict location preferences such as 5-
10km that the algorithm cannot found the school that has the subject preferences within the
range. This caused the algorithm to expand more wider ranges to ensure that the teacher is
assigned. The 86.67% in dataset 10 shows that it had better alignment between teacher
locations and nearby schools. Thus, the teachers’ location preferences will likely influence the

assignment to reach optimal.

Furthermore, teachers’ subject preferences will also affect the effectiveness of the
proposed assignment algorithm. The percentage of subject preference matches assesses the
efficacy of the assignment algorithm in matching teachers assigned subjects with their preferred
preferences. From the 10 datasets, the percentage of subject preference matches varied from
66.67% in dataset 1 to 100% in dataset 8 and dataset 10. All 15 teachers in dataset 8 and

dataset 10 have been assigned to the school that perfect matches with their subject preferences.
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This reflects that the algorithm has been executed correctly which assigning teachers in Phase
1 and 2 without using the fallback mechanism, Phase 3. However, the low percentage in
dataset 1 shows that there are some teacher’s subject preferences that do not aligned with
available school’s subject demand which causes the algorithm requires Phase 3 to assign

teachers to schools based on the same subject category.

Finally, the number of schools with no assigned teachers is another concern on the
effectiveness of the assignment algorithm. Based on Table 5.2, the number of schools with no
assigned teachers is ranging from 8 in dataset 9 to 12 in dataset 3. The limited subject
preferences with around 45 preferences from 15 teachers which each with 3 preferences
compared to the excess school’s subject demands with around 120 slots will cause a high
number of schools with no assigned teachers. For example, there is still 12 schools with no
assigned teachers in dataset 3 but all 15 teachers were assigned to schools with high location
and subject preferences, 80% and 86.67%. This reflects that the 15 teachers each with 3

preferences are not enough to cover up the 20 schools which each with 3 subject demands.

5.3.3 Scenario 3

This section will assess how well the greedy algorithm assigns teachers to schools
which concentrating on its ability to optimise assignments while meeting constraints in
Scenario 3. Scenario 3 demonstrates the large teacher supply and subjects for an assignment
problem in real world. The data used to simulate the scenario include 80 teachers with 20
subjects and 80 teachers with 30 subjects. The key metrics used to analyse the effectiveness of
the proposed assignment algorithm includes the total number of assigned teachers, total number
of unassigned teachers, percentage of assignments within location preferences, percentage of
subject preferences matches and the school with no assigned teachers. Below shows analysis
of the assignment result generated by the proposed algorithm based on Scenario 3 with 20

subjects.
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Table 5.3: Assignment Effectiveness Across Datasets for Scenario 3 with 20 subjects

Datasets Assigned | Unassigned | Location Subject School with No
Teacher | Teacher Preferences Preferences (%) | Assigned
(%) Teachers
Dataset 1 80 0 66.25 83.75 0
Dataset 2 80 0 65.00 85.00 0
Dataset 3 80 0 51.25 73.75 0
Dataset 4 80 0 60.00 76.25 1
Dataset 5 80 0 48.75 80.00 0
Dataset 6 80 0 52.50 81.25 0
Dataset 7 80 0 53.75 76.25 0
Dataset 8 80 0 61.25 82.50 0
Dataset 9 80 0 56.25 85.00 0
Dataset 10 80 0 61.25 85.00 0

Table 5.3 presents a complete evaluation of the effectiveness of the proposed
assignment algorithm over 10 datasets which each having 80 teachers and randomized subject
preferences from 20 subjects and location preferences. Based on the table, all 80 teachers in
each dataset had been assigned and none unassigned. The 120 slots of school’s subject demands
provide more than enough capacity to assign all the 80 teachers which there may still have
some available slots after assignment done. Each teacher with 5 subject preferences increases

the match opportunities which ensuring all the teachers find a slot.

The main factor that may affect the effectiveness of the proposed assignment algorithm
is the teachers’ location preferences. Based on the analysis from the 10 datasets, the percentage
of assignment within teachers’ location preferences is ranging from 48.75% in dataset 5 to

66.25% in dataset 1. The low percentage in dataset 5 is because of stricter location preferences
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like 5-10km which causing the algorithm to execute Phase 3 to lose the location constraints.
For instance, there are 17 teachers with location preferences of 5-10km which causes only 39
teachers that the algorithm found the school matched with the teachers’ preferred ranges and
41 teachers are assigned to school by the algorithm under Phase 3 where the schools that

assigned to them are not in their preferred ranges.

Furthermore, teachers’ subject preferences will also affect the effectiveness of the
proposed assignment algorithm. From the 10 datasets, the percentage of subject preference
matches varied from 73.75% in dataset 3 to 85.00% in dataset 2, dataset 9 and dataset 10.
The low percentage of subject preference matches in dataset 3 shows that the 80 teachers were
competing for the 120 available slots which increases the mismatch risks and lower down the
subject matches. It also reflects there are 21 teachers out of 80 teachers need Phase 3 so that

they can be assigned to a school.

Lastly, the number of schools with no assigned teachers is another concern on the
effectiveness of the assignment algorithm. Based on Table 5.4, there is only dataset 4 with one
school with no assigned teachers. The ratio of 80 teachers to 20 schools each with 5 subject
preferences ensures that there is possibility for most of the schools to get assigned with teachers.
For example, all the teachers in dataset 5 are assigned to a school although the location
preferences matches are lower. However, some of the school that with no assigned teacher is
due to early exhaustion of teachers. For example, all 80 teachers in dataset 4 have been

assigned to 19 schools and leaving 1 school with no assigned teachers.

Below shows analysis of the assignment result generated by the proposed algorithm

based on Scenario 3 with 30 subjects.
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Table 5.4: Assignment Effectiveness Across Datasets for Scenario 3 with 30 subjects

Datasets Assigned | Unassigned | Location Subject School with No
Teacher | Teacher Preferences Preferences (%) | Assigned
(%) Teachers
Dataset 1 80 0 67.50 75.00 0
Dataset 2 80 0 61.25 73.75 0
Dataset 3 80 0 65.00 73.75 0
Dataset 4 80 0 66.25 72.50 0
Dataset 5 80 0 51.25 63.75 1
Dataset 6 80 0 62.50 73.75 0
Dataset 7 80 0 58.75 70.00 0
Dataset 8 80 0 48.75 62.50 0
Dataset 9 80 0 55.50 73.75 0
Dataset 10 80 0 66.25 72.50 0

Table 5.4 presents a complete evaluation of the effectiveness of the proposed

assignment algorithm over 10 datasets which each having 80 teachers and randomized subject

preferences from 30 subjects and location preferences. Based on the table, all 80 teachers in

each dataset had been assigned and none unassigned. The 120 slots of school’s subject demands

provide more than enough capacity to assign all the 80 teachers which there may still have

some available slots after assignment done. The three phases in the algorithm also ensure that

the assignment to reach optimal assignment.

The main factor that may affect the effectiveness of the proposed assignment algorithm

is the teachers’ location preferences. Based on the analysis from the 10 datasets, the percentage

of assignment within teachers’ location preferences is ranging from 48.75% in dataset 8 to

67.50% in dataset 1. The low percentage in dataset 8 indicates that the algorithm was
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struggled in finding matches within the teachers’ preferred ranges in Phase 1 and 2 and need
the use of Phase 3 to loosen the constraints to ensure the assignment. For example, there are
only 39 teachers that the algorithm found the school matched with the teachers’ preferred
ranges and 41 teachers are assigned to school by the algorithm under Phase 3 where the schools

that assigned to them are not in their preferred ranges.

Furthermore, teachers’ subject preferences will also affect the effectiveness of the
proposed assignment algorithm. From the 10 datasets, the percentage of subject preference
matches varied from 62.50% in dataset 8 to 75% in dataset 1. The low percentage of subject
preference matches in dataset 8 shows that the 80 teachers were competing for the 120
available slots which increases the mismatch risks and lower down the subject matches. It also
reflects that most of the teachers’ subject preferences in dataset 8 are not aligned with the
school subject demands during the assignment which only 50 teachers have been assigned to

school with their preferred subjects.

Lastly, the number of schools with no assigned teachers is another concern on the
effectiveness of the assignment algorithm. Based on Table 5.4, the number of schools with no
assigned teachers is ranging from 0 to 1. The ratio of 80 teachers to 20 schools each with 5
subject preferences ensures that there is possibility for most of the schools to get assigned with
teachers. For example, all the teachers in dataset 8 are assigned to a school although the
location and subject preferences matches are lower. However, some of the school that with no
assigned teacher is due to early exhaustion of teachers. For example, all 80 teachers in dataset 5

have been assigned to 19 schools and leaving 1 school with no assigned teachers.
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5.4 Discussion

The greedy approach that implemented in the Teacher-School Assignment
Algorithm shows its strengths and limits in Scenarios 1, 2, and 3 where each with different
teacher counts, subject numbers, and preference demands. The key advantage lies on its
efficiency in obtaining high assignment rates as the approach focus on prioritizes local optimal
solution in Phase 1 and 2 before initiating a Phase 3 fallback. This benefit Scenario 1 where
the excess slot capacity with moderate teacher number for efficient allocation of teachers. In
Scenario 2, the algorithm's capability to optimise limited preferences ensures complete
allocation even with a low teacher-to-school ratio. Besides, Scenario 3 with greater preference
choices and slot availability also boost by the algorithm’s efficiency in guaranteeing that all
teachers are assigned.

However, the greedy algorithm's local optimisation method presents significant
limitations that vary with each scenario especially Scenario 2. Its tendency to prioritise
immediate best matches frequently results in suboptimal global consequences, such as
inconsistent school coverage. It should be perfect matches for the subject and location
preferences in Scenario 2 with the excess slot availability but because of the algorithm’s
inability to revisit earlier decisions causing it cannot be achieved. Furthermore, the algorithm’s
sensitivity to strict constraints which affects preference satisfaction differently across scenarios.
This drawback mainly affected Scenario 1 and 3 where it lowers the location preference
accuracy for both scenarios. Overall, the algorithm succeeds at assignment efficiency but it

needed changes such as wider preferences to improve equality and satisfaction.
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5.5 Conclusion

This chapter's evaluation showed the effectiveness of the proposed greedy-based
teacher-school assignment algorithm in three simulated scenarios like balanced teacher supply,
teacher shortage, and extended subject pool. In every scenario, the approach had a 100%
assignment rate which demonstrating its strength and flexibility under a number of constraints.
The implementation of subject category-based fallback matching was essential in optimising
assignments in the absence of exact matches. Subject preference alignment remained strong in
limited-subject scenarios but decreased significantly as the subject range expanded. Strict
location preference reduced the percentages of assignment within teacher’s preferred distance.

In short, the results prove the effectiveness of the algorithm in assigning teachers fairly.
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CHAPTER 6: CONCLUSION AND FUTURE WORK

6.1 Introduction
This chapter provides the final thoughts on the development and implementation of the
Teacher-School Assignment Simulation. Besides, suggestions for future enhancements and

research directions were outlined in the end of the project.

6.2 Conclusion

In conclusion, a Teacher-School Assignment Algorithm has been successfully
developed throughout this project. The assignment algorithm implemented with Greedy
algorithm has showed efficient for fast decision-making and produced excellent outcomes in
assigning a large number of teachers to right schools. Through various simulation with different
scenarios, the algorithm has obtained high assignment rates by successfully balancing teacher
preferences and school demands. The algorithm was also able to reduce the number of
unassigned teachers in the rural areas. The three phase that implemented in the algorithm which
prioritize the exact subject matches before using the fallback mechanism has proved to be
efficient for multiple constraints like vary teacher-to-school ratio and subject. The results
showed that the increase of the number of teachers enhanced school converge. Moreover, high
number of subject preferences will increase the subject preference matches which allow the
teachers to be assigned to their preferred schools. In short, the implementation of the
assignment algorithm was essential for automating the teacher assignments which can

streamlines the teacher assignment process.

6.3 Future Works

There are several enhancements can be done for future research and development to
enhance the algorithm’s efficiency and accuracy. First, implementing dynamic demand changes
based on real-time teacher preference information should improve subject and location

matching while also resolving mismatches discovered in high-competition scenarios. For
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example, the algorithm can dynamically adjust the assignment strategy based on the different

importance levels of the teacher preferences.

The second enhancement could include the integration of more advanced optimization
approaches Genetic Algorithms or Simulated Annealing which could help to solve the Greedy
algorithm's constraint of generating only locally optimal solutions. These approaches may
provide greater global solutions by considering a greater range of allocation choices

particularly when balancing several competing challenges.

Lastly, the accuracy of the geographical data also one of the enhancements that can be
considered for future development. This is because the accuracy of the geographical data will
affect the effectiveness of the algorithm in making sure the location of the teachers and schools
are correctly stated. Thus, integrating real-time geographical data using paid map services like
Google Maps compared to free open-source map services like OpenStreetMap which will allow

the algorithm to calculate the distances between teachers and schools more accurately.
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