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Pro piipomenuti

Mame stack, ktery se uklizi automaticky na konci funkce.

Mame heap, kde mame velke objekty, objekty s neznamou
velikosti za prekladu a data, ktera nam musi prezit dlouho.

Heap se uklizi. V jinych jazycich to dela garbage collector, v
Rustu instrukce pro ¢isténi doda prekladac.
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Zakladni odkaz na misto v paméti. VSechna omezeni jsou
definovana borrow checkerem.

Chovani odpovida zakladnimu pointeru, ale dle varianty ma dalsi
metadata a schopnosti.
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Smart Pointer

Smart Pointer je struktura. Implementuje trait Deref a Drop.Je
vlastnikem dat, na ktera odkazuje.

Poznamka: String je smart pointer, napr. kapacitu si drzi jako
metadata. Datoveé struktury, jako napr. vec<T>, jsou také smart
pointery.
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Automaticky prevod mezi referencemi parametru
funkci/metod. Trait Deref umoznuje pouzivat operator

use std::ops::Deref;

struct DerefExample<T> {
value: T

}

impl<T> Deref for DerefExample<T> {
type Target = T;

fn deref(&self) -> §Self::Target {
§self.value
t
}

dereference =«.

fn main() {

let x = DerefExample { value:

assert_eq!('a', *x);

|al

s
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-2

V jazycich C a C++ se rozliSuje mezi . a -> tak, ze nasledujici
zapisy jsou ekvivalentnr:

object->something();
(*object).something();

Rust pri volani object.something() automaticky pridava &, &mut,
Ci *, aby object typové odpovidal signature something() :

pl.distance(&p2);
(&pl).distance(&p2);
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Varianty smart pointeru

Box<T>
Cell<T>
RefCell<T>
Rc<T>
Ref<T>
RefMut<T>
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Box<T>

Je nejjednodussim smart pointerem. Uklada data na haldé (nikoli
na zasobniku) i ve chvili, kdy je jejich velikost znama za prekladu.
Samotny pointer muze byt na zasobniku, ale data ne.

Hod1 se nam ve chvili, kdy potrebujeme udelat rekurzivni
struktury.
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Cell<T>

Umoznuje mutaci uvnitr imutabilni struktury. Ma metody get a
set . Metoda get vraci kopii dat.

Je vhodna pro mensi data, a to z duvodu vraceni kopie.

Je urcena pouze pro jednovlaknové pouziti. Vicevlaknove

Ll 4 -

alternativy budou v pristi prednasce.
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RefGell<T>

Dava sdileny pristup k 7, ale narozdil od cell je kontrolovana za
béhu.

Ma metody, ktera vraci mutabilni nebo nemutabilni referenci.
Musime si sami napsat kontrolu, jestli se povedlo ziskat referenci.

Plati stejna pravidla pro ziskavani referenci jako pri borrow
checkingu za prekladu. Pokud ale pravidla porusime, vlakno
zpanikari.
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RefGell<T>
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Pokud potfebujeme vice vlastniku, tak muzeme vyuzit reference
counting. Pokud existuje jakykoliv odkaz, tak data nejsou
uvolnéna.

T Vv Rc je imutabilni. Pokud chceme, aby se obsah dal ménit, tak
musime pouzit kombinace s Cell nebo RefCell.

Pokud tvorime pomoci Rc cyklické vazby (napf. obousmérne
odkazy mezi potomkem a rodi¢em stromu), muze dojit k memory
leaku, protoze citac€ nikdy neklesne na 0.

Tehdy musime pouzit weak<T>, ktery neni vlastnikem dat a ta

mohou byt odstranena. 17/81



Re<T>

use std::rc::Rc;
use List::{Cons, Nil}; // shorthand instead of using “List::Cons” everywhere

enum List {

;9{15(132, Rc<List>), $ Cargo run
; )

fn main() {

let a = Rc::new(Cons(5, Rc::new(Cons(10, Rc::new(Nil))))); COUﬂt aftel" Creating a : 1
println!("count after creating a: {}", Rc::strong_count(&a)); .
Lot b = Cons(s, Resrclone(ea)); count after creating b: 2
rintln!("count after creating b: {}", Rc::strong_count(&a)); .
p : : count after creating c: 3

let ¢ = Cons(4, Rc::clone(&a)); 1 .
println!("count after creating c: {}", Rc::strong_count(&a)); Count after C 1S dropped ® 2

{

println!("count after c is dropped: {}", Rc::strong_count(&a));
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Kombinace Re<T> s RefCGell<U>

#[derive(Debug)]

enum List {
Cons(Rc<RefCell<i32>>, Rc<List>),
Nil,

}

use List::{Cons, Nil};

use std::cell::RefCell;

use std::rc::Rc;

fn main() {
let value = Rc::new(RefCell::new(5))

let tail = Rc::new(Cons(Rc::clone(&value), Rc::new(Nil)));

let head_1 = Cons(Rc::new(RefCell::new(3)), Rc::clone(&tail));
let head_2 = Cons(Rc::new(RefCell::new(4)), Rc::clone(&tail));

xvalue.borrow_mut() += 10; // borrow_mut vraci RefMut, proto je tu
{:2}", tail);

{:?}", head_1);
{:?}", head_2);

println!("tail
println!("head_1
println!("head_2

tfeba *.

$ cargo run

tail
head_1
head_2

Cons(RefCell { value: 15 }, Nil)
Cons(RefCell { value: 3 }, Cons(RefCell { value: 15 }, Nil))
Cons(RefCell { value: 4 }, Cons(RefCell { value: 15 }, Nil))
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Ref<T>

Typ obalujici imutabilné vypujcenou hodnotu z RefCell<T>.

use std::cell::{Ref, RefCell};

fn main() {
let cell: RefCell<(u32, char)>
let ref_1: Ref<(u32, char)>
let ref_2: Ref<u32>

RefCell::new((5, 'b'));
cell.borrow();
Ref::map(ref_1, |t| &§t.0);

assert_eq!(xref_2, 5);
assert_eq!(xcell.borrow(), (5, 'b'));

// ERROR: borrow of moved value: “ref_1°
// assert_eq!(xref_1, (5, 'b'));
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use std::cell::{RefCell, RefMut};

fn main() {

let cell: RefCell<(u32, char)> = RefCell
{
let ref 1: RefMut<(u32, char)> =
let mut ref_2: RefMut<u32> =
assert_eq!(*ref_2, 5);
xref_2 = 42;
}

assert_eq!(*cell.borrow(), (42, 'b'));

RefMlut<T>

Typ obalujici mutabilné vypujéenou hodnotu z RefCell<T>.

::new((5, 'b'));

cell.borrow _mut();
RefMut::map(ref_1, |t| &mut t.0);
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Crate je nejmensi jednotka kompilace, napr. i soubor.
Crate muze byt binary crate nebo library crate.

Jako nazorna ukazka toho, co to crate je, muzeme pouzit prikaz...

cargo build --verbose
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...nebo se staci podivat na zavislosti v Cargo.toml :

[dependencies]
num = "0.4"

image = "0.13"
crossbeam = "0.8"
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Externi zavislost

V Rustu 2015 bylo nutné pouzit extern crate, od Rustu 2018 uz to
potifeba neni. JelikoZ se s timto zapisem stale muzete setkat, tak

extern

extern

extern

extern

extern

crate pcre;

jej zde ukazujeme:

crate std; // equivalent to: extern crate std as std;

crate std as ruststd; // linking to 'std' under another name

crate hello_world; // if hyphen in package name then it is replaced with an underscore

crate foo as

// crate name cannot have hyphen

_; // when only linked and not referenced
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Externi zavislosti

Dnes nam staci pouzit use (vice o ném pozdéji):

use num: :Complex;
use image::ColorType;
use image: :png: :PNGEncoder;
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Tranzitivni zavislosti

Cargo si pri prekladu stahne zdrojovy kod pro kazdou crate. Ta
muze zaviset na dalSich, tranzitivnich zavislostech. Vytvori ze graf
zavislosti, ktery je cargem vyhodnocen a zpracovan.
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Jednolivé crates jsou zkompilovany jako .rlib, ktera je nasledné
staticky linkovana do vysledné binarky.
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Podminéna kompilace
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Podminéna kompilace - features

V Cargo.toml pridame sekci [features] .

[features]

default = ["ico", "webp"]
bmp = []

png = []

ico ["bmp", "png"]

webp = []
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» W & ||
odminena xkompiiace - reatures

A v kodu muzeme dle nastaveni pridat casti kodu.

#t[cfg(feature = "webp")]
pub mod webp;

fn my_function() -> u32 {
let x: u32 = 2;

#[lcfg(feature = "png")]

{
let y: u32 = 2;
X +y

}

X
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Package je "kolekce" alespon jedne crate. Je definovany v
Cargo.toml .
Package muze obsahovat nékolik binary crates (dalsi se umistuji

do src/bin/ ) a nejvyse jednu library crate:

foo
— Cargo.toml

—— mailn.rs

L— my other_bin.rs
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Slouzi k orgranizaci kodu v ramci projektu. Muzete si je predstavit
jako Rustovou obdobu pro namespace . Je to logicky kontejner pro
struktury, funkce, typy, ...
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Klicové slovo mod

Vytvarejme 1library crate modelujici restauraci:

/// noun: the part of a restaurant or hotel where the employees deal directly with customers.
mod front_of_house {
mod hosting {
fn add_to_waitlist() {}

fn seat_at_table() {}
}

mod serving {
fn take_order() {}

fn serve_order() {}

fn take_payment() {}
}
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Obsah src/main.rs a src/lib.rs tvori implicitni modul crate v
koreni modulového stromu:

crate
L— front_of_house

— hosting
|  |— add_to_waitlist
| L seat_at_table
L— serving

— take_order

— serve_order

L— take_payment

Poznamka: vypis stromu utilitou cargo-modules.
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https://crates.io/crates/cargo-modules/

Voldni funkce = jilléllO modulu

Absolutni cesty zacinaji nazvem crate nebo literalem crate.
Relativni cesty zacinaji klicovymi slovy self, super nebo nazvem
modulu.

mod front_of_house {
mod hosting {
fn add_to_waitlist() {}
}
}

fn eat_at_restaurant() {
crate::front_of_house::hosting::add_to_waitlist(); // Absolute path from the current crate

name_of_the_crate::path::to::the::function(); // Absolute path from an external crate (dependency)

front_of_house::hosting::add_to_waitlist(); // Relative path

}
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V Rustu jsou vSechny polozky (funkce, metody, struktury, enumy,
moduly i konstanty) private by default vuci svemu rodicovskéemu
modulu.

To znamena, ze rodicovsky modul nemuze pouzit private polozky
potomka. Naopak to ale neplati, potomek muze pouZivat polozky
rodice. To nam napriklad umozni unit testing private funkci.

Pro Uroven vys zviditelnime polozku klicovym slovem pub. Cela
cesta k polozce musi byt pub, abychom polozku mohli pouzit.
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Predchozi priklad by se nezkompiloval bez pridani dvou klicovych
slov pub. front_of_house je sourozenec vu€i eat_at_restaurant(),
ten verejny byt nemusi.

mod front_of_house {
pub mod hosting { // cela cesta k funkci musi byt “pub’
pub fn add_to_waitlist() {} // i funkce samotna musi byt “pub’

}
}

fn eat_at_restaurant() {
crate::front_of_house::hosting::add_to waitlist();
front_of_house::hosting::add_to_waitlist();
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pub udéla polozku verejnou, takze je pristupna kdekoliv mimo
modul.
pub(crate) udéla polozku pristupnou uvnitr crate, ale nemuze byt
pouzita jinymi crates. Zaroven neni soucasti vygenerované
dokumentace.
pub(in <path>) udeéla polozku verejnou pro zminénou cestu, ktera
ale musi byt néjakym predkem dane polozky.
pub(super) udéla polozku verejnou jen pro nadrazeny modul.
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pub const ROOM_TEMPERATURE_C: f64 = 20.0; // degrees Celsius
pub static ROOM_TEMPERATURE F: f64 = 68.0; // degrees Fahrenheit

Konstanta je podobna #define v C. Pfi kompilaci je hodnota
dosazena na kazde misto, kde je pouzita.

s 0

Statické proménne Ziji od startu az do konce béhu programu. V
bezpecném Rustu nemohou byt mutabilni.

- ~

Pouzivejte konstanty pro mensi hodnoty - magicka cisla nebo
retézce. Pro vétsi véci, kde chcete udélat borrow, vyuzijte static.
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Verejné struktury

mod back_of_house {
pub struct Breakfast {
pub toast: String,
fruit: String,
t

impl Breakfast {
pub fn summer(toast: &str) -> Breakfast {
Breakfast {
toast: String::from(toast),
fruit: String::from("peaches"),

pub fn eat_at_restaurant() {

// Order a breakfast in the summer with Dark toast
let mut meal = back_of_house::Breakfast::summer("Dark");

// Change our mind about what bread we'd like
meal.toast = String::from("wheat");
println!("I'd like {} toast please", meal.toast);

// The next line won't compile if we uncomment it;
// we're not allowed to see or modify the seasonal

// fruit that comes with the meal

// meal.fruit = String::from("blueberries");
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A\ 4 [ | &
Verejné enumy
Enum zviditelnujeme jako celek:

mod back_of_house {
pub enum Appetizer {
Soup,
Salad,

}

pub fn eat_at_restaurant() {
let orderl = back_of_house: :Appetizer::Soup;
let order2 back_of_house: :Appetizer::Salad;
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Kli¢ové slovo use
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Use s absolutni cestou
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Use s relativni cestou
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Use pro vice poloZek

use std::io::{self, Write};

use std::{cmp::0rdering, io};
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Glob operator

use std::collections::*;

~ o LA d

Uz jsme se setkali s prelude patternem, kde jsou nejdulezitéjsi
polozky zviditelnény na jednom miste:

use std::10::prelude::*;
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Prelude je velmi ¢asto i u knihoven tretich stran, aby zprijemnil
praci a dal k dispozici nejpouzivanéjsi traity, typy aj. Narozdil od
nrelude ze std (napf. use std::prelude::vi::*; ) nejsou takoveé
moduly importovany automaticky.

Vznikne vlastnim vytvorenim modulu prelude .
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https://doc.rust-lang.org/std/prelude/index.html
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Klic¢ové slovo super

$ cargo run

called "my::indirect _call() , that then:
called “my::function()’

called “my::function()’

called “my::cool::function()"

called “function()"

called “cool::function()"
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src/lib.rs

mod front_of_house; // <- bez tohoto nebude modul
// “front_of_house” dohledatelny

use crate::front_of_house::hosting::add_to_waitlist;

pub fn eat_at_restaurant() {
add_to_waitlist();
}

src/front_of _house.rs

pub mod hosting;

src/front_of_house/hosting.rs

pub fn add_to_waitlist() {}

Adresarova struktura

e
— front_of _house
L — hosting.rs

— front_of_house.rs
L— 1lib.rs

Modulovy strom

crate
L— mod front_of_house: pub
L — mod hosting: pub
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src/lib.rs

mod front_of_house; // <- bez tohoto nebude modul
// ~front_of_house™ dohledatelny

use crate::front_of_house::hosting::add_to_waitlist;

pub fn eat_at_restaurant() {
add_to_waitlist();
}

src/front_of _house/mod.rs

pub mod hosting;

src/front_of_house/hosting.rs

pub fn add_to_waitlist() {}

Adresarova struktura

src
— front_of_house

| | hosting.rs
| L— mod.rs # <- Zde je rozdil.

L— 1ib.rs

Modulovy strom

crate
L— mod front_of_house: pub
L — mod hosting: pub
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http://mod.rs/

Integrace knihovny do binarky

Pokud je projekt pojmenovany restaurant, tak v ramci main.rs:

use restaurant::front_of_house;

fn main() {
/] ...
}
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http://main.rs/

A 4

Umoznuje se odkazovat napric crates bez nutnosti je publikovat.
Crates ve workspace sdili spolecny adresar pro output.

— cargo.lock

|— Cargo.toml # <- Cargo.toml workspacu
F— common_functionality

|  }— src

| | — lib.rs
| L— cargo.toml
F— client_app

|  }— src

| | '— main.rs
| L— cargo.toml

— server_app

| | src

| | '— main.rs
| L— cargo.toml
L— target
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[package]
name = "server_app'

[dependencies]
common_functionality = { path = "../common_functionality" }
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Jednotkove testy jsou v souboru s implementaci.
Integracni testy jsou ve sloZzce tests, na stejné Urovni jako src.

s o

Doc testy jsou v uryvcich kodu v dokumentacnich komentarich.
Testy spouStime pomoci

cargo test
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Vyhody podminéné existence test
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...failne test.
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Makro assert!
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Makro assert_eq!
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Viastni zpravy pri failu testu
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Testovani zpanikareni funkce
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Result jako vysledek testu
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Dokumentac¢ni komentare

/// Adds one to the number given.
///
/// # Examples
/17
/1] "
/// let arg = 5;
/// let answer = my_crate::add_one(arg);
///
/// assert_eq!(6, answer);
/1] "7
pub fn add_one(x: i32) -> i32 {
X + 1

}

Poznamka: blokove doc komentare /++ ... %/ se nepouzivajl.
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Dokumentacéni komentar k soubor
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Crate my_crate

[See all my_crate's items]

Functions

Crates

my_crate

Crate my_crate

My Crate

[-][src]

my_crate is a collection of utilities to make performing certain calculations
more convenient.

Functions

add_one

Adds one to the number given.
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Ukazka komplexnéjsi dokumentace
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Crate art

See all art's items

Modules

Crates

art

my_crate

Crate art

Art

A library for modeling artistic concepts.

Modules

kinds
utils
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Testovani dokumentace
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Piikazy souvisejici s
dokumentaci

Generujeme pomoci

cargo doc

Examply testujeme pomoci

cargo test --examples

Dokumentaci pres

cargo test --doc 77/ 81



Fuzzing je myslenka generovani nahodnych (nebo seminahodnych)
vstupu a sledovani, jestli program spadne.

libfuzzer sys::fuzz_target!(|data: &[u8]| {
if let Ok(s) = std::str::from_utf8(data) {
let _ = url::Url::parse(s);
}
});
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Property based testing

Doporucujeme pouzit crate proptest.

proptest! {
/...
#ltest]

fn parses_date_back_to_original(y in 0u32..10000,
m in 1u32..13,

d in 1u32..32) {

let (y2, m2, d2) = parse_date(
&format!("{:04}-{:02}-{:02}", y, m, d)).unwrap();

// “prop_assert_eq!  is similar to “assert_eq! , but triggers less panic messages on test failures.

// Which one to use is largely a matter of taste.
prop_assert_eq!((y, m, d), (y2, m2, d2));
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