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1. Deconstructing the Problem
The college is facing challenges in classroom allocation, leading to overcrowding, underutilization, scheduling conflicts, and excessive student movement. These inefficiencies compromise operational effectiveness and negatively impact the working environment for both staff and students. To address this, the problem must be broken down into manageable components using structured analytical techniques.
A structured analytical approach is required to dissect the problem into manageable components. The system necessitates organized input data, including:
Key Groups:
1. Students
2.Timetabling Administrators
3. Teaching Staff
4. College Management 

Mandatory Requirements:
 1. Class size and student numbers.
 2. Lecturer availability and preferences.
 3. Required facilities and equipment.
 4. Room capacity and locations.
 5. Available time slots and scheduling constraints.

  These requirements interact and must be considered collectively to avoid clashes

Flexible Requirements:
1. Minimize unused seating capacity.                                                                                                                        2. Reduce travel distance between consecutive classes                                                                                                    3. Avoid timetable gaps where possible                                                                                                           4. Improve departmental clustering of rooms.
MoSCoW Technique:
	Must Have:

1. Clash-free scheduling.
2. Alignment of room capacity with class size.
3. Lecturer availability confirmation.
4. Compatibility of facilities with class requirements.

	Should Have:

1. Optimal room utilization.
2. Minimization of inter-building travel time.


	Could Have:
1. Departmental grouping of classes.
2. Utilization reports.

	Won’t Have:

1. Implementation of AI-driven predictive scheduling algorithms in the initial phase.





   Key Problems Identified:
     
 From the analysis, three primary concerns arise:
 
 1. Space allocation discrepancies – oversubscribed rooms.
 2. Suboptimal timetable configuration – concurrent bookings and scheduling conflicts. 
 3. Excessive movement time – suboptimal room sequencing across the campus geography.

These problems indicate that the current system likely lacks a structured allocation algorithm and instead relies on manual scheduling or incomplete data analysis.


2. Proposed Solution:

To enhance classroom allocation efficiency, a systematic and rational methodology employing algorithms is advocated. The approach entails gathering precise data, implementing prioritization protocols, and utilizing sequential decision-making processes.

Overview of the Approach. The proposed solution follows 8 main stages:
1. Collect Data (duration, size. Teacher availability)
2. Sort Classes (largest to smallest)
3. Filter Suitable Rooms (check availability)
4. Select Best Fit
5. Assign Room
6. Update Timetable
7. Conflict Check
8. Optimize




Detailed Explanation of How the Solution Works.
 1. Reliable information is crucial. Actual enrolment figures must represent class sizes accurately. Room capacities and attributes require verification. Instructor availability must be ascertained. This guarantees decision-making informed by dependable inputs.
 2. Classes are sorted in descending order by size. Larger classes are allocated first because they have fewer suitable rooms available. This reduces the risk of large classes being left without appropriate spaces. 
 3. Filter rooms that match specialist needs. 
  Filter rooms that meet capacity requirements (room capacity and class size).                                       Select the smallest suitable room to maximize space efficiency.                                                                         Check timetable availability.
Choosing the smallest adequate room prevents wasted space and ensures larger rooms remain available for larger groups.
 4.  Select the smallest suitable room to maximize space efficiency
 5. Assign the most suitable rooms. 
     Check for double-booked teachers.
 6. Check timetable availability.
 7. Ensure that no room is assigned to two classes at the same time. 
    Check for student group overlaps.
  If conflicts occur, the system reassigns the affected class to the next best available room or time slot. This iterative checking continues until all conflicts are resolved.
 8. Identify core student groups. Pathways.
    Identify consecutive classes thought by the same teacher.
Rooms within the same building or adjacent floors are preferred. If distance exceeds a defined threshold, reassignment is attempted. This step improves punctuality and reduces fatigue.
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How the Solution Meets the Objectives
 
Efficient Allocation:                                                                                                                                                                                  By matching class sizes to the smallest suitable room, space usage is maximized, and overcrowding is eliminated.
 Minimized Movement Time:                                                                                                                                          Location-based optimization reduces unnecessary campus travel and late arrivals.
 Accurate Timetabling:                                                                                                                                            Automated conflict detection ensures no overlapping bookings occur.
  Assumptions Made:
1. All necessary data is accurate and up to date.
2. The campus map and room distances are measurable.
3. The timetable structure (time slots) remains fixed.
4. Technology is available to implement the allocation algorithm.

3. Reflect and Justify:
The proposed classroom allocation solution's development relied on structured problem-solving methodologies, including abstract thinking, decomposition, systems thinking, MoSCoW technique, and optimization theory elements. Reflecting on these techniques demonstrates the approach's suitability for the scenario and highlights its strengths and limitations.
Firstly, we broke down the big problem of inefficient classroom management into smaller bits: capacity mismatch, scheduling conflicts, and excessive movement time. This made it easier to tackle. We looked at class size, room capacity, time slots, and location – simple variables, simple solution. Now it's logically solvable.
Secondly, we stripped away unnecessary details, focusing on what mattered: class size, room capacity, and time slots. Ignored things like classroom decoration don't affect allocation efficiency!  This made the solution adaptable to any college. We used MoSCoW to prioritize: "Must Haves"like avoiding double bookings came first; "Should Haves" and "Could Haves" came later. Keep things focused on what really matters, making decision-making stronger and core objectives clear.
Additionally, the approach applied to allocation of optimization principles. Sorting classes by size before assigning rooms reflects a greedy algorithm strategy, where largest constraints are satisfied first to minimize later conflicts. This is a practical and efficient method in scheduling problems, particularly when resources are limited.
From a systems thinking perspective, the solution recognizes that timetabling isn't isolated. Room allocation affects punctuality, student satisfaction, staff workload, and resource usage. By incorporating movement optimization, the approach considers interactions between components rather than treating allocation as a purely numerical task. However, limitations and assumptions exist.
The solution assumes accurate and up-to-date input data (class sizes, availability, room features). Enrolment numbers may change, and staff availability may shift unexpectedly. The model assumes fixed time slots and doesn't account for emergency changes or last-minute cancellations. While the greedy allocation method is efficient, it doesn't guarantee a globally optimal solution compared to advanced optimization algorithms like linear programming.
In conclusion, the chosen techniques structure a complex issue into a logical, prioritized, and optimized process. While assumptions limit absolute precision, the approach provides a realistic, scalable, and systematic framework for improving classroom allocation efficiency.
4. Engagement with Literature:
The proposed classroom allocation solution is rooted in established academic and professional theories related to prioritization, optimization, and systems design. Engaging with relevant literature strengthens the justification for chosen methods and demonstrates alignment with recognized best practices in operations management and problem-solving. Studies emphasis hybrid optimization approaches combining heuristic and constraint-based models, supporting the structure adopted in this solution.
Firstly, the MoSCoW prioritization technique originates from project management methodologies, particularly Agile frameworks (Clegg and Barker, 1994). MoSCoW categorizes requirements into “Must Have,” “Should Have,” “Could Have,” and “Won’t Have.” In classroom allocation, this framework prioritized critical constraints like avoiding double bookings and exceeding room capacity above preferences like departmental room choices.[1]-[4]. Literature on requirements engineering emphasizes that clear prioritization reduces ambiguity and improves decision-making efficiency. Applying to MoSCoW reflects the established best practice in structured requirement analysis.
Secondly, the allocation strategy draws on optimization theory and timetabling research within operations management. Classroom scheduling is a form of the “University Timetabling Problem,” a combinatorial optimization challenge (Burke and Petrovic, 2002). The decision to allocate larger classes first reflects a greedy algorithm strategy, frequently used in scheduling due to computational efficiency. Greedy algorithms provide practical and near-optimal outcomes in real-world environments where time and resources are limited. [2], [3].
Furthermore, the solution incorporates systems of thinking principles (Checkland, 1981). Classroom allocation affects student punctuality, staff workload, and space utilization. Including movement optimization and conflict detection recognizes these interdependencies, aligning with soft systems methodology. Computational thinking concepts, decomposition and abstraction, are supported by computer science education literature (Wing, 2006). Decomposition breaks complex problems into manageable parts; abstraction removes unnecessary detail.
 These techniques design algorithm-based solutions to real-world problems. Facilities management research highlights maximizing space utilization to reduce costs and improve efficiency (Barrett and Baldry, 2003). Assigning the smallest suitable rooms prevents the underuse of large spaces, reflecting this principle. Efficient space management improves institutional performance and resource sustainability.[5]
 In conclusion, the solution is supported by academic literature in project management, optimization theory, systems thinking, and computational problem-solving. Integrating established models and frameworks demonstrates academic rigour and practical relevance, confirming the solution is logically structured and grounded in recognized professional and scholarly practice. By situating the proposed classroom allocation model within the context of current optimization and systems engineering discourse, it embodies a synthesis of theoretical and pragmatic considerations.
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