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   preface
 

  
 

   

   

    

     Simplicity is the ultimate sophistication. 

     —Leonardo da Vinci

    


   
 

  
 

   

   I thought Go was easy, but the story was different. Go was simple. Back in 2012, I needed to design a distributed network program. This program had to pull and interpret various kinds of data from thousands of external sources and send the results to other services in real time. It needed to run fast because I was working with constantly updating data sources, and other services depended on timely and accurate results.
 

  
 

   

   I had heard good things about Go, such as its ease of use, strong type safety, and great support for concurrency, so my team and I started writing our program in Go. My team consisted of veteran programmers, but this was our first experience with Go. We came up with a prototype within a month. Initially, everyone in the company was satisfied with the efficiency of the program, but after a short while, things started to fall apart.
 

  
 

   

   We were coding in Go as though it was an object-oriented language we already knew. Instead of finishing the task at hand, we spent a lot of time trying to design our program with unending abstractions. Circular dependency issues were everywhere, and our code became challenging to read and work with. In the end, we had to rewrite most of it.
 

  
 

   

   Instead of spending more time on premature abstractions, we decided to unlearn habits from other languages and focus on finishing the task at hand. The results were promising. Adding new features became straightforward, and the code was understandable without explanation.
 

  
 

   

   When we decided to give our program another shot, we weren’t just adopting a new language but also embracing a philosophy that values simplicity, explicitness, and clarity. Go’s limited, purposeful feature set guided us naturally toward simple solutions and away from overly engineered and speculative designs. Our success wasn’t an overnight miracle; it came from using Go’s features as they were designed to be used.
 

  
 

   

   Go is pragmatic. It nudges us toward solving today’s problems in the simplest way possible. This approach allows us to produce code that can reliably evolve and adapt to changing requirements without becoming overly complicated or difficult to maintain.
 

  
 

   

   With more than a decade of experience in Go, I’ve distilled much of this wisdom into this book. It took me three years and many rewrites until I was truly happy. You’re reading the latest distilled, perfected version. I hope this book guides you in adopting Go’s philosophy and helps you develop the right mindset for thinking in idiomatic Go.
 

  


 

   

   acknowledgments
 

  
 

   

   Writing a book is a long journey that requires sacrifice. I couldn’t have done it without my amazing wife, Ebru, who patiently covered for me on countless weekends while I wrote. I also missed a lot of precious playtime with my kids, Aren and Lina, and our golden retriever, Rosie. Yes, I missed playing videogames, too.
 

  
 

   

   A heartfelt thank-you goes to my mom and dad, who bought me my first computer when I was little. I wouldn’t have become proficient with computers without their support and encouragement. I’m also thankful to my brother, Kivanc, with whom I built amazing software as a kid. Special thanks go to the kind guy at the computer hardware store who gave me my first programming book and patiently answered all my silly questions back in the day.
 

  
 

   

   I’m grateful to Manning for believing in me and having the courage to support this book from start to finish.
 

  
 

   

   To all the reviewers: Aaron Barton, Andy Robinson, Barnaby Norman, Brent Honadel, Christopher Haupt, Clifford Thurber, Francisco Rivas, Frans Oilinki, James Bishop, Jim Amrhein, Joel Holmes, Jonathan Reeves, Katia Patkin, Martin Dehnert, Michael Bang, Ori Pomerantz, Paolo Antinori, Paul Snow, Peter Sellars, Ramanan Natarajan, Rich Yonts, Ronald Haring, Ryan Burrows, Steven Edwards, and Walter Alexander Mata Lopez. Your thoughtful suggestions greatly improved this book.
 

  
 

   

   I want to give special thanks to my technical development editor, Marion Newlevant, and my development editor, Katie Sposato, for their deep patience. A heartfelt thank you to Tim van Deurzen, whose contributions elevated this book beyond anything I imagined.
 

  
 

   

   Finally, thank you for reading this book. Your support means everything.
 

  


 

   

   about this book
 

  
 

   

   

    

     A language that doesn’t affect the way you think about programming is not worth knowing. 

     —Alan Perlis, Epigrams on Programming

    


   
 

  
 

   

   Many programmers initially find Go straightforward only to discover that grasping its unique philosophy—its emphasis on simplicity and pragmatism—is a deeper journey. Go by Example is your practical, hands-on guide not just to writing Go but also to thinking in Go. This book isn’t a collection of trivial, out-of-context code snippets. It immerses you in realistic projects, from command-line tools and concurrent clients to services. With these examples, you not only learn to write Go but also understand its idiomatic philosophies and principles:
 

  
 

   

   	Move beyond syntax to embrace the Go mindset. We’ll focus on writing code that is simple, straightforward, pragmatic, and easy for fellow Go developers to understand.
 

   	Discover how Go’s principles and tooling help us write code that is robust and easy to test from the ground up, leading to more reliable and maintainable software.
 

   	Structure packages effectively, handle errors robustly, structure for concurrency, and compose types from well-defined simple building blocks for adaptability.
 

   	See how much you can accomplish with Go’s rich set of built-in packages, fostering a preference for standard solutions before reaching for external dependencies.
 

  
 

   

   Each chapter encourages active, hands-on practice, guiding you through building functional programs while offering practical insights, best practices, and common pitfalls to avoid. This book aims to equip you with the Go mindset, valuing simplicity, explicitness, composition, and testability so that you can build high-quality Go programs with confidence and skill.
 

  
 

   

   Who should read this book
 

  
 

   

   

    

     Humans are allergic to change. They love to say, “We’ve always done it this way.” I try to fight that. That’s why I have a clock on my wall that runs counterclockwise. 

     — Grace Hopper, The OCLC Newsletter, March/April, 1987, No. 167

    


   
 

  
 

   

   This book is for experienced programmers who are ready to master the principles of writing idiomatic, maintainable, efficient, and testable code by learning to think differently about programming. If you’re ready to move beyond syntax and grasp Go’s unique philosophy, this book is for you. It is particularly well suited for 
 

  
 

   

   	
Experienced developers—If you have a solid programming background in languages like Java, C++, Python, and JavaScript, this book will help you transition effectively. It focuses on unlearning habits that don’t align with Go’s design and quickly gets you productive in writing Go the Go way, avoiding common frustrations.
 

   	
Existing Go developers seeking deeper insights—If you know the basics of Go but want to elevate your skills, this book offers more profound insights into advanced patterns for concurrency, API design, package structuring, and idiomatic testing, empowering you to build more sophisticated, robust, and maintainable systems.
 

  
 

   

   A firm grasp of programming fundamentals, including object-oriented concepts (even if to appreciate Go’s compositional alternatives), functional programming, and concurrency principles, will allow you to get the most out of this book. You’ll find practical guidance here for developing the right mindset to write Go code that is idiomatic, robust, and testable.
 

  
 

   

   How this book is organized: A road map
 

  
 

   

   

    

     For the things we have to learn before we can do them, we learn by doing them. 

     — Aristotle

    


   
 

  
 

   

   This book is meant to be read from cover to cover. Don’t just skim; ideally, sit in front of your computer, actively following along with each listing to get the most out of this book. Each chapter has exercises to help solidify your knowledge, so make sure you do them.
 

  
 

   

   The appendices are slightly different; read them based on your Go knowledge. If you’re new to Go, start with appendix A, where you’ll learn how to initialize your Go modules, and continue from appendix B to appendix E. The appendices cover the language’s fundamentals to get you started quickly or serve as a refresher. Besides fundamentals, they explain idiomatic practices using core language constructs.
 

  
 

   

   Go by Example consists of 10 chapters:
 

  
 

   

   	Chapter 1, “Getting started,” explains why idiomatic and testable code matters and briefly introduces Go’s philosophies, principles, and distinctive features.
 

   	Chapter 2, “Idioms and testing,” explains some conventions and dives into idiomatic testing techniques, establishing the necessary mindset for the chapters ahead.
 

   	Chapter 3, “Test coverage and optimization,” challenges us to think beyond mere test coverage and shows how benchmarks and profiling uncover inefficiencies.
 

   	Chapter 4, “Command-line interfaces,” discusses building testable and maintainable CLI tools, covering argument parsing, flag handling, and input validation.
 

   	Chapter 5, “Dependency injection,” introduces techniques for decoupling code from external dependencies to simplify testing and enhance maintainability.
 

   	Chapter 6, “Synchronous APIs for concurrency,” introduces push iterators and concurrent pipelines and demonstrates how to structure concurrent code.
 

   	Chapter 7, “Responsive and efficient programs,” explores making concurrent programs reliable through cancellation propagation and efficient I/O handling.
 

   	Chapter 8, “Structuring packages and services,” explores how to organize packages to eliminate complexity and import cycles and introduces building an HTTP service.
 

   	Chapter 9, “Composition patterns,” shows how composition patterns create modular functionality, covering middleware, interface wrapping, context value propagation, type assertions to extract optional features, and so on.
 

   	Chapter 10, “Polymorphic storage,” covers working with SQL databases and dives into interfaces to simplify programs, making them easier to test and extend. It also covers the driver pattern, which uses concrete types as an API for polymorphism.
 

  
 

   

   This book has a Go crash course in the appendices:
 

  
 

   

   	Appendix A, “Modules and packages,” explains initializing Go modules, declaring importable and nonimportable packages, and running executable programs.
 

   	Appendix B, “Variables and pointers,” introduces variables, zero values, pointers, and Go’s pass-by-value mechanics.
 

   	Appendix C, “Arrays, slices, and maps,” covers essential collection types in Go.
 

   	Appendix D, “Object-oriented programming,” explains structs, methods, method receivers, interfaces, and idiomatic ways to use these features.
 

   	Appendix E, “Concurrent programming,” explains fundamental concurrency concepts, including goroutines, channels, multiplexing, and semaphores.
 

   	Appendix F, “Self-referential functions,” presents an alternative options API.
 

   	Appendix G, “Cross-compiling Go programs,” explains how to cross-compile Go code for different platforms and architectures.
 

  
 

   

   About the code
 

  
 

   

   Every chapter contains many source code examples. There are listings with numbers (e.g., listing 2.1) and code snippets without numbers. If you follow along, apply only the listings to your local project. Code snippets are only for demonstrating concepts and techniques.
 

  
 

   

   Code annotations accompany many listings and snippets to highlight key points. Sometimes, I use bold formatting within the code to emphasize lines or sections that have changed from previous examples or highlight important details. All code in the text appears in a fixed-width font like this to clearly distinguish it from regular text. An ellipsis (. . .) means that the code is unchanged from previous examples or is not important.
 

  
 

   

   I occasionally reformat code examples by adjusting indentation or adding line breaks to better fit the space. They may appear on a single line in the book’s repository, but that won’t change their meaning. Occasionally, when a line is too long, I wrap it using a line-continuation marker (➥).
 

  
 

   

   You can find all the source code for this book in the GitHub repository at https://github.com/inancgumus/gobyexample. Alternatively, you can see each listing in the book with syntax highlighting at https://mng.bz/26gd.
 

  
 

   

   You can get executable snippets of code from the liveBook (online) version of this book at https://livebook.manning.com/book/go-by-example. The complete code for the examples in the book is also available for download from the Manning website at https://www.manning.com/books/go-by-example.
 

  
 

   

   This repository won’t mirror your local structure directly as you follow along. Still, each section in the book has a corresponding folder matching the book’s explanation. The code for section 2.3, for example, is located in the 02-idioms-and-testing/03-testing folder. This approach allows you to see the code’s evolution throughout chapters and sections. All code examples are guaranteed to work with Go version 1.24.2.
 

  
 

   

   liveBook discussion forum
 

  
 

   

   Purchase of Go by Example includes free access to liveBook, Manning’s online reading platform. Using liveBook’s exclusive discussion features, you can attach comments to the book globally or to specific sections or paragraphs. It’s a snap to make notes for yourself, ask and answer technical questions, and receive help from the author and other users. To access the forum, go to https://livebook.manning.com/book/go-by-example/discussion.
 

  
 

   

   Manning’s commitment to our readers is to provide a venue where meaningful dialogue between individual readers and between readers and the author can take place. It is not a commitment to any specific amount of participation on the part of the author, whose contribution to the forum remains voluntary (and unpaid). We suggest that you try asking the author some challenging questions lest his interest stray! The forum and the archives of previous discussions will be accessible on the publisher’s website as long as the book is in print. 
 

  
 

   

   Other online resources
 

  
 

   

   Here are a few online resources you might find helpful as you read this book:
 

  
 

   

   	
https://go.dev—Check out the Go home page.
 

   	
https://go.dev/play—Run small Go code snippets.
 

   	
https://x.com/inancgumus—Follow this account for Go tips, tricks, and news.
 

   	
https://github.com/inancgumus/learngo—Learn Go by fixing more than 1,000 programs. 
 

  
 

 

   

   about the author
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   Inanc Gumus is a programmer and passionate educator with decades of experience in software engineering. He began programming at an early age, developing expertise in C. He designed large-scale distributed systems and led engineering teams. Specializing in Go since 2012, he has educated more than 100,000 developers through his social media presence, GitHub repositories, online courses, and blog.
 

  


 

   

   about the cover illustration
 

  
 

   

   The figure on the cover of Go by Example is “Habitant du Tyrol,” or “Resident of Tyrol,” taken from a collection by Jacques Grasset de Saint-Sauveur, published in 1788. Each illustration is finely drawn and colored by hand.
 

  
 

   

   In those days, it was easy to identify where people lived and what their trade or station in life was by their dress alone. Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity of regional culture centuries ago, brought back to life by pictures from collections such as this one.
 

  


 

   

   
1 Getting started

 

  
 

   

   
This chapter covers 
 

    

    	Why you should read this book
 

    	The importance of writing idiomatic and testable code
 

    	Go’s prominent features
 

   
 

  
 

   

   Go is a simple, modern programming language that makes it convenient for individuals and distributed teams to work together to develop efficient, adaptable, maintainable, and scalable software that harnesses the full power of today’s multicore CPU systems. This chapter explores the book’s goals, introduces Go, and showcases Go’s key features without delving fully into its mechanics and idioms. I’ll leave the details to other chapters.
 

  
 

   

   
1.1 Why should you read this book?
 

  
 

   

   Getting up to speed with Go is so straightforward that in 2020, I tweeted “Go is easy to learn. Hard to master.” Experienced programmers can learn the basics of Go in a week. Yet using Go to its full potential requires a deep understanding of its idioms and mechanics. So this book has three practical goals:
 

  
 

   

   	Learning by example
 

   	Crafting idiomatic, readable code
 

   	Crafting testable, maintainable code
 

  
 

   

   The following sections dive into these goals.
 

  
 

   

   
1.1.1 Learning by example
 

  
 

   

   Rather than presenting boring examples such as foo, bar, baz, Person, and Animal, this book demonstrates how to craft idiomatic, testable Go code from scratch, using practical and realistic examples. This approach will show you why and when to use Go’s features and how to avoid common mistakes, so this book doesn’t provide trivial examples.
 

  
 

   

   Together, we’ll build command-line tools, design concurrent programs, and structure HTTP clients and servers. The projects are close to real-world scenarios but simplified to fit into a book and stay understandable. Every project aims to introduce some part of Go’s standard library and language mechanics. Some projects take an unconventional approach, such as simulating parts of a program before implementing them fully. This approach focuses on Go techniques and concepts and avoids heavy refactoring.
 

  
 

   

   Each chapter encourages you to code along and tackle exercises to solidify your learning. You’ll need to work through the listings and examples to fully grasp what this book offers. From my 30 years of programming experience, I can say that this hands-on approach is the best way to master a new programming language—or anything else.
 

  
 

   

   I’m writing this book for experienced programmers who are learning Go. Even those who are already familiar with Go will find valuable insights here. To get the most out of the book, you should have a solid understanding of programming fundamentals and general computer-science concepts, such as how CPUs, memory, networks, and object-oriented and concurrent programming work. By the end of this book, you’ll be knowledgeable enough to use Go effectively in real-world projects.
 

  
 

   

   
1.1.2 Crafting idiomatic code
 

  
 

   

   

    

     Programs are meant to be read by humans and only incidentally for computers to execute.   

     —Harold Abelson and Gerard J. Sussman 
Structure and Interpretation of Computer Programs (MIT Press, 1996)

    


   
 

  
 

   

   Every programming language has idioms, and Go is no different. Idiomatic Go is a set of well-established conventions that have matured over the years and are shared by the majority of the Go community. These values and conventions closely align with the language’s core design principles and are the conventional way of writing Go code.
 

  
 

   

   Some idioms have valid reasons for use; others are accepted without any clear justification. Some are only conventions. Therefore, when you’re learning idiomatic Go, expecting to find a reason behind every idiom is fruitless. Nevertheless, idioms play essential roles in establishing a consistent tone across Go projects.
 

  
 

   

   When you write idiomatic Go code, you ensure that your programs are clear, effective, efficient, and maintainable, which makes it easier for other Go developers to read and understand your code. Adhering to Go’s conventions helps you avoid common pitfalls and use the language’s strengths to produce robust, reliable software. Here’s what idiomatic Go code looks like:
 

  
 

   

   	
Simple—Code is straightforward to read and understand.
 

   	
Pragmatic—Code solves today’s problems rather than speculating about tomorrow’s. It lacks unnecessary abstractions that make the code harder to understand.
 

   	
Explicit—You can read the code without making many guesses about how it works.
 

   	
Testable—Code is straightforward to test. 
 

  
 

   

   Achieving these qualities is not easy. The journey from learning Go to mastering it can be quite a ride. To craft idiomatic Go code, you must deeply understand Go philosophies and language mechanics. Otherwise, you’ll fight with the language and bring your knowledge from other programming languages to Go, which will eventually bite and frustrate you.
 

  
 

   

   NOTE Writing complex code is easy. Achieving simplicity is not.
 

  
 

   

   This book aims to show how to craft idiomatic code that is straightforward to understand and maintain. Throughout this book, you’ll discover insights and techniques that help you write high-quality idiomatic code in Go. What this book discusses will give you the proper mindset and set you on the right path to achieving your goals faster and reliably with Go.
 

  
 

   

   Still, there are no absolute truths, only guidelines. This book’s goal is not to create perfect code because there is no such thing. Different people can look at the same code, and some think, “Oh, this is terrible!” while others think, “This is awesome!” Ultimately, our goal is to create code that is good enough to survive by adapting quickly to changing needs.
 

  
 

   

   
1.1.3 Crafting testable code
 

  
 

   

   

    

     Nothing endures but change.   

     —Heraclitus

    


   
 

  
 

   

   Automated tests help you write code that works as expected, even after modifications. But even with tests, developing an entirely bug-free program is challenging. Your tests might touch every line of the program but most likely don’t test every possible path. As chapter 3 shows, 100% test coverage doesn’t mean that programs are bug-free.
 

  
 

   

   Luckily, finding bugs is only one side of the testing story. Equally important is crafting inherently testable code—an art form in its own right. Testable code has superpowers; it’s a shape-shifter, capable of adapting to new requirements and standing the test of time.
 

  
 

   

   When you write tests, you put your code through its paces from the perspective of those tests. This approach allows you to experience firsthand how easy or challenging it is to interact with your code, leading you to forge resilient, adaptable, well-designed, and testable code.
 

  
 

   

   Most chapters in the book are crafted to provide insights into the world of testable code. You may notice variations in the number of tests presented in each chapter. In chapters 2 and 3, for example, the emphasis is on testing itself to explain the fundamentals. As you progress through the book, discussions shift toward writing idiomatic, inherently testable code. Although later chapters contain fewer tests, they still demonstrate writing testable code.
 

  
 

   

   NOTE I won’t necessarily follow the test-driven development (TDD) methodology. Depending on the goals of each chapter, testing may precede, accompany, or follow the coding process, which allows flexibility while ensuring that the final code remains testable and maintainable. Fans of TDD are free to apply it to the exercises.
 

  
 

   

   
1.2 Why Go?
 

  
 

   

   

    

     Fools ignore complexity. Pragmatists suffer it. Some can avoid it. Geniuses remove it.  

     —Alan J. Perlis, Epigrams on Programming (SIGPLAN, 1982)

    


   
 

  
 

   

   Now that I’ve presented the book’s goals, the rest of the chapter focuses on Go itself. To explain why Go exists, I’ll start with a short history of Go and then briefly introduce Go’s flagship features.
 

  
 

   

   In 2007, three seasoned programmers came together to create Go: Ken Thompson (instrumental in the creation of the C language and UTF-8), Rob Pike (co-inventor of UTF-8), and Robert Griesemer. They aimed to address the problems they faced with other languages: slow compilation times and complex, cumbersome features in resource-efficient languages like C and Java, as well as the lack of resource efficiency in developer-friendly languages like Python and JavaScript.
 

  
 

   

   After five years of development, Go was released. It offered a solution that balanced simplicity, reliability, and efficiency in software development. This balance is a key reason for Go’s success. It appeals to developers and companies worldwide, including tech giants Amazon, Apple, and Google, which rely on Go to build modern software.
 

  
 

   

   NOTE Go 1’s backward compatibility ensures that code written 15 years ago still runs with the latest release. See https://go.dev/doc/go1compat for details.
 

  
 

   

   Go is great for crafting all kinds of programs, especially the following:
 

  
 

   

   	
Command-line tools—Go’s simplicity and its powerful standard library make it an excellent choice for developing cross-platform, efficient, easy-to-deploy command-line tools.
 

   	
Clients and servers—Go’s standard library provides comprehensive networking support, including HTTP and TCP protocols, which simplifies the development of client-server programs such as microservices.
 

   	
Distributed network programs—Go’s concurrency model, centered on goroutines and channels, is a game changer for writing distributed systems. It lets you manage multiple concurrent tasks without the overhead of traditional threading, making Go a perfect fit for implementing distributed systems.
 

  
 

   

   Although Go is a general-purpose language, its most extensive user base consists of backend developers. Companies such as Google, Dropbox, and Uber use Go for their web services, using its performance and simplicity to handle high-traffic APIs and services. Go’s concurrency features make it a popular choice for companies such as Netflix and Cloudflare that must efficiently manage millions of concurrent network connections.
 

  
 

   

   TIP Check out https://go.dev/solutions/use-cases for more information.
 

  
 

   

    

    Trivia: Go vs. golang?
 

   
 

    

    Rob Pike proposed the language’s name in an email he sent on September 25, 2007:
 

   
 

    

     Subject: Re: prog lang discussion
 

   
 

    

     From: Rob 'Commander' Pike
 

   
 

    

     Date: Tue, Sep 25, 2007 at 3:12 PM
 

   
 

    

     To: Robert Griesemer, Ken Thompson
 

   
 

    

     I had a couple of thoughts on the drive home.
 

   
 

    

     1. name 
 

   
 

    

     'go'. you can invent reasons for this name but it has nice properties.
 

   
 

    

     it's short, easy to type. tools: goc, gol, goa. if there's an
 

   
 

    

     interactive debugger/interpreter it could just be called 'go'.
 

   
 

    

     the suffix is .go
 

   
 

    

     . . .
 

   
 

    

    Disney had already registered the domain go.com. So the Go team registered the domain golang.com instead, and the word golang became part of the language. To this day, most people call the language golang. The actual name, of course, is Go.
 

   
 

    

    In a practical sense, however, the golang keyword makes it easier to find something related to Go on the web. You can read more about the history of Go at https://mng.bz/Z9EO.
 

   
 

  
 

   

   
1.3 Hello, gophers!
 

  
 

   

   Let’s write a simple program to taste Go before exploring Go’s prominent features. This trivial executable program’s goal is to say hello to gophers. Like all Go code, it’s written in a package. Suppose that you have a directory called gobyexample with a hello.go file in it:
 

  
 

   

    

    // gobyexample/hello.go

package main  #1



import "fmt"  #2



func main() {

    message := "Hello Gophers 👋!"  #3

    fmt.Println(message)

}
 

     #1 package main can be compiled into an executable program.

     
#2 Imports the fmt (formatting) package from the Go standard library

     
#3 Go code is UTF-8 encoded and hence supports emojis.

     


    
 

   
 

  
 

   

   NOTE Go programmers are conventionally called gophers. See https://go.dev/blog/gopher.
 

  
 

   

   Running this program is straightforward. You can use the go tool to compile, link, and run the program. This tool is central to Go and comes with a compiler, linker, tester, and so on. Type the following commands to run the program:
 

  
 

   

    

    $ go mod init github.com/username/repository  #1

$ go run .  #2

Hello Gophers 👋!
 

     #1 Initializes a new Go module to run the example

     
#2 Runs the executable program in the current directory

     


    
 

   
 

  
 

   

   Instead of getting bogged down in how this program works, let’s continue the tour. Later chapters go deeper into the processes of structuring, designing, and writing Go programs. 
 

  
 

   

   TIP Go is a simple language, and its mechanics are outlined in a short document called the Go spec. Anyone can build a Go compiler, such as TinyGo, by following the spec. Visit https://go.dev/ref/spec for more information.
 

  
 

   

   
1.3.1 Statically and strongly typed language
 

  
 

   

   Go is a statically typed language—that is, the type of every variable is known at compile time. This enables the compiler to ensure type consistency and reduces the likelihood of trivial bugs. Because the memory layout of the types is known at compile time, the compiler can generate optimized machine code. Also, code editors can do a better job of analyzing the code and helping you while you edit. More important, types become the documentation.
 

  
 

   

   Static typing also has some potential drawbacks. Code is typically more verbose than in languages that are dynamically typed, for example. Luckily, Go is in a sweet spot between dynamically typed languages like Python and statically typed languages like C. It combines the best of both worlds, fusing the ease of use of dynamic languages with a statically typed language. In the preceding example program, Go guesses the type of the message variable without requiring you to specify it as a string variable.
 

  
 

   

   TIP Appendix B introduces variables and pointers in Go.
 

  
 

   

   
1.3.2 Compilation and static binary
 

  
 

   

   Go doesn’t require an intermediary execution environment like an interpreter or a virtual machine. As figure 1.1 shows, Go compiles code into efficient (fast) native machine code targeted for major operating systems (such as Linux) and architectures (such as AMD-64). Go compiles so fast that it feels like you’re working with an interpreted language like Python.
 

  
 

    

   [image: A diagram of a software system  AI-generated content may be incorrect.] 

   
Figure 1.1 The Go compiler compiles code with all necessary dependencies into a single executable binary targeted for a specific operating system and architecture.



  
 

   

   Go’s approach differs from that of interpreted languages. Python, for example, requires a Python interpreter, whereas Java requires a virtual machine. By contrast, a Go binary requires only an operating system to run, making it straightforward to distribute Go programs.
 

  
 

   

   Imagine managing a fleet of 1,000 servers. All you need to do is compile the program once, copy it to the target machines, and run it without any concerns about dependencies.
 

  
 

   

   NOTE You still need to compile the code separately for each target platform and architecture. See appendix G for information on cross-compiling Go programs.
 

  
 

   

    

    Deep dive: How does Go compile so fast?
 

   
 

    

    Unlike Python and Java, Go compiles directly to efficient native machine code, bypassing an intermediary interpreter. Compiling a Go program is often quicker than in most languages despite this compilation step. Go’s fast compiler helps you develop rapidly, and its speed is due to its design. For more information, visit https://go.dev/talks/2012/splash.article.
 

   
 

  
 

   

   
1.3.3 Go runtime
 

  
 

   

   Let’s explore how Go enables running executable programs independently. In Go, every executable binary includes the Go runtime, which is compiled for the target operating system. Figure 1.2 illustrates what’s inside an executable Go program.
 

  
 

    

   [image: A diagram of a garbage collector  AI-generated content may be incorrect.] 

   
Figure 1.2 A statically linked binary that includes everything it needs to run



  
 

   

   The Go runtime provides essential services for executable Go programs. These services include concurrency support, automatic memory management, and other low-level operations that are necessary for the efficient and correct running of executable programs:
 

  
 

   

   	
Go scheduler—Orchestrates concurrent functions called goroutines.
 

   	
Garbage collector—Runs in the background and automatically reclaims memory that is guaranteed to no longer be in use, allowing you to write code without worrying about freeing memory. Go’s garbage collector is also concurrent and scheduled by the Go scheduler.
 

  
 

   

   The next two sections explore two of Go’s most significant features: concurrency and the type system. These features make Go a powerful choice for developers who want an efficient yet simple programming language.
 

  
 

   

   NOTE If you’re curious about the garbage collector’s internals, visit https://golang.org/doc/gc-guide.
 

  
 

   

   
1.4 Concurrency
 

  
 

   

   Go was born out of necessity while the language’s creators worked with highly concurrent servers at Google. Go’s basic idea of concurrent programming is that concurrent functions communicate by sending and receiving messages. This model draws inspiration from Tony Hoare’s 1978 article “Communicating Sequential Processes.” In Go terminology
 

  
 

   

   	Sequential processes are concurrent routines (i.e., goroutines).
 

   	Channels enable communication between goroutines.
 

  
 

   

   Go abstracts classical concurrent programming constructs like threads and synchronization with goroutines and channels, making concurrent programming more straightforward. The following sections give you a general sense of Go’s approach to concurrency.
 

  
 

   

   NOTE For details on communicating sequential processes, see https://doi.org/10.1145/359576.359585. Appendix E and chapter 6 dive into concurrent programming in Go.
 

  
 

   

   
1.4.1 Goroutines
 

  
 

   

   Goroutines are independently running concurrent functions. Figure 1.3 is a simplified illustration of two goroutines that run a sequential function concurrently.
 

  
 

    

   [image: A diagram of a graph  AI-generated content may be incorrect.] 

   
Figure 1.3 The go statement before a function spawns a new goroutine that runs the given function concurrently. This figure illustrates running the crawl function concurrently in two separate goroutines. 


  
 

   

   Concurrency is not an afterthought in Go; it’s a fundamental part of the language and the Go runtime. The beauty of Go is that it doesn’t differentiate between concurrent and sequential code in terms of syntax. Writing concurrent code is as straightforward as writing sequential code. Suppose that you have a function that crawls a web page’s content:
 

  
 

   

    

    func crawl(url string) {

. . .  #1

}
 

    

     #1 Sequential code

     


    
 

   
 

  
 

   

   You can run this function concurrently like this:
 

  
 

   

    

    go crawl(". . .")

go crawl(". . .")
  

   
 

  
 

   

   The go keyword schedules the sequential crawl function to run concurrently. This code runs the crawl function in the background concurrently, using two separate goroutines.
 

  
 

   

   In traditional programming languages, thread pools are often used to manage the high execution cost of running multiple threads. In Go, the story is different. Goroutines are incredibly lightweight, eliminating the need for a thread pool. This efficiency allows you to run millions of goroutines on a regular machine, opening a world of possibilities.
 

  
 

   

   NOTE Using a pool of goroutine workers can be beneficial in specific scenarios. Goroutines are lightweight, but if your tasks are small and frequent, creating new goroutines repeatedly may introduce unnecessary overhead.
 

  
 

   

   
1.4.2 Go scheduler
 

  
 

   

   An operating system runs executable programs in separate processes. Every process comprises smaller units called threads that run code on one of the CPU cores.
 

  
 

   

   Switching between threads (known as context switching) is typically expensive: the operating system pauses and saves the state of the running thread, loads the state of the next thread, and then runs it. This thread-switching overhead can significantly degrade performance in programs with many threads competing for processor time. Go’s solutions to this problem are
 

  
 

   

   	Abstracting operating system threads with goroutines
 

   	Abstracting the operating system’s scheduler with a goroutine scheduler
 

  
 

   

   As figure 1.4 shows, the scheduler distributes goroutines to threads. Context switching between goroutines is tremendously more efficient than thread context switching because Go’s scheduler doesn’t have to involve the operating system kernel. Kernel-space calls are an order of magnitude slower than user-space calls.
 

  
 

    

   [image: A diagram of a computer process  AI-generated content may be incorrect.] 

   
Figure 1.4 The scheduler multiplexes goroutines onto threads for efficiency. Parallelism occurs at runtime when multiple CPU cores can run multiple threads in parallel.



  
 

   

   If a goroutine blocks, perhaps due to channel or I/O operations, the scheduler parks it, and the thread runs another ready goroutine. Goroutines are cheap and start with 2 KB of stack memory, which can grow or shrink as needed, significantly reducing memory resource costs compared with traditional operating system threads.
 

  
 

   

   For I/O-bound work (waiting for input/output operations to be completed), Go uses nonblocking I/O to avoid blocking underlying operating system threads. Numerous goroutines can send thousands of HTTP requests with a single thread, for example.
 

  
 

   

   Go’s approach minimizes the overhead of thread context switching, enabling Go to integrate concurrency into the language and lead to more efficient concurrent processing. Because goroutines are efficient, millions of them can be scheduled to run on a small set of threads.
 

  
 

   

   NOTE Go scheduler’s inner mechanics are more complicated than explained here. Visit https://youtu.be/watch?v=YHRO5WQGh0k if you’re curious.
 

  
 

   

   
1.4.3 Channels
 

  
 

   

   

    

     Don’t communicate by sharing memory. Share memory by communicating.   

     —Rob Pike

    


   
 

  
 

   

   Channels are a key part of Go’s concurrency model, setting it apart from other languages. Think of channels as network cables or UNIX pipes between goroutines. They allow goroutines to communicate and synchronize safely. Figure 1.5 illustrates a few goroutines that communicate through channels by passing messages.
 

  
 

    

   [image: A diagram of a diagram of a goroutine  AI-generated content may be incorrect.] 

   
Figure 1.5 Goroutines that are running concurrently communicate over channels. These goroutines forward the message to the next goroutine. Each goroutine performs some computation on the received message before sending it to the next one.



  
 

   

   Channels promote a clearer view of code as sequential stages and simplify data flow. What you see in the figure is the pipeline pattern, in which goroutines send messages through channels to transfer data to the next goroutine. While goroutines execute, sending and receiving a message pauses them for a while so they can synchronize.
 

  
 

   

   Although classical concurrency primitives such as mutexes (which Go supports) are useful for serializing and protecting concurrent access to a shared resource, such as a counter or cache, the idiomatic way is to use channels when you want goroutines to communicate and synchronize while performing tasks like passing a piece of data, distributing tasks, or communicating results.
 

  
 

   

   Unlike languages that use a global shared state for thread communication, which can complicate data flow, Go makes concurrency easy to reason about. When structured correctly, this message-passing approach of channels simplifies concurrent programming by making the data flow between goroutines explicit and reducing the likelihood of concurrency-related bugs. Channels are at the heart of Go, but classical synchronization primitives can still be useful when sharing state directly is simpler.
 

  
 

   

    

    Deep dive: Goroutines, channels, and ownership
 

   
 

    

    Go does not have a strict ownership model. Goroutines share the same memory space, and there is no memory isolation between them. Passing messages between channels won’t protect you; you’re responsible for the correct use of shared memory.
 

   
 

  
 

   

   

    

     If the only tool you have is a hammer, you tend to see every problem as a nail. 

     —Abraham Maslow’s law of the instrument

    


   
 

  
 

   

   Many newcomers to the Go programming language fall into the trap of applying Go’s concurrency features to every problem they encounter, mainly because Go makes it relatively easy to turn sequential programs into concurrent ones. This approach is rarely the best one, however. Although Go’s concurrency model makes working with concurrent code easier, humans are naturally better at understanding sequential execution. Therefore, it’s important to resist the temptation to use concurrency unless it’s necessary to solve the problem at hand.
 

  
 

   

   
1.5 Type system
 

  
 

   

   The next standout feature of Go is its simple, effective type system. Unlike popular programming languages that rely heavily on classes and inheritance, Go implements a lean version of object-oriented programming. Go’s type system is flat, meaning that there are no type hierarchies, classes, or inheritance. Go favors composition over inheritance. Runtime polymorphism is possible only through interface types. Although it is possible to imitate similar flat types in other languages by avoiding inheritance and using only interfaces to achieve polymorphism, Go requires this approach, which prevents unintentional complexity caused by overusing type hierarchies.
 

  
 

   

   NOTE Appendix D covers object-oriented programming in Go.
 

  
 

   

   
1.5.1 Composition instead of inheritance
 

  
 

   

   This section presents a high-level overview of composition and polymorphism in Go. Later chapters delve into these concepts and explain them in detail. Having a rough understanding is sufficient for now.
 

  
 

   

   Inheritance is a fundamental concept in most object-oriented programming languages. In this concept, a new class, known as a child class, derives its attributes and behaviors, including methods, from an existing class, known as a parent class. This relationship allows the child class to inherit reusable code from the parent, facilitating code reuse. Inheritance also enables polymorphism, in which a child class instance can be treated as an instance of its parent class, simplifying code management and promoting flexibility in object use.
 

  
 

   

   Go’s type system eschews this type of classical inheritance in favor of a flat-type structure. Instead of inheritance, Go prefers composition via struct embedding, allowing one struct type to include another’s methods and fields. Unlike inheritance, however, embedding doesn’t establish a parent–child relationship; the types remain distinct and aren’t interchangeable.
 

  
 

   

   TIP Think of struct types as similar to lightweight classes.
 

  
 

   

   Figure 1.6 roughly illustrates the differences between inheritance and embedding. The distinction is crucial: when a struct embeds another, it doesn’t inherit from it. This concept maintains clear boundaries between types and prevents some common pitfalls of inheritance, such as tight coupling and difficulty in understanding code hierarchies. It’s part of what gives Go its characteristic simplicity and power in design.
 

  
 

    

   [image: A cut out paper with a black line  AI-generated content may be incorrect.] 

   
Figure 1.6 Inheritance creates a type hierarchy; embedding does not. In inheritance, you can pass parent (square) and child (circle) types interchangeably to a function that expects only the parent type. With embedding, the function can work only with the specified type. Embedding does not form a type hierarchy; it simply makes one type’s methods and data part of another type.



  
 

   

   Programmers who are new to Go are often surprised to learn that they can’t use a struct type that embeds another in place of the embedding struct type. They are surprised because they mistakenly think that embedding is inheritance, which Go does not support.
 

  
 

   

   As later chapters discuss, embedding offers a convenient syntax for composition but does not support polymorphism. For runtime polymorphism, Go provides interfaces, which I explore in the next section.
 

  
 

   

   NOTE Chapter 9 dives into field embedding.
 

  
 

   

   
1.5.2 Implicit interfaces
 

  
 

   

   Go interfaces blend the flexibility of dynamically and statically typed languages. You can pass types to functions based solely on their methods (duck typing: if it quacks like a duck and walks like a duck, it should be a duck). At the same time, Go offers the benefits of static typing. Like Java, Go checks at compile time whether the types match the interface’s methods. Thus, Go’s approach provides both flexibility and reliability in your code.
 

  
 

   

   Go can achieve this flexibility because interfaces are implicitly satisfied. Types do not have to mention that they implement an interface explicitly. If a type implements all the methods of an interface, you can use the type wherever that interface is expected.
 

  
 

   

   NOTE Go’s implicit interfaces empower you to craft code that’s easy to maintain.
 

  
 

   

   Figure 1.7 illustrates how to use Go’s implicit interfaces. Suppose that you have an interface called runner with a run method and two concrete types, each with its own run method (behavior). You also have a function that expects the runner interface.
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Figure 1.7 The function expects a type that implements the runner interface—any type with a run() method. You can pass either of these types to the function interchangeably because each has a run() method and implicitly satisfies runner. 


  
 

   

   Notice that these types say nothing about the runner interface. Each implements only the run method, which allows you to pass any of them to the process function. If you pass a type without the run method to the function, the code won’t compile.
 

  
 

   

   In practice, Go’s implicit interfaces offer tremendous simplicity, flexibility, and reliability in program design. By decoupling the concrete implementations from their behaviors, Go encourages a more modular, scalable code structure.
 

  
 

   

   You don’t have to design interfaces up front. Go’s approach empowers you to write code that is easy to maintain and adaptable to future changes without requiring extensive refactoring.
 

  
 

   

   NOTE Chapter 10 and appendix D discuss how to use interfaces idiomatically.
 

  
 

   

   
1.5.3 Testing with implicit interfaces
 

  
 

   

   This section briefly explores how Go’s implicit interfaces boost the testability of code. Mithril is an imaginary payment processor, and you want to test code that uses Mithril’s API. As figure 1.8 shows, when you run the test, the code charges users for money. How can you test this code without sending requests to Mithril’s live servers?
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Figure 1.8 This expensive test runs code that invokes the Charge method of Mithril’s API and contacts live servers. It’s not the best way of testing.



  
 

   

   The problem is that Mithril’s API doesn’t offer interfaces, which poses a challenge for testing. This is where Go’s implicit interfaces shine. Instead of running costly tests against Mithril’s servers, you can decouple your code by declaring a tiny interface with a subset of Mithril’s API methods. Here’s the recipe (see figure 1.9 for an illustration):
 

  
 

   

   	Declare an interface (Charger) with a single Charge method.
 

   	Declare a test-only concrete type (FakeCharger) with a Charge method.
 

   	Change your code to accept the Charger interface.
 

   	Pass your fake concrete type to the code while testing.
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Figure 1.9 Testing the code with a fake payment provider



  
 

   

   The code no longer depends on Mithril’s API; instead, it accepts the Charger interface. This approach enables you to pass any type with a Charge method to the code (including the fake payment processor while testing or the actual Mithril API). Mithril’s lack of an interface was never a barrier to testing. In Go, you can always defer declaring an interface until needed, making your code straightforward to evolve and also testable. This scenario is a prime example of Go’s practicality.
 

  
 

   

   Go allows you to craft testable code without designing interfaces up front, effectively enabling you to evolve your code confidently even when third-party interfaces are unavailable. This technique and others you’ll learn in this book showcase the fact that Go is engineered for building solid software.
 

  
 

   

   NOTE Go has limited support for generics. For details, check out https://go.dev/doc/faq#Type_Parameters.
 

  
 

   

   
1.6 Standard library
 

  
 

   

   Go comes with a rich set of packages called the standard library. These packages include functionality ranging from simple tasks such as string manipulation to running HTTP servers. By reusing the functionality offered by the standard library, you can develop your programs rapidly. Here is an example of running an HTTP server using the standard library:
 

  
 

   

    

    package main



import "net/http"  #1



func main() {

    handler := func(  #2

        w http.ResponseWriter,  #3

        r *http.Request,  #4

    ) {

         w.Write([]byte("hello, gophers!"))  #5

    }

    http.ListenAndServe("localhost:8080", http.HandlerFunc(handler))

}
 

     #1 Imports Go’s standard library’s http package to use its functionalities in this source-code file

     
#2 Declares a function variable. (Functions are first-class citizens in Go.)

     
#3 The first input is an interface (http package’s ResponseWriter).

     
#4 The second input is a pointer to the http package’s Request type.

     
#5 Writes “hello, gophers!” as a series of bytes to the client

     


    
 

   
 

  
 

   

   This program listens on localhost’s port 8080. When it receives an HTTP request, the server sends the client a "hello, gophers!" message. Thanks to concurrently serving requests with goroutines, even this basic server can handle hundreds of thousands of requests per second.
 

  
 

   

   NOTE Chapter 8 explains in detail how to structure and write HTTP services.
 

  
 

   

   Although Go’s standard library is extensive and provides a solid foundation for many everyday programming tasks, it does not cover all specific needs or the most advanced use cases. Luckily, Go has a vibrant, mature ecosystem of third-party packages. It’s straightforward to download and use these packages using Go’s built-in module system. But using the standard library is wise if it offers the packages you need.
 

  
 

   

   The standard library is a tribute to reliability, having undergone rigorous testing and tight integration with the Go runtime, often leading to more robust and efficient code. Moreover, most Go developers are familiar with standard-library code, so it’s easier for everyone to understand everyone else’s code and work together effectively.
 

  
 

   

   This book uses the standard library for all examples. Chapter 2 introduces the testing package for automated testing, chapter 4 uses the flag package for command-line flags, chapter 7 uses the http package for sending requests, and so on.
 

  
 

   

   TIP You can see the standard library’s packages at https://pkg.go.dev/std. Besides Go’s standard library, you can find useful experimental packages, some of which soon became part of Go’s standard library. See https://pkg.go.dev/golang.org/x.
 

  
 

   

   
1.7 Tooling
 

  
 

   

   Another reason why Go is so successful and popular is its great built-in tooling support. Go tools play a critical role in a gopher’s workflow, from automatically managing dependencies and formatting code to compiling. You can use all the tools with a single go command such as this:
 

  
 

   

    

    $ go test .

PASS
  

   
 

  
 

   

   Go prioritizes tests as first-class citizens. With the go test tool, you can effortlessly run tests, benchmark, and profile your code to identify the areas where it’s spending the most time. You can also use the go fmt tool to format your code automatically from this
 

  
 

   

    

    package main;import "fmt"; func main() {

fmt.Println("hello, gophers!") }
  

   
 

  
 

   

   to this:
 

  
 

   

    

    package main



import "fmt"



func main() {

    fmt.Println("hello, gophers!")

}
  

   
 

  
 

   

   The formatting tool is tremendously helpful for keeping code consistent across every Go project—no more tabs-versus-space wars. Thanks to Go’s tooling, you can focus on coding. Here are a few more tools:
 

  
 

   

   	
go build compiles Go code.
 

   	
go run compiles and runs Go code. 
 

   	
go get downloads third-party packages and adds them to your project’s Go module so you can import them into your program.
 

   	
go vet finds potential problems in Go code to improve code quality.
 

   	
go doc displays documentation for packages.
 

   	
go generate generates Go code for repetitive tasks.
 

  
 

   

   Visit https://pkg.go.dev/cmd/go for more information on other Go tools.
 

  
 

   

   
1.8 Outro
 

  
 

   

   This chapter dissects why Go exists and the problems it’s crafted to solve, cutting through the trivia and diving into the heart of what makes Go stand out—its simplicity, pragmatism, and efficiency. With an introduction to Go’s strengths, you’ve begun the journey toward understanding how Go makes constructing reliable, performant software easier.
 

  
 

   

   As the first chapter concludes, I hope you’re beginning to recognize the reasons to delve further into the world of Go and continue reading. This book is structured to help you develop the right mindset for using the Go language’s idioms and mechanics effectively. It will guide you in crafting maintainable and testable code in Go. 
 

  
 

   

   Before reading chapter 2, check out appendices A to E if you’re new to Go programming or if you’re experienced but want to refresh your idiomatic Go knowledge. Then proceed to chapter 2. The appendices provide a fast-paced primer designed to get you up to speed on the advanced topics discussed in this book.
 

  
 

   

   
1.9 Source code and Go module
 

  
 

   

   The source code for this book is available in the GitHub repository at https://github.com/inancgumus/gobyexample. You can find each listing in the book by visiting https://mng.bz/RwZ0.
 

  
 

   

   You can visit listings to see the changes or navigate each section’s final code. Every listing in this book corresponds to a unique Git commit. This approach makes it easy to follow how the code evolves within a chapter and across chapters. By comparing changes, you can see how features are added, logic is refined, and structure improves step by step.
 

  
 

   

   Before getting started, you may want to install the latest version of Go at https://go.dev/doc/install. I use Go version 1.24.2 for all examples in the book. 
 

  
 

   

   When you finish, create a new directory, and initialize a Go module, replacing the username and repository parts to suit your taste (such as github.com/inancgumus/gobyexample):
 

  
 

   

    

    $ go mod init github.com/username/repository
  

   
 

  
 

   

   For each project discussed in the book, create a new directory under this root directory, but you can continue using the same Go module. You’ll be all set. These steps for initializing a Go module are also detailed in appendix A; check it out before you start.
 

  
 

   

   WARNING Make sure to initialize a Go module so that the examples in the book will work.
 

  
 

   

   Summary
 

  
 

   

   	Idiomatic Go is a set of shared values and the conventional way to write Go code.
 

   	Go is a simple language that blends dynamically and statically typed languages.
 

   	Go compiles code into efficient native machine code, producing a single static binary with an embedded runtime, scheduler, and garbage collector for easy deployment.
 

   	Concurrency is built into Go. Lightweight goroutines run code concurrently. Channels simplify communication and synchronization between goroutines.
 

   	Go’s flat type system favors composition over inheritance, which Go lacks. Interfaces are implicitly satisfied and provide runtime polymorphism.
 

   	Go offers a comprehensive standard library and extensive tooling support for a broad range of programming tasks, facilitating rapid development.
 

  


 

   

   
2 Idioms and testing

 

  
 

   

   
This chapter covers

 

    

    	Exploring idiomatic principles with packages
 

    	Satisfying the standard library interfaces
 

    	Writing and running tests using the tools provided by Go
 

    	Using table-driven testing and subtests to improve maintainability
 

    	Writing example tests to generate runnable documentation
 

   
 

  
 

   

   Automated tests ensure that code works today and will continue to work in the future. Focusing on testing right away builds a solid mindset for the remainder of the book. This chapter covers testing fundamentals; the following chapters explore this topic in greater depth.
 

  
 

   

   We’ll explore how to write and test a simple URL parser package called url, a replica of the standard library’s url package with the same name. Although simple, it shows the proper way to name packages and their items, handle errors, and implement interfaces from the standard library. When we have its basic version in place, we’ll test the package.
 

  
 

   

   After learning the fundamentals of testing in Go, we’ll explore table-driven tests to reduce duplication. Although table-driven testing is helpful, it has some pitfalls, which we’ll address using subtests. Last, we’ll learn how to generate documentation using example tests. Chapter 3 dives into measuring test coverage, benchmarking, and optimization.
 

  
 

   

   NOTE Read appendix A to see how to initialize a Go module before getting started. Also check out appendices B, C, and D for information on variables, pointers, and object-oriented programming concepts in Go, such as methods and interfaces. Otherwise, progressing in this chapter may be challenging if you’re new to Go.
 

  
 

   

   
2.1 Groundwork
 

  
 

   

   We’ll start with the url package by exploring its overview and seeing what it offers other packages. Then we’ll move on to implementation and the idiomatic decisions we make in our package.
 

  
 

   

   NOTE Each section has a designated directory in the book’s repository for its final code. This section’s code is at https://mng.bz/26Kd.
 

  
 

   

   
2.1.1 Overview
 

  
 

   

   Figure 2.1 shows an overview of the url package. We have a Parse function that can parse a URL string and return a URL pointer and an error. The returned *URL points 
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Figure 2.1 The url package’s overview. Parse returns a pointer to a URL value that contains the parsed URL’s parts. String reassembles the URL value as a string.



  
 

   

   to a URL value in memory. (The pointer is not shown in the figure for brevity.) A URL value’s fields include the parsed URL string’s parts, such as Scheme, Host, and Path. We also have a String method to reassemble a URL string for easy logging.
 

  
 

   

   Now that we’ve seen our package’s overall structure, let’s look at its implementation. As shown in the next listing, for now, Parse returns hardcoded values and always succeeds. String, on the other hand, works as expected in most cases. (We’ll see where it fails later.)
 

  
 

   

   Listing 2.1 Implementing the url package (url/url.go)
 

    

    package url



import "fmt"



// A URL represents a parsed URL.

type URL struct {

    Scheme string

    Host   string

    Path   string

}



// Parse parses a URL string into a URL structure.

func Parse(rawURL string) (*URL, error) {

    return &URL{  #1

        Scheme: "https",  #2

        Host:   "github.com",   #2

        Path:   "inancgumus",   #2

    }, nil  #3

}



// String reassembles the URL into a URL string.

func (u *URL) String() string {  #4

    return fmt.Sprintf("%s://%s/%s", u.Scheme, u.Host, u.Path)

}
 

     #1 Creates a pointer to a URL value

     
#2 Sets the URL value’s fields

     
#3 Returns a *URL (a pointer to the URL value) and a nil error (success)

     
#4 Reassembles a URL string from the URL value’s fields that the *URL points to

     


    
 

   
 

  
 

   

   We declared the URL struct type and the Parse function in the url package. URL has three string fields where we can store the parts of a URL string after parsing it with Parse, which returns a nil error, meaning that it parses the URL string successfully. String gets a *URL receiver, combines the fields in a string using Sprintf, and returns the string.
 

  
 

   

   Last, commenting package items, as in the listing, enables Go to generate documentation from the code automatically. Read more at https://go.dev/doc/comment.
 

  
 

   

   NOTE Each listing is in the book’s repository. Listing 2.1, for example, is at https://mng.bz/15GV.
 

  
 

   

   
2.1.2 Implementation
 

  
 

   

   Now that we have implemented the url package, let’s look at its use. As the next listing shows, we parse a URL string, handle the error, and print the URL parts.
 

  
 

   

   Listing 2.2 Using the url package (url/cmd/url.go)
 

    

    package main  #1



import (

    "fmt"

    "log"

    "github.com/inancgumus/gobyexample/url" #2

)



func main() {  #3

    uri, err := url.Parse("https://github.com/inancgumus")

    if err != nil {

        log.Fatal(err)  #4

    }  

    fmt.Println("Scheme:", uri.Scheme)  #5

    fmt.Println("Host  :", uri.Host)  #6

    fmt.Println("Path  :", uri.Path)  #7

    fmt.Println(uri)  #8

}
 

     #1 Declares a nonimportable package

     
#2 Imports our url package

     
#3 Designates main as the program’s entry point

     
#4 Terminates the program with an error message

     
#5 Prints https

     
#6 Prints github.com

     
#7 Prints inancgumus

     
#8 Prints https://github.com/inancgumus

     


    
 

   
 

  
 

   

   Running this code prints the following:
 

  
 

   

    

    $ go run ./url/cmd  #1

Scheme: https

Host  : github.com

Path  : inancgumus

https://github.com/inancgumus
 

    

     #1 Compiles the program and runs the func main()

     


    
 

   
 

  
 

   

   WARNING You’ll see the go: cannot find main module error message if you haven’t initialized your Go module. Make sure to review appendix A.
 

  
 

   

   Because we call the Parse function from another package (in this case, main), we prepend the function name Parse with its package name url (url.Parse). We can call Parse from another package because we export Parse (with a capital P) from the url package.
 

  
 

   

   If the Parse function returns a non-nil error, something went wrong, and we should handle the problem. In this case, we terminate the program with an error message using the Fatal function from the log package. On the other hand, if no error occurs (the error is nil), we continue to print the URL details because we’re sure that the returned URL is valid. As discussed in the chapter intro, we keep our package simple to focus on testing.
 

  
 

   

   TIP A nil error value indicates a successful operation. We often avoid using any other returned values (such as *URL) if a function returns a non-nil error, which means a failure.
 

  
 

   

   
2.2 Idioms
 

  
 

   

   Our package may look simple, but it includes idiomatic decisions that we follow carefully. This section discusses naming conventions and error handling, as well as when to export struct fields and the importance of satisfying standard library interfaces. This section is a starting point; we’ll keep exploring idioms throughout the rest of the book.
 

  
 

   

   
2.2.1 Names
 

  
 

   

   A package’s name should concisely communicate what it offers, not what it does. The url package, for example, provides a way to work with URLs, so we name it url instead of something like urlparser (even though it parses only URLs for now). Our package can include everything related to working with URLs, so we chose a generic name 
for it.
 

  
 

   

   For readability and clarity, a package’s name should be meaningful when used in combination with its exported items. The name should make clear what each item does:
 

  
 

   

    

    uri, err := url.Parse("https://github.com/inancgumus")
  

   
 

  
 

   

   The package name, along with Parse, makes it easy to grasp what Parse does. url.Parse parses a URL, for example. Without the package name, it wouldn’t be easy to see what Parse does.
 

  
 

   

   Last, for clarity, it’s idiomatic to avoid stuttering when naming package items. If Parse were named ParseURL, it would stutter: url.ParseURL. A concise package name like url also prevents excessive repetition: urlparser.Parse.
 

  
 

   

   TIP Conventions are nice until they meet the real world. The standard library’s url.URL type stutters, for example. Initially, this type belonged to the http package. Due to circular import problems, it was moved to the url package. url.Value could be an alternative, but within the url package, a Value type may be confusing and too generic. In this case, the stuttering can be accepted as idiomatic.
 

  
 

   

   Now let’s turn our attention to variable names. Conventionally, variables get shorter names in a smaller scope, making them faster to read and type; in a broader scope, they get longer names. This is fine as long as the context in which those variables are used makes their purpose clear. Instead of declaring a parsedURLString variable, for example, we use uri. A method receiver is also a variable and is often named with one or two letters (as in u). This convention keeps method signatures easy to read and type without verboseness.
 

  
 

   

   Go enforces and suggests a uniform style through conventions, as is evident from tools like gofmt. These conventions minimize debates about individual styles and ensure consistency across projects, making Go code easier to type, read, and grasp regardless of the project. Just as tabs versus spaces is not a problem in Go, neither is the use of concise names.
 

  
 

   

   
2.2.2 Errors
 

  
 

   

   Returning to Parse, we see that it returns an error because it can fail to parse a URL string:
 

  
 

   

    

    func Parse(rawURL string) (*URL, error)  #1

func (u *URL) String() string  #2
 

     #1 Returns an error as the last result value

     
#2 Does not return an error

     


    
 

   
 

  
 

   

   If an error occurred during parsing, the returned error would explain what went wrong. By contrast, the String method does not need to return an error because in our case, reassembling a URL into a string is never expected to fail. Unlike errors in other languages, errors in Go are not exceptional conditions, and Go does not have exceptions. Instead, we handle errors explicitly in the normal flow of our program code:
 

  
 

   

    

    uri, err := url.Parse("https://github.com/inancgumus")

if err != nil { . . . }  #1
 

    

     #1 Handles the error in the normal flow of the code

     


    
 

   
 

  
 

   

   This approach clarifies error handling, leading to more robust programs when used correctly. Because errors are ordinary values, we can return them from functions or methods and pass them around. This approach is no different from processing other values. Currently, Parse succeeds by returning a nil error, but we’ll soon improve it to return non-nil errors.
 

  
 

   

   NOTE Return an error result if a function is expected to fail. It is idiomatic to specify the error type as the last result value of a function. Instead of func() (error, T), for example, func() (T, error) is a widely used convention.
 

  
 

   

   We’ll explore many error-handling techniques throughout the book. In the meantime, you may want to read Rob Pike’s article on errors at https://go.dev/blog/errors-are-values. 
 

  
 

   

   
2.2.3 Fields
 

  
 

   

   Conventionally, we don’t add unnecessary indirection to fields with methods. In Go, You Aren’t Gonna Need It (YAGNI) is an essential philosophy because it prevents us from overengineering based on speculation rather than actual needs.
 

  
 

   

   The URL type exposes its fields directly to other packages—Scheme, Host, and Path—because we don’t require immutability or implement special business logic. We don’t necessarily need to use getter and setter methods to make the fields available. By contrast, URL.String is a method because it reassembles URL strings.
 

  
 

   

   Whether to export fields depends on the specific problem we’re trying to solve, such as immutability. Suppose that the URL type had an unexported scheme field. We could have a SetScheme method to prevent other package codes from mutating URL values directly:
 

  
 

   

    

    func (u *URL) SetScheme(s string) *URL {

    nu := *u  #1

    nu.scheme = s  #2

    return &nu #3

}
 

     #1 Copies the URL value by the assignment after finding the original value through the pointer

     
#2 Sets the scheme field of the copied URL value

     
#3 Returns a new pointer to the copied URL value

     


    
 

   
 

  
 

   

   Mutability can be useful because it prevents concurrency problems with shared variables across goroutines. We should avoid adding unnecessary indirection to fields with methods, however, if we don’t need encapsulation, immutability, or performance.
 

  
 

   

   TIP I mention performance because URL may have methods that return existing URLs from a memory pool rather than create new ones each time. Managing URLs internally and preventing direct field access could reduce allocations.
 

  
 

   

   
2.2.4 Standard interfaces
 

  
 

   

   It’s idiomatic and practical to implement the standard library’s interfaces whenever possible so we can better integrate our code with the existing functionality of the standard library and other third-party packages. Take the standard library’s fmt.Stringer as an example:
 

  
 

   

    

    type Stringer interface { #1

    String() string #2

}
 

     #1 The Stringer interface is declared in the fmt package.

     
#2 Stringer has a single String method that returns a string.

     


    
 

   
 

  
 

   

   Our *URL type satisfies the Stringer with the pointer receiver String method:
 

  
 

   

    

    func (u *URL) String() string { . . . }  #1
 

     #1 A pointer receiver method named String receives a *URL when called on a *URL.

     


    
 

   
 

  
 

   

   Println can automatically detect and call the *URL.String method:
 

  
 

   

    

    uri, err := url.Parse( #1

  "https://github.com/inancgumus",

)

. . .

fmt.Println(uri)  #2
 

     #1 The uri variable’s type is *URL.

     
#2 Prints https://github.com/inancgumus

     


    
 

   
 

  
 

   

   We’ll build on our idiomatic knowledge throughout the book.
 

  
 

   

   NOTE Passing a *URL to Println automatically calls String, but passing a URL value to Println does not because Println wraps each provided argument in an empty interface (the any type) value. We can’t call methods with pointer receivers using an interface value that wraps a nonpointer value of that type. See appendix D.
 

  
 

   

   
2.3 Testing
 

  
 

   

   Go comes with built-in testing support, and we don’t have to install third-party tools. We can use the following components to write and automatically run our tests and verify our code:
 

  
 

   

   	
go test tool—A command-line utility that runs tests and shows their results
 

   	
testing package—A set of functions and types for writing tests
 

  
 

   

   Testing in Go isn’t much different from writing Go code. Tests are written inside regular functions in the usual Go source files with specific conventions:
 

  
 

   

   	Test file names end with _test.go.
 

   	Test function names begin with Test.
 

   	Test functions take a *testing.T input, idiomatically named t.
 

  
 

   

   NOTE For brevity, I’ll say *T when referring to *testing.T from now on.
 

  
 

   

   Figure 2.2 shows a test setup for the Parse function. Because we want to test the url package’s Parse function, we name the test file url_test.go and the test function TestParse (takes a *T input).
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Figure 2.2 The go test tool and the testing package collaborate on running tests. Tests get a *T, which has methods for tests to call, log, report failures, and so on.



  
 

   

   NOTE We can create multiple test files, and each file can have various tests.
 

  
 

   

   The *T is a pointer to a T struct type with test-related methods attached. We can use *T’s methods from our test functions to report results, print logs, and so on. Fatalf, for example, marks a test function as failed and stops its execution immediately, which is ideal when a failure is so critical that no further testing makes sense. Errorf, on the other hand, logs a failure but lets the test continue. We’ll see these functions in action in section 2.3.1.
 

  
 

   

   TIP Although both Fatalf and Errorf mark a test as failed, Fatalf stops the current test’s execution, preventing any further code in that specific test from running. Other tests (in the same package or other packages) continue to run. Note that each test runs in isolation (in a separate goroutine), so a Fatalf stops only the test function that called it.
 

  
 

   

   
2.3.1 Writing tests
 

  
 

   

   Now that we know the theory, let’s practice our knowledge. As the next listing shows, the test function TestParse receives t of type *T and reports failures with t.Fatalf or t.Errorf.
 

  
 

   

   Listing 2.3 Testing the Parse function (url/url_test.go)
 

    

    package url



import "testing"  #1



func TestParse(t *testing.T) {

    const uri = "https://github.com/inancgumus"



    got, err := Parse(uri)  #2

    if err != nil {

        t.Fatalf(  #3

            "Parse(%q) err = %q, want <nil>",

            uri, err,

        )

    }

    want := &URL{	  #4

        Scheme: "https", Host: "github.com", Path: "inancgumus",

    }

    if *got != *want {  #5

        t.Errorf(  #6

            "Parse(%q)\ngot  %#v\nwant %#v",  #7

            uri, got, want,

        )

    }

}
 

     #1 Imports the testing package to use its functionality

     
#2 Assigns the result values of Parse to the variables got and err

     
#3 Stops the test run with a failure message

     
#4 Declares a pointer variable that points to the URL value

     
#5 Dereferences the pointers to compare the URL values they point to

     
#6 Reports a test failure

     
#7 Uses \n (newline) for readability in test results

     


    
 

   
 

  
 

   

   Returning to our test, we first declare a constant uri, the target URL string we want to parse. Then we call Parse, which returns a *URL and an error. If Parse fails, we report a failure and halt the test with Fatalf because there’s no point in proceeding with an invalid URL.
 

  
 

   

   TIP Dereferencing a nil *URL would cause a panic (runtime crash), so we call Fatalf to stop the test after we get a nil URL and a non-nil error value.
 

  
 

   

   When we confirm that the parsing is successful, we compare the actual result (got) with the expected result (want). Then we use Errorf to report a failure if the results don’t match. Even if Parse gives us something unexpected, the test can carry on.
 

  
 

   

   Let’s look at another example. The following listing demonstrates writing a test function TestURLString to test the url package’s String method. We verify whether String can reassemble a *URL into a string.
 

  
 

   

   Listing 2.4 Testing the URL.String method (url/url_test.go)
 

    

    func TestURLString(t *testing.T) {

    u := &URL{

        Scheme: "https",

        Host:   "github.com",

        Path:   "inancgumus",

    }



    got  := u.String()

    want := "https://github.com/inancgumus"

    if got != want {

        t.Errorf("String() = %q, want %q", got, want)

    }

}
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