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[bookmark: _Toc216631383]Introduction
This report is going to show how to solve a real-world problem such as the scenario of the online grocery delivery service “Grocer Quick”.
As the delivery service market is getting more competitive because new companies coming through with new technology which is key factor to get more clients 
There are useful techniques such as Abstract Thinking, Moscow Technique, Pseudocode and Flowchart to get a unique solution for the problem.
[bookmark: _Toc215753319]The result of this report is to be able to create new routes for a fast delivery system to get more efficient with time and waste less fuel on the bikes.
[bookmark: _Toc216631384]Problem Deconstruction
Grocer Quick wants to optimise delivery routes to:
1. Efficiently allocate orders 
2. Reduce distance (fuel saving)
3. Ensure deliveries are not >30 minutes late
This problem is equivalent to a Vehicle Routing Problem (VRP) — a well-studied optimisation challenge in operations research (Dantzig & Ramser, 1959).
The Vehicle Routing Problem (VRP) aims to determine the best set of routes to be performed by a fleet of vehicles to serve a given set of customers. Due to its several applications and challenging combinatorial aspects, it is one of the most studied problems in Operations Research and Numerical Optimization. [1]

Component Breakdown
a. Order Allocation
This component focuses on grouping customer orders into logical clusters for delivery. Orders must be assigned to appropriate delivery agents or vehicles based on geographical proximity, delivery time windows, vehicle capacity, and workload balance. Poor allocation increases route length and delays.
b. Route Planning
Once orders are grouped, the next step is determining the optimal sequence in which they should be delivered. This resembles variants of the Vehicle Routing Problem (VRP), including:
Capacitated VRP (CVRP) – where vehicles have limited storage capacity.
VRP with Time Windows (VRPTW) – where each order must be delivered by a certain time.
Multiple Depot VRP – if Grocery Quick operates from several warehouses.
Efficient route planning minimises unnecessary distance travelled and ensures time compliance.
c. Fuel Consumption Minimisation
Fuel usage is directly linked to total route distance and driving patterns. The solution must minimise total travel distance across all delivery vehicles while also avoiding redundant backtracking or poorly sequenced stops.
d. Delivery Time Compliance
Each order has an expected delivery time. Grocery Quick requires that no delivery exceeds a 30-minute lateness threshold. This creates strict time-window constraints that must be incorporated into the optimisation model. Late orders erode customer trust and may incur penalty costs.
e. Operational Constraints
In addition to distance and time, practical constraints include traffic conditions, road closures, driver shift times and stop service durations (time spent handing over groceries). These must be factored into the planning process.

[bookmark: _Toc215753320][bookmark: _Toc216631385]Key requirements and constraints

MoSCoW Requirements Analysis
Using the MoSCoW framework (Must, Should, Could, Won’t), the problem requirements can be prioritised:
Must-Have Requirements
· Efficient allocation of orders to delivery routes.
· Minimisation of total travel distance to reduce fuel consumption.
· Adherence to time constraints ensuring no order is delivered more than 30 minutes late.
· Incorporation of vehicle capacity limits.
· Handling of time windows for each order.
· Feasibility under real-world constraints (traffic assumptions, driver working hours).
Should-Have Requirements
· Dynamic re-routing capabilities in response to disruptions (e.g., sudden traffic issues).
· Load balancing across drivers to prevent excessive workloads.
· A system to calculate estimated arrival times (ETAs) and notify customers proactively.
Could-Have Requirements
· Integration of real-time traffic data and predictive analytics.
· Machine-learning models to predict peak demand areas for better pre-allocation.
· Eco-driving recommendations for drivers to further reduce fuel use.
Won’t-Have (for now)
· Full automation of delivery using autonomous vehicles.
· Drone-based delivery systems.
· Large-scale infrastructural changes or expansion to new regions.
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Order Variables
location (latitude/longitude)
Delivery time window(TimW)
Order size/weight (affects vehicle capacity)
Vehicle Variables
Vehicle capacity (VC)
Fuel consumption rate(ComsR)
Driver shift length
Vehicle starting depot
Route Variables
Distance between delivery points
Estimated travel times (including traffic models)
Stop duration at each drop-off
Sequence of deliveries
Objective Function Variables
Total route distance (to minimise)
Total route time (to satisfy constraints)
Total fuel consumption
[bookmark: _Toc215753323][bookmark: _Toc216631387]Proposed Solution and Explanation
During this term we have learn Abstract Thinking which consist of to simplify the problem in a small parts to get to the same goal at the end of the process.
In computational thinking, decomposition and pattern recognition break down the complex, while abstraction figures out how to work with the different parts efficiently and accurately. This process occurs through filtering out irrelevant information and identifying what’s most important. It then connects each decomposed problem to establish a complete solution. [2]
The Inputs are consumers who are the ones ordering, vehicles details which include the loading capacity, fuel efficiency used for each delivery and road work data time including traffic, best route and time managing.
First, the system calculates the distance from the warehouse or the current delivery location to each order using stored map data. This distance is then converted into travel time (for example, longer distance means more time). 
Next, the system adds this travel time to the current time to estimate the arrival time. It compares this arrival time with the order’s expected delivery time to check if it will be less than 30 minutes late. 
At the same time, it checks if the vehicle has enough remaining capacity. Among all orders that pass these checks, the system chooses the closest order, because a shorter distance uses less fuel. This calculation repeats until all deliveries are planned.
The output is a list of delivery routes. Each route shows which orders a delivery vehicle will visit and in what order. It also shows the total distance and time for that vehicle. This helps drivers know where to go and helps the company deliver orders on time efficiently.
At the end of this pseudocode is to help the Grocery market to be more efficient and be more practice with the orders which are the main issue.Top of Form The delivery drivers must be informed of new routes and how to be on time with the delivery.
Bottom of Form

[bookmark: _Toc216631388]Pseudocode 
Goal:
· Assign orders to delivery routes
· Minimise travel distance (fuel)
· Ensure deliveries are not more than 30 minutes late

Pseudocode
INPUT:
Customer orders (addresses, delivery time windows) 
Vehicle details (capacity, fuel efficiency) 
Road network data (distances, travel times)
PROCESS:
The steps the system takes = cluster, assign, calculate, and optimize routes.
Cluster means a group of orders that are geographically close to each other.
Why clustering matters:
Reduces travel distance → less fuel consumption.
Keeps deliveries on time → because drivers aren’t wasting time crossing the city.
Balances vehicle capacity → orders in one cluster fit within the vehicle’s load limit. [3]

OUTPUT:
routes = assignment of orders to drivers in efficient delivery order

BEGIN
Input:
    Orders = {O1(A, demand=3, window time=10:00–11:00),
              O2(B, demand=4, window time=10:30–11:30),
              O3(C, demand=2, window time=11:00–12:00)}
    Vehicles = {V1(capacity=6), V2(capacity=6)}
    Distances = matrix of travel times/distances
    Start time = 09:45

Process:
1. Cluster orders by proximity:
       Cluster1 = {A, B, C}

2. Check total demand of cluster:
       Demand = 3+4+2 = 9
       Since > capacity of one vehicle, split across two vehicles.

3. Assign orders to vehicles:
       V1 ← {A, C} (total demand = 5 ≤ 6)
       V2 ← {B} (total demand = 4 ≤ 6)

4. Build routes:
       V1 route = D → A → C → D
       V2 route = D → B → D
5. Calculate travel times:
       Use speed = 30 km/h (2 min per km)
       Add service time = 5 min per stop

6. Check delivery windows time:
       For each order:
           If arrival time > window_time end + 30 min → mark as late
           Else → mark as on-time

7. If any order late:
       Reassign or reorder stops
       (In this example, all orders are on-time)

Output:
    V1 route: D → A → C → D, total distance = 22 km
    V2 route: D → B → D, total distance = 16 km
    All deliveries within time windows (no lateness > 30 min)
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Techniques used to get right this report are abstract thinking which helps to make the problem in an easy way to handle it.
Another technique is Pseudocode explains what the system does, not how to write it in a specific programming language so anyone can understand it, even if they don’t know IT languages.
In computer science, pseudocode is a description of the steps in an algorithm using a mix of conventions of programming languages (like assignment operator, conditional operator, loop) with informal, usually self-explanatory, notation of actions and conditions.
Although pseudocode shares features with regular programming languages, it is intended for human reading rather than machine control. Pseudocode typically omits details that are essential for machine implementation of the algorithm, meaning that pseudocode can only be verified by hand. The programming language is augmented with natural language description details, where convenient, or with compact mathematical notation.
It shows the steps by step and correct decisions (choose nearest order, check time, check capacity)
For Grocer Quick, the main problem is deciding delivery routes Pseudocode helps us think first before building the real system.
its used the MoSCoW technique in this problem to clearly prioritise the requirements of GrocerQuick’s delivery system. The company has several goals, such as assigning orders to routes, reducing fuel consumption, and making sure deliveries are not late. However, it is not always possible to optimise everything at the same time.
MoSCoW helps decide what is most important and what can be flexible.
Using MoSCoW ensures that the system focuses first on the most critical needs. 
For GrocerQuick, the “Must have” requirements are that all orders are delivered and no delivery is more than 30 minutes late. If these are not met, customer satisfaction is affected, and the system fails its main purpose. 
The “Should have” requirements, such as minimising travel distance and fuel usage, are important for cost savings but are less critical than meeting delivery times. 
The “Could have” requirements, like live traffic updates or advanced optimisation, improve performance but are not essential for the system to work. 
The “Won’t have” category helps control scope by clearly stating what is not included at this stage.
The flowchart explains how Grocer Quick plans delivery routes step by step in a simple way. It starts by collecting all inputs such as orders and available delivery vehicles. Each vehicle begins at the warehouse. The system then checks which orders can be delivered by that vehicle without being more than 30 minutes late and without exceeding vehicle capacity. From these valid orders, it chooses the nearest one to reduce travel distance and fuel use. The order is added to the route, and the current time and location are updated. This process repeats until no more suitable orders remain. The route is saved, and the system moves to the next vehicle until all orders are assigned and delivered.
To end this explanation about the techniques which are used for this problem both are useful and easy to elaborate a possible answer.
[bookmark: _Toc215753327][bookmark: _Toc216631391]Conclusion and Recommendations
In conclusion, this solution helps Grocer Quick manage its delivery routes in a simple and organised way. By using a clear step-by-step process, orders are assigned to delivery vehicles efficiently while keeping travel distance low to save fuel. The system always checks delivery time limits, ensuring that no order is delivered more than 30 minutes late. 
Using prioritisation helps focus on the most important needs, such as on-time delivery, before improving fuel efficiency. 
Overall, this approach improves delivery planning, reduces costs, and increases customer satisfaction by making sure orders arrive on time and in an efficient manner.
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