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Tymové projekty
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Zveiejnéni projektu

Dnes 2. 10. 2023 v 20:00.
Naleznete je v ISu v Rozpisu Tymové projekty .
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Spusténi prihlaSovani
Od pondéli 9. 10. 2023 v 20:00 se muze prihlasit 1 ¢len za tym.

Od stredy 11. 10. 2023 v 20:00 se muzou prihlasit i ostatni clenove
tymu.
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Zmeény v prihlaseni na projekt
Do 20. 11. 2023 mate moznost bezprobléemové ménit sestavy tymu.

V pripadé problému s tymem (béhem této doby i po ni) muzete
kontaktovat koordinatora projektu Petra Wehrenberga.
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Viastni zadéini projektu

Do 20. 11. 2023 také muzete navrhovat vlastni zadani projektu.

g Vase zadani musi byt explicitné schvaleno vasim cvicicim.

e VasSe zadani musi odpovidat naroc¢nosti ostatnim projektum.
Pokud nebude, vratime vam ho se zpétnou vazbou a muzete ho
vylepsit.
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Nejpozdéji do konce roku zverejnime terminy obhajob,
které pak budou probihat po celé zkouskové obdobi.

Obhajoba je asi 20minutovy online call, kde:

v rychlosti predstavite projekt,
ukazete demo vasi aplikace

zodpovite otazky k demu i kodu vasi aplikace
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Odevzdani projektu

Projekt odevzdavate 3 dny pred obhajobou.

pridate cvicicich do repozitare s projektem

vytvorite vetev project-submission a uz do ni neprispivate
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Frontend jen v Rustu

Zakazujeme pouzivat frameworky/knihovny z
JavaScript/TypeScript ekosystému pro tvorbu frontendu.

Misto toho pouzijte crates dostupné v Rustu.
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Dotazy k projektum?

11/95



12/95



Zakladni varianta
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Enumy jako v G
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NMonadicka varianta

enum Delivery f{
Pickup,
Parcel(String),

}

fn main() {
let pickup_delivery
let parcel_delivery

Delivery: :Pickup;
Delivery::Parcel(String::from("Ceska 0, 60200 Brno"));
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Pamétova reprezentace enumu

Velikost je urcena podle nejvétsi polozky
(stejné jako napf. union v C).

Kromeé toho je zde jesteé skryta polozka - diskriminant.
Velikost diskriminantu je zavisla na poctu variant enumu.
Hodnota diskriminantu urcuje aktualni variantu enumu.
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Zpracovani hodnoty pomoeci if let

fn main() {
let some_u8 value = Option::Some(0Qu8);

if let Some(num) = some_u8 value {
println! ("It was Some! It's inner value was {}!", num);

}

V prikladu vyuzivame dulezity enum std::option::Option :

enum Option<T> {
Some(T),
None,
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if let > 1f

fn main() {
let maybe_value = Some('k');

if maybe_value.is_some() {
let value = maybe_value.unwrap();

Kdyz chci rozbalit 1 variantu

~ o o

enumu, radsi pouziju if let.

match > 1if let

enum Delivery {
Pickup,
Parcel(String),
Special{ box_id: u128 }
}

fn main() {
let variable = Delivery::Pickup;

if let Delivery::Pickup = variable {
println!("Vyzvednete to u nas v obchodé!");

} else if let Delivery::Parcel(address) = variable {
println!("Zbozi bude dorudeno na adresu: {}!", address);

} else if let Delivery::Special {box_id} = variable {
println!("Zbozi bude doruceno na do boxu ¢.: {}!", box_id);

} else {
println!("Zatim neimplementovany zpdsob doruéeni!");

}

}

Kdyz chci rozbalit hodné

N~ o o

variant enumu, radsi pouziju

match .
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Vyhody pattern matchingu

Kontrola vsech variant vétveni

To pomaha i pri refaktoringu — nikdy nezpomenete zménit dalsi
mista v kodu.

LepsSi Citelnost
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fn deliver(delivery: Delivery) {
match delivery {
Delivery::Pickup => {
println!("Vyzvednete to u nas v obchodé!");
b
Delivery::Parcel(address) => {
println!("Zbozi bude doruceno na adresu: {}!", address);
iE
_ = {

println!("Zatim neimplementovany zplsob doruceni!");
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Match guards
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Definice struktury
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Zarovnini v paméti

Dle C

|tiny | PADDING|normal|small|PADDING|long|short|PADDING |
| 1B | 3B | 4B | 1B | 7B | 8B | 2B | 6B |

# Total of 32 bytes.

Polozky jsou v
deterministickem poradi,
figuruje zarovnani.

#[repr(C)]
struct MyStruct {}

V Rustu

Neni deterministicke razeni
poloZzek, muze figurovat
zarovnani.

#[repr(Rust)]
struct MyStruct {}

struct MyStruct {}
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Alternativni modely

#[repr(packed)]

Nepouziva zarovnani.
Vhodné v prostredi s malo paméti nebo s pomalym sitovym spojenim.

Mize velmi zpomalit vykonavani a mize dojit k padu, pokud CPU podporuje
pouze zarovnané argumenty.

#[repr(align(n))]

Umoznuje vétsi zarovnani, nez by bylo nutne.
Pro scénare, kdy potrebujeme zaridit, aby polozky byly v riznych cache lines.
Vyhneme se problému zvanemu false sharing.

K false sharingu dochazi, kdyz riizna CPU sdili cache line. Oba se ji mohou

pokusit zménit soucasne.
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PouZiti struktury
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Vytvoreni z
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Metody struktury
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Sl:rukl:ury s referenci

Pokud ma struktura obsahovat referenci, tak musime definovat
lifetime.

struct Extrema<'a> {
greatest: §'a 132,
least: &'a 132
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Priklad pouziti funkce extrema

fn find_extrema<'s>(slice: &'s [i32]) -> Extrema<'s> {
let mut greatest = &slicel[0];
let mut least = &§slicel[0];

for i in 1..slice.len() {
if slice[i] < *least { least
if slice[i] > *greatest { greatest

&slicel[i]; }
§slicel[1i]; }

}

Extrema { greatest, least }
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Je konstrukce prekladace, ktera udava dobu platnosti reference.

Drive bylo nutnosti ji explicitné definovat, dneska uz neni moc
casto treba. Bézny kod by mél vétSinou jit napsat i bez specifikace
lifetimu.
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Explicitni anotace lifetimu

§132 // a reference
§'a 132 // a reference with an explicit lifetime
&'a mut i32 // a mutable reference with an explicit lifetime

fn longest<'a>(x: &'a str, y: &§'a str) -> &'a str {
if x.len() > y.len() {
X

} else {

y
}

}
Pokud nepouzijeme lifetime, kod nejde prelozit - prekladac netust,
jak dlouho ma zit navratova hodnota.
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fn longest<'a>(x: &str, y: &str) -> §'a str {
let result = String::from("really long string");
result.as_str()

error[EO515]: cannot return reference to local variable “result’

|
11 | result.as _str()

| AV AV AV AV AV AV AVAVAVAYAYAYAYAYAS

returns a reference to data owned by the current function
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Lifetime s generikou
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Pokud mame ve strukture referenci, vzdy musime definovat

// Typ “Borrowed™ obsahuje referenci na "i32°, reference 132" musi prezit
#[derive(Debug)]
struct Borrowed<'a>(&'a i32);

// Enum, ktery je bud “i32°, nebo referenci na néj.

#[derive(Debug)]
enum Either<'a> {
Num(i32),
Ref(&'a i32),
}
fn main() {
let x = 18;
let y = 15;
let single = Borrowed(&x);
let reference = Either::Ref(&x);
let number = Either::Num(y);
println!("x is borrowed in {:?}", single);
println!("x is borrowed in {:?}", reference);
println!("y is *notx borrowed in {:?}", number);
}

“Borrowed .

lifetime.
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Pro bézne priklady urcuje lifetime sam prekladac dle nasledujicich
pravidel:

Pravidlo pro Zivotnost vstupnich parametru

Kazdy vstupni parametr dostava vlastni lifetime.

Pravidlo pro Zivotnost vystupnich parametru

Pokud ma funkce jeden vstupni parametr, vSechny vystupy maji
stejny lifetime.

Pravidlo pro metody s parametrem self

Pokud ma metoda vstupni parametr §self, vSechny vystupni
parametry maji stejny lifetime. 47/95



Dava zivotnost po cely béh programu, hodnota je ulozena primo v
binarce programu, a je tedy vzdy pristupna.

Hodi se napriklad pro texty chybovych hlasek.

Jinak se mu snazime vyhnout.
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Traity

ZjednodusSené muzZeme trait povazovat za interface v jinych
programovacich jazycich.

Definujeme pomoci nich spolec¢nou funkcionalitu.
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Vychozi implementace

trait Summary {
fn summarize(&self) -> String {
String::from("(Read more...)")

}
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VyuzZiti jinych metod ve vychozi
implementaci

trait Summary {
fn summarize_author(&self) -> String;

fn summarize(&self) -> String {
format!("(Read more from {}...

, self.summarize_author())

}
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Trait jako parametr / nivratovd hodnota

fn notify(item: &impl Summary) {
println!("Breaking news! {}", item.summarize());

}

fn returns_summarizable() -> impl Summary {
Tweet {
username: String::from("horse_ebooks"),
content: String::from("of course, as you probably already know, people..."),
reply: false,
retweet: false,
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Syntax impl Trait u parametru je syntakticky cukr pro delsi zapis,
kterému se rika trait bound.
Nasledujici bloky kodu jsou ekvivalentni, jen je zapis pomoci trait
bound delsi a hure Citelny. Proto v zakladu doporucujeme
pouzivat impl Trait.

fn notify(item: &impl Summary) {
println!("Breaking news! {}", item.summarize());

}

fn notify<T: Summary>(item: &T) {
println!("Breaking news! {}", item.summarize());
}
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Vice traitu
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Z4apis vice traitu pomoci where

Pouzijeme pro situace, kde mame vice parametru s ruznymi
kombinacemi traitu.

fn some_function<T, U>(t: &§T, u: &U) -> i32
where T: Display + Clone,
U: Clone + Debug

{
/] ...
}
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Dynamicky trait

use std::10::Write;
fn say_hello(out: &mut dyn Write) -> std::io::Result<()> {

out.write _all(b"hello world\n")?;
out.flush()
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Trait Object

dyn Write predstavuje jednu variantu polymorfismu, které
rikame trait object.

Slouzi k provedeni volani pres virtualni tabulku (vtable).

Trait object nemuze byt pouzit jako typ proménné, reference na

néj ale ano.

Trait object neni znamy v dobé prekladu, proto obsahuje dalsi

iInformace o typu referenta.

Rust umozni konverzi Box<File> na Box<dyn Write> .
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Beference na trait obhject

V jazyce Java je proménna typu OutputStream referenci na
libovolny objekt, ktery implementuje outputStream.
Skutecnost, ze se jedna o referenci, je samozrejma.

Obdobné v Rustu je proménna typu &dyn write referenci na
hodnotu, ktera musi implementovat trait write.

let mut buf: Vec<u8> = vec![];
let writer: &mut dyn Write = &mut buf;
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Muzeme vytvorit subtrait, ktery vyzaduje i implementaci
nadrazeného traitu.

Rekneme, Ze Creature je extension Visible:
trait Creature: Visible {

fn position(&self) -> (i32, 132);
fn facing(&self) -> Direction;

/] ...
}
Na poradi implementace nezalezi:
impl Creature for Broom { /x ... x/ }
impl Visible for Broom { /x ... =/ }
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OsSetfeni chybovych stava
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1ypy chyb

Chyby, ze kterych se muzeme zotavit.
Chyby, po kterych to muZzeme zabalit.
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fn main() {
panic!("crash and burn");

}

Poznamka: v Rustu pri panice program sam projde stack a uklidi

po sobé veskera data. Je to za cenu vétsi binarky. Pokud chcete

snizit velikost binarky a nechat uklid na operacnim systemu, tak
muzete udélat nasledujici konfiguraci v cargo.toml :

[profile.release]
panic = 'abort'
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num Result

Funkce, kde muze nastat chyba, vraci Result.Z ného muzeme
vycist vysledek, nebo chybu.

enum Result<T, E> {
ok(T),
Err(E),
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Priklad osetreni chybhového stavu

Pokud chceme otevrit soubor, tak muze dojit k chybé.
Osetfit ji muzeme nasledneé:

use std::fs::File;

fn main() {
let file: Result<File, io::Error> = File::open("hello.txt");

let file: File = match file {
Ok(value) => value,
Err(error) => panic!("Problem opening the 'hello.txt' file: {:?}", error),

b

68/95



OSetreni diléich chyb
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Viastni zpracovani chyby pomoeci &dyn Error

use std::error::Error;
use std::io::{Write, stderr};

fn print_error(mut err: &dyn Error) {
let _ = eprintln!("error: {}", err);

while let Some(source) = err.source() {

let _ = eprintln!("caused by: {}", source);
err = source;
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Zpanikafeni v piipadé chyby

use std::fs::File;
fn main() {
// Pri chybé ukonc¢i program s obecnou chybovou zpravou

let file = File::open("hello.txt").unwrap();

// PFi chybé ukonéi program s na$i vlastni chybovou hlaskou
let file = File::open("hello.txt").expect("hello.txt se nepovedlo otevrit");
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Operator ? pouzijeme za hodnotou typu Result .
Pokud je hodnota ok(value), vysledkem operace je value.
Pokud je hodnota Err(error), funkce skon¢is Err(error).

use std::fs::File;
use std::io::{self, Read};

n read_username_from_file() -> Result<String, io::Error> {
let mut s = String::new();
File::open("hello.txt")?.read_to_string(&mut s)?;

ok(s)

n main() -> Result<(), io::Error> {
match read_username_from_file() {
Ok(name) => {
println!("Found name {name}.");
ok(())

}1
Err(e) => {
eprintln!("Could not read name!");
Err(e)
}
}
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Extrémni propagace chyb

Source
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https://fosstodon.org/@antonok/111134824451525448

Price s chybami ruznych typu

type GenericError = Box<dyn std::error::Error + Send + Sync + 'static>;
type GenericResult<T> = Result<T, GenericError>;
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anyhow
Nejpopularnéjsi knihovna pro zjednoduseni prace s chybami.

Je doporucena pro aplikace, pro knihovny doporucujeme se
podivat na thiserror.

[dependencies]
anyhow = "1"
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Prace s chybhami pomoci anyhow
Navratovy typ

fn get_cluster_info() -> anyhow::Result<ClusterMap> f{
let config = std::fs::read to_string("cluster.json")?;
let map: ClusterMap = serde_json::from_str(&config)?;
Ok(map)

One-of errors

return Err(anyhow!("Missing attribute: {}", missing));

Context

std::fs::read(path).with_context(|| format!("Failed to read from {}", path))?;
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Prace s GLI
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Argumenty prikazové radky

let pattern = std::env::args().nth(1).expect("No pattern given.");
let path = std::env::args().nth(2).expect("No path given.");
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UloZzeni argumentu do struktury

struct Cli {

pattern: String,

path: std::path::PathBuf,
}

fn main() {
let pattern = std::env::args().nth(1).expect("No pattern given.");
let path = std::env::args().nth(2).expect("No path given.");

let args = Cli {

pattern: pattern,

path: std::path::PathBuf::from(path),
};
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clap

Nejpopularnéjsi knihovna na zpracovani argumentu z CLI.

Zavislost se lisi podle toho, jestli budeme pouzivat
derive pattern:

[dependencies]

clap = { version = "4.4.6", features = ["derive"] }
nebo builder pattern:

[dependencies]

clap = "4.4.6"
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Jednodussi zpracovani pres clap

use clap::{ArgAction, Parser};

/// This doc string acts as a help message when the user runs '--help'.
/// The same applies for all doc strings on struct fields.
#[derive(Parser)]

#[clap(version = "1.0", author = "John Smith")]

struct Args {
/// Sets a custom config file. Could have been an Option<T> with no default too
#[clap(short = 'c', long = "config", default_value = "default.conf")]
config: String,

/// Some input. Because this isn't an Option<T> it is required to be used
input: String,

/// A level of verbosity, can be used multiple times
#[clap(short = 'v', long = "verbose", action = ArgAction::Count)]
verbose: u8,

}

// Continued on the next slide...
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Jednodussi zpracovani pres clap

// ...continued from the previous slide.

fn main() {
let args: Args = Args::parse();

println!("Value for config: {}", args.config);
println!("Using input file: {}", args.input);

// Vary the output based on how many times the user used the "verbose" flag
// (i.e. 'myprog -v -v -v' or 'myprog -vvv' vs 'myprog -v')
match args.verbose {
0 => println!("No verbose info"),
=> println!("Some verbose info"),
=> println!("Tons of verbose info"),
| _ => println!("Don't be crazy"),

w N -
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Zpracovini pies builder pattern

use clap::{arg, Arg, ArgAction, Command};

fn main() {
let matches = Command::new("myapp")

.version("1.0")
.author("John Smith")
.about("Does awesome things")
.arg(arg!(-c --config [FILE] "Sets an optional custom config file").default_value("default.conf"))
.arg(arg! (<INPUT> "Sets the required input file to use"))
.arg(Arg: :new("verbosity").short('v').long("verbose").action(ArgAction::Count))
.get_matches();

if let Some(i) = matches.get_one::<String>("INPUT") {
println!("value for input: {}", i);

if let Some(c) = matches.get_one::<String>("config") {
println!("value for config: {}", c);

}

match matches.get_count("verbosity") {
0 => println!("No verbose info"),

> println!("Some verbose info"),

> println!("Tons of verbose info"),

> println!("Don't be crazy"),

N e
noun
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Prace se soubory a stdin
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Standardni vstup
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Standardni vstup

use std::1o0;

fn main() {
let lines = io0::stdin().lock().lines();

for line in lines {
println!("got a line: {}", line.unwrap());

}

Poznamka: .lock() vytvori nad stdin mutex, kterym se budeme
vénovat vice v Sesté prednasce.
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Vytvoreni souboru a zapis

use std::fs::File;
use std::io::prelude::*; // Importuje bézné pouzivané traity

fn main() -> std::io::Result<()> {
let mut file = File::create("foo.txt")?;

file.write_all(b"Hello, world!")?;

ok(())
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Nacteni obsahu ze souboru

use std::fs::File;
use std::io::prelude::*;

fn main() -> std::io::Result<()> {
let mut file = File::open("foo.txt")?;
let mut contents = String::new();

file.read_to_string(smut contents)?;
assert_eq!(contents, "Hello, world!");

ok(())
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Nacteni radky
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Pouzijeme, pokud chceme pockat (blokujici volani), dokud systém
nedokonci synchronizaci souboroveho systemu.

use std::fs::File;
use std::io::prelude::*;

fn main() -> std::io0::Result<()> {
let mut file = File::create("foo.txt")?;

file.write _all(b"Hello, world!")?;
file.sync_all()?;

0k(())
}
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Vynuceni zapisu z bufferu, Rust jej vola i v metodeé traitu Drop.

use std::io::prelude::*;
use std::io::BufWriter;
use std::fs::File;

fn main() -> std::io::Result<()> {
let mut buffer = BufWriter::new(File::create("foo.txt")?);

buffer.write_all(b"some bytes")?;
buffer.flush()?;

0k(())
}

Poznamka: File::flush nic nedéla a jen vraci ok(()).
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Zépis pies buffer

use std::fs::File;
use std::io::{BufWriter, Write};

fn main() {
let data "Some data!";
let file = File::create("/tmp/foo").expect("Unable to create file");
let mut file = BufWriter::new(f);

file.write_all(data.as_bytes()).expect("Unable to write data");

Poznamka: docasny adresar by bylo lepsi zjistit nezavisle na
platformé pomoci env::temp_dir() .
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