Data abstraction with C++ classes

A data structure for dates in C:

struct Date {

       int month, day, year

   }

   void setMonth(struct Date*,int);  //Note: ANSI C function prototypes from C++

   void setDay(struct Date*,int);

   void printDate(Date*)
        ....

What's the problem?

Closer coupling is possible in C++:

   struct Date {

      int month, day, year

      void set(int m,int d,int y)  { month=m; day=d; year=y; }

      void print();  //Implement elsewhere

      ...

   }
C++ adds syntax of class to restrict access to data members:

      class Date {

        int month, day, year

     public:

        void setMonth(m)  { if (m > 0 && m < 32)  month=m; }

        void print();  //Implemented elsewhere...

        ...

   };

Inheritance is called "derivation" in C++

#include <stdio.h>

#include <assert.h>

#include <iostream.h>

#include <ctype.h>

//Interface for a simple class, vector:

class vector {

    int sz;   //number of elements

    int* v;   //pointer to integers (dynamic array)

  public:

    vector(int size);     //constructor: allocates v with sz int elements

    ~vector();            //destructor: also dealloactes v

    int& operator[](int); //Overloaded array operator 

    int size()
{ return sz; }

};

//Implementation of class vector member functions:

vector::vector(int size) //constructor

{ assert(size > 0);    

  sz = size;

  v = new int[sz];  //allocate an array of size ints dynamically

}

vector::~vector()  //destructor

{ delete [] v; }   //deallocate an array

int& vector::operator[](int i) //overloaded array operator

{ return *(v+i); }     //return element at address v+i

//An example of class derivation in C++:

class vecRange : public vector 

//derived_class : base_class means derived_class inherits from base_class

//derived_class : public base_class means public members of base_class 

//  are hereby public
to clients of derived_class, too

//vecRange catches out of range errors, by overloading operator[]

{ 
int lwb, upb;  //lower and upper bounds

  public:


vecRange(int,int);      //a constructor for class vecRange


int& operator[] (int);  //overloading array access operator

 };

//Implementation of member functions:

vecRange::vecRange(int lb,int ub) //constructor takes two parameters

      : vector(ub-lb+1)           //invoke base class vector's constructor

{ lwb=lb; upb=ub; }

    //set vecRange's bounds

int& vecRange::operator[] (int i)  //overloaded array operator

{ if (i < lwb || i > upb) 

  { cout << i << ":out of range lwb=" << lwb << " upb=" << upb << endl;

    exit(1);

  }

  return vector::operator[](i-lwb); //invoke base class's operator[]

}

//Now we can declare and use vectors with bounds-checking like this:

void main(int argc,char*)

//To test vecRange instead of vector, run with a parameter e.g., "vector range"

{  if (argc == 1)  //No program parameters, so test vector

  //Now we can declare and use vectors like this:

    { vector v(10);  //Invokes constructor

      for (int i=0; i<=10; i++)   //Anyone see the bug here?

        { v[i] = i; 

          cout << v[i] << " ";

        }

      cout << endl;

    }

  else //Test vecRange

    { vecRange v2(0,10); //Invokes constructor vecRange 

      cout << v2.size(); //What size() does this invoke? What does it produce?

      cout << " is size of v2" << endl;

      for (int i=0; i<=10; i++) //Why is this OK now?

        { v2[i] = i; 

          cout << v2[i] << " ";

        }

      v2[11]=i;  //What happens?

    } 

}

Polymorphism using Virtual Functions

class Point { ... };    //a Point has x and y coordinates

class Shape {

  protected:


Point center;  //all Shapes have a center Point

  public:


Point where() { return center; }  


virtual void move(Point to) //virtual means can be overriden


  { center = to; draw(); }  //  by derived classes


virtual void draw()=0;  //0 function == a "pure virtual function"





//must be implemented by derived classes


//...

};

class Triangle: public Shape {


Point sw, se, top;  //Three points define triangle

  public:


triangle(Point a, Point b, Point c)  { sw=a; top=b; se=c; }


draw() //implementing pure virtual function

  
  { put_line(sw,top); //draw line from sw to top

            put_line(top,se); //draw line from top to se

            put_line(se,sw);  //draw line from se to sw

          }

};

class Circle : public Shape {


int radius;

  public:


circle(Point a, int r) { center=a; radius=r; }   //constructor


//other constructors possible, e.g., from two Points


draw();  //draw a circle using center and radius

};

//Here's some code that exploits a virtual function, draw():

{
//Construct some shapes


Shape aShape;

  //illegal--why?


Circle c(Point(20,30),7); //legal--what does it do?


//Create an array of various shapes


Shape* shapes[10];


shapes[0] = new Circle(Point(20,30),7);  //assign a Circle


shapes[1] = new Triangle(Point(50,50),Point(30,30),Point(40,40));


//... maybe assign other shapes, Rectangles, Squares, etc.


//draw all the shapes


for (int i=0; i < 10; i++)



shapes[i]->draw();  //each shape draws itself!


//Why do we say that elements of shapes are polymorphic?

//Avoid lots of switch statements, e.g.:



switch (shapes[i]->isa)  //each Shape has an isa data member



{ case(triangle) Triangle::draw();  //test enumeration value



  case(circle)
 Circle::draw();    //and run specific draw()



  ...



}

Why is the dynamic binding version better for big, growing programs?

