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Preface


C++ has long been regarded as one of the most powerful and demanding programming languages in existence. It gives developers direct control over memory, performance, and system resources, making it the language of choice for operating systems, game engines, embedded systems, real-time applications, and high-performance computing. That power comes with complexity, and learning C++ has traditionally required significant time, discipline, and access to good guidance.

This book was written at a moment when the way developers learn and write codes was undergoing a transformation. AI tools such as GitHub Copilot and ChatGPT have become genuine participants in the development process. They can generate boilerplate, explain compiler errors, suggest refactoring strategies, and help a learner get unstuck in seconds. Used well, they accelerate learning and reduce the friction that causes many beginners to abandon C++ before they reach its most rewarding features.

Used poorly, however, they can mislead. Thus, AI tools generate plausible-sounding codes that compile but behave incorrectly, references APIs that do not exist, and omits safety considerations that an experienced engineer would never overlook. A developer who cannot read and reason about C++ code critically is not equipped to evaluate what an AI tool produces.

This book addresses both sides of that reality. It teaches C++ from the ground up and at every stage shows how AI tools can assist with that learning, and equally importantly, where their output must be treated with skepticism and verified carefully. The book is structured across 15 chapters as follows.

Chapter 1: Getting Started with C++ and AI Tools establishes the development environment primarily on Linux using Visual Studio Code and the g++ compiler. Guidance is also provided for setting up a comparable environment on Windows, and minimal pointers are given for macOS. It introduces the first C++ program, explains the compilation pipeline from source to executable, and surveys the AI tools used throughout the book, including GitHub Copilot and ChatGPT, along with an honest discussion of their capabilities and limitations.

Chapter 2: Understanding C++ Basics builds the essential foundation of the language. It covers fundamental data types, variables, constants, type conversions, scope, memory layout, and the key stages of compilation. It also introduces the tools used to inspect and understand program behavior at the binary level.

Chapter 3: Control Flow and Logical Thinking covers the decision-making and looping constructs that give a program its logic: if-else, switch, while, do-while, for, and range-based for. The chapter demonstrates how AI tools can generate and debug control flow logic, and examines the common mistakes beginners make with loops and conditionals.

Chapter 4: Functions, Scope, and Modularization introduces the function as the primary unit of code organization in C++. It explains parameter passing by value, reference, and pointer; function overloading; default arguments; inline functions; recursion, and the separation of declaration from definition across header and source files. A unit converter project consolidates these concepts in a practical context.

Chapter 5: Arrays, Strings, and STL Vectors moves from scalar values to collections of data. It covers C-style arrays, C-style strings, std::string, std::array, and std::vector, explaining memory layout, traversal, bounds checking, and the use of standard algorithms. The chapter demonstrates how AI tools approach array and string manipulation, and where their suggestions require careful review.

Chapter 6: Object-Oriented Programming in C++ with AI Assistance introduces the class as the cornerstone of C++ design. It covers encapsulation, constructors, destructors, the member initializer list, copy construction and assignment, the Rule of Three, operator overloading, static members, const member functions, inheritance, and the explicit keyword. A zoo management simulator brings these concepts together in a worked mini-project.

Chapter 7: Pointers and Memory Management addresses one of the most distinctive and demanding aspects of C++. It covers raw pointers, pointer arithmetic, dynamic memory allocation, common memory errors, including leaks and dangling pointers, and the RAII principle. It then introduces modern smart pointers: std::unique_ptr, std::shared_ptr, and std::weak_ptr, explaining ownership semantics and when to use each.

Chapter 8: Inheritance and Polymorphism extends the object-oriented model to cover the derived classes, virtual functions, abstract classes and interfaces, runtime polymorphism, object slicing, the diamond problem, and virtual inheritance. A smart home device control system serves as the multi-file project that demonstrates these ideas working together at scale.

Chapter 9: Templates and Exceptions introduces generic programming through function and class templates, template specialization, and compile-time type checking. The second half of the chapter covers exception handling: try, catch, throw, the exception class hierarchy, stack unwinding, std::terminate, and the noexcept specifier.

Chapter 10: Standard Template Library and Generic Programming surveys the STL containers and algorithms that form the backbone of everyday C++ development. It covers std::vector, std::list, std::map, std::unordered_map, std::set, and std::multimap, followed by the key algorithms: std::sort, std::find, std::find_if, std::for_each, and std::transform. Performance trade-offs between containers are discussed throughout.

Chapter 11: Functors, Lambdas, and Move Semantics cover three modern C++ features that significantly improve expressiveness and performance. Functors and stateful callable objects are introduced first, followed by lambda expressions and their capture semantics. The chapter then explains lvalues and rvalues, move constructors, move assignment, std::move, perfect forwarding, and the Rule of Five.

Chapter 12: Multithreading and Concurrency Basics introduces concurrent programming in C++. It covers thread creation and management, data races, mutexes, lock guards, condition variables, std::async, std::future, std::promise, atomic operations, std::jthread, and shared mutexes. The chapter pays particular attention to the pitfalls of concurrent code and the tools available to detect and avoid them.

Chapter 13: Debugging, Testing, and Refactoring with AI Tools addresses the professional discipline of writing correct and maintainable codes. It covers GDB, Valgrind, AddressSanitizer, cppcheck, clang-tidy, strace, and core dump analysis. It then introduces unit testing with GoogleTest, and mocking with GoogleMock. The chapter concludes with a discussion of refactoring strategies, and how AI tools can assist with both debugging and code improvement.

Chapter 14: Debugging Strategies for C++ Engineers steps back from individual tools to discuss the strategic and methodological side of debugging. It covers building a mental model of a system, localizing problems, structured action planning, code browsing with Vim and cscope, search-based debugging with grep, log inspection, historical comparison across releases, version control-based debugging with git bisect and git blame, and visual diff tools.

Chapter 15: Prompt Engineering for C++ Developers examines how to interact effectively with AI tools when writing, reviewing, and refactoring C++ code. It explains the structure of an effective prompt, the different categories of prompt used in C++ development, techniques including step-by-step prompting and iterative refinement, the limitations of AI tools including hallucination and wrong environment assumptions, and common anti-patterns to avoid. A mini-project on behavior-preserving code modernization demonstrates the full prompt engineering workflow in practice.

No prior experience with C++ is assumed, though familiarity with basic programming concepts in any language will help. By the end of the book, the reader will have a solid foundation in modern C++, a practical understanding of how to work with AI tools responsibly, and the critical judgment to know the difference between code that looks correct and code that is correct.
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CHAPTER 1

Getting Started with C++ and AI Tools


Introduction

C++ has long been the backbone of high-performance software, powering operating systems, embedded devices, real-time trading systems, game engines, and mission-critical infrastructure. With its unparalleled control over memory, speed, and resource usage, C++ continues to be an essential skill for systems programmers, embedded engineers, and developers working close to the metal.

Learning C++ is notoriously challenging due to its depth, complex syntax, and nuanced behavior. As Scott Meyers famously put it, C++ is a “federation of four sublanguages”: C, Object-Oriented C++, Template C++, and the STL. Each has its own idioms and pitfalls, which is one reason C++ can feel steep at first. This layered architecture gives C++ immense power, but also contributes to a steep learning curve. Each layer brings its own conventions, traps, and mental models, which can overwhelm both newcomers and experienced developers coming from higher-level languages.

With the rise of generative AI, learning and using C++ can now be far more streamlined. Tools such as ChatGPT, GitHub Copilot, and Amazon Q Developer can suggest efficient, well-structured code, reduce repetitive work, and offer interactive guidance when you are dealing with complex problems.

But AI is a double-edged sword. Its value depends entirely on how responsibly it is used. Without a solid grasp of C++ and its nuances, relying too heavily on AI can lead to shallow understanding, subtle bugs, or dangerous misdesigns, especially in areas such as memory management, concurrency, and type safety.

That is why AI should be seen not as a shortcut but as a way to amplify human understanding. Use AI as a tool that supports and strengthens your work, rather than expecting it to solve all of your coding problems on its own. In the next section, we will outline the key risks before moving on to the benefits, along with how to use these tools without losing craftsmanship or control.

Structure

In this chapter, we will cover the following topics:


	Risks of Using AI in C++ Development

	Compiler and Build System

	Visual Studio Code + GitHub Copilot

	Introducing AI Tools for Development

	Writing Your First C++ Program

	Generating the Same Code with AI Tools

	Reflection: Human versus AI – A First Look

	Best Practices Moving Forward



Risks of Using AI in C++ Development

While AI tools offer remarkable convenience, they also introduce real, and sometimes subtle risks, especially in a language as intricate as C++.


	Lack of Context Awareness: AI tools operate on a limited snapshot of your code and are unaware of the broader architecture. This can lead to suggestions that violate design principles or introduce bugs that are not immediately obvious.

	Overconfidence and Misuse: Beginners may place too much trust in AI-generated code. In C++, this can lead to critical problems such as memory leaks, undefined behavior, incorrect pointer operations, or misuse of templates and exceptions, often without it being immediately obvious that an issue exists.

	Hidden Performance and Memory Costs: AI suggestions often favor clarity over efficiency. Without careful scrutiny, this can result in unnecessary memory allocations, redundant object copies, and performance bottlenecks, especially in performance-critical paths.

	Unmaintainable Codebases: When developers accept large sections of the generated code without understanding it, the team loses visibility and control. Over time, such code becomes hard to debug, profile, or evolve.

	Security and Privacy Concerns: Cloud-based AI tools may pose risks when used with proprietary or sensitive code. Without safeguards, confidential logic or data might inadvertently leave your secure environment.

	No Awareness of Long-Term Impact: AI does not understand your team's design philosophy, scalability goals, or modularization principles. A short-term fix suggested by AI might compromise long-term maintainability.



AI is not a substitute for understanding; it is a powerful assistant that amplifies your expertise. Having addressed the risks, the good news is this: with careful and controlled use, AI can become a transformative ally. Whether it is generating boilerplate code, suggesting architecture, helping with debugging, or performing static analysis, when guided by a technically informed developer, AI can significantly enhance productivity and code quality.

The following section explores how AI, when used responsibly, can become a valuable and trusted part of your development workflow.

Benefits and Responsible Use of AI Tools

Despite the risks, AI can be a powerful companion if used wisely.


	Accelerated Learning: AI tools such as ChatGPT and Copilot can assist learners by explaining syntax, suggesting corrections, and providing contextual examples. This rapid feedback loop helps internalize core C++ concepts more efficiently, especially for beginners.

	Boosted Productivity: Tasks that are verbose or repetitive, such as writing class definitions, setting up build files, or scaffolding unit tests, can be offloaded to AI, allowing developers to focus on core logic, architecture, and optimization.

	Interactive Debugging and Refactoring: AI can suggest improvements, highlight anti-patterns, and offer refactored alternatives. It often surfaces issues developers may overlook, such as redundant logic, unsafe pointer usage, or inefficient data structures.

	Improved Code Hygiene: AI-generated suggestions can reinforce modern C++ idioms and promote best practices, especially when integrated with static analysis tools such as clang-tidy, cppcheck, or sanitizers for runtime safety.

	Augmenting Human Reasoning: AI serves as an idea-generation partner: offering different approaches to a problem, proposing alternative APIs, or even helping reason through template metaprogramming. The final judgment remains with the human, but AI can provide options worth considering.



The key lies in maintaining human agency. AI should not replace critical thinking or architectural understanding; it should assist, suggest, and augment. Like any tool, its value is determined by how effectively it is wielded. For C++, that means learning the language deeply, asking the right questions, and validating every suggestion against performance, correctness, and clarity.

But how do we ensure this balance in practice? How can developers take full advantage of AI without becoming dependent on it or losing sight of the underlying language principles? This brings us to one of the most critical aspects of AI-assisted development, striking the right balance between automation and understanding, between speed and precision, and between convenience and control.

Striking the Balance: Using AI as an Ally, Not a Crutch

To harness the benefits of AI without falling into its pitfalls, developers must treat AI as a collaborator, not a crutch. Responsible usage requires discipline and a deep understanding of the language.

Here is how to achieve that balance:


	Master the Fundamentals First: Deep knowledge of C++, from memory models and type safety to object lifetimes and STL semantics, is essential. AI works best when it complements your expertise, not when it replaces it.

	Use AI for Acceleration, Not Decisions: Let AI speed up mechanical tasks, such as generating boilerplate or templated structures, but make key design and architectural decisions yourself.

	Validate Every Suggestion: Always test, review, and understand the generated code. Use AI to get a second opinion, not to make final judgments.

	Keep Architectural Vision Intact: Ensure that AI-generated code aligns with your naming conventions, coding standards, and long-term design intent.

	Learn through Interaction: Use AI to explore alternative approaches, but engage critically. This iterative partnership not only strengthens your intuition but also deepens your understanding of C++ idioms and mechanics.



So, it is perhaps the call of the hour to explore the role of AI in C++ learning and development, to stay conversant with technological advancements and make the most of them, while being fully aware of their limitations and potential pitfalls. This book takes a balanced and pragmatic approach. It aims to hand-hold the reader, starting with a solid grounding in core C++ concepts and progressively introducing how AI tools can be integrated at every step of the journey.

Think of this not merely as a book on C++ fundamentals, but as your guided entry into the fascinating and fast-evolving world of AI-assisted development. Our goal is to help you master the intricacies of C++ while gradually and responsibly adopting AI to boost productivity, deepen insight, and improve code quality.

This opening chapter lays the groundwork. You will begin by setting up a working C++ development environment, writing your first program, and understanding how the compilation process fits in. From there, we will introduce AI tools, showing how they can help you write, review, and understand code, while also training you to think critically and stay in control.

Setting up the Development Environment

This book is anchored in practical C++ development workflows that combine robust tooling with the power of generative AI. To reflect the diversity of modern development styles, we focus on two primary environments, each designed to support a productive and AI-enhanced workflow:


	Visual Studio Code (VS Code) on Ubuntu 22.04 LTS, paired with GitHub Copilot for real-time, in-editor AI-assisted code suggestions and scaffolding. While our walkthroughs and examples use VS Code on Ubuntu, the same setup applies seamlessly to Windows and macOS as well. VS Code is fully cross-platform and ideal for developers who prefer a graphical interface enhanced by intelligent code assistance.

	Vim on Ubuntu 22.04 LTS, paired with ChatGPT, is suited for those who prefer terminal-based precision. This setup is especially powerful for experienced users, promoting close interaction with code while leveraging conversational AI for conceptual help, debugging insights, and walkthroughs.



Ubuntu 22.04 LTS (Jammy Jellyfish) is our reference platform due to its popularity and long-term support. However, wherever applicable, we provide compatibility notes and alternative setup instructions for Windows and macOS users. C++ is inherently a cross-platform systems language, and this book is written in that same spirit of portability, adaptability, and inclusiveness. So, if you are using a platform other than Ubuntu, you should still be able to follow along with minimal hassle.

Compiler and Build System

To compile and build C++ programs, you need two essential tools:


	g++: The GNU C++ compiler, part of the GNU Compiler Collection (GCC), used to compile source code into executable binaries.

	CMake: A powerful, cross-platform build system that generates platform-specific build files (such as Makefiles or Visual Studio projects) from a standard configuration file (usually CMakeLists.txt).



This setup allows you to write portable, production-quality C++ code and manage larger projects with multiple source files and dependencies. Depending on your operating system, the installation steps will differ slightly. Below are the platform-specific instructions:

Linux (Ubuntu 22.04 LTS and Similar Distributions): Ubuntu 22.04 LTS (Jammy Jellyfish) is the reference platform for this book. You can install both the compiler and CMake using your system’s package manager.

sudo apt update

sudo apt install build-essential cmake

This command installs:


	g++ : the C++ compiler

	make – for building from Makefiles

	cmake – for project configuration

	Standard C++ headers and libraries



To verify that the installation was successful:

g++ --version

cmake --version

macOS (Using Homebrew)

If you are using macOS, install if it is not already installed. Then run:

brew install gcc cmake

Homebrew installs GNU GCC with versioned command names such as g++-14 or similar, while the unversioned g++ command on macOS often points to Apple’s Clang toolchain instead of GNU GCC.

Homebrew installs:


	GNU G++ with a versioned name such as g++-14 or similar

	cmake with all its dependencies



You may need to use the versioned GNU compiler command, such as g++-14, instead of g++, depending on the installed version.

Windows (MinGW and CMake)

On Windows, we recommend using MinGW-w64, which provides a GCC-based compiler toolchain for Windows. Follow these steps:


	Install MinGW-w64: Download from or use the environment, which provides a more UNIX-like shell.

	Add to PATH: After installation, ensure the bin directory of your MinGW installation (for example, C:\mingw-w64\bin) is added to your system’s PATH environment variable.

	Install CMake: Download and install the latest version of CMake from . During installation, choose the option to add CMake to the system PATH.

	Verify Installation: Open Command Prompt or PowerShell and run:



g++ --version

cmake --version

These should print version information confirming successful setup.

Visual Studio Code + GitHub Copilot

We will use Visual Studio Code (VS Code) as the primary graphical editor for this book, paired with GitHub Copilot to demonstrate AI-assisted development in action.

VS Code is a lightweight yet powerful IDE with deep support for C++, extensions, version control, and AI tooling. Copilot provides real-time, in-editor code suggestions, autocompletions, and refactoring help, all driven by natural language and context-aware prompts.

We use Ubuntu 22.04.5 LTS (Jammy Jellyfish) as our reference platform, but the same workflow works across Linux, Windows, and macOS with only minor adjustments.

Installing VS Code on Ubuntu 22.04

Here is a step-by-step guide you can follow to replicate the setup used in this book.

Step 1: Prepare Your System

Update your system and ensure that the basic tools are available:

sudo apt update

sudo apt install wget gpg

Step 2: Import Microsoft’s GPG Key

This step downloads Microsoft’s GPG key and stores it securely so that package signatures can be verified.

wget -qO- https://packages.microsoft.com/keys/microsoft.asc | gpg --dearmor > packages.microsoft.gpg

sudo install -o root -g root -m 644 packages.microsoft.gpg /usr/share/keyrings/

Step 3: Add the VS Code Repository

This step adds the official Microsoft repository, so that you can install and update VS Code through apt.

echo "deb [arch=amd64 signed-by=/usr/share/keyrings/packages.microsoft.gpg] \https://packages.microsoft.com/repos/code stable main" | \sudo tee /etc/apt/sources.list.d/vscode.list

Step 4: Update and Install VS Code

This step refreshes your package list and installs Visual Studio Code from the newly added repository.

sudo apt update

sudo apt install code

Once installed, you can launch VS Code from the terminal:

code .

Setting up GitHub Copilot

When you launch, you will see a dialog titled “Sign in to use GitHub Copilot”, with the following options:


	A prominent blue button labeled “Continue with GitHub”; click this to proceed with authentication using your GitHub account.

	A smaller link labeled “Sign in with a GHE.com account”, intended for enterprise users.

	A “Skip for now” link at the bottom if you wish to defer setup.
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Figure 1.1: GitHub Copilot Sign-in Prompt within Visual Studio Code, Offering Authentication via GitHub to Enable In-Editor AI Coding Assistance

Click Continue with GitHub to proceed. This will redirect you to your browser, and you will see a screen like this:
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Figure 1.2: GitHub Account Authorization Screen for Visual Studio Code, Prompting the User to Confirm Access for Enabling GitHub Copilot Integration

For Existing GitHub Users


	Simply, click the green “Continue” button next to your username (as shown in Figure 1.2).
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Figure 1.3: Authorization Prompt Requesting Permission for Visual Studio Code to Access the User's GitHub Account for Enabling Copilot Features. The Access Includes Read-only User Data, such as Email Address


	If you use two-factor authentication, GitHub may prompt you to enter a code.

	Once authorized, your browser will redirect you back to VS Code. You should now see a prompt to “Set up Copilot” in the welcome tab.
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Figure 1.4: After Successful Authorization, Visual Studio Code Displays a Prompt to Set up GitHub Copilot. This Confirms that Copilot is Active and Ready to Enhance Your Coding Workflow with Real-Time AI Assistance


	Click the Setup Copilot button to enable in-editor AI features such as code suggestions, inline completions, and prompt-based assistance.

	VS Code may take a few seconds to initialize the extension and confirm authentication. After setup completes, you will see a Copilot icon in the status bar (bottom right) or receive a notification confirming that GitHub Copilot is active.

	At this point, Copilot is ready to use, providing inline code suggestions, autocomplete options, and context-aware prompts as you write C++.
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Figure 1.5: Final Confirmation that GitHub Copilot is Active in Visual Studio Code. The Welcome Screen Now Offers the “Chat with Copilot” Button, and the Right Panel Displays Copilot’s Agent Mode, Ready to Respond to Natural Language Instructions and Assist with Coding Tasks across Your Workspace




Troubleshooting: Copilot Setup Stuck on "Getting Copilot Ready…"

Occasionally, during the GitHub Copilot setup in Visual Studio Code, you might encounter an issue where the status bar (bottom left) displays:

"Getting Copilot ready…"

…and never progresses.
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Figure 1.6: “Getting Copilot Ready…” Message Displayed at the Bottom Status Bar, Indicating that GitHub Copilot Setup is Still in Progress. If this Screen Persists, Restarting VS Code or Verifying Your Internet Connection and GitHub Authorization May Help Resolve the Issue

This usually happens due to a temporary failure in completing the OAuth handshake between VS Code and GitHub in your browser.

Restart and Retry

If you get stuck on this screen for more than a couple of minutes, follow these steps:


	Close the VS Code window completely.

	Re-launch Visual Studio Code from your system or terminal:

	Once VS Code restarts, initiate the GitHub Copilot setup again by clicking:
Set up Copilot from the Welcome screen.


	Follow the browser-based GitHub login and authorization prompts.



Other Troubleshooting Steps

If restarting does not resolve the issue, try one or more of the following:


	Reload VS Code Window:
Reload the VS Code window by pressing Ctrl + Shift + P, then typing “Developer: Reload Window” and selecting it from the list.


	Sign out and Sign back into GitHub:
Click the Accounts icon in the bottom-left corner and re-authenticate.


	Uninstall and Reinstall the GitHub Copilot Extension:
Open the Extensions view (Ctrl + Shift + X), search for GitHub Copilot, uninstall, and then reinstall.


	Check Your Internet or Proxy Settings:
Copilot requires open access to GitHub’s API endpoints.


	Test GitHub API Reachability:
Run the following command in your terminal to verify basic connectivity:

ping api.github.com




If none of these work, you may check the VS Code logs (Help → Toggle Developer Tools → Console) or refer to the official GitHub Copilot troubleshooting page for further help.

New to GitHub? Create an Account First

You will need one to use GitHub Copilot. Follow these steps:


	Click “Use a different account”.

	On the next page, select “Create an account”.

	Fill in your email, username, and password.

	Confirm your email via the verification link GitHub sends you.

	Return to VS Code and repeat the "Set up Copilot" process.
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GitHub offers Copilot for free to verified students through the GitHub Student Developer Pack. If you are a student, visit education.github.com and apply with your institutional email. Once verified, you can use Copilot at no cost.

Once authorized, Copilot will be linked to your account and fully integrated with VS Code. Complete the GitHub authentication in your browser.


	You may be asked to authorize VS Code access to your GitHub account.

	If prompted, allow access for GitHub Copilot.



After successful login, return to VS Code. GitHub Copilot should now be active.

Introducing AI Tools for Development

In this section, we will briefly introduce the key AI tools available to developers and how they can enhance your workflow. We will take a closer look at how these tools integrate into your development environment to support code generation, comprehension, refactoring, and even secure coding practices.

GitHub Copilot

GitHub Copilot is an AI-powered coding assistant integrated directly into Visual Studio Code. It leverages the surrounding context in your code editor to auto-suggest entire lines or blocks of code.

Use Cases:


	Filling in boilerplate code automatically

	Recommending idiomatic or standard library usage

	Suggesting structure while you type



Limitations:


	May sometimes suggest non-existent APIs

	Can offer insecure or inefficient code, so manual verification is essential.



Copilot works best when paired with good commenting practices and a modular code structure. We will use it throughout this book to scaffold functions, explore alternatives, and accelerate iteration.

ChatGPT (OpenAI)

ChatGPT serves as a powerful conversational assistant. Unlike Copilot, it operates out of the editor and excels at giving detailed, narrative responses.

Use Cases:


	Explaining code snippets or debugging steps

	Generating small to medium-sized C++ programs

	Helping with logic design or alternative approaches



Example Prompt:

“Write a C++ program that reads three integers and prints their average.”

ChatGPT shines when you need conceptual clarity or want to reason through different algorithmic approaches. We will use it primarily in conjunction with Vim on Ubuntu, where its responses help guide low-level problem solving, syntax correction, and learning.

Limitations:


	May provide plausible but incorrect or outdated explanations

	Can generate non-compilable or non-idiomatic C++ code

	Responses should be validated manually, especially for advanced features such as templates, memory management, or concurrency.



When used with a critical mindset, ChatGPT becomes a versatile guide, especially valuable during learning, debugging, and architectural thinking.

Amazon Q Developer

Amazon Q Developer is Amazon’s AI coding tool, with a special focus on security and AWS integration.

Use Cases:


	Context-aware code completions

	Real-time security scanning of suggestions

	Generating code from natural language comments



While we do not use Amazon Q Developer extensively in this book, we acknowledge its value for developers working on cloud-native C++ or AWS SDK–driven projects. Its built-in security analysis is particularly useful in enterprise settings.

Installing the C/C++ Extension Manually in VS Code

To help you get started, here is a straightforward guide to walk you through the process.

Step-by-Step:


	Open Visual Studio Code.

	Click Extensions icon in the left-hand Activity Bar (or press Ctrl + Shift + X).

	In the Search Extensions bar at the top, type: C/C++ Extension Pack

	Look for the extension published by Microsoft.

[image: ]

Figure 1.7: Installing the C/C++ Extension Pack from the Visual Studio Code Marketplace. This Pack Includes Essential Tools for C++ Development Such as IntelliSense, Debugging Support, C/C++ Themes, and CMake Tools to Streamline the Coding Experience


	It typically includes:

	C/C++ (IntelliSense, debugging, and code browsing)

	CMake Tools

	C/C++ Themes

	C/C++ Extension Pack (bundled)



	Click Install.



Writing Your First C++ Program

Let us begin with a small C++ program. This example will introduce the basic structure of a C++ source file and the steps required to compile and run it.

Prerequisites

Open your terminal and run:

sudo apt update

sudo apt install build-essential gdb

Verify the g++ installation:

$ g++ --version

g++ (Ubuntu 11.4.0-1ubuntu1~22.04) 11.4.0

Copyright (C) 2021 Free Software Foundation, Inc.

This is free software; see the source for copying conditions. There is NO

warranty; not even for MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.

Verify the gdb installation:

$ gdb --version

GNU gdb (Ubuntu 12.1-0ubuntu1~22.04.2) 12.1

Copyright (C) 2022 Free Software Foundation, Inc.

License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>

This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law.

Create Your Project

To understand how the program works, we will build a small project step by step. This project will allow us to apply the concepts introduced in this chapter while seeing how they interact in a real program.

Understanding a Project in VS Code

In Visual Studio (VS) Code, a project typically refers to a folder that contains all the source code, build scripts, configuration files, and supporting assets required to develop a specific piece of software. When you open a folder in VS Code, it is treated as a workspace, allowing the editor to manage build tasks, debug settings, extensions, and even AI integrations specifically for that context.

Before we can write or run any code, let us create a clean working directory to hold our first C++ project. This will be a simple helloworld program that prints “Hello, World!” to the screen. We will place it under a top-level projects folder in your home directory and then launch VS Code directly from within that folder.

This setup ensures that VS Code treats the directory as the active project workspace. Any project-specific configuration, such as compiler tasks, debug settings, and IntelliSense metadata, will be stored automatically in a .vscode/ subfolder.

Run the following commands in your terminal:

mkdir -p ~/projects/helloworld

cd ~/projects/helloworld

code .

This opens VSCode in that directory.

Creating a C++ File

In VSCode:


	Click New File in the Explorer → name it: helloworld.cpp


[image: ]

Figure 1.8: Creating a New C++ Source File helloworld.cpp in Visual Studio Code. The Command Palette is Used to Initiate File Creation within an Open Workspace, Forming the First Step in Writing and Testing C++ Programs

Click Create New File.


	Paste the following code:
#include <iostream>

int main()

{

std::cout << "Hello, C++ from VS Code!" << std::endl;

return 0;

}




Compiling and Running

Once your C++ code is written, the next step is to compile and run it. There are multiple ways to do this, depending on your workflow and tool preferences. Let us walk through the different methods step by step in the following sections.

Method 1: Compiling Using the Command Line

If you are more comfortable working in the terminal or want a quick way to compile and run your code, follow these steps:


	Open a terminal and navigate to the folder containing your helloworld.cpp file:
cd ~/projects/helloworld


	Compile the program using the g++ compiler:
g++ helloworld.cpp -o helloworld

This tells g++ to compile helloworld.cpp and produce an executable named helloworld.


	Run the compiled executable:
~/projects/helloworld$ ./helloworld

Hello, C++ from VS Code!




The g++ command is the GNU C++ compiler, which is used to turn your C++ source code into an executable program. In this case, helloworld.cpp is the file that contains your code. The -o helloworld option tells the compiler to name the resulting executable helloworld instead of using the default name. Once the compilation succeeds, executing ./helloworld runs the newly compiled program from the current directory.

Method 2: Compile and Run from inside VS Code

This assumes you have installed the C++ extension by Microsoft and CMake Tools (if using CMake).


	Open your helloworld.cpp file so that it is the active editor tab.

	In the upper right corner of the editor window, you will see a [image: ] play button. Click that button or press F5 on your keyboard.




[image: ]

Figure 1.9: Entering and Running a Basic C++ Program in Visual Studio Code. The Source File helloworld.cpp is Shown with a Simple main() Function that Prints a Greeting message. The “Run C/C++ File” Option is Available for Quick Execution of the Program

The first time you do this, VS Code will prompt you to select a build and debug configuration. Note that F5 always runs your program under the debugger (GDB). If you prefer to run without the debugger attached, use Ctrl+F5 instead. Either way, you will see a picker like the one as follows:


[image: ]

Figure 1.10: Selecting a Build and Debug Configuration for the Active C++ File in Visual Studio Code. Options Include Various Compiler Toolchains Such as gcc, g++, g++-11, and g++-9, Allowing the User to Customize How the File is Built and Debugged

Choose C/C++: g++ build and debug active file, which uses /usr/bin/g++. VS Code will now:


	Compile your program using the g++ compiler,

	Launch the GNU debugger (GDB) in the background,

	Run your program, and

	Display the output in the TERMINAL pane at the bottom of the editor.



Note: The screenshots and steps in this chapter are based on Visual Studio Code version 1.102.1 (July 2025). The behavior of certain features, such as the configuration picker, compiler selection, and Copilot integration, may vary slightly depending on the version you are using. If your screen looks different, refer to the official VS Code documentation at for version-specific guidance.

Sample Output

If everything works correctly, your terminal should display:
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Figure 1.11: Successful Execution of the C++ Program in the VS Code Terminal, Displaying the Output Message “Hello, C++ from VS Code!” Confirming that the Build and Run Configuration is Working Correctly

In parallel, VS Code also generates an important configuration file called tasks.json inside a new hidden folder called .vscode inside the project folder. You can verify this by running:

~/projects/helloworld$ ls -la total 52

drwxrwxr-x 3 vbhadra vbhadra  4096 Jun 26 12:34 .

drwxrwxr-x 3 vbhadra vbhadra  4096 Jun 25 19:54 ..

-rwxrwxr-x 1 vbhadra vbhadra 33264 Jun 26 12:34 helloworld

-rw-rw-r-- 1 vbhadra vbhadra   119 Jun 26 10:00 helloworld.cpp

drwxrwxr-x 2 vbhadra vbhadra  4096 Jun 26 12:25 .vscode

vbhadra@vbhadra-DQ77MK:~/projects/helloworld$ ls -la .vscode/

total 12

drwxrwxr-x 2 vbhadra vbhadra 4096 Jun 26 12:25 .

drwxrwxr-x 3 vbhadra vbhadra 4096 Jun 26 12:34 ..

-rw-rw-r-- 1 vbhadra vbhadra  713 Jun 26 12:25 tasks.json

You should now see a .vscode directory alongside your source file. This special folder is created by VS Code to hold all the project-specific settings and automation scripts.

Inside it, one of the most important files is tasks.json, which defines how to build your code. It tells VS Code what compiler to use (g++ in our case), what arguments to pass, where to place the output file, and how to interpret any compiler errors.

As your projects grow more complex, you may also notice a second file appearing in this folder called launch.json. This file handles the debugger configuration and tells VS Code how to launch and attach GDB to your program when you start a full debug session. For the simple workflow we are using here, where we build and run using the configuration picker, tasks.json alone is sufficient, and launch.json is not required.

Sample task.json

Following is the actual tasks.json file generated during the first run of our helloworld.cpp program:

~/projects/helloworld$ cat .vscode/tasks.json

{

"tasks": [

{

"type": "cppbuild",

"label": "C/C++: g++ build active file",

"command": "/usr/bin/g++",

"args": [

"-fdiagnostics-color=always",

"-g",

"${file}",

"-o",

"${fileDirname}/${fileBasenameNoExtension}"

],

"options": {

"cwd": "${fileDirname}"

},

"problemMatcher": [

"$gcc"

],

"group": {

"kind": "build",

"isDefault": true

},

"detail": "Task generated by Debugger."

}

],

"version": "2.0.0"

}

Now that you have successfully written and compiled your first "Hello, World!" program, it is time to introduce another essential aspect of programming: following a consistent coding guideline.

Adhering to a defined formatting style improves code readability, simplifies maintenance, and ensures consistent behavior across development tools and environments. In the following section, we will integrate Clang-Format into Visual Studio Code and configure it within our project workspace using the style that will be followed throughout this book.

Note: A slightly more elaborate tasks.json file is available in the Git repository accompanying this book, both at the top level and in the respective chapter folders under the .vscode folder.

Setting up Clang-Format in VSCode

To maintain consistent formatting throughout this book and across your projects, we will now set up Clang-Format, a widely used tool for automatically formatting C++ source code. This helps ensure that your code remains clean, readable, and consistent.

The configuration used in this book is based on the Microsoft coding style, which applies Allman-style braces and four-space indentation. For reference, other commonly used styles such as LLVM, Google, Chromium, Mozilla, and WebKit are also supported by Clang-Format and documented here:

This section will guide you through installing Clang-Format, configuring it, and integrating it into Visual Studio Code, so that your code is automatically formatted on save.

Step 1: Install the Clang-Format Extension in VS Code


	Open Visual Studio Code.

	Navigate to the Extensions sidebar (Ctrl + Shift + X).

	Search for Clang-Format.

	Install the extension published by Xaver Hellauer (2M+ downloads, actively maintained).



Step 2: Install Clang-Format on Your System

To install Clang-Format on Ubuntu, open a terminal and run:

sudo apt update

sudo apt install clang-format

Then, confirm it was installed correctly:

clang-format --version

This should print the version of Clang-Format (for example, clang-format version 14.0.0-1ubuntu1.1).

Step 3: Add the Formatting Configuration File

In your project folder at ~/projects/helloworld, create a file named:

.clang-format

Add the following configuration content:

BasedOnStyle: Microsoft

IndentWidth: 4

UseTab: Never

BreakBeforeBraces: Allman

AllowShortIfStatementsOnASingleLine: false

ColumnLimit: 120

This sets the style to Microsoft's guidelines with Allman braces, consistent indentation, and no tabs.

Step 4: Enable Clang-Format in the Project Workspace

In your project folder, create the following file:

.vscode/settings.json

Paste this content into it:

{

"[cpp]": {

"editor.defaultFormatter": "xaver.clang-format"

},

"editor.formatOnSave": true,

"clang-format.style": "file"

}

This tells VSCode to use Clang-Format as the default formatter for C++ files and to apply formatting automatically every time you save a file.

Step 5: Test the Setup

Try deliberately disrupting the formatting of helloworld.cpp, for example:

#include <iostream>

int main() {std::cout<<"Hello, world!";return 0;}

Save the file (Ctrl + S). It should automatically reformat to:

#include <iostream>

int main()

{

std::cout << "Hello, world!";

return 0;

}

Troubleshooting

If you see this error in VSCode:

The 'clang-format' command is not available. Please check your clang-format.executable.

It means the system-wide Clang-Format tool is not installed. Run the following:

sudo apt install clang-format

Then, modify and save the file again to see Clang-Format in action.

Generating the Same Code with AI Tools

Now that you have written a basic Hello World program manually, let us see how today’s AI tools can help you generate similar code automatically, and how you should critically evaluate what they produce.

With GitHub Copilot already integrated into the VS Code environment, let us start there.

Using GitHub Copilot in VS Code


	Open a new file and name it something like ai_generated.cpp. You can use the same project folder as in helloworld or create a new project folder. For this simple task, you do not need to create a new project, though. You can create a new file from the VS Code Explorer pane on the left-hand side of the screen:
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Figure 1.12: A New File Named ai_generated.cpp has been Created in the VS Code Workspace, as Shown in the Explorer View. This Demonstrates How to Add Additional Source Files within an Existing C++ Project Directory

Or alternatively, you can create a new cpp file from the command line as well.

~/projects/helloworld$ touch ai_generated.cpp

~/projects/helloworld$ vim ai_generated.cpp


	Once the file is created, place your cursor inside the empty file (line 1 is fine) in the vscode editor and start typing the following:
int main()


	As you begin typing, GitHub Copilot will automatically suggest a complete code snippet, for example, a main() function that prints a message to the console.

	In the suggestion bar simply above your code, you will see options such as:

	Accept (Tab)

	Accept Word (Ctrl + →)

	RightArrow


These hints that the suggestion is active.

Press the Tab key to accept the full suggestion and insert it into your file.


[image: ]

Figure 1.13: GitHub Copilot in Action Suggesting a Complete Code Snippet


	Once you have accepted the suggestion by pressing the Tab key or clicking the Accept button, GitHub Copilot will automatically insert the full source code snippet into your file. The generated code typically includes standard C++ syntax, such as the main() function and a cout statement. This step completes the code suggestion process.

[image: ]

Figure 1.14: Final C++ Code Inserted by GitHub Copilot after Accepting the Suggestion




Early Observations with GitHub Copilot

In this first example, the manually written program and Copilot’s generated version are likely to appear nearly identical, and that is completely expected. A basic task like printing “Hello, World” does not leave much room for variation. However, reaching this point confirms that your development environment is fully set up and working correctly, laying a solid foundation for everything that follows.

It also gives you an early sense of how AI assistance, specifically GitHub Copilot, and integrates into your coding experience within Visual Studio Code. You now understand how Copilot reacts as you type, how suggestions are presented, and how to accept or modify them. This hands-on familiarity will make it easier to integrate AI tools into more advanced development tasks in the chapters ahead.

As your programs grow in complexity, the differences between manually written code and AI-generated suggestions will become more noticeable and more significant. That is when your ability to understand, assess, and refine Copilot’s output will truly come into play.

Using ChatGPT outside VS Code

While GitHub Copilot is embedded inside VS Code and assists you as you type, ChatGPT works slightly differently; it runs outside your editor, typically in a web browser or an API-powered interface. Despite this difference in form, ChatGPT is an extremely powerful coding assistant, especially when it comes to understanding concepts, asking questions, or generating complete code blocks in response to natural language prompts.

Getting Started with ChatGPT

To begin, visit. You can either sign up for an account or try it without one. In both cases, you will be taken to a simple interface where you can type your questions or prompts.

For example, try entering:

“Write a C++ program that prints ‘Hello, World’ to the screen.”

The interface looks like the following:
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Figure 1.15: Prompt Entered in ChatGPT Asking It to Generate a Simple C++ Program that Prints “Hello, World” to the Screen, Demonstrating Natural Language-Driven Code Generation Using AI

ChatGPT will respond with a complete program, typically including the necessary headers, a main() function, and a simple explanation of how the code works. A typical output from ChatGPT looks something like this:


[image: ]

Figure 1.16: ChatGPT’s Response to the Prompt “Write a C++ Program that Prints ‘Hello, World’ to the screen,” Including a Complete Source Code Example with Syntax Highlighting and a Detailed Explanation of Each Line

Early Observations with ChatGPT

The output generated by ChatGPT for the simple “Hello, World” program is syntactically correct, well-structured, and beginner-friendly. Even more helpful, ChatGPT includes a detailed explanation of each line of code, which makes it ideal for those simply starting out.

What to Notice:


	Correctness: The program compiles and runs without errors.

	Formatting and Style: The code is neatly indented and follows good formatting practices. It avoids shortcuts such as using namespace std, making this a cleaner example in terms of scope control.

	Documentation: The explanation is a big plus. Each line is annotated with a brief, readable description of its purpose. This is especially helpful for absolute beginners to understand the purpose of headers, main(), return values, and output statements.

	Consistency: The style used is consistent, and ChatGPT avoids any advanced syntax or confusing constructs. It keeps things basic and digestible, which is ideal for a first exposure.



Reflection: Human versus AI – A First Look

At this stage, there is little difference between what you typed manually and what tools like GitHub Copilot or ChatGPT generated, and that is completely expected. For a simple task such as printing "Hello, World", there is limited room for variation or creativity.

But the key takeaway is that you have now seen how AI tools integrate into your development flow. You have seen how they can assist and suggest code as you write. It is convenient, but here is what you need to keep in mind as you move forward:


	AI Can Guess. You Must Know. AI tools generate code based on patterns, not understanding. It is your job to verify and make sense of what is suggested.

	AI Can Save Time. You Must Invest Thought. Copilot might offer boilerplate or syntax completions, but it does not replace your reasoning or grasp of the problem.

	AI Can Suggest. You Must Decide. The final decision, what to accept, reject, or refactor, always rests with you.



With that in mind, you will build a strong foundation in C++ while also learning to use AI coding tools effectively, leveraging their strengths without ignoring their limitations.

Best Practices Moving Forward

You have now seen AI in action alongside your own code. As you move forward, the goal is to sharpen both your development habits and your ability to use AI responsibly.

Now that you have a working setup and your first successful build, here is how to continue using AI responsibly and effectively:

Be Curious before Efficient

Write code manually first. Let the AI assist you once you have wrestled with the problem.

Be Precise in Prompts

The more specific your question or comment, the better the AI’s output. Vague prompts produce the generic code.

Review Your Own Work with AI's Help

Once you have written a piece of code, ask ChatGPT to critically evaluate it. Do not copy-paste its response blindly. Instead, go through each suggestion carefully, and manually apply the changes you understand and agree with. This habit sharpens your thinking and helps you identify gaps in both understanding and implementation.

Challenge AI’s Authority

Do not take AI output at face value. Ask questions such as “How do you know?”, “What is the evidence?”, or “Have you done thorough research?” This mindset encourages deeper understanding and builds critical thinking around AI assistance.

Do Not Skip Debugging

Whether the bug came from you or the AI, learn to read errors, trace the issue, and fix it yourself. That is where real skill grows.

Keep a Learning Journal

Note down what works, what does not, and what you have learned from every prompt or suggestion. Track your growth deliberately.

Review Like a Professional

Every line of AI-generated code should be treated as if you wrote it, and reviewed with the same rigor.

Following these best practices will ensure that as the complexity of your code increases, your command over both C++ and your AI tools deepens alongside it.

Conclusion

Congratulations! You have achieved far more than simply writing your first C++ program. You have overcome one of the most common and time-consuming challenges: setting up a working development environment
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