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[bookmark: _Toc216842974]Introduction
In today’s advance world of logistics and next-day delivery, the eCommerce industry is critically dependent on the reliability, punctuality and effectiveness of its complex last-mile distribution network, especially within the sector of online grocery and food delivery. Any flaws or inefficiencies within these networks instantaneously result in a higher operating costs, tight profit margins, unnecessary wear and tear on delivery fleet, low customer satisfaction, poor reputation and detrimental environmental impacts from excessive fuel use. The overall motive of this assessment is to create a case study for 'GrocerQuick', an online eCommerce grocery delivery service provider that's currently experiencing poor performance in its route management procedures.

 The crucial goal of my assessment is to provide a critical analysis of the day-to-day operational issues and to engineer a structured tailor-made logistical solution unique to 'GrocerQuick's problems. in order to pinpoint and identify the essential requirement and operational limitations. The identification stage will involve a thorough audit of every possible problem scenario, which will follow a structured analytical framework.
A proposed solution will then be expressed through the creation of a procedural algorithm that is elaborated in pseudocode and visually represented as a flowchart.

 A critical reflection on the problem-solving techniques used, such as MoSCoW, along with an explanation of the chosen strategy and a discussion of its inherent drawbacks, will be the conclusion of this analysis.  In order to place the practical solution within a scholarly perspective, the entire process will be supported by engagement with relevant academic and professional sources regarding route optimisation and analytical tools.  To arrive at a feasible, optimal delivery route management strategy, this report seeks to illustrate a thorough application of abstract thinking and logical reasoning to derive a viable, optimised strategy for delivery route management.


[bookmark: _Toc216842975]Task 1: Identifying & Deconstructing the Problem

Deconstruction of the problem:
Core elements of the problem:
Demand & orders: Daily quantities of orders, their geographical distribution location, volume of orders (basket size and weight) and requested time windows for delivery.
Fleet & drivers: Vehicle capacities, vehicle fuel (type and consumption), refrigeration capacity, driver shift hours, skills and legislated driving limitations (40 hours per week).
Network & geography: Locations of depots, delivery areas, the road network, usual traffic patterns and road limitations (low bridges, pedestrian-only roads).
Level of service: Time windows for delivery commitment, cut-off for same day/next day delivery, maximum tolerable lateness and policies for prioritising customers.
Optimisation software: An algorithm that computes a vehicle-routing-problem-with-time-windows (VRP/VRPTW) to minimise distance/time/cost constraints.
Key high‑level goals: reduce total distance/fuel, meet delivery time windows, utilise vehicles efficiently, and maintain or improve customer satisfaction.​ [1]
Key Requirements

Efficiency:
Minimise Miles Driven and Stop/Days Per Van: Where driving efficiency is correlated to filling the vans with as much as possible, it is NOT at risk. In other words, the intent of this system is to achieve relatively comparable stops and miles and time on the road so that each driver has relatively similar time on any given day behind the wheel. For example, it makes no sense for one van to spend all day driving to faraway stops while a second van completes a three-stop/three-mile tour in five minutes, only to sit there all day. It's inequitable, and low driver output can be avoided through better planning and allocated scheduling.
Most importantly, order allocation is the most critical requirement because it relies on two others - minimise fuel consumption and timely delivery - as without properly ACCESSING orders at a reasonable junction, any routing through optimisation will never create enough data after the fact to ensure fuel efficiency or dependability. [2]

Minimised fuel consumption:
The requirement is an attitude to keep the vans constantly in use. So, the allocations will be for the minimum number of vans necessary to complete the requested delivery, so fixed operating costs will be reduced. If this is NOT the case - for example, poor allocation will drive two half-full vans to the same destination because they overlap and end up doing the same route - this is a major factor in wasteful fuel consumption. [3]


Time delivery window:
Minimise Transfer Efforts Required: Finally, allocation goes hand in hand with the next step - routing management - for where one van is destined for an area, if it also has orders NOT exclusive to IT but within its area, then a less efficient route will occur anyway, as it will be longer. Therefore, effective allocation must be geographically feasible for transfers to be needed with like-minded orders that mesh well together for ease of access AND shared routing that's shorter in time, distance and direction to best accommodate delivery. In other words, since transferring efforts require driving to that destination, allocation must make sense to ensure travelled distance is minimised when they're relatively close together.


Identifying Constraints
Time: 
Each order received has a defined dispatch slot and a 30-minute window to successfully be delivered. The solution must ensure it meets this requirement and not go over the tolerance window

Drivers are contractually obligated to work 40 hours per week maximum, so routes must be pre-planned and organised to fit their shifts, so events like overtime are avoided and ensure complete compliance. The constraint identified is accurately assigning dispatch times to shifts.

Capacity: Each van in revenue service has a maximum volumetric and weight capacity. Received orders must be assigned adequately without exceeding the restrictive limits to ensure efficiency, legal compliance and safety of staff and the general public.
Vulnerable goods may need to be chilled or frozen to prevent them from deteriorating, which further limits usable capacity.
Resources: The variable of miles per gallon across the fleet affects the overall efficiency and operational costs of each van and has an environmental impact.

The entire fleet size is finite. So, the solution must utilise route allocation to the best of its ability across all available vehicles without depending on other resources.

The operational constraints are the need for regular maintenance to keep the fleet up to regular standards, and because of that, vans have a lot of downtime depending on their conditions

External: 
Real-time fluctuating traffic data affects the estimated time of arrival (ETA) and must be considered in route briefing to maintain and keep punctuality up to standard

Road closures, weather, temporary or permanent road obstructions, such as pedestrian zones, one-way streets and low bridges, can disrupt ongoing routes and require real-time adjustments, further delaying delivery times

Adverse weather conditions may delay travel and delivery times, not only increase fuel consumption but also impose the risk of dangerous driving as tires lose traction on wet roads.



Use of MoSCoW Technique
MUST HAVE: 
· All orders delivered
· Compliance with maximum storage capacity
· 30 minutes tolerance delivery window
SHOULD HAVE: 
· Use the most efficient route when available
· Software that pre-plans the most efficient routes
· Visible weight capacity and height restrictions
COULD HAVE: 
· Equal distribution workload among delivery driver operatives.
· Could transfer stock to another van to continue the route while it refuels
· Could have a timer countdown to keep track of 30-minute window
WON’T HAVE:  
· Won’t deliver damaged goods or packages
· Won’t take clusters over 30 orders
· Won’t go over van’s capacity for safety reasons


[bookmark: _Toc162914166]Description of Key Variables
Input variables:
Order variables:

· Customer ID: The geographical coordinates e.g latitude/longitude, address or postcode of the final delivery location. Along with any contact details e.g Number/Email
· time_window: The recipient's assigned or preferred delivery time slot
· Order volume/weight and any special handling (chilled/frozen)

Fleet Variables:

· van_id: A unique identifier for each induvial van.
· Van_fuel_efficency: The miles per gallon (MPG) of each van as an efficiency indicator.
· van_max_capacity: The maximum volume or weight a van can safely transport without overloading.
· van_start_location: The depot location at the start of each route.
Process variables:
· Request_Manual_intervention commands a staff member to manually solve the issue to continue the process
· estimated_arrival_time: The dynamic ETA for a specific order, calculated by travel time of all previous stops on the route plus the stop/offload time.
· Van_Capacity: A dynamic metric that calculates how much more load each van can take after an assigned order.
· Road or area constraints (pedestrian zones, restricted times, one‑way streets)
Output variables: 
· problem_orders: Any orders that could not be assigned a delivery (e.g overweight capacity, cluster has over 30 orders), requiring manual intervention.
· total_fleet_distance: The sum of the distances of all gathered routes, which is the main metric for fuel consumption calculations.
· Total route distance and travel time per route
· Number of stops per route and per shift
· punctual delivery percentage, late/early arrivals
· Fuel consumed per route and per day
· Expenses: fuel, congestion charge
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Flowchart Creation:
[image: A diagram of a flowchart

AI-generated content may be incorrect.]

Pseudocode Creation:
START

INPUT DATA
LOAD Orders_List
LOAD Van_List


SET Unassigned_Orders -> Orders_List
SET Problem_Orders -> empty list

APPLY K-Means_Clustering on Unassigned_Orders BY delivery_location

APPLY (TSP) in route
IF Cluster_Size > 30 THEN
SPLIT cluster into smaller clusters THEN
SELECT next Available_Van
SET remaining Van_Capacity & implement TSP
IF Cluster_Size < 30 THEN
APPLY (TSP)

SELECT next order in route

DECISION order fit in Van_Capacity?
IF NO 
ADD to Problem_Order
PROCESS Request_Manual_intervention
IF YES

PROCESS calculate Estimated_Time_Of_Arrival

DECISION arrival time within Thirty_Minute_Time_Window
IF NO 
ADD to Problem_Order
PROCESS Request_Manual_intervention
IF YES

DECISION more orders within cluster?
IF NO
OUTPUT results THEN END
IF YES 
DECISION check Available_Van
SELECT next Available_Van THEN LOOP



Solution:
Why I chose this specific solution is because it binds together K-means clustering with the travelling salesman problem (TSP) optimisation, which carefully considers strict time and capacity constraints to tackle the everyday complication of the last-mile delivery method. The proposed approach method breaks down and deconstructs the complicated routing issue into small manageable subtasks, enabling the possibility of efficiency and scalability for routing packages:

Spatial Clustering: 
In the first initial phase, received orders are categorised by final delivery location proximity utilising the K-means method. This significantly decreases the complexity of the logistics problem and ensures geographically logical batches are dispatched. A core rule is applied: if the number of received orders within a cluster exceeds 30 parcels, the cluster is automatically divided into smaller maintainable batches. The combination method significantly decreases over travel distance between the depot and final delivery locations, inevitably decreasing fuel consumption and time, therefore optimising the logistical process. 
Intra-cluster route optimisation:
Once the spatial clusters are established, the next process focuses on intra-cluster optimisation through the TSP method. The TSP algorithm accurately calculates the quickest and most efficient sequence of stops for each individual cluster. In practice, the delivery van drops off each scheduled order before returning to the dispatch depot. By implementing this optimisation method, the proposed system strategically decreases fossil fuel consumption and enhances overall day-to-day operational efficiency. This strategy guarantees that driving operatives can complete their entire routes in a faster cost cost-effective way [4]
Dynamic Time Window:
The constructed algorithm is built with a dynamic time window in its foundations, enforcing a mechanism the confirms all delivers are fulfilled within the 30-minute time window tolerance per each order. As the logistic process is unveiled, the system repeatedly observes the estimated time of arrival and reports any deliveries that might have the possibility of exceeding the time window tolerance. Orders that are predicted to go over the tolerance are pre-emptively reported and are given the label of "problem order" and will require manual inspection, this method ensure compliance to strict time limit constraints which is critical for valued customer satisfaction and overall efficiency. [5] [6]



Optimisation:
The pseudocode designed for the algorithm articulates a "nearest neighbour" approach, in practical use vans are assigned to the nearest possible order within the remaining stock and delivery time window. This process ensures that the delivery process acknowledges the MoSCoW prioritisation: It MUST successfully deliver the entire order stock within the limits of capacity and time constraints, it SHOUD prioritise the quickest and most efficient route, and it COULD consider balanced driver workloads to ensure equality and fairness to the labour force. Balancing the workloads meets the requirements of overall efficiency.
Explanation:
My proposed solution uses a clustering technique alongside the travelling salesman problem (TSP) optimisation, while still acknowledging the time-window constraints to ensure punctuality is up to standard with on-time deliveries.
Justification & Limitations:
This constructed algorithmic approach gives a clear, repetitive and scalable framework for GrocerQucik's delivery operations. it directly corresponds with the organisation's key objectives of minimising travel distances, hitting time goals, and utilising van efficiency. by deconstructing the issues into lesser controllable sub-tasks (Clustering & Route Optimisation), the proposed solution is easily comprehensible on larger-scale issues.

Although the proposed solution doesn't come without limitations that cannot be dismissed. One notable constraint is the presumed assumption that the software model is dependent on static data, with all received orders clarified upfront and predictable traffic patterns. In practice within the real world, unpredictable dynamic factors such as live traffic conditions, restricted zones, road closures, and urgent last-minute orders can throw off pre-planned routes. The proposed newly constructed solution may underperform due to such drastic changes without implementing live data feeds such as weather forecasts, GPS tracking and real-time traffic updates. Furthermore, it expects perfect fixed data, including geocoding for last-mile delivery locations and compliance to pre-planned routes to be followed by drivers. While clustering significantly decreases computational difficulty, issues with scalability may present themselves when handling larger, real-time order batches, occupying more complex algorithms or extra computational resources.
Conclusion:
In summary, the proposed solution gives a direct robust practical foundation for creating an automated and optimised strategy for GrocerQuick's last-mile logistics operations. it provides clarity within the framework in acknowledging logistical challenges such as minimising travel distance from the depot, fuel consumption, and delivery time constraints


Step 1: order combining (spatial grouping)
Reason: It significantly decreases the complexity of multiple stops by decomposing the issue into smaller manageable problems
How: The algorithm uses K-means clustering solely based on the input of the delivery location/coordinates
Scenario Example: if orders are ≤ 30, proceed as a single cluster, anything else create multiple clusters
Assumption: orders within close proximity show be delivered together or within the same time window
Step 2: Cluster route optimisation

Reason: minimises the miles travelled between each cluster

How: Uses TSP to create a simulated environment which filters out other routes and takes the fastest one.

Key Feature: Each route starts their journey from the distribution centre and returns to the distribution centre at the end of each route.

Step 3: Time Constraint Acknowledgement

Reason: ensures each delivery stays within a 30-minute tolerance window and does not exceed the 30-minute lateness threshold

How: Calculates adaptive travel plus downtime, such as refuelling which acts against the deadline

Conclusion: if the threshold isn't met and goes over tolerance re-cluster or split the active route

[bookmark: _Toc216842977]Task 3: Reflection & Justification 
Reflection of Techniques:
In formulating a custom solution GrocerQuick’s route management problems, I incorporated a structured logical problem-solving technique to break down and tackle their logistical inefficiencies. The main technique that was applied was abstract thinking and subdividing (decomposition). Through the means of abstract thinking, I highlighted the most critical variables such as delivery locations, time windows, vehicle capacities, and fuel efficiency, while showing less of a priority to details like product type or customer identity. This enabled the proposed solution to become scalable and easily applicable. Subdividing consisted of breaking the main routing problem into smaller, manageable subtasks: data entry processing, order clustering, route optimisation, and time-window. This proposed approach not only simplified the overall process but also enabled dynamic testing and improvement of each stage before final integration.
Justification of My Approach:
This approach strategy is appropriate for several reasons. Fundamentally, its values align with operational research and logistical principles, which both hold efficiency to high standards, reducing running costs, and service dependability within supply chain management. By deconstructing a difficult routing issue into an easy comprehensible task, the strategy reaches a balanced state between optimisation quality and computational workflow. Furthermore, the streamline design that's articulated through pseudocode and the flowchart further promotes clarity and transparency in a repetitive manner, all while being easy to implement. The benefit of this constructed strategy is the convenience of being explained to others such as stakeholder or investors and is flexible for further future innovation. Thirdly the strategy directly acknowledges GrocerQuicks core operational goals, concluding of reduce fuel consumption by the means of shorter travel, equal balanced workloads, and confirming delivery punctuality with specific time windows.
Limitations & Assumptions:
I have thoroughly identified several underlying assumptions have been identified and display noticeable limitations that hinder the application of the proposed solution. A major limitation is the need for “manual intervention” when the system comes across an issue, the need for intervention causes major delays. Another main assumption is that delivery routing can only be optimised by following a limited set of abstract variables, such as the delivery locations, time windows, van capacity and fuel efficiency. While this abstract method improves scalability, it has assumption factors such as product type, priority orders or special requirements are less important to the overall impact of the route decisions. In real-world scenarios, these factors that are pushed to the side have a significant influence on the sequence of the delivery route, such as priority orders needing to be delivered first within the sequence.
Another assumption routing issues can be quickly deconstructed into independent tasks, such as clustering for route optimisation and splitting orders. This is on the presumption that the strategy requires minimal intervention and is completely independent between stages, whereas in a practical scenario, changes in one stage for example, late order entries or flawed data, can cause a ripple effect across the entire system. The system also assumes that data inputs are accurate, complete and consistent at face value, which could be defined as concreate thinking. This method can have serious implications in a real-world dynamic scenario within urban logistic environments.

[bookmark: _Toc162914174][bookmark: _Toc216842978]Conclusion
[bookmark: _Toc162914175]In conclusion, my report has used a strategic method to deconstruct GrocerQuick's route management problem into its core fundamental components like order allocation, fuel consumption minimisation, and time constraints while also applying structured problem-solving techniques to design a viable solution. By utilising tools such as the MoSCoW technique, important requirements such as mandatory time windows and the need for an algorithmic approach were clarified, while operational constraints like vehicle capacity were acknowledged. The proposed solution, focused more on a vehicle routing problem (VRP) model with time windows (VRPTW), which was illustrated through a logical flowchart and pseudocode, demonstrating steps from data processing to route execution. This approach uses established operational research fundamentals, to balance the problem variables of fuel efficiency and punctuality through travel distance-minimising.

Reflection confirms that abstract thinking was necessary, allowing the complex algorithm to be constructed using real-world variables and constraints. then expressing it through a logical structure. Using the computing decomposition framework to dissect the bigger problems into small discrete, manageable sub-tasks to give a clearer understanding, the framework ultimately played a huge part in the final design process. The proposed algorithmic solution is desirable as it provides a scalable, automated environment that can perform better than manual planning, while directly addressing GrocerQuick’s key performance indicators. However, the justification also acknowledges significant limitations, including the assumption of unpredictable variables, accurate traffic data and the computational complexity and bandwidth needed for large order sets.

To conclude this case study, my report demonstrates a nuanced approach to logistical issues. While the solution provides a stable strategy for GrocerQuick, its real-world success would depend on implementing real-world dynamic data feeds and continuous improvement by the means of trial & error.
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