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This report looks at a real problem in a local college: classrooms are not used well. Some rooms are too full, while others stay empty. This causes timetable clashes and wastes time as students and staff move between buildings. The goal is to create a clear, step-by-step solution that assigns rooms fairly, avoids conflicts, and reduces walking time. The solution uses simple problem-solving methods like breaking the problem into parts, using variables, and following a logical flow.
[bookmark: _Toc225018530]Deconstruct the Problem
The problem presented involves inefficient classroom allocation in a local college, which leads to overcrowded rooms, underused spaces, timetable clashes, and unnecessary movement of students and staff. To solve this problem effectively, it is necessary to break it down into smaller parts using computational thinking methods, especially decomposition, abstraction, and requirement analysis [1], [2].
The first step is to divide the problem into smaller components. Based on the proposed flowchart, the system can be split into key stages: configuration loading, input data, sorting, condition checking, optimization, and timetable generation. Each of these stages has a clear role in the overall allocation process and helps fix the inefficiency of the current system.
Using abstraction, the problem can be generalised as a resource allocation task, where classrooms are limited resources and student groups are demands with specific features – such as group size, time slots, and equipment needs [3], [4]. The goal is to match resources to demands efficiently, while avoiding conflicts and improving overall space usage.
For deeper analysis, we can apply the MoSCoW prioritisation method:
Must Have (essential requirements):
· The system must assign classrooms only if RoomCapacity >= GgroupSize.
· The system must ensure no two groups are scheduled in the same room at the same TimeSlot.
· The system must validate input data and configuration before starting allocation.
· The system must handle conflicts without stopping the full process.
Should Have (important but not essential):
· The system should minimise movements between rooms by using location-based optimisation.
· The system should aim to use space well by assigning the smallest suitable room to each group.
Could Have (nice-to-have features):
· The system could consider extra preferences, such as room type or lecturer requests.
· The system could allow annual adjustments to fix conflicts.
Won’t Have (not included now):
· Real-time re-allocation during the day.
· Integration with external systems.
Key constraints include limited number of classrooms, fixed time slots, capacity limits, and pre-defined group size. These constraints directly affect the decision steps in the flowchart for example, checking room capacity, time slot availability, and required equipment.
The variables used in the system are structured and include: GroupSize, RoomCapacity, TimeSlot, RoomLocation, and RoomEquipment. Additional variables like PreviousRoom, FlagConflict, and AssignedRoom are used during optimisation and allocation. These variables help the algorithm make decisions and ensure every group is processed in order [5].
Overall, this problem is a resource optimisation and allocation task with many constraints. The structured decomposition shown in the flowchart gives a clear base for building an efficient solution. It makes the process easier to understand, test, and improve later [6].
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[bookmark: _Toc225018546][bookmark: _Toc225018648]Figure 1: Main Classroom Allocation Flowchart. This Flowchart shows the overall process of allocating classrooms, including validation checks, conflict handling, and timetable generation.
	Input
	Process
	Output

	GroupSize
RoomCapacity
TimeSlot
RoomLocation
RoomEquipment
PreviousRoom
FlagConflict
	SortGroupsBySize
SortRoomsByCapacity
CheckTimeSlotAvailability
OptimiseRoomLocation
CheckEquipmentRequirement
AssignRoom
FlagConflict
GenerateTimetable
CompareTravelDistance
	SortedGroups
SortedRooms
TimeSlotValid
BestRoom
EquipmentValid
OptimisedRoom
AssignedRoom
ConflictRecord
FinalTimetable
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The proposed solution is based on a structured, algorithmic approach to optimise classroom allocation in the college. The design applies principles of computational thinking – including decomposition, abstraction, and algorithm design – to ensure that classroom assignments are efficient, conflict-free, and minimise unnecessary movement between locations [1], [5].
The solution is presented as a main flowchart supported by two sub-processes: LoadConfiguration and OptimiseRoomLocation. This modular structure improves clarity, maintainability, and reusability of the system. It also allows individual components to be updated or tested independently, without affecting the entire system.
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The process begins with system initialisation, during which the LoadConfiguration sub-process is executed.
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[bookmark: _Toc225018547][bookmark: _Toc225018649]Figure 2: LoadConfiguration Sub-process. This flowchart shows how system settings are loaded, validated, and prepared before the allocation process begins.
	Input
	Process
	Output

	ConfigurationFile
SlotDuration
BufferTime
TravelSpeed
EnvironmentData
ValidationResults
	LoadConfigurationFile
LoadSlotDuration
ValidateSlotDuration
LoadBufferTime
ValidateBufferTime
LoadTravelSpeed
ValidateTravelSpeed
LoadMaxCapasity
ValidateMaxCapacity
RunEnvironmentValidation
HandleErrors
	ConfigurationFile
SlotDurationValid
BufferTimeValid
TravelSpeedValid
EnvironmentValid
InitializationStatus
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This ensures that all required parameters – such as lesson duration, buffer time, room capacities, and walking speed – are validated and stored before allocation starts. By separating this step into a sub-process, the system guarantees that the main allocation logic will not run with incorrect or incomplete data.
After successful initialisation, the system accepts input data.
· GroupSizes
· RoomCapacities
· AvailableTimeSlots
· RoomLocations
· EquipmentRequirements
These variables are essential for determining suitable classroom assignments. For example, RoomLocation helps in optimisation, while EquipmentRequirements ensures teaching needs are met.
To improve efficiency, the system performs two sorting operations:
1. Groups are sorted by size in descending order so larger groups – which have stricter recruitments – are allocated first.
2. Rooms are sorted by capacity in ascending order to assign the smallest suitable room to each group, maximising space use and reducing underused capacity. This avoids “wasting” large rooms on small groups.
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The core allocation logic uses a loop that processes each group one by one. This ensures all groups are handled systematically – no group is skipped, and the order is controlled and predictable.
For each group, the system performs validation checks:
1. Capacity check:
It verifies if a room can hold the group. If not, it records a conflict and moves to the next group – without stopping the full process.
2. TimeSlot availability check:
If capacity is sufficient, it checks whether the room is free at the required time. Any scheduling conflict is logged, and processing continues.
3. EquipmentRequirement check:
It confirms the room meets the group’s equipment needs (e.g., projector, computers, lab tools). If not, a conflict is flagged, and system proceeds to the next group.
This sequence ensures only valid assignments move forward, while conflicts are handled smoothly – without breaking the overall process. Each check acts like a gate: a room is assigned only when all gates open.
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[bookmark: _Toc225018548][bookmark: _Toc225018650]Figure 3: OptimiseRoomLocation Sub-process. This flowchart shows how the system selects the suitable room based on location to reduce travel distance.

	Input
	Process
	Output

	PreviousRoom
SuitableRooms
RoomLocations
DistanceValues
AssignedRoom
	CheckPreviousRoomExists
FindSuitableRooms
MultipleSuitableRooms
CalculateTravelDistance
CompareDistances

	PreviousRoomValid
SuitableRooms
MultipleRoomsAvailable
DistanceValues
ClosestRoom
OptimisedRoom
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If all three checks pass, the system calls the OptimiseRoomLocation sub-process to reduce movement between classes and improve the experience for students and staff.
It first checks whether a previous room exists for the same group or lecturer:
· If no previous room is recorded, the sub-process ends immediately – no optimisation is needed
· If a previous room exist, the system finds all suitable candidate rooms.
Then it decides:
· If only one suitable room is available, it is kept.
· If multiple rooms are available, the system compares walking distances and selects the one with the shortest travel time.
This makes transitions fast and convenient – especially during short breaks like 10 minutes. In practice, consecutive lectures may be placed in the same building or on the same floor, reducing stress and late arrivals.
The chosen room is returned to the main process and assigned to the group. This uses the standard sub-processes return mechanism for clean control flow.
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An important feature of this solution is how it handles conflicts. Instead of stopping when an error occurs, the system uses a FlagConflict operation to record the issue and then  continues processing the remaining groups. This is crucial: colleges cannot halt the entire timetable process just because one group has no perfect match.
This design helps allocate as many groups as possible while identifying unresolved problems [3]. Flagged conflicts can be reviewed and fixed manually by staff if needed. For example: “Group ‘Maths B’ – no room with >= 25 capacity free at 11:00 – 12:30”. Staff can merge groups, adjust timing, or use temporary space.
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After all groups have been processed, the system checks whether any groups remain unassigned:
· If yes, the loop continues;
· If no , the system generates the final timetable.
The output includes:
· All successful room assignments,
· A list of flagged conflicts.
This makes the result complete and useful for decision-making by timetable coordinators and administrators. The format is clear and machine-readable – for instance, as a table with columns: GroupID, AssignedRoom, TimeSlot, Status (e.g., OK or Conflict).
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In summary, the proposed solution offers a clear, practical method for classroom allocation. By combining validation checks, location-based optimisation, and modular design, the system achieves three main goals.
· Beeter use of available space,
· Fewer timetable clashes,
· Less wasted time moving between rooms.
Using sub-processes increases abstraction and readability. The iterative approach also makes the solution scalable for larger colleges with more groups and rooms. Therefore, this design is well-suited for real-world implementation. It mirrors how real scheduling systems work: step-by-step, safe, user-aware [4].
[bookmark: _Toc225018538]Reflect and Justify
The proposed solution was developed using key problem-solving and computational thinking techniques, including decomposition, abstraction, pattern recognition, and algorithm design [1], [2]. These approaches played a significant role in turning a complex real-world problem into a structured and logical solution.
Decomposition was used to break the main task into smaller parts, such as configuration loading, condition checking, optimisation, and timetable generation. This made the problem easier to understand and allowed each part to be designed independently. For example, using sub-processes like LoadConfiguration and OptimiseRoomLocation shows modularity and improves the readability of the flowchart.
Abstraction helped focus only on important variables like GroupSize, RoomCapacity, and TimeSlot, while ignoring less relevant details. This kept the solution simple and avoided unnecessary complexity. Pattern recognition showed that every group follows the same allocation steps, which led to using a loop structure (For Each Group) in the flowchart [5].
Algorithm design helped organise all steps into a clear sequence. Decision blocks – such as checking RoomCapacity, TimeSlot availability, and RoomEquipment needs – ensure that only valid assignments are made. Also, the system handles conflicts without stopping. Instead, it records the issue and continues processing other groups. This helps maximize the number of successful allocations.
This approach is well justified because it directly solves the main goals: efficient room use, reduced movement, and no scheduling clashes. However, there are limitations. The optimisation step uses simple assumptions – for example, it treats location as basic (like building or floor) and does not consider real walking distances, user preferences, or last-minute changes. It also assumes that all input data is accurate and complete.
Overall, using structured problem-solving methods leads to a solution that is clear, scalable, and practical for real college use [6].
[bookmark: _Toc223903598][bookmark: _Toc225018539]Conclusion
In conclusion, the proposed solution offers a practical and structured way to manage classroom allocation. By using clear steps, validation checks, and location-based optimisation, it helps make better use of space, reduces scheduling errors, and saves time for everyone. Although it has some limits – like simple assumptions about room locations – it provides a strong starting point for a real college system. The design is easy to understand, test, and improve over time.
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