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For contemporary online grocery delivery services, efficient delivery route planning is a crucial challenge that balances customer expectations, operating costs, and environmental considerations. Currently, GrocerQuick has inefficiencies that cause deliveries to be delayed and fuel consumption to rise. This report identifies important requirements and constraints, applies structured problem-solving techniques to analyze the problem, and suggests a rational optimization solution backed by well-known models like MoSCoW and heuristic route planning algorithms [1], [3]. The objective is to create a workable, all-encompassing technique that will enhance order distribution, shorten delivery routes, and guarantee on-time delivery. 

 Problem Deconstruction
      Understanding the scenario
An online grocery delivery service called GrocerQuick is having trouble effectively managing delivery routes. 
The company aims to: 
• Effectively assign customer orders to delivery routes
• Make sure all orders are delivered on time, with a maximum allowable delay of 30 minutes; 
• Reduce the overall travel distance (and consequently fuel consumption)
This is a traditional time-constrained last-mile delivery and vehicle routing problem. In actuality, it is closely related to the Vehicle Routing Problem with Time Windows (VRPTW) [3], [4], where routes must be planned to minimize cost and distance while visiting customers within predetermined time windows.

[bookmark: _Toc216587625]Stakeholders and goals
Key stakeholders include: 
• Customers, who want deliveries made on time and within the allotted time slot; 
• Drivers, who want realistic, safe, and achievable routes; 
• Operations and dispatch teams, who require an understandable and repeatable routing method; and 
• Management, who wants lower fuel costs and higher customer satisfaction.
High-level goals:
1. Reduce the overall distance traveled as a stand-in for fuel consumption
2. Increase the number of on-time deliveries by no more than thirty minutes.
3. Make effective use of the fleet and drivers that are available (balanced workload, feasible shift lengths)


[bookmark: _Toc216587626]Requirements and constraints (MoSCoW)
The MoSCoW method is a prioritisation technique [1] that classifies requirements into Must have, Should have, Could have, and Won’t have, to clarify scope and expectations. 
Applied to GrocerQuick
MoSCoW
	Requirements
	Priority
	Description

	Order allocation
	Must have
	Every customer order must be assigned to exactly one delivery route.


	Delivery punctuality
	Must have
	No delivery should be planned more than 30 minutes later than its promised delivery time.


	Win/draw detection
	Must have
	Total travel distance across all routes should be minimised as far as reasonably possible.


	Restart option
	Must have
	The algorithm must respect vehicle capacity, including number of orders, volume, or weight.


	Score tracking
	Must have
	All delivery routes must start and end at the designated depot or hub.


	Driver workload balance
	Should have
	Route assignments should aim to balance workload, ensuring similar route durations for all drivers.


	Dynamic updates
	Should have
	System should be able to update plans when new orders arrive or traffic conditions change.


	Understandable logic
	Should have
	The routing logic should be simple enough for dispatchers to understand and explain.


	Fuel/emissions modelling
	Could have
	Ability to explicitly model fuel prices, fuel consumption, or CO₂ emissions.


	Priority customers
	Could have
	Option to prioritise VIP customers or highly time-critical orders.

	Multi-depot support
	Could have
	Ability to operate routing from multiple depots in the future.

	Real-time AI optimisation
	Won’t have
	No advanced AI/ML-driven real-time optimisation using live traffic data in this version.

	Third-party carrier integration
	Won’t have
	No integration with external delivery partners in the current scope.

	Driver preference modelling
	Won’t have
	No modelling of individual driver preferences or preferred delivery areas at this stage.
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To design a logical solution, we treat the city as a graph: locations are nodes and roads are edges with distances and travel times.
Main variables:
· Orders
· order_id
· customer_location (coordinates or postcode)
· promised_time_window = [earliest, latest]
· service_time (time to unload and deliver)
· Vehicles / drivers
· vehicle_id
· capacity (number of orders or volume)
· start_time and end_time (shift length)
· Network
· distance(i, j) distance between location i and j
· travel_time(i, j) estimated travel time between i and j
· Routes
· A route is an ordered list of stops: [depot, customer1, customer2, …, depot]
· route_distance = sum of distances between stops
· arrival_time(order) and lateness(order)
Constraints:
· Capacity: total load on each route ≤ vehicle capacity
· Time windows: arrival_time(order) ≤ promised_latest + 30 minutes
· All orders assigned exactly once
· 
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In the research literature, problems like GrocerQuick’s are modelled as green vehicle routing problems with time windows [3], [6], where the aim is to minimise fuel consumption and emissions while respecting customer time windows and vehicle capacity. 
However, exact optimisation methods are often too slow or complex for a medium-sized company to use in day-to-day operations. Instead, many real-world systems rely on heuristics and greedy algorithms that produce “good enough” solutions quickly [3], [4], [6]. 
For GrocerQuick, I propose a three-stage heuristic:
1. Preprocessing and data preparation
2. Greedy route construction with time-window checks
3. Local route improvement to reduce distance
This balances efficiency (fuel), punctuality (time windows and 30-minute limit) and practical implementation.
Assumptions
To keep the design generic but workable, we make the following assumptions:
· Single central depot (extension to multiple depots is possible later)
· All orders for a planning period (e.g. a morning shift) are known before routing
· Travel times can be reasonably estimated from distance and average speed
· All vehicles have the same capacity (can be relaxed in a later version)
· Early arrival is allowed (driver can wait until earliest time), but late arrival beyond 30 minutes is not allowed
These assumptions are common in many VRPTW models [4]. 
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·  logical steps
Main blocks (in order):
1. Start
2. Input data: List of orders / List of vehicles / Depot location /Delivery time limits (latest_time + 30 min)/ Distance and travel-time functions
3. Mark all orders as “unassigned”
4. For each vehicle
Set current location = depot
Set current time = vehicle start time
Set current load = 0
Start route with depot as first stop
5. Find nearest suitable unassigned order
For each unassigned order:
· Check if it fits vehicle capacity
· Calculate travel time to this order
· Check if arrival_time ≤ latest_time + 30 min
· If all conditions satisfied → consider as a candidate
Choose the nearest candidate order
6. Decision: Is a suitable order found?
· Yes → Go to Step 7
· No → Go to Step 8

7. Add order to vehicle route
· Mark order as assigned
· Update current location to order location
· Update current time = arrival + service time
· Update vehicle load
· Go back to Step 5 (search for next order)
8. No more suitable orders
· Add depot as final stop
· Save completed route
· Move to the next vehicle
· If all vehicles processed → continue to Step 9
9. Collect unassigned orders
Create list of orders still marked as “unassigned”
10. Output final plan
· All routes
· All assigned orders
· List of unassigned orders
11. End


· Diagram

[image: A diagram of a flowchart
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Step 1: All orders are initially marked as unassigned. This allows the system to track which orders still need to be placed on a delivery route.
Step 2: For each vehicle, the system builds a route in a simple and logical way:
· The vehicle starts at the depot with the current time set to the beginning of its shift.
· The system looks for the nearest order that meets all required conditions:
· it is not yet assigned to any route,
· it fits within the vehicle’s remaining capacity,
· it can be delivered no later than latest_time + 30 minutes.
· If such an order exists, it is added to the vehicle’s route. The vehicle’s time, location, and load are updated.
· If no suitable order is found, the vehicle returns to the depot, and its route is finished.
Step 3: After all vehicles have completed their routes, any orders that remain unassigned are collected into a list called UnassignedOrders.


// Input:
//   Orders: list of orders
//      each order has: id, location, latest_time, service_time, size
//   Vehicles: list of vehicles
//      each vehicle has: id, capacity, start_time
//   Depot: depot location
//   Distance(A, B): function that returns distance between two locations
//   TravelTime(distance): function that returns travel time for this distance
// Output:
//   Routes: for each vehicle, a list of stops in order
//   UnassignedOrders: list of orders that could not be delivered
FUNCTION PlanRoutes(Orders, Vehicles, Depot):
    // mark all orders as not assigned
    FOR each order IN Orders:
        order.assigned = FALSE
    END FOR
    Routes = empty list
    // For each vehicle build a simple route
    FOR each vehicle IN Vehicles:
        route = empty list
        ADD Depot TO route         // start from depot
        current_location = Depot
        current_time = vehicle.start_time
        current_load = 0
        REPEAT:
            best_order = NULL
            best_distance = VERY_LARGE_NUMBER

            // find nearest order that we can deliver on time
            FOR each order IN Orders:
                IF order.assigned = FALSE AND
                   current_load + order.size <= vehicle.capacity THEN
                    d = Distance(current_location, order.location)
                    t_travel = TravelTime(d)
                    arrival_time = current_time + t_travel
                    // check 30-minute lateness limit
                    IF arrival_time <= order.latest_time + 30 minutes THEN
                        IF d < best_distance THEN
                            best_distance = d
                            best_order = order
                            best_arrival_time = arrival_time
                        END IF
                    END IF
                END IF
            END FOR
            // if we did not find any suitable order, finish this vehicle route
            IF best_order = NULL THEN
                EXIT REPEAT
            END IF
            // go to this best order
            ADD best_order TO route
            best_order.assigned = TRUE
            current_location = best_order.location
            current_time = best_arrival_time + best_order.service_time
            current_load = current_load + best_order.size
        UNTIL FALSE
        // return to depot at the end
        ADD Depot TO route
        ADD route TO Routes
    END FOR
    // collect orders that we did not manage to assign
    UnassignedOrders = empty list
    FOR each order IN Orders:
        IF order.assigned = FALSE THEN
            ADD order TO UnassignedOrders
        END IF
    END FOR
    RETURN Routes, UnassignedOrders
END FUNCTION
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· Efficient allocation of orders to delivery routes
In the simplified approach, every order is checked and can be assigned to a vehicle route if it fits the capacity and time constraints. For each vehicle, the algorithm repeatedly chooses the nearest suitable unassigned order and adds it to the route. Orders that cannot be delivered on time or within capacity become part of an UnassignedOrders list for manual review. This ensures a simple but systematic allocation process.
· Minimised fuel consumption
The algorithm does not guarantee the absolute shortest total distance, but it reduces travel distance in a practical way by always choosing the nearest next stop instead of a random or faraway one [6]. Shorter distances usually mean lower fuel use and less driving time, so this “nearest-order” rule supports fuel efficiency without complex optimisation methods.
· Timely delivery and 30-minute lateness limit
Before adding any order to a route, the algorithm estimates the arrival time from the vehicle’s current location. The order is only added if the arrival time is no later than the customer’s latest_time + 30 minutes. If this condition is not met, that order is skipped for this vehicle. As a result, all assigned orders are planned to be within the allowed 30-minute lateness limit [4].
· Practicality and explainability
The logic of the solution is straightforward and easy to explain: “start at the depot, always drive to the nearest order you can still deliver on time and within capacity, then repeat until no more orders are possible.” This step-by-step behaviour can be implemented using simple code or even approximated in a spreadsheet, and dispatch staff can understand why each order is placed on a specific route.
· 

[bookmark: _Toc216587633]Reflection and Justification
[bookmark: _Toc216587634]Problem-solving techniques used
-	Abstract thinking and modelling

By eliminating extraneous real-world details and concentrating on the crucial components—orders, vehicles, locations, distances, and delivery deadlines—I employed abstraction to solve the routing problem. I depicted the situation as a simplified system with nodes (customer locations) and travel times between them rather than focusing on specific streets or the behavior of a driver. This kind of problem abstraction is typical in systems thinking and aids in turning a practical problem into a structured model that is easier to analyze [2].
-	Subdividing / decomposition

I divided the initial problem description—"optimise delivery routes"—into smaller, more doable steps. I started by determining the objectives and limitations, such as the 30-minute lateness rule and capacity restrictions. I then used the MoSCoW technique to clarify the requirements. I then determined the important factors and developed a straightforward routing process that every vehicle could adhere to. Lastly, I thought about constraints and presumptions. This methodical dissection embodies the ideas of systems thinking, which divides difficult issues into distinct parts that can be solved gradually [2].
-	Pattern recognition and using known models

I realized that the Vehicle Routing Problem with Time Windows (VRPTW) is connected to this issue. However, I reused the general concept of creating a route one stop at a time rather than applying a sophisticated mathematical solution, which would be superfluous for the scope of this assignment. I modified the idea to a more straightforward approach appropriate for a basic implementation: choosing the closest order that can still be delivered within the allotted time frame [3], [4].

-	Heuristic and iterative thinking

Many real-world systems rely on heuristics, or "rules of thumb," rather than precise optimization because VRP-style problems are known to be computationally challenging. A straightforward heuristic is used in my solution: always select the closest appropriate unassigned order. Although this approach is not flawless, it provides a quick and clear way to design sensible delivery routes. It exhibits useful problem-solving skills by striking a balance between simplicity and practical limitations like time windows and vehicle capacity [3].
[bookmark: _Toc216587635]Justification of the chosen approach
For this assignment, the simplified nearest-order method is suitable for a number of reasons. First, it directly satisfies the fundamental requirements: routes start and finish at the depot, every assigned order is delivered by the deadline, and no vehicle exceeds its capacity. Second, it is appropriate for small businesses that might not have sophisticated optimization tools because it is clear and simple to explain to non-technical employees. Third, selecting the closest next stop typically minimizes needless travel and helps reduce fuel consumption in a useful way, even though it does not ensure the mathematically shortest total distance. Lastly, the approach is feasible for a company like GrocerQuick because it scales fairly well and can be used with simple spreadsheet logic or even basic programming [6].
[bookmark: _Toc216587636]Limitations and assumptions
The simplified approach also has limitations. It performs static planning, assuming that all orders and travel times are known in advance, with no adjustments for traffic changes or new orders. Fuel consumption is estimated only from distance, even though real fuel use depends on factors like speed, vehicle load, and road conditions. The method focuses on a single objective—choosing the nearest next stop—without considering other possible goals such as driver fairness or environmental impact. Another limitation is that the algorithm may leave some orders unassigned if they cannot be delivered on time or within capacity. Finally, because the algorithm is relatively simple, it does not explore alternative routes or optimise the sequence of stops once the choices are made. Despite these limitations, the solution still provides a clear and practical starting point that a company could later improve with more advanced techniques [6].
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This study offered a methodical strategy for enhancing GrocerQuick's delivery routing through the use of abstraction, decomposition, and tried-and-true optimization methods. The suggested approach respects the 30-minute lateness limit, minimizes needless travel, and facilitates effective order allocation. Despite being predicated on simplistic models and assumptions, the method offers a workable, scalable basis for practical application. The system could greatly improve customer satisfaction and operational efficiency with additional improvements, such as real-time traffic integration and sophisticated fuel modelling [2], [3]. 
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