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[bookmark: _Toc215753318]Introduction
(~100 words)
Briefly introduce what you will include in different tasks.

[bookmark: _Toc215753319]Problem Deconstruction 
(~500 words)
Deconstruct the Problem: Break down the scenario into smaller components. Identify key requirements and constraints using tools such as the MoSCoW technique. Clearly describe the relevant variables involved.
Breaking it down into smaller components:
1. Order Management
· Orders come in with customer addresses, delivery time windows, and item lists.
2. Route Planning
· Routes must be assigned to drivers/vehicles.
· Travel distance and traffic conditions affect efficiency.
3. Fuel Consumption
· Longer routes = higher fuel usage.
· Inefficient allocation wastes resources.
4. Delivery Timeliness
· Each order must be delivered within its promised window.
· Constraint: no delivery more than 30 minutes late.
5. System Constraints
· Limited drivers, vehicle capacity, and real-time traffic unpredictability
To design the solution, we need to clearly define the variables involved:
· Orders (O): Each order has attributes → address, delivery_time_window, items.
· Drivers (D): Each driver has → location, vehicle_capacity, availability.
· Routes (R): Each route has → distance, estimated_time, traffic_conditions.
· Fuel Consumption (F): Depends on → distance, vehicle_type, load_weight.
· Delivery Time (T): Actual delivery time vs. promised time → must be ≤ 30 minutes late.
· Constraints (C):
· Vehicle capacity limits.
· Driver working hours.
· Traffic unpredictability

[bookmark: _Toc215753320]Key requirements and constraints
Key Requirements and Constraints
✅ Functional Requirements (What the system must do)
· Efficient Order Allocation: Orders must be assigned to drivers/routes in a way that minimizes overlap and maximizes efficiency.
· Route Optimization: The system must calculate the shortest or most fuel-efficient path for each driver.
· Time Constraint Enforcement: Deliveries must not exceed 30 minutes beyond the promised delivery window.
· Capacity Management: Ensure that vehicle load limits are respected when assigning orders.
· Dynamic Adjustment: The system must adapt to real-time changes such as traffic delays or driver unavailability.
Non-Functional Requirements (Qualities of the system)
· Scalability: Must handle peak demand (e.g., hundreds of orders simultaneously).
· Reliability: System should remain operational during busy periods without failure.
· Usability: Dispatchers and drivers should find the interface intuitive and easy to use.
· Performance: Optimization calculations must be fast enough to support real-time decision-making.
· Maintainability: The solution should be flexible enough to integrate future improvements (e.g., machine learning).
Constraints
· Driver Availability: Limited number of drivers and working hours.
· Vehicle Capacity: Each vehicle can only carry a certain weight/volume of groceries.
· Traffic Conditions: Unpredictable congestion may affect delivery times.
· Geographic Spread: Orders may be widely dispersed, increasing route complexity.
· Customer Expectations: Deliveries must meet promised time windows, with a maximum of 30 minutes lateness.
· Fuel Costs: Rising fuel prices make efficiency critical.
🔑 Relevant Variables
· Orders (O): Address, delivery time window, item list.
· Drivers (D): Location, availability, vehicle capacity.
· Routes (R): Distance, estimated travel time, traffic conditions.
· Fuel (F): Consumption rate based on distance and load.
· Time (T): Promised vs. actual delivery time.
· Constraints (C): Capacity, lateness threshold, traffic unpredictability

[bookmark: _Toc215753321]MoSCoW technique
	Priority
	Rquirement

	Must Have
	- Efficient allocation of orders to routes
- Minimized travel distance to reduce fuel consumption
- Timely delivery (≤ 30 minutes late)
- Ability to handle multiple orders simultaneously


	Should Have
	- Real-time traffic integration
- Dynamic reallocation if delays occur
- Monitoring dashboard for dispatchers


	Could Have
	- Predictive analytics for demand forecasting
- Customer notifications with ETA updates
- Eco-friendly routing (e.g., avoiding congestion zones)


	Wont Have
	- Drone delivery integration
- Fully autonomous vehicles
- Complex AI prediction beyond current scope



[bookmark: _Toc215753322]Relevant variables
Relevant Variables
To design the solution, we need to clearly define the variables involved:
· Orders (O): Each order has attributes → address, delivery_time_window, items.
· Drivers (D): Each driver has → location, vehicle_capacity, availability.
· Routes (R): Each route has → distance, estimated_time, traffic_conditions.
· Fuel Consumption (F): Depends on → distance, vehicle_type, load_weight.
· Delivery Time (T): Actual delivery time vs. promised time → must be ≤ 30 minutes late.
· Constraints (C):
· Vehicle capacity limits.
· Driver working hours.
· Traffic unpredictability

[bookmark: _Toc215753323]Proposed Solution and Explanation 
(~1000 words)
Propose a Solution: Create a flowchart and pseudocode that outlines the logical steps for optimising the delivery process. Accompany this with a detailed written explanation of how the solution works, including decision points, assumptions, and how the approach addresses fuel efficiency, time limits, and order allocation.
Introduction
GrocerQuick, an online grocery delivery service, faces challenges in managing delivery routes efficiently. The proposed solution leverages abstract thinking, optimization algorithms, and structured problem-solving techniques to minimize fuel consumption, ensure timely deliveries, and allocate orders effectively. This section outlines the logical steps through a flowchart, pseudocode, and a detailed explanation of the decision-making process.


Step 1: Receiving and Clustering Orders
The system begins by receiving all customer orders, each containing:
· Delivery address
· Delivery time window
· Item list
Orders are then clustered geographically. Clustering reduces unnecessary cross-city travel and ensures drivers operate within defined zones. Techniques such as K-means clustering or grid-based zoning can be applied.
Decision Point:
· If orders are widely dispersed, clustering ensures drivers are not assigned inefficient routes.
· If orders are concentrated, clustering reduces overlap and improves efficiency.
Assumption:
· Customer addresses are accurate and geocoded into latitude/longitude coordinates.


Step 2: Driver Assignment
Once clusters are formed, drivers are assigned based on:
· Availability (who is free to take orders).
· Vehicle capacity (ensuring the load does not exceed vehicle limits).
· Proximity (drivers closer to clusters are prioritized).
Decision Point:
· If multiple drivers are available, the system selects the one with the least travel overhead.
· If no driver is available, orders are queued until one becomes free.
Assumption:
· Drivers have GPS-enabled devices for real-time tracking.

Step 3: Route Optimization
The heart of the solution lies in route optimization. Each driver’s cluster of orders is processed using algorithms such as:
· Dijkstra’s shortest path for simple networks.
· A search* for heuristic-based optimization.
· Vehicle Routing Problem (VRP) heuristics for complex multi-stop deliveries.
The algorithm calculates the shortest possible route that covers all orders while minimizing travel distance.
Decision Point:
· If multiple routes are possible, the system selects the one with the lowest fuel consumption.
· If traffic data is available, routes are adjusted dynamically.
Assumption:
· Traffic conditions are predictable or integrated via APIs (e.g., Google Maps)
Step 4: Fuel Efficiency Considerations
Fuel consumption is directly tied to travel distance and vehicle load. By minimizing total travel distance, the system reduces fuel usage.
Additional strategies include:
· Avoiding congested routes (idling wastes fuel).
· Balancing load distribution across vehicles.
· Using eco-friendly routing (e.g., avoiding steep inclines).
Decision Point:
· If two routes have similar travel times, the system selects the one with lower fuel consumption.
Assumption:
· Fuel consumption is proportional to distance and load weight.
[bookmark: _Toc215753324]Step 5: Delivery Time Constraints
GrocerQuick requires that no delivery is more than 30 minutes late. The system checks each route against delivery time windows.
· If a route exceeds the time constraint, orders are reallocated to other drivers.
· If traffic delays occur, the system reroutes dynamically.
Decision Point:
· If reallocation is possible, orders are reassigned.
· If not, customers are notified of delays.
Assumption:
· Customers accept a maximum of 30 minutes lateness.
Step 6: Real-Time Monitoring
Once routes are optimized, drivers are dispatched. The system continuously monitors deliveries via GPS.
· If delays occur, the system predicts lateness and adjusts routes.
· If a driver becomes unavailable (e.g., breakdown), orders are reassigned.
Decision Point:
· If lateness exceeds 30 minutes, reallocation is triggered.
· If fuel consumption spikes, routes are recalculated.
Assumption:
· Monitoring infrastructure is reliable and scalable.
Step 7: Dynamic Adjustment
The system is designed to adapt dynamically:
· Orders can be reassigned mid-route.
· Routes can be recalculated based on traffic updates.
· Drivers can be swapped if capacity issues arise.
This ensures resilience against real-world unpredictability.

How the Approach Addresses Key Objectives
1. Efficient Allocation of Orders
· Clustering ensures drivers handle geographically proximate orders.
· Assignment considers availability, capacity, and proximity.
2. Fuel Efficiency
· Route optimization minimizes travel distance.
· Eco-friendly routing reduces unnecessary fuel consumption.
3. Timely Delivery
· Time constraints are checked at every stage.
· Dynamic reallocation ensures no delivery exceeds 30 minutes lateness.
· Conclusion
· The proposed solution combines clustering, optimization algorithms, and dynamic monitoring to address GrocerQuick’s challenges. By breaking down the problem into smaller components, prioritizing requirements, and designing a logical flow, the system ensures efficient order allocation, minimized fuel consumption, and timely deliveries.
· This structured approach demonstrates abstract thinking and problem-solving techniques, providing a scalable and resilient solution for real-world delivery optimization.




Flowchart
Start
   |
   v
Receive Orders --> Group Orders by Location --> Assign Drivers
   |                                      |
   v                                      v
Check Vehicle Capacity -----------------> Optimize Routes
   |                                      |
   v                                      v
Calculate Travel Distance --> Apply Shortest Path Algorithm
   |                                      |
   v                                      v
Check Delivery Time Constraints --> Adjust Routes if >30 min late
   |                                      |
   v                                      v
Generate Final Schedule --> Dispatch Drivers --> Monitor in Real Time
   |
   v
End
[bookmark: _Toc215753325]Pseudocode
// Input: List of orders with addresses, delivery time windows, and items
// Output: Optimized delivery schedule with routes

BEGIN
    RECEIVE orders_list
    CLUSTER orders by geographic proximity
    FOR each cluster:
        ASSIGN driver based on availability and vehicle capacity
        OPTIMIZE route using shortest path algorithm (e.g., Dijkstra or VRP heuristic)
        CALCULATE total travel distance
        IF delivery_time > promised_time + 30 minutes:
            ADJUST route (reallocate orders or change driver)
        ENDIF
    END FOR
    GENERATE final schedule
    DISPATCH drivers
    MONITOR deliveries in real time
    IF unexpected delay occurs:
        REALLOCATE orders dynamically
    ENDIF
END
	Input
	Process
	OutPut

	- Orders list (addresses, delivery time windows, items) 
- Driver availability and vehicle capacity 
- Traffic/road data (if available)

	1. Receive orders_list 
2. Cluster orders by geographic proximity 
3. For each cluster: 
  • Assign driver based on availability and capacity 
  • Optimize route using shortest path/VRP heuristic 
  • Calculate total travel distance 
  • Check delivery time constraint (≤ 30 min late) 
  • If violated → Adjust route/reallocate orders 
4. Generate final schedule 
5. Dispatch drivers 
6. Monitor deliveries in real time 
7. If unexpected delay occurs → Reallocate dynamically

	- Optimized delivery schedule 
- Efficient driver assignments 
- Minimized travel distance (fuel efficiency) 
- Timely deliveries (≤ 30 min late) 
- Real-time monitoring and dynamic adjustments




[bookmark: _Toc215753326]Reflection and Justification 
(~500 words)
Reflect and Justify: Reflect on the problem-solving techniques you used (e.g. abstract thinking, subdividing, etc). Justify why your approach is appropriate and discuss any limitations or assumptions in your solution.
Reflection and Justification
Reflection on Problem-Solving Techniques
In approaching the GrocerQuick delivery optimization scenario, I deliberately applied a combination of abstract thinking, problem decomposition, and structured prioritization. Abstract thinking allowed me to step back from the immediate operational difficulties and conceptualize the problem in terms of variables, constraints, and objectives. Instead of focusing on individual deliveries, I considered the system as a whole: orders, drivers, routes, and time windows interacting dynamically.
The technique of subdividing the problem was critical. By breaking the scenario into smaller components—order management, route planning, fuel consumption, and timeliness—I was able to isolate challenges and address them systematically. This mirrors the divide-and-conquer approach often used in computing, where complex problems become manageable once decomposed into subproblems.
I also employed the MoSCoW prioritization framework to distinguish between essential requirements (must-haves such as minimizing travel distance and ensuring timely delivery) and desirable features (should-haves like real-time traffic integration). This ensured that the solution remained focused on the most pressing needs while acknowledging potential enhancements.
Finally, I used algorithmic thinking by referencing optimization techniques such as shortest path algorithms and heuristics for the Vehicle Routing Problem (VRP). This abstract yet practical approach provided a logical foundation for designing a solution that balances efficiency and timeliness.
Justification of the Approach
The chosen approach is appropriate because it aligns directly with GrocerQuick’s objectives and constraints. By clustering orders geographically, the solution reduces unnecessary travel, which directly addresses fuel efficiency. Assigning drivers based on proximity and capacity ensures that resources are allocated effectively, preventing overload and delays.
Route optimization through algorithms ensures that travel distance is minimized, which not only reduces fuel consumption but also improves delivery speed. The integration of time constraints into the optimization process guarantees that no delivery exceeds the 30-minute lateness threshold, thereby maintaining customer satisfaction.
Moreover, the inclusion of dynamic adjustment mechanisms—such as real-time monitoring and reallocation—makes the solution resilient to unpredictable factors like traffic or vehicle breakdowns. This adaptability is crucial in real-world logistics, where static plans often fail under changing conditions.
The approach is also scalable. As GrocerQuick grows, the same framework can be applied to larger datasets and more drivers, with algorithms adjusting accordingly. This future-proofing justifies the use of abstract, algorithmic techniques rather than ad hoc manual planning.
Limitations and Assumptions
Despite its strengths, the solution has limitations. One assumption is that customer addresses are accurate and can be reliably geocoded. In practice, errors in address data could undermine clustering and route optimization. Another assumption is that traffic data is available and reasonably predictable; without this, the system may struggle to adjust routes effectively.
Fuel consumption is assumed to be proportional to distance and load weight, but in reality, factors such as driving style, road conditions, and vehicle maintenance also play significant roles. The model simplifies these variables to maintain clarity, but this introduces potential inaccuracies.
Additionally, the solution presumes that customers will tolerate up to 30 minutes of lateness. While this is a reasonable constraint for the scenario, customer expectations may vary, and stricter time windows could require more complex optimization.
Finally, while clustering and VRP heuristics provide efficient solutions, they may not always yield the mathematically optimal route. Heuristic methods trade absolute precision for computational efficiency, which is acceptable in practice but worth acknowledging as a limitation.
Conclusion
Reflecting on the techniques used, the combination of abstract thinking, problem decomposition, prioritization, and algorithmic design provided a structured and logical solution to GrocerQuick’s delivery challenges. The approach is justified because it directly addresses the company’s goals of fuel efficiency, timely delivery, and effective order allocation. However, the solution rests on several assumptions and simplifications that may limit its accuracy in real-world conditions. Recognizing these limitations is essential, as it highlights areas for future refinement and ensures that the solution remains adaptable and realistic.

[bookmark: _Toc215753327]Conclusion and Recommendations
(~100 words)
Summarize overall with self-reflection:
· What you learned
· What limitations you faced
· Recommendations for further improvement
· Conclusion and Recommendations
· This project demonstrated how abstract thinking, decomposition, and optimization techniques can be applied to real-world logistics challenges. I learned the importance of structuring problems into manageable components and prioritizing requirements using frameworks such as MoSCoW. While the solution effectively addresses order allocation, fuel efficiency, and delivery timeliness, limitations remain in assumptions about traffic predictability, address accuracy, and simplified fuel models. To strengthen future implementations, I recommend integrating real-time traffic APIs, refining consumption models, and exploring advanced optimization methods such as machine learning. These improvements would enhance scalability, accuracy, and resilience in delivery route management.
Through this assessment, I learned how structured problem-solving techniques—such as abstract thinking, decomposition, and prioritization—can be applied to complex logistical challenges. Breaking down GrocerQuick’s scenario reinforced the importance of balancing efficiency, timeliness, and resource constraints in real-world systems. The main limitations I faced were assumptions about accurate address data, predictable traffic conditions, and simplified fuel consumption models, which may not fully capture operational realities. For further improvement, I recommend integrating real-time traffic APIs, refining consumption models, and exploring advanced optimization methods such as machine learning to enhance scalability, accuracy, and resilience in delivery route management.
Conclusion and Recommendations
Through this assessment, I learned how abstract thinking and structured problem-solving can transform complex logistical challenges into manageable solutions. Breaking down the GrocerQuick scenario highlighted the importance of prioritization, clustering, and optimization techniques in achieving efficiency. However, limitations arose from assumptions about accurate address data, predictable traffic conditions, and simplified fuel consumption models, which may not fully reflect real-world variability. To improve, future work should integrate real-time traffic APIs, refine fuel consumption models, and explore advanced optimization methods such as machine learning. These enhancements would strengthen scalability, accuracy, and resilience in delivery route management.
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