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[bookmark: _Toc216797365]Introduction
There are challenges associated with optimising delivery routes for Grocer Quick, an online grocery company that delivers groceries. Poor routing increases fuel usage, time for delivery and can result in unhappy customers with delayed shipments. In this paper, we develop an integrated model for a driver assignment and truck dispatch problem in order to solve these problems, which specifically considers maximizing shipping orders acceptance as well as fuel saving under pickup and delivery time window constraints. The solution will be generated using a comprehensive problem-solving methodology based on academic and professional literature, thus providing strong justification of the final integrative solutions.
Deconstruct the Problem
The challenge for Grocer Quick is that they did not manage delivery well [1]. This general problem decomposes into several components with their own constraints and specifications. To address this, we'll utilise the Moscow (Must have, should have, could have, Won't have) methodology to prioritise requirements and understand what is needed in order for whatever solution is developed to become successful.
[bookmark: _Toc216797366]1.1 Requirements and Constraints (Moscow Analysis)
Requirements (Essential for Solution):
Order Consolidation: The scheduling system has to pack and dispatch the orders in such a way that will reduce dead miles (wasteful shipment) of delivery boys while making deliveries. This means taking into account volume of orders, location of deliveries and driver supply[2].
Minimized Energy Utilization: The principal point is to work on the overall distance driven by delivery trucks. This is a mathematical equation and thus immediately relates to less cost to operate and significantly lower heat production[3].
Delivery in Time (Not later than 30 minutes after ETA) The food must be delivered not later than 30 minutes after the estimated time of delivery. This is an essential part of customer satisfaction and a business necessity.
Live Order Data: The system needs to receive and compute real-time order details such as orders coming in, where the customers are located, and estimated delivery slots.
Driver Location Information: In order to assist with optimal routing and re-routing the system requires current locations of delivery drivers.
Would be nice to have (nice for early success):
Dynamic Re-routing: The capability for routes to be re-scheduled on-the-fly due to unexpected road conditions, new rush orders or late drivers[4].
Customer Notifications: Pre-emptive communications with customers for estimated arrival times and any potential delays.
Driver Performance Monitoring: Monitor driver behaviour and adherence to the routes for betterment.
Optimization to vehicle capacity: Sum of volume and weight allotted to a driver should not overflow the vehicle capacity.
Desirable, not essential (just for the basic problem you want to solve):
Inventory Management Integration: Connect delivery areas with stock levels, only provide service to orders you can fulfil!
Predictive Traffic Analysis – Predicting likely impediments using past and current traffic information, to optimize travel times[5].
2.5 Customer Preferences Instead of having all requests assigned the same weight, we can consider customer-specific delivery time priorities in the routing algorithm.
Multi-Modal Delivery Mechanisms: Consider use of bicycles or low-footprint vehicles for deliveries on shorter distances in crowded areas.
Will Not Be (Out Of Scope For This Iteration):
Automatic Vehicle Control: The focus is on optimizing the route, not automatically dispatching the vehicles to a location.
Complex Order Customisation: Manages the very specialized or custom orders that need delivery to be considered specifically.
Delivery Zone Limits: Let's start off by assuming that deliveries can be done for all operational zones.
Pricing and Payment Integration – this task is just pure operation scope.
[bookmark: _Toc216797367]1.2 Relevant Variables Involved:
In order to provide an effective solution, we should be able to determine and identify the important variables that will be used in our optimisation algorithmsIf these terms and components are defined solidly, we have laid a good groundwork for building a successful optimisation solution. Through the Moscow analysis, we also guarantee our work focuses on most important details of this problem and keep these above-mentioned variables as inputs for our algorithms that we will propose to solve it.
Propose a Solution
The solution to the Grocer Quick’s delivery optimisation problem proposed is a multi-stage algorithmic mechanism. It focuses on minimizing delivery time and maximizing order batching while considering the sequence of deliveries in routes. But enough of my blather. We can also see a flowchart for this function and a more detailed pseudocode as well as some explanations about such: This is probably what it would look like in python (not the most efficient way to do it).
[bookmark: _Toc216797368]2.1 Flowchart
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[bookmark: _Toc216797370]2.3 Description of the solution Detail
In this solution, we take a structured process in solving delivery optimisation problem for Grocer Quick. It starts with strong data intake and pre-processing, then wise order clustering, efficient route sequence optimization, and check for all the constraints.
Stage 1: Acquiring and Preprocessing Data
New orders and driver statuses (probably available or location) are permanently pushed to the system. Orders that have not yet been prepared for pickup (e.g., Order. Ready Time) are temporarily placed. This allows the routing process to use only those orders with something to deliver.
Stage 2: Order Assignment and Grouping (Constraint 1: An Effective Order Allocation)
This is a necessary step for effective distribution. Rather than applying splits and joins to a single order, we first organize them into clusters that are semantically meaningful. The clustering mechanism aims to:
• Geographical Closeness: Orders with near locations are compacted to minimize the transport distance between them. This is something that can be done with algorithms such as K-Means clustering on delivery addresses or more sophisticated spatial clustering methods, like DBSCAN. The number of clusters is generally in accordance with the supply drivers or may be derived dynamically depending on order density.
• Time Window asshole policy: Although not directly considered as a clustering dimension, the algorithm assumes that orders in each cluster should overlap their delivery-windows so that they can be easily hardest enabled in sequence within a reasonable period.
• Depot Incorporation: The depot at which vehicles are stationed and from where they return to the same is viewed as a possible origin and destination location for each route, which is used to carry out pick-ups and drop-offs of orders.
Each driver is then allotted to the "Closest" cluster in terms of euclidean distance from him. This first rota is in an Step3:Optimal Routing of each Driver
The second level of optimization is determining which order a driver should deliver or pick up first, followed by the next. It is a typical variant of the Traveling Salesperson Problem (TSP).
• Approaching TSP: The objective of TSP is to determine the shortest length route that visits every city (delivery point) just once and returns to the starting city. For our problem, the "origin city" could be where a driver is currently at or the depot.
• Heuristics: As exact solutions to the TSP may be costly for many stops, we use heuristics instead. Examples include:
Nearest Neighbour: The driver moves continuously from one node to another visiting the closest un-visited node next. That's a very nasty to calculate but would be easy to implement.
 2-Opt/3-Opt: These are local search algorithms that successively exchange pairs/triplets of edges to an existing route.
 Genetic Algorithms, Simulated Annealing: Highly sophisticated metaheuristics that can obtain near-optimal solutions to complex TSP problems.
• Flexible Integration: The optimisation takes input as Distance(Location, Locations) & Travel Time(locationA, locationB)(either prestored or dynamically fetched by using mapping APIs ) to determine shortest and further most quickest sequence.
And Stage 4-Constraint Checking(Reqmt.3:Timely Delivery).
_STEP_6: After the sequence is optimized, it is important to check if the planned route complies with MaxLateTimeTolerance (30 minutes).
• Estimation: The system estimates how the route will actually execute, computing EstimatedDeliveryTime for each order as a function of DriverStartTime, TravelTime between stops and any possible waiting at each stop (e.g., to pickup an order).
• Violation Detection: If a delivery unit for any EstimatedDeliveryTime is beyond the PreferredDeliveryWindowEnd + MaxLateTimeTolerance, then it breaks the guidance time and hence is flagged as violating it.
• Correction Mechanisms:
 Route Adjustment: The model first tries small modifications such as exchange of stops within a same cluster, or deletion of the o-rder leading to violation (if it is farthest or latest).
Re-assignment: When reallocation does not work, orders are evicted from the current route and re-inserted into an unassigned pool. These orders can then be reclustered and given to other drivers or, if available, one “express driver” may serve these.
effort to even out the work and reduce initial driving for the drivers.
Stage 5: Capability Audit (Could Have, but Needed for Realism)
The answer has a case for VehicleCapacity. In so doing, the total volume or weight of orders allocated to a driver will not exceed an available capacity of their vechicle. If exceeded, then the cluster is bisected and any orders that exceed this maximum are dumped back into the unassigned hat for sorting again. This way drivers are never overwhelmed and there’s no risk of late orders or failed deliveries.
STAGE 6: Last Task and Sending Them Away
In case of validated capacity and time constraints (if necessary), an optimized route is finally assigned to a driver. The driver is then assigned, and orders allocated in the system are refreshed.
Step 7: Dynamic Monitoring and Re-optimisation in Real Time
The system is also dynamic. The location of the current drivers (CurrentLocation) is monitored in real-time. For major disturbances such as sudden traffic jams, accidents, or very urgent new orders, the system can initiate re-optimization for the respective driver or cluster. This way routes are as effective and efficient as possible for the entire day.
[bookmark: _Toc216797371]Assumptions:
• Location Data: Accurate location data for drivers and customers is essential to route effectively.
• Real Time Traffic Data: Real time or high frequency sample traffic data is assumed to be available for reliable TravelTime estimations.
• Driver Compliance: It is contingent that drivers travel to a route as it is assigned.
• Ready for Pickup: Orders are ready to be picked up at their ReadyTime.
• Hub depot: The depot serves as a centric transfer point for route creation, making initial allocations manageable.
Based on known classic optimisation techniques, the multi-stage will form a sturdy platform upon very necessary reference for GrocerQuick to achieve efficient order assignment, reduce fuel consumption (i.e. travel distance minimization) and ensure timely delivery.
Reflect and Justify
The problem solving method used here was a packaged with several elements, that provide an effective and exhaustive solution. Contemplating these methods and rationalizing the chosen strategy contributes to legitimizing the proposed answer, as well as recognizing its weaknesses.
[bookmark: _Toc216797372]3.1 Problem-Solving Techniques Used:
Decomposition/Subdividing: Decomposing the high level requirement " managing delivery routes efficiently " into smaller parts or components.. Order allocation, fuel minimisation and time constraints). This would enable a concentrated study of each element and its treatment in some special technique. The MoSCoW analysis refined that by categorising those components into necessity ("Must Have") and nicety ("Should Have").
• Abstraction: We simplified the messiness of real-world delivery into a collection of variables and relationship. For instance, rather than taking into account the complexity of every road, we used functions for Distance and Travel Time (often using third-party mapping services). This enabled us to concentrate on the algorithmic logic without having to delve into all the nit picky bits.”
• Modeling: The flowchart and pseudocode are the models of our desired system. They form the logical development and stages to create such an optimisation, so that the solution be clear and implementable.
• Heuristic Considerations: In view of the fact that finding a certiﬁed optimal solution to real-world routing problems, especially TSPs, is in general not feasible within reasonable time limits and under reasonable machine running speeds, heuristic procedures (e.g., Nearest Neighbor, 2-Opt) have been devised to recover near optimality. This is a practical strategy that seeks for “good enough” solutions that can be computed rapidly.
• Iterative Refinement: It is a loop of refining the constraints (time, capacity), and then granting for further adjustment or reallocation. Should an initial route be lost, the system attempts to recover it before adopting more severe routes.
[bookmark: _Toc216797373]3.2 Rational of the Method:
• resorting to more drastic measures.
Approach The selected approach is justified on a number of levels:
• Meets the Major Criteria: The solution meets the main requirements.
o Optimum Distribution:Implemented by order clustering based on spatial distance to make certain that the driver takes care of orders close in geographical term.
o Lower Fuel Consumption: TTSP sought to address this specifically by also scheduling stops at each route (a variant of the TSP), leading to reducing overall travel distance. The pseudocode is based on a CalculateDistance() function and the OptimizeSequence function tries to reduce the sum of its results.
o Timeliness: This is achieved using the CheckRouteTimeConstraints function which builds the route simulation and reports any violations. The compensation (adjusting, redistributing) is so that 30 minute tolerance will hold.
• Scalable and Practical: Employing heuristics for TSP and clustering, the solution is intended to be computationally feasible for a moderate number of orders and drivers. It does not involve complex algorithms, which can be too slow for real time purposes.
• Flexibility and Adaptability: We included real-time monitoring of the solution (e.g., dynamically changing traffic conditions, new customer orders), re-optimization of solutions based on that feedback is a critical aspect for a delivery service.
• Use of Classic Theories: Our approach builds on established O.R. and C.S. theories like Traveling Salesperson Problem, clustering techniques or heuristic executability methods. Taking into account these theories makes the proposed solution more credible and rigorous.
[bookmark: _Toc216797374]3.3 Limitations and Assumptions:
Although effective, this solution is not without its weaknesses and assumptions:
• Computational Complexity: Heuristics are employed but one needs to be aware of the complexity of TSP which may limit 12091æ many stops per driver. More advanced optimization techniques may be necessary if the size increases significantly.
Data Quality – The solution is only as good as the data quality and data coverage of, in particular real-time traffic and location info. Incorrect values will result in an incorrect or poor route.
• Presumed Traffic Data Availability: It is assumed, but the degree and detail.down to which the traffic data is available for real-time can differ. Inaccurate data means poorly estimated travel times and therefore will affect delivery time predictions.
• Drivers’ Behavior: It is assumed that drivers take the routes. Other variations, like personal preference or improperly according to the driving actions, are not modelled explicitly.
Order Dependencies: At current, the TSS model considers orders as independent together with their temporal readinesse. It does not explicitly deal with complex dependencies, e.g. something can only be delivered after another is picked up.
• Dynamic Re-clustering: Although the pseudocode refers to re-clustering and re-assignment, exact criterion for this function and efficiency can be a drawback. Excessively frequent re-optimization can be time- and cost-consuming.
• Customer Preferences: Although customer preferences are given a “Could Have” status, the emphasis on the 30 minutes leeway suggests that strong customer time requests may be dispelled against a route optimisation.
Finally the problem-oriented approach has been systematic breaking up the problem, modelling solutions and giving reasons for choices based on realistic constraints (from testing) and methodologies. The resulting solution is strong and covers the main requirements but recognizes its restrictions, hypotheses that are essential to evaluate how far it could be practical.
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Real-Time Order Dispatch and Route Optimisation — Pseudocode

Global Variables

SET max_delivery_delay = 30 // minutes SET depot_location
SET depot_location; SET drivers_available /List of Driver-objects

SET undelivered_orders / List of Driver-objects SET undelivered_orders /List of Order objects

SET active_routes / List or Route objects

SET active_routes/ List of Route objects

FUNCTION DispatchOrders()

¥
Main Dispatch Loop
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Optimise Routes (TSP Based)
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Monitor Active Routes

FUNCTION Monitor ActiveRoutes

<. Renove completed stops from
the route
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END FOR END MINUET. E:TTE

FUNCTION ReRoute(routs)

- CALL DispatchOrders((ariver.location.)
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Re-Routing Function

CALL DispatchDriver (driver)

CALL CalestcfDuxtDriver
(ottler, anlAiecation)
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Placeholder Function Placeholder

FUNCTION GetNewOrders()

(i Remove completed stops {from the route
(i Add remaining undeliovered_orderst from rends
Ogeneal Jook to the general pool

— CALL DispatchOrders()

CALL DispatchOriver(eixer)
CALL Steeptduration’)
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