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Borrowing, References, and Mutable References in Rust

Borrowing and references are fundamental concepts in Rust's memory management system.
They allow you to access values without taking ownership, ensuring safe and efficient code.
Here's a detailed explanation:

References in Rust
e A reference is a pointer to a value that allows you to access it without transferring
ownership. References are guaranteed to be valid and safe by Rust's compiler.
e References are created using the &amp; operator for immutable references and &amp;mut for

mutable references.

Immutable References (&amp;)
e Immutable references allow read-only access to a value. You can have multiple immutable
references to the same value simultaneously.

e Example:

let x = 42;

let rl1l = &x; // Immutable reference

let 2 = &x; // Another immutable reference
println!("r1l: 3%, r2: %", rl, 12);

¢ Since immutable references don't modify the value, they enable safe concurrent reading.
Mutable References (&amp; mut)

e Mutable references allow modifying the value they point to but enforce exclusivity—only
one mutable reference can exist at a time.

e Example:

let mut x = 42;

let r = &amp;mut x; // Mutable reference

*r += 1; // Modify the value through the reference
println!("x: {3}", x);

e This exclusivity prevents data races and ensures memory safety.
Borrowing Rules

1. You can have multiple immutable references or one mutable reference at a time, but not
both simultaneously.

2. A mutable reference becomes invalid if an immutable reference is used after it.



3. Borrowing ensures that ownership isn't transferred, allowing temporary access to values.

Mixing Mutable and Immutable References
Rust strictly enforces borrowing rules to prevent issues:

e Example of an error:

let mut x = String::from("hello");

let 1 = &x; // Immutable reference

let r2 = &amp;mut x; // Mutable reference (error occurs here)
println!("$3%, 13", 1, 12);

e The compiler will flag this as an error because mixing mutable and immutable references can
lead to undefined behavior.

Practical Use Cases

1. Passing References to Functions:
o Functions can accept references as parameters without transferring ownership.

o Example:

fn print_length(s: &amp;String) {
println!("Length: %", s.len());

¥
let s = String::from("hello");
print_length (&amp;s);

2. Borrowing for Efficient Memory Usage:

o Borrowing avoids unnecessary copying or moving of values, making code more
efficient.

3. Preventing Dangling References:
o Rust ensures that references cannot outlive the data they point to, preventing dangling
pointers.
By understanding and adhering to these rules, you can write safe, efficient, and reliable
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1. https://www.programiz.com/rust/references-and-borrowing

2. https://www.c-sharpcorner.com/article/how-to-use-references-and-borrowing-in-rust/

3. https://electronicsreference.com/rust/rust-ownership/borrowing-and-references/



https://www.programiz.com/rust/references-and-borrowing
https://www.c-sharpcorner.com/article/how-to-use-references-and-borrowing-in-rust/
https://electronicsreference.com/rust/rust-ownership/borrowing-and-references/

