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GrocerQuick, an online grocery delivery provider, faces delivery inefficiencies that increase fuel use, cause delays, and lower customer satisfaction. This report analyses the problem and presents goals, constraints, and a practical solution for route optimisation. The approach applies computational reasoning and logistics modelling to improve delivery performance, reduce fuel consumption, and ensure timely service.
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Let's break the problem down step by step.

Step 1: Understand the Scenario

GrocerQuick is an online grocery delivery business that is having trouble finding the best ways to get groceries to customers. Their goals are: Efficient distribution of orders, less fuel uses delivery on time (no more than 30 minutes late), this is basically a Vehicle Routing Problem (VRP) which is a well-known problem in logistics optimisation[1],[2],[3].














Step 2: Break Down the Problem
 I can decompose the scenario into key functional components and constraints:
 The Components                                                           The following

· Orders Management                               ( Receiving, grouping, and scheduling   customer orders for                     delivery.)

· Routing Optimization                      (Assigning orders to delivery vehicles and computing the most      +efficient delivery routes.)

· vehicle Management                    (  Managing available vehicles, their capacity, speed, and fuel efficiency.)

· Time Management   (  Ensuring deliveries are made within acceptable time windows (no more than 30 mins late).

· Fuel Optimization   ( Reducing total distance (and therefore fuel usage) by optimising route sequences.)

· Monitoring & Feedback      ( Tracking delivery progress and adjusting routes dynamically if delays occur.)


Step 3: Identify Key Requirements using the MoSCoW Technique
 The MoSCoW technique is a way to sort tasks and needs into the following categories: must have, should have, could have, and won't have[4],[5]
 Type of Category                       Things you need                           Understanding reasoning.
	Must Have
	· An algorithm that efficiently maps orders to delivery routes.
· improving routes to cut down on the total distance travelled.
· A way to make sure that deliveries are no more than 30 minutes late.
· Think regarding how many vehicles you have and where the orders are located.
	Essential structure processes, without these elements, the goal is unable to achieved.

	Should Have
	· Including information about traffic in real time.
· Putting high-value or important orders at the front of the list.
· Adjusting optimisation on mobile devices when there are delays.
	Makes delivery timings much more precise and reliable.

	Could Have
	· Using analytical models to determine what people will want.
· Works with methods that estimate the price of gasoline.
· Maps of the pathways that drivers have accessibility to.
	Makes it easier to use now and in the future.

	Won’t Have (for now)
	· Managing deliveries via drones.
· collaborate with additional business associates.
	In addition, in the right focus, but could be evaluated at later.




      

Step 4: Explanation of Each Variable
	Variable Name
	Type
	Description

	Orders
	Set
	Collection of all customer orders in the system

	Order ID
	Identifier
	Unique identifier assigned to each customer order

	Order Location
	Coordinate
	Geographic location (latitude and longitude) of the customer delivery address

	Delivery Deadline
	Time
	Latest acceptable delivery time for an order

	Order Quantity
	Integer
	Size or quantity of items in the customer order

	Vehicles
	Set
	Collection of all available delivery vehicles

	Vehicle
	Object
	Individual delivery vehicle

	Vehicle Capacity
	Integer
	Maximum load a vehicle can carry

	Fuel Efficiency
	Float
	Fuel consumption rate of a vehicle (e.g. km per litre)

	Depot Location
	Coordinate
	Starting and ending location for all delivery vehicles

	Distance Between Locations
	Float
	Distance travelled between two delivery points

	Travel Time Between Locations
	Float
	Time required to travel between two delivery points

	Delivery Route
	List
	Ordered sequence of delivery stops assigned to a vehicle

	Delivery Delay
	Integer
	Number of minutes a delivery exceeds its deadline

	Total Distance Travelled
	Float
	Combined distance travelled by all delivery vehicles

	Total Fuel Used
	Float
	Total fuel consumed across all delivery routes


Clearly describe the relevant variables involved.
Variable Involved
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Overview:
The flowchart illustrates a route optimisation technique commonly used in logistics, delivery, and transportation systems to identify efficient delivery routes while considering constraints such as vehicle capacity, delivery deadlines, and travel times[6],[7]. The main objective is to determine optimal or near-optimal routes that satisfy all delivery requirements while minimising total travel time and fuel consumption[8],[9].

Simplified Step-by-Step Explanation of how the flowchart’s solution works.
· 1.Data Collection
 This system gathers every piece of data needed, such as customer orders (delivery location, quantity, and time window), vehicle availability (capacity and fuel efficiency), and the depot location, to determine where routes start and stop.
· 2 .Data Preparation
 Orders are prepared and organised by analysing geographic proximity and delivery time windows to identify orders that can be served together efficiently..
· 3. Grouping of Orders
Our requests organise orders that are nearby and have time frames for delivery that work with each other into groups. This way, a single vehicle can deliver several orders with with as little extra journey time as is possible.

· 4. Vehicle Assignment
 Each cluster is assigned to a suitable vehicle based on vehicle capacity and the ability to meet delivery time constraints.
· 5. Initial Route Construction
An initial route is created for each vehicle using a simple heuristic method, such as the nearest neighbour or sweep algorithm, to establish a reasonable starting route.



· 6.Route Optimisation
The initial routes are refined using optimisation techniques such as Genetic Algorithms (GA), Particle Swarm Optimisation (PSO), or k-opt to reduce total travel distance, delivery time, and fuel consumption.
· 7 Constraint Validation
The system evaluates if all of the necessities have been met, such as the permitted amount of vehicles that can be used, the time windows for delivery, and appropriate start and finish points for the warehouse.

· 8. Re-optimisation if Required
 If any constraint is violated, orders are reassigned or clusters are split, and the optimisation process is repeated until all constraints are satisfied.
· 9. Route Output
 The last shipment plan is made once it has been verified. It involves the stop order for each vehicle, the projected time of arrival (ETAs), the total distance to be driven, as well as any details related to the vehicle's load.

· 10. Real-Time Execution and Monitoring
 During delivery execution, the system continuously monitors traffic conditions, delays, and any new or cancelled orders.
· 11. Dynamic Adjustment
·  If disruptions or delays are detected, affected routes are re-optimised in real time to maintain efficiency and service reliability.
· 12. End of Process
The process concludes once all deliveries are successfully completed.
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BEGIN
INPUT: Orders (location, demand, delivery time window) 
Vehicles (capacity, fuel efficiency)
 Depot location
// Step 1: Pre-processing
Identify orders based on geographic proximity and delivery time windows
// Step 2: Vehicle Assignment
FOR each order identify customer DO
    Assign identify customer order to a suitable vehicle 
    WHERE total order demand ≤ vehicle capacity
END FOR
// Step 3: Route Generation
FOR each vehicle DO
    Generate an initial delivery route
    using a nearest neighbour heuristic
END FOR
// Step 4: Route Optimisation
FOR each generated route DO
    Apply optimisation algorithm
 (k-opt / Genetic Algorithm / Particle Swarm Optimisation)
    Minimise total distance and travel time
END FOR
// Step 5: Constraint Validation
IF any route violates system constraints THEN
    Reassign orders or split clusters
    Re-run route optimisation
END IF
// Step 6: Output
Generate final routes including:
    - Delivery stop sequence
    - Estimated arrival times (ETAs)
    - Total distance travelled
    - Fuel consumption
// Step 7: Real-Time Monitoring
WHILE deliveries are active DO
    Monitor traffic conditions and delivery status
    IF disruption is detected THEN
        Re-optimise affected routes
    END IF 
END WHILE
END.
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The process organises orders from consumers by in which they require to be transported as well as when they must be delivered. Orders that are close to each other and have comparable delivery dates are put into groups and given to delivery vehicles that can manage the demand for goodsThen simple strategies like the nearest neighbour route are used to make the initial delivery directions, which are the most effective ways to start by applying optimisation methods, these paths are made even better so that the total distance and time of the trip are as low as possible while continuing to meet all system requirements, such as truck capacity and delivery dates. The device maintains a check on traffic and delivery status the whole time the package is being delivered. If there are delays, problems, or too many people on a route, it is re-optimized right away. This adaptable technique makes deliveries more reliable, consumes less petrol, and makes sure that customers sometimes get exactly what they requested for  
Additional Detail (Enhancement)
 The optimisation process can be further enhanced by combining multiple routing strategies. The Clarke–Wright Savings algorithm can be used to generate efficient initial delivery routes due to its simplicity and low computational cost. These initial routes can then be refined using advanced optimisation techniques, such as Genetic Algorithms or Ant Colony Optimisation, to further reduce travel distance, delivery time, and overall operational costs. This hybrid approach improves solution quality by producing delivery routes that are both efficient and practical for real-world logistics operations.
Implementation Note
According to actuality, the computer system in dispute might be developed with such programs for efficiency as such as Google OR- Tools, such as PyGAD, or PyMetaheuristic are examples. These software programs can deal with practical issues including delivery times, vehicle capacities and route distances. The system can talk with current GPS and traffic applications, including the API for Google Maps or OpenStreetMap data, making it possible for delivery services to keep improving themselves. 

Task_3 Reflect and Justify

Use abstract thinking, simplifying breakdown challenges, and computational reasoning together to resolve GrocerQuick's delivery problems. I applied abstract thinking to create a map of the 
delivery distribution system. The points are locations, and the borders are routes that are ranked by time or distance. This abstraction made it easier to improve the situation in actual life. It was easier to tackle the problem following it being broken into several individual components: collecting information (address and traffic data), improving routes (using shortest-path or routing of vehicles techniques), arranging drivers, and inspecting performance. It was easy to track down areas that needed work and to observe each item on its own, considering everything was done in an ordered arrangement[10].
I implemented algorithmic thinking to look at typical ways to maximise logistics, such as the Transportation Customer Issue (TSP) and the Problem of Vehicle Routing (VRP) These computer programs help shorten the distance and time it takes to transport something, which makes both fuel efficiency and service speed better. We also looked at a continuous refinement process, in which the optimised model is frequently changed and improved using actual-world delivery knowledge. The technique works because it integrates abstract ideas with practical applications, which helps you make decisions based on information that helps the business grow. But there are certainly some constraints and assumptions. The algorithm assumes that journey times remain the same and that map data is always correct. It additionally doesn't take into account real-time traffic or things like people taking breaks in their cars at the very beginning. When delivery networks are enormous, calculations can get extremely challenging. This means that you might need to employ algorithmic or abstract methods like evolutionary algorithms or Ant Collective optimise[11].
A combination of this system, GrocerQuick may systematically and flexibly modify delivery routes while keeping efficiency, productivity, and usage in focus. Even though certain things had to be made simpler, this problem can be solved by collection additional data and improving the simulation over time. This will make the processes functions better[12].





Conclusion


[bookmark: _Toc212212158]GrocerQuick improves the delivery process through the integration of traditional methods with smart technology. This implies that travel times will be shorter, arrivals will be on time, and assets will be used less. This part gives a short review of multiple significant ideas and methods that can help with flexible and effective transportation strategies. Such as route efficiency illustrations, useful procedures, system connection, and plans for organising. Recent IEEE research investigations related to the Vehicle Transportation problems (VRP), that's include gathering live information for making recommendations for multifaceted systems of logistics, demonstrate towards those strategies. “By combining heuristic optimization with real-time data integration, GrocerQuick can systematically reduce total delivery time and fuel consumption while maintaining service reliability.”









[1]	J. Andelmin and E. Bartolini, ‘An exact algorithm for the green vehicle routing problem’, Transp. Sci., vol. 51, no. 4, pp. 1288–1303, 2017.
[2]	M. M. Solomon, ‘Algorithms for the vehicle routing and scheduling problems with time window constraints’, Oper. Res., vol. 35, no. 2, pp. 254–265, 1987.
[3]	G. B. Dantzig and J. H. Ramser, ‘The truck dispatching problem’, Manage. Sci., vol. 6, no. 1, pp. 80–91, 1959.
[4]	J. Karlsson and K. Ryan, ‘A cost-value approach for prioritizing requirements’, IEEE Softw., vol. 14, no. 5, pp. 67–74, 2002.
[5]	J. Karlsson, C. Wohlin, and B. Regnell, ‘An evaluation of methods for prioritizing software requirements’, Inf. Softw. Technol., vol. 39, no. 14–15, pp. 939–947, 1998.
[6]	M. Liu, Y. Shen, Q. Zhao, and Y. Shi, ‘A hybrid {BSO}-{ACS} algorithm for vehicle routing problem with time windows on road networks’, in {2020} {IEEE} Congress on Evolutionary Computation ({CEC}), IEEE, 2020, pp. 1–8.
[7]	C. Qi and Y. Sun, ‘An improved ant colony algorithm for {VRPTW}’, in {2008} International Conference on Computer Science and Software Engineering, IEEE, 2008, pp. 455–458.
[8]	A. Bogyrbayeva, M. Meraliyev, T. Mustakhov, and B. Dauletbayev, ‘Machine learning to solve vehicle routing problems: A survey’, IEEE Trans. Intell. Transp. Syst., vol. 25, no. 6, pp. 4754–4772, 2024.
[9]	Y.-J. Gong, J. Zhang, O. Liu, R.-Z. Huang, H. S.-H. Chung, and Y.-H. Shi, ‘Optimizing the vehicle routing problem with time windows: A discrete particle swarm optimization approach’, IEEE Trans. Syst. Man, Cybern. Part C (Applications Rev., vol. 42, no. 2, pp. 254–267, 2011.
[10]	K. A. Smith, ‘Neural networks for combinatorial optimization: a review of more than a decade of research’, Informs J. Comput., vol. 11, no. 1, pp. 15–34, 1999.
[11]	Z. Ke, Q. Zou, J. Liu, and S. Qian, ‘Real-time system optimal traffic routing under uncertainties—Can physics models boost reinforcement learning?’, Transp. Res. Part C Emerg. Technol., vol. 173, p. 105040, 2025.
[12]	D. Hao, X. Mao, Y. Wei, L. Sun, and Y. Yang, ‘Review of research on vehicle routing problems’, in International Conference on Smart Transportation and City Engineering (STCE 2023), 2024, pp. 243–251.

Page 2 of 2

image1.jpg
Start

Input Data:
¢ Customer Orders
(location, Quantity, Time
Window)
* Vehicles (Capacity, Fuel
Efficiency)
* Depot Location

a A
Prepare And Organize
Order Data.

Group Orders By Gveogmphlc Proximity
And Compatible Time Window.

h 4

Generate initial Routes (Nearest Neighbor/Sweep
Method).

!

Optimise Routes
(GA/PSO/K-opt)

Reassign Orders or Split
Clusters
Re- Optimize Routes or Split
Clusters.

All Constraint validation Satisfied?

YES

L

Output Final Routes: Stop
Sequence ETAs.

Fuel Consumption.

Monitor Deliveries in Real Time (Traffic

NO

L 2

Total Distance

Output Final Routes: Stop.
Sequence ETAs Total Fuel
Consumption.

,Delays ,Order Changes).

=2

Dynamic Adjustment.

C End D

Page 1





