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1. Introduction
Effective classroom allocation is essential to the smooth operation of any college, yet many institutions continue to experience difficulties in this area. 
This report addresses the case of a college experiencing four interrelated symptoms of ineffective room management:
 overcrowded classrooms, underused spaces, timetable conflicts, and excessive time lost through room changes.
Rather than treating these as isolated issues, the analysis presented in this report considers them as part of a single combinatorial optimisation problem, comparable to the Classroom Assignment Problem discussed in academic literature.
 The MoSCoW method is used to distinguish non-negotiable requirements, such as eliminating scheduling conflicts and respecting room capacity, from desirable improvements, such as minimising student movement between buildings.
A semi-automated classroom allocation system based on optimisation techniques is then proposed. 
The decision-making process is illustrated through a flowchart, and the report concludes with a critical reflection on the selected methods, assumptions, practical benefits, and limitations.


2. Problem Deconstruction

2.1 Overview of the Problem

The college’s room allocation problem can be divided into four interrelated issues. First, certain classrooms are consistently overcrowded, with student numbers exceeding their physical capacity. 
This creates discomfort, increases safety risks, and may reduce the quality of teaching and learning. Second, other rooms remain underused, either standing empty or being occupied by very small groups, despite being suitable for classes that are placed in overcrowded spaces elsewhere.
Third, scheduling conflicts arise when two or more classes are assigned to the same room at the same time, or when one teacher is scheduled to teach different groups simultaneously. Fourth, students and staff lose valuable time moving between rooms located far apart across the campus. This can increase fatigue and the likelihood of late arrivals.
These four issues are not independent; they reinforce one another. A poorly planned initial allocation can create conflicts, which may lead to last-minute room changes. These changes can then worsen overcrowding and increase unnecessary movement across the campus. The underlying problem is therefore not simply to find an available room, but to identify the most suitable room, at the correct time, for the correct group, while considering capacity and distance constraints.
This situation is comparable to the Classroom Assignment Problem discussed in optimisation literature and can therefore be treated as a structured, data-driven scheduling problem rather than a series of isolated adjustments.


2.2 Key Requirements and Constraints

Before prioritising individual requirements, it is useful to state plainly what any acceptable solution must respect. Two categories of constraint apply.
 Hard constraints are non-negotiable: a room cannot host two classes at once, and a class cannot be placed in a room with insufficient seating.
 Soft constraints are desirable but negotiable: minimising the number of times a student group changes rooms in a day, balancing occupancy so that no room sits consistently empty while another is packed, and matching room type (lecture theatre, computer lab, workshop) to the pedagogical needs of each session. 
A workable allocation system must satisfy every hard constraint before any attempt is made to improve on the soft ones, since a schedule that is merely efficient but still double-books a room is not a valid schedule at all.

2.3 MoSCoW Prioritisation

The MoSCoW method is used here to separate what the system absolutely must deliver from what would simply be a welcome improvement.
 This distinction matters in a college setting, where every stakeholder tends to treat their own concern as urgent;
 MoSCoW forces an explicit statement of what is being deferred and why. 
Must have 
• No scheduling conflicts: a room hosts only one class at any given time. 
• Strict respect of room capacity: enrolled students never exceed available seating. 
• Confirmed availability of rooms and teachers for every scheduled slot. 
• A room assigned to every scheduled class, with no unallocated sessions. Should have 
• Minimised room changes for students, particularly between consecutive classes. 
• Balanced room occupancy, avoiding both overcrowding and near-empty rooms.
• Room type matched to the nature of the session (lecture, computing, laboratory, etc.). Could have 
• Accommodation of teacher preferences, such as a habitual room or proximity to their office. 
• Optimisation of walking distance between buildings for consecutive sessions. 
• A margin of spare rooms held back for unforeseen last-minute changes. Won't have 
• Real-time booking integration for external meeting rooms. 
• Automated allocation for non-teaching events, such as conferences or special examinations. 
• A full mobile application with push notifications, which could be added at a later stage.
 This classification keeps the project realistic: effort is concentrated first on what causes daily disruption, namely conflicts and capacity breaches, before comfort-oriented refinements are considered.

2.4 Key Variables

Any solution to this problem, whatever technique is chosen to implement it, depends on the same underlying set of variables. Formalising these variables is what allows the problem to be treated as a structured optimisation task rather than a matter of ad hoc judgement. 
• Actual capacity of each room. 
• Number of students enrolled in each class. 
• Time slots, expressed as a day plus a start and end time. 
• Room type required (lecture, practical, computing, laboratory, etc.). 
• Location of each room (building and floor). 
• Availability of teaching staff. 
• Succession constraints, i.e. classes that follow one another for the same student group. 
• Approximate distance between rooms, used to limit unnecessary movement.
 Taken together, these variables allow the problem to be formalised as a classic combinatorial optimisation task, closely related to the University Course Timetabling Problem and the Classroom Assignment Problem described in the scheduling literature.

3. Proposed Solution and Explanation


3.1 Overview of the Proposed Solution

The recommended solution is a semi-automated room allocation system built around an optimisation algorithm, ideally a genetic algorithm or integer linear programming for instances of moderate size.
 All course, room, and staffing data is first entered into a simple, structured database.
 The system then checks every hard constraint from the Must-have list; if a conflict or a capacity breach is detected, the candidate solution is rejected outright.
 Once a feasible starting point exists, the system searches for the arrangement that minimises a combined cost score, covering wasted capacity, the number of room changes imposed on a given student group, and the distance travelled between consecutive sessions.
 A simple interface, whether web-based or built on a spreadsheet with macros, lets administrators review any remaining conflicts and manually override specific assignments where necessary. 
This balance of automation and human oversight is realistic for a college of moderate size:
 the optimisation itself can run in a matter of minutes on ordinary hardware, without requiring specialised computing infrastructure.

3.2 Flowchart of the Classroom Allocation Process
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3.3 Explanation of the Flowchart

The process begins with data collection: course lists, expected enrolment, room inventories, and any teacher-specific constraints are gathered into a single structured source. 
This feeds a hard-constraint check, which verifies capacity and availability before anything else is attempted. If a conflict or overcrowding is detected, the candidate solution is rejected and a new initial allocation is generated, either through a greedy rule or a controlled random assignment, before being checked again.
 Once a feasible starting point clears the hard-constraint check, the optimisation stage begins: a genetic algorithm the arrangement against a cost score combining wasted capacity, room changes, and travel distance.
 If the score is not yet satisfactory, the algorithm applies crossover and mutation to produce a new generation and re-evaluates. 
Once a satisfactory score is reached, the schedule passes to manual validation, where administrators may force specific assignments before the timetable is published. 
A feedback loop then allows the system to respond to later changes, such as a teacher's absence or a shift in enrolment numbers, by triggering a targeted, partial re-optimisation rather than a full restart.

3.4 Key Decision Points

Four decision points govern the flow of the system, and each corresponds to a branching diamond in the flowchart. 
• Conflict check: Whether a conflict or capacity breach is detected after the hard-constraint check; if so, the process loops back to generate a new candidate solution rather than proceeding to optimisation. 
• Score check: Whether the cost score produced by the optimisation stage is judged satisfactory; if not, the algorithm produces a new generation through crossover and mutation and re-evaluates. 
• Validation check: Whether the administrator needs to manually adjust any assignment before publication; and Has a change been detected?
if so, the forced changes are applied and the schedule is re-validated before moving forward. Each of these points exists specifically to prevent an invalid or poor-quality schedule from being published, while still allowing the process to recover automatically rather than requiring a full manual restart every time.

3.5 Assumptions

• Course, enrolment, and room data supplied to the system are reasonably accurate and kept up to date. 
• The college is of moderate size, such that an optimisation run completes in minutes on standard hardware rather than requiring specialised computing resources. 
• Administrators remain available to perform the final manual validation step and to resolve any residual conflicts. 
• Distances between rooms and buildings can be reasonably approximated in advance, rather than requiring live location tracking. 
• Teacher availability and room type requirements are known ahead of the scheduling period, rather than changing on short notice.

3.6 How the Solution Improves Room Utilisation

Room utilisation improves because the cost function explicitly penalises wasted capacity, meaning the difference between a room's size and the number of students actually assigned to it. 
Rather than assigning the first available room, as a simple greedy rule would, the optimisation stage searches across the full set of rooms and sessions simultaneously, favouring assignments that match room size closely to class size. 
Over successive generations, the algorithm converges on a distribution where large rooms are reserved for large groups and small rooms are not left idle while overflow occurs elsewhere, directly addressing the overcrowding and underuse identified in Section 2.1.

3.7 How the Solution Minimises Movement Time

Movement time is addressed through a distance term built into the same cost function. 
Whenever two consecutive sessions belong to the same student group, the algorithm calculates the approximate distance between the two assigned rooms and adds it to the overall cost. 
Solutions that scatter a single group's timetable across distant buildings therefore score worse than solutions that cluster their sessions within the same building or nearby ones, and are progressively selected against as the optimisation proceeds.
 This does not eliminate all movement between rooms, but it systematically favours arrangements that keep consecutive classes close together.

3.8 How the Solution Prevents Scheduling Conflicts

Scheduling conflicts are prevented structurally rather than corrected after the fact. 
The hard-constraint check that follows data collection rejects any candidate solution in which a room is assigned to more than one class at the same time, or in which a teacher is required in two places at once.
 Because this check happens before the optimisation stage even begins, no amount of cost-function tuning can produce a published timetable that violates it; a conflicting solution is simply never allowed to progress past that point in the flowchart.

4. Reflection and Justification

4.1 Problem-Solving Techniques Used

MoSCoW was chosen because it forces genuine prioritisation. In a college setting, every stakeholder tends to regard their own concern as urgent, and MoSCoW provides a structured way to say, explicitly, that a given feature is not for now. 
For the technical resolution, combinatorial optimisation techniques, either integer linear programming or metaheuristics such as genetic algorithms, were favoured over a simple greedy rule.
 A rule such as "assign the first available room" produces exactly the symptoms observed in the original problem: overcrowding in some rooms, emptiness in others, and excessive movement between buildings. 
Optimisation techniques instead consider the entire timetable at once and search for a global compromise across all of its competing constraints.

4.2 Justification of the Proposed Approach

The proposed approach suits a college of moderate size because it does not require specialised computing infrastructure; a genetic algorithm of this kind can run to a usable result in a matter of minutes on ordinary hardware. 
Framing the problem through MoSCoW before any technical work begins also ensures that the optimisation targets the right priorities from the outset, rather than treating every soft preference as equally important to every hard constraint. 
Finally, retaining a manual validation step keeps a human decision-maker in control of the final output: the system proposes a schedule, and the administrator decides, which is both more realistic and more acceptable to administrative staff than a fully automated black box.

4.3 Limitations and Assumptions

These techniques have real limitations. 
Optimisation algorithms depend on clean, accurate input data;
 incomplete or outdated room and enrolment records will degrade the quality of the resulting schedule regardless of how well the algorithm itself performs.
 Metaheuristic methods such as genetic algorithms also do not guarantee a globally optimal solution, only a good one within a reasonable computation time, and larger or more complex colleges may require more computing time or a more specialised solver. 
Finally, the system assumes that administrators remain available to perform the final validation step; without that human check, edge cases that the cost function does not fully capture could otherwise go unnoticed.

5. Conclusion

The college's room allocation difficulties, namely overcrowding, underused space, scheduling conflicts, and lost movement time, stem from a common underlying cause: rooms are assigned without considering the whole timetable at once.
 Reframing the situation as a combinatorial optimisation problem, prioritised through MoSCoW and resolved through a semi-automated system combining hard-constraint checking, genetic optimisation, and manual validation, addresses all four symptoms through a single coherent mechanism rather than through separate, ad hoc fixes. 
The proposed flowchart demonstrates that this process can recover automatically from both a poor initial allocation and later disruptions, while still leaving final judgement in the hands of the administrators who must live with the resulting timetable.
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