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Efficient and timely grocery delivery is critical for GrocerQuick’s operations and customer satisfaction. The company must assign orders to vehicles while minimising fuel use and ensuring no delivery is more than 30 minutes late.

This challenge is a Capacitated Vehicle Routing Problem with Time Windows (CVRPTW), which is computationally complex for large order volumes. To address this, the report proposes a hybrid heuristic approach combining clustering, greedy routing, and local optimisation. The solution improves fuel efficiency, meets delivery deadlines, and provides a scalable, practical framework for day-to-day logistics management.
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GrocerQuick’s operational difficulty can be abstracted into a structured optimisation problem
commonly referred to as the Vehicle Routing Problem (VRP) [1]. The organisation must allocate
customer grocery orders to delivery vehicles in a way that minimises fuel consumption while
ensuring deliveries are not more than 30 minutes late. This introduces both cost minimisation
and time-constrained service requirements, aligning specifically with the Capacitated Vehicle
Routing Problem with Time Windows (CVRPTW) [2].

From a systems thinking perspective [3], GrocerQuick operates as an interconnected logistics
system comprising inputs (orders, vehicles, drivers), transformation processes (routing,
allocation, scheduling), and outputs (completed deliveries, fuel expenditure, customer
satisfaction). Inefficiencies in one subsystem (e.g., poor allocation) directly affect others
(e.g., increased fuel consumption and delays). Decomposing the system into smaller components
enables clearer abstraction and logical modelling.

Using the MoSCoW prioritisation framework [4], requirements can be categorised:

Must Have:
• Delivery of all customer orders  
• No delivery more than 30 minutes late  
• Minimisation of total travel distance  

Should Have:
• Balanced distribution of workload across vehicles  
• Scalable design to handle demand growth  

Could Have:
• Dynamic traffic updates and real-time rerouting  
• Predictive demand forecasting  

Won’t Have (for this iteration):
• Autonomous vehicle integration  

Key variables include:
N = number of orders  
V = number of vehicles  
C_v = capacity of vehicle v  
D(i,j) = distance between locations i and j  
T_arrival = estimated delivery time  
L_max = 30 minutes (maximum lateness threshold)

Constraints include vehicle capacity, depot start/end location, driver shift duration,
and time-window constraints. The objective function can be expressed as:

Minimise ∑ D(i,j) across all vehicle routes

Subject to:
1. Capacity constraints  
2. Each order served exactly once  
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Given that VRP is NP-hard [1], exact optimisation becomes computationally expensive
for large N. Therefore, heuristic and metaheuristic approaches are justified
for operational practicality [5].
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To address GrocerQuick’s objectives, a structured multi-stage heuristic solution is proposed.
The design integrates clustering, greedy routing heuristics, and local optimisation techniques.
This aligns with practical routing literature, which recommends hybrid heuristics for
large-scale CVRPTW problems [5], [6].

[bookmark: _Toc222706811]Stage 1: Data Preprocessing  
All incoming orders are recorded with coordinates, demand size, and delivery time windows.
A distance matrix D(i,j) is generated using Euclidean or road-network distance.
Estimated travel time is derived from average vehicle speed. Preprocessing reduces
computational redundancy and enables efficient routing decisions.
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Orders are grouped using k-means clustering. The number of clusters approximates
the number of available vehicles. Clustering reduces route overlap and ensures
spatial cohesion, thereby decreasing total travel distance. Research shows
that cluster-first, route-second approaches significantly improve scalability
in VRP implementations [6].

[bookmark: _Toc222706813]Stage 3: Capacity-Constrained Allocation  
Within each cluster, orders are sequentially assigned to vehicles until
capacity constraints are met. If demand exceeds capacity, the cluster
is subdivided or an additional vehicle is allocated. This ensures feasibility
before route optimisation begins.

[bookmark: _Toc222706814]Stage 4: Initial Route Construction  
Routes are constructed using the Nearest Neighbour heuristic, which
selects the closest unvisited customer at each step. Although greedy,
this method produces acceptable baseline routes with low computational cost [7].
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To reduce route length further, a 2-opt local search algorithm is applied.
2-opt iteratively swaps route segments to eliminate crossing paths,
which empirically reduces total distance in travelling salesman variations [7].
This directly supports fuel efficiency objectives.

[bookmark: _Toc222706816]Stage 6: Time Constraint Validation  
Arrival times are calculated cumulatively. If any delivery exceeds
the 30-minute lateness constraint, corrective action is triggered.
Corrective actions include:
• Reassigning the order to a neighbouring vehicle  
• Splitting overloaded routes  
• Reordering deliveries within the cluster  

[bookmark: _Toc222706817]Stage 7: Dispatch and Monitoring  
Once validated, routes are dispatched. Performance metrics (distance travelled,
fuel used, lateness instances) are recorded for continuous improvement.

Decision Points:
• If vehicle capacity exceeded → allocate additional vehicle  
• If lateness > 30 minutes → reallocation loop  
• If route improvement reduces cost → accept change  

This approach improves fuel efficiency by minimising redundant travel,
reduces late deliveries through constraint validation, and ensures
systematic order allocation through clustering. Compared with exact
linear programming, this heuristic model provides near-optimal
solutions in polynomial time, which is operationally feasible
for daily logistics operations [5].
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Pseudocode
BEGIN
Input Orders, Vehicles, Constraints
Generate Distance Matrix
Cluster Orders using k-means
FOR each Cluster
   Assign Orders respecting Capacity
   Construct Route using Nearest Neighbour
   Improve Route using 2-opt
   Calculate Arrival Times
   IF any Delivery > 30 minutes late THEN
       Reallocate Orders
       Recalculate Route
   ENDIF
ENDFOR
Dispatch Routes
Record Performance Metrics
END
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The problem-solving approach employed abstraction, decomposition, and heuristic reasoning.
Abstraction transformed a real-world delivery issue into a CVRPTW model, enabling
application of established optimisation theory [2]. Decomposition separated
the system into manageable modules (clustering, allocation, optimisation),
which aligns with structured systems methodology [3].

Heuristic reasoning was selected because exact optimisation approaches
(e.g., branch-and-bound or mixed-integer programming) become computationally
prohibitive for large datasets [1]. In practical logistics, solution speed
often outweighs absolute optimality. The chosen hybrid heuristic provides
a balance between performance quality and computational efficiency [6].

However, several limitations exist. The model assumes static traffic conditions,
deterministic travel times, and complete information. In reality, stochastic
factors such as congestion and weather affect delivery time. Advanced
metaheuristics such as Genetic Algorithms or Ant Colony Optimisation
could further enhance solution quality [5].

Additionally, clustering quality directly influences final route efficiency.
Poor initial clustering may lead to suboptimal solutions. Continuous monitoring
and adaptive parameter tuning are therefore recommended.

Overall, the structured application of optimisation theory, systems thinking,
and prioritisation techniques demonstrates a logical and academically grounded
approach. The solution meets GrocerQuick’s objectives while remaining
scalable and computationally practical.
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