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double*

�

// Prog: callpow.C

�

// Define and call a function for computing powers.	�



#include <iostream >

��


// PRE: e >= 0 || b != 0.0�

// POST: return value is b^e

�

double pow (double b, int e)

�

{

��

double result = 1.0;� �

if (e < 0) {

� �

// b^e = (1/b)^(-e)

� 	

b = 1.0/b;

� 


e = -e;� �

}

� 

for (int i = 0; i < e; ++i) result *= b;

� �

return result;� �

}

� �
��

int main()

� �

{

� �

std::cout << pow( 2.0, -2) << "\n"; // outputs 0.25

� 	

std::cout << pow( 1.5 , 2) << "\n"; // outputs 2.25� 


std::cout << pow( 5.0 , 1) << "\n"; // outputs 5

� �

std::cout << pow( 3.0 , 4) << "\n"; // outputs 81

� 

std::cout << pow(-2.0, 9) << "\n"; // outputs -512

� �
� �

return 0;� �

}
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callpow.C*

�

int main() {�

double b = 2.0;

	

int e = -2;




std::cout << pow(b,e); // outputs 0.25

�

std::cout << b; // outputs 2

std::cout << e; // outputs -2�
�

return 0;

�

}
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�

#include <iostream >��
	

int i = 0; // global variable


�
�

void f()

{�

++i; // in the scope of declaration in line 3

�

}

�
��

int main()� �

{

� �

f();

� 	

std::cout << i << "\n"; // outputs 1� 

� �

return 0;

� 

}
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2 $' . 0 � � � $ � � �� . � � $ �� � � $ � �� .! & � 0 � � & � � �# � $ % � % $� # � . �� )' # �� � * 7 & �� � % $� �/ 2 �
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int f (int i)

{

int i = 5; // invalid ; i hides formal argument

return i;

}

2 & � . � � & � % $ . . $ 2 � � ) � � � $ � � � � $# # �� 0 � 0 � ' � . � ) � .Y*

int f (int i)

{

{

int i = 5; // ok; i is local to nested block

}

return i; // the formal argument

}

7 & � . � � � �� %' � � � � $� � � � & � � 0 �� � � �! / � � � � � � & � � � $� � $ % � & � 0 � � . �� � � � $�

int i = 5

� � . �# � � � 0

� $ � & � � � � � � 0 � . $ � �Y*

Function declarations.
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#include <iostream >

int main()

{

std::cout << f(1); // f undeclared

return 0;

}

int f (int i) // scope of f begins here

{

return i;

}

� ' � 2 � � �� � ' �

f

� � � $ � & � � � $� � $ %
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� ! � 0 0 � � ) � 0 � � . �� � � � $� � � % $� �

main/ �� 0 � & � �

! � � . 0 � �  � . � 0 � � $ )� �# *

#include <iostream >

int f (int i); // scope of f begins here

int main()

{

std::cout << f(1); // ok , call is in scope of f

return 0;

}

int f (int i)

{

return i;

}
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3.1.6 Procedural programming
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�

// Program: perfect2 .C

�

// Find all perfect numbers up to an input number n

	



#include <iostream >

��


// POST: return value is the sum of all divisors of i�

// that are smaller than i�

unsigned int sum_of_proper_divisors ( unsigned int i)

�

{

��

unsigned int sum = 0;

� �

for ( unsigned int d = 1; d < i; ++d)� �

if (i % d == 0) sum += d;� 	

return sum;

� 


}

� �
� 

// POST: return value is true if and only if i is a� �

// perfect number

� �

bool is_perfect (unsigned int i)

� �

{

��

return sum_of_proper_divisors (i) == i;� �

}

� �
� 	

int main()

� 


{� �

// input

� ?� �� �� �	 
� � � � � �� � � �

� 

std::cout << "Find perfect numbers up to n =? ";� �

unsigned int n;

� �

std::cin >> n;

� �
	�

// computation and output	 �

std::cout << "The following numbers are perfect .\n";

	 �

for ( unsigned int i = 1; i <= n ; ++i)

	 	

if ( is_perfect (i)) std::cout << i << " ";

	 


std::cout << "\n";	 �
	 

return 0;

	 �

}

Program 18:

L N F n S �L I N mIJ O �X B

� 0# � � � � 0 .! / � & � � � $ )� �# � � . $� ) �� � & ��

perfect.C/ � ' � � � � � # $� � � � � 0 �� . �/ �� 0 � �

& � � � �# � . �� � $� �� $ . � $ 2* r � � �� � � � ' . ��/ � & � 0 $' � . � . $ $� & � � 0 � � �� � � �� � 0Y*7 & � . �� ) �� � � � $ )� �# ) � � �/ � & � # $� � �# � $� � �� � � � � � � $ �' � 0 � � 0 � � � �� � $ �# � . . �' � � � � � �/� � $� 0 �� � $ � � $ . $ � � �� �� � $ % 2 & � � � � ) $ �� ) $� � � � & � � � $ )� �# $� � & � 2 & $ . � 1 � & � � � � � & �

L N F J I H GN C W L N Fn N C ` ` K Dn � �� � 0 � )# / �� 0 � � �u u / � � � � � � � . �� � 0 2 � � & %' � � � � $� � *7 & � � � $ � � 0' � � . � � $ )� �# # � � ) � �� � 0 � )# � � � $ � � $ � � . %( � � 0 � � � � � � � # �! � � �# � $ 0 �! *7 & � �� � � � � $ )� �# # � � ) . �� )' � ) � � & � � � � � �# � �� � � � � �� . � � $ � ) �� �� � . �' 0 � �� � � � �� � � � & �

� @ �= � � 2 � � � � 3 r � s

B

� ) �� � �� � �
A

. .( � ' � � $ � �

S

! # � $ . � �

I

� � �� ' � � � $�

C

$ 0 � t *r � � � 3 r �/ � & �� � 2 �� � � $ %' � � � � $� � 1 � � $� 0 �� � $ �- � � ' � � � � $ 0 � %� � )# �� � � � � � $� � �� . �

% $� � � ' � � � � �/ ! $' & � 0 � $ ' � � � & �

GOTO

� � � � �# �� � s 2 � � & � . �� � � ' # � �� t � $� GOSUB

� �

# �� ! 0 � � . � � � � � � $ � ' # � � $ � & � � � $ 0 �/ �� 0 � & � � � ' # � � �� � ' � �� ) �� $ � & ��

GOTO

s

RETURN/� � � � � � � �  � .! t * 7 & � � � �' . � 2 � � $ % � �� � � % �� � � 0 � $ � � S L Cn MI O O K J F HI+/ 0' � � $ � & � � $� �� $ .

� $ 2 # � �� 0 �� � � ) . � � � � � $ � . � 0 �� � ) & � � � � $� � � . � � � * � $� � $ ��+/ � � $ )� �# # �� � $ % � �� 0 � 0� � �

� & �� � � � � �� # � $ % � . � �� .! 0 � �� � 0 � ' � � � � � �/ � �# � .! � � � �' � � � & � . �� )' � ) � 0 � 0 � $ � � ' � � $� �

� � * 7 & � � ' � ' � . .! . $ 2 �� � 0 � & � � $ 0 � 4 ' � . � �! � �� %' � � & �� *" � �� � � � � & � �/ � � 3 r � 2 � � �� �- �� �# � .! �' � � � � � %' . � � $ )� �# # � � ) . �� )' � ) � * r � � � �� & � 0

� & � � � � � $ % � � � � $� ' . �� � �! � � � & � . � � � � @ ?= � � �� 0 � �� .! � @ A= � � 2 & � � � & � � � $' 0 $ 2� �� �

$ % � & � �� � � & $# � � $# � ' � �� � s �# $� ) � & �# � & � �' � & $� � t � � � � � � 0 � � $ )� �# � $ % % � �� .! & � ) &

� $# � . �- � �! � � � � 3 r � * �

3.1.7 Arrays as function arguments

� � & � � � � �� � � 3 � � � � $� > * � * > � & � � �� �� � �! � �� � $ � � � �� � � � � . �� � 0 %� $# �� $ � & �� �� � �! / �� 0

� & � � �# � . � � � � & � � �� � �! � & � � � $ � � � � �  � � � � � � � . � � � �� � � $� �� � & � � $� � �- � $ % %' � � � � $� � * 7 & �

' � ' � . �� � � � � �� �� � %' � � � � $� � � . . � � .' � � � $� s � & � � � . . �� )' # �� � � �� � �  � .' � � � 0/ �� 0 � & � ��

 � .' � � �� � ' � � 0 � $ � � � � � � . � � � � & � % $� # � . �� )' # �� � � t � �� � � � � 0 $� � 2 � � & �� � �! � *

�� �} � � �� { x x� � { � z|� x� { � y� � �z � � � � � � � ~� y z � x y ~� �} � �� y� � � � " { � � x y� x �z �z| z � �� � ��� � ~� { � x z

z{ � � � y x� x} � z � �� z� z| � � �� � z� � � �|� �| � � � � � z � � � � ~� yz � ~{ � � � � � x z| � � ��� ~{ z� � � { � x y� x �z �� z � x�

� x� | z �| � �| � � � �� � z� � z{ � z� � � � z z �� � { � � � ~� � �� � z x x z�  



� � � � �  � 
 � � � � � � � � �� � � � ? <

� � �� � & � �/ � � # � ) & � � � �' � � � � � �� ) � & � � % $� # � . �� )' # �� � � $ % �� � �! �! � � �� � � . . $ 2 � 0 *

� $� �- �# � . �/ 2 � � $' . 0 0 � � . �� � � %' � � � � $�

// PRE: a[0],...,a[n-1] are elements of an array

// POST: a[i] is set to value , for 0 <= i < n

void fill_n (int a[], int n, int value);

� $ � � � � . . � . �# � � � � $ % �� �� � �! � $ � $# � �- � 0  � .' � * 7 & � � $# � � . ��/ & $ 2 �  ��/ � � � �� � � . .!

C H � G S O S � & � � � $ � & � � $# � . � � � .! �4 ' �  � . �� � 0 � � . �� � � � $�

// PRE: a[0],...,a[n-1] are elements of an array

// POST: a[i] is set to value , for 0 <= i < n

void fill_n (int* a, int n, int value);

7 & � � �# � � 0 � ' � � # �� � 2 $' . 0 & �� � �� % $� � & � % $� # � . �� )' # � � �

int a[5]/ � �! / # � �� � � )

� & � � � & � �� � �! . �� ) � & � � � )� $� � 0Y* � $' � $' . 0 �� % �� � s . � ) � . .! / � ' � 4 ' � � � � $� %' � �� ) .! t & � �

� % $� # � . �� )' # � � �

int a[5]/ �� 0 � & �� ' � � �� �� � �! $ % . �� ) � &

10

� � � � . . �� )' # �� � *7 & � # $� � . � � � & � � � � � � � . � �! / � $ % $� # � . �� )' # �� � � $ % �� � �! �! � � �- � � �/ �� 0 � � $� 0 �� � $

� $ � 0 � $� %' � � $� / � � � � � � � � �� � $ � � $ � � � � �� 0 $ � & �� 2 � � � *r % 2 � 2 �� � � $ � ' � . 0 � %' � � � � $� � & � � 2 $� � � 2 � � & �� � �! �/ 2 � � & �� � % $� � & � � � $ � & �� �

�� $' � � . � �� � � � � � 2 �! � $ % � � � � �� ) � & � �� � �! � $ � & � %' � � � � $� * �� $�  � $' � 2 �! � � �' ) ) � � � � 0

� ! � & � 0 � � . �� � � � $� $ %

fill_n

�� $ �8 2 � � � � � � � $ � � � �� � $ � & � �� � � � . �# �� �/ � . $� ) 2 � � &

� & � � ' # � �� $ % � . �# �� � � * � 0 � v �� �� � � $ � � �� � . � �! � � � $ � � � � O U F � $ � � � �� �/ $� � � $ � & � �� � �

� . �# �� �/ �� 0 � � � � � ( � & �( �� 0 � $ �� � �� * 7 & � � � . � $ ' � �4 ' � .! 0 � � � � �� � � � & � �� � �! * r � � $ � &

 �� � �� � �/ 2 � # �! �� � ' � . .! � & $ $ � � � & � � � . . �� )' # � � � � �� � ' � & � 2 �! � & � � � & �! 0 � � � � �� � �

� $� � � )' $' � S G T CN N C E $ % � & � $� � ) �� � . �� � �! * 7 & � � ) �� �� � . �� � � � $� � � � $ � � �� . � � �� � � � & � �� � �!

� � � � . % � �  �� �� � � �� � � � �� �� )' # �� � *

� � � & � � � $ �� �/ � � � � �# � . � � � � # � � � �� $ % � � � � � 2 & � � & $ % � & � � 2 $  �� � �� � � � � � � � % �� �� . � 1 � ' �

� % ! $' � & �� � �� $' � & $ 2 � & � %' � � � � $�

fill_n

� � � � � ' � � . .! �# � . �# � � � � 0 �� � $ � &  �� � �� � �/2 � � � � � 0 �v �� �� � � * , �� � � � � � � $ )� �# � & � � 0 � �� � � �� 0 ' � � � � & � � 2 $  �� � �� � � s � & � � � � $� 0

$� � � � � ' � � � � . . � 0

fill

� � � � � � & �� � � � � $

n

t � & � � � � � ' � � . .! � � �' . �/ ) �  � � � & � � � � � � � � �  �

% $� # � . �� )' # �� � � *

�

// Program: fill.C

�

// define and use two functions to fill an array

	�



#include <iostream >��


// PRE: a[0],...,a[n-1] are elements of an array�

// POST: a[i] is set to value , for 0 <= i < n

�

void fill_n (int* a, int n, int value) {�

// iteration by index

��

for (int i = 0; i < n; ++i)� �

a[i] = value;

� �

}� 	

� ? � �� �� �	 
� � � � � �� � � �

� 


// PRE: [first , last) is a valid range� �

// POST: *p is set to value , for p in [first , last)

� 

void fill (int* first , int* last , int value) {

� �

// iteration by pointer

� �

for (int* p = first; p != last; ++p)� �

*p = value;

��

}

� �
� �

int main()� 	

{� 


int a[5];

� �

fill_n (a, 5 , 0); // a == {0 , 0 , 0 , 0 , 0}

� 

fill (a, a+5 , 1); // a == {1 , 1 , 1 , 1 , 1}� �

return 0;

� �

}

Program 19:

L N Fn S �� W W X B

r � � & � �� � �  �� � �� �/ 2 � � � �� � � � $ �� � . . � � 0 � � � � � � � & � � � �

{0, . . . , n − 1}/ �� 0 2 � ) � � � & �

�� � �! � . �# �� � � � ! � �� 0 $# �� � � � � * r � � & � � � � $� 0  �� � �� �/ 2 � � � �� � � � $ �� � . . � 0 0� � � � � �

� � � & �N C Dn I

[first, last)/ �� 0 2 � ) � � � & � �� � �! � . �# � � � � � ! 0 �� � % �� �� � �� )+* �  � . � 0

� �� ) � � $� � � �� � � & � � 0 0� � � � � � $ % � s � $ � � �� .! �# � �! t � � � $ % � $� � � � ' � � � �� � �! � . �# �� � �/2 & �� � � & � & � . % $� � � �� � ��  � . � $ � � � � $�
[first, last)

# � �� � � & � � � & � � �� ) � � � ) � �� � !

� & �  � .' � � $ %

first/ first+1/ * * */ last-1* r � $ � & �� 2 $� 0 �/ last

� � � � � � � ( � & �( �� 0 � $ �� � ��

% $� � & � � ' � �� � �! 0 � � � � �� � 0 � ! � & � � �� ) � *

� � 2 � & � � � .� � � 0! �� )' � 0 � � 3 � � � � $� > * � * </ � & � � � � $� 0  �� � �� � �# � . �# �� � � � & �5 � � � (

' � � . 6 � � �� � � � $� $ �� �� �� � �! / �� 0 � & �� � % $� � � � �# � � � � % �� �� . � * � ' � � & �N I C W � � � � $� 2 &!

� � � � �� 0 � � 0 � � � % �� �� . � . � � � � $# � 2 & �� � � . � � * r � �u u / � & �� � �� � � � � &� �4 ' � � � $ # � � � %' � � (� � $� � . � � �

fill
$�

fill_n

� � � . �� . � � $ � $� .! % $� �� � �! �/ � ' � % $� # �� ! $ � & �� � $� � � � � �� � � �

� & � � �# � � �# � * r � � & � � ) �� �� � . � � � � �� )/ � & � %' � � � � $� � 2 $� � 2 � � & � � �� � � $� � * � � # �! � & �� �

$ % � & �# � � ) �� �� � . � � � 0 � $ �� � �� � � $ � $� � � �� �� � . �# �� � �/ � ' � � & � $� �� � � � $� � � & � � 2 � � ��

�� � ' � . .! � �� % $� # $� � & � � �5 � $ �� � �� � 6 0 �� �� 0 $� � & � � $� � � � � �� *

7 & �� � �� � # �� ! � � � ' � � . � $� � � � � �� � � & � � 0 $ � $ � $v �� � �� 0 $# �� � � � � � $ � & � �� � . �# �� � � *

� $� � ' � & � $� � � � � �� �/ fill_n

� � �� $ � 2 $� � � 2 $� �/ � �� � � � & � �' � � � � �� � $� �� � � $� � � � $ � � � � .g(

�� . � % $� � & � �� 5 � $ � � � �� � 6 * 7 & � ' � 0 �� .! � � ) $� �� � � � $� $ % � 0 0 �� ) � � � � ) �� � � $ �' � &5 � $ � � � �� � 6

� � � & �� � $ � 0 � �� � 0/ � � � & �� *

� � � & � $ � & �� & �� 0/ � & � 2 �! 2 � & � � 0 � �� � 0 � � $� � � � � �� �� 3 � � � � $� > * � * </ 2 � CN I

)' �� �� � � � 0 � & � � 2 � � �� � � �� � � � $ �� � � � � . �# � � � � * �! � $�  � � � � $� / � & � � � � � � � . � � � 0 � &� $' ) &

5 � $ � � � �� 6 �� � � �# � � �/ ' � �� ) � & � $� �� � � $�

++* r � % �� �/ � & � $� �� � � � $�

++p

� � � � � . �� . �/ � ��

� %

p+1

� � � $ � 1 � & � . � � � �� � � � �� 0 $# �� � � � � %' � � � � $� � . � �! % $� � & � �� � � � � . � � ) & � ( & �� 0 � � 0 �

$� �� �� 0

1*7 & �� � % $� �/ � & � %' � � � � $�

fill

� � �� $ � & � � � & � � $ � �� � � � . � $ 2 $� � % $� � . . � $� � � � � �� �/� � � � � � � $� .! � �4 ' �� � �5 � $ �� � �� 6 %' � � � � $� � . � �! � & � � � � $v �� � 0 � ! � . . � $� � � � � �� � � �� � � $� � *



� � � � �  � 
 � � � � � � � � �� � � � ? ?

Mutating functions.

7 & �� � � � � �' � � � �� � � � . 0 �v �� �� � � � � � 2 � �� � & � %' � � � � $�

pow

$� � & � $� �

& �� 0/ �� 0 � & � %' � � � � $� �

fill

�� 0

fill_n

$� � & � $ � & �� & �� 0 * � � � . . � $ � & � %' � � � � $�

pow& � � � $ �v � � �/ � �� � � � & � � $# � ' � � � � $� � $� .! # $ 0 � %! % $� # � . �� )' # �� �  � .' � � 1 � & � � �  � .' � �

�� � 5 . $ � � . 6 � $ � & � %' � � � � $� � � . . �� 0 5 0 � � �� � � �� 6 ' � $� � �� # �� � � � $� * � � � &

pow/ � � � � � & �

V C W GI $ % � %' � � � � $� � � . . � & � � 2 � �� � � � � �� � � � � 0 �� *� � . . � � $ � & � %' � � � � $� �

fill

�� 0

fill_n/ $� � & � $ � & �� & �� 0/ & � � �v � � � � 8 � & �! # $ 0 � %!

� & �  � .' � � $ % �� � �! � . �# �� � �/ �� 0 � & � � �  � .' � � �� � DF O . $ � � . � $ � & � %' � � � � $� � � . . * � & � �

2 � 2� � � �

int a[5];

fill (a, a+5 , 0);

� & � �v � � � $ % � & � �- � � � � � � $�

fill (a, a+5, 0)

� � � & � � � . . � . �# � � � � $ %

a

� � � � � �  � .' �

0*7 & � � � � � $ � � �� . � � �� � � � & �� � �� � % $� # � . �� )' # �� � � $ % � $ � � � �� �! � � * � & �� � & � %' � � � � $�

� � . .

fill (a, a+5, 0)

� � � � .' � � � 0/ � & � % $� # � . �� )' # �� �

first

� � �� � � � � . �� � 0 2 � � & � & �

C H HN I S S $ %

a

� � �� � � � . �# �� � * r � � & � %' � � � � $� � $ 0! / � & �  � .' � � � � & � � � 0 0� � � � � � # $ 0 � � � 0

� &� $' ) & � & � . � .' �

*p/ �� 0 � & � � �# � & �� � �� � % $� � & � $ � & �� % $' � �� � �! � . �# �� � � � � � ' � � *

� $� # � . �� )' # �� � � $ % � $ � � � �� �! � � �� � � & �� � % $� � � # � �� � $ % � $� � � � ' � � �� ) %' � � � � $� �

2 � � &  � .' � ( # $ 0 � %! �� ) �v � � � � * 3 ' � & %' � � � � $� � �� � � � . . � 0 ` G O C O K Dn *

3.1.8 Modularization
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#include <cassert >��
	

// PRE: e >= 0 || b != 0.0




// POST: return value is b^e

�

double pow (double b, int e)

{�

assert (e >= 0 || b != 0.0);

�

double result = 1.0;

�

if (e < 0) {��

// b^e = (1/b)^(-e)

� �

b = 1.0/b;� �

e = -e;

� 	

}� 


for (int i=0; i<e; ++i) result *= b;

� ? A �� �� �	 
� � � � � �� � � �

� �

return result;� 

}

Program 20:
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// Prog: callpow2 .C

�

// Call a function for computing powers.	



#include <iostream >

�

#include "pow.C"


�

int main()

�

{

�

std::cout << pow( 2.0, -2) << "\n"; // outputs 0.25

��

std::cout << pow( 1.5 , 2) << "\n"; // outputs 2.25� �

std::cout << pow( 5.0 , 1) << "\n"; // outputs 5

� �

std::cout << pow( 3.0 , 4) << "\n"; // outputs 81

� 	

std::cout << pow(-2.0, 9) << "\n"; // outputs -512

� 

� �

return 0;� 

}
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Separate compilation and object code files.
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Header files.
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// PRE: e >= 0 || b != 0.0

// POST: return value is b^e

double pow (double b, int e);
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// Prog: callpow3 .C

�

// Call a function for computing powers.

	



#include <iostream >�

#include "pow.h"


�

int main()

�

{�

std::cout << pow( 2.0, -2) << "\n"; // outputs 0.25

��

std::cout << pow( 1.5 , 2) << "\n"; // outputs 2.25

� �

std::cout << pow( 5.0 , 1) << "\n"; // outputs 5

� �

std::cout << pow( 3.0 , 4) << "\n"; // outputs 81� 	

std::cout << pow(-2.0, 9) << "\n"; // outputs -512

� 

� �

return 0;� 

}
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$� .! t *

�

// math.h�

// A small library of mathematical functions.

	�



namespace ifm {

�

// PRE: e >= 0 || b != 0.0

// POST: return value is b^e�

double pow (double b, int e);

�

}
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�

// math.C

�

// A small library of mathematical functions.

	�



#include <cassert >�

#include <IFM/math.h>
�

namespace ifm {

�
�

double pow (double b, int e)

��

{

� �

assert (e >= 0 || b != 0.0);

� �

// PRE: e >= 0 || b != 0.0� 	

// POST: return value is b^e

� 


double result = 1.0;

� �
if (e < 0) {

� 
// b^e = (1/b)^(-e)� �
b = 1.0/b;� �

e = -e;

� �

}

��

for (int i=0; i<e; ++i) result *= b;

� �

return result;� �

}

� 	
� 


}
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� � . . � $' � . �� � �� ! %' � � � � $�

ifm::pow* r � � � � .' 0 � � � & �

& � � 0 �� � . �

math.h

%� $# � � �� �� � . 0 �� � � � $� ! IFM*

�

// Prog: callpow4 .C

�

// Call library function for computing powers.	



#include <iostream >

�

#include <IFM/math.h>


�

int main()�

{

�

std::cout << ifm::pow( 2.0, -2) << "\n"; // outputs 0.25

��

std::cout << ifm::pow( 1.5 , 2) << "\n"; // outputs 2.25

� �

std::cout << ifm::pow( 5.0 , 1) << "\n"; // outputs 5� �

std::cout << ifm::pow( 3.0 , 4) << "\n"; // outputs 81

� 	

std::cout << ifm::pow(-2.0, 9) << "\n"; // outputs -512

� 

� �

return 0;

� 

}
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3.1.9 Using library functions
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pow

�� � $ � . �� � �� ! *r � 0 � � 0/ � & � � � �� 0 �� 0 . �� � �� ! � $� � � � � � � %' � � � � $�

std::pow
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� � � . � � � 0 � & � � # ' � & � �� . � ��/ � ' � 2 & �� 2 � �� � . $ $ � � � ) % $� � $# � � � $� �� 0 �  � � $� $ % � � � � ' � � .

� ' # � ��

n

�

2/ � � � � � ' � � � �� � � $ � � �� � & � � � & � � �� ) �

{2, . . . ,

� �

n

�

}* r � 0 � � 0/ � %

n

� �� � �

2� � � � �� � � � � � $ 0' � �

n = dd

�/ � & �� � & � �# � . . �� $ %

d

�� 0

d

� # ' � � � � � $' � 0 � 0 � ! �

n

1

� � � � � � & � 0 �  � � $� � �� � �� � � )� � ./ 2 � � �� ) � � � � $' � 0 $ % � �

n

�/ �

n

� $' � 0 � 0 0 $ 2� *7 & � � � �# � . � �! � � � � � $' . 0 � & �� � % $� � � � 2� � � � �� # $� � � � � � �� � .! � � �� �� $ )� �# > �/ ' � �� )

� & � %' � � � � $�

std::sqrt

%� $# � & � . �� � �� !

cmath/ 2 & $ � � �� )' # � � � �� 0 � � � ' � � �! � � � �� �

double*
�

// Program: prime2.C

�

// Test if a given natural number is prime.	

� A� �� �� �	 
� � � � � �� � � �




#include <iostream >�

#include <cmath >


�

int main ()

�

{�

// Input

��

unsigned int n;

� �

std::cout << "Test if n>1 is prime for n =? ";

� �

std::cin >> n;� 	
� 


// Computation: test possible divisors d up to sqrt(n)

� �

unsigned int bound = ( unsigned int)(std::sqrt(n));

� 

unsigned int d;� �

for (d = 2; d <= bound && n % d != 0; ++d);

� �
� �

// Output

��

if (d <= bound)� �

// d is a divisor of n in {2,...,[sqrt(n)]}

� �

std::cout << n << " = " << d << " * " << n / d << ".\n";

� 	

else� 


// no proper divisor found

� �

std::cout << n << " is prime.\n";� 
� �

return 0;

� �

}
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n % d != 0

& � � % � � . � 0 * 7 & � � # � �� � � & � � 2 � & � � % $' � 0 �

0 �  � � $� * r %
d > bound

& $ . 0 � � % � �� � & � . $ $� / 2 � & � � �� � � 0 � . . � $ � � �� . � 0 � � � $� � �# � . . ��
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s 2 & $ � �  � .' � � � � �
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� . � $ � � $' � � � � $� 0 � � �# � � ' # � �� �� � . � � � � � $� / hN C O F S O MI DI S �S � KIV I+/ 2 � � 0 � � � � �� � � . .
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 � � � � � � � � �� � � � A <

� � � �� 0 �� 0 . �� � �� ! %' � � � � $� �� $� 0 �� � $ � � � � � � . � � � $' � . � � � $ % � � $ � � � 0 $' � � ' # � �� �/ �� � � � � 0

$ % 0 $ � � ) � � $' � � � . � � 2 � � & � . $ $� * � $� � & � �/ 2 � 2 $' . 0 � �� . �� � � & � � 2 $ . �� � �

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

crossed_out[i] = false;

$ % �� $ )� �# � � 2 � � & � & � � � � ) . � . �� �

std::fill (crossed_out , crossed_out + n, false);

7 & � � � �( �� 0 � $ � � � $� 0 � � � $� � $ % � & � � � � �� 0 �� 0 . �� � �� ! %' � � � � $� �- �� � .! # � � � & � & � $� � � $ %

$' � $ 2�

fill

%' � � � � $� %� $# � � ) � � ? < * 7 & � � �� � � � & �� � � � � $ � � & � � � � � ) $ % $� � . � � � $ %

� $ 0 � 1 � & � � � � �� ) 0 $ � � � $ � � �� � - � � �/ � � � � � 2 � � 0 0 � � � $� � . .! & � � � $

#include <algorithm>� � � & � � � ) � � � �� ) $ % � & � � � $ )� �# *7 & � � � � � � � � � � & � � 2 � � . �# � � � � � � $ � � �� . � � $' � � � � $ % �� � $� s �  � � � �� �  � � . . $ $� & � � � & �

� $ � �� � � � . $ % � � � � ) 2� $� ) t/ �� 0 � & � � 2 � � �# � . � %! � & � � $� �� $ . � $ 2 s � � � � . � $ 3 � � � � $� > * � * A t *

3.1.10 Details

Default arguments.

3 $# � %' � � � � $� � & � � � & � � � $� �� �! � & � � � & �� � �� �5 � � � ' � � . 6  � .' � � % $�

$� � $� # $� � $ % � & � �� % $� # � . �� )' # �� � � * � $� � - �# � . �/ 2 & � � � . . �� ) �� �� � �! $ % ' � 0 �� .! �� )

�! � �

int/ � & �  � .' �

0

� � �' � & � � � � ' � � .  � .' � * r � �' � & � � � � �/ � � � � � $ � � �� . � � $ � � � � � %!

� & � �  � .' � � � � HI mC G W O CN n G `I D O 1 � & � � � . . $ 2 � � & � � � . . �� $ % � & � %' � � � � $� � $ $# � � � & �

� $� � � �� $� 0 �� ) � � . . �� )' # �� � �� 0 . � � � & � � $# � � . �� � � � �� � � & � 0 � % �' . �  � .' � �� � � � � 0 * r �

� � � � $ % � & � %' � � � � $�

fill

%� $# �� $ )� �# � @/ � & � � 2 $' . 0 . $ $ � � � % $ . . $ 2 � *

// PRE: [first , last) is a valid range

// POST: *p is set to value , for p in [first , last)

void fill (int* first , int* last , int value = 0) {

// iteration by pointer

for (int* p = first; p != last; ++p)

*p = value;

}

7 & � � %' � � � � $� � �� � $ 2 � � � � . . � 0 2 � � & � � � & �� � 2 $ $� � &� � � �� )' # �� � �/ � � % $ . . $ 2 � *

int a[5];

fill (a, a+5); // means: fill (a, a+5, 0)

fill (a, a+5 , 1);

r � ) �� �� � ./ � & �� � � �� � � 0 � % �' . �  � .' � � % $� �� ! � ' # � �� $ % % $� # � . �� )' # �� � �/ � ' � � & � � �

�� )' # �� � � # ' � � � � � � � $� � � � ' � �  � � $ � � � � $� �

i, i + 1, . . . , k

�# $� ) � & �

k

�� )' # � � � �/ % $�

� $# �

i* 7 & � %' � � � � $� � �� � & �� � � � � . . � 0 2 � � & �� ! � ' # � �� $ % � � . . �� )' # �� � � � � � 2 � ��

i−1

�� 0

k/ �� 0 � & � � $# � � . �� �' � $# � � � � � . .! �� � �� � � � & � 0 � % �' . �  � .' � � % $� � & � # � � � � � ) � � . .

�� )' # �� � � *

� %' � � � � $� # �! & � � � � �� �� � � � 0 � � . �� � � � $� � & � � �� � � � � � � 0 � % �' . � �� )' # �� � �/ . � � � ��

� & � % $ . . $ 2 �� ) 0 � � . �� � � � $� $ %

fill*

� A � �� �� �	 
� � � � � �� � � �
// PRE: [first , last) is a valid range

// POST: *p is set to value , for p in [first , last)

void fill (int* first , int* last , int value = 0);

r � � & � � � � � �/ � & � �� � ' � . 0 � �� � � � $� # ' � � � $ � � �� � � � � & � 0 � % �' . � �� )' # �� � � s � & � �� � ' � . � ' . � �

�� � � � � � # $� � � $# � . � � � � � 0/ � ' � � & � � � � � & � ' � � & $ � t *

Function declarations and definitions.

� %' � � � � $� # �! & � � � � �� � . 0 � � . �� � � � $� �/ �  � � 2 � � &

� & � � �# � 0 � � . �� � � �  � � � ) � $� � s � & � . � � � �� � � � $ � � . . $ 2 � 0 % $�  �� � �� . � �/ � � � 3 � � � � $� > * � * � t *7 & � � ' � � $ � � $ % � %' � � � � $� 0 � � . �� � � � $� � � � $ � ' � � ' � � �4 ' �� � � $ 0 � �� � $ � & � %' � � � � $� � � � � $� �/�� 0 � & �� � # �! � � � � �� � . � . �� � � 2 & �� � � & � � � � � � � � � � �� ! *

� � � & � $ � & �� & �� 0/ � �� ! %' � � � � $� � �� & � � $� .! $� � 0 � �� � � � $� / �� 0 � & � � � � � & � $� �

� . . � � � 0 � � . �� � � � $� � � � % �� � $ *

Function signatures.

r � %' � � � � $� 0 � � . �� � � � $� �/ � & � % $� # � . �� )' # �� � � �# � � � � �� � �/ * * */

� � �� � � � �� � � $# � � � � 0Y*

7 & � � # � � � � � �� � � � �� � � � & � � � � �# � � �� � $� .! � � � 0 � 0 �� � & � %' � � � � $� 0 � �� � � � $� * 7 & �

�# � $� � �� � � � % $� # � � � $� / � �# � .! 0 $# � �� �� 0 � �� ) � $ % � & � %' � � � � $� / �� � � .� � � 0! �� � � � � � 0

� ! � & � �� )' # � � � �! � � � �� 0 � & � � � � ' � � �! � � * � . . � & � � � �! � � � � $ ) � � & �� % $� # � & � S Kn D C O GN I

$ % � & � %' � � � � $� *

r �

math.h/ 2 � � $' . 0 � & �� � % $� � �4 ' �  � . �� � .! 2� � � � � & � 0 � � . �� � � � $�

double pow (double , int);

7 & � $� .! � � $� . �# � � � & � � 2 � � � � 0 � & � % $� # � . �� )' # �� � � �# � � � $ �� � � � %! � � � ( �� 0 � $ � � (

� $� 0 � � � $� �/ 2 � � & $' � ) $ �� ) � $ . �� ) � &! % $� # ' . � � � $� � ��  $ . �� ) 5 � & � �� � � �� )' # �� � 6 �� 0

5 � & � � � � $� 0 �� )' # �� � 6 * 7 & �� � % $� �/ 2 � ' � ' � . .! 2� � � � � & � % $� # � . �� )' # �� � � �# � � � �� ��

%' � � � � $� 0 � � . �� � � � $� � *

Mathematical functions.

� �� ! $ % � & � # � � & �# � � � � � . %' � � � � $� � � & � � �� � � � � . �� . � $� � � �(

�� � � � � � $ � � � � � � . � ' . � � $� � �� � � . � $ � � � . �� . � %� $# � & � # � � & . �� � �� !

cmath* 7 & � % $ . . $ 2 � � )

� �� . � . � � � � � $# � $ % � & �# * � . . �� � � � � . �� . � % $� � & � � &� � � � $ � � � � ) � $ � � � � ' # � �� �! � � �

float/ double

�� 0

long double*
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 � � � � � � � � �� � � � A ?

� �# � %' � � � � $�

std::abs |x|

std::sin

� � �

(x)

std::cos

� $ �

(x)

std::tan

� ��

(x)

std::asin

� � � −1(x)

std::acos

� $ �−1(x)

std::atan

� �� −1(x)

std::exp ex

std::log

.�

x

std::log10

. $ )

10 x

std::sqrt

�

x

3.1.11 Goals

Dispositional.

� � � & � � � $ �� �/ ! $' � & $' . 0 * * *

� t � � �� . � � $ �- � . � � � � & � � ' � � $ � � $ % %' � � � � $� � �� �u u 1

> t ' � 0 �� � � �� 0 � & � �! � � �- �� 0 � �# �� � � � � $ % �u u %' � � � � $� 0 � �� � � � $� � �� 0 0 � � . �� � � � $� � 1

� t �� $ 2 2 & � � � & � � �� # 5 � � $ � � 0' � � . � � $ )� �# # �� ) 6 # � �� � 1

� t ' � 0 �� � � �� 0 � & � %' � � � � $�

pow

%� $# �� $ )� �# � ? �� 0 � & � %' � � � � $� �

fill_n

�� 0

fill%� $# �� $ )� �# � @ 1

< t �� $ 2 � & � � % $� # � . �� )' # �� � � $ % � $ � � � �� �! � � � �� � � ' � � 0 � $ 2� � � � �� � �! ( � � $ � � � � � � )

%' � � � � $� �/ �� 0 # ' � � � � � ) %' � � � � $� � 1

� t �� $ 2 2 &! � � # � � � � � �� � � � $ � $# � � . � %' � � � � $� 0 � �� � � � $� � � �� �� � � � .! / �� 0 � $ � ' �

%' � � � � $� � �� � $ . �� � �� � � � *

Operational.

r � � �� � � � ' . ��+/ ! $' � & $' . 0 � � �� . � � $ * * *

s � � t ) �  � � 2 $ � � � � $� � 2 &! � � � � 0 � � �� �� . � � $ �' � 0 �  � 0 � � � $ )� �# � � � � $ %' � � � � $� � 1

s �> t �� 0 � � �( �� 0 � $ � � � $� 0 � � � $� � % $� ) �  � � %' � � � � $� �/ 2 & �� � � & � � � � � $� 0 � � � $� � � & $' . 0

� � � � UI C e � � � $ � � �� . �/ �� 0 � & � � $ � � � $� 0 � � � $� � � & $' . 0 � � � � S ON F Dn � � � $ � � �� . � 1

s �� t �� 0 �! � � �� � � � � . �� 0 � �# �� � � � � . �� � $� � �� %' � � � � $� 0 � �� � � � $� �/ �� 0 � � � � $ )� �# �

� & � � � $� � � �� %' � � � � $� 0 � �� � � � $� � 1

s �� t � � .' � � � ) �  � � %' � � � � $� � � . . �- � � � � � � $� � 1

s � < t 2� � � � s# ' � � � �� ) t %' � � � � $� � % $� ) �  � � � � � � �/ �� 0 2� � � � � � $ )� �# � % $� ) � �� � � � � �

� & � � ' � � %' � � � � $� � 1

s � � t � ' � 0 �  � 0 � � ) �  �� � � � � �� � $ �# � . . �' � � � � � �/ �� 0 2� � � � � � � $ )� �# % $� � & � ) �  �� � � � �

� & � � ' � � � %' � � � � $� � � $ � � � . �� � � & � �' � � � � � � 1

s � ? t � ' � . 0 � . �� � �� ! $� ! $' � � . � � % $� # / ) �  �� � & � � ! $' �� � � $ . 0 � & � � � � � � � �� ! � � � &� � � � .

0 � � � � . � *

� A A �� �� �	 
� � � � � �� � � �
3.1.12 Exercises

Exercise 68

� K D H L N I f C D H L F S OJ F D H K O KF D S mF N O MI mF W WF U K Dn m G DJ O KF DS X s �> t s �� t

� t

int f (double i, double j, double k)

{

if (i > j)

if (i > k)

return i;

else

return k;

else

if (j > k)

return j;

else

return k;

}

� t

double g (int i, int j)

{

double r = 0.0;

for (int k = i; k <= j; ++k)

r += 1.0 / k;

return r;

}

Exercise 69

d M C O CN I O MI L N F T WI ` S Q K m C D E Z U K O M O MI mF W WF U K Dn m G DJ O KF D S P � Kp O MI `

C D H � D H C L L N F L N K C OI L N I f C D H L F S OJ F D H K O KF DS X s �> t s �� t

� t

bool is_even (int i)

{

if (i % 2 == 0) return true;

}

� t
double inverse (double x)

{

double result;

if (x != 0.0)

result = 1.0 / x;

return result;

}

Exercise 70

d M C O KS O MI F G OL G O F m O MI mF W WF U K Dn L N Fn N C `] HI L I D H K Dn F D O MI K DL G O

D G ` TIN

i

P � I SJ N K TI O MI F G OL G O K D ` C O MI ` C O KJ C W OIN ` S+] Kn DF N K Dn L F S S K T WI F V I N f C D H

G D HIN �F U S X s �� t
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#include <iostream >

int f (int i)

{

return i * i;

}

int g (int i)

{

return i * f(i) * f(f(i));

}

void h (int i)

{

std::cout << g(i) << "\n";

}

int main()

{

int i;

std::cin >> i;

h(i);

return 0;

}

Exercise 71

� K D H O MN I I L N F T WI ` S K D O MI mF W WF U K Dn L N Fn N C ` X s �� t s �� t

#include <iostream >

double f (double x)

{

return g(2.0 * x);

}

bool g (double x)

{

return x % 2.0 == 0;

}

void h ()

{

std::cout << result;

}

int main()

� @= �� �� �	 
� � � � � �� � � �
{

double result = f(3.0);

h();

return 0;

}

Exercise 72

� K ` L W K m E O MI L N Fn N C ` mN F ` hp IN J KS I c � T E G S K Dn O MI W K TN CN E m G DJ O KF D

std::pow X s � < t

Exercise 73

� S S G `I O M C O F D E F GN L W C O mF N `] O MI W K TN CN E m G DJ O KF D
std::sqrt

K S DF OV IN E

N I W K C T WI X �F N

x

C V C W GI F m O EL I

double

Q

x

�

0

Z] UI WI O
s(x)

TI O MI V C W GI N I O GN DI H T E

std::sqrt(

� � � �

)] K m � � � � M C S V C W GI

x] C D H UI C S S G `I O M C O UI F D W E e DF U O M C O mF N

S F `I L F S K O KV I V C W GI

ε

�

1/2] O MI N I W C O KV I IN N F N S C O KS � I S

|s(x) −

�

x|

�

x

�

ε,

�

x.

[F U J C D E F G J M C Dn I \N Fn N C ` �� S GJ M O M C O K O J F N N I J O W E UF N e S G D HIN O M KS N I W C O KV I

IN N F N TF G D H P oF G ` C E C S S G `I O M C O O MI �F C O K Dn L F K D O D G ` TIN S E S O I ` G S I H F D EF GN

L W C O mF N ` K S T K D CN E] C D H O M C O C W WV C W GI S F m O E L I

unsigned int

CN I Ip C J O W EN I L N I S I D O C T WI

K D O M KS S E S OI ` X QR M K S K S C O MI F N E Ip IN J KS I X Z s � < t

Exercise 74

C Z dN K O I C m G DJ O KF D
// POST: return value is true if and only if n is prime

bool is_prime (unsigned int n);

C D H G S I O M K S m G DJ O KF D K D C L N Fn N C ` OF J F G D O O MI D G ` TIN F m � 2 �� � � �# � � K D O MI

N C Dn I
{2, . . . , 10000000}

Q O UF GL OF OI D ` K W W KF D S Z X � O U K D L N K `I K S C L C KN F m

D G ` TIN S

(i, i + 2)

TF O M F m U M KJ M CN I L N K `I X

T Z �S O MI C L L N F C J M F m C Z O MI TI S O Q ` F S O I qJ KI D O Z F DI OF O M KS L N F T WI ` P � m EF G

J C D O M K D e F m C TI O OI N C L L N F C J M] E F G CN I mN I I OF K `L WI `I D O K O K DS O I C H F m O MI F DI

F G O W K DI H K D C Z X

s � < t

Exercise 75

R MI m G DJ O KF D

pow

K D \N Fn N C ` j � DI I HS

|e|

` G W O KL W KJ C O KF DS O F J F ` L G O I

be XB M C Dn I O MI m G DJ O KF D TF H E S GJ M O M C O WI S S ` G W O KL W KJ C O KF D S CN I L IN mF N ` I H X oF G ` C E

G S I O MI mF W WF U K Dn mC J O X � m

e

�

0

C D H

e

M C S T K D CN EN I L N I S I D O C O KF D

e =

∞∑

i=0

bi2
i,



� � � � �  � 
 � � � � � � � � �� � � � @ �

O MI D

be =

∞∏

i=0

�

b2i

� bi

.

s � < t

Exercise 76

dN K OI C L N Fn N C `

swap.C

O M C O HI � DI S C D HJ C W W S C m G DJ O KF D mF N K D O IN J M C Dn fK Dn O MI V C W G I S F m O UF

int

F T �I J O S X R MI L N Fn N C ` S MF G W H M CV I O MI mF W WF U K Dn S ON GJ O GN I X

#include <iostream >

// your function definition goes here

int main() {

// input

std::cout << "i =? ";

int i; std::cin >> i;

std::cout << "j =? ";

int j; std::cin >> j;

// your function call goes here

// output

std::cout << "Values after swapping : i = " << i

<< ", j = " << j << ".\n";

return 0;

}

[IN I K S C D Ip C `L WI N G D F m O MI J F `L WI OI H L N Fn N C `�

i =? 5

j =? 8

Values after swapping : i = 8, j = 5. s � < t

Exercise 77

�F H K m E O MI L N Fn N C `

sort_array.C

mN F ` hp IN J K S I �� K D S GJ M U C E O M C O O MI

N I S G W O K Dn L N Fn N C `

sort_array2.C

HI � DI S C D HJ C W W S C m G DJ O KF D

// PRE: [first , last) is a valid range

// POST: the elements *p, p in [first , last) are

// in ascending order

void sort (int* first , int* last);

OF L IN mF N ` O MI S F N O K Dn F m O MI CN N C E K D O F C SJ I D H K Dn F N HIN X � O ` C E TI OI ` L O K Dn Q T G O

DF O C W WF UI H mF N F TV KF G S N I C S F D S Z OF G S I

std::sort

F N S K ` K W CN S O C D H CN H W K TN CN E m G DJ fO KF DS K D O MI TF H E F m O MI m G DJ O KF D

sort

O M C O K S OF TI HI � DI HYX � O � � C W WF UI H] O MF Gn M]

� @> �� �� �	 
� � � � � �� � � �

OF J F `L CN I O MI I qJ KI DJ E F m EF GN

sort

m G DJ O KF D U K O M O M C O F m

std::sort

Q U M KJ M M C S

O MI S C `I L N I f C D H L F S OJ F D H K O KF DS C D HJ C D TI G S I H C m OIN

include<algorithm>

Z X

�F N O M KS Ip IN J KS I ] K O K S HI S KN C T WI Q T G O DF O S ON KJ O W E DIJ I S S CN E Z O F G S I L F K D OIN K DJ N I f

`I D O Q

++p

Z C S O MI F D W E F L IN C O KF D F D L F K D OIN S Q C L CN O mN F ` K D K O K C W K� C O KF D C D H C S S Kn Df

`I D O] F mJ F GN S I Z X � m EF G S GJ I I H K D HF K Dn S F ] E F GN S F N O K Dn m G DJ O KF D M C S O MI L F OI D O K C W

F m UF N e K Dn mF N J F D O C K DIN S O M C O HF DF O F �IN N C D HF ` C J J I S S QS I I C W S F �I J O KF D b X j X � Z Xs � < t

Exercise 78

� � �� � � � ' � . � � . �� 0 �� J C D TI G S I H OF HI OIN ` K DI O MI UI I e H C E Q �F D H C E]

X X X ] � G D H C E Z F m C D En KV I D H C OI X oF G ` C E mF N Ip C `L WI e DF U O M C O O MI i IN W K D U C W W

J C `I HF U D F D aF V I ` TIN k ] jk �k ] T G O U M C O U C S O MI UI I e H C E P Q � O U C S C R M GN S H C E X Z�N U M C O K S O MI UI I e H C E F m O MI j� � � O M C D D KV I N S CN E F m O MI � U K S S J F D mI HI N C O KF D] OF TI

J I WI TN C O I H F D � Gn G S O j ] � �k j P Q � GJ e K W E] O M KS T Kn L CN O E U K W W TI F D C � C O GN H C E X Z

C Z R MI O C S e KS OF UN K OI C L N Fn N C ` O M C O F G OL G O S O MI UI I e H C E Q �F D H C E] X X X ] � G DfH C E Z F m C n KV I D K DL G O H C OI X

� HI D O K m E C S I O F m S G T O C S e S OF U M KJ M EF GJ C DN I H GJ I O M K S O C S e X � GJ M C S I O KS DF O

G D K � GI ] F mJ F GN S I ] T G O C W W K D KV K H G C W S G T O C S e S S MF G W H TI S ` C W W QS F S ` C W W O M C O O MI E

J F G W H TI N I C W K� I H U K O M mI U W K DI S F mJ F HI Z X � O K S F mJ F GN S I L F S S K T WI mF N C S G T O C S e

K D EF GN S I O OF N I H GJ I OF F O MIN S G T O C S e S X Q d K O MF G On KV K Dn C U C E C D E O M K Dn ] F DI

S G T O C e S O M C O E F GJ IN O C K D W E DI I H KS O F HI OIN ` K DI U MI O MIN C n KV I D EI CN KS C WI C L

E I CN Z X

T Z dN K O I C L N Fn N C `
perpetual_calendar.C

O M C ON I C H S C H C OI mN F ` O MI K DL G O C D H

F G OL G O S O MI J F N N I S L F D H K Dn UI I e H C E X R MI N C Dn I F m H C O I S O M C O O MI L N Fn N C `J C D

L N F J I S S S MF G W H S O CN O DF W C OIN O M C D � C D G CN E j ] jk � � Q �F D H C E Z X R MI L N Fn N C `

S MF G W HJ MI J e U MI O MIN O MI K DL G O K S C WIn C W H C OI ] C D H K m DF O] N I �IJ O K O X � D Ip C `L WI

N G D F m O MI L N Fn N C ` ` Kn M O WF F e W K eI O M KS X

day =? 13

month =? 11

year =? 2007

Tuesday
R F S ON GJ O GN I EF GN L N Fn N C `] K `L WI `I D O O MI S G T O C S e S mN F ` C Z C S m G DJ O KF D S+] C D H

L G O O MI L N Fn N C ` OFn I O MIN mN F ` O MI S I m G DJ O KF DS X

s � < t s � � t

Exercise 79

i G K W H C W K TN CN E F D E F GN L W C O mF N ` mN F ` O MI � WI S

math.h

C D H

math.C

K D

\N Fn N C ` � b C D H \N Fn N C ` � � X 	S I O M K S W K TN CN E OF n I DIN C OI C D Ip IJ G O C T WI L N Fn N C `

mN F ` \N Fn N C ` � c X s � < t s � ? t

Exercise 80



� � � � �  � 
 � � � � � � � � �� � � � @�

C Z � `L WI `I D O O MI mF W WF U K Dn m G DJ O KF D C D H OI S O K O X oF G ` C E C S S G ` I O M C O O MI O EL I

double

J F `L W KI S U K O M O MI � h h h S O C D H CN H �c �] S I I �I J O KF D �X c X � X R MI m G DJ O KF D

K S F D W EN I � G KN I H OF UF N eJ F N N IJ O W E] K m O MI DI CN I S O K D OIn IN K S K D O MI V C W GI N C Dn I

F m O MI O EL I

int X s � < t

// POST: return value is the integer nearest to x

int round (double x);

T Z R MI L F S OJ F D H K O KF D F m O MI m G DJ O KF D HF I S DF O S C E U M C O M C L L I D S K m O MIN I CN I O U F

DI CN I S O K D OIn IN S X �L I J K m E O MI TI M CV KF N F m EF GN K ` L WI ` I D O C O KF D K D O MI L F S OJ F DfH K O KF D F m E F GN m G DJ O KF D+X s �> t

� t � 0 0 � 0 � � . �� � � � $� $ %! $' � %' � � � � $� � $ � & � � . �

math.h

s �� $ )� �# > � t �� 0 � 0 � �� � � � $�

� $

math.C

s �� $ )� �# > � t * � ' � . 0 � . �� � �� ! %� $# � & � � � � 2 $ � . � �/ �� 0 � � 2� � � � ! $' � � � � �

%' � � � � $� %� $# � t � $ � � . . � & � . �� � �� !  �� � � $� $ % � & � %' � � � � $�

round* s � ? t

3.1.13 Challenges

Exercise 81

� � G HF e G L G� � WI K S L F S I H F D C n N K H F m

9

�

9

J I W W S+] S G T H KV K HI H K D OF k S � G CN I

TF p I S F m

3

�

3

J I W W S I C J M X �F ` I n N K H J I W W S CN I C WN I C H E � W WI H T E D G ` TIN S TI O UI I D

1C D H

9 � O MI n F C W KS OF � W W O MI N I ` C K D K Dn J I W W S T E D G ` TIN S TI O UI I D

1

C D H

9

K D S GJ M

C U C E O M C O U K O M K D I C J MN F U] J F W G ` D] C D H TF p F m O MI J F ` L WI O I Hn N K H] IV IN E D G ` TIN

F J J GN S Ip C J O W E F DJ I X [IN I KS C D Ip C `L WI F m C � G HF e G L G� � WI �

1 7 4

5 9 3 2

6 7 9

4 8

2 1

9 5

4 7 3

7 3 2 6

6 5 4

� D S F WV K Dn O MI L G� � WI ] F DI ` C E ON E O F HI H GJ I mN F ` O MI C WN I C H E � W WI H D G ` TIN S O M C O

�- �� � .! $� � D G ` TIN K S C J C D H K H C OI mF N C S G K O C T WI I `L O E J I W W X R MI D O M K S D G ` TIN K S

� W WI H K D OF O MI J I W W] C D H O MI HI H GJ O KF D L N F J I S S KS N I L I C O I H X R MIN I CN I O UF S K O G C O KF D S

U MIN I S GJ M C HI H GJ O KF D mF N O MI J I W W K DN F U

r

�J F W G ` D

c

C D H D G ` TIN

n

K S L CN O KJ G W CN W E

I C S E C D H mF W WF U S O MI � MIN WF J e [F W `I S C L L N F C J M Q , $ 2 $ % � �� & � � r � � � 0 � $ ! $' � & � �

2 & �� ! $' & � � � . �# �� � � � 0 � & � �# � $ � � �� . �/ 2 & � � � �� � �# � � � �/ & $ 2 � �� �# � � $� �� . �/ # ' � �

� � � & � �� ' � & � Z X

j X � W W D G ` TIN S H KS O K DJ O mN F `

n

C WN I C H E C L L I CN S F ` I U MIN I K D O MI S C `I N F U] J F Wgf

G ` D] F N bp b TF p X R M KS DI J I S S CN K W E ` I C DS O M C O O MI J I W W M C S OF TI � W WI H U K O M

n]S K DJ I UI M CV I I W K ` K D C OI H C W W F O MIN � ' # � �� � C S K ` L F S S K T WI X

� @� �� �� �	 
� � � � � �� � � �

� X � W W F O MIN J I W W S K D O MI S C `I N F U] F N K D O MI S C `I J F W G ` D] F N K D O MI S C `I bp b

TF p CN I C WN I C H E e DF U D DF O OF J F D O C K D

n X �n C K D] O MI J I W W M C S OF TI � W WI H T E
nO MI D] S K DJ I U I M CV I I W K ` K D C O I H C W W F O MIN � � . . � mF N O MI D G ` TIN

n

U K O M K D O MI N F U]J F W G ` D] F N TF p X

dN K OI C L N Fn N C `

sudoku.C

O M C O O C eI S C S K DL G O C � G HF e G L G� � WI K D mF N ` F m C

S I � GI DJ I F m

81

D G ` TIN S TI O UI I D

0

C D H

9

Q O MI n N K H D G ` TIN S n KV I DN F U T EN F U] U MIN I

0

K D H KJ C OI S C D I ` L O EJ I W W Z X R MI D G ` TIN S ` Kn M O TI S I L CN C OI H T E U M K O I S L C J I S+] S F O M C O

O MI � G HF e G L G� � WI mN F ` C TF V I J F G W HJ F DV I D KI D O W E TI I DJ F HI H W K eI O M K S K D C � WI �

0 0 0 1 0 0 7 4 0

0 5 0 0 9 0 0 3 2

0 0 6 7 0 0 9 0 0

4 0 0 8 0 0 0 0 0

0 2 0 0 0 0 0 1 0

0 0 0 0 0 9 0 0 5

0 0 4 0 0 7 3 0 0

7 3 0 0 2 0 0 6 0

0 6 5 0 0 4 0 0 0

R MI L N Fn N C ` S MF G W H DF U ON E OF S F WV I O MI L G� � WI T E G S K Dn F D W E O MI O UF � MIN WF J egf[F W `I S f O E L I HI H GJ O KF DS mN F ` C TF V I X R MI F G OL G O S MF G W H TI C QL CN O K C W W E Z J F `L WI OI H

n N K H O M C O K S I K O MIN O MI S F W G O KF D O F O MI L G� � WI ] F N O MI G D K � GI Q U M E P Z L CN O K C W S F W G O KF D

K D U M KJ M DF � MIN WF J egf [F W `I S f O EL I HI H GJ O KF DS C L L W E C D E ` F N I QCn C K D] I `L O E J I W W S

S MF G W H TI K D H KJ C O I H T E O MI H Kn K O

0

Z X

� D O MI C TF V I Ip C `L WI ] O MI F G OL G O F m C J F N N IJ O L N Fn N C ` U K W W TI O MI S F W G O KF D�

3 9 2 1 8 5 7 4 6

8 5 7 4 9 6 1 3 2

1 4 6 7 3 2 9 5 8

4 7 9 8 5 1 6 2 3

5 2 8 6 7 3 4 1 9

6 1 3 2 4 9 8 7 5

2 8 4 5 6 7 3 9 1

7 3 1 9 2 8 5 6 4

9 6 5 3 1 4 2 8 7

�F N N I C H K Dn O MI K DL G O mN F ` C � WI ] K OJ C D TI J F DV I D KI D O OF N I H KN IJ O O MI S O C D H CN H

K DL G O OF O MI � WI J F D O C K D K Dn O MI L G� � WI H C O C X �F N J MI J e K Dn U MI O MIN C D E � MIN WF J egf[F W `I S f O E L I HI H GJ O KF DS C L L W E] K O J C D TI G S I m G W OF ` C K D O C K D QC D H GL H C OI Z mF N C D E

ON KL WI

(r, c, n)

O MI K D mF N ` C O KF D U MI O MIN

n

K S S O K W W C L F S S K T WI J C D H K H C OI mF N O MI J I W W K D

N F UN �J F W G ` DJ X



� � � � �  � 
 � � � � � � � � �� � � � @ <

oF G U K W W H K SJ F V IN O M C O `F S O � G HF e G L G� � WI S O M C O O EL KJ C W W E C L L I CN K D DI U S L C L IN S

J C D TI S F WV I H T E EF GN L N Fn N C ` C D H CN I O MIN I mF N I I C S E] IV I D K m O MI E CN I W C TI WI H C S

# � 0 �' # F N & �� 0 X

Hint:

� O K S C HV KS C T WI DF O OF F L O K ` K� I mF N I qJ KI DJ E MIN I ] S K DJ I O M K S U K W W F D W E WI C H

OF `F N I J F ` L W KJ C OI H C D H IN N F N f L N F DI J F HI X � KV I D O MI V IN E S ` C W W L N F T WI ` S K� I ] S GJ M

F L O K ` K� C O KF DS UF D � O M CV I C DF O KJ I C T WI I �I J O C D E U C E X

� @ � �� �� �	 
� � � � � �� � � �


