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Closure
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let mut 1 = 0 « mutable reference?} 41X =™

tet mut f = Ix| ¢ closure= mutable

S — S£% I mutable reference 2L
5
i =1; // compile error
= F(1);



Closure
2HH traits - FnOnce / FnMut / Fn

oub trait FnOnce<Args> 1%
type Output;
extern "rust-call" fn (&mut self, args: Args) — Self::0utput;

oub trait FnMut<Args>: FnOnce<Args> 1%
extern "rust-call" fn (&mut self, args: Args) — Self::0utput;
$

oub trait Fn<Args>: FnMut<Args> {
extern "rust-call" fn (&self, args: Args) — Self::0utput;
s



Sized trait

N

oub trait Sized { }

oub fn f<T: Sized>(t: T)
oub fn f<T: !Sized>(t: T)

oub fn f<T: ?Sized>(t: T)



dyn vs impl

H| W
fn <B: Bar>(b: B) — usize
tralt Bar 1 | fn (b: impl Bar) — usize
fn (&self) — Vec<usize>;
$
impl Bar for Foo { ... } fn (b: &Jyn Bar) — usize
impl Bar for Baz { ... }

fn () — 1impl Bar {
Foo § ... }
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A X|g =2 ey
Java

oublic class ArraylList<kE> extends AbstractlList<E>
implements List<E>, RandomAccess, Cloneable, java.i0.Serializable {
transient Object[ ] elementDats;
orivate 1nt size;

public (int initialCapacity) {

if (initialCapacity > B) {
this.elementData = new Object[initialCapacity];

} else 1f (initialCapacity = 0) {
this.elementData = {};

} else {
throw new IllegalArgumentException("Illegal Capacity:

initialCapacity)
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StA3{ =2 1gjal

Haskell

newtype State s a = State {runState :: s = (s, a)}

instance Monad (State s) where
return = pure
m > k = State $ \s — case runState m s of
(s', x) — runState (k x) s'



Concurrency &
Parallelism




Concurrency vs Parallelism
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Concurrenc Y} Parallelism




Concurrency vs Parallelism
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Async/Await

Simple Program




Send / Sync trait

7h'E
oub unsafe suto trait Send { }

oub unsafe auto trait Sync { }

. Send: CI2 M2E2 HH 4

e Sync: C}
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Pin trait

N

oub struct Pin<P> 1§
oub poilnter: P,
5

oub auto trait Unpin { }

oub struct PhantomPinned;

impl !'Unpin for PhantomPinned {}

Pin2 HIZE|0M S4% = SAIE L

RustiiA BEE 2 7|2X80E 2
o) K=}
A 3

Pin2 pointer= 0|&3dl| 0| -2



Threads

N
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Single-threaded process

Multi-threaded process



Threads
of|

£n () 1
thread:: I 4

for 1 in 1..10 ¢

orintln!("hi1 number {} from the spawned thread!", i1);
thread:: (Duration:: (1)) ;

}
£);

for 1 1n 1..5 {
orintln! ("hi1 number {} from the main thread!'", 1);
thread:: (Duration:: (1)) ;



Threads

oTT
O %
flag = Arc:: (AtomicBool::
flag2 = Arc:: (&f1lag)
parked_thread = thread:: (
| flag?2. (Ordering::Acquire) {
thread:: )
5
$)
thread:: (Duration::
flag. ( Ordering::Release)
narked_thread. (). )
narked_thread. (). ()

[ 2

o« park: M| EE FX}, CHE L0
unpark= oF™ CHA| X{7h
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Channel

N

ORE!
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thread::

TX.
$)

rX) = MPSC::
( [ 4
(16). ()

(rx. ().
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Arc

=
fn O 1 .
let apple = Arc:: ("the same apple"); ° RCQ‘ multi-thread I:I-|II_'|
for - in 8..10 { R *%%RCEH‘ L2l
let apple = Arc:: (&apple);
thread:: (move || {
("1:75", apple);
5);
5



AtomicT

=
fn () 1
let spinlock = Arc:: (AtomicUsize:: (1)) ;
let spinlock_clone = Arc:: (&spinlock) ;
let thread = thread:: (move || {
spinlock_clone. (8, Ordering::Seqlst);
£);
while spinlock. (Ordering::Seqlst) =+ 0 {
hint:: ();
§
if let Err(panic) = thread. ) 1
("Thread had an error: {panic:?}");
§
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Atomic Ordering

N

oub struct Mutex {
1s_acquired: AtomicBool,

5
impl Mutex 1%
oub fn (&self) {
while !self.1is_acquired. (true, Ordering::AcqRel) { e
hint:: OF
5
5
oub fn (&self) {

self.1ls_acqulred.

$

(false, Ordering::Release):;

e Relaxed, Release,
Acquire, AcgRel,
SeqCst
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() 1

let lock = RwLock:: (5);
]
let rl = lock. ().
let r2 = lock. ().
(*rl, B);
(xr2, 5);
$
]
let mut w = lock. ().
*W += 1;
(*w, 6);
$

();
();

();
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Actor Model
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o = 0| Actor

« Actor 77|2|= MessageE F11 &1 2t
Actor2 X592 MessageS 2|




RustOl|Al 7t& f™sk Actor 22! crate
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https://github.com/actix/actix

https://github.com/actix/actix-web



https://github.com/actix/actix
https://github.com/actix/actix-web

Crossbeam

038

o Rust?| CHEAMQI concurrent 20| E 21}
e no_std, MPMC, epoch GC, S X|&

» https://qgithub.com/crossbeam-rs/crossbeam



https://github.com/crossbeam-rs/crossbeam

parallelism 2t0|E2{2]
o O ZICHSHA| AFE 71 (drop-dead simple)

o https:.//qgithub.com/rayon-rs/rayon



https://github.com/rayon-rs/rayon

Async/Await
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Async/Await

Future trait

oub trait Future {
type Output;

fn (
self: Pin<&mut Self>,
cx: &mnut Context<'_>
) — Poll<Self::0utput>;

. H|= cycleol| CHE Q1AtS %



Tokio

N

 Rust?| CHEZX?QI async runtime 2t0|E2{2]

» https://qgithub.com/tokio-rs/tokio



https://github.com/tokio-rs/tokio

Tokio

HE

oub(crate) fn <F: Future>(&mut self, f: F) — Result<F::0utput, ParkError> {
use std::task::Context;

use std::task::Poll::Ready;

// “get_unpark()" should not return a Result

let waker = self. ()?~. OF
let mut cx = Context:: (&waker) ;
ptn! (f);
loop {
if let Ready(v) = crate::coop:: (1 f. OF (&mut cx)) {
return 0Ok(v);
§
self. ()7;



Async File 1/0

N

use toktlo::fs::File;

use tokio::io::{AsyncReadExt, AsyncWriteExt}: . — - -
. tokiol| fs2 == Ar&50 asyncast

tokio A 17/ 7| 7=
async fn () — std::io0::Result<()> {
let mut file = File:: ("foo.txt").awailt?; = = O
file. (b"hello, world!").await?; » OB IIES C I_oncurrentlyopﬂ =1
= [0l|= 8= O|&
let mut file = File:: ("foo.txt").awalt?;
let mut contents = L 1;
file. (&mut contents).await?;

("len = {}'", contents. ());

Ok ()



