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The significance of efficient delivery coordination has grown considerably as online grocery services gain traction. GrocerQuick, a rapidly growing delivery firm, is encountering operational difficulties concerning route planning, fuel usage, and punctual delivery. Ineffective delivery routes not only elevate operational expenses but also diminish customer satisfaction, especially when orders are delayed beyond the expected timeframe. To remain competitive, GrocerQuick necessities a methodical, analytical strategy to revamp its routing process.
This assignment offers a comprehensive analysis and resolution to the company’s existing optimization challenge. The report commences by breaking down the situation into smaller elements utilizing problem-solving tools such as the MoSCoW prioritization technique. This approach guarantees a clear comprehension of requirements, limitations, and essential variables, Subsequently, a thorough solution is presented, which includes a flowchart and pseudocode that depict the logical steps for route optimization. 




[bookmark: _Toc216660254]Deconstructing the Problem 
GrocerQuick is an online grocery delivery service that utilizes a distributed fleet of vehicles to transport orders from a depot to customers throughout a city. Recently, the company has encountered inefficiencies in route planning, to increased fuel consumption and delayed deliveries. To resolve this issue, it is essential to decompose the problem into smaller, manageable parts and analyse them systematically. The primary stakeholders involved include operations managers who are responsible for planning routes, delivery drivers who conduct the routes, customers who anticipate timely delivery, and the technical team that supports the routing system and mobile applications. The main performance indicators (KPIs) consist of total travel distance (serving as a proxy for fuel usage), the percentage of on-time deliveries (not exceeding 30 minutes late), the number of vehicles deployed, and the average duration of routes [1]. 
Core Components of the Issue 
Order Intake and Validation:
Every order includes an address, a list of products, volume or weight, and a preferred delivery time or time window. It is essential to validate orders to confirm that addresses are accurate and that services times are achievable.
Network and Travel-Time Modelling:
The routing system necessitates a distance and travel time matrix for all pertinent locations (depot-customer and customer-customer). These matrices mic to reflect peak traffic conditions can be either static or dynamic to reflect peak traffic conditions.
Fleet Constraints: 
Each vehicle possesses a predetermined capacity (volume/weight), a specified starting and ending location (typically a depot), and a designated working shift. These limitations dictate the number and type of orders that can be allocated to each vehicle. 
Order Allocation and Clustering: 
Orders need to be systemically grouped according to geographical location, time windows, and vehicle capacity. Clustering is beneficial in minimizing cross-city travel an enhancing routing efficiency.
Route Construction and Optimisation: 
The fundamental computational challenge is a Vehicle Routing Problem with Tine Windows (VRPTW), which seeks to minimize total distance while adhering to constraints. The solution must guarantee that no delivery surpasses the 30-minute lateness threshold.
Feasibility Checks and Real-Time Adjustment:
Once routes are established, estimated arrival times (ETAs) must be projected. Should any constraints be the system is required to modify or re-optimize the impacted routes.
Execution, Monitoring, and Feedback:
Routes are communicated to drivers through a mobile application. Throughout execution, delays or traffic disruptions may necessitate partial re-optimization. Telemetry and performance metrics are gathered to enhance future routing. 
MoSCow Prioritisation
· Must Have:
· All routes must adhere to vehicle capacity and working time restrictions. 
· No delivery should exceed a delay of 30 minutes.
· A valid and feasible route must be generated for each order.
· Should Have:
· Route optimization that minimizes overall travel distance (thereby reducing fuel consumption). 
· Efficient clustering to minimize unnecessary vehicle movements.
· ETA simulation based on estimated travel times. 
· Could Have:
· Dynamic re-optimization during shift (utilizing a rolling-horizon approach).
· Balancing driver workloads.
· ETA predictions based on machine learning using historical data.
· Won’t Have:
· Optimization for electric vehicle charging. 
· Planning routes over multiple days. 
· Routing models based on deep reinforcement learning for end-to-end solutions. 
Variables and Constraints:
· Order Variables: Location (latitude/longitude), delivery time window, service duration, volume/weight. 
· Fleet Variables: Capacity, number of vehicles, shift times, depot location, fuel consumption rates.
· Network Variables: Travel distances, travel times, and time-dependent traffic variations.
· Constraints: Vehicle capacity, service time, working hours, required arrival time, and maximum permissible lateness (30 minutes). 
· Objectives: To minimize total distanced (fuel), ensure timely delivery, and reduce the number of vehicles utilized. 
Assumptions:
· A distance/travel-time matrix is accessible via mapping services. 
· Orders are scheduled in batches (for instance, every 15-30 minutes).
· Historical traffic data offers reasonable estimates for ETA. 
· Each vehicle begins and concludes its journey at a depot. 
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2.1 An Overview of the Proposed Solution
To tackle the routing inefficiencies faced by GrocerQuick, a systematic, multi-phase optimization strategy is suggested. This solution conceptualizes the issue as a Vehicle Routing Problem with Time Windows (VRPTW), a concept that is well-documented in the coordination optimization field [2]. The main goal is to minimize the overall travel distance, which in turn decrease fuel consumption, while strictly adhering to the requirement that no delivery should arrive more than 30 minutes late. 
The proposed solution functions in planning cycles (epochs), during which incoming orders are processed, categorized, allocated to vehicles, and optimized into delivery routes. A validation and simulation phase is included to ensure feasibility prior to dispatching routes to drivers. This modular framework enhances both efficiency and adaptively to real-word conditions. 
2.2 Flowchart & Description 
Down below presents a flowchart visually representing the logical flow of a delivery optimization process from each step and it should demonstrate the feedback loop that ensures all constraints are satisfied before execution [3].
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List of nodes from the flowchart:
The process commences at the Start node, where a fresh batch of customer orders is received. Orders are gathered within a specified planning window to guarantee that routing decisions are made efficiently and consistently.
the first operational system undertakes Receive Orders, each other is examined to confirm that the delivery address is valid, the requested delivery time window is feasible, and the order size does not surpass vehicle capacity. Any orders deemed invalid or infeasible are flagged for manual review, ensuring that only viable orders proceed to the optimisation process. This batching method enables the system to optimize several deliveries collectively instead of planning routes on an individual basis.
Subsequently, the system advances to Validate Orders (Address, Time). Now, each order is verified to confirm that the delivery address is accurate and that the requested delivery time is achievable. Orders failing to meet fundamental feasibility criteria are eliminated to avert potential routing complications later. 
Once validated, the system advances to Cluster Orders (geo & time). Orders are organized based on geographical proximity and delivery time requirements. This phase minimizes unnecessary travel across distant areas and aids in creating compact delivery routes, which directly contributes to reduce fuel consumption.
The grouped orders are then forwarded to Assign Orders to Vehicle (capacity). In this phase, orders are distributed to available vehicles while adhering to vehicle capacity limitations, such as maximum volume or weight. Vehicle that has reached their capacity are excluded from further assignments.
Following vehicle assignment, the system undertakes Initial Route Construction. A straightforward heuristic approach is utilized to develop a viable initial route for each vehicle providing a foundational solution for subsequent optimisation.
The next phase is Route Optimisation (min & distance). In this stage, the routes are fine-tuned using an optimisation algorithm to minimize overall travel distance while adhering to time and capacity constraints. This phase is crucial for enhancing fuel efficiency.
After the routes have been optimised, the system transitions into the Simulate & Check ETAs phase. Estimated arrival times (ETAs) for each delivery stop are computed using travel-time data. These ETAs are subsequently assessed against the delivery requirements. 
The decision point “Any Delivery > 30 minutes late?” determines if any order surpasses the maximum permissible lateness:
· If the answer is Yes, the process advances to Dispatch Routes, as all deliveries comply with the time constraint.
· If the answer is No, the system proceeds to Adjust / Re-optimisation, where problematic orders are either reassigned or routes are recalculated. The process then cycles back to the optimisation stage until all constraints are fulfilled. 

Once the feasible routes are validated, the system moves on to dispatch routes, where the final routes are communicated to drivers and the delivery execution commences.
The process concludes at the End node, which signifies the completion of the phase and the shift to delivery execution.
2.3 Pseudocode for Route Optimisation 
The pseudocode below offers a comprehensive summary of the logical processes depicted in the flow chart and explains the optimisation of the delivery routes while adhering to capacity and time limitations [4]. 
INPUT: Orders O, Fleet F, Depot D, TravelTimeMatrix T
Preprocess Orders: 
For each order o in O:
Validate address and delivery window. 
Calculate service time and order volume. 
Cluster Orders: 
Group orders by geographic proximity and delivery time.
Assign Orders to Vehicles: 
For each cluster:
Assign orders using capacity and time-window constraints. 
For each vehicle v: 
Generate initial route using heuristic method. 
Optimise route using VRPTW solver.
Simulate Routes: 
Calculate ETA for each stop:
If any ETA > allowed lateness:
Reassign violating orders. 
Re-optimise routes.
Dispatch Routes: 
Send routes to drivers. 
Monitor execution and update ETAs.
2.4 Decision Points and Assumptions 
Multiple decision points are present within the solution:
· Selection of batch size: A planning window of the 15 to 30 minutes strikes a balance between the quality of the solution and its responsiveness. 
· Clustering approach: The combination of geographic clustering with time-window constraints helps to avoid inefficient routing.
· Trigger for re-optimisation: Any delivery anticipated to surpass the 30-minute threshold necessitates a modification of the route. 
Key assumptions consist of:
· The availability of accurate travel-time data.
· Predictability of service times.
· Vehicles commence and conclude their journeys at the same depot.
2.5 Addressing Fuel Efficiency 
Fuel Efficiency is tackled by:
· Minimizing the overall travel distance as the main optimisation goal. 
· Decreasing unnecessary vehicle usage via efficient order consolidation.
· Establishing geographically compact routes that minimize idle driving and backtracking.
· The reduction of distance is linked to decreased fuel consumption, rendering it a practical and quantifiable objective.
2.6 Ensuring Timely Deliveries 
Timely delivery is ensured through: 
· Time-window constraints incorporated within the optimisation model. 
· A stringent lateness threshold of 30 minutes. 
· Route simulation conducted prior to dispatch to identify violations at an early stage. 
· Limited re-optimisation during execution in the event of unexpected delays. 
2.7 Order Allocation Effectiveness 
Order allocation efficiency is accomplished by:
· Early validation of order feasibility.
· Vehicle assignment that takes capacity into account.
· Controlled reallocation in response to conflicts that may arise. 
This guarantees that each order is delivered by the most appropriate vehicle without causing overloads or time violations. 
2.8 Summary 
The proposed solution combines heuristic and optimisation techniques to create a practical and scalable routing system. By integrating clustering, VRPTW optimisation, and feasibility checks, GrocerQuick can significantly lower fuel consumption while ensuring high service reliability. The step-by-step pipeline provides clarity, robustness, and adaptability to real-word operational conditions. 
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Reflection and Justification
This section examines the problem-solving techniques employed in the design of the delivery route optimisation solution for GrocerQuick and provides justification for the chosen approach in relation to the specific scenario. Additionally, it offers a critical assessment of the assumptions made and underscores the limitations inherent in the proposed solution. 
Applied Problem-Solving Techniques 
The initial technique employed was problem decomposition, which entailed dividing the intricate delivery challenge into smaller, more manageable sub-problems. Rather than attempting to tackle route optimisation as a singular task, the process was segmented into stages including older validation, clustering, vehicle assignment, route construction, optimisation, and validation. This methodical breakdown enhanced clarity and facilitated focused analysis of each element, thereby diminishing overall complexity. 
Abstract thinking was instrumental in converting a real-world coordination issue into a formal optimisation model. The GrocerQuick scenario was abstracted into a Vehicle Routing Problem with Time Window (VRPTW), where vehicles, customers, travel distances, and time constraints could be mathematically represented [5]. This abstraction permitted the application of well-established routing algorithms from academic literature, as opposed to depending on ad hoc or trial-and-error methods.
The MoSCoW prioritisation technique was implemented to classify system requirements an inform design decisions. Essential operational constraints, such as the stipulation that no delivery should exceed 30 minutes of lateness, were designated as “Must Have” requirements and thus enforced as strict constraints within the routing model. Features that were less critical balancing, were prioritised as “Should” or Could Have” requirements [6]. This approach ensured that the solution primarily concentrated on service reliability before seeking additional optimisation. 
Furthermore, systems thinking has impacted the overall design by perceiving the delivery operation as an interconnected system instead of a linear process. This viewpoint resulted in the integration of feedback loops, including route simulation and adjustment, enabling the system to react to disruptions such as traffic congestion or unforeseen delays by integrating monitoring and re-optimisation mechanisms. The solution enhances its resilience to real-world uncertainties. 
Justification of the Selected Methodology
The suggested methodology is a suitable as it strikes a balance between operational feasibility and optimisation efficiency. Strictly exact optimisation techniques can be resource-intensive and may not be ideal for time-critical delivery operations. Consequently, the integration of heuristic methods for initial route development with optimisation algorithms offers a practical solution. Heuristics quickly produce viable solutions, while optimisation enhances those solutions to minimize travel distance and boost efficiency [7]. 
Prioritizing the clustering of orders before route optimization further improves performance by narrowing the search area and promoting geographically concentrated routes [8]. This directly aligns with the goal of decreasing fuel consumption, as vehicles cover shorter distances and avoid unnecessary cross-city travel. The explicit simulation of projected arrival times prior to dispatch ensures that delivery tie requirements are proactively validated, thereby minimizing the risk of customer dissatisfaction due to delays in deliveries. 
The modular design of the solution also facilitates scalability and future enhancements. Distinct components, such as clustering techniques or ETA predictions models, can be independently upgraded as data quality and computational capabilities advance.
Assumptions and Limitations 
Despite is benefits, the suggested solution is based on several factors’ assumptions. It presumes that travel-time estimates and service durations are fairly accurate. However, in practice, traffic incidents, weather condition, or customer unavailability can lead to discrepancies. Although limited re-optimisation can alleviate some disruptions, it cannot eliminate all sources of delay.
Another constraint is that clustering may sometimes yield suboptimal groupings, especially for orders situated near cluster boundaries. Furthermore, the solution does not take into consideration long-term learning effects, multi-day planning, or advanced sustainability factors such as the constraints of electric vehicle charging. 
Conclusion 
In summary, the suggested route optimisation solution highlights a methodical and effective use of problem-solving techniques. By integrating abstraction, decomposition, prioritisation, and systems thinking, this approach provides a practical and scalable strategy for enhancing GrocerQuick’s delivery efficiency while adhering to operational constraints. 
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Appendix A: Process Flowchart made with LucidChart 
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This flowchart, designed with LucidChart, depicts the sequential process outlined in the main report. It offers a visual summary of the workflow to improve comprehension of the procedures mentioned from start to end.
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