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1. Introduction
The Scenario
An online grocery delivery service called GroceryQuick is facing a challenge in logistics: how to deliver groceries quickly, efficiently, and without wasting fuel. At its core, this is not just a technical problem- it is a coordination puzzle. Every order is a moving piece, and every vehicle is a limited resource. The goal is to make all these pieces fit together in a way that saves time, cuts cost and keeps customers happy.
In essence, we’re turning a messy, unpredictable process into a guided system.  It is not just about solving a delivery problem; it is about designing a smarter way to move through space and time.
[bookmark: _Toc216797306]2. Background of GroceryQuick
GroceryQuick operates in a competitive market where timely and reliable delivery is essential. As demands for online grocery services increases, the company must manage a growing number of orders across diverse locations.  Without a systematic approach, delivery routes become inefficient, leading to delays and higher fuel costs.  The background establishes the need for a solution that can adapt to scale and complexity while maintaining service quality.[1]
[bookmark: _Toc216797307]3. Overview of Delivery Challenges 
GroceryQuick’s main challenges include assigning orders to vehicles without overlap, minimising fuel use, and meeting strict delivery time windows.  These issues are compounded by unpredictable traffic and varying order volumes.  Understanding these challenges is critical to developing a solution that is both effective and adaptable. [1]                                      
 By deconstructing the problem and analysing relevant variables such as order, location, vehicle capacity and traffic conditions, this approach offers a structured and justifiable way to enhance GroceryQuick’s performance while maintaining reliability and cost-effectiveness.                                       

[bookmark: _Toc216796288][bookmark: _Toc216796448][bookmark: _Toc216797308]4. Problem Analysis
This section breaks down the delivery problem into its core components and identifies the constraints that must be addressed.  It explores how efficiencies in routing and scheduling affect both cost and customer experience.  By analysing the problem in detail, the assignment builds a foundation for the methodology that follows.[2]
GroceryQuick’s delivery system is struggling to meet customer expectations while managing fuel costs and route efficiency. The core issue lies in how orders are assigned to vehicles and how those vehicles navigate their delivery routes. Without a structures approach, deliveries may be delayed, vehicle may travel longer distances than necessary, and fuel consumption may increase.
These inefficiencies not only affect operational costs but also customer satisfaction.  To address this, the problem must be broken down into manageable parts: order allocation, route planning, and time management.  Each part involves specific constraints, such as vehicle capacity, delivery time windows, and traffic conditions, which must be considered when designing a solution.[3]
[bookmark: _Toc216797309] 4.1 Identifying Core Delivery Issues
The core issues include poor route planning, uneven vehicle usage, and lack of time management. These problems lead to longer delivery times, increase fuel consumption, and missed delivery windows.  Identifying these issues allow for targeted interventions that improve overall performance.[1][8]
[bookmark: _Toc216797310]4.2 Impact on Fuel Consumption and Timeliness
Inefficient routes result in longer travel distance, which directly increase fuel usage and operational costs. Additionally, delays in delivery can damage customer trust and reduce repeat business.  This section explains why optimizing routes is essential not just for cost savings but also for maintaining service standards.[9]
[bookmark: _Toc216797311]4.3 Constraints and Requirements
Key constraints include vehicle capacity, delivery time windows, and traffic conditions.  Requirement include ensuring that no delivery is more than 30 minutes late and that fuel consumption is minimized.  These constraints shape the design of the solution and must be considered at every stage of planning. The constraints should be about planning around time and fuel efficiency.[10]
	Constraint Type
	Example Constraints
	Impact on Optimization

	Time
	Delivery Windows (6-8pm)
	Limits route flexibility

	Fuel Efficiency
	Minimize fuel per km
	Reduces operational cost

	Vehicle Capacity
	Max 200 kg per van
	Restricts order grouping

	Customer SLA
	Same-day delivery guarantee
	Prioritises speed over cost

	Sustainability
	Minimize CO2 emissions
	Aligns with eco goals

	Workforce Scheduling
	Driver max 8-hour shift
	Impacts route length



[bookmark: _Toc216797312]4.4 Prioritization Using MosCow Technique
The MoSCow method is used to prioritise requirements into Must Have, Could Have, and Won’t Have categories. Must Have include efficient order assignment, minimized travel distance, and timely delivery. Should have might include real-time traffic integration, while Could Have could involve predictive analytics. This prioritisation ensures that the solution focuses on the most critical needs first.[4]
This diagram illustrates how to apply the MosCow Technique
	Priority
	Requirements

	Must Have
	-Assign orders to delivery routes based on location proximity
-Ensure no delivery is more than 30 minutes late
-Optimize routes to reduce total travel distance

	Should Have
	-Real-time traffic data integration
-Dynamic re-routing if delays occur

	Could Have
	-Predictive analytics for peak delivery times 
-Driver performance tracking

	Won’t Have (for now)
	-Drone delivery integration 
-Customer specific delivery preferences



[bookmark: _Toc216796289][bookmark: _Toc216796449][bookmark: _Toc216797313]5. Methodology
This section outlines the step-by-step approach used to solve the problem.  It explains how data is used to inform decisions and how logical processes are applied to optimise delivery routes. The methodology is designed to be scalable and adaptable to different delivery volumes and geographic areas.[5]
To solve these challenges, a step-by-step optimization strategy is proposed. First, orders are grouped by location using clustering techniques, which helps reduce unnecessary travel across distant area. Next, vehicles are assigned to these clusters based on their capacity and proximity, ensuring that each vehicle is used efficiently.  Route planning is then carried out using algorithms that calculate the shortest and fastest paths, minimizing fuel usage and travel time. A time-checking mechanism is built into the system to ensure that no delivery exceeds the 30-minute lateness threshold. If delays are predicted due to traffic or other factors, the system can adjust routes dynamically.  This method is justified because it combines logical structure with flexibility, allowing GroceryQuick to scale its operations while maintaining reliability and cost control.[ 4]
[bookmark: _Toc216797314]5.1 Deconstructing the Problem
The problem is broken down into smaller tasks: grouping orders, assigning vehicles, planning routes, and checking delivery times. This modular approach allows each part of the system to be optimized independently while contributing to the overall goal.[5]
GroceryQuick wants to: 
· efficiently assign orders to their delivery routes
· Minimize fuel consumption (i.e., reduce the total travel distance)
· Ensure deliveries are timely (no order should be more than 30 minutes late)
[bookmark: _Toc216797315]5.2 Key Variables and Parameters
Important variables include order location, delivery time window, vehicle capacity, and traffic data.  These parameters are used to calculate optimal routes and ensure that deliveries are timely and efficient.  Understanding these variables is essential for building a responsive and data-driven system.[6]
 Classifying these variable shows how data is handled in practice. For example, strings stores identifiers or names and addresses, integers handle numbers like weight, and floats are used when values may include decimals like distance or time or fractional weight.



	Variables 
	Type
	Description

	Order identity
	String
	Unique identifier for each grocery order

	Delivery address
	String
	Location where the order must be delivered

	Delivery time window
	integer
	Expected delivery time range (eg.,10-1100 am)

	Order weight
	Integer/float
	Weight or volume of the order (affects vehicle capacity)

	Vehicle identity
	String
	Unique identifier for each delivery vehicle

	Vehicle capacity
	integer
	Maximum load a vehicle can carry

	Vehicle start location
	string
	Starting point of the vehicle (e.g., warehouse)

	Route distance
	Float
	Total distance of the delivery route

	Estimated travel time
	Float
	Time to complete the route based on traffic and distance

	Fuel consumption rate
	float
	Fuel usage per kilometre or per hour

	Delivery time estimate
	Float
	Estimated time to complete each delivery route based on distance and traffic



[bookmark: _Toc216797316]5.3 Route Optimization Strategy
The strategy involves using algorithms to plan the faster routes for each vehicle. It combines clustering techniques with route planning tools to reduce travel distance and improve delivery speed.[6]
[bookmark: _Toc216797317]5.3.1 Clustering Orders by Location
Orders are grouped based on geographic proximity to reduce cross-town travel.  This step simplifies route planning and ensures that vehicles serve nearby customers, saving time and fuel.
[bookmark: _Toc216797318]5.3.2 Vehicle Assignment Logic
Vehicles are assigned to clustered based on their capacity and starting location. This ensures that each vehicle is used efficiently and that no vehicle is overloaded or underutilized. [ 6]






[bookmark: _Toc216797319]5.3.3 Route Planning Algorithms 
This diagram shows the pseudocode for GroceryQuick’s delivery optimization process [6]
BEGIN
	INPUT:
· List of customer orders with location and time window
· List of available delivery vehicles with capacity
· Traffic data (optional)

STEP 1:		Cluster Orders by Location
· Group orders based on geographic proximity
· Assign each cluster a unique identifier

STEP 2:		Assign Vehicles to Cluster
		For each cluster
· Select a vehicle with sufficient capacity
· Assign vehicle to cluster

STEP 3:		Plan Routes for Each Vehicle
		For each vehicle:
· Retrieve assigned cluster of orders
· Calculate shortest route using routing algorithm
· Estimate delivery time for each stop

STEP 4:		Validate Time Windows
		For each delivery in route
		If estimated delivery time > allowed time window, THEN
· Flag delivery as late
· Recalculate route or reassign vehicle if possible

STEP 5:	Output Final Routes
· Display optimized routes for each vehicle
· Include delivery sequence and estimated arrival times
END

This is a flow chart based on the pseudocode. It visually 
maps the delivery optimization process for GrocerQuick, from start to finish. [5] [ 8]

start



Input order and vehicle data



Cluster order by location

									Yes


Assign cluster to suitable vehicle



Plan the route



Is route > 30 min. late?

										
		Yes							No
									Output optimized route
Recalculate the route


					           Calculate estimated time

							
							Final delivery
Then proceed


End


Algorithms such as Dijkstra’s or Google OR-Tools are used to calculate the shortest paths between delivery points. These tools help minimize travel distance and avoid traffic-heavy routes. [ 9]
[bookmark: _Toc216797320]5.3.4 Time Window Validation
Each route is checked to ensure that deliveries fall within the acceptable time window. If a route risks lateness, adjustments can be made to maintain service standards.
[bookmark: _Toc216797321]5.4 Justification of Approach
This method is justified because it combines logical structure with flexibility.  It allows GroceryQuick to scale its operations while maintaining reliability.  The use of clustering and routing algorithms ensure that the system is both efficient and adaptable to real-world conditions.
[bookmark: _Toc216797322]6. Implementation Tools 
This section describes the software and systems used to apply the methodology.  It includes tools for route planning traffic monitoring, and delivery tracking.
[bookmark: _Toc216797323]6.1 Software and algorithm used
Tools like Google Maps API, OR-Tools, and clustering algorithms are used to plan routes and assign vehicles. These tools are chosen for their reliability and scalability.
[bookmark: _Toc216797324]6.2 Traffic Data Integration 
Real-time traffic data is used to adjust routes dynamically.  This helps avoid delays and ensure that deliveries remain on schedule.[10]
[bookmark: _Toc216797325]6.3 Monitoring and Adjustment Mechanism
Delivery progress is tracked using GPS and mobile apps. If delays are detected, routes can be adjusted to maintain service quality.
[bookmark: _Toc216797326]7. Results and Evaluation 
This section evaluates the effectiveness of the proposed solution. It outlines expected improvements and identifies potential limitations.
[bookmark: _Toc216797327]7.1 Expected Outcomes 
The solution is expected to reduce a fuel consumption, improve delivery punctuality, and enhance customer satisfaction.  These outcome support CroceryQuick’s business goals.[11]
[bookmark: _Toc216797328]7.2 Success Criteria
Success is measured by reduced travel distance, fewer late deliveries, lower fuel costs.  These metrics provide a clear way to evaluate performance.
[bookmark: _Toc216797329]7.3 Limitations and Considerations
Potential limitations include unpredictable traffic, data inaccuracies, and system scalability.  These factors must be considered when implementing the solution.
[bookmark: _Toc216797330]8. Future Recommendations
GroceryQuick should consider integrating real-time data to make routes even more responsive.  Expanding predictive analytics could help forecast busy delivery periods and allocate resources more effectively.  The company may also explore electric vehicles to reduce costs and support sustainability, Finally, continuous monitoring and customer feedback should be used to refine the system overtime.[12]
[bookmark: _Toc212806859][bookmark: _Toc216796290][bookmark: _Toc216796450][bookmark: _Toc216797331]9. Conclusion
In conclusion, optimizing GroceryQuick’s delivery routes require a thoughtful balance between efficiency, speed, and reliability.  By grouping orders geographically, assigning vehicles strategically, and planning routes with time constraints in mind, the company can significantly reduce fuel consumption and improve delivery punctuality.  The use of structured logic and adaptable systems ensures that the solution is not only effective but also scalable and responsive to real-world conditions. This approach supports GroceryQuick’s goal of delivering groceries quickly and reliably, while also improving operational sustainability and customer satisfaction. 
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