SOLID principle
SOLID is a set of principles for object-oriented software design that aims to make software more maintainable, scalable, and easier to understand.
The SOLID acronym stands for the following:
· Single Responsibility Principle (SRP)
· Open/Closed Principle (OCP)
· Liskov Substitution Principle (LSP)
· Interface Segregation Principle (ISP)
· Dependency Inversion Principle (DIP)
Each of these principles addresses a different aspect of software design, but together they help promote code that is modular, flexible, and reusable.
Single Responsibility Principle (SRP)
The Single Responsibility Principle (SRP) is a software design principle that states that every class or module in a program should have only one reason to change. In other words, a class should have a single responsibility or function, and it should be focused on fulfilling that responsibility.
The purpose of SRP is to create software that is easier to maintain, test, and evolve. When a class or module has only one responsibility, it is easier to understand, modify, and test. Changes to one responsibility do not affect other parts of the system, which makes the code more modular and flexible.
Applying the SRP can also improve the cohesion of classes, which is the degree to which the members of a class are related to each other. A class with a single responsibility is likely to have high cohesion, because all of its members are focused on the same task.
Let's see the example of SRP, we have a class called Order that represents an order in an e-commerce system. The Order class has the following responsibilities:
1. Store order data in a database.
2. Calculate the total cost of the order.
3. Send a confirmation email to the customer.
This violates the SRP because the Order class has more than one reason to change. For example, if we need to change how order data is stored, we would have to modify the Order class, even though that responsibility should be handled by a separate class.
To apply the SRP, we could split the Order class into three separate classes, each with its own responsibility:
1. OrderRepository: Stores order data in a database.
2. OrderCalculator: Calculates the total cost of an order.
3. OrderNotifier: Sends a confirmation email to the customer.
Each of these classes has a single responsibility, which makes the system more modular, easier to understand, and easier to maintain.
Open/Closed Principle (OCP)
The Open/Closed Principle (OCP) is a software design principle that states that software entities (classes, modules, functions, etc.) should be open for extension but closed for modification. In other words, once a software entity has been created and tested, it should not be modified, but rather extended or enhanced to accommodate new requirements or features.
The OCP is based on the idea that modifying existing code can introduce new bugs or break existing functionality, so it is better to build software that is adaptable and can be extended without modifying existing code. This approach is particularly useful in large and complex software systems, where changes to one part of the system can have unintended consequences in other parts.
Here is an example to illustrate the OCP:
Suppose we have a PaymentProcessor class that processes payments using different payment methods, such as credit card, PayPal, and Bitcoin. The initial implementation of the PaymentProcessor class might look like this:
	public class PaymentProcessor {
    public void ProcessPayment(CreditCard creditCard, decimal amount) {
        // Process credit card payment
    }
 
    public void ProcessPayment(PayPalAccount payPalAccount, decimal amount) {
        // Process PayPal payment
    }
 
    public void ProcessPayment(BitcoinWallet bitcoinWallet, decimal amount) {
        // Process Bitcoin payment
    }
}


This implementation violates the Open/Closed Principle because if we need to add a new payment method, such as Apple Pay, we will have to modify the PaymentProcessor class, which could introduce new bugs or break existing functionality.
To adhere to the Open/Closed Principle, we can use the concept of polymorphism to make the PaymentProcessor class open for extension. We can create an interface called IPaymentMethod that defines a common method ProcessPayment for all payment methods:
	public interface IPaymentMethod {
    void ProcessPayment(decimal amount);
}


Then, we can create a separate class for each payment method that implements the IPaymentMethod interface and provides its own implementation of the ProcessPayment method:

	public class CreditCardPayment : IPaymentMethod {
    private CreditCard creditCard;
 
    public CreditCardPayment(CreditCard creditCard) {
        this.creditCard = creditCard;
    }
 
    public void ProcessPayment(decimal amount) {
        // Process credit card payment using the creditCard field
    }
}
 
public class PayPalPayment : IPaymentMethod {
    private PayPalAccount payPalAccount;
 
    public PayPalPayment(PayPalAccount payPalAccount) {
        this.payPalAccount = payPalAccount;
    }
 
    public void ProcessPayment(decimal amount) {
        // Process PayPal payment using the payPalAccount field
    }
}
 
public class BitcoinPayment : IPaymentMethod {
    private BitcoinWallet bitcoinWallet;
 
    public BitcoinPayment(BitcoinWallet bitcoinWallet) {
        this.bitcoinWallet = bitcoinWallet;
    }
 
    public void ProcessPayment(decimal amount) {
        // Process Bitcoin payment using the bitcoinWallet field
    }
}


Finally, we can modify the PaymentProcessor class to accept an IPaymentMethod parameter in the ProcessPayment method, which makes the PaymentProcessor class open for extension and closed for modification:
	public class PaymentProcessor {
    public void ProcessPayment(IPaymentMethod paymentMethod, decimal amount) {
        paymentMethod.ProcessPayment(amount);
    }
}


Now, if we need to add a new payment method, such as Apple Pay, we can simply create a new class that implements the IPaymentMethod interface and pass it to the ProcessPayment method of the PaymentProcessor class without modifying any existing code.
In summary, the Open/Closed Principle encourages software designers to build software that is open for extension but closed for modification, in order to improve adaptability, flexibility, and maintainability of the system. We can use polymorphism to achieve this principle in object-oriented programming languages like C#.
Liskov Substitution Principle (LSP)
The Liskov Substitution Principle (LSP) is a principle in SOLID that states that objects of a superclass should be able to be replaced with objects of its subclasses without affecting the correctness of the program
Here's an example to illustrate this principle:
	using System;
 
public interface IShape
{
    double GetArea();
}
 
public class Rectangle : IShape
{
    public double Width { get; set; }
    public double Height { get; set; }
 
    public double GetArea()
    {
        return Width * Height;
    }
}
 
public class Circle : IShape
{
    public double Radius { get; set; }
 
    public double GetArea()
    {
        return Math.PI * Radius * Radius;
    }
}
 
public class Program
{
    public static void Main()
    {
        // Create a rectangle and a circle
        IShape rectangle = new Rectangle() { Width = 5, Height = 10 };
        IShape circle = new Circle() { Radius = 7 };
 
        // Calculate the areas of the shapes
        double rectangleArea = rectangle.GetArea();
        double circleArea = circle.GetArea();
 
        // Print out the areas
        Console.WriteLine($"Rectangle area: {rectangleArea}");
        Console.WriteLine($"Circle area: {circleArea}");
    }
}



In this example, we have an interface IShape that defines a method GetArea() to calculate the area of a shape. We then have two classes Rectangle and Circle that implement this interface, and each provides its own implementation of the GetArea() method.
In the Main() method, we create an instance of Rectangle and Circle, both stored as IShape objects. We then call the GetArea() method on each shape, and print out the calculated areas.
This program follows Liskov Substitution Principle, because we can use the Rectangle and Circle objects interchangeably with the IShape interface, without affecting the correctness of the program. Both objects provide their own implementation of the GetArea() method, but they still adhere to the contract defined by the IShape interface.

Interface Segregation Principle (ISP)
The Interface Segregation Principle (ISP) is a principle in SOLID that states that clients should not be forced to depend on interfaces they do not use. This means that a class should not be required to implement methods it does not need or use, and that interfaces should be designed with the needs of their clients in mind.
To follow ISP, it is recommended to break down larger interfaces into smaller, more specialized interfaces that are tailored to the needs of specific clients. This allows clients to depend only on the interfaces they use and reduces the risk of a change in one interface affecting unrelated parts of the code.
Here's an example to illustrate the ISP principle:
Suppose we have an interface called IVehicle that defines methods for controlling a vehicle:
	public interface IVehicle {
    void Start();
    void Stop();
    void Accelerate();
    void Brake();
}


Now suppose we have a client called Car that needs to implement the IVehicle interface to control a car:
	public class Car : IVehicle {
    public void Start() {
        // Start the engine
    }
 
    public void Stop() {
        // Stop the engine
    }
 
    public void Accelerate() {
        // Accelerate the car
    }
 
    public void Brake() {
        // Apply the brakes
    }
}


However, not all clients that implement the IVehicle interface need to control all types of vehicles. For example, we might have another client called Bicycle that only needs to implement the Accelerate and Brake methods:
	public class Bicycle : IVehicle {
    public void Start() {
        // Bicycles don't have engines, so this method is not relevant
    }
 
    public void Stop() {
        // Bicycles don't have engines, so this method is not relevant
    }
 
    public void Accelerate() {
        // Pedal faster to accelerate the bike
    }
 
    public void Brake() {
        // Apply the brakes to slow down the bike
    }
}


In this case, the IVehicle interface contains methods that are not relevant to the Bicycle, which violates the ISP. The Bicycle should not be forced to depend on the Start and Stop methods that it does not use.
To adhere to the ISP, we can split the IVehicle interface into smaller interfaces that contain only the methods that are relevant to each client. For example, we can create separate interfaces for starting and stopping the engine, and for accelerating and braking:
	public interface IEngine {
    void Start();
    void Stop();
}
 
public interface IMove {
    void Accelerate();
    void Brake();
}


Now, the Car can implement both IEngine and IMove, while the Bicycle can implement only IMove:
	public class Car : IEngine, IMove {
    public void Start() {
        // Start the car engine
    }
 
    public void Stop() {
        // Stop the car engine
    }
 
    public void Accelerate() {
        // Step on the gas pedal to accelerate the car
    }
 
    public void Brake() {
        // Apply the brakes to slow down the car
    }
}
 
public class Bicycle : IMove {
    public void Accelerate() {
        // Pedal faster to accelerate the bike
    }
 
    public void Brake() {
        // Apply the brakes to slow down the bike
    }
}


By doing so, we've separated the concerns of starting and stopping the engine, and accelerating and braking into distinct interfaces, making it possible for clients to implement only the methods they need, and avoiding unnecessary dependencies on methods they don't use. This adheres to the Interface Segregation Principle.

Dependency Inversion Principle (DIP)
The Dependency Inversion Principle states that high-level modules or classes should not depend on low-level modules or classes directly. Instead, both should depend on abstractions, and abstractions should not depend on details. This principle is intended to reduce coupling between classes and promote flexibility and extensibility in the system.
To implement DIP, we need to rely on two basic techniques, Dependency Injection (DI) and Inversion of Control (IoC). Dependency Injection refers to passing dependencies (such as objects, interfaces, or services) to a class or method, rather than creating them internally. Inversion of Control refers to controlling the flow of an application by allowing a framework or container to manage object creation and dependencies.
By using DI and IoC, we can promote loose coupling between classes and modules, and make our code more flexible, extensible, and testable.
Here's an example to illustrate the Dependency Inversion Principle (DIP):
Let's say we have a ReportGenerator class that generates various types of reports based on some input data. The ReportGenerator class has a dependency on a DataFetcher class that retrieves the input data from a database. The DataFetcher class is a low-level module, as it deals with the details of data retrieval, while the ReportGenerator class is a high-level module, as it deals with the business logic of report generation.
Without applying DIP, the ReportGenerator class might directly depend on the DataFetcher class, like this:
	public class ReportGenerator
{
    private readonly DataFetcher _dataFetcher;
 
    public ReportGenerator()
    {
        _dataFetcher = new DataFetcher();
    }
 
    public Report GenerateReport()
    {
        // Retrieve data from database using DataFetcher
        var data = _dataFetcher.FetchData();
 
        // Generate report based on retrieved data
        var report = new Report(data);
 
        return report;
    }
}
 
public class DataFetcher
{
    public List<Data> FetchData()
    {
        // Code to retrieve data from database
    }
}



However, this creates a tight coupling between the two classes, making it difficult to modify or extend the code in the future. If we ever need to change the way data is retrieved or add new types of data sources, we will have to modify the ReportGenerator class.
To apply DIP, we can introduce an abstraction to decouple the ReportGenerator class from the DataFetcher class. We can create an interface called IDataFetcher that defines a method for fetching data:
	public interface IDataFetcher
{
    List<Data> FetchData();
}


Now, the ReportGenerator class can depend on the IDataFetcher interface instead of the DataFetcher class:
	public class ReportGenerator
{
    private readonly IDataFetcher _dataFetcher;
 
    public ReportGenerator(IDataFetcher dataFetcher)
    {
        _dataFetcher = dataFetcher;
    }
 
    public Report GenerateReport()
    {
        // Retrieve data from database using IDataFetcher
        var data = _dataFetcher.FetchData();
 
        // Generate report based on retrieved data
        var report = new Report(data);
 
        return report;
    }
}


This allows us to easily swap out different implementations of the IDataFetcher interface without modifying the ReportGenerator class. For example, we could create a SqlDataFetcher class that retrieves data from a SQL database, or a WebApiDataFetcher class that retrieves data from a web API, and inject them into the ReportGenerator class as needed.
	public class SqlDataFetcher : IDataFetcher
{
    public List<Data> FetchData()
    {
        // Code to retrieve data from SQL database
    }
}
 
public class WebApiDataFetcher : IDataFetcher
{
    public List<Data> FetchData()
    {
        // Code to retrieve data from web API
    }
}


By using interfaces and dependency injection, we have decoupled the ReportGenerator class from the DataFetcher class and made it more flexible and extensible. This is a basic example of how the Dependency Inversion Principle can be applied in a software system.
