










int max(int lhs, int rhs)
{

return lhs > rhs ? lhs : rhs;
}



int max(int lhs, int rhs)
{

return lhs > rhs ? lhs : rhs;
}

double max(double lhs, double rhs)
{

return lhs > rhs ? lhs : rhs;
}



int max(int lhs, int rhs)
{

return lhs > rhs ? lhs : rhs;
}

double max(double lhs, double rhs)
{

return lhs > rhs ? lhs : rhs;
}

const SomeClass& max(const SomeClass &lhs, const SomeClass &rhs)
{

return lhs > rhs ? lhs : rhs;
}



#define MAX(A, B) \
((A) > (B)) ? (A) : (B)

MAX(2, 5); // => ((2) > (5)) ? (2) : (5);



#define MAX(A, B) \
((A) > (B)) ? (A) : (B)

#define MAX(Type, A, B) \
Type##MAX((A), (B))

#define DEF_MAX(Type) \
Type Type##MAX(Type lhs, Type rhs) \
{ \
return lhs > rhs ? lhs : rhs; \

}

DEF_MAX(int); // => int intmax(int lhs, int rhs) { return .... }

MAX(int, 2, 5) // => intmax(2, 5);





template <typename T>
const T& max(const T &lhs, const T &rhs)
{

return lhs > rhs ? lhs : rhs;
}

max(2, 5);      // => max<int>(2, 5);

max(2.0, 5.0) // => max<double>(2.0, 5.0);

class SomeClass { .... };

SomeClass a, b;
max(a, b) // => max<SomeClass>(a, b);



template <typename T, size_t N>
struct array
{

T arr[N];

T& operator[](size_t idx) noexcept { return arr[idx]; }
const T& operator[](size_t idx) noexcept const { return arr[idx]; }
....

};

array<int, 3> arr { 0, 1, 2 };

// struct array_i_3
// {
//   int arr[3];
//
//   T& operator[](size_t idx) noexcept { return arr[idx]; }
//   const T& operator[](size_t idx) noexcept const { return arr[idx]; }
//   ....
// };



⬛

template <size_t> // or template <size_t N>
struct int_array { .... };

⬛

template <size_t = 42> // or template <size_t N = 42>
struct array { .... };

⬛

template <size_t ...> // or template <size_t ...Ints>
class sizeT_sequence { .... };

⬛

template <auto V> // or template <decltype(auto) V>
struct B { .... }



⬛

⬛

⬛

⬛

⬛

⬛



⬛

template <class> // or template <typename T>
class FalseVector { .... };

⬛

template <class T, class Alloc = std::allocator<T>> 
class TrueVector { .... };

⬛

template <class ...> // or template <typename ...Types>
class tuple { .... };



⬛

template <class K, class T, template <class> class Container>
class MyMap
{ 
Container<K> keys;
Container<T> values;

}

⬛

template <class T> class my_array { .... };

template <class K, class T, template <class> class Container = my_array>
class MyMap { .... }

⬛

template <class K, class T, template <class, class> class ...Map> 
class MyMap : Map<K, T>... { .... };



template <typename T>
struct X : B<T> // "B<T>" is dependent on T
{

typename T::A *pa; // "T::A" is dependent name from T

void f(B<T> *pb)
{
static int i = B<T>::i; // "B<T>::i" is dependent variable on T
pb->j++; // "pb->j" is dependent variable from T

}
};



template <class T>
class vector       // class template
{

....
};

template <>
class vector<bool> // full specialization for vector<bool>
{

....
};



template <class T>
void print(const T &obj) // function template
{

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

class SomeClass { .... };

template <>
void print<SomeClass>(const SomeClass &obj) // full specialization for print
{

....
}



// class template
template <class T, class Deleter>
class unique_ptr
{

....
public:

T* operator->() const noexcept;
....

};

// partial specialization for class template
template <class T, class Deleter>
class unique_ptr<T[], Deleter>
{

....
public:

T& operator[](size_t idx) noexcept;
const T& operator[](size_t idx) const noexcept;
....

};



template <class T1, class T2>
bool EqualsAnyOf(const T1 &t1, const T2 &t2)
{

return t1 == t2;
}



template <class T1, class T2>
bool EqualsAnyOf(const T1 &t1, const T2 &t2)
{

return t1 == t2;
}

template <class T1, class T2, class T3>
bool EqualsAnyOf(const T1 &t1, const T2 &t2, const T3 &t3)
{

return t1 == t2 || t1 == t3;
}



template <class T1, class T2>
bool EqualsAnyOf(const T1 &t1, const T2 &t2)
{

return t1 == t2;
}

template <class T1, class T2, class T3>
bool EqualsAnyOf(const T1 &t1, const T2 &t2, const T3 &t3)
{

return t1 == t2 || t1 == t3;
}

template <class T1, class T2, class T3, class T4>
bool EqualsAnyOf(const T1 &t1, const T2 &t2, const T3 &t3, const T4 &t4)
{

return t1 == t2 || t1 == t3 || t1 == t4;
}



template <class T1, class ...TN>
bool EqualsAnyOf(const T1 &t1, const TN &...tN);



template <class T1>
bool EqualsAnyOf(const T1 &t1) noexcept // end of the recursion
{

return false;
}

template <class T1, class T2, class ...TN>
bool EqualsAnyOf(const T1 &t1, const T2 &t2, const TN &...tN) noexcept
{

return t1 == t2 || EqualsAnyOf(t1, tN...);
}

void foo()
{

EqualsAnyOf(0, 'a', 0.0, 42);
}



// EqualsAnyOf(0, 'a', 0.0, 42) ≡ return 0 == 'a' || Equals(0, 42, 0.0);
// EqualsAnyOf(0, 42, 0.0)      ≡ return 0 == 42 || Equals(0, 0.0);
// EqualsAnyOf(0, 0.0)          ≡ return 0 == 0.0 || Equals(0);
// EqualsAnyOf(0)               ≡ return false;

// EqualsAnyOf(0, 'a', 0.0, 42) ≡ return 0 == 'a'
|| 0 == 42
|| 0 == 0.0
|| false;



template <class T1, class T2, class ...TN>
bool EqualsAnyOf(const T1 &t1, const T2 &t2, const TN &...tN) noexcept
{

return ((t1 == t2) || ... || (t1 == tN)); // fold expression since C++17

// return ( ( ( ( (t1 == t2) || (t1 == t3) ) || ...) || t1 == tn) );
}

void foo()
{

EqualsAnyOf(0, 'a', 0.0, 42);
}



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

....
public:

template <class ...Args>
T& emplace_back(Args &&...args)
{
T *ptr = ....; // address of new object
new (ptr) T { std::forward<Args>(args)... };

// new (ptr) T { std::forward<Arg1>(arg1), std::forward<Arg2>(arg2), ... };

return *ptr;
}
....

};





template <size_t N>
struct Factorial;



template <size_t N>
struct Factorial;

template <>
struct Factorial<0>
{

enum { value = 1 };
};

template <>
struct Factorial<1>
{

enum { value = 1 };
};

template <>
struct Factorial<2>
{

enum { value = 2 };
};



template <size_t N>
struct Factorial
{

enum { value = N * Factorial<N – 1>::value };
};

void foo()
{

const auto fac5 = Factorial<5>::value;
}



<source>:9:22: fatal error: recursive template instantiation exceeded 
maximum depth of 1024

enum { value = N * Factorial<N - 1>::value };
^

<source>:9:22: note: in instantiation of template class 
'Factorial<18446744073709550597>' requested here

<source>:9:22: note: in instantiation of template class 
'Factorial<18446744073709550598>' requested here

<source>:9:22: note: in instantiation of template class 
'Factorial<18446744073709550599>' requested here

<source>:9:22: note: in instantiation of template class 
'Factorial<18446744073709550600>' requested here

<source>:9:22: note: in instantiation of template class 
'Factorial<18446744073709550601>' requested here



<source>:9:22: fatal error: recursive template instantiation exceeded 
maximum depth of 1024

enum { value = N * Factorial<N - 1>::value };
^

<source>:9:22: note: in instantiation of template class 
'Factorial<18446744073709550597>' requested here

<source>:9:22: note: in instantiation of template class 
'Factorial<18446744073709550598>' requested here

<source>:9:22: note: in instantiation of template class 
'Factorial<18446744073709550599>' requested here

<source>:9:22: note: in instantiation of template class 
'Factorial<18446744073709550600>' requested here

<source>:9:22: note: in instantiation of template class 
'Factorial<18446744073709550601>' requested here



template <size_t N>
struct Factorial
{

enum { value = N * Factorial<N – 1>::value };
};

template <>
struct Factorial<0>
{

enum { value = 1 };
};

template <>
struct Factorial<1>
{

enum { value = 1 };
};

void foo()
{

const size_t fac5 = Factorial<5>::value;
}



// Factorial<5> == 5 * Factorial<4>::value
// Factorial<4> == 4 * Factorial<3>::value
// Factorial<3> == 3 * Factorial<2>::value
// Factorial<2> == 2 * Factorial<1>::value
// Factorial<1> == 1

// Factorial<5> == 5 * (4 * (3 * (2 * 1))) == 120



template <size_t N>
struct Factorial
{

static constexpr size_t value = N * Factorial<N – 1>::value;
};

template <>
struct Factorial<0>
{
static constexpr size_t value = 1;

};

template <>
struct Factorial<1>
{

static constexpr size_t value = 1;
};

void foo()
{

const size_t fac5 = Factorial<5>::value;
}



constexpr size_t Factorial(size_t n) noexcept
{

return n > 1 ? n * Factorial(n – 1) : 1; // since C++11
}

constexpr size_t Factorial(size_t n) noexcept
{

size_t acc = 1;
for (size_t i = 2; i <= n; ++i)
{
acc *= i;

}

return acc; // since C++14
}



template <size_t Exp>
struct pow1
{

double operator()(double base) const noexcept
{
return base * pow1<Exp – 1>{}(base);

}
};

template <>
struct pow1<0>
{

double operator()(double base) const noexcept
{
return 1.0;

}
};



template <size_t Exp>
struct pow2
{

double operator()(double base) const noexcept
{
return (Exp % 2 != 0)

? base * pow2<(Exp – 1) / 2>{}(base) * pow2<(Exp – 1) / 2>{}(base)
: pow2<Exp / 2>{}(base) * pow2<Exp / 2>{}(base);

}
};

template <>
struct pow2<0>
{

double operator()(double base) const noexcept
{
return 1.0;

}
};



template <size_t Exp>
struct pow1
{

double operator()(double base) const noexcept
{
if constexpr (Exp == 0) // since C++17
{

return 1.0;
}
else
{

return base * pow1<Exp – 1>{}(base);
}

}
};



template <size_t Exp>
struct pow2
{

double operator()(double base) const noexcept
{
if constexpr (Exp == 0) // since C++17
{

return 1.0;
}
else if constexpr (Exp & 1 != 0) // since C++17
{

return base * pow2<(Exp – 1) / 2>{}(base)
* pow2<(Exp – 1) / 2>{}(base);

}
else
{

return pow2<Exp / 2>{}(base) * pow2<Exp / 2>{}(base);
}

}
};



base == 2.0

N == 10'000'000



constexpr uint8_t popcount(uint64_t value) noexcept
{

uint8_t res = 0;
while (value != 0)
{
res += value & 1;
value >>= 1;

}

return res;
}

void foo()
{

constexpr uint8_t pop_count = popcount(0b10010010); // 3
}



constexpr uint64_t gcd(uint64_t a, uint64_t b) noexcept
{

while (a != b)
{
if (a > b)
{

a -= b;
}
else
{

b -= a;
}

}

return a;
}

void foo()
{

constexpr auto gcd_a_b = gcd(15, 125); // 5
}



template <uint64_t N, size_t ...Idx>
constexpr std::array<bool, N + 1> eratosthenesSieve_impl(std::index_sequence<Idx...>) noexcept
{

std::array<bool, N + 1> primes { (Idx, true)... };

primes[0] = primes[1] = false;
for (size_t i = 2; i * i <= N; ++i)
{
if (primes[i])
{

for (size_t j = i * i; j <= N; j += i)
{
primes[j] = false;

}
}

}

return primes;
}

template <uint64_t N, typename Idx = std::make_index_sequence<N + 1>>
constexpr std::array<bool, N + 1> eratosthenesSieve() noexcept
{

return eratosthenesSieve_impl<N>(Idx {});
}



template <uint64_t N, typename Idx = std::make_index_sequence<N + 1>>
constexpr std::array<bool, N + 1> eratosthenesSieve() noexcept;

void foo()
{

constexpr auto primes = eratosthenesSieve<5>(); 

// primes[0] == false
// primes[1] == false
// primes[2] == true
// primes[3] == true
// primes[4] == false
// primes[5] == true

std::copy(primes.begin(),
primes.end(),
std::ostream_iterator<bool> { std::cout, " " });

// prints: 0 0 1 1 0 1
}







template <class T>
struct is_reference
{

static constexpr bool value = false;
};



template <class T>
struct is_reference
{

static constexpr bool value = false;
};

template <class T>
struct is_reference<T&>
{

static constexpr bool value = true;
};



template <class T>
struct is_reference
{

static constexpr bool value = false;
};

template <class T>
struct is_reference<T&>
{

static constexpr bool value = true;
};

template <class T>
struct is_reference<T&&>
{

static constexpr bool value = true;
};



template <class T>
struct is_reference
{

static constexpr bool value = false;
};

template <class T>
struct is_reference<T&>
{

static constexpr bool value = true;
};

template <class T>
struct is_reference<T&&>
{

static constexpr bool value = true;
};

//   is_reference<int>::value == false
//  is_reference<int&>::value == true
// is_reference<int&&>::value == true



template <class T, T v>
struct integral_constant
{

using value_type = T;
using type = std::integral_constant<T, v>

static constexpr value_type value = v;

constexpr operator value_type() { return v; } const noexcept
constexpr value_type operator()() { return v; } const noexcept

};

using  true_type = integral_constant<bool, true>;
using false_type = intergral_constant<bool, false>;



template <class T>
struct is_reference : false_type
{

// static constexpr value_type value = false;
// constexpr operator value_type() const noexcept { return value; }
// constexpr operator()() const noexcept { return value; }

};

template <class T>
struct is_reference<T&> : true_type
{

// static constexpr value_type value = true;
// constexpr operator value_type() const noexcept { return value; }
// constexpr operator()() const noexcept { return value; }

};

template <class T>
struct is_reference<T&&> : true_type
{

// static constexpr value_type value = true;
// constexpr operator value_type() const noexcept { return value; }
// constexpr operator()() const noexcept { return value; }

};



template <class T>
struct is_reference : false_type
{
};

template <class T>
struct is_reference<T&> : true_type
{
};

template <class T>
struct is_reference<T&&> : true_type
{
};

template <class T>
inline constexpr bool is_reference_v = is_reference<T>::value;
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template <class T>
struct remove_reference
{

using type = T;
};

template <class T>
struct remove_reference<T&>
{

using type = T;
};

template <class T>
struct remove_reference<T&&>
{

using type = T;
};

template <class T>
using remove_reference_t = typename remove_reference<T>::type;
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template <class T, class Alloc = std::allocator<T>>
class vector
{

....
public:

template <class ...Args>
T& emplace_back(Args ...args);

};



template <class ...Args>
T& emplace_back(Args ...args)
{

if (size() == capacity()) // no free space
{
const auto oldCap = capacity();
const auto newCap = computeGrowth(oldCap + 1);

auto *newVec = allocator_traits<Alloc>::allocate(al, newCap);
allocator_traits<Alloc>::construct(al, newVec, oldCap + 1,

forward<Args>(args)...);

if constexpr (   is_nothrow_move_constructible_v<T>
|| !is_copy_constructible_v<T>)

{
uninitialized_move(begin(), end(), ptr);

}
else
{

uninitialized_copy(begin(), end(), ptr);
}

// deallocate old objects and release old memory region
change_array(newVec, size() + 1, newCap);      

}
....

}





template <class T>
struct Base
{

};

struct Derived : Base<Derived>
{

};



template <class T = intmax_t>
class Rational
{
T m_num = T(0), m_denom = T(1);

public:
Rational() = default;
explicit Rational(T num, T denom = T(1)) : m_num { num }

, m_denom { denom } { .... }

....

friend bool operator<(const Rational<T> &l, const Rational<T> &r) noexcept
{
const auto lcm = std::lcm(l.m_denom, r.m_denom);
return l.m_num * (lcm / l.m_denom) < r.m_num * (lcm / r.m_denom);

}
};



template <class T = intmax_t>
class Rational
{
T m_num = T(0), m_denom = T(1);

public:
Rational() = default;
explicit Rational(T num, T denom = T(1)) : m_num { num }

, m_denom { denom } { .... }

....

friend bool operator<(const Rational<T> &l, const Rational<T> &r) noexcept
{
const auto lcm = std::lcm(l.m_denom, r.m_denom);
return l.m_num * (lcm / l.m_denom) < r.m_num * (lcm / r.m_denom);

}
};

bool foo(const Rational<> &a, const Rational<> &b)
{
return a > b; // compile-time error

}



template <class T>
struct less_than_comparable
{
friend bool operator> (const T &l, const T &r) noexcept { return r < l; }
friend bool operator<=(const T &l, const T &r) noexcept { return !(r < l); }
friend bool operator>=(const T &l, const T &r) noexcept { return !(l < r); }

};

template <class T = uint64_t>
class Rational : less_than_comparable<Rational<T>>
{
....

};

bool foo(const Rational<> &a, const Rational<> &b)
{
return a > b; // ok

}





template <class Container>
void PrintContainer(const Container &cont)
{

if (!cont.empty())
{
std::cout << '(';

for (const auto &value : cont)
{

std::cout << ' ' << value;
}

std::cout << " )";
}

}



void foo()
{

std::vector<int> v { .... };  
std::deque<int>  d { .... };
std::list<int>   l { .... };

PrintContainer(v);
PrintContainer(d);
PrintContainer(l);

}



class SomeClass { .... };
std::ostream& operator<<(std::ostream &out, const SomeClass &obj) { .... }

void foo()
{

std::vector<SomeClass> v { .... };  
std::deque<SomeClass>  d { .... };
std::list<SomeClass>   l { .... };

PrintContainer(v);
PrintContainer(d);
PrintContainer(l);

}



class SomeClass { .... };
std::ostream& operator<<(std::ostream &out, const SomeClass &obj) { .... }

template <typename T1, typename T2>
std::ostream& operator<<(std::ostream &out, const std::pair<T1, T2> &obj)
{

std::out << '(' << obj.first << ", " << obj.second << ')';
return out;

}

void foo()
{

std::set<SomeClass>             s { .... };  
std::unordered_set<SomeClass>  us { .... };

std::map<std::string, SomeClass>            m { .... };
std::unordered_map<std::string, SomeClass> um { .... };

PrintContainer(s);
PrintContainer(us);
PrintContainer(m);
PrintContainer(um);

}



void foo()
{

std::stack<int> st { std::deque<int> { .... } };

PrintContainer(st);
}



<source>:22:28: error: invalid range expression of type 'const std::stack<int, std::deque<int, std::allocator<int> > >'; no viable 
'begin' function available

for (const auto &value : cont)
^ ~~~~

<source>:34:3: note: in instantiation of function template specialization 'PrintContainer<std::stack<int, std::deque<int, 
std::allocator<int> > > >' requested here
PrintContainer(st);
^

/opt/compiler-explorer/gcc-8.3.0/lib/gcc/x86_64-linux-gnu/8.3.0/../../../../include/c++/8.3.0/initializer_list:89:5: note: candidate 
template ignored: could not match 'initializer_list' against 'stack'

begin(initializer_list<_Tp> __ils) noexcept
^

/opt/compiler-explorer/gcc-8.3.0/lib/gcc/x86_64-linux-gnu/8.3.0/../../../../include/c++/8.3.0/bits/range_access.h:48:5: note: candidate 
template ignored: substitution failure [with _Container = const std::stack<int, std::deque<int, std::allocator<int> > >]: no member 
named 'begin' in 'std::stack<int, std::deque<int, std::allocator<int> > >'

begin(_Container& __cont) -> decltype(__cont.begin())
^                                            ~~~~~

/opt/compiler-explorer/gcc-8.3.0/lib/gcc/x86_64-linux-gnu/8.3.0/../../../../include/c++/8.3.0/bits/range_access.h:58:5: note: candidate 
template ignored: substitution failure [with _Container = std::stack<int, std::deque<int, std::allocator<int> > >]: no member named 
'begin' in 'std::stack<int, std::deque<int, std::allocator<int> > >'

begin(const _Container& __cont) -> decltype(__cont.begin())
^                                                  ~~~~~

/opt/compiler-explorer/gcc-8.3.0/lib/gcc/x86_64-linux-gnu/8.3.0/../../../../include/c++/8.3.0/bits/range_access.h:87:5: note: candidate 
template ignored: could not match '_Tp [_Nm]' against 'const std::stack<int, std::deque<int, std::allocator<int> > >'

begin(_Tp (&__arr)[_Nm])
^

/opt/compiler-explorer/gcc-8.3.0/lib/gcc/x86_64-linux-gnu/8.3.0/../../../../include/c++/8.3.0/bits/range_access.h:104:31: note: 
candidate template ignored: could not match 'valarray' against 'stack'
template<typename _Tp> _Tp* begin(valarray<_Tp>&);

^

/opt/compiler-explorer/gcc-8.3.0/lib/gcc/x86_64-linux-gnu/8.3.0/../../../../include/c++/8.3.0/bits/range_access.h:105:37: note: 
candidate template ignored: could not match 'valarray' against 'stack'
template<typename _Tp> const _Tp* begin(const valarray<_Tp>&);

^
1 warning and 1 error generated.



template <class Container>
void PrintContainer(const Container &cont)
{

if (!cont.empty())
{
std::cout << '(';

for (const auto &value : cont)
{

std::cout << ' ' << value;
}

std::cout << " )";
}

}

void foo()
{

std::stack<int> st { std::deque<int> { .... } };

PrintContainer(st);
}



template <class Container,
class It = typename Container::const_iterator>

void PrintContainer(const Container &cont)
{

if (!cont.empty())
{
std::cout << '(';

for (const auto &value : cont)
{

std::cout << ' ' << value;
}

std::cout << " )";
}

}

void foo()
{

std::stack<int> st { std::vector<int> { .... } };

PrintContainer(st);
}



<source>:35:3: error: no matching function for call to 'PrintContainer'
PrintContainer(st);
^~~~~~~~~~~~~~

<source>:17:6: note: candidate template ignored: substitution failure 
[with Container = std::stack<int, std::deque<int, std::allocator<int> >
>]: no type named 'const_iterator' in 'std::stack<int, std::deque<int, 
std::allocator<int> > >'

void PrintContainer(const Container &cont)
^

1 warning and 1 error generated.



template <bool Cond, class T = void>
struct enable_if
{
};

template <class T>
struct enable_if<true, T>
{

using type = T;
};

template <bool Cond, class T = void>
using enable_if_t = typename enable_if<Cond, T>::type;



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

template <class It, class Diff,
std::enable_if_t<std::is_base_of_v<std::random_access_iterator_tag,

ItTag<It>>,
int> = 0>

It next(It it, Diff n) noexcept
{
return it + n;

}



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

template <class It, class Diff,
std::enable_if_t<std::is_same_v<std::bidirectional_iterator_tag,

ItTag<It>>,
int> = 0>

It next(It it, Diff n) noexcept
{
for (; n > Diff(0); --n)
{
++it;

}

for (; n < Diff(0); ++n)
{
--it;

}

return it;
}



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

template <class It, class Diff,
std::enable_if_t<std::is_same<std::input_iterator_tag, ItTag<It>>,

|| std::is_same<std::forward_iterator_tag, ItTag<It>>>,
int> = 0>

It next(It it, Diff n) noexcept
{
assert(n >= 0);
for (; n != Diff(0); --n)
{
++it;

}

return it;
}



void foo()
{

std::vector<int> v { 0, 1, 2, 3, 4, 5 };
std::list<int> l { v.begin(), v.end() };
std::forward_list<int> fl { v.begin(), v.end() };

next(v.begin(), 6); // call 'next' for random access iterator
next(v.end(),  -6); // call 'next' for random access iterator

next(l.begin(), 6); // call 'next' for bidirectional iterator
next(l.end(),  -6); // call 'next' for bidirectional iterator

auto it = next(fl.begin(), 6); // call 'next' for input/forward iterator
it = next(it,        -6); // compile-time error

}



template <typename It, class Diff>
It next_impl(It it, Diff n, std::input_iterator_tag)
{
....

}

template <typename It, class Diff>
It next_impl(It it, Diff n, std::bidirectional_iterator_tag)
{
....

}

template <typename It, class Diff>
It next_impl(It it, Diff n, std::random_access_iterator_tag)
{
....

}



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

template <typename It, class Diff>
It next(It it, Diff n)
{
return next_impl(it, n, ItTag<It> {});

}



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

template <typename It, class Diff>
It next(It it, Diff n)
{
// for random access iterators and others
if constexpr(std::is_base_of_v<std::random_access_iterator_tag, ItTag<It>>)
{ .... }
// for bidirectional iterators
else if constexpr (std::is_same_v<std::bidirectional_iterator_tag, ItTag<It>>)
{ .... }
// for input and forward iterators
else
{ .... }

}





#include <optional>
#include <functional>

template <class T>
using OptRefType = std::optional<std::reference_wrapper<std::remove_reference_t<T>>>;

template <class Func>
class Lazy
{
using ResultType = std::invoke_result_t<Func>;
using OptionalType = 
std::conditional_t<std::is_void_v<ResultType>,

bool,
std::conditional_t<std::is_reference_v<ResultType>,

OptRefType<ResultType>,
std::optional<ResultType>>>;

Func m_initializer;
OptionalType m_value { };

public:

Lazy(Func &&init) : m_initializer { std::forward<Func>(init) } { }
....

};



template <class Func>
class Lazy
{
....

public:

template <class T = ResultType, std::enable_if_t<!std::is_void_v<T>, int> = 0>
ResultType operator()()
{
if (m_value)
{
return *m_value;

}

return m_value.emplace(m_initializer());
}
....

};



template <class Func>
class Lazy
{
....

public:

template <class T = ResultType, std::enable_if_t<std::is_void_v<T>, int> = 0>
void operator()()
{
if (m_value)
{
return;

}

m_value = true;
m_initializer();

}
....

};



template <class Func>
Lazy<Func> CreateLazy(Func &&f)
{
return { std::forward<Func>(f); }; // before C++17

}

void foo()
{
// before C++17
auto idx = CreateLazy([]

{ 
auto i = ...; // some calculations
return i;

});

// since C++17
Lazy idx { []{ .... } };

if (.... && idx()) // short-circuit evaluation
{
....

}
}





template <class T1, class T2, class ...TN>
bool EqualsAnyOf(const T1 &t1, const T2 &t2, const TN &...tN) noexcept
{

....
}



template <class T1, class T2, class ...TN>
bool EqualsAnyOf(const T1 &t1, const T2 &t2, const TN &...tN) noexcept
{

....
}

template <class T1, class T2, class ...TN,
class = std::enable_if_t<  (std::is_same_v<T1, T2>

&& ...
&& std::is_same_v<T1, TN>>>

bool EqualsAnyOf(const T1 &t1, const T2 &t2, const TN &...tN) noexcept
{

....
}



template <class T1, class T2, class ...TN>
bool EqualsAnyOf(const T1 &t1, const T2 &t2, const TN &...tN) noexcept
{

....
}

template <class T1, class T2, class ...TN,
class = std::enable_if_t<std::conjunction_v<std::is_same<T1, T2>,

std::is_same_v<T1, TN>...>>>
bool EqualsAnyOf(const T1 &t1, const T2 &t2, const TN &...tN) noexcept
{

....
}



template <class ...B>
struct conjunction;

template <class ...B>
struct disjunction;

template <class B>
struct negation;



template <class ...> struct conjunction : std::true_type { };

template <class B1> struct conjunction<B1> : B1 { };

template <class B1, class ...Bn>
struct conjunction<B1, Bn...> : std::conditional_t<bool(B1::value),

conjunction<Bn...>,
B1> { };



template <class ...> struct conjunction : std::true_type { };

template <class B1> struct conjunction<B1> : B1 { };

template <class B1, class ...Bn>
struct conjunction<B1, Bn...> : std::conditional_t<bool(B1::value),

conjunction<Bn...>,
B1> { };

template <class ...> struct disjunction : std::false_type { };

template <class B1> struct disjunction<B1> : B1 { };

template <class B1, class ...Bn>
struct disjunction<B1, Bn...> : std::conditional_t<bool(B1::value),

B1,
disjunction<Bn...>>  { };



template <class ...> struct conjunction : std::true_type { };

template <class B1> struct conjunction<B1> : B1 { };

template <class B1, class ...Bn>
struct conjunction<B1, Bn...> : std::conditional_t<bool(B1::value),

conjunction<Bn...>,
B1> { };

template <class ...> struct disjunction : std::false_type { };

template <class B1> struct disjunction<B1> : B1 { };

template <class B1, class ...Bn>
struct disjunction<B1, Bn...> : std::conditional_t<bool(B1::value),

B1,
disjunction<Bn...>>  { };

template <class B>
struct negation : std::bool_constant<!bool(B::value)> { };





template <class ...>
using void_t = void;



template <class ...>
using void_t = void;

void_t<int,
unsigned long long
float,
double,
SomeClass,
std::vector<int>,
std::stack<bool>>; // void



template <class T1, class T2, class ...TN>
bool EqualsAnyOf(const T1 &t1, const T2 &t2, const TN &...tN) noexcept
{

return ( (t1 == t2) || ... || (t1 == tN) ); // since C++17
}

template <class T1, class T2, class ...TN>
bool EqualsAllOf(const T1 &t1, const T2 &t2, const TN &...tN) noexcept
{

return ( (t1 == t2) && ... && (t1 == tN) ); // since C++17
}

template <class T1, class T2, class ...TN>
bool EqualsNoneOf(const T1 &t1, const T2 &t2, const TN &...tN) noexcept
{

return ( (t1 != t2) && ... && (t1 != tN) ); // since C++17
}



template <class T1, class T2, class ...TN>
bool EqualsAnyOf(const T1 &t1, const T2 &t2, const TN &...tN) noexcept;

bool foo()
{

int *pi = nullptr;
float *pf = nullptr;

std::vector<int*> vi;
std::vector<float*> vf;

return EqualsAnyOf(nullptr, pi, pf, vi, vf);
}



<source>:21:37: error: invalid operands to binary expression ('const nullptr_t' and 'const std::vector<int *, std::allocator<int *> >')

return ( (t1 == t2) || ... || (t1 == tN) );

~~ ^  ~~

<source>:32:10: note: in instantiation of function template specialization 'EqualsAnyOf<nullptr_t, int *, float *, std::vector<int *, 
std::allocator<int *> >, std::vector<float *, std::allocator<float *> > >' requested here

return EqualsAnyOf(nullptr, pi, pf, vi, vf);

^

/opt/compiler-explorer/gcc-8.3.0/lib/gcc/x86_64-linux-gnu/8.3.0/../../../../include/c++/8.3.0/system_error:292:3: note: candidate 
function not viable: no known conversion from 'const nullptr_t' to 'const std::error_code' for 1st argument

operator==(const error_code& __lhs, const error_code& __rhs) noexcept

^

/opt/compiler-explorer/gcc-8.3.0/lib/gcc/x86_64-linux-gnu/8.3.0/../../../../include/c++/8.3.0/system_error:297:3: note: candidate 
function not viable: no known conversion from 'const nullptr_t' to 'const std::error_code' for 1st argument

operator==(const error_code& __lhs, const error_condition& __rhs) noexcept

^

/opt/compiler-explorer/gcc-8.3.0/lib/gcc/x86_64-linux-gnu/8.3.0/../../../../include/c++/8.3.0/system_error:304:3: note: candidate 
function not viable: no known conversion from 'const nullptr_t' to 'const std::error_condition' for 1st argument

operator==(const error_condition& __lhs, const error_code& __rhs) noexcept

^

....

1 error generated.

Compiler returned: 1



template <class T1, class T2, class ...TN,
class = void_t<decltype(std::declval<T1&>() == std::declval<T2&>()),

decltype(std::declval<T1&>() == std::declval<TN&>())...>>
bool EqualsAnyOf(const T1 &t1, const T2 &t2, const TN &...tN) noexcept
{
return ( (t1 == t2) || ... || (t1 == tN) ); // since C++17

}

bool foo()
{
int *pi = nullptr;
float *pf = nullptr;

std::vector<int*> vi;
std::vector<float*> vf;

return EqualsAnyOf(nullptr, pi, pf, vi, vf);
}



<source>:32:10: error: no matching function for call to 'EqualsAnyOf'

return EqualsAnyOf(nullptr, pi, pf, vi, vf);

^~~~~~~~~~~

<source>:19:6: note: candidate template ignored: substitution failure 
[with T1 = nullptr_t, T2 = int *, TN = <float *, std::vector<int *, 
std::allocator<int *> >, std::vector<float *, std::allocator<float *> >>]: 

invalid operands to binary expression ('nullptr_t' and 'std::vector<int *, 
std::allocator<int *> >')

bool EqualsAnyOf(const T1 &t1, const T2 &t2, const TN &...tN) noexcept

^

1 error generated.

Compiler returned: 1



template <class T>
std::add_rvalue_reference<T>_t declval();



template <class T>
std::add_rvalue_reference<T>_t declval();

struct Default { int foo() const { return 1; } };

struct NonDefault
{

NonDefault(const NonDefault &) { }
int foo() const { return 1; }

};

int main()
{

decltype(Default().foo()) i1 = 1;  // type of i1 is int
decltype(NonDefault().foo()) i2 = n1; // compile-time error

decltype(std::declval<NonDefault>().foo()) i2 = i1; // type of i2 is int
}





template <class T, typename = void>
struct is_iterable : std::false_type
{
};

template <class T>
struct is_iterable<T, std::void_t<decltype(std::begin(std::declval<T&>())),

decltype(  std::end(std::declval<T&>())>>
: std::true_type

{
};

template <class T>
inline constexpr auto is_iterable_v = is_iterable<T>::value;



template <class T, typename = void>
struct is_iterable : std::false_type
{
};

template <class T>
struct is_iterable<T, std::void_t<decltype(std::begin(std::declval<T&>())),

decltype(  std::end(std::declval<T&>())>>
: std::true_type

{
};

template <class T>
inline constexpr auto is_iterable_v = is_iterable<T>::value;

static_assert(is_iterable_v<std::vector<int>>); // ok

static_assert(is_iterable_v<std::list<int>>); // ok

static_assert(is_iterable_v<std::map<int, int>>); // ok

static_assert(is_iterable_v<std::stack<int>>); // compile-time error



template <class T, typename = void>
struct is_reverse_iterable : std::false_type
{
};

template <class T>
struct is_reverse_iterable<T, std::void_t<decltype(std::begin(std::declval<T&>())),

decltype(  std::end(std::declval<T&>()),
decltype(std::rbegin(std::declval<T&>()),
decltype(  std::rend(std::declval<T&>())>>

: std::true_type
{
};

template <class T>
inline constexpr bool is_reverse_iterable_v = is_reverse_iterable<T>::value;



template <class T, typename = void>
struct is_reverse_iterable : std::false_type
{
};

template <class T>
struct is_reverse_iterable<T, std::void_t<decltype(std::begin(std::declval<T&>())),

decltype(  std::end(std::declval<T&>()),
decltype(std::rbegin(std::declval<T&>()),
decltype(  std::rend(std::declval<T&>())>>

: std::true_type
{
};

template <class T>
inline constexpr bool is_reverse_iterable_v = is_reverse_iterable<T>::value;

static_assert(is_reverse_iterable_v<std::vector<int>>); // ok

static_assert(is_reverse_iterable_v<std::list<int>>); // ok

static_assert(is_reverse_iterable_v<std::map<int, int>>); // ok

static_assert(is_reverse_iterable_v<std::forward_list<int>>); // compile-time error



template <class Default, class AlwaysVoid, template <class ...> class Op, class ...Args>
struct detector
{
using value_t = std::false_type;
using type = Default;

};

template <class Default, template<class ...> class Op, class ...Args>
struct detector<Default, std::void_t<Op<Args...>>, Op, Args...>
{
using value_t = std::true_type;
using type = Op<Args...>;

};

struct nonesuch
{
nonesuch() = delete;
nonesuch(const nonesuch &) = delete;
nonesuch(nonesuch &&) = delete;
nonesuch& operator=(const nonesuch &) = delete;
nonesuch& operator=(nonesuch &&) = delete;

};



template <template <class ...> class Op, class ...Args>
using is_detected = typename detector<nonesuch, void, Op, Args...>::value_t;

template <template<class ...> class Op, class ...Args >
inline constexpr bool is_detected_v = is_detected<Op, Args...>::value;

template <template<class...> class Op, class... Args>
using detected_t = typename detector<nonesuch, void, Op, Args...>::type;

template <class Default, template<class...> class Op, class... Args>
using detected_or = detector<Default, void, Op, Args...>;

template <class Default, template<class ...> class Op, class ...Args>
using detected_or_t = typename detected_or<Default, Op, Args...>::type;



template <class T>
using free_begin = decltype(std::begin(std::declval<T>()));

template <class T>
using free_end = decltype(std::end(std::declval<T>()));

template <class T>
using free_rbegin = decltype(std::rbegin(std::declval<T>()));

template <class T>
using free_rend = decltype(std::rend(std::declval<T>()));

template <class T>
inline constexpr auto is_iterable_v = is_detected_v<free_begin, T>

&& is_detected_v<free_end, T>;

template <class T>
inline constexpr auto is_reverse_iterable_v = is_iterable_v<T>

&& is_detected_v<free_rbegin, T>
&& is_detected_v<free_rend, T>;



template <class T>
using v_foo_v = decltype(std::declval<T&>().foo());

template <class T>
using v_foo_i = decltype(std::declval<T&>().foo(std::declval<int>()));

template <class T>
inline constexpr bool has_foo = is_detected_v<v_foo_v, T>

&& is_detected_v<v_foo_i, T>;




