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Preface

This second edition teaches C++ programmers the practical skills and modern strategies they need to build strong backend systems. All you need is some basic knowledge of C++, and this book will teach you everything else you need to become a backend developer. Each chapter shows you step-by-step examples, real code, and workflows that you can follow to get results. The aim is to make sure you really understand the concepts.

The book starts with the basic structure of backend systems and shows how APIs are the most important way of communicating and how to use high-performance solutions like gRPC to go beyond REST. It will teach you to use, test and improve API endpoints in realistic C++ projects. This will help you to feel more confident in designing contracts first and in real-time data flows. The key parts of the book teaches you to cache things, to make sure your data is correct and to avoid common problems with correct troubleshooting. A big part of the book looks at how to set up and manage modern web servers. It teaches you to use C++ applications with Nginx, SSL, reverse proxies and load balancers in a way that's easy to understand. We then move on to more practical chapters on automated testing, including both unit and integration tests. You get to learn about containerisation, cloud deployment using AWS Elastic Beanstalk, environment configuration, monitoring, and scaling, and all this is taught step-by-step.

The book makes use of simple and clear to teach network programming, how things are set up, and the important patterns that are used in today's distributed systems. While you learn, you please make a note that this edition is focused on practical scenarios and does not attempt to cover highly complex or edge-case architectures.

In this book you will learn how to:


●         Learn to design APIs and high-performance gRPC endpoints and services.



●         Create and protect backend apps using environment variables, secrets, and strong configuration management.



●         Use advanced caching strategies, including in-memory, Redis, and custom eviction for scalable backends.



●         Set up and optimise Nginx as a web server, reverse proxy, and SSL-enabled application gateway.



●         Use Google Test to perform unit and integration testing.



●         Use Docker to create containers.



●         Use AWS Elastic Beanstalk to deploy backends into production.



●         Use AWS CloudWatch, alarms, and custom log analytics to check the health of apps and resources



●         Set up ways to integrate and migrate databases with no deployment errors.



●         Keep systems updated, roll back if necessary, and make customizations to respond changing traffic and business demands.



Prologue

For me, the release of the first edition of this book was a big stepping stone, both as an author and as a backend engineer who wants to make C++ skills more accessible to everyday developers. The great feedback from readers all over the world, and the comments from professionals, students and teachers, showed that there was a big need for a book that would help people who already know C++ to learn real backend skills. So many readers shared their stories of moving from classroom syntax and algorithm drills into actual backend roles, sometimes for the very first time. They've had a lot of success with shipping APIs, deploying to the cloud, and troubleshooting real production systems, and that's inspired the direction and substance of this new edition.

It's been really successful and the editors have been very helpful. We know some of you were hoping for more in-depth coverage of deployment pipelines, modern containerisation and the nitty-gritty of cloud operations. Those teaching and mentoring appreciated the hands-on structure, but suggested even more emphasis on progressive skill-building and simple patterns to help new concepts sink in. I took all the comments on board and tried to make this edition even more practical for anyone wanting to become a backend engineer.

As you read through the chapters, you'll see that the book is designed with one main idea. It aims to give you the skills, confidence and understanding you need to build and deliver real Backend systems. Each chapter is designed to teach you everything you need to know to get hands-on with writing, configuring, deploying and troubleshooting your own projects. Right at the start, we got stuck into designing APIs and building backend systems. We didn't just stick to the basics, though. We went beyond that pretty quickly and started using modern protocols like gRPC and the key contract-first methods that are now the norm for scalable backend systems.

It's all about building practical caching systems, securing applications with environment-based secrets, and integrating robust web servers. My approach is to show how to tackle testing not as a checklist item, but as a continuous practice that keeps your backend healthy and safe through every iteration. So, when it's time to ship, we dive right in. We're pros at containerization, with Docker's multi-stage builds being a piece of cake for us. And then, we take the plunge into the world of cloud deployment with AWS Elastic Beanstalk. We're all about monitoring and scaling, making sure everything runs smoothly behind the scenes.

In this book, I'm going to share not only what I've learned, but also why I've learned it and how I've learned it. Each chapter is based on real lessons and workflows I've actually experienced. You won't find any of that artificial complexity or esoteric patterns here. Instead, you'll experience the journey as thousands of engineers already have by getting stuck in and bringing modern C++ backends to life, one challenge at a time. I'm really grateful for all the input that went into this second edition, and I'm excited to see you get stuck in. If you're launching your first API, scaling up for real users, or just searching for practical, clear guidance, you'll find a partner and a pathway in these chapters.
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Prerequisites

All you need is some basic knowledge of C++, and this book will teach you everything else you need to become a backend developer. You get to explore the key C++ concepts for backend, various strategies to build backend infrastructure and some of the best practices that makes you smart enough to carry out the app development all alone.

Codes Usage

Are you in need of some helpful code examples to assist you in the 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 the job done, but you have our permission to use the example code in the 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 the 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, "Practical C++23 Backend Programming by Justin Barbara".


If you are unsure whether the 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: Introduction to Backend Development 


As backend programmers, we are part of a continuously evolving story that has shaped how the world communicates, transacts, and innovates online. In this chapter, we set the stage for our entire journey by exploring the dramatic evolution of the web. Understanding this journey is crucial because it demystifies how web applications came to be, and it reveals why backend development is central to powering everything from simple websites to global platforms.



This chapter is our launchpad: we will look at where the web began, how it grew, what shaped its changes, and how C++ has quietly but powerfully contributed to this progress.



Transformation of Web Ecosystem

Early Web 1.0

Back in the late 80s and early 2000s, Web 1.0 was pretty much static and read-only. Can you imagine a massive library filled with documents, with each page simply connected to the next by hyperlinks?


	
Users could click and browse, but not interact beyond following links. 


	
Servers merely delivered HTML files on request, like no user accounts, no commenting, no content updates except by the site’s creators. 


	
Business and personal sites served as digital brochures and information repositories. 





Behind the scenes, the basic web servers (often coded in C++) responded to “GET” requests by pushing files to curious browsers. C++’s speed and resource efficiency made it an obvious choice for Nginx, Apache, and many custom web servers started life compiled from C or C++ sources.

The Web’s Journey

The web did not stand still; it learned to move, interact, and adapt.


The Web 2.0 emerged as scripting (JavaScript), databases, and server-side logic allowed web pages to react and update live.



	
Dynamic content became the norm as the forums, e-commerce, and personalized dashboards changing the user experience forever. 


	
C++ began powering backend logic for early large-scale applications, web servers, and database engines requiring high-performance concurrency. 


	
Social and Mobile Phases introduced real-time communication and everywhere connectivity. 


	
Social networks, video streaming, and cloud-based applications demanded backends that could scale, handle millions of interactions, and deliver media responsively. 


	
C++ continued to serve as the engine room for media streaming servers and messaging platforms. 





And, then the Programmable Web i.e. Web 3.0 which included the boom of APIs, microservices, and cloud-native architectures.


	
Here, the web runs on APIs which are tiny, well-defined interfaces connecting many independent applications. 


	
The backend systems are highly dynamic and programmable, driven by microservices that can be developed, deployed, and scaled independently. 


	
C++ finds renewed importance in performance-critical microservices, servers, and real-time decision engines, especially in finance, gaming, and cloud infrastructure. 






Throughout this transformation and evolution of Web, the C++ has been a quiet backbone, most visible in high-pressure contexts demanding raw speed, reliability, and systems integration. From powering the first web servers and databases to today’s cloud-based microservices, the language’s evolution has mirrored the web itself: becoming richer, safer, and more modular.


Contribution of C++ in Web’s Evolution

As the web transformed, we saw:


	
C++ provided the muscle for servers that had to deliver bytes efficiently. 


	
The database engines (MySQL, MongoDB), network libraries, and protocol handlers are written in C/C++. 


	
Variosu C++ frameworks and libraries were adopted to create rapid, asynchronous backend logic for transactions, streaming, and data analysis. 






With each language update (e.g., C++11, C++14, C++20, and now C++23), the tools available for backend programming became more powerful and expressive, mirroring the increasing complexity and demand of web platforms. Most critically, as backend developers using C++, we enjoy the unique advantage of building at the intersection of efficiency, flexibility, and control.


It allows us to design robust, scalable systems that support the trillions of web requests and interactions that shape modern internet life.


Modern Backend Overview


These days, the backend is often the unsung hero, working behind the scenes to deliver seamless online experiences. In this topic, we're going to take a look at the architecture and components of a modern backend system, and then show you the crucial functions that backends play in shaping web and cloud platforms.


Today’s Backend Architecture

Most of the modern backend architecture is designed to process vast amounts of data, ensure security, and scale efficiently. And, most web applications are using a layered design, with clear boundaries between responsibilities.

The essential components of such a backend system include:

Server Environment

The server is at the foundation, handling application logic, dealing with client requests and interacting with databases. So, servers are there to listen for incoming HTTP requests, process them, and send responses. They often use frameworks and web server software such as Apache, Nginx, or custom solutions built with languages like C++.

Databases and Data Management

The backend is responsible for the storage, retrieval, and manipulation of data.


	
Structured databases (e.g., MySQL, PostgreSQL) are used for transactional data and complex querying. 


	
Unstructured or NoSQL databases (e.g., MongoDB) provide flexibility for applications with evolving data needs. 


	
The backend performs CRUD operations (Create, Read, Update, Delete) as users interact with web and mobile apps. 





Business Logic and Middleware

This is the “brain” of the web application.


	
The business logic layer processes user requests, applies rules, validates data, and coordinates workflow. 


	
Middleware bridges communication, handling routing, sessions, parsing, error management, and more. 





APIs and Microservices

Modern backend architecture increasingly relies on APIs and microservices:


	
The APIs expose functionalities in a standardized way, allowing other apps and services to interact. 


	
The Microservices split backend logic into small, independently deployable modules. Each microservice handles a specific responsibility, improving scalability and maintainability. 






In addition, the backend systems continuously aim to enforce robust security measures, which includes encrypting the sensitive data, authenticating the users, and guarding against the attacks. They also implement optimizations like load balancing, caching, and query tuning to ensure responsive performance as user numbers grow.


Backend Functions in Web and Cloud

If we look at the functions that make the backend such a driving force in today's online world, we can see how important it is. It played the role of:


●         Powering Dynamic Content


Whenever we interact with social media, perform searches, or shop online, the backend manages the logic that personalizes responses, updates content, and orchestrates real-time interactions.


●         Centralized Data Control


All permanent records, like from user profiles to financial transactions are securely stored and maintained by backend systems. They manage complex relationships, enforce access controls, and provide reliable data for frontends and third-party integrations.


●         Business Workflow Implementation


The backend logic interprets business rules, ensures data accuracy, manages state, and applies policies. For example, in an e-commerce setting, the backend calculates discounts, verifies stock, manages shopping carts, and coordinates payment processing.


●         Integration Across Services


The APIs allow multiple applications and platforms to work together. Today’s cloud-centric platforms use microservices and API gateways to connect authentication, messaging, payments, and analytics, thereby making online experiences more flexible and powerful.


●         Security Gatekeeper


The authentication and authorization occurs on the backend. We trust backend systems to verify identities, issue and validate credentials, and guard private data against breaches.


●         Scaling and Optimization


The backends automatically scale using containers, microservices, and cloud infrastructure. Caching strategies and database optimizations ensure the response times remain fast, even for millions of users.

As backend programmers, (y)our task is to architect systems that combine all these layers and capabilities for dependable, high-performance web and cloud experiences. The modern backend isn’t just an invisible engine; it’s the dynamic core of every application’s success.

In the coming topics, we’ll learn and practice how C++ can help us master each layer. We will explore everything from real-time computation to robust security for advanced backend applications.


C++23 Key Backend Capabilities

Now that C++23 is here, we've got a language version that's been designed to tackle the latest backend challenges. It's all about making it easier, safer and more expressive when building systems that have to handle millions of interactions, automate intelligent behaviours and scale on-demand.
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