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[bookmark: _Toc214915563]1. Problem Deconstruction

[bookmark: _Toc214915564]1.1 Overview of the Problem

GrocerQuick is experiencing a number of business issues that immediately affect the efficiency of its delivery and the satisfaction of customers. The main issues include:

· Unproductive delivery paths resulting in extended distance of journey.
· Consumption of fuel, rising operation expenses.
· Slower and less reliable deliveries that touch on service quality.
· Problem taking into consideration the security of delivery of all orders within the 30 minute maximum delay time.

Delays in delivery are wastages of time, dissatisfied customers, and increased expenses. The scarcity of optimization as a result of growing demand is more challenging. The division of the problem into smaller tasks will find the inefficiencies and inform the generation of the efficient delivery strategy of GrocerQuick.

[bookmark: _Toc214915565]1.2 Decomposition into Smaller Components 

[bookmark: _Toc214915566]A. Order Allocation
· Distribution of orders to a delivery group is done depending mainly on geographical location.
· Placing orders together by locality minimizes intercity travel which is unnecessary.
· Assures that the delivery windows will fall in line within each cluster and time management will be more achievable.
· This stage establishes a base of rational and controllable delivery assortments which are the basis of optimisation.

[bookmark: _Toc214915567]B. Route Generation & Sequencing.
· Establishes the best sequencing of delivering items in a cluster.
· Minimizes the total route length by considering alternative possible terminal arrangements.
· Eschews turning back, circuits, and unnecessary reroutes that add distance and fuel consumption.
· The phase is geared towards identifying the most effective route among delivery points.

[bookmark: _Toc214915568]C. Time & Constraint Compliance.
· Ensures provide deliveries on schedule.
· Ensures that there is no path that causes a delay longer than half an hour, which is an extreme operational parameter.
· SQL is capable of recalculating routes in the event that the estimated travel times are longer than constraints.
· This move will make the optimisation realistic and customer-oriented.

[bookmark: _Toc214915569]1.3 MoSCoW Requirement Analysis.

[bookmark: _Toc214915570]Must Have
· Rational vehicle-to-order allocation.
· Reduced travelling distance by optimisation.
· Estimation of delivery time ability.
· The introduction of maximum delay 30 minutes.
· A method of assessment of alternative paths.

[bookmark: _Toc214915571]Should Have
· Mean traffic consideration.
· Capacity to make changes on routes in case new orders arise.

[bookmark: _Toc214915572]Could Have
· Real-time GPS integration
· Vehicle and driver performance analytics.

[bookmark: _Toc214915573]Won't Have
· Drone delivery systems or autonomous delivery systems.
· State of art machine learning congestion prediction.

[bookmark: _Toc214915574]1.4 Key Variables Involved

[bookmark: _Toc214915575]Operational Variables
· Distance (km)
· Travel time (minutes)
· Fuel consumption (L/km)
· Average vehicle speed

[bookmark: _Toc214915576]Delivery Variables
· Number of orders per vehicle
· Delivery window time
· Customer location

[bookmark: _Toc214915577]Environmental Variables
· Traffic level/road congestion
· Road type (highway/local)

[bookmark: _Toc214915578]1.5 Summary of Deconstruction

The analysis of the problem into order allocation, a path sequencing, and a verification of the constraint shows that GrocerQuick lacks an algorithmic system that will ensure efficient, timely, and fuel-efficient deliveries. This, together with MoSCoW prioritisation, can be used to prioritize the key processes and develop a feasible, incremental optimisation plan.
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diagram showing how the delivery problem is broken into sub-tasks

[bookmark: _Toc214915579]2. Proposed Solution

The algorithm proposed to the GrocerQuick solves the problems of the company with long distances, consuming a lot of fuel, unpredictable delivery times, and the 30-minute time delivery limit by applying a simple and efficient optimisation approach to the routing principles. It is viable, executable and can be expanded in case of expanding business.
This strategy will suit GrocerQuick since:
· It is effective when there are small delivery units (6-12 orders per vehicle).
· It is not required to have complicated real-time systems or sophisticated machine learning.
· It contains predictable, reproducible and operationally realistic results.
· It maintains the amount of computationally required mass but still provides viable optimisation.
· It endorses incremental improvements without interfering in the current operations.
· It coincides with the objectives of obtaining timely, cost-effective, and sustainable delivery operations.

The solution can be divided into three major steps:
1. Order Allocation
2. Generation and Evaluation of Routes.
3. Final Route Selection and Constraint Checking.

The stages minimize distance, conserve fuel, make deliveries on time and offer a manageable system, which is easy to understand by drivers and managers.

[bookmark: _Toc214915580]Phase 1: Order Allocation

Optimisation strategy begins with the order allocation because without it the best algorithm of routing would not be able to reach the time and distance constraints. Geographical clustering is used to group deliveries so as to arrange the stops effectively.
[bookmark: _Toc214915581]1.1 Geographic Clustering

Orders are grouped based on:
· Postcode similarity
· Mapping by quadrants (North, South, East, West).
· Spatial distance based on the coordinates of the customers.

Clustering makes the deliveries of every vehicle to be centralized in a small area making it easier to route them, as well as more predictable, since drivers get used to using the routes over time.
Advantages of Geographic Clustering.
· Less cross-region travel, decreasing the consumption of fuel.
· Makes it easy to route, since there are fewer nodes that are extensively distributed.
· Formats small manageable cluster sizes, which is good with small delivery fleets.
· Helps keep the compliance of the 30 minutes delivery.
· Enhances familiarity among the drivers thereby minimizing navigation errors.

[bookmark: _Toc214915582]1.2 Capacity and Order Limit Issues.

GrocerQuick drivers are not able to have too many orders. The algorithm of allocation takes into consideration:
· Maximum orders per vehicle
· Estimated load capacity
· Time window compatibility

This can avoid too many working hours, make the driver work burden-free, and ensure safety and satisfaction of the staff, as they have no urgency to hurry or make dangerous shortcuts.

[bookmark: _Toc214915583]1.3 Delivery Window Filtering

Orders are also filtered and clustered in accordance to compatibility with delivery windows. This ensures:
· The orders in each cluster are orders that can be realistically accomplished jointly.
· Time feasibility is incorporated during routing.
· The system does not combine a rush delivery with one that has a relaxed window.
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Grouping orders geographically to create efficient delivery clusters.

[bookmark: _Toc214915584]Phase 2: Route Generation and Evaluation

After grouping orders, the second step will be to design the optimum path to deliver the orders. This will entail creation of possible routes and comparing them on distance and time.

[bookmark: _Toc214915585]2.1 Route Generation based on Permutation.

In small clusters (usually less than 10 orders) it is computationally feasible to:
· Find all potential orderings of deliveries.
· Each permutation is a possible path.
· Distance and time of travel, per route.

This will make sure that the algorithm considers all possible paths and selects the most optimal one.

The reason why Permutations is a good fit to GrocerQuick.
· A majority of vehicles deal with few deliveries.
· Search is exhaustive in nature and ensures the shortest path in permutation based search.
· It is fit to the educational scale and the size of the working firm.
· It does not run the risk of heuristic shortcuts not being able to find the best route taken.

[bookmark: _Toc214915586]2.2 Distance Estimation

The algorithm calculates the route distances using:
· Approximations of shortest paths between points.
· Assumptions concerning the road network (local roads/major roads).
· Essential distance formula where needed.

The approximations will give reasonably good results without having to use sophisticated mapping software.

[bookmark: _Toc214915587]2.3 Time Estimation

The approximate time of travelling along each route is calculated by:
· Average vehicle speed
· Road-type modifiers
· Traffic multipliers (to estimate peak and off-peak conditions)

This enables the algorithm to estimate the possibility of a route being delivered in the set delivery times and no significant delays should be more than 30 minutes.

[bookmark: _Toc214915588]2.4 Assessment of Each Route.

The permutations are rated on each of the following:
· Total distance covered (less distance = increased efficiency)
· Approximated time of delivery at each stop.
· Compliance with maximum delay of 30 minutes.
· Fuel usage estimation
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Evaluating multiple delivery routes to select the shortest and most efficient path.

[bookmark: _Toc214915589]Phase 3: Constraint Checking

Although a route may be short or efficient, it must also have the strict time constraints. This stage helps to make sure that the selected paths are not only the best but they are also realistic.

[bookmark: _Toc214915590]3.1 Delivery Time Verification

The algorithm makes the checks of each route generated:
· The delivery of every order within its delivery window.
· The existence of any stop that is beyond the 30-minute policy of maximum delay.
The routes that do not conform to constraints are rejected.

[bookmark: _Toc214915591]3.2 Breach of Law and Reconsideration.

If violations occur:
· Other permutations are tested by the algorithm.
· It finds the paths which are still possible in the presence of constraints.
· When no route meets constraints, it indicates that order allocation has to be changed.
This forms a feed back loop between Phase 1 and Phase 3, to keep the system flexible.

[bookmark: _Toc214915592]3.3 Selecting the Optimal Route

When all constraints have been applied the algorithm chooses:
· The shortest valid route
· The path of minimum fuel usage.
· The order of the least estimated delay.
This makes it efficient as well as reliable.
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Validation of delivery routes against time constraints and feedback for reallocation.
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Flowchart
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[bookmark: _Toc214915595]Pseudocode

INPUT: OrdersList, VehicleList

BEGIN
    GroupedOrders = groupByRegion(OrdersList)

    FOR each group IN GroupedOrders
        vehicle = assignVehicle(VehicleList)
        routes = generatePermutations(group.orders)
        bestRoute = NULL
        minDistance = INFINITY
        FOR each route IN routes
            distance = calculateTotalDistance(route)
            times = estimateDeliveryTimes(route)
            IF noDeliveryLate(times, 30 minutes) THEN
                IF distance < minDistance THEN
                    minDistance = distance
                    bestRoute = route
                ENDIF
            ENDIF
        ENDFOR
        assignFinalRoute(vehicle, bestRoute)
    ENDFOR
END

[bookmark: _Toc214915596]3. Reflection & Justification

[bookmark: _Toc214915597]3.1 Reflection on Techniques of Problem-Solving Used.

[bookmark: _Toc214915598]A. Problem Decomposition

The solution revolved around problem decomposition that consisted of breaking down the problem into order allocation, route generation, and constraint checking that enabled each section of the problem to be dealt with separately with the general goal maintained in sight.
This technique enabled:
· Clear separation of tasks
· Enhancement in the knowledge of the system workflow.
· Determination of component dependencies.
· Rational flow of the data between stages.
[bookmark: _Toc214915599]B. Abstract Thinking

Real world uncertainties were transformed into simplified models by applying abstract thinking. Rather than modelling the traffic with details, there were generalised variables like average speed, traffic multipliers and estimated delivery windows.
Examples include:
· Estimated traffic- traffic factor is used in place of the travel time.
· Delivery window- time limit on evaluating lateness.
· Distance - node to node estimates between points of delivery.

[bookmark: _Toc214915600]C. MoSCoW Prioritisation

The MoSCoW prioritisation was useful in identifying which features must be implemented and the ones that could be delayed or ignored.
This framework clarified:
· Necessary things like route optimisation and time check.
· Should-have options such as average traffic consideration
· It has could-have functions like the integration of real-time GPS.
· Elements that are out of scope, like predictive congestion modelling.

[bookmark: _Toc214915601]3.2 Justification of Approach

Why the Approach Works
The suggested strategy is suitable since it specifically responds to the three key spheres of operations that are defined in the process of decomposition. Specifically, it:

· Uses a basic though efficient optimisation algorithm that is suitable to small delivery groups.
· Checks the delivery against the strict 30-minute rule of delay.
· Reduces the usage of fuel by default through the use of shorter routes.
· Makes use of clear and logical points of decision making which can be predicted.
· Applicable to the normal schemes of grocery delivery wherein each truck driver serves 6-12 households.

[bookmark: _Toc214915602]3.3 Limitations and Assumptions.

[bookmark: _Toc214915603]A. Limitations
Although the solution is effective, it has some limitations:
· Optimisation by permutation is not a large scale activity.
· The model is based on the assumption of a static traffic that is not necessarily real-time.
· Sudden inconveniences such as accidents or roadblocks are not taken into consideration.
· Re-routing does not include new orders that are placed after dispatch.

[bookmark: _Toc214915604]B. Assumptions

The solution is based on a number of practical assumptions, such as:
· Foreseeability of average speed of vehicles.
· Simple factors can be used to determine the traffic conditions.
· Time windows of delivery are stable and correct.
· There is a good capacity in vehicles in regard to the order clusters allocated.

[bookmark: _Toc214915605]3.4 Overall Reflection

In general, there is good analytical and systematic thinking, as the solution follows the steps of decomposition, abstraction, and prioritisation to formulate a transparent approach. Although there are certain limitations, it is very well suited to the needs of the core objectives of GrocerQuick: shorter travelling distance, enhanced fuel-saving, and the need to meet the time criteria of delivery in time without compromising the quality of the services, and what should be improved in case of future optimisation.
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Summary of problem-solving techniques and their practical benefits for delivery optimization.
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