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Introduction
GrocerQuick a grocery delivery provider is currently facing difficulties in planning effective delivery routes, leading to longer travel distances higher fuel usage and delays. As customer expectations for fast and dependable delivery increase, it becomes essential to analyses these challenges using structured and logical problem solving techniques. This report examines GrocerQuick’s routing issues by breaking the overall problem into smaller manageable sections and identifying the key factors that influence scheduling and route creation. Approaches such as Moscow prioritization systems thinking and established routing strategies are applied to create a clear and methodical solution.
To address the companies concerns a flowchart and pseudocode are developed to visually and logically represent the steps required to optimize route planning, check delivery time limits and minimize unnecessary travel. Academic and industry sources are used to justify.

[bookmark: _Toc215753319]Problem Deconstruction
 GrocerQuick is an online grocery delivery company that is facing operational challenges which are affecting customer satisfaction. The main problem is poor management of delivery routes. This problem has caused increased fuel consumption longer delivery times and difficulty in providing punctual service. To create an effective solution the problem must be broken down into smaller and simpler parts. This allows the goals constraints and operational factors to be clearly understood. [1]Structured thinking methods such as the MoSCoW prioritization technique and systems thinking help identify which issues must be solved first and which improvements can be considered at a later stage.
One important requirement is the correct allocation of customer orders to delivery drivers. Each order has a delivery location a required delivery time and a specific load size. At the same time delivery vehicles have different capacities speeds and operational limits. Effective order allocation must consider how close delivery locations are to each other how urgent each order is and which vehicles are available. Without clear rules for assigning orders delivery routes may become inefficient. This can lead to unnecessary travel longer routes and vehicles carrying more load than they should.
Another key requirement is reducing the total distance travelled by delivery vehicles. Shorter travel distances help lower fuel consumption reduce environmental impact and decrease overall delivery costs. The total distance travelled depends on how routes are planned how orders are grouped together and the sequence in which deliveries are completed. From a systems thinking perspective the delivery operation should be viewed as one connected system rather than a set of separate activities. This approach allows better coordination between different parts of the delivery process and improves overall efficiency.
Timeliness is another major constraint for GrocerQuick. The company policy states that no delivery should arrive more than thirty minutes later than the expected delivery time. This requirement means that several factors must be considered including driving speed traffic conditions estimated travel times and the effect of delays at earlier delivery points. A delay at one stop can affect all following deliveries on the same route. Late deliveries can reduce customer trust and may also lead to refunds or penalties. For this reason meeting delivery time requirements is essential for maintaining customer satisfaction and business performance.
The MoSCoW method provides a structured way of separating essential needs from optional extras
	Must Have
	Orders must be assigned to routes without exceeding vehicle capacity.
Deliveries should not be later than 30 minutes.
The total route distance should be minimized.
 The solution must create viable routes for all orders.


	Should Have
	A secondary optimization check to further fine tune the routes.
A method to automatically identify overloaded or infeasible routes


	Could Have
	 Integration of real-time traffic data.
Consideration of driver skills or preferred zones

	Won’t Have
	Live tracking algorithms based on machine-learning predictions.
 Dynamic rerouting during active delivery


Key variables are the locations for deliveries distance between stops estimated travel times deadlines on orders fuel consumption rate and vehicle capacity. When these variables interact well through a structured model GrocerQuick can increase performance significantly in making deliveries.
[bookmark: _Toc215753323]Proposed Solution and Explanation 
Solving the routing problems at GrocerQuick requires a clear and structured optimization approach. The solution must handle delivery time limits fuel usage and the limits of vehicle capacity. The proposed method treats the delivery task as a practical version of the Vehicle Routing Problem with Time Windows. It is designed to balance efficiency with real world delivery conditions. The process starts by collecting and preparing all required data. This includes customer orders vehicle capacity information the depot starting location and calculated distances and travel times between all delivery points. Preparing this information at the beginning ensures the system can create accurate routes and reliable delivery time estimates.
The first step in the solution is order validation. Each customer order is checked to confirm that its load can be carried by the available delivery vehicles. Orders that exceed vehicle capacity are separated for manual review so they do not enter the automated routing process. This step is important because it prevents the system from trying to create routes that are not possible. During this stage the system also checks that every order has valid location data and delivery time requirements. If missing or incorrect data is found it is corrected when possible or excluded to avoid problems during route planning.
Once the orders are confirmed as valid the system groups them into clusters based on delivery location and delivery time similarity. Clustering helps reduce the complexity of the problem by dividing one large delivery area into smaller regions. This reflects real delivery operations where drivers usually serve specific zones rather than travelling across the entire city. Grouping nearby deliveries together reduces unnecessary travel and helps produce more predictable routes. Orders that are close together and have similar delivery time windows are placed in the same cluster.
After clustering the system creates an initial route for each cluster. This is done using a constructive method that looks for ways to reduce travel distance by combining deliveries. The system first estimates the cost of delivering each order separately from the depot. It then checks which delivery pairs can be combined to save distance. Pairs that result in the greatest reduction in distance are merged into the same route as long as vehicle capacity and delivery time rules are met. This process continues until each cluster contains one or more routes that meet basic feasibility requirements. At this point the routes are functional but not fully optimized.
The next stage improves the initial routes. The system applies local improvement techniques that examine the order in which stops are visited. One method checks whether reversing parts of a route can shorten the overall distance. Another method swaps delivery points within or between routes to improve balance and timing. These adjustments help remove inefficient travel patterns and reduce delays. Each possible change is tested to ensure it does not exceed vehicle capacity limits or violate delivery time rules. Any change that causes a delivery to arrive more than thirty minutes late is rejected.
Time analysis is a key part of this optimization stage. The system calculates expected arrival times for every stop on a route. This calculation considers average driving speed expected traffic conditions and unloading time at each location. If the analysis shows that a delivery may arrive too late the system attempts to fix the issue. This can include reordering stops moving an order to a different route in the same cluster or adjusting the route structure. Only when these automated fixes fail does the system require manual input. This approach helps maintain punctual delivery while keeping human intervention to a minimum.
After delivery times are stabilized the system estimates fuel consumption. Total travel distance is used as the main indicator of fuel usage. The estimate is adjusted based on vehicle load and the number of stops on the route. While this model does not capture every driving detail it provides a reliable way to compare routes and identify inefficient ones. This allows GrocerQuick to make future improvements to scheduling and route design.
The final part of the solution is a re optimization feature that responds to unexpected changes. When events such as cancelled orders urgent deliveries or traffic disruptions occur the system recalculates only the affected cluster instead of all routes. This keeps the system responsive and avoids long delays. It allows GrocerQuick to adapt quickly to daily changes without losing overall efficiency.
In summary this solution combines careful data preparation clustering route construction route improvement time analysis and fuel estimation. Together these elements create an effective and practical routing system for GrocerQuick. The approach reduces travel distance supports on time deliveries and allows future expansion as better data and real time tools become available.
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[2]BEGIN

    // Step 1: Load all necessary data
    LOAD all customer orders
    LOAD list of available vehicles
    LOAD depot location where deliveries start
    LOAD matrix of travel times between locations
    LOAD matrix of distances between locations

    // Step 2: Pre-process the orders
    FOR each order IN list of customer orders DO
        IF the order's demand exceeds the maximum capacity of any available vehicle THEN
            MARK the order for manual review and approval
        ENDIF
    ENDFOR

    // Step 3: Group orders based on their location and delivery time windows
    Orders grouped = GROUP orders by geographic location and the time windows in which deliveries are required

    // Step 4: Create initial routes for each group of orders
    FOR each group of orders IN orders_grouped DO
        routes = CREATE the first delivery routes by combining nearby orders to reduce total travel distance
    ENDFOR

    // Step 5: Improve routes by reducing total distance
    FOR each route from the list of routes
CHECK the route order and adjust stops to shorten the travel distance
        APPLY swap technique to adjust the order of stops and balance the route's load
    ENDFOR

    // Step 6: Check time windows and ensure no deliveries are too late
    FOR each route IN the list of routes DO
        CALCULATE estimated times of arrival for each stop along the route

        FOR each stop IN the route DO
            IF the estimated time of arrival at the stop exceeds the allowed time window by more than 30 minutes THEN
                TRY to reassign the delivery to another route or adjust the order of stops
            ENDIF
        ENDFOR
    ENDFOR

    // Step 7: Estimate fuel consumption for each route
    FOR each route IN the list of routes DO
        Route fuel estimate = ESTIMATE fuel consumption based on route distance and the weight of the load being carried
    ENDFOR

    // Step 8: Final validation of routes
    FOR each route IN the list of routes DO
        IF the route cannot meet all requirements THEN
            FLAG the route for manual review
        ENDIF
    ENDFOR

    // Step 9: Output final results
    OUTPUT the final set of routes the estimated times of arrival  and the fuel consumption estimates for each route

END
[bookmark: _Toc215753326]Reflection and Justification 
[3]While developing the solution for the GrocerQuick delivery route problem I used several problem solving techniques to understand and manage the difficulty of the task. One of the most useful techniques was breaking the problem into smaller parts. At the beginning the routing problem seemed very difficult because it included many factors such as delivery time fuel usage vehicle capacity traffic conditions and total travel distance. Trying to solve all of these issues at the same time would have caused confusion and poor organization. By separating the task into clear steps such as checking orders grouping deliveries creating early routes improving those routes and checking delivery time limits I was able to focus on one problem at a time. This approach made the task easier to manage and helped me create a solution that worked from beginning to end.
[4]Another important technique I used was abstract thinking. Real delivery operations change constantly and it is not possible to represent every detail accurately. Traffic conditions change drivers travel at different speeds and some delivery locations are more difficult to access than others. Because these factors cannot be measured perfectly I used simplified representations such as average travel times and estimated fuel usage. This allowed me to focus on the most important elements of the problem without being distracted by details that could not be predicted accurately. Using abstract thinking helped me design a solution that focuses on timing distance and route efficiency rather than trying to model every real world situation.
The solution I designed is suitable for GrocerQuick because it follows methods that are commonly used in delivery and transport systems. Delivery companies that operate daily need quick and reliable solutions rather than perfect mathematical answers that take a long time to compute. For this reason I used clustering constructive routing methods and local improvements instead of exact optimization techniques. These methods produce good quality routes in a short time and do not require high computing power. Clustering groups nearby deliveries together which reduces travel distance. Constructive routing creates realistic starting routes and improvement steps help remove inefficient travel and reduce delivery delays. Together these methods create a practical solution that suits real delivery operations.
Although the approach is effective it does have some limitations. One limitation is that the system assumes travel times remain mostly stable. In real situations traffic accidents weather conditions and road closures can cause delays that are difficult to predict. While the system can make adjustments when problems occur it still relies on estimated values that may not always be correct. Another limitation is the use of heuristic methods. These methods are fast and practical but they do not always find the best possible route. In some cases more advanced algorithms could reduce distance or fuel usage further. The solution also assumes that all vehicles behave in the same way even though fuel usage and driving habits can vary between drivers.
Despite these limitations the techniques I used such as breaking the problem into smaller parts using abstract thinking and designing the system step by step helped transform a complex business problem into a clear and workable solution. The framework meets the current needs of GrocerQuick and can be improved in the future as better data and more advanced technology become available.

[bookmark: _Toc215753327]Conclusion and Recommendations
Through completing this task. I gained a clearer understanding of how structured problem solving techniques such as MoSCoW prioritization abstraction and route optimization logic can be applied to real operational challenges. Developing the flowchart and pseudocode also improved my ability to break complex processes into simple logical steps. One limitation I encountered was the need to make assumptions about travel times and data availability, which may not fully reflect real world variability. To improve the solution further, real time traffic data machine learning prediction tools and continuous route updates could be integrated to make the system more accurate and adaptive.
[bookmark: _Toc215753328]Reference
[1] “MoSCoW method,” Wikipedia, Dec. 2025
[2] “Pseudocode and Flowchart: Complete Beginner’s Guide,” Codecademy, Dec. 2025.
[3] “Reflection in Problem-Solving and Critical Thinking,” K.R. Mangalam University Blog, Mar. 24, 2025.
[4] “How to Justify Your Methods in a Thesis or Dissertation,” Proofed Writing Tips, May 1, 2023.














[bookmark: _GoBack]
image1.png
Prifysgol Cymru
¥ Drindod Dew Sant
University of Wales

Tiniy Saint David




image2.png
Receive orders

Group orders
by location

Assigning
drivers

eck vehicl
capacity-
30min late Apply short
path

Optimise route

Calculate travel
distance

Yes Place order

I delivery time
<= 30 minuts

Despatch driver





