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#include <fstream>

#include <iostream.h>

#ifndef __RATIONAL

#define __RATIONAL

class Rational {

public:

Rational ();

Rational (int);

Rational (int,int);

Rational (const Rational &);

typedef double (Rational::* RFP)();

int numerator () const;

int denominator () const;

void operator = (const Rational &);

void operator += (const Rational &);

Rational operator + (const Rational &);

// conversion operators

operator double () { return double(top)/bottom; }

operator int () { return top/bottom; }

// two Rational methods with same signatures

double squareRoot() ;

double square() ;

void display();

void fwrite(ostream &);

void fread (istream &);

static int Rational::* getOffset( char * fieldName) {


if (strcmp(fieldName,"top")==0) return & Rational::top;


if (strcmp(fieldName,"bottom")==0) return & Rational::bottom;


return NULL; }

static RFP getMethodOffset( char * methodName) {


if (strcmp(methodName,"square")==0) return & Rational::square;


if (strcmp(methodName,"squareRoot")==0) return & Rational::squareRoot;


return NULL; }

private:

int top;  int bottom;

void normalize(); 

int gcd(int,int); };

ostream & operator << (ostream &, const Rational &);

#endif

// File: Rational.cpp

// Julius Dichter

#include <iostream.h>

#include <fstream.h>

#include <stdlib.h>

#include "Rational.h"

#include <math.h>

Rational::Rational() : top(0), bottom(1) { }

Rational::Rational(int numerator) : top(numerator) { bottom = 1; }

Rational::Rational(int numerator, int denominator) : top(numerator), bottom(denominator)  { normalize(); }

Rational::Rational(const Rational & source) : top(source.numerator()),     bottom(source.denominator())   { }

ostream & operator << (ostream & out, const Rational & value) {

 if (value.denominator() != 1)


out << "(" << value.numerator() << '/' << value.denominator() << ")";

 else


out << "(" << value.numerator() << ")";

 return out;}

void Rational::fwrite(ostream & out) {  out.write((const char *)this, sizeof(Rational)); }

void Rational::fread (istream & in) {   in.read((char *)this, sizeof(Rational));  }

int Rational::numerator() const {  return top; }

int Rational::denominator() const { return bottom; }

void Rational::operator = (const Rational & right) { top = right.numerator(); bottom = right.denominator(); }

void Rational::operator += (const Rational & right) {  top = top * right.denominator() + bottom * right.numerator();

 bottom *= right.denominator();  normalize(); }

Rational Rational::operator + (const Rational & right) { Rational result(top * right.denominator() +


  right.numerator()  * bottom,
  bottom * right.denominator());

  return result; }

void Rational::display() { cout << *this; }

void Rational::normalize() {

int divisor = gcd(top, bottom);

top /= divisor;

bottom /= divisor; }

int Rational::gcd(int n, int m) {

  if (n == 0) return m;

  if (m == 0) return n;

  while (m != n) 


  if (n > m)  n -= m;


  else 
   m -= n;


  return n; }

double Rational::squareRoot()  {


return sqrt(double(top)/bottom); }

double Rational::square()  {


return pow(double(*this),2); }

// File: SmartPointer.cpp

// Julius Dichter

#include "Rational.h"

/*

  The smart pointer class, SmartPointer, uses an overloaded -> operator to return a pointer

  to its "hidden" object (type Rational). The member access and its corresponding method

  showAccess allow the "SmartClass" to do object metaprocessing while the client may be 

  unaware. For example every acces to the "inner" Rational object triggers a counter

  to increment access to that object.

  Any SmartPointer object is really a Rational object, but is accessible only through a

  controlled single operator, -> ( ), the smart pointer.

*/

class SmartPointer {

public:


SmartPointer(int top, int bottom) : pointer(new Rational(top,bottom)), access(0)


{ }


Rational * operator -> () {



access++;



return pointer; }


// this operator () gives a non pointer access to the inner Rational object


Rational operator()() { 



access++;



return * pointer; }


int showAccess() { return access; }

private:


int access;


Rational * pointer;

};  // end SmartPointer

// File: driver.cpp

// Julius Dichter

#include "Rational.h"

#include <iostream.h>

#include "SmartPointer.h"

// header for two opm parameter functions

int countOccurence( int Rational::*, Rational [], int, int );

int sumOccurence( int Rational::*, Rational [], int);

int executeMethod(Rational [], double (Rational::*)() , int);

void main() {

// smart pointer section


SmartPointer r1(2,3), r2(3,4);


Rational r;


r1->display();  cout << endl;


r2->display();  cout << endl;


r = r1->operator + (r2());


cout << "r1: access = "  << r1.showAccess() << "  value = ";


r1->display(); cout << endl;


cout << "r2: access = "  << r2.showAccess() << "  value = ";


r2->display(); cout << endl;


cout << "r value = ";


r.display();


cout << endl;


r = r2->operator + (r2());


r = r1->operator + (r1());


cout << "r1: access = "  << r1.showAccess() << "  value = ";


r1->display(); cout << endl;


cout << "r2: access = "  << r2.showAccess() << "  value = ";


r2->display(); cout << endl;


cout << "r value = ";


r.display();


cout << endl;

// File: driver.cpp

// Julius Dichter

// opm and opmf section

// first create an array of Rational objects


Rational array[] = { Rational(3,2), Rational(3,5), Rational(3,7),Rational(4,5),Rational(1,8),Rational(5,3)};


int Rational::* memberPointer;


// obtain a member offset to the top data member


memberPointer = Rational::getOffset("top");


int k = countOccurence(memberPointer, array, sizeof(array)/sizeof(Rational), 3);


cout << "3 occurs " << k << " times in the top data member in the array" << endl;


// obtain a different member offset to the bottom data member


memberPointer = Rational::getOffset("bottom");


k = countOccurence(memberPointer, array, sizeof(array)/sizeof(Rational), 5);


cout << "5 occurs " << k << " times in the bottom data member in the array" << endl;


k = sumOccurence(memberPointer, array, sizeof(array)/sizeof(Rational));


cout << "sum of bottom data members =  " << k << endl;


cout << "r = " << (double)r;


cout << "\n-------\n\n";

// offset pointer to member function section


Rational::RFP f;

// execute two different methods on the array of Rationals


f = Rational::getMethodOffset("square");


executeMethod(array, f, sizeof(array)/sizeof(Rational));

cout << "-------\n----\n\n";


f = Rational::getMethodOffset("squareRoot");


executeMethod(array, f, sizeof(array)/sizeof(Rational));  }

int countOccurence( int Rational::* pointer, Rational a[], int arraySize, int value) {

int count = 0;


for (int i = 0; i < arraySize; i++)  
// dereference syntax for objects  .*



if ( a[i].*pointer == value )




count ++;


return count;  }

int sumOccurence( int Rational::* pointer, Rational a[], int arraySize) {

int count = 0;


for (int i = 0; i < arraySize; i++)  
// dereference syntax for objects  .*



count +=  (a+i)->*pointer;
// dereference alternative syntax for object pointers  ->*



return count; }

// Method execureMethod takes an opmf and an array of Rational and applies the

// supplied method to the array of rational objects

int executeMethod(Rational a[], double (Rational::* fp)(), int n) {


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



cout << ((a[i]).*fp)() << endl;



// below is alternative syntax



// cout << ((&a[i])->*fp)();

return 0; }

Program output:

(2/3)

(3/4)

r1: access = 2  value = (2/3)

r2: access = 2  value = (3/4)

r value = (17/12)

r1: access = 5  value = (2/3)

r2: access = 5  value = (3/4)

r value = (4/3)

3 occurs 3 times in the top data member in the array

5 occurs 2 times in the bottom data member in the array

sum of bottom data members =  30

r = 1.33333

-------

2.25

0.36

0.183673

0.64

0.015625

2.77778

-------

----

1.22474

0.774597

0.654654

0.894427

0.353553

1.29099

