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Solution to Exercise 107.

�
// Prog : rational.h�
// Define a class for rational numbers�
#include <iostream >�
#include <cassert >�	
namespace math {


�
// gcd function�
int gcd(int a, int b)��
{���

// PRE: (a,b) != (0 ,0)���
// POST: return value is the greatest common divisor���
// of a and b, where gcd(n ,0):= gcd(0,n):=n.���
if (b == 0) return a;���
return gcd (b, a % b);�

	
}� 


���
// Rationals���
class Rational {��
public :���

Rational ();���
// POST : * this is initialized with value 0���

���
Rational (int n, int d);���
// PRE: d != 0�

	
// POST : * this is initialized with value n / d� 


���
Rational (int n);���
// POST : * this is initialized with value n��

���
int n();���
// POST: return value is the numerator n���

���
int d();���
// POST: return value is the denominator d�

	
� 


Rational & operator += ( Rational s);���
// POST : * this has been incremented by s, and���
// the return value is the new value��

���
Rational & operator -= ( Rational s);���
// POST : * this has been decremented by s, and���
// the return value is the new value���

���
Rational & operator *= ( Rational s);�

	
// POST : * this has been multiplied by s, and� 

// the return value is the new value���

���
Rational & operator /= ( Rational s);��
// POST : * this has been divided by s, and���
// the return value is the new value���

���
private :���

int n_; // numerator���
int d_; // denominator; invariant: d_ != 0�

	
� 


void normalize ();���
// POST: gcd(_n ,_d) is 1 or -1���

};
	
	
�

Rational :: Rational ()
	
�

: n_(0), d_(1)
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�

{}
	
�	
�

Rational :: Rational (int n, int d)
	�	

: n_(n), d_(d)
	



{
	
�

assert (d_ != 0);
	
�

}
 

 �

Rational :: Rational (int n)
 �
: n_(n), d_(1)
 �

{}
 �

 �

int Rational ::n() { return n_; }

	

int Rational ::d() { return d_; }
�


 �

Rational & Rational :: operator += ( Rational s)
 �
{��

n_ = n_ * s.d_ + d_ * s.n_; // increment * this by s���
d_ *= s.d_;���
normalize ();���
return * this ; // and return it���

}���
�
	

Rational & Rational :: operator -= ( Rational s)� 

{���

n_ = n_ * s.d_ - d_ * s.n_; // decrement * this by s���
d_ *= s.d_;��
normalize ();���
return * this ; // and return it���

}���
���

Rational & Rational :: operator *= ( Rational s)���
{�

	
n_ *= s.n_; // multiply * this by s� 

d_ *= s.d_;���
normalize ();���
return * this ; // and return it���

}����
����

Rational & Rational :: operator /= ( Rational s)����
{����

n_ *= s.d_; // multiply * this by 1/s����
d_ *= s.n_;��

	
normalize ();�� 

return * this ; // and return it����

}����
����

// normalization�����
void Rational :: normalize ()�����
{�����

int g = gcd(n_ ,d_);�����
n_ /= g;�����
d_ /= g;���

	
}��� 


�����
// non -member arithemtic operators�����
Rational operator +( Rational r, Rational s)����
{�����

Rational t = r;�����
return t += s;�����

}�����
�����

Rational operator -( Rational r, Rational s)���
	

{��� 

Rational t = r;



�����

�����
return t -= s;�����

}����
�����

Rational operator *( Rational r, Rational s)�����
{�����

Rational t = r;�����
return t *= s;�����

}���
	

��� 

Rational operator /( Rational r, Rational s)�����
{�����

Rational t = r;����
return t /= s;�����

}�����
�����

// non -member relational operators�����
bool operator ==( Rational r, Rational s)�����
{���

	
return r.n() * s.d() == s.n() * r.d();��� 


}�����
�����

bool operator !=( Rational r, Rational s)����
{�����

return !(r == s);�����
}�����

�����
bool operator <( Rational r, Rational s)�����
{���

	
int a = r.n() * s.d();��� 

int b = s.n() * r.d();�����
// watch out for the signs of denominators!�����
if (r.d() > 0)�

	


if (s.d() > 0) return a < b; else return a > b;�
	
�

else�
	
�

if (s.d() > 0) return a > b; else return a < b;�
	
�

}�
	
�

�
	
�

bool operator >( Rational r, Rational s)�
	�	

{�
	



return s < r;�
	
�

}�
	
�

� 
 
bool operator <=( Rational r, Rational s)� 
 �
{� 
 �

return r == s || r < s;� 
 �
}� 
 �

� 
 �
bool operator >=( Rational r, Rational s)� 


	
{� 
�


return r == s || s < r;� 
 �
}� 
 �

����
std :: ostream & operator <<( std :: ostream & o, Rational r)�����
{�����

return o << r.n() << "/" << r.d();�����
}�����

}

�
#include <iostream >�
#include <cassert >�
#include "rational_full.h"�

�
int main () {
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math:: Rational r(3 ,4);

math:: Rational s(-1,2);�
math:: Rational t = r * s; // -3/8�
math:: Rational u = r + s; // 1/4��
math:: Rational v = r - s; // 5/4���
math:: Rational w = r / s; // -3/2���

���
// test arithemtic and equality operators���
assert (t == math :: Rational ( -3 ,8));���
assert (u == math :: Rational (1 ,4));�

	
assert (v == math :: Rational (5 ,4));� 

assert (w == math :: Rational ( -3 ,2));���

���
// test other relational operators��
assert (s < r); assert (s != r);���
assert (v > u); assert (v != u);���
assert (u > w); assert (u != w);���
assert (t > w); assert (t != w);���

���
assert (t <= math :: Rational ( -3 ,8));�

	
assert (u <= math :: Rational (1 ,4));� 

assert (v >= math :: Rational (5 ,4));���
assert (w >= math :: Rational ( -3 ,2));���

��
return 0;���

}

Solution to Exercise 109.

�
#include <iostream >�

�
// Class for representing time in hours : minutes : seconds�
class Clock {�
public : // error fix: public specifier was missing

	
Clock(unsigned int h, unsigned int m, unsigned int s);

// error fix: no reference types here!�
// PRE: h < 24, m < 60, s < 60�
// POST : * this is initialized with the time h:m:s��

���
void tick ();���
// POST: time stored by * this has ben advanced by 1 second���

���
void time(unsigned int & h, unsigned int & m,���

unsigned int & s); // error fix: we need reference types!�
	

// POST: h, m, s are filled from the time stored by * this� 

private :���

unsigned int h_;���
unsigned int m_;��
unsigned int s_;���

};���
���

Clock :: Clock(unsigned int h,���
unsigned int m,���
unsigned int s)�

	
: h_(h), m_(m), s_(s)� 


{���
assert (h < 24);���
assert (m < 60);��
assert (s < 60); // error fix: enforce preconditions���

}���
���

void Clock :: tick ()���
{



� ���

���
h_ += ( m_ += ( s_ += 1) / 60) / 60;�

	
h_ %= 24; m_ %= 60; s_ %= 60;� 


}���
���

void Clock :: time(unsigned int & h,��
unsigned int & m,���
unsigned int & s)���

{���
h = h_;���
m = m_;���
s = s_;�

	
}� 


���
std :: ostream & operator << ( std :: ostream & o, Clock c)���
{��

unsigned int h;���
unsigned int m;���
unsigned int s;���
c.time(h, m, s);���
o << h << ":";���
if (s < 10) o << "0";�

	
o << m << ":";� 

if (s < 10) o << "0";���
o << s;���
return o;

	


}
	
�	
�

int main () {
	
�

Clock c1 (23 , 9 , 8);
	
�

c1.tick (); // error fix: tick has to be called for an object
	
�	�	

unsigned int h;
	



unsigned int m;
	
�

unsigned int s;
	
�

c1.time(h, m, s); // error fix: time has to be called for an object
 

 �

std ::cout << c1 << "\n";
 �

 �

return 0;
 �
}

Solution to Exercise 110.

�
// Program: random_triangle.C�
//�
// A graphical random process:�
//�
// * Start at an arbitrary vertex of a triangle t

	
//

// * At each step , draw the current point p and choose�
// as a next point the midpoint of p and a ( uniformly)�
// randomly selected vertex of t.��

���
#include <iostream >���
#include <IFM/window >���

���
namespace math {���

class Random {�
	

public :� 

Random (unsigned int a, unsigned int b,���

unsigned int m, unsigned int x0);���
// POST : * this initialized according to��
// the formula x_i = ( ax_{i -1} + b) mod m
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���
���

double operator ()();���
// POST: return value is the next pseudorandom number���
// in the sequence���

�
	

private :� 

unsigned int a_;���
unsigned int b_;���
unsigned int m_;��
unsigned int xi_ ;���

};���
���

Random :: Random (unsigned int a, unsigned int b,���
unsigned int m, unsigned int x0)���

: a_(a), b_(b), m_(m), xi_(x0)�
	

{}� 

���

double Random :: operator ()()���
{��

// compute xi���
xi_ = ( a_ * xi_ + b_) % m_;���
// normalize to [0,1)���
return double (xi_ ) / m_;���

}���
} // end namespace math�

	
� 


int main ()���
{���

std ::cout << "Seed for random number generator =? ";��
unsigned int seed;���
std ::cin >> seed;���
// use the ANSIC generator���
math:: Random rnd (1103515245 u , 12345u , 2147483648u, seed );���

���
std ::cout << "Number of steps =? ";�

	
unsigned int n;� 

std ::cin >> n;���

���
// the vertices of the triangle

	


ifm :: Point v0(0 , 0);
	
�

ifm :: Point v1(512 , 0);
	
�

ifm :: Point v2(256 , 512);
	
�	
�

ifm :: Point cur = v0; // current point
	
�

for ( unsigned int i = 0; i < n; ++i) {
	�	

// output current point
	



ifm :: wio << cur;
	
�

// choose ( uniformly) a random vertex of the triangle
	
�

ifm :: Point rndvert ;
 
int r = int(rnd () * 3); // random integer in [0,2]
 �
if (r == 0) rndvert = v0;
 �
else if (r == 1) rndvert = v1;
 �
else rndvert = v2;
 �
// jump halfway to the chosen vertex
 �
cur = ifm ::Point ((cur.x() + rndvert .x()) / 2 ,


	
(cur.y() + rndvert .y()) / 2);
�


}
 �
ifm ::wio. wait_for_mouse_click ();
 �
return 0;��

}
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