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Â C++ allows you to implement operator()  

• i.e. the "function call" operator  

• Lets you create objects that act like functions (with a memory)  

 

Â Here's how to define operator()  

 

• (no args, returns void)  

 

 

Â Here's how to use operator() : 

 

Overview 

class myFunctionObject  
{  
public:  
  void operator ()();   // Simple operator() here, takes no args  and has no return.  
  é 
};  
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myFunctionObject  anObject ;  
 
anObject ();             // Operator syntax.  
anObject.operator ()();  // Function - call syntax (equivalent to previous statement).  



Â Here's a class that implements a simple operator()   

• Provides "incrementer" functionality  

• Remembers the current state between calls to operator()  

Implementing operator()  

class incrementer  
{  
private :  
  int  count, step ;                   // State  
 
public:  
  incrementer ( int  count, int  step );  // Constructor  
  int  operator() ();                 // Operator()  
};  
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incrementer :: incrementer ( int  count, int  step)  
{  
  this - >count = count;  
  this - >step = step;  
}  
 
int  incrementer ::operator() ()  
{  
  return count += step;  
}  



Â This client code uses the simple operator()  

• Creates an incrementer  object 

• Invokes its functionality via operator()  

Using operator()  
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incrementer  inc1(100, 10);  
 
int  a = inc1 ();             // Invoke operator() using operator syntax.  
int  b = inc1.operator ()();  // Invoke operator() using member - function - call syntax.  
 
cout  << "a is " << a << " and b is " << b << endl ;  



Â Overview 

Â Implementing a parameterised operator()  

Â Using a parameterised operator() 

2. Parameterising operator() 
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Â You can parameterise operator()  any way you like! 

• You can define any number or types of parameters 

• Allows you to overload operator()  if you want to  

 

Â Hypothetical example of parameterising operator() : 

 

 

 

 

 

Â Sample usage: 

 

 

 

 

 

Overview 

class myFunctionObject   
{  
public:  
  void   operator()();  
  void   operator()( int  a, int  b);  
  double operator()( const  string & str , double a, int  b, int  c = 100);  
  é 
};  
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myFunctionObject  anObject ;  
 
anObject ();                 // Or anObject.operator ()();  
anObject (100, 200);          // Or anObject.operator ()(100, 200);  
anObject ("Hi", 10.66, 42);  // Or anObject.operator ()("Hi", 10.66, 42);  



Â Here's an example of a parameterised operator()   

• Provides simple "string concatenation" functionality 

Implementing a Parameterised operator()  

class concatenator  
{  
private:  
  string theString ;  
 
public:  
  concatenator ( const  string & initialContent  = "");  
  string operator() (string stringToAdd , int  repeatCount  = 1);  
};  
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concatenator :: concatenator ( const  string & initialContent )  
{  
  theString  = initialContent  + " \ n";  
}  
 
string concatenator ::operator() (string stringToAdd , int  repeatCount )  
{  
  for (int i = 0; i < repeatCount; i++)  
    theString  += stringToAdd  + " \ n";  
  return theString ;  
}  



Â This client code uses the parameterised operator()  

• Creates a concatenator  object 

• Invokes its functionality via the parameterised operator()  

Using a Parameterised operator() 
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concatenator  log("Log messages");  
 
string result1 = log("Hello", 3);  
string result2 = log("Goodbye");  
string result3 = log("That's all folks");  
 
cout  << result3;  



Â Overview 

Â Example algorithm 

Â Supplying a function pointer 

Â Supplying a function object 

3. Function Objects 
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Â The reason for implementing operator()  is to create 

"function objects"  

• i.e. objects that look like functions, but are objects really  

 

Â Function objects play a big role in C++ STL "algorithms"  

• Algorithms are functions that perform common tasks  

• E.g. iterating a collection, sorting a collection, etc.  

 

Â Algorithms require you to specify what operation you want 
to be performed on data  
• You can provide anything that supports operator()  

• E.g. a function pointer  

• E.g. a function object  

 

 

 

Overview 
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Â One of the most common STL algorithms is for_each  

• Iterates through all items in a collection  

• Invokes a specified operation on each item 

 

Â You must specify the following parameters in for_each : 

• An iterator that indicates the beginning of a collection  

• An iterator that indicates the end of a collection 

• The function to apply on each item  

Example Algorithm 

#include <algorithm>  
using namespace std ;  
é 
 
for_each ( beginningIterator ,  
         endIterator ,  
         functionToApplyOnEachItem );  
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Â This example supplies a function pointer  to for_each  

• We're using for_each  to iterate through a vector  

• The 3rd parameter to for_each  is a function pointer  

• The print  function will be invoked for each item via operator()  

Supplying a Function Pointer 
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#include <vector>  
#include <algorithm>  
using namespace std ;  
é 
 
vector< int > vec ;  
vec.push_back (3 );  
vec.push_back (15 );  
vec.push_back (29 );  
 
for_each ( vec.begin (),  
         vec.end (),  
         print< int >);  

template < typename  T> 
void print( const  T& n)  
{  
  cout  << n << " ";  
}  



Â This example supplies a function object  to for_each  

• Similar to the previous slide, but … 

• The 3rd parameter to for_each  is an object 

• Its functionality will be invoked for each item via operator()  

Supplying a Function Object 
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#include <vector>  
#include <algorithm>  
using namespace std ;  
é 
 
vector< int > vec ;  
vec.push_back (3 );  
vec.push_back (15 );  
vec.push_back (29 );  
 
for_each ( vec.begin (),  
         vec.end (),  
         printer< int >());  

template < typename  T> 
struct  printer  
{  
  void operator() ( const  T& n) const ;  
};  
 
template < typename  T> 
void printer<T>::operator() ( const  T& n) const  
{  
  cout  << n << " ";  
}  



Â Introduction to STL function objects 

Â Unary functions overview 

Â Unary functions implementation 

Â Unary functions usage 

Â Binary functions overview 

Â Binary functions implementation 

Â Binary functions usage 

 

4. STL Function Objects  
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Â The STL defines function objects for common operations 

• Arithmetic, logical, and relational operations 

• Defined as templated structures in <functional>  header 

 

Â Unary function objects 

• Work with a single argument, e.g. -x 

• Inherit from a convenience structure named unary_function   

 

Â Binary function objects 

• Work with two arguments, e.g. x + y  

• Inherit from a convenience structure named binary_function   

 

Introduction to STL Function Objects 
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Â STL unary functions inherit from unary_function  

 

 

 

Â Unary function objects available:  
Å negate  

Å logical_not  

 

Unary Functions Overview 
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template <typename  Arg , typename  Result>  
struct  unary_function   
{  
  typedef  Arg  argument_type ;  
  typedef  Result result_type ;  
};  



Â Example implementation of a unary function  
• Here's how the negate  function object is implemented:  

 

 

 

 

 

 

Â Exercise 
• How is the logical_not  function object implemented? 

 

 

 

Unary Functions Implementation 
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template <typename  T>  
struct  negate : unary_function  <T, T >  
{  
  T operator() ( const  T& x) const   
  {  
    return - x ;  
  }  
};  

 
 
 
 
 
 
 
 



Â Example usage of a unary function 

Unary Functions Usage 
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#include <algorithm >    // For transform() and for_each () algorithms, etc.  
#include <functional >   // For negate function object, etc.  
é 
 
double avgTemps  [] = { - 5.4, 12.2, 23.9, 9.6, };  
 
transform( avgTemps ,  
          avgTemps+4 ,  
          avgTemps ,  
          negate<double >());  
 
for_each ( avgTemps ,  
         avgTemps+4 ,  
         printer<double >());  

Uses the transform()  algorithm to 

transform items in an array, by using 
the STL negate  function object  

Uses the for_each ()  algorithm to 

print items in an array, by using our 
own printer  function object  



Â STL binary functions inherit from binary_function  

 

 

 

Â Binary function objects available:  
Å plus, minus, multiplies, divides, modulus  

Å equal_to , not_equal_to  

Å greater, greater_equal , less, less_equal  

Å logical_and , logical_or  

 

Binary Functions Overview 
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template <typename  Arg1, typename  Arg2, typename  Result >  
struct  binary_function   
{  
  typedef  Arg1   first_argument_type ;  
  typedef  Arg2   second_argument_type ;  
  typedef  Result result_type ;  
};  



Â Example implementation of a binary function  
• Here's how the plus  function object is implemented:  

 

 

 

 

 

 

Â Exercise 
• How is the equal_to  function object implemented? 

 

 

 

Binary Functions Implementation 
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template  <typename  T>  
struct  plus : binary_function  <T, T, T >  
{  
  T operator () ( const  T& x, const  T& y) const   
  {  
    return x + y;  
  }  
};  

 
 
 
 
 
 
 
 



Â Example usage of a binary function 

Binary Functions Usage 
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#include <algorithm >    // For transform() and for_each () algorithms, etc.  
#include <functional >   // For plus function object, etc.  
é 
 
double array1[] = { 1, 2, 3, 4, 5 };  
double array2[] = { 10, 20, 30, 40, 50 };  
double results[5];  
 
transform(array1,  
          array1+5,  
          array2,  
          results,  
          plus<double >());  
 
for_each (results,  
         results+5,  
         printer<double >());  

Uses the transform()  algorithm to 

add items in two arrays, by using the 
STL plus  function object  

Uses the for_each ()  algorithm to 

print items in an array, by using our 
own printer  function object  



Any Questions? 
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