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1. [bookmark: _Toc225418006] Introduction:
Efficient classroom allocation is a critical challenge for educational institutions, as it directly impacts the learning environment, resource utilisation, and staff and student productivity. This report examines the problem of inefficient classroom allocation at a local college, where some rooms are overcrowded while others remain underused, leading to timetable clashes and unnecessary movement between classes. Such inefficiencies not only reduce the effective use of available resources but also disrupt the learning experience and increase operational complexity.
To address this issue, a structured solution has been developed using problem-solving techniques and abstract thinking, including decomposition, prioritisation, and iterative optimisation. The aim of the proposed approach is to ensure that classroom assignments are efficient, conflict-free, and practically implementable, while also minimising the time wasted by students and staff moving between sessions. By systematically analysing key variables such as class size, room capacity, time slots, and classroom location, the solution seeks to allocate resources optimally, balancing multiple constraints simultaneously.
Timetabling in educational settings is widely recognised as a complex optimisation problem, involving the coordination of multiple resources under strict constraints. This includes managing room capacities, scheduling overlapping classes, and accommodating specific room requirements such as labs or multimedia facilities [1]. The report explores these challenges and demonstrates how abstract thinking, logical decomposition, and optimisation techniques can be applied to create a reliable and efficient classroom allocation system.
Overall, the introduction sets the stage for a detailed analysis of the problem, a comprehensive solution design, and reflective evaluation, providing a clear pathway for the college to improve classroom utilisation and enhance the overall educational experience.



2. [bookmark: _Toc225418007]Problem Deconstruction:

[bookmark: _Toc225418008]2.1 Understanding the Problem

The classroom allocation problem at the college is essentially a resource management challenge, where multiple constraints and variables must be balanced to optimise efficiency. The college currently faces issues of overcrowded classrooms, underutilised spaces, and inefficient movement of staff and students between sessions. These challenges lead to timetable clashes, delays, and a reduced learning experience. Addressing this problem requires a clear breakdown of the scenario into smaller components to ensure each aspect can be analysed and solved effectively.

[bookmark: _Toc225418009]2.2 MoSCoW Requirements & Constraints

To structure the solution, the MoSCoW prioritisation technique is applied to distinguish critical requirements from optional ones [1].
· Must-haves: Efficient allocation of classrooms according to class sizes, avoidance of scheduling conflicts, and accurate timetabling to ensure all classes start on time. 
· Should-haves: Minimising walking distances for students and staff, assigning rooms based on available facilities, and considering faculty preferences. These enhance the system’s usability and practicality but are secondary to the core requirements. 
· Could-haves: Dynamic adjustments for last-minute class changes, automated notifications, and optimising room assignment based on consecutive class locations. These features improve efficiency but are not fundamental. 
· Won’t-haves: Integration with external calendars or generation of individual student reports, as these are beyond the current scope of classroom allocation optimisation. 



[bookmark: _Toc225418010]2.3 Key Variables

The effectiveness of classroom allocation depends on several key variables:
· Class size: Determines the minimum room capacity required. 
· Room capacity: Limits which classes can be assigned to which rooms. 
· Number of available rooms: Influences flexibility in scheduling. 
· Time slots: Dictates when classes can be scheduled and potential overlaps. 
· Classroom location: Affects movement time for students and staff. 
· Room facilities and faculty preferences: Secondary factors that may influence practical assignments. 
By clearly identifying these variables, it is possible to understand how they interact and which constraints must be prioritised.

[bookmark: _Toc225418011]2.4 Problem Decomposition

Breaking the problem into smaller components allows for systematic analysis. These components include:
· Data collection – gathering accurate details of classes, students, rooms, and facilities. 
· Prioritisation – deciding which classes or rooms require higher priority in allocation. 
· Room assignment – matching classes with suitable rooms based on size, facilities, and time slots. 
· Validation – checking for scheduling conflicts, overcrowding, or underutilisation. 
· Adjustment and optimisation – resolving conflicts and iteratively refining the timetable. 
Decomposition simplifies the problem, supports abstract thinking, and provides a framework for applying optimisation and conflict resolution techniques. This ensures the solution is both robust and practical for real-world implementation [2], [3].



3. [bookmark: _Toc225418012]Proposed Solution & Explanation:

[bookmark: _Toc225418013]3.1 Solution Overview
The classroom allocation problem requires careful consideration of several key variables that directly affect the efficiency and feasibility of the timetable. These variables include class size, room capacity, number of available rooms, time slots, and classroom location. Class size determines the minimum space needed for each session, while room capacity sets the limit on the number of students that can be accommodated. The number of available rooms defines the flexibility of the scheduling system, as more rooms allow greater options for allocation. Time slots are critical because overlapping periods may lead to conflicts if not managed carefully. Classroom location impacts the time students and staff spend moving between sessions, influencing how consecutive classes are scheduled [3].

Secondary variables, such as room facilities, faculty preferences, and class priority, also influence allocation. For instance, science labs, computer rooms, or rooms with projectors require specific equipment, restricting which classes can be assigned to them. Faculty preferences for time slots or classroom proximity may also need to be considered. By incorporating both primary and secondary variables, the system ensures a balanced and adaptable allocation plan. Decomposing the problem into smaller tasks, such as data collection, room assignment, timetable validation, and conflict resolution, allows each element to be handled systematically. This approach reduces errors, ensures all constraints are addressed, and improves overall efficiency [3].

[bookmark: _Toc225418014]     3.2 Flowchart Explanation

The flowchart represents the logical steps of the proposed solution. These steps are explained below.

The allocation process begins with data collection, where accurate information about classes and rooms is gathered. Class data includes class size, required facilities, preferred time slots, and special requirements such as labs or multimedia needs. Room data includes capacity, availability, location, and facilities. Once all data is collected, classes are sorted by size, with larger classes allocated first to ensure high-capacity rooms are used efficiently while smaller rooms are reserved for smaller classes.

Each class is then matched to a suitable room. If a room meets capacity, facility, and time requirements, it is assigned. If not, the system checks the next available room in the list. This assignment is iterative and prioritises matching the largest classes to appropriate rooms first, ensuring optimal use of available space. After each assignment, the timetable is updated to reflect the allocation.

The system performs conflict checking after each assignment. This involves verifying that no two classes occupy the same room at overlapping times and ensuring that students and faculty are not scheduled for multiple classes at the same time. If conflicts are detected, the system either reassigns a room or adjusts a time slot to maintain a feasible timetable. This process continues until all classes are successfully allocated without conflicts.
[image: ]
The flowchart visually represents these steps, highlighting key decision points such as “Is room available?”, “Does it meet capacity?”, “Are facilities sufficient?”, and “Is there a conflict?”. These decision points guide the system to ensure that all variables and constraints are systematically addressed. The iterative nature of this process allows the system to refine allocations and maximise efficiency while maintaining flexibility for any special requirements [4].


[bookmark: _Toc225418015]3.3 How the solution solves the problem
The proposed system addresses the college’s allocation issues in multiple ways. First, by matching class sizes to appropriate room capacities, overcrowding is prevented, and space utilisation is optimised. Large classes are prioritised in allocation, ensuring that rooms with sufficient capacity are available for them, while smaller classes are assigned to smaller rooms, preventing underuse of larger spaces.
Second, the system minimises movement time for students and staff. By considering classroom locations and scheduling consecutive classes logically, unnecessary travel between distant rooms is reduced. This improves efficiency and enhances the learning experience, as students can reach classes on time and faculty can move between sessions without delays.
Third, timetable conflicts are avoided through continuous validation and iterative updating. Every room assignment is cross-checked for overlaps, and any detected conflicts are resolved immediately by reassigning rooms or adjusting time slots. This ensures accuracy and reduces the likelihood of manual errors, resulting in a reliable, conflict-free timetable.
Finally, the solution applies optimisation principles recognised in scheduling and resource management literature. By prioritising critical variables, allocating resources efficiently, handling special requirements, and systematically resolving conflicts, it maximises utilisation of rooms and time slots while reducing wasted resources. The structured flow of allocation, combined with ongoing validation, provides a reliable, repeatable, and scalable solution suitable for moderate-to-large educational institutions [3], [4].
Overall, the structured approach of logical decomposition, prioritisation, iterative validation, and optimisation ensures that classrooms are utilised efficiently, students and staff experience minimal disruption, and the timetable is accurate and adaptable to real-world constraints. This method delivers a practical, efficient, and sustainable solution for the college’s classroom allocation problem.




4. [bookmark: _Toc225418016]Reflection & Justification:

[bookmark: _Toc225418017] 4.1 Techniques Used
The classroom allocation problem was addressed using abstract thinking and decomposition. Abstract thinking allowed a high-level view of the problem, separating elements such as classes, rooms, time slots, and schedules. Decomposition broke the problem into smaller components: data input, room assignment, timetable validation, and conflict resolution. This approach simplifies problem-solving, making complex systems easier to manage [5]. By tackling each component sequentially, dependencies between variables, such as class size and room capacity, could be clearly identified. Prioritising critical tasks, such as assigning the largest classes first, ensured efficient use of space while secondary tasks, like preference-based allocations, were addressed later. This structured method reduces errors and maintains clarity in handling multiple interdependent constraints.

[bookmark: _Toc225418018]4.2 Justification
This approach is appropriate because it provides a clear, systematic method for allocating classrooms. Sorting classes by size and matching them to suitable rooms ensures optimal space utilisation and prevents overcrowding. Timetable conflicts are minimised through continuous validation after each assignment, maintaining a conflict-free schedule. The solution also reduces movement time for students and staff, improving overall efficiency. Optimisation techniques and structured allocation frameworks are widely recognised in the literature for improving scheduling efficiency and resource utilisation in complex systems [4].

[bookmark: _Toc225418019]4.3 Limitations
Despite its strengths, the solution assumes that all input data, including class sizes, room capacities, and time slots, is complete and accurate. It may not effectively handle last-minute changes, such as additional classes, cancellations, or room unavailability. The method is also better suited for moderate-complexity scenarios; highly dynamic or large-scale scheduling may require advanced AI-based or heuristic optimisation. Such limitations are common in timetabling systems due to the complexity of constraints and resource dependencies [1].
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