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Abstract

The Examination Timetabling Problem (ETP) represents a significant
challenge in academic administration. It requires the efficient
allocation of exams to limited number of time slots while avoiding

conflicts where a student is scheduled for two exams at once. Although
various automated heuristics exist to solve this problem, but few

Keywords studies directly compare their performance under identical conditions.
Examination Timetabling, Graph This gap in the literature makes it difficult for institutions to select the
Colouring, Simulated Annealing, most appropriate method. This study aims to fill that gap by fairly
Heuristic Comparison, Scheduling comparing two popular methods, namely as Graph Colouring (GC) and
Optimization Simulated Annealing (SA). This study uses a real dataset from Universiti

Tun Hussein Onn Malaysia. The dataset consist of 34 examinations with
941 students in five academic programmes. Both algorithms
successfully generated conflict-free timetables. The findings show that
the two methods have very different strengths. The results show that
Graph Colouring performs well in terms of speed and compactness, and
can schedule all exams in 0.0056 seconds with 6 time slots. However,
this efficiency generates high load imbalance, with the highest number
of 387 students in one session. In contrast, SA is more focus on balance,
decreasing the peak occupancy by 75.7% to 94 students per slot, but
needs 16 slots and take more computation time. According to this
analysis, Graph Colouring is recommended as the more practical choice
in this study, providing a fast and compact solution that aligns with the
goal of minimizing the examination period. This study offers evidence-
based guidelines to help administrators in selecting the most suitable
timetabling approach that fits their specific context.

1. Introduction

Timetabling is a crucial and complex administrative activity that is fundamental in the operation of educational
institutions. The Examination Timetabling Problem (ETP) is one of the hardest scheduling problems. The ETP
involves assigning a set of examinations to a limited number of time slots and venues while satisfying multiple
hard and soft constraints [1]. The procedure should be strictly guided by a set of rules, which are called hard
constraints. The key hard constraints are avoiding conflicts in which a student may have several exams at the
same time and ensuring the number of students in any room does not exceed its capacity [2][3]. Other rules that
are preferable but not mandatory, referred to as soft constraints, such as spacing out exams among the same
student cohort to reduce fatigue. The complexity of ETP increases with institutional size, growing student
numbers, and modular course structures, making fully optimal timetables challenging to achieve in practice [4][5].
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Examination timetables have become difficult to build manually. Manual scheduling is time-consuming due to
the sheer scale of the problem, the large number of conflicting constraints, and is also subject to variability across
departments, particularly when dealing with large cohorts of students [6][7]. In contrast, the adoption of
automated solutions is critical. These systems can produce practical, high-quality timetables effectively, and thus
minimize administrative burden and enhancing accuracy [8].

The ETP is recognized as an NP-hard combinatorial optimization problem, where the objective is to select the
most suitable solution from a huge number of options [9]. The complexity of the problem also rises exponentially
with the computational demands, limiting the practical application of exact optimization methods to smaller or
fewerissues constrained [1]. As a result, heuristic and other automated scheduling approaches are widely adopted
in practice to generate feasible, high-quality timetables within a reasonable amount of computational time [10].

Graph Colouring (GC) and Simulated Annealing (SA) are two popular methods that have been used as
heuristic-based approaches for examination timetabling. Graph Colouring, a fundamental concept in graph theory,
has been extensively applied as a heuristic where conflict avoidance is the primary concern [11]. Greedy GC
algorithms are especially valued for their simplicity and high-performance in terms of time to produce conflict-
free schedules [12]. On the other hand, Simulated Annealing is a single-solution metaheuristic derived from
statistical mechanics and inspired by physical annealing processes in metallurgy [13]. It is widely applied to
combinatorial optimization problems including examination timetabling due to its ability to deal with complex
constraint structures and avoid local optima [14].

Recent literature still shows the applicability of the two methods. of Graph Colouring has demonstrated its
practical efficiency in applications such as the scheduling of exams in various university departments [12]. The
effectiveness of greedy graph colouring algorithms has also been further highlighted, which have shown
significant reductions in time and computational resources and an ability to satisfy hard and soft constraints [15].
For Simulated Annealing, recent studies have developed techniques of standardized timetabling benchmarks [16].
Other implementations have been characterized by their simplicity and adaptability to domain-specific
constraints [14]. The ITC 2007 benchmark has also been introduced with a single-stage SA method with feature-
based parameter tuning, which proves that SA is applicable to standardized timetable challenges [17].

As highlighted in recent literature, there is a knowledge gap in how different heuristic techniques perform
when evaluated on the same problem with the same constraints [8]. This gap is essential for NP-hard timetabling
problems where the main challenge is to select an effective solution among numerous alternatives [1][18].
Without such comparisons, it is difficult to have a clear understanding of the relative strengths and weaknesses of
each approach and their applicability to the fulfilment of specific operational priorities in real-life examination
timetabling situations.

To fill this gap, this study conducts a controlled empirical comparison of the Greedy Graph Colouring and
Simulated Annealing algorithms. The study uses the two methods on the same dataset of the Faculty of Applied
Sciences and Technology at Universiti Tun Hussein Onn Malaysia (UTHM), Pagoh Campus, in the first semester of
the 2024 /2025 academic year. The main objectives are: (1) to develop GC and SA models to solve the ETP, (2) to
produce exam timetables using both models under the same constraints and dataset, and (3) to compare the
performance of both models in terms of such measures as conflict avoidance, feasibility compliance, schedule
compactness, student load distribution, and computational efficiency.

The findings will be utilized to offer practical recommendations to academic administrators to determine the
trade-offs between algorithmic speed and schedule quality to choose an appropriate timetabling strategy based
on the requirements of an institution.

2. Materials and Methods

This section describes the experimental setup that includes the dataset, problem formulation, implementation of
the two heuristic models, and the evaluation metrics. The methodology ensures a fair and controlled comparison
between Graph Colouring and Simulated Annealing.

2.1Data Preparation and Dataset Description

The study is based on a real administrative data of Universiti Tun Hussein Onn Malaysia (UTHM), Pagoh Campus.
The working dataset was made by combining two primary sources. The first source is the official examination
timetable for the first semester of the 2024 /2025 academic year. Based on this, all examination sessions scheduled
in the Multi-Purpose Hall (MPH) were extracted. This raw examination schedule contained all exams with their
details such as course code, section number, course name, number of students enrolled, and the date and time
originally scheduled.

The second source is the official list of courses that the university provides on each academic programme.
This course list was aligned with the course code with the relevant academic programme (BWA, BWC, BWQ, BWS,
BWW) and study year. One of the key processes was to merge and filter these two sources of information to obtain
a clean dataset to analyse. All the exams in the schedule were verified with the course list. All other exams were
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dropped, only exams that are related to the five target programmes were left. The retained exams were then
marked with their appropriate programme and year.

Itis important to understand the course code format. An offering of a course is denoted by a certain code such
as “BWJ205031_1"."BW]J20503" is the base course code. The section is denoted by the underscore and the number
that follows the underscore. BWJ205031 and BWJ20503_2 were treated as individual exams due to different
groups of students in these sections of the same course. Thus, in the analysis, the combination of unique courses
and sections is considered a separate exam that should be scheduled. This precise modelling is essential to the
correct identification of scheduling conflicts among student groups.

This preparation process is performed to ensure the dataset reflects the actual scheduling situation. After the
data preparation phase, the final dataset was prepared to be analysed. It consisted of 34 distinct examinations and
included 941 students in 5 academic programmes across four-year levels. This dataset provides a solid foundation
for testing and comparing the two solution methods under realistic conditions.

Table 1 gives a portion of the resulting processed data.

Table 1 Part of processed data

Course Code & Section Programme Year Students

BWA10303_1 BWA 1 22
BWA10303_2 BWQ 1 33
BWJ20503 _1 BWW 2 16
BWS10103_1 BWS 1 28
BWC30203_1 BWC 3 50

2.2 Conflict Matrix Construction

The core scheduling constraint is the avoidance of student clashes. A conflict exists between two examinations if
they share students from the same programme and the same year of study [1]. To systematically encode all
pairwise prohibitions, a symmetric binary conflict matrix C is constructed [19].

Let E = {ey, ey, ..., e,} represent the set of n examinations, where n = 34. The conflict matrix C is ann X n
matrix. Each element ¢;; of this matrix is defined by the following rule:

1 if examinations e . and e . share a programme — year cohort
c.= ' ! (1)
! .
"1 0 otherwise
The matrix is symmetric (¢;; = ¢;;) and has zeros on its diagonal (¢; = 0).
The conflict density p, a measure of problem’s constrainedness, is calculated as the ratio of actual conflict
pairs to the total possible pairs [20]:

Zn Zn

C..
= =i ]
'[):

n(n—1)

X 100% @

This matrix C provides a complete specification of all hard constraints. The matrix representation can be
easily converted into a conflict graph and vice versa [21].

In this study, conflicts are determined by shared programme-year student cohorts. In actual academic
settings, there is usually an additional hard constraint where all sections of the same course must be examined
simultaneously. In this model, this constraint was not applied to maintain the focus on the main comparative
analysis of the two heuristic approaches in the framework of a common conflict.

An equivalent representation is an undirected graph G = (V, E), where each vertex v € V corresponds to an
examination and an edge (v;,v;) € E exists if and only if ¢;; =1 [21]. This graph-based representation is
fundamental to the Graph Colouring approach and serves as input for Simulated Annealing [15].

2.3 Graph Colouring (GC) Model Implementation

Graph Colouring is a well-established heuristic for timetabling problems where the vertices represent events
(such as exams) and the edges represent conflicts between them [11]. The approach maps the problem directly
onto the classic vertex coloring problem from graph theory. Using the conflict graph G = (V, E), the objective is to
assign a color, representing a unique time slot, to each vertex such that adjacent vertices receive different colors.
Adjacent nodes that have the same colour indicate a scheduling conflict [21].

Penerbit
UTHM



Enhanced Knowledge in Sciences and Technology Vol. 6 No. 1 (2026) 491-500 494

The objective can be expressed mathematically as:

Minimize k subject to: colour( vi) #* colour( vj) , V( Vi vj) cE (3)
where k denotes the total number of colours used.

The Greedy Graph Colouring algorithm is adopted since it is simple, computationally efficient and effective in
generating conflict-free timetables [22]. The algorithm is used to assign the colour to examinations in each order
in a predefined order, such as by decreasing the degree of conflict. All the vertices (exams) have not been used by
the adjacent nodes and have the colour which is chosen and the time slot is assigned to it. This process ensures
that there is a conflict-free schedule. Although greedy colouring does not imply an optimal solution, it always
results in feasible schedules with low computational cost, hence is widely used as a baseline in timetabling
research [23][24].

2.4 Simulated Annealing (SA) Model Implementation

Simulated Annealing (SA) is a metaheuristic optimisation method that is inspired by a physical annealing process
in the field of metallurgy, where a system is allowed to cool at a controlled temperature to a low-energy state [13].
To reproduce this process, the algorithm employs a probabilistic approach to accept both improving and
worsening solutions in the initial stages of search to help the algorithm in escaping the local optima and to perform
a more intensive search in the solution space [25]. SA has been widely studied and implemented in timetabling
due to its simplicity and adaptability to domain-specific constraints [18].

2.4.1 Solution Representation and Cost Function

A candidate solution S is represented as a mapping that assigns each examination e; to a time slot t;. The quality
of a solution is measured using a composite cost function based on the hard and soft constraints [26]:

C( §) =w 1 |T| + WZ ’ Nc'onf licts capacity (4)
where |T| is the number of slots used, Neoyfiices and Negpaciry are penalty terms for student conflicts and capacity
violations, and w;, w,, w; are weighting coefficients. A practical cost function must clearly reflect the influence of
all constraint types to guide the SA search in a meaningful way. The weighting parameters are selected in such a
way that w;, w, > wy, so that feasibility with the hard constraints is prioritised over timetable compactness [10].

+w3-N

2.4.2 SA Parameters and Cooling Schedule

The SA parameters are determined based on the standard recommendations and preliminary tuning [14][7]. The
algorithm begins with an initial feasible solution and a high initial temperature T, = 100. A geometric cooling
schedule controls the search intensity, defined by T, = y - T with a cooling rate y = 0.95 [27]. The algorithm
terminates when the temperature falls below a minimum threshold T,,;, = 0.1 or after a maximum of 1000
iterations.

At each iteration, a neighbouring solution is generated by randomly selecting an examination and reassigning
it to a different time slot [24]. The algorithm searches the solution space by generating a neighbouring
solution S’ from the current solution S. The change in the quality of the solution is computed as AC = C(S') —
C(S).If AC < 0, the new solution is accepted. If AC > 0, the worse solution can still be accepted with a probability
according to a Metropolis criterion:

_e—AC/T )

accept

where T is the current temperature [6]. This probabilistic acceptance mechanism allows the algorithm to

escape local minima [26]. The temperature reduces gradually based on the cooling schedule, which guides the
search toward a refined, high-quality final timetable.

2.5Performance Evaluation Metrics

A comprehensive evaluation requires multiple performance criteria. The following metrics are used to compare
the timetables generated by Graph Colouring and Simulated Annealing:

*Conflict Avoidance: Number of Student Conflicts

*Feasibility Compliance: Number of Capacity Violations.

*Schedule Compactness: Number of Time Slots Used, Examination Density (exams per slot).

*Load Distribution: Maximum Students per Slot, Minimum Students per Slot, Variance of Student Load.

*Computational Performance: Execution Time (in seconds).

*These metrics offer multi-dimensional assessment of the feasibility of each timetable, its efficiency, and

balance, which will be the foundation of a comparative analysis.
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3. Results and Discussion

In this section, the empirical findings of the application of GC and SA models to timetabling problem analysis are
presented, followed by a comparative study. The comparison uses conflict resolution, timetable compactness,
student load distribution, and computational efficiency as the metrics of evaluation of two approaches.

3.1 Conflict Analysis Results

Table 2 Conflict distribution by programme-year group

Programme Year Exams Conflicts Conflict Density

BWA 1 1 0 0%
BWA 2 3 3 100%
BWA 3 2 1 100%
BWC 1 3 3 100%
BWC 2 1 0 0%
BWC 3 1 0 0%
BWC 4 3 3 100%
BWQ 1 2 1 100%
BWQ 3 4 6 100%
BWQ 4 1 0 0%
BWS 1 1 0 0%
BWS 2 2 1 100%
BWW 2 2 1 100%
BWW 3 6 15 100%
BWW 4 2 1 100%

Exam Conflict Network
(Nodes = Exams, Edges = Conflicts}
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Fig. 1 Conflict Network Graph of Examination Dataset

The processed data consisted of 34 examinations in five academic programmes (BWA, BWQ, BWS, BWC, and
BWW) and four-year levels, with a total of 941 students. To model examination clashes due to shared programme-
year students’ cohorts, a symmetric conflict matrix Cs4.3, Was constructed. Overall, a total of 35 conflict pairs with
a conflict density of 6.2% were identified. Table 1 summarises the distribution of conflicts.

The internal conflicts were observed in ten programme-year groups with the highest concentration in BWW
Year 3. This group included six examinations and fifteen conflict pairs. This conflict matrix is used as the primary
input for both GC and SA, ensuring consistent constraint enforcement during timetable generation.

Penerbit
UTHM



Enhanced Knowledge in Sciences and Technology Vol. 6 No. 1 (2026) 491-500

496

Fig. 1 shows the conflict network graph, with nodes and edges representing exams and conflicts respectively.
The definition of cohort-based conflict is reflected in the sparse but clustered structure. Both scheduling methods
used this conflict matrix as the standard input to be compared fairly under the same set constraints.

3.2 Timetable Generation Results

Both algorithms successfully generated feasible timetables with no conflicts between students and no hall capacity
violations, satisfying all defined hard constraints.

3.2.1 Graph Colouring Timetable Results

The Greedy Graph Colouring algorithm produced a feasible timetable that utilized 6 time slots, with an execution
time of 0.0056 seconds. The examination timetable is divided into individual examination sessions, with each slot
corresponding to a specific day and period, such as Monday Morning. Table 2 presents the distribution of student
loads in each of these sessions.

Table 3 Student Load Distribution Across Time Slots for Graph Colouring
Slot Students
1 Monday (Week 1) Morning 8 387
Monday (Week 1) Afternoon 286

2 7

3 Tuesday (Week 1) Morning 5 187
4 Tuesday (Week 1) Afternoon 6 41
5 5
6 3

Session (Day & Period) Exams

Wednesday (Week 1) Morning 20
Wednesday (Week 1) Afternoon 20

All 34 examinations were scheduled within three unique days of a week, thus minimizing the exam period.
Although achieving a high exam density of 5.67 exams per slot, indicating strong compactness of timetable, but it
leads to weak load balancing. As a result, the distribution of students was highly uneven, with Slot 1 peaking at
387 students while Slots 5 and 6 had a minimum load of only 20 students. This shows the limitations of the
algorithm in completely solving practical workload balancing problems. The GC-generated timetable is presented

in Table 3. It demonstrates how multiple exams are packed into the same session.

Table 4 Graph Colouring Timetable

Session (Day & Period) Exam ID Session (Day & Period) Exam ID

Monday (Week 1) Morning BWA10303_1 Monday (Week 1) Afternoon BW]J41303_2
Monday (Week 1) Morning BWA10303_2 Monday (Week 1) Afternoon BWB31203_1
Monday (Week 1) Morning BW]J20503_1 Monday (Week 1) Afternoon BWC10303_1
Monday (Week 1) Morning BW]30403_1 Monday (Week 1) Afternoon BW(C41203_1
Monday (Week 1) Morning BW]J41303_1 Monday (Week 1) Afternoon BWA21503_1
Monday (Week 1) Morning ~ BWS10103_.1 Monday (Week 1) Afternoon BWB10403_1
Monday (Week 1) Morning BWA20303_1 Monday (Week 1) Afternoon BWS20903_1
Monday (Week 1) Morning ~ BWC30203_1 Monday (Week 1) Afternoon BWA32803_1
Monday (Week 1) Morning BWC40203_1 Tuesday (Week 1) Morning BW]J30103_1
Monday (Week 1) Morning ~ BWS21003_1 Tuesday (Week 1) Morning BWB31002_1
Monday (Week 1) Morning BWB44603_1 Tuesday (Week 1) Morning BWC30503_1
Monday (Week 1) Morning ~ BWC10102_1 Tuesday (Week 1) Morning BWC11402_1
Monday (Week 1) Morning BWA31403_1 Tuesday (Week 1) Morning BWA20403_1
Monday (Week 1) Morning ~ BWB44103_1 Tuesday (Week 1) Afternoon BW]J30103_2
Monday (Week 1) Morning BWC21003_1 Tuesday (Week 1) Afternoon BWA31603_1
Monday (Week 1) Afternoon BW]20503 _2 Wednesday (Week 1) Morning BW]30503_1
Monday (Week 1) Afternoon BW]30403 _2 Wednesday (Week 1) Afternoon BW]30503_2
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3.2.2 Simulated Annealing Timetable Results

The Simulated Annealing algorithm generated a conflict-free timetable with 16 time slots and an execution time
of 0.4599 seconds. The final solution value of 196.58 gave the optimal solution cost, which reflects a balance
between slot minimisation and load distribution. Table 4 indicated that the student per slot load was much more
balanced.

Table 5 Student Load Distribution Across Time Slots for Simulated Annealing

Slot Session (Day & Period) Exams Students Slot Session (Day & Period) Exams Students
1 Monday (Week 1) 2 47 9  Friday (Week 1) Morning 3 94
Morning
2 Monday (Week 1) 2 42 10 Friday (Week 1) 1 50
Afternoon Afternoon
3 Tuesday (Week 1) 2 47 11 Monday (Week 2) 3 91
Morning Morning
4 Tuesday (Week 1) 5 63 12 Monday (Week 2) 1 20
Afternoon Afternoon
5 Wednesday I(Week 1) 3 62 13 Tuesday (Week 2) 2 43
Morning Morning
6 Wednesday (Week 1) 5 74 14 Tuesday (Week 2) 3 76
Afternoon Afternoon
7 Thursday (Week 1) 5 74 15 Wednesday -(Week 2) 2 49
Morning Morning
8 Thursday (Week 1) 2 66 16 Wednesday (Week 2) 2 43
Afternoon Afternoon

A better load balance was achieved in the timetable generated using Simulated Annealing. Having exams
spread over a period of 2 weeks and with 16 time slots, the maximum student load was 94 students in Slot 9, and
the minimum load was 20 students in Slot 12. This represents a 75.7 percent decrease in peak load as compared
to the Graph Colouring result. Table 5 presents the examination timetable developed by SA. The exams are

distributed on two weeks and five different days.

Table 6 Simulated Annealing Timetable

Session (Day & Period) Exam ID Session (Day & Period) Exam ID
Monday (Week 1) Morning BW]30403 _2 Friday (Week 1) Morning BW]20503 _2
Monday (Week 1) Morning BWS20903_1 Friday (Week 1) Morning BWA31403_1

Monday (Week 1) Afternoon BWB10403_1 Friday (Week 1) Morning BWC(C30503_1
Monday (Week 1) Afternoon BWC11402_1 Friday (Week 1) Afternoon BWC30203_1
Tuesday (Week 1) Morning BWS21003_1 Monday (Week 2) Morning BW]J41303_2
Tuesday (Week 1) Morning BWJ30503_1 Monday (Week 2) Morning BWC40203_1
Tuesday (Week 1) Afternoon BWB31203_1 Monday (Week 2) Morning BWA21503_1
Tuesday (Week 1) Afternoon BWC10303_1 Monday (Week 2) Afternoon BW]J30503_2
Wednesday (Week 1) Morning  BWS10103_1 Tuesday (Week 2) Morning BWA10303_1
Wednesday (Week 1) Morning BWB44603_1 Tuesday (Week 2) Morning BWA31603_1
Wednesday (Week 1) Morning  BW(C21003_1 Tuesday (Week 2) Afternoon BWB44103_1
Wednesday (Week 1) Afternoon BW]30403 _1 Tuesday (Week 2) Afternoon BWC41203_1
Wednesday (Week 1) Afternoon BWA20303_1 Tuesday (Week 2) Afternoon BWA32803_1
Thursday (Week 1) Morning BWJ30103_.1 Wednesday (Week 2) Morning BWA10303_2
Thursday (Week 1) Morning BWB31002_1 Wednesday (Week 2) Morning BWJ20503 _1
Thursday (Week 1) Afternoon  BWC10102_1 Wednesday (Week 2) Afternoon BW]J41303_1
Monday (Week 1) Afternoon BWA20403_1 Wednesday (Week 2) Afternoon BW]30103_2
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3.3 Comparative Performance

A direct comparison of the two timetables is presented in Table 6.

Table 7 Performance comparison of GC and SA timetables

Metric Graph Colouring Simulated Annealing
Examination Sessions Used 6 16
Days Used 3
Weeks Required 1
Max Students per Slot 387 94
Min Students per Slot 20 20
Student Load Variance 20239 366
Execution Time (Seconds) 0.0056 0.4599
Exam Density (Exams/Slot) 5.67 2.12
Conflicts Found 0 0
Capacity Violations 0 0

The results demonstrate a fundamental trade-off between scheduling compactness and operational balance.
Graph Colouring is preferable when speed and scheduling compactness are prioritized. It is 82 times faster and
uses far fewer time slots, allowing exams to be completed in one week. In contrast, Simulated Annealing is the
better choice when creating a balanced and operationally feasible schedule is most important. It drastically
reduces peak hall occupancy and spreads the examination load over more days.

3.4 Discussion of Trade-offs and Practical Implications

The comparative results show that the choice of algorithm should be guided by institutional priorities and
resource constraints. There is no single best method, only the best method for a given situation.

Graph Colouring is the tool for speed and simplicity. It produces a full exam schedule almost instantly and fits
all exams into the fewest possible days. This is ideal for small colleges, last-minute changes, or when the exam
period must be kept as short as possible. If the main goal is to create a timetable as quickly as possible and to
minimise the total number of examination days, then Graph Colouring is the recommended approach. This method
is suitable for smaller institutions or situations where administrative time is very limited. The trade-off is that it
can pack hundreds of students into one room at the same time, which demands a large hall and careful supervision.

Instead, Simulated Annealing is the tool for balance and manageability. It distributes students evenly during
the exam period. This facilitates easy management of every session of examination, less crowding and a smooth
examination session by many students. It involves higher cost in terms of exam time and creation time. This
method is more effective when a large university is involved, or when a fair distribution of students is a primary
consideration.

The decision is all dependent on the specific needs of the institution. Graph Colouring is the preferred method
for speed and a compact schedule whereas Simulated Annealing is the preferred method of balance and simplified
logistics.

4. Conclusion

In this study, a direct comparative analysis was made on two heuristic techniques namely Greedy Graph Colouring
and Simulated Annealing, in solving a real-world Examination Timetabling Problem. The findings verify a high-
performance trade-off that is influenced by design of algorithms.

Graph Colouring performed better in speed and compactness. It allocated 34 exams in only six time slots
within milliseconds. Nonetheless, this efficiency was achieved at the cost of load balance, with up to 387 students
in one session. Simulated Annealing, on the other hand, generated a more operationally practical timetable that
minimizing peak load by more than 75% to 94 students per session, but needed much more time slots and
computational time.

The selection of method does not depend on superiority, but rather on the factors that the institution
prioritizes. The main scheduling objective of this study is to minimize the examination period. Both algorithms
are aimed to reduce the number of time slots used, but Graph Colouring prioritizes more directly at this goal, thus
achieving greater compactness. Therefore, the Graph Colouring method offers a more practical solution due to the
critical importance of the compactness of the schedules. The possibility to fit all the examinations within one week
and with minimum computing costs brings a physical administrative benefit to many institutions.
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This study was limited to a single venue and failed to include invigilator or multi-room constraints. After that,
the conflict model was only based on programme-year student cohorts and did not enforce the academic
requirement that all sections of the same course should be examined at the same time. This comparison should
be generalized to multi-venue scheduling in the future, more real-world constraints should be integrated, and a
hybrid approach should be considered that targets the initial speed of GC with the refining balance of SA.
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