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STL je...

- Standard template library. Knihovna Sablon, ktera je soulasti
standardni knihovny C++.

- Sklada se predevsim z kolekci a algoritmu.

standard template library
standardni knihovna Sablon

<iterator>
) ) iteratory
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kolekce algoritmy
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funkcni objekty




Kolekce

- std: :vector je priklad kolekce z STL.

* STL obsahuje celkem 13 druht kolekci v 9 hlavickovych souborech.

<vector>
std: :vector

<list>
std::1list

C++11

<forward_list>
std::forward list

<deque>
std: :deque

<map>
std: :map
std::multimap

C++11
<unordered_set>
std: :unordered_set
std: :unordered multiset

C++11
<array>

std::array

<set>
std: :set
std: :multiset

C++11
<unordered_map>
std: :unordered_map
std: :unordered_multimap




std: :vector

##tinclude <iostream>
##tinclude <vector>

int main() {
std::vector<int> container;
container.push back(1);
container.push back(2);
container.push _back(3);

std::cout << "c[1]: " << container[1l] << "\n";

std::cout << "size: " << container.size() << "\n";
c[1]:
for (const auto& elem : container) { cize:
std::cout << "elem: " << elem << "\n"; )
} elem:
} elem:
elem:
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std: :deque

#include <iostream>
#include <deque>

int main() {
std: :deque<int> container;
container.push back(2);
container.push back(3);
container.push_front(1);

std::cout << "c[1]: " << container[1l] << "\n";

std::cout << "size: " << container.size() << "\n";
c[1]:
for (const auto& elem : container) { cize:
std::cout << "elem: " << elem << "\n"; )
} elem:
} elem:
elem:
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std: :array

##tinclude <iostream>
#include <array>

int main() {
std: :array<int, 3> container;
container[0] = 1;

container[1] = 2;

container[2] = 3;

std::cout << "c[1]: " << container[1l] << "\n";

std::cout << "size: " << container.size() << "\n";
c[1]: 2

for (const auto& elem : container) { cize: 3

std::cout << "elem: " << elem << "\n"; )

elem: 1

}

} elem: 2

elem: 3




std::1list

#include <iostream>
#include <list>

int main() {

std::list<int> container;
container.push back(2);
container.push back(3);

container.push_front(1);

std: :cout << "size:

for (const auto& elem :

std: :cout <<

"elem:

<< container.size() << "\n";

container) {

<< elem << "\n";

:

size:
elem:
elem:
elem:
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std: :forward list

##tinclude <iostream>
#include <forward list>

int main() {
std: :forward_list<int> container;
container.push_front(3);
container.push_front(2);
container.push_front(1);

. eEH—zz
for (const auto& elem : container) { as 3
std::cout << "elem: " << elem << "\n"; )
elem: 1
}
} elem: 2
elem: 3




Sekvencni kolekce (sequence containers)

- std: :vector podporuje zménu velikosti na konci, tj. metody
push_back apop_back, aoperaci[ ].

- std: :deque navic podporuje zménu velikosti na zacatku, tj.
metody push_front a pop_front.

- std: :array ma pevné urcenou velikost, proto jsou zakdzany
operace push a pop, lze ale pouzivat operaci [ ]. (C++11)

- std::1listje obousmérné zietézeny spojovy seznam, je zakazana
operace [ ].

- std: :forward_list je jednosmérné zretézeny spojovy seznam.
Je zakazana operace [ ], metoda push_back, dokonce i metoda
size. (C++11)

* Pokud jsou k dispozici, asymptoticka slozitost operaci [ ], push,
pop a sizeje O(1).



std: :set

#tinclude <iostream>

#include <set>

int main() {

std::set<int> container;

container.
container.
container.
container.

std: :cout
std: :cout

insert(3);
insert(1);
insert(2);
insert(3);

<< "size:
<< "cnt3:

<< container.size() << "\n";
<< container.count(3) << "\n";

for (const auto& elem : container) {

std::cout << "elem:

<< elem << "\n";

size:
cnt3:
elem:
elem:
elem:
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std: :multiset

#include <iostream>
#include <set>

int main() {
std: :multiset<int> container;
container.insert(3);
container.insert(1);
container.insert(2);
container.insert(3);

std::cout << "size: << container.size() << "\n";

std::cout << "cnt3: " << container.count(3) << "\n"; size:
cnt3:

for (const auto& elem : container) { elem:
std::cout << "elem: " << elem << "\n"; elem:

} elem:

¥ elem:
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std: :map

#include <iostream> // namespace std

#include <map> template<typename U, typename V>

struct pair { U first; V second; };

int main() {
std: :map<int, std::string> container;
container.insert(std: :make pair(3, "abc"));
container.insert(std: :make pair(1l, "def"));
container.insert(std: :make_pair(2, "ghi"));
container.insert(std: :make pair(3, "jkl1"));

std::cout << "c[3]: " << container[3] << "\n";
std::cout << "size: " << container.size() << "\n";
std::cout << "cnt3: " << container.count(3) << "\n";

for (const auto& elem : container) {
std::cout << "elem: " << elem.first;
std::cout << " " << elem.second << "\n";

c[3]:
size:
cnt3:
elem:
elem:
elem:

abc

1 def
2 ghi
3 abc




std: :map

#include <iostream>
#include <map>

int main() {

// namespace std

template<typename U, typename V>
struct pair { U first; V second; };

std: :map<int, std::string> container;

container[3] =
container[1l] =
container[2] =
container[3] =

std::cout << "c

std::cout << "size:
std::cout << "cnt3:

"abc";
"def";
"ghi";
"Jk1";

[3]: " << container[3] << "\n";
" << container.size() << "\n";
<< container.count(3) << "\n";

for (const auto& elem : container) {

std::cout << "elem:
std: :cout <<

<< elem.first;
<< elem.second << "\n";

c[3]:
size:
cnt3:
elem:
elem:
elem:

jk1

1 def
2 ghi
3 abc




std: :multimap

#include <iostream> // namespace std

#include <map>

template<typename U, typename V>
struct pair { U first; V second; };

int main() {

std: :multimap<int, std::string> container;
container.insert(std: :make pair(3, "abc"));
container.insert(std: :make pair(1l, "def"));
container.insert(std: :make_pair(2, "ghi"));
container.insert(std: :make pair(3, "jkl1"));

std::cout << "size: << container.size() << "\n";
std::cout << "cnt3: "

for (const auto& elem : container) {
std::cout << "elem: " << elem.first;
std::cout << " " << elem.second << "\n";

<< container.count(3) << "\n";
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size:
cnt3:
elem:
elem:
elem:
elem:
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Asociativni kolekce (associative containers)

» std: :set<T> reprezentuje mnozinu s prvky typu T.

- std: :map<K, V> ukldada hodnoty typuV s klici typu K. KIic s
hodnotou je reprezentovan objektem typu std: : pair<K, V>.

* std: :multiset umoznuje, aby se v kolekci opakovaly prvky.

» std: :multimap umoznuje, aby se v kolekci opakovaly klice.

- Metoda count urdi, kolikrat se v kolekci vyskytuje dany prvek nebo
KIic.

- Metoda insert vlozi prvek nebo kli¢ s hodnotou do kolekce.

- Metoda find nalezne dany prvek nebo Kklic.

* Prvky v set, multiset aklice v map, multimap musi podporovat
operaci <.

* Metody count, insert a find maji asymptotickou slozitost
O(log n), kde n je momentalni velikost kolekce.



Prochazeni kolekci

elem: 1
* Pracujeme-li postupné s kazdym prvkem, rfikame, ze elem: 2
kolekci prochdzime, nebo ze pres kolekci iterujeme. elem: 3
for (auto& elem : container) { // C++11
std::cout << "elem: " << elem << "\n";
}
for (auto i = begin(container); i != end(container); ++i) { // C++11
std::cout << "elem: " << *i << "\n";
}
for (auto i = container.begin(); i != container.end(); ++i) { // C++11
std::cout << "elem: " << *1i << "\n";
}
for (std::vector<int>::iterator i = container.begin(); // C++03

i != container.end(); ++i) {
std::cout << "elem: " << *i << "\n";



Prochazeni kolekci

elem: 1
* Pokud prvky potfebujeme jenom ¢&ist, ne ménit, mizeme elem: 2
pouzit const, cbegina cend, const_iterator. elem: 3
for (const auto& elem : container) { // C++11
std::cout << "elem: " << elem << "\n";
}
for (auto i = cbegin(container); i != cend(container); ++i) { // C++14
std::cout << "elem: " << *i << "\n";
}
for (auto i = container.cbegin(); i != container.cend(); ++i) { // C++11
std::cout << "elem: " << *1i << "\n";
}
for (std::vector<int>::const_iterator i = container.begin(); // C++03

i != container.end(); ++i) {
std::cout << "elem: " << *i << "\n";



Prochazeni kolekci

elem: 3
- Pokud prvky potrebujeme v opacném poradi, pouzijeme elem: 2
rbegin a rend, pripadné reverse_iterator. elem: 1
for (auto i = rbegin(container); i != rend(container); ++i) { // C++14
std::cout << "elem: " << *i << "\n";
}
for (auto i = container.rbegin(); i != container.rend(); ++i) { // C++11
std::cout << "elem: " << *1i << "\n";
}

for (std::vector<int>::reverse_iterator i = container.rbegin(); // C++03
i != container.rend(); ++i) {
std::cout << "elem: " << *i << "\n";



Algoritmy

- Algoritmy v STL pracuji s daty prostfednictvim iterdtord.

- Jak ziskat iteratory?

- Z kolekci, jako navratovou hodnotu metod begin, end, cbegin, cend,
rbegin, rend, crbegin, crend, find, insert, lower_bound,
upper_bound, equal range

- Jinak, viz. std: :back_inserter, std::front_inserter,
std::inserter, std::istream_iterator, std::ostream_iterator
- Sekvence dat se reprezentuje pomoci dvou iteratora, pocatecniho
a konecného.
 Podatedniiterator ukazuje na prvni prvek.
- Konecny iterator ukazuje za posledni prvek.

begin end




Std bl Sor't (std::stable_sort)

#include <iostream>
#include <vector>
#include <algorithm>

int main() {
std::vector<int> v ({
6, 5, 3, 9, 7, 4, 0, 2, 8, 1
})s

std: :sort(begin(v), end(v));

for (const auto& elem : v) {

std: :cout << elem << ;

}

©12345678°9




std: :accumulate

#include <iostream>
#include <vector>
#include <algorithm>

int main() {
std: :vector<int> v ({
6, 5, 3, 9, 7, 4, 0, 2, 8, 1
})s

auto r = std::accumulate(begin(v), end(v), 0);

std::cout << "soucet: << r << "\n";

soucet:

45




std: :rotate

#include <iostream>
#include <vector>
#include <algorithm>

int main() {
std::vector<int> v ({
e, 1, 2, 3, 4, 5, 6, 7, 8, 9
});

std: :rotate(begin(v), begin(v) + 5, end(v));

for (const auto& elem : v) {

std: :cout << elem << ;

}
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std: :unique

#include <iostream>
#include <vector>
#include <algorithm>

int main() {
std::vector<int> v ({
1, 5, 3, 3, 4, o, 2, 1, 2, 4

});

std::sort(begin(v), end(v)); // ©112233445
auto u = std::unique(begin(v), end(v)); // ©6 12 3 453445
v.erase(u, end(v)); // 12345

for (const auto& elem : v) {

std: :cout << elem << ;

}

} 012345




std: :shuffle

#include <iostream>
#include <vector>
#include <algorithm>
#include <random>

int main() {
std::vector<int> v ({
e, 1, 2, 3, 4, 5, 6, 7, 8, 9
})s

std: :random_device rd;
std::mt19937 re(rd());
std: :shuffle(begin(v), end(v), re);

for (const auto& elem : v) {
std::cout << elem << " ";

J

} 6539740281




Uprava funkcionality std: : sort

» Algoritmus std: : sort urcuje spravné poradi prvkl pomoci
operace <. Prvky kolekce jsou sefazeny v neklesajicim poradi.

* Co kdyz je ale chceme naopak v nerostoucim poradi? Potrebujeme,
aby std: : sort pouzival misto operace < operaci >.

- Pomoci tfetiho, nepovinného parametru mizeme poskytnout
vlastni operaci, kterou std: : sort pouzije.

* Operaci mizeme predat ¢tyfmi zpusoby:
 Pfedame ukazatel na funkci.
- Pfedame funkcni objekt.
- Pfredame jiné iteratory.
 Pfredame lambda funkci.



* Moznost 1: Predame ukazatel na funkci comp.

#include <iostream>
#include <vector>
#include <algorithm>

bool comp(int a, int b) {
return a > b;
}

int main() {
std::vector<int> v ({
6, 5, 3, 9, 7, 4, 0, 2, 8, 1
});

std::sort(begin(v), end(v), &comp);

for (const auto& elem : v) {
std::cout << elem << " ";
}

J
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* Moznost 2a: Predame instanci funkcniho objektu Comp.

#include <iostream>
#include <vector>
#include <algorithm>

struct Comp {
bool operator()(int a, int b) { return a > b; }

}s

int main() {
std::vector<int> v ({

})s

std::sort(begin(v), end(v), Comp());

for (const auto& elem

}

6, 5, 3, 9, 7, 4, 0, 2, 8, 1

std::cout << elem <<

tv) o

J
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- Moznost 2b: Pfedame instanci funkcniho objektu std: : greater.

#include <iostream>
#include <vector>
#include <algorithm>
#include <functional>

int main() {
std::vector<int> v ({
6, 5, 3, 9, 7, 4, 0, 2, 8, 1
});

std::sort(begin(v), end(v), std::greater<int>());

for (const auto& elem : v) {

std::cout << elem << ;

}

98765432120




* Moznost 3: Pfedame jiné iteratory.

#include <iostream>
#include <vector>
#include <algorithm>

int main() {
std::vector<int> v ({
6, 5, 3, 9, 7, 4, 0, 2, 8, 1
});

std::sort(rbegin(v), rend(v));

for (const auto& elem : v) {
std: :cout << elem << " ";

}
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* Moznost 4: Predame lambda funkci.

#include <iostream>
#include <vector>
#include <algorithm>

int main() {
std::vector<int> v ({
6, 5, 3, 9, 7, 4, 0, 2, 8, 1
});

std::sort(begin(v), end(v), [](int a, int b){ return a > b; });

for (const auto& elem : v) {
std: :cout << elem << " ";

}

98765432120




- Jiny priklad: Usporadej kolekci. NejdFive liché, potom sudé prvky.

#include <iostream>
#include <vector>
#include <algorithm>

int main() {
std::vector<int> v ({
6, 5, 3, 9, 7, 4, 0, 2, 8, 1
1)

std::sort(begin(v), end(v), [](int a, int b){
return (a & 1) > (b & 1);
})s

for (const auto& elem : v) {
std::cout << elem << " ";

J

}
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Lambda funkce

» Specidlni syntaxe, ktera umoznuje vytvorit funkcni objekt.

* Do lambda funkce vstupuji data dvéma zpUsoby:

- Standardnimi parametry. Uvadime je klasicky v kulatych zavorkach a s
typem.

* Proménné, které jsou k dispozici v misté vytvoreni lambda funkce,
muazZeme pouzit uvnitf téla. Mechanismus, ktery to umoZzriuje, se nazyva
zachyceni (capture). Zachycené proménné uvadime v hranatych zavorkach
a bez typu.

int dniVMesici = 31;

auto prictiMesic = [dniVMesici] (int cisloDne) {
return cisloDne + dniVMesici;

s

dniVMesici = 40;

nejakeCisloDne = prictiMesic(nejakeCisloDne); // pricte 31



Zachyceni referenci

* Vychozi zplisob zachyceni je hodnotou; zachycend proménna je
zkopirovana.

 Takovato proménna se také nesmi uvnitf lambdy ménit, pokud neurcime,
ze chceme lambdu s proménnym stavem (mutable).

* Pokud chceme zménit hodnotu zachycené proménné, musime ji
zachytit referenci. Pred jeji nazev pridame symbol &.

int 1 = 0; int j = 0;

auto foo = [i, &]j](int add) mutable {
i += add; // neovlivni vnéjsi i, toto i je kopie

j += add; // ovlivni vnéjsi j, toto j je reference

i=2;3=2;
foo(3);
std::cout << 1 << ", " << j << "\n"; // 2, 5



Uprava funkcionality std: :accumulate

- Algoritmus std: :accumulate provadi nad prvky soucet (operaci +).

* Tuto operaci miZzeme zménit ¢tvrtym, nepovinnym parametrem.

Nabizi se napr. upravit funkcionalitu tak, aby se provedI soucin, prip.
zietézeni kolekce retézc(l.

- Nesmime ale zapomenout na treti parametr, ktery slouzi jako prvni
mezivysledek. Kdyz mezivysledek nemame, musime pouzit tzv.
neutralni hodnotu pro danou operaci.

* Neutrdlni hodnota pro soucet je @.
* Neutrdlni hodnota pro soucin je 1.
* Neutrdlni hodnota pro zretézenije "".



- Priklad: Zjisti soucin prvk({ v kolekci.

#include <iostream>
#include <vector>
#include <algorithm>

Pozor, neutralni hodnota
pro soucin je 1, ne 0.

int main() {
std::vector<int> v ({
9, 8, 7, 6, 5, 4, 3, 2, 1
});

v
auto r = std::accumulate(begin(v), end(v), 1, [](int a, int b){
return a * b;

1)

std::cout << "soucin: << r << "\n";

soucin: 362880




Dalsi algoritmy

std: :count spocti pocet vyskyt(l

std: :mismatch najdi prvni prvek, kde se dvé posloupnosti lisi

std: :equal zjisti, zda maji dvé posloupnosti shodné prvky

std::find najdi prvek

std: :copy zkopiruj posloupnost

std::fill vyplni posloupnost danym prvkem

std: :transform proved operaci nad posloupnosti

std: :generate uloz vysledky opakovaného volani funkce do posloupnosti
std: :reverse obrat posloupnost

std: :nth_element nan-tou pozici umisti prvek, ktery by tam byl po sefazeni
std: :lower_bound* najdi prvni prvek, ktery je vétsi, nebo roven hodnoté
std: :upper_bound* najdi prvni prvek, ktery je vétsi, nez hodnota
std::equal_range* najdi podposloupnost, jejiz prvky jsou rovny hodnoté

vice informaci: http://en.cppreference.com/w/cpp/algorithm *pole musi byt sefazené


http://en.cppreference.com/w/cpp/algorithm

Dekuji za pozornost.



Hashujici kolekce (unordered containers)

- Kolekce std: :unordered _set, std: :unordered multiset,
std: :unordered _map a std: :unordered_multimap pouzivaji
hashovani.

- Jejich metody count, insert a find maji primeérnou
asymptotickou slozitost O(1).

* Prvky nebo klice musi podporovat hashovani, tj. musi existovat
odpovidajici specializace sablony std: : hash. Specializace sablon
je nad ramec této prednasky. Vice informaci a priklady:
http://en.cppreference.com/w/cpp/utility/hash

* Vestavéné typy (int, double, apod.) a typy ze standardni
knihovny (napr. std: : string) Ize jako prvky nebo kli¢e pouzivat
bez problém, odpovidajici specializace std: :hash jsou soucasti
standardni knihovny.


http://en.cppreference.com/w/cpp/utility/hash

Co je to iterator?

- Aby byl n€jaky objekt povazovan za iterator, musi podporovat jisté
operace. lterator je koncept.

o/ / o

iterator, iterdtor s nahodnym pristupem.

input iterator

forward iterator
bidirectional iterator

random access iterator




Co je to iterator? (podrobnéji)

- Aby byl n€jaky objekt povazovan za iterator, musi podporovat jisté
operace. Iterator je koncept.

* STL rozeznava vice druhd iteratoru. PouZiva pojmy input iterator,
output iterator, forward iterator, bidirectional iterator, random
access iterator. Pro predstavu (a velmi zhruba):

« Objekt i, ktery umi ++1 a Cist *1, je input iterator.
- Objekt i, ktery umi ++1 a zapsat *1i, je output iterator.

* Input iterator i, ktery také umi i++ a inkrementaci nezplsobi zneplatnéni
predeslych dat, je forward iterator.

- Forward iterator i, ktery také umi --1i a i-- je bidirectional iterator.
* Bidirectional iterator i, ktery také umi i += N, je random access iterator.
* Input iterator, ktery je také output iterator, se nazyva mutable.



Iteratory s nahodnym pristupem

* Objekt i odpovida konceptu iterator s ndhodnym pristupem, pokud:
- Podporuje operace ++1i, --1i, i++,i--, *i,i->
* Podporuje operace i[N], i+=N, i-=N, i+N, i-N, N+1i, kde N je celé Cislo
- Podporuje operace ==, I =, <, >, <=, >=
* VSechny tyto operace se chovaji rozumné, viz.
http://en.cppreference.com/w/cpp/iterator

* VSimnéte si vztahu mezi iteratory a ukazateli:

- Pokud Ize néjaka operace provést s ukazatelem, tak Ize také provést s
iteratorem s nahodnym pristupem a bude fungovat dle ocekavani.

* Iterator s nahodnym pristupem tedy mizeme povaZovat za zobecnény
ukazatel. MGZeme mluvit o tom, Ze iterdtor na néco ukazuje.

* Navic, ukazatele jsou iteratory s nahodnym pristupem. Objekty typu
int*, char**, atd., splfuji vSechny pozadavky.


http://en.cppreference.com/w/cpp/iterator

