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Front matter


  
preface


  I love learning new programming languages.


  I’ve been writing code for a long time, but I still find myself occasionally banging my head against a wall when learning new languages or tools. Rust is a unique language in many respects, and it introduces several concepts that some people may have never seen before, even if they have been programming for many years.


  I have spent a great deal of time working with Rust both professionally and as a contributor to community projects, and I have written this book to share what I learned along the way. By taking the time to read this book, you will save yourself a lot of time by avoiding the common pitfalls and problems people encounter when they’re new to Rust.
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about this book


  While writing this book, I’ve paid special attention to noting when features or interfaces are subject to change. While core language features may not change substantially, practical use of Rust may involve hundreds of separate libraries and projects. By reading this book, you’ll be introduced to strategies and techniques that help you navigate this evolving ecosystem.


  As you continue to read, I would like to mention that the Rust ecosystem is rapidly evolving. I have written this book with the future of Rust in mind, but I cannot guarantee that the language and libraries won’t change substantially after the book has been published.


  
How is this book different?


  This book focuses on the practical usage of Rust, while considering the big-picture themes, limitations of Rust and its tooling, and how developers can become productive with Rust quickly. The text is not an introduction to the Rust language, nor is it a replacement for the official Rust documentation. This book supplements the existing documentation and resources available for Rust and provides the most important lessons you won’t find in Rust documentation in one place. While Code Like a Pro in Rust does not provide an exhaustive reference for the Rust language, I do indicate where to go for additional information when appropriate.


  
Who should read this book?


  Readers of this book should be familiar with Rust and consider themselves beginner to intermediate Rust programmers. If you have never used Rust, you may find this book difficult to read, as it contains many references to Rust-specific features, for which I will not spend much time discussing the background. If you find yourself confused about Rust syntax or technical details, I recommended starting with Rust in Action by Tim McNamara (Manning, 2021) or the official Rust book at https://doc.rust-lang.org/book/.


  For those who are intermediate to advanced Rust programmers, some content in this book might be familiar. In your case, I recommend you skip ahead to the chapters most interesting to you.


  
How this book is organized


  The chapters of this book can be read in any order, according to what interests you most. While I would like for every reader to read every chapter from start to finish, I also understand that readers have varied goals and experience levels. Most of the later chapters build on top of content from earlier chapters, so while it isn’t a requirement, you’ll get the most benefit from reading the chapters in order. Throughout the book, I make references to other chapters or topics as needed, and you may want to make notes to go back and read other sections accordingly.


  If you are relatively new to Rust or programming in general, then I recommend reading the whole book from cover to cover, to get the most out of it. For an excellent introduction to the Rust programming language, I recommend you first read the official Rust book (https://doc.rust-lang.org/book/).


  Part 1 covers an introduction to Rust and its tooling:


  
    	
      Chapter 1 provides an overview of Rust and what makes it special.

    


    	
      Chapter 2 introduces Cargo, Rust’s project management tool.

    


    	
      Chapter 3 provides a tour of key Rust tooling.

    

  


  Part 2 covers Rust’s data structures and memory management:


  
    	
      Chapter 4 discusses Rust data structures.

    


    	
      Chapter 5 goes into detail on Rust’s memory management model.

    

  


  Part 3 discusses testing methods for correctness:


  
    	
      Chapter 6 provides a tour of Rust’s unit testing features.

    


    	
      Chapter 7 dives into integration and fuzz testing.

    

  


  Part 4 introduces asynchronous Rust programming:


  
    	
      Chapter 8 provides an overview of Rust’s async features.

    


    	
      Chapter 9 walks through implementing an async HTTP server.

    


    	
      Chapter 10 walks through implementing an async HTTP client.

    

  


  Part 5 discusses optimizations:


  
    	
      Chapter 11 dives into the details of Rust optimizations.

    

  


  
About the code


  This book contains many examples of source code both in numbered listings and in line with normal text. In both cases, source code is formatted in a fixed-width font like this to separate it from ordinary text. Sometimes code is also in bold to highlight code that has changed from previous steps in the chapter, such as when a new feature adds to an existing line of code.


  In many cases, the original source code has been reformatted; we’ve added line breaks and reworked indentation to accommodate the available page space in the book. In some cases, even this was not enough, and listings include line-continuation markers (➥). Additionally, comments in the source code have often been removed from the listings when the code is described in the text. Code annotations accompany many of the listings, highlighting important concepts.


  You can get executable snippets of code from the liveBook (online) version of this book at https://livebook.manning.com/book/code-like-a-pro-in-rust. The complete code for the examples in the book is available for download from the Manning website at https://www.manning.com/books/code-like-a-pro-in-rust, and from GitHub at https://github.com/brndnmtthws/code-like-a-pro-in-rust-book.


  You can clone a copy of the book’s code locally on your computer by running the following command with Git:

  $ git clone https://github.com/brndnmtthws/code-like-a-pro-in-rust-book


  The book’s code is organized into directories by chapter and section within the repository, organized within each section by topic. The code is licensed under the MIT license, which is a permissive license that allows you to copy the code samples and use them as you see fit, even as the basis for your own work.


  Throughout this book, there are many references to open source projects which are used as teaching aids. The source code for most of these projects (or crates) can be obtained from their respective project repositories—for reference, see the following table.


  List of projects referenced in this book


  
    
      	
        Name

      

      	
        Description

      

      	
        Home page

      

      	
        Repository URL

      
    


    
      	
        dryoc

      

      	
        Cryptography library

      

      	
        https://crates.io/crates/dryoc

      

      	
        https://github.com/brndnmtthws/dryoc.git

      
    


    
      	
        rand

      

      	
        Provides random values

      

      	
        https://rust-random.github.io/book

      

      	
        https://github.com/rust-random/rand.git

      
    


    
      	
        Rocket

      

      	
        HTTP/web framework

      

      	
        https://rocket.rs

      

      	
        https://github.com/SergioBenitez/Rocket.git

      
    


    
      	
        num_cpus

      

      	
        Returns the number of logical CPU cores

      

      	
        https://crates.io/crates/num_cpus

      

      	
        https://github.com/seanmonstar/num_cpus.git

      
    


    
      	
        zlib

      

      	
        Compression library

      

      	
        https://zlib.net/

      

      	
        https://github.com/madler/zlib.git

      
    


    
      	
        lazy_static

      

      	
        Global static variable library

      

      	
        https://crates.io/crates/lazy_static

      

      	
        http://mng.bz/E9rD

      
    


    
      	
        Tokio

      

      	
        Async runtime

      

      	
        https://tokio.rs

      

      	
        https://github.com/tokio-rs/tokio

      
    


    
      	
        Syn

      

      	
        Rust code parser

      

      	
        https://crates.io/crates/syn

      

      	
        https://github.com/dtolnay/syn

      
    


    
      	
        axum

      

      	
        Async web framework

      

      	
        https://docs.rs/axum/latest/axum/

      

      	
        https://github.com/tokio-rs/axum

      
    

  


  
liveBook discussion forum


  Purchase of Code Like a Pro in Rust 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/code-like-a-pro-in-rust. You can also learn more about Manning’s forums and the rules of conduct at https://livebook.manning.com/discussion.


  Manning’s commitment to our readers is to provide a venue where a 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 you try asking him some challenging questions lest his interest stray! The forum and the archives of previous discussions will be accessible from the publisher’s website as long as the book is in print.


  
about the author


  Brenden Matthews is a software engineer, entrepreneur, and prolific open source contributor. He has been using Rust since the early days of the language and has contributed to several Rust tools and open source projects, in addition to using Rust professionally. He’s the author of Conky, a popular system monitor, and a member of the Apache Software Foundation, with over 25 years of industry experience. Brenden is also a YouTube contributor and instructor as well as an author of many articles on Rust and other programming languages. He has given talks at several technology conferences, including QCon, LinuxCon, ContainerCon, MesosCon, All Things Open, and Rust meetups. He has been a GitHub contributor for over 13 years, has multiple published Rust crates, has contributed to several open source Rust projects, and has built production-grade Rust applications professionally. Brenden is also the author of Rust Design Patterns, a follow-up to Code Like a Pro in Rust.


  
about the cover illustration


  The figure on the cover of Code Like a Pro in Rust is “Femme de l’Argou,” or “Woman of Aargau, Switzerland,” taken from a collection by Jacques Grasset de Saint-Sauveur, published in 1797. 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 just by their dress. 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 Feelin’ Rusty


  This chapter covers 


  
    	
Introducing Rust


    	
Surveying the language and its purpose


    	
Comparing Rust to other programming languages


    	
Getting the most out of this book

  


  This book will help beginner-to-intermediate Rust developers get up to speed on the language, tooling, data structures, memory management, testing, asynchronous programming, and best practices as quickly as possible. By the end of this book, you should feel confident building production-grade software systems with idiomatic—or Rustaceous—Rust. This book is not an exhaustive reference of the Rust language or its tooling; instead, it focuses solely on the good stuff.


  Rust offers compelling features for those looking to build fast, safe programs. Some people find Rust’s learning curve a bit steep, and this book can help overcome the challenging parts, clarify Rust’s core concepts, and provide actionable advice.


  The book is written for those already familiar with the Rust programming language. Additionally, it will be of much benefit to the reader to have experience with other system-level programming languages, such as C, C++, and Java. You need not be an expert in Rust to get value out of this book, but I won’t spend much time reviewing basic syntax, history, or programming concepts.


  Many of the code samples in this book are partial listings, but the full working code samples can be found on GitHub at http://mng.bz/BA70. The code is made available under the MIT license, which permits usage, copying, and modifications without restriction. I recommend you follow along the full code listings if you can, to get the most out of this book. The code samples are organized by chapter within the repository; however, some examples may span multiple sections or chapters and are, thus, named based on their subject matter.


  
1.1 What’s Rust?


  Rust (figure 1.1) is a modern programming language with a focus on performance and safety. It has all the features you would likely want or expect from a modern programming language, including closures, generics, asynchronous I/O, powerful tooling, IDE integrations, linters, and style-checking tools. Alongside Rust’s robust set of features, it boasts a vibrant, growing community of developers and contributors. 
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  Figure 1.1 Rust language logo (Source: Rust core team. Licensed under CC BY 4.0.)


  Rust is a powerful language with several applications, including web development. While it was written with the intention of being a systems-level language, it also fits quite well in domains that are well outside system-level programming, such as web programming with WebAssembly (Wasm), a web standard for executing bytecode. In figure 1.2, I’ve illustrated where Rust generally sits in the language stack, but this is by no means definitive. 
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  Figure 1.2 Where Rust fits in language classifications


  Rust’s creators envisioned its primary use as building system-level code and libraries that are safety and performance critical. Rust’s safety guarantees don’t come for free; the cost of those features comes in terms of added language and compilation-time complexity.


  Rust can compete with higher-level languages, like Python or Ruby; however, its main drawback here is Rust’s lack of a runtime interpreter, as it is compiled to platform-dependent binaries. Thus, one must distribute their Rust programs as binaries (or somehow provide a compiler). There are a few cases in which Rust is likely a much better choice than a scripting language, like Python or Ruby, such as embedded or resource-constrained environments.


  Rust can also be compiled for web browsers directly, through the use of Wasm, which has grown significantly in popularity recently. Wasm is simply treated as yet another CPU target, much like x86-64 or AArch64, except the CPU in this case is a web browser.


  Some highlights of the Rust language include the following:


  
    	
      Rust features a core suite of tools for working with the language, including, but not limited to, the following:


      
        	
          rustc, the official Rust compiler

        


        	
          cargo, a package manager and build tool

        


        	
          https://crates.io, a package registry

        

      

    


    	
      Rust has many modern programming language features, including the following:


      
        	
          The borrow checker, which enforces Rust’s memory-management model 

        


        	
          Static typing 

        


        	
          Asynchronous I/O 

        


        	
          Closures 

        


        	
          Generics 

        


        	
          Macros 

        


        	
          Traits 

        

      

    


    	
      Rust offers several community tools for improving code quality and productivity:


      
        	
          rust-clippy, an advanced linter and style tool

        


        	
          Rustfmt, an opinionated code formatter

        


        	
          sccache, a compiler cache for rustc

        


        	
          rust-analyzer, a full-featured IDE integration for the Rust language

        

      

    

  


  
    The most loved language


    At the time of writing, Rust has won the most loved programming language category of Stack Overflow’s annual developer survey every year since 2016. In the 2021 survey, out of 82,914 responses, Rust was loved by 86.98% of those using it (“2021 Developer Survey,” http://mng.bz/ddON). The second-place language, Clojure, came in at 81.12% loved, and the third-place language, TypeScript, was 72.73% loved. 

  


  
1.2 What’s unique about Rust?


  Rust addresses common programming mistakes with a unique set of abstractions—some of which you may have never encountered before. In this section, I’ll provide a quick tour of the features that make Rust different. 


  
1.2.1 Rust is safe


  Safety is one of Rust’s hallmarks, and its safety features are what differentiates it most from other languages. Rust can provide strong safety guarantees thanks to a feature called the borrow checker. 


  In languages like C and C++, memory management is a somewhat manual process, and developers must be aware of the implementation details when considering memory management. Languages like Java, Go, and Python use automatic memory management, or garbage collection, which obfuscates the details of allocating and managing memory with the tradeoff of incurring some performance overhead.


  Rust’s borrow checker works by validating references at compile time, rather than reference counting or performing garbage collection at run time. It’s a unique feature that also introduces challenges when writing software, especially if you’ve never encountered the borrow checker.


  The borrow checker is part of Rust’s compiler rustc, which verifies that for any given object or variable, there can be no more than one mutable reference at a time. It’s possible to have multiple immutable references (i.e., read-only references) to objects or variables, but you can never have more than a single active mutable reference. As shown in figure 1.3, Rust guarantees memory safety by checking that there’s never an overlap between mutable and immutable references. 
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  Figure 1.3 Rust borrow checker rules Venn diagram


  Rust uses resource acquisition is initialization (RAII) to keep track of when variables and all their references are in and out of scope. Once they are out of scope, memory can be released. The borrow checker will not allow references to out-of-scope variables, and it only allows one mutable reference or multiple immutable references but never both. 


  The borrow checker provides safety for concurrent programming, too. Race conditions may arise when sharing data, such as between separate threads. In most cases, the root cause is the same: simultaneous shared mutable references. With Rust, it’s not possible to have more than one mutable reference, thereby ensuring data synchronization problems are avoided, or at least not created unintentionally.


  Rust’s borrow checker is tricky to master at first, but soon, you’ll find it’s the best feature of Rust. Similar to languages like Haskell, once you manage to make your code compile, that’s often enough (when combined with adequate testing) to guarantee your code will work and never crash (testing is covered in chapters 6 and 7). There are exceptions to this, but by and large, code written in Rust will not crash from common memory errors, like reading past the end of a buffer or mishandling memory allocations and deallocations. 


  
1.2.2 Rust is modern


  The Rust language developers have paid special attention to supporting modern programming paradigms. Coming from other languages, you may notice Rust’s out-with-the-old, in-with-the-new approach. Rust largely eschews paradigms like object-oriented programming in favor of traits, generics, and functional programming. 


  Notably, Rust emphasizes the following paradigms and features:


  
    	
      Functional programming—Closures, anonymous functions, and iterators

    


    	
      Generics

    


    	
      Traits—Sometimes referred to as interfaces in other languages

    


    	
      Lifetimes—For handling references

    


    	
      Metaprogramming—Through its macro system

    


    	
      Asynchronous programming—Via async/await

    


    	
      Package and dependency management—Via Cargo

    


    	
      Zero-cost abstractions

    

  


  Traditional object-oriented features are notably absent from Rust. And while it’s true that you can model patterns similar to classes and inheritance in Rust, the terminology is different, and Rust lends itself to functional programming. For those coming from an object-oriented background, such as C++, Java, or C#, it may take some time to get used to. Once they adjust to the new patterns, many programmers find a certain delight and freedom in being liberated from the rigidness of object-oriented ideology. 


  
1.2.3 Rust is pure open source


  When considering languages and platforms to build upon, community governance is important to consider when thinking about the long-term maintenance of any project. Some languages and platforms that are open source but mostly governed by large companies, such as Go (Google), Swift (Apple), and .NET (Microsoft), come with certain risks, such as making technology decisions that favor their products. 


  Rust is a community-driven project, led primarily by the not-for-profit Mozilla Foundation. The Rust programming language itself is dual licensed under the Apache and MIT licenses. Individual projects within the Rust ecosystem are individually licensed, but most key components and libraries exist under open source licenses, such as MIT or Apache.


  There is strong support among large technology companies for Rust. Amazon, Facebook, Google, Apple, Microsoft, and others have made plans to use or pledge support for Rust. By not being tied to any particular entity, Rust is a good long-term choice with minimal potential for conflict of interest.


  Note The Rust team maintains a list of production users on the official Rust language website: https://www.rust-lang.org/production. 


  
1.2.4 Rust vs. other popular languages


  Table 1.1, while not exhaustive, provides a summary of the differences between Rust and other popular programming languages. 


  Table 1.1 Rust compared to other languages


  
    
      
      
      
      
      
    

    
      	
        Language

      

      	
        Paradigms

      

      	
        Typing

      

      	
        Memory model

      

      	
        Key features

      
    


    
      	
        Rust

      

      	
        Concurrent, functional, generic, imperative

      

      	
        Static, strong

      

      	
        RAII, explicit

      

      	
        Safety, performance, async

      
    


    
      	
        C

      

      	
        Imperative

      

      	
        Static, weak

      

      	
        Explicit

      

      	
        Efficiency, portability, low-level memory management, widely supported

      
    


    
      	
        C++

      

      	
        Imperative, object-oriented, generic, functional

      

      	
        Static, mixed

      

      	
        RAII, explicit

      

      	
        Efficiency, portability, low-level memory management, widely supported

      
    


    
      	
        C#

      

      	
        Object-oriented, imperative, event-driven, functional, reflective, concurrent

      

      	
        Static, dynamic, strong

      

      	
        Garbagecollected

      

      	
        Supported on Microsoft platforms, large ecosystem, advanced language features

      
    


    
      	
        JavaScript

      

      	
        Prototypes, functional, imperative

      

      	
        Dynamic, duck, weak

      

      	
        Garbagecollected

      

      	
        Widely supported, async

      
    


    
      	
        Java

      

      	
        Generic, object-oriented, imperative, reflective

      

      	
        Static, strong

      

      	
        Garbagecollected

      

      	
        Bytecode-based, production-grade Java Virtual Machine, widely supported, large ecosystem

      
    


    
      	
        Python

      

      	
        Functional, imperative, object-oriented, reflective

      

      	
        Dynamic, duck, strong

      

      	
        Garbagecollected

      

      	
        Interpreted, highly portable, widely used

      
    


    
      	
        Ruby

      

      	
        Functional, imperative, object-oriented, reflective

      

      	
        Dynamic, duck, strong

      

      	
        Garbagecollected

      

      	
        Syntax, everything’s an expression, simple concurrency model

      
    


    
      	
        TypeScript

      

      	
        Functional, generic, imperative, object-oriented

      

      	
        Static, dynamic, duck, mixed

      

      	
        Garbagecollected

      

      	
        Types, JavaScript compatibility, async

      
    

  


  
1.3 When should you use Rust?


  Rust is a systems programming language, generally meant to be used for lower-level system programming, in situations similar to where you’d use C or C++. Rust may not be well suited for use cases in which you want to optimize for developer productivity, as writing Rust is often trickier than writing code with popular languages like Go, Python, Ruby, or Elixir.


  Rust is also a great candidate for web programming with the onset of Wasm. You can build applications and libraries with Rust, compile them for Wasm, and take advantage of the benefits of Rust’s safety model with the portability of the web.


  There is no specific use case for Rust—you should use it where it makes sense. I have personally used Rust for many small one-off projects, simply because it’s a joy to write, and once the code compiles, you can generally count on it working. With proper use of the Rust compiler and tooling, your code is considerably less likely to have errors or behave in undefined ways—which are desirable properties for any project.


  Tip Using the right tool for the job is important for any endeavor to succeed, but to know which tools are the right tools, you must first gain experience using a variety of different tools for different tasks.


  
1.3.1 Rust use cases


  The following is a list of example use cases for which Rust is well suited:


  
    	
      Code acceleration—Rust can accelerate functions from other languages, like Python, Ruby, or Elixir.

    


    	
      Concurrent systems—Rust’s safety guarantees apply to concurrent code. This makes Rust ideal for use in high-performance concurrent systems.

    


    	
      Cryptography—Rust is ideally suited for implementing cryptography algorithms.

    


    	
      Embedded programming—Rust generates binaries that bundle all dependencies, excluding the system C library or any third-party C libraries. This lends itself to a relatively straightforward binary distribution, particularly on embedded systems. Additionally, Rust’s memory-management model is great for systems that demand minimal memory overhead.

    


    	
      Hostile environments—In situations where safety is of utmost concern, Rust’s guarantees are a perfect fit.

    


    	
      Performance critical—Rust is optimized for safety and performance. It’s easy to write code that’s extremely fast, without compromising on safety, with Rust.

    


    	
      String processing—String processing is an incredibly tricky problem, and Rust is particularly well suited for the task because it makes it easy to write code that can’t overflow.

    


    	
      Replacing legacy C or C++—Rust is an excellent choice for replacing legacy C or C++.

    


    	
      Safe web programming—Rust can target Wasm, allowing us to build web applications with Rust’s safety and strong type checking.

    

  


  
1.4 Tools you’ll need


  Included as part of this book is a collection of code samples, freely available under the MIT license. To obtain a copy of the code, you will need an internet-connected computer with a supported operating system and the tools discussed in table 1.2 installed. For details on installing these tools, refer to the appendix.  


  Table 1.2 Required tools


  
    
      
      
    

    
      	
        Name

      

      	
        Description

      
    


    
      	
        git

      

      	
        The source code for this book is stored in a public Git repository, hosted on GitHub at http://mng.bz/BA70.

      
    


    
      	
        rustup

      

      	
        This is Rust’s tool for managing Rust components. rustup will manage your installation of rustc and other Rust components.

      
    


    
      	
        gcc or clang

      

      	
        You must have a copy of GNU Compiler Collection (GCC) or Clang installed to build certain code samples, but it’s not required for most. Clang is likely the best choice for most people, and thus, it’s referred to by default. In cases where the clang command is specified, you may freely substitute gcc if you prefer.

      
    

  


  
Summary


  
    	
      Rust is a modern system-level programming language with advanced safety features and zero-cost abstractions.

    


    	
      Rust’s steep learning curve can be an initial deterrent, but this book helps you move beyond these hurdles.

    


    	
      Rust has many similarities to—and borrows concepts from—other languages, but it’s unique, as explained throughout this book.

    


    	
      Rust’s vibrant community and mature package repository provide a rich ecosystem to build atop.

    


    	
      To get the most out of this book, follow along the code samples from http://mng.bz/BA70. 

    

  


  
Part 1 Pro Rust


  Rust offers a great deal of value: speed, safety, and a rich set of tools for working with the language. Learning the language is important, but having command of the tools provided by both the core Rust project and the wider community will help you achieve mastery quickly.


  Tooling makes all the difference between a good and a bad programming language—as does your effectiveness with the tooling. Merely having awareness about what tooling is available and some of the capabilities it provides will place you head and shoulders above developers who don’t take the time to learn the tools.


  In the first part of the book, we’ll spend some time introducing (or reviewing, depending on your level of expertise) the basics of the language and, in particular, the tools you’ll need to work with it. You don’t need to be a Rust Pro to use its tools, but you do need to understand the tools to effectively use the language.


  
2 Project management with Cargo


  This chapter covers


  
    	
Introducing Cargo and how to manage Rust projects with Cargo


    	
Handling dependencies in Rust projects


    	
Linking to other (non-Rust) libraries


    	
Publishing Rust applications and libraries


    	
Documenting Rust code


    	
Following the Rust community’s best practices for managing and publishing projects


    	
Structuring Rust projects with modules and workspaces


    	
Considerations for using Rust in embedded environments

  


  Before we can jump into the Rust language itself, we need to familiarize ourselves with the basic tools required to work with Rust. This may seem tedious, but I can assure you that mastering tooling is critical to success. The tools were created by the language creators for the language users to make your life easier, so understanding their purpose will forever pay dividends.


  Rust’s package management tool is called Cargo, and it’s the interface to Rust’s compiler rustc, the https://crates.io registry, and many other Rust tools (which we cover in more detail in chapter 3). Strictly speaking, it’s possible to use Rust and rustc without using Cargo, but it’s not something I’d recommend for most people. 


  When working with Rust, you’ll likely spend a lot of time using Cargo and tools that work with Cargo. It’s important to familiarize yourself with its use and best practices. In chapter 3, I’ll provide recommendations and details on how to further increase the usefulness of Cargo with community crates.


  
2.1 Cargo tour


  To demonstrate Cargo’s features, let’s take a tour of Cargo and its typical usage. I implore you to follow along (ideally by running the commands as demonstrated in the chapter). In doing so, you may discover new features even if you’re already familiar with Cargo and its usage. 


  
2.1.1 Basic usage


  To start, run cargo help to list the available commands:

  $ cargo help
Rust's package manager
 
USAGE:
    cargo [+toolchain] [OPTIONS] [SUBCOMMAND]
 
OPTIONS:
    -V, --version           Print version info and exit
        --list              List installed commands
        --explain <CODE>    Run `rustc --explain CODE`
    -v, --verbose           Use verbose output (-vv very verbose/build.rs
                            output)
    -q, --quiet             No output printed to stdout
        --color <WHEN>      Coloring: auto, always, never
        --frozen            Require Cargo.lock and cache are up to date
        --locked            Require Cargo.lock is up to date
        --offline           Run without accessing the network
    -Z <FLAG>...            Unstable (nightly-only) flags to Cargo, see
    'cargo -Z help' for details
    -h, --help              Prints help information
 
Some common cargo commands are (see all commands with --list):
    build, b    Compile the current package
    check, c    Analyze the current package and report errors, but don't
    build object files
    clean       Remove the target directory
    doc         Build this package's and its dependencies' documentation
    new         Create a new cargo package
    init        Create a new cargo package in an existing directory
    run, r      Run a binary or example of the local package
    test, t     Run the tests
    bench       Run the benchmarks
    update      Update dependencies listed in Cargo.lock
    search      Search registry for crates
    publish     Package and upload this package to the registry
    install     Install a Rust binary. Default location is $HOME/.cargo/bin
    uninstall   Uninstall a Rust binary
 
See 'cargo help <command>' for more information on a specific command.


  If you run this yourself, your output may differ slightly, depending on the version of Cargo you have installed. If you don’t see output similar to the preceding code, you may need to verify your Cargo installation is working. Refer to the appendix for details on installing Cargo. 


  
2.1.2 Creating a new application or library


  Cargo has a built-in boilerplate generator, which can create a Hello, world! application or library, saving you time on getting started. To get started, run the following command in your shell from a development directory (I personally like to use ~/dev):

  $ cargo new dolphins-are-cool
     Created binary (application) `dolphins-are-cool` package


  This command creates a new boilerplate application called dolphins-are-cool (you can change the name to anything you want). Let’s quickly examine the output:

  $ cd dolphins-are-cool/
$ tree
.
├── Cargo.toml
└── src
    └── main.rs
 
1 directory, 2 files


  In this code, we see Cargo has created two files:


  
    	
      Cargo.toml, which is the Cargo configuration file for the new application, in TOML format

    


    	
      main.rs inside the src directory, which represents the entry point for our new application 

    

  


  Tip Tom’s obvious minimal language (TOML) is a configuration file format used by many Rust-related tools. For details on TOML, refer to https://toml.io.


  Next, use cargo run to compile and execute the newly created application:

  $ cargo run
   Compiling dolphins-are-cool v0.1.0 (/Users/brenden/dev/dolphins-are-cool)
    Finished dev [unoptimized + debuginfo] target(s) in 0.59s
     Running `target/debug/dolphins-are-cool`
Hello, world!                                   ❶


  ❶ This is the Rust program output.


  Running the cargo new command like this but with the --lib argument will create a new library:

  $ cargo new narwhals-are-real --lib
     Created library `narwhals-are-real` package
$ cd narwhals-are-real/
$ tree
.
├── Cargo.toml
└── src
    └── lib.rs
 
1 directory, 2 files


  The code generated from cargo new --lib is slightly different, as it contains a single-unit test in src/lib.rs rather than a main function. You can run the tests with cargo test:

  $ cargo test
    Finished test [unoptimized + debuginfo] target(s) in 0.00s
     Running target/debug/deps/narwhals_are_real-3265ca33d2780ea2
 
running 1 test
test tests::it_works ... ok
 
test result: ok. 1 passed; 0 failed; 0 ignored; 0 measured; 0 filtered out;
finished in 0.00s
 
   Doc-tests narwhals-are-real
 
running 0 tests
 
test result: ok. 0 passed; 0 failed; 0 ignored; 0 measured; 0 filtered out;
finished in 0.00s


  Tip Applications use src/main.rs as their entrypoint, and libraries use src/lib.rs as their entrypoint.


  When using cargo new, Cargo will automatically initialize the new directory as a Git repository (except when already inside a repository), including a .gitignore file. Cargo also supports hg, Pijul, and Fossil with the --vcs flag. 


  
2.1.3 Building, running, and testing


  The Cargo commands you’ll likely spend the most time working with are build, check, test, and run. These commands are summarized in table 2.1. 


  Table 2.1 Cargo build and run commands


  
    
      
      
    

    
      	
        Cargo command

      

      	
        Summary

      
    


    
      	
        build

      

      	
        Compiles and links your package, creating all final targets

      
    


    
      	
        check

      

      	
        Similar to build, except does not actually generate any targets or objects—merely checks the validity of code
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