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Introduction 
Efficient classroom allocation is essential for maximising resource utilisation and creating an effective learning environment. Poor classroom scheduling can result in overcrowded classrooms, underutilised facilities, timetable clashes, and unnecessary movement of students and lecturers between lessons. These issues reduce operational efficiency and negatively affect both teaching and learning.
This report analyses the classroom allocation problem using recognised problem-solving techniques, including abstraction, decomposition, algorithmic thinking, and systems thinking. A hybrid constraint-based optimisation algorithm is proposed to allocate classrooms efficiently while minimising scheduling conflicts and travel time between consecutive classes. The report first deconstructs the problem by identifying its requirements, constraints, and variables before presenting the proposed solution with a supporting flowchart. Finally, it reflects on the selected problem-solving techniques and justifies the proposed approach using relevant academic and professional literature.

1. Problem Deconstruction
Efficient classroom allocation is a critical challenge in educational institutions, where overcrowded rooms, underutilised facilities, timetable clashes, and excessive movement between lessons reduce operational efficiency and negatively affect teaching and learning. The problem requires systematic analysis using computational thinking and systems engineering principles to ensure that classroom assignments satisfy multiple interacting requirements simultaneously.
1.1 Problem Analysis
The allocation process must balance class sizes, room capacities, lecturer schedules, student timetables, and specialist facility requirements. Poor allocation leads to conflicts such as double-booked lecturers, overlapping student schedules, or unsuitable room assignments. Systems thinking highlights that these elements are interdependent, and changes in one allocation can affect the entire timetable [2]. Therefore, the solution must integrate constraint satisfaction with optimisation techniques to produce feasible and efficient timetables.


1.2 Functional Requirements
The functional requirements define the essential services the system must deliver [1].

	ID
	Requirement

	FR1
	Allocate classrooms according to class size and room capacity

	FR2
	Prevent timetable clashes involving rooms, lecturers, and student groups

	FR3
	Assign every scheduled lesson to a suitable classroom

	FR4
	Minimise movement between consecutive classes

	FR5
	Maximise classroom utilisation without violating constraints

	FR6
	Produce a final allocation timetable for administrators


Table 1. Functional Requirements
1.3 Constraints
Constraints represent non-negotiable conditions that must be satisfied during allocation [3].

	Constraint
	Description

	Capacity
	Classrooms cannot exceed maximum seating capacity

	Availability
	A room cannot host more than one lesson per time slot

	Lecturer Availability
	Lecturers cannot teach multiple classes simultaneously

	Student Availability
	Student groups cannot attend overlapping lessons

	Time Slots
	Lessons must fit within predefined timetable periods

	Specialist Rooms
	Classes requiring specific facilities must be assigned appropriately


Table 2. Constraints
1.4 MoSCoW Prioritisation
Requirements are prioritised using the MoSCoW technique [4].

	Priority
	Items

	Must
	Capacity allocation, clash prevention, all lessons assigned

	Should
	Minimise movement, maximise utilisation, allocate specialist rooms

	Could
	Generate utilisation statistics and reports

	Won’t
	Automatic timetable generation, online booking, predictive scheduling


Table 3. MoSCoW Prioritisation

1.5 Key Variables
The algorithm evaluates several variables to determine suitable allocations:
· Class size
· Room capacity
· Time slot
· Room availability
· Lecturer availability
· Student group availability
· Room facilities
· Building location
These variables provide the basis for constraint satisfaction and optimisation.
2. Proposed Solution and Explanation
The proposed solution is the Version 3 Hybrid Constraint-Based Classroom Allocation Optimisation Algorithm, designed to balance feasibility, efficiency, and maintainability. It integrates constraint satisfaction with heuristic optimisation, avoiding computationally expensive exact methods such as integer programming [5].
2.1 Algorithm Overview
The algorithm is structured into four stages, each addressing a specific aspect of the allocation process. Separating static and dynamic constraints improves efficiency by reducing redundant checks, while heuristic optimisation ensures practical solutions within limited computational time [6].
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Figure 1. Hybrid Constraint-Based Classroom Allocation Optimisation Algorithm Flowchart

2.2 Stage 1 – Constraint Filtering
This stage pre-computes static candidate pools by evaluating constraints that do not change across time slots, such as room capacity, facilities, and accessibility. By eliminating unsuitable classrooms early, the algorithm reduces the search space and ensures that only feasible allocations are considered [3]. Static filtering improves efficiency by avoiding repeated checks during later stages.
2.3 Stage 2 – Greedy Best-Fit Construction
The greedy best-fit strategy allocates classrooms using descending prioritisation. Dynamic constraints such as lecturer availability, student availability, and room occupancy are checked at this stage. Weighted room scoring balances multiple factors, including capacity match and building location, before committing allocations. This ensures that classrooms are assigned efficiently while minimising unnecessary movement [5].
2.4 Stage 3 – Local Optimisation Pass
After initial allocation, the timetable undergoes local optimisation. Same-time-slot swaps are considered to improve utilisation and reduce travel distances without violating constraints. The process continues until no further improvements are possible. This iterative refinement enhances timetable quality beyond the initial greedy allocation [6].
2.5 Stage 4 – Global Validation and Recovery
The final stage validates the entire timetable, checking for conflicts involving rooms, lecturers, and student groups. If conflicts are detected, incremental recovery reallocates affected lessons using Stage 2 logic. A retry limit prevents infinite loops, and unresolved cases are moved to an exception list. This ensures that the final timetable is reliable and conflict-free [3].
2.6 Advantages of the Four-Stage Design
Decomposition: Each stage solves a specific subproblem, improving maintainability and clarity [1].
Efficiency: Static constraints are separated from dynamic ones, reducing redundant checks.
Practicality: Heuristic optimisation balances solution quality with computational efficiency, avoiding the complexity of exact optimisation methods [5].
Reliability: Validation and recovery ensure that the final timetable satisfies all constraints.
3. Reflection and Justification
3.1 Abstraction
Abstraction was applied by focusing only on relevant variables such as class size, room capacity, and availability, while excluding unnecessary details like student names or grades. This reduced complexity and improved clarity [1].
3.2 Decomposition
The algorithm was decomposed into four stages: constraint filtering, greedy allocation, local optimisation, and validation. This modular design simplified development and testing, aligning with best practices in software engineering [1].
3.3 Algorithmic Thinking
Algorithmic thinking ensured that classroom allocation followed a consistent sequence of steps, with decision points determining feasibility and corrective actions applied where necessary. Structured algorithms improve reliability by enforcing consistent logic [3].
3.4 Systems Thinking
Systems thinking recognised the interdependence of classrooms, lecturers, students, and timetables. Viewing these elements as an integrated system enabled the algorithm to balance multiple requirements simultaneously [2].
3.5 Limitations
The algorithm assumes accurate timetable data, fixed room capacities, and predefined lesson times. It does not generate timetables automatically but focuses on classroom allocation. Local optimisation applies simple swaps rather than advanced metaheuristics such as genetic algorithms, which may yield better results for large institutions but introduce unnecessary complexity [6].
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