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[bookmark: _Toc216791789]1. Deconstructing the Problem
The main issue for GrocerQuick is the current tedious handling of delivery routes, which resulted in inefficient fuel usage and long delivery durations. This can be deconstructed into the following subparts. The ultimate aim is to improve delivery routes. This encompasses three primary objectives:
• Order assignment to delivery routes: This is about forming clusters of orders that could reasonably be delivered by a single driver within a certain time[1].
• Reduced fuel usage through minimized distance travelling overall: i.e., beware of finding the shortest paths between delivery points and depot.
•All orders must be delivered in no more than 30 minutes, so a key time-constraint is present on all deliveries [2].
These objectives can be systematically determined by the MoSCoW (Must have, Should have, Could have, Won’t have) technique which helps to distinguish between what is absolutely necessary and what can be discarded[3].

[bookmark: _Toc216791790]MoSCoW Analysis:
• Must Have:
o Good Order Data: Accurate customer addresses and order contents (for possible weight/volume calculations) along with promised delivery time-frame.[4]
o On-the-Fly Driver Location: Drivers can be located in real time, adjusting rapidly when response is needed.
o Route Generation: The system should decide on good routes with the smallest possible distance between two locations.
o Service Window Compliance Time: The system shall guarantee that the plan solution does not let deliveries be late by more than 30 minutes from promised time.
o Order Assignment: The way of allocating a group of orders to a particular driver for a certain itinerary.
• Should Have:
o Real-time Re-routing: Capability to recompute routes dynamically when there are unexpected events such as traffic and new high priority requests[5].
o Vehicle fill management - Taking the size and weight of orders into consideration so they fit together in the delivery vehicle.
o Driver Availability and Skill Matching: It involves the scheduling of drivers shifts, when they take breaks, and what type of vehicle they may drive [6].
o Customer Communication: Advance alerts to customers about expected delivery times.
• Could Have:
o Load balancing: Don’t work drivers until they burn out.
o Benefit-Cost Analysis for Route Reassignments – Impact analysis of fuel and time due to a re-routing before.
o Inventory Integration – Knowing stock levels and not sending orders to insufficient stocks.
• Won’t Have (for this version):
o Advanced Predictive Analytics: Anticipation of demand traffic patterns in excess of immediate requirements.
o Multi-modal Transport: It does not depend upon road delivery vehicles[7].
o Customer Demand Characteristics: More than simple delivery time-slots.
Relevant Variables:
Finding specific features plays an important role in developing a model that predict the problem accurately. These values will be used to guide the choice of algorithms and data structures in the solution[8].
· Orders:
OrderID: Unique order number.
CustomerID: ID for the customer who placed the Order.
DeliveryAddress: Either latitude, longitude or strucutured address for geo coding.
OrderReadyTime: The first time an order can be picked up from the warehouse.
PromisedDeliveryWindowStart: The earliest time of day by which our service can promise to deliver with Facebook.
PromisedDeliveryWindowEnd: The end of an acceptable bracket to be delivered.
EstimatedDeliveryDuration: Duration for which the customer will remain in the site (e.g., 5 min).
OrderWeight and OrderVolume: For potential vehicle capacities.
·   Delivery Cars/Drivers:
DriverID Unique number to represent each driver.
VehicleID: Identification number of the vehicle.
DepotLocation: Latitude and longitude of the beginning/end of routes.
VehicleCapacity: The maximum weight or volume a vehicle can transport.
CurrentLocation: The GPS position of the driver in real-time.
AvailableStartTime: the time when the driver/vehicle is ready for their shift.
AvailableEndTime: the time when driver/vehicle shift ends.
Current Status: (e.g., "Or Available", "On Delivery ", "Returning to Depot").
· Route Information:
TravelTime: Time between two points, with the inclusion of realtime data including traffic.
TravelDistance: Estimated travel distance between two places.
FuelConsumptionRate: The rate at which fuel is consumed (in litres per unit distance) by a particular vehicle.
RouteID: Id for the generated routes.
RouteSequence: The sequence of stops assigned to a route.
EstimatedArrivalTime: The predicted time of arrival of bus at each stop.
ActualArrivalTime: Arrival time recorded/radared at each stop.
· Constraints:
MaxDeliveryDelay: Maximum delay that can be made for an order (30 minutes).
DriverWorkingHours: regulatory and organisation rules for drivers work lengthGERMAN LOGFIELD KEYCODELOGFIELDNAMEDEDESCRIPTIONON DESCRIPTIONEN0305GGV_009Code VDA=>ZimmerAttestWaehrend Schichtnur 0,1Waehrend schicht.exclusivelyGermanLogField GGVStatementDuringWorkOnlyShiftsName Wa auf Zimmer waerend SchichtFreitextDatatypeintegerOrganisationUnit TruckPerformance-Nr#C14Pattern###OO157204011N Arbeitslosengeld I Code C 38 sozialversicherungspflichtig beschaeftigt sonst2F Zwischenzeit vom1 ###==00013ParticipantsDefinition PositionID Number-000102043054Warfare Silk Gold Duvet Cover And Pillowcase Set (BabyNCXtypeEEDescription999No defined code list foundno code usedORGANISATION RELATIONSCHIPS Classification definiton SFGSSimpleFluidGearDeviceREQUIREMENTThe presence of the ADR identifier by the carrierCOMMERCIAL STRUCTURE ULAECommcrcial Arrangement Type ClausesFor frame161FormatA26An instance capability occupation as soon as no longergives an actor role to theperson in whatever text.
VehicleCapacity: The capacity of the transportation vehicle.
This decomposition helps to create an understanding of the problem, what functionality was essential, and which elements would be values that change. The feature list is prioritised in the MoSCoW analysis, which means that in a proposed solution, the ultimate core problem has to be solved [9].
Proposed Solution: Route Optimisation System
The recommendation is an automatic route optimisation system for grocerQuick to assist in the resolution of their challenges. It works in multiple stages, from order reception to the assignment of drivers and their optimised routes. The system might be seen as complex adaptive system, with components interacting to and adapting in reaction of real-time data pushing for an emergent efficiency" [10].
[bookmark: _Toc216791791]Flowchart:
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Main Dispatch Loop

FUNCTION DispatchOrders()
    WHILE system_is_running

        current_time ← GetCurrentTime()
        new_orders ← GetNewOrders()
        undelivered_orders.AddRange(new_orders)

        available_drivers ← GetAvailableDrivers(depot_location)

        IF undelivered_orders.Count > 0 AND available_drivers.Count > 0 THEN

            // Step 1: Route Batching & Initial Construction
            potential_routes ← GeneratePotentialRoutes(
                                   undelivered_orders,
                                   available_drivers
                               )

            // Step 2: Route Optimisation
            optimised_routes ← OptimiseRoutes(potential_routes)

            // Step 3: Feasibility Check & Driver Assignment
            assigned_routes ← AssignRoutesToDrivers(
                                   optimised_routes,
                                   available_drivers
                               )

            FOR EACH route IN assigned_routes
                DispatchDriver(route.Driver)
                active_routes.Add(route)
                undelivered_orders.Remove(route.Orders)
            END FOR

        END IF

        // Step 4: Real-Time Monitoring & Re-routing
        MonitorActiveRoutes(active_routes)

        Sleep(1 minute)       // Prevent busy-waiting
    END WHILE
END FUNCTION





Generate Potential Routes
FUNCTION GeneratePotentialRoutes(orders, drivers)

    candidate_routes ← []
    processed_orders ← []

    FOR EACH driver IN drivers
        IF driver.IsAvailable() THEN

            current_route_orders ← []
            current_route_weight ← 0
            current_route_volume ← 0
            driver_start_time ← driver.AvailableStartTime

            SORT orders BY distance_from_depot,
                          promised_delivery_window_start

            FOR EACH order IN orders
                IF order NOT IN processed_orders AND
                   current_route_weight + order.Weight ≤ driver.VehicleCapacity.MaxWeight AND
                   current_route_volume + order.Volume ≤ driver.VehicleCapacity.MaxVolume THEN

                    current_route_orders.Add(order)
                    current_route_weight += order.Weight
                    current_route_volume += order.Volume
                    processed_orders.Add(order)

                END IF
            END FOR

            IF current_route_orders.Count > 0 THEN
                route ← CreateRoute(driver, depot_location, current_route_orders)
                candidate_routes.Add(route)
            END IF

        END IF
    END FOR

    RETURN candidate_routes
END FUNCTION


Route Optimisation (TSP-Based)
FUNCTION OptimiseRoutes(candidate_routes)

    optimised_routes ← []

    FOR EACH route IN candidate_routes

        // Step 1: Distance & Time Matrices
        distance_matrix ← CalculateDistanceMatrix(
                              route.Orders,
                              depot_location
                          )

        time_matrix ← CalculateTimeMatrix(
                          route.Orders,
                          depot_location
                      )

        // Step 2: Solve TSP using heuristic or metaheuristic
        optimal_sequence ← SolveTSP(distance_matrix, time_matrix)

        // Step 3: Build final route and calculate metrics
        full_route ← BuildFullRoute(
                         route.Driver,
                         depot_location,
                         optimal_sequence,
                         time_matrix,
                         route.Orders
                     )

        route.Sequence ← full_route.Sequence
        route.EstimatedTotalTime ← full_route.EstimatedTotalTime
        route.EstimatedTotalDistance ← full_route.EstimatedTotalDistance

        optimised_routes.Add(route)

    END FOR

    RETURN optimised_routes
END FUNCTION


Assign Routes to Drivers & Feasibility Check
FUNCTION AssignRoutesToDrivers(optimised_routes, available_drivers)
    assigned_routes ← []
    assigned_driver_ids ← []
   SORT optimised_routes BY route.Orders[0].PromisedDeliveryWindowStart
   FOR EACH route IN optimised_routes
        driver ← FindBestDriverForRoute(
                     route.Driver,
                     available_drivers,
                     assigned_driver_ids)

        IF driver IS NOT NULL THEN
            current_time ← driver.AvailableStartTime
            route_feasible ← TRUE
                FOR i FROM 0 TO route.Sequence.Count 
                current_stop ← route.Sequence[i]
                previous_stop ← route.Sequence[i - 1]
                IF current_stop ≠ depot_location THEN
                arrival_time ← current_time +
                                   GetTravelTime(previous_stop, current_stop)

                    IF arrival_time >
                       current_stop.Order.PromisedDeliveryWindowEnd +
                       max_delivery_delay THEN
                       route_feasible ← FALSE
                        BREAK

                    END IF
                    current_time ← MAX(arrival_time,
                                       current_stop.Order.OrderReadyTime) +
                                   current_stop.Order.EstimatedDeliveryDuration
                    ELSE
                    current_time ← current_time +
                                   GetTravelTime(previous_stop, current_stop)
                END IF

            END FOR
           IF route_feasible THEN
                route.Driver ← driver
                assigned_routes.Add(route)
                assigned_driver_ids.Add(driver.ID)
            END IF

        END IF
    END FOR

    RETURN assigned_routes
END FUNCTION


Real-Time Route Monitoring
FUNCTION MonitorActiveRoutes(active_routes)

    FOR EACH route IN active_routes

        IF route.Driver.CurrentStatus = "On Delivery" THEN

            predicted_arrival ← PredictArrivalTime(
                                    route.Driver.CurrentLocation,
                                    route.NextStop.Location
                                )

            IF predicted_arrival >
               route.NextStop.Order.PromisedDeliveryWindowEnd +
               max_delivery_delay THEN

                LogEvent("Delay detected for order " +
                         route.NextStop.Order.ID)

                ReRoute(route)
                BREAK
            END IF
        END IF

        IF route.Driver.CurrentLocation = route.LastStop.Location AND
           route.Driver.CurrentStatus = "Delivered" THEN

            route.Status ← "Completed"
            LogEvent("Route completed for driver " + route.Driver.ID)

        END IF
    END FOR
END FUNCTION

Re-Routing Logic


FUNCTION ReRoute(route)

    // Remove completed stops
    // Return remaining orders to undelivered pool
    // Trigger full re-dispatch process

    CALL DispatchOrders()
END FUNCTION







[bookmark: _Toc216791793]Detailed Explanation of the Solution:
· The solution is a multi-stage system which makes use of traditional operations research methods and real-world hardware features [11].
· Order reception and batching (A-E):
· o It always samples fresh orders into the system.
· o When dispatching is triggered (e.g., at a periodically predefined interval or after accumulation of a certain number of orders), it searches for available drivers and non-allocated orders[12].
· o Order Grouping: First, we organize orders into potential batches. One simplistic heuristic is to cluster orders that are close together in space or have similar delivery windows. It is a clustering (one of the basic technique in DA) problem [8].
· o Capacity and volume Constraints: If the sum of orders is bigger than the vehicle's carrying capacity or volume, one must follow this interdiction. If so, the order is deleted from the current batch and evaluated for a new batch or a new route.
· Route Generation and Optimization (Steps F-I) Creating the initial point set (warm start)—In order to improve the convergence of the iterative optimization algorithm we begin with an initial guess for both R n and P t.
· o Data-aggregation: For every candidate batch, the system aggregates all the required data: customer locations (geocoded into coordinates), depot coordinates, order ready times and delivery time-windows [13].
· o Travel Time and Distance: Importantly, the system includes a geocoding service and routing engine (e.g. Google Maps API, Mapbox) so as to calculate actual travel times and distances between all points along an effective route. This computation needs to factor in live traffic information, necessary for the accuracy of time predictions. This is a fundamental use of network analysis.
· o Route Optimisation: This is the time consuming stage. The problem of determining the shortest path that visits a collection of places and returns to the origin is a variant of TSP. Due to the NP- hardness of TSP, exact solutions are not practical for a large number of stops (Dorigo & Gambardella, 1997). Consequently, heuristic algorithms (Nearest Neighbor, Insertion Heuristics) or metaheuristics (Genetic Algorithms, Simulated Annealing, Ant Colony Optimisation) are used by the system in order to locate near-optimal solutions within a reasonable amount of computation time. Our optimisation objective will be to minimise total travel distance (for reasons of fuel efficiency) subject to all deliveries being deliverable in 30 minutes for the constraints to the model[14].
· o Decision Point: The optimisation algorithms will iteratively generate stop sequences. For every generated sequence, the system simulates the delivery path to compute the expected arrival time at each customer. This anticipated arrival time is then compared to the PromisedDeliveryWindowEnd PLUS the max_delivery_delay. When any stop would break this constraint, that route configuration is rejected and the algorithm resumes searching.
· Check Feasibility and Name Assignment (Steps J-K):
· o Time Window Feasibility: A last verification is carried out, prior to assigning a route, to confirm if the entire route; from departing a depot until completion of the final delivery and return can be executed within driver’s work hours and also avoids violation of any time window constraint.
· o Diver assignment: When a route is considered as feasible and optimised, it is assigned to an available diver. The assignment can be determined by close proximity of the driver to the first stop or vehicle load, among other "should have" criteria.
· Dispatch and On-line Monitoring (Stages L-P):
· o Dispatch (Driver Assigned) Drivers are on their assigned route.
· o Live Tracking: Real-time position of the driver is constantly tracked using GPS.
·  Proactive Delay Detection: The PredictedArrivalTime at the next stop (calculated based on real-time traffic) is compared with PromisedDeliveryWindowEnd + max_delivery_delay.
· o Dynamic Re-routing: If an excessive delay is foreseen, the system initiates a re-routing. This may involve computing the rest of the current route from scratch, or in the more complex data, dynamically re-grouping orders, or re-pair them to a different (closer) driver who still has capacities available. This is in line with the principles of systems thinking, which tell us that if we understand how elements are connected, then it is possible to make adjustments (Sterman, 2000).
· Completion and Logging (Steps Q-R):
· o Subject: When the driver finishes all deliveries and drives back to depot.
· o Orders’ statuses are updated and there is a detailed log about route performance (real and planned times, distances, fuel consumption) to review them in future for behavior correction.
· Accurate Geocoding: Customer addresses can be accurately translated into geographic coordinates.
· Reliable GPS Data: Drivers' locations are tracked accurately and in near real-time.
· Realistic Traffic Data: The routing engine provides reasonably accurate real-time traffic information.
· Predictable Service Times: The EstimatedDeliveryDuration at each stop is a reasonable average.
· Order Readiness: Orders are available for pickup from the warehouse at the OrderReadyTime.
· Sufficient Vehicle Availability: The number of available vehicles and drivers is sufficient to handle the order volume within operational constraints.
· Homogeneous Vehicle Performance: For simplicity, initial stages might assume similar fuel consumption rates and travel speeds for all vehicles, though this can be refined[15].
[bookmark: _Toc216791794]Addressing Key Objectives:

• Optimization of Order Allocation: Logical orders can be jointly delivered optimally with batching and TSP optimization.
• Fuel Saving: The TSP optimisation specifically aims to minimize the total distance travelled, which can be regarded as one of the main sources for fuel consumption.
• Punctuality: The max_delivery_delay is strictly checked when the route is dispatched, it avoids to dispatch routes that will not arrive on time. Realtime monitoring and rerouting functions as a safety net for unexpected delays.
[bookmark: _Toc216791795]3.

[bookmark: _Toc216791796] Reflection and Justification
Here a problem-solving method is used with a major orientation to abstract thought and divisibility. The real-world problem of optimising delivery routes was deconstructed into more manageable subproblems: order management, driver logistics, route planning and live monitoring duties. This factorization has enabled to handle the two components through some methods[16].
Abstract Thought: rather than coarsely extracting the information of all streets and signals, this problem can be abstracted to a graph-based representation: locations are nodes and paths between them segments are/are links with time/distance weights (respectively). This abstraction gives us the advantage of reusing algorithms such as TSP.


[bookmark: _Toc216791797]Problem-Solving Techniques Used:

• Divide: Diving the problem into sub-problems (as we saw above).
• Abstraction: Template for the problem to solve in abstract terms (graph, nodes, edges).
• MoSCoW Prioritisation: Making sure the solution is addressing must have requirements first.
• Algorithmic Techniques:Using algorithms such as TSP heuristics for optimization, and clustering for batching.
• Systems Thinking: Realizing that the delivery process is a system, with time delay—that changes in one part of the system cause (delays) effects in other parts—requiring feedback loops.
• Heuristics and Metaheuristics: Application of approximation algorithms in computationally hard problems like TSP.

[bookmark: _Toc216791798]Justification of Approach:
This approach is appropriate because:
Addresses Core Problems: It deals directly with the issue of minimising distance and time on routes, which is what GrocerQuick wants.
Scalable and Flexible: The system architecture is modular – it can be easily updated to include additional functionality or new features (dynamic re-bunching, predictive analytics, balancing vehicle loads) without the need for wholesale replacement.
Relies on Existing Technology: Building on top of existing tools such as GPS, routing APIs and powerful data processing (all already available in contemporary logistics).
Trades off Optimal and Practical: It does not ‘solve’ TSP, but can use a heuristic for it, which is perfectly fine in my books (for dynamic real-world control problems such as this) since solving TS* to optimality implies waiting for the oracular answer instead of responding timely.
Handles constraints well: Be explicit about the construction of the 30-minute delay as an hard constraint to optimization and feasibility checks, is guaranteed for having timely deliveries.
[bookmark: _Toc216791799]Limitations and Assumptions:

•Complexity: Computing TSP for many orders will still be time-consuming, even when using heuristics. System performance will, however, be related to the computational power and efficiency of algorithms selected.
• Data Quality: The accuracy of a solution is highly dependent on the quality of input data(addresses, traffic, driver location). Incorrect data will result in inefficient routes and potential late arrivals.
• Dependent Environment: Real circumstances are very dependent upon. Unanticipated incidents, such as road closures, breakdowns or bad weather can still trip up even the most optimized routes, necessitating human input.
•Vehicle Dynamics: The model assumes that vehicles strictly follow their routes; variability in driver behaviour (i.e., detours taken for personal breaks and not because of work) is not considered.
• Batching Strategy: The first type of batching Algorithm 2 is a relaxed form. More advanced algorithms might provide better performance in the phase of route generation.
• Consistency in Delivery Durations: A universal constant EstimatedDeliveryDuration might not apply to all of the orders.

[bookmark: _Toc216791800]Further Enhancements:
Future iterations could incorporate:
•Service Time Machine Learning: avoiding recording time-based customer service duration.
• Predictive Traffic Forecast: When historical traffic information can be used to predict congestion more accurately.
• Multi-objective Optimisation: Also explicitly taking fuel cost, time cost and driver workload into account.
• UI: Dispatcher Web application allowing operations oversight, exception handling and manual intervention.


[bookmark: _Toc216791801]Conclusion 

The proposed route optimisation system has a structured algorithm-driven approach to tackle the delivery challenges of GrocerQuick. While recognizing some of its limits as a first stage of development, this study intends to provide an abstraction of the problem and use combined decomposition, optimization approaches and real-time monitoring capabilities with the goal to significantly enhance efficiency gains, cost reductions and level of customer satisfaction.
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