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void foo(uint64 t count)

{

int *arr = (int*) malloc(count * sizeof(int));
if (arr == nullptr)
{

// handle memory allocation error

¥

for (size t i = 0; 1 < count; ++1)

{

arr[i] = 0;

¥

// some manipulations with arr

free(arr);



void foo(uint64 t count)
{

int *arr = new int[count]{};

// some manipulations with arr

delete[] arr;

¥



void foo(uint64 t count)

{

int *arr = new int[count]{};

// some manipulations with arr

// need to increase capacity of arr

{

¥

int *buf = new int[newCount];
for (size t i = @; 1 < count; ++1)
{
buf[i] = arr[i];
}

delete[] arr;
arr = buf;

// some manipulations with new arr

delete[] arr;



class DynamicIntArray

{
size t size, capacity;
int *p = NULL;

public:

DynamicIntArray() : size(©), capacity(©®), p(NULL) { }

DynamicIntArray(size_t count, int value = int())
: size(count), capacity(count), p(new int[count]()) { .... }

int& operator[](size t idx) { return p[idx]; }
const int& operator[](size t idx) const { return p[idx]; }

void InsertAtEnd(int val) { .... }
void Resize(size t count) { .... }

~DynamicIntArray() { delete[] p; }
¥



void foo(uint64 t count)
{
DynamicIntArray arr(count);
// some manipulations with arr

// need to increase arr
arr.Resize(newCount);

// some manipulations with arr



void foo(uint64 t count)

{
DynamicDoubleArray arr(count); // compile-time error
// some manipulations with arr

// need to increase arr
arr.Resize(newCount);

// some manipulations with arr



class DynamicDoubleArray

{
size t size, capacity;
double *p = NULL;

public:
DynamicDoubleArray() : size(@), capacity(@), p(NULL) { }

DynamicDoubleArray(size_t count, int value = int())
: size(count), capacity(count), p(new int[count]()) { .... }

double& operator[](size t idx) { return p[idx]; }
const double& operator[](size_t idx) const { return p[idx]; }

void InsertAtEnd(double val) { .... }
void Resize(size t count) { .... }

~DynamicIntArray() { delete[] p; }
¥



#define DEFINE DYNAMIC ARRAY(Type, Name) \

class Dynamic ## Name ## Array \

{\
size t size, capacity; \
Type *p = NULL; \
\

public: \
Dynamic ## Name ## Array() : size(©), capacity(@), p(NULL) { } \
\
Dynamic ## Name ## Array(size t count, Type value = Type()) \

: size(count), capacity(count), p(new Type[count]()) { .... } \

\
Type& operator[](size t idx) { return p[idx]; } \
const Type& operator[](size_t idx) const { return p[idx]; } \
\
void InsertAtEnd(Type val) { .... } \
void Resize(size t count) { .... } \

\
~Dynamic ## Name ## Array() { delete[] p; } \

}s



DEFINE_DYNAMIC_ARRAY(int, Int)
DEFINE_DYNAMIC ARRAY(double, Double)

void foo(uint64 t count)

{

DynamicIntArray int_arr(count); // ok
DynamicDoubleArray double_arr(count); // ok

// some manipulations with arr

// need to increase arr
arr.Resize(newCount);

// some manipulations with arr



class DynamicIntArray { size t size, capacity; int *p = 0; public:
DynamicIntArray() : size(®), capacity(®), p(®) { } DynamicIntArray(size_t
count, int value = int()) : size(count), capacity(count), p(new
int[count]()) { } int& operator[](size t idx) { return p[idx]; } const
int& operator[](size t idx) const { return p[idx]; } void InsertAtEnd(int
val) { } void Resize(size t count) { } ~DynamicIntArray() { delete[] p; }

}s

class DynamicDoubleArray { size t size, capacity; double *p = 0; public:
DynamicDoubleArray() : size(®), capacity(@), p(0) { }
DynamicDoubleArray(size_t count, double value = double()) : size(count),
capacity(count), p(new double[count]()) { } double& operator[](size_t
idx) { return p[idx]; } const double& operator[](size t idx) const {
return p[idx]; } void InsertAtEnd(double val) { } void Resize(size t
count) { } ~DynamicDoubleArray() { delete[] p; } };






template <class T>
class DynamicArray

{
size t size, capacity;
T *p = NULL;

public:

DynamicIntArray() : size(©), capacity(©®), p(NULL) { }

DynamicIntArray(size_t count, T value = T())
: size(count), capacity(count), p(new int[count]()) { .... }

T& operator[](size_t idx) { return p[idx]; }
const T& operator[](size_t idx) const { return p[idx]; }

void InsertAtEnd(T val) { .... }
void Resize(size t count) { .... }

~DynamicIntArray() { delete[] p; }
¥



void foo(uint64 t count)

{

DynamicArray<int> int_arr(count); // ok
DynamicArray<double> double arr(count); // ok

// some manipulations with arr

// need to increase arr
arr.Resize(newCount);

// some manipulations with arr



Standard template library
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Containers library
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std::allocator



// <memory>

template <class T>
struct allocator { .... }

template <class Alloc>

?truct allocator_traits
using allocator_ type = Alloc;
using value type = Alloc::value type;
using pointer = Alloc::pointer;
using const pointer = Alloc::const _pointer;
using difference type = Alloc::difference_type;
using size type = Alloc::size_ type;

[[nodiscard]] static pointer allocate(Alloc &a, size_type n);
static void deallocate(Alloc &a, pointer p, size type n);

template <class T, class ...Args>
static void construct(Alloc &a, T *p, Args &&...args);

template <class T>
static void destroy(Alloc &a, T *p);

}s



#include <memory>

void foo()

{
std::allocator<int> al; // default allocator for ints
int *p = al.allocate(l); // allocate memory for one int
al.construct(p, 7); // construct the int

std::cout << a[@] << '\n'; // prints '7'

using prev_alloc = decltype(al);
std::allocator<std::allocator traits<prev_alloc>::value type> a2;

a2.deallocate(p, 1); // standard allocator has no state



Sequence containers



[ec-vocor

#include <vector>

template <class T, class Alloc = std::allocator<T>>
class vector

{

using
using
using
using
using
using
using
using

value_type =

T;

allocator type = Alloc;
size type = std::size t;
difference_type
reference = value_type&;

const_referen

ce

= std::ptrdiff _t;

= const value_ type&;

pointer = std::allocator_traits<Alloc>::pointer;

const_pointer

std::allocator_traits<Alloc>::const_pointer;



Member function Complexity

at, operatorf] O(1)
Element access | data O(1)
front, back O(1)
empty O(1)
Capacity size, max_size, capacity O(1)
resize, reserve, shrink_to_fit O(n)
clear, erase O(n)

Modifiers insert, emplace, push_back Oo(Mm*, O(n)
emplace_back, pop_back O(1)
swap O(1)
Allocator get_allocator O(1)




#include <vector>

void foo()

{

// Initial capacity ==
std::vector<int> v = {0, 1, 2, 3}; // {91 2 3 }

// Vector reallocated, capacity != 4
v.push _back(4); // { 1 2 3 4 }

v.push _back(5); // { @1 2 3 45 }
v.pop_back(); // { @1 2 3 4 }
v.pop_back(); // {0123}
v.resize(6); / {©012300}
v.shrink to fit(); // vector capacity ==



[o-aray

#include <array>

template <class T, size t N>
struct array

{

using
using
using
using
using
using
using
using

value_type =

T;

allocator type = Alloc;
size type = std::size t;
difference_type
reference = value_type&;

const_referen

ce

= std::ptrdiff _t;

= const value_ type&;

pointer = std::allocator_traits<Alloc>::pointer;

const_pointer

std::allocator_traits<Alloc>::const_pointer;



Member function Complexity
at, operator(] O(1)
Element access | data O(1)
front, back Oo(1)
: empty O(1)
Capacity size, max_size O(1)
Modifiers swap O(n)




#include <array>

void foo()

{
std::array<int, 6> al { 0, 1, 2, 3, 4, 5 };

std::cout << al.front() << '\n'; // prints '0’
std::cout << al[1l] << '\n'; // prints '1'
std::cout << al.back() << '\n'; // prints '5°’



| std::forward_list

#include <forward list>

template <class T, class Alloc = std::allocator<T>>
class forward list

{

using
using
using
using
using
using
using
using

value_type =

T;

allocator type = Alloc;
size type = std::size t;
difference_type
reference = value_type&;

const_referen

ce

= std::ptrdiff _t;

= const value_ type&;

pointer = std::allocator_traits<Alloc>::pointer;

const_pointer

std::allocator_traits<Alloc>::const_pointer;



Member function Complexity
Element access | front O(1)
empty Of(1)
Capacity max_size Oo(1)
resize Oo(n)
clear O(n)
erase_after O(1) - O(n)
insert_after O(1) - O(n)
Modifiers push_front, emplace_after, emplace_front O(1)
pop_front O(1)
swap O(1)
merge O(n)
splice_after O(1) - O(n)
remove, remove_if O(n)
List operations |reverse O(n)
sort O(nlogn)
unique O(n)
Allocator get_allocator o(1)




#include <forward list>

void foo()

{
// Create two lists of integers
std: :forward list<int> 11 = { 0, 2, 1, 4, 3 };
std: :forward list<int>» 12 = { 7, 9, 7, 5, 8 };

11.sort(); // 0 1 2

3 4
12.sort(); // 567 89

11.merge(12); // 11 { ©1 2 3 4567 89}
// 12 { }

11.pop_front(); // 1 23456789



| std::list

#include <list>

template <class T, class Alloc = std::allocator<T>>
class list

{

using
using
using
using
using
using
using
using

value_type =

T;

allocator type = Alloc;
size type = std::size t;
difference_type
reference = value_type&;

const_referen

ce

= std::ptrdiff _t;

= const value_ type&;

pointer = std::allocator_traits<Alloc>::pointer;

const_pointer

std::allocator_traits<Alloc>::const_pointer;



Member function Complexity
Element access | front, back O(1)
empty O(1)
Capacity size, max_size O(1)
resize O(n)
clear O(n)
erase O(n)
insert O(1) - O(n)
Modifiers | Bush front push_back epiace on)
pop_front, pop_back O(1)
swap O(1)
merge O(n)
splice O(1) - O(n)
remove, remove_if O(n)
List operations |reverse O(n)
sort O(nlogn)
unique O(n)
Allocator get_allocator o(1)




#include <list>

void foo()

{

// Create a list containing integers
std::list<int> 11 = { 0, 2, 1, 4, 3 };
std::1list<int> 12 = { 7, 9, 7, 5, 8 };

ll.sort(); // { © 1 2 3 4 }
12.sort(); // { 56 7 8 9 }

11.merge(12); // 11 { ©1 2 3 4567 89}
// 12 { }

11.pop_front(); // {
11.pop _back(); // {

123456789}
12345678}



| std::deque

#include <deque>

template <class T, class Alloc = std::allocator<T>>
class deque

{

using
using
using
using
using
using
using
using

value_type =

T;

allocator type = Alloc;
size type = std::size t;
difference_type
reference = value_type&;

const_referen

ce

= std::ptrdiff _t;

= const value_ type&;

pointer = std::allocator_traits<Alloc>::pointer;

const_pointer

std::allocator_traits<Alloc>::const_pointer;



Member function

Complexity

Element access at, operator|] o
front, back o(1)
empty O(1)
Capacity size, max_size Oo(1)
resize, shrink_to_fit O(n)
clear, erase O(n)

Modifiers insert, emplace, push_front, push_back O(1)*, O(n)
emplace_front, emplace_Dback, pop_front, pop_back O(1)
swap O(1)
Allocator get_allocator o(1)




#include <deque>

void foo()

{

// Create a deque containing integers
std: :deque<int> d { 1, 2, 3, 4, 5, 6, 7, 8 };

d.push front(Q); // { ©1 2 345678}
© 12345673829

d.push _back(9); // { }

std::cout << d.front() << '\n'; // prints '@’
std::cout << d.back() << '\n'; // prints '9°

std::cout << d[4] << '\n'; // prints "4°



Ordered associative containers



std::set / std::multiset

#include <set> // or <multiset>

template <class Key,
class Compare = std::less<Key>,
class Alloc = std::allocator<T>>
Elass set // or multiset
using key type = Key;
using value type = Key;
using key compare = Compare;
using value compare = Compare;

using allocator_type = Alloc;

using size type = std::size t;

using difference type = std::ptrdiff t;

using reference = value_type&;

using const _reference = const value_ type&;

using pointer = std::allocator_traits<Alloc>::pointer;

using const pointer = std::allocator traits<Alloc>::const pointer;



Member function Complexity
Element access - -
_ empty O(1)
Capacity size, max_size O(1)
clear O(n)
erase O(1) - O(log n) - O(n)
insert, emplace O(log n)
Modifiers emplace_hint O(1) - O(log n)
swap O(1)
merge O(nlogn)
extract O(1) - O(log n)
Lookup count, find, contains, equal_range O(log n)
lower_bound, upper_bound O(log n)
Observers key_comp, value_comp O(1)
Allocator get_allocator O(1)




#include <set>

void foo()

{
std::set<int> s1 { o, 1, 1, 2, 6, 3, 3, 4, 9, 5, 6, 7, 8, 9 };

// s1{e, 1, 2, 3,4, 5,6, 7, 8 9}

std: :set<int> s2;
if (auto node = sl.extract(9))

{

s2.insert(node);

// s1 {1, 2, 3, 4, 5,6, 7, 8 9 }
// s2 { 0}
}
}



std::map / std::multimap

#include <map> // or <multimap>

template <class Key, class T,

class Compare = std: : less<Key>,

class Alloc = std: allocator<std::pair<const Key, T>>>
class map // or multimap

using key_type = Key;

using m EPEd type = T; .

using value t pe = std::pair<const Key, T>;
using key_compare = Compare;

using value_compare = Compare;

using allocator_type = Alloc;
using size type = std::size t;
using difference_type = std::ptrdiff_t;
using reference = value type&
using const_reference = const value_type&;
using pointer = std::allocator traits<Alloc>: ointer;
using const pointer = std::allocator tra1ts<A1 oc>: const_pointer;



Member function Complexity
Element access | at, operator(] O(log n)
_ empty O(1)
Capacity size, max_size O(1)
clear O(n)
erase O(1) - O(log n) - O(n)
insert, insert_or_assign, emplace, try_emplace O(log n)
Modifiers emplace_hint O(1) - O(log n)
swap O(1)
merge O(nlogn)
extract O(1) - O(log n)
Lookup count, find, contains, equal_range O(log n)
lower_bound, upper_bound O(logn)
Observers key_comp, value_comp O(1)
Allocator get_allocator O(1)




#include <string>
#include <map>

void foo()
{
std: :map<std::string, size t> dict { { "foo", © },
{ llbar\ll’ 1 }_J
{ "foobar", 2 } };

auto val = dict["bar"]; // find key "bar" and return mapped value 1
dict["barfoo"] = 3; // insert new element std::pair { "barfoo", 3 }

¥



Unordered associative containers



std::unordered_set / std::unoredered_multiset

#include <unordered set> // or <multiset>

template <class Key,
class Hash = std::hash<Key>,
class KeyEqual = std::equal to<Key>,
class Allocator = std::allocator<Key>>
class unordered_set // or unordered multiset

{
using keX_type = Key;
using value type = Key;
using ke¥_compare = Compare;
using value compare = Compare;

using allocator type = Alloc;

using size type = std::size t;

using difference type = std::ptrdiff t;

using reference = value_type&;

using const reference = const value type&;

using pointer = std::allocator_traits<Alloc>::pointer;

using const pointer = std::allocator traits<Alloc>::const pointer;



Member function Complexity
Element access - -

empty O(1)
Capacity size, max_size, bucket_count O(1)

reserve O(n) - O(n?)
clear O(n)

erase O(1) - O(n)

insert, emplace O(1) - 0O(n)

Modifiers emplace_hint O(1) - O(n)
swap O(1)
merge O(n)

extract O(1) - O(n)

Lookup count, find, contains, equal_range O(1) - O(n)
Observers key_eq, hash_function o(1)
Allocator get_allocator Oo(1)




#include <unordered set>

void foo()

{
std::unordered_set<int> s1 { o, 1, 1, 2, 6, 3, 3, 4, 9, 5, 6, 7, 8, 9 };

// s1{e, 1, 2, 3,4, 5,6, 7, 8 9}

std: :unordered_set<int> s2;
if (auto node = sl.extract(9))
{

s2.insert(node);

// s1 {1, 2, 3, 4, 5,6, 7, 8 9 }
// s2 { 0}
}
}



std::unordered_map / std::unoredered_multimap

#include <unordered map> // or <unordered multimap>

template <class Key, class T,

class Hash = std: hash<Key

class Ke Equal = std: equal to<Key>

class Alloc = std::allocator<std: pa1r<const Key, T>>>
class unordered _map // or unordered multlmap

{
using key type = Key,
using m Eped ty T,
using value type = std.:pair<const Key, T>;
using key_compare = Compare;
using value_compare = Compare;

using hasher = Hash;
using key equal = KeyEqual;

using allocator_type = Alloc;

using size type = std::size t;

using difference_type = std::ptrdiff_t;
using reference = value type&

using const reference = const value type&;



Member function Complexity

Element access | at, operator(] O(1) - O(n)
empty O(1)
Capacity size, max_size, bucket_count o(1)

reserve O(n) - O(n2)
clear O(n)

erase O(1) - O(n)

insert, insert_or_assign, emplace, try_emplace O(1) - O(n)

Modifiers emplace_hint O(1) - O(n)
swap o(m
merge O(n)

extract O(1) - O(n)

Lookup count, find, contains, equal_range O(1) - O(n)
Observers key_eq, hash_function o(1)
Allocator get_allocator o)




#include <string>
#include <unordered map>

void foo()
{
std: :unordered map<std::string, size t> dict { { "foo", © },
{ llbar‘ll’ 1 },
{ "foobar", 2 } };

auto val = dict["bar"]; // find key "bar" and return mapped value 1
dict["barfoo"] = 3; // insert new element std::pair { "barfoo", 3 }

¥






| std::stack

#include <stack>

template <class T,

class Container = std::deque<T>>

class stack

{

using
using
using
using
using

container type = Container;

value type = typename Container::value_type;
size type = typename Container::size type;
reference = typename Container::reference;
const reference = Container::const _reference;

Container c;



Member function Complexity
Element access | top O(1)
_ empt O(1
Capacity : Py L
size O(1)
swap Same as underlying container
Modifiers oush, emplace Same as Container::push_back,

Container::emplace_back

pop

Same as Container::pop_back




#include <stack>

void foo()

{
std: :stack<int> c1;
cl.push(@); // c1 { 0}
cl.push(10); // c1 { o, 10 }
cl.push(1e0); // cl1 { o, 10, 100 }

cl.pop(); // c1 { 0, 10 }
std::cout << cl.top() << '\n'; // prints '10°



[euess

#include <queue>

template <class T,

class Container = std::deque<T>>

class queue

{

using
using
using
using
using

container type = Container;

value type = typename Container::value_type;
size type = typename Container::size type;
reference = typename Container::reference;
const reference = Container::const _reference;

Container c;



Member function Complexity
Element access | front, back O(1)
_ empt O(1
Capacity : Py 0
size O(1)
swap Same as underlying container
Modifiers oush, emplace Same as Container::push_back,

Container::emplace_back

pop

Same as Container::pop_front




#include <queue>

void foo()

{
std: :queue<int> cl1;
cl.push(@); // c1 { 0}
cl.push(10); // c1 { o, 10 }
cl.push(1e0); // cl1 { o, 10, 100 }

cl.pop(); // c1 { 10, 100 }
std::cout << cl.front() << '\n'; // prints '10°



std::priority_queue

#include <queue>

template <class T,
class Container = std::vector<T>,
class Compare = std::less<typename Container::value type>
class priority queue
{
using container type = Container;
using value type = typename Container::value type;
using size type = typename Container::size type;
using reference = typename Container::reference;
using const _reference = Container::const_reference;

Container c;



Member function Complexity
Element access | top O(1)
_ empt O(1
Capacity : Py L
size O(1)
swap Same as underlying container
Modifiers oush, emplace Same as Container::push_back,

Container::emplace_back

pop

Same as Container::pop_back




#include <queue>

void foo()

{

std: :priority queue<int> pqg;
pq.push(3); // pg { 3 }
pq.push(1); // pg { 3 1}
pq.push(5); // pg { 53 1 }
pq.push(2); // pq { 53 21}

while (!c3.empty())

{
std::cout << c3.top() << '\n’;

c3.pop();

// prints '5' '3' '2" '1'



Iterators library



#include <vector>

void foo()

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

for (int i = 0; 1 < v.size(); ++1i) // bad practice, may not work on x64
// some manipulation with v[i]



#include <vector>

void foo()

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

// bad practice, may not work on x64
// some manipulation with v[i]

for (size t i = @; i < v.size(); ++i) // better
// some manipulation with v[i]



#include <vector>

void foo()

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

// bad practice, may not work on x64
// some manipulation with v[i]

for (size t i =0; 1 < v.size(); ++1) // better
// some manipulation with v[i]

for (auto curr = v.data(), end = start + v.size(); start != end; ++curr)
// some manipulation with *curr



#include <vector>
#include <list>

void foo()

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

for (auto curr = v.data(), end = start + v.size(); start != end; ++curr)
// some manipulation with *curr

// DOESN'T WORK!!I!

for (auto curr = &l.front(), end = curr + 1l.size(); curr != end; ++curr)
// some manipulation with *curr



| Iterator types

Inputlterator std::istream
std::forward_list,
std::unordered_ set,

Forwardlterator std::unordered_ multiset,
std::unordered_map

std::unordered_multimap
. . std::list, std::set, std::multiset
Bidirectionallterator std::map, std::multimap
RandomAccesslterator std::array, std::vector, std::string,
Contiguouslterator std::string_view, std::valarray
Outputlterator std::ostream




| Inputiterator

#include <sstream>
#include <iterator>
#include <string>

void foo(std::istream &is)

{
std: :istreambuf_iterator it { is }; // since C++17
const std::istreambuf_iterator<char> end;
const size t count = std::distance(it, end); // 0O(n)
std::string buf;
buf.reserve(count);
buf.assign(it, end); // buf == ""???

}

void bar()

foo(std::istringstream { "Hello, world" });
}



| Inputiterator

#include <sstream>
#include <iterator>
#include <string>

void foo(std::istream &is)

{ std: :istreambuf_iterator it { is }; // since C++17
const std::istreambuf_iterator<char> end;
std::string buf { it, end }; // ok, buf == "Hello, World"
} ceon
zoid bar()

foo(std::istringstream { "Hello, world" });
}



| Inputiterator

#include <iostream>
#include <iterator>
#include <vector>

void foo(std::istream &is)

{
std::vector<int> v { std::istream iterator<int> { 1is },
std: :istream_iterator<int> {} };
}
void bar()
{

foo(std::cin);

¥



| Forwardlterator

#include <forward list>
#include <vector>

void foo(const std::forward list<int> &1)

{
const size t size = std::distance(l.begin(), l.end()); // O(n)

std::vector<int> vl { 1l.begin(), 1l.end() };
std::vector<int> v2 { 1l.begin(), 1l.end() };

auto it = l.begin();

++1it;

it = std::next(it, 3); // or std::advance(it, 3)
--it; // compile-time error



| Bidirectionallterator

#include <list>
#include <vector>

void foo(const std::list<int> &1)

{
const size t size = std::distance(1l.begin(), l.end()); // O(n)

std::vector<int> vl { 1l.begin(), l.end() }; // original order
std::vector<int> v2 { l.rbegin(), l.rend() }; // reverse order

auto it = l.begin();

++it; // ok

--it; // ok

it = it + 5; // compile-time error

it = std::next(5); // or std::advance(it, 5);
it = std::prev(5); // or std::advance(it, -5);



| Bidirectionallterator

#include <string>

std::string reverse string(const std::string &str)

{

return { str.rbegin(), str.rend() };

¥

std::string reverse string(std::string str)

{
std::reverse(str.begin(), str.end());
return str;

¥



| RandomAccesslterator / Contiguousliterator

#include <list>
#include <vector>

void foo(const std::vector<int> &v)
{
const size t size = std::distance(1l.begin(), l.end()); // 0(1)

std::vector<int> vl { 1l.begin(), l.end() }; // original order
std::vector<int> v2 { l.rbegin(), l.rend() }; // reverse order

auto it = l.begin();

++it; // ok

--it; // ok

it = it + 5; // ok

it = std::next(5); // or std::advance(it, 5);
it = std::prev(5); // or std::advance(it, -5);



| Outputiterator

#include <sstream>
#include <iterator>
#include <string>

void foo(std::ostream &is)

{
std::string buf { "Hello, World" };

std::copy(buf.begin(), buf.end(), std::ostreambuf iterator { is });

// Prints "Hello, World"
}

void bar()

{
foo(std::cout);
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| Outputiterator

#include <iostream>
#include <iterator>
#include <vector>

void foo(std::ostream &is)

{ std::vector<int> v { 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 };
std::copy(v.begin(), v.end(), std::ostream_iterator<int> { is });
// Prints "0 1 2 3456 7 8 9"

}

zoid bar()

foo(std::cout);
}



std::iterator_traits




template <class InputIt>

ptrdiff t distance(Inputlt first, InputIt last)

{
ptrdiff t dist = @;
for (; first != last; ++first, ++dist);

return dist;

¥



// <iterator>

template <class Iter>
struct iterator traits

{

s

using
using
using
using
using

difference_type
value_ type
pointer

reference
iterator category

template <class T>

struct iterator_traits<T*>

{

}s

using
using
using
using
using

difference_type
value_ type
pointer

reference
iterator category

typename
typename
typename
typename
typename

ptrdiff t

T;
T*;
T&;

Iter:
Iter:
Iter:
Iter:
Iter:

:difference_type;
:value_ type;
:pointer;
:reference;
:iterator category;

random_access_iterator_tag;



// <type_ traits>

struct

struct

struct

struct

struct

struct

input_iterator_tag {};

forward_iterator_tag : inp

bidirectional iterator tag :

random_access_iterator_tag :

contiguous_ iterator tag :

output_iterator_tag {};

ut_iterator_tag {};
forward _iterator_tag {};
bidirectional iterator_tag {};

random_access_iterator_tag {};



template <typename It>
using it cat = typename std::iterator_traits<It>::iterator_category;

template <typename It>
using it diff = typename std::iterator_traits<It>::difference_type;

template <class It>
auto distance(It first, It last, std::input iterator tag)

it diff<It> dist = ©;
for (; first != last; ++first, ++dist);

return dist;
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template <class It>
auto distance(It first, It last, std::random access iterator tag)

return first < last ? (last - first) : -(first - last);
}

template <class It>
auto distance(It first, It last)

return distance(first, last, it cat<It> {});
}






