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�
// Prog : Tribool.C�
// imp ,ements three -valued logic��
#include <iostream >�
#include <cassert >� �
struct Tribool {�

// INV : value in {0 , 1 , 2}�
// 0 = false , 1 = unknown , 2 = true���
unsigned int value ;���

};������
// PRE: val in {0, 1 , 2}���
// POST : return value is a Tribool with the corresponding value���
Tribool tribool ( unsigned int val)���
{� �

assert (val <= 2);���
Tribool result ;���
result .value = val ;���
return result ;�V�

}������
// POST : returns x AND y���
Tribool operator && ( Tribool x, Tribool y)���
{���

Tribool result ;� �
if (x.value < y.value )���

result .value = x.value ;���
else���

result .value = y.value ;�V�
return result ;���

}������
// POST : returns x OR y���
Tribool operator || ( Tribool x, Tribool y)���
{� �

Tribool result ;���
if (x.value > y.value )���

result .value = x.value ;�o�
else�'�

result .value = y.value ;�o�
return result ;�o�

}����o�
// POST : Tribool value is written to std:: cout�o�
void print ( Tribool x)� �
{�o�

if (x.value == 0) std :: cout << "false ";�o�
else if (x.value == 1) std :: cout << "unknown ";���
else std :: cout << "true ";�V�

}������
int main ()���
{
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���
// print 3 x 3 truth table for AND���
for (int x_val = 0; x_val < 3; ++ x_val ) {� �

Tribool x = tribool ( x_val );���
for ( int y_val = 0; y_val < 3; ++ y_val ) {���

Tribool y = tribool (y_val );���
print (x && y);�V�

}���
std :: cout << "\n";���

}���
std ::cout << "\n";������
// print 3 x 3 truth table for OR� �
for (int x_val = 0; x_val < 3; ++ x_val ) {���

Tribool x = tribool ( x_val );���
for ( int y_val = 0; y_val < 3; ++ y_val ) {

� �
Tribool y = tribool (y_val );

� �
print (x || y);

� �
}

� �
std :: cout << "\n";

� �
}

� �
std ::cout << "\n";

� ����� �
return 0;

� �
}
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#include <iostream >��
struct Z_7 {�

// INV : value in {0 , 1 , 2 , 3 , 4 , 5 , 6}�
unsigned int value ;�

};
�
�

// POST : return value is the sum of a and b�
Z_7 operator + ( Z_7 a, Z_7 b)���
{���

Z_7 result ;���
result .value = (a.value + b.value ) % 7;���
return result ;���

}������
// POST : return value is the difference of a and b� �
Z_7 operator - ( Z_7 a, Z_7 b)���
{���

Z_7 result ;���
result .value = (7 + a.value - b.value ) % 7;�V�
return result ;
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}������
int main ()���
{���

Z_7 a;� �
Z_7 b;������
// print table for addition���
for ( unsigned int a_val = 0; a_val < 7; ++ a_val ) {�V�

for ( unsigned int b_val = 0; b_val < 7; ++ b_val ) {���
a.value = a_val;���
b.value = b_val;���
std :: cout << (a + b).value << " ";���

}���
std :: cout << "\n";� �

}���
std ::cout << "\n";����o�
// print table for subtraction�'�
for ( unsigned int a_val = 0; a_val < 7; ++ a_val ) {�o�

for ( unsigned int b_val = 0; b_val < 7; ++ b_val ) {�o�
a.value = a_val;���
b.value = b_val;�o�
std :: cout << (a - b).value << " ";�o�

}� �
std :: cout << "\n";�o�

}�o�
std ::cout << "\n";����V�
return 0;���

}
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// Program: rational.C�
// Define and use operations on rational numbers.��
#include <iostream >��
// the new type Rational

�
struct Rational {�

int n;�
int d; // INV: d != 0���

};������
// POST : return value is the sum of a and b���
Rational operator + ( Rational a, Rational b)���
{���

Rational result ;���
result .n = a.n * b.d + a.d * b.n;� �
result .d = a.d * b.d;���
return result ;���

}����V�
// POST : return value is the difference of a and b���
Rational operator - ( Rational a, Rational b)���
{���

Rational result ;���
result .n = a.n * b.d - a.d * b.n;���
result .d = a.d * b.d;� �
return result ;
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}������
// POST : return value is the product of a and b�V�
Rational operator * ( Rational a, Rational b)���
{���

Rational result ;���
result .n = a.n * b.n;���
result .d = a.d * b.d;���
return result ;� �

}������
// POST : return value is the quotient of a and b�o�
// PRE: b != 0�'�
Rational operator / ( Rational a, Rational b)�o�
{�o�

Rational result ;���
result .n = a.n * b.d;�o�
result .d = a.d * b.n;�o�
return result ;� �

}�o��o�
// POST : return value is true if and only if a == b���
bool operator == ( Rational a, Rational b)�V�
{���

return a.n * b.d == a.d * b.n;���
}������
// POST : return value is true if and only if a != b���
bool operator != ( Rational a, Rational b)� �
{���

return !(a == b);���
}����V�
// POST : return value is true if and only if a < b���
bool operator < ( Rational a, Rational b)���
{���

// here we have to watch out for signs���
if (a.d > 0 && b.d > 0 || a.d < 0 && b.d < 0)���

// no sign reversal in multplying by a.d and b.d� �
return a.n * b.d < a.d * b.n;���

else���
// sign reversal

� �
return a.n * b.d > a.d * b.n;

� �
}

� �� �
// POST : return value is true if and only if a <= b

� �
bool operator <= ( Rational a, Rational b)

� �
{

� �
return a < b || a == b;

���
}

� �� �
// POST : return value is true if and only if a > b���
bool operator > ( Rational a, Rational b)�V�
{���

return b < a;���
}������
// POST : return value is true if and only if a >= b���
bool operator >= ( Rational a, Rational b)� �
{���

return a > b || a == b;���
}����V����
// POST : a has been written to o
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std :: ostream & operator << ( std :: ostream & o, Rational a)���
{���

return o << a.n << "/" << a.d;���
}� ����
// POST : a has been read from i���
// PRE: i starts with a rational number of the form "n/d"�����
std :: istream & operator >> ( std :: istream & i, Rational & a)���V�
{�����

char c; // separating character , e.g. ’/’�����
return i >> a.n >> c >> a.d;�����

}����������
int main ()��� �
{�����

// input�����
std ::cout << "Rational number r:\n";�����
Rational r;�����
std ::cin >> r;����������
std ::cout << "Rational number s:\n";�����
Rational s;�����
std ::cin >> s;�������� �
// test the operations�����
std ::cout << "Sum is " << r + s << ".\n";�����
std ::cout << "Difference is " << r - s << ".\n";�����
std ::cout << "Product is " << r * s << ".\n";���V�
std ::cout << "Quotient is " << r / s << ".\n";�����
std ::cout << "r == s? " << (r == s) << ".\n";�����
std ::cout << "r != s? " << (r != s) << ".\n";�����
std ::cout << "r < s? " << (r < s) << ".\n";�����
std ::cout << "r <= s? " << (r <= s) << ".\n";�����
std ::cout << "r > s? " << (r > s) << ".\n";��� �
std ::cout << "r >= s? " << (r >= s) << ".\n";����������
return 0;�����

}
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#include <iostream >��
struct extended_int {�

unsigned int u; // the absolute value�
bool n; // the sign ( true means negative)�

};
�
�

// POST : return value is the sum of a and b�
// || a > b || a <= b���
// =====================================���
// (a ,+)+(b ,+) || (a+b,+)���
// (a ,+)+(b , -) || (a-b ,+) || (b-a,-)���
// (a, -)+(b ,+) || (a-b,-) || (b-a ,+)���
// (a, -)+(b , -) || (a+b,-)���
extended_int operator + ( extended_int a, extended_int b)���
{� �

extended_int result ;
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���
if (a.n == b.n) {���

result .u = a.u + b.u;���
result .n = a.n;�V�

}���
else���

if (a.u > b.u) {���
result .u = a.u - b.u;���
result .n = a.n;���

}� �
else {���

result .u = b.u - a.u;���
result .n = b.n;���

}�V�
return result ;���

}������
// POST : return value is -a���
extended_int operator - ( extended_int a)���
{� �

a.n = !a.n;���
return a;���

}�o��'�
// POST : return value is the difference of a and b�o�
extended_int operator - ( extended_int a, extended_int b)�o�
{���

return a + (-b);�o�
}�o�� �
// POST : return value is the product of a and b�o�
extended_int operator * ( extended_int a, extended_int b)�o�
{���

extended_int result ;�V�
result .u = a.u * b.u;���
result .n = (a.n || b.n) && !(a.n && b.n); // XOR���
return result ;���

}������
// POST : a has been written to o� �
std :: ostream & operator << ( std :: ostream & o, extended_int a)���
{���

if (a.n) o << "-";���
return o << a.u;�V�

}������
// POST : a has been set to i���
void set ( extended_int& a, int i)���
{���

if (i < 0) {� �
a.u = -i; a.n = true;���

} else {���
a.u = i; a.n = false;

� �
}

� �
}

� �� �
// now test it

� �
int main () {

� �
extended_int x;

� �
extended_int y;

���
for (int i = -1; i < 2; ++i)

� �
for ( int j = -1; j < 2; ++j) {

� �
// set x to i���
set (x, i);�V�
set (y, j);���
std :: cout << "x = " << x << ", y = " << y << "\n";
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std :: cout << " x + y = " << x + y << "\n";���
std :: cout << " x - y = " << x - y << "\n";���
std :: cout << " x * y = " << x * y << "\n";���

}� �
return 0;���

}
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// POST: return value is i+1

int foo (int i);

// POST: i has been incremented by 1;

// return value is the new value of i

int foo (int& i);

// POST: i has been incremented by 1 and

// is returned as an lvalue

int& foo (int& i);

// POST: i has been incremented by 1 and

// is returned as a non -modifiable lvalue

const int& foo (int& i);
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Solution to Exercise 101.

�
#include <iostream >��
// POST : the values of i and j are swapped�
void swap (int & i, int & j)�
{�

int h = i;
�

i = j;�
j = h;�

}������
int main () {���

// input���
std ::cout << "i =? ";���
int i; std ::cin >> i;������
std ::cout << "j =? ";� �
int j; std ::cin >> j;������
// function call���
swap(i, j);�V����
// output���
std ::cout << "Values after swapping : i = " << i���

<< " , j = " << j << ".\n";������
return 0;� �

}
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�
#include <iostream >��
struct Rational {�

int n;�
int d; // INV: d != 0�

};
�
�

// POST : a has been written to o�
std :: ostream & operator << ( std :: ostream & o, Rational a)���
{���

return o << a.n << "/" << a.d;���
}������
// POST : a has been read from i���
// PRE: i starts with a rational number of the form "n/d"���
std :: istream & operator >> ( std :: istream & i, Rational & a)� �
{���

char c; // separating character , e.g. ’/’���
return i >> a.n >> c >> a.d;���

}�V����
// POST : return value is the greatest common divisor of a and b���
int gcd ( int a, int b)���
{���

if (b == 0) return a;���
return gcd(b, a % b); // b != 0� �

}������
// POST : return value is the normalization of r���
Rational normalize ( const Rational & r)�V�
{���

int g = gcd (r.n, r.d);���
Rational result ;���
result .n = r.n / g;���
result .d = r.d / g;���
if ( result .d < 0) {� �

result .n = - result .n;���
result .d = - result .d;���

}�o�
return result ;�'�

}�o��o�
int main ()���
{�o�

std ::cout << "Rational number r =? ";�o�
Rational r;� �
std ::cin >> r;�o�
std ::cout << "Normalization is " << normalize (r) << ".\n";�o����
return 0;�V�

}

Solution to Exercise 103.

�
#include <iostream >��
// POST : return value indicates whether the linear equation�
// a * x + b = 0 has a real solution x ; if true is�
// returned , the value s satisfies a * s + b = 0�
bool solve ( double a, double b, double & s)

�
{�

// we have a solution if a is nonzero (s = -b/a),
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�
// or if both a and b are zero ( take s = 0 in this case)���
if (a != 0.0) {���

s = -b / a;���
return true;���

}���
// now we have a == 0.0���
if (b == 0.0) {���

s = 0.0;� �
return true;���

}���
return false ;���

}�V����
int main ()���
{���

std ::cout << "solve a * x + b = 0 for\n";���
std ::cout << "a =? ";���
double a;� �
std ::cin >> a;���
std ::cout << "b =? ";���
double b;���
std ::cin >> b;�V����
double s;���
if ( solve (a, b, s))���

std :: cout << "Solution is " << s << ".\n";���
else���

std :: cout << "Sorry , there is no solution .\n";� ����
return 0;���

}

Solution to Exercise 104.
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