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Preface

For any .NET developer or C# programmer looking to build reliable, modern web applications using the latest advancements in the .NET platform, this book is an absolute must-have. Through practical scenarios, this book provides clear, step-by-step guidance, covering everything from the fundamentals of C# and .NET 9 to robust backend services and responsive desktop clients.

As you read, you will learn to set up development environment on Windows, build console applications, and advance to ASP.NET Core Web APIs. The book uses real-world examples to illuminate every concept, so you can learn debugging, troubleshooting, and the principles behind well-structured code. You will learn to work with SQL Server Express and integrate database operations seamlessly using Entity Framework Core. It also thoroughly covers the design of RESTful web APIs, dependency injection, and decoupled architectures, as well as the essentials of MVVM and WPF for creating user-friendly desktop clients. With each step, you will connect these clients to your Web API, manage data exchanges, handle errors, and implement essential features such as logging and health checks.

Each chapter is designed to develop practical skills, with each topic closely linked to professional software development practices. You won't find any shortcuts or hype here. It's just practical knowledge and tools to help you develop, deploy, and maintain modern .NET web applications with confidence.

In this book you will learn to:


	
Explore the structure, build and the execution of .NET 9 applications using SDK, CLI, and runtime model. 

	
Translate problem statements into working C# logic using console apps and control flow. 

	
Acquire debugging skills using breakpoints, call stacks, logging, and exception analysis. 

	
Design clean ASP.NET Core Web APIs with routing, controllers, status codes, and validation. 

	
Workaround dependency injection and interfaces. 

	
Work directly with SQL Server and learn to enforce data integrity. 

	
Use Entity Framework Core for mappings, migrations, querying, and change tracking. 

	
Built backend with clear separation between controllers, services, and repositories. 

	
Implement WPF MVVM client with a Web API and staying synchronized with server state. 

	Publish, configure, monitor, and operate .NET applications in real environments.






Prologue

When I started working with .NET, I didn't start with code. I started with a problem that wouldn't go away. At the start of my career, I was responsible for maintaining an application that seemed to break in new and surprising ways every week. At the time, I didn't know a lot about software frameworks, and the depth of the .NET ecosystem was pretty intimidating. It was late when I first opened a C# file and started to explore. The syntax was sharp, the libraries were powerful, and the way .NET handled memory and structure felt like learning a new dialect of a language I already loved. With every line, I realized how much potential the .NET platform had. I wanted to not only fix problems, but also design software that could predict and prevent them. I wanted it to be strong, easy to test, and simple to understand.

I still remember my first experience building a console application. There wasn't a fancy user interface, just input and output, but you could see every success right away and every mistake was obvious. That simple app was just a to-do list, but it taught me a lot. Each task I added and removed reflected a real change in state, and it became clear that the code could be as dynamic as the people who used it. I was able to debug my own logic, watch how the flow moved through conditions and loops, and develop a sense of confidence and curiosity. The idea that every piece of software, no matter how big, could be understood by breaking it into these basic parts guided my learning from then on.

While getting more into .NET, I found the elegance of web APIs and the power of decoupling code through dependency injection. The move from console apps to service-oriented design felt natural and almost unavoidable. I saw how .NET made it possible to build systems that could grow, scale, and remain maintainable long after their first release. Integrating databases with Entity Framework, mapping data models, and enforcing business rules taught me that every solid application starts with thoughtful architecture. All the mistakes I made in the first part of my software development career, like hard-coded values, sprawling classes, and tangled dependencies, suddenly they all became lessons that shaped my approach to design.

And then the world of desktop clients called to my attention. The combination of XAML and C# in WPF created new ways to interact with data, and the MVVM pattern made complex user experiences clearer. The process of connecting a WPF client to a live Web API, handling real-time updates, and managing state was challenging, but rewarding. Each obstacle made it clear that loose coupling, clear contracts, and a disciplined approach to error handling are essential. I saw how good design kept systems resilient, not just in code but in the way users perceived and trusted the software. With every new version, from the days of .NET Framework through .NET Core and into .NET 9, I've found new ways to learn and improve my skills. The new language features, better tools, and a solid group of developers made me feel like I was building for more than just myself, but for a community of people who also care about quality.

If I had this book when I started, it would've been a huge help. I'd love to see a book that's got a practical, interactive walk from the basics to the advanced stuff, with real code and real applications at every step. Think of it as a record of problems encountered, lessons learned, and ideas made tangible. Even if you're just starting out with .NET or want to level up your skills for today's web development challenges, grab a seat, and let's dive in! Each chapter is designed to leave you with the answers and the confidence to tackle whatever challenges come your way.
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Prerequisites

No matter if you're just starting out with .NET or want to level up your skills for today's web development challenges, this book is the perfect guide to shape your needs and the career too.

Codes Usage

Are you in need of some helpful code examples to assist you in your programming and documentation? Look no further! Our book offers a wealth of supplemental material, including code examples and exercises.

Not only is this book here to aid you in getting your job done, but you have our permission to use the example code in your programs and documentation. However, please note that if you are reproducing a significant portion of the code, we do require you to contact us for permission.

But don't worry, using several chunks of code from this book in your program or answering a question by citing our book and quoting example code does not require permission. But if you do choose to give credit, an attribution typically includes the title, author, publisher, and ISBN. For example, ".NET 9 for Web Developers by Labio Cruz".


If you are unsure whether your intended use of the code examples falls under fair use or the permissions outlined above, please do not hesitate to reach out to us at support@gitforgits.com. 


We are happy to assist and clarify any concerns.

Chapter 1: .NET 9, Tools and Sample App

Overview

The goal of this chapter is to set up our working environment for .NET 9 development on Windows and lay the foundation for everything that follows. In this chapter, we'll dive into what the .NET 9 SDK brings to our development toolkit and break down the differences between it and the runtime. It'll teach us to confirm which SDK and runtimes are on the machine and how the target framework of a project affects the code we write and run. We'll move hands-on by creating and building a minimal console project, running it, and introducing a small error so we can see how .NET surfaces problems and how to resolve them.

After that, you'll learn to set Visual Studio Code as our main editor, so it's all set for code completion, navigation, and debugging. You'll also learn to customize it for a smoother workflow. To wrap things up, you'll get to check out our Trackr sample app and see how it's put together. It's got a Web API backend, SQL Server Express database, and a WPF MVVM desktop client. Once you're done with this chapter, you'll be all set to start building and growing real .NET 9 applications. You'll have the right tools and mindset.


Understanding .NET 9, SDKs, and Runtimes

.NET 9 is a solid foundation for building all sorts of applications, from modern ones to console utilities, desktop GUIs, APIs, and even cloud and enterprise-level microservices. And Microsoft has positioned .NET as a "one platform, many workloads" ecosystem. The promise is simple, really. It's that we can code in C# (or F# or Visual Basic), share libraries across projects, and expect that our work will run efficiently on Windows, in the cloud, or on user desktops. To really use .NET 9 well, we need to understand several things, like what happens when we install the .NET 9 SDK, how it differs from the runtime, and how these elements come together to power our project files and build process.

For now, we're sticking with Windows as our go-to environment. All CLI instructions and outputs will use Windows Terminal as the shell, so there's no confusion about where to type commands or what prompts should look like.

Familiarize with .NET 9 SDK

The SDK is our developer toolbox. When we download and install the .NET 9 SDK on Windows, we are not just receiving a compiler, rather we are also receiving a carefully organized kit that allows us to do every part of development, from “new project” all the way to deployment.

Our SDK generally includes:


●       The compilers for C#, F#, and Visual Basic, which translate our source code into IL (Intermediate Language) for the .NET runtime.



●       The entire .NET CLI, surfaced as the dotnet command, which manages building, running, testing, publishing, and even creating new projects from templates.



●       All the core runtimes that match the SDK’s version, .NET 9’s runtime, the ASP.NET Core runtime for building web APIs and sites, and the Windows Desktop runtime, so we can build WPF or Windows Forms apps out of the box.



●       Templates for quickly starting common project types: console, web API, class library, test, and desktop applications.



●       The default set of .NET libraries (sometimes called the Base Class Library or BCL), which brings in features like file handling, networking, collections, cryptography, threading, XML/JSON parsing, and much more.


Now, once the SDK is installed, our Windows machine is fully prepared to build and run any application that targets .NET 9. We can spin up a new project, build it, test it, and publish it for use on another Windows system that has at least the correct runtime.

SDK vs Runtime


This distinction trips up even some experienced developers. The SDK is for development, while the runtime is for running compiled applications. I will tell we what this means on our system:



●       If we have only the runtime installed, we can execute .NET apps that were built elsewhere, but we cannot compile new code or generate new projects.



●       If we have the SDK installed, we get everything in the runtime plus the full suite of developer tools.


The runtime itself includes only those components that allow a .NET application to execute, memory management, garbage collection, JIT (just-in-time) compilation, and support libraries required at execution time. The SDK, on the other hand, is the superset, which brings the runtime plus compilers, CLI, and templates.

You may think of SDK as the full kitchen and the runtime as just the oven. We need the kitchen to bake something new; whereas someone else may only desire to have the oven to heat up what we prepared.


SO, if we attempt to use a development command such as dotnet new or dotnet build on a system that has only the runtime, we will see errors saying the SDK is missing. On a machine with the SDK installed, both development and execution are possible.


Target Frameworks


Every .NET project on Windows uses a project file with the .csproj extension to tell the SDK what it wants to target. And, within this file, there is a property called TargetFramework that defines which version of the .NET runtime our application is built against. In our book, we will consistently use:




<PropertyGroup> 



  <TargetFramework>net9.0</TargetFramework> 



</PropertyGroup> 




This declaration tells the SDK that when we build our project, it should reference .NET 9’s libraries and APIs, and the output should be expected to run on the .NET 9 runtime. If we accidentally set this to a version that is not installed on our machine, builds will fail, or the application will not launch until the correct runtime is present.

The developers who build libraries for use in more than one runtime can specify multiple frameworks:



<PropertyGroup> 



  <TargetFrameworks>net9.0;net8.0</TargetFrameworks> 



</PropertyGroup> 




This will tell the SDK to build the project for both .NET 9 and .NET 8. Each output is compiled for its respective runtime, which is helpful for producing NuGet packages or libraries with broad compatibility.

Exploring .NET CLI on Windows


We focus now on the .NET CLI, which is central to our workflow. After installing the SDK, we then try to gain access to the dotnet command everywhere on Windows through Windows Terminal.


The .NET CLI is responsible for:


●       Creating new projects (dotnet new)



●       Restoring dependencies (dotnet restore)



●       Building projects (dotnet build)



●       Running apps (dotnet run)



●       Publishing for deployment (dotnet publish)



●       Running unit tests (dotnet test)


So here, whenever we type a dotnet command, the CLI looks for the appropriate SDK to service the request. If our project targets net9.0, it seeks out the .NET 9 SDK and runtime. The CLI will always prefer the highest installed version that matches the target, unless a specific configuration or global.json file directs it otherwise.

Using Windows Terminal to Inspect Installs

Now next is, that we learn to confirm our environment. Now before we proceed, and as said previously, we need to make a note that we will be using Windows Terminal as our default CLI throughout the entire book, since it provides an excellent tabbed interface, unicode support, and integrates smoothly with modern Windows.

So, let us begin. To inspect our .NET installation, we will open the terminal and type:


dotnet --info 


This command outputs detailed information about the .NET environment. Given below is a sample of what we might see:



.NET SDK (reflecting any global.json): 



Version:   9.0.100 



Commit:    62be57b3ab 



Runtime Environment: 



OS Name:     Windows 



OS Version:  10.0.22621 



OS Platform: Windows 



RID:         win10-x64 



Base Path:   C:\Program Files\dotnet\sdk\9.0.100\ 



Host: 



  Version:      9.0.0 



  Architecture: x64 



  Commit:       f5718f35ae 



.NET SDKs installed: 



  9.0.100 [C:\Program Files\dotnet\sdk] 



  8.0.200 [C:\Program Files\dotnet\sdk] 



.NET runtimes installed: 



  Microsoft.NETCore.App 9.0.0 [C:\Program Files\dotnet\shared\Microsoft.NETCore.App] 



  Microsoft.AspNetCore.App 9.0.0 [C:\Program Files\dotnet\shared\Microsoft.AspNetCore.App] 



  Microsoft.WindowsDesktop.App 9.0.0 [C:\Program Files\dotnet\shared\Microsoft.WindowsDesktop.App] 




This output confirms:


●       The active SDK version is 9.0.100;



●       All SDKs available on the machine;



●       The OS and platform (always useful to confirm if running on Windows and the architecture is correct); and



●       Every installed runtime and the directories they are loaded from


If we do not see the target SDK or runtime in the list, then the installation is incomplete or the system path is misconfigured.

Interpreting Output


This diagnostic output is more like a map to our .NET environment. If we are about to clone a project from source control and it targets net9.0, then seeing the Microsoft.NETCore.App 9.0.0 and 9.0.100 in the SDKs installed means our machine is fully ready. If our project targets net8.0, but we only see net9.0 listed, we know a quick SDK or runtime install may be needed.



So whenever troubleshooting, we must always try to start by running dotnet --info in the terminal. If a build or run fails due to missing components, this output shows exactly what is available. If a deployment fails on a server, comparing dotnet --info from the development machine and the server will help identify version mismatches immediately.



When we build a project, the SDK compiles our source against the target framework declared in the .csproj file. The build process checks the machine for an appropriate SDK and runtime. If the SDK is present, building and running the application locally is seamless. When we publish and deploy, the application expects the same or compatible runtime to be available on the target system. The overall project file serves as a contract, since it tells the SDK what the project expects, and it is up to us to make sure the environment matches.



Verifying Development Environment

Now, before we dive into any real-world development, I rather recommend to confirm that our setup works from end to end. And, we can do this by creating the simplest possible .NET project, a blank console app, building it, running it, and observing both success and deliberate failure. If we do this, it will show us that the environment is ready, and on top of it, it also shows what healthy and unhealthy feedback looks like from .NET and our IDE.

Creating Console Project

We begin by opening the windows terminal. To start with, we create a new folder by typing:



mkdir DotnetLearning 



cd DotnetLearning 




Next, we then create a new console project targeting .NET 9 by running:


dotnet new console -n MinimalConsole 


Here,


●       dotnet new console creates a new C# console application from the default template.



●       -n MinimalConsole specifies the project name and creates a folder named MinimalConsole in the current directory.


Next, we then move into the project directory:


cd MinimalConsole 



If we look inside this folder, we will find a file named Program.cs and a project file called MinimalConsole.csproj. This is the default skeleton for every .NET console app.


Building Console App

Now here, we want to make sure the code compiles and the SDK is functioning as expected. For this, we will build the project by running the following command:


dotnet build 


If everything is healthy, the output in the terminal will look like the following:



Determining projects to restore... 



  Restored C:\Users\YourName\DotnetLearning\MinimalConsole\MinimalConsole.csproj (in 120 ms). 



  MinimalConsole -> C:\Users\YourName\DotnetLearning\MinimalConsole\bin\Debug\net9.0\MinimalConsole.dll 



Build succeeded. 



    0 Warning(s) 



    0 Error(s) 



Time Elapsed 00:00:01.23 




In the above output, the key messages here are “Build succeeded.” and “0 Error(s)”. as it tells us that the .NET 9 SDK is active and working correctly.

Running Console App

To execute the newly built console application, type:


dotnet run 


This command compiles the application, launches it immediately and the template project prints “Hello, World!” to the terminal as following:


Hello, World! 


If there were errors in the build or run steps, .NET would display clear error messages, usually with file names and line numbers.
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