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template <typename Coll>
(Coll c, Coll::value_type v) {

(v);

};
template<typename Coll, typename T>
void add(Coll& coll, const T& val)
{

coll.push_back(val);
}

void add(auto& coll, const auto& val)
{

coll.insert(val);
}

std::vector<int> coll;
std::unordered_set<int>

add(coll, 42);    ��
$-
add(u 42);   // uses 2nd add() calling insert()
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auto 	�
��"����"
.	�	������

template <typename Coll>
concept Ha= requires (Coll c, Coll::value_type v) {

c(v);
};

void add(auto& coll, const auto& val)
{

coll.push_back(val);
}

void add(auto& coll, const auto& val)
{

coll.insert(val);
}

std::vector<int> coll;
std::unordered_set<int> u;

add(coll, 42);    ��
$-
add(us, 42);   // uses 2nd add() calling insert()

/Abbreviated function template/
� /�������	#�
� 01�2�������	3

template<typename T1, typename T2>
void add(T1& coll, const T2& val) {

coll.push_back(val);
}

� 4�,��	���
��������&��#���,��

� 5	�inline ����

���

����������	
���
��	� $���

��	������
��	�����

auto 	�
��"����"
.	�	������

template <typename Coll>
= requires (Coll c, Coll::value_type v) {

(v);
};

void add(auto& coll, const auto& val)
{

coll.push_back(val);
}

void add(auto& coll, const auto& val)
{

coll.insert(val);
}

std::vector<int> coll1;
std::set<int> coll2;

add(coll1, 42);   ��
�''$'#
	�0�(����
add(coll2, 42);   ��
�''$'#
	�0�(����
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template <typename Coll>
concept HasPushBack = requires (Coll c, Coll::value_type v) {

c.push_back(v);
};

void add(HasPushBack auto& coll, const auto& val)
{

coll.push_back(val);
}

void add(auto& coll, const auto& val)
{

coll.insert(val);
}

std::vector<int> coll1;
std::set<int> coll2;

add(coll1, 42);   ��
$-1
����
2�� 	��34
�	���"(
 ��%50	�634
add(coll2, 42);   ��
$-1
����
�"� 	��34
�	���"(
�"����34

$�����	�
���������"

 ��7���
����
� ���	��8��

�9���	��"�
��#
template<HasPushBack T1, typename T2>
void add(T1& coll, const T2& val) {
coll.push_back(val);

}

5	����#�,	��typename ,	����
,	�������	,�������������������

��requires �7���

	�


����������	
���
��	� ����

��	������
��	�����

��"�� ��
�"
requires ��	����

template <typename Coll>
concept HasPushBack = requires (Coll c, Coll::value_type v) {

c.push_back(v);
};

void add(auto& coll, const auto& val)
requires HasPushBack<���>
{

coll.push_back(val);
}

void add(auto& coll, const auto& val)
{

coll.insert(val);
}

std::vector<int> coll1;
std::set<int> coll2;

add(coll1, 42);   ��
$-1
����
2�� 	��34
�	���"(
 ��%50	�634
add(coll2, 42);   ��
$-1
����
�"� 	��34
�	���"(
�"����34
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����������	
���
��	� �����

��	������
��	�����

��"�� ��
�"
requires ��	����

template <typename Coll>
concept HasPushBack = requires (Coll c, Coll::value_type v) {

c.push_back(v);
};

void add(auto& coll, const auto& val)
requires HasPushBack<decltype(coll)>
{

coll.push_back(val);
}

void add(auto& coll, const auto& val)
{

coll.insert(val);
}

std::vector<int> coll1;
std::set<int> coll2;

add(coll1, 42);   ��
�''$'#
�	"*�
�	��
�"����34
add(coll2, 42);   ��
$-1
����
�"� 	��34
�	���"(
�"����34

std::vector<int>&::value_type


��	��2��#

����������	
���
��	� �����

��	������
��	�����

��"�� ��
�"
requires ��	����

template <typename Coll>
concept HasPushBack = requires (Coll c, Coll::value_type v) {

c.push_back(v);
};

void add(auto& coll, const auto& val)
requires HasPushBack<std::remove_cvref_t<decltype(coll)>>
{

coll.push_back(val);
}

void add(auto& coll, const auto& val)
{

coll.insert(val);
}

std::vector<int> coll1;
std::set<int> coll2;

add(coll1, 42);   ��
$-1
����
2�� 	��34
�	���"(
 ��%50	�634
add(coll2, 42);   ��
$-1
����
�"� 	��34
�	���"(
�"����34
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����������	
���
��	� �����

��	������
��	�����

��"�� ��
�"
requires ��	����

template <typename Coll>
concept HasPushBack = requires (Coll c, std::ranges::range_value_t<Coll> v) {

c.push_back(v);
};

void add(auto& coll, const auto& val)
requires HasPushBack<coll>
{

coll.push_back(val);
}

void add(auto& coll, const auto& val)
{

coll.insert(val);
}

std::vector<int> coll1;
std::set<int> coll2;

add(coll1, 42);   ��
$-1
����
2�� 	��34
�	���"(
 ��%50	�634
add(coll2, 42);   ��
$-1
����
�"� 	��34
�	���"(
�"����34

�����#

#include <ranges>

:�"*�
�"�������
	
��"�� �

7��
�	�%
���0��
7�"����"
8�		�,��������#9

����������	
���
��	� �:���

��	������
��	�����

requires

void add(auto& coll, const auto& val)
requires requires { coll.push_back(val); } 
{

coll.push_back(val);
}

void add(auto& coll, const auto& val)
{

coll.insert(val);
}

std::vector<int> coll1;
std::set<int> coll2;

add(coll1, 42);   ��
$-1
�	���
 ��%50	�634
add(coll2, 42);   ��
$-1
�	���
�"����34

� Requires expression
#�,��
�requirements

� Requires clause 
#�,��
���constraint

Requires expression

Requires clause
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���
��	� �-���

��	������
��	�����

requires 	"�
��� ���;&���
if

void add(auto& coll, const auto& val) 
{

if constexpr (requires { coll.push_back(val); }) { 
coll.push_back(val);

}
else {
coll.insert(val);

}
}

std::vector<int> coll1;
std::set<int> coll2;

add(coll1, 42);   ��
$-1
�	���
 ��%50	�634
add(coll2, 42);   ��
$-1
�	���
�"����34

����������	
���
��	� �.���

��	������
��	�����

requires 	"�
��� ���;&���
if

void add(auto& coll, const auto& val) 
{

if constexpr (requires { coll.push_back(val); }) { 
coll.push_back(val);

}
else {
coll.insert(val);

}
}

std::vector<int> coll1;
std::set<std::string> coll2;

add(coll1, 42);   ��
$-1
�	���
 ��%50	�634
add(coll2, 42);   ��
�''$'
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���
��	� � ���

��	������
��	�����

requires 	"�
��� ���;&���
if

void add(auto& coll, const auto& val) 
{

if constexpr (requires { coll.push_back(val); }) { 
coll.push_back(val);

}
else {
coll.insert(val);

}
}

std::vector<int> coll1;
std::set<std::string> coll2;

add(coll1, 42);   ��
$-1
�	���
 ��%50	�634
add(coll2, 42);   ��
�''$'

.����0��
�����
����	(�#
prog.cpp:16:10: error: no matching member function for call to 'insert'

coll.insert(val);
~~~~~^~~~~~

prog.cpp:30:1: note: in instantiation of function template specialization 
'add<std::set<std::basic_string<char>>, int>' requested here
add(coll2, 42);   // OK, uses 2nd add() calling insert()
^
/include/c++/12.0.1/bits/stl_set.h:509:7: note: candidate function not viable: no
known conversion from 'const int' to 'const
std::set<std::basic_string<char>>::value_type' (aka 'const std::basic_string<char>') 
for 1st argument

insert(const value_type& __x)
^

/include/c++/12.0.1/bits/stl_set.h:518:7: note: candidate function not viable: no 
known conversion from 'const int' to 'std::set<std::basic_string<char>>::value_type' 
(aka 'std::basic_string<char>') for 1st argument

insert(value_type&& __x)
^

���
/include/c++/12.0.1/bits/stl_set.h:603:7: note: candidate function not viable: 
requires 2 arguments, but 1 was provided

insert(const_iterator __hint, node_type&& __nh)
^

1 error generated.

����������	
���
��	� �$���

��	������
��	�����

requires 	"�
��� ���;&���
if

void add(std::ranges::range auto& coll, const auto& val) 
{

if constexpr (requires { coll.push_back(val); }) { 
coll.push_back(val);

}
else {
coll.insert(val);

}
}

std::vector<int> coll1;
std::set<std::string> coll2;

add(coll1, 42);   ��
$-1
�	���
 ��%50	�634
add(coll2, 42);   ��
�''$'
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���
��	� �6���

��	������
��	�����

requires 	"�
��� ���;&���
if

template<std::ranges::range Coll, typename T>
void add(Coll& coll, const T& val) 
requires std::convertible_to<T, std::ranges::range_value_t<Coll>>
{

if constexpr (requires { coll.push_back(val); }) { 
coll.push_back(val);

}
else {
coll.insert(val);

}
}

std::vector<int> coll1;
std::set<std::string> coll2;

add(coll1, 42);   ��
$-1
�	���
 ��%50	�634
add(coll2, 42);   ��
�''$'

����������	
���
��	� �����

��	������
��	�����

requires 	"�
��� ���;&���
if

template<std::ranges::range Coll, typename T>
void add(Coll& coll, const T& val) 
requires std::convertible_to<T, std::ranges::range_value_t<Coll>>
{

if constexpr (requires { coll.push_back(val); }) { 
coll.push_back(val);

}
else {
coll.insert(val);

}
}

std::vector<int> coll1;
std::set<std::string> coll2;

add(coll1, 42);   ��
$-1
�	���
 ��%50	�634
add(coll2, 42);   ��
�''$'

.����0��
�����
����	(�
3��	"(4#
prog.cpp:30:1: error: no matching function for call to 'add'

add(coll2, 42);   // OK, uses 2nd add() calling insert()

^~~

prog.cpp:9:6: note: candidate template ignored: constraints not satisfied [with Coll 
= std::set<std::basic_string<char>>, T = int]

void add(Coll& coll, const T& val) 

^

prog.cpp:10:15: note: because 'std::convertible_to<int, 
std::ranges::range_value_t<set<basic_string<char> > > >' evaluated to false

requires std::convertible_to<T, std::ranges::range_value_t<Coll>>

^

/include/c++/12.0.1/concepts:72:30: note: because 'is_convertible_v<int, 
std::basic_string<char> >' evaluated to false

concept convertible_to = is_convertible_v<_From, _To>

^

1 error generated.
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��	�����

)��*�
.��"�
�����"��

template<std::ranges::range Coll, typename T>
void add(Coll& coll, const T& val) 
requires std::convertible_to<T, std::ranges::range_value_t<Coll>>
{

if constexpr (requires { coll.push_back(val); } 
coll.push_back(val);

}
else {
coll.insert(val);

}
}

std::vector<int> coll1;
std::set<int> coll2;

add(coll1, 42);   ��
$-1
�	���
 ��%50	�634
add(coll2, 42);   ��
$-1
�	���
�"����34
print(coll1);

����������	
���
��	� �����

��	������
��	�����

<��"(
,��=�

void print(const std::ranges::input_range auto& coll) {
for (const auto& elem : coll) {
std::cout << elem << ' ';

}
std::cout << '\n';

}

std::vector<int> coll1{0, 8, 15, 47, 11, 42};
std::set<int> coll2{0, 8, 15, 47, 11, 42};

print(coll1);
print(coll2);
print(coll1 | std::views::take(3));     ��
 ��"�
7����
�%���
�����"��
print(coll2 | std::views::take(3));     ��
 ��"�
7����
�%���
�����"��

print(coll1 | std::views::take(3)
| std::views::transform([](auto v){

return std::to_string(v) + 's';
}));

$�� ��#

0 8 15 47 11 42 

0 8 11 15 42 47 

0 8 15 

0 8 11 

0s 8s 15s 
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����������	
���
��	� �:���

��	������
��	�����

<��"(
>�"��"���

void print(const std::ranges::input_range auto& coll) {
for (const auto& elem : coll) {
std::cout << elem << ' ';

}
std::cout << '\n';

}

template<auto Val>
struct EndValue {

bool operator== (auto pos) const {
return *pos == Val; ��
Val ��
�"�
�	���

}
};

std::vector<int> coll1{0, 8, 15, 47, 11, -1, 13};
print(coll1);
std::ranges::subrange rg{coll1.begin() + 1, EndValue<-1>{}};
print(rg);
print(rg | std::views::take(3)

| std::views::transform([](auto v){
return std::to_string(v) + 's';

}));

$�� ��#

0 8 15 47 11 -1 13 

8 15 47 11 

8s 15s 47s

;� �:� 6 -$ ����.

rg:
���3
��#3� ;2

coll:

����������	
���
��	� �-���

��	������
��	�����

<��"(
>�"��"���

void print(const std::ranges::input_range auto& coll) {
for (const auto& elem : coll) {
std::cout << elem << ' ';

}
std::cout << '\n';

}

template<auto Val>
struct EndValue {

bool operator== (auto pos) const {
return *pos == Val; ��
Val ��
�"�
�	���

}
};

std::vector<int> coll1{0, 8, 15, 47, 11, -1, 13};
print(coll1);
std::ranges::subrange rg{coll1.begin() + 1, EndValue<-1>{}};
print(rg);

auto beg = coll1.begin() + 1;
auto end = EndValue<-1>{};
for (auto pos = beg; pos != end; ++pos) {
���

}
�����
��=����"(
��"�����#

pos != end
��#

!(end == pos)

1311 -115 470 8

��
pos0�(�"34 �"�,	���<-1>
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��	������
��	�����

:	�	
>���������
	�
�����"��

void print(const std::ranges::input_range auto& coll) {
���

}

template<auto Val>
struct EndValue {

bool operator== (auto pos) const {
return *pos == Val; ��
Val ��
�"�
�	���

}
};

struct Coord {
double x = 0, y = 0, z = 0;
auto operator<=> (const Coord&) const = default; ��
������
����� ��	����
	��	�����	�

friend std::ostream& operator<< (std::ostream& strm, const Coord& c) {
return strm << '[' << c.x << '/' << c.y << '/' << c.z << ']';

}
};

std::vector points{Coord{3,2,1}, Coord{1,2,3}, Coord{0,0,0}, Coord{4,5,6}};
std::ranges::subrange rg{points.begin(), EndValue<Coord{}>{}};
print(rg);

$�� ��#

[3/2/1] [1/2/3] 

)����	��
�� ��
=��%
 �0���
���0���
�������5	�;'����'�����������������


����������	
���
��	� � ���

��	������
��	�����

����
��� ���
�����"��

void print(const std::ranges::input_range auto& coll) {
���

}

template<auto Val>
struct EndValue {

bool operator== (auto pos) const {
return *pos == Val; ��
Val ��
�"�
�	���

}
};

struct Coord {
double x = 0, y = 0, z = 0;
auto operator<=> (const Coord&) const = default; ��
������
����� ��	����
	��	�����	�

friend std::ostream& operator<< (std::ostream& strm, const Coord& c) {
return strm << '[' << c.x << '/' << c.y << '/' << c.z << ']';

}
};

std::vector points{Coord{3,2,1}, Coord{1,2,3}, Coord{0,0,0}, Coord{4,5,6}};
std::ranges::subrange rg{points.begin(), EndValue<Coord{}>{}};
print(rg);
std::sort(rg);          ��
�''$'
std::ranges::sort(rg);  ��
$-
print(rg);

$�� ��#

[3/2/1] [1/2/3] 

[1/2/3] [3/2/1] 
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����������	
���
��	� �$���

��	������
��	�����

����
��� ���
�����"��

void print(const std::ranges::input_range auto& coll) {
���

}

template<auto Val>
struct EndValue {

bool operator== (auto pos) const {
return *pos == Val; ��
Val ��
�"�
�	���

}
};

struct Coord {
double x = 0, y = 0, z = 0;
auto operator<=> (const Coord&) const = default; ��
������
����� ��	����
	��	�����	�

friend std::ostream& operator<< (std::ostream& strm, const Coord& c) {
return strm << std::format("[{}/{}/{}]", c.x, c.y, c.z);

}
};

std::vector points{Coord{3,2,1}, Coord{1,2,3}, Coord{0,0,0}, Coord{4,5,6}};
std::ranges::subrange rg{points.begin(), EndValue<Coord{}>{}};
print(rg);
std::sort(rg);          ��
�''$'
std::ranges::sort(rg);  ��
$-
print(rg);

$�� ��#

[3/2/1] [1/2/3] 

[1/2/3] [3/2/1] 

����������	
���
��	� �6���

��	������
��	�����

const .�� 	(	���"

void print(const std::ranges::input_range auto& coll) {

if (*coll.begin() = {}) ���;               ��
$$.>#
�	���
,	��2��
 <= ����7���

if (*coll.cbegin() = {}) ���;              ��
$$.>#
"�
���0��
�0�(�"34
,	��2��

if (*std::cbegin(coll) = {}) ���;          ��
$$.>#
�	��� ,	��2��
 <= ����7���
if (*std::ranges::cbegin(coll) = {}) ���; ��
$$.>#
�	���
,	��2��
�<= ����7���

}

std::vector<int> coll1{0, 8, 15, 47, 11, 42};

print(coll1);            ��
�����
	��
��"��
print(coll2 | std::views::take(3));    ��
�����
	��
"��
��"��

� ��"��
 �� 	(	���"
��
0��6�"
0�
���=�
; >?	�@
��
�#�
���#>�8��,�������
������
9

� cbegin() ��
"��
	�	��	0��
��
0��6�" 7��
���=�
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����������	
���
��	� �����

��	������
��	�����

����?void print23(const std::ranges::input_range auto& coll) {

if (*coll.begin() = {}) ���;               ��
$$.>#
�	���
,	��2��
�<=�����7���

if (*coll.cbegin() = {}) ���;              ��
���0��
������ 0��
����"*�
��� ���
if (*std::cbegin(coll) = {}) ���;          ��
$$.>#
�	���
,	��2��
�<= ����7���
if (*std::ranges::cbegin(coll) = {}) ���; ��
����"*�
��� ���

}

std::vector<int> coll1{0, 8, 15, 47, 11, 42};

print23(coll1);           ��
�����
	��
��"��
print23(coll2 | std::views::take(3)); ��
�����
	��
"��
��"��

const .�� 	(	���"

� ��"��
 �� 	(	���"
��
0��6�"
0�
���=�
; >?	�@
��
�#�
���#>�8��,�������
������
9

� cbegin() ��
"��
	�	��	0��
��
0��6�" 7��
���=�
; ���������,7�#���&��AA�:
8std::cbegin() 
�
������	@���,	��2��
9

����������	
���
��	� :����

��	������
��	�����

)��*�
.��"�
�����"��

void print(const std::ranges::input_range auto& coll) {
for (const auto& elem : coll) {
std::cout << elem << ' ';

}
std::cout << '\n';

}

std::vector<int> coll1{0, 8, 15, 47, 11, 42};
std::set<int> coll2{0, 8, 15, 47, 11, 42};

print(coll1);
print(coll2);
print(coll1 | std::views::take(3));     ��
 ��"�
7����
�%���
�����"��
print(coll2 | std::views::take(3));     ��
 ��"�
7����
�%���
�����"��

print(coll1 | std::views::drop(3));     ��
 ��"�
	��
0��
7����
�%���
�����"��
print(coll2 | std::views::drop(3));     ��
�''$'

$�� ��#

0 8 15 47 11 42 

0 8 11 15 42 47 

0 8 15 

0 8 11 

47 11 42

error

Nico Josuttis C++20

@ACCU 2022-04-07 14



����������	
���
��	� :����

��	������
��	�����

=��%���
�"�����	�
��7���"��

=��%���
�"�����	�
��7���"��

template<typename T>
void print(const T& coll) {
for (const auto& elem : coll) {

std::cout << elem << '\n';
}

}

std::vector vec{1, 2, 3, 4, 5};
print(vec); ��
$-
print(vec | std::views::drop(3)); ��
$-
print(vec | std::views::filter(���)); ��
�''$'
std::list lst{1, 2, 3, 4, 5};
print(lst | std::views::drop(3)); ��
�''$'

�����#
<"�����	��7��=	���"(
'�7���"���
7��
'	"(��
	"�
,��=�

� const ���=�
��(%�
"��
��  ���
����	��"(
� '&�����&��&�2���	��	#,���&���
������&����������
� B
����2��
��+,	����#�����,������
��&�����

�#������,������

��
����	���"
=��%
const3
%����
3�������filterC�

drop_whileC
split

�	�����
3�dropC�
reverseC�
join

����������	
���
��	� :����

��	������
��	�����

)��*�
.��"�
�����"��

void print(std::ranges::input_range auto&& coll) {
for (const auto& elem : coll) {
std::cout << elem << ' ';

}
std::cout << '\n';

}

std::vector<int> coll1{0, 8, 15, 47, 11, 42};
std::set<int> coll2{0, 8, 15, 47, 11, 42};

print(coll1);
print(coll2);
print(coll1 | std::views::take(3));     ��
 ��"�
7����
�%���
�����"��
print(coll2 | std::views::take(3));     ��
 ��"�
7����
�%���
�����"��

print(coll1 | std::views::drop(3));     ��
 ��"�
	��
0��
7����
�%���
�����"��
print(coll2 | std::views::drop(3));     ��
$-#
 ��"�
	��
0��
7����
�%���
�����"��

$�� ��#

0 8 15 47 11 42 

0 8 11 15 42 47 

0 8 15 

0 8 11 

47 11 42

15 42 47
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����������	
���
��	� ::���

��	������
��	�����

)��*�
.��"�
�����"��

void print(std::ranges::input_range auto coll) {
for (const auto& elem : coll) {
std::cout << elem << ' ';

}
std::cout << '\n';

}

std::vector<int> coll1{0, 8, 15, 47, 11, 42};
std::set<int> coll2{0, 8, 15, 47, 11, 42};

print(coll1);             ��
�� �"���� 30�
�	���4
print(coll2);             ��
�� �"���� 30�
�	���4
print(std::views::all(coll1));          ��
�%�	 30�
��7���"��4
print(coll2 | std::views::all);         ��
�%�	 30�
��7���"��4

print(coll1 | std::views::drop(3));     ��
 ��"�
	��
0��
7����
�%���
�����"��
print(coll2 | std::views::drop(3));     ��
$-#
 ��"�
	��
0��
7����
�%���
�����"��

$�� ��#

0 8 15 47 11 42 

0 8 11 15 42 47 

0 8 15 47 11 42

0 8 11 15 42 47

47 11 42

15 42 47

����������	
���
��	� :-���

��	������
��	�����

)��*�
.��"�
�����"��

void print(std::ranges::view auto coll) {
for (const auto& elem : coll) {
std::cout << elem << ' ';

}
std::cout << '\n';

}

std::vector<int> coll1{0, 8, 15, 47, 11, 42};
std::set<int> coll2{0, 8, 15, 47, 11, 42};

print(coll1);             ��
�''$'
print(coll2);             ��
�''$'
print(std::views::all(coll1));          ��
�%�	 30�
��7���"��4
print(coll2 | std::views::all());       ��
�%�	 30�
��7���"��4

print(coll1 | std::views::drop(3));     ��
 ��"�
	��
0��
7����
�%���
�����"��
print(coll2 | std::views::drop(3));     ��
$-#
 ��"�
	��
0��
7����
�%���
�����"��

$�� ��#

0 8 15 47 11 42

0 8 11 15 42 47

47 11 42

15 42 47
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����������	
���
��	� :.���

��	������
��	�����

��	� ��
7��
.� ���"��
�7
'	"(�
+�	 ����

int main()
{

std::map<std::string, int> composer{
{"Bach", 1685},
{"Mozart", 1756},
{"Beethoven", 1770},
{"Tchaikovsky", 1840},
{"Chopin", 1810},
{"Vivaldi", 1678},

};

��
����	��
����
�%�
"	���
�7
�%�
7����
?
��� �����
��"��
2@��#
namespace vws = std::views;
for (const auto& elem : composer

| vws::filter([](const auto& y) { ��
��"��
2@��
return y.second >= 1700;

})
| vws::take(3) ��
7����
?
| vws::elements<0> ��
"	���
�"��
) {

std::cout << "- " << elem << '\n'; 
}

}

$�� ��#
- Beethoven
- Chopin
- Mozart

std::views::elements<0>
#	�
��	���	�@�,	���
��;#�,��#�����


����������	
���
��	� : ���

��	������
��	�����

��� ���;&���
��� ���"(

�����
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����������	
���
��	� :$���

��	������
��	�����

���(�
	
)���
�7
>�8��

template<typename C, typename... Args>
auto mergeSizes(const C& rg, Args&&... vals)
{
��
����D��2���	����&���

�#�
D�
3
std::vector<typename C::value_type> v{rg.begin(), rg.end()};

(... , v.push_back(std::forward<Args>(vals))); ��
��������

�#�
D�


std::ranges::sort(v);   ��

	���
D�


return v;                   ��
�����������
D�

}

std::array a{sizeof(int), sizeof(std::string), sizeof(std::set<int>)};
���
��
�"���	��8�
������
���������"
�7
	��
��8��#
auto allSizes = mergeSizes(a, sizeof(long), sizeof(Coord));
for(const auto& i : allSizes) {

std::cout << i << ' ';
}

.����0��
$�� ��#
4 32 24 + 8 24

4 8 24 24 32

����������	
���
��	� :6���

��	������
��	�����

���(�
	
)���
�7
>�8��

template<typename C, typename... Args>
auto mergeSizes(const C& rg, Args&&... vals)
{
��
����D��2���	����&���

�#�
D�
3
std::vector<typename C::value_type> v{rg.begin(), rg.end()};

(... , v.push_back(std::forward<Args>(vals))); ��
��������

�#�
D�


std::ranges::sort(v);   ��

	���
D�


return v;                   ��
�����������
D�

}

std::array a{sizeof(int), sizeof(std::string), sizeof(std::set<int>)};
���
��
�"���	��8�
������
���������"
�7
	��
��8��#
auto allSizes = mergeSizes(a, sizeof(long), sizeof(Coord));
for(const auto& i : allSizes) {

std::cout << i << ' ';
}

int raw[]{0, 8, 15, 132, 4, 77, 3};

auto allSizes2 = mergeSizes(raw, 42, 4);         ��
�''$'

�����
7��
�	=
	��	�#
� 5	�begin()+end()
� 5	�value_type

.����0��
$�� ��#
4 32 24 + 8 24

4 8 24 24 32
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��	������
��	�����

���(�
	
)���
�7
>�8��

template<typename C, typename... Args>
auto mergeSizes(const C& rg, Args&&... vals)
{
��
����D��2���	����&���

�#�
D�
3
std::vector<std::ranges::range_value_t<C>> v{std::ranges::begin(rg),

std::ranges::end(rg)};
(... , v.push_back(std::forward<Args>(vals))); ��
��������

�#�
D�


std::ranges::sort(v);   ��

	���
D�


return v;                   ��
�����������
D�

}

std::array a{sizeof(int), sizeof(std::string), sizeof(std::set<int>)};
���
��
�"���	��8�
������
���������"
�7
	��
��8��#
auto allSizes = mergeSizes(a, sizeof(long), sizeof(Coord));
for(const auto& i : allSizes) {

std::cout << i << ' ';
}

int raw[]{0, 8, 15, 132, 4, 77, 3};

auto allSizes2 = mergeSizes(raw, 42, 4);         ��
$-

.����0��
$�� ��#
4 32 24 + 8 24

4 8 24 24 32

����������	
���
��	� -����

��	������
��	�����

���(�
	
)���
�7
>�8��

template<std::ranges::input_range T, std::integral... Args>
auto mergeSizes(const C& rg, Args&&... vals)
{
��
����D��2���	����&���

�#�
D�
3
std::vector<std::ranges::range_value_t<C>> v{std::ranges::begin(rg),

std::ranges::end(rg)};
(... , v.push_back(std::forward<Args>(vals))); ��
��������

�#�
D�


std::ranges::sort(v);   ��

	���
D�


return v;                   ��
�����������
D�

}

std::array a{sizeof(int), sizeof(std::string), sizeof(std::set<int>)};
���
��
�"���	��8�
������
���������"
�7
	��
��8��#
auto allSizes = mergeSizes(a, sizeof(long), sizeof(Coord));
for(const auto& i : allSizes) {

std::cout << i << ' ';
}

.����0��
$�� ��#
4 32 24 + 8 24

4 8 24 24 32
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)���
�7
>�8��

template<std::ranges::input_range T, std::integral... Args>
constexpr auto mergeSizes(const C& rg, Args&&... vals)
{
��
����D��2���	����&���

�#�
D�
3
std::vector<std::ranges::range_value_t<C>> v{std::ranges::begin(rg),

std::ranges::end(rg)};
(... , v.push_back(std::forward<Args>(vals))); ��
��������

�#�
D�


std::ranges::sort(v);   ��

	���
D�


return v;                   ��
�����������
D�

}

constexpr std::array a{sizeof(int), sizeof(std::string), sizeof(std::set<int>)};
���
��
�"���	��8�
������
���������"
�7
	��
��8��#
auto allSizes = mergeSizes(a, sizeof(long), sizeof(Coord));
for(const auto& i : allSizes) {

std::cout << i << ' ';
}

mergeSizes() 
�����2������#����������
�����
���&����
����
��
�#����������

.����0��
$�� ��#
4 32 24 + 8 24

4 8 24 24 32

����������	
���
��	� -����

��	������
��	�����

���(�
	
)���
�7
>�8��
	�
��� ���;&���

template<std::ranges::input_range T, std::integral... Args>
consteval auto mergeSizes(const C& rg, Args&&... vals)
{
��
����D��2���	����&���

�#�
D�
3
std::vector<std::ranges::range_value_t<C>> v{std::ranges::begin(rg),

std::ranges::end(rg)};
(... , v.push_back(std::forward<Args>(vals))); ��
��������

�#�
D�


std::ranges::sort(v);   ��

	���
D�


return v;                   ��
�����������
D�

}

constexpr std::array a{sizeof(int), sizeof(std::string), sizeof(std::set<int>)};
���
��
�"���	��8�
������
���������"
�7
	��
��8��#
auto allSizes = mergeSizes(a, sizeof(long), sizeof(Coord));
for(const auto& i : allSizes) {

std::cout << i << ' ';
}

��
�''$'

�	""��
���
	
��� ���;����
������
	�
��"����
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)���
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	�
��� ���;&���

template<std::ranges::input_range T, std::integral... Args>
consteval auto mergeSizes(const C& rg, Args&&... vals)
{
��
����D��2���	����&���

�#�
D�
3
std::vector<std::ranges::range_value_t<C>> v{std::ranges::begin(rg),

std::ranges::end(rg)};
(... , v.push_back(std::forward<Args>(vals))); ��
��������

�#�
D�


std::ranges::sort(v);   ��

	���
D�


��
������������
�
D�
��
 std::array<>#
auto sz = std::ranges::size(rg) + sizeof...(vals);
std::array<std::ranges::range_value_t<C>, sz> ret{};

}

constexpr std::array a{sizeof(int), sizeof(std::string), sizeof(std::set<int>)};
���
��
�"���	��8�
������
���������"
�7
	��
��8��#
auto allSizes = mergeSizes(a, sizeof(long), sizeof(Coord));
for(const auto& i : allSizes) {

std::cout << i << ' ';
}

>runtime context>�,	��sz
��std::array<���, sz>

��
�''$'

����������	
���
��	� --���

��	������
��	�����

���(�
	
)���
�7
>�8��
	�
��� ���;&���

template<std::ranges::input_range T, std::integral... Args>
consteval auto mergeSizes(const C& rg, Args&&... vals)
{
��
����D��2���	����&���

�#�
D�
3
std::vector<std::ranges::range_value_t<C>> v{std::ranges::begin(rg),

std::ranges::end(rg)};
(... , v.push_back(std::forward<Args>(vals))); ��
��������

�#�
D�


std::ranges::sort(v);   ��

	���
D�


��
������������
�
D�
��
 std::array<>#
constexpr auto sz = std::ranges::size(rg) + sizeof...(vals);
std::array<std::ranges::range_value_t<C>, sz> ret{};

}

constexpr std::array a{sizeof(int), sizeof(std::string), sizeof(std::set<int>)};
���
��
�"���	��8�
������
���������"
�7
	��
��8��#
auto allSizes = mergeSizes(a, sizeof(long), sizeof(Coord));
for(const auto& i : allSizes) {

std::cout << i << ' ';
}

>runtime context>�,	��size(rg)
�����
��rg 
���

�#������,������

��
�''$'
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template<std::ranges::input_range T, std::integral... Args>
consteval auto mergeSizes(C rg, Args&&... vals)
{
��
����D��2���	����&���

�#�
D�
3
std::vector<std::ranges::range_value_t<C>> v{std::ranges::begin(rg),

std::ranges::end(rg)};
(... , v.push_back(std::forward<Args>(vals))); ��
��������

�#�
D�


std::ranges::sort(v);   ��

	���
D�


��
������������
�
D�
��
 std::array<>#
constexpr auto sz = std::ranges::size(rg) + sizeof...(vals);
std::array<std::ranges::range_value_t<C>, sz> ret{};
std::ranges::copy(v, ret.begin());
return ret;

}

constexpr std::array a{sizeof(int), sizeof(std::string), sizeof(std::set<int>)};
���
��
�"���	��8�
������
���������"
�7
	��
��8��#
auto allSizes = mergeSizes(a, sizeof(long), sizeof(Coord));
for(const auto& i : allSizes) {

std::cout << i << ' ';
}

��
$-

��
$-

.����0��
$�� ��#
4 8 24 24 32

����������	
���
��	� - ���

��	������
��	�����

���(�
	
)���
�7
>�8��
	�
��� ���;&���

template<std::ranges::input_range T, std::integral... Args>
consteval auto mergeSizes(C rg, Args... vals)
{
��
����D��2���	����&���

�#�
D�
3
std::vector<std::ranges::range_value_t<C>> v{std::ranges::begin(rg),

std::ranges::end(rg)};
(... , v.push_back(vals));  ��
��������

�#�
D�


std::ranges::sort(v); ��

	���
D�


��
������������
�
D�
��
 std::array<>#
constexpr auto sz = std::ranges::size(rg) + sizeof...(vals);
std::array<std::ranges::range_value_t<C>, sz> ret{};
std::ranges::copy(v, ret.begin());
return ret;

}

constexpr std::array a{sizeof(int), sizeof(std::string), sizeof(std::set<int>)};
���
��
�"���	��8�
������
���������"
�7
	��
��8��#
auto allSizes = mergeSizes(a, sizeof(long), sizeof(Coord));   ��
$-
for(const auto& i : allSizes) {

std::cout << i << ' ';
}

��

��	����;���
���������
����2����

.����0��
$�� ��#
4 8 24 24 32
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template<std::ranges::input_range T, std::integral... Args>
consteval auto mergeSizes(C rg, Args... vals)
{
��
����D��2���	����&���

�#�
D�
3
std::vector<std::ranges::range_value_t<C>> v{std::ranges::begin(rg),

std::ranges::end(rg)};
(... , v.push_back(vals));  ��
��������

�#�
D�


std::ranges::sort(v); ��

	���
D�


��
������������
�
D�
��
 std::array<>#
constexpr auto sz = std::ranges::size(rg) + sizeof...(vals);
std::array<std::ranges::range_value_t<C>, sz> ret{};
std::ranges::copy(v, ret.begin());
return ret;

}

constexpr std::array a{sizeof(int), sizeof(std::string), sizeof(std::set<int>)};
���
��
�"���	��8�
������
���������"
�7
	��
��8��#
auto allSizes = mergeSizes(a, sizeof(long), sizeof(Coord));   ��
$-
for(const auto& i : allSizes) {

std::cout << i << ' ';
}

.����0��
$�� ��#
4 8 24 24 32

����������	
���
��	� -6���

��	������
��	�����

���(�
	
)���
�7
>�8��
	�
��� ���;&���

template<std::ranges::input_range T, std::integral... Args>
consteval auto mergeSizes(C rg, Args... vals)
{
��
����D��2���	����&���

�#�
D�
3
std::vector<std::ranges::range_value_t<C>> v{std::ranges::begin(rg),

std::ranges::end(rg)};
(... , v.push_back(vals));  ��
��������

�#�
D�


std::ranges::sort(v); ��

	���
D�


��
������������
�
D�
��
 std::array<>  ��� �&���	�����#��������	,��������
#
constexpr auto maxSz = std::ranges::size(rg) + sizeof...(vals);
std::array<std::ranges::range_value_t<C>, maxSz> ret{};
auto res = std::ranges::unique_copy(v, ret.begin()); ��
���	2��#�������

return std::pair{ret, res.out - ret.begin()};         ��
���������������#�
D�

}

constexpr std::array a{sizeof(int), sizeof(std::string), sizeof(std::set<int>)};
���
��
�"���	��8�
������
���������"
�7
	��
��8��#
auto [arr,sz] = mergeSizes(a, sizeof(long), sizeof(Coord)); 
auto allSizes = std::views::counted(arr.begin(), sz);

for(const auto& i : allSizes) {
std::cout << i << ' ';

}

0��	��,��	�{}

.����0��
$�� ��#
4 8 24 32
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��	�����
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#include <iostream>
#include <chrono>
using namespace std::literals;

auto firstDay = 2021y / 1 / 31;

auto lastDay = 12 / 31d / 2021;

for (auto d = firstDay; d <= lastDay; d += std::chrono::months{1}) {

std::cout << d << ": Party\n";

}

$�� ��#
2021-01-31: Party
2021-02-31 is not a valid date: Party
2021-03-31: Party
2021-04-31 is not a valid date: Party
2021-05-31: Party
2021-06-31 is not a valid date: Party
2021-07-31: Party
2021-08-31: Party
2021-09-31 is not a valid date: Party
2021-10-31: Party
2021-11-31 is not a valid date: Party
2021-12-31: Party
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#include <iostream>
#include <chrono>
using namespace std::literals;

auto firstDay = 2021y / 1 / 31;

auto lastDay = 12 / 31d / 2021;

for (auto d = firstDay; d <= lastDay; d += std::chrono::months{1}) {

if (d.ok()) { 

std::cout << d << ": Party\n";

}

else {

std::cout << d.year() / d.month() / 1 + std::chrono::months{1}

<< ": Party\n";

}

}

$�� ��#
2021-01-31: Party
2021-03-01: Party
2021-03-31: Party
2021-05-01: Party
2021-05-31: Party
2021-07-01: Party
2021-07-31: Party
2021-08-31: Party
2021-10-01: Party
2021-10-31: Party
2021-12-01: Party
2021-12-31: Party
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#include <iostream>
#include <chrono>
using namespace std::literals;

auto firstDay = 2021y / 1 / std::chrono::last;

auto lastDay = 12 / 31d / 2021;

for (auto d = firstDay; d <= lastDay; d += std::chrono::months{1}) {

std::cout << d << ": Party\n";

}

$�� ��#
2021/Jan/last: Party
2021/Feb/last: Party
2021/Mar/last: Party
2021/Apr/last: Party
2021/May/last: Party
2021/Jun/last: Party
2021/Jul/last: Party
2021/Aug/last: Party
2021/Sep/last: Party
2021/Oct/last: Party
2021/Nov/last: Party
2021/Dec/last: Party
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#include <iostream>
#include <chrono>
using namespace std::literals;

auto firstDay = 2021y / 1 / std::chrono::last;

auto lastDay = 12 / 31d / 2021;

for (auto d = firstDay; d <= lastDay; d += std::chrono::months{1}) {

std::cout << std::format("{:13%B %d}: Party\n", d);

}

$�� ��#
January 31   : Party
February 28  : Party
March 31     : Party
April 30     : Party
May 31       : Party
June 30      : Party
July 31      : Party
August 31    : Party
September 30 : Party
October 31   : Party
November 30  : Party
December 31  : Party
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#include <iostream>
#include <chrono>
using namespace std::literals;

auto firstDay = 2021y / 1 / std::chrono::last;

auto lastDay = 12 / 31d / 2021;

for (auto d = firstDay; d <= lastDay; d += std::chrono::months{1}) {

��
��%�����
����
3=��%
��77���"�
����
8�"��4#
auto tp{std::chrono::local_days{d} + 18h + 30min};  ��
2C#?�
std::chrono::zoned_time timeLocal{std::chrono::current_zone(), tp};
std::cout << std::format("{0:13%B %d}: Party {0:%X %Z}\n", timeLocal);

std::chrono::zoned_time timeLA{"America/Los_Angeles", timeLocal};
std::cout << std::format("{:>19}: {:%X %Z}\n", "LA", timeLA);

}

$�� ��#
January 31   : Party 18:30:00 MEZ

LA: 09:30:00 GMT-8
February 28  : Party 18:30:00 MEZ

LA: 09:30:00 GMT-8
March 31     : Party 18:30:00 MESZ

LA: 09:30:00 GMT-7
���
September 30 : Party 18:30:00 MESZ

LA: 09:30:00 GMT-7
October 31   : Party 18:30:00 MEZ

LA: 10:30:00 GMT-7
���
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std::map<std::chrono::sys_days, Coord> locs;
auto firstDay = 2021y / 1 / std::chrono::last;
auto lastDay = 12 / 31d / 2021;
for (auto d = firstDay; d <= lastDay; d += std::chrono::months{1}) {

locs.emplace(d, Coord{});
}

std::vector<std::thread> tasks;
for (int i = 0; i < 5; ++i) {

tasks.push_back(std::thread{[&locs] {
while (true) {
for (auto& [k, c] : locs) {
c.x += 1, c.y += 1, c.z += 1;

}
}

}});
}
���

>����	�
!�����#
� �	���#������&	���join()
� '&���,	������#
��7����	�
�&��#���
� E	���	�
�	���&���&���#
F
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std::map<std::chrono::sys_days, Coord> locs;
auto firstDay = 2021y / 1 / std::chrono::last;
auto lastDay = 12 / 31d / 2021;
for (auto d = firstDay; d <= lastDay; d += std::chrono::months{1}) {

locs.emplace(d, Coord{});
}

std::vector<std::jthread> tasks;
for (int i = 0; i < 5; ++i) {

tasks.push_back(std::jthread{[&locs] {
while (true) {
for (auto& [k, c] : locs) {

c.x += 1, c.y += 1, c.z += 1;
}

}
}});

}
���
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7��
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��	��"(
��� �
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std::map<std::chrono::sys_days, Coord> locs;
auto firstDay = 2021y / 1 / std::chrono::last;
auto lastDay = 12 / 31d / 2021;
for (auto d = firstDay; d <= lastDay; d += std::chrono::months{1}) {

locs.emplace(d, Coord{});
}

{std::vector<std::jthread> tasks;
for (int i = 0; i < 5; ++i) {
tasks.push_back(std::jthread{[&locs] {

while (true) {
for (auto& [k, c] : locs) {
c.x += 1, c.y += 1, c.z += 1;

}
}

}});
}
���
}��
	���
���"
7��
	��
�%��	��
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std::map<std::chrono::sys_days, Coord> locs;
auto firstDay = 2021y / 1 / std::chrono::last;
auto lastDay = 12 / 31d / 2021;
for (auto d = firstDay; d <= lastDay; d += std::chrono::months{1}) {

locs.emplace(d, Coord{});
}

{std::vector<std::jthread> tasks;
for (int i = 0; i < 5; ++i) {
tasks.push_back(std::jthread{[&locs] (std::stop_token st) {

while (!st.stop_requested()) {
for (auto& [k, c] : locs) {
c.x += 1, c.y += 1, c.z += 1;

}
}

}});
}
���
for (auto& t : tasks) {
t.request_stop();

}
}��
	���
��� 
��9����
	"�
���"
7��
	��
�%��	��
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std::map<std::chrono::sys_days, Coord> locs;
auto firstDay = 2021y / 1 / std::chrono::last;
auto lastDay = 12 / 31d / 2021;
for (auto d = firstDay; d <= lastDay; d += std::chrono::months{1}) {

locs.emplace(d, Coord{});
}

{std::vector<std::jthread> tasks;
for (int i = 0; i < 5; ++i) {
tasks.push_back(std::jthread{[&locs] (std::stop_token st) {

while (!st.stop_requested()) {
for (auto& [k, c] : locs) {
c.x += 1, c.y += 1, c.z += 1;

}
}

}});
}
���

}��
	���
��� 
��9����
	"�
���"
7��
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print(locs | std::views::values);

.����0��
$�� ��#
[597/597/598] [597/597/597] [598/598/598] 
[598/598/600] [598/598/601] [602/602/604]
[602/602/604] [605/605/605] [604/604/604] 
[605/605/605] [604/604/604] [601/601/604]
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std::map<std::chrono::sys_days, Coord> locs;
auto firstDay = 2021y / 1 / std::chrono::last;
auto lastDay = 12 / 31d / 2021;
for (auto d = firstDay; d <= lastDay; d += std::chrono::months{1}) {

locs.emplace(d, Coord{});
}

{std::vector<std::jthread> tasks;
for (int i = 0; i < 5; ++i) {
tasks.push_back(std::jthread{[&locs] (std::stop_token st) {

while (!st.stop_requested()) {
for (auto& [k, c] : locs) {
std::atomic_ref<Coord> ac{c};
Coord tmp = ac; ��
��
	����	�34D
tmp.x += 1, tmp.y += 1, tmp.z += 1;
ac = tmp; ��
��
	�������3�� 4D

}
}

}});
}
���

}��
	���
��� 
��9����
	"�
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print(locs | std::views::values);

.����0��
$�� ��#
[598/598/598] [600/600/600] [600/600/600] 
[600/600/600] [600/600/600] [600/600/600] 
[599/599/599] [605/605/605] [604/604/604] 
[605/605/605] [605/605/605] [605/605/605]
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