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Hands on Design Patterns with C and .NET Core

Design patterns are essential tools in a software developer?s toolkit, enabling the creation of
flexible, maintainable, and scalable applications. Combining design patterns with C and .NET Core
provides developers with powerful ways to solve common software design problems efficiently. In
this comprehensive guide, we will explore practical implementations of various design patterns,
illustrating how they can be applied in real-world scenarios using C and .NET Core.

Understanding the Importance of Design Patterns in Modern
Development

Design patterns are proven solutions to common design problems encountered during software
development. They promote code reusability, improve readability, and facilitate easier maintenance.
With the rise of .NET Core, a cross-platform framework for building modern applications, integrating
design patterns becomes even more relevant.

Benefits of Using Design Patterns

- Enhances Code Reusability: Reusable templates allow developers to implement solutions
quickly.

- Promotes Loose Coupling: Patterns like Dependency Injection reduce dependencies between
components.

- Simplifies Maintenance: Clear structure and separation of concerns make debugging and
updates easier.

- Supports Scalability: Well-designed patterns help applications grow without significant rework.

Common Design Patterns Implemented in C and .NET Core

In this section, we'll delve into some of the most frequently used design patterns, including their
purpose and implementation strategies in C with .NET Core.

Creational Patterns

Creational patterns focus on object creation mechanisms, aiming to create objects in a manner
suitable to the situation.

Published by: www.syzygyacoustics.com Page 1 of 29



SERVICE:A NAVY SEAL AT WAR File PDF Vol. 2021, Issue 2

Singleton Pattern

Purpose: Ensures a class has only one instance and provides a global point of access to it.

Implementation in C:

```csharp

public sealed class Singleton

{

private static readonly Lazy _instance = new Lazy(() => new Singleton());

private Singleton()

{

// Private constructor to prevent instantiation

}

public static Singleton Instance => _instance.Value;

public void DoWork()

{

Console.WriteLine("Singleton instance working...");

}

}

```

Usage:

```csharp

var singleton = Singleton.Instance;
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singleton.DoWork();

```

Factory Method Pattern

Purpose: Defines an interface for creating an object but lets subclasses decide which class to
instantiate.

Implementation in C:

```csharp

// Product interface

public interface IProduct

{

void Operate();

}

// Concrete Products

public class ProductA : IProduct

{

public void Operate()

{

Console.WriteLine("Product A operation");

}

}

public class ProductB : IProduct
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{

public void Operate()

{

Console.WriteLine("Product B operation");

}

}

// Creator abstract class

public abstract class Creator

{

public abstract IProduct FactoryMethod();

public void Render()

{

var product = FactoryMethod();

product.Operate();

}

}

// Concrete Creators

public class CreatorA : Creator

{

public override IProduct FactoryMethod()

{
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return new ProductA();

}

}

public class CreatorB : Creator

{

public override IProduct FactoryMethod()

{

return new ProductB();

}

}

```

Usage:

```csharp

Creator creator = new CreatorA();

creator.Render();

creator = new CreatorB();

creator.Render();

```

Structural Patterns

Structural patterns ease the design by identifying a simple way to realize relationships among
entities.
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Adapter Pattern

Purpose: Converts the interface of a class into another interface clients expect. Adapter lets classes
work together that couldn't otherwise because of incompatible interfaces.

Implementation in C:

```csharp

// Existing interface

public interface ITarget

{

void Request();

}

// Existing class

public class Adaptee

{

public void SpecificRequest()

{

Console.WriteLine("Called SpecificRequest");

}

}

// Adapter class

public class Adapter : ITarget

{
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private readonly Adaptee _adaptee;

public Adapter(Adaptee adaptee)

{

_adaptee = adaptee;

}

public void Request()

{

_adaptee.SpecificRequest();

}

}

```

Usage:

```csharp

Adaptee adaptee = new Adaptee();

ITarget target = new Adapter(adaptee);

target.Request();

```

Decorator Pattern

Purpose: Attaches additional responsibilities to an object dynamically. Decorators provide a flexible
alternative to subclassing for extending functionality.

Implementation in C:
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```csharp

// Component interface

public interface IComponent

{

void Operation();

}

// Concrete component

public class ConcreteComponent : IComponent

{

public void Operation()

{

Console.WriteLine("ConcreteComponent Operation");

}

}

// Decorator base class

public abstract class Decorator : IComponent

{

protected readonly IComponent _component;

protected Decorator(IComponent component)

{

_component = component;
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}

public virtual void Operation()

{

_component.Operation();

}

}

// Concrete decorator

public class ConcreteDecoratorA : Decorator

{

public ConcreteDecoratorA(IComponent component) : base(component) { }

public override void Operation()

{

base.Operation();

AddBehavior();

}

private void AddBehavior()

{

Console.WriteLine("Decorator A adds behavior");

}

}

```
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Usage:

```csharp

IComponent component = new ConcreteComponent();

component = new ConcreteDecoratorA(component);

component.Operation();

```

Behavioral Patterns

Behavioral patterns are concerned with algorithms and the assignment of responsibilities between
objects.

Observer Pattern

Purpose: Defines a one-to-many dependency between objects so that when one object changes
state, all its dependents are notified and updated automatically.

Implementation in C:

```csharp

// Subject interface

public interface ISubject

{

void Attach(IObserver observer);

void Detach(IObserver observer);

void Notify();

}

// Observer interface
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public interface IObserver

{

void Update(string message);

}

// Concrete Subject

public class NewsAgency : ISubject

{

private readonly List _observers = new();

public void Attach(IObserver observer)

{

_observers.Add(observer);

}

public void Detach(IObserver observer)

{

_observers.Remove(observer);

}

public void Notify()

{

foreach (var observer in _observers)

{

observer.Update("Breaking news!");
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}

}

}

// Concrete Observer

public class Subscriber : IObserver

{

private readonly string _name;

public Subscriber(string name)

{

_name = name;

}

public void Update(string message)

{

Console.WriteLine($"{_name} received message: {message}");

}

}

```

Usage:

```csharp

var agency = new NewsAgency();

var subscriber1 = new Subscriber("Alice");
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var subscriber2 = new Subscriber("Bob");

agency.Attach(subscriber1);

agency.Attach(subscriber2);

agency.Notify();

// Output:

// Alice received message: Breaking news!

// Bob received message: Breaking news!

```

Implementing Design Patterns in .NET Core Applications

Applying design patterns in .NET Core projects enhances the architecture's robustness. Below are
some practical tips and common use cases.

Dependency Injection with Singleton Pattern

.NET Core has built-in support for Dependency Injection (DI). The Singleton pattern can be
implemented using DI lifetimes.

```csharp

public void ConfigureServices(IServiceCollection services)

{

services.AddSingleton();

}

```

Advantages: Ensures a single instance across the application without manual singleton
implementation.
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Using Factory Pattern for Service Creation

Factories can dynamically instantiate services based on configuration or runtime data, improving
flexibility.

```csharp

public interface IService

{

void Execute();

}

public class ServiceA : IService

{

public void Execute() => Console.WriteLine("ServiceA executed");

}

public class ServiceB : IService

{

public void Execute() => Console.WriteLine("ServiceB executed");

}

// Factory

public static class ServiceFactory

{

public static IService CreateService(string type)

{
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return type switch

{

"A" => new ServiceA(),

"B" => new ServiceB(),

_ => throw new ArgumentException("Invalid service type")

};

}

}

```

Best Practices for Using Design Patterns in C and .NET Core

- Start Simple: Use only the patterns that add clear value to your project.
- Understand the Problem: Choose a pattern that fits the specific problem you are solving.
- Leverage Framework Features: Utilize built-in DI, middleware, and other features in .NET Core.
- Maintain Readability: Avoid overcomplicating code with unnecessary patterns.
- Refactor as Needed: Continuously evaluate and refactor your code to incorporate patterns

where beneficial.

Conclusion

Mastering hands-on design patterns with C and .NET Core can significantly improve your ability to
build robust, scalable, and maintainable applications. Whether you're implementing creational
patterns like Singleton and Factory, structural patterns such as Adapter and Decorator, or behavioral
patterns like Observer, understanding their practical applications is vital. By integrating these
patterns into your development workflow, you can write cleaner code, reduce bugs, and create
software that stands the test of
 
Hands-On Design Patterns with C and .NET Core: An Expert Guide

In the rapidly evolving landscape of software development, writing clean, maintainable, and scalable
code is paramount. Design patterns are proven solutions to common problems faced by developers,
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providing a blueprint for designing robust software architecture. As the industry gravitates towards
modern frameworks like C and .NET Core, understanding how to practically implement these
patterns becomes essential for both seasoned developers and newcomers alike.

This article delves into hands-on application of design patterns within the C and .NET Core
environment, offering an in-depth exploration of core patterns, their implementation strategies, and
real-world examples. Whether you?re building enterprise-grade applications or small-scale services,
mastering these patterns will elevate your coding practices and project architecture.

Why Design Patterns Matter in C and .NET Core Development

Design patterns serve as a common language among developers, facilitating clearer communication
and more predictable code structures. When working with C and .NET Core, which promote
modularity, dependency injection, and asynchronous programming, design patterns help in:

- Enhancing Code Reusability: Reusable templates reduce duplication.
- Improving Maintainability: Clear, well-structured code is easier to modify.
- Facilitating Testability: Patterns such as Dependency Injection make unit testing straightforward.
- Supporting Scalability: Well-designed patterns prepare applications for growth.

.NET Core?s flexible architecture, including its support for dependency injection, middleware
pipelines, and cross-platform capabilities, complements the implementation of various design
patterns, making them more effective and easier to adopt.

Core Design Patterns and Their Practical Implementation

Below, we explore some of the most influential design patterns?creational, structural, and
behavioral?focusing on their practical implementation in C and .NET Core.

Creational Patterns

Creational patterns abstract the instantiation process, making a system independent of how objects
are created, composed, and represented.

- Singleton Pattern

Purpose: Ensure a class has only one instance throughout the application lifecycle, providing a
global point of access.
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Implementation in C:

```csharp

public sealed class Singleton

{

private static readonly Lazy _instance = new Lazy(() => new Singleton());

// Private constructor prevents instantiation

private Singleton() { }

public static Singleton Instance => _instance.Value;

public void DoWork()

{

// Implementation code here

}

}

```

Usage in .NET Core:

Singletons are commonly registered in the DI container:

```csharp

services.AddSingleton();

```

This ensures that the same instance is used across the application, aligning with the singleton
pattern.
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- Factory Method Pattern

Purpose: Define an interface for creating an object but let subclasses decide which class to
instantiate.

Example Scenario: Creating different types of database connections based on configuration.

Implementation:

```csharp

public interface IConnection

{

void Connect();

}

public class SqlConnection : IConnection

{

public void Connect()

{

// SQL connection logic

}

}

public class NoSqlConnection : IConnection

{

public void Connect()

{
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// NoSQL connection logic

}

}

public abstract class ConnectionFactory

{

public abstract IConnection CreateConnection();

}

public class SqlConnectionFactory : ConnectionFactory

{

public override IConnection CreateConnection()

{

return new SqlConnection();

}

}

public class NoSqlConnectionFactory : ConnectionFactory

{

public override IConnection CreateConnection()

{

return new NoSqlConnection();

}

}
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```

In Practice:

Factories can be injected into services, enabling flexible and testable object creation.

Structural Patterns

Structural patterns simplify the design by identifying a simple way to realize relationships among
entities.

- Adapter Pattern

Purpose: Convert the interface of a class into another interface clients expect, enabling incompatible
interfaces to work together.

Scenario: Integrating a legacy logging system with a modern application.

Implementation:

```csharp

// Target interface

public interface ILogger

{

void Log(string message);

}

// Existing incompatible class

public class LegacyLogger

{

public void WriteLog(string msg)
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{

// Legacy logging implementation

}

}

// Adapter class

public class LoggerAdapter : ILogger

{

private readonly LegacyLogger _legacyLogger;

public LoggerAdapter(LegacyLogger legacyLogger)

{

_legacyLogger = legacyLogger;

}

public void Log(string message)

{

_legacyLogger.WriteLog(message);

}

}

```

Usage:

This pattern allows integrating legacy systems seamlessly without modifying existing code.
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- Decorator Pattern

Purpose: Attach additional responsibilities to an object dynamically.

Example: Adding logging, validation, or caching behaviors to services.

Implementation:

```csharp

public interface IService

{

void PerformOperation();

}

public class BasicService : IService

{

public void PerformOperation()

{

// Core operation

}

}

public class LoggingDecorator : IService

{

private readonly IService _innerService;

public LoggingDecorator(IService innerService)

{
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_innerService = innerService;

}

public void PerformOperation()

{

Console.WriteLine("Operation started.");

_innerService.PerformOperation();

Console.WriteLine("Operation completed.");

}

}

```

In Practice:

Using decorators promotes open/closed principle adherence, allowing behaviors to be extended
without modifying existing code.

Behavioral Patterns

Behavioral patterns focus on communication between objects and the assignment of responsibilities.

- Strategy Pattern

Purpose: Define a family of algorithms, encapsulate each one, and make them interchangeable.

Scenario: Implementing different sorting algorithms or payment methods.

Implementation:

```csharp

public interface IPaymentStrategy

Published by: www.syzygyacoustics.com Page 23 of 29



SERVICE:A NAVY SEAL AT WAR File PDF Vol. 2021, Issue 2

{

void Pay(decimal amount);

}

public class CreditCardPayment : IPaymentStrategy

{

public void Pay(decimal amount)

{

// Credit card payment logic

}

}

public class PayPalPayment : IPaymentStrategy

{

public void Pay(decimal amount)

{

// PayPal payment logic

}

}

public class ShoppingCart

{

private readonly IPaymentStrategy _paymentStrategy;

public ShoppingCart(IPaymentStrategy paymentStrategy)
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{

_paymentStrategy = paymentStrategy;

}

public void Checkout(decimal amount)

{

_paymentStrategy.Pay(amount);

}

}

```

Usage in .NET Core:

Inject different strategies based on user choice, enabling flexible payment processing.

- Observer Pattern

Purpose: Define a one-to-many dependency, so when one object changes state, all its dependents
are notified.

Scenario: Implementing event-driven systems, such as notification services.

Implementation:

```csharp

public interface IObserver

{

void Update(string message);

}
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public interface ISubject

{

void RegisterObserver(IObserver observer);

void RemoveObserver(IObserver observer);

void NotifyObservers(string message);

}

public class NotificationService : ISubject

{

private readonly List _observers = new List();

public void RegisterObserver(IObserver observer)

{

_observers.Add(observer);

}

public void RemoveObserver(IObserver observer)

{

_observers.Remove(observer);

}

public void NotifyObservers(string message)

{

foreach (var observer in _observers)

{
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observer.Update(message);

}

}

}

```

In Practice:

Implementing observer pattern enhances decoupling and promotes event-driven architecture.

Integrating Design Patterns with .NET Core Features

.NET Core naturally supports many design patterns through its features, such as:

- Dependency Injection (DI): Facilitates patterns like Singleton, Factory, and Strategy.
- Middleware Pipeline: Implements Chain of Responsibility (e.g., request processing).
- Configuration and Options Pattern: Supports the Abstract Factory pattern.
- Logging and Eventing: Aligns with Observer and Decorator patterns.

By leveraging these features, developers can implement design patterns more efficiently and
effectively, resulting in systems that are easier to extend and maintain.

Best Practices for Applying Design Patterns in C/.NET Core

While design patterns are powerful, they should be applied judiciously. Here are some best
practices:

- Understand the Problem Deeply: Choose patterns that genuinely solve your problem.
- Keep It Simple: Avoid over-engineering; use patterns only when they add value.
- Leverage Framework Features: Use .NET Core DI, middleware, and configuration facilities to

implement patterns more naturally.
- Write Testable Code: Patterns like Dependency Injection facilitate unit testing.
- Document Your Patterns: Maintain clarity by documenting pattern usage for team

understanding.
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Conclusion: Mastering Patterns for Modern Development

Incorporating design patterns into your C and .NET Core projects is more than a theoretical
exercise?it?s a practical necessity for building scalable, maintainable, and robust applications. By
understanding and applying patterns such as Singleton, Factory, Adapter, Decorator, Strategy, and
Observer, developers can craft architecture that is both flexible and resilient.

Hands-on experimentation, combined with leveraging the rich features of .NET Core, empowers
developers to adopt these patterns seamlessly into their workflows. As the software landscape
continues to evolve, mastery of design patterns remains an invaluable skill?one that ensures your
codebase can adapt to future challenges with confidence.

Embark on your journey to expert-level design pattern implementation today, and
 

 QuestionAnswer What are the key benefits of using design patterns in C and .NET Core
development? Design patterns promote code reusability, improve maintainability, facilitate
communication among developers, and provide proven solutions to common software design
problems, enhancing overall software quality in C and .NET Core projects. How can I implement the
Singleton pattern in C .NET Core? You can implement the Singleton pattern in C by creating a class
with a private static instance, a private constructor, and a public static property or method that
returns the single instance, ensuring thread safety with techniques like 'Lazy' or 'lock'. What is the
difference between Factory Method and Abstract Factory patterns in C? The Factory Method pattern
defines an interface for creating an object but lets subclasses decide which class to instantiate,
promoting flexibility. The Abstract Factory pattern provides an interface for creating families of
related objects without specifying their concrete classes, useful for creating themed or compatible
object groups. How do Dependency Injection and design patterns intersect in .NET Core?
Dependency Injection (DI) in .NET Core simplifies the implementation of design patterns like
Singleton, Factory, and Repository by managing object lifetimes and dependencies, leading to more
testable, modular, and maintainable code. Can you demonstrate the use of the Observer pattern in
C .NET Core? Yes, in C .NET Core, the Observer pattern can be implemented using events and
delegates, where subjects notify registered observers about state changes, enabling a decoupled
communication mechanism. What is the role of the Strategy pattern in designing flexible C
applications? The Strategy pattern allows selecting algorithms or behaviors at runtime by defining a
family of algorithms, encapsulating each one, and making them interchangeable, which enhances
flexibility and adheres to the open/closed principle. How can I apply the Repository pattern in
ASP.NET Core projects? The Repository pattern abstracts data access logic, providing a clean API
for data operations. In ASP.NET Core, it can be implemented with interfaces and classes that
interact with Entity Framework Core, promoting testability and separation of concerns. What are
common pitfalls to avoid when implementing design patterns in C? Common pitfalls include
overusing patterns where simpler solutions suffice, creating unnecessary complexity, not adhering to
SOLID principles, and neglecting thread safety and performance considerations, which can lead to
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maintenance challenges. How do design patterns improve testability in C and .NET Core
applications? Design patterns promote decoupling of components, making it easier to isolate parts
of the code for unit testing. Patterns like Dependency Injection and interfaces allow for mocking
dependencies, leading to more reliable and maintainable tests. 
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