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} 
 
impl Shape for Rectangle { 
    fn area(&self) -> f64 { 
        self.width * self.height 
    } 
} 
 
fn main() { 
    // Creating instances of Circle and Rectangle 
    let circle = Circle { radius: 5.0 }; 
    let rectangle = Rectangle { width: 4.0, height: 6.0 }; 
 
    // Calculating and printing the area for each shape 
    println!("Circle area: {}", circle.area()); 
    println!("Rectangle area: {}", rectangle.area()); 
} 
 
In this example, the Shape trait declares a method area, and both the Circle 
and Rectangle types implement this trait. This allows them to share the 
same method for calculating the area. 
 
Generics and traits are essential features in Rust that enable writing flexible 
and reusable code, promoting code organization and maintainability. 
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Concurrency in Rust 

Concurrency in Rust is facilitated by ownership, threads, and asynchronous 
programming. Let's explore how ownership works in a concurrent 
environment, how to use threads for communication, and the concept of 
async/await for asynchronous programming. 
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Understanding Ownership in a Concurrent 

Environment 

Ownership is a fundamental concept in Rust that ensures memory safety 
without the need for a garbage collector. In a concurrent environment, 
understanding ownership is crucial to avoid data races and other 
concurrency-related issues. 
 
// Example demonstrating ownership in a concurrent 
environment 
use std::thread; 
 
fn main() { 
    // Creating a vector in the main thread 
    let data = vec![1, 2, 3]; 
 
    // Spawning a new thread and passing ownership of the 
vector 
    let handle = thread::spawn(move || { 
        // Accessing and modifying the vector in the new 
thread 
        println!("Thread ID: {:?}", 
thread::current().id()); 
        for item in data { 
            println!("Item: {}", item); 
        } 
    }); 
 
    // The main thread can continue its own work 
    println!("Main thread doing other work"); 
 
    // Waiting for the spawned thread to finish 
    handle.join().unwrap(); 
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} 
 
In this example, ownership of the data vector is transferred to the spawned 
thread using the move keyword. This ensures that the new thread has 
exclusive ownership of the vector, preventing data races. 
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Threads and Thread Communication 

Rust provides a std::thread module for working with threads. 
Communication between threads is achieved using channels, allowing safe 
data transfer. 
 
// Example demonstrating threads and thread communication 
use std::thread; 
use std::sync::mpsc; 
 
fn main() { 
    // Creating a channel for communication between threads 
    let (sender, receiver) = mpsc::channel(); 
 
    // Spawning a new thread 
    thread::spawn(move || { 
        let message = String::from("Hello from the other 
thread!"); 
        // Sending a message through the channel 
        sender.send(message).unwrap(); 
    }); 
 
    // Receiving the message in the main thread 
    let received_message = receiver.recv().unwrap(); 
    println!("Received message: {}", received_message); 
} 
 

In this example, a channel is created, and the sender end is moved into the 
spawned thread. The main thread waits for the message using the receiver 
end, ensuring safe communication between threads. 
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Async/Await for Asynchronous Programming 

Rust also supports asynchronous programming through the async and 
await keywords, enabling non-blocking, concurrent code. 
 

// Example demonstrating async/await for asynchronous 
programming 
use tokio; 
 
async fn async_task() { 
    println!("Async task started"); 
    // Simulating asynchronous work 
    tokio::time::sleep(tokio::time::Duration::from_secs(2))
.await; 
    println!("Async task completed"); 
} 
 
#[tokio::main] 
async fn main() { 
    // Calling the asynchronous task using await 
    async_task().await; 
    println!("Main function continuing its work"); 
} 
 
In this example, the async_task function represents an asynchronous 
task. The main function uses await to wait for the completion of the 
asynchronous task while allowing other work to continue.  
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Advanced Topics 

Explore advanced topics in Rust, including lifetimes and references, smart 
pointers, and the use of unsafe Rust. 
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Lifetimes and References 

Lifetimes and references are crucial concepts in Rust for managing 
memory and ensuring safety. 
 
// Example demonstrating lifetimes and references 
fn longest<'a>(s1: &'a str, s2: &'a str) -> &'a str { 
    if s1.len() > s2.len() { 
        s1 
    } else { 
        s2 
    } 
} 
 
fn main() { 
    let s1 = String::from("hello"); 
    let s2 = String::from("world"); 
 
    let result; 
    { 
        // Creating references with explicit lifetimes 
        let r1 = &s1; 
        let r2 = &s2; 
 
        // Calling a function with references and explicit 
lifetime 
        result = longest(r1, r2); 
    } 
 
    // Using the result outside the inner scope 
    println!("The longest string is: {}", result); 
} 
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In this example, the longest function takes two string references with the 
same lifetime 'a and returns a reference with the same lifetime. Lifetimes 
help Rust ensure that references remain valid. 
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Smart Pointers 

Smart pointers provide additional capabilities beyond regular references. 
Examples include Box, Rc (reference counting), and Arc (atomic reference 
counting). 
 
// Example demonstrating smart pointers (Box) 
fn main() { 
    let x = 42; 
     
    // Creating a Box to store the value on the heap 
    let boxed_value = Box::new(x); 
 
    // Unboxing to access the value 
    let unboxed_value = *boxed_value; 
 
    println!("Original value: {}", x); 
    println!("Value through Box: {}", unboxed_value); 
} 
 

In this example, a Box is used to store an integer on the heap, allowing for 
dynamic allocation. Smart pointers provide additional functionalities, such 
as automatic deallocation when they go out of scope. 
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Unsafe Rust 

Rust's safety guarantees are enforced by the ownership system and 
borrowing rules. However, in some cases, it might be necessary to use 
unsafe Rust for low-level operations. 
 

// Example demonstrating unsafe Rust 
unsafe fn dangerous_function() { 
    println!("This function is marked as unsafe"); 
} 
 
fn main() { 
    // Using an unsafe block to call an unsafe function 
    unsafe { 
        dangerous_function(); 
    } 
} 
 

In this example, the dangerous_function is marked as unsafe, and it can 
only be called within an unsafe block. Unsafe Rust should be used with 
caution and only when absolutely necessary, as it bypasses some of Rust's 
safety checks.  
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Testing and Documentation 

Learn about testing in Rust and how to document your code using doc 
comments. 
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Writing Tests in Rust 

Rust has a robust testing framework that allows you to write unit tests and 
integration tests. 
 
// Example demonstrating writing tests in Rust 
fn add(a: i32, b: i32) -> i32 { 
    a + b 
} 
 
// Unit test for the add function 
#[cfg(test)] 
mod tests { 
    use super::*; 
 
    #[test] 
    fn test_add() { 
        assert_eq!(add(2, 3), 5); 
        assert_eq!(add(-1, 1), 0); 
        assert_eq!(add(0, 0), 0); 
    } 
} 
 
In this example, the add function is tested using the assert_eq! macro within 
the test_add test function. The #[cfg(test)] attribute ensures that the tests 
are only compiled when running cargo test. 
  



 

93 

 

Documenting Your Code with doc 

Rust supports inline documentation using doc comments. These comments 
can be used to generate documentation with tools like rustdoc. 
 
/// A simple function to add two numbers. 
/// 
/// # Examples 
/// 
/// ``` 
/// let result = add(2, 3); 
/// assert_eq!(result, 5); 
/// ``` 
/// 
/// ``` 
/// let result = add(-1, 1); 
/// assert_eq!(result, 0); 
/// ``` 
fn add(a: i32, b: i32) -> i32 { 
    a + b 
} 
 
fn main() { 
    // Calling the add function 
    let result = add(2, 3); 
    println!("Result: {}", result); 
} 
 
In this example, the add function is documented using /// comments. The 
documentation includes a description of the function and examples 
demonstrating its usage. Running cargo doc --open generates and opens 
the documentation in a browser. 
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Building Projects with Cargo 

Explore the process of creating a new Rust project, managing 
dependencies using Cargo, and publishing your Rust crate. 
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Creating a New Project 

Creating a new Rust project is a straightforward process using the cargo 
new command. 
 
# Create a new Rust project named "my_project" 
cargo new my_project 
 
This command generates a new directory named my_project containing the 
basic structure of a Rust project, including the src directory for source code 
and the Cargo.toml file for project configuration. 
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Managing Dependencies with Cargo 

Cargo simplifies dependency management in Rust. Add dependencies to 
the Cargo.toml file, and Cargo fetches and manages them automatically. 
 
[dependencies] 
rand = "0.8.5" 
 
In this example, the rand crate is added as a dependency with version 
0.8.5. Running cargo build fetches and builds the dependencies. 
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Publishing Your Rust Crate 

If you've developed a reusable Rust library, you can publish it to the 
Crates.io registry. 
 
1. Create an account on Crates.io. 
2. Update your crate's Cargo.toml with relevant information: 
 
[package] 
name = "my_crate" 
version = "0.1.0" 
authors = ["Your Name <your.email@example.com>"] 
edition = "2021" 
 
[dependencies] 
rand = "0.8.5" 
 
1. Run cargo login to authenticate with Crates.io. 
2. Run cargo publish to publish your crate. 
 
Your crate is now available on Crates.io, and others can use it by adding it 
as a dependency in their projects. 
 
Building projects with Cargo simplifies the process of managing 
dependencies, building, testing, and publishing Rust projects. Whether 
you're working on a small project or a reusable library, Cargo streamlines 
the development workflow in Rust. 
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Rust Ecosystem and Community 

Dive into the Rust ecosystem by exploring the standard library, contributing 
to the Rust community, and discovering additional learning resources. 
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Exploring the Rust Standard Library 

The Rust standard library (std) is a rich collection of modules providing 
essential functionality. Explore various modules to discover tools for 
working with strings, collections, I/O, concurrency, and more. 
 
// Example demonstrating using the Rust standard library 
use std::collections::HashMap; 
 
fn main() { 
    // Creating a HashMap 
    let mut grades = HashMap::new(); 
 
    // Adding entries to the HashMap 
    grades.insert("Alice", 95); 
    grades.insert("Bob", 88); 
    grades.insert("Charlie", 92); 
 
    // Accessing values in the HashMap 
    if let Some(grade) = grades.get("Bob") { 
        println!("Bob's grade: {}", grade); 
    } 
} 
 

In this example, a HashMap is used from the standard library to store and 
retrieve grades for students. 
  



 

100 

 

Contributing to the Rust Community 

The Rust community is welcoming and encourages contributions. Get 
involved by reporting issues, contributing to open-source projects, or 
participating in discussions on forums like users.rust-lang.org and GitHub. 
 
How to Contribute: 
 
1. Report Issues: If you encounter bugs or issues, report them on the 
project's GitHub repository. 
 
2. Contribute Code: Fork the repository, make changes, and submit a pull 
request. Follow project guidelines and contribute responsibly. 
 
3. Documentation: Help improve project documentation by fixing typos, 
adding examples, or clarifying explanations. 
 
4. Community Engagement: Participate in forums and discussions, share 
your expertise, and help others in the Rust community. 
 
By contributing, you play a vital role in the growth and improvement of the 
Rust programming language and its ecosystem. 
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