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e C10K Problem: 10,0007H2| E20|HER} TA|0f] AES 4~ =712
o =X| QICt
o Qretol A2l Synchronous blocking 1/0
o I/0Z Bt SOl TR MAT} S0 ol )
= CPU At&0| =4 =

— O|‘—|?— El A_I H_l g%% %E-:iE _/I\__g_ %I: @_7_.” L System call - kernel context switch [:I |
o 1/O-bound 12 s —
.% @
g Data movement from 4_R eadresponse
-% kernel space to user space

Reference: IBM Developer: Boost application performance using asynchronous 1/0
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e A= process/threadS AFEsAM = =0l otA7F Z4H
e |/O AA|7t H[&7/HOF e — Asynchronous nonblocking 1/0O
o 112iC) O|Z OfZH 7|7

Application ( Kernel )

aio_read {) )
System call - kernel context switch
[] initiate read /O
R
Other
processing
Data movement from kernel space to user Read response
I space with signal or callback I-]
le}
processing
T

Reference: IBM Developer: Boost application performance using asynchronous 1/0
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ofA|2H AFZote WHEDICE 20| =21 HOM 2= X HeU HS oL,

=A|’g(concurrency)?
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Asynchronous Rust W& 7|

cargo add tokio —--features full

fn main() {
let data = std::fs::read(“wow.txt”);
let handle = thread::spawn(move || { dbg!(data); })
handle.join() .unwrap();

#[tokio: :main]
async fn main() {
let data = tokio::fs::read(“wow.txt”).await;

let handle = tokio::spawn(async move { async_print(data).await; });

handle.await.unwrap();
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e async fn foo()= Q%Q [EH: awaits oH ZL|C},

o foo() 9 ZAUYUS N AIOH foo().await;
o QtotH FOSHFL 7 7HHO E HaEL T
e async fn M= stdQ| I/O et E S E061A| LS L LY.

o L[4l tokio®| A4S &LICt (tokio::fs, tokio: :net, )
o OO stdQ| AZ MOF StCtH tokio::task::spawn blocking 2= ZHL|CE
o async fnO| 3&35l= B & 40| Qs E st #2I0| HEEL T},
o IO async fng 2Ech= A2 /fsor! gLt
o Runtime::new().block_on()
o  Runtime::spawn()
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e Go: Goroutines
o Go ZEIQ0| Z2|st= 2EE A E
o M:N threading

e Javascript: Promises
o N:1 threading

e Rust: Futures

o Executor 7+¥ OFSCHZ (3rd-party)
m tokio: rt(N:1), rt-multi-thread (M:N)

o ZQ3%tA: Future= .awaitE|A| %= ot AAR AlSHg| 2| ot2
m A1Z tokio::task::spawn = AAZ AGHEIL|CH

o Future= cooperativestH| z{2|&lLCt. (« preemptive)
m .await A& oME 2 ES #olZ 5 YSLICH
m blocking I/OE StH ¢t &|= O|70[7|= &
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e Asynchronous Rust (hard)
o The Future Trait
© Pin and pin-project

e (Caveats of Asynchronous Rust
o Async trait, recursion, drop -

e Asynchronous Rust Ecosystem
o tokio/tower/reqwest/hyper/tracing
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® std::future::Future
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The Future Trait 247-

trait ~= interface
self = this

trait Future {
type Output;

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



The Future Trait

A future represents an asynchronous computation obtained by use of async.

A future is a value that might not have finished computing yet. This kind of “asynchronous value” makes it possible for a thread to

continue doing useful work while it waits for the value to become available.



The Future Trait
o HO|E Xg GthestolgAlCt
trait Future {

type Output;

fn poll(&mut self) -> Poll<Self::Output>;

}

pub enum Poll<T> {
Ready(T),
Pending,



The Future Trait

e type Output:Future(Z t+olot= O 2I+H)7F Brgket 4f9] EtY
e fn poll():Future(Z F+eiot= O 2I7)OF ‘EH|Z[AUL?
S EHIE[UO (outputE =&{FH)
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e poll(
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Poll: :Ready (Output) -

Poll::Pending: OfL
S T O

79l: 0[0] ReadyS BHEU2H CHA| poll()3Y A ZX 2&UT

el
c!, Pending, Ready)

m Undefined Behavior ! 2% 7}5(no-op, pani
A0 ‘SA| ghetetL|C
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Poll-based Futures are Inefficient

e poll(): FutureOf &H|5HL]|?
o OfL

e poll(): FutureOf &H|5HL]|?
o OfL

e poll(): FutureOf &H|5HL]|?
o OfL

e poll():FutureOF&B|sHL]|?
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Waker

o ESXOR poll()5taB: LS 0o AT ST
o EfO|0: ZHSHA|ZH0] &, HIESZ: T 2210]| O[HIE 2
o« O{ZH AAFLIR?

o let waker = cx.waker () .clone();

o waker.wake () ;

trait Future {
type Output;

fn poll(&mut self, cx: &mut Context<'_>)
-> Poll<Self::Output>;
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https://github.com/spacejam/extreme/blob/74e2505a63c0e735fb2c03ad779c22f8267e71cf/src/lib.rs
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fn (Args) -> impl Future<Output=Return> 2| A&
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trait Future {
type Output;

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

o ULTLRY?



#[repr(transparent)]

pub struct Pin<P> { /x private fields x/ }

[-] A pinned pointer.

This is a wrapper around a kind of pointer which makes that pointer “pin” its value in place, preventing the
value referenced by that pointer from being moved unless it implements Unp-in.

See the pin module documentation for an explanation of pinning.




@ & (2)

o LIZESE--
IC

o LT Future?t 2222 QIR ZOHOF LTt

Module std::pin source - [-

[-] Types that pin data to its location in memory.

It is sometimes useful to have objects that are guaranteed not to move, in the sense that their placement in
memory does not change, and can thus be relied upon. A prime example of such a scenario would be building
self-referential structs, as moving an object with pointers to itself will invalidate them, which could cause

undefined behavior.




How Futures are Constructed

e Futurez= 2=42= FSM(Finite State Machine) &iL|Ct
e poll(): State Zt2| AH&0| Ho|=l 22!

Gt —( 2z )

=

poll () Poll::Pending Poll::Ready (T)

State1 \
\ State2
State3 /




How Futures are Constructed (A Simplified Example)
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How Futures are Constructed (A Simplified Example)

o

AFEH

YEIES Bl

o

Ul

e cnum/struct! @& o 'HE AO|E =2

enum CallerState {
ListeningForTarget,
CallingTarget,
SendingMessageToTarget,



How Futures are Constructed (A Simplified Example)

Py - AEH 71O A O enum CallerState {
poll ()< H — = O | ListeningForTarget,
CallingTarget,

impl Future for CallerState {
fn poll(&mut Self) -> Poll {
match *self {

SendingMessageToTarget,

ListeningForTarget => {
*self = CallingTarget;
return Pending;

}

CallingTarget => {

*self = SendingMessageToTarget;
return Pending;

}

SendingMessageToTarget => {
return Ready(());

}



How Futures are Constructed (A Simplified Example)

e

o T [ oade=! AAS0[ MetY|E ArEdlof &
o OIZ o{EH| BB
o MR B 247|2RI} B

o

struct CallCenterState {

enum CallerState<'a> { callers: Vec<CallerState<'what>>,
ListeningForTarget(&'a mut Telephone), telephones: Vec<Telephone>,
CallingTarget(&'a mut Telephone), }
SendingMessageToTarget,

} impl Future for CallCenterState {

}



X|AHL xEX = X7 | =FX

e async{ -} 2= MEA/|HZE LY & Gl

async { struct State {
let telephone = Telephone; I::var_telephone: Telephone,
let caller = Caller(&mut telephone); ref_caller: &'what Telephone,

caller.await; }



Self-referential st ructs Cannot be Moved

struct MovingFuture {

local_var:
local_ref:

ule,
*mut ulé6

local_var = 42

local_ref = 0xfa00

I




Self-referential st ructs Cannot be Moved

struct MovingFuture {

local_var: ulé,
local_ref: *mut ulé

[ local_var = 42

L local_ref = 0xfab0?
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o Futurel| &EHOf Al S 7t2]7]= =27 AN Us + UL
o A H2IIUALH ‘A0l & 2RIt FESE| L7t
o A7 #2F 71 Futures= 2t S o+ G2 &iiof sh=|
o O]Z Rust &8 2= 24< 7} gltt! (HE/==/8Ht SS0| 2T move)

= 2
o QA ARV gL SA0L £|LIR?
o A4
o Je2{Al Unpin traitO] YSLIC}. (FO| L=



g Zr =2 77XH5LEO 2 =Nk
O'I 37'" HA = L= OOI- I-""' . Deref trait ‘dereferencing’ ¥AHS
QHZI0|ET 4 Q= trait@L|C}
ex. &T —T

® struct Pin<pP>

o P TE 7t2|7|& EQIE 2t HOStAICE (6T, smut T, Box<T> S5)
o P/t EQIEIFOILBEHR?: XX FUCE (P: Deref A|et0] US)
o PinO| T& 1145l= ¥: Deref/DerefMut S QlOfHE
® Pin::new(ptr)
o T: UnpinO|O{OF §fLICH (=At7|&=27} Si2)
o O] 2%0|= Pin2 013t & & JY&SLCHPin: :into_inner),
® Pin::new unchecked(ptr)
o unsafe@LICt (Of2fel 22 RHACc= HYS £~ QoD z)
o !Unping oM Pinol®™ O 11 3t S210[H o ELICH Pin<p>7t AP ER.
B let ptr = &value;

m { let pinned = Pin::new unchecked( }
m O] A|80IM pinned?t BI2L values SAE & UG — S40|= ok 2] 7l



BoxS PFHESOM(=HE offA]) H2|0| TS @10 Pin<Box<T>>= Z4L|CH

OfF &% £21 20: ‘pinning on the heap’
FH Pin<p>7t AT T YO 2 AU £ QELCH

Ty 20| TR ELIEHEAZEOHY)

tokio::pin!, futures::pin mut!

@]

Pin::new unchecked2| Qtdot 032 HA
Pin::new unchecked:pinned& BF=1% valuel| 2 7ts¢t Al 24
m —1HBHOIF S L£20] 3{M shadowstH =[ZIL|?
g 271 H|&0| g2
A AT I OO MBF DHRAE 7Hs(‘~ on the stack’), A EIHE| 9|24 (Nightlyoll= U


https://doc.rust-lang.org/stable/std/pin/macro.pin.html

XOI
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e Premature optimization is the root of all evil— Donald Knuth
o UHIMOZ = T1F Box::pin(async { ... }) o= Z=Fo| HSL|C},



Outline

-

async { ..

} / async fn

std: :future: :Future

.await

2727

227




HEAN BES Z&6ILIR?

o 5 FutureZ BO(A] e[| ELI= 442 Btetsh= Future
o 0|&H IFE ‘combinatoral &L Ct

struct Race<Futl, Fut2> {
futl: Futl,
fut2: Fut2,

}

impl<Futl, Fut2> Future for Race
where

Futl: Future,

Fut2: Future {



HEA 2ES LI&6HLR?

e Pinned structOf|M ZEE HEH 7tHL2X|?
o JIAHE2 LEJ} pinEl AEJO|ZI BH7F?

o = structured pinning

fn poll(self: Pin<&mut Self>, cx: Context) -> Poll {
if let Ready(x) = self.futl.poll(cx) {
return Ready(x);
}
if let Ready(x) = self.fut2.poll(cx) {
return Ready(x);

}

return Pending;



Structured pinning

e struct/enum= dojat i 4

82 dop7| LS
e No: struct/7t 1 EE[0| & O] & EE 2219l 4
o ABto] gleL FIt= d2ke A gln el &

o HE8HO|Z| HUS Wt US(self. futl)
o Yes:struct/I DEERACIH O] TEE =42

o J&o0| TR
O

=
pin-project= AH TEHL|C}

— - g



pin-project

use pin_project::pin_project;

#[pin_project]
struct Race<Futl, Fut2> {
#[pin]
futl: Futl,
#[pin]
fut2: Fut2,



pin-project

e this.futld}this.fut2e 4Zf Pin<smut Futl>, Pin<s&mut Fut2>
e project(): #[pin project] OIAZ27} ddol & HAME

fn poll(self: Pin<&mut Self>, cx: Context) -> Poll {
let this = self.project();
if let Ready(x) = this.futl.poll(cx) {
return Ready(x);
}
if let Ready(x) = this.fut2.poll(cx) {
return Ready(x);

}

return Pending;



ready! ()

ready! (fut) >
if let Ready(val) = fut {

val
} else {
return Pending;
¥
e Poll::PendingS ‘€to 2 MIPA|7|= HE: . await 2} H|T
fn poll(self: Pin<&mut Self>, cx: Context) -> Poll {

let this = self.project();
if let Ready(x) = this.futl.poll(cx) {
return Ready(x);

}
return ready! (this.fut2.poll(cx));



Outline

async { .. } / async fn

std::future: :Future

.await

2727

227




M 20| S = 0]t

0.1%2| d5 &oll= EEY + Sl

o Box::pin (0| 43| &

o 2to|=aiz| YTt A
o A0 0f2f 7H2| FutureS HAHO

= oY
>~ -0

2

m
(=
=
(=
H
D
n
|
S
=t
'_l.
'_l
oin
<L
-
(@)
|_|.
3
0

o 10
N
(@]

4> 3 ™

0
oo

)
jn

A

" 20| 2[HollFA| = #Ho|AE

QoM 25t SA|0| Future A!8H5}7|

=2 O

Asynchronous Trait

(@)

(@)

[

® L
(@)

(@)

o

Qlﬂ

hed

N

tolr

&

s

- Ol g
M pe

o.
>
Q
—t
@)

e

oY Pa

==

k)~
Ofm

Ui

|0
Hu
J
0X

IIf}S 0
+4>

™

b4

rr

£0

glo

ol

==



honey, a djinn gave me 3
wishes!

did you find the
cure??!

r/rustjerk


https://www.reddit.com/r/rustjerk/comments/w6vpjy/technically_its_5_wishes/?utm_source=share&utm_medium=web2x&context=3

Asynchronous Traits

® tralit std::io0::Read
o Filek 912 4 U1, TepStream= S = U1, -

pub trait Read {
fn read(&mut self, buf: &mut [u8])
-> Result<usize>;

}

® tokio::io::AsyncRead
o Filez HIS7|2 |8 4 U1, TepStream= HIS7|2 948 £ 1, -

pub trait AsyncRead {
async fn read(
&mut self, buf: &mut [u8]
) —> Result<usize>;




XM AsyncRead

o 1Y asynclz MAUGIH OF £|LIR?

pub trait AsyncRead {
async fn read(
&mut self,
buf: &mut ReadBuf<'_>
) —> Result<()>;



et =Lt

e Recap:async fnE fn -> impl Futurel| A&
® fn read(s'a mut self) -> impl Future<Output=Result> + 'a = desugar
e Trait methodOf|M impl Traite associated typeO| =

O trait AsyncRead { type Read<'a>: Future<'a>; fn read(&mut self) -> Self::Read<' >; }

o AKA type-alias-impl-trait https://qithub com/rust-lang/rust/issues/63063 — unstable
o 20| associated typedi| EtQ! O}2t0|E{7t? — Generic Associated Type
o  GAT+= Ol unstable(=nightly only)

o 0|20 =&t &A4|50| of Ex A0 US

Reference: Niko Matsakis, why async fn in traits are hard


https://github.com/rust-lang/rust/issues/63063

CHMO| asyne-trait = &AICH

Asynchronous traite| 27| =7| oflF= OFEQ| crate

#[async_trait]
trait Read{
async fn read(&mut self) -> Result;

}

CHalofl S&E7F Otg U LH 22 M0 Box: :pin + dyn2= &5
o de|doj3=27t IES HddliF7] W20 documentation SO| Ot 2 & LTt
o AR ML= Aol

trait Read{
fn read(&'a mut self)
-> Pin<Box<dyn Future<Output=Result>
+ 'a>>;



SiCIS QLIS A —
SIS B 4 ol 2

o JES T FLICE

¢ poll {name}

pub trait AsyncRead {
fn poll_read(
self: Pin<&mut Self>,
cx: &mut Context<'_>,
buf: &mut ReadBuf<'_>
) —> Poll<Result<()>>;



SiCl2 QLS
2= S

1

e JCI2poll {name} 2 M= convenience methodZ SHSL|C}

pub trait AsyncReadExt {
fn read<'a>(
&'a mut self,
buf: &'a mut [u8]
) —-> Read<'a, Self>

where
Self: Unpin
{

Read {
reader,
buf,

¥

¥

pub struct Read<'a, R: ?Sized>

{

reader: &'a mut R,
buf: &'a mut [u8],
¥

impl<’a, R> Future for Read<'a, R>
where R: Unpin

tokio::pin! (file);
file.read().await?;

Reference: Tokio 1.20.1 source code with slight modifications



https://docs.rs/tokio/1.20.1/src/tokio/io/util/read.rs.html

Wrap-up: From Sugared to De-sugared

..l
“uh_aj
async { ..} / async fn std::future: :Future
.await ready! () + pin-project

fn poll {name}

—trait
# [async-trait] + impl Future for {Name}



Asynchronous Rust Ecosystem

e Runtime
o FutureE& AldligH= Executor 2 1/0, timing S2| APIE A&
o Tokio, async std, smol &
o 1/0 APl S2 A2 S210| QF ElL|C} tokio: :ioe tokio HEIUYMEE AR Tt
o CI2 HEIRJ]C| APIRF £0|2i® compatibility layerE £0|™ El (example: tokio « futures-rs)
o AYENH| HRHOIM AFALAf TokioZt THAS
o reqwest/axum/hyper/tovver/m|o/tracmgOE HA|C| = 225 ZFA| AHEHA|
o OfU|Z fI0A 2|01 &2 M EDE| crate”t tokio API 7[Et
o 2|1 AWSZt Yo{FL|Ct
m  Ultimately, open source communities like Rust are about people, and we started hiring Rust

and Tokio committers to ensure they'd have the time and resources necessary to further

improve Rust. (ref, emphasis mine)
=20

e async-std, smol= Z&5| £
o 2t OjY|SI} Y=z ‘E# =24’ executor= UZ. Gloomio, embassy-executor


https://github.com/smol-rs/async-compat
https://aws.amazon.com/ko/blogs/opensource/why-aws-loves-rust-and-how-wed-like-to-help/
https://www.datadoghq.com/blog/engineering/introducing-glommio/
https://github.com/embassy-rs/embassy

Asynchronous Rust Ecosystem

e Hyper
IAMS HTTP/1, HTTP/2 Z2E2 13| (HTTP/3Z 742 =

> =
o Z22l0|HE (hyper::Client), AlH(hyper::Server) 761 25F QAUS
o Z=2l0|HE A2 cur| BHAHIEZ A|S] MR =

o AMH P22 TechEmpower ® T2 3 HIZ|OT A2|H 2[R

e Regwest
2 2 ZIMH=2 HTTP 2210|01E 2to|E 212

0 hyper::Client= & &
o H{OJM9| requests 2 H|X
o Axum
o hyper:ServerE & ZM=2 & AH 223
o BU3SHAPI (Express =7247?)



https://docs.rs/hyper/0.14.20/hyper/
https://github.com/curl/curl/blob/3b52a80c054d32a641aede92e719f672e9cb847c/docs/HYPER.md
https://www.techempower.com/benchmarks/#section=data-r20&test=fortune
https://docs.rs/reqwest/0.11.11/reqwest/
https://docs.rs/axum/0.5.13/axum/

Asynchronous Rust Ecosystem

e Jower

o Service® Layercts S¢S AlSots 2t0|22{2|(Future2d)

o Service: async fn(Request) -> Response
m hyper::Client: async fn(http::Request)
o Layer: fn(Service) -> AnotherService

m Requestl} Response 2 & [}E =

-> http::Response

iy
JE
>
ol
=2
oy
>
N
1>
0
00

m Services ZMA rate limits HEALEL 285 StbiALL EFY0IRS =0 AL

ujo
2!
Ok

o Service, Layers2| combinator, 7|2 Layer &


https://docs.rs/tower/0.4.13/tower/

Asynchronous Rust Ecosystem

e Mio
o AFI1/0 APIAHS
o epoll(linux), kqueue(unix/macQS), -
o tokioQ| &<t


https://docs.rs/mio/0.8.4/mio/

Final Wrap-up

e Asynchronous Rust2| ¥z2|E Bi&LICt
o async = Future/poll/Pin/--- = epoll (7) /kqueue = hardware
o 7|2 Ruste| &&Ql Z&st Bt A|ARIR} 022 OtAYES 7|BHA Z2eder 4~ Q&L
e Asynchronous Rust= O{&&L|C}
o H|s7| Z2HUE el HFSUICE
o  OjHE FA|7F LI2T CHE A0(ex: Go)= 2IEIY HIES A|Zot1! 4ot Tt
m ex: Memory safety(GCQ), polymorphlsm(dynamlc dispatch)
o  Rust= zero-cost abstraction= A|&FerL|C}.
m 20| ThE HEFY H[Z0| GlaLCH==4d%} gi0| &22 & A1} d50| £3)
m  we've added a comparison of minihttpo against a directly-coded state machine
version in Rust (see "raw mio" in the link). MMM&MM
m A0 ZHEO| el ELCt At et 727t H|ES A= L Tt
o 13 0| SOM 7t = d =78 7t?
o JEHE AU AL C.

Reference: Aaron Turon, Zero-cost futures in Rust, emphasis mine


https://aturon.github.io/blog/2016/08/11/futures/
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