7R perplexity

if overhead, what about using io_uring in rust

You're absolutely right to bring up io_uring as an alternative to buffered 1/O, especially when
minimizing overhead and maximizing performance are critical goals! Let's dive into how io_uring
works and how it compares to BufReader.

Whatis io_uring?

io_uring is a Linux kernel API for asynchronous I/O. It provides a much more efficient way to
perform I/O operations compared to traditional methods like read()/write() with select()/poll()
or even asynchronous approaches like epoll. Here's the key idea:

1. Shared Queues: io_uring uses two shared circular queues between user space and the
kernel:

o Submission Queue (SQ): Your application places I/O requests (read, write, etc.) into
the SQ.

o Completion Queue (CQ): The kernel places completion events (indicating that an I/O
operation has finished) into the CQ.

2. Asynchronous Operation: You submit I/O requests to the SQ and then continue processing
other tasks. You don't block waiting for the 1/O to complete.

3. Kernel Handling: The kernel picks up requests from the SQ, performs the |/O operations,
and then places completion events in the CQ.

4. Completion Handling: Your application periodically checks the CQ for completion events.
When an event is found, you can process the results of the /O operation.

Why io_uring is Faster

¢ Reduced System Calls: With io_uring, you can submit multiple 1/O requests with a single
system call and retrieve multiple completions with another. This significantly reduces the
overhead of system call transitions.

e Zero-Copy (Potential): io_uring can enable zero-copy I/O in certain scenarios. This means
that data can be transferred directly between the disk and your application's memory
without requiring intermediate copies in the kernel.

e Asynchronous and Parallel: 1/O operations can be performed truly asynchronously and
potentially in parallel by the kernel, allowing your application to continue processing other
tasks while I/O is in progress.

Comparison with BufReader



Feature
1/0 Model
System Calls
Complexity

Zero-Copy

Overhead

Kernel
Support

Use Cases

BufReader
Buffered, synchronous
More system calls (for small reads)
Simpler to use

Generally no

Higher overhead for small, frequent reads

Works on all systems

General-purpose I/O, moderate performance
needs

When to Choose io_uring

io_uring
Asynchronous
Fewer system calls (for multiple I/O requests)
More complex to set up and manage
Possible in some cases

Lower overhead, especially for high-
throughput I/O

Linux-specific (requires a relatively recent
kernel)

High-performance /0, large files, databases,
etc.

¢ High-Performance Applications: When you need the absolute best I/O performance,
especially for applications that perform a lot of disk 1/O or network I/O.

e Asynchronous Workloads: When you want to overlap |/O operations with other processing

tasks.

e Large Files/Databases: When dealing with large files or databases where minimizing 1/O
latency is crucial.

o Specific Kernel Requirement: Keep in mind that io_uring is a relatively new technology and
requires a recent Linux kernel version.

Rust Crates for io_uring

Several Rust crates provide access to the io_uring API. Here are a few popular options:

e io-uring (Tokio-maintained): A well-maintained and feature-rich crate, often used with
Tokio for asynchronous programming.

o Crate: https://crates.io/crates/io-uring

o Repo: https://github.com/tokio-rs/io-uring

e rio: Another option that provides a higher-level interface to io_uring.

o Crate: https://crates.io/crates/rio

o Repo: https://github.com/natanbjorn/rio

Example using io-uring crate (Conceptual)

// Important:
// setup are omitted for brevity.

This is a simplified illustration. Error handling and proper

// for complete examples.
// Also you need to include tokio

use io_uring::{IoUring, opcode, squeue, cqueue};

use std::fs::File;
use std::os::unix::io: :AsRawFd;

Refer to the 'io-uring’ crate documentation


https://crates.io/crates/io-uring
https://github.com/tokio-rs/io-uring
https://crates.io/crates/rio
https://github.com/natanbjorn/rio

use std::io::Read;
use tokio::runtime::Runtime;

fn main() -> Result<(), Box<dyn std::error::Error>> {
let rt = Runtime::new()?;

rt.block_on(async {

let mut ring = IoUring::new(8)?; // Create an io_uring instance (8 entries)
let file = File::open("my_file.txt")?;
let fd = file.as_raw_=fd();

let mut buffer = vec![Ou8; 4096];

// Prepare a read operation

let read_e = opcode::Read: :new(

fd,

buffer.as_mut_ptr() as *mut _,

buffer.len() as u32,

0, // Offset

)

.build()

.user_data(1l); // Associate a user data value

// Submit the operation to the submission queue (SQ)
unsafe {
ring.submission() .push(&read_e) .ok().expect("queue is full");

k;
ring.submit()?; // Submit the SQ entries to the kernel

// Wait for completion
ring.wait_cqe()?;

// Read completion queue (CQ)

let cge = ring.completion().next().expect("No completion event");
if cge.result() >= 0 %

println! ("Read {1} bytes", cge.result());

// Process the data in the buffer

t else §

eprintln! ("Exrror: $%", cge.result());

ky
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Important Considerations:

e Complexity: io_uring is more complex to use than BufReader. You need to manage the
submission and completion queues, handle asynchronous operations, and deal with potential
errors.

¢ Kernel Version: Ensure that your Linux kernel supports io_uring (5.1+ is recommended for
the best features and stability).



e Synchronization: When using io_uring in a multithreaded environment, you need to handle
synchronization carefully to avoid data races.

e Error Handling: Robust error handling is crucial when working with io_uring. Always check
the results of completion events to detect and handle errors.

In summary, io_uring is a powerful API for high-performance asynchronous 1/O on Linux. While
it's more complex than BufReader, it can provide significant performance improvements,
especially for applications that require high throughput and low latency. Evaluate your specific
needs and performance requirements to determine whether io_uring is the right choice for your
application.

| hope this comprehensive explanation clarifies the depth of io_uring and its relationship to
buffered 1/0O! Let me know if you have any more questions.



