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This talk does … 
… focus on the basic mechanics of calling functions; 
… point out the surprising details; 
… give further references whenever necessary. 

This talk does not … 
… show all possible examples; 
… mention every single detail; 
… try to be bleeding edge.
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Name Lookup

Name Lookup 
Select all (visible) candidate functions with a 
certain name within the current scope. If 
none is found, proceed into the next 
surrounding scope. This results in an overload 
set. 
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Template Argument 
Deduction

Name Lookup

Template Argument Deduction 

For all candidate function templates, 
deduce all function template parameters 
based on the given template arguments. 
and add them to the overload set. 
Substitution errors are not necessarily 
flagged as error (SFINAE). 
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Template Argument 
Deduction

Name Lookup

Overload Resolution

Overload Resolution 

Find the best match from the overload 
set of candidate functions. If necessary, 
apply some necessary argument 
conversions. 
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Template Argument 
Deduction

Name Lookup

Overload Resolution

Access Labels

Access Labels 

Check if the best match is accessible 
from the given call site. 



Overview

11

Template Argument 
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Function Template Specialization 

If the best match results from a 
template, choose the final function from 
the set of all specializations of the 
selected function template. 
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Virtual Dispatch 

If the best match is a virtual function, 
select the most derived version of a 
virtual function. 
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Deleting Functions 

Check if the best match has been 
explicitly deleted (via =delete).

Name Lookup
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void f( double );     // (1) 

namespace N1 { 

   void f( int );     // (2) 

} // namespace N1 

int main() 
{ 

}

// Unqualified lookup; calls (1)
// Unqualified lookup; calls (1)

// Qualified lookup; calls (2)

f( 1.0 );
f( 42 );
N1::f( 42 );



(Un-)Qualified Name Lookup
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void f( double );     // (1) 

namespace N1 { 

} // namespace N1 

int main() 
{ 

}

// Unqualified lookup; calls (1)
// Unqualified lookup; calls (1)

// Ill-formed, no function found in ‘N1’

f( 1.0 );
f( 42 );
N1::f( 42 );
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void f( double );     // (1) 

namespace N1 { 

   void f( int );     // (2) 

   void g() { N1::f( 1.0 ); } 
   void h() {     f( 1.0 ); } 

} // namespace N1 

int main() 
{ 

}

// Unqualified lookup; calls (2)
// Qualified lookup; calls (2)N1::g();

N1::h();

Function (2) hides function (1)
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void f( double );     // (1) 

namespace N1 { 

   void f( string );  // (2) 

   void g() { N1::f( 1.0 ); } 
   void h() {     f( 1.0 ); } 

} // namespace N1 

int main() 
{ 

}

// Ill-formed, no conversion available
// Ill-formed, no conversion availableN1::g();

N1::h();

Function (2) hides function (1)
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void f( double );     // (1) 

namespace N1 { 

   constexpr int f=1; // (2) 

   void g() { N1::f( 1.0 ); } 
   void h() {     f( 1.0 ); } 

} // namespace N1 

int main() 
{ 

}

// Ill-formed, f cannot be used as a function
// Ill-formed, f cannot be used as a functionN1::g();

N1::h();

Variable (2) hides function (1)
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void f( double );     // (1) 

namespace N1 { 

   void g() { N1::f( 1.0 ); } 
   void h() {     f( 1.0 ); } 

} // namespace N1 

int main() 
{ 

}

// Unqualified lookup; calls (1)
// Ill-formed, no function found in ‘N1'N1::g();

N1::h();
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void f( double );     // (1) 

namespace N1 { 

   void f( int );     // (2) 

   void g() {   ::f( 1.0 ); } 
   void h() {     f( 1.0 ); } 

} // namespace N1 

int main() 
{ 

}

// Unqualified lookup; calls (2)
// Qualified lookup; calls (1)N1::g();

N1::h();
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void f( double );     // (1) 

namespace N1 { 

   void f( int );     // (2) 

   void g() {   ::f( 1.0 ); } 
   void h() {     f( 1.0 ); } 

   void f( double );  // (3) 

} // namespace N1 

int main() 
{ 

}

// Unqualified lookup; calls (2)
// Qualified lookup; calls (1)N1::g();

N1::h();



(Un-)Qualified Name Lookup
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void f( double );     // (1) 

namespace N1 { 

   void f( int );     // (2) 

   struct S { 
      void f( int );  // (3) 
      void g() { f( 1.0 ); } 
   }; 

   void f( double );  // (4) 

} // namespace N1 

int main() 
{ 

}

// Unqualified lookup; calls (3)
N1::S s{};
s.g();

Function (3) hides functions (1) and (2)



(Un-)Qualified Name Lookup

25

void f( double );     // (1) 

namespace N1 { 

   void f( int );     // (2) 

   struct S { 

      void g() { f( 1.0 ); } 
   }; 

   void f( double );  // (4) 

} // namespace N1 

int main() 
{ 

}

// Unqualified lookup; calls (2)
N1::S s{};
s.g();

Function (2) hides function (1)
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void f( double );     // (1) 

namespace N1 { 

   struct S { 

      void g() { f( 1.0 ); } 
   }; 

   void f( double );  // (4) 

} // namespace N1 

int main() 
{ 

}

// Unqualified lookup; calls (1)
N1::S s{};
s.g();



(Un-)Qualified Name Lookup
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class Base 
{ 
   // … 
   virtual void f( int );      // (1) 
   virtual void f( double );   // (2) 
}; 

class Derived : public Base 
{ 
   void f( double ) override;  // (3) 
}; 

int main() 
{ 

}
// Calls (3)

Derived d{};

d.f( 42 );

Function (3) hides function (1) and (2)
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void f( double );     // (1) 

namespace N1 { 

   void f( int );     // (2) 

   struct S {}; 

   void f( S );       // (3) 

} // namespace N1 

int main() 
{ 

}

// Argument dependent lookup (ADL); calls (3)
N1::S s{};
f( s );
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void f( double );     // (1) 

template< typename T > void g( T t ) { f( t ); } 

namespace N1 { 

   void f( int );     // (2) 

   struct S {}; 

   void f( S );       // (3) 

} // namespace N1 

int main() 
{ 

}

// Argument dependent lookup (ADL); calls (3)
N1::S s{};
g( s );



Argument Dependent Lookup
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void f( double );     // (1) 

template< typename T > void g( T t ) { f( t ); } 

namespace N1 { 

   void f( int );     // (2) 

   struct S {}; 

   void f( S );       // (3) 

} // namespace N1 

void f( N1::S );      // (4) 

int main() 
{ 

}

// Ambiguous function call between (3) and (4)
N1::S s{};
g( s );
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Guideline: Remember that ADL only works for user-defined types.



Argument Dependent Lookup
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namespace N1 { 

   struct S {}; 

   void swap( S&, S& );  // (1) 

} // namespace N1 

template< typename T > void g( T& a, T& b ) 
{ 

   std::swap( a, b ); 
} 

int main() 
{ 

}

// Qualified lookup, calls std::swap

N1::S s1{}; 
N1::S s2{};

g( s1, s2 );
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namespace N1 { 

   struct S {}; 

   void swap( S&, S& );  // (1) 

} // namespace N1 

template< typename T > void g( T& a, T& b ) 
{ 

   std::swap( a, b ); 
} 

int main() 
{ 

}

// Qualified lookup, calls std::swap

N1::S s1{}; 
N1::S s2{};

g( s1, s2 );



Argument Dependent Lookup
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namespace N1 { 

   struct S {}; 

   void swap( S&, S& );  // (1) 

} // namespace N1 

template< typename T > void g( T& a, T& b ) 
{ 
   using std::swap; 
   swap( a, b ); 
} 

int main() 
{ 

}

// Unqualified lookup, calls swap(S,S)

N1::S s1{}; 
N1::S s2{};

g( s1, s2 );
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Guideline: Prefer unqualified name lookup to qualified name lookup.

Core Guideline C.165: Use using for customisation points
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void f( double );     // (1) 

template< typename T > void g( T t ) { f( t ); } 

void f( int );        // (2) 

namespace N1 { 

   struct S {}; 

   void f( S );       // (3) 

} // namespace N1 

int main() 
{ 

}

// Argument dependent lookup (ADL); calls (3)
N1::S s{};
g( s );

// Regular lookup (no ADL); calls (1)g( 42 );
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Questions?
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Overload Resolution
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1. Compile a list of viable candidates: Select all functions from the 
given list of candidates that match the number of given arguments 
and that could be called (with or without conversion). 

2. Find the best match from the list of viable candidates: Determine a 
single function that fits the given arguments best.



(Non-)Viable Candidates
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// Viable candiates 
void f( int ); 
void f( const int& ); 
void f( double ); 
void f( Widget ); 
void f( int, int = 0 ); 
void f( integral auto ); 
void f( ... ); 

// Non-viable candidates 
void f(); 
void f( int, double ); 
void f( std::string ); 
void f( floating_point auto );

struct Widget { Widget( int ); };

int main() 
{ 
   f( 42 );  // Call 'f()' with a single 'int' argument 
}

// Exact/identity match
// Trivial conversions
// Standard conversions
// User-defined conversions
// Default arguments

// Less parameters than arguments
// More parameters than arguments
// No conversion available

// Matching constraints
// Ellipsis argument

// Violated constraints



Overload Resolution
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1. Compile a list of viable candidates: Select all functions from the 
given list of candidates that match the number of given arguments 
and that could be called (with or without conversion). 

2. Find the best match from the list of viable candidates: Determine a 
single function that fits the given arguments best.



Finding a Best Match (1 Parameter)
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For a single argument, the compiler chooses the best available option: 

1. Exact/identity match 
2. Trivial conversion 

3. Promotion 
4. Promotion + trivial conversion 

5. Standard conversion 
6. Standard conversion + trivial conversion 

7. User-defined conversion 
8. User-defined conversion + trivial conversion 
9. User-defined conversion + standard conversion 

10. Ellipsis argument

Rank 1

Rank 2

Rank 3
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void f( int& );        // (1) 

void f( double );      // (2)

int main() 
{ 
   int i = 42; 

   f( i ); 
}

// Calls (1) (identity match, rank 1)

Identity match (rank 1)

Standard conversion (rank 3)



Ranking
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void f( int& );        // (1) 

void f( double );      // (2) 

void f( const int& );  // (3)

int main() 
{ 
   int i = 42; 

   f( i ); 
}

Identity match (rank 1)

Standard conversion (rank 3)

Trivial conversion (rank 1)



Identity Match vs. Trivial Conversions
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Ranking
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void f( int& );        // (1) 

void f( double );      // (2) 

void f( const int& );  // (3)

int main() 
{ 
   int i = 42; 

   f( i ); 
}

// Calls (1) (identity match, rank 1)

Identity match (rank 1)

Standard conversion (rank 3)

Trivial conversion (rank 1)



Ambiguous Function Calls
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If the compiler cannot find a best match, the call is ambiguous.

void f( float  );   // (1) 

void f( double );   // (2)

int main() 
{ 
   int i = 42; 

   f( i ); 
}

// Ambiguous function call: same rank, no special rule

Standard conversion (rank 3)

Different standard 
conversion (rank 3)



Templates vs. Non-Templates
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void f( int );            // (1) 

void f( integral auto );  // (2)

int main() 
{ 
   int i = 42; 

   f( i ); 
}



Templates vs. Non-Templates
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void f( int );            // (1) 

void f( integral auto );  // (2)

int main() 
{ 
   int i = 42; 

   f( i ); 
}

Identity match (rank 1)

Also identity match (rank 1)template<> void f( int ); // (2)



Identity Match vs. Trivial Conversions
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Identity Match vs. Trivial Conversions
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Templates vs. Non-Templates
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void f( int );            // (1) 

void f( integral auto );  // (2)

int main() 
{ 
   int i = 42; 

   f( i ); 
}

Identity match (rank 1)

Also identity match (rank 1)template<> void f( int ); // (2)

// Calls (1) (identity match, rank 1)



Promotions (Rank 2)
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The following standard conversions count as promotions: 

• Integral promotion 
• unsigned short ➜ unsigned int or int (depending on your platform) 
• short ➜ int 
• char ➜ int or unsigned int (depending on your platform) 
• bool to int (0 or 1) 

• Floating point promotion 
• float ➜ double



Promotions (Rank 2)
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void f( int    );   // (1) 

void f( double );   // (2)

int main() 
{ 
   short v = 42; 

   f( v ); 
}

// Calls (1) (integral promotion, rank 2)

Integral promotion (rank 2)

Standard conversion (rank 3)



Promotions (Rank 2)
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void f( int    );   // (1) 

void f( double );   // (2)

int main() 
{ 
   float v = 4.2F; 

   f( v ); 
}

// Calls (2) (floating point promotion, rank 2)

Standard conversion (rank 3)

Floating point promotion 
(rank 2)



Standard Conversions (Rank 3)
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A standard conversion is when the compiler transforms a fundamental /
built-in data type into a related fundamental/built-in data type: 

• Integral conversion 
• Floating point conversion 
• Integral to floating point conversion 
• Floating point to integral conversion 
• Pointer conversion 

• Derived to base class conversions (Sheep* ➜ Animal*)
• Conversions to void* 

• bool conversion 
• expressions converted to bool



Standard Conversions (Rank 3)
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void f( double );  // (1)

int main() 
{ 
   unsigned int ui = 42U; 

   f( ui ); 
}

// Calls (1) (standard conversion, rank 3)

Standard conversion (rank 3)



Standard Conversions (Rank 3)
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void f( int );     // (1)

int main() 
{ 
   unsigned int ui = 42U; 

   f( ui ); 
}

// Calls (1) (standard conversion, rank 3)

Standard conversion (rank 3)



Standard Conversions (Rank 3)
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int main() 
{ 
   unsigned int ui = 42U; 

   f( ui ); 
}

// Ambiguous function call: same rank, no special rule

void f( double );  // (1) Standard conversion (rank 3)

void f( int );     // (2) Standard conversion (rank 3)



Standard Conversions (Rank 3)
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void f( A* );  // (1) 

void f( B* );  // (2)

int main() 
{ 
   C c{}; 

   f( &c ); 
}

struct A {}; 

struct B : public A {}; 

struct C : public B {};

// Calls (2) (closest pointer conversion, rank 3)

Pointer conversion (rank 3)

Also pointer conversion (rank 3)



User-Defined Conversions

70

A user-defined conversion is provided via constructors or conversion 
operators:

struct Widget 
{ 
   // Constructors 
   Widget( int );      // Conversion from ‘int' to 'Widget' 
   Widget( double );   // Conversion from 'double' to 'Widget' 

   // Conversion operators 
   operator int();     // Conversion from 'Widget' to ‘int' 
   operator double();  // Conversion from 'Widget' to ‘double' 
};



User-Defined Conversions
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void f( long );    // (1) 

void f( Widget );  // (2)

int main() 
{ 
   int i = 42; 

   f( i ); 
}

struct Widget { Widget( int ); };

// Calls (1) (standard conversion, rank 3)

Standard conversion (rank 3)

User-defined conversion



Identity Match vs. Trivial Conversions
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User-Defined Conversions
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void f( Widget );

int main() 
{ 
   int i = 42; 

   f( i ); 
}

struct Widget { 
   Widget( int );     // (1) 

   Widget( double );  // (2) 
};

// Calls (1) (user-defined conversion)

User-defined conversion

User-defined + standard 
conversion



User-Defined Conversions
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void f( Widget );

int main() 
{ 
   short s = 42; 

   f( s ); 
}

struct Widget { 
   Widget( int );     // (1) 

   Widget( double );  // (2) 
};

// Calls (1) (user-defined conversion + promotion)

User-defined conversion + 
promotion

User-defined + standard 
conversion
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Identity Match vs. Trivial Conversions
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Finding a Best Match (Multiple Parameters)
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For several arguments, the compiler applies the same rules to every 
single argument. If one function is considered better for at least one 
argument and equally good for all other arguments, the function is 
selected as best match. Else the function is ambiguous.



Finding a Best Match (Multiple Parameters)
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void f( int, int   , int    );   // (1) 

void f( int, double, double );   // (2)

int main() 
{ 
   f( 1, short(2), 3U ); 
}

// Calls (1) (best match)

R1

R1

R2

R3

R3

R3



Finding a Best Match (Multiple Parameters)
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void f( int, int   , int    );   // (1) 

void f( int, double, double );   // (2)

int main() 
{ 
   f( 1, short(2), 3.0F ); 
}

// Ambiguous function call

R1

R1

R2

R3

R3

R2
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Core Guideline C.163: Overload only for operations that are roughly 
equivalent

Guideline: Prevent complex overloading situations that may result in 
surprises during overload resolution.
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Access Labels
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class Object 
{ 
 public: 
   void f( int );     // (1) 

 private: 
   void f( double );  // (2) 
}; 

Object obj{}; 

obj.f( 1.0 ); // (2) is selected; access violation!



Access Labels
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glass Object 
{ 
 public: 
   void f( int );     // (1) 

 private: 
   void f( double );  // (2) 
}; 

Object obj{}; 

obj.f( 1.0 ); // (2) is selected; access violation!
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Guideline: Remember that everything inside a class is visible. public, 
protected and private are merely access labels.



88

Questions?
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template< typename T > void f( T );   // (1) 

int main() 

   char* cp{ nullptr }; 

   f( cp ); // Calls function (3)

template< > void f( char* );          // (2)

template< typename T > void f( T* );  // (3)

{

}



Function Template Specialization
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template< typename T > void f( T );   // (1) 

int main() 

   char* cp{ nullptr }; 

   f( cp ); // Calls function (2)

template< > void f( char* );          // (2)

template< typename T > void f( T* );  // (3)

{

}



Function Template Specialization
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template< typename T > void f( T );   // (1) 

int main() 

   char* cp{ nullptr }; 

   f( cp ); // Calls function (3)

template< typename T > void f( T* );  // (3)

template< > void f<char*>( char* );   // (2)

{

}
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Guideline: Prefer function overloading to function template specialization.



Function Template Specialization

96



97

Questions?



Function Template Specialization

98

Template Argument 
Deduction

Overload Resolution

Access Labels

Function Template 
Specialization

Virtual Dispatch

Deleting Functions

Name Lookup



Function Template Specialization

99

Template Argument 
Deduction

Overload Resolution

Access Labels

Function Template 
Specialization

Virtual Dispatch

Deleting Functions

Name Lookup



Virtual Dispatch

100

Template Argument 
Deduction

Overload Resolution

Access Labels

Function Template 
Specialization

Deleting Functions

Name Lookup

Virtual Dispatch



Virtual Dispatch

101



Function Template Specialization

102

Template Argument 
Deduction

Overload Resolution

Access Labels

Function Template 
Specialization

Virtual Dispatch

Deleting Functions

Name Lookup



Function Template Specialization

103

Template Argument 
Deduction

Overload Resolution

Access Labels

Function Template 
Specialization

Virtual Dispatch

Deleting Functions

Name Lookup



Deleting Functions

104

Template Argument 
Deduction

Overload Resolution

Access Labels

Function Template 
Specialization

Virtual Dispatch

Name Lookup

Deleting Functions



Deleting Functions
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void f( int );              // (1) 

void f( double ) = delete;  // (2) 

int main() 
{ 
   f( 42 ); 

}

// Calls function (1)

// Compilation error: Call to deleted functionf( 1.0 );



Deleting Functions
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Guideline: =delete doesn’t delete a function, but declares it as 
uncallable. Any attempt to call the function will result in a compilation 
error.



Deleting Functions
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class Widget 
{ 
 public: 
   Widget(); 
   Widget( const Widget& ); 
   Widget( Widget&& ) = delete; 
}; 

int main() 
{ 
   Widget w1{}; 

}

// Default constructor

// Compilation errorWidget w2( std::move(w1) );



Deleting Functions
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class Widget 
{ 
 public: 
   Widget(); 
   Widget( const Widget& ); 

}; 

int main() 
{ 
   Widget w1{}; 

}

// Default constructor

// Copy constructorWidget w2( std::move(w1) );
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Core Guideline C.21: If you define or =delete any default operation, 
define or =delete them all.
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