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// POST: the word w_i^F is drawn
void f (unsigned int i) {
if (i == 0) 
ifm::forward(); // F

else {
f(i-1);          // w_{i-1}^F
ifm::left(90); // +
f(i-1);          // w_{i-1}^F
ifm::left(90); // +

}
}
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��	libwindow
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int main () {
std::cout << "Number of iterations =? ";
unsigned int n;
std::cin >> n;

// draw w_n = w_n(F)
f(n); 

return 0;
}
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// POST: w_i^X is drawn
void x (unsigned int i) {
if (i > 0) {

x(i-1);           // w_{i-1}^X
ifm::left(90);    // +
y(i-1);           // w_{i-1}^Y
ifm::forward();   // F
ifm::left(90);    // +

}
}

// POST: w_i^Y is drawn
void y (unsigned int i) {
if (i > 0) {

ifm::right(90);   // -
ifm::forward();   // F
x(i-1);           // w_{i-1}^X
ifm::right(90);   // -
y(i-1);           // w_{i-1}^Y

}
}
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// POST: the word w_i^F is drawn
void f (unsigned int i) {
if (i == 0) 
ifm::forward();  // F

else {
f(i-1);          // w_{i-1}^F
ifm::right(60);  // -
f(i-1);          // w_{i-1}^F
ifm::left(120);  // ++
f(i-1);          // w_{i-1}^F
ifm::right(60);  // -
f(i-1);          // w_{i-1}^F 

}
}

/� ��%�'�/�
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int main () {
std::cout << "Number of iterations =? ";
unsigned int n;
std::cin >> n;

// draw w_n = w_n^F++w_n^F++w_n^F
f(n);              // w_n^F
ifm::left(120);    // ++
f(n);              // w_n^F
ifm::left(120);    // ++
f(n);              // w_n^F

return 0;
}
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// Program: userational2.C
// Add two rational numbers.
#include <iostream>
#include “rational.h”

int main () 
{
// input
std::cout << "Rational number r:\n";
ifm::rational r;
std::cin >> r;

std::cout << "Rational number s:\n";
ifm::rational s;
std::cin >> s;

// computation and output
std::cout << "Sum is " << r + s << ".\n";

return 0;
}

5�� �	����	��

// Program: userational.C

// Add two rational numbers.

#include <iostream>

// the new type rational

struct rational {

int n;

int d; // INV: d != 0

};

...

5�� struct �������	 ����� ����� 6��"�������

*�	���	���� ������	������� -	���� ��	 *�	�

��	����� �I����	����	 6���� �� ����	 int � int%0
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// Program: userational.C

// Add two rational numbers.

#include <iostream>

// the new type rational

struct rational {

int n;

int d; // INV: d != 0

};

...

5�� �	�� �������	 ����� 6��"������ J�	������H
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// Program: userational.C

// Add two 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 add (rational a, rational b) 

{

rational result;

result.n = a.n * b.d + a.d * b.n;

result.d = a.d * b.d;

return result;

}

(�)�����
=�)	�����������
int
L�K��� ����a
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// Program: userational.C

// Add two 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 add (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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// Program: userational.C

// Add two 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 add (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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// Program: userational.C

// Add two 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 add (rational a, rational b) 

{

rational result;

result.n = a.n * b.d + a.d * b.n;

result.d = a.d * b.d;

return result;

}

��	 ���� 6������ /�� �I����	����
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��	����� �	)���������000
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// Program: userational.C

// Add two 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 add (rational a, rational b) 

{

rational result;

result.n = a.n * b.d + a.d * b.n;

result.d = a.d * b.d;

return result;

}

��	 ���� 6������ /�� �I����	����
6���� ����� /�	���"��0 0������
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5�� �	��� �	���� ������)

int main () 

{

// input

std::cout << "Rational number r:\n";

rational r;

std::cout << " numerator =?   "; std::cin >> r.n;

std::cout << " denominator =? "; std::cin >> r.d;  

std::cout << "Rational number s:\n";

rational s;

std::cout << " numerator =?   "; std::cin >> s.n;

std::cout << " denominator =? "; std::cin >> s.d;                   

// computation

rational t = add (r, s); 

// output

std::cout << "Sum is " << t.n << "/" << t.d << ".\n";

return 0;

}
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struct 6 {
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struct rational_vector_3 {

rational x;

rational y;

rational z;

};

������)	�������)����� 6����
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������	�������	� 6���� ����0
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struct extended_int {

// represents u if n==false and -u otherwise

unsigned int u;  // absolute value

bool n;  // sign bit

};

������)	�������)����� 6���� �+����
��,	����������	�������� ����0

�	�����(�)�����
=�)	���

�I�	0����9

����	�������	��
6�� 6

(�)�����
=�)	���
L��	��	

A��������� ����
(�)����� ����6��� 6

����	������6�� 69�N�*�	�
�� ��	 *�	�������	������9
����������� L�K���0

�	�����@���������	��)����
=�/�����)

@���������	��)�

o t /�	��� ���*�	�����add (r, s)
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rational t = add (r, s);

“t.n = add (r, s).n; 

t.d = add (r, s).d;”
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rational t;
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rational t;
t = add (r, s);

�	��� ���������	
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struct rational_vector_3 {

rational v[3];

};

�	��� ���������	
#include<iostream>

struct point {
double coord[2];

};

int main()
{
point p; 
p.coord[0] = 1;
p.coord[1] = 2;

point q = p; // Hier wird ein Feld mit zwei Elementen kopiert
std::cout << q.coord[0] << " "    // 1

<< q.coord[1] << "\n";  // 2

return 0;
}
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rational t = add (r, s);

rational t = r + s;
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// POST: returns a * a 
rational square (rational a);

// POST: returns a * a
extended_int square (extended_int a);
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operator��
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// POST: return value is the sum of a and b

rational add (rational a, rational b) 

{

rational result;

result.n = a.n * b.d + a.d * b.n;

result.d = a.d * b.d;

return result;

}

...

rational t = add (r, s);
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// 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;

}

...

rational t = r + s; 

@���I
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// 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;

}

...

rational t = operator+ (r, s); 

TU�������"����	 ���	������������������ A�����

����	� ���E	� �	���������
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// POST: return value is the difference of a and b

rational operator- (rational a, rational b);

// POST: return value is the product of a and b

rational operator* (rational a, rational b); 

// POST: return value is the quotient of a and b

// PRE:  b != 0

rational operator/ (rational a, rational b);

<�E	�� (����

V��)������� �������/�� ���E	�� (����"

���	 ��	 ��� �	)�����

// POST: return value is -a

rational operator- (rational a) 

{

a.n = -a.n; 

return a;

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

bool operator== (rational a, rational b) 

{

return a.n * b.d == a.d * b.n;

}

�	��������� =�/�����)��

*�	 /����� �0 0����	������

rational r;

r.n = 1; r.d = 2;                         // 1/2

rational s;

s.n = 1; s.d = 3;                         // 1/3

r += s;                                   

std::cout << r.n << "/" << r.d << "\n";   // 5/6

operator+=

����-	�������� operator+=

5	��	 J�	�����

rational operator+= (rational a, rational b) 

{

a.n = a.n * b.d + a.d * b.n;

a.d *= b.d;

return a;

}

�������������	�����H
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int i = 5;

int& j = i;              // j becomes an alias of i

j = 6;                   // changes the value of  i

std::cout << i << "\n";  // outputs 6
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int i = 5;

int& j = i;              // j becomes an alias of i

j = 6;                   // changes the value of  i
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int i = 5;

int& j = i;              // j becomes an alias of i

j = 6; // changes the value of  i

std::cout << i << "\n";  // outputs 6
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int i = 5;

int& j = i;              

j = 6;                   

std::cout << i << "\n";  
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int i = 5;

int* j = &i;              

*j = 6;                   

std::cout << i << "\n";  
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int& j;      // error: j must be an alias of something

int& k = 5;  // error: the literal 5 has no address
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void increment (int& i) 
{
++i;

}

int main () 
{
int j = 5;
increment (j);
std::cout << j << "\n"; // outputs 6

return 0;
} X

j
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void increment (int& i) 
{
++i;

}

int main () 
{
int j = 5;
increment (j);
std::cout << j << "\n"; // outputs 6

return 0;
} X

j
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void increment (int& i)
{ // i becomes alias of call parameter
++i;

}

int main () 
{
int j = 5;
increment (j);
std::cout << j << "\n"; // outputs 6

return 0;
} X

j
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void increment (int& i) 
{ // i becomes alias of call parameter
++i;

}

int main () 
{
int j = 5;
increment (j);
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} F
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void increment (int& i) 
{ // i becomes alias of call parameter
++i;

}

int main () 
{
int j = 5;
increment (j);
std::cout << j << "\n"; // outputs 6

return 0;
} F

j i

G�������J�����:�8���	����

� ��	������	)��������8���	������

��������	���	����

� ��	������	)��������������
8���	������

�������������
��	������	)�����/�	������*�	�������	����	����	�
�8
*�	%�����������	����/�	�����������	 9����

��	������	)�����/�	�����	�%�����	 ��	���� �������	��

�	)��������
*�	%�����������	����/�	�����������������

8��	�����J�����:�8���	����

� ������	 8,��)���������	 �������
���� ��� 8���	��������� �	��	�����
	���	����%

� @�����������������	 ������������	��
�������� �
*�	



8��	�����J�����:�8���	����

� ������	 8,��)���������	 �������
���� ��� 8���	��������� �	��	�����
	���	����%

� @��������������� ��	 ������������	��
����� ��� �
*�	

int& increment (int& i) 

{

return ++i;

} �I�� ���������������-	E
@��	�������
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rational operator+= (rational a, rational b) 

{

a.n = a.n * b.d + a.d * b.n;

a.d *= b.d;

return a;

}

�����+���)�,	 operator+=

A����

// POST: b has been added to a; 

//       return value is the new value of a

rational& operator+= (rational& a, rational b) 

{

a.n = a.n * b.d + a.d * b.n;

a.d *= b.d;

return a;

}
��	 �
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std::cout << "Sum is " << t.n << "/" << t.d << "\n";

A�� �)�/,����%��
std::cout << "Sum is " << t << "\n";
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// POST: a has been written to o

std::ostream& operator<< (std::ostream& o, rational r)

{ 

return o << r.n << "/" << r.d; 

}
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