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    Introduction: The Rust Revolution

    Welcome to the future of systems programming.

    For decades, software development involved a difficult compromise. If you wanted high performance and control over hardware, you chose languages like C or C++. These languages gave you raw power, but they forced you to manage every byte of memory manually. A single mistake could lead to crashes, security vulnerabilities, or unpredictable behavior. If you wanted safety and productivity, you chose languages like Python, Java, or JavaScript. These languages handled memory for you, but at a cost. They required a runtime environment and a garbage collector, which introduced pauses and consumed more resources.

    Rust breaks this compromise.

    Rust is a systems programming language that offers the performance and control of low-level languages with the memory safety and high-level abstractions of modern productivity languages. It achieves this not through a heavy runtime or a garbage collector, but through a unique compile-time system called "ownership."

    When you write Rust, you are not just writing instructions for a computer. You are engaging in a dialogue with the compiler. The compiler analyzes your code to ensure that every piece of data has a clear owner, that you never use memory after it has been freed, and that multiple threads do not race to modify the same data unexpectedly. If your code passes these checks, it is guaranteed to be free of entire classes of bugs that have plagued the industry for fifty years.

    This book is your guide to mastering this language. We will not just show you the syntax; we will teach you how to think in Rust. By the end of this journey, you will be able to build high-performance tools, web services, and systems that are reliable by design.

    
      
        The Promise of Rust
      
    

    Why has Rust been voted the "most loved programming language" in developer surveys year after year? It is not just about hype. It is about the specific technical promises the language makes and keeps.

    
      
        Memory Safety Without Garbage Collection
      
    

    The most significant innovation in Rust is its ability to guarantee memory safety at compile time. In C++, a developer might accidentally free a piece of memory and then try to use it again later. This is called a "use-after-free" error, and it is a common source of severe security vulnerabilities. In Java, the garbage collector runs periodically to find unused memory and reclaim it. This is safe, but it causes the program to pause unpredictably, which is unacceptable for real-time systems or high-performance applications.

    Rust solves this with ownership and borrowing. The compiler tracks exactly where data lives and how long it is valid. It inserts the necessary cleanup code for you, automatically, at the exact moment the data is no longer needed. You get the safety of Java with the predictable performance of C++.

    
      
        Zero-Cost Abstractions
      
    

    In many languages, using a high-level feature comes with a performance penalty. For example, using a map function over a list might be slower than writing a manual for-loop. In Rust, we strive for "zero-cost abstractions."

    This term does not mean the features impose literally zero cost on the hardware. It means that the abstraction imposes no additional global overhead. The high-level code you write compiles down to the same machine instructions as the optimized low-level code you would have written manually in assembly or C. You can write clean, expressive, and modular code without worrying that you are making your application slow.

    
      
        Fearless Concurrency
      
    

    As computers continue to add more processor cores instead of relying on higher clock speeds, parallel programming has become increasingly important. However, writing multi-threaded code is notoriously difficult. Data races occur when two threads access the same data at the same time and at least one of them is writing, which can lead to bugs that are extremely difficult to reproduce or debug.

    Rust prevents data races at compile time. The same ownership rules that manage memory also manage access to data across threads. If you try to share data between threads in an unsafe way, the Rust compiler will refuse to build your program. It will point out exactly where the potential race condition exists. This allows you to write concurrent code with confidence, knowing that if it compiles, it is free of data races.

    
      
        Who This Book Is For
      
    

    We wrote this book for developers who already know the basics of programming. You should be comfortable with concepts like variables, loops, functions, and conditional logic. You might be coming from a background in JavaScript, Python, Java, or C#. You do not need to be a systems programming expert. In fact, if you have never managed memory manually before, you are in the perfect place. Rust is an excellent first systems language.

    However, we must set proper expectations. Rust has a learning curve.

    Because the Rust compiler enforces strict rules about memory management, you will encounter error messages that you have never seen before. You will find that code which would run fine in Python will be rejected by the Rust compiler. This can be frustrating at first. You might feel like you are fighting with the compiler.

    This is normal. The "fighting" phase is actually the learning phase. The compiler is not stopping you from working; it is stopping you from making mistakes that would cause crashes later. It is forcing you to be precise about how your program manages data. This book is designed to guide you through this curve. We will explain not just how to fix the errors, but why they happen and how to structure your code so they do not happen in the first place.

    
      
        The Systems Programming Context
      
    

    To understand Rust, it helps to understand the problems it solves. "Systems programming" generally refers to building software that provides services to other software or operates with resource constraints. This includes operating systems, device drivers, browser engines, game engines, and high-performance web servers.

    In this context, you have three main ways to handle memory:

    
      
        1. Manual Management (C, C++)
      
    

    In this model, you manually ask the operating system for memory (allocation) and manually tell it when you are done (deallocation).

    Pros: precise control, high performance.

    Cons: human error. If you forget to deallocate, you leak memory. If you deallocate too early, you crash. If you deallocate twice, you crash or corrupt data.

    
      
        2. Automatic Management / Garbage Collection (Python, Java, Go)
      
    

    In this model, you create objects, and a background process (the Garbage Collector or GC) scans memory to see what is no longer being used.

    Pros: easy to use, very safe.

    Cons: the GC consumes CPU and memory. It introduces "stop-the-world" pauses where your application halts briefly to clean up. This is fine for a chat app, but bad for a game engine or an embedded sensor.

    
      
        3. The Rust Model (Ownership)
      
    

    Rust takes a third path. There is no garbage collector running in the background. Instead, the compiler analyzes your code during the build process. It proves exactly when memory is allocated and when it is no longer needed. It then injects the code to free that memory into the binary executable.

    Pros: the safety of a GC, the speed of manual management, no runtime overhead.

    Cons: stricter rules during development.

    This distinction is why Rust is changing the industry. It allows developers to write software that runs on tiny microcontrollers, powers massive browser engines like Firefox, or handles millions of requests per second in the cloud, all without the risk of memory corruption.

    
      
        Setting Up the Environment
      
    

    Let us get your development environment ready. Rust provides a world-class toolchain that makes installation and project management surprisingly easy compared to other systems languages.

    
      
        Installing Rust
      
    

    The standard way to install Rust is via rustup. This is a command-line tool that manages your Rust installation, handles updates, and lets you switch between different versions of the compiler.

    
      For macOS and Linux:
    

    Open your terminal and run the following command. This fetches the installation script and runs it.

    curl --proto '=https' --tlsv1.2 -sSf [https://sh.rustup.rs](https://sh.rustup.rs) | sh

    The script will present you with installation options. The default options are usually correct, so you can press 1 and Enter to proceed.

    
      For Windows:
    

    Go to the official Rust website (rust-lang.org) and download the rustup-init.exe installer. Run the executable and follow the onscreen prompts. You may also need to install the "C++ build tools" from the Visual Studio installer if prompted, as Rust relies on the system linker.

    
      Verifying Installation:
    

    Once the installation finishes, close your terminal or command prompt and open a new one. This ensures your system recognizes the new commands. Verify that everything is working by checking the compiler version:

    rustc --version

    You should see output similar to:

    rustc 1.75.0 (82e1608df 2023-12-21)

    
      
        The Cargo Ecosystem
      
    

    When you install Rust, you also get cargo. Cargo is Rust's build system and package manager. It is one of the best assets in the Rust ecosystem.

    In C or C++, you often have to write complex Makefiles or struggle with linking libraries. In Rust, Cargo handles everything. It downloads your dependencies (called "crates"), compiles your libraries, links them, compiles your code, and runs your tests.

    
      
        Configuring Your Editor
      
    

    While you can write Rust in Notepad, we strongly recommend using an editor with good language support. The compiler is your partner, and a good editor helps you hear what it is saying.

    
      Visual Studio Code (VS Code):
    

    This is the most popular choice for Rust development.

    Install VS Code.

    Open the Extensions view (Ctrl+Shift+X).

    Search for and install the rust-analyzer extension.

    Do not install the "Rust" extension, as it is deprecated. rust-analyzer is the modern standard. It provides real-time error checking, auto-completion, and type hints that appear as grey text next to your variables (inlay hints).

    
      IntelliJ IDEA / CLion:
    

    If you prefer JetBrains IDEs, the Rust plugin is excellent. It offers deep code insight and refactoring tools. For CLion, it integrates fully with the debugger. For IntelliJ IDEA Community Edition, it is great for pure Rust projects.

    
      
        Your First Rust Program
      
    

    Let us verify that your toolchain allows you to compile and run code. We will not use the compiler rustc directly. Instead, we will use Cargo to create a project.

    Navigate to a folder where you keep your code and run:

    cargo new hello_rust
cd hello_rust

    This command creates a new directory named hello_rust. Inside, it generates a Cargo.toml file (this describes your project and dependencies) and a src directory containing main.rs.

    Open src/main.rs in your editor. You will see:

    fn main() {
    println!("Hello, world!");
}

    This is the entry point of every Rust program. fn declares a function. main is the name of the function that runs first. println! is a macro (indicated by the !) that prints text to the console.

    To run this program, go back to your terminal inside the hello_rust folder and type:

    cargo run

    You will see output indicating that Cargo is compiling your code:

       Compiling hello_rust v0.1.0 (/path/to/hello_rust)
    Finished dev [unoptimized + debuginfo] target(s) in 0.45s
     Running `target/debug/hello_rust`
Hello, world!

    Congratulations. You have just compiled and executed a systems program.

    Notice the line Finished dev [unoptimized + debuginfo]. Cargo defaults to a "debug" build. This compiles faster and includes extra information for debugging, but the resulting program is slower and larger. When you are ready to release software for production, you will use cargo run --release, which takes longer to compile but applies aggressive optimizations to make your code run blindingly fast.

    
      
        Structure of this Book
      
    

    We have organized this book to guide you incrementally.

    Part I: The Foundation focuses on syntax and the core mental model. We will cover variables, functions, and the "Big Three" concepts: Ownership, Borrowing, and Lifetimes. This is the steepest part of the climb.

    Part II: Structuring Robust Applications moves to building real software. We will cover Structs, Enums, pattern matching, and error handling. This is where you start to see the elegance of Rust.

    Part III: The Unique Power of Rust dives into generics, traits, and smart pointers. These are the tools that allow for flexible, reusable code.

    Part IV: Systems, Concurrency, and Production applies your knowledge to real-world problems like multi-threading, file I/O, asynchronous programming, and web development.

    Take your time with Part I. If you find yourself confused by ownership or borrowing, do not rush. Reread the chapters, type out the code examples, and read the error messages. Once you click with the ownership model, the rest of the language unfolds logically and beautifully.

    Let us begin by speaking Rusty.

  
    Part I: The Foundation

  
    Chapter 1: Speaking Rusty

    
    Learning a new programming language is often compared to learning a new spoken language. You begin by memorizing vocabulary, such as keywords and syntax. Then you learn grammar, which defines how to structure statements to convey meaning. In many languages, if the grammar is mostly correct, you can still make yourself understood. The computer may run your code even if it is somewhat messy or inefficient.

    Rust is different. Rust is less like a casual conversation and more like a legal contract. It demands precision. The vocabulary is small, but the grammar is strict. If you are imprecise about your intentions, the compiler will not guess what you meant; it will stop and ask for clarification.

    This strictness is not there to punish you. It exists to ensure that the resulting software behaves exactly as you intend, without the hidden surprises that plague other systems languages. In this chapter, we will learn the foundational elements of Rust: how to store data, how to represent different types of information, how to group instructions into functions, and how to document your work.

    We call this "Speaking Rusty" because idiomatic Rust code looks and behaves differently than C++, Java, or Python. It favors immutability, explicit types, and expression-based logic. By mastering these basics now, you build the necessary foundation for the more advanced concepts of ownership and borrowing that follow.

    
      
        Variables and Mutability
      
    

    In most programming languages, a variable is essentially a labeled box where you can store a value. You can put a value in, take it out, or replace it with a new value whenever you like. In Rust, a variable is more like a binding. You are binding a name to a value.

    Let us look at how this works in practice.

    
      
        The Default is Immutability
      
    

    Open your editor and create a new project called variables_playground using Cargo:

    cargo new variables_playground
cd variables_playground

    Open src/main.rs and replace the contents with this code:

    fn main() {
    let x = 5;
    println!("The value of x is: {}", x);
    
    x = 6;
    println!("The value of x is: {}", x);
}

    If you are coming from JavaScript or Python, this looks perfectly normal. We declare x, assign it 5, print it, change it to 6, and print it again.

    Now, run it with cargo run. You will see the following error:

    error[E0384]: cannot assign twice to immutable variable `x`
 --> src/main.rs:5:5
   |
2 |     let x = 5;
   |         - first assignment to `x`
...
5 |     x = 6;
   |     ^^^^^ cannot assign twice to immutable variable

    This error message tells us something profound about Rust. By default, variables are immutable. Once a value is bound to a name, you cannot change that value.

    Why would Rust do this?

    Safety: If a variable cannot change, you never have to worry that a different part of your code has accidentally modified it.

    Concurrency: If data cannot change, it is safe to share it across multiple threads without complex locking mechanisms.

    Optimization: The compiler can optimize code more aggressively when it knows values will remain constant.

    
      
        Opting into Mutation
      
    

    Rust is not a purely functional language; it understands that state must change for software to be useful. When you need to modify a variable, you must be explicit about it using the mut keyword.

    Modify your code to look like this:

    fn main() {
    let mut x = 5;
    println!("The value of x is: {}", x);
    
    x = 6;
    println!("The value of x is: {}", x);
}

    Run this again.

    The value of x is: 5
The value of x is: 6

    By adding mut, you are conveying intent. You are telling both the compiler and future readers of your code, "I expect this value to change." This small keyword makes reading code much easier. When scanning a function, you can ignore all variables lacking mut because you know they are stable. You only need to track the state of the few variables explicitly marked as mutable.

    
      
        Shadowing
      
    

    Rust has a feature called "shadowing" that often confuses beginners because it looks like mutation, but it is technically distinct. Shadowing allows you to declare a new variable with the same name as a previous variable.

    Consider this example:

    fn main() {
    let x = 5;
    let x = x + 1;
    let x = x * 2;

    println!("The value of x is: {}", x);
}

    This compiles and runs, printing "The value of x is: 12".

    Notice that we did not use mut. Instead, we used let each time. Here is what is happening:

    We bind the value 5 to x.

    We create a new variable named x by taking the original value, adding 1, and binding the result to this new name. The first x is now shadowed (hidden).

    We create a third variable named x by multiplying the second x by 2.

    How is this different from mut?

    With mut, you are changing the value in the same memory space. You cannot change the type of the value. For example, this will fail:

    let mut spaces = "   "; // String slice
spaces = spaces.len();  // Error: expected string slice, found integer

    With shadowing, because we are effectively creating a brand new variable, we can change the type:

    let spaces = "   ";
let spaces = spaces.len(); // This is allowed

    Shadowing is useful for transformations. It allows you to reuse a variable name after you are done processing the data in its previous format, sparing you from naming variables spaces_str and spaces_num.

    
      
        Data Types
      
    

    Rust is a statically typed language. This means the compiler must know the type of every variable at compile time. However, you might have noticed in the previous examples that we did not specify types like int or string. This is because Rust has a powerful type inference system. It looks at the value 5 and infers that it is an integer.

    When multiple types are possible, or when the inference system is unsure, we must add a type annotation.

    let guess: u32 = "42".parse().expect("Not a number!");

    Here, : u32 tells Rust that guess should be an unsigned 32-bit integer.

    
      
        Scalar Types
      
    

    A scalar type represents a single value. Rust has four primary scalar types: integers, floating-point numbers, booleans, and characters.

    
      
        Integers
      
    

    An integer is a number without a fractional component. Rust provides a variety of integers based on size (in bits) and signedness (whether they can be negative).

    Signed (can be negative): i8, i16, i32, i64, i128, isize

    Unsigned (only positive): u8, u16, u32, u64, u128, usize

    The number indicates the number of bits. An i8 can store numbers from -128 to 127. A u8 can store numbers from 0 to 255.

    The isize and usize types depend on the architecture of the computer your program is running on. On a 64-bit computer, they are 64 bits long. On a 32-bit computer, they are 32 bits long. These are primarily used for indexing into collections like arrays.

    Default: If you do not specify a type, Rust defaults to i32. This is generally the fastest type on modern CPUs.

    
      Integer Overflow:
    

    One of Rust's safety features involves how it handles numbers that are too large for their type. If you have a u8 variable holding 255 and you add 1, what happens?

    In Debug mode (cargo run), Rust includes checks for integer overflow. If it occurs, your program will panic (crash with an error message) at runtime.

    In Release mode (cargo run --release), Rust removes these checks for performance. Instead, it performs two's complement wrapping. 255 + 1 becomes 0.

    
      
        Floating-Point Numbers
      
    

    Rust has two primitive types for floating-point numbers (numbers with decimal points): f32 and f64.

    f32: 32-bit float (single precision).

    f64: 64-bit float (double precision).

    The default is f64 because on modern CPUs, it is roughly the same speed as f32 but offers significantly more precision.

    let x = 2.0; // f64
let y: f32 = 3.0; // f32

    
      
        The Boolean Type
      
    

    A boolean type (bool) has two possible values: true and false. Booleans are one byte in size. They are primarily used in control flow, such as if statements.

    let t = true;
let f: bool = false;

    
      
        The Character Type
      
    

    Here is where Rust begins to show its modern nature. In C or C++, a char is typically one byte, which is just enough to represent ASCII text. In Rust, a char occupies four bytes.

    It represents a Unicode Scalar Value. This means a Rust char can represent accented letters, Chinese/Japanese/Korean ideographs, and yes, even symbols like arrows or snowmen.

    let c = 'z';
let z = 'ℤ';
let heart_eyed_cat = '😻';

    Note that we use single quotes for char literals. Double quotes are reserved for strings, which are more complex data structures we will discuss later.

    
      
        Compound Types
      
    

    Compound types can group multiple values into one type. Rust has two primitive compound types: tuples and arrays.

    
      
        The Tuple
      
    

    A tuple is a general way of grouping together a number of values with a variety of types into one compound type. Tuples have a fixed length: once declared, they cannot grow or shrink.

    fn main() {
    let tup: (i32, f64, u8) = (500, 6.4, 1);
}

    The variable tup binds to the entire tuple. To get the individual values out, we can use pattern matching to destructure a tuple value:

    fn main() {
    let tup = (500, 6.4, 1);

    let (x, y, z) = tup;

    println!("The value of y is: {}", y);
}

    This sets x to 500, y to 6.4, and z to 1.

    We can also access a tuple element directly by using a period (.) followed by the index of the value we want to access. Indexes start at zero.

    let five_hundred = tup.0;
let six_point_four = tup.1;

    Tuples are incredibly useful when you want to return multiple values from a function, such as returning both a success status and a result value.

    
      
        The Array
      
    

    An array is a collection of multiple values of the same type. Like tuples, arrays in Rust have a fixed length.

    let a = [1, 2, 3, 4, 5];

    Arrays are useful when you want your data allocated on the stack rather than the heap (we will clarify this distinction in Chapter 2) or when you want to ensure you always have a fixed number of elements.

    You write an array's type using square brackets with the type of each element, a semicolon, and then the number of elements in the array:

    let a: [i32; 5] = [1, 2, 3, 4, 5];

    Accessing Array Elements:

    You access elements using indexing:

    let first = a[0];
let second = a[1];

    
      Invalid Array Access:
    

    This is a classic source of bugs in systems programming. What if you try to access a[10] in an array that only has 5 elements? In C, this might return garbage data or allow an attacker to exploit your program.

    In Rust, compile-time checks catch this if the index is a literal number. If the index is a variable determined at runtime, Rust performs a bounds check. If the index is out of bounds, Rust will panic and stop execution immediately rather than allowing invalid memory access. This is Rust's memory safety in action.

    
      
        Functions
      
    

    Functions are prevalent in Rust code. You have already seen one of the most important functions in the language: the main function, which is the entry point of many programs. You will also see the fn keyword, which allows you to declare new functions.

    Rust code uses snake case as the conventional style for function and variable names. In snake case, all letters are lowercase and underscores separate words.

    fn main() {
    println!("Hello, world!");
    another_function();
}

fn another_function() {
    println!("Another function.");
}

    Rust does not care where you define your functions, only that they are defined somewhere in a scope that can be seen by the caller. You can define another_function before or after main.

    
      
        Parameters
      
    

    We can define functions to have parameters, which are special variables that are part of a function’s signature.

    fn main() {
    print_labeled_measurement(5, 'h');
}

fn print_labeled_measurement(value: i32, unit_label: char) {
    println!("The measurement is: {}{}", value, unit_label);
}

    In function signatures, you must declare the type of each parameter. This is a deliberate design decision: requiring type annotations in function definitions means the compiler almost never needs you to use them elsewhere in the code to figure out what type you mean.

    
      
        Statements and Expressions
      
    

    This is one of the most important concepts to grasp in Rust syntax.

    Function bodies are made up of a series of statements optionally ending in an expression. So far, the functions we have covered strictly include statements, but Rust is an expression-based language.

    Statements are instructions that perform some action and do not return a value.

    Expressions evaluate to a resulting value.

    Let us clarify the difference.

    Creating a variable and assigning a value to it with let is a statement.

    let y = 6;

    This line does not return a value (or rather, it returns a unit type (), which is essentially nothing). This is why you cannot write let x = (let y = 6);.

    Expressions, on the other hand, evaluate to something. Calling a macro is an expression. calling a function is an expression. A math operation like 5 + 6 is an expression.

    Blocks {} are also expressions. Consider this:

    fn main() {
    let y = {
        let x = 3;
        x + 1
    };

    println!("The value of y is: {}", y);
}

    The expression:

    {
    let x = 3;
    x + 1
}

    evaluates to 4. That value gets bound to y.

    Notice the line x + 1 inside the block. It does not have a semicolon at the end.

    This is crucial. If you add a semicolon to the end of an expression, you turn it into a statement, and it will then not return a value.

    
      
        Functions with Return Values
      
    

    Functions can return values to the code that calls them. We do not name return values, but we must declare their type after an arrow (->).

    fn five() -> i32 {
    5
}

fn main() {
    let x = five();
    println!("The value of x is: {}", x);
}

    There are no function calls, macros, or even let statements in the five function, only the number 5 by itself. That is a perfectly valid function in Rust. Note that the number 5 has no semicolon.

    If we tried to write this:

    fn five() -> i32 {
    5;
}

    We would get an error:

    error[E0308]: mismatched types
 --> src/main.rs:1:14
   |
1 | fn five() -> i32 {
   |    ----      ^^^ expected `i32`, found `()`
   |    |
   |    implicitly returns `()` as its body has no tail or `return` expression
2 |     5;
   |      - help: remove this semicolon

    The error says "expected i32, found ()". By adding the semicolon, we turned the expression 5 into a statement. The function then finished without returning anything (which Rust represents as (), the unit type). This contradicts the function signature which promised to return an i32.

    To fix it, we simply remove the semicolon.

    This style of "implicit return" (returning the last expression in a block) is idiomatic Rust. You can use the return keyword to return early from a function, but most Rustaceans prefer the expression style for the final value.

    
      
        Comments and Documentation
      
    

    Code is for humans first and computers second. Rust provides two main types of comments to help you explain your code.

    
      
        Regular Comments
      
    

    The most common comments are line comments, which use two slashes //. Everything following the slashes on that line is ignored by the compiler.

    // This is a comment explaining what is happening.
let x = 5; // This comment is inline

    Rust does not have a specific block comment syntax (like /* */ in C) that is commonly used. While /* */ technically exists, idiomatic Rust prefers multiple lines of //.

    
      
        Documentation Comments
      
    

    Rust has a special type of comment that parses Markdown syntax to generate HTML documentation. These use three slashes ///.

    /// Adds one to the number given.
///
/// # Examples
///
/// ```
/// let arg = 5;
/// let answer = my_crate::add_one(arg);
///
/// assert_eq!(6, answer);
/// ```
pub fn add_one(x: i32) -> i32 {
    x + 1
}

    When you run cargo doc --open, Cargo runs a tool called rustdoc. It scans your source code for these comments, compiles the Markdown (including code blocks!), and builds a professional-looking documentation website for your project.

    The fact that documentation is a first-class citizen built directly into the language syntax and toolchain encourages Rust developers to write better documentation. The code block inside the documentation is not just text; in Chapter 15, we will see how Cargo can actually test those documentation examples to ensure your documentation never goes out of date.

    
      
        Practical Exercise: Temperature Converter
      
    

    Let us combine variables, types, functions, and expressions into a small program. We will build a converter that changes Fahrenheit to Celsius.

    Open src/main.rs and enter the following:

    fn main() {
    let temp_f = 85.0;
    let temp_c = fahrenheit_to_celsius(temp_f);
    
    println!("{:.1} degrees Fahrenheit is {:.1} degrees Celsius.", temp_f, temp_c);
}

fn fahrenheit_to_celsius(f: f64) -> f64 {
    (f - 32.0) * 5.0 / 9.0
}

    
      Breakdown:
    

    Types: We use f64 for the temperatures because 85.0 is a float, and precise division requires floating-point numbers.

    Function Definition: fahrenheit_to_celsius takes one parameter f of type f64 and returns an f64.

    Expression: The body of the function is (f - 32.0) * 5.0 / 9.0. There is no semicolon at the end, so this expression is returned.

    Formatting: In println!, {:.1} is a formatting string. It tells Rust to print the floating-point number with exactly one decimal place.

    If you mistakenly added a semicolon inside the conversion function:

    fn fahrenheit_to_celsius(f: f64) -> f64 {
    (f - 32.0) * 5.0 / 9.0;
}

    The compiler would vividly complain that the function body returns () but the signature requires f64.

    
      
        Summary
      
    

    In this chapter, we learned to "Speak Rusty." We covered:

    Variables: They are immutable by default (let). We use mut to make them mutable.

    Shadowing: We can reuse variable names to transform data types.

    Data Types: We have scalars (integers, floats, bools, chars) and compounds (tuples, arrays). Rust infers types but allows explicit annotation.

    Functions: They use snake case. Parameters must be typed.

    Expressions: Rust is expression-based. The last line of a function without a semicolon is the return value.

    Comments: /// generates documentation automatically.

    These concepts are the vocabulary. In the next chapter, we will learn the grammar, specifically the rules of ownership that make Rust unique. Ensure you are comfortable with the difference between statements and expressions, as this understanding will be crucial for following the flow of data in the chapters to come.

  