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Problem Scenario
A local college is facing difficulties in managing its classroom allocations efficiently. Some rooms are overcrowded while others remain underused, leading to timetable clashes and wasted time as staff and students move between rooms. The college aims to optimise classroom allocation to make better use of available space and improve the overall learning experience.
Part 1: Deconstruct the Problem
Problem Analysis to resolve this, we first need to break the circumstances below into its fundamental parts.
1.1 Basic Components (Variables) 
Room: A set of physical spaces, each accompanying particular trait. 
Capacity: Maximum number of seats. 
Facilities: Projector, Smart Board, Lab Equipment, Accessibility Features. 
Location: Building, Floor, Room Number (very substantial for travel time).
Type: Lecture Hall, Seminar Room, Lab, Studio. 
Session (Class): Units expected assigned. 
Enrolment: Number of registered pupils. 
Duration: Start and end periods. 
Type: Lecture, Tutorial, Lab (decides the essential facilities).
Instructor: Specific staff member (can have options or limits).
Time Slot: Time-located form. 
Block: like, 9:00-10:00 AM, 10:00-11:00 AM, etc. 
Day: Monday between Friday. 
Constraints: Rules that determine an attainable distribution. Hard constraints: Must be join (for instance, room capacity and number of students; no two sessions possibly in the same room as long as; instructor cannot be in two places at the same time).Soft restrictions: Should be increased (for example, minimizing travel distance for staff/students between successive classes; equal room types to class types; prioritizing rooms with comforts) (1).
1.2 MoSCoW Strategy 
This procedure categorizes requirements to plan out the resolution logic. 

	Priority
	Category
	Requirement / Constraint 


	(Must Have)
	Non-negotiable
	Capacity: Room competency must be class recruitment (no overcrowd). 

No Double-Booking: A single room cannot host two sessions at the same time. 

Instructor Availability: An instructor cannot teach two sessions together.

Facility Fit: A lab meeting must make use of a room accompanying lab supplies.

	(Should have)	
	High priority
	Proximity: Consecutive sessions for the same companion or instructor should be in adjoining buildings or the same building to minimize ripped change time. 
Room Type Suitability: Large lectures should make use of lecture halls, not narrow seminar rooms (and with the order reversed). 

Space Efficiency: Avoid
putting a class of 20 students 
in any room that holds 200 (underuse).


	(Could have)	
	Nice to have
	Instructor Preferences:
Accommodate requests for distinguishing rooms or buildings. 

Student Preferences: 
Minimize total travel distance for most students. 

Even Distribution: 
Avoid grouping all classes in individual extension of the campus while possible choice is empty.

	W (Won’t have)	
	Out of scope
	Dynamic Real occasion
Changes: This beginning answer focuses on pre-term scheduling. Last-minute room exchanges due to crises are controlled by different manual override process.
Full Building HVAC
Optimization: While strength effectiveness is good, it is not a basic restraint for allocation logic.



Proposed Solution: Classroom Allocation Optimization
The college faces inefficiencies due to overcrowded rooms, unused space, scheduling conflicts, and unnecessary travel. To address this, I propose a data-driven, constraint-based optimization approach that allocates classrooms to courses while respecting capacity and special needs and minimizing travel distances. The process is illustrated and explained in detail in the flowchart below.

1. Data Collection
▼
1.1 Room list: capacity, amenities, location (building/floor)
1.2 Course information: student enrolment, required schedule, special needs.
1.3 Instructor availability and preference
1.4 Travel distance/time between rooms (for students and staff)

2. Set constraints
▼
2.1 No two courses can be run in the same room at the same time
2.2 Room capacity
2.3 Special needs (lab, accessibility) must be met
2.4 Instructors can only take one course per schedule

3. Pre-processing and prioritization
▼
3.1 Sort courses by size (largest first) and by special needs
3.2 Identify “critical” courses that require special rooms
3.3 Group courses that have the same student/instructor (cohort)

4. Conflict resolution and movement optimization
▼
5.1 Check for overlap: if there is a conflict, use backtracking or reassign
5.2 For each cohort, calculate the travel distance between consecutive classes
5.3 Swap room allocations locally to reduce total travel distance

Detailed Explanation
[
1. Data Collection
Room: Each room has a unique ID, capacity (number of seats), amenities (whiteboard, projector, lab equipment), accessibility features, and its physical location (building, floor, room number). The distance matrix between rooms is pre-calculated (walking time in minutes).
Course: Each course section has the number of students, the required time, and any special room needs.
Instructor: Availability and teaching load constraints.
Student group: A group of students who take multiple courses together. This helps reduce travel between consecutive classes.

2. Set constraints
The optimization must meet the following conditions.
Hard constraints (cannot be violated). A maximum of one course can be conducted in a room per time slot. Special requirements (e.g., lab, wheelchair accessibility) must be met. Instructors cannot take two courses at the same time. Assigning courses to rooms in the same building is preferred to reduce inter-campus travel.
3. Pre-processing and prioritization
Arranges courses in order of student numbers. Large classes have fewer space options, so assigning them first can help avoid problems later. Identifies “critical” courses that require special facilities (e.g., a chemistry lab). These are assigned before general courses. Combines courses that have the same student body or instructor. This consolidation helps to optimize course transfers later.

4. Conflict resolution and movement optimization
Conflict checking: Ensures that a room is not scheduled double happening at about the same time. If a conflict is found (on account of a previous exchange), a backtracking process reassigns the courses. Travel minimization: For each student group or instructor, the system looks at their class order. It calculates the total walking period between two consecutive rooms. It then applies a local search. Identifies pairs of courses in the same time slot that are covering rooms that are also far separate. If switching their rooms (outside violating the constraints) reduces the total travel distance, therefore the exchange is completed. This constant process continues until no further improvements are potential (2).

Key assumptions 
Data opportunity: The college upholds accurate records of room capacity, traits, and course enrolment. 
Fixed schedules: Courses are scheduled on a fixed schedule in advance; nevertheless, the system can suggest minor time improvements if essential. 
Student groups: The college can identify groups of students who take diversified courses right away (like, from program enrolment data).

How this approach ensures effectiveness 
Efficient room utilization: By assigning the basic appropriate room to each course, bigger rooms are reserved for bigger classes, that reduces overcrowding and underutilization. 
Avoid scheduling conflicts: Strict conditions are required at each step; conflict resolution establishes that no room is booked twice at the same time. This solution transforms a manual, wrong-prone process into an automated, info-directed system that ensures excellent use of space, reduces time waste, and improves the overall learning experience.

Reflect and Justify
In designing the classroom allocation solution, I applied several important problem-solving strategies commensurate with the complexity of the task. Below is a review of those strategies, their rationale for suitability, and a discussion of their limitations and assumptions.
1. Decomposition (Subdivision)
The overall problem optimizing lecture room appropriation was broken down into smaller, convenient steps: data collection, restraint setting, preprocessing, initial distribution, conflict resolution, and verification. 
Why appropriate: Scheduling optimization is a complex problem in the stiff sense. Partitioning allows each subproblem to be solved utilizing a particular method (such as, greedy assignment for primary feasibility checks, local search for upgrades). It also mirrors certain-world implementations, where diverse modules can be built and proven independently.
2. Abstraction
I abstracted the material layout into a distance matrix and transformed the rooms, courses, and constraints into a set of determinable properties (capacity, facilities, time slots). 
Why appropriate: Abstraction clarifies reality while upholding essential constraints. By ignoring immaterial details (like, room decoration) and directing on capacity and location, the resolution becomes computationally manageable and generalizable across campuses (3).
3. Constraint-based thinking 
Hard constraints (no two classes meanwhile, capacity, certain needs) and flexible restraints (reduce traffic, maximize utilization) were outstanding. 
Why appropriate: This prioritization secures that some possible schedule must first meet the inviolable circumstances. The flexible restraints then guide the optimization, that indicates the actual institutional priorities safety and legitimacy first, before efficiency. 
4.Data-obsessed prioritization 
Courses were prioritized based on size and special needs, and groups or cohorts of students were recognized to optimize flexibility. 
Why appropriate: Large classes have bigger restraints; addressing them first reduces the risk of failure. Cohorts reflect the actual portability patterns of students, that create it significant to minimize travel time.

Justification of Appropriateness
The solution is appropriate because of it: Directly addresses the stated problems. Overcrowding is interrupted by enforcing capacity; underutilization is reduced by organizing classes in the smallest appropriate rooms; travel time is significantly decreased; and conflicts are eliminated by enforcing restraints. 
In conclusion, this problem-solving approach, which is based on segmentation, abstraction, and constraint management, is particularly well-suited to the challenge of classroom allocation. It transforms a complex real-world problem into a well-structured and implementable process that directly addresses issues such as overcrowding, underutilization, wasteful movement, and scheduling conflicts. Although this solution relies on some assumptions and has limitations in terms of scope and optimality, it is a realistic and scalable solution (4).
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