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The rapid growth of online grocery delivery services has increased pressure on logistics operations to be both cost-effective and reliable. Companies such as GrocerQuick must manage large volumes of customer orders while ensuring timely delivery and minimising operational costs, particularly fuel consumption. Inefficient route planning can lead to excessive travel distances, late deliveries, and reduced customer satisfaction. As competition in the online grocery market intensifies, optimising delivery routes has become a critical business requirement rather than a secondary operational concern.

This report analyses a real-world delivery routing problem faced by GrocerQuick and proposes a structured solution based on computational thinking and algorithmic problem-solving techniques. The aim is to design a logical and generic approach that efficiently allocates orders to delivery routes, minimises total travel distance to reduce fuel consumption, and ensures that no delivery is more than 30 minutes late. The report follows a systematic process by first deconstructing the problem, identifying requirements and constraints using the MoSCoW technique, and defining key variables. A heuristic-based solution is then proposed using a flowchart and pseudocode, accompanied by a detailed explanation of how the algorithm operates.

The report also includes a critical reflection on the problem-solving techniques applied, justifies the chosen approach, and discusses limitations and assumptions. Throughout the analysis, relevant academic and professional literature is used to support the design decisions, drawing on theories of computational thinking, route optimisation, systems thinking, and logistics management. The report demonstrates how abstract thinking and structured algorithmic design can be applied effectively to complex, real-world business problems.

[bookmark: _Toc216739698]1. Problem Deconstruction and Analysis

[bookmark: _Toc216739699]1.1 Problem Context

GrocerQuick operates an online grocery delivery service in which customer orders must be delivered from a central depot to multiple locations within a limited time window. The company is currently experiencing inefficiencies in delivery route planning, resulting in unnecessary travel distance, increased fuel consumption, and deliveries arriving later than expected. A specific operational constraint is that no delivery should be more than 30 minutes late, which places additional pressure on route design.

From an analytical perspective, this scenario represents a form of the Vehicle Routing Problem (VRP), a well-known problem in operations research and logistics. The VRP involves determining optimal routes for a fleet of vehicles to service a set of customers while minimising cost and respecting constraints such as time and vehicle capacity. However, exact optimisation methods for VRP can be computationally expensive and impractical for real-time or large-scale operations [7]. Therefore, a heuristic and computational thinking-based approach is more suitable for GrocerQuick’s operational context.

[bookmark: _Toc216739700]1.2 System Decomposition

Using decomposition, a key component of computational thinking, the complex delivery system can be broken down into smaller, more manageable elements:
· Orders: Individual customer requests that include delivery locations and expected delivery times.
· Vehicles: Delivery vans with limited capacity and availability.
· Routes: Ordered sequences of delivery locations assigned to a vehicle.
· Distances: Travel distances between locations.
· Time constraints: Delivery deadlines and the maximum allowed lateness of 30 minutes.

This decomposition allows the problem to be analysed in a structured way, focusing on how each component interacts with the others. According to Denning and Tedre [4], such abstraction is essential when applying computational thinking to real-world systems, as it removes unnecessary complexity while retaining critical information.

[bookmark: _Toc216739701]1.3 Requirements and Constraints (MoSCoW Analysis)

To clearly identify priorities, the MoSCoW method is applied. This technique categorises requirements into Must Have, Should Have, Could Have, and Won’t Have, helping to ensure that essential constraints are addressed first [1].
	Priority
	Description

	Must Have
	All orders delivered

	No delivery more than 30 minutes late
	

	Orders assigned to available vehicles
	

	Should Have
	Minimise total travel distance

	Reduce fuel consumption
	

	Could Have
	Traffic-aware route updates

	Won’t Have
	Fully autonomous real-time optimisation


Figure 1

The “Must Have” requirements define the minimum acceptable performance of the system, while “Should Have” requirements focus on efficiency improvements. This prioritisation ensures that service reliability is not sacrificed for cost reduction.

[bookmark: _Toc216739702]1.4 Key Variables

The problem can be represented using the following abstract variables:
· O – Set of customer orders
· V – Set of delivery vehicles
· D(i, j) – Distance between locations i and j
· T(i) – Estimated delivery time for order i
· Lmax – Maximum allowed lateness (30 minutes)

These variables form the basis for algorithmic decision-making and allow the real-world problem to be expressed in a logical and generic form.

[bookmark: _Toc216739703]2. Proposed Solution Design

[bookmark: _Toc216739704]2.1 Conceptual Approach
The proposed solution design is based on a heuristic-driven optimisation framework that balances computational efficiency with operational effectiveness. In real-world logistics environments such as GrocerQuick, delivery routing decisions must often be made within limited timeframes and with incomplete or changing information. As a result, exact optimisation algorithms, although theoretically optimal, are often impractical due to their high computational complexity, particularly as the number of delivery points increases [7]. The heuristic-based approach adopted in this solution therefore prioritises feasible, high-quality solutions that can be generated quickly and reliably.

A key design decision in this solution is the use of geographical clustering as the first optimisation stage. By grouping orders that are geographically close, the system reduces unnecessary backtracking and long-distance travel. This reflects established logistics practices, where clustering is commonly used to simplify complex routing problems by reducing the solution space [8]. From a computational thinking perspective, clustering represents a form of abstraction, as individual orders are treated as part of a group rather than as isolated entities. This abstraction improves scalability and makes the problem more manageable as order volumes increase.

Once clusters are created, each cluster is assigned to a delivery vehicle with sufficient capacity. This allocation stage ensures that operational constraints, such as vehicle availability and load limits, are respected before route optimisation begins. Addressing these constraints early in the process reduces the likelihood of infeasible solutions later in the algorithm. According to systems thinking principles, decisions made at early stages of a process significantly influence downstream performance, highlighting the importance of structured order allocation [9].

Route generation within each cluster is performed using a nearest-neighbour heuristic, where the next closest delivery location is selected at each step. Although this method does not guarantee a globally optimal route, it has been shown to produce effective solutions for routing problems of moderate complexity while maintaining low computational cost [2]. In the context of GrocerQuick, this trade-off is acceptable, as the primary objective is consistent service performance rather than theoretical optimality. Furthermore, minimising total travel distance directly contributes to reduced fuel consumption, aligning the solution with both economic and environmental objectives.

A critical component of the solution design is the delivery time validation stage. After routes are generated, estimated delivery times are calculated and compared against the maximum allowed lateness of 30 minutes. This introduces a clear decision point within the algorithm, where routes that violate service-level constraints are identified and adjusted. Adjustments may involve reordering delivery stops or reallocating specific orders to alternative routes. This iterative validation process ensures that efficiency improvements do not come at the expense of customer satisfaction or contractual delivery commitments.

Overall, the proposed solution design demonstrates a structured and modular approach that supports flexibility and future enhancement. Additional features, such as real-time traffic data integration or dynamic rerouting, could be incorporated into the existing framework without requiring a complete redesign. This adaptability is particularly important in modern logistics systems, where uncertainty and variability are inherent. By combining heuristic optimisation with computational thinking principles, the solution provides GrocerQuick with a practical, scalable, and robust method for improving delivery efficiency.

The proposed solution adopts a heuristic-based route optimisation approach. Heuristics are practical problem-solving methods that aim to produce good-quality solutions within reasonable time constraints rather than guaranteeing a mathematically optimal result. In logistics, heuristic approaches are widely used because they balance solution quality with computational efficiency [8].

The solution consists of three main stages:
1. Order clustering based on geographical proximity
2. Route generation to minimise travel distance
3. Validation and adjustment to ensure time constraints are met

This staged approach reflects algorithmic thinking and supports modular system design.

[bookmark: _Toc216739705]2.2 Flowchart Description
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Figure 2

Figure 2 illustrates the logical flow of the proposed solution. The process begins by loading order and vehicle data, followed by calculating distances between delivery locations. Orders are then grouped based on proximity and assigned to vehicles. Routes are generated to minimise travel distance, and delivery times are estimated. If any delivery exceeds the 30-minute lateness limit, the route is adjusted. The process ends by outputting the final optimised routes.

The flowchart provides a visual representation of decision points and process logic, improving clarity and communication, which is an important aspect of computational problem solving [5].

[bookmark: _Toc216739706]2.3 Pseudocode

INPUT: Orders O, Vehicles V, Distance Matrix D
Cluster orders based on geographical proximity
FOR each cluster c
    Assign cluster to vehicle v with available capacity
    Generate route using nearest-neighbour heuristic
    Estimate delivery times
END FOR
FOR each route r
    IF any delivery time exceeds allowed time + 30 minutes THEN
        Reassign order or re-optimise route
    END IF
END FOR
OUTPUT optimised delivery routes



[bookmark: _Toc216739707]2.4 Explanation of the Algorithm

The algorithm first groups nearby orders together, reducing unnecessary travel and supporting fuel efficiency. Each group is assigned to a delivery vehicle with sufficient capacity. Routes are then created using a nearest-neighbour heuristic, which selects the next closest delivery location at each step. Although simple, this method is effective for reducing overall travel distance [2].
Delivery times are estimated for each route and checked against the maximum allowed lateness. If a violation occurs, the route is adjusted by reordering stops or reallocating orders. This ensures that service-level requirements are met while still prioritising efficiency.

[bookmark: _Toc216739708]3. Critical Reflection and Justification

[bookmark: _Toc216739709]3.1 Problem-Solving Techniques Applied

The solution demonstrates several core computational thinking techniques:
· Decomposition: Separating the problem into allocation, routing, and validation stages.
· Abstraction: Representing real-world deliveries as locations, distances, and time variables.
· Algorithmic thinking: Designing a step-by-step process that can be repeated and scaled.
Research shows that these techniques improve problem-solving ability in both academic and professional contexts [3].

[bookmark: _Toc216739710]3.2 Justification of the Approach

The chosen heuristic approach is appropriate because it reflects real-world logistics constraints, where speed and reliability are often more important than perfect optimisation. Christopher [8] argues that logistics systems must prioritise consistent service performance over theoretical optimality. The modular nature of the solution also makes it scalable and adaptable to future enhancements, such as traffic data integration.

[bookmark: _Toc216739711]3.3 Assumptions and Limitations

Assumptions
· Traffic conditions are static
· All vehicles are available and operational
· All orders are known before routing begins

Limitations
· Heuristic methods may not achieve global optimal solutions
· No real-time rerouting is included
· Accuracy depends on distance estimation quality

These limitations highlight areas for future development, such as integrating live traffic data or advanced optimisation techniques.

[bookmark: _Toc216739712]Conclusion

This report has presented a structured and computational thinking-based solution to GrocerQuick’s delivery routing problem. By decomposing the system into manageable components, prioritising requirements using the MoSCoW technique, and designing a heuristic-based routing algorithm, the proposed solution addresses the key objectives of efficient order allocation, reduced fuel consumption, and timely delivery.
The use of abstraction and algorithmic thinking enabled a complex real-world problem to be transformed into a logical and repeatable process. While the solution does not guarantee mathematically optimal routes, it provides a practical and scalable approach that aligns with real-world logistics practices. Critical reflection has shown that the approach is justified given operational constraints, though limitations remain in areas such as real-time adaptability.
Overall, the report demonstrates how computational thinking and structured problem-solving techniques can be effectively applied to improve efficiency and decision-making in modern delivery systems.
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