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Generika
Utility traity
Vektory, iteratory a closures

Datove struktury - std::collections
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Generika

Umoznuje obecnou definici pro ruzneé typy polozek u struktur,
vyCtu nebo metod.
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Generika u struktur
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Generika u struktur (vice typua)

struct Point<T, U> {
x: T,
y: U,

}

fn main() {
let both_integer = Point { x: 5, y: 10 };
let both_float = Point { x: 1.0, y: 4.0 };
let integer_and_float = Point { x: 5, y: 4.0 };
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Generika u vyétu
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Generika u metod - trait hound

9/79



Generika u metod - where

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

{
/] ...
}

10/79



Generika a lifetime

Je mozné vynutit lifetime generickych typu:

fn max<'a, T: PartialOrd>(a: &§'a T, b: §'a T) -> &§'a T {
if a < b {
return b;

}

d

11/79



Generika a lifetime

(V tomto pripadé neni nutné brat reference. Pokud T
Implementuje PartialOrd, pak ho implementuje | &T. )Je pak na
uzivateli zda preda referenci, nebo vlastnénou hodnotu.)

fn max<T: PartialOrd>(a: T, b: T) -> T {
if a < b {
return b;

}
a
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Dulezité traity, které jsou soucasti standardni knihovny.

Je vhodneé je znat, abychom psali idiomaticky kod (tj. takovy kod,
ktery je dostatené Rustic).
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Rust obecné odvadi dobrou praci pri uvolnéni zdroju. Obcas ale
chceme uvolnéni prizpusobit, a k tomu slouzi trait Drop.
Metodu drop() Rust vola automaticky pri uvolnovani paméti.

trait Drop {
fn drop(&mut self);

}
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Typ Sized

V Rustu existuji typy sized a unsized. S unsized se musi pracovat
pres referenci, nemohou byt ulozené do promeénne.

Prikladem unsized je dyn Trait (napf. dyn Write ), se kterym jsme
se setkali na minulé prednasce.
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Typ Sized

Genericke typy maji implicitné trait bound sized, takze
nasledujici zapisy jsou ekvivalentni:

fn generic_function<T>(t: T) { /+ ... %/ }
fn generic_function<T: Sized>(t: T) { /+ ... =/}

Abychom mohli u struktur vyuzit i unsized typy, musime rict, ze
nemusi jit o typ Sized pomoci ?Sized . VSimnéte si, ze musl jit o
referenci.

fn generic_function<T: ?Sized>(t: &T) { /+ ... =/}
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Umozni explicitni vytvoreni hlubokeé kopie.
Lze odvodit pomoci #[derive(Clone)] :

#[derive(Clone)]
struct MyStruct {

}

Vychozi implementace vola .clone() nad vSemi polozkami
struktury (muze byt drahé casoveé i pamétové).
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Clone - viastni implementace a clone_from()
Definice traitu Clone:

trait Clone: Sized {
fn clone(§self) -> Self;
fn clone_from(&mut self, source: &§Self) {
xself = source.clone()

}

Vlastni implementace dava kontrolu nad procesem kopirovani.
Pouziti clone_from() Setri u collections alokace.
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Umozni implicitni duplikaci hodnoty, a to zkopirovanim bitu
paméti. Toto chovani nelze zmeénit.

Vyzaduje soucané implementovat Clone: #[derive(Copy, Clone)].
ZlepsSuje sice pohodli pri pouzivani, ale ma jista omezeni a cenu.

trait Copy: Clone { }

impl Copy for MyType { }
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#[derive(Debug)]
struct NonCopyable;

#[derive(Debug, Copy, Clone)]
struct Copyable;

fn main() {
let x1 = NonCopyable;
let y1 = x1; // "x1° has moved into “y1  and can no longer be used:
// println!("{:?}", x1); // error: use of moved value

let x2 = Copyable;
let y2 = x2; // “y2° is now a copy of "x2°, which is still valid
println!("{:2}", x2);

Trait copy implementuji napriklad vSechny celocCiselné i desetinne
typy, bool CI char.
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Gopy - priklad pouZiti
Muze se hodit pfi pouziti newtype patternu:

#[derive(Copy, Clone)]
struct Id(u64);

Pro y: &Id jsou pak tyto zapisy ekvivalentni:

let x: Id

*Y

let x: Id

y.clone();
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Poskytuje vychozi hodnotu.
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Pouziva se pro metody jako Option::unwrap_or_default() .

let value_option: Option<String> = ...;
let value: String = value option.unwrap_or_default();
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Slouzi pro konverzi mezi typy.
Pri spravné implementaci From je Into automaticky
implementovano.

trait Into<T>: Sized {
fn into(self) -> T;
}

trait From<T>: Sized {
fn from(value: T) -> Self;
}
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Erom & Into - prikiad

Pouziti s nasim newtype 1Id:

impl From<u64> for Id {
fn from(value: u64) -> Self {
Self(value)

}

let user_id: Id = 42.into();
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TryErom & Trylnto

Pouzijeme, pokud konverze uzivajici From, resp. Into, muze
selhat.

pub trait TryFrom<T>: Sized {
type Error;
fn try_from(value: T) -> Result<Self, Self::Error>;

3
pub trait TryInto<T>: Sized {

type Error;

fn try_into(self) -> Result<T, Self::Error>;
}

let smaller: i32 = huge.try_into().unwrap_or(i32::MAX);
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TryErom & Into - priklad pouZiti

struct Timestamp {...}

Konverze ze string muze selhat, konverze na string nikoliv:

impl TryFrom<String> for Timestamp {...}
impl Into<String> for Timestamp {...}
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Vekt iterator
ektory, ite y
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Pripomenuti vektoru

Souvisly blok paméti, ulozeny na haldé, [ze ménit jeho velikost.

fn main() {
let values
let values

vec![1, 2, 31;
vec![0; 64];

let mut values = Vec::new();
values.push(1);
values.push(2);

match values.get(2) {
Some(third) => println!("The third element is {}", third),
None => println!("There is no third element."),

}

for value in &values {
println!("{}", value);
}
}
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Iterator

Jde o trait, ktery dava nasledujici polozku.
Vracena polozka je typu option. Podle toho pozname, jestli jsme
na koncl.

pub trait Iterator {
type Item;

fn next(&mut self) -> Option<Self::Item>;

/] ...
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Rychlost iterdtoru

Iteratory poskytuji stejné rychly (ne-li rychlejsi) kod jako normalni
for cyklus.

Jednoducheé srovnani najdete v Rust book: https://doc.rust-
lang.org/book/ch13-04-performance.html
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Iterator nad vektorem

Vektor implementuje trait Iterator.
Muzeme vyuZit funkce .iter().

fn main() {
let values = vec![1, 2, 3];

let iterator = values.iter();
// " .iter()” 1lze vyuzit i ve for cyklu
for value in values.iter() {

println!("Got: {}", value);
}
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Iterovatelné typy

Iterovatelny (/terable) je takovy typ, ktery implementuje
IntoIterator . Pomoci jeho metody into_iter() ziskame iterator.

Poznamka: v Rustu je cyklus for syntakticky cukr pro volani
into_iter(), proto je mozné napsat nasledujici kod bez vytvoreni
iteratoru:

let values = vec![1, 2, 3, 4, 5];

for x in values {
println!("{x}");
}
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Iterovatelné typy

Obdobné si lze zjednodusit zapis iterovani pres reference (neni
nutné volat .iter() ):
let values = vec![1, 2, 3, 4, 5];
for x in &values {

println!("{x}");
}
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IMozZnosti vzniku iteratoru

.iter() : prvky iteratoru budou reference ( 6T)
.iter_mut() : prvky iteratoru budou mutable reference ( smut T)

.into_iter() : iterator se stane vlastnikem prvku ( 1),
puvodni "kolekce" se zkonzumuje
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Klonovédni prvku v iteritoru

Metoda cloned() aplikuje na kazdy prvek metodu clone() z traitu
Clone.

-Leta= [lll' |2|’ |3|' lool];

assert_eq!(a.iter().next(), Some(&'1'));
assert_eq!(a.iter().cloned().next(), Some('1'));
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Iterator opakuje hodnoty donekonecna, metoda next() nikdy
nevrati None.

let dirs = ["raz", "dva", "tri"];
let mut spin = dirs.iter().cycle();

assert_eq!(spin

assert_eq!(spin

assert_eq!(spin

.next(),
assert_eq!(spin.
assert_eq!(spin.
.next(),
assert_eq!(spin.
.next(),

next(),
next(),

next(),

Some(&"
Some(§"
Some(&"
Some(§&"
Some(§&"
Some(§&"

raz
dva
tri
raz
dva
tri

"));
"))
"));
"));
"));
"));
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Anonymni funkce. Z jinych jazyku znate jako lambda funkce.

fn main() {
let closure_annotated
let closure_inferred

|i: i32] -> i32 { i + 1 };
|1 | i+1 ;

let i = 1;

println!("closure_annotated: {}", closure_annotated(i));
println!("closure_inferred: {}", closure_inferred(i));

let closure_parameterless = || 1;
println!("closure returning one: {}", closure_parameterless());
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Zachyceni stavu z vnéjsiho scope

V ramci closure je zachyceny stav z vnéjsiho scope.

fn main() {
let mut list = vec![1, 2, 3];
println!("Before defining closure: {:?}", list);

let mut borrows_mutably = || list.push(7);

borrows_mutably();
println!("After calling closure: {:?}", list);
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Closure jalco 'Stlllllli parametr

Argumenty funkci musi byt vzdy explicitné otypovany.
Typ closure jakozto parametru musi byt jeden z nasledujicich
traitu:

Fn : closure pouziva své parametry jako reference ( 6T)
FnMut : closure pouziva své parametry jako mutable reference
( gmut T )

Fnonce : closure se stava vlastnikem svych parametru (1)
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H | jako vstupni parametr
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Metody pracujici s iteritory

Metody produkujici jiny iterator
Metody konzumujici iterator
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Funkcionalni pristup k iterovani: na kazdy prvek iteratoru se
zavola closure, vysledkem je novy iterator s modifikovanymi prvky.

fn main() {
let a = [1, 2, 3];

// typem parametru metody ~.map() je “F: FnMut(Self::Item) -> B°
let mut iter = a.iter().map(|x| 2 * x);

assert_eq!(iter.next(), Some(2));
assert_eq!(iter.next(), Some(4));
assert_eq!(iter.next(), Some(6));
assert_eq!(iter.next(), None);
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Vysledkem je novy iterator, jehoz prvky tvori podmnozinu prvku
puvodnich.

fn main() {
let a = [1, 4, 2, 3];

let divisible by two = a.iter()
.cloned() // duplikuje polozky
.inspect(|x| println!("about to filter: {}", x))
filter(|x| x % 2 == 0)
.inspect(|x| println!("made it through filter: {}", x))
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V iteratoru zustanou jen ty prvky, pro které closure vraci
Some(mapped_value) .

fn main() {
let a = [-1, 1, -10, 10, 0];

let mut iter = a
.into_iter()
.filter_map(In| if n > 0 { Some(n.to_string()) } else { None });

assert_eq!(iter.next(), Some("1".to_string()));

assert_eq!(iter.next(), Some("10".to_string()));
assert_eq!(iter.next(), None);
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Transformuje iterator na iterator dvojic: index a prvek.

fn main() {
let a =

let mut iter = a.iter().

assert_eq!(iter.
assert_eq!(iter.
assert_eq!(iter.
assert_eq!(iter

Poznamka: index je typu usize, pro vlastni typ pouzijte zip().

[|a|' lbl

next(),
next(),
next(),

.next(),

, lCl];

enumerate();

Some((0, §'a')));
Some((1, §'b')));
Some((2, &'c')));
None);
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Skip
Preskoci prvnich n prvku.

fn main() {
let a = [1, 2, 3];

let mut iter = a.iter().skip(2);

assert _eq!(iter.next(), Some(&3));
assert _eq!(iter.next(), None);
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Take

Vezme prvnich n prvku.

fn main() {
let a =

[1, 2, 3];
let mut iter = a.iter().take(2);
assert_eq!(iter.next(), Some(&1));

assert_eq!(iter.next(), Some(&§2));
assert_eq!(iter.next(), None);
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Bere inicialnt hodnotu akumulatoru a closure o dvou parametrech.
Iterator je zkonzumovan.

fn main() {
let a = [1, 4, 2, 3];
let sum = a.iter().fold(0, |acc, x| acc + x);
assert _eq!(10, sum);

Poznamka: reduce() pouziva prvni prvek iteratoru jako inicialni
hodnotu akumulatoru.
Poznamka €. 2: existuje metoda sum() .
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Spojeni dvou iteritora
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Néktere typy umoznuji prevod na kolekci, Casto pouzivany je
prevod na vektor. K tomu slouzi metoda collect().

let args: Vec<String> = std::env::args().collect();
let args_turbo_fish = std::env::args().collect::<Vec<String>>();

Muzeme prevest na jakoukoliv kolekci, ktera implementuje trait
FromIterator<A>:

trait FromIterator<A>: Sized {
fn from_iter<T: IntoIterator<Item=A>>(iter: T) -> Self;

}
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Pro side efekty je vhodn
xit f kil
pouzit for cyklus...

...pokud se nejedna o posledni volani v dlouhém retézci metod
iteratorl, pak se nabizi metoda for_each() .
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Pro rozsifeni moznosti iterdtoru

vyuzijte crate itertools.
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https://docs.rs/itertools/latest/itertools/index.html

Priklady metod v itertools

interleave() - stridavé poskytuje prvky ze dvou iteratoru
intersperse() - mezi kazdy prvek iteratoru vlozi hodnotu
group_by() - seskupuje po sobé jdouci prvky se spolecnym klicem
merge() - spojl dva iteratory slevanim
sorted() - seradi iterator bez potreby vytvoreni vektoru (interné
iterator zkonzumuje, seradi a vytvori novy)
unfold() - generuje iterator na zakladé vychoziho stavu a builder
funkce
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Pro jednoduchou paralelizaci na
drowni iteratoru

vyuzijte crate Rayon.
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https://docs.rs/rayon/latest/rayon/index.html

Instalace Rayon

Do cargo.toml pridame zavislost:

[dependencies]
rayon = "1.5"
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W B &
Pouziti Rayon
Metodu iter() nahradime za metodu par_iter().

use rayon::prelude::*;

fn sum_of_squares(input: &[i32]) -> i32 {
input.par_iter() // <-- just change that!
.map(|&i| 1 * 1)
.sum( )
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Datové struktury

Modul std::collections
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Dvousmeérny vektor

Vyuziti:
1. Chceme vkladat na zacatek.
2. Potrebujeme frontu.
3. Potrebujeme obousmeérnou frontu.

Je implementovan jako ring buffer, tj. nemusi zabirat kontinualni
prostor v paméti. Pro transformaci na kontinualni prostor muzZzeme
pouzit metodu make_contiguous() (vhodneé treba pro efektivni

sorting). .



S e e e e s
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Dvousmeérny vektor
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HasSovaci tabulka

Vyuziti:

Potrebujeme slovnik.

Potrebujeme cache.

Implementovana podle Google SwissTable, jako hashovaci funkci
pouziva SipHash 71-3. Ta je vhodna pro stredné velke slovniky a je
odolna proti HashDoS utokum.

Pro male a velke hashovaci tabulky je vhodnéjsi pouzit jinou

hashovaci funkci.
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HasSovaci tabulka
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Hasovaci tabulka
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) 4 V' 4 &
asovacl tabhulka — UKazka

fn main() {
let mut book_reviews = HashMap::new();

// Review some books.
book_reviews.insert("Adventures of Huckleberry Finn".to_string(), "My favorite book. 10/10.".to_string());

if !book_reviews.contains_key("Les Misérables") {
println!("We've got {} reviews, but Les Misérables ain't one.", book_reviews.len())

}

// Oops, this review has a lot of spelling mistakes, let's delete it.
book_reviews.remove("The Adventures of Sherlock Holmes");

// Look up the values associated with some keys.
let to_find = ["Pride and Prejudice", "Alice's Adventure in Wonderland"];
for &book in &to_find {
match book_reviews.get(book) {
Some(review) => println!("{}: {}", book, review),
None => println!("{} is unreviewed.", book)

68/79



Vyuziti:
1. Chceme zaznamenavat prosle prvky.
2. Chceme mit hodnotu ulozenou pouze jednou.

Nejrychlejsi implementace je HashSet .
To plati ale jen do chvile, nez potrebujeme mit polozky sezezene.
Potom uz pouzijeme BTreeSet .
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Vyuziti:

s~ O

Chceme mapu serazenou podle klicu.
Chceme ziskavat polozky v néjakem rozsahu.
Chceme rychle ziskavat nejmensi nebo nejvetsi polozku.

Chceme najit klice, ktere jsou vétsi nebo mensi nez jiny klic.
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B-strom - ukiazka 2
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B-strom - ukiazka 2
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Vyuziti:

Potrebujeme prioritni frontu.

~ o V6w
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