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Bézné se setkame s obéma vyrazy.

Rozdil se dobre vysvétluje ceskym prekladem na soucasnost a
soubéznost.

K



Kazdy proces ma vlastni pamétovy prostor,
tj. vlastni stack a vlastni heap.

Prepinani kontextu je drahe.

Komunikace mezi procesy je pomalejsi
(sdilena pamét, message queue, sockety, ...).

Celkové na zdroje ma vetsi narocnost.
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Viakna

Vlakna sdili pamét, konkrétné heap.
Pfepinani kontextu je drahé, ale levnéjsi nez u procesdu.
Komunikace mezi vlakny je rychla prave diky sdilene halde.

Vlakna jsou méné narocna na zdroje systemu.
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single-threaded
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https://www.cs.uic.edu/~jbell/CourseNotes/OperatingSystems/4_Threads.html

Planovani IlI'OCGSI‘I ve Windows
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Thread ma prioritu v rozsahu 0-31 (31 je nejvyssi)

Vlakno ma pridélené Casové ramce. Casové ramce jsou
poskytovany pomoci round-robin algoritmu.

Ramec trva na klientskych Win 2 hodinové cykly, na serverovych
12. Jeden cyklus je na vétSiné x64 systému asi 15 ms.

Pokud neni zadné vlakno ve vyssi priorité pripraveno bézet, na
radu se dostane priorita nizsi.

v v

Pokud bézi vlakno s nizsi prioritou a najednou je k dispozici s

vysSi prioritou, tak nizSimu system sebere cas. 9/73



Thread 3 Thread 4
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Real-time

Real-time
Levels 16-31

High

Dynamic
Levels 1-15

Crynamic idle

Used for zero

page thread

not available to Win32 applications
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DPC/dispatch

Software interrupts

Power fail
Inter-processor interrupt
Profile )
. Hardware interrupts
Device n

hread priorities 0-31
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Prepinani viaken
Pri prepinani se napred ulozi kontext vlakna, kterée konci.
Vlakno se umisti na konec fronty dané priority.
Najde se thread s nejvyssi prioritou, ktery muze bézet.

Ten se vytahne z fronty, nacte se jeho kontext a zacne se
WLGHEVES
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Duvody piepnuti
Je dostupné vlakno s vyssi prioritou.

Vyprsel casovy usek pro béh.
Vlakno musi na néco cekat a vzda se sveho casu.
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Priority Running

15

14 L{

Ready

13
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Priority

Running Ready
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Ready - planovac pro béh bere v potaz pouze tato vlakna

Deferred ready - vlakna naplanovana na konkretnim procesoru,
ale jesté nezaplanovana. Existuje kvuli minimalizaci locku na
planovaci databazi.

Standby - vlakno pripravené na béh na konkrétnim procesoru;
jakmile to bude mozne, tak dojde k prepnuti kontextu. Na jadro je
jen jedno standby vlakno. Muze byt preskoceno preempci nebo
pokud bude vlakno s vyssi prioritou spustitelne.

Running Once - stav pri prepnuti kontextu
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Waiting - vlakno na néco ¢eka — samo pomoci synchronizacniho
prostredku, na Urovni systému, na |I/O operaci,...

Gate Waiting - Ceka na gate dispatcher objektu

Transition - vlakno by mohlo byt ready, ale systém odstrankoval
zasobnik z paméti, tak se ceka, nez ho zase da zpét do pameti

Terminated - vlakno skoncilo a muze byt dealokovano

Initialized - interni stav po Cerstvem vytvoreni vlakna
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preamption,
quantum end

preempt

Deferred
ready (7)

voluntary
switch

Waiting (5) or
Gate waiting (8)
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Typ viceprocesoroveého systemu s neuniformnim pristupem do
paméti. Tj. kazdému procesoru zabere riznou dobu se dostat k
néjakym castem pameéti.

Jadra a pamet jsou seskupena pod uzly. Jsou zajemné propojeneé
sbérnici s kohenertni cache. Neuniformni jsou proto, ze pristup k
lokalni paméti je mnohem rychlejsi.
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Nastaveni affinity

Nastaveni je na urovni procesu nebo vlakna

Moznosti:
NUMA
SMP - je to jedno, kde to bude bézet
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Green Thread

Abysme zvysili cas, ktery program pracuje a snizili prostredky
potfebné pri prepinani, tak muZzeme vyuzZit green thready.

V programu vyuzivame vlastni vlakna a planovani nad systémovym.
Na jednom systémoveém vlakné muZzeme prepinat nékolik
vlastnich.

Existuji modely one-to-one, one-to-many a many-to-many.
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L kernel thread
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Prace s thready v Rustu
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Préice s thready v Rustu

use std::thread;
use std::time::Duration;

fn main() {
thread: :spawn( || {
for i in 1..10 {
println!(

"hi number {} from the spawned thread!",

1
)i
thread::sleep(Duration::from_millis(1));
}
b

for i in 1..5 {
println!(
"hi number {} from the main thread!",
i
)i
thread: :sleep(Duration::from_millis(1));

}

// pted ukonlenim programu bychom méli
// po&kat na dokonleni prace vsech vlaken

$ cargo run
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Prace s I:hready v Rustu

use std::thread;
use std::time::Duration;

fn main() {
let handle = thread::spawn(|| {
for i in 1..10 {
println!(
"hi number {} from the spawned thread!",
i
)i
thread: :sleep(Duration::from_millis(1));
}
1)

for i in 1..5 {
println!(
"hi number {} from the main thread!",
i
)i
thread: :sleep(Duration::from_millis(1));

}

handle.join().unwrap(); // <- zde je rozdil

$ cargo run
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Bé&Ené pouZivané pristupy k paralelismu
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Fork-Join
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jednoduchy na implementaci
nevytvari bottleneck
vykonnostni matematika je jednoducha

je jednoducheé se bavit o korektnosti programu
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Alternativni implementace pres rayon

use rayon::prelude::*;

fn process_files_in_parallel(filenames: Vec<String>, glossary: &GigabyteMap) -> io::Result<()> {
filenames.par_iter()
.map(|filename| process_file(filename, glossary))
.reduce_with(|r1, r2| {
if ri.is err() { r1 } else { r2 }
H)
.unwrap_or(0k(()))
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Kanal mpsc — nékolik producentu a jeden konzument.

use std::{fs, thread};
use std::sync::mpsc;

/] ...
let (sender, receiver) = mpsc::channel();
let handle = thread::spawn(move || {
for filename in documents {
let text = fs::read_to_string(filename)?;
if sender.send(text).is_err() {
break;
}
}
0k(())
B

7l ooo
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- V 4 o - &u
reénos adat POIOCI Kanaill — prijem

while let Ok(text) = receiver.recv() {
do_something with(text);

}
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fn start_file_reader_thread(documents: Vec<PathBuf>)
-> (mpsc::Receiver<String>, thread::JoinHandle<io::Result<()>>)

{
let (sender, receiver) = mpsc::channel();
let handle = thread::spawn(move || {
/] ...
i)
(receiver, handle)
}
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Implementace 2. bloku pipe

fn start_file_indexing_thread(texts: mpsc::Receiver<String>)
-> (mpsc::Receiver<InMemoryIndex>, thread::JoinHandle<()>)
{

let (sender, receiver) = mpsc::channel();

let handle = thread::spawn(move || {

for (doc_id, text) in texts.into_iter().enumerate() { // VSimnéte si, Ze “mpsc::Receiver  je iterovatelny.
let index = InMemoryIndex::from_single_document(doc_id, text);

if sender.send(index).is_err() {
break;
}

}
1)

(receiver, handle)

35/73



Piping iteritoru na channel

documents.into_iter()
.map(read whole_file)

.errors_to(error_sender) // filter out error results
.off_thread() // spawn a thread for the above work
.map(make_single_ file_index)

.off_thread() // spawn another thread for stage 2
/] ...
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use std::sync::mpsc;

pub trait OffThreadExt: Iterator {
/// Transform this iterator into an off-thread iterator: the
/// “next()  calls happen on a separate worker thread, so the
/// iterator and the body of your loop run concurrently.
fn off_thread(self) -> mpsc::Intolter<Self::Item>;
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& || [ |
Poznamky k pipeline
Pipeline nema linarni zvyseni vykonu.

U pipeline muze lehce vzniknout bottleneck.

Optimalizaci muze byt synchronni kanal
let (sender, receiver) = mpsc::sync_channel(1000); .
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Synchronizaé¢ni primitiva
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Vice konzumentu s vyuZzitim mutextu
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RwlLock<T>

s ~ O

Umoznuje n ¢tenaru a jednoho zapisujiciho. Mutex toto neresi.

use std::sync::RwLock;

fn main() {
let lock = RwLock::new(5);

{ // Many reader locks can be held at once.
let r1 = lock.read().unwrap();
let r2 = lock.read().unwrap();
assert_eq!(*r1, 5);
assert_eq!(*r2, 5);

} // Read locks are dropped at this point.

{ // Only one write lock may be held, however.
let mut w = lock.write().unwrap();
*W += 1;
assert_eq!(*w, 6);

// Uncommenting this would wait forever as ‘w’ would never unlock:
// let r = lock.read().unwrap();
}

let r = lock.read().unwrap();
assert_eq!(xr, 6);
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Bariéra

Synchronizuje vlakna tak, aby vSechna zacala zaroven.

use std::sync::{Arc, Barrier}; $ cargo run
use std::thread;
before wait

fn main() { before wa?t
let mut handles = Vec::with_capacity(10); before wait

let barrier = Arc::new(Barrier::new(10)); before wait
before wait

for _ in 0..10 { before wait

before wait
before wait
before wait

let ¢ = Arc::clone(&barrier);

handles.push(thread: :spawn(move || { before wait
println!("before wait"); after wait
c.wait(); // <- zde je bariéra

after wait
after wait
1); after wait

} after wait
after wait

for handle in handles { after wait
handle.join().unwrap(); after wait

} after wait

} after wait

println!("after wait");
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Alternativni implementace primitiv

Synchronizacni prostredky v std nemusi byt nejrychlejsi.
Bézné pouzivana crate poskytujici rychlejsi implementaci je napr.
parking lot .

Dalsi synchronizacni prostredky

Pokud budete hledat pokrocilejsi synchronizacni prostredky,
tak je najdete napr. v crate crossbeam.
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Scoped thread
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Uvod do asynchronniho programovéni
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Asynchronni programovani

Koncept pro psani konkurentnich programu.
Umoznuje vyuzivat neblokujici operace na jednom vlakneé
napriklad pro I/O.

V Rustu plati:
Je jedno- i vicevlaknovy.
Async vicemeneé nic nestoji.
Nema vychozi runtime.
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Asynchronni pristup vs viakna

MUzeme si fict, ze prece podobného efektu (neblokovana aplikace)
dosahneme pomoci vlaken.

Vlakna jsou rizena OS, jejich prepinani je relativné drahé.
Vlakna mohou zabirat i stovky KB pameti
(coz se v pripadé vlakna pro kazdeho klienta prodrazi).
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Ukazka synchronniho kédu

use std::net;

fn cheapo_request(host: &str, port: ul6, path: &str) -> std::io::Result<String> {
let mut socket = net::TcpStream::connect((host, port))?;

let request = format!("GET {} HTTP/1.1\r\nHost: {}\r\n\r\n", path, host);
socket.write_all(request.as_bytes())?;

socket.shutdown(net::Shutdown: ::Write)?;

let mut response = String::new();
socket.read_to_string(&émut response)?;

Ok(response)
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Pievod na asynchronni

use async_std::io::prelude::*;
use async_std::net;

// Funkce musi byt oznacena jako “async’.

async fn cheapo_request(host: &str, port: ul6, path: &str) -> std::io::Result<String> {
let mut socket = net::TcpStream::connect((host, port)).await?; // <- “await  zajiStuje neblokujici volani
let request = format!("GET {} HTTP/1.1\r\nHost: {}\r\n\r\n", path, host);
socket.write_all(request.as_bytes()).await?;

socket.shutdown(net: :Shutdown: :Write)?;

let mut response = String::new();
socket.read_to_string(&mut response).await?;

Ok(response)
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trait Future {
type Output;
fn poll(&mut self, wake: fn()) -> Poll<Self::Output>;

}

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

}

Trait je obsazen v std, funkcionalitu ale poskytuji crates, napr:

[dependencies]
async_std = "1.12"
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Task se zacina vykonavat prvnim poolingem (volani await ).

Pokud se vraci Poll::Pending, pokracuje se dalSim taskem.

Pokud vSechny tasky vraci Poll::Pending, executor se uspi.

Pokud je nékteré operace dobéhla, waker probere executora.

Executor vi, ze operace dobéhla, a preda data tam, kde jsou
potreba.
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Spojeni se synchronnim kédem - block_on

use async_std::task::block_on;

fn main() -> std::io0::Result<()> {
let response = block_on(cheapo_request("example.com", 80, "/"))?;

println!("{}", response);

0k(())
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Vytvci"eni asynehrcnnich tasku na jeclncm
vidkné

use async_std::task::spawn_local;

pub async fn many_requests(requests: Vec<(String, ul6, String)>) -> Vec<std::io0::Result<String>> {
let mut handles = vec![];
for (host, port, path) in requests {
// “spawn_local” analogické k vytvofeni vlakna
handles.push(spawn_local(cheapo_request(&host, port, &path)));
}

let mut results = vec![];
for handle in handles {
results.push(handle.await);

}

results
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Asynchronni blok
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Funkce z asynchronniho bhloku

Vystupnim typem musi byt impl Future<Output = T>:

use std::io;
use std::future::Future;

fn cheapo_request<'a>(host: &'a str, port: ul6, path: &§'a str) -> impl Future<Output = io::Result<String>> + 'a
{

async move {
// ... function body
}
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Vytvoreni tasku na threadpoolu

use async_std::task;

let mut handles = vec![];
for (host, port, path) in requests {
handles.push(task: :spawn(async move {

cheapo_request(&host, port, &path).await
}));
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use async_std::fs::File;
use async_std::io::BufReader;
use async_std::prelude::*;

let f = File::open("foo.txt").await?;
let mut reader BufReader: :new(f);
let mut buffer = String::new();

// read a line into buffer
reader.read _line(smut buffer).await?;

println!("{}", buffer);
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Aktualné bohuzel neni mozneé pouzit async v traitu.
Je treba pouzit makro z crate async-trait .

use async_trait::async_trait;

#lasync_trait]
trait Advertisement {
async fn run(sself);

}

struct Modal;

#[async_trait]
impl Advertisement for Modal {
async fn run(&self) {
self.render_fullscreen().await;
for _ in 0..4ul6 {
remind_user_to_join_mailing_list().await;
}
self.hide_for_now().await;
}
}
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Aktualné jde o unstable feature, takze je potreba nightly compiler.

#1[feature(test)]
extern crate test;

pub fn add_two(a: i32) -> i32 {
a+ 2
}

#[cfg(test)]
mod tests {
use super::x;
use test::Bencher;

#ltest]
fn it_works() {

assert_eq!(4, add_two(2));
}

#[bench]
fn bench_add_two(b: &mut Bencher) {
b.iter(|| add_two(2));
I3
}
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W e W ) 4
Spusténi testu
cargo bench

$ cargo bench
Compiling adder v0.0.1 (file:///home/user/tmp/adder)
Running target/release/adder-91b3e234d4ed382a

running 2 tests
test tests::1t_works ... 1gnored

test tests::bench_add _two ... bench: 1 ns/iter (+/- 0)

test result: ok. 0 passed; 0 failed; 1 ignored; 1 measured
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Optimalizer vypusti ¢ast kodu, kterou poklada za zbytecnou.

#![feature(test)]

extern crate test;
use test::Bencher;

#[bench]
fn bench_xor_1000_ints(b: &mut Bencher) {
b.iter(|| {

(0..1000).fold(0, |old, new| old " new); // <- Re3enim je vratit hodnotu, tj. odstranit ;.
});

68/73



Blackbhox
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Crate criterion

[dev-dependencies]

criterion = "0.3"
[[bench]]
name = "my_benchmark"

harness = false
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Crate criterion

Soubor /benches/bench _name.rs :

use criterion::{black_box, criterion_group, criterion_main, Criterion};

fn fibonacci(n: u64) -> u64 {

match n {
0 => 1,
1 =>1,
n => fibonacci(n-1) + fibonacci(n-2),

}

fn criterion_benchmark(c: &mut Criterion) {
c.bench_function("fib 20", |b| b.iter(|| fibonacci(black_box(20))));
}

criterion_group!(benches, criterion_benchmark);
criterion_main!(benches);
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