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Organizacni informace
Hodnoceni predmétu
Co za semestr probereme?
O Rustu a jeho historii
Uvod do Rustu a jeho syntaxe
Zakladni typy a rizeni toku programu
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Interaktivni osnova

Primarnim zdrojem informaci béhem semestru je predmétova
Interaktivni osnova.
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https://is.muni.cz/auth/el/fi/podzim2024/PV281/index.qwarp

Prednasky

2h tydné, vzdy v pondéli v 18-20 hod.
Prednasejici:
Lukas Grolig, Stanislav Zeman, Marek Misik, Marek Vrbka, Tomas
Sedlacek, Adam Valt

Béhem prednasky projdeme teorii a zakladni priklady.
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Prednasky zaznamy prednasek nejsou standardné dostupne.
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Stream prednasek pouze po predchozim oznameni na YT nebo
Twitchi.
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2h tydné, celkem 12 cviceni

Cvicici: Petr Wehrenberg, Marek Misik, Ondiej Hrdlicka, Marek
Vrbka, Petr Kadlec, Lukas Chudicek, Milos Hegr, Otakar Hirs

Na cviceni si zopakujete probranou latku a budete vypracovavat
priklady s pomoci cvicicich.
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Podékovani

Ondrovi Hrdlickovi a ostatnim za pomoc s organizaci predmétu.
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Organizacni informace, diskuze k Rustu, pomoc s ukoly ¢i projekty,
hledani tymu, ...

https://discord.gg/8yvsZu9ej4

10/82


https://discord.gg/8yvsZu9ej4
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Hodnoceni predmeétu

Maximum bodu: 100
Minimum pro uspésne zakonceni predmétu: 75
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Hodnoceni

Cviceni

Moznost ziskat bonusove body

Ucast neni povinna, ALE
za aktivni Ucast ziskate moznost opravit si odevzdani iterace
(toto pravidlo plati od 3. tydne semestru vcetné)
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Hodnoceni

Iterace

Celkem 10 iteraci
Kazda za maximalné 5 bodu
Kazda z nich vas seznami s konktretni funkcionalitou Rustu

VeétSinou automaticky testovane, opravujici kontroluje kvalitu
kodu

V zakladu mate 1 pokus na odevzdani

Po code review muzete, ale nemusite vyuzit moznost opravy

ziskanou na zakladé aktivni ucasti na cviceni
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Hodnoceni
Tymovy projekt

e 50 bodu za tymovy projekt zakonc¢eny obhajobou ve zkouSkovém

e 4clenne, vyjimecné 3¢lenné tymy — nikdy ne méné ani ne vice
o Tymy lze vytvaret napri¢c seminarnimi skupinami.
o SloZzeni tymu lze ménit do 10. tydne semestru (véetné).

g Zadani projektu jsou volna, ocekavame kreativitu tymu pfri
vlastnim dodefinovani zadani.

0 Zadani planujeme zverejnit ve 3. tydnu semestru.
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Hodnoceni

Bonusové body

Na prednasce za aktivitu
Na cvicenich za aktivitu
Za dobrovolne, bonusové podcasti iteraci

Za Spickové zpracovani Ukolu/projektu a vyrazné prekroceni
rozsahu

16/82



Ocekivané znalosti?

programovani v C, programovani v managovaném jazyce (C#
nebo Java), programovani ve funkcionalnim jazyce

prace s databazi - aktivni znalost SQL a navrhu databaze

zakladni znalosti kolem REST rozhrani - endpointy, entity,
znalost HTTP

znalost webobych technologii na urovni PB138
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Go za semestr probereme?
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Probirana latka

Uvod - historie, hlavni (ne)vyhody Rustu, zaloZeni projektu
Syntaxe jazyka a jeho specifika
CLI aplikace a prace se soubory, obsluha chybovych stavu
lteratory a datove struktury
Paralelni programovani, strukturovani projektu
Asynchronni programovani
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Probirana latka

Prace s databazi
RESTove sluzby v Actix
Server-side aplikace v Actix a HTMX
Desktopove aplikace v Tauri
gRPC protokol
Unsafe Rust, makra a foreign function interface

20/82



Probirana latka mimo Rust

Budeme hodneé pracovat s Gitem a GitLabem
Budeme psat Ciste SQL
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Studijni materiily
Web

The Rust Programming Language
Rust By Example

Literatura

Programming Rust: Fast, Safe Systems Development, 2nd Edition

Pokrocila literatura

Rust for Rustaceans: Idiomatic Programming for Experienced
Developers
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https://doc.rust-lang.org/book/
https://doc.rust-lang.org/stable/rust-by-example/
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Seznamte se:
Krab Ferris
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o Rust vznikl v Mozille

e Cilem bylo vytvorit jazyk bez garbage kolekce s bezpecnou praci
s paméti
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20M 2012 2013 2014 2015 2016 2017
Patch Year

W Memory safety B Not memory safety

70% bezpecnostnich der v Microsoftu bylo spojenych s praci s
pameti.

26/82


https://msrc-blog.microsoft.com/2019/07/16/a-proactive-approach-to-more-secure-code/
https://msrc-blog.microsoft.com/2019/07/16/a-proactive-approach-to-more-secure-code/

Mozilla ale dal nezvladala sama rozvijet Rust. To vedlo ke vzniku
Rust Foundation v roce 2020.

Zakladajicimi cleny se stali:

aWS7

== Microsoft moz:”a
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Dalsi znamé firmy vyuzivajici

Tento seznam se uz hodné natahl, ale muZzeme jmenovat:
1Password, Apple, Canonical, Cloudflare, Discord, Dropbox, Figma,
Facebook, System76, OVH
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Hlavni vyhody Rustu

Bezpecnost

V jazycich typu C vznikaji problemy s manualni spravou paméti
jako dangling pointer, dvojitée uvolnéni aj.
V modernim C++ je spousta véci resena technikami jako je RAII
nebo smartpointy.
Rozdilem je, ze Rustu toto nemusi nehlidat clovék, ale resi
prekladac.

Cenou za to je doba prekladu.
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THE #1 PROGRAMMER EXCUSE
FOR LEGITIMATELY SLACKING OFF:

“MY CODE'S COMPILING.”

HEY! GET Bﬂgi? Y
TOVORK!

[~

3 = mm@ .

OH. CARRY {?EJ .




Hlavni vyhody Rustu

Rychlost

Prakticky vSechny dnesni jazyky jsou pomalejsi nez C a C++.
Je to kvuli abstrakcim, garbage kolekci aj.
Vysledny program bézici v Rustu je na stejné urovni v rychlosti
béhu jako C/C++.

To mame diky:

zero cost abstrakci
spravé paméti béhem kompilace
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reverse-complement
source secs mem

Rust 0.45 458,964
C gcc 0.86 712,208

binary-trees

source SecCs mem

Rust 1.09 198,728
C gcc 1.54 168,832

gz
3040

820

cpu load

25% 23% 100% 25%

99% 28% 1% 19%

cpu load

87% 98% 88% 86%

60% 67% 57% 100%
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mandelbrot

source secs cpu load

Rust 0.93 100% 99% 100% 100%

C gcc 1.27 100% 100% 99% 100%

regex-redux

source Secs mem gz cpu load

Rust 0.77 147,524 2458 54% 59% 91% 54%

C gcc 0.80 152,172 1397 52% 99% 48% 53%
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Porovnidni frameworku ve Fortunes

Best fortunes responses per second, Dell R440 Xeon Gold + 10 GbE (462 tests)

Rnk Framework Best performance (higher is better) Errors Cls Lmng Plt FE Aos DB Dos Orm

1 ® T drogon-core

1 W xitca-web

3 BV drogon

4 M salvo [pg]

5 M justjs

& W may-minihttp

7 BT actix-http

* M axum [postgresql]

> T aspcore-ado-pg
10 m officefloor-sglclient

M officefloor-async

2 M jooby-pgclient
13 W aspcore-mw-ado-pg
14 W asp.net core
15 M xitca-web [diesel]
16 Mh2o
17 W appmpower [middleware, pg, ado]
18 M vertx-postgres
19 M lithium-postgres
20 M lithium-postgres-beta
21 M ffead-cpp-postgresql-raw
22 M atreugo-prefork
23 M fasthttp-prefork
24 M fiber-prefork
15 M inverno
26 M beetlex-core

7 M beetlex-core-updb

! M atreugo

vertx-web-kotlin-coroutines-postgres
0 M fasthttp
M php-ngx-pgsql

2 W workerman-php8-jit
33 M hyper-db
34 M fiber
35 Mwebman

36 M7 aspcore-mw-dap-pg

616,607
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498,541
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T express-mysql
M sinatra-sequel
M sinatra-sequel-postgres
B “T" aspcore-mono-mvc-pg
M starlite
M racket
M sinatra-sequel-postgres-uni
M slim
M hot-mysgl
ktor-jasync
M php-eloquent
elixir-plug-ecto
M wildfly-ee
M sinatra-sequel-postgres-passenger-miri
M sinatra-sequel-passenger-mri
M trillium
M codeigniter
W fat-free-raw
M warp-rust
M revenj
BT spring
M guart-uvicorn
M cppcms-postgres
M “T’ spring-mongo
W falcon
M falcon [meinheld-orjson]
W yii2
M ninja-standalone
M cppcms
BT spring-jpa
M phalcon-mongodb
ktor-jetty
M sinatra- 1el-postgres-torquebox-jruby
W tornado-py3-uvloop
M phalcon
M sinatra-sequel-torquebox-jruby
M go-mgo
duct-httpkit
W fat-free
M dropwizard-mongodb
B lumen-swoole
M grails

|l 5.0%
Il 5.0%
30,615 [l 5.0%
30,026
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29,479
27,869
27,308
26,395
26,352
25,930

23,250 1M 3.8%
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22,478
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21,945
21,771
21,743

20,916
20,768
20,602
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20,522
20,332
20,098
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Porovnidni frameworku ve Fortunes
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Pri paralelnim programovani casto dochazi k vSemoznym
problémum. Rust diky sile prekladace (rozuméjte statickym
kontrolam), pravidlum a konvencim v jazyce poskytuje podstatneé
vetsi jistotu.
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DalSi vyhody

jazyk nema dédicnost, misto toho vyzaduje kompozici
neexistuje null
moderni a pokrokovy tooling
spravce zavislosti
dokumentovani kodu
testovani
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Nevyhody Rustu

Pomaly preklad
Velke mnozstvi knihoven v ekosystému stoji na jedincich
Casto vice psani neZ v jinych jazycich
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Jak se rozhodovat pxi vybhéru jazyka?

Potrebuju jednouceloovy rychle napraseny tool? Python.
Bude to bézet v prohlizeci nebo je to UI? JS nebo TS.
MUZu pouzit managovany jazyk? C# > Golang > Kotlin > Java.

Jinak vyberu Rust!
Rustu nahrava i lepsi udrzovatelnost codebase, rychlost nebo nizsi

chybovost kodu.
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K éemu se dnes Rust primarné pouziva?

tooly - CLI nebo integrované
weboveé aplikace a sluzby
knihovny pro jine jazyky

nizkourovnove aplikace - ovladace, jadro OS, firmware
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Pribéh Discordu
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Pribéh Discordu

“ As usual with a garbage collected language the problem was
CPU stalls due to garbage collection spikes.
But in non-GC languages you have to worry about memory
fragmentation, especially for long-lived processes.
When you get that sev 1 bug that happens after two months of
flawless execution it will often be a memory allocation failure
due to memory fragmentation.

So you end up creating your own memory allocator anyway.
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Pribéh Discordu

“ When we started load testing, we were instantly pleased with
the results. The latency of the Rust version was just as good
as Go's and had no latency spikes!

Remarkably, we had only put very basic thought into
optimization as the Rust version was written.
Even with just basic optimization, Rust was able to outperform
the hyper hand-tuned Go version. ”
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Pribéh Discordu

“  After a bit of profiling and performance optimizations, we
were able to beat Go on every single performance metric.
Latency, CPU, and memory were all better in the Rust version. »
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Pribéh Discordu

“ Along with performance, Rust has many advantages for an
engineering team. For example, its type safety and borrow
checker make it very easy to refactor code as product
requirements change or new learnings about the language are
discovered. Also, the ecosystem and tooling are excellent and
have a significant amount of momentum behind them.

Also, our business case for using Go - it's all about saving
money. 9
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Pribéh Discordu

http://highscalability.com/blog/2020/2/7/stuff-the-internet-says-
on-scalability-for-february-7th-2020.html

https://blog.discord.com/why-discord-is-switching-from-go-to-
rust-a190bbca2bif
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http://highscalability.com/blog/2020/2/7/stuff-the-internet-says-on-scalability-for-february-7th-2020.html
http://highscalability.com/blog/2020/2/7/stuff-the-internet-says-on-scalability-for-february-7th-2020.html
https://blog.discord.com/why-discord-is-switching-from-go-to-rust-a190bbca2b1f
https://blog.discord.com/why-discord-is-switching-from-go-to-rust-a190bbca2b1f
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Verzovani Rustu

nightly
vydavano kazdodenné

beta
vydavana jednou za 6 tydnu

stable
vydavana jednou za 6 tydnu (nasledujicich po beté)
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Problémy verzovani

Drive nebyly vSechny features dostupneé ve stabilni verzi. Tvurci
frameworku proto sahali po nightly, a ta musela byt pouzivanaiv
projektu.

Dnes uz to neplati a pouziti nightly verze se snazime vyhnout.

Je vhodne zminit, ze Rust se rychle vyviji. Je proto nutné hlidat,
ktere vlastnosti jsou deprekovany, a naopak nové pridany.
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Nové verze jazyka jsou
testovany na dostupnych crates!
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Instalaci a aktualizaci Rustu doporucujeme provadét pres rustup .
UN*X

curl --proto '=https' --tlsvl.2 -sSf https://sh.rustup.rs | sh

Windows

Stahnout rustup-init.exe a ridit se pokyny instalatoru.
MacOS

Pokud mate homebrew, tak brew install rustup.
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https://static.rust-lang.org/rustup/dist/x86_64-pc-windows-msvc/rustup-init.exe

Zikladni nistroje

rustup — Spravuje verze Rustu
rustc — prekladac
cargo — balickovaci systém, sprace projektu a zavislosti

clippy - linter
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VS Code

s pluginem rust-analyzer - neinstalujte plugin jménem "Rust"
(stary, deprekovany, nahrazeny)

Jetbrains RustRover

Jetbrains CLion

s pluginem Intellij Rust
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Zalozeni nového projektu

Prikazem

cargo new nazev_projektu

se vytvori novy projekt:

nazev_projektu
+-- Cargo.toml
+-- SIC

|  +--main.rs
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Pieklad a spusténi

cargo build
cargo run

56/82



[package]

name = "hello_world"

version = "0.1.0"

edition = "2021"

authors ["Your Name <youaexample.com>"]

[dependencies]
rand = { git = "https://github.com/rust-lang-nursery/rand.git" }
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Gargo.lock
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Slozitéjsi struktura projektu
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Ukazka kod )
aZka Koau £ main.rs

fn main() {
println!("Hello, world!");

}

e VSimnéte si, Ze main nevraci hodnotu. Pozdéji zjistite, Ze muze
vracel Result.
Pro explicitni navratovy kod take existuje funkce
std::process::exit(code: 132).

o println!() je makro. Pozname ho podle vykricniku.
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Piid4in{ crate pro CLI aplikace

Zavislost na crate clap pridame prikazem cargo add clap.

use std::path::PathBuf;
use clap::{arg, command, value_parser, ArgAction, Command};

fn main() {
let matches = command!()
.arg(arg!([name] "Optional name to operate on"))
.arg(arg!(
-d --debug ... "Turn debugging information on"

)
.get_matches();

// Continued on the next slide...
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Kontrola argumentu
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Zikladni typy

a Fizeni toku progr
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Celoéiselné typy

Velikost
8 bitu

16
32
64

Hitu

bitu

vitu

128 bitu

dle architektury

Znameénkovy
i8
i16
132
164
1128

Isize

Neznameénkovy
usg
ulo6
u32
ub4
ul28

usize

64/82



Zépisy literdla

Velikost Priklad
desitkove 08 222
Sestnactkové Oxff
osmickové 0077
binarni 0b1111_0000
bajtove b'A'
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S plovouci Fddovou &irkou

(IEEE-754)
Velikost Typ
32 bitu 32
64 bitu f64

Vychozi je f64 .
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Definice proménné

let number = 42;
let number: 116 = 42116;

let mut fp_number: f64 = 3.14f64;
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Boolovské typy
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Znakové typy (UTFE-8)

69/82



Slozené typy
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Tuple (n-tice)
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fn main() {
let a: [i32; 5] = [1, 2, 3, 4, 5];
let first = a[0];
let second = al[1];

let months = ["January", "February", "March", "April", "May", "June", "July",
"August", "September", "October", "November", "December"];
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Oviadani toku program
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Klasicky if
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If jako vyraz
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let number = Some(7);
let letter: Option<i32> = None;
let emoticon: Option<i32> = None;

if let Some(i) = number {
println!("Matched {:?2}!", 1i);
}
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Nekoneéna smyé¢ka
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To je pro dnesek vse.

Dotazy?
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