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[bookmark: _Toc215418746]Introduction
[bookmark: _Toc215418747]Purpose of the report: This report aims to devise an effective solution for Grocer Quick, an online grocery delivery service, to make its delivery routes more efficient. The primary objective of this assignment is to design an optimization strategy that ensures the effective allocation of customer orders, minimizes fuel consumption by reducing the total travelled distance, and ensures timely deliveries, with no order more than 30 minutes late.

[bookmark: _Toc215418748]Scope of the study: The scope of the study encompasses several key areas that are integral to realizing the stated objectives. It involves the Moscow technique to be able to locate and prioritize essential needs and implement details focused on route optimization strategies.

[bookmark: _Toc215418749]Structure of the report: This report is divided into two sections which are the requirement analysis, as well as the scenario and system design. The requirement analysis deals with when the problem is decomposed into manageable sub-problems, the identification of key constraints and the objectives prioritized using the Moscow technique.

[bookmark: _Toc191896180][bookmark: _Toc215418750]Requirement features
[bookmark: _Toc191896181][bookmark: _Toc215418751]Moscow requirements prioritisation technique
	
	Requirements
	Explanation

	Must-Have
	Efficient order-to-route allocation.

	Orders are to be assigned to drivers/routes depending on proximity, time windows, and capacity.


	
	Minimized total travel distance
	The algorithm of route planning should consider shortest total distance (fuel efficiency).

	
	No delivery more than 30 minutes late
	Critical performance constraint that ensures customer satisfaction.

	
	Adherence to vehicle capacity limits
	Each delivery vehicle has a capacity limit in terms of volume/weight.

	Should-Have
	Real-time traffic consideration
	Dynamically adjust routes if traffic delays occur.

	
	Delivery priority considering time window
	Scheduling should prioritize an early time window.

	Could-Have
	Embedded with a live GPS tracking
	To monitor planned and actual routes

	
	For future deliveries, a predictive analysis
	Learning from past data ad adapting to improve services

	Won’t-Have (for now) 
	Drone/autonomous delivery support
	Out of current project scope.

	
	Cross-warehouse optimisation
	If Grocer Quick has multiple depots, this may be deferred.



[bookmark: _Toc215418752]Variables
To optimize, we first need to identify the key variables:
[bookmark: _Toc215418753]Orders (O):
•Location of Customer (latitude/longitude)
• Delivery time window
• Order size/weight (affects vehicle capacity)

[bookmark: _Toc215418754]Vehicles (V):
· Vehicle capacity or volume/weight
·  Fuel efficiency (litres/km)
· Maximum working hours per driver

[bookmark: _Toc215418755]Routes (R):
· Distance between stops
· Travel time, including traffic conditions
· Sequence of deliveries

[bookmark: _Toc215418756]Constraints:
· Delivery lateness ≤ 30 minutes
· Vehicle capacity not exceeded
· Minimise total distance travelled
· Each order is assigned to exactly one route.
[bookmark: _Toc215418757]Objective Functions: Minimise total travel distance (fuel consumption proxy) - Minimize lateness in all deliveries - Balance workload across vehicles
[bookmark: _Toc215418758]Flowchart
[image: A screen shot of a diagram

AI-generated content may be incorrect.]
The flowchart above shows a structured process for optimising Grocer Quick's delivery routes. It begins with collecting essential inputs such as customer orders, vehicle details, and road network data, followed by preprocessing to clean the information, build distance and time matrices, and cluster orders geographically and by delivery windows. A feasibility check ensures that vehicle capacity, time constraints, and the 30minute lateness limit are respected. If feasible, orders are allocated to vehicles and initial routes are built; if not, a constraint repair step reassigns or splits routes to restore feasibility. The optimisation loop then refines these routes using heuristics like local improvements and interbout swaps to minimise travel distance and lateness. A validation stage validates that all constraints are satisfied, looping back to repair if necessary. This logical flow ensures efficient order allocation, reduced fuel consumption, and timely deliveries.

[bookmark: _Toc215418759]Pseudocode
[bookmark: _Toc215418760]INPUT:
· Orders = {id, (let, lon), promised time, time_window_start, time_window_end, service time, size}
· Vehicles = {id, capacity, start depot, end depot, shift start, shift end, fuel efficiency}
· Road Network = {distance matrix, time matrix, traffic factor}
[bookmark: _Toc215418761]PARAMETERS:
· Max Lateness = 30 minutes
· Alpha distance = 1.0          # distance cost weight
· Beta lateness = 5.0            # lateness penalty weight
· Gamma overload = 1000.0        # hard penalty for capacity violations
· Iteration Limit = 500
· Time Budget = 60 seconds

[bookmark: _Toc215418762]FUNCTION Travel Time (i, j):
· return time matrix[i][j] * traffic factor

[bookmark: _Toc215418763]FUNCTION Cost (Route Set):
[bookmark: _Int_CWbT6n3d]  total distance = sum(distance matrix[u][v] for all legs in Route Set)
  total lateness = sum (max (0, ETA (order) - order. time_window_end) for all orders)
  capacity penalty = sum (max (0, load(route) - vehicle. Capacity) for all routes)
  return Alpha distance * total distance
         + Beta lateness * total lateness
         + Gamma overload * capacity penalty

1) Preprocessing
Clean (Orders)
Compute distance matrix, time matrix from Road Network
Clusters = GeoTimeCluster (Orders) # e.g., k-means on coordinates + sort by time windows

2) Initial allocation
Route Set = {}
for cluster in Clusters: vehicle = Select Vehicle (Vehicles, cluster) # nearest depot + spare capacity + workload balance
  route = BuildGreedyTimeWindowRoute (cluster, vehicle)
  Rout ESET. Add (route)

3) Constraint repair
Route Set = Repair Violations (Rousset, Vehicles, MaxLateness)

4) Optimisation loop
· best = Route Set
· best cost = Cost(best)
· start time = now ()
iter = 0
while iter < Iteration Limit and (now () - start time) < Time Budget:
· [bookmark: _Int_2itEgIvc]candidate = Local Improve(best)  # 2-opt, 3-opt on each route
· candidate = InterRouteSwap(candidate) # relocate orders between routes to reduce penalties
· candidate = Repair Violations (candidate, Vehicles, MaxLateness)
· cost = Cost(candidate)
if cost < best cost:
· best = candidate
· best cost = cost
  iter += 1

5) Validation
if Has Violations (best, Vehicles, MaxLateness):
· best = Fallback Feasible (best, Vehicles, MaxLateness) # enforce feasibility (split, reassign)

6) Output
For each route in best:
· compute ETAs per stop using Travel Time + service time
· emit Driver Manifest (route. sequence, ETAs, distances)
· notify Customers with ETA windows
RETURN best, metrics {total distance, on_time_rate, avg_lateness, capacity utilisation}

[bookmark: _Toc215418764]Explanation
Inputs, assumptions, and data preparation
Orders: They are made up of location, promised delivery time, allowed time window, service time, and size. All orders without a valid coordinate are adjusted or flagged. Travel times are calculated with traffic multiplier and legal speeds taken into consideration.
Vehicles:  Each has capacity, depot location, and driver shift limits. Fuel efficiency is used for reporting; the optimiser minimises distance as a stable proxy for fuel.
Assumptions:
· Fuel proxy: Minimizing total route distance reduces fuel; idling is indirectly handled via time penalties.
· Service times: Fixed per stop and included in the ETA calculation.
· Time windows: If an order's ETA exceeds the window end, then lateness must be ≤ 30 minutes; otherwise, the route is considered infeasible.
· Road network: the distance and time matrices are symmetric and consistent.
are fine for local heuristics, while traffic factors adjust time asymmetrically where needed.
[bookmark: _Toc215418765]Order allocation logic
· Clustering: Orders are clustered by geographic proximity and similar time windows to prevent crisscrossing and minimize deadhead mileage.
· Vehicle selection: The vehicle closest to the centroid of the cluster, with enough remaining capacity and within the shift time, is selected for load balancing.
· Greedy Route Build: In each cluster, orders are inserted using nearest neighbour with time-window feasibility checks. An order is placed where it minimally increases the distance while keeping ETA within the window or under the 30-minute lateness cap.
[bookmark: _Toc215418766]Constraint repair
· Capacity: If a route exceeds capacity, the largest or latest-added stops are reallocated to the nearest feasible vehicle.
· Time feasibility: Stops causing lateness beyond 30 minutes trigger swaps: either resequencing within the route, or relocation to a closer vehicle’s route.
· Buffers: Reloading and serving times are explicitly incorporated to avoid the systematic underestimation of ETAs.
[bookmark: _Toc215418767]Optimisation loop and decision points
· Local improvements (2-opt/3-opt): reverse segments to eliminate route crossings and reduce the length of paths.
· Inter-route moves: Move single orders or swap pairs between routes, where this decreases cost or eliminates capacity / time violations.
· Acceptance criterion: A candidate replaces the current best only if the total cost decreases, where cost is the weighted sum of distance, lateness, and overload penalties [1].

[bookmark: _Toc215418768]Addressing fuel efficiency, time limits, and allocation
Fuel efficiency:
· Primary objective: to minimize total distance, which is proportional to fuel consumption.
· Structural choices: Clustering reduces the lengthy inter-zone legs; 2-opt eliminates inefficient detours; inter-route swaps reduce deadhead.
Time limits: ≤30 min late:
· Hard constraint + penalty: Routes that push ETAs beyond 30 minutes are repaired; lateness within 30 minutes is penalized to prefer earlier deliveries while staying feasible.
· ETA computation: Every step of insertion and optimisation includes computing travel and service times.
Order allocation:
· Feasible assignment first: Each order is assigned to one and only one route, with capacity and time-window checks.
· Workload balance: Vehicle selection considers remaining capacity and shift time to avoid overloading a single driver; this also improves on-time performance [2].

[bookmark: _Toc215418769]Reflection
I address Grocer Quick's challenge by combining abstract thinking, subdividing, systems thinking, and heuristic optimisation. Abstract thinking helped to recast the business problem into a constrained vehicle routing problem with time windows and capacity, thereby making it solvable with established optimization patterns. Subdividing kept the complexity tractable: I separated inputs, feasibility checks, initial allocation, repair, and iterative improvement; in this way, each stage has a clear purpose and measurable outputs. Systems thinking framed the delivery network as an interconnected socio-technical system in which order clustering, driver shifts, traffic, and customer time windows interact; this therefore requires feedback loops - in the form of validation and dynamic adjustments - rather than a one-shot optimization. Heuristic optimization - through greedy insertion, 2opt/3opt, inter-route swaps - provided an iterative path to good solutions under time budgets, acknowledging the NP-hard nature of routing while remaining operationally practical.

[bookmark: _Toc215418770]Justification
· [bookmark: _Toc215418771]Fit for objectives
The staged pipeline ensures the orders are allocated feasibly first, then improved with respect to fuel and time to meet the must-haves: efficient allocation, minimum distance, and lateness up to 30 minutes. Greedy insertion plus clustering produces fast feasibility; local search eliminates detours and deadhead; inter-route moves equilibrate load and time-window pressure. This is a heuristic sequencing that makes the solution responsive enough for daily operations while pushing toward optimality [3].
· [bookmark: _Toc215418772]Robustness under uncertainty
The decoupling of "repair" from "optimisation" absorbs data imperfections, such as underestimated service times or spikes of traffic. Validation loops ensure constraints before output, while dynamic adjustments restrict re-optimisation to only routes that are affected, thus keeping the system stable and predictable for drivers and customers. 
[bookmark: _Toc215418774]Limitations and assumptions 
· Total distance proxies fuel consumption, which is imperfect and ignores idling, stop-start dynamics, elevation, and driver behaviour. This is a pragmatic proxy; better fuel models might incorporate speed profiles and load-dependent consumption.
· Time windows are hard bounds with a cap of 30 minutes of lateness; real customer tolerance may vary. Over-penalizing lateness may sacrifice capacity utilization or increase driver stress. 
· Clustering assumes geographical coherence and relatively stable traffic; highly non-uniform demand or asymmetric travel times can weaken the benefits of clustering.
· Data quality is paramount: incorrect coordinates, variations in service times, or outdated road networks may cascade errors through feasibility checks and ETAs. 
· The approach assumes daily, single-depot operations. Multi-depot, cross-dock or multi-day constraints require extending the allocation and validation logic [4].
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