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What is Rust?

Started as a personal project of Graydon Hoare in 2006 and were sponsored by Mozilla in 2009.

compiled

general-purpose programming language

has strong type system

with focus on performance and concurrency
enforces memory safety with compile-time rules
multi-paradigm, inspired by functional programming

The unique difference of Rust from other languages - it requires an entirely different way of thinking centered
around the ownership and borrowing rules that govern the language.



Rust Code in Action

use rand::Rng;

2 usages new *

#[derive (Debug) ]

struct Rectangle {
pub width: u32,
height: u32,

5

new *
impl Rectangle {
new *
fn area(&self) -> u32 $
self.width * self.height
%

16

fn main() £
let mut xng : ThreadRng = rand::thread_xrng();
let rand_bool :bool = xng.gen::<bool>(); // "::<?>" turbo fish operator

let rectl = Rectangle {

i

width: 30,
height: 50,

if rand_bool {

&

println! ("Random bool!");

println!(

)

"The area of the rectangle is {% square pixels.",
rectl.area()



Rust language features

strong type system and type inference

generics support with bounds: fn printer<T: Display>(t: T)
pattern matching, deconstruction

modules, namespaces: std::cmp::min, str::len("test")
enums (e.g: Option, Result (Either from Scala))

powerful std lib (collections, iterators) and nostd mode
closures (lambdas)

traits

macros

e X no support for HKT at the moment, so no "native" functional primitives



Why Rust is blazing-fast?

e compiles to binary code for specific CPU Arch (backed by LLVM compiler)

e Rust doesn't have runtime (so no Garbage Collector or green threads by default)
and doesn’t run on VM (e.g. JVM)

e Rust focuses on zero-cost abstractions that encourages developers to write
code that is both high-level and efficient

e gives precise control over primitives (u8, .. , u32, i64, i128) and struct layouts

e memory management via rules like ownership and borrowing lead to more
predictable performance

e generics are monomorphized (polymorphic function are replaced with
monomorphic ones) and function calls can be statically dispatched



// 0 sized "new types"

use core::mem::size_of;

T usage new *

struct Enabled;

new *

fn get_size() -> usize {
size_of::<Enabled>() // ©

£

// monomorphization

new *

fn id<T>(x: T) -> T {
return Xx;

// monomorphized for 132

new *

Iy ad 032 (% 132) - 132 4
return Xx;



Ownership and Borrowing

Instead of having GC (JVM/Python) or forcing developer to manually allocate/free memory
(C/C++), Rust uses a different approach: memory is managed through a system of ownership with
a set of rules that the compiler checks:

e Each value in Rust has an owner.
e There can only be one owner at a time.
e \When the owner goes out of scope, the value will be dropped (Rust auto-inserts "drop™ call at

the end of scope).

Those rules ensure you won't deref null pointers or have dangling pointers.

new *
2 P  fn main() §
: let original : String = String::from( s: "Hello"); // Owner [1]
let moved :String = original; // Ownership transferred to 'moved'’

// Error: 'original' no longer accessible [2]
println! ("{}", original);
// rust will invoked drop(moved) to return memory to the 0S



Borrowing

fn main() {
let s1 :String = String::from( s: "hello"); WHY OWN A VALUE
let (s2 :String , len :usize ) = calculate_length( s: s1);
println! ("The length of '{%' is {}.", s2, len);

%

Tusage new *

fn calculate_length(s: String) -> (String, usize) 1{
let length :usize = s.len();
(s, length) WHEN YOU CAN BORROW IT?

§



Borrowing

fn main() $
let sl :String = String::from( s: "hello");
let len :usize = calculate_length( s: &s1);
println! ("The length of '{%}' is {}.", sl1, len);
Iy

1@sage new *
fn calculate_length(s: &String) -> usize {
s.len()

§



Borrowing

Immutable borrowing allows multiple read-only references to access data concurrently but
mutable borrowing allows only a single mutable reference to modify data exclusively (no
data races!).

The problem happens when you want to allow borrowing across different scopes and
Rust's solution to this are lifetimes to prevent dangling references (reference data other
than the data it’s intended to reference).

// this function's return type contains a borrowed value,
// but the signature does not say whether it is borrowed from ‘x' or 'y’
fn longest(x: &str, y: &str) -> &str §{ ... }

fn longest<'a>(x: &'a str, y: &'a str) -> &'a str {
if x.len() > y.len() %
X
t else {
y
L5



Lifetime elision

new *
fn elided_input(x: &i32) %

println! ("‘elided_input': {%", x);
¥

n@w *

fn annotated_input<'o>(x: &'a i32) {
println! (" ‘annotated_input': {

by

_ Elide lifetimes



Borrowing
Borrow checker runs in compile time and doesn’t add anything to runtime cost.

Interesting example:

fn main() %
val x» = scala.collection.mutable.Buffer(1, 2, 3, 4) let mut x :Vec<i32> = vec![1, 2, 3, 4];
val first = x.head let first :&i32 = x.get( index: 0).unwrap();
x.append(42) X.push( value: 42);
printin(s"first is $first") println! ("first is {}", first);



error[E0502]: cannot borrow ‘x' as mutable because it is also borrowed as immutable
-=> src/main.rs:6:3

L P

Note: String has same
memory layout as Vec<u8>

immutable borrow occurs here

AAAAAAAAAN mutable borrow occurs here

----- immutable borrow later used here

Rust helps us to prevent undefined behaviour which is very
common in C/C++ development and source of many bugs and
security issues.

I
4 | let first = x.get(0).unwrap();
| 0 ssseswe
5 |
6 | X.push(42);
I
7 | println! ("first is 4", first);
I
Vec<T>
ptr cap len
/
i T
Y J
 len Y y
Yeap =



Memory (un)safety

Rust’s memory safety guarantees enforced at compile time.
However, Rust has a second language hidden inside it that f {
doesn’t enforce these memory safety guarantees: it's called u n sa e
unsafe Rust and works just like regular Rust, but gives us N f

extra superpowers: _ \_\ W

l

Dereference a raw pointer

Call an unsafe function or method

Access or modify a mutable static variable
Implement an unsafe trait

Access fields of unions

It doesn’t turn off the borrow checker or disable any other of
Rust’s safety checks!




Traits

A trait defines functionality a particular type has and can share with other types (somewhat
similar to interfaces, but with some differences). Rust also uses traits as markers.

!

!

ot

pub trait Summary %
new *
fn summarize(&self) -> String;

3

2 usages new *

pub struct Tweet {
pub username: String,
pub content: String,
pub reply: bool,
pub retweet: bool,

y

new *
impl Summary for Tweet $
new *
fn summarize(&self) -> String {
format! ("§%: {3", self.username, self.content)
}
}

fn main() 3

let tweet = Tweet {
username: String::from( s: "elonmusk"),
content: String::from( s: "twitter is now X @ "),
reply: false,
retweet: false,

L&

println! ("1 new tweet: §%", tweet.summarize());

3



Traits

Rust relies on traits as much as possible therefore a huge part of the language is implemented
via traits instead of being supported directly in the compiler.

fn main() {
let _ =1+ 1;
¥

macro_rules! add_impl {
($($t:ty)*) => ($(
#[stable(feature = "rustl", since = "1.0.0")]
#[rustc_const_unstable(feature = "const_ops", issue = "90080")]
impl const Add for $t {
type Output = $t;

#[inline]
#[rustc_inherit_overflow_checks]
fn add(self, other: $t) -> $t { self + other %

3

forward_ref_binop! { impl const Add, add for $t, $t %
)*)
}

add_impl! { usize u8 ul6é u32 ub4 ul28 isize i8 ilé i32 i64 1128 £32 f64 t

pub unsafe auto trait Send {
// empty.

[ stable(feature = "rustl", since = "1.0.0")]
impl<T: ?Sized> !Send for xconst T {}%

[ stable(feature = "rustl", since = "1.0.0")]
impl<T: ?Sized> !Send for *mut T {}



Generics

e Differs from Java/Scala, similar to C++ (monomorphization)
e Support static dispatch for functions
e \Where clause for generic boundaries

impl <A: TraitB + TraitC, D: TraitE + TraitF> MyTrait<A, D> for YourType {}

// Expressing bounds with a ‘where' clause
impl <A, D> MyTrait<A, D> for YourType where
A: TraitB + TraitC,
D: TraitE + TraitF {}



like,, maybe2, or
3 chars my
dude

how long

are your
template nameg

this was suppoted 1 be kg

you are like a little
baby



/Users/sholokhov/ . cargo/registry/src/aithub, com-1ecc6299db%ec823/warp-9.3.1/src/filter/and. . rs:13:

13 | pub struct And<T, U> {

FilterBase

Filter

note: the full type name has been written to '/private/tmp/sbox-new/sboxd/target/debug/deps/sboxd-d4349928a517f6bc. long-type-15280410782672326810. txt'
note: the following troit bounds were not satisfied:
warp: :filter::a rand: lter: d: :And<impl warp::Filter + warp::filter: :Filte rcExtract = (), Error = Infallibles « std::
+ warp::filter::FilterBase<Extract = (std:: ing::String,), Error = Rejection> + std::marker::Copy>, impl warp::Filter + warp::filter::FilterBase<Extract = (), Error = Rejection> + std::marker::Copy>, impl warp::Filter + warp::filter::FilterBa
se<Extract = (), Error = Rejection> + std::morker::Copy>, impl worp::Filter + warp::filter::FilterBase<Extract = (Userld,), Error = Rejection> + Clone>, impl warp::Filter + worp::filter::FilterBase<Extract = Arc<SBoxApp>, Error = Infollible> + C
lone>: warp::filter: :FilterBase
which is required by ‘warp::filter::ond::And<warp::filter::and: :And<warp::filter::and::And<warp::filter::and: :And<warp::filt :and: :And<impl warp::Filter + warp::filter::FilterBase<Extract = (), Error Infallible> + std::marker::Co
py, impl warp::Filter « warp::filter::FilterBase<Extract = (std::string::String,), Error = Rejection> + std::marker::Cop impl warp::Filter + warp::filter::FilterBose<Extract = (), Error = Rejection> + std::marker::Copy>, impl warp::Filter + w
arp::filter::FilterBase<tExtract = (), Error = Rejection> + std::marker::Cop: impl warp::Filter «+ warp::filter::FilterBase<Extract = (Userld,), Error = Rejection> + Clone>, impl warp::Filter + warp::filter::FilterBase<Extract = Arc<SBoxApp>, Er
ror = Infallible> + Clone>: warp::Filter
&warp::f

:tAndawarp: :fi

:Andawarp: amarp: :filte

rand: :Andawarp: i filter

arker: :Copy, impl warp::Filter

Lter::ond: :Andawarp: :filter::ond; :Andavarp: : filter::ond: :Andavarp: :filter: :ond: :Andawarp: : filter::and: :And<impl warp::Filter « warp::filter::FilterBase<Extract « (), Error « Infallibles + std::marker::Copy, impl warp::Filte
r + warp::filter::FilterBase<Extract = (std::string::String,), Error = Rejection> + std::marker::Copy>, impl warp::Filter + warp::filter::FilterBase<Extract = (), Error = Rejection> + std::marker::Copy>, impl warp::Filter + warp::filter::FilterB
ase<Extract = (), Error = Rejection> + std::marker::Copy>, impl worp::Filter + warp::filter::FilterBase<Extract = (Userld,), Error = Rejection> + Clone>, impl worp::Filter + worp::filter::FilterBaose<Extract = Arc<SBoxApp>, Error = Infallible> +

Clone>: warp::filter::Filte

which 1s required by '&warp::filter::and::And<warp:
opy, impl war
warp: : filter

:filter::and: :And<warp::filter::and: :And<warp::filter::and: :And<warp::filter::and: :And<impl warp::F
iFilter + warp::filter::FilterBase<Extract = (std::string::String,), Error = Rejections + std::marker::Cop
:FilterBase<Extract = (), Error = Rejection> + std::marker::Copy>, 1
rror = Infallible> + Clone>: warp::Filter
Bmut warp::filter: :ond::Andawarp::filter: and: :And<warp::filter::and: :Andawarp::filter: and: : Andawaryp lter::ond: :And<impl warp::Filter + warp::filter: :FilterBase<Extract « (), Error « Infallibles + std::marker::Copy, impl warp::F
ilter + warp::filter::FilterBase<Extract = (std::string::String,), Error = Rejection> + std::marker::Copy>, impl warp::Filter + warp::filter::FilterBase<Extract = (), Error = Rejection> + std::marker::Copy>, impl worp::Filter + warp::filter::Fil
terBase<Extract = (), Error = Rejection> + std::marker::Copy>, impl worp::Filter + warp::filter::FilterBase<Extract = (Userld,), Error = Rejection> + Clone>, impl warp::Filter + warp::filter::Filter e<Extract = Arc<SBoxApp>, Error = Infallible
> + Clone>: warp::filter: FilterBase
which is required by "&nut warp::filter::ond::And<owarp::filter::and: :And<warp::filter::and: :Andowarp::filter::and: :And<anarp::filter:
r::Copy, impl warp::Filter + warp::filter::FilterBase<Extract = (std::stri String,), Error =

Lter + warp::filter::FilterBase<Extract (), Error Infallible> + std::marker::C
impl warp::Filter + warp::filter::FilterBase<Extract = (), Error = Rejection> + std::marker::Copy>, impl warp::Filter +
filter::FilterBase<Extract « (Userld,), Error « Rejection> + Clone>, impl warp::Filter + warp::filter::FilterBose<Extract = Arc<SBoxApp>, E

warp::Filter + warp:

:and: :And<impl warp::Filter + warp::filter::FilterBase<Extract (), Error Infallible> + std::marke

ectiom> + std::marker::Copy>, impl warp::Filter + warp::filter::Filte ¢
r + warp::filter::FilterBase<Extract = (), Error = Rejection> + std::marker::Copy>, impl warp::

er + warp::filter::FilterBase<Extract = (Userld,), Error = Rejection> How I FEEL AFTER P
>, Error = Infallible> + Clone>: worp::Filter
error[E0277]: the trait bound "Arc<SBoxApp>: warp::generic::Tuple® is not satisfied pROGRAMMING FOR 1 HOUR

» src/handlers . rs:407:14 IN.
L

.and(with_app(app))
AAA the trait ‘warp::generic::Tuple' is not implemented for “Arc<SBoxApp>

help: the following other types implement trait 'warp::generic::Tuple':

O
(T1, T2, T3, T4, TS, T6, T7, T8, 19, Tie, T11, T12, Ti3, Ti4, TiS, Ti6)
(T1e, Ti1, Ti2, Ti3, T14, TiS, Ti6)
(T11, T12, T13, Ti4, T15, Ti6)
(712, T13, Ti4, T1S, Ti6)
(113, T4, T15, T16)
(T14, TiS, T16)
(Ti5, T16)

and 9 others

error[E@599]: the method “and_then’ exists for struct "And<And<And<impl Filter + FilterBase<Extract = (), Error = Rejection> + Copy, impl Filter + FilterBase<Extract =
ror « ...> + Clone>, ...>", but its trait bounds were not satisfied
> src/handlers.rs-408:14




https://github.com/rust-lang/rust/issues/79972

@f minaminao commented on Dec 12, 2020 - edited by rustbot ~

| tried this code:

enum A<T> { 3
B,
C(T, Box<A<(T, T)>>)
}
fn main(){
At tid0t TR
}
Compilation resulted in the E0320 error of 3.7MB:
error[E0320]: overflow while adding drop-check rules for A<i32> d;
——> a.rst6:2
|
6 | Az :<i32>::B;
| AAAAAAAAAAA
|
= note: overflowed on A<(((((CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCEEeeeeeeeeeeeeecece
(snip)

Since the error output is very large and taints the terminal, It might be better to use the same error output format as in the
recursion limit error. Its format as follows.



Collections & lterators

Rust has rich and powerful std lib:

Sequences: Vec, VecDeque, LinkedList
Maps: HashMap, BTreeMap

Sets: HashSet, BTreeSet

Misc: BinaryHeap

Iterators are heavily used in idiomatic Rust
code - they are powerful, composable,
extensible, lazy and zero cost.

They provide a simple way to perform an
operation on the elements over a collection
of items (similar to Java Streams or
fs.Stream without an effect).



Iterator example

let recommended_channel_names: Vec<String> = value &ExtraFields<'_>

.get("recommended_channel_names") Option<&Value>

.and_then(|v: &alue| v.as_array()) Option<&Vec<Value>>

.map(|items: &Vec<Value>| {

items &Vec<Value>

.iter() Iter<'_, Value>
filter_map(|i: &alue| i.as_str()) impl Iterator<Item = &str>
.map(|s: &str| s.to_string()) impl Iterator<Item = String>
.collect::<Vec<String>>()

}) Option<Vec<String>>

.ok_or(err: "recommended_channel_names is not defined")?;

There is no Parallel Iterator in Rust by default, but rayon is a popular implementation.



Async Rust

Allows to run a large number of concurrent tasks on a small number of OS threads, while preserving much of the look and feel
of ordinary synchronous programming, through the async/await syntax.

Async is usually implemented via OS threads, Event-driven programming with callbacks, Coroutines or Actors (or
combination). Rust supports using OS threads directly with std::thread and its preferable choice for small number of tasks.

Async Rust provides significantly reduced CPU and memory overhead, especially for workloads with a large amount of
IO-bound tasks, such as servers and databases.

Some important differences from other languages:

e  Futures are inert in Rust and make progress only when polled. Dropping a future stops it from making further
progress.

e Async is zero-cost in Rust, which means that you only pay for what you use (e.g. async without heap allocations and
dynamic dispatch)

e  No built-in runtime is provided by Rust. Instead, runtimes are provided by community maintained crates.



Async Rust

Good to keep in mind that async Rust is “contagious”!

fn get_two_sites() %
// Spawn two threads to do work.
let thread_one = thread::spawn(|| download("https://www.foo.com"));

let thread_two = thread::spawn(|| download("https://www.bar.com")); funcfion d func;ion>e .;ync function #

// Wait for both threads to complete.
thread_one.join() .expect("thread one panicked");
thread_two.join() .expect("thread two panicked");

async fn get_two_sites_async() {
// Create two different "futures" which, when run to completion,
// will asynchronously download the webpages.
let future_one = download_async("https://www.foo.com");
let future_two = download_async("https://www.bar.com");

// Run both futures to completion at the same time.
join! (future_one, future_two);




Future type

Future is quite different from what we have in Scala/Java or JavaScript. By default they do

nothing unless they explicitly polled.

. ) struct AddOneFuture<T>(T);
Future is transformed into a

State Machine by compiler. impl<T> Future for AddOneFuture<T>
where
T: Future,

T::0Qutput: std::ops::Add<i32, Output = 132>,
type Output = i32;

fn poll(&mut self, ctx: &Context) -> Poll<Self::OQutput> {
match self.0.poll(ctx) {
Poll::Ready(count) => Poll::Ready(count + 1),
Poll::Pending => Poll::Pending,




Async Runtime: Tokio

Tokio is an event-driven, non-blocking 1/O platform for writing async applications with Rust programming language:

e Tools for working with async tasks, including synchronization primitives and channels and timeouts, sleeps,
and intervals.

e APIs for performing asynchronous I/O, including TCP and UDP sockets, filesystem operations, and process
and signal management.

e Aruntime for executing asynchronous code, including a task scheduler, an I/O driver backed by the
operating system’s event queue (epoll, kqueue, IOCP, etc...), and a high performance timer.

In practice, tokio polls futures for us, schedule tasks ("Fibers") and provides useful insights in how app is
performing.

In a way, you can compare tokio to cats-effect from Scala. In fact, CE 3 work-stealing pool was derived from tokio’s
implementation.



Tokio console: async debugger

connection: http://127.0.0.1:6669/ (CONNECTED)

views: t = tasks, r = resources

controls: «» or h, 1 = select column (sort), t¢ or k, j = scroll, « = view details, i = invert sort (highest/lowest), q = quit
gg = scroll to top, G = scroll to bottom

Warnings
a 1 tasks have lost their waker

Tasks (10) Running (1) n Idle (7) connection: http://127.0.0.1:6669/ (CONNECTED)
Warn ID State Name Totalv Busy Sched Idle Polls Target Locc views: t = tasks, r = resources
18 blocks 14m54s 7m24s 7ms  7m29s 90 tokio:: cons controls: ® esc = return to task list, q = quit
22 burn  14m54s 237ms  38ms 14m53s 938  tokio:: cone (Task Waker
23 coma  14mS4s  17s Ons 14m54s 1 tokio:: cone [ID: 2 m Current wakers: 1 (clones: 312, drops: 311)
24 taskl 14mS4s 324ms 3ml4s 11m38s 312  tokio::task con: [Name: burn Woken: 1752 times, last woken: 5.48629762s ago

A . Target: tokio::task
98n n 53 : 5 .
25 task2 14mS54s 198ms 5mS59s 8mS4s 204 tokio con Location: console-subscriber/exanples/app.rs:40:22

. . s 5 . Total Time: 15m05Ss

220 wait 16s 692us Ons 16s tokio:: cons Busy: 239.64ms (0.03%)

: : Scheduled: 38.53ms (0.00%)
wait 5s 587us S5s tokio:: Idle: 15m04s (99.97%)
wait S5s 569us Ons Ss tokio::

Poll Times Percentiles— Poll Times Histogra
pl@: 40.19us 238
: 52.48ps

027 .39us

Sched Times Percentiles, [Scheduled Times Histogral
pl0: 13.63ps 127

p50: 26.37us
p75:
p90:
p95: 14 S _ _
p99: lus 07.81us 399.36us

Fields
kind-=task




Rust @ XITE

e Client performance service and reporting-api-rs walk-through



Tools & Libs

Cargo package manager
Clippy

Rust Analyzer

Cargo Raze for Bazel
Cargo bench

Tokio

Rayon
Crossbeam
Warp Http server
Serde

/-

& Microsoft Word

It looks like you are
trying to write shitty

code!
-




Observations

Structure your program around structs

Try to avoid using references in structs (lifetimes are also contagious)

Use iterators to write idiomatic and efficient code

Enable clippy on save in your editor

Use “rustc --explain EQ277” when rust compiler fails

Rust async is quite complex and requires some effort to make it work. But once it compiles -
it will (probably) work pretty good.






