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[bookmark: _Toc216366823]Introduction
This report explores problem-solving in computing, theoretical concepts, such as decomposition, systems thinking, and algorithm design, and how it can be applied to analyse complex problems, identify requirements, and develop structured solutions. The task challenges to analyse a real-world scenario and focuses on a practical problem – optimising delivery routes for the online grocery service GrocerQuick.


[bookmark: _Toc216366824]Problem-Solving in Computing
Computational thinking—decomposition, abstraction, and algorithm design—is fundamental for solving computing problems. Decomposition makes possible to create focused solutions for each component by breaking down difficult problems into smaller, more manageable parts [1]. Abstraction ignores unimportant information while identifying crucial elements, and algorithm design provides a structured series of actions to resolve the issue efficiently. Together, these skills help model real-world problems, such as converting complex delivery networks into computer models for logistics systems [2],[3]. 
The delivery challenge can split the problem through decomposition: assigning orders to drivers, optimising routes, and managing time constraints. Abstraction represents orders as nodes, distances as edges, and drivers as agents handling subsets of nodes. These components then can be manipulated algorithmically. 
Evaluation then checking how well the solution works and comparing it with other possible options. You test the solution in practice, compare alternatives, and check efficiency and effectiveness [3].
Finally, generalisation ensures solutions are flexible, reusable, and adaptable to similar problems, improving scalability and automation [2],[3].
In conclusion, computational thinking integrates decomposition, abstraction, algorithm design, evaluation, and generalisation to develop efficient and adaptable problem-solving methods.



[bookmark: _Toc216366825]System thinking.
Systems thinking looks at how all parts of a system interact instead of treating them as separate, isolated elements. It focuses on the relationships, feedback loops, and dependencies between components rather than on each component individually [4],[5]. This holistic view helps to understand patterns of behaviour over time instead of simple one‑step cause‑and‑effect chains [6]
For GrocerQuick, systems thinking means analysing how order scheduling, warehouse packing, driver shifts, vehicle capacity, traffic conditions, and customer time windows influence each other [4],[5] If the company only tries to increase the number of orders per route, it may accidentally overload drivers, create bottlenecks in the warehouse, and cause late deliveries or higher fuel consumption [6]. By coordinating these elements together—for example synchronising picking with route planning and using live traffic data—GrocerQuick can reduce travel distance, save fuel, and keep deliveries within the 30‑minute limit.




[bookmark: _Toc216366826]Requirement Prioritisation (MoSCoW technique).
Requirement prioritisation is the process of deciding which parts in project are the most important and should be to work on first. With limited time, budget, and resources, prioritisation helps teams focus on what brings the most value to users or the business[7].
It is about sorting needs by importance. Teams often use methods like the MoSCoW technique - method categorises requirements into Must-have/Should-have/Could-have/Won’t-have, to rank requirements effectively [8].
Requirements:
1. Customer places order
1.1 System validates customer details (address/payment/contact)  (MH)
1.2 Order add/stored in system (MH)
1.3 Confirmation sent to customer (CH)
2. Order grouping 
2.1 Group nearby orders (SH)
2.2 Dynamic update with new orders 
2.2.1 Processing incoming orders (MH)
2.2.2 Recalculating groups as needed (CH)
3. Allocate grouped orders to vehicles with suitable capacity
3.1 Check vehicle capacity (SH)
3.2 Select fuel-efficient vehicle for route (CH)
3.3 Allocate route with orders to driver (MH)
4. Route planning
4.1 Use mapping APIs to calculate optimal delivery sequence (SH)
4.2 Combine nearby deliveries logically within routes (SH)
4.3 Factor in live traffic data 
4.3.1 Check real-time traffic (SH)
4.3.2 Update routes dynamically (CH)
4.4 Minimise total route distance (CH)
5. Optimise vehicle assignment by load and distance
5.1 Calculated route no more than 30 min (SH)
5.1.1 Modeling expected arrival time for each delivery
5.1.2 Cancel order if delivery takes more then 30 min
5.2 Use live traffic data for route calculation (CH)
5.3 Re-pack or reallocate delayed orders (SH)
5.4  Dispatch vehicles with detailed route instructions (SH)
5.5 Transmit live updates to drivers (CH)
6. Transmit live updates to customer (CH)
6.1 Send estimated time notification
6.2 Enable real-time traffic tracking for customers
6.3 Notify customers of updates
6.4 Send arrival/delivery updates
7. Delivery confirmation and audit
7.1 Confirm delivery success and notify customer (WH)
7.2 Proof of delivery captured (WH)
7.3 Completion time recorded (CH)
7.4 Request customer feedback/rate experience (WH)
8. Real-Time tracking (CH)
8.1 Monitor driver location via GPS
8.2 Trigger dynamic re-routing when needed
	Must have
	Should have
	Could have
	Wont have

	1.1
	2.1
	1.3
	7.1

	1.2
	3.1
	3.2
	7.2

	2.2.1
	4.1
	2.2.2
	7.4

	3.3
	4.2
	4.3.2
	

	
	4.3.1
	4.4
	

	
	5.1
	5.2
	

	
	5.3
	5.5
	

	
	5.4
	6
	

	
	
	7.3
	

	
	
	8
	

	
	
	
	




	Variables:
	Meaning:

	CustomerLocation
	Address / coordinates where order need be deliver

	CustomerOrder
	Order that customer made

	DeliveryTime
	When order was delivered

	EstimatedDeliveryTime
	Based on delivery planning, oriented time of order will be deliver to customer

	RealTimeRoute
	Actual time of delivery (real-time)

	DeliveryRoute
	Sequence of stops on route

	VehicleAssignment
	Which vehicle and driver assign for delivery

	GroupedOrder 
	Orders that grouped together in one route

	FuelPerDelivery
	Fuel used per delivery

	VehicleLoad
	Weight load per route

	DeliveryStatus
	Status of delivery

	LiveProgressUpdates
	Online update of current progress of order (could be variable, but not need to be remembered and stored)

	TotalAmout
	Price for all order

	TaxAmount
	Tax amount

	PaymentStatus
	Payment status  

	UserName
	Username

	UserID
	Identifier number of customer

	Constants:
	

	MaxDeliveryRadius 
	Maximum delivery radius for each shop

	MaxDeliveryTime 
	Maximum delivery time (30 minutes)

	VehicleСapacity
	Maximum allowed weight / volume for vehicle

	MapApp
	Mapping used for calculations

	ShopLocation
	Shops locations

	Product
	Each product a separate variable, for example, Apple…

	Price
	Product price

	TaxRate
	Tax rate

	Criteria
	Criteria for route optimisation (minimise fuel, minimise distance)

	Templates
	Message templates for displaying get orders or confirmations
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[bookmark: _Toc216366828]1.Route optimisation algorithms 
Route optimisation algorithms are computational methods designed to determine the most efficient paths for transportation, delivery, or logistics networks [9],[10]. These algorithms minimise travel distance, time, fuel usage or operational cost while satisfying various restrictions, such as delivery time windows, vehicle capacity, or traffic conditions[10]. 
At the core of route optimisation lies the Vehicle Routing Problem (VRP), which is combinatorial optimisation problem [9],[10]. The VRP aims to find the best routes for a fleet of vehicles to deliver goods to all customers efficiently, starting and ending at one or more depots. Numerous variants of the VRP exist, reflecting real-world complexities [11]:
· VRP with Time Windows (VRPTW): accounts for specific delivery deadlines.
· Capacitated VRP (CVRP): includes vehicle capacity constraints.
· Green VRP (GVRP): focuses on minimising fuel consumption or emissions.
· Dynamic VRP (DVRP): adapts routes in real-time to traffic or new delivery requests.
VRP can be solved using exact algorithms, which guarantee optimal solutions but are too slow for large real-time problems [10]; heuristics and metaheuristics, which efficiently provide near-optimal solutions; and learning-based or hybrid algorithms, which use machine learning to handle dynamic, complex cases [11]. 
In result, metaheuristic and hybrid approaches dominate real-world VRP applications due to their balance of accuracy, speed, and scalability.
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To model real-world delivery constraints more accurately in VPR often develop specialised variants [11]. The classic VRP assumes one depot, identical vehicles, and customers that each need a single delivery, with the goal of minimising total travel distance or cost [9],[10].
However, real-world logistics operations—like GrocerQuick—are more complex, requiring specialised VRP variants tailored to specific operations and goals [10]. These include rules like time windows for deliveries, vehicle capacity limits, handling pickups and drop-offs, and adapting routes to live traffic or new orders [11]. Each variation helps solve real challenges for companies like GrocerQuick but also makes the problem harder. 
Since improving one goal can worsen another, multi-objective route optimisation seeks trade-off solutions rather than a single optimum. These are called Pareto-optimal solutions, where no objective can improve without make another worth.
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For GrocerQuick, specialised and multi-objective optimisation means combining multiple VRP variants:
· Time windows (fixed time for delivery – must be on time, withing 30 minutes);
· Fuel and distance minimisation (to reduce costs);
· Dynamic VRP to adapts to traffic or new orders;
· Capacity limits (each driver can carry certain volume, depends on vehicle).
In conclusion, route optimisation algorithms are important tools for efficient logistics management. While various algorithms exist, metaheuristic and hybrid approaches provide the most effective and scalable solutions for large, time-sensitive delivery networks. GrocerQuick workflow uses these VRP adaptations to group orders by proximity, optimise routes for both time and fuel, and adjust dynamically, always aiming for reliable, efficient, and customer-focused deliveries.
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A flowchart is a visual diagram that shows the steps of a process or problem-solving sequence using symbols and arrows. It helps easier understand complex problems, improving communication, and helps to plan or debug algorithms before coding [12].
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Pseudocode is a simple way of writing an algorithm using plain language and programming-like structure. It’s used to understand a program’s logic, design, explain, and test algorithms before writing actual code, making problem-solving clearer and easier [12].

START
Set radius for each shop = < 25 min

// Customer interface
Display “Welcome to GrocerQuick! Are you registered?”
Customer input singin/singup
Display “Make order and location to deliver”
Customer input order and location 

// Operation interface
Check (Calculate) EstimatedDeliveryTime 
	IF EstimatedDeliveryTime > 30 min: Reject order
	ELSE: 
		IF CustomerOrder in same direction of preparing GroupedOrder: 
			Yes 
IF VehicleLoad together with new order < vehicle capacity: 
				Add Order to GroupedOrder, create new DeliveryRoute
    			No	ELSE:
Grouped nearby Orders (from not assigned), create DeliveryRoute (1 order is possible)
End
Add Order to GroupedOrder, create new DeliveryRoute
Assing new delivery route for driver
Display to driver: “Orders received”
Grouped nearby Orders (from not assigned), create DeliveryRoute (1 order is possible)
Check (Calculate) EstimatedDeliveryTime for DeliveryRoute
	IF EstimatedDeliveryTime > 30 min: Keep adjusting grouping parameters until feasible route or fallback to split orders
	Grouped nearby Orders (from not assigned), create DeliveryRoute (1 order is possible)
	ELSE:
	Calculate optimal DeliveryRoute
	End
Calculate optimal DeliveryRoute
Check weight of GroupedOrder, find vehicle with Vehicle capacity > VehicleLoad;
Check all of them FuelPerDelivery, choose vehicle with min FuelPerDelivery, which DeliveryRoute < 30min
	IF before leaving shop new order in same direction (DeliveryRoute):
	Create new DeliveryRoute with added new order
	ELSE: Display to driver: “Orders received”
	End
	Create new DeliveryRoute with added new order
IF new DeliveryRoute < 30 min, and Vehicle capacity > VehicleLoad: Calculate optimal DeliveryRoute (mapping API) including vehicle type and using live traffic
			Assign new DeliveryRoute to driver
			ELSE: Continue with DeliveryRoute without new order
			End
			Continue with DeliveryRoute without new order
			Display to driver: “Orders received”
			Assign new DeliveryRoute to driver
			Display to driver: “Orders received”
Display to driver: “Orders received”
Driver input (OrderStatus) confirmation of get orders
Transmit Real_timeRoute on a map to driver and customers
Request driver input (OrderStatus) confirmation from driver that orders completed
END


[bookmark: _Toc216366833]Conclusion
This report applies computational and systems thinking to decompose GrocerQuick’s delivery challenge and design a structured, algorithmic solution that prioritises key requirements using the MoSCoW technique. By combining VRP-based route optimisation, capacity and time-window constraints, and clear flowchart and pseudocode models, the proposed approach aims to allocate orders efficiently, minimise fuel use, and keep all deliveries within the 30‑minute limit while acknowledging assumptions and practical limitations.
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