CONSTANT OBJECTS AND CONSTANT MEMBER FUNCTIONS

1. The keyword const specifies that an object is not modifiable.

a) Some objects need to be modifiable and some do not.

b) For example,

const Time noon(12, 0, 0);

declares a const object noon of class Time and initializes it to 12 noon.

2. The C++ compiler disallows non-const member function calls for a const object (some compilers provide only a warning).

a) To provide for this, the programmer may declare const member functions; only these can operate on const objects.

i) const member functions cannot modify the object--the compiler disallows this.

ii) A function is specified as const both in its declaration and in its definition by inserting the keyword const after the function's parameter list, and, in the case of the function definition, before the left brace that begins the function body.

int A::getValue() const {return privateDataMember};

iii) If a const member function is defined outside the class's definition, the member function's declaration and definition must each include const.

3. A const member function can be overloaded with a non-const version.  The choice of which overloaded member function to use is automatically made by the compiler based on whether the object has been declared const or not.

4. A non-const object can call a const function.

CONSTANT OBJECTS AND CONSTANT MEMBER FUNCTIONS (CONTINUED)

5. Constructors, destructors and const objects.


a) A const object cannot be modified by assignment so it must be initialized in its declaration.

class Time {

public:

Time (int = 0, int = 0, int = 0);

setTime(int, int, int);

...

private:

int hour;

int minute;

int second;

...

};

Time::Time(int hr, int min, int sec) {setTime(hr, min, sec);}

...

main()

{

const Time t(12, 0, 0);
// constant object

...

}

b) The const declaration is not required for constructors and destructors of const objects.

i) A constructor must be allowed to modify an object so that the object can be initialized properly.  

ii) A destructor must be able to perform its terminating housekeeping chores before an object is destroyed.

CONSTANT OBJECTS AND CONSTANT MEMBER FUNCTIONS (CONTINUED)

6. Member initializers (aka member initializer list) must be provided in the constructor of a class when that class contains const data members.

a) When a data member of a class is declared const, a member initializer must be used to provide the constructor with the initial value of the data member for an object of the class.

i) A colon is used to indicate member initializers.  The location of the colon is after the right parentheses of the constructor's parameter list and before the member initializers.

Increment::Increment(int c, int i) : increment(i)

{count = c; }

a) The notation : increment(i) causes data member increment to be initialized to the value i.

b) If multiple member initializers are needed, they should be included in a comma-separated list after the colon.

b) All data members (const and non-const) can be initialized using member initializer syntax.

CONSTANT OBJECTS AND CONSTANT MEMBER FUNCTIONS (CONTINUED)

c) The following example uses the member initializer syntax to initialize const data member increment of class Increment.  Note that the member initializer is specified only in the constructor definition, not in the prototype.

// Using a member initializer to initialize a

// constant of a built-in data type.

#include <iostream>

using std::cout;

using std::endl;

class Increment {

public:

   Increment(int c = 0, int i = 1);

   void addIncrement() { count += increment; }

   void print() const;

private:

   int count;

   const int increment;

// const data member

};

// Constructor for class Increment

Increment::Increment(int c, int i)

   : increment(i)   // initializer for const member

{ count = c; }

// Print the data

void Increment::print() const

{

   cout << "count = " << count

        << ", increment = " << increment << endl;

}

CONSTANT OBJECTS AND CONSTANT MEMBER FUNCTIONS (CONTINUED)

int main()

{

   Increment value(10, 5);

   cout << "Before incrementing: ";

   value.print();

   for (int j = 1; j <= 3; j++) {

      value.addIncrement();

      cout << "After increment " << j << ": ";

      value.print();

   }

   return 0;

}

Output is:

Before incrementing:  count = 10, increment = 5

After increment 1:  count = 15, increment = 5

After increment 2:  count = 20, increment = 5

After increment 3:  count = 25, increment = 5

COMPOSITION:  CLASSES AS MEMBERS OF OTHER CLASSES

1. Classes can be composed of objects of other classes; such a capability is called composition.

2. Member objects are constructed in the order in which they are declared (not in the order they are listed in the constructor's member initializer list) and before their enclosing class objects are constructed.

3. The following program uses class Employee and class Date to demonstrate objects as members of other objects.

a) Class employee contains members birthDate and hireDate which are objects of class Date.

b) The program instantiates an Employee object, and initializes and displays its data members.

c) Note the syntax of the function header in the Employee constructor definition.

i) bmonth, bday, and byear are passed to the birthDate constructor.

ii) hmonth, hday, hyear are passed to the hireDate constructor.

iii) Multiple member initializers are separated by commas.

d) A member object does not need to be initialized through a member initializer (though it is recommended to use member initializer lists as much as possible).

i) If a member initializer is not provided, the member object's default constructor will be called automatically.

ii) Values, if any, established by the default constructor can then be overridden by set functions.

COMPOSITION:  CLASSES AS MEMBERS OF OTHER CLASSES (CONTINUED)

// DATE.H  

// Declaration of the Date class.

// Member functions defined in DATE.CPP

#ifndef DATE_H

#define DATE_H

class Date {

public:

   Date(int = 1, int = 1, int = 1900);  // default constructor

   void print() const;  // print date in month/day/year format

   ~Date();
// provided to confirm destruction order

private:

   int month;  // 1-12

   int day;    // 1-31 based on month

   int year;   // any year

   // utility function to test proper day for month and year

   int checkDay(int);

};

#endif

COMPOSITION:  CLASSES AS MEMBERS OF OTHER CLASSES (CONTINUED)

// DATE.CPP

// Member function definitions for Date class.

#include <iostream>

using std::cout;

using std::endl;

#include "date.h"

// Constructor: Confirm proper value for month;

// call utility function checkDay to confirm proper

// value for day.

Date::Date(int mn, int dy, int yr)

{

   if (mn > 0 && mn <= 12)         // validate the month

      month = mn;

   else {

      month = 1;

      cout << "Month " << mn << " invalid. Set to month 1."

           << endl;

   }

   year = yr;                      // could also check

   day = checkDay(dy);             // validate the day

   cout << "Date object constructor for date ";

   print();

   cout << endl;

}

// Destructor:  provided to confirm destruction order

Date::~Date()

{


   cout << "Date object destructor for date ";


   print();


   cout << endl;


}

COMPOSITION:  CLASSES AS MEMBERS OF OTHER CLASSES (CONTINUED)

// Utility function to confirm proper day value

// based on month and year.

int Date::checkDay(int testDay)

{

   static int daysPerMonth[13] = {0, 31, 28, 31, 30,

              31, 30, 31, 31, 30,

              31, 30, 31};

   if (testDay > 0 && testDay <= daysPerMonth[month])

      return testDay;

   if (month == 2 &&     // February: Check for possible leap year

       testDay == 29 &&

       (year % 400 == 0 || (year % 4 == 0 && year % 100 != 0)))

      return testDay;

   cout << "Day " << testDay << " invalid. Set to day 1." << endl;

   return 1;  // leave object in consistent state if bad value

}

// Print Date object in form  month/day/year

void Date::print() const

   { cout << month << '/' << day << '/' << year; }

COMPOSITION:  CLASSES AS MEMBERS OF OTHER CLASSES (CONTINUED)

// EMPLY.H

// Declaration of the Employee class.

// Member functions defined in EMPLY.CPP

#ifndef EMPLY_H

#define EMPLY_H

#include "date.h"

class Employee {

public:

   Employee(char *, char *, int, int, int, int, int, int);

   void print() const;

   ~Employee();
// provided to confirm destruction order

private:

   char lastName[25];

   char firstName[25];

   Date birthDate;

   Date hireDate;

};

#endif

--------------------------------------------------------------------------------

// EMPLY.CPP

// Member function definitions for Employee class.

#include <iostream>

using std::cout;

using std::endl;

#include <cstring>

#include "emply.h"

#include "date.h"

COMPOSITION:  CLASSES AS MEMBERS OF OTHER CLASSES (CONTINUED)

Employee::Employee(char *fname, char *lname,

                   int bmonth, int bday, int byear,

                   int hmonth, int hday, int hyear)

   : birthDate(bmonth, bday, byear), hireDate(hmonth, hday, hyear)

{

   // copy fname into firstName and be sure that it fits

   int length = strlen(fname);

   length = length < 25 ? length : 24;

   strncpy(firstName, fname, length);

   firstName[length] = '\0';

   // copy lname into lastName and be sure that it fits

   length = strlen(lname);

   length = length < 25 ? length : 24;

   strncpy(lastName, lname, 24);

   lastName[length] = '\0';

   cout << "Employee object constructor: "

        << firstName << ' ' << lastName << endl;

}

void Employee::print() const

{

   cout << lastName << ", " << firstName << endl << "Hired: ";

   hireDate.print();

   cout << "  Birthday: ";

   birthDate.print();

   cout << endl;

}

Employee::~Employee()

{

   cout << "Employee object destructor: "


<< lastName << ",  " << firstName << endl;

}

COMPOSITION:  CLASSES AS MEMBERS OF OTHER CLASSES (CONTINUED)

// Demonstrating an object with a member object.

#include <iostream>

using std::cout;

using std::endl;

#include "emply.h"

int main()

{

   Employee e("Bob", "Jones", 7, 24, 49, 3, 12, 88);

   cout << endl;

   e.print();

   cout << endl << "Test Date constructor with invalid values:" 

        << endl;

   Date d(14, 35, 94);  // invalid Date values

   cout << endl;

   return 0;

}

Output is:

Date object constructor for date 7/24/49

Date object constructor for date 3/12/88

Employee object constructor:  Bob Jones

Jones, Bob

Hired:  3/12/88
Birthday:  7/24/49

Test Date constructor with invalid values:

Month 14 invalid.  Set month to 1.

Day 35 invalid.  Set to day 1.

Date object constructor for date 1/1/94

Date object destructor for date 1/1/94

Employee object destructor:  Jones, Bob

Date object destructor for date 3/12/88

Date object destructor for date 7/24/49

FRIEND FUNCTIONS AND FRIEND CLASSES

1. A friend function of a class is a function defined outside that class and has the right to access private and protected members of the class (as well as public members).

2. A function or an entire class may be declared to be a friend of another class.

3. Friendship declarations can be placed anywhere in the class definition.

a) A good programming practice is to place all friendship declarations first in the class immediately after the class header and to not precede them with any member-access specifier.

4. To declare a function as a friend of a class, precede the function prototype in the class definition with the keyword friend.

a) To declare class ClassTwo as a friend of class ClassOne, place a declaration of  the following form in the definition of ClassOne.

friend ClassTwo;

// friend class ClassTwo; is also OK

5. Friendship is:

a) Granted, not taken.  For class B to be a friend of class A, class A must declare that class B is its friend.

b) Neither symmetric nor transitive.  If class A is a friend of class B, and class B is a friend of class C, you cannot infer that:

i) Class B is a friend of class A (not symmetric).

ii) Class A is a friend of class C (not transitive).

6. Member access notions of private, protected, and public are not relevant to friendship declarations, so friendship declarations can be placed anywhere in the class definition.

7. Friend functions and classes should only be used as needed.  The concept of friendship is a violation of encapsulation.

8. It is possible to specify overloaded functions as friends of a class.  Each overloaded function intended to be a friend must be explicitly declared in the class definition as a friend of the class.

FRIEND FUNCTIONS AND FRIEND CLASSES (CONTINUED)

9. Example of friend functions, friend member functions, and friend classes:

class tweedledee {


friend void alice();



// friend function

public:


...


int cheshire();



// member function


...

};

class tweedledum {


friend int tweedledee::cheshire();
// friend member function

public:


...

};

class tweedledumber {


friend class tweedledee;

// friend class -- all







// member functions of class







// tweedledee have access

public:


...

};

void alice()

{


...

}

USING THE this POINTER

1. Each object maintains a pointer to itself--called the this pointer--that is an implicit argument in all references to members within that object.  The this pointer is implicitly used to reference both the member functions and data members of an object.

2. Each object can determine its own address by using the this keyword.

3. The this pointer may be used explicitly, but it is most often used implicitly.

4. The type of the this pointer depends on the type of the object and whether the member function in which this is used is declared const.

a) In a non-constant member function of class Employee, the this pointer has type Employee * const (a const pointer to an Employee object).

b) In a constant member function of class Employee the this pointer has type const Employee * const (a constant pointer to an Employee object that is constant).

5. One interesting use of the this pointer is to prevent an object from being assigned to itself.

a) Self-assignment can cause serious errors when the objects contain pointers to dynamically allocated storage.

6. The following program demonstrates the explicit use of the this pointer to enable a member function of class Test to print the private x of a Test object:

a) The program uses two different notations for accessing x through the this pointer.

i) The arrow operator (->) used in conjunction with the this pointer.

ii) The dot operator (.) used with the dereferenced this pointer.

a) Note the parentheses around *this when used with the dot member selection operator (.).  The parentheses are needed because the dot operator has higher precedence than the * operator.

b) Without the parentheses, the expression *this.x would be evaluated as if it were parenthesized as follows *(this.x) which is a syntax error because the member selection operator cannot be used with a pointer.

USING THE this POINTER (CONTINUED)

// FIG7_7.CPP  

// Using the this pointer to refer to object members.

include <iostream>

using std::cout;

using std::endl;

class Test {

public:

   Test(int = 0);               // default constructor

   void print() const;

private:

   int x;

};

Test::Test(int a) { x = a; }    // constructor

void Test::print() const

{

   cout << "        x = " << x << endl

        << "  this->x = " << this->x << endl

        << "(*this).x = " << (*this).x << endl;

}

int main()

{

   Test a(12);

   a.print();

   return 0;

}

Output is:


 x = 12

  this->x = 12

(*this).x = 12

USING THE this POINTER (CONTINUED)

7. Another use of the this pointer is in enabling concatenated member function calls.  The following program illustrates returning a reference to a Time object to enable member function calls of class Time to be concatenated:

a) Member functions setTime, setHour, setMinute, and setSecond each return *this with a return type of Time &.

b) Concatenation occurs because the dot operator (.) associates from left to right, so the expression

t.setHour(18).setMinute(30).setSecond(22);

first evaluates t.setHour(18) then returns a reference to object t as the value of this function call.  The remaining expression is then interpreted as 

t.setMinute(30).setSecond(22);

The t.setMinute(30) call executes and returns the equivalent of t.  The remaining expression is interpreted as 

t.setSecond(22);

c) Note the calls

t.setTime(20, 20, 20).printStandard();

also use the concatenation feature.

i) These calls must appear in this order in this expression because printStandard as defined in the class does not return a reference to t.

ii) Placing the call to printStandard in the preceding statement before the call to setTime results in a syntax error.

USING THE this POINTER (CONTINUED)

// TIME.H  

// Declaration of class Time.

// Member functions defined in TIME.CPP

#ifndef TIME_H

#define TIME_H

class Time {

public:

   Time(int = 0, int = 0, int = 0);  // default constructor

   // set functions

   Time &setTime(int, int, int);  // set hour, minute, second

   Time &setHour(int);    // set hour

   Time &setMinute(int);  // set minute

   Time &setSecond(int);  // set second

   // get functions (normally declared const)

   int getHour() const;   // return hour

   int getMinute() const; // return minute

   int getSecond() const; // return second

   // print functions (normally declared const)

   void printMilitary() const;  // print military time

   void printStandard() const;  // print standard time

private:

   int hour;              // 0 - 23

   int minute;            // 0 - 59

   int second;            // 0 - 59

};

#endif

USING THE this POINTER (CONTINUED)

// TIME.CPP 

// Member function definitions for Time class.

#include "time.h"

#include <iostream>

using std::cout;

// Constructor function to initialize private data.

// Calls member function setTime to set variables.

// Default values are 0 (see class definition).

Time::Time(int hr, int min, int sec) { setTime(hr, min, sec); }

// Set the values of hour, minute, and second.

Time &Time::setTime(int h, int m, int s)

{

   hour = (h >= 0 && h < 24) ? h : 0;

   minute = (m >= 0 && m < 60) ? m : 0;

   second = (s >= 0 && s < 60) ? s : 0;

   return *this;   // enables chaining

}

// Set the hour value

Time &Time::setHour(int h)

{

   hour = (h >= 0 && h < 24) ? h : 0;

   return *this;   // enables chaining

}

// Set the minute value

Time &Time::setMinute(int m)

{

   minute = (m >= 0 && m < 60) ? m : 0;

   return *this;   // enables chaining

}

USING THE this POINTER (CONTINUED)

// Set the second value

Time &Time::setSecond(int s)

{

   second = (s >= 0 && s < 60) ? s : 0;

   return *this;   // enables chaining

}

// Get the hour value

int Time::getHour() const { return hour; }

// Get the minute value

int Time::getMinute() const { return minute; }

// Get the second value

int Time::getSecond() const { return second; }

// Display military format time: HH:MM:SS

void Time::printMilitary() const

{

   cout << (hour < 10 ? "0" : "") << hour << ":"

        << (minute < 10 ? "0" : "") << minute << ":"

        << (second < 10 ? "0" : "") << second;

}

// Display standard format time: HH:MM:SS AM (or PM)

void Time::printStandard() const

{

   cout << ((hour == 0 || hour == 12) ? 12 : hour % 12) << ":"

        << (minute < 10 ? "0" : "") << minute << ":"

        << (second < 10 ? "0" : "") << second

        << (hour < 12 ? " AM" : " PM");

}

USING THE this POINTER (CONTINUED)

// Client program

// Chaining member function calls together

// with the this pointer

#include <iostream>

using std::cout;

using std::endl;

#include "time.h"

int main()

{

   Time t;

   t.setHour(18).setMinute(30).setSecond(22);

   cout << "Military time: ";

   t.printMilitary();

   cout << endl << "Standard time: ";

   t.printStandard();

   cout << endl << endl << "New standard time: ";

   t.setTime(20, 20, 20).printStandard();

   cout << endl;

   return 0;

}

Output is:

Military time:  18:30:22

Standard time:  6:30:22 PM

New standard time:  8:20:20 PM

GUIDELINES FOR PASSING AND RETURNING BY REFERENCE

1. Passing by value versus passing by reference:

a) You should pass arguments to a function by reference when:

i) You want the function to modify the arguments.

ii) The function will not modify the arguments but you want to avoid copying objects to the stack (for pass by value).  In this case, use the const qualifier to indicate that the argument being passed by reference should not be altered by the function.

String add_strings(const String & s1, const String & s2);

2. Guidelines for returning a reference:

a) You should return a reference to an object:

i) Whenever you want to avoid copying the returned object.

a) For example, suppose you have a function that returns a character at a specific location in the string.  Then the function declaration would be:

char& String::char_at_pos(int index);

(1) We can print the third character of String s1 using:

cout << "3rd char = " << s1.char_at_pos(2)


<< endl;

ii) Whenever you want to use that value as the left side of an assignment.

a) We can change the first character of s1 by:

s1.char_at_pos(0) = 'B';

GUIDELINES FOR PASSING AND RETURNING BY REFERENCE (CONTINUED)

b) You should return a reference to an object only when the object is guaranteed to exist after the function returns; otherwise you return by value (which will invoke the copy constructor to make a copy of the object before it goes out of scope).

i) Example of return by value:




String add_strings (const String & s1, const String & s2)




{





String s;

// local String





//  Append s1 and s2 to s





...





return s;

// Invoke the copy constructor








// (need to pass by value because








//  s will go out of scope)




}

STATIC CLASS MEMBERS

1. A static data member represents "class-wide" information.  The declaration of a static member begins with the keyword static.

a) Normally, each object of a class has its own copy of all the data members of the class.

b) A static data member is used in certain cases when only one copy of a particular data member should be shared by all objects of a class.

2. Static data members:

a) Can be public, private or protected.

i) Private and protected static class members must be accessed through public member functions of the class or through friends of the class.

b) Have class scope.

c) Must be initialized once (and only once) at file scope.

3. Static members of a class can be accessed through an object of that class or through the class name using the scope resolution operator (if the member is public).

4. Static class members exist even when no objects of that class exist.  

a) To access a private  or protected static class member when no objects of the class exist, a public static member function must be provided and the function must be called by prefixing its name with the class name and binary scope resolution operator.

5. A member function may be declared static if it does not access nonstatic class members.  Unlike nonstatic member functions, a static member function has no this pointer.  This is because static data members and static member functions exist independent of any objects of a class.

STATIC CLASS MEMBERS (CONTINUED)

6. The following program demonstrates the use of a private static data member and a public static member function to maintain a count of the number of objects of a class:

a) The data member count is initialized to zero at file scope with the statement

int Employee::count = 0;

b) Data member count maintains a count of the number of objects of class Employee that have been instantiated.

c) When objects of class Employee exist, member count can be referenced through any member function of an Employee object--in this case, count is referenced by both the constructor and the destructor.

d) When no objects of class Employee exist, member count can still be referenced, but only through a call to static member function getCount as follows:

Employee::getCount()

i) Function getCount() is used to determine the number of Employee objects currently instantiated.

e) When there are objects instantiated, function getCount can be called through one of the objects as in

elPtr->getCount()

STATIC CLASS MEMBERS (CONTINUED)

f) Note the use of assert in the Employee constructor function, getFirstName function and getLastName function.

i) The assert utility (defined in the cassert header file) tests the value of an expression.

a) If the value of the expression is 0 (false or null), then assert prints an error message containing the line number, the condition being tested, and the file name in which the assertion appears, and calls function abort (located in cstdlib) to terminate program execution.



ii) This is a useful debugging tool for testing if a variable has a correct value.

iii) In this program, assert determines if the new operator was able to fulfill the request for memory to be allocated dynamically.

iv) Assertions do not have to be removed from the program when debugging is completed.

a) When assertions are no longer needed, the line #define NDEBUG is inserted at the beginning of the program file.  This causes the preprocessor to ignore all assertions.

STATIC CLASS MEMBERS (CONTINUED)

// EMPLOY.H

// An employee class

#ifndef EMPLOY_H

#define EMPLOY_H

class Employee {

public:

   Employee(const char*, const char*);  // constructor

   ~Employee();            // destructor

   const char *getFirstName() const;  // return first name

   const char *getLastName() const;   // return last name

   // static member function

   static int getCount();  // return # objects instantiated

private:

   char *firstName;

   char *lastName;

   // static data member

   static int count;  // number of objects instantiated

};

#endif

STATIC CLASS MEMBERS (CONTINUED)

// EMPLOY.CPP

// Member functions definitions for class Employee

#include <iostream>

using std::cout;

using std::endl;

#include <cstring>

#include <cassert>

#include "employ.h"

// Initialize the static data member

int Employee::count = 0;

// Define the static member function that

// returns the number of employee objects instantiated.

int Employee::getCount() { return count; }

// Constructor dynamically allocates space for the

// first and last name and uses strcpy to copy

// the first and last names into the object

Employee::Employee(const char *first, const char *last)

{

   firstName = new char[ strlen(first) + 1 ];

   assert(firstName != 0);   // ensure memory allocated

   strcpy(firstName, first);

   lastName = new char[ strlen(last) + 1 ];

   assert(lastName != 0);    // ensure memory allocated

   strcpy(lastName, last);

   ++count;  // increment static count of employees

   cout << "Employee constructor for " << firstName

        << ' ' << lastName << " called." << endl;

}

STATIC CLASS MEMBERS (CONTINUED)

// Destructor deallocates dynamically allocated memory

Employee::~Employee()

{

   cout << "~Employee() called for " << firstName

        << ' ' << lastName << endl;

   delete [] firstName;  // recapture memory

   delete [] lastName;   // recapture memory

   --count;  // decrement static count of employees

}

// Return first name of employee

const char *Employee::getFirstName() const

{

   return firstName;

}

// Return last name of employee

const char *Employee::getLastName() const

{

   return lastName;

}

STATIC CLASS MEMBERS (CONTINUED)

// CLIENT PROGRAM

// Driver to test the employee class

#include <iostream>

using std::cout;

using std::endl;

#include "employ.h"

int main()

{

   cout << "Number of employees before instantiation is "

        << Employee::getCount() << endl;   // use class name

   Employee *e1Ptr = new Employee("Susan", "Baker");

   Employee *e2Ptr = new Employee("Robert", "Jones");

   cout << "Number of employees after instantiation is "

        << e1Ptr->getCount() << endl;

   cout << endl << "Employee 1: "

        << e1Ptr->getFirstName()

        << " " << e1Ptr->getLastName()

        << endl << "Employee 2: "

        << e2Ptr->getFirstName()

        << " " << e2Ptr->getLastName() << endl << endl;

   delete e1Ptr;   // recapture memory

   delete e2Ptr;   // recapture memory

   cout << "Number of employees after deletion is "

        << Employee::getCount() << endl;

   return 0;

}

STATIC CLASS MEMBERS (CONTINUED)

Output is:

Number of employees before instantiation is 0

Employee constructor for Susan Baker called.

Employee constructor for Robert Jones called.

Number of employees after instantiation is 2

Employee 1:  Susan Baker

Employee 2:  Robert Jones

~Employee() called for Susan Baker

~Employee() called for Robert Jones

Number of employees after deletion is 0

FUNDAMENTALS OF OPERATOR OVERLOADING

1. The operator << is used for multiple purposes in C++ (e.g. the stream-insertion operator and the left-shift operator).  This is an example of operator overloading.  Similarly, the >> is also overloaded; it is used both as the stream-extraction operator and as the right-shift operator.

2. More generally, C++ enables the programmer to overload most operators to be sensitive to the context in which they are used.  The compiler generates the appropriate code based on the manner in which the operator is used.

3. Operator overloading contributes to C++'s extensibility.

4. Operators are overloaded by writing a function definition (with a header and body).  The function name becomes the keyword operator followed by the symbol for the operator being overloaded.

a) To overload the addition operator, you would code a function with the name

operator+

5. To use an operator on class objects, that operator must be overloaded--with two exceptions:

a) The assignment operator (=) may be used with every class to perform a default memberwise copy without overloading.

b) The address operator (&) may also be used with objects of any class without overloading; it simply returns the address of the object in memory.

6. Operator overloading provides the same concise expressions for user-defined types that C++ provides with its rich collection of operators that work on built-in types.

7. Most of C++'s operators can be overloaded.

FUNDAMENTALS OF OPERATOR OVERLOADING (CONTINUED)

8. Operator overloading is not automatic; the programmer must write operator overloading functions to perform the desired operations.

a) Operator overloaded functions can be:

i) Member functions

ii) Friend functions

iii) Non-member, non-friend functions

RESTRICTIONS ON OPERATOR OVERLOADING

1. Most of C++'s operators can be overloaded.

a) Operators that can be overloaded are:

+
-
*
/
%
^
&
|

~
!
=
<
>
+=
-=
*=

/=
%=
^=
&=
|=
<<
>>
>>=

<<=
==
!=
<=
>=
&&
||
++

--
->*
,
->
[]
()
new
delete

b) Operators that cannot be overloaded are:

.
.*
::
?:
sizeof

2. The precedence and associativity of an operator cannot be changed by overloading.

a) Parentheses can be used to force the order of evaluation of overloaded operators in an expression.

3. Default arguments cannot be used with an overloaded operator.

4. It is not possible to change the number of operands an operator takes.

a) Overloaded unary operators remain as unary operators.

b) Overloaded binary operators remain as binary operators.

5. It is not possible to create symbols for new operators; only existing operators may be overloaded.

6. The meaning of how an operator works on objects of built-in types cannot be changed by overloading.  Operator overloading works only with:

a) Objects of user-defined types.

b) A mixture of an object of a user-defined type and an object of a built-in type.

OPERATOR OVERLOADING

· Suppose you want to add two complex numbers and store the result in a third complex number.  You might code:


Complex c1(3, 4), c2(5, 6), c3;


c3 = c1.add(c2);

· The member function prototype in the Complex class would be:


class Complex {


public:



Complex(double r = 0, double i = 0);



Complex add(const Complex& c) const;



// ... Additional function prototypes


private:



double real;



double imaginary;


};

· The function definition would be:


Complex Complex::add(const Complex& c) const


{



Complex sum;



sum.real = real + c.real;



sum.imaginary = imaginary + c.imaginary;



return sum;


}

· However, it is more natural to read:


c3 = c1 + c2;

and when additional operations are involved, it is more natural to read:


c4 = c1 + c2 + c3;

rather than:


c4 = (c1.add(c2)).add(c3);

· Operator overloading allows us to overload most operators such that if the user codes:


c3 = c1 + c2;

the compiler translates c1 + c2 to:


c1.operator+(c2)

· When doing the translation, the left operand c1 becomes the implicit argument to the operator+ function and the right operand c2 becomes the explicit argument to the operator+ function.

· The prior add function prototype would be coded as:


class Complex {


public:



Complex(double r = 0, double i = 0);



Complex operator+(const Complex& c) const;



// ... Additional function prototypes


private:



double real;



double imaginary;


};

and the function definition would be:


Complex Complex::operator+(const Complex& c) const


{



Complex sum;



sum.real = real + c.real;



sum.imaginary = imaginary + c.imaginary;



return sum;


}

· Operator overloading can also be applied to the relational operators.  We can compare two complex numbers by coding:


if (c1 == c2) {



// ...

· The compiler translates c1 == c2 to:


c1.operator==(c2)

· The function prototype would be:


class Complex {


public:



Complex(double r = 0, double i = 0);



Complex operator+(const Complex& c) const;



bool operator==(const Complex& c) const;



// ... Additional function prototypes


private:



double real;



double imaginary;


};

· The function definition is:


bool Complex::operator==(const Complex& c) const


{



return (real == c.real && imaginary == c.imaginary);


}

· We can also overload the input operator >> and the output operator <<.  However, we encounter a problem that we didn’t have before.

Because the left operand is the implicit argument and thus dictates in which class to locate the function, when we code:


cout << c1;

cout is the left operand.  cout is a predefined instance of the ostream class.  The ostream class is a system class and has no knowledge of how to format the complex number for output and thus has no function for outputting complex numbers.

· This requires us to make the operator<< (as well as the operator>>) function a non-member function.  We give the function access to the private data members of the Complex class by making the function a friend function of the class.  Friend functions are neither public nor private and typically are placed immediately after the class declaration.


class Complex {



friend istream& operator>>(istream& in, 

Complex& c);



friend ostream& operator<<(ostream& out, 

const Complex& c);


public:



Complex(double r = 0, double i = 0);



Complex operator+(const Complex& c) const;



bool operator==(const Complex& c) const;



// ... Additional function prototypes


private:



double real;



double imaginary;


};

· When the compiler encounters:


cout << c1;

it translates it to the non-member function call (i.e. no implicit argument):


operator<<(cout, c1)

· The function definition for the non-member function is:


ostream& operator<<(ostream& out, const Complex& c)


{



out << c.real << " + " << c.imaginary << 'i';



return out;


}

· When overloading (), [], ->, or =, the operator overloading function must be declared as a class member.

· Operator functions can be member functions or nonmember functions.

· When an operator function is implemented as a member function, the leftmost operand (or the only operand) must be a class object (or a reference to a class object) of the operator's class.

· If the left operand must be an object of a different class, this operator function must be implemented as a nonmember function.

· Operator member functions are called only when:

· The left operand of a binary operator is specifically an object of that class, or

· The single operand of a unary operator is an object of that class.

OPERATOR OVERLOADING CASE STUDY:  AN ARRAY CLASS

1. The following program demonstrates an array class:

a) Performs range checking to ensure that subscripts remain within the bounds of the array.

b) Allows one array object to be assigned to another with the assignment operator.

c) Objects of this array class automatically know their size so the size does not need to be passed separately as an argument when passing an array to a function.

d) Entire arrays can be input or output with the stream-extraction and stream-insertion operators, respectively.

e) Array comparisons can be made with the equality operators == and !=.

f) The array class uses a static member to keep track of the number of array objects that have been instantiated in the program.

g) The program uses the overloaded subscript operators to:

i) Reference element integers1[5]--an in-range element of integers1.

ii) Use integers[5] as an lvalue on the left side of an assignment statement in which the array element is assigned a new value.

iii) Reference an out-of-range element integers1[15].

h) The array subscript operator [] is not restricted for use only with arrays; it can be used to select elements from other kinds of container classes such as linked lists, strings, dictionaries, and so on.  Also subscripts no longer have to be integers; characters or strings could be used, for example.

OPERATOR OVERLOADING CASE STUDY:  AN ARRAY CLASS (CONTINUED)

// ARRAY.H

// Simple class Array (for integers)

#ifndef ARRAY_H

#define ARRAY_H

#include <iostream>

using std::ostream;

using std::istream;

class Array {

   friend ostream &operator<<(ostream &, const Array &);

   friend istream &operator>>(istream &, Array &);

public:

   Array(int = 10);                     // default constructor

   Array(const Array &);                // copy constructor

   ~Array();                            // destructor

   int getSize() const;                 // return size

   Array &operator=(const Array &);  // assign arrays

   bool operator==(const Array &) const; // compare equal

   bool operator!=(const Array &) const; // compare !equal

   int &operator[](int);                // subscript operator

   const int &operator[](int) const;  // subscript operator

   static int getArrayCount();          // Return count of 

                                       

   // arrays instantiated.

private:

   int *ptr; // pointer to first element of array

   int size; // size of the array

   static int arrayCount;  // # of Arrays instantiated

};

#endif

OPERATOR OVERLOADING CASE STUDY:  AN ARRAY CLASS (CONTINUED)

// ARRAY.CPP

#include <iostream>

using std::cout;

using std::cin;

using std::endl;

#include <cstdlib>

#include <cassert>

#include "array.h"

// Initialize static data member at file scope

int Array::arrayCount = 0;   // no objects yet

// Default constructor for class Array

Array::Array(int arraySize)

{

   size = (arraySize > 0 ? arraySize : 0);

   ptr = new int[size];      // create space for array

   assert(ptr != 0);  // terminate if memory not allocated

   ++arrayCount;             // count one more object

   for (int i = 0; i < size; i++)

        ptr[i] = 0;            // initialize array

}

// Copy constructor for class Array

Array::Array(const Array &init) : size(init.size)

{

   ptr = new int[size];      // create space for array

   assert(ptr != 0);  // terminate if memory not allocated

   ++arrayCount;             // count one more object

   for (int i = 0; i < size; i++)

        ptr[i] = init.ptr[i];  // copy init into object

}

OPERATOR OVERLOADING CASE STUDY:  AN ARRAY CLASS (CONTINUED)

// Destructor for class Array

Array::~Array()

{

    delete [] ptr;            // reclaim space for array

    --arrayCount;             // one fewer objects

}

// Get the size of the array

int Array::getSize() const { return size; }

// Overloaded assignment operator

Array &Array::operator=(const Array &right)

{

   if (&right != this) {    // check for self-assignment

      delete [] ptr;        // reclaim space

      size = right.size;    // resize this object

      ptr = new int[size];  // create space for array copy

      assert(ptr != 0);     // terminate if memory not allocated

      for (int i = 0; i < size; i++)

          ptr[i] = right.ptr[i];  // copy array into object

   }

   return *this;   // enables x = y = z;

}

// Determine if two arrays are equal and

// return true, otherwise return false.

bool Array::operator==(const Array &right) const

{

   if (size != right.size)

      return false;    // arrays of different sizes

   for (int i = 0; i < size; i++)

      if (ptr[i] != right.ptr[i])

         return false; // arrays are not equal

   return true;       // arrays are equal

}

OPERATOR OVERLOADING CASE STUDY:  AN ARRAY CLASS (CONTINUED)

// Determine if two arrays are not equal and

// return true, otherwise return false.

bool Array::operator!=(const Array &right) const

{

    return !(*this == right);

}

// Overloaded subscript operator that returns an l-value

int &Array::operator[](int subscript)

{

   // check for subscript out of range error

   assert(0 <= subscript && subscript < size);

   return ptr[subscript];   // reference return 

}

// Overloaded subscript operator that returns an r-value

const int &Array::operator[](int subscript) const

{

   // check for subscript out of range error

   assert(0 <= subscript && subscript < size);

   return ptr[subscript];   // const reference return 

}

// Return the number of Array objects instantiated

int Array::getArrayCount() { return arrayCount; }

// Overloaded input operator for class Array;

// inputs values for entire array.

istream &operator>>(istream &input, Array &a)

{

   for (int i = 0; i < a.size; i++)

       input >> a.ptr[i];

   return input;   // enables cin >> x >> y;

}

OPERATOR OVERLOADING CASE STUDY:  AN ARRAY CLASS (CONTINUED)

// Overloaded output operator for class Array

ostream &operator<<(ostream &output, const Array &a)

{

   int i;

   for (i = 0; i < a.size; i++) {

      output << a.ptr[i] << ' ';

      if ((i + 1) % 10 == 0)

         output << endl;

   }

   if (i % 10 != 0)

      output << endl;

   return output;   // enables cout << x << y;

}

OPERATOR OVERLOADING CASE STUDY:  AN ARRAY CLASS (CONTINUED)

// FIG8_4.CPP

// Driver for simple class Array

#include <iostream>

using std::cout;

using std::cin;

using std::endl;

#include "array.h"

int main()

{

   // no objects yet

   cout << "# of arrays instantiated = "

        << Array::getArrayCount() << endl;

   // create two arrays and print Array count

   Array integers1(7), integers2;

   cout << "# of arrays instantiated = "

        << Array::getArrayCount() << endl << endl;

   // print integers1 size and contents

   cout << "Size of array integers1 is "

        << integers1.getSize() << endl

        << "Array after initialization:" << endl

        << integers1 << endl;

   // print integers2 size and contents

   cout << "Size of array integers2 is "

        << integers2.getSize() << endl

        << "Array after initialization:" << endl

        << integers2 << endl;

OPERATOR OVERLOADING CASE STUDY:  AN ARRAY CLASS (CONTINUED)

   // input and print integers1 and integers2

   cout << "Input 17 integers:" << endl;

   cin >> integers1 >> integers2;

   cout << "After input, the arrays contain:" << endl

        << "integers1: " << integers1

        << "integers2: " << integers2 << endl;

   // use overloaded inequality (!=) operator

   cout << "Evaluating: integers1 != integers2" << endl;

   if (integers1 != integers2)

      cout << "They are not equal" << endl;

   // create array integers3 using integers1 as an

   // initializer; print size and contents

   Array integers3(integers1);

   cout << endl << "Size of array integers3 is "

        << integers3.getSize() << endl

        << "Array after initialization:" << endl


<< integers3 << endl;

   // use overloaded assignment (=) operator

   cout << "Assigning integers2 to integers1:" << endl;

   integers1 = integers2;

   cout << "integers1: " << integers1

        << "integers2: " << integers2 << endl;

   // use overloaded equality (==) operator

   cout << "Evaluating: integers1 == integers2" << endl;

   if (integers1 == integers2)

      cout << "They are equal" << endl << endl;

   // use overloaded subscript operator to create rvalue

   cout << "integers1[5] is " << integers1[5] << endl;

OPERATOR OVERLOADING CASE STUDY:  AN ARRAY CLASS (CONTINUED)

   // use overloaded subscript operator to create lvalue

   cout << "Assigning 1000 to integers1[5]" << endl;

   integers1[5] = 1000;

   cout << "integers1: " << integers1 << endl;

   // attempt to use out of range subscript

   cout << "Attempt to assign 1000 to integers1[15]" << endl;

   integers1[15] = 1000;  // ERROR: out of range

   return 0;

}

Output is:

# of arrays instantiated = 0

# of arrays instantiated = 2

Size of array integers1 is 7

Array after initialization:

0 0 0 0 0 0 0

Size of array integers2 is 10

Array after initialization:

0 0 0 0 0 0 0 0 0 0

Input 17 integers:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

After input, the arrays contain:

integers1:  1 2 3 4 5 6 7

integers2:  8 9 10 11 12 13 14 15 16 17

Evaluating:  integers1 != integers2

They are not equal

OPERATOR OVERLOADING CASE STUDY:  AN ARRAY CLASS (CONTINUED)

Size of array integers3 is 7

Array after initialization:

1 2 3 4 5 6 7

Assigning integers2 to integers1:

integers1: 8 9 10 11 12 13 14 15 16 17

integers2: 8 9 10 11 12 13 14 15 16 17

Evaluating:  integers1 == integers2

They are equal

integers1[5] is 13

Assigning 1000 to integers1[5]

integers1:  8 9 10 11 12 1000 14 15 16 17

Attempt to assign 1000 to integers[15]

Assertion failed:  0 <= subscript && subscript < size,


file ARRAY.CPP, line 95

Abnormal program termination

COPY CONSTRUCTOR

1. In the Array case study, the following function prototype is a copy constructor:

Array(const Array &);

2. A copy constructor is used to initialize an object with another object of the same class.  The above initializes an Array object by making a copy of an existing Array object.

3. Copying must be done carefully to avoid the pitfall of leaving both objects pointing to the same dynamically allocated storage, exactly the problem that would occur with default memberwise copy.

a) If a copy constructor copies a pointer in the source object to the target object's pointer, then both objects would point to the same dynamically allocated storage.

b) The first destructor to execute would then delete the dynamically allocated storage and the other object's pointer would then be undefined, a situation likely to cause a serious runtime error.

4. Copy constructors are invoked whenever a copy is needed such as:

a) In call-by-value.

b) When returning a object by value via the function type from a called function.  

c) When initializing an object to be a copy of another object of the same class.

Array integers3(integers1);
// copy constructor invoked

5. Copy constructors must receive reference parameters.

a) Otherwise, the copy constructor call results in infinite recursion because, for call-by-value, a copy of the object passed to the copy constructor must be made which results in the copy constructor being called again.

ASSIGNMENT OPERATOR

1. In the Array case study, the following function prototype is an overloaded assignment operator:

Array & operator=(const Array &);

2. When the compiler sees an expression such as:

integers1 = integers2; 

it invokes the operator= function by generating the call:

integers1.operator=(integers2)

3. The operator= member function should test for self assignment.

4. By returning a reference, concatenated Array assignments such as x=y=z are permitted.

5. When the operator = appears in a statement:

a) The copy constructor is invoked if the left operand has not been previously instantiated.

b) The overloaded assignment operator = function is invoked if the left operand has been previously instantiated.

6. If an overloaded assignment operator is not defined, assignment is still allowed, but it defaults to a memberwise copy of each data member.

a)  In some cases this is acceptable.

b)  For objects that contain pointers to dynamically allocated storage, memberwise copy results in two different objects pointing to the same dynamically allocated storage.  When the destructor for either of these objects is called, the dynamically allocated storage is released.  If the other object then refers to that storage, the result is undefined.

CONVERTING BETWEEN TYPES

1. The compiler does not automatically know how to convert between user-defined types and built-in types.

a) The programmer must explicitly specify how such conversions are to occur.

b) Such conversions can be performed with conversion constructors (i.e. single-argument constructors) that simply turn objects of other types into objects of a particular class.

2. A conversion operator (or cast) can be used to convert an object of one class into an object of another class or into an object of a built-in type.

a) Such a conversion operator must be a nonstatic member function.

b) A conversion operator cannot be a friend function.

3. Example of using a conversion operator:

a) The function prototype 

A::operator char *() const;

declares and defines an overloaded cast operator function for creating a temporary char * object out of an object of user-defined type A.

i) An overloaded cast operator function does not specify a return type.

ii) The return type is the type to which the object is being converted.

iii) Other conversion operator function prototypes to convert an object of user-defined type A might be:

A::operator int() const;

A::operator otherClass() const;

4. Conversion operator functions can be invoked either implicitly or explicitly.

CONVERSION CONSTRUCTORS

1. A conversion constructor is a single or multiple argument constructor used to convert the argument into an object of the constructor's class.  The compiler can call such a constructor implicitly.

2. Most constructors typically take arguments.

3. The line

String(const char * = "");

// conversion constructor

declares a conversion constructor.

a) This constructor takes a char * argument (that defaults to the empty string) and instantiates a String object which includes that same character string.  

4. The String conversion constructor could be invoked in a declaration such as:


String s1("happy");


String s2 = " birthday";

OPERATOR OVERLOADING CASE STUDY:  A STRING CLASS

1. The following program implements a String class that handles the creation and manipulation of strings:

// STRING1.H

#ifndef STRING1_H

#define STRING1_H

#include <iostream>

using std::ostream;

using std::istream;

class String {

   friend ostream &operator<<(ostream &, const String &);

   friend istream &operator>>(istream &, String &);

public:

   String(const char * = ""); // conversion/default constructor

   String(const String &);    // copy constructor

   ~String();                 // destructor

   const String &operator=(const String &);  // assignment

   const String &operator+=(const String &);    // concatenation

   bool operator!() const;                 // is String empty?

   bool operator==(const String &) const;  // test s1 == s2

   bool operator!=(const String &) const;  // test s1 != s2

   bool operator<(const String &)  const;  // test s1 < s2

   bool operator>(const String &)  const;  // test s1 > s2

   bool operator>=(const String &) const;  // test s1 >= s2

   bool operator<=(const String &) const;  // test s1 <= s2

   char &operator[](int);        // subscript operator

   const char &operator[](int) const;        // subscript operator

   String operator()(int, int); // return a substring

   int getLength() const;        // return string length

private:

   char *sPtr;                   // pointer to start of string

   int length;                   // string length 

   void setString(const char * ); 
// utility function

};

#endif

OPERATOR OVERLOADING CASE STUDY:  A STRING CLASS (CONTINUED)

// STRING1.CPP

// Member function definitions for class String

#include <iostream>

using std::cout;

using std::endl;

#include <iomanip>

using std::setw;

#include <cstring>

#include <cassert>

#include "string1.h"

// Conversion constructor: Convert char * to String

String::String(const char *s) : length(strlen(s))

{

   cout << "Conversion constructor: " << s << endl;

   setString(s);

// call utility function

}

// Copy constructor

String::String(const String &copy) : length(copy.length)

{

   cout << "Copy constructor: " << copy.sPtr << endl;

   setString(copy.sPtr);

}

// Destructor

String::~String()

{

   cout << "Destructor: " << sPtr << endl;

   delete [] sPtr;              // reclaim string

}

OPERATOR OVERLOADING CASE STUDY:  A STRING CLASS (CONTINUED)

// Overloaded = operator; avoids self assignment

const String &String::operator=(const String &right)

{

   cout << "operator= called" << endl;

   if (&right != this) {           // avoid self assignment

      delete [] sPtr;              // prevents memory leak

      length = right.length;       // new String length

      setString(right.sPtr);

   }

   else

      cout << "Attempted assignment of a String to itself" << endl;

   return *this;   // enables concatenated assignments

}

// Concatenate right operand to this object and

// store in this object.

const String &String::operator+=(const String &right)

{

   char *tempPtr = sPtr;        // hold to be able to delete

   length += right.length;      // new String length

   sPtr = new char[length + 1]; // create space

   assert(sPtr != 0);   // terminate if memory not allocated

   strcpy(sPtr, tempPtr);       // left part of new String

   strcat(sPtr, right.sPtr);    // right part of new String

   delete [] tempPtr;           // reclaim old space

   return *this;                // enables concatenated calls

}

// Is this String empty?

bool String::operator!() const { return length == 0; }

OPERATOR OVERLOADING CASE STUDY:  A STRING CLASS (CONTINUED)

// Is this String equal to right String?

bool String::operator==(const String &right) const

   { return strcmp(sPtr, right.sPtr) == 0; }

// Is this String not equal to right String?

bool String::operator!=(const String &right) const

   { return !(*this == right); }

// Is this String less than right String?

bool String::operator<(const String &right) const

   { return strcmp(sPtr, right.sPtr) < 0; }

// Is this String greater than right String?

bool String::operator>(const String &right) const

   { return right < *this; }

// Is this String greater than or equal to right String?

bool String::operator>=(const String &right) const

   { return !(*this < right); }

// Is this String less than or equal to right String?

bool String::operator<=(const String &right) const

   { return !(right < *this); }

// Return a reference to a character in a String as an l-value.

char &String::operator[](int subscript)

{

   // First test for subscript out of range

   assert(subscript >= 0 && subscript < length);

   return sPtr[subscript];  // creates l-value

}

OPERATOR OVERLOADING CASE STUDY:  A STRING CLASS (CONTINUED)

// Return a reference to a character in a String as an r-value.

const char &String::operator[](int subscript) const

{

   // First test for subscript out of range

   assert(subscript >= 0 && subscript < length);

   return sPtr[subscript];  // creates r-value

}

// Return a substring beginning at index and

// of length subLength as a reference to a String object.

String String::operator()(int index, int subLength)

{

   // ensure index is in range and substring length >= 0

   assert(index >= 0 && index < length && subLength >= 0);

   // determine length of substring

   int len;

   if ((subLength == 0) || (index + subLength > length))

      len = length - index;

   else

      len = subLength;

   // allocate memory for substring

   char *tempPtr = new char[len + 1];

   assert(tempPtr != 0); // ensure space allocated

   // copy substring into new String

   strncpy(tempPtr, &sPtr[index], len);

   tempPtr[len] = '\0'; // terminate new String

   // create temporary String object containing the substring

   String tempString(tempPtr);

   delete [] tempPtr;

// delete the temporary array

   return tempString;          // return new String

}

OPERATOR OVERLOADING CASE STUDY:  A STRING CLASS (CONTINUED)

// Return string length

int String::getLength() const { return length; }

// Utility function to be called by constructors and operator=

void String::setString(const char *string2)

{

   sPtr = new char[length + 1];
// allocate storage

   assert(sPtr != 0);

// terminate if memory not allocated

   strcpy(sPtr, string2);
// copy literal to object

}

// Overloaded output operator

ostream &operator<<(ostream &output, const String &s)

{

   output << s.sPtr;

   return output;   // enables concatenation

}

// Overloaded input operator

istream &operator>>(istream &input, String &s)

{

   char temp[100];   // buffer to store input

   input >> setw(100) >> temp;

   s = temp;        // use String class assignment operator

   return input;    // enables concatenation

}

OPERATOR OVERLOADING CASE STUDY:  A STRING CLASS (CONTINUED)

// FIG8_5.CPP

// Driver for class String

#include <iostream>

using std::cout;

using std::endl;

#include "string1.h"

int main()

{

   String s1("happy"), s2(" birthday"), s3;

   // test overloaded equality and relational operators

   cout << "s1 is \"" << s1 << "\"; s2 is \"" << s2

        << "\"; s3 is \"" << s3 << '\"' << endl

        << "The results of comparing s2 and s1:" << endl

        << "s2 == s1 yields " << (s2 == s1 ? "true" : "false") << endl

        << "s2 != s1 yields " << (s2 != s1 ? "true" : "false") << endl

        << "s2 >  s1 yields " << (s2 > s1 ? "true" : "false") << endl

        << "s2 <  s1 yields " << (s2 < s1 ? "true" : "false") << endl

        << "s2 >= s1 yields " << (s2 >= s1 ? "true" : "false") << endl

        << "s2 <= s1 yields " << (s2 <= s1 ? "true" : "false") << endl << endl;

   // test overloaded String empty (!) operator

   cout << "Testing !s3:" << endl;

   if (!s3) {

      cout << "s3 is empty; assigning s1 to s3;" << endl;

      s3 = s1;              // test overloaded assignment

      cout << "s3 is \"" << s3 << "\"" << endl << endl;

   }

   // test overloaded String concatenation operator

   cout << "s1 += s2 yields s1 = ";

   s1 += s2;                // test overloaded concatenation

   cout << s1 << endl << endl;

OPERATOR OVERLOADING CASE STUDY:  A STRING CLASS (CONTINUED)

   // test conversion constructor

   cout << "s1 += \" to you\" yields" << endl;

   s1 += " to you";         // test conversion constructor

   cout << "s1 = " << s1 << endl << endl;

   // test overloaded function call operator () for substring

   cout << "The substring of s1 starting at" << endl

        << "location 0 for 14 characters, s1(0, 14), is: "

        << s1(0, 14) << endl << endl;

   // test substring "to-end-of-String" option

   cout << "The substring of s1 starting at" << endl

        << "location 15, s1(15, 0), is: "

        << s1(15, 0) << endl << endl;  // 0 is "to end of string"

   // test copy constructor

   String *s4Ptr = new String(s1);  

   cout << "*s4Ptr = " << *s4Ptr << endl << endl;

   // test assignment (=) operator with self-assignment

   cout << "assigning *s4Ptr to *s4Ptr" << endl;

   *s4Ptr = *s4Ptr;          // test overloaded assignment

   cout << "*s4Ptr = " << *s4Ptr << endl;

   // test destructor

   delete s4Ptr;     

   // test using subscript operator to create lvalue

   s1[0] = 'H';      

   s1[6] = 'B';

   cout << endl << "s1 after s1[0] = 'H' and s1[6] = 'B' is: "

        << s1 << endl << endl;

OPERATOR OVERLOADING CASE STUDY:  A STRING CLASS (CONTINUED)

   // test subscript out of range

   cout << "Attempt to assign 'd' to s1[30] yields:" << endl;

   s1[30] = 'd';     // ERROR: subscript out of range

   return 0;

}

Output is:

Conversion constructor:  happy

Conversion constructor:   birthday

Conversion constructor:

s1 is "happy"; s2 is " birthday"; s3 is ""

The results of comparing s2 and s1:

s2 == s1 yields false

s2 != s1 yields true

s2 > s1 yields false

s2 < s1 yields true

s2 >= s1 yields false

s2 <= s1 yields true

Testing !=s3:

s3 is empty; assigning s1 to s3;

operator= called

s3 is "happy"

s1 += s2 yields s1 = happy birthday

s1 += " to you" yields

Conversion constructor:    to you

Destructor:    to you

s1 = happy birthday to you

OPERATOR OVERLOADING CASE STUDY:  A STRING CLASS (CONTINUED)

Conversion constructor:  happy birthday

Copy constructor:  happy birthday

Destructor:  happy birthday

The substring of s1 starting at

location 0 for 14 characters, s1(0, 14), is:  happy birthday

Destructor:  happy birthday

Conversion constructor:  to you

Copy constructor:  to you

Destructor:  to you

The substring of s1 starting at

location 15, s1(15, 0), is:  to you

Destructor:  to you

Copy constructor:  happy birthday to you

*s4Ptr = happy birthday to you

assigning *s4Ptr to *s4Ptr

operator= called

Attempted assignment of a String to itself

*s4Ptr = happy birthday to you

Destructor:  happy birthday to you

s1 after s1[0] = 'H' and s1[6] = 'B' is:  Happy Birthday to you

Attempt to assign 'd' to s1[30] yields:

Assertion failed:  subscript >= 0 && subscript < length,


file string1.cpp, line 82

Abnormal program termination

OVERLOADING ++ AND --

1. The increment and decrement operators--preincrement, postincrement, predecrement, and postdecrement--all can be overloaded.

2. To overload the increment operator to allow both preincrement and postincrement usage, each overloaded operator function must have a distinct signature so the compiler will be able to determine which version of ++ is intended.

3. The prefix versions are overloaded exactly as any other prefix unary operator.

a) Suppose that we want to add 1 to the day in Date object d1.

i) When the compiler see the preincrementing expression

++d1

the compiler generates the member function call

d1.operator++();

whose function definition would be 

Date& Date::operator++()

{


helpIncrement();
// increment the date


return *this;

}

ii) The nonmember function equivalent would be:

++d1;


// preincrementing expression

operator++(d1);
// function call

friend Date& operator++(Date &); // prototype declared

 //   in the Date class

4. Overloading the postincrementing operator presents a bit of a challenge because the compiler must be able to distinguish the signatures of the overloaded preincrement and postincrement operator functions.

OVERLOADING ++ AND -- (CONTINUED)

a) Providing a unique signature to the postincrement operator function is achieved by providing a second argument--which must be of type int.

i) Actually, the user does not supply a value for this special integer argument.

ii) It is there simply to help the compiler distinguish between prefix and postfix versions of increment and decrement operators.

b) Suppose that we want to add 1 to the day in Date object d1.

i) When the compiler see the postincrementing expression

d1++

the compiler generates the member function call

d1.operator++(0);

// 0 is a dummy argument

whose function definition would be 

Date Date::operator++(int)

{


Date temp = *this;


helpIncrement();
// increment the date


// return non-incremented, temporary object


return temp;

}

ii) The nonmember function equivalent would be:




d1++;


// postincrementing expression




operator++(d1, 0);
// function call




friend Date operator++(Date &, int);  // prototype









        // declared in 









        // the Date class

5. Note:  It would be possible to allow for concatenation of operations with preincrementing by returning a Date& from operator++().  However, concatenation of operations would not be possible with postincrementing because a Date& cannot be the return type for operator++(int).

INHERITANCE

1. One of the keys to the power of object-oriented programming is achieving software reusability through inheritance.

2. The programmer can designate that the new class is to inherit the data members and member functions of a previously defined base class.  In this case, the new class is referred to as a derived class.

3. A class can exist by itself.  When that class is used with the mechanism of inheritance, it becomes either a base class that supplies attributes and behaviors to other classes, or the class becomes a derived class that inherits those attributes and behaviors.

4. With single inheritance, a class is derived from only one base class.  With multiple inheritance, a derived class inherits from multiple (possibly unrelated) base classes.

5. A base class exists in a hierarchical relationship with its derived classes.

a) A base class specifies commonality.

b) All classes derived from a base class inherit the capabilities of that base class.  

6. It is important to distinguish between "is a" relationships and "has a" relationships.  

a) In a "has a" relationship, a class object has an object of another class as a member.  "Has a" is composition.

b) In an "is a" relationship, an object of a derived-class type may also be treated as an object of the base-class type.  "Is a" is inheritance.

7. In the object-oriented design process:

a) The designer looks for commonality and factors it out to form desirable base classes.  

b) Derived classes are then customized beyond the capabilities inherited from the base class.

8. An inheritance hierarchy can be arbitrarily deep within the physical limitations of a particular system.

INHERITANCE (CONTINUED)

9. Hierarchies are useful tools for understanding and managing complexity.  With software becoming increasingly complex, C++ provides mechanisms for supporting hierarchical structures through inheritance and polymorphism.

10. Inheritance enables software reusability which saves time in development and encourages the use of previously proven and debugged high-quality software.

11. Inheritance can be accomplished from existing class libraries.

12. Someday software for the most part will be constructed from standardized reusable components exactly as much hardware is constructed today.

BASE CLASSES AND DERIVED CLASSES

1. A derived class normally adds data members and member functions of its own, so a derived class generally has a larger definition than its base class.  A derived class is more specific than its base class and normally represents fewer objects.

2. Inheritance examples:

Base class


Derived classes
Student


GraduateStudent

UndergraduateStudent

Loan



CarLoan

HomeImprovement

MortgageLoan

Employee


FacultyMember

StaffMember

Account


CheckingAccount

SavingsAccount

Shape



TwoDimensionalShape

ThreeDimensionalShape

TwoDimensionalShape
Circle

Square

Triangle

ThreeDimensionalShape
Sphere

Cube

Tetrahedron

BASE CLASSES AND DERIVED CLASSES (CONTINUED)

3. To specify that class CommissionWorker is derived from class Employee, class CommissionWorker would typically be defined as:

class CommissionWorker : public Employee {

...

};

a) This is called public inheritance which is the most common form of inheritance.

i) With public inheritance, the public and protected members of the base class are inherited as public and protected members of the derived class, respectively.

ii) Private members of a base class are not accessible from that class's derived class.

b) Private and protected inheritance are also forms of inheritance.

i) Private inheritance is the default.

ii) Because of the problems and restrictions of private and protected inheritance, these forms of inheritance are not commonly used.

4. When a base-class member is inappropriate for a derived class, we may simply redefine that member in the derived class.

5. The implementor of a derived class does not need access to the source code of a base class, but does need the interface to the base class and the base class's object code.

6. A base class may be either a direct base class of a derived class or an indirect base class of a derived class.

a) A direct base class is explicitly listed where the derived class is declared.

b) An indirect base class is not explicitly listed; rather it is inherited from several levels up the class hierarchy tree.

BASE CLASSES AND DERIVED CLASSES (CONTINUED)

7. Reading a set of derived-class declarations can be confusing because not all the members of the derived class are present in these declarations.

a) In particular, inherited members are not listed in the derived-class declarations, but these members are indeed present in the derived classes.

8. A derived class object can be assigned to a base class object.  This kind of assignment makes sense because the derived class has members corresponding to each of the base class members.

PROTECTED MEMBERS

1. Protected access serves as an intermediate level of protection between public access and private access.

a) Protected members of a base class may be accessed only by:

i) Members and friends of the base class.

ii) Members and friends of derived classes.

b) Derived-class members can refer to public and protected members of the base class simply by using the member names.

c) Protected data breaks encapsulation--a change to protected members of a base class may require modification of all derived classes.

2. Protected members are used to extend privileges to derived classes while denying those privileges to non-class, non-friend functions.

PUBLIC, PROTECTED AND PRIVATE BASE CLASSES

1. When deriving a class from a base class, the base class may be inherited as:

a) public

b) protected

c) private

2. Public inheritance is the most common; protected and private inheritance can cause problems and be difficult to use.

3. When deriving a class from a public base class, public members of the base class become public members of the derived class, and protected members of the base class become protected members of the derived class.

4. When deriving a class from a protected base class, public and protected members of the base class become protected members of the derived class.

5. When deriving a class from a private base class, public and protected members of the base class become private members of the derived class.

PUBLIC, PROTECTED AND PRIVATE BASE CLASSES (CONTINUED)

6. To make public member functions in a private base class have public status at the derived level, the member functions must be redeclared.

a) The redeclaration process is called selective qualification.

b) Example:

class A {

public:

int x;

A();



// constructor

void Display(void);
// display function

};

class B : private A {

public:

B();



// constructor

A::Display;


// Selective qualification.

// The following main program // would not work without

// this statement.

// Note the missing parentheses

// following the Display function

};

main() {

B objectB;

objectB.Display();

// Statement would not work

// without selective qualification

// in class B.

};

PUBLIC, PROTECTED AND PRIVATE BASE CLASSES (CONTINUED)

7. Types of inheritance and base-class member accessibility in a derived class:

	Base class member access specifier
	public

inheritance
	protected inheritance
	private

inheritance

	public
	public in derived class.

Can be accessed directly by any non-static member functions, friend functions and non-member functions.
	protected in derived class.

Can be accessed directly by all non-static member functions and friend functions.
	private in derived class.

Can be accessed directly by all non-static member functions and friend functions.

	protected
	protected in derived class.

Can be accessed directly by all non-static member functions and friend functions.
	protected in derived class.

Can be accessed by all non-static member functions and friend functions.
	private in derived class.

Can be accessed by all non-static member functions and friend functions.

	private
	hidden in derived class.

Can be accessed by non-static member functions and friend functions through public or protected member functions of the base class.
	hidden in derived class.

Can be accessed by non-static member functions and friend functions through public or protected member functions of the base class.
	hidden in derived class.

Can be accessed by non-static member functions and friend functions through public or protected member functions of the base class.


USING CONSTRUCTORS AND DESTRUCTORS IN DERIVED CLASSES

1. A derived-class constructor always calls the constructor for its base class first to create and initialize the derived class's base-class members.

2. Destructors are called in the reverse order of constructor calls, so a derived-class destructor is called before its base-class destructor.

3. When an object of a derived class is created:

a) First the base-class constructor executes.

b) Then the constructors for the derived class's member objects execute.

c) Then the derived class's constructor executes.

4. The order in which member objects are constructed is the order in which those objects are declared within the class definition.

a) The order in which the member initializers are listed does not affect construction.

5. Base class constructors are called in the order in which inheritance is specified in the derived-class definition.

a) The order in which the base-class constructors are specified in the derived-class constructor does not affect construction.

6. When the derived-class object is destroyed, the destructors are called in the reversed order of the constructors--first the derived-class destructor is called, then the base-class destructor is called.

USING CONSTRUCTORS AND DESTRUCTORS IN DERIVED CLASSES (CONTINUED)

7. Example illustrating order of constructors:

// Illustrate order of initialization

#include <iostream>

using std::cout;

class Data {

public:


Data(int x_int = 0) : x(x_int)



{ cout << "Data::Data(" << x << ") "; }

private:


int x;

};

class A {

public:


A(int x) : d1(x-1)



{ cout << "A::A(" << x << ") "; }

private:


Data d1;

};

class B : public A {

public:


B(int x) : d3(x-1), d2(x-2), A(x-3)



{ cout << "B::B(" << x << ") "; }

private:


Data d2;


Data d3;

};

class C : public B {

public:


C(int x) : B(x-1) { cout << "C::C(" << x << ") "; }

};

USING CONSTRUCTORS AND DESTRUCTORS IN DERIVED CLASSES (CONTINUED)

int main() {


C c1(6);


return 0;

}

Output is:

Data::Data(1) A::A(2) Data::Data(3) Data::Data(4) B::B(5) C::C(6)

8. Example illustrating order of initialization error:

// Illustration of order of initialization error

class base

{

public:

  base(int i) : x(i) {}

private:

  int x;

};

class derived : base

{

public:

  derived(int i) : a(i*10),base(a) {} 
// Watch out! 










// Base will be










// passed an











// uninitialized a

private:

  int a;

};

PROGRAM DEMONSTRATING INHERITANCE

1. Simple program demonstrating inheritance:

a) Class Employee stores the employee's firstName and lastName, information which is common to all employees including those in classes derived from class Employee.

b) Classes HourlyWorker, PieceWorker, Boss, and CommissionWorker are all classes which can be derived from Employee.

i) This particular example will only show derived class HourlyWorker, though the other classes can be similarly derived with minimal effort.

c) The Employee class definition consists of:

i) Two private char * data members, firstName and lastName.

ii) Three public member functions:

a) A constructor

b) A destructor

c) print

d) Class HourlyWorker inherits from class Employee with public inheritance.

class HourlyWorker : public Employee

i) The HourlyWorker class definition consists of:

a) Private data members for calculating the employee's weekly salary:

(1) wage

(2) hours

b) Three public member functions:

(1) A constructor

(2) getPay

(3) print

ii) The HourlyWorker constructor uses member initializer syntax to pass the strings first and last to the Employee constructor.

PROGRAM DEMONSTRATING INHERITANCE (CONTINUED)

iii) HourlyWorker has its own print function (which calls the Employee print function).

a) HourlyWorker print function is an example of a base-class member function being redefined in a derived class.

b) The redefined function sometimes calls the base-class version of the function to perform part of the task.

c) Because the base-class function and derived-class function have the same name and signature, the base-class function must be preceded by its class name and the scope resolution operator.

// EMPLOY.H

// Definition of class Employee

#ifndef EMPLOY_H

#define EMPLOY_H

class Employee {

public:

   Employee(const char*, const char*);  // constructor

   void print() const;  // output first and last name

   ~Employee();         // destructor

private:

   char *firstName;     // dynamically allocated string

   char *lastName;      // dynamically allocated string

};

#endif

PROGRAM DEMONSTRATING INHERITANCE (CONTINUED)

// EMPLOY.CPP

// Member function definitions for class Employee

#include <iostream>

using std::cout;

#include <cstring>

#include <cassert>

#include "employ.h"

// Constructor dynamically allocates space for the

// first and last name and uses strcpy to copy

// the first and last names into the object.

Employee::Employee(const char *first, const char *last)

{

   firstName = new char[ strlen(first) + 1 ];

   assert(firstName != 0); // terminate if memory not allocated

   strcpy(firstName, first);

   lastName = new char[ strlen(last) + 1 ];

   assert(lastName != 0);  // terminate if memory not allocated

   strcpy(lastName, last);

}

// Output employee name

void Employee::print() const

   { cout << firstName << ' ' << lastName; }

// Destructor deallocates dynamically allocated memory

Employee::~Employee()

{

   delete [] firstName;   // reclaim dynamic memory

   delete [] lastName;    // reclaim dynamic memory

}

PROGRAM DEMONSTRATING INHERITANCE (CONTINUED)

// HOURLY.H

// Definition of class HourlyWorker

#ifndef HOURLY_H

#define HOURLY_H

#include "employ.h"

class HourlyWorker : public Employee {

public:

   HourlyWorker(const char*, const char*, double, double);

   double getPay() const;  // calculate and return salary

   void print() const;    // redefined base-class print

private:

   double wage;            // wage per hour

   double hours;           // hours worked for week

};

#endif

PROGRAM DEMONSTRATING INHERITANCE (CONTINUED)

// HOURLY.CPP

// Member function definitions for class HourlyWorker

#include <iostream>

using std::cout;

using std::endl;

#include <iomanip>

using std::ios;

using std::setiosflags;

using std::setprecision;

#include "hourly.h"

// Constructor for class HourlyWorker

HourlyWorker::HourlyWorker(const char *first, const char *last,

                           double initHours, double initWage)

   : Employee(first, last)   // call base-class constructor

{

   hours = initHours;

   wage = initWage;

}

// Get the HourlyWorker's pay

double HourlyWorker::getPay() const { return wage * hours; }

// Print the HourlyWorker's name and pay

void HourlyWorker::print() const

{

   cout << "HourlyWorker::print()" << endl;

   Employee::print();   // call base-class print function

   cout << " is an hourly worker with pay of $"

        << setiosflags(ios::fixed | ios::showpoint)

        << setprecision(2) << getPay() << endl;

}

PROGRAM DEMONSTRATING INHERITANCE (CONTINUED)

// FIG9_5.CPP

// Redefining a base-class member function in a 

// derived class.

#include "hourly.h"

main()

{

   HourlyWorker h("Bob", "Smith", 40.0, 7.50);

   h.print();

   return 0;

}

Output is:

HourlyWorker::print()

Bob Smith is an hourly worker with pay of $300.00

INHERITANCE, COPY CONSTRUCTORS AND ASSIGNMENT

1. Suppose you have a base class called animal from which both mammal and fish are derived. 

a) If both the base class animal and the derived class mammal have dynamic allocation, then the following rules would apply:

i) The copy constructor for mammal would be:

mammal::mammal(const mammal& m) : animal(m)

{


//  Standard code for the mammal copy constructor

}

ii) Assignment would be coded as:

const mammal& mammal::operator=(const mammal& m)

{


if (this == &m)



return *this;


animal::operator=(m);


// mammal assignment follows

}

b) If the base class animal has dynamic allocation but the derived class fish does not, then the following rules would apply (assuming that animal has a copy constructor):

i) There would be no need to provide a copy constructor for the derived class fish.  The copy constructor for animal will be invoked and fish will have memberwise copy.

ii) Assignment would have a similar process to the copy constructor.

MULTIPLE INHERITANCE

1. A class may be derived from more than one base class; such derivation is called multiple inheritance.

2. Multiple inheritance is indicated by placing a colon (:) after the derived class name and following the colon with a comma-separated list of base classes.

3. The derived-class constructor calls base-class constructors for each of its base classes through the member-initializer syntax.  Base-class constructors are called in the order in which the base classes are declared during inheritance.

4. Program example using multiple inheritance:

a) Class Base1 contains:

i) One protected data member, int value.

ii) A constructor that sets value.

iii) Public member function getData that returns value.

b) Class Base2 is similar to class Base1 except that:

i) Its protected data is char letter.

ii) Its public member function getData returns the value of char letter.

c) Class Derived is inherited from both class Base1 and class Base2 through multiple inheritance.

i) Derived has:

a) Private data member float real.

b) Public member function getReal that reads the value of float real.

d) The contents of each of the base-class objects is printed by calling the getData member function for each object.

i) Even though there are two getData functions, the calls are not ambiguous because they refer directly to the object b1 version of getData and the object b2 version of getData.

e) The contents of Derived object d are printed with static binding.

i) The ambiguity problem regarding the two getData functions is resolved by using the binary scope resolution operator as in d.Base1::getData() to print the int in value and d.Base2::getData() to print the char in letter.

MULTIPLE INHERITANCE (CONTINUED)

f) Pointers to the base class are demonstrated by:

i) Assigning the address of derived object d to base-class pointer base1Ptr and printing the int value by invoking Base1 member function getData.

ii) Assigning the address of derived object d to base-class pointer base2Ptr and printing the char letter by invoking Base2 member function getData.

// BASE1.H

// Definition of class Base1

#ifndef BASE1_H

#define BASE1_H

class Base1 {

public:

   Base1(int x) { value = x; }

   int getData() const { return value; }

protected:      // accessible to derived classes

   int value;   // inherited by derived class

};

#endif

// BASE2.H

// Definition of class Base2

#ifndef BASE2_H

#define BASE2_H

class Base2 {

public:

   Base2(char c) { letter = c; }

   char getData() const { return letter; }

protected:        // accessible to derived classes

   char letter;   // inherited by derived class

};

#endif

MULTIPLE INHERITANCE (CONTINUED)

// DERIVED.H

// Definition of class Derived which inherits

// multiple base classes (Base1 and Base2).

#ifndef DERIVED_H

#define DERIVED_H

#include <iostream>

using std::ostream;

#include "base1.h"

#include "base2.h"

// multiple inheritance

class Derived : public Base1, public Base2 {

   friend ostream &operator<<(ostream &, const Derived &);

public:

   Derived(int, char, double);

   double getReal() const;

private:

   double real;   // derived class's private data

};

#endif

MULTIPLE INHERITANCE (CONTINUED)

// DERIVED.CPP

// Member function definitions for class Derived

#include "derived.h"

// Constructor for Derived calls constructors for

// class Base1 and class Base2.

Derived::Derived(int i, char c, double f)

   : Base1(i), Base2(c)  // call both base-class constructors

{ real = f; }

// Return the value of real

double Derived::getReal() const { return real; }

// Display all the data members of Derived

ostream &operator<<(ostream &output, const Derived &d)

{

   output << "    Integer: " << d.value << endl 

          << "  Character: " << d.letter << endl 

          << "Real number: " << d.real;

   return output;   // enables concatenated calls

}

MULTIPLE INHERITANCE (CONTINUED)

// FIG9_11.CPP

// Driver for multiple inheritance example

#include <iostream>

using std::cout;

using std::endl;

#include "base1.h"

#include "base2.h"

#include "derived.h"

int main()

{

   Base1 b1(10), *base1Ptr;   // create base-class object

   Base2 b2('Z'), *base2Ptr;  // create other base-class object

   Derived d(7, 'A', 3.5);    // create derived-class object

   // print data members of base class objects

   cout << "Object b1 contains integer "

        << b1.getData() << endl 

        << "Object b2 contains character "

        << b2.getData() << endl 

        << "Object d contains:" << endl << d << endl << endl;

   // print data members of derived class object

   // scope resolution operator resolves getData ambiguity

   cout << "Data members of Derived can be"

        << " accessed individually:" << endl 

        << "    Integer: " << d.Base1::getData() << endl 

        << "  Character: " << d.Base2::getData() << endl 

        << "Real number: " << d.getReal() << endl << endl;

   cout << "Derived can be treated as an "

        << "object of either base class:" << endl;

   // treat Derived as a Base1 object

   base1Ptr = &d;

   cout << "base1Ptr->getData() yields "

        << base1Ptr->getData() << endl ;

MULTIPLE INHERITANCE (CONTINUED)

   // treat Derived as a Base2 object

   base2Ptr = &d;

   cout << "base2Ptr->getData() yields "

        << base2Ptr->getData() << endl;

   return 0;

}

Output is:

Object b1 contains integer 10

Object b2 contains character Z

Object d contains:


Integer:  7

     Character:  A

Real Number:  3.5

Data members of Derived can be accessed individually:


Integer:  7

     Character:  A

Real Number:  3.5

Derived can be treated as an object of either base class:

base1Ptr->getData() yields 7

base2Ptr->getData() yields A

THE VIRTUAL BASE CLASS

1. When a derived class declares its base classes, you cannot explicitly declare the same base class twice.

class derived : base1, base1
// NO

2. Direct multiple use of the same base class is forbidden by the syntax of derivation.

3. You can unintentionally indirectly generate the following situation:


class base2 : public base1


class derive1 : public base1, public base2






a) Above example shows a derived class that inadvertently and indirectly called the base class twice.

b) base1 has been attached twice--once directly and once indirectly.

c) Solution to the above is the following program which uses a virtual base class.

i) By using

class base2 : virtual public base1

and

class derive1 : virtual public base1, public base2

the compiled code will only contain one instance of each base class rather than multiple versions.

THE VIRTUAL BASE CLASS (CONTINUED)

d) When the constructor of derive1 calls its base constructors:

i) It passes only a single character string to base2 ("This is base 2")

ii) The base2 constructor that is called is set up to pass a default character string value ("Default Value") into base1 if only a single character string is passed as a parameter (as happens in this case).

iii) Because this is declared as a virtual base, only the direct declaration (i.e. the "This is base 1" passed up from derive1) has an effect and the string "Default Value" is ignored.

e) The virtual class declaration is a valuable tool when you are creating complicated sets of classes.

#include <cstring>

#include <iostream>

using std::cout;

class base1 {


char title[80];

public:


base1(char* m) { strcpy(title, m); }


char* show1() { return title; }

};

class base2 : virtual public base1 {


char title[80];

public:


base2(char* );


base2(char*, char*);


char* show2() { return title; }

};

base2::base2(char* m) : base1("Default Value")

{


strcpy(title, m);

}

THE VIRTUAL BASE CLASS (CONTINUED)

base2::base2(char* m, char* n) : base1(n)

{


strcpy(title, m);

}

class derive1 : virtual public base1, public base2 {


char title[80];

public:


derive1(char*, char*, char*);


char* show3() { return title; }

};

derive1::derive1(char* p, char* q, char* r) : base1(q), base2(r)

{

strcpy(title, p);

}

int main()

{


derive1 x("This is the Derived class",  "This is base 1", 




"This is base 2");


cout << "base1 = " << x.show1() << "\n";


cout << "base2 = " << x.show2() << "\n";


cout << "derive1 = " << x.show3() << "\n";


return 0;

}

Output is:

This is base 1

This is base 2

This is the Derived class

WHEN AND WHEN NOT TO USE VIRTUAL BASE CLASSES

1. Example of when to use a virtual base class:

a) Professor and author should both declare person as a virtual base class because in this case, there is only one person who is both a professor and an author.







2. Example of when to not use a virtual base class:

a) Man and woman are separate people, each person having its own respective data.






ORDER OF CONSTRUCTORS FOR MULTIPLE INHERITANCE

1. Example of the order of construction for multiple inheritance:

a) Inheritance structure is defined as:

class A {};

class B : public virtual A {};

class C : public virtual A {};

class D : public A {};

class E : public B, public C, public D {};







b) Order of construction for class E is:



A, B, C, A, D, E

RULES FOR VIRTUAL CLASSES

1. A virtual class is a base class that is passed to more than one derived class, as might happen with multiple inheritance.

2. You cannot specify a base class more than once in a derived class:

class B { ... };

class D : B, B { ... };
//  ILLEGAL

3. However, you can indirectly pass a base class to the derived class more than once:

class X : public B { ... };

class Y : public B { ... };

class Z : public X, public Y { ... };
//  OK

a) In this case, each object of class Z has two objects of class B.

b) If this causes problems, add the keyword "virtual" to the base class specifier.  B will now be a virtual base class and class Z will only have one object of class B.

class X : virtual public B { ... };

class Y : virtual public B { ... };

class Z : public X, public Y { ... };

4. Constructors for virtual base classes:

a) Constructors for virtual base classes are invoked before any non-virtual base classes.

b) If the hierarchy contains multiple virtual base classes, the virtual base class constructors are invoked in the order they were declared.

c) Any non-virtual bases are then constructed before the derived class constructor is called.

d) If a virtual class is derived from a non-virtual base, that non-virtual base will be constructed first, so that the virtual base class can be properly constructed.
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