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This report explains a clear, organized plan to fix the delivery problems faced by GrocerQuick. This online grocery service struggles with high fuel costs and late deliveries. We started by defining this problem and fitting its needs into the technical model called the Vehicle Routing Problem with Time Windows (VRPTW). We then created a practical smart algorithm. The final solution is designed to achieve two main things: better service (making sure deliveries are on time) and lower running costs (cutting down total travel distance).
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The delivery challenge at GrocerQuick is essentially a result of managing resources poorly when demands clash. To find a complete answer, we need to use Wholeness Systems Thinking {1}. This means every route decision must support the company's bigger goals of making a profit and keeping customers happy. We formally set the limits of the problem using the MoSCoW technique {2}, which turns the business needs into clear math rules:
	Category
	Requirement (Business Need)
	Translation (Model Constraint/Objective)

	Must have
	All deliveries must arrive no later than 30 minutes after the promised time.
	Hard Constraint: All routes R must satisfy T_arrival IS LESS THAN OR EQUAL TO T_due + 30 min.

	Should Have
	Minimise total operational cost (fuel).
	Primary Objective Function: Minimise D_total (Total distance travelled).

	Could Have
	Standardise route duration for driver efficiency.
	Soft Constraint: Route duration should not exceed a set time window.

	Won’t Have
	Incorporate multi-depot planning.
	Simplifying Assumption: Model assumes a single central depot D



This review confirms the time limit is the most important priority, and saving costs is what we try to do within that time limit. The problem fits perfectly into the technical Vehicle Routing Problem with Time Windows (VRPTW) structure {3}. This model gives us the framework needed to schedule customer stops while keeping to the time rules. Because the e-grocery industry works with very slim profit margins, and high delivery costs are a serious threat {7}, route efficiency is not optional; it is critical. The model uses these key variables for all its calculations:


	Variable Type
	Variable
	Description
	Role in Solution

	Input
	P = {p₁,..., pₙ}
	Set of all customer delivery locations (nodes).
	Network Nodes used for routing calculations.

	Input
	V = {v₁,..., vₖ}
	Fleet of available delivery vehicles.
	Resource Set originating from the depot D

	Input
	T_due_i
	The quoted delivery time for customer p_i.
	Critical Time limit for the hard constraint.

	Input
	d_ij
	Distance (in km) between any two points i and j.
	Base Data for calculating the primary objective.

	Input
	t_ij
	Travel time (in minutes) between points i and j.
	Base Data for calculating arrival times and checking feasibility.

	Output
	R_k
	The final, ordered sequence of stops for vehicle v_k.
	The Solution: The calculated optimal routes.

	Output
	A_i
	The time vehicle v_k arrives at customer p_i.
	Check Variable: Must satisfy the time limit rule.

	Output
	D_total
	Total distance covered by all routes (sum of R_k).

	Primary Metric: The total value the algorithm tries to minimise (cost).



To make these variable names clear in this report, I use subscripts (the small, lowered letters and numbers) to label different items. This is standard practice in computer science. For example, the total distance is called D_total, where the subscript 'total' shows it's the combined measure. In the same way, R_k uses the subscript 'k' to point to the unique index of a specific route within the fleet.
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Since the VRPTW is an NP-hard problem {3}, {4} (meaning the time required to find the perfect solution is too long), finding the mathematically perfect route every day is simply too slow and impractical. Therefore, the solution uses a metaheuristic approach {4} which is a clever search method that quickly finds a very good, nearly perfect result that is guaranteed to be workable. The solution is a clear, Two Stage Algorithm, which handles the completely different goals (time and cost) by separating them. Following good engineering practice {6}, the first stage focuses only on making sure the solution is Feasible (meeting the time limit), and the second stage focuses on Optimisation (saving cost). Also, understanding how travel time affects fuel use is a key part of the design {5}.
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The main goal here is to create a first set of routes that must absolutely meet the time deadlines, temporarily putting the time limit ahead of trying to save fuel. We can start by looking at the orders with the latest possible arrival time, Tmax = Tdue + 30 minutes. Handling the orders with the tightest schedules first helps to manage the most critical time rules early on.
We can use a simple Greedy strategy to assign orders: an order is added to the route that increases the total travel time the least, as long as that customer (and everyone else on the route) still gets their delivery on time. If an order simply cannot fit into any existing route without making someone late, a new route must be started from the depot. This approach ensures that keeping the customer service promise ("Must Have") is always the priority. This step gives me the initial, workable solution for the next stage.
Once we have a workable plan, we can switch the focus entirely to saving cost by reducing the Total Travel Distance (D_total) to save fuel. I do this using a repeating local search metaheuristic, which is a process of small, smart improvements. The algorithm explores solutions nearby by trying out little changes, called Moves, that are intended to shorten the total distance. These moves include:

 Swap: Exchanging the positions of two orders, either on the same route to improve sequencing or between two different routes to optimize allocation. 

2-Opt: Reversing the sequence of a segment of stops within a single route to eliminate wasteful route crossings and reduce distance. 

The Feasibility Gate is the main control point for the trade off. Before checking how much distance a move saves, it must pass a strict time check. However, if the move causes any customer to miss the Tmax limit, it is rejected immediately. This guarantees that the optimization process always stays within the limits of the service. A Move that passes the Feasibility Gate is only accepted if it successfully makes the distance (D_total) shorter. The algorithm therefore repeats this cycle, constantly pushing the solution toward the shortest, most fuel-efficient set of routes while keeping the time rules in place.
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The logical process, showing how the problem is split and how decisions are made in sequence, is shown in the flowchart below.
[image: ]
Flowchart of the Two-Stage Metaheuristic Algorithm. 

This chart clearly maps out the algorithm's logic. It highlights the two stages and the Feasibility Gate, which is the point where the system checks the time limit before attempting any cost reduction.
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FUNCTION OptimizeGrocerQuickRoutes(Orders P, Vehicles V, DistanceMatrix D)
    
    // Stage 1: Feasibility (Route Construction)
    CurrentRoutes = GreedyRouteConstruction(P, V) // Prioritizes tight time windows
    
    // Stage 2: Optimisation (Local Search)
    MaxIterations = 1000 
    
    FOR i FROM 1 TO MaxIterations
        (NewRoutes, MoveType) = GenerateRandomMove(CurrentRoutes) // e.g., Swap, 2-Opt
        
        // CRITICAL DECISION POINT: The Feasibility Gate
        IF CheckTimeConstraint(NewRoutes) IS TRUE
            IF CalculateTotalDistance(NewRoutes) < CalculateTotalDistance(CurrentRoutes)
                // Accept move for cost reduction (fuel efficiency)
                CurrentRoutes = NewRoutes
            END IF
            // If using Tabu Search: Optional acceptance of non-improving feasible moves
        END IF
        
        IF StagnationCount > Threshold THEN BREAK
    END FOR
    
    RETURN CurrentRoutes
END FUNCTION

FUNCTION CheckTimeConstraint(Routes R)
    MaxLateness = 30 // minutes (The Hard Constraint)
    FOR EACH Route r IN R
        CurrentTime = DepotStartTime
        FOR EACH Stop s IN r
            CurrentTime = CurrentTime + TravelTime(PreviousStop, s)
            
            // Hard Constraint Check: If arrival time exceeds T_due + 30 min
            IF CurrentTime > s.Tdue + MaxLateness
                RETURN FALSE // Constraint Violated: Route is Infeasible
            END IF
            
            CurrentTime = CurrentTime + s.ServiceTime
        END FOR
    END FOR
    RETURN TRUE // All routes are feasible
END FUNCTION

-------------------------------------------------------------------------------------------------------------

This primary function, OptimizeGrocerQuickRoutes, controls the entire process. It first calls the feasibility stage (GreedyRouteConstruction) to create a workable starting set of routes, and then uses a local search loop (which is shown in Stage 2) to repeatedly reduce the total distance. This way it will only accept the moves that pass the time limit check.
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Minimised Fuel Consumption (Reducing D_total)
Reducing distance is the clearest technical way to lower fuel consumption {5}. In city areas, how much fuel is used is directly linked to the distance covered. Stage 2 of the algorithm focuses on making routes as short and tight as possible. The rule in the pseudocode ensures that every successful improvement must reduce the total distance calculated, constantly pushing the solution toward the best possible fuel efficiency. We can also add the idea of Departure Time Optimisation {5}: by planning to leave slightly later, a vehicle might avoid heavy traffic, save fuel while still meeting the Tmax deadline.
Timely Delivery (The Hard Constraint)
We meet this goal by making the Tmax deadline an unbreakable rule which is enforced by the Feasibility Gate (IF CheckTimeConstraint(NewRoutes) IS TRUE). This function makes sure that the integrity of service is maintained, guaranteeing that trying to find a cheaper, shorter route will never result in a late delivery. This check is the main control point for customer service quality.
Efficient Order Allocation
The orders are assigned based on two critical factors: Feasibility (being on time) and Efficiency (shortest distance). In Stage 1, orders are grouped and sequenced to minimize the extra distance added while strictly respecting time windows. This process balances the use of vehicles and customer location, leading to the best possible way to group orders for each delivery.
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The way we solved this problem relied on abstract thinking, which meant turning a practical business issue into a math model we could solve {6}. Our method was driven by the need to break down a Compound Problem {6}. Because the goals (cost and time) naturally conflict, we split them into two steps: handling the rules (feasibility) first and then saving cost (optimization). This two step approach is central to engineering thinking {6}, which allows us to manage complex rules by focusing on simpler, separate goals. This method confirms that our solution fits the basic idea of Wholeness Systems Thinking {1}: the efficient routes we find directly help GrocerQuick reach its main goals of good service and profit.
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Choosing a metaheuristic instead of a mathematically exact answer is necessary and practical. The VRPTW is known as NP-hard {3}. Finding the absolutely best solution takes far too long, which is impossible for the quick route planning needed daily. The heuristic gives a result that is very close to optimal, fast enough for daily use. For a low margin business like e-grocery {7}, how fast a solution can be produced is highly important. The heuristic gives quick and proven cost savings by finding the quickest route improvements possible, which will maximize the immediate benefit. This focus on useful, practical results shows good business sense.
[bookmark: _Toc216386626]3.3 Limitations and Uncertainty
The main limitation is that the model is static—it's like a snapshot. It uses average travel time estimates, t_ij, which means it doesn't account for random uncertainty, which is the unpredictable changes in real time city traffic {3}. This current fixed model is easily thrown off by unexpected delays. For the future, the clear next step is to move toward a Dynamic VRP model that uses live GPS and traffic data to adjust routes on the fly.
In short, the two-stage metaheuristic offers a strong and very effective system. It successfully converts GrocerQuick's urgent operational need into a clear plan, so that all deliveries can be made on time while maximizing practical cost savings.
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Ultimately, This structured two stage plan successfully achieves its goals by splitting the task: first, it uses decomposition to strictly uphold the service promise (guaranteed on-time delivery, controlled by the Feasibility Gate) and then, it focuses on saving money by finding the shortest routes (minimizing D_total.). By putting this system in place, GrocerQuick can move away from planning at last minute to a reliable, driven by rule process, ensuring that the deliveries are on time while getting the best possible fuel efficiency.
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