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[bookmark: _Toc216719889]Introduction
[bookmark: _Toc216719890]1. Identify Context
There is very little room for error in the very competitive online grocery industry where GrocerQuick succeeds. The "Last Mile Problem" is this business model's unique difficulty. The final stage of the supply chain, which transports products from a central hub to the end consumer. This is typically the most expensive and inefficient stage in the delivery process, making up as much as 53% of the overall shipping expenses. Manual route planning is unstable when GrocerQuick grows; it results in fuel waste, unused truck capacity, and missed delivery windows, all of which have a negative effect on retention of clients and profit [3].
[bookmark: _Toc216719891]2. Problem Analysis
GrocerQuick is dealing with another version of the Vehicle Routing Problem (VRP) from a technological perspective. "What is the optimal set of routes for a fleet of vehicles to travel in order to deliver to a given set of customers?" is the question presented in this discrete planning problem.
[image: Image of last mile delivery logistics diagram]
Figure 1
The problem involves irregular difficulty. The number of potential route combinations rises progressively (n) with the number of daily orders (n). It is statistically impractical to allow human operators to figure out a successful path without a computerised method.
[bookmark: _Toc216719892]3. Identify GOALS
Moving GrocerQuick from random planning to a data-based algorithm strategy is the main objective of this improvement method. Three essential restrictions are intended to be met by the solution:
1. Efficient Allocation (Capacity Constraint): Arrange commands wisely to maximise the fleet's effectiveness. This lowers the overall number of vehicles needed by guaranteeing no vehicle is overweight and prevents the dispatch of unused trucks [6].
2. Fuel Minimization (Cost Objective): Determine the quickest route that navigates each of the required locations to reduce operational costs. In order to reduce fuel consumption, this involves minimising the delivery chart's total line weight (distance) [6].
3. Timely Delivery (Time Window Constraint): Maintain a strict schedule to delivery windows to guarantee maximum client satisfaction. Any route that expects a delay longer than the allowable 15 minute margin will be impacted by the system's "Soft Time Window" limit. [6].
[bookmark: _Toc216719893]4. Proposed Approach
A simple solution based on the "Cluster-First, Route-Second" method is presented in this study. The system will balance the competing objectives of speed, cost, and capacity to provide a perfect routing plan by abstracting the city into a chart with weights and using techniques like Nearest Neighbour for sequencing and K-Means Clustering for allocation.


[bookmark: _Toc216719894]Solving Problem
[bookmark: _Toc216719895]Task 1
You are required to: 
1. 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.
[bookmark: _Toc216719896]Break Down: 
1. Order Management: 
· Every customer place an order, specifying the buy size, the location, and the required delivery time.
· Delivery vehicles must be issued orders in a way that achieves a balance between workload and range.

2. Vehicle and Driver Availability:
· There are restrictions on the amount of weight and volume capacity of the company's fleet of vehicles.
· Drivers must stick to shift schedules and are restricted from working longer hours than permitted.

3. Route Construction: 
· Vehicles must visit customers in an effective order to reduce their distance.
· Delivery schedules need to be set to avoid delays longer than 15 minutes.

4. Performance Requirements:
· Fuel consumption is reduced on shorter journeys.
· On-time delivery fulfil time windows.


[bookmark: _Toc216719897]Key Requirements and Constrains (MoSCoW)
Must-Have Requirements: 
1. Avoid complicity: Allocating orders to delivery vans efficiently Vehicles must be able to complete all assigned orders and not go beyond capacity.
2. Fuel consumption: Minimisation of total travel distance is reduced fuel consumption
3. Always Strict time windows: Deliveries must not be more than 15 minutes late.
4. Organisational Consistency: Routes must start and end at depot.
5. Less time & Less Fuel: Grouping clients according to area.
6. Accurate travel time and distance: Incorrect travel times would result in route failures
Should-Have Requirements:
1. Improves service quality: Consider time windows and delivery preferences of the customers.
2. Time planning accuracy: Average time per stop.
3. Fuel efficiency estimate: Consider fuel consumptions for different vehicles.
Could-Have Requirements:
1. Could be aware of traffic: Helps refine expected delivery times
2. Shorter delay: Could take shortcuts if area is known to driver.
Won’t-Have Requirements:
1. No deliveries: Vehicles not available or other logical possibilities.
2. Late time windows: Late drivers for reduce workload in peek time and manage vehicle availability.
3. Late deliveries: Complex traffic planning and customer needs. 
[bookmark: _Toc216719898]Order-Related Variables
	Variable
	Description
	Why it matters

	Order ID
	Unique identifier for each order
	Required for tracking & assigning

	Customer Location
	Delivery address
	Enables distance and calculates routes

	Delivery time window
	Earliest & latest acceptable time for customer
	Ensures deliveries do not exceed the 15minute delay limit

	Order size 
	How much load the order adds to the vehicle
	Makes sure the vehicle doesn’t exceed weight limit

	Service time per stop
	Time needed to unload delivery at each address
	Affects route timing and scheduling accuracy





[bookmark: _Toc216719899]Vehicle Related Variables
	Variable
	Description
	Why it matters

	Vehicle ID
	Identifies each van or truck
	Used to assign orders and track routes

	Vehicle Capacity
	Maximum load per vehicle
	Prevents overloading 

	Fuel Efficiency
	How much fuel the vehicle consumes per mile
	Important for minimising total fuel usage

	Driver shift duration
	Maximum hours a driver can work per day
	Helps determine how many orders a vehicle can complete

	Start to End depot location
	The fixed point where each route begins and ends
	Ensures organised consistency and route structure



[bookmark: _Toc216719900]Route and Distance Variables
	Variable 
	Description
	Why it matters

	Distance Matrix
	Pre-Calculated distance between every delivery
	Forms the route easily

	Travel Time matrix
	Estimated travel time between deliveries
	Essential for meeting time windows and avoiding lateness

	Total route distance
	Total length of a route for a vehicle
	Used to measure and minimise fuel consumption

	Total route time
	Combined travel time + Service time
	Ensures the 15minute delay isn’t breached

	Stop sequence
	Order in which deliveries are visited
	Impacts distance, fuel and delivery timing



[bookmark: _Toc216719901]System and Constraint Variables
	Variable
	Description
	Why it matters

	No of orders
	Total orders
	Determines workload 

	No of vehicles available
	Size of fleet
	Effects allocation and route availability

	Maximum allowable lateness
	Strict restrictions from the company
	Ensures customer services

	Closer grouping rules
	Grouping customer by proximity
	Reduces travel time, fuel consumption and increases efficiency





[bookmark: _Toc216719902]Task 2 : 
[bookmark: _Toc216719903]Propose a Solution: Create a flowchart and pseudocode that outlines the logical steps for optimising the delivery process [8]. 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.[image: ]
This flowchart visualizes the algorithmic solution for GrocerQuick's
Vehicle Routing Problem (VRP). It describes the "Cluster-First, Route-Second" method that is used to transform processing order data into effective delivery schedules while closely adhering to business requirements [7].
Here is the step-by-step breakdown of the logic flow:
[bookmark: _Toc216719904]1. Initialization (The Setup)
The process begins at the top with data ingestion.
· Load Data: The system imports all relevant variables: customer locations, order sizes, delivery time windows, and fleet constraints (vehicle capacity).
· Calculate Matrices: It creates a "map" of the city by calculating the travel time and distance between every possible pair of locations (the weighted graph).
[bookmark: _Toc216719905]2. Phase 1: Allocation (Cluster-First)
This section ensures vehicles are loaded efficiently without being overloaded.
· Cluster Customers (K-Means): The algorithm groups nearby customers together to ensure drivers stay in one specific area, reducing travel time.
· Assign Clusters: These groups are assigned to specific vehicles.
· Constraint Check (Is capacity exceeded?): The system calculates the total weight/volume of the orders in the cluster.
· Yes (Loop Back): If the vehicle is overloaded, the system loops back to Cluster Customers to redistribute the orders into smaller or different groups.Figure 2

· No (Proceed): If the load is safe, it moves to the next phase.
[bookmark: _Toc216719906]3. Phase 2: Routing (Route-Second)
This section ensures the driver takes the fastest path and meets customer deadlines.
· Sequence Stops (Nearest Neighbour): The system determines the specific order in which the driver should visit the customers (e.g., Stop A to Stop B to Stop C).
· Calculate Metrics: It sums up the total drive time + service time (unloading).
· Constraint Check (Is lateness > 15 mins?): It checks if any customer in the sequence will receive their order more than 15 minutes late.
· Yes (Loop Back): If a customer is too late, the system loops back to Sequence Stops to try a different order of visits (e.g., swapping Stop B and Stop C) to save time.
· No (Proceed): If all time windows are met, the route is approved.
[bookmark: _Toc216719907]4. Finalization
· Generate Schedule: The approved route is finalized and formatted for the driver.
· Check (Are all Orders Assigned?): The system checks if there are any leftover orders that haven't been put on a truck yet.
· No: It loops back to Assign Clusters to generate routes for the remaining orders using the next available vehicle.
· Yes: The process ends, and the fleet is ready to dispatch.
[bookmark: _Toc216719908]Summary of Logic Loops
The "Diamonds" in the chart represent critical quality control gates:
1. Capacity Loop: Prevents broken trucks or illegal loads.
2. Lateness Loop: Prevents angry customers and refunds due to delays.
3. Assignment Loop: Ensures no order is left behind at the depot.


[bookmark: _Toc216719909]Pseudocode: Cluster-First, Route-Second VRP Solution
[bookmark: _Toc216719910]Function: Optimize_Delivery_Routes (Orders, Fleet, Depo)
Initialization and Pre-processing
// Load and prepare data
Orders_to_Assign = Orders
Available_Vehicles = Fleet
MAX_LATENESS_MINUTES = 15

// Calculate weighted graph
Distance_Matrix = Calculate_Distances(Orders_to_Assign, Depot)
Time_Matrix = Calculate_Travel_Times(Distance_Matrix, Current_Traffic_Data)

// Initialize results structure
Final_Schedules = {}

Phase 1: Cluster-First (Allocation with Capacity Check)
WHILE Orders_to_Assign IS NOT EMPTY:
    // Select the next available vehicle
    Vehicle = Select_Next_Vehicle(Available_Vehicles)
    
    // Clustering (Grouping Customers by Proximity)
    Cluster_List = K_Means_Cluster(Orders_to_Assign, Vehicle.Capacity, Distance_Matrix)
    
    // Attempt to assign the largest valid cluster
    Best_Cluster = Select_Best_Cluster_for_Vehicle(Cluster_List, Vehicle)
    
    // Capacity Constraint Check Loop
    WHILE Calculate_Load(Best_Cluster) > Vehicle.Capacity:
        // Adjust the cluster size or split it
        Best_Cluster = Reduce_Cluster_Size(Best_Cluster)
    
    // Finalize assignment for Phase 2
    Assigned_Orders = Best_Cluster


Phase 2: Route-Second (Sequencing with Time Window Check)
// Sequencing (Finding the order of stops)
    Stop_Sequence = Depot
    Current_Stop = Depot
    Current_Time = Start_Shift_Time(Vehicle)
    WHILE Assigned_Orders IS NOT EMPTY:
        // Nearest Neighbour Heuristic: Find the closest unvisited order
        Next_Order = Find_Nearest_Neighbour(Current_Stop, Assigned_Orders, Distance_Matrix)
        // Calculate expected arrival time at the next stop
        Arrival_Time = Current_Time + Time_Matrix[Current_Stop][Next_Order]
        // Time Window Constraint Check Loop
        Lateness = Arrival_Time - Next_Order.Time_Window.Latest_Time
        IF Lateness > MAX_LATENESS_MINUTES:
            // Backtrack or Re-optimize Sequence (High Penalty)
            // For a simple heuristic, we might re-assign the problematic order
            Revert_Sequence(Next_Order)
            Assigned_Orders.Add(Next_Order) // Put it back for a later vehicle
            BREAK // Exit sequencing for this vehicle
        END IF
        // If valid, finalize the stop
        Stop_Sequence.Add(Next_Order)
        Current_Time = Arrival_Time + Next_Order.Service_Time
        Current_Stop = Next_Order
        Assigned_Orders.Remove(Next_Order)
    END WHILE
    // Complete the route back to the depot
    Stop_Sequence.Add(Depot)
    Total_Distance = Calculate_Total_Distance(Stop_Sequence, Distance_Matrix)
    // Record the result
    Final_Schedules.Add(Vehicle.ID, Stop_Sequence, Total_Distance)
    Orders_to_Assign.Remove_All(Assigned_Orders)
END WHILE

Output
RETURN Final_Schedules // The set of optimized routes

[bookmark: _Toc216719911]Task 3: 
[bookmark: _Toc216719912]Reflection and Justification of the Solution Approach
GrocerQuick's Vehicle Routing Problem (VRP) was successfully analysed and solved using a number of organised problem-solving strategies. The suggested "Cluster-First, Route-Second" strategy has justification because it achieves the essential balance between computer speed (immediate route delivery) and optimised quality (recognising good routes) [5].
[bookmark: _Toc216719913]1. Problem-Solving Techniques Used
The following key techniques were used in the research and following pseudocode design:
· Abstract Thinking: A Balanced Graph, a formal mathematical structure, was used to abstract the complete business problem (also known as "Last Mile Problem"). Customers were represented as points, journey time and distance as balanced edges, and the fleet as the resources (vehicles) running out of a central depot. This transformation makes it possible to use well-established algorithms to tackle difficult scenarios.
· Decomposition (Subdividing): One computationally unsolvable issue forms the basic VRP. It was broken down into two smaller phases by the solution:
1. Allocation (Clustering): Grouping customers by location and capacity.
2. Sequencing (Routing): Determining the optimal visit order for each group.
The factorised difficulty (n) of directly solving the VRP is lowered by the change to a set of smaller, time-varying problems.
· Constraint Prioritization (MoSCoW): The MoSCoW approach was used in the first analysis to differentiate between Should-Have goals (Fuel Minimisation) and Must-Have restrictions (Capacity, Lateness 15mins, Depot start/end). Because of this structure, the generated pseudocode prioritised ensuring capability over cost optimisation.


[bookmark: _Toc216719914]2. Justification of the "Cluster-First, Route-Second" Approach
The following factors make the selected algorithm suitable for GrocerQuick's usage setting:
	Goal
	Technique
	Justification

	Manage Complexity
	Heuristic Approach
	A true optimal solution for large VRPs is computationally infeasible (n). Heuristics (like Nearest Neighbour) sacrifice guaranteed optimality for speed, delivering a "good enough" solution quickly, which is essential for dynamic, daily logistics planning.

	Address Allocation
	K-Means Clustering
	Addresses the Capacity Constraint and the need for Closer Grouping. It ensures vehicles are appropriately filled and maximizes the utilization of the fleet by geographically partitioning the city first.

	Address Cost/Time
	Nearest Neighbour
	Addresses the Fuel Minimization and Timely Delivery goals. This greedy local search algorithm quickly finds a strong initial path sequence by prioritizing the shortest path and less traffic from the current location.

	Operational Feasibility
	Sequential Checks
	By integrating the Capacity Check (Phase 1) and Time Window Check (Phase 2) as mandatory loops, the system guarantees that the final output is a feasible route, meaning it can be executed by a driver without breaking laws (overloading) or violating core customer service agreements (lateness).



[bookmark: _Toc216719915]3. Limitations and Assumptions
No algorithm is perfect; the answer has certain limits and depends on specific assumptions:
[bookmark: _Toc216719916]A. Limitations
1. Sub-Optimality: Strategies that just consider the best course of action right now, such as Nearest Neighbour, are greedy. This implies that they can become trapped in a "local optimum" and fail to find the actual, globally shortest path. While the answer is nice, it may not be the best.
2. Algorithm Independence: The two stages are resolved one after the other. The final route order is not completely taken into account while making the first cluster selection. The system’s capacity to go back and re-cluster in response to sequencing errors is limited and a perfect cluster may result in a poor position.
3. Static Constraints: Once determined, the time and distance grids are treated as fixed by the system. The 15minute delay limit is at danger since this static model is not built to handle real-world traffic congestion, road closures, or unexpected delays.
[bookmark: _Toc216719917]B. Assumptions
1. Accurate Data: Distance Matrix and Travel Time Matrix are thought to be precise representations of actual circumstances. Route failures and time window violations will directly result from inaccurate data.

2. Homogeneous Fleet: The pseudocode makes an assumption that the fleet is largely identical, or at the very least, that the Vehicle Capacity and Fuel Efficiency variables alone define vehicle differences. Complex factors, such as vehicle size restrictions (height/weight limitations for certain highways), are not taken into consideration.
3. Fixed Service Time: It is assumed that the service time per stop is fixed. In reality, the size of the order, the difficulty of access (stairs, apartment complexes), or the driver’s skills can all affect delivery time.
4. No Dynamic Re-routing: It considered that a route cannot be continuously changed once it has been dispatched. The answer is not a real-time management system, but rather a prior day-to-day planning tool.
[bookmark: _Toc216719918]3. Reflection and Justification
[bookmark: _Toc216719919]3.1 Reflection on Problem-Solving Methods
The route improvement solution was developed using a number of structured problem-solving methods that are frequently used in operations research and systems development.
A. Systems Thinking
In order to understand how client orders, delivery windows, truck capacity, route restrictions, and traffic relate as part of the larger delivery system, the problem was approached systemically. His ideas on understanding dependent aspects of complex structures comply with this [8].
B. Decomposition
The level of difficulty of the original VRP task is rising. By separating it into scheduling and route sections, every aspect may be handled separately, lowering computing cost and improving the possibility of the solution. Solutions for NP-hard logistical problems frequently use decomposition [3].
C. Prioritisation (MoSCoW)
MoSCoW ensured that decisions were justified and in line with business goals by arranging required vs non-essential limits. The method was kept from focusing on low-impact improvements at the expense of required obstacles by using MoSCoW.
[bookmark: _Toc216719920]3.2 Justification of the Chosen Approach
[bookmark: _Toc216719921]A. Balancing Efficiency and Feasibility
When time restrictions are relatively severe and the amount of data is large, Cluster-First, Route-Second techniques are recommended [6]. GrocerQuick’s limits a tolerance of 15 to 30 minutes for lateness that meets this description. For everyday real-time application, pure efficiency methods like Mixed Integer Programming (MIP) would be too technologically costly.

[bookmark: _Toc216719922]B. Clustering for Capacity and Fuel Efficiency
Geographic clustering avoids inefficient vehicle assignments and minimizes unnecessary local travel. Since clustering is frequently used in commercial logistics planning, this immediately reduces fuel usage and is consistent with standard practice [7].
[bookmark: _Toc216719923]C. Nearest Neighbour for Fast, Good Quality Routes
This regularly generates short routes and is reliable for real-world routing systems where decisions must be made fast, while not being fully perfect. Daily operational planning is a business objective that it supports.
[bookmark: _Toc216719924]3.3 Limitations and Assumptions
[bookmark: _Toc216719925]Limitations
· Greedy local decisions may result in non-optimal global routes.
· Clustering decisions are static and do not adapt to routing failures.
· Travel times are assumed static despite real-world traffic variability.
· Assumptions
· Distance and time matrices are accurate.
· Vehicles differ only in basic capacity/fuel metrics.
· Service time is constant per delivery.
· No real-time re-routing is performed.
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