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[bookmark: _Toc224836862]Introduction
Academic timetabling is an area of concern in academic institutions, where efficient classroom allocation is a significant factor [1]. Lack of proper assigning classrooms can result in such problems like congested rooms, underuse of facilities, conflicting schedules, and the needless transfers between lessons. These difficulties might have a harmful impact on the effectiveness of teaching and general learning experience of students [2]. This assessment analyses the problem of classroom allocation faced by a local college and applies structured problem-solving techniques to develop an effective solution. The report first deconstructs the problem by identifying key components, requirements, and constraints using the MoSCoW technique. It then proposes a logical solution supported by a flowchart and finally reflects on the techniques used and the limitations of the proposed approach.














[bookmark: _Toc224836863]1. Problem Deconstruction
[bookmark: _Toc224836864]1.1 Overview of the Problem 
The scenario can be understood as a resource-allocation and scheduling problem in which classrooms, time slots, staff availability, and student movement all interact. In educational scheduling, not only to allot rooms and periods to activities is required, but also hard requirements, like room capacity and clash avoidance, and soft benefits, like convenience and efficiency [1], [2]. Since the problem comprises several interdependent variables and conflicting goals, it is suitable to use systems thinking: alteration in one aspect of the schedule can impact the room utilization, walking time, and timeliness in other parts of the system [3].
[bookmark: _Toc224836865]1.2 Key Components of the Problem 
The main problem can be broken into three components, shown in figure 1. 

[bookmark: _Toc224836872]Figure 1: Key Components of the Problem
First, the teaching rooms should be divided in such a manner that the size of the classroom corresponds to the size of the room to ensure that it is not overcrowded and to avoid any wastage of space. Surveys of room usage optimisation reveal that room assignment is usually a capacity-matching problem, which is frequently addressed using greedy algorithms or integer programming [4]. Second, the schedule must shorten the time between classes, which is progressively considered as a purposeful soft constraint in contemporary scheduling disciplines [5], [6]. Third, conflict in schedule should be avoided particularly in areas where there is a possibility of a teacher, a group of classes, or a room being booked at the same time. These are always defined by literature as hard constraints which should not be broken [1], [2].
[bookmark: _Toc224836866]1.3 Requirements Analysis Using MoSCoW Technique 
A practical way to organise the requirements is through MoSCoW prioritisation. Using this technique, the “Must Have” requirements are: there should be no schedule conflicts, the room capacity should not be greater, and each of the classes should have a legitimate room and time [7]. Minimal walking distance between successive lessons, minimal idle intervals, and equal distribution of rooms within the college are the “Should Have” requirements [7]. The “Could Have” requirements are: would prefer to be on the same building or floor, to be linked in lessons; would prefer specialist rooms where it is useful but not essential. Advanced features like automatic booking of non-teaching events or full optimisation of all assets in the college can be considered the “Won’t Have” this time category since the existing issue is limited to the allocation of classrooms only [7].

[bookmark: _Toc224836873]Figure 2: MoSCoW prioritization (Made by using MS Word SmartArt)
[bookmark: _Toc224836867]1.4 Identification of Key Variables 
The relevant variables are therefore: class size, room capacity, room location, room availability, lesson duration, teacher availability, student group availability, and travel time between rooms. Moreover, the unused seats, walking distance, and timetable gaps can be given a penalty score in order to choose more effective allocations in a systematic manner [1], [4], [6]. A problem breakdown in structure assists in the treatment of the timetable as a series of minor choices instead of a huge and ineffective undertaking [2], [3].

[bookmark: _Toc224836874]Figure 3: Key Variables Identification
[bookmark: _Toc224836868]2. Proposed Solution and Explanation
A suitable solution is a rule-based allocation process supported by a greedy optimisation approach. This is right since educational timetabling involves a complex combinatorial problem having numerous hard and soft constraints and precise optimisation may be time-intensive as the problem size increases [1], [2], [8]. The heuristic or greedy approach is common in timetable research since it is able to generate workable schedules in a short period of time and can be enhanced using repair operations or local re-optimisation [4], [8].
The process proposed begins with the gathering of the necessary data: a list of classes, enrolment numbers, room capacities, room location, room availability, teacher availability, and the time slot that are available during the week. Data validation is done to eliminate the missing or inconsistent records hence rectifying them prior to scheduling. It is significant since the quality of timetabling is largely reliant on the quality of input [2], [6].
The next step is to prioritise classes. Classes having the most enrolments, the highest room restrictions or the least flexible teacher availability are booked in the first instance. This principle of most constrained first is typical of heuristic timetabling since hard assignment assignments can be more difficult to schedule later than classes of fewer difficulty can be scheduled earlier [2], [6]. Hard constraints are then applied on rooms: the room should be free, the time slot should be free, the teacher should be free, the room capacity should be equal or larger than the number of people in the class. This avoids conflict and congestion which is the main failures as explained in the scenario [1], [2].
After filtering, the “best fit” room is selected. The best-fit rule prefers the room having minimum positive capacity surplus as it enhances the utilization of the room and minimizes wastage [4]. The system then takes into account distance where there is a number of rooms that can be used. When the course belongs to a student or teacher sequence, the one with the shortest movement time in the last room is chosen. Professional timetabling practice supports this point because unnecessary movement between classes is minimized through the use of travel time constraints [9]. Studies have also indicated that schedules affect the commuting and movement experience hence the experience of the student can be enhanced with reduced travels [10]. In case a precise distance matrix is not provided, the system can take a useful proxy of building, floor, or building proximity.
A simple scoring model can be used to compare candidate rooms and time slots. Depending on the feasible options, a score can be obtained based on the weighted criteria like: capacity fit, walking distance, timetable compactness and room fairness. An alternative that has the best score will be chosen. This renders the process generic and logical and leaves priorities to be adjusted by the college [5], [6]. In a case of unavailable room in the preferred slot, the algorithm will search other slots keeping in mind the hard constraints. In case no viable solution is discovered, the class should be placed in an exception queue to be screened by hand. This guarantees that the system is not rendered useless in case the demand is higher than the supply.
The solution also includes a final conflict-check stage. Once all the allocations are completed, the schedule is again scanned on the duplicate room usage, teacher overlap algorithm, and student group overlap algorithm. This can be followed by a repair step which swaps or relocates low-priority classes in order to eliminate any remaining issues [4], [8]. The last schedule is then created and released.
This flow chart (see in figure 4) is logical as they have divided data preparation, prioritisation, checking constraints, allocation, and post-processing. And it also reflects the manner timetabling is addressed in the literature: an initial feasibility is established and soft objectives enhanced [1], [2], [6].
Assumptions: The assumptions that have been made on the solution are as follows. The assumptions are that the capacities of rooms are known and correct, the timetable is constructed about a given planning period and that travel time may be inferred using the location data of the rooms. There is also the assumption that there is at least one practicable slot of each of the classes somewhere on the weekly schedule. These are plausible and realistic assumptions within a college schedule but they must be clearly stated, as they impact the generality of the solution [2], [6].
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[bookmark: _Toc224836875]Figure 4: Flow Chart (Made by using SmartDraw)
[bookmark: _Toc224836869]3. Reflection and Justification
The problem-solving techniques used here were subdivision, abstraction, and systems thinking. Subdivision enabled the generalized problem of bad classroom allocation to be subdivided into smaller problems: Matching capacity, reduction of movement as well as elimination of conflict. The problem was represented with the help of the abstraction by the help of the variables like room capacity, classes size, and time spent at school instead of dwelling on the names of individual rooms or student names. The advantage of this is that this technique enables the solution to be generic and reusable across colleges or semesters [3].
The selected method is suitable since the most common definition of the problem is considered to be classroom timetabling as a challenging optimisation issue possessing hard and soft constraints [1], [2], [8]. In these issues, a complete optimal solution can be computationally infeasible, and a greedy heuristic can be used to create a useful schedule in a short time, and can be optimized with repair logic [4], [8]. This approach is hence feasible to a college setting where schedules have to be generated in a time-constrained manner and updated as employees or enrollments are rearranged [2], [6].
The key weakness is that the solution will require the quality of input data. The timetable will also be weak in case there is a mismatch in the number of students, room capacities, or teacher availability. The other one is that the movement-time optimisation is not better than the distance data provided; so in case of not measuring the real walking paths, the system can work with approximations on building level. Another weakness is that the solution concentrates on classroom allocation as opposed to total optimization of wider institutional space use, i.e., events, laboratories, or external booking [5], [9]. Still, the approach is appropriate since it considers feasibility, efficiency, and simplicity, which are the most significant demands in the specified case [1], [7].
In short, the solution is valid as it has a systematic approach to the decision process, puts the most significant requirements at the forefront, and has a rational rule of distribution which is more efficient at making better room utilization and minimising conflicts and superfluous movement. This renders it a robust problem-solving reaction to a college time schedule setting [3], [6], [9].
[bookmark: _Toc224836870]Conclusion 
In conclusion, this assessment analyzed the classroom allotment issues in a local college and came up with a systematic solution to the problem through analytical problem solving methods. It was initially broken down into smaller parts by determining critical variables, constraints, and requirements with the help of the MoSCoW prioritisation method. A proposal of a rule-based allocation strategy assisted by the heuristic optimisation was subsequently suggested to coordinate the number of classes with the appropriate rooms, reduce transfers between classes, and eliminate conflicts in the schedules. The logical process of the proposed solution was proposed as a flowchart. Lastly, consideration of abstraction, subdivision, and systems thinking showed that it is possible to implement systematic problem-solving methods to enhance classroom allocation and efficiency of the entire timetable.
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Must Have


No timetable clashes


Room capacity not exceeded


Every class assigned a room and time slot


Should Have


Minimise walking distance between classes


Minimise idle gaps in timetable


Fair room distribution across college


Could Have


Same building/floor for linked lessons


Preference for specialist rooms


Won’t Have


Automatic booking for non-teaching events


Full optimisation of all college assets



Key Variables


Class size


Room capacity


Room location


Room availability


Lesson duration


Teacher availability


Student group availability


Travel time between rooms



Classroom Capacity Matching


Assign rooms according to class size to avoid overcrowding and unused space.


Minimize Movement Time


Arrange consecutive classes to reduce travel time between rooms.


Avoid Scheduling Conflicts


Prevent double-booking of teachers, class groups, or classrooms.
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