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2.6 Arrays and pointers
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�>�� ��9�9�[¡¢�B�  �£¥¤ �B�c�R�B�s�4¦4�B§y�b�©¨��[�9ª��R�s�[�9«s¬=�	V¨R®���§¯�8¨�¦[�~�R°�¨�±y�B²)���[~�	�R�B�~�R�'�V���B³^¡¯�[�9¦[¨��[¡¢�B� £
´)�#¦��'µ~¨Iªk�V§¢�I«C¬=���8¨I�j�~�!¬¶¡¯�[�9¦[¨��[�·�!®��9¦u�4V�r�4�R¸s²~�R�~�R�W�B³���²~ª�±y�9¦[�

1, 2, . . . , n
¨I�~°F�.�9¦[³��#¦[ª

�4�Bª��e�#�y�'¦©¨��[¡¢�B�~��§¯¡¯¹��=¨I°~°~¡¢�~º�²)�k¨I§¢§��[~�=��²~ª�±y�9¦[�9«B�#¦�¡¢°~�R�s�[¡¯³¢»�¡¢�~º��[~�e�~¦[¡¢ª����s²Vª�±y�9¦4��¨Iª��B�~º
�[~�Rª £  �¡¢ª�¡¯§�¨�¦[§¯»�«�¬=���8¨I��¡¯�4�9¦©¨��[��!®��9¦
�4V����°~°��s²~ªr±y�'¦[�R«��[~��y�N¬=�'¦[���B³{��¬=�)«)�'�[� £

�>�W¦[�R¨I§V¨��~��§¯¡¢�8¨��[¡¯�B�V�9«I~�N¬=�'®��9¦8«B¬=�=�B³¢�[�R�kV¨R®��e�[���~¦[�s�R�R�4��¼@¨I�~°r¡¢�W��¨�¦b�[¡¢�R²~§�¨�¦p¡¯�[�9¦[¨��[�=�N®��'¦�½
�4�R¸s²~�R�~�R�R�
�B³e()&H1b& £ ´~�#¦��'µ)¨Iªk�V§¢�#«s¡¢³^»��B²�¬�¨I�s�e�[�r¡¢°~�R�H�[¡¢³¢»k�[~�ª��!®�¡¢���[~�8¨N�[�9¦[�=¡¢���[�!¬����4�¨N�
�4~�!¬¾»��B²)¦�°~�R�b¡¯¦[�R°cª��N®�¡¢�
�[�B�~¡¢ºBH�8«�»��B²hV¨R®���4�r¡��[�9¦©¨��4���N®��'¦��4V�	�b�R¸�²~�R�~�R���B³{ª��!®�¡¯���[~�8¨��4�9¦
¦[�9�.�9¦4�[�B¡¯¦4�R� £W¿ ~�R�4�r¦[�9�y�'¦4�[�B¡¯¦[�9�uªr²~�b�±y�W�l�[�#¦[�R°j�b�Bª��9¬�~�9¦[�I«p¨I�~°S�[~�9¦[�gªr²~�b�±y�W¨�¬�¨R»��[�
¡¢�~�b�y�9�9���4V�9ªÀ¡¯�h�[²)¦[� £ �>��Á�Â�Â·«V¬=���8¨I��°~�8¨�§^¬
¡¯�[c�4²~����[¨I�b¹��=±�»�²~�4¡¢�~ºY&�7879&�:�M £

2.6.1 Array types
Ã �g¨�¦4¦©¨R»r�B³C§¢�9�Vº#�4

n
¨�ºBº#¦[�Rº�¨��[�9�

n
�#±�Ä��R�9�4���B³V�[~�uMN&�D�%	��»��y� � ¡¢�s�[�u¨	�4�R¸s²V�9�V�9� £�¿ �d¨I�9�R�R�4�

�B�~�·�B³`�[~��¨IºBº#¦[�Rº�¨��4�R°��#±�Ä��R�9�4�·¼,�[~�h%8O_%RD�%9+21@MB½'«.¬=�·²~�4�·¡¯�4�E*,+�(~%��/�#¦·M9A{T8MI\R78*�]^1�¼,�.�B�4¡¯�[¡¢�B��½
¡¢�<�4V�c�4�R¸s²~�R�~�R� £ Ã §¯§=�4V�9�4�h§¢�9�Vº#�4)Å

n
�4�R¸s²~�R�~�R�R�k³��#¦[ª ¨I�5¨�¦b¦©¨R»Æ��»s�y��¬
V�B�b�c®I¨I§¢²~��¦©¨I�~ºB�

�R�#¦4¦4�R�b�y�B�~°~�E�[���[~�kª�¨��4V�9ª�¨��[¡¢�8¨�§p��»��y� � n £ �>���[~���R�Bªk�V²)�[�9¦RÇ¥��ª�¨I¡¢�jª��Rª��#¦b»�«p¨I�Æ¨�¦b¦©¨R»
���9�R²)��¡¯�R�
¨��R�B�H�[¡¢ºB²~�B²~�=��¨�¦b�8«�¬�¡¯�4��[~���R§¢�Rª��R�H�[�=�b�[�#¦[�9°��4¡¢°~�'Å,±�»sÅ>�4¡¢°~�g¼,�4�R�u´p¡¢ºB²)¦[�uÈ�½ £

É^�'�e²~�e�b�©¨�¦4��±�»k�bV�!¬�¡¯�VºE¨I�c¨�¦4¦©¨R»k¡¯��¨��9�[¡¢�B�2Ê�Ë=79&H143�MR1@?.%R+`%RM�Ì)qy*b%9a�%·¡¢�e¨u³_¨I�b�eª��9�4V�s°�³��#¦
�R�Bªk�V²)�[¡¢�~º·¨I§¯§C�~¦[¡¢ª��
�s²~ªr±y�'¦[�e�4ª�¨I§¢§¯�9¦��[V¨I��¨EºB¡¯®��R�c��²~ª�±y�9¦

n
«�±�¨I�4�R°c�B�h�'¦[�B�4�4¡¢�~º��B²)�e�[~�

��²~ª�±y�9¦[���[V¨���¨�¦[���~�#���~¦[¡¯ª�� £ �,��¬=�#¦b¹���§¯¡¯¹����[~¡¢�9Êp»��B²�¬
¦[¡¯�4��°~�!¬��k�[~�
�b�R¸�²~�R�~�R�	�B³y�s²Vª�±y�9¦4�
±y�9��¬=�R�9�

2
¨I�~°

n− 1
£  s�©¨�¦4�4¡¢�~ºd³¢¦[�Bª

2
«s»��B²c¨I§¯¬�¨R»���ºB�d�[�u�[~���~�'µ�����²~ªr±.�9¦��~�#���9¦[�B�4�4�9°��B²)�

»��9�8«)¦[�'�y�#¦4��¡¯��¨I���~¦[¡¯ª��#«)¨I�~°h�[~�R�h�9¦[�B�4���B²~�
¨I§¢§y¡��[�e�V¦4�#�y�9¦�ªW²~§¯�[¡���§¯�R� £
É^�'�8Ç¥���V�#��°)¬=�R§¢§~�B�k�[~�
�9�#¦4¦[�R�9�4�V�9�4���B³C�[~¡¢��ª��9�[~�s°W±V²)��ºB�d¦4¡¢ºBs���[�u�4V��¡¢ªk�V§¢�Rª��R�H�©¨��[¡¯�B� £

�>³�»��B²5�[~¡¢�)¹�¨�±y�B²)�g¡��k³��#¦�¨Sª�¡¢��²)�[�#«��[~�hª�¨IÄ��#¦W¸�²~�R�b�[¡¯�B�J¡¢�g�[~¡¢�9Êh~�N¬Í°~�j¬=�h�9¦4�B�4���B²)�
��²~ª�±y�9¦[�[Î
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¿ ~�W³��B§¢§¢�!¬�¡¢�~º��~¦[�Bº#¦©¨Iª ²~�4�R�·¨I�j¨�¦4¦©¨R»S��»s�y�W®I¨�¦[¡¢¨�±V§¢�
crossed_out

³��#¦d�4V�W§¢¡¢�b�R«2¬
~�9¦[�
¨I�H»Æ®I¨I§¢²~�

crossed_out[i]
¡¢���B³
��»s�y�

bool
¨I�~°<¦4�9�~¦[�R�4�R�H�[�W�4V�S¼>�©V¨I�~ºB¡¢�~ºH½E¡¢�~³��#¦[ª�¨��[¡¢�B�

¬�~�9�4V�'¦��4V�r��²~ª�±y�9¦
i
V¨I�u¨I§¯¦4�8¨I°)»Y±y�R�R���9¦[�B�4�4�9°j�B²)�d�#¦��~�#� £ Ã ¦4¦[¨8»S¡¢�~°~¡¢�R�9�u¨�§¯¬�¨R»��	�b�©¨N¦4�

³¢¦[�Bª
0
«2�4��¡¢���#¦[°~�9¦�[�cºB�9���[�c¡¢�~°V��µ

n − 1
«2¬=�r�~�R�R°�¨��j¨�¦4¦[¨8»��B³�§¢�R�~º#�[

n
£�¿ ~���V¦4�Bº#¦©¨Iª

¦[²~�~���`¦©¨��4�B�b�[~�R�~�R�RÇ� �¡¢�9®��u³��#¦
n = 1, 000

£

	
// Program: eratosthenes.C

// Calculate prime numbers in {2,...,999} using�
// Eratosthenes’ sieve.�


#include <iostream >�

�
int main()�
{�

// definition and initialization: provides us with	��
// Booleans crossed_out[0],..., crossed_out[999]	�	
bool crossed_out[1000];	�

for ( unsigned int i = 0; i < 1000; ++i)	��

crossed_out[i] = false;	��
	�

// computation and output	��
std::cout << "Prime numbers in {2 ,...,999}:\n";	 �
for ( unsigned int i = 2; i < 1000; ++i)	��

if (! crossed_out[i]) {	��
// i is prime
��
std::cout << i << " ";
�	
// cross out all proper multiples of i
�

for ( unsigned int m = 2*i; m < 1000; m += i)
��

crossed_out[m] = true;
��
}
�

std::cout << "\n";
��

 �

return 0;
��
}

Program 13:
]27939-�M���%R7'&H143�MR1@?.%R+`%8M�m@t

Definition.
Ã �5¨�¦b¦©¨R»�®#¨�¦4¡�¨�±V§¢��¼>�#¦r�4¡¢ªk�V§¯»j¨�¦4¦©¨R»~½��c¬�¡¯�4

n > 0
�R§¯�Rª��R�s�4�·�B³dAC+�(~%R7!OP:H*,+.-

1>:!]y% � ¡¢��°~���V�V�9°h�[)¦[�B²~ºBh�[~��³��B§¢§¢�!¬�¡¢�~º·°~�R�R§�¨N¦©¨��[¡¢�B� £

� ��� �"!$#&%"'

(
�9¦4�#«)�"!�#*%�ªr²V�l�d±y�g¨�\93B+2MR1b&�+21�%��8]27R%8MRM9*l3B+ �B³e¡¢�s�4�Rº#¦©¨I§���»��y�g¬
~�B�4�g®I¨I§¢²~�g¡¢�
n
£ ´)�#¦E�'µsÅ

¨Iªk�V§¢�#«2§¢¡��[�9¦©¨I§¯��§¯¡¯¹��
1000

«p�#¦E¨�¦[¡¯�[~ª��9�4¡¢�·�'µ��~¦[�9�4�4¡¢�B�~�E�!®��9¦·§¢¡��[�9¦©¨I§¯�r¼,§¢¡¯¹��
1+1

½�¨�¦[�W�R�B�~�b�©¨I�H�
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�'µ��V¦4�R�4�4¡¢�B�~���s�[~�9¦[�	¨�¦4���#�[~�9¦e�R�B�~�b�[¨I�s���'µ��~¦[�R�b�4¡¢�B�~�R«�±V²)�e¨I§¯§��B³y�[~�Rª �¨R®��
�4V���V¦4�#�y�9¦4��»g�4�¨N�
�[~�R¡¯¦�®#¨�§¢²~�E¡¢��¹��~�N¬
�F¨N���R�Bªk�V¡¢§¢�	�[¡¯ª�� £=¿ ~¡¢��¨I§¢§¢�!¬��=�[~�E�R�Bªk�V¡¢§¢�'¦��4���VºB²~¦4�E�B²)��~�N¬�ªW²~�©
ª��Rª��#¦4»g�[~�d¨�¦b¦©¨R»c®I¨�¦[¡¢¨�±V§¢��V�9�R°~� £

¿ ~����»��y���B³ �W¡¢��� �
[n] � «.±V²)��¬=���V²)���4V¡¯�	¡¢��°~�B²)±V§¢�·¸�²~�#�[�R��~�9¦[�c¼>�B�~§¯»��[�c�Bª�¡¯���4V�9ª§�¨��4�9¦�½ £h¿ ~�k¦[�8¨��4�B��¡¯�d�[V¨�� �

[n]
¡¢�·�~�#�E�[~�k���g�R¡�¨I§���¨�ª��#ÊE¬=���8¨I�2Ç �d¬
¦[¡¯�4�

int[5] a
«�³��#¦

�'µ)¨Iªk�V§¢�#«��[�W°~�R�R§�¨�¦4�d¨I�h¨�¦4¦©¨R»
a
�B³^��»s�y�

int[5]
£

¿ ~��®#¨I§¯²V��¦©¨I�~ºB���B³ �
[n]

¡¢� � n «��[~�
�b�9���B³y¨�§¢§~�4�R¸�²~�R�~�R�9� (t1, t2, . . . , tn)
¬�¡��[k¨I§¯§

ti

±.�R¡¢�~º
�B³.��»��y� ��£s¿ ~��²~�~°~�9¦[§¯»�¡¢�~ºd��»��y� � ª�¡¢ºBs��³��#¦e��µ~¨Iªk�V§¢�=±y�	¨I�H»k³�²~�~°V¨Iª��R�s�[¨I§)��»s�y�E¼>§¯¡¯¹��

int
«

bool
«B�#¦

double
½'«B¨I�~°�¡¢�·�[~¡¢���8¨��4�#«#�[~��®I¨I§¢²~�R���B³)�[~�

n
¨�¦4¦[¨8»d�R§¢�Rª��9�s�[�p¦4�Rª�¨I¡¢�E²~�~¡¢�~¡¯�[¡¢¨I§¢¡
	R�9°

±�»��[~�u°V� ���~¡¯�4¡¢�B� £
¿ ~�Y³_¨I�'�k�[V¨��k�[~�Y¨N¦4¦©¨R»J§¢�9�Vº#�45ªW²~�b�W±y��¹��~�!¬��Q¨��k�9�Bªk��¡¯§¢�c�4¡¢ª����9§¢�8¨�¦[§�»<§¢¡¯ª�¡¯�[�·�[~�

²~�4�R³�²~§¢�~�R�4���B³�¨�¦4¦©¨R»Y®I¨�¦[¡�¨�±V§¢�9� £ ´)�#¦u�'µ~¨Iªk�V§¢�I«��[~¡¢�§¢¡¢ª�¡��©¨��[¡¢�B�c°~���R���~�#��¨I§¢§¢�!¬6²~��[��¬
¦[¡��[��¨
®��9¦[�b¡¢�B���B³&�`¦©¨��[�B�l�[~�R�~�R�RÇH�4¡¢�9®���¡¢�g¬�~¡¢�©r�[~�
��²~ª�±y�9¦

n
¡¢��¦[�8¨I°�³¢¦4�Bª �[~��¡¢�)��²)� £�� ²~��¬=��¬
¡¢§¢§

�4~�#¦4�[§�»��4�9��V�!¬ �[~¡¢�u¦[�9�b�4¦[¡¢�'�[¡¢�B���8¨I�j±.�k�N®��'¦[�R�Bª����³��#¦E�4V�W�[¡¢ª��·±y�R¡¢�~º)«�§¯�9�8Ç¥�u�4¡¢ªk�V§¯»�§¢¡�®��
¬�¡��[h¡¯� £

2.6.2 Initializing arrays
¿ V��°V� ���~¡¯�4¡¢�B�d�B³~¨I��¨N¦4¦©¨R»u¬
¡¯�[E²~�~°~�9¦[§¯»�¡¢�~º
³�²~�~°V¨Iª��R�s�[¨I§B��»s�y��°~���9���~�#��¡¢�~¡¯�[¡¢¨I§¢¡
	R�{�[~��®#¨�§¢²~�R�
�B³p�[~�u¨�¦4¦©¨R»c�R§¢�9ª��R�s�[� £�� �d�8¨I��¨I�4�4¡¢ºB��®#¨I§¯²V�9���[�r�[~�d�R§¯�Rª��R�s�4��¨�³¢�[�9¦4¬�¨�¦4°V��¼>§¢¡�¹���¬=��°~�g¡¯��¡¢�
�`¦[�Bº#¦©¨Iª �8" ½'«s±�²)�e¬=�	�8¨��h¨I§¯�4�·�V¦4�N®�¡¢°~���[~��®#¨I§¯²V�9��°~¡¯¦4�R�9�[§¯»�«�¨I�e¡¢���[~�	³��B§¢§¢�!¬�¡¢�~ºE°~�R�9§�¨�¦©¨��4¡¢�B�
�b�©¨N�[�Rª��R�H� £

int a[5] = {4 ,3 ,5 ,2 ,1};
 �¡¢�~�R�g�4V�W��²~ª�±y�9¦E�B³=¨N¦4¦©¨R»��9§¢�Rª��R�H�[�d�8¨��j±y�k°~�R°~²~�R�R°/³¢¦[�Bª �[~�W§¢�R�~º#�[��B³��[~�h*0+y*>1>*l&HOP*��H%R7
OP*>MR1@«)¬=���8¨I�Y¨I§¯�4�r¬�¦[¡¯�[�

int a[] = {4 ,3 ,5 ,2 ,1};

¿ V�·°~�R�9§�¨�¦©¨��4¡¢�B�
int a[]

¬
¡¯�[~�B²)��¨��s»Y¡¢�~¡¯�4¡�¨I§¢¡
	R¨��[¡¢�B�c¡¢��¡¢�H®#¨�§¢¡¢°2«V�4V�B²~ºB2«.�4¡¯�V�9�·¡¯�	°~���R�	�~�#�
³�²~§¢§¯»�°~�9�[�'¦[ª�¡¢�~�	�[~����»��.�u�B³

a
£�� ���[¨R»c�[V¨��

a
V¨I�u*0+`\93BDW]^O_%814%g1>:N]y%W¡¢�h�4V¡¯���R¨I�4� £

2.6.3 Random access to elements
¿ V�dª��B�b���R�Bª�ª��B�h¨I�~°�²V�b�R³�²~§p¬�¨R»��B³�¨I�R�R�9�4�4¡¢�~º�¨I�~°�ª���°~¡¢³¢»�¡¢�~ºr�[~�E�9§¢�Rª��R�H�[�
�B³�¨I�S¨�¦b¦©¨R»
¡¢�=±�»�79&�+�(~3BD &~\9\'%8MRM £ �>³��"!�#*%�¡¯���B³{¡¢�s�[�9º#¦©¨I§y��»��y�u¨I�~°�V¨I�=®#¨I§¯²V�

i
«)�[~�u§¯®I¨I§¢²~�

��� �"!$#&%�'

¡¢�=�B³{�4V�	��»��.�u²~�~°~�9¦[§¯»�¡¢�~º��4V��¨�¦b¦©¨R»
a
¨I�~°�¦4�R³��9¦[���[�r�4V�

i
Å>�[��R§¢�Rª��9�s�¼>�R�B²~�H�[¡¢�~º�³¢¦[�Bª

0
½��B³

a
£�¿ ~���²~ª�±y�9¦

i
¡¢�e�8¨I§¢§¯�R°��[~��*0+�(~%��F�#¦�M9A^T!MI\R78*X]^1��B³2�[~��R§¢�Rª��9�s� £ �>³
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2.6.4 Arrays are not self-describing
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int a[5] = {4 ,3 ,5 ,2 ,1}; // array of type int[5]

int b[5];

b = a; // error: we cannot assign to an array
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É^�9�RÇ¥��ºB�9�
±C¨��©¹��[��¨�¦4¦[¨8»�� £ �,�4�9¦©¨��[¡¯�VºW�N®��'¦�¨I�S¨�¦4¦©¨R»��B³�§¯�R�~º#�[

n�8¨I�c±y��°V�B�~�	±�»�¦©¨��V°~�BªÀ¨I�R�9�R�4��§¢¡¯¹��¡¢�c§¢¡¢�~�R� �! ��C�8" �B³ �`¦[�Bº#¦©¨Iª �8"�£�� ��V¨8®����4�R�9�h�[V¨��=�[~�
¦©¨I�~°~�BªÍ¨I�R�R�R�b�	³�²V�~�9�4¡¢�B�V¨I§¢¡¯��»��B³�¨�¦4¦[¨8»���¡¢��¡¢�s�[�'¦[�V¨I§¢§¯»�±�¨I�4�9°S�B��¨�°V°)¦[�9�4�	¨�¦[¡��[~ª��9�[¡¢� £�� ²~¦4¡¢�~º
�[~�·¡¯�[�'¦©¨��[¡¢�B�2«)�[~�·³��B§¢§¢�!¬�¡¯�VºW�4�R¸s²V�9�V�9�r�B³�¨I°~°)¦[�R�b�4�R�¡¢���R�Bªk�V²)�[�R°2Ê

p, p + s, p + 2s, . . . , p +

(n − 1)s
«�¬�~�9¦[�

p
¨��V°

s
V¨R®��u�[~��²V�b²�¨�§^ª��R¨I�~¡¢�~ºB� £

¿ ~¡¢�E¦4�R¸�²~¡¯¦[�9�·�B�V��ªr²~§¯�[¡¯�V§¢¡¯�8¨��[¡¢�B�S¨I�~°/�B�~��¨I°~°~¡¯�[¡¢�B��³��#¦r¨I�H»/¨I°~°)¦[�R�4�·��µ)�R�9�~���[~� �~¦[�b� £
� ²)�·¡¢³e»��B²/�[~¡¢�)¹�¨�±y�B²)�d¡¯�8«��[~�kªr²~§¯�[¡¯�V§¢¡¢�R¨��[¡¢�B���B�~§¯»j�9�Bª��R�E¡¢��±y�R�R¨I²~�4�k¬=���R�Bªk�V²)�[�k�8¨I�©
¨I°~°)¦[�R�4�r³¢¦[�Bª �4�9¦[¨��[�©2«�¡¢�~°~�9�y�R�~°~�R�H�[§¯»�³¢¦[�Bª �[~���~¦[�9®�¡¯�B²V���B�~�R� £ �>��³_¨I�9�8«��[~�c�[¨Iª����4�9�W�B³
¨I°~°)¦[�R�4�b�R�e�R�B²~§¢°�ª��#¦[��� �k�9¡¢�R�s�4§¯»k¨��V°�ª��#¦4�
�V¨��[²)¦©¨I§¯§¯»·±y���R�Bªk�V²)�[�R°W±�»k�l�©¨�¦4�[¡¯�Vº�¬�¡¯�4

p
¨I�~°

¦[�9�.�8¨��[�R°~§¯»c¨�°V°~¡¢�~º
s
¼ �bºB�B¡¢�~º·�[�r�[~�u�~�'µ��
�R§¯�Rª��R�s� � ½ £� �4¡¢�~ºd¦[¨I�~°V�Bª ¨I�R�R�9�4�R«�¬=���8¨��SM'*,DhACO_&H14%d¨�¦4¦[¨8»g¡¯�[�9¦[¨��[¡¢�B�2«B±V²~��¬=�	¨�¦[��ª�¡¯�4�4¡¢�~º�[~���#�y�9¦©¨!Å
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1
«)�[~�R�Y�R§¯�B�4¡¢�~ºW�[~�±y���#¹C«~�#�y�R�~¡¢�~ºg¡¯�
¨Iº�¨I¡¯�h�B�h��¨IºB�R�

2 − 3
«

�R§¢�B�b¡¢�~ºY¡¯�8«��#�y�R�~¡¢�~ºY¡¯���B�/��¨IºB�R�
4 − 5

«��9�[� £ � ²)��²V�~§¢�9�4�·»��B²^Ç ¦[���4�Bª��9¬
V¨��·�R�R�9�R�s�4¦4¡¢�#«�»��B²
�~¦[�#±�¨�±V§¯»��~¦[�R³��9¦��[�uÄ�²~�b���[²)¦[�h�[~���¨IºB�R��¡¢��±y�'��¬=�9�R� £

Iteration by pointers.
Ã ¦b¦©¨R»��2� � �9¦{�V¨��[²)¦©¨I§#¨I�~°d� �g�R¡¢�R�H�{¡��[�9¦©¨��4¡¢�B�	�[)¦[�B²~ºB]y3B*0+214%R7!M £ �{�B¡¢�s�[�'¦

®I¨I§¢²~�R�
�R¨I��±y�d�[~�B²~ºBs���B³�¨I�
¨I�9�[²V¨I§{¨I°~°)¦[�R�4�4�9�R«.¨I�~°��[~�9»h¨I§¢§¯�N¬ �#�y�'¦©¨��[¡¢�B�~��§¢¡¯¹�� �4¨I°~°~¡¢�~º
s �¡¢�c�#¦[°~�9¦��[�WºB���[���[~��V��µ����R§¢�Rª��9�s�=¡¢�c�[~�u¨N¦4¦©¨R» £ (
�9¦[��¡¢�=~�N¬¾¬=���R�B²~§¢°c�R¸�²~¡¯®I¨I§¢�9�s�[§¯»g¬
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�[~��¡¯�[�9¦©¨N�[¡¢�B�c¡¢�h§¢¡¯�V�9� �! ��C�8" �B³ �`¦[�Bº#¦©¨Iª �8" ¬�¡¯�[c�y�B¡¢�H�[�9¦[� £

bool* begin = crossed_out; // pointer to first element

bool* end = crossed_out + 1000; // past -the-end pointer

// in the loop , pointer p successively points to all elements

for (bool* p = begin; p != end; ++p)

*p = false; // *p is the element pointed to by p
Ã °~ª�¡¯�4�[�9°V§�»�«!�4V¡¯�p§¢�s�#¹��pª��#¦4���R�Bªk�V§¢¡¯�8¨��[�R°d¨�� �~¦[�l�`�4¡¢ºBH�p�[V¨I�E�[~��¦[¨I�~°V�Bª ¨I�R�9�R�4��®��9¦[�b¡¢�B�2«
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2.6.6 Pointer types and functionality
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ª��Rª��#¦4» Q�[~���R�R§¯§2¬
~�9¦[�u�4V���#±VÄl�9�9�=�y�B¡¢�s�4�R°��[�r±�»�#Æ�l�©¨�¦4�[�9«)�4�R�E´{¡¢ºB²)¦[� ��£



���������	�
��������������������������� �! ��
#

Figure 8:
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==
¨��V°
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�y�B¡¢�H�[��[�h�4�Bª����#±VÄ��R�9�8«^�[~�g¨I�b�4¡¢ºB�~ª��R�s�

i = j
V¨I���[~�W� � �R�9�

�[V¨��
i
�V�!¬ ¨I§¢�b�c�y�B¡¯�s�[���[���[~¡¢��#±VÄl�9�9� £·¿ ~�r�#±VÄ��R�9��¡¯�[�b�R§¢³�¡¢��V�#���R�#�V¡¢�9° £ � ��¦[�Rª�¨�¦4¹h�[V¨��

�y�B¡¢�H�[�9¦u¡¢�~¡¯�[¡�¨�§¢¡
	8¨��4¡¢�B��¨I�~°�¨I�4�b¡¢ºB�~ª��R�s�¦[�R¸s²~¡¯¦[�W�4V�W��»s�y�R�u�B³�±y�#�[j�#�y�'¦©¨I�~°~�u�[�c±y�g�'µ)¨I�9�[§�»
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°~�B�2Ç ��¬=�#¦4¹ £ �>³�»��B²��4V¡¯�~¹�¨�±.�B²~��¡¯�R«~�4V¡¯��¡¢���R§¢�8¨N¦ £ �>ª�¨IºB¡¢�~�
�[V¨��=�[~�®#¨�¦4¡�¨�±V§¢�

i
¡¢���B³{��»��.�

int*
«�¨��V°��[V¨��=»��B²Y�R�B²~§¢°�¬�¦[¡¯�[�

double* j = i

 �¡¢�~�R�
double

�#±VÄl�9�9�[��²V�b²�¨�§¢§¯»�¦[�R¸s²~¡¯¦[�dª��#¦4��ª��9ª��#¦4»��R�R§¯§¢���4�¨��
int

�#±�Ä��R�'�[�R«
j
¬=�B²~§¢°��~�!¬

±y�
¨�y�B¡¯�s�[�9¦��[�·¨
double

�#±VÄ��R�9���[V¨���¡¯�V�9§¢²~°V�9��ª��Rª��#¦b»·�R�R§¢§¯���#¦[¡¢ºB¡¯��¨�§¢§¯»E�~�#��±y�R§¢�B�~ºB¡¢�~º�[�
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The address operator.
� ���8¨I�g�#±~�©¨�¡¢�g¨	�y�B¡¢�H�[�9¦`�[�u¨I�H»WºB¡�®��R�g�#±VÄ��R�9��±�»W¨��~�V§¯»�¡¯�Vº	�[~�=²~�V¨�¦4»
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int*
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int
�V¨Iª��R°

i
£

int i = 5;

int* iptr = &i; // iptr initialized with the address of i

The dereference operator.
´)¦4�Bª ¨/�y�B¡¢�s�4�9¦8«�¬=���R¨I�LºB�9�h±�¨I�[¹Q�[�<�[~�F�#±�Ä��R�9���y�B¡¢�H�[�R°��4�
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*
¨��~�V§¢¡¢�9°g�[�·¨I�
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int i = 5;

int* iptr = &i; // iptr initialized with the address of i

int j = * iptr; // j == 5

¿ ~���V¨Iª�¡¢�~ºg�b��~�Rª��·�B³`�y�B¡¯�s�[�9¦
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p
±s»h�4¨8»�¡¢�~ºW�[V¨�� � #�¡¯�
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The null pointer.
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int* iptr = 0
«C³��#¦	�'µ)¨Iªk�V§¢�#«)�[~�d®I¨�¦[¡�¨N±�§¯�
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int* iptr; // uninitialized pointer

int j = * iptr; // trouble!
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�B³^ª��Rª��#¦4»r�[�·¬�~¡¢�©c�4V���~¦[�Bº#¦[¨IªwV¨I�=¨I�R�R�9�4���)�[~��#�y�9¦©¨��4¡¢�~º·�b»��b�4�Rªw¬�¡¢§¢§~�[~�R��°V�9�s»c¨I�R�9�R�4�
�[�W¡¯��¨I�~°h�[�9¦[ª�¡¯��¨N�[�
�[~��V¦4�Bº#¦©¨Iª ¬�¡¯�[�¨�MI%l-BDF%R+21b&H1>*b3B+YZN&�A.OX1 £

2.6.7 Array-to-pointer conversion
Ã �H»S¨�¦4¦©¨R»S�B³���»��.� �

[n]
�8¨I��¡¯ªk��§¯¡¢�R¡¯�[§�»c±.�r�9�B�s®��9¦4�4�R°j�[����»s�y� �	�8£�¿ ~�r¦4�R�4²~§¯�[¡¢�~º�®I¨I§¢²~��¡¢�

�[~�u¨I°~°~¦4�R�4�
�B³^�[~� �~¦[�l�
�R§¯�Rª��R�s���B³^�[~�E¨�¦4¦[¨8» £ ´)�#¦��'µ~¨Iªk�V§¢�I«�¬=�u�R¨I��¬
¦[¡��[�

int a[5];

int* begin = a; // begin points to a[0]

¿ ~�u°V�9�R§�¨�¦©¨N�[¡¢�B�

int* begin = &a[0]; // address of the first element

¡¢�·�R¸s²~¡¯®#¨�§¢�R�s�·¨I�·³_¨�¦W¨I�E�[~�k¦[�R�b²V§��[¡¢�~º�®#¨�§¢²~���B³
begin

¡¯�E�R�B�~�R�9¦[�~�R°2«�±V²~�·�4V�'¦[��¡¢��¨��4²)±~�[§¢�
°~¡ � �'¦[�R�~�R�#Ê��[~�u§¢¨��4�[�9¦�°~�R�R§¢¨�¦©¨��[¡¯�B���9®I¨I§¢²V¨��4�R�

a[0]
«)¬�~¡¢§¢�	�[~��³��#¦[ª��9¦�°~���R���~�#� £

¿ ~�
�.�B¡¢�s�[�'¦bÅ@�b��»�§¢��¦4�9�V§�¨I�R�Rª��9�s���R��°~��³��#¦��[~��§¢���#�k¡¢�k§¢¡¢�~�R� �! ��C�! �B³ �`¦[�Bº#¦©¨Iª �8" �[V¨���¬=�
V¨R®��g�~¦[�R�4�R�H�[�R°Æ¨��u�[~�g�R�~°/�B³� ��R�9�[¡¯�B�  �£ È £ � ª�¨�¹��R�u²V�b�g�B³=¨�¦4¦[¨8»HÅ>�[�IÅ,�y�B¡¢�H�[�9¦u�R�B�s®��9¦4�4¡¢�B�/¡¢�
�[~� �V¦4�b�
§¯¡¢�~�#Ê

bool* begin = crossed_out; // pointer to first element

¿ ~�g¨�¦4¦©¨R»sÅ,�[�IÅ>�.�B¡¢�s�[�'¦u�9�B�s®��9¦[�b¡¢�B��¡¢���²)¦[�9§¯»S�R�B�~�R�9�~�[²V¨I§ �{�B���[~�gª�¨I�©~¡¢�~�·�4¡¢°~�#«{�~�#�[~¡¢�~º
V¨��~�y�R�~� £ ´)�#¦u�[~¡¢�9«^¬=��¦[�R�8¨�§¢§�³¢¦[�Bª �B²)¦u�8¨�¦[§¯¡¢�9¦�°~¡¢�4�R²~�4�4¡¯�B�j¡¢�� ��9�9�[¡¢�B�  �£ È £¥¤ �[V¨��u¡¢��Á6¨I�~°
�[~�9¦[�9³��#¦[�E¨I§¯�4�W¡¯��Á�Â�Â·«�¨��Y¨�¦4¦©¨R» �b¡¢� � �4¡¢ªk�V§¯»W�[~�d¨I°~°)¦[�R�b�
�B³p¡��[� �~¦[�l�
�R§¯�Rª��R�s� £

Ã ¦4¦©¨R»HÅ>�[�IÅ,�y�B¡¢�s�4�9¦d�9�B�s®��9¦[�b¡¢�B��¨I²)�[�Bª�¨��4¡¢�8¨I§¢§�»��©¨N¹��R�u�V§�¨I�9�r¬
V�9�/¨I��¨�¦4¦[¨8»F¨��~�y�R¨�¦[�d¡¯�j¨I�
�'µ��V¦4�R�4�4¡¢�B� £���� � Äl¨�¦4�V�h s�4¦[�B²~�b�b¦[²)�{«��[~��°~�R�4¡¢ºB�~�9¦r�B³rÁ�ÂuÂ·«�¡¢§¯§¢²~�b�4¦©¨��4�R�d�[~¡¢�·±�»/�4¨8»�¡¢�~ºS�4�¨N�
1@?.%Æ+�&�D�%Q3[Z<&�+Í&�7879&�:�\93B+ya�%R7!1@M�143 &Æ]y3B*,+214%97J143�*,1@M��e7!MR1S%ROi%RDF%R+21F&H1�1@?.%<MROP*0-B?)14%8MR1
]27R3Ba�3I\'&H1>*b3B+ £ �>�h�b�4¡¢§¢§C�#�4V�'¦�¬=�#¦4°V�9«��[~�9¦[�u¨�¦[�	�~�r�#�y�9¦©¨��4¡¢�B�~���B��¨�¦b¦©¨R»��RÊ��9®��9¦b»��[~¡¢�~º��[V¨��e¬=�
�R�B�~�R�9�~�[²V¨I§¯§¯»g°~�d¬
¡¯�[�¨I�c¨�¦b¦©¨R»k¡¢��¡¯�k¦[�8¨I§¢¡���»W°~�B�~�
¬�¡¯�4�¨u�y�B¡¢�H�[�9¦ �H�[~¡¢��¡¯����¨�¦b�[¡¢�R²~§�¨�¦�¨��~�V§¢¡¢�9�
�[���[~�·¦©¨I�~°~�Bª ¨��R�R�R�4�u�#�y�9¦©¨N�[¡¢�B�2«.�4�R���[~���C¨N¦©¨Iº#¦©¨��VS�8¨I§¢§¯�R° � �{�B¡¢�s�[�'¦u�b²~±V�4�'¦[¡¯�~�[¡¢�~º)«y�#¦�[~�
�4¦[²)�[�¨�±y�B²)�=¦©¨I�~°~�BªÍ¨��R�R�R�4� � ¡¢���4V���~�'µ��
�4�R�9�4¡¢�B� £
�����
	�������������������������� 	!��"#�$��%����"���&'$���()�*�+	,��(�(���-.�����/����(�"0�1"2�$��%����3�4�1�/��(���	�56��37��	,�1"�"���8 	�9:��	;�<>=7$���"

5��;��"?	@��7A()��8 8B��(7�+(�(���-DCE��1CF�G� �H	;)��(?���1	JIB��(�"A���1	%�@K�2�+	L��(�()�1(M9:��"�")�+8B�2")��-;��	�8>�$N��2��(�(���-J"?���+	PO ?�G�Q��"�"A��8D	���5*���<
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2.6.8 Pointer arithmetic
�>���#¦[°~�9¦��[�W²V�~°~�9¦[�l�©¨I�~°h¬�H»��[~�u�R�s°~�u³¢¦©¨�ºBª��R�s�

bool* begin = crossed_out; // pointer to first element

bool* end = crossed_out + 1000; // past -the-end pointer

// in the loop , pointer p successively points to all elements

for (bool* p = begin; p != end; ++p)

*p = false; // *p is the element pointed to by p
¡¢�~°~�R�R°r�4�9�[��¨�§¢§��R§¯�Rª��R�s�4���B³V�4V�=¨N¦4¦©¨R»

crossed_out
�[��� � ��� �!«#¬=�eV¨R®��e�[�²V�~°~�9¦[�l�©¨I�~°E]y3B*,+214%R7

&�78*>1@?�DF%81>*b\R«��[~��¨�¦4�W�B³	�R�Bªk�V²)�[¡¢�~ºY¬�¡¯�4J¨I°~°)¦[�R�4�b�R� £ � ��°V�9§¢¡¯±y�9¦[¨��[�R§¯»/�R¨I§¢§e�[~¡¢�k¨�� �4¨�¦4� � «�4¡¢�~�R���y�B¡¢�H�[�9¦u¨�¦[¡��[~ª��9�[¡¢�E�9�Bª��R�	¬�¡¯�[�¨c§¯�#��B³��V¡¯�[³_¨I§¢§¯�R«.±V²~�¬
¡¯�[~�B²)��¨c�[¨�³��9��»��~�9� £ �	���[~�
�#�[~�9¦WV¨I�~°^«��[~��¨I²)�[~�#¦[��³��R�R§=�[V¨����[~�9¦[�h¡¯�W¨�§¢�4�F¨S�R�'¦4�©¨I¡¢�Æ±y�8¨I²)��»/¡¢�Æ�[~��ª�¡¢�~¡¢ª�¨�§¢¡¢�4ª �B³
�y�B¡¢�H�[�9¦�¨N¦[¡¯�[~ª��9�[¡¯� £ �,�RÇ¥�E§¢¡�¹��k°)¦[¡¯®�¡¯�Vº�¨I���B§¯°~�4¡¢ª��9¦8ÊE¡��8Ç¥�E§¯�B²V°2«`¡¯�RÇ¥�d°~¡ �g�R²~§¯�E�[�Y�l�[�R�9¦8«��4�8¨N�[�
¨�¦[�u²~�V�9�Bª�³��#¦4�©¨�±V§¢�#«�¨I�~°h�[~�9¦[�#Ç �
�~�g~�8¨N�[¡¢�~º £ � ²)���[~�d~�R�[¹h¬
¡¯�[�¡¯��� ¿ ~�d�B§¯°~�4¡¢ª��9¦e§¢�s�#¹����4�
ªr²V�©�±y�'�4�[�9¦��4�¨��F¨Wª���°~�9¦[���R¨�¦ £ 
��9®��9¦4�[~�R§¯�R�4�R«y¨�³¢�[�9¦°)¦[¡¯®�¡¢�~ºW�[~�E�B§¢°)�[¡¯ª��9¦�³��#¦�¨r¬�~¡¢§¯�#«�¡��
¬�¡¯§¢§��~¦[�#±�¨�±V§¯»��[²)¦[���B²)���[V¨���±y�8¨I²)��»W¡¢���~�#���9�V�B²~ºB2«s¨I�~°k�[V¨����4¨I³��9��»�¨I�~°�²~�[¨�±V¡¢§¯¡¯��»r¨�¦[�
ª��#¦4�
¡¢ªk�y�#¦b�©¨I�s��³_¨I�9�[�#¦[��¡¢�h�4V��§¢�B�~º�¦[²~� £

Adding integers to pointers.
¿ ~��±�¡¯��¨N¦4»¨I°~°~¡¯�[¡¢�B�	�#�.�9¦©¨��[�#¦4�

+
«
-
¨N¦[��°V� ���~�R°d³��#¦{§¯�R³¢�^�#�y�9¦©¨I�~°~�

�B³�¨I�s»��y�B¡¢�s�4�9¦d��»��.� �	� ¨��V°�¦[¡¯ºBs�E�#�.�9¦©¨I�~°~�·�B³�¨I�s»�¡¢�s�[�9º#¦©¨I§���»s�y� £�� �R�8¨I§¢§��[V¨��E¡¢³�¨I�Æ¨�¦lÅ
¦©¨R»Æ¡¢���V¦4�N®�¡¢°~�R°J¨I�r�[~��§¯�R³¢�r�#�y�9¦©¨I�~°2«�¡��r¬
¡¢§¢§�¡¯ªk��§¯¡¢�R¡¯�[§�»S±.���R�B�H®��9¦4�[�9°J�[�j¨Y�y�B¡¢�H�[�9¦r²~�4¡¢�~º
¨�¦4¦[¨8»HÅ>�[�IÅ,�y�B¡¢�H�[�9¦��R�B�s®��'¦[�4¡¢�B� £

´)�#¦��4V�·±y�9�¨R®�¡¢�#¦�B³
+
�[��±y��°~���V�V�9°^«.�4V�'¦[�Wªr²~�b��±y�r¨I��¨�¦4¦©¨R»��B³��4�Bª��·§¢�R�~º#�[

n
«y�4²~�©

�[V¨����[~�d§¢�9³¢���#�y�9¦[¨I�~° #	� %�¡¢��¨��y�B¡¢�s�4�9¦��4�g�[~�d�R§¯�Rª��R�s���B³��4�Bª��u¡¢�~°~�'µ
k, 0 � k � n

«�¡¢�h�[~�
¨�¦4¦[¨8» £�¿ ~�	�8¨I�4�

k = n
¡¢�e¨I§¢§¯�N¬=�R°�¨��V°c�R�#¦4¦4�R�b�y�B�~°~���[�E�[~�	�4¡¯�4²�¨N�[¡¢�B�k¬�~�9¦4� #	� %d¡¢��¨d�y�B¡¢�s�4�9¦

�B�~�g��¨I�b�u�[~�k§�¨I�b�u�R§¢�9ª��R�s�d�B³��[~��¨�¦4¦[¨8»<¼,¬=�g�R¨I§¢§��[~¡¢�E¨�].&HMR1@Ub1@?.%RU'%R+�(S]y3B*,+214%97 ���~�#�[�g�4�¨N�
�4²~�©�¨��.�B¡¢�s�[�'¦�ªr²~�b���~�#��±.�d°~�9¦[�R³��'¦[�R�~�R�R°�½ £

�>³p�[~���4�R�R�B�~°Y�#�y�9¦[¨I�~° �"!�#*%�V¨I���4�Bª��®#¨�§¢²~�
i
�b²V�©h�4�¨N�

0 � k + i � n
«)�[~�R�

#
� %�Â ��!$#&%

¡¢��¨h�y�B¡¯�s�[�9¦d�[���[~�
(k + i)

Å>�4��R§¯�Rª��R�s�d�B³��4V���4¨Iª���¨�¦4¦[¨8» £ �>�~³��#¦[ª�¨�§¢§¯»�«{¬=��ºB�'�r¨h�y�B¡¢�s�4�9¦
�[V¨��V¨I�	±y�R�9�Fª��!®��R° �

i
�R§¢�9ª��R�s�[���[�c�4V�·¦[¡¯ºBs� � ¼,¬
~¡¢�©�¨I�'�[²V¨I§¢§¯»�ª��8¨I�~���[���[~��§¢�R³¢�¡¢³ i

¡¢�
�~�Rº�¨��[¡�®��!½ £

Ã º�¨I¡¢�2«)¡¢³
k + i = n

«V¬=�uºB�9�	¨·��¨I�b�bÅ,�[~�'Å@�9�V°��.�B¡¢�s�[�'¦ £�� ¨I§¢²~�R���B³
i
�4²~�©��[V¨��

k + i
¡¢�
�~�#�

±y�9��¬=�R�9�
0
¨��V°

n
§¢�8¨I°��[�g²~�~°~���V�V�9°�±y�RV¨R®�¡¯�#¦ £

É^�'�
²~��¦4�9�y�8¨����[~��y�B¡¢�s�=�[V¨��=¬=�u�¨R®��uª�¨I°~��±y�R³��#¦[�u¡¢���R�B�~�~�R�9�[¡¯�B��¬�¡��[�¦©¨��V°~�BªÀ¨I�R�9�R�4�
¡¢�� ��R�9�[¡¢�B�  �£ È £ " Ê`±s»h°~�R³_¨I²~§¯�R«��[~�9¦[�E¨N¦[�d¨N±��b�B§¢²)�[�R§¯»��~�g�©~�R�[¹����[V¨��=�[~�E¨�±y�!®��¦[�R¸�²~¡¯¦4�Rª��R�s�4�
¡¢�~°~�R�R°5~�B§¢°2«e¨I�~°5¡¯�W¡¢�W�R�s�[¡�¦[�R§¯»Æ»��B²)¦k¦[�R�b�.�B�V�b¡¯±V¡¢§¢¡¯��»j�[��ª�¨�¹��h�4²)¦[���[V¨��g�[~¡¢�r¡¢�r�[~���8¨I�4� £
´~¨I¡¢§¢²)¦[���[�/°V�/�4�/¬�¡¯§¢§�¦[�9�4²~§¯��¡¢�5�~¦[�Bº#¦©¨Iª �9¦[¨I�4~�R�R«��b�4¦©¨I�~ºB��±y�9�¨R®�¡¢�#¦��B³	�[~���~¦[�Bº#¦[¨IªY«e�#¦
¼,�~¦[�#±�¨�±V§¯» �[~�F¬=�#¦4�b���4�9�R�V¨�¦[¡¢�H½��4�R�Rª�¡¢�~ºB§¯» �~�#¦[ª�¨�§±.�RV¨8®�¡¢�#¦8«�±V²)�h¬
¡¯�[��4V�F�y�#�[�R�H�[¡�¨I§�B³
�[²)¦[�~¡¢�~ºr¡¢�s�[�r�b�4¦[¨I�~ºB��±y�9�¨R®�¡¢�#¦�¨���¨��s»��[¡¢ª��#«��#¦
�B�Y¨��s»c�#�[~�9¦�ª�¨I�©V¡¯�V� £

¿ ~�9¦4�R³��#¦[�#«V§¢�9��²~���4²~ª�ª�¨�¦4¡
	R�
�[~�¦[�R¸s²V¡�¦[�Rª��R�H�[�=�B�V�9�dª��#¦[�#Ê



���������	�
��������������������������� �8"B"

� #
� %eªr²~�b�y�y�B¡¢�H�2�[���4V���R§¯�Rª��R�s�^�B³H¡¢�~°~�'µ
k
¡¢���4�Bª���¨�¦4¦©¨R»��B³H§¢�R�~º#�[

n
«N¬�~�9¦[�

0 � k � n
«

¨I�~°

� �"!�#&%�ªW²~�b��V¨R®��d�4�Bª��	®I¨I§¢²~�
i
�4²~����4�¨N�

0 � k + i � n
£

� ¡¢�V¨�¦4»c�4²)±~�4¦©¨I�'�[¡¢�B�c¡¢���b¡¢ª�¡¢§�¨�¦ £ �>³)�"!�#&%��¨���®I¨I§¢²~�
i
�4²~�©��[V¨��

0 � k − i � n
«V�[~�R�

#
� %
−

�"!�#*%

»�¡¯�R§¢°~��¨��y�B¡¯�s�[�9¦=�[�r�[~�d¨N¦4¦©¨R»c�R§¢�Rª��R�H���B³p¡¢�~°~�'µ
k − i

£
¿ ~�=¨I�b�4¡¢ºB�~ª��R�s�{®��9¦[�4¡¯�B�V�

+=
¨I�~°

-=
�B³)�[~����¬=�	�#�y�'¦©¨��[�#¦[�9«�¨I�~°��4V��²V�V¨�¦b»E¡¢�~�9¦[�9ª��R�s��¨I�~°

°~�R�9¦[�9ª��R�s���#�y�9¦[¨��[�#¦[�
++

¨��V°
--

�8¨I�S±y��²~�4�R°F¬
¡¯�[S§¢�R³¢���#�y�9¦[¨I�~°V��B³��y�B¡¢�H�[�9¦	��»��y�W¨I�	¬=�R§¢§,«
¬�¡��[S�4V�r²~�4²V¨I§�ª��8¨I�~¡¢�~º £  �¡¯�V�9�r�~¦[�R�9�R°~�R�~�R�R�E¨��V°�¨I�4�4�s�R¡�¨��4¡¯®�¡¯�4¡¢�R�	¨�¦4�r�[¡¯�R°F�[���[~�r�#�y�9¦©¨��4�#¦
�b»�ªr±y�B§¯�R«��[~�9»�¨�¦[�d¨I��¡¢� ¿ ¨N±�§¯� � �B�h��¨IºB� ¤H �£


��!¬ ¬=���8¨I�h²V�~°~�9¦[�l�©¨I�~°h�[~���4�R�R�B�~°Y§¢¡¢�~�	�B³p�4V�u¨�±y�!®����R��°~�d³¢¦[¨IºBª��R�s�RÊ

bool* end = crossed_out + 1000; // pointer after last element
´p¡¯¦[�l�8«{�[~�g¨�¦4¦©¨R»

crossed_out
¡¯�u�R�B�H®��9¦4�[�9°/�4��¨c�.�B¡¢�s�[�'¦��4��¡¯�[� �~¦[�b�u�R§¢�Rª��R�H�g¼0�[~�W�B�~�

�B³�¡¢�~°~�'µ
0
½ £  �¡¢�~�R���4V�d¨�¦4¦©¨R»�V¨I�

1, 000
�R§¯�Rª��R�s�4�R«~¨I°~°~¡¢�~ºr�[~�u¡¢�s�[�9ºB�9¦

1, 000
»�¡¢�R§¢°~��¨���¨I�b�lÅ

�[~�'Å>�R�~°h�y�B¡¢�H�[�9¦
end

³��#¦��[~�u¨�¦4¦©¨R» £�¿ ~���4²)±V�4�R¸�²~�R�H��§¢�s�#�

for (bool* p = begin; p != end; ++p)

*p = false; // *p is the element pointed to by p
¡¢�k�9§¢�8¨�¦g�V�!¬�¨��g¬=�R§¢§>Êh�b�©¨�¦4�4¡¢�~º�¬�¡¯�4 ¨F�y�B¡¢�H�[�9¦

p
�4�j�[~� �~¦[�b���R§¯�Rª��R�s��¼

p = begin
½�«��[~�

�R§¢�9ª��R�s���y�B¡¢�s�4�R°��[��¡¢���b�9�	�[� � � ��� �c¼
*p = false

½ £�¿ ~�R�Y¬=�·¡¢�~�9¦[�9ª��R�s�
p
�b�k�[V¨��	¡¯���y�B¡¢�s�4�

�[�·�[~�	�~�'µ��=�9§¢�Rª��R�H�	¼
++p

½ £�� �	¦[�9�.�8¨����[~¡¢�=¨��e§¢�B�~º�¨I�
p
¡¯�e°V¡ � �9¦[�9�s�=³¢¦[�Bª �[~����¨I�b�lÅ>�[~�'Å>�R�~°

�y�B¡¢�H�[�9¦��V¨Iª��R°
end

£

Pointer comparison.
� �WV¨8®��W¨I§¯¦4�8¨I°)»�°~¡¢�4�R²~�4�4�9°��[~�r¦4�R§�¨��[¡¯�B��¨�§��#�y�9¦©¨N�[�#¦[�

==
¨I�~°

!=
�[V¨��

�4¡¢ªk�V§¯»��4�R�b��¬
V�'�[~�9¦
�[~����¬=�k�.�B¡¢�s�[�'¦[��¡¯�Y¸�²~�R�b�[¡¯�B���y�B¡¢�s���[�g�4V�d�[¨Iª����#±�Ä��R�9� £ � ²)��¬=�E�8¨I�
¨I§¢�b�W�R�Bªk��¨�¦4���¬=�r�y�B¡¢�s�4�9¦[�=²~�4¡¢�~ºW�[~���#�y�9¦©¨N�[�#¦[�

<
«
<=
«
>
«V¨I�~°

>=
£ Ã º�¨�¡¢�2«��V¦4�R�R�R°~�R�~�R�R�
¨I�~°

¨I�4�b���R¡�¨N�[¡¯®�¡��[¡¢�R���B³�¨I§¢§.¦[�R§¢¨��[¡¢�B�V¨I§.�#�.�9¦©¨��[�#¦4�
¨�¦4�d¨I��¡¢� ¿ ¨�±V§¢�  �B�h��¨IºB�uÈ "�£
´)�#¦��[~�
¦[�R�b²V§����[�d±y�
�b�y�R�R¡ ���9°^«H�[~�9¦[��ªr²~�b��±.�	¨I�c¨�¦4¦©¨R»g�B³y�4�Bª��
§¢�9�Vº#�4

n
«s�4²~�©c�[V¨����[~�

§¢�R³¢�
�#�y�9¦©¨��V° #
� %���¡¢�
¨W�y�B¡¢�H�[�9¦��[�g�[~�E�9§¢�Rª��R�H�
�B³`�4�Bª���¡¢�~°~�'µ
k1, 0 � k1 � n

¡¯�h�[~�·¨�¦4¦[¨8»�«
¨I�~°��[~�	�4�R�R�B�~°��#�y�9¦©¨I�~°�#
� % � ¡¯�e¨d�y�B¡¢�H�[�9¦��[�E�4V�	�9§¢�Rª��R�H�e�B³2�4�Bª���¡¢�~°~�'µ

k2, 0 � k2 � n
¡¢�

�[~���4¨Iª���¨N¦4¦©¨R» £ Ã º�¨I¡¯�^«
k1 = n

¨I�~°
k2 = n

¨�¦[�e¨�§¢§¢�!¬=�R°E¨I�~°·�R�#¦b¦[�R�b�y�B�~°E�[���[~����¨I�b�bÅ,�[~�'Å@�9�V°
�8¨I�b� £

� ¡¯®��9�j�[~¡¢�R«{�4V�r¦[�R�4²~§¯�u�B³��[~�W�.�B¡¢�s�[�'¦d�R�Bªk��¨�¦4¡¢�4�B��¡¯�d°~�9�[�9¦4ª�¡¢�~�R°F±s»F�[~�W¡¢�s�[�9ºB�9¦E�R�BªgÅ
��¨�¦[¡¢�b�B���B³

k1

¨I�~°
k2

£ �>�Y�#�[~�9¦
¬=�#¦4°V�u¼@¨I�~°Y¸�²~¡¯�4�d¡¢�H�[²~¡¯�[¡¯®��R§�»~½'«��4V���y�B¡¢�H�[�9¦��[�g�[~�d�9§¢�Rª��R�H�
�[V¨����R�Bª��R� �~¦[�b��¡¢���4V�u¨�¦4¦[¨8»c¡¢�=�[~���4ª�¨I§¢§¢�'¦=�B�V� £

�>���B²)¦d�R�s°~�g³¢¦©¨IºBª��9�s�8«y�[~�r�R�Bªk��¨�¦[¡¢�4�B�
p < end

�[~�9¦[�9³��#¦[�W»�¡¢�R§¢°~� � % � ��¨I�u§¢�B�~ºh¨��
p
¡¢�

�~�#�	¨·��¨I�b�bÅ,�[~�'Å@�R�~°Y�y�B¡¢�H�[�9¦ �~�R¸s²~¡¯®#¨�§¢�R�s�4§¯»�«~¨I�
§¯�B�Vºg¨I�
p
�.�B¡¢�s�[�=�[�g¨I��¨I�9�[²V¨I§{¨�¦4¦[¨8»��R§¢�9ª��R�s� £

¿ V��§¢�s�#�h�[~�9¦[�9³��#¦[�d°~���9��¬
�¨N��¬=��¬�¨I�s�RÊ�¡����b�9�[��¨�§¢§2¨�¦4¦©¨R»c�R§¢�9ª��R�s�[�e�[� � � ��� � £
Á=�Bªk��¨�¦4¡¢�~º���¬=���y�B¡¢�H�[�9¦[�p�4�¨N�`°~�	�V�#��ª��R�9���[~�e¨N±y�N®���¦4�R¸�²~¡¯¦[�9ª��R�s�[�{§¢�8¨I°~�p�4��²~�~�b�y�9�R¡ �V�R°

¦[�R�b²V§��[��¡¯���[~��³��B²~¦
�#�y�9¦©¨N�[�#¦[�
<
«
<=
«
>
«V¨I�~°

>=
£
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�����`�©�����

Pointer subtraction.
¿ V�'¦[�k¡¢�E�B�~�kª��#¦4�g¨�¦4¡¯�[~ª��9�[¡¢���#�y�'¦©¨��[¡¢�B���B�j�y�B¡¢�s�4�9¦[� £ Ã �4�b²Vª��r�[V¨��

#
� % ��¡¢�u¨��.�B¡¢�s�[�'¦��4���[~�r�R§¢�Rª��R�H���B³��4�Bª���¡¢�~°~�'µ
k1, 0 � k1 � n

¡¢�j�4�Bª��r¨�¦b¦©¨R»��B³�§¢�R�~º#�[
n
«y¨I�~°Y�[~�·�4�R�R�B�~°S�#�y�9¦©¨��V° #
� % � ¡¢�¨W�y�B¡¯�s�[�9¦
�[�k�[~�·�R§¢�Rª��9�s���B³��4�Bª��u¡¢�~°~�'µ

k2, 0 � k2 �
n
¡¢�<�[~���4¨Iª��h¨N¦4¦©¨R»¾¼,��¨I�l�bÅ>�[~�'Å>�R�~°J�y�B¡¢�H�[�9¦[�g¨I§¢§¢�!¬=�R°�½ £5¿ ~�R�J�[~�h¦[�R�b²V§��k�B³��[~�c].3B*,+214%R7

M9A^T!1>79&~\81>*l3B+

#
� % �
−

#
� % �

¡¢�
�4V�d¡¢�s�[�9ºB�9¦
k1 − k2

£�¿ �²~�R«C�y�B¡¯�s�[�9¦
�4²)±~�4¦©¨I�9�4¡¢�B�h�[�R§¯§¢�
²~� �b~�N¬ ³_¨�¦¨N�C¨N¦4� � �[~�E��¬=��¨�¦b¦©¨R»�R§¢�9ª��R�s�[��¨�¦[� £�¿ V��±y�RV¨R®�¡¢�#¦��B³p�y�B¡¯�s�[�9¦��4²)±~�4¦©¨I�'�[¡¢�B�h¡¯�
²~�~°V� ���~�R°h¡¢³*#
� % ��¨I�~° #
� % � ¨�¦[�u�~�#�
�y�B¡¢�H�[�9¦[�e�[�W�R§¢�Rª��9�s�[�=¡¢�j¼,�#¦���¨I�l�bÅ>�[~�'Å>�R�~°��y�B¡¢�H�[�9¦[�=�B³b½e�[~���[¨Iª���¨�¦4¦[¨8» £

�p�B¡¢�H�[�9¦	�4²)±~�4¦©¨��9�[¡¢�B��¼,¬
~¡¢�©Y�Rªk�V§¢�N»����[~�d±V¡¢�V¨�¦b»h�4²)±~�4¦©¨��9�[¡¢�B�Y�#�y�'¦©¨��[�#¦8«V�4�R� ¿ ¨�±V§¢� � �B�
��¨IºB� ¤H ³��#¦�¡¯�[�e�l�y�R�R¡ �V�R�[½e°~�s�R���~�#�=�s�R�R²)¦
¡¯�c�[~��R�s°V��³¢¦©¨IºBª��9�s�=³¢¦[�Bªw�[~�	±y�RºB¡¢�~�~¡¢�~º·�B³{�4V¡¯�
�4�R�'�[¡¢�B� £ Ã ��»s��¡¯�8¨I§^²V�b�·¡¢�
�[��°~�9�[�'¦[ª�¡¢�~���4V�d��²~ªr±.�9¦��B³��R§¢�9ª��R�s�[��¡¢��¨I�S¨�¦4¦[¨8»��[V¨��	¡¢��ºB¡¯®��R�
±�»�¨·�y�B¡¢�H�[�9¦=�[�g¡��[� �~¦[�l�
�R§¯�Rª��R�s��¨��V°�¨���¨I�b�lÅ>�[~�'Å>�R�~°h�y�B¡¢�H�[�9¦ £

Pointer subscripting, or the truth about random access.
�>��¦[�8¨I§¯¡¯��»�«H�[~�	�4²)±V�4�9¦4¡¯�~�e�#�y�9¦©¨N�[�#¦

[]¨I��¡¯�s�4¦[�s°~²V�9�R°�¡¢�c ��R�9�4¡¢�B�  �£ È £¥" °~���R���~�#���#�y�9¦©¨��4���B��¨�¦4¦©¨R»��R«�±V²)���B���y�B¡¢�H�[�9¦[� £ �>�H®��#¹�¡¢�~ºd�4V¡¯�
�#�y�9¦[¨��[�#¦=�B��¨I��¨�¦b¦©¨R»��R�B�~�b�4¦[²~�9�4�
¨I�c�'µ��V¦4�R�4�4¡¢�B�h¨I�~°c�4V�'¦[�R³��#¦[��4¦[¡¢ºBºB�'¦[�=¨I��¨�¦4¦©¨R»sÅ,�[�IÅ>�.�B¡¢�s�[�'¦
�R�B�H®��9¦[�4¡¢�B� £

� ¡¯®��9�Y¨��.�B¡¢�s�[�'¦ #
� %r¨��V°h¨I���'µ��~¦[�R�4�4¡¯�B� �"!$#&%��B³p¡¯�s�[�Rº#¦[¨I§y��»s�y�#«)�[~���'µ��~¦[�R�b�4¡¢�B�

#
� % � �"!$#&%�'

¡¢���R¸�²~¡¯®I¨I§¢�9�s��¼@¨I§¢�b�W¡¢�h¡¯�[�e¦[�R¸s²V¡�¦[�Rª��R�H�[�=�B� #
� %�¨I�~° �"!�#&%B½��[�
� ¼ #
� %
Â �"!$#&%�½
�>³ �"!$#&%·V¨I��®I¨I§¢²~�

i
«��[~�§�¨��4�[�'¦e�'µ��~¦[�9�4�4¡¢�B�c»�¡¢�R§¯°V���[~�u¨N¦4¦©¨R»��R§¢�9ª��R�s�

i
�V§�¨I�R�R���4�r�[~��¦[¡¯ºBs�=�B³

�[~���B�V���y�B¡¢�H�[�R°�[�=±�»�#	� % £ �>���C¨N¦4�[¡¢�R²~§�¨N¦8«!¡¢³ #
� %�¦[�R�4²~§¯�[�^³¢¦[�Bª ¨I�·¨N¦4¦©¨R»sÅ,�[�IÅ>�y�B¡¯�s�[�9¦2�9�B�s®��9¦[�b¡¢�B�2«
�[~¡¢��¨Iº#¦[�R�9��¬
¡¯�[W�4V���4�Rª�¨��s�[¡¢�9���B³�¦©¨I�~°~�Bª ¨��R�R�R�4��³��#¦e¨�¦b¦©¨R»���¨I��¡¢�H�4¦[�s°V²~�R�9°g¡¢�� ��9�9�[¡¢�B�  �£ È £ "�£

¿ ¨�±V§¢� ¤ �b²Vª�ª�¨N¦[¡
	R�R���4V���~�9¬ �y�B¡¢�H�[�9¦bÅ>�b�y�R�R¡ ���	±V¡¢�V¨�¦4»��#�.�9¦©¨��[�#¦4� £

Description Operator Arity Prec. Assoc.�b²~±V�4�'¦[¡¯�~�
[]

 � � §¢�R³¢�
°~�9¦4�R³��9¦[�R�~�R�

*
� � È ¦[¡¢ºBs�

¨�°V°)¦[�9�4�
&

� � È ¦[¡¢ºBs�

Table 4:
��7R%'\9%�(~%R+`\9%8M·&�+�(�&HMRMI3I\R*l&H1>*0a#*>1>*l%8M�3[Z�]y3B*0+214%R7�3R]y%R79&H143B7!M�mkx�?.%	M'A{T!MI\978*�]^1�3R]y%979&H143B7
%��!].%9\81@M�78a�&HOPAp%RM�&HM3R]y%R79&�+�(HMu&�+�(E7R%81>AC78+2M�&�+�OXa�&HOPAp%�m�x�?.%�(~%R7R%>Z�%R7R%R+`\'%�3R]y%R79&H143B7
%��!].%9\81@M�&�+�78as&HOXA{%�&�+�(�7R%81>A�78+2M�&�+�OPa�&HOXA{%Rf�;�?�*>O_%r1@?.%c&)()(�79%8MRMk3R]y%R7'&H143B7h%��!].%9\81@M
&�+JOPa�&HOPAp%�&�+�(�7R%R1>AC78+2Mc&�+<78a�&HOXA{%Im
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What have we gained with pointers?
 ��S³_¨�¦W¡¯���4�R�Rª��·�[V¨��·�4V���B�~§¯»�²~�4�c�B³=�y�B¡¢�s�4�9¦[��¡¢�E�[�

ª�¨�¹���¡��[�9¦©¨��4¡¢�B�J�[)¦[�B²~ºBQ¨I��¨N¦4¦©¨R» ¨�§¢¡��4�[§¢��ª��#¦[��� �g�R¡¢�R�H���[V¨I� ¡¯�[�9¦©¨N�[¡¢�B�J±�»J¡¢�~°V��µ £ � ²)�
²~�~§¢�R�4��¬=��¨�¦[��¡¢�g�[~��¦[�8¨I§¢ª �B³y�'µ��4¦[�Rª��R§�»·�[¡¢ª��'Å>�9¦[¡¯�[¡¯�8¨I§�§¢�s�#�V�R«B�[~�
�[¨R®�¡¯�VºB��¨�¦[��ª�¨�¦[ºB¡¢�V¨I§ £ ´)�#¦
�[~�
�4¨�¹����B³.¦[�8¨�°�¨N±�¡¯§¢¡¯��»�«#¬=�
�[~�9¦[�9³��#¦[���B³¢�[�R���l�[¡¢§¢§V²~�4��¡¯�[�'¦©¨��[¡¢�B�r±�»W¡¢�~°~�'µ £  ��E¬
�¨N��¡¢���[~�
¦[�8¨�§
Ä�²~�b�[¡ �V�8¨��4¡¢�B��³��#¦��[~��y�B¡¢�s�4�9¦��R�B�~�R�9�~��Î

¿ ~�9¦4��¨�¦[�g¨I�9�[²V¨I§¢§�»Y��¬=�rÄ�²V�l�[¡ �V�8¨��[¡¯�B�V�9«{¨��V°��B�~�W�B³��[~�Rª ¬
¡¢§¢§�±y�W°~¡¢�4�R²~�4�4�9°j¦[¡¢ºBs�d¨R¬�¨R»
¡¢���[~�	�~�'µ����4�R�9�[¡¯�B�^Ê`�y�B¡¯�s�[�9¦4�e¨�¦[�	¡¢�~°~¡¢�b�.�R�~�[¨�±V§¢��³��#¦=ºB�9�4�[¡¢�~º �l�~¦©¨I�'�[¡¢�8¨I§ � ¨�¦4¦[¨8»���¬�¡¯�4�§¢�R�~º#�[�~�#��¹��~�N¬
��¨����R�Bªk�V¡¢§¢���[¡¯ª�� £

¿ ~�W�4�R�R�B�~°YÄ�²V�l�[¡ �V�8¨��[¡¯�B�F¡¢�u�~�#�u»��9�·¨�¦[�B²~�~°��[~�g�R�#¦4�V�'¦8«p�4��¬=�r¬�¡¢§¯§`�B�V§�»S±~¦[¡¯���~»S�4�B²V�©
¡¯��~�9¦[� £ Ã ¦4¦[¨8»��	¨�¦[��±�»h³_¨�¦��~�#�
�4V�u�B�~§¯»h�9�B�s�©¨I¡¯�V�'¦[��³��#¦��4�9�[���B³`°V¨��[¨ £ � ~�R�Y¬=�d¡¢ªk�V§¢�Rª��9�s�
°V¨��©¨��V¦4���R�R�b�4¡¢�~º�¨I§¢ºB�#¦4¡¯�[~ª��R«�¬=�E�bV�B²~§¢°��4V�'¦[�R³��#¦[�Eª�¨N¹��d�4²)¦[�d�4�¨N�
�[~�9»�¬=�#¦4¹�+`3�1	�B�~§¯»�³��#¦
¨�¦4¦[¨8»�� £

´)�#¦�'µ~¨Iªk�V§¢�I« �V�~°~¡¢�~º�¨g�R�B�H�©¨I¡¢�~�9¦
�R§¢�Rª��9�s�
¬
¡¯�[�¨gºB¡�®��R�Y�V¦4�#�y�9¦4��»j¼,ª��N®�¡¢���4V�R¨��[�9¦��4�¨N�
�V§�¨R»��E»��B²)¦W³_¨8®��#¦4¡¯�[��ª��!®�¡¢�!½��4~�B²V§¯°Æ±y���y�B�b�4¡¯±V§¢��³��#¦Y&�+y:J�R�B�H�©¨I¡¢�~�9¦4���4�¨N��� � �9¦[�·�[~��³�²~�~�'Å
�[¡¢�B�V¨I§¯¡¯��»��B³�¡¯�4�9¦©¨��[¡¯�Vºg�N®��9¦¡��[�	�R§¢�Rª��9�s�[� £
¿ ~���B�~§¯»�²~�~¡¢³��#¦[ª�¡���»�¬=�·�~�R�R°S¡¢��¡¯���4V�·¡��[�9¦©¨��4¡¢�B�
�~¦[���9�R�4�
¡��[�4�R§¢³ £

Ã �s»J°�¨N�©¨NÅ>�~¦[�s�R�R�4�b¡¢�~º�¨I§¢ºB�#¦[¡��[~ª �B³	�[~��Á�ÂuÂ �b�©¨I�~°V¨�¦[° §¢¡¯±~¦©¨N¦4»�¼0¬=�h¬�¡¢§¯§��4�9�Y�4�Bª����B³
�[~�Rª §�¨��[�9¦©½�¬=�#¦4¹��g¡¢�J�[~¡¢�r¬�¨R».ÊY¡¯�W�'µ��.�R�9�[�k�[~��²V�~°~�9¦[§�»�¡¢�~º��9�B�s�©¨I¡¯�V�'¦g�[�j� � �9¦�*,14%R79&H143B7!M
�R�B�~³��#¦[ª�¡¢�~ºc�[���4�Bª��W¬=�R§¯§�Å@°~���V�~�R°�¡¯�[�'¦©¨��[�#¦·�9�B�V�9�9�~� £Y¿ V���l�y�R�R¡ �V�R�·�B³��4V���9�B�s�©¨I¡¯�V�'¦·¡¯�[�4�9§¢³
¨�¦[��¡¯¦4¦4�R§¢�9®I¨I�s��³��#¦��[~�d¨I§¯ºB�#¦[¡¯�[~ª £

(
�9¦[��¡¢��¬
~�9¦[�E�y�B¡¢�H�[�9¦[�
�R�Bª��·¡¢�2Ê��4V�'»�¨�¦[�E�[~��¡¯�[�'¦©¨��[�#¦[�
� � �9¦[�9°S±s»S¨�¦4¦©¨R»�� £u¿ ~�9¦[�R³��#¦4�#«
�9®��R��¡¢³^¬=�d°~�B�2Ç ��²~�4�d�y�B¡¯�s�[�9¦4��¡¢���B²)¦��!¬����R�s°~�#«V¬=��V¨R®��u�[�g¹��~�N¬ ¨�±y�B²)���[~�RªÀ¡¢���#¦[°~�9¦��[�
±y�u¨�±V§¢�	�[�k¨N�V�V§¯»��l�©¨I�~°V¨�¦[°�§¢¡�±V¦[¨�¦4»�¨I§¯ºB�#¦[¡¯�[~ª����[�W¨�¦4¦[¨8»�� £

2.6.9 Dynamic memory allocation
É2�9��²V��ºB�±C¨��©¹��[� �`¦[�Bº#¦©¨Iª �8" �V�!¬ £ �,�[��ª�¨�¡¢�·°)¦©¨R¬
±�¨I�[¹r¡¢�`�[V¨��`�[~���s²~ªr±y�'¦

n
¡¢��V¨�¦[°)¬�¡¯¦4�R°

¨I�
1, 000

¡¢�g�[~¡¢���~¦[�Bº#¦©¨IªY«RÄ�²~�b��±y�R�8¨I²~�4���[~��§¢�9�Vº#�4k�B³y¨I��¨N¦4¦©¨R»gV¨I���[�d±.��¹��V�!¬���¨N���R�Bªk�V¡¢§¯�
�[¡¢ª�� £

Ã �d§¢�R¨I�b�¡¢�S�[~¡¢�	¦[�R�b�y�9�9�8«{¨�¦4¦©¨R»��u¨�¦[���~�#�[~¡¢�~º��b�y�R�9¡�¨I§>«.�[~�B²~ºB £ Ã §¢§p��»s�y�R��[V¨��¬=�WV¨R®��
ª��9�e�R¨�¦[§¢¡¢�'¦¼

int
«
unsigned int

«)¨I�~°
bool

½�V¨8®��	�[~���~¦[�#�y�'¦4��»��[V¨���¨E�4¡¢�~ºB§¢���#±VÄ��R�9�=�B³2�[~�
��»��y�����R�9²~�V¡¢�9��¨ �)µ��R°�¨Iª��B²~�s���B³.ª��Rª��#¦b»E¹��~�!¬��k�[�d�4V���R�Bªk�V¡¢§¢�9¦=¼,³��#¦��'µ)¨Iªk�V§¢�#« "� ±V¡¯�[��³��#¦
¨I�

int
�#±�Ä��R�9�u�B��ª�¨��s»Y�V§�¨��[³��#¦4ª��©½ £ � ¡¯�[�¨�¦4¦©¨R»��R«p¨����#±�®�¡¢�B²~��V�9�R°/¨�¦[¡¢�b�R�	�[�h�R¡�¦[�R²~ªr®��9�s�

�[~¡¢�e¦[�R�l�4¦[¡¢�9�4¡¢�B� £
�>�LÁ�ÂuÂ·«¨�¦4¦[¨8»���¬�~�B�4��§¢�R�~º#�[�¡¢��°~�9�[�9¦[ª�¡¯�V�9°�¨���¦[²~�H�[¡¢ª����8¨���±y���#±~�©¨I¡¢�~�R° �[)¦[�B²~ºB

(�:H+�&�Dh*b\SD�%9D�3B78:¾&HO,O_3#\�&H1>*b3B+ £Æ¿ )¦[�B²~ºB��4²~��J¨I�5¨I§¢§¯���8¨��4¡¢�B�2«p¬=���'¦[�8¨��[��¨I���#±�Ä��R�9�r¬�¡��[
(�:H+�&�Dh*b\d�b�[�#¦©¨�ºB�u°~²)¦©¨��[¡¯�B� £

�	±VÄ��R�9�[�·�[V¨��·¬=��V¨R®����4�R�R�<�4��³_¨�¦�¬=�9¦[�c¨I§¢§��[¡¢�R°/�[�Y®#¨N¦[¡�¨�±V§¢�R�9«`¡¢�Æ¬
~¡¢�©��8¨��4��ª��Rª��#¦4»
ºB�9�[��¨I�4�4¡¢ºB�~�R°¾�4�<�[~�Rª ¼>¨I�~°L¡¢�h³¢¦[�9�R° ¨Iº�¨I¡¢��½�¨��h�~¦[�R°~�9�4�9¦[ª�¡¢�~�R°Q�y�B¡¢�s�4�h°~²)¦[¡¢�~º��~¦[�Bº#¦©¨�ª
�'µ��R�R²)�[¡¢�B��¼@¨I²)�[�Bª�¨��[¡¯�g¨I�~°��b�©¨��[¡¯���b�[�#¦©¨IºB��°~²)¦©¨��[¡¯�B�^«� ��9�9�[¡¢�B�  �£¥¤)£ " ½ £ ��±�Ä��R�'�[�W�B³�°)»��V¨Iª�¡¢�
�b�[�#¦[¨IºB��°V²)¦©¨N�[¡¢�B��¨�¦[�c�V�#���[¡¯�R°��[��®I¨�¦[¡�¨�±V§¢�9�R«�¨��V°Æ�[~�9»/ª�¨R» �b�b�©¨�¦b�r�4�F§¢¡�®�� � ¼>ºB�9�Wª��Rª��#¦4»¨I�4�b¡¢ºB�~�R°5�[���[~�Rªc½W¨I�~° �b°~¡¢� � ¼>ºB�9���4V�9¡¯¦�ª��Rª��#¦4»Æ³¢¦[�9�R°�½�¨N��&�+y:��y�B¡¯�s�k°~²)¦[¡¢�~ºj�~¦[�Bº#¦©¨�ª
�'µ��R�R²)�[¡¢�B� £�¿ V���V¦4�Bº#¦©¨Iª�ª��9¦��8¨���°V�'�[�9¦[ª�¡¢�~�=�[~�R�4���y�B¡¢�s�4��®�¡¢¨

new
¨I�~°

delete
�'µ��~¦[�R�4�4¡¯�B�V� £



�8" È �����	�	����� �����������
�����`�©�����

¿ ~���~¦[�Bº#¦©¨�ª V¨I���4�Bª��u¼,��»��V¡¢�8¨�§¢§¯»�¸�²~¡¯�4��§�¨�¦[ºB�8½�¦[�RºB¡¯�B���B³.�[~���R�Bªk�V²)�[�9¦8Ç ��ª�¨I¡¢�gª��Rª��#¦4»
¨R®#¨�¡¢§�¨�±V§¢�g�4�S�l�[�#¦[��°)»��V¨Iª�¡¢�8¨�§¢§¯»F¨I§¢§¢�s�8¨��[�9°��#±�Ä��R�9�4� £j¿ ~¡¢�E¦[�RºB¡¢�B�Æ¡¢�·�8¨�§¢§¢�R°/�[~�Y?.%'&8] £ �,��¡¢�
¡¢�~¡¯�[¡¢¨I§¢§¯»�²~��²~�4�9°^«.±V²)��¬
V�9��¨I���#±VÄ��R�9�¡¢�	°)»��V¨Iª�¡¯�8¨I§¢§¯»c¨�§¢§¢���R¨��[�R°2«V¡¯�	¡¢�
±.�R¡¢�~º��b�[�#¦[�9°F�B���[~�
~�8¨��^«~�4�W�4�¨N���4V��ª��Rª��#¦4»�¨I�9�[²V¨I§¢§�»�²~�4�R°�±�»��[~��~¦[�Bº#¦©¨Iª º#¦[�!¬�� £

(
�9¦[��¡¢�~�!¬6�[~¡¢��¬=�#¦4¹���³��#¦ �`¦©¨��[�B�l�[~�R�~�R�RÇ^ �¡¢�9®�� £ � �Rª��9ªr±y�'¦
�[V¨��	¬=�·¬�¨I�H���4V�·§¯¡¢�b��B³
�~¦[¡¢ª�����²~ª�±y�9¦[��±y�9��¬=�R�R�

2
¨I�~°

n − 1
£�¿ ~�k³��B§¢§¢�!¬�¡¢�~º�®I¨�¦[¡�¨I�H�d¦[�R¨I°~�u�[~�g�s²~ªr±y�'¦

n
³¢¦[�Bª

�b�©¨��V°V¨�¦4°�¡¢�)��²)�d¨I�~°�°)»��V¨Iª�¡¢�8¨�§¢§¯»�¨I§¯§¢���8¨N�[�R�u¨I�/¨�¦4¦©¨R»F�B³e§¢�R�~º#�[
n
£c¿ ~�g¦4�Rª�¨I¡¢�~°~�9¦��B³��[~�

�~¦[�Bº#¦©¨Iª ¡¢�·¨I�d±.�R³��#¦[�#«��'µ��R�9�~�·�[V¨��E¬=���'µ��V§¢¡¢�R¡¯�4§¯»S�¨R®��k�[�Y³¢¦4�R���[~��°~»��V¨Iª�¡¢�8¨I§¯§¯»�¨I§¢§¯���8¨��4�R°
�b�[�#¦[¨IºB�u¡¯���[~���R�~° £

	
// Program: eratosthenes2.C

// Calculate prime numbers in {2,...,n-1} using�
// Eratosthenes’ sieve.�


#include <iostream >�

�
int main()�
{�

// input	��
std::cout << "Compute prime numbers in {2,...,n-1} for n =? ";	�	
unsigned int n;	�

std::cin >> n;	��

	��
// definition and initialization: provides us with	�
// Booleans crossed_out[0],..., crossed_out[n-1]	��
bool* crossed_out = new bool[n]; // dynamic allocation	 �
for ( unsigned int i = 0; i < n; ++i)	��

crossed_out[i] = false;	��

��

// computation and output
�	
std::cout << "Prime numbers in {2,...," << n-1 << "}:\n";
�

for ( unsigned int i = 2; i < n; ++i)
��

if (! crossed_out[i]) {
��
// i is prime
�
std::cout << i << " ";
��
// cross out all proper multiples of i
 �
for ( unsigned int m = 2*i; m < n; m += i)
��

crossed_out[m] = true;
��
}���

std::cout << "\n";��	
��


delete [] crossed_out; // free dynamic memory���
���

return 0;��
}
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��������������������������� �8" �

Program 14:
]27R39-�M ��%R79&H143�MR1@?.%R+`%RM��.m�t


��#�[���[V¨����4V�u®#¨�¦4¡�¨�±V§¢�
crossed_out

¡¢���~�N¬�¨r�.�B¡¢�s�[�'¦�¦©¨N�[~�9¦
�[V¨I��¨��Y¨�¦4¦©¨R» �.¨I³¢�[�'¦
�[~�
new

°~�R�R§�¨N¦©¨��[¡¢�B�2«�¡����.�B¡¢�s�[�e�[�r�[~� �~¦[�l�
�R§¯�Rª��R�s�=�B³�¨r°)»��V¨Iª�¡¯�8¨I§¢§¯»g¨I§¢§¯���8¨��4�R°h¨N¦4¦©¨R»c�B³p§¢�R�~º#�[
n
£

The new expression.
´)�#¦�¨I�s»���»s�y� � «.¨

new
�'µ��~¦[�9�4�4¡¢�B���8¨I�S�R�Bª��u¡¢�S¨I�s»h�B³��[~�·³��B§¢§¢�!¬�¡¢�~º

�[)¦[�R�®I¨�¦[¡�¨I�H�[� £

new
�

new
� ¼ £¯£�£ ½

new
� � �"!�#*%�'

�>�5¨I§¢§=�8¨��4�R�R«��4V�c�'µ��V¦4�R�4�4¡¢�B�J¦4�9�[²)¦[�~�g¨��<¦4®I¨I§¢²~���B³���»��y� �	�8£ �,�[��®#¨I§¯²V�c¡¢�·�[~��¨�°V°)¦[�9�4�
�B³�¨I���#±VÄ��R�9�r�B³e��»��y� � �[V¨���V¨I�E±y�R�9�<°)»��V¨Iª�¡¢�R¨I§¢§¯»F¨I§¢§¯���8¨��4�R°��B���[~��~�8¨�� £�¿ ~���#±VÄl�9�9�
¡¯�[�b�R§¢³�¡¯�d¨I�~�B�H»�ª��B²~�R«y±V²~�u¬=�W²~�4²V¨I§¯§¯»��b�[�#¦[�r�[~�W¦[�9�4²~§¯�[¡¢�~º�¨I°~°~¦4�R�4�d²~�~°~�9¦·¨�®I¨�¦[¡�¨�±V§¢�r�V¨Iª�� £
�>� �`¦[�Bº#¦©¨Iª �R¤ «)¬=���8¨I§¢§2¡¯�

crossed_out
£

�>�J�[~� �~¦[�b�k¨I�~°J�4�R�9�B�V°5®I¨�¦[¡�¨��s�8«��4V��� � �9�9�k�B³��[~�
new

��µ��~¦[�R�4�b¡¢�B�5¡¢���[�j°)»��V¨Iª�¡¢�R¨I§¢§¯»
¨I§¢§¯���8¨��4�=¨rM9*0+.-�O_%d�#±VÄ��R�9���B³C��»��y�

T
�B�g�[~��~�8¨�� £ � ¨�¦[¡�¨I�H� � §¢�8¨R®��R���[~���#±VÄ��R�9��²~�V¡¯�V¡��[¡�¨I§¢¡ 	R�R°·¡¢³

� ¡¢��¨
³�²~�~°V¨Iª��R�H�©¨I§s��»s�y�#«#¬�~¡¢§¯��®I¨�¦[¡�¨I�H�  ¡¢�~¡¯�[¡�¨�§¢¡
	R�R�2�[~�e�~�9¬5�#±VÄ��R�9��¬
¡¯�[·¬�V¨��[�'®��9¦�¨��~�y�8¨N¦[�
¡¢�Y��¨�¦[�R�H�[~�R�4�R� £ ´)�#¦	��µ~¨Iªk�V§¢�#«V�[~�E³��B§¢§¢�!¬�¡¯�VºW°~�R�R§�¨�¦[¨��[¡¢�B�~�
¡¯�V¡��[¡�¨I§¢¡ 	R�	�[~�E®#¨�¦4¡�¨�±V§¢�R�

i
¨I�~°

j
«

±y�#�[��B³p��»��y�
int*

«)¬
¡¯�[��4V�u¨I°~°)¦[�R�4�b�R�
�B³^��¬=�W�~�9¬ �#±�Ä��R�9�4���B³p��»s�y�
int

£

int* i = new int; // *i is undefined

int* j = new int(6); // *j is 6

� ¡¢ºBH�e�~�N¬d«�¡¢³.¬=��¬�¨��s�[�R°���¬=�·�4²~�©h�#±VÄ��R�9�[���B³y��»��.�
int

«s¬=�#Ç¥°�¦©¨��[~�9¦�²V�b��®#¨�¦4¡�¨�±V§¢�R��¬
¡¯�[
¨I²)�[�Bª�¨��4¡¢���b�[�#¦[¨IºB�u°~²)¦©¨��4¡¢�B�h¨��V°�¬
¦[¡¯�4�

int i; // i is undefined

int j = 6; // j is 6�h�#¦[��¡¢�H�[�9¦[�9�b�[¡¢�~º�³��#¦�²~��¡¢���[~���[~¡¯¦4°g®#¨N¦[¡�¨I�H� £ �>³ �"!�#&%uV¨I��¡¢�s�4�RºB�9¦�®I¨I§¢²~�
n � 0

«��[~�
� � �R�9�
�B³e�[~�

new
�'µ��~¦[�R�4�4¡¯�B��¡¢�E�4�Y°~»��V¨Iª�¡¢�8¨I§¯§¯»S¨I§¢§¢�s�8¨��[�g¨I�Æ¨�¦4¦©¨R»��B³=§¢�9�Vº#�4

n
¬�¡��[/²V�~°~�9¦[§�»�¡¢�~º

��»��y� � �B���[~�E~�8¨�� £¿ ~�E¦[�9�[²)¦[��®#¨�§¢²~�·¡¢�
�[~��¨I°~°)¦[�R�4�	�B³`�[~� �~¦[�b��9§¢�Rª��R�H� £�¿ ~¡¢�	¡¢�
¬
�¨N�
¬=���4�R�d¡¯��§¢¡¢�~� � ÈW�B³ ��¦[�Bº#¦[¨Iª �R¤)£

Ã ��²V�b²�¨�§>«��[~�
n
¨N¦4¦©¨R»c�R§¢�Rª��R�H�[�e¦[�Rª�¨I¡¯��²~�~¡¢�~¡¯�[¡�¨�§¢¡
	R�R°�¡¯³ � ¡¢�
¨�³�²~�~°�¨�ª��R�s�©¨�§.��»s�y� £

The delete expression.
� »��V¨Iª�¡¢�8¨�§¢§¯»S¨I§¢§¯���8¨��4�R°�ª��Rª��#¦4»S�[V¨���¡¢�·�~��§¢�B�~ºB�9¦��~�R�R°~�R°��4~�B²V§¯°

±y�u³¢¦[�R�R° £ �>�SÁ�ÂuÂ·«��4V��~¦[�Bº#¦©¨Iª�ª��'¦=°V�9�R¡¢°~�R��¨N��¬
V¡¯����y�B¡¢�s�=�[~¡¢��¡¢���[~�u�8¨��4� £*��� � »��V¨Iª�¡¢�
����=7$���()�.�+()�L��()� 81(��+9*9*��	�8!����	�8 KN�+8D��"	��
1��I1��'3 �1(L�����+9%������� �$@�� �+K�)�19 ��������+����- 5��������L�+	@5 3�(���� K�	JK�"���5

9:��9:�1(�-,� 	 �$�� $����+� < =7$���"%�+K�)�19 ������*��(��;����"�">��"%���+������5������������������������� ��!"��#G<%$ *��"�8D��	���(��+����-!9:�1()� K�"���(�C
3�()����	�5��H-%�$@�+	 �$@�09 �+	JK@���@5����������� 	 ��()�;����"�" ��	'&)(*(+�;��K�M(��-,BK���(���"7�>9:��(�� "����@$���" �������)��5:��9%�@����9:��	;�������1	 <.$F	
�+	J- ����"����J-D� KL�+()� 3�(���� ��%��9%������9:��	;?8;��(��N�+8B�2��� ������������ 	 �+��"��>��	/&)(*( <
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�b�[�#¦[¨IºB��°V²)¦©¨N�[¡¢�B�S¡¢ªk�V§¢¡¢�R���[V¨��°)»��V¨Iª�¡¢�8¨�§¢§¯»h¨I§¢§¢�s�8¨��[�R°��#±VÄ��R�9�[�§¢¡¯®���²~�s�4¡¢§p�[~�·�~¦[�Bº#¦©¨Iª��[�9¦lÅ
ª�¡¢�V¨��[�9�R«�²V�~§¢�9�4���[~�9»k¨�¦[���'µ��V§¢¡¢�R¡¯�4§¯»�³¢¦[�R�R° £ � »��V¨Iª�¡¢�8¨�§¢§¯»·¨�§¢§¢���R¨��[�R°kª��9ª��#¦4»�¡¢��ª��#¦[� �V�'µ)¡�±�§¯�
�[V¨I���b�©¨��[¡¯�uª��Rª��#¦b»�«s±V²)��¡¯�h¦[�9�[²)¦[�h¡¯��¨I§¢�4�r¡¢�s®��B§�®��R���b�Bª��u¨�°Vª�¡¯�V¡¯�b�4¦©¨��4¡¯®��
� � �#¦4� £

¿ ~�
delete

�'µ��~¦[�R�4�4¡¯�B�V���©¨�¹����8¨�¦[�u�B³p³¢¦[�9�R¡¢�~ºkª��Rª��#¦4» £�¿ ~�9»c�R�Bª��¡¢�h��¬=��®#¨N¦[¡�¨I�H�[� £

delete
��!$#&%

delete
� ' ��!$#&%

�>�F±.�#�[F®I¨�¦[¡�¨��s�[�R« �"!�#&%�ª�¨8»h±y�r¨c�s²V§¯§��y�B¡¢�s�4�9¦8«y¡¢�S¬�~¡¢�©F�R¨I�4�W�4V�
delete

�'µ��~¦[�9�4�4¡¢�B�jV¨I�
�~�g� � �R�9� £

�	�4V�'¦4¬�¡¢�b�#«s¡¯�W�[~� �~¦[�l��®I¨�¦[¡�¨��s�8« �"!�#*%ªr²~�b��±y��¨�y�B¡¯�s�[�9¦��[�d¨��b¡¢�~ºB§¢�=�#±�Ä��R�9���[V¨���V¨I���~¦[��Å
®�¡¯�B²V�b§¯»E±y�R�9�k°)»��V¨Iª�¡¢�8¨�§¢§¯»u¨I§¢§¢�s�8¨��[�9°�¬
¡¯�[��[~� �~¦[�l���#¦��4�9�R�B�~°g®#¨N¦[¡�¨I�H���B³~�[~�

new
�'µ��~¦[�9�4�4¡¢�B� £

¿ V�
� � �R�'�=¡¢���[�·ª�¨�¹����[~���R�#¦4¦4�R�b�y�B�~°~¡¢�~ºEª��Rª��#¦4»r¨R®I¨I¡¢§�¨N±�§¯�
¨Iº�¨�¡¢��³��#¦e�4²)±V�4�R¸s²V�9�s�=°)»��V¨Iª�¡¢�
¨I§¢§¯���8¨��4¡¢�B�~���B�h�[~��V�R¨�� £

´)�#¦��'µ)¨Iªk�V§¢�#«)¨���¨·�y�B¡¢�H��¡¯���[~��V¦4�Bº#¦©¨Iªw¬�~�9¦[���[~����¬=�
int

�#±�Ä��R�9�4��°)»��V¨Iª�¡¯�8¨I§¢§¯»g¨I§¢§¯�IÅ
�8¨��4�R°h�[)¦[�B²~ºB

int* i = new int; // *i is undefined

int* j = new int(6); // *j is 6

¨�¦[���~�g§¢�B�~ºB�9¦��~�R�R°~�R°2«~¬=��¬=�B²~§¢°c¬
¦[¡��[�

delete j;

delete i;

¿ ~�=�#¦[°~�9¦��B³V°V�9§¢�9�[¡¢�B��°~���9���~�#��ª�¨��4�4�9¦�~�9¦[�I«H±V²)��ª�¨I�s»d�V¦4�Bº#¦©¨Iª�ª��9¦[�^�R�B�~�4¡¢°~�9¦�¡¯��§¯�BºB¡¢�8¨I§
�[�

delete
�y�B¡¯�s�[�9¦4�
¡¢�Y�[~�E¡¢�H®��9¦[�4�·�#¦4°V�'¦�B³`°~»��V¨Iª�¡¢�u¨I§¢§¢�s�8¨��[¡¢�B�2Ê��>³�»��B²��~�R�R°��[��²~�~°~�g��¬=�

�b�[�'���9«~»��B² �~¦[�l�
²~�~°~�r�[~���4�R�R�B�~°Y�b�4�9� £
�>���[~�r�4�R�R�B�~°j®I¨�¦[¡�¨I�H���B³��[~�

delete
�'µ��V¦4�R�4�4¡¢�B�2« �"!$#&%�ªr²V�l��±.�g¨��y�B¡¢�H�[�9¦�[���[~���~¦[�b�

�R§¢�9ª��R�s�p�B³~¨I�r¨�¦4¦©¨R»d�4�¨N��V¨I���~¦[�9®�¡¢�B²~�4§¯»�±y�R�R��°)»��V¨Iª�¡¢�R¨I§¢§¯»¨�§¢§¢���R¨��[�R°d¬
¡¯�[E�[~���4V¡�¦[°E®#¨N¦[¡�¨I�H�
�B³C�[~�

new
��µ��~¦[�R�4�b¡¢�B� £�¿ ~��¬
V�B§¯��ª��Rª��#¦b»����R�R²)�V¡¢�R°W±�»g�4V�
¨�¦4¦©¨R»W¡¢����²)��±C¨��©¹W�B�k�[~�
~�8¨N�

³��#¦�¦[�R²~�4� £����c¿ ~¡¢��V¨��~�y�R�~�=¡¢��§¢¡¢�~� "� �B³���¦4�Bº#¦©¨Iª �R¤)£
�>³p�[~�u�V§�¨�¡¢�

delete
¡¢��¨��~�V§¢¡¢�9°��[�g¨r�~�B��Å@�s²V§¯§^�y�B¡¯�s�[�9¦=�[V¨���°~���R���~�#���y�B¡¯�s���[�k¨r°~»��V¨IªgÅ

¡¢�8¨�§¢§¯»F¨I§¢§¢�s�8¨��[�9°��4¡¢�~ºB§¢�g�#±VÄ��R�9�8«��4V�k±.�RV¨8®�¡¢�#¦E¡¯�E²~�V°~���V�~�R° £Y¿ ~���[¨Iª��k¡¢�u�4¦[²~�k¡¢³=�B�~�g�4¦[¡¯�R�
�[�

delete[]
¨I��¨N¦4¦©¨R»�¬�~�9¦4�E�[~�9¦[�·¡¢�	�B�~§¯»�¨k�4¡¢�~ºB§¢�E�#±VÄ��R�9� £ Ã ��¨I§�¬�¨8»��
¬�¡��[��y�B¡¢�H�[�9¦[�R«��[~�

Á�ÂuÂ6§�¨I�~ºB²V¨IºB�°~���R���~�#�
� � �9¦
¨I�s»cª��8¨I�~�=�B³�°~�9�[�9�9�[¡¢�~ºr�4²~��Y�'¦4¦[�#¦[� £

Memory leaks.
Ã §¯�[~�B²~ºBr¨I§¢§)ª��Rª��#¦4»E¨I§¢§¢�s�8¨��[�9°r±s»g¨��~¦[�Bº#¦©¨�ª ¡¯��¨�²~�4�Bª�¨��[¡¢�8¨�§¢§¯»�³¢¦[�R�R°W¬�~�R�

�[~�d�~¦[�Bº#¦©¨�ª �[�9¦[ª�¡¯��¨N�[�R���V�#¦4ª�¨I§¢§¯»�«)¡¯��¡¢�
®��9¦4»h±C¨�°��~¦©¨��9�[¡¢�R�u�[�k¦[�R§¯»��B���4V¡¯��³_¨I�9�	³��#¦³¢¦4�R�R¡¢�~º
°)»��V¨Iª�¡¢�R¨I§¢§¯»/¨�§¢§¢���R¨��[�R°�ª��Rª��#¦4» £ �>³¨��~¦[�Bº#¦©¨Iª °V�s�R�k�~�#�k��µ��V§¢¡¢�R¡��[§¯»/³¢¦[�R��¨I§¢§�°~»��V¨Iª�¡¢�8¨I§¯§¯»
¨I§¢§¯���8¨��4�R°5ª��Rª��#¦4»�¡¯��¡¢���4¨I¡¢° �[�/�¨R®��S¨<D�%9D�3B78:LO_%'&HG £  �²~�©¾§¢�8¨�¹���¨�¦[�Y�B³¢�[�9�¾¨j�4¡¢ºB�Q�B³
±�¨I°h�9��°~¡¢�~º £�¿ ~�9»c²~�4²V¨I§¢§¯»k�¨R®��u�V�r¡¢ª�ª��R°~¡�¨N�[���9�B�V�b�R¸�²~�R�~�R�R�9«�±V²)��¬
¡¯�[~�B²)�=³¢¦[�R�R¡¯�VºW²~��²~�4�R°
����=7$���" ��9%�@�H����"M�$@�+2�$@�Q����	�81�$ �13?�*5�-;	N�+9*�����+����- �+�����B�������5 ��(�(���-/!��*�1���KN�+����- "A���(���5."�� 9:��&'$���()�0&'�H�$ �$@�

$��������J"A��������J&M�0����	PO  ��������"�" �$���"7����	�81�$ 3�(��19 �$�� ��(��18 (���9 <



���������	�
��������������������������� �8" �

�b�[�#¦[¨IºB�#«~¨·�V¦4�Bº#¦©¨Iªw¦[²~�~�V¡¯�Vºr³��#¦
¨r§¢�B�~º��[¡¢ª��·¼,�4V¡¯�~¹��B³{�#�y�9¦©¨N�[¡¢�~º��b»��b�4�RªÍ¦[�B²)�[¡¯�V�9�©½�ª�¨8»c¨N�
�4�Bª��	�y�B¡¢�H���4¡¢ªk�V§¯»��'µ�V¨I²~�b���4V�u¨R®#¨�¡¢§�¨�±V§¢�	~�8¨����b�[�#¦©¨IºB� £

¿ ~�9¦4�R³��#¦[�#«~¬=�uV¨R®��u�4V��³��B§¢§¢�!¬�¡¯�Vº�ºB²~¡¢°~�R§¢¡¯�V� £

Dynamic Storage Guideline:�~�9¬ ¨I�~°h°~�R§¢�'�[�u��µ��~¦[�R�4�b¡¢�B�~�
�4~�B²~§¢°�¨�§¯¬�¨R»����R�Bª��¡¢�hª�¨��4��~¡¢�~º·��¨I¡¯¦[� £

2.6.10 Arrays of characters
 ��R¸s²V�9�V�9�R���B³p�©V¨�¦©¨��9�[�9¦[���R�~�R§¢�B�4�9°�¡¢��°~�B²)±V§¢�¸�²~�#�[�R��§¢¡¯¹��¡¢�

std::cout << "Prime numbers in {2 ,...,999}:\n";

¨�¦[���8¨I§¯§¢�R°�M91>78*,+.-YOP*>14%979&HO�M £ ���
 ���³_¨�¦	¬=�·V¨8®��·²~�4�9°F�b�b¦[¡¢�~º�§¢¡¯�[�'¦©¨I§¢���B�~§¯»h¬
¡¯�[~¡¢���B²)�4�V²)�	�'µ��V¦4�R�4�4¡¢�B�~�R«.±V²)��¬=�·�8¨���¬=�#¦b¹

¬�¡��[d�[~�Rª6¡¯�·�#�[~�9¦��R�B�H�[�'µ��[�`¨I�p¬=�9§¢§ £ �h�B�l�`�~�#�©¨�±V§¯»�«�¨
�b�4¦[¡¯�Vº�§¢¡¯�[�'¦©¨I§H�8¨I�E±y��²~�4�9°��4�	¡¢�~¡¯�[¡�¨I§¯¡
	R�
¨I��¨�¦4¦©¨R»��B³·\8?C&�7'&~\814%R7!M £ Á=V¨�¦[¨I�9�[�9¦4�·¨�¦[���[~�k±V²~¡¢§¢°~¡¢�~º�±V§¢�s�©¹��·�B³e�[�'µ��r¨��E¬=�k¹��~�N¬ ¡¯� £ �>�
Á�ÂuÂ·«V�4V�'»h¨N¦[�uª��s°~�R§¢�R°�±�»c�[~�u³�²~�~°V¨Iª��R�H�©¨I§.��»��y�

char
�[V¨��=¬=�u±~¦[¡¢� �V»�°~¡¢�b�R²~�4���~�'µ�� £

The type char.
¿ ~��³�²~�~°V¨Iª��R�H�©¨I§���»��.�

char
¦4�9�~¦[�R�4�R�H�[�g�©V¨�¦©¨��9�[�9¦[� £ ÁeV¨�¦©¨I�'�[�9¦[��¡¢�~�R§¢²~°~�

�[~��Oi%R1@14%R7!M
a
�[)¦[�B²~ºB

z
¼>¨I§¢�B�~º�¬�¡¯�4/�4V�9¡¯¦��8¨��V¡¯�©¨�§�®��9¦[�b¡¢�B�~�

A
�[)¦[�B²~ºB

Z
½'«��[~��(�*i-B*>1@M

0�[)¦[�B²~ºB
9
«�¨���¬=�R§¯§{¨����s²Vª��'¦[�B²~���#�4V�'¦dMl].%9\R*�&HO=\R?C&�79&~\814%R7!Mr§¢¡¯¹���� �#¦�� £�¿ V��§¢¡¢�~�

char c = ’a’;

°~���V�~�R��¨�®I¨�¦[¡�¨N±�§¯�
c
�B³���»��.�

char
¨I�~°r®#¨I§¯²V�

’a’
«B¦[�'�V¦4�R�4�R�H�[¡¢�~ºu�[~�=§¢�9�b�[�9¦

a
£�¿ ~���'µ��~¦[�9�4�4¡¢�B�

’a’
¡¢��¨�§¢¡¯�[�'¦©¨I§��B³���»��y�

char
£`¿ ~��¸�²~�#�[�9�`¨�¦[�B²~�~°d�[~�e¨I�'�[²V¨I§s�©V¨�¦©¨��9�[�9¦p�b»�ª�±y�B§H¨�¦[���~�R�9�R�4�[¨�¦b»

¡¢���#¦[°~�9¦
�[�r°~¡¢�b�[¡¯�VºB²~¡¢�bc�[~��§¢¡¯�[�'¦©¨I§
’a’

³¢¦[�Bª �[~�u¡¯°V�9�s�[¡ �V�9¦
a
£

´)�#¦[ª�¨I§¢§¯»�«V�[~�r��»s�y�
char

¡¢��¨I�F¡¢�s�4�Rº#¦©¨I§���»��.�#Ê¡¯���¨����[~���[¨Iª����#�y�'¦©¨��[�#¦[��¨I��[~����»s�y�R�
int

�#¦
unsigned int

«)¨I�~°��[~��Á�Â�Â �l�©¨I�~°V¨�¦[°��9®��R���y�B�b�[²~§�¨N�[�R�e¨u�~¦[�Bª��#�4¡¢�B�g³¢¦[�Bª
char

�[�
int

�#¦
unsigned int

£ �,�·¡¢�r+`3�1·�b�y�R�R¡ ���9°^«{�[~�B²VºB2«^�[��¬�~¡¢�©�¡¢�H�[�RºB�9¦u�[~�k�©�¨N¦©¨I�9�[�'¦
’a’

«
�[¨R»�«~¬�¡¢§¢§�±y�u�~¦[�Bª��#�[�9° £ � �~°~�9¦��[~��¬
¡¢°~�R§¯»�²~�4�R°

ASCII
�R��°~�W¼

A
ª��9¦4¡¢�8¨I�

S
�©¨��V°V¨�¦4°

C
��°~�u³��#¦

I
�~³��#¦[ª�¨N�[¡¢�B�

I
�s�4�9¦[�©V¨I�~ºB�!½'«~¡¯��¡¢�=�[~�u¡¢�H�[�RºB�9¦

97
£

¿ ~¡¢�e�b�9�4�[¡¢�~º·ª�¨R»k�~�#�=�4�9�Rªw®��9¦4»�²~�4�R³�²~§>«)¨��V°c¡¢�~°~�R�R°c¡¯�eª�¨�¹��9��§¢¡¯�4�4§¢�
�4�9�V�b��4�r°~¡¯®�¡¢°~���B�~�
�©V¨�¦©¨I�9�4�9¦�±�»W¨I�~�#�[~�9¦ £ �	�W�4V�=�#�[~�9¦�V¨I�~°2«B¬=���R¨I�g³��#¦��'µ)¨Iªk�V§¢���~¦[¡¢�H���4V��¨I§���V¨�±.�9���[)¦[�B²~ºB
�B�~�u�b¡¢ªk�V§¢�	§¢���#��¼@¨I�4�b²Vª�¡¯�Vº

ASCII
�R�~�R�s°V¡¯�VºH½ £ �`µ��R�R²)�[¡¢�B���B³{�[~�

for
Å@§¢�s�#�

for (char c = ’a’; c <= ’z’; ++c)

std::cout << c;

¬
¦4¡¯�[�R�e�[~����V¨�¦[¨I�9�[�9¦
�4�R¸s²V�9�V�9�

abcdefghijklmnopqrstuvwxyz

���	�7	�����
B� ���H�����$@��( ���H���(��+��"��1" �(���	�8 ���H���(��+��" ��(��7��I����HK@��"�����K� �$��2���/���� �13NA()-B��	�8 )�09:�;5��H3 -Q�$@��9
��" K�	@5����	���5 �
��K���
J����- �;&M�0&7�1	 O '	@����5 �$���"����A��	;���()��" ���	�8��Q3F����)"�<



�R¤ � �����	�	����� �����������
�����`�©�����

�[�W�b�©¨I�~°V¨�¦[°��B²~�b��²)� £ � ¡¯®��R�h�[~¡¢�9«�»��B²�ª�¨R»��[~¡¢�)¹��[V¨����4V��§¢¡¢�~�

std::cout << ’a’ + 1;
�~¦[¡¢�H�[�

’b’
«�±V²)�W¡���°V�s�R�4�2Ç � £  �¡¢�~�R���[~���#�y�9¦©¨��V°~�·�B³��[~�c�9�Bªk�y�B�4¡¯�[�W�'µ��~¦[�9�4�4¡¢�B�

’a’+1
¨�¦4�

�B³�°V¡ � �9¦[�9�s�	��»��y�9�R«y�[~�·§¢�R³¢���#�y�9¦©¨��V°S�B³���»s�y�
char

¬�¡¯§¢§�¨I²)�[�Bª�¨N�[¡¢�8¨I§¯§¯»�±y�E�~¦[�Bª��#�[�R°Y�[���[~�
ª��#¦[��ºB�R�~�9¦©¨I§C��»s�y�

int
�B³y�[~��¦[¡¯ºBs���#�.�9¦©¨I�~° £�¿ ~�9¦[�9³��#¦[�#«��[~����»��.�	�B³.�[~�	�'µ��~¦[�R�b�4¡¢�B�

’a’+1¡¢�
int

«y¨I�~°S¡¯�[�
®I¨I§¢²~�·¡¢�
98

¼@¨��4�4²~ª�¡¢�~º
ASCII

�R�~�R�s°V¡¯�VºH½��y¨I�~°S�4�¨N�8Ç¥�
¬
V¨��	ºB�9�[�	�~¦[¡¢�H�[�R° £ �>³
»��B²h¬�¨I�H�

’b’
�4�W±y��~¦[¡¢�s�4�R°2«�»��B²�ªW²~�b��²~�4���[~�u�'µ��V§¢¡¢�R¡¯�=�9�B�s®��9¦[�b¡¢�B�

char(’a’+1)
£

¿ ~���8¨��[�RºB�#¦b»d�B³��l�y�R�R¡�¨�§H�©V¨�¦©¨��9�[�9¦[�p¨I§¢�4��¡¢�~�R§¢²~°~�R�=\93B+21>7R3�O2\8?C&�79&~\814%97!M��[V¨��=(~3	�4�Bª��'�[~¡¢�~º
¬�~�R�Q�~¦[¡¢�s�4�R° £�¿ ~�R�4�F¨�¦[�Y¬
¦[¡��4�[�R�5¬�¡��[Q¨/§¯�8¨I°~¡¢�~ºj±�¨I�[¹��4§�¨��42«�¨I�~° �[~�Sª��B�l��¡¢ªk�y�#¦4�[¨I�s�
�R�B�H�4¦[�B§2�©�¨N¦©¨I�9�[�'¦�³��#¦�²V��¡¢�

’\n’
«)¬�~¡¢�©��8¨I²~�4�R�
¨r§¢¡¯�V�	±~¦[�8¨N¹ £

��cª��B�b���V§�¨��[³��#¦[ª��9«�¨
char

®#¨�§¢²~�����R�9²~�V¡¢�9�
8
±V¡¯�[���B³yª��Rª��#¦4» ��¬�~�9�4V�'¦��[~�
®I¨I§¢²~�
¦©¨��VºB�

�R�#¦4¦4�R�b�y�B�~°��4�W�[~��4�9���B³p¡¢�H�[�RºB�9¦4�
{−128, . . . , 127}

¼,�[~���4¡¢ºB�~�R°c�8¨I�4�8½=�#¦��[~��4�9�
{0, . . . , 255}¼,�[~�·²~�~�4¡¢ºB�~�R°S�8¨I�4�8½	¡¯��¡¢ªk�V§¢�Rª��R�H�©¨��[¡¯�B��°~���V�~�R° £  �¡¯�V�9��¨I§¢§ Ã  )Á=�b�e�©V¨�¦©¨I�'�[�9¦[�V¨R®��r¡¯�s�[�RºB�'¦

®I¨I§¢²~�R��¡¢�
{0, . . . , 127}

«��4V�'»��R¨I�h±y�¦[�9�~¦[�9�4�R�s�4�R°�¡¢��±y�#�4h�8¨I�b�R� £

From characters to text.
Ã �[��µ��e¡¢���4¡¢ªk�V§¯»r¨d�b�R¸�²~�R�~�R�	�B³y�©V¨�¦©¨I�'�[�9¦[�e¨��V°��8¨��k±y��ª���°~�R§¯�R°k¡¢�

Á�ÂuÂ��[)¦[�B²~ºB�¨��Y¨�¦4¦©¨R»�¬�¡��[h²~�~°~�9¦[§¯»�¡¢�~º���»s�y�
char

£ ´)�#¦��'µ~¨Iªk�V§¢�I«��[~�u°~�R�9§�¨�¦©¨��4¡¢�B�

char text[] = {’b’, ’o’, ’o’, ’l’}
°~���V�~�R�
¨��Y¨�¦4¦©¨R»c�B³�§¢�9�Vº#�4

4
�[V¨��=¦[�9�~¦[�R�4�9�s�[�
�4V��[�'µ�������� � £

Ã §¯�[�'¦[�V¨��[¡¯®��R§�»Y¼@¨I�~°hª��#¦4���9�B�s®��R�~¡¢�R�H�[§¯»)½'«)¬=�u�8¨��h¬
¦[¡��[�

char text[] = "bool"
¿ V¡¯�R«�~�N¬=�'®��9¦8«)¡¢��+`3�1��R¸�²~¡¯®I¨I§¢�9�s�e�[�·�[~�³��#¦[ª��9¦e°~�R�9§�¨�¦©¨��4¡¢�B� £ � V�9��¨I��¨�¦4¦©¨R»��B³^�©�¨N¦©¨I�9�[�'¦[�
¡¢�=¡¢�~¡¯�[¡¢¨I§¢¡
	R�9°g¬�¡¯�4�¨·�b�b¦[¡¢�~º�§¢¡¯�[�9¦[¨I§>«s�4V�	�[�'¦[ª�¡¢�V¨��[¡¢�~º �s%R7R3F\8?C&�79&~\814%R7

’\0’
¼,�B³{¡¢�H�[�RºB�9¦e®I¨I§¢²~�

0
½¡¢�d¨�²~�4�Bª�¨��[¡¢�8¨�§¢§¯»h¨��~�y�R�~°~�R°j�[���4V�g¨�¦4¦©¨R» £�¿ ~¡¢�d�©V¨�¦©¨��9�[�9¦d°V�s�R�d�~�#�u�R�#¦4¦[�9�b�y�B�~°j�[�Y¨I�H»
�~¦[¡¢�H�©¨�±V§¢�d�©V¨�¦©¨��9�[�9¦ £ Ã ³¢�[�9¦��4V�·§¢¨��4�[�9¦
°~�R�R§�¨�¦[¨��[¡¢�B�2«~�[~�·¨�¦4¦©¨R»

text
�[~�9¦[�R³��#¦4�rV¨I�
§¢�R�~º#�[

5
£

¿ V� �~¦[�b�W³��B²~¦g�R§¢�Rª��9�s�[�W¨�¦[�
’b’

«
’o’

«
’o’

«e¨I�~°
’l’

«e¨I�~°<�[~� ��³¢�4J�R§¢�Rª��9�s�W¡¢�r�4V� 	R�9¦4�
�©V¨�¦©¨I�9�4�9¦

’\0’
£

� �=�8¨I§¯§)�4²~��g¨I�W¨�¦4¦©¨R» �s%R793�Ub14%R78D�*,+�&H14%'( £ � �~§¢¡¯¹����V�#¦4ª�¨I§�¨�¦b¦©¨R»��R« 	R�9¦4�IÅ>�[�9¦4ª�¡¢�V¨��[�R°r¨�¦4¦[¨8»��
�l¹��~�!¬ � �[~�R¡¯¦u§¢�R�~º#�[ £k¿ ��ºB�9���[~¡¢�u§¯�R�~º#�[2«^¬=�W�4¡¢ªk�V§¯»YV¨R®��W�[�h¡¯�[�9¦©¨N�[�W�!®��9¦u�[~�k¨�¦4¦[¨8»F¨I�~°�R�B²~�s���[~����²~ªr±.�9¦��B³��R§¢�Rª��9�s�[�e±y�R³��#¦4���[~���[�9¦[ª�¡¢�V¨��4¡¢�~º

’\0’
£

(
�9¦[�·¡¯�	¨I�F¨��~��§¯¡¢�8¨��[¡¯�B�h�B³=¼@¨�¦4¦[¨8»��	�B³4½���V¨�¦[¨I�9�[�9¦4� £ q21>78*,+.-SDF&H14\R?�*,+.-�¡¢���4V�u�V¦4�#±�§¯�Rª �B³
�V�~°V¡¯�Vºu�[~� �V¦4�b�e�#¦�¨I§¢§����R�9²~¦b¦[�R�~�R�R�e�B³^¨EºB¡¯®��R���4�R¨�¦[�©h�b�b¦[¡¢�~ºk¼>²~�4²V¨I§¢§�»g�4~�#¦4�©½�¡¢�c¨EºB¡¯®��R���[�'µ��
¼>²~�4²V¨I§¢§�»�§¢�B�~ºH½ £

¿ ~���#±�®�¡¢�B²~�e�4�B§¢²)�[¡¢�B��¡¢�e�[~�³��B§¢§¢�!¬�¡¢�~º)Ê`¨��4�4²~ª�¡¢�~ºE�[V¨��e�[~��4�8¨�¦4��h�b�4¦[¡¢�~º�V¨I�=§¢�R�~º#�[
m
«

¬=�r�R�Bªk��¨�¦[��¡¯���©�¨N¦©¨I�9�[�'¦4¬�¡¢�b��¬
¡¯�[S�[~�W�R§¯�Rª��R�s�4�
1, 2, ..., m

�B³��[~���[�'µ�� £ �>³�¨cª�¡¯�4ª�¨��[�©Y¡¢�
³��B²~�~°S³��#¦��4�Bª��E�R§¢�9ª��R�s�8«)¬=�E�l�[�#�F¨I�~°S�~�'µ��	�R�Bªk��¨�¦[���[~�E�4�8¨N¦[�©F�b�b¦[¡¢�~ºg¬�¡��[h�[~�E�R§¯�Rª��R�s�4�
2, 3, . . . , m+1

�B³~�[~�=�[�'µ��R«H¨I�~°g�4���B� £  ��9�[���B³
m
�9�B�V�b�R�R²)�[¡¯®����R§¢�Rª��9�s�[�

i, i+1, . . . , i+m−1¡¢�c�[~���[��µ��	¨N¦[�u�R¨I§¢§¢�R°h¨�;=*0+�(~3B; £
¿ ~¡¢��¨I§¢ºB�#¦4¡¯�[~ª ¡¢��³_¨I�b�
¨I��§¢�B�~ºg¨I�=�[~���4�8¨�¦[�©Y�b�b¦[¡¢�~ºW¡¯���4~�#¦4�R«�±�²)��¡¯��ª�¨R»�±y�R�R�Bª��¡¢�~� �rÅ

�R¡¢�9�s�³��#¦§¢�B�~º��4�8¨N¦[�©F�b�b¦[¡¢�~ºB�·¼>�4�R� ��µ)�'¦[�R¡¢�4�rÈ  ½ £�¿ ~�9¦[��¡¢��¨kª��#¦[�E�4�#�V~¡¢�b�[¡¯�8¨��[�R°�¨�§¢ºB�#¦[¡¯�[~ª
¼,�[~���·+yA.1@?)U��J3B7878*,MRU �=79&H1@1d&HO -)3B78*>1@?�Dj½��[V¨��
¡¯��¨�§¯¬�¨R»���³_¨I�b� £



���������	�
��������������������������� �R¤~�

¿ ~�=³��B§¢§¢�!¬�¡¯�Vº ��¦4�Bº#¦©¨Iª � � ¡¢ªk�V§¢�Rª��9�s�[�2�[~�e�#±�®�¡¢�B²~�`¨I§¢ºB�#¦[¡��[~ª £ �,��ª�¨�¡¢�s�©¨�¡¢�~�2��¬=��¨�¦4¦[¨8»��
�B³��©V¨�¦©¨��9�[�9¦[�9«{�B�~�r³��#¦u�[~�r�4�8¨�¦4����b�4¦[¡¢�~º)«^¨I�~°��B�~�r³��#¦u�4V�r�R²)¦4¦[�9�s��¬�¡¢�~°~�N¬ £ � �r¡¢ªk�y�B�b�·¨
�9»��R§¢¡¢���#¦[°~�9¦��B�F�4V�·¬
¡¢�~°V�!¬w¼,�4V� �~¦[�b���R§¯�Rª��R�s�°~¡¯¦4�R�9�[§¯»�³��B§¢§¢�!¬����[~��§�¨I�b��B�~�!½��^�[~¡¢�ª�¨�¹��9�
¡¯���8¨��b»��[���4~¡¢³¢���[~�k¬�¡¢�~°~�!¬ �B�~����§¢¨I�R�#«`±�»/�b¡¢ªk�V§¯»F¦4�9�V§�¨I�R¡¢�~ºY�R§¯�Rª��R�s�

i
�B³=�[~���4�'µ���¬�¡��[

�R§¢�9ª��R�s�
i + m

¼@¨I�~°�¨��
�4V�u�[¨Iª���[¡¢ª���¨I°)®I¨I�~�R¡¢�~ºW�[~�E§¯�BºB¡¢�8¨I§&�~¦[�b���y�B�4¡¯�4¡¢�B�h�B³��[~��¬�¡¢�~°~�N¬
±�»c�B�~�!½ £

	
// Program: string_matching.C

// find the first occurrence of a fixed string within the�
// input text , and output the text so far�


#include <iostream >�

�
int main ()�
{�

// search string	��
char s[] = "bool";	�	

	�

// determine search string length m	��
unsigned int m = 0;	��
for (char* p = s; *p != ’\0’; ++p) ++m;	�

	��
// cyclic text window of size m	 �
char* t = new char[m];	��

	��
unsigned int w = 0; // number of characters read so far
��
unsigned int i = 0; // index where t logically starts
�	


�

// find pattern in the text being read from std::cin
��
std::cin >> std:: noskipws ; // don’t skip whitespaces!
��


�
for ( unsigned int j = 0; j < m;)
��

// compare search string with window at j-th element
 �
if (w < m || s[j] != t[(i+j)%m])
��

// input text still too short , or mismatch:
��
// advance window by replacing first character���
if (std::cin >> t[i]) {��	

std::cout << t[i];��

++w; // one more character read���
j = 0; // restart with first characters���
i = (i+1)%m; // of string and window��

} else break; // no more characters in the input���
else ++j; // match: go to next character� �

���
std::cout << "\n";
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���
delete [] t;� �
return 0;� 	

}

Program 15:
]27939-�M��^MR1>78*0+.- DF&H14\8?�*0+.-�m�t

� V�9�J¬=�h¨��~�V§¯»j�4V���~¦[�Bº#¦©¨Iª �[�S�[~���[�'µ��W�B³
�[~� �V§¢�
eratosthenes.C

«��[~���~¦[�Bº#¦©¨Iª
�B²)�4�V²)�[� �`¦[�Bº#¦©¨�ª �8" ²)���[�W�4V� �~¦[�b�����R�9²~¦b¦[�R�~�R�d�B³^�[~�u�l�4¦[¡¢�~º

"bool"
Ê

// Program : eratosthenes.C

// Calculate prime numbers in {2 ,...,999} using

// Eratosthenes’ sieve.

#include <iostream >

int main()

{

// definition and initialization: provides us with

// Booleans crossed_out[0],..., crossed_out[999]

bool
Ã ³��9¬ �R�Bª�ª��R�H�[�E�~�R�R°<�4��±.�cª�¨�°V�k¬
¡¯�[/¦[�R�b�.�R�9���[���[~�cV¨I�~°~§¢¡¢�~ºY�B³��b�©¨I�~°V¨�¦[°Æ¡¢�)�V²)�

~�9¦[� £ ¿ V���~¦[�Bº#¦©¨Iª ¦[�R¨I°~�c�[~���[�'µ��h�©V¨�¦©¨I�'�[�9¦h±s»Q��V¨�¦[¨I�9�[�9¦�³¢¦[�Bª
std::cin

«	²V�H�[¡¢§��[~¡¢�
�b�4¦4�8¨Iª ±y�9�R�Bª��R� �b�Rªk�~��» � £�¿ �E�[�R�b�e�[~¡¢�9«s¬=��²~�4���[~�	³_¨I�'�e�[V¨��e�b�4¦4�8¨Iª ®I¨I§¢²~�R�e�8¨��c¡¯ªk��§¯¡¢�R¡¯�[§�»
±y�c�R�B�s®��'¦4�[�R°5�[�

bool
«�¬
¡¯�[��4V��¦[�R�b²V§��W±y�9¡¢�~º � % � �Y¨I�W§¯�B�VºF¨I�r�[~�9¦[��¬�¨��W�~�j¨N�4�[�Rªk�~�W¨��

¦[�8¨�°V¡¯�Vºr��¨I�b�
�4V�u�R�~°��B³p�[~�d�b�b¦[�8¨Iª £  �¡¯�V�9�u�[~�u®I¨I§¢²~�u�B³
std::cin >> t[i]

¡¯���[~�d�l�4¦[�8¨Iª
&©ZR14%97·¦[�Rª��!®#¨I§)�B³��B�~���©V¨�¦©¨I�'�[�9¦8«��[~���9�B�s®��9¦[�b¡¢�B�g�[�

bool
��µ~¨I�9�4§¯»·�[�R§¢§¯��²~��¬�~�9�[~�9¦��[~�9¦[���b�[¡¯§¢§

¬�¨I��¨r�©V¨�¦©¨��9�[�9¦�¡¢�h�[~���b�4¦[�R¨IªY«��#¦��V�#� £
�h�B�b���9�B�s®��R�~¡¢�R�H�[§¯»�«B�[~�=�V¦4�Bº#¦©¨Iª¶¡¢��¦[²~�g±�»�¦[�9°V¡�¦[�R�9�[¡¯�Vº��b�©¨��V°V¨�¦4°k¡¢�)�V²~�`�4�E¨ ��§¯���9�B�s�©¨I¡¯�)Å

¡¢�~º·�[~�	�[�'µ�� £ �>�c�[~¡¢�e�8¨I�b�#«��[~��b�4¦[�8¨�ª
std::cin

¬�¡¯§¢§�±y�9�R�Bª��	�Rªk�~��»k�'µ)¨I�9�[§¯»c¨N�e�[~���9�V°��B³
�[~� ��§¯� £�¿ ~�d§¯¡¢�~�

std::cin >> std:: noskipws ; // don’t skip whitespaces!
¡¢���~�R�R�9�4�[¨�¦4» �[���[�9§¢§
�[~�Y�b�4¦4�8¨Iª �[V¨���;�?�*>14%RMl].&~\9%RM5¼,±V§�¨I�)¹��R«��~�9¬�§¯¡¢�~�R�R«=�9�[� £ ½ �4~�B²~§¢°Q�~�#�
±y�S¡¢ºB�~�#¦[�R° ¼,±�»Q°~�R³_¨I²~§¯�R«��[~�9»�¨�¦[�8½ £�¿ ~¡¢�c¨I§¯§¢�N¬
��²~�c�[�Æ�4�8¨N¦[�©¾³��#¦h�l�4¦[¡¢�~ºB���[V¨��c�R�B�s�[¨I¡¢�
¬�~¡¯�4�R�b��¨I�R�R�9«)¨I�~°�¡¯��¨I§¢§¢�!¬���²~���[���B²~�b��²)���4V���4�'µ��¼>²)�c�[�·�[~� �~¦[�b�=���9�R²)¦4¦[�R�~�R��B³y�[~�	�4�8¨�¦4��
�b�4¦4¡¢�~ºH½e¡¯�h¡¯�[���#¦[¡¢ºB¡¯��¨�§.§�¨R»��B²)� £

2.6.11 Multidimensional arrays
�>��Á�ÂuÂ·«~¬=�u�8¨���V¨8®��d¨�¦4¦©¨R»����B³`¨N¦4¦©¨R»�� £ ´)�#¦
��µ~¨Iªk�V§¢�#«s�[~�u°~�R�R§¢¨�¦©¨��[¡¯�B�

int a[2][3]
°~�R�R§�¨N¦[�R�

a
�[��±y��¨I��¨�¦4¦[¨8»��B³�§¯�R�~º#�[

2
¬
V�B�b���R§¯�Rª��R�s�4�p¨�¦4��¨�¦4¦[¨8»��p�B³�§¯�R�~º#�[

3
¬�¡¯�[d²V�~°~�9¦[§�»�¡¢�~º

��»��y�
int

£ � �W¨I§¢�b�c�4¨8»��[V¨��
a
¡¢�¨�DhA.OX1>*l(�*0D�%R+2M'*b3B+�&HO�&�7879&�:J¼>¡¢���[~¡¢�	�8¨I�4�r�B³�°~¡¢ª��9�V�b¡¢�B�~�

2
¨I�~°

3
½ £�¿ ~�u��»s�y�u�B³

a
¡¢� �

int[2][3] � «~¨��V°��[~�d²~�~°V�'¦[§¯»�¡¯�Vº·��»��.�d¡¢� int[3] £ �>�hºB�R�~�9¦©¨I§>«�[~��°V�9�R§�¨�¦©¨N�[¡¢�B�



���������	�
��������������������������� �R¤�"

� ��� �"!$#&% � ' £¯£¯£ � �"!$#&%�� '

°~���V�~�R��¨I� ¨�¦b¦©¨R»
a
�B³	§¢�9�Vº#�4

n1

¼0®#¨I§¯²V���B³ �"!$#&% �s½�¬
V�B�b���R§¢�Rª��9�s�[�W¨�¦[�Y¨N¦4¦©¨R»��W�B³	§¢�R�~º#�[
n2

¼,®I¨I§¢²~�c�B³ �"!�#&% � ½E¬�~�B�4�c�R§¢�Rª��9�s�[�r¨�¦[� £R£8£ »��B²JºB�9�r�[~����¡¯�9�[²)¦[� £Æ¿ V��®I¨I§¢²~�R�
n1, . . . , nk¨�¦[�c�8¨I§¯§¢�R°��4V�/(�*,DF%R+2M9*b3B+2MY�B³��[~�h¨�¦b¦©¨R»�«�¨I�~°<�[~�c�'µ��~¦[�9�4�4¡¢�B�~� ��!$#&% �I« £9£8£ « �"!�#&%��¾ªr²~�b��±y�

�R�B�~�b�©¨��s���'µ��~¦[�R�b�4¡¢�B�~���B³p¡¢�s�[�9º#¦©¨I§.��»��y�d¨I�~°��y�B�b¡¯�[¡¯®��	®I¨I§¢²~� £
� ¨I�~°~�Bª ¨��R�R�R�4�·¡¯�jªW²~§¯�4¡¢°~¡¢ª��R�~�4¡¢�B�V¨I§{¨�¦4¦©¨R»��d¬=�#¦4¹��E¨I�d�'µ��y�R�9�4�R°2Ê

a[i]
¡¢�u�4V�W�R§¢�Rª��9�s�

�B³�¡¢�~°~�'µ
i
«y¨I�~°��[~¡¢���R§¢�9ª��R�s�	¡¯�¨I�S¨�¦4¦©¨R»Y¡¯�4�4�R§¢³ £ Áe�B�~�4�R¸�²~�R�H�[§¯»�«

a[i][j]
¡¢���4V�·�9§¢�Rª��R�H�	�B³

¡¢�~°~�'µ
j
¡¢���[~�u¨�¦4¦©¨R»

a[i]
«V¨I�~°��b�g�B� £

Ã §¯�[~�B²~ºBE¬=�e²~�4²V¨I§¢§¯»��[~¡¢�)¹E�B³~ªr²~§¯�[¡¢°~¡¢ª��R�~�4¡¯�B��¨N§#¨�¦b¦©¨R»���¨I���©¨N±�§¯�R���#¦�ª�¨��4¦4¡¢�R�R�R«N�[~��ª��RªgÅ
�#¦4»/§�¨R»��B²)��¡¢� � ��¨�� � §¢¡�¹���³��#¦g�B�~�'Å>°V¡¯ª��R�~�4¡¢�B�V¨I§�¨�¦4¦©¨R»�� £ ´)�#¦W��µ~¨Iªk�V§¢�#«��4V����¬=��°~¡¢ª��9�V�b¡¢�B�V¨I§¨�¦4¦[¨8»Æ°~�R�R§¢¨�¦[�R°<�4~¦4�B²VºB

int a[2][3]
���9�R²)��¡¯�R�g¨��R�B�H�[¡¢ºB²~�B²~�r��¨�¦4�r�B³
�4V��ª��Rª��#¦4»�«`¬
¡¯�[

�b��¨I�R�u³��#¦
6 = 2 � 3

�#±�Ä��R�'�[���B³{��»s�y�
int

«~�4�R�d´p¡¢ºB²)¦[� � ��£

a[0][0] a[0][1] a[0][2] a[1][0] a[1][1] a[1][2]

a[0] a[1]

Figure 10:
�J%RDF3B78:SO_&�:V3BA.1�3[Zk&Y1>;3I(�*,DF%R+2M9*l3B+�&HO�&�7879&�:

�h²~§¯�[¡¢°~¡¢ª��R�~�4¡¯�B��¨�§�¨�¦4¦[¨8»����8¨I��±y�
¡¢�~¡¯�[¡�¨I§¯¡
	R�R°�¡¢��¨u¬�¨R»W�4¡¢ª�¡¢§¢¨�¦`�[�E�B�~�R°~¡¢ª��R�~�4¡¯�B��¨�§~¨�¦4¦©¨R»�� �
�[~�®#¨I§¯²V��³��#¦
�4V�:�e7!MR1u¼@¨I�~°�3B+2OP:Y�[~� �~¦[�l��½=°~¡¢ª��9�V�b¡¢�B��ª�¨8»�±.�u�Bª�¡¯�b�[�R°2Ê

int a[][3] = { {2 ,4 ,6} , {1 ,3 ,5} };
¿ V¡¯��°~���V�~�R��¨I��¨N¦4¦©¨R»��B³{��»��.�

int[2][3]
¬�~�9¦[�

{2,4,6}
¡¯��²~�4�9°h�[�r¡¢�~¡¯�[¡�¨I§¯¡
	R���4V��R§¯�Rª��R�s�

a[0]
«V¨I�~°

{1,3,5}
¡¢�=²~�4�R°Y³��#¦

a[1]
£

Dynamic allocation of multidimensional arrays.
¿ ~�W¦[�R¸s²~¡¯¦[�R°�°~¡¢ª��R�~�4¡¯�B�V�	�B³�¨�ªr²V§��[¡¢°~¡¢ª��R��Å

�4¡¢�B�V¨I§�¨�¦4¦©¨R»·ª�¨R»d�V�#�`±.��¹��~�N¬
�g¨N�`�R�Bªk�V¡¢§¢���[¡¢ª���¡¯��¬
~¡¢�©r�R¨I�4�=°)»��V¨Iª�¡¢��¨I§¢§¢�s�8¨��[¡¢�B�d¡¢���8¨I§¯§¢�R°
³��#¦ £ É2�9�	²~���l�©¨�¦4��¬
¡¯�[��[~�E�R¨I�4�E¬�~�9¦4�·¨I§¢§{°V¡¯ª��R�~�4¡¢�B�~��±V²)�
�4V� �~¦[�l�¨�¦[�d¹��~�N¬
�F¨N�	�R�Bªk�V¡¢§¢�
�[¡¢ª�� £ �>³ �"!�#&%�V¨I��®#¨�§¢²~�

n � 0
«p¨c�y�B¡¯�s�[�9¦��[�Y¨�°)»��V¨Iª�¡¢�R¨I§¢§¯»�¨�§¢§¢���R¨��[�R°F¨�¦4¦©¨R»F�B³e§¢�R�~º#�[

n¬�¡��[h²~�~°~�9¦[§¯»�¡¢�~º���»s�y� � �
n2

' £�£¯£ �
nk

'^¡¢���#±V�[¨I¡¢�~�R°c³¢¦[�Bª ¨
new

�'µ��V¦4�R�4�4¡¢�B�

new
� � �"!�#*%�' � �"!$#&% � ' £¯£¯£ � ��!$#&%�� '

¬�~�9¦4� �"!$#&%��
�¨��d®#¨�§¢²~�
ni

«
i = 1, . . . , k

£ Ã §¯§�°~¡¢ª��R�~�4¡¯�B�V�±V²)�E�[~���~¦[�b�dªW²~�b�u±y�k�R�B�~�b�©¨��s�
�'µ��V¦4�R�4�4¡¢�B�~� £ �>³�»��B²S�[~¡¢�)¹�¨�±y�B²)�	¡��³��#¦d¨�ª�¡¢�s²)�[�#«��4V¡¯�	¡¢�	�~�#��4²)¦4�~¦[¡¢�4¡¢�~º £ ´)�#¦�'µ~¨Iªk�V§¢�I«.¡¢�
�#¦[°~�9¦2�[��ºB�R�~�9¦©¨��4��ª�¨I�©~¡¢�~�`§�¨I�~ºB²V¨IºB���9��°~��³��#¦^¦©¨I�~°~�Bª ¨I�R�9�R�4�p�#�.�9¦©¨��[¡¯�B�V�C�B�d�[~��°~»��V¨Iª�¡¢�8¨I§¯§¯»
¨I§¢§¯���8¨��4�R°�¨�¦4¦©¨R»�«H�[~�	�R�Bªk�V¡¢§¢�9¦�ªW²~�b��¹��~�N¬�~�N¬�ª�¨I�s»gª��Rª��#¦4»r�R�R§¢§¯�e¨E�4¡¢�~ºB§¢���9§¢�Rª��R�H���B³y�[~�
²~�~°V�'¦[§¯»�¡¯�Vº·��»��.� � �

n2

' £¯£�£ �
nk

'^���R�9²~�V¡¢�9��¼,�4�R�d ��R�9�[¡¢�B�  �£ È £¥" ½ £ � ²~�=�[~¡¢�=¡¢�=�B�~§¯»k�.�B�4�4¡¯±V§¢�¡¢³2�[~�
®I¨I§¢²~�R�

n2

« £R£8£ «
nk

¨�¦[�¹��~�!¬��Y¨N�
�R�Bªk�V¡¢§¯�
�[¡¢ª�� £
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Pointers to arrays.
�>³¬=�h¬�¨I�H�k�[�/²~�4���[~��¨�±y�!®��

new
��µ��~¦[�R�4�b¡¢�B�Q�4�Æ¡¯�V¡��[¡�¨I§¢¡ 	R�c¨F�y�B¡¢�H�[�9¦

®I¨�¦[¡�¨�±V§¢��¼0¬�¡¯�[Y�[~�r¨I°~°)¦[�R�4���B³��[~���~¦[�b��9§¢�Rª��R�H��B³��[~��ªW²~§¯�4¡¢°~¡¢ª��R�~�4¡¢�B�V¨I§y¨N¦4¦©¨R»~½'«.¬=�r�~�R�R°
�[~����»s�y� �l�y�B¡¢�H�[�9¦r�[� � �

n2

' £¯£�£ �
nk

' � £ Ã �r»��B² ª�¨8»Æ�4²~�b�.�R�9�8«�¬=��¡¯�V³��#¦4ª�¨I§¢§¯»��8¨I§¢§=�[~¡¢�W��»s�y�� � �
n2

' £¯£�£ �
nk

' � � «y±V²)��¬=���8¨��^Ç �¬
¦[¡¯�4�·¡¯�§¢¡¯¹��·�[V¨��¡¢�jÁ�Â�Â·«{�4¡¯�V�9� � �
n2

' £�£¯£ �
nk

'�¡¢��~�#�u¨���»s�y�
�V¨Iª�� £ Ã º�¨I¡¢�2«~¬=�·V¨8®��E�4�k¦[�R�4�#¦4�
�[��¨I��¡¢�~°~¡¯¦[�R�9�
°~���V�V¡��[¡¢�B���B³`�[~�·°~�R�4¡¯¦4�R°Y�y�B¡¢�s�4�9¦
®I¨�¦[¡�¨N±�§¯�
p
«V¨I��¡¢�h�[~��³��B§¢§¢�!¬�¡¢�~º·�R�s°V��³¢¦©¨IºBª��9�s� £

int n = 2;

int (*p)[3] = new int[n][3]; // type of *p: int[3] <=> p: int [3]*

¿ ~����¨�¦[�R�H�[~�R�4�R�p¨�¦[���V�9�R�R�4�[¨N¦4»d~�9¦4�#«I�4¡¯�V�9�
int *p[3]

¼,¬
~¡¢�©u¡¢�2�[~���[¨Iª���¨I�
int* p[3]

½
°~�R�R§�¨N¦[�R�

p
�[��±y�W¨I�j¨N¦4¦©¨R»S�B³��y�B¡¯�s�[�9¦4��4�

int
¼>�4�9�g¨I§¯�4���V��µ����C¨N¦©¨Iº#¦©¨��V�½ £ Á�Â�Â �b»��H�©¨NµS¡¢�

±V¡¯�4�[�'¦[�b¬=�R�9� £

Arrays of pointers.
�>³�»��B²2Ç ¦[��¨��b¹�¡¢�~º�³��#¦�¨hªr²V§��[¡¢°~¡¢ª��R�~�4¡¢�B�V¨N§p¨�¦b¦©¨R»�¬�¡��[j�~�B��Å@�R�B�~�b�©¨��s�E°~¡�Å

ª��R�~�4¡¢�B�~�e¨�ª��B�Vº
n2, . . . , nk

«��[~�	���g�R¡�¨I§y¨��V�l¬=�9¦=¡¢�RÊ��[~�9¦4��¡¯�e�V�B�~� £ � ²)�=²~�~°V�'¦e�[~�	�R�B²~�s�[�9¦R«
»��B²��8¨��h±V²~»h¨E®��9¦4»�ºB���s°�¡¢ª�¡¯�©¨N�[¡¢�B� £

��~� �~¦[�b�r�4�B§¢²)�[¡¢�B���[V¨����b²VºBºB�9�b�[�r¡¯�[�4�R§¯³=¬
~�R��»��B²Æ¦[�R�R�B�~�4¡¢°~�9¦��[~� ��¨���ª��Rª��#¦4»�§�¨R»��B²)�
�B³�ªr²~§¯�[¡¢°~¡¢ª��9�V�b¡¢�B�V¨I§2¨�¦4¦©¨R»��u¡¢�	�[~¡¢�9Ê�»��B²j°)»��V¨Iª�¡¢�8¨�§¢§¯»h¨I§¢§¢�s�8¨��[��¨��B�~�R°~¡¢ª��R�~�4¡¢�B�V¨I§p¨�¦4¦©¨R»S�B³
§¢�R�~º#�[

n = n1 � n2 ������� � nk

¨I�~°�¨�¦4�4¡ �V�R¡�¨I§¢§�»g��¨�¦4�[¡��[¡¢�B�h¡��
¡¢�H�[�g�b²~±�¨�¦b¦©¨R»��
±s»h°~�B¡¢�~ºg�b�Bª��
Ä�²~ºBºB§¢¡¢�~º·¬�¡¯�[c¡¢�~°~¡¢�R�R� £

É^�'�e²~�e°V¡¯�4�R²~�4���[~�
��¬=��°~¡¢ª��9�V�b¡¢�B�V¨I§)�8¨I�4�	�B�~§¯»r�[��¨R®��B¡¢°�§¢�R�~º#�[H»g³��#¦4ªW²~§�¨I� £ Ã ��¬=��°~¡¢ª��R��Å
�4¡¢�B�V¨I§�¨�¦4¦[¨8»S¬�¡��[j°~¡¢ª��R�~�4¡¢�B�~�

n
¨I�~°

m
�8¨I�j±y�g�4¡¢ªr²V§¢¨��[�R°S±�»�¨h�B�~�R°~¡¢ª��R�~�4¡¢�B�V¨I§`¨N¦4¦©¨R»j�B³

§¢�R�~º#�[
nm

£�¿ ~���9§¢�Rª��R�H��¬�¡��[�§¢�BºB¡¢�8¨�§V¡¯�V°~¡¢�9�R�
i
�

{0, 1, . . . , n− 1}
¨I�~°

j
�

{0, 1, . . . , m− 1}¨��~�y�8¨N¦[�
¨N�
¡¢�~°~�'µ
mi + j

¡¢���[~���B�~�R°~¡¢ª��R�~�4¡¢�B�V¨I§y¨N¦4¦©¨R» £	� ¡¢�R�	®��9¦[�[¨s«V�[~���R§¢�Rª��9�s���B³�¡¢�~°~�'µ
`¡¢�c�[~���B�~�R°~¡¢ª��9�V�b¡¢�B�V¨I§.¨�¦b¦©¨R»��¨���§¯�BºB¡¢�8¨I§.¡¯�V°~¡¢�9�R�

i = `
°~¡¯®

m
¨I�~°

j = `
ª��s°

m
£�¿ ~¡¢�e¬=�#¦4¹��

±y�R�R¨I²~�4�u�[~��³�²~�V�'�[¡¢�B�

(i, j) �→ mi + j

±V¡¥Ä��R�9�[¡�®��R§¯»�ª�¨��V���[~�E�4�'�	�B³�§¢�BºB¡¢�8¨I§2¡¢�~°~¡¢�R�9�
(i, j)

�[�g�[~�E�b�9��B³���²~ªr±.�9¦[�
{0, 1, . . . , nm − 1}

£
�>�s�4²V¡��[¡¯®��R§¯»�«!�[~¡¢�{ª�¨��~��¡¯�Vº ��¨��4�[�9�V�{�[~��¡¢ª�¨IºB¡¢�V¨�¦b»��©¨�±V§¢���B³

n
¦4�N¬
�`¨I�~°

m
�R�B§¢²~ª��~�^±s»·�4¡¢ªk�V§¯»

�V²)�4�[¡¢�~ºj�B�~�h¦[�!¬�¨�³¢�[�9¦�¨I�~�#�[~�9¦ £ Ã �g»��B²Q�8¨I� �4�9�Y³¢¦[�Bª ´p¡¢ºB²)¦[� � � «=�4V¡¯�g¡¢�k��µ~¨I�9�4§¯»<¬
�¨N�
�[~�r�R�Bªk�V¡¢§¢�9¦	¡¯�u¡¢ªk�V§¢¡¯�R¡¯�[§¯»c°~�B¡¢�~º�³��#¦Eªr²~§¯�[¡¢°~¡¢ª��R�~�4¡¯�B��¨N§2¨�¦4¦©¨R»��u¬�¡��[Q\'3B+2MR1b&�+21·°~¡¢ª��R�~�4¡¢�B�~�
n1, . . . , nk

£
� �B¡¢�~º�¡¯�	�'µ���§¯¡¢�R¡¯�[§�»�³��#¦��~�B��Å@�R�B�~�b�[¨I�s�	°~¡¢ª��9�V�b¡¢�B�~�
¡¢���B�~§¯»Y¨W¬=�#¦4¹I¨�¦[�B²~�~°^«��[~�B²VºB2«.�b¡¢�~�R�

¬=�r§¢�B�4�·�[~�W¡¯�s�[²~¡¯�[¡�®��E�~�#�©¨��[¡¢�B�
a[i][j]

�^ª��#¦[�R�!®��9¦8«y�[~¡¢�	¬=�#¦4¹I¨�¦[�B²~�~°F±y�R�9�Bª��R��9®��R�jª��#¦[�
�R²~ª�±y�9¦[�4�Bª���¬
¡¯�[�V¡¯ºBV�'¦[°~¡¢ª��R�~�4¡¢�B�V¨I§�¨�¦4¦©¨R»�� £

Ã ±y�9�4�4�9¦��4�B§¢²)�[¡¢�B���[V¨���¹��R�9�V���[~�Y�~�#�©¨��[¡¢�B�
a[i][j]

¨��V° �[V¨����bª����#�[~§¯»Æ�'µ��[�R�~°~�k�[�
~¡¢ºB~�9¦�°~¡¢ª��9�V�b¡¢�B�~��¡¯�
�[~�d³��B§¢§¯�N¬
¡¢�~º�¼@¨�º�¨I¡¢�2«)¬=�E�B�~§¯»h°~¡¢�b�R²~�4�
�[~�E�8¨��4�E�B³�¨W��¬=��°~¡¢ª��9�V�b¡¢�B�V¨I§
¨�¦4¦[¨8»�¬
¡¯�[�°~¡¢ª��9�V�b¡¢�B�~�

n
¨I�~°

m
½'Ê»��B² �V¦4�b�d°)»���¨�ª�¡¢�8¨I§¢§�»Y¨I§¢§¯���8¨��4�·�B�V�g¨�¦4¦©¨R»S�B³

n
].3B*,+21@U

%R7!MR«�¨I�~°/�[~�R��»��B²�§¢�9���9®��9¦b»<�4¡¯�VºB§¯�g�y�B¡¢�H�[�9¦·�y�B¡¢�H�·�[�Y�[~� �V¦4�b�r�R§¢�Rª��R�H�·�B³�¨I�<¡¢�~°~¡¯®�¡¢°~²�¨�§>«
°)»��V¨Iª�¡¢�R¨I§¢§¯»/¨�§¢§¢���R¨��[�R°5¨N¦4¦©¨R»J�B³	§¢�9�Vº#�4

m
£�¿ V�h³��B§¢§¢�!¬�¡¢�~º��9��°~��³¢¦©¨IºBª��9�s�W°V�9ª��B�V�l�4¦©¨��[�9�

�[~¡¢� £
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// a points to the first element of an array of n pointers to int

int** a = new int*[n];

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

// a[i] points to the first element of an array of m int’s

a[i] = new int[m];
¿ ~�
��»s�y�

int**
¡¢� �l�.�B¡¢�s�[�'¦��[�u�y�B¡¢�s�4�9¦��4�

int � £ a[i] ¡¢���[~�9¦[�R³��#¦[��¨��y�B¡¢�H�[�9¦��[� int ¼>�4�9��[~����¨�¦[¨Iº#¦©¨��Vk�B�g�.�B¡¢�s�[�'¦��4²)±V�4�9¦4¡¯�~�[¡¢�~ºd¡¢�� ��R�9�[¡¢�B�  �£ È £ � ½'«H¨I�~°
a[i][j]

¡¢��¨I��§�®#¨I§¯²V���B³C��»��.�
int

«�Ä�²~�b��§¢¡¯¹��¡¢�h¨ �l¦[�9ºB²V§¢¨�¦ � ��¬=�s°~¡¢ª��R�~�4¡¢�B�V¨I§C¨�¦4¦©¨R» £¿ ~��ª��Rª��#¦b»F§¢¨8»��B²)�·¡¯�E°~¡ � �9¦4�R�s�8«{�[~�B²VºB2Êr´p¡¢ºB²)¦[� � � ¡¯�d¦[�9�V§�¨I�9�R°�±�»/´p¡¯ºB²~¦4� �B�#£Y¿ V¡¯�
ª��8¨I�~�R«��[~����¬=�s°V¡¯ª��R�~�4¡¢�B�V¨I§{¨�¦4¦©¨R»�¡¢����¨��[�©~�R°F²~��³¢¦[�Bª ¨��4�9���B³

n
�B�V�9°V¡¯ª��R�~�4¡¢�B�V¨I§{¨�¦4¦©¨R»��9«

±V²)�d�[~�R�4�
n
¨�¦b¦©¨R»��·¨�¦4�k�~�#�E�~�R�R�R�b�[¨�¦[¡¢§�»j�R�B�~�4�R�9²~�4¡¯®��R§¯»�¨�¦4¦©¨��VºB�9°Æ¡¯��ª��Rª��#¦4» £ �>�/³_¨I�9�R«p�[~�

n
¨�¦4¦©¨R»���ª�¨R»h�9®��9�FV¨R®��E°~¡ � �'¦[�R�s��§¢�R�~º#�[~� £�¿ ~¡¢��¡¢��²~�4�R³�²~§�³��#¦	��µ~¨Iªk�V§¢�¬�~�R�Y»��B²Y¬�¨I�s���[�

�b�[�#¦4�g¨�§¢�!¬=�9¦bÅ,�4¦[¡�¨I�~ºB²~§�¨�¦
ª�¨��4¦[¡Xµ �y¡¢���[~¡¢��8¨I�4�I«^¡��u�b² �g�R�R�u¡¢³��4V�·¦[�!¬��B³�¡¯�V°~�'µ
i
V¨I�§¢�R�~º#�[

i + 1
£

a[0][0] a[0][1] a[0][2]a[1][0] a[1][1] a[1][2]a[0] a[1]

Figure 11:
�J%RD�3B78:kO_&�:V3BA.1e3[Zd&W1>;3I(�*,DF%R+2M9*l3B+�&HO{&�7879&�:k79%'&HOP*��s%�(hT8:c&�+Æ&�7879&�:h3[Z�]y3B*0+214%R7!M

Computing shortest paths.
É^�'�=²V�e�9�B�V�9§¢²~°V���4V¡¯�e�4�R�9�[¡¯�B�c¬
¡¯�[c¨I�c¡¢�s�[�'¦[�R�b�[¡¯�Vº�¨N�V�V§¢¡¯�8¨��[¡¢�B�g�B³

¼>ªr²~§¯�[¡¢°~¡¢ª��R�~�4¡¯�B��¨N§_½�¨�¦4¦[¨8»�� £ �>ª�¨IºB¡¢�~�·¨�¦[�R�9�©¨��VºB²~§�¨N¦³_¨I�9�[�#¦4» �V���#¦R«^�b²~±.°V¡�®�¡¢°~�R°F¡¢�s�[�c�4¸s²�¨N¦[�
�R�R§¯§¢� £  ��Bª��	�B³^�4V��R�9§¢§¢�=¨�¦[�	±V§¢�s�©¹��9°�¬�¡��[��#±��l�©¨I�R§¢�9�	¼,�[~�R�4��R�B²~§¢°�³��#¦���µ~¨Iªk�V§¢�
±.��ª�¨���~¡¢�~�R�
�#¦��R²)�~±y��¨�¦[°~�R«�±V²)�·§¢�'��²V��¨N±��l�4¦©¨I�9�4§¯»j�8¨�§¢§��[~�Rª �l¬�¨I§¢§¢� � ½ £ Ã ¦[�#±y�#�E¡¢�E¡¢�~¡¯�[¡¢¨I§¢§¯»�§¢�s�8¨��[�9°�¨N�
�4�Bª��k�9�R§¢§

S
¼,�[~���4�B²)¦[�R�8½'«�¨I�~°/�4V��ºB��¨I§�¡¢�E�[��ª��!®��g�[~�k¦[�#±y�#�E�4�S�b�Bª��k�#�[~�9¦��R�R§¯§

T
¼,�[~�

�©¨�¦4ºB�9��½ £ Ã �·¨I�H»��[¡¯ª��#«^�4V�r¦[�#±y�#�d�8¨I�/ª�¨�¹��g�B�~�W�b�[�9�Æ³¢¦[�Bª ¡��[�d�R²)¦4¦4�R�s�·�9�R§¢§��4�Y¨I�s»��B³��[~�
³��B²)¦�¨�°�Äl¨I�9�R�s���R�R§¢§¯�R«)±�²)��³��#¦��#±s®�¡¢�B²~�e¦[�8¨��4�B�~�
¡¯��ª�¨R»��B�~§¯»�²~�4�d�R�9§¢§¢�e�[V¨��
¨�¦[���Rªk�~��» £

� ¡¯®��9���[~¡¢�e�4�'�[²)�{«�¬=�	¬�¨I�H�e�[� ���~°�¨·�4~�#¦4�[�R�b�=�y�B�b�4¡¯±V§¢�
¦[�#±.�#�e�C¨N�[�³¢¦4�Bª
S
�[�

T
¼>�#¦ ���~°

�B²)��[V¨���~���4²~�©F��¨��4��'µ�¡¢�b�[�©½ £ (
�9¦4�#«y�[~�r§¯�R�~º#�[F�B³�¨k¦[�#±y�#�	��¨��[F¡¢���[~����²~ª�±y�9¦�B³��b�[�9�V�
�©¨�¹��9�F±�»��[~��¦[�#±y�#�°~²)¦[¡¢�~º�¡¯�[�ª��#�[¡¢�B��³¢¦[�Bª

S
�[�

T
¼,�[~��¡¢�~¡¯�[¡¢¨I§p�R�9§¢§

S
°~���9�u�~�#���R�B²~�s� �^¡¢�

��¨�¦4�[¡¯�R²~§�¨�¦8«�¡¯���©¨�¹��9�
0
�b�4�9�V��4��¦4�8¨I�©

S
³¢¦[�Bª

S
½ £ ´p¡¢ºB²)¦[� �! ¼>§¢�R³¢�©½
�4~�N¬
�u¨��F�'µ)¨Iªk�V§¢�d¬
¡¯�[

8 � 12
�R�R§¢§¢� £

�>���[~¡¢�
��µ~¨Iªk�V§¢�#«~¨r§¢¡¯�4�4§¢���[~¡¢�)¹�¡¢�~º�¦[�9®��8¨�§¢�
�[V¨����[~�9¦[�d¨�¦[�E�R�b�4�R�s�4¡�¨I§¢§¯»���¬=�k°~¡ � �9¦[�R�H�
�y�B��Å
�4¡¯±V¡¢§¯¡¯�[¡¢�R��³��#¦
�[~�u¦4�#±y�#���4�W¦[�8¨���

T
Ê�¡¯���8¨I����¨I�4��±y�R§¢�!¬L�[~�d�9�Bªk�y�B�~�R�s���B³p¬�¨I§¯§¢��¨I°BÄb¨��R�R�s���[�

S
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�C¨��4�4¡¢�~º�¨�±y�!®��·¡¢��³_¨��b�[�9¦8«2¨��V°F¨W¦[�9�4²~§¯�[¡¢�~º��4~�#¦4�[�9�b�	��¨��[/¼>�B³
§¢�R�~º#�[
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½�¡¢�d°~�9�V¡¢�9�4�R°j¡¢��´{¡¢ºB²)¦[� �! ¼,¦[¡¢ºBH��½ £ 
��#�[���[V¨��u¡¢��ºB�R�~�9¦[¨I§��4V�'¦[�g¡¢���~�#�E¨c²~�V¡¯¸�²~�

�4~�#¦4�[�9�b����¨��4 £ �>�g�B²)¦��'µ~¨Iªk�V§¢�I«#�[~� �V�V¨I§�¦[¡¯ºBs�`�[²)¦[�W�B³��[~�e��¨��[g�9�B²V§¯°k¨I§¢�b��V¨R®��=±y�R�R�kª�¨�°V�
�B�~�u�#¦���¬=�g�R�9§¢§¢�=³�²)¦4�[~�9¦�°~�!¬�� £
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// main loop: find and label cells reachable in i=1,2,... steps

for (int i=1;; ++i) {

bool progress = false;

for (int r=1; r<n+1; ++r)

for (int c=1; c<m+1; ++c) {

if (floor[r][c] != -1) continue ; // wall , or labeled before

// is any neighbor reachable in i-1 steps?

if (floor[r-1][c] == i-1 || floor[r+1][c] == i-1 ||



���������	�
��������������������������� �R¤ �

floor[r][c -1] == i-1 || floor[r][c+1] == i-1 ) {

floor[r][c] = i; // label cell with i

progress = true;

}

}

if (! progress ) break;

}
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// read floor dimensions

int n; std::cin >> n; // number of rows

int m; std::cin >> m; // number of columns

// dynamically allocate twodimensional array of dimensions

// (n+2) x (m+2) to hold the floor plus extra walls around

int** floor = new int*[n+2];

for (int r=0; r<n+2; ++r)

floor[r] = new int[m+2];
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// target coordinates , set upon reading ’T’

int tr = 0;

int tc = 0;
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// assign initial floor values from input:

// source: ’S’ -> 0 ( source reached in 0 steps)

// target: ’T’ -> -1 (number of steps still unknown)

// wall: ’X’ -> -2

// empty cell: ’-’ -> -1 (number of steps still unknown)

for (int r=1; r<n+1; ++r)

for (int c=1; c<m+1; ++c) {

char entry = ’-’;

std::cin >> entry;

if (entry == ’S’) floor[r][c] = 0;

else if ( entry == ’T’) floor[tr = r][tc = c] = -1;

else if ( entry == ’X’) floor[r][c] = -2;

else if ( entry == ’-’) floor[r][c] = -1;

}
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// add surrounding walls

for (int r=0; r<n+2; ++r)

floor[r][0] = floor[r][m+1] = -2;

for (int c=0; c<m+2; ++c)

floor[0][c] = floor[n+1][c] = -2;
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// mark shortest path from source to target (if there is one)

int r = tr; int c = tc; // start from target

while (floor[r][c] > 0) {

int d = floor[r][c] - 1; // distance one less

floor[r][c] = -3; // mark cell as being on shortest path

// go to some neighbor with distance d

if (floor[r-1][c] == d) --r;

else if (floor[r+1][c] == d) ++r;

else if (floor[r][c-1] == d) --c;

else ++c; // (floor[r][c+1] == d)

}
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// print floor with shortest path

for (int r=1; r<n+1; ++r) {

for (int c=1; c<m+1; ++c)

if (floor[r][c] == 0) std::cout << ’S’;

else if (r == tr && c == tc) std::cout << ’T’;

else if ( floor[r][c] == -3) std::cout << ’o’;

else if ( floor[r][c] == -2) std::cout << ’X’;

else std::cout << ’-’;

std::cout << "\n";

}

// delete dynamically allocated arrays

for (int r=0; r<n+2; ++r)

delete[] floor[r];

delete [] floor;

return 0;
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#include <iostream >


�
int main()�
{

// read floor dimensions�
int n; std::cin >> n; // number of rows�
int m; std::cin >> m; // number of columns�

�
// dynamically allocate twodimensional array of dimensions	��
// (n+2) x (m+2) to hold the floor plus extra walls around	�	
int** floor = new int*[n+2];	�

for (int r=0; r<n+2; ++r)
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	��
floor[r] = new int[m+2];	��

	�
// target coordinates , set upon reading ’T’	��
int tr = 0;	 �
int tc = 0;	��

	��
// assign initial floor values from input:
��
// source: ’S’ -> 0 ( source reached in 0 steps)
�	
// target: ’T’ -> -1 (number of steps still unknown)
�

// wall: ’X’ -> -2
��
// empty cell: ’-’ -> -1 (number of steps still unknown)
��
for (int r=1; r<n+1; ++r)
�

for (int c=1; c<m+1; ++c) {
��
char entry = ’-’;
 �
std::cin >> entry;
��
if (entry == ’S’) floor[r][c] = 0;
��
else if (entry == ’T’) floor[tr = r][tc = c] = -1;���
else if (entry == ’X’) floor[r][c] = -2;��	
else if (entry == ’-’) floor[r][c] = -1;��


}���
���

// add surrounding walls��
for (int r=0; r<n+2; ++r)���

floor[r][0] = floor[r][m+1] = -2;� �
for (int c=0; c<m+2; ++c)���

floor[0][c] = floor[n+1][c] = -2;���
� �

// main loop: find and label cells reachable in i=1,2,... steps� 	
for (int i=1;; ++i) {� 


bool progress = false;� �
for (int r=1; r<n+1; ++r)���

for (int c=1; c<m+1; ++c) {� 
if (floor[r][c] != -1) continue ; // wall , or labeled before� �
// is any neighbor reachable in i-1 steps?� �
if (floor[r-1][c] == i -1 || floor[r+1][c] == i-1 ||� �

floor[r][c -1] == i -1 || floor[r][c+1] == i-1 ) {� �
floor[r][c] = i; // label cell with i��
progress = true;�	

}�

}��

if (! progress ) break;��
}�

��
// mark shortest path from source to target (if there is one) �
int r = tr; int c = tc; // start from target
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��
while (floor[r][c] > 0) {��

int d = floor[r][c] - 1; // distance one less���
floor[r][c] = -3; // mark cell as being on shortest path��	
// go to some neighbor with distance d��

if (floor[r-1][c] == d) --r;���
else if (floor[r+1][c] == d) ++r;���
else if (floor[r][c-1] == d) --c;��
else ++c; // (floor[r][c+1] == d)���

}� �
���

// print floor with shortest path���
for (int r=1; r<n+1; ++r) {� �

for (int c=1; c<m+1; ++c)� 	
if (floor[r][c] == 0) std::cout << ’S’;� 

else if (r == tr && c == tc) std::cout << ’T’;� �
else if (floor[r][c] == -3) std::cout << ’o’;� �
else if (floor[r][c] == -2) std::cout << ’X’;� 
else std::cout << ’-’;� �

std::cout << "\n";���
}� �

� �
// delete dynamically allocated arrays���
for (int r=0; r<n+2; ++r)��	

delete[] floor[r];��

delete [] floor;���

���
return 0;��

}

Program 16:
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2.6.12 Beyond arrays and pointers
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Arrays have fixed length.
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Why arrays, after all?
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2.6.13 Details

Command line arguments.
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// Program: string_matching2.C

// find the first occurrence of a string (provided as command�
// line argument ) within the input text , and output text so far�


#include <iostream >�

�
int main (int argc , char* argv[])�
{�

if (argc < 2) {	��
// no command line arguments (except program name)	�	
std::cout << "Usage: string_matching2 <string >\n";	�

return 1;	��

}	��
	�

// search string: second command line argument	��
char* s = argv[1];
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¿ V¡¯�EºB�9�[�E²~�E±�¨I�[¹j�[���[~���4¡¯�[²V¨��[¡¯�B�j¡¢� �`¦[�Bº#¦©¨Iª � � ¨�³¢�[�9¦·§¢¡¯�V� � � «�¨I�~°��[~�g¦[�Rª�¨I¡¯�V°~�9¦4�d�B³
±y�#�[c�~¦[�Bº#¦©¨Iª���¨�¦[��¡¢°~�R�H�[¡¢�8¨I§ £

2.6.14 Goals

Dispositional.
Ã �=�[~¡¢�=�y�B¡¢�H�8«�»��B²��bV�B²~§¢° £R£R£

� ½k¹��~�!¬�¬�V¨��
¨I�S¨�¦4¦[¨8»h¡¢�R«�¨I�~°Y¬�V¨��
¦[¨I�~°V�BªÍ¨I�R�9�R�4�¨I�~°�¡¯�[�9¦[¨��[¡¢�B��ª��R¨I��¡¢���[~�E�9�B�s�[�'µ��
�B³`¨�¦4¦©¨R»����

 ½�²~�V°~�9¦4�b�©¨I�~°h�[~��y�B¡¢�H�[�9¦��R�B�~�R�9�~�8«V¨I�~°�~�!¬ �4�W�R�Bªk�V²)�[�	¬�¡��[�¨I°~°)¦[�R�b�4�R���
" ½k±y�u¨8¬�¨N¦[���4�¨N�u¼>¨I�~°�²~�V°~�9¦4�b�©¨I�~°h¬
s»~½e¨�¦b¦©¨R»���¨��V°c�y�B¡¢�H�[�9¦[��ªW²~�b�=±y��²~�4�R°�¬
¡¯�[c�8¨�¦[���
¤ ½k¹��~�!¬Í�[V¨��W�©V¨�¦©¨I�9�4�9¦[�k¨��V° ¨N¦4¦©¨R»��W�B³��©�¨N¦©¨I�9�[�'¦[�g�8¨��J±y�h²~�4�R°J�4���y�9¦[³��#¦4ª ±�¨I�4¡¢���[�'µ��
�V¦4���R�R�b�4¡¢�~ºW�©¨��b¹����

� ½k¹��~�!¬��[V¨��	¼,ªW²~§¯�[¡¯°V¡¯ª��R�~�4¡¢�B�V¨�§_½^¨�¦4¦©¨R»��e�B³2®I¨�¦[¡¢¨�±V§¢�
§¢�9�Vº#�4��8¨I��±y���#±~�©¨I¡¢�~�R°k±s»�°)»��V¨Iª�¡¢�
ª��Rª��#¦4»�¨I§¯§¢���8¨N�[¡¢�B� �

Operational.
�>�h��¨�¦4�[¡¯�R²~§�¨�¦8«H»��B²Y�4~�B²V§¯°�±y�u¨�±V§¢�	�[� £9£8£

¼ � � ½�¦4�8¨I°2«#²~�~°V�'¦[�b�©¨I�~°2«B¨I�~°�¨�¦4ºB²V��¨�±y�B²)���4¡¯ªk��§¯���~¦[�Bº#¦[¨Iª��p¡¢�H®��B§¯®�¡¯�Vº�¨�¦4¦[¨8»���¨I�~°E�y�B¡¢�H�[�9¦[���
¼ �  ½�¬�¦[¡¯�[�u�V¦4�Bº#¦©¨Iª��
�[V¨���°V� ���~�r¨�¦4¦[¨8»h®#¨�¦4¡�¨�±V§¢�R���#¦�°)»��V¨Iª�¡¯�8¨I§¢§¯»c¨�§¢§¢���R¨��[�g¼,ªW²~§¯�[¡¯°V¡¯ª��R��Å

�4¡¯�B��¨�§_½�¨�¦4¦©¨R»����
¼ � " ½�¬�¦[¡¯�[���~¦[�Bº#¦©¨Iª����[V¨���¦[�8¨I° ¨��b�R¸�²~�R�~�R���B³·°V¨��©¨Æ¡¢�s�4�5¨�¼>°)»���¨�ª�¡¢�8¨I§¢§�» ¨I§¢§¢�s�8¨��[�9°��

ªr²~§¯�[¡¢°~¡¢ª��R�~�4¡¯�B��¨�§�½`¨�¦4¦©¨R» �
¼ � ¤ ½�¬�¦[¡¯�[���~¦[�Bº#¦[¨Iª��p�[V¨��`�y�'¦[³��#¦[ª �4¡¢ªk�V§¢��°V¨��[¨	�~¦[�s�R�R�4�b¡¢�~º�[¨I�b¹���±�»�²~�4¡¯�Vº¦©¨I�~°~�Bª�¨I�R�9�R�4�

¡¢�F¼>ªr²V§��[¡¢°~¡¢ª��R�~�4¡¢�B�V¨I§¢½`¨�¦4¦©¨R»���¨I���[~�uª�¨IÄ��#¦e�[�s�B§ �
¼ � � ½�¬
¡¯�[~¡¢�g�~¦[�Bº#¦[¨Iª��R«H¡¯�[�9¦©¨N�[���!®��9¦�¨g¼>°)»��V¨Iª�¡¢�R¨I§¢§¯»r¨I§¯§¢���8¨N�[�R°��Eªr²V§��[¡¢°~¡¢ª��R�~�4¡¢�B�V¨N§_½{¨�¦b¦©¨R»

±s»�²~�4¡¯�Vºr�y�B¡¢�H�[�9¦�¨�¦[¡¯�4Vª��'�[¡¢���
¼ � È�½�¬�¦[¡¯�[���~¦[�Bº#¦©¨Iª����[V¨����y�9¦4³��#¦[ª��4¡¢ªk�V§¢��[�'µ����~¦[���R�9�4�4¡¢�~º��©¨I�b¹���¬�¡¯�4�¨�¦4¦©¨R»��	�B³��©V¨�¦©¨I��Å

�[�'¦[���

2.6.15 Exercises

Exercise 55

& � �j?C&H1�(~3I%8Mg1@?.%�ZI3�O0Oi3B;=*,+.-r]27R39-#79&�D 3BAC1¯]2A.1>f�&�+�(�;�?�: H
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��������������������������� � � �

#include <iostream >

int main()

{

int a[] = {5, 6 , 2 , 3 , 1 , 4 , 0};

int* p = a;

do {

std::cout << *p << " ";

p = a + *p;

} while (p != a);

return 0;

}

T � �J3B7R%�-)%9+`%R79&HO,OP:Hf�M9AH])]y3�MI%�1@?C&H1�*,+ 1@?.%Y]27R%RaI*b3BA.Mc]27R39-B79&�D�f
a
*>M�*0+y*>1>*�&HOX*
�s%'(Q;=*>1@?

MI3BDF%·MI%�z8Ap%R+`\'%�3[Z
n
°~¡ � �'¦[�R�s�d+yACDFT9%R7!ME*,+

{0, . . . , n− 1}
�b;%�MI%9%·1@?�*,M�ZI3B7

n = 7
*0+

1@?.%�]27R%Ra#*l3BA.M�]27R39-B7'&�D���m ��7R3Ba�%�1@?C&H1
1@?.%�]27R39-B79&�D 14%R78D�*,+�&H14%8Mr*,+51@?�*,M�\�&HMI%Im

¼ � � ½

Exercise 56
}�MRM9A�D�%·1@?C&H1�*,+ÆMI3BDF%]27939-B79&�D�f

a
*>Mg&�+ &�7879&�:j3[ZdAC+�(~%R7!OP:s*0+.-�1>:!]y%

int
&�+�(

O_%R+.-�1@?
n
m

& ���*,a�%R+¶&/a�&�78*�&)T!O_%
i
3[Zh1>:!]y%

int
;=*>1@?Jas&HOXA{%

0 � i � n
f�?.3B; \'&�+ :V3BA�3�T!1b&�*0+6&

]y3B*0+214%R7
p
143Y1@?.%�%ROi%RDF%R+21·3[ZW*0+�(~%��

i
*0+

a H ���g3�14%JFE*¥Z
i = n

f�1@?�*>Mr*>M�&HMRGI*,+.-dZI3B7h&
].&HM91@Ub1@?.%8U�%R+�(�]y3B*,+214%97#m �

T ���*,a�%R+ &h]y3B*0+214%R7
p
143�M�3BD�%S%8Oi%9D�%R+21E*0+

a
fd?.3B; \�&�+L:�3BA 3�T!1b&�*0+¾1@?.%�*,+�(~%��

i
3[Z

1@?�*,MW%8O_%RD�%9+21 H ���g3�14%JF* Z
p
*,Mr&E]C&HMR1@Ub1@?.%8U�%R+�(�]y3B*,+214%978fe1@?.%E*,+�(~%©��*>M�(~%)�e+`%'(Y&HM

n
m �

��78*>14%�\93I(~%�Z979&B-BDF%R+21@Mg1@?C&H1u\93BDW]2AC14%
p
Z97R3BD

i
*,+Q& �F&�+�(

i
Z'7R3BD

p
*,+�T ��m ¼ � � ½

Exercise 57 E %81�A.M�\'&HO0O=&Y+�&H1>A�79&HO�+yACDFT9%R7 k
Å@�R�Bªk�.�B�4¡¯�[��*¥Z�&�+�(�3B+2OP:F* Z�*>1�*>M�(�*,aI*>M9*�T!Oi%cT8:

%��~&~\R1@OX:
k
(�*��·%R7R%9+21u]278*,DF%S+yA�DFT9%R7!M�m |`3B7<%��)&�DW]^O_%Rfu]278*0D�%�]y3B;%R7!M�&�7R% ��U�\93BDr]y3�M9*>14%9f

&�+�(
6 = 2 � 3

&HM;�%RO,Op&HM
20 = 2 � 2 � 5

&�7R% �~U'\'3BDW]y3�M9*,14%Im���78*>14%�&d]27R39-#79&�D
k_composite.C1@?C&H1�7R%'&)(HMJ+yA�DFTR%97!M

n � 0
&�+�(

k � 0
Z'7R3BD 1@?.% *,+�]2AC1j&�+�(�1@?.%9+ 3BAC1¯]2A.1@M�&HO,O

k
U

\93BDr]y3�M9*,14%�+yA�DFTR%97!M/*0+
{2, . . . , n − 1}

m��g3B; DF&�+y:	�#U�\93BDr]y3�M9*>14%/+yA�DFTR%97!M &�7R%�1@?.%R7R%
ZI3B7

n = 1, 000, 000 H ¼ �  ½'¼ � ¤ ½

Exercise 58
��78*>14%�&�]27939-B79&�D

invert.C
1@?C&H1�*,+ya�%R7!1@M�&

3 � 3
DS&H1>78*_�

A
;=*>1@?�7R%�&HO�%9+21>78*b%8M�m

x�?.%d]27R39-B7'&�D MR?.3BA.O�(Y7R%�&)(j1@?.%�+y*0+`%�DF&H1>78*_��%9+21>78*b%8M�Z'7R3BD 1@?.%�*0+�]2A.1>fd&�+�(S1@?.%R+ 3BAC1¯]2A.1
1@?.%·*,+ya�%R7!MI%·DF&H1>78*��

A−1
�93B7�1@?.%·*,+BZ�3B78DF&H1>*l3B+/1@?C&H1�1@?.%·DS&H1>78*_�

A
*>Md+`3�1e*0+ya�%R7!1>*lT8Oi% ��m � +&)()(�*>1>*l3B+yf�1@?.%�]27R3'-B79&�D MR?.3BACO_(Y3BAC1¯]2A.1e1@?.%·DS&H1>78*_�

AA−1
*,+53B79(~%R7r143cO_%81=1@?.%·A.MI%R7�\8?.%'\8G

;�?.%81@?.%R7F1@?.%/\93BDW]2AC1b&H1>*b3B+ 3[Z�1@?.%�*,+ya�%R7!MI%�;	&HM�&~\9\RA�79&H14% �l*,+ 1@?.%�Z9A.O0OX: &~\9\9AC79&H14%Æ\'&HMI%9f
1@?.%kO�&H1@14%R7d]2793I(�Ap\81�*>M�1@?.%g*�(~%R+21>*>1>:�DF&H1>78*�� ��m
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Hint:
|`3B7E1@?.%W\93BDr]2A.1b&H1>*b3B+�3[Z1@?.%d*0+ya�%R7!MI%Rf�:V3BA�\'&�+J%RDr]^Oi3B:�Áe¦©¨�ª��9¦8Ç¥�`¦[²~§¢�Hm	}�])]^OX*l%'(

143c1@?.%�\93BDr]2A.1b&H1>*b3B+Q3[ZE1@?.%·*0+ya�%R7!MI%9fe*>1e:s*l%8O�(HME1@?C&H1
A−1

ij

�b1@?.%�%R+21>78:j3[Z
A−1

*0+/7R3B;
i
&�+�(

\93�OPACD�+2M
j
�h*,M�-#*,a�%R+�T8:

A−1
ij =

(−1)i+j
°~�9�

(Aji)°~�9�
(A)

,

;�?.%R7R%u°~�9�
(M)

*>M·1@?.%�(~%814%R78D�*,+�&�+21�3[ZW&�M�z8A^&�7R%�DF&H1>78*_�
M
f
&�+�(

Aij
*>M·1@?.%

2 � 2
DS&H1>78*_�

3�T!1b&�*0+`%'(·Z'7R3BD
A
T8:�(~%8O_%81>*,+.-h7R3B;

j
&�+�(j\93�OPACD�+

i
m

x�3S\93BDW]2AC14%g1@?.%�(~%814%R78D�*,+�&�+21d3[ZW&
3 � 3

DS&H1>78*_�Hfe:V3BA�Dh*i-�?)1�;	&�+21
143�A.MI%r1@?.%�;%8O,OXU
GI+`3B;=+  �¨�¦b¦[²~�RÇ)¦[²~§¢�sm ¼ �  ½'¼ � " ½'¼ � ¤ ½

Exercise 59
��78*>14%/&F]27R3'-B79&�D

read_array
1@?C&H1W7R%�&)(HMÆ&<MI%'zRAp%R+`\'%<3[Z

n
*0+214%l-)%R7!MrZ97R3BD

MR1b&�+�()&�79(�*0+�]2A.1p*0+2143g&�+j&�7879&�:~m�x�?.%�+yACDSTR%R7
n
*>M�1@?.%0�e7!MR1�*0+�]2A.1>f�&�+�(r1@?.%R+�1@?.%�]27R39-#79&�D

%��!].%9\81@M�:V3BA 143J*,+�]2AC1c&�+`3�1@?.%R7
n
a�&HOXA{%8M�m }eZR14%97�7R%�&)(�*,+.- 1@?.%

n
a�&HOPAp%8M'f�1@?.%�]27R3'-B79&�D

MR?.3BACO_(Æ3BA.1¯]2AC1u1@?.%9D *0+�1@?.%�M�&�DF%S3B7'(~%R7#m � � Z�:V3BA¾\'&�+ (~3�1@?�*,M9f:�3BA ?C&�a�%·]27R3Ba�%R+L1@?C&H1
:V3BA &�7R%�+`3ÆO_3B+.-)%R7�& \93BDr]^Oi%R14%Y+`3Ba#*b\'%Rf�&~\9\93B7'(�*,+.-Æ143/q21>7R3BA.M91>78As]`m ��|�3B7�%©�~&�DW]^O_%Rf�3B+
*,+�]2AC1

5 4 3 6 1 2
1@?.%�]27R39-B7'&�D MR?.3BACO_(F3BA.1¯]2AC1

4 3 6 1 2
m ¼ �  ½'¼ � " ½

Exercise 60
Ë�+2?C&�+`\'%�1@?.%u]27939-B79&�D

read_array.C
Z'7R3BD Ë��V%R79\R*>MI% ����MI3h1@?C&H1�1@?.%g7R%RM9A.OX1@U

*,+.-�]27R39-B7'&�D
sort_array.C

MI3B7!1@M�1@?.%Q&�7879&�:�%8O_%RD�%R+21@M�*,+2143�&HMI\'%R+�(�*,+.-63B79(~%R7�T9%>ZI3B7R%
3BA.1¯]2AC1@1>*,+.-h1@?.%RDFmY��3BAC7rMI3B7!1>*,+.-S&HO -)3B78*>1@?�D (~3#%8M�+`3�1�?C&�a�%W143FT9%u].&�7!1>*l\RA.O�&�7!OP:�%>�6\R*l%R+21>f
1@?.%cDF&�*,+�1@?�*,+.-�?.%R7R%c*>M�1@?C&H1�*>1u;3B7!G#MY\'3B787R%9\81@OP:~m¾x�%8M91�:V3BAC7�]27R39-B7'&�D 3B+�MI3BD�%cO�&�7b-)%R7
*,+�]2AC1@M �i]27R%>ZI%979&)T!OP:F7R%�&)(·Z9793BD &6�=Oi%Rf&©ZR14%97k7R%'(�*07R%9\R1>*,+.-FMR1b&�+�()&�79(h*,+�]2A.1���m·|`3B7�%��~&�Dr]^Oi%9f
3B+<*0+�]2A.1

5 4 3 6 1 2
1@?.%u]27R3'-B79&�D M9?.3BA.O�(F3BAC1¯]2A.1

1 2 3 4 6
m ¼ �  ½'¼ � " ½'¼ � ¤ ½

Exercise 61
Ë�+2?C&�+`\'%	1@?.%�]27R39-B79&�D

read_array.C
Z97R3BDÍË��~%R7R\R*,MI% ���EMI3E1@?C&H1{1@?.%
7R%8M'A.OX1>*,+.-

]27R39-#79&�D
cycles.C

*,+214%R74]279%81@M�1@?.%E*,+�]2AC1eMI%'z8A{%R+`\9%�3[Z
n
*,+214%�-)%R7!Mk&HMr&Y�.�9¦[ªr²~�[¨��[¡¢�B�

π
3[Z

{0, . . . , n − 1}
f�&�+�(�1@?C&H1
*>1�3BA.1¯]2A.1@Mr1@?.%c�9»��9§¢�d°~�R�R�Bªk�.�B�4¡¯�[¡¢�B�J3[Z

π
m

q`3BD�%j%©�!]^O_&�+�&H1>*l3B+2MS&�7R%�*,+63B7'(~%R7 Fj&�]y%978DhA.1b&H1>*l3B+
π
*>MY&<TR* o#%'\81>*,a�%�DF&8])]2*0+.-kZ9793BD

1@?.%·MI%R1
{0, . . . , n− 1}

143�*>1@MI%RO Z���1@?.%R7R%,ZI3B7R%Rf=1@?.%d*,+�]2A.1eM�%'z8A{%R+`\9%�\�&�+ T9%E*,+214%974]27R%814%'(S&HME1@?.%
MI%�z8Ap%R+`\'%j3[Z�a�&HOPAp%8M

π(0), . . . , π(n − 1)
3[Z�&�]y%R78D�A.1b&H1>*b3B+

π
* Z�&�+�(<3B+2OP:�*¥Z�*,1W\93B+21b&�*0+2M

%Ra�%978:S+yA�DFT9%R7�Z9793BD
{0, . . . , n − 1}

%��~&~\R1@OX:/3B+`\9%�m
x�?.%c]27R39-B7'&�D

cycles.C
MR?.3BACO_( �e7!MR1h\8?.%'\8G<;�?.%81@?.%R7/1@?.%j*0+�]2A.1WMI%'z8A{%R+`\9%/MN&H1>*>M��	%8M

1@?�*>MF\93B+�(�*>1>*l3B+yf�&�+�(/*¥Zh+`3�1>fr14%R78D�*,+�&H14%�;=*>1@?¾& \93B7879%8Ml]y3B+�(�*0+.-<DF%8MRM�&B-)%�m � Z�1@?.%Y*0+�]2A.1*,+�(~%'%'(S%R+`\'3I(~%8Mk&E]y%R78D�A.1b&H1>*l3B+
π
f�1@?.%�]27R39-B79&�D MR?.3BA.O�(Y3BA.1¯]2AC1e1@?.%k�9»��R§¢��°~�R�9�Bªk�y�B�4¡¯�[¡¯�B�

3[Z
π
m�} \R:V\8O_%g*,+

π
*>M�&�+y:�MI%�z8Ap%R+`\'%�3[Zr1@?.%�Z�3B78D

( n1 n2 ����� nk )
M9Ap\R?F1@?C&H1

� n2 = π(n1), n3 = π(n2), . . . , nk = π(nk−1)
f	&�+�(

n1 = π(nk)
f&�+�(

� n1

*,MW1@?.%gM9DF&HO0Oi%RMR1�%ROi%RDF%R+21d&�D�3B+.-
n1, . . . , nk

m
}�+y:�\R:V\8Oi%WAC+y*�z8Ap%8OP:j(~%814%R78D�*,+`%8MW1@?.%

π
Ulas&HOXA{%8Mc3[Zk&HO0O�*>1@M�%8O_%RD�%R+21@M��u3B+<1@?.%h3�1@?.%R7�?C&�+�(�f

%Ra�%978:�%8O_%RD�%R+21e&8])]y%�&�7!M�*,+SMI3BD�%·\9:�\8O_% �b;�?�*b\8?kD�*0-�?)1�T9%r3[Z�1@?.%1>78*,a#*�&HO�ZI3B78D
(n1)

f`D�%�&�+2U
*,+.-Y1@?C&H1

π(n1) = n1

��mFx�?�*>Mr*,Dr]^OX*l%8Mg1@?C&H1	1@?.%d].%R78DhAC1b&H1>*b3B+L(~%9\'3BDW]y3�MI%RMg*,+2143j&YA�+y*lz8A{%
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MI%81u3[Z�\R:�\ROi%8MNm·|`3B7h%��)&�DW]^O_%Rf�1@?.%u]y%R78D�A.1b&H1>*l3B+
π
-B*0a�%R+�T8:

π(0) = 4, π(1) = 2, π(2) = 3, π(3) = 1, π(4) = 0

(~%9\'3BDW]y3�M�%8MW*0+2143�1@?.%k1>;3j\9:�\8O_%8M
( 0 4 )

&�+�(
( 1 2 3 )

m ¼ �  ½'¼ � " ½�¼ � ¤ ½

Exercise 62
t3B+2M'*l(~%R7�1@?.%cMR1>78*,+.-FDF&H14\8?�*0+.-�&HO -)3B78*,1@?�D 3[Z ��7939-B79&�D ���Vm �=7R3Ba�%�1@?C&H1�Z�3B7

&HO,O
m > 1, n � m

fe1@?.%R79%�%���*>MR1@Mg&�MI%�&�7R\8?SMR1>78*,+.-
s
3[ZEO_%R+.-�1@?

m
&�+�(�&�14%��s1

t
3[ZEO_%R+.-�1@?

n3B+�;�?�*b\8?Y1@?.%W&HOP-)3B78*,1@?�D *0+ ��7R3'-B79&�D ����]y%97@ZI3B78D�M
m(n−m+ 1)

\'3BDW].&�78*,MI3B+2MWT9%81>;%9%R+
M9*0+.-�Oi%�\8?C&�79&~\814%97!M�m ¼ � � ½

Exercise 63
t3B+2M'*l(~%R71@?.%`Z�3�O,O_3B;�*0+.-�]27R39-#79&�D 1@?C&H1�(~%)�e+`%8Md&�+�(r*,+y*,1>*l&HOP*��s%8M&W1@?�7R%9%�(�*,D�%9+2U

M9*l3B+�&HO�&�7879&�:Vm

#include <iostream >

int main()

{

int a[4][2][3] =

{ // the 4 elements of a:

{ // the 2 elements of a[0]:

{2, 4, 5}, // the three elements of a[0][0]

{4 , 6 , 7} // the three elements of a[0][1]

},

{ // the 2 elements of a[1]:

{1, 5, 9}, // the three elements of a[1][0]

{4 , 6 , 1} // the three elements of a[1][1]

},

{ // the 2 elements of a[2]:

{5, 9, 0}, // the three elements of a[2][0]

{1 , 5 , 3} // the three elements of a[2][1]

},

{ // the 2 elements of a[3]:

{6, 7, 7}, // the three elements of a[3][0]

{7 , 8 , 5} // the three elements of a[3][1]

}

};

return 0;

}

��78*>14%<&j]27939-B79&�D
threedim_array.C

1@?C&H1�%R+2?C&�+`\9%8M�1@?�*>Mc]27939-B79&�D T8:L& �b+`%8MR14%�( �
O_3#3R]�1@?C&H1�*,14%R79&H14%8M�3Ba�%R7r1@?.%�&�7879&�:

a
&�+�(�*>1@M·M9A^T9&�7879&�:sM·143F3BAC1¯]2A.1�&HO,O^1@?.%����

int
a�&HOPAp%8M

1@?C&H1k&�7R%SMR143B7R%�(�*0+
a
&�+�(Æ*,1@MYM9A{T'&�7879&�:�MNm���3�+`3�1rACMI%�79&�+�(~3BD &~\'\9%8M9MS1435(~3/1@?�*,M�T8A.1

]y3B*0+214%R7h&�78*>1@?�DF%81>*b\�m ¼ � � ½



� È � �����	�	����� �����������
�����`�©�����

Exercise 64
��78*>14%/&S]27939-B79&�D

frequencies.C
1@?C&H1W7R%�&)(HM/&�14%��s1�Z97R3BD MR1b&�+�()&�7'(<*0+�]2A.1

�4OP*>G�%�*,+ �=7R39-#79&�D ��� �Æ&�+�(53BA.1¯]2AC1@M�1@?.%uZ97R%�z8Ap%R+`\9*b%8Mj3[Zc1@?.%YO_%81@14%R7!Mh*0+L1@?.%�14%©�s1>f·;�?.%R7R%
;%h(~3�+`3�1d(�*,MR1>*,+.-BA�*>MR?�TR%R1>;�%'%R+¾O_3B;%R7�&�+�(YAH])]y%R7�\�&HMI%�O_%81@14%R7!M�mW|`3B7�1@?�*>Mc%��V%R79\R*>MI%9f�:�3BA
DF&�:�&HMRM9ACDF%c1@?C&H1d1@?.%�1>:N]y%

char
*,DW]^O_%RDF%R+21@M�}Eq�t � � %R+`\93�(�*,+.-�m�x�?�*,M�D�%'&�+2Mc1@?C&H1r&HO0O\8?C&�79&~\R14%R7!Mk?C&�a�%k*0+214%l-)%97cas&HOXA{%8MW*0+
{0, 1, . . . , 127}

m �J3B7R%93Ba�%R78f�*,+�}·q�t � � f�1@?.%ka�&HOPAp%RM�3[Z1@?.%
26

AH])]y%R7�\'&HMI%WOX*,14%R79&HOXM
’A’

As]<143
’Z’

&�7R%c\93B+2MI%'\RA.1>*0a�%g+yA�DFT9%R7!Mr*0+
{65, . . . , 90}

�.ZI3B7
1@?.%kO_3B;%R7�\�&HMI%gOP*>14%979&HO�M

’a’
As]J143

’z’
f�1@?.%ra�&HOPAp%g7'&�+.-)%g*,M

{97, . . . , 122}
m ¼ � È�½

� ²~�~�~¡¢�~ºg�[~¡¢�
�B���4V�d§¯»�¦[¡¯�R�
�B³���%8MR14%979()&�:Æ¼ ¿ ~� � �R¨��[§¢�R�[½�³��#¦	�'µ)¨Iªk�V§¢���4~�B²V§¯°�»�¡¢�R§¯°h�[~�
³��B§¢§¢�!¬�¡¯�Vº·�B²)�4�V²)� £

Frequencies:

a: 45 of 520

b: 5 of 520

c: 5 of 520

d: 28 of 520

e: 65 of 520

f: 4 of 520

g: 13 of 520

h: 27 of 520

i: 27 of 520

j: 0 of 520

k: 3 of 520

l: 20 of 520

m: 10 of 520

n: 30 of 520

o: 43 of 520

p: 4 of 520

q: 0 of 520

r: 19 of 520

s: 36 of 520

t: 31 of 520

u: 9 of 520

v: 6 of 520

w: 19 of 520

x: 0 of 520

y: 34 of 520

z: 0 of 520

Other: 37 of 520

2.6.16 Challenges

Exercise 65
x�?.%�Z�&~\81e1@?C&H1
&�+J&�787'&�:h?C&HM>���V%'(cO_%R+.-�1@?Y*>Mr3[ZR14%R+�*0+`\93B+ya�%9+y*b%R+21bmE|�3B7g%��~&�D�U

]^O_%Rf=*,+JË��V%R79\R*>MI% ���F&�+�(h*,+5Ë��V%R7R\9*>MI%����Bf=1@?.%g+yACDSTR%R7h3[Zc%ROi%RDF%R+21@Mg143FTR%g79%'&)(Y*0+2143Y1@?.%
&�7879&�:Æ?C&)(�143JT9%W]27R3BaI*l(~%'(5&HMc1@?.% �e7!MR1�*,+�]2AC1d*,+63B7'(~%R7EZI3B7�1@?.%W]27R39-#79&�D 143JT9%F&)T!O_%Y143
(�:H+�&�Dh*b\�&HO,OP:Y&HO,O_3#\'&H14%k&�+J&�7879&�:�3[Zu1@?.%g&8])]27R3R]278*�&H14%·Oi%9+.-�1@?Cmun�A.1�*,+�]279&~\81>*b\'%Rf=1@?.%·O_%R+.-�1@?
3[Zr1@?.%W*0+�]2A.1�MI%'z8A{%R+`\9%g*>M�3[ZR14%R+J+`3�1�GI+`3B;=+¾&g]278*l3B78*lm

�<%�;3BA.O�(51@?.%R79%>ZI3B7R%�OX*,G�%j143�;=78*>14%�&F]27R39-B7'&�D 1@?C&H1g79%'&)(HM�&5MI%�z8Ap%R+`\'%J3[Z�*,+214%�-)%R7!M
Z9793BD MR1b&�+�()&�79(S*0+�]2A.1�*,+2143�&�+L&�7879&�:Hf�;�?.%R7R%�1@?.%�O_%R+.-�1@? 3[Zk1@?.%�MI%�z8Ap%9+`\9%�*>Mg+`3�1GI+`3B;=+
TR%,ZI3B7R%8?C&�+�( ��&�+�(�+`3�1C].&�7!1�3[Z
1@?.%
*,+�]2A.1���� 1@?.%�]27R39-#79&�D�MR?.3BACO_(EM9*,Dr]^OX:�7R%�&)(�3B+`%�+yACDSTR%R7
&©ZR14%97�&�+`3�1@?.%R7kA�+21>*>O`1@?.%gMR1>7R%'&�D TR%'\93BD�%RMh%RDW]^1>:~m

� +`%Y]y3�M9M9*lT!O_%�MR1>7'&H14%l-B:¾*,Mj143L(�:s+�&�D�*b\�&HO,OP: &HO0Oi3#\�&H14%J&�+w&�7879&�: 3[Z�O_&�7l-)%ÆOi%R+.-B1@?�fST8*i-
%R+`3BAV-�?�143YM9143B7R%�&�+y:�]y3�MRM'*lT!O_%W*0+�]2A.1�MI%'z8A{%R+`\9%�mrn�A.1�* Zr1@?.%kMI%�z8Ap%R+`\'%k*>MrMR?.3B7!1>f�1@?�*>M�*>M�&
?�A�-�%c;	&HMR14%�3[ZkDF%RD�3B78:HfE&�+�(F*¥Z�1@?.%cMI%�z8Ap%R+`\'%�*,Mka�%R78:/O_3B+.-Bf1@?.%Y&�7879&�:jD�*0-�?)1�MR1>*>O0O�+`3�1
TR%gO_&�7l-)%h%R+`3BAV-�?Cm

& � ��78*>14%�&�]27R39-#79&�D
read_array2.C

1@?C&H1�7R%�&)(HMk&hM�%'z8A{%R+`\9%c3[ZE*,+214%�-)%R7!M�3[ZEA�+2GI+`3B;=+
O_%R+.-�1@? *,+2143L&�+w&�7879&�:HfS&�+�(�1@?.%R+À3BA.1¯]2AC1@Mj1@?.%ÆMI%'z8A{%R+`\9%�m x�?.%�]27R39-B7'&�D MR?.3BA.O�(
M�&H1>*,M,Z9:�1@?.%
ZI3�O0Oi3B;=*0+.-�1>;3W]2793R]y%R7!1>*b%RM�m

�b* � x�?.%L&�D�3BA�+21/3[ZQ(�:s+�&�D�*b\�&HO,OP: &HO,O_3#\�&H14%'(6DF%RD�3B78: *,+ A.M�%¾T8:61@?.%�]27R39-#79&�D
M9?.3BA.O�(Y&H1
&�+y:h1>*0D�%kTR%g�V¦4�#�y�#¦4�[¡¢�B�V¨I§)�[�E�4V�
��²~ªr±.�9¦e�B³y�4�R¸s²~�R�~�R��R§¢�Rª��R�H�[���4�¨N�
V¨R®��	±y�R�R�c¦[�8¨I°c�4��³_¨�¦Imcx�3YT9%c\'3B+`\R7R%814% F�1@?.%R7R%�DhACMR1�TR%�&�]y3�M9*,1>*,a�%�\93B+2M91b&�+21

a



���������	�
��������������������������� � È �

M'Ap\8?j1@?C&H1�+`3�D�3B7R%g1@?C&�+
ak

\9%RO,OXMh3[Z�(�:s+�&�D�*b\'&HO0OX:j&HO0Oi3I\'&H14%'(SDF%RD�3B78:�&�7R%W*,+
ACMI%g;�?.%R+

k
%8O_%RD�%R+21@Mg?C&�a�%cT9%9%R+ 7R%�&)(�f

k � 1
m��<%g79%>ZI%R7�143�1@?�*>M	]27R3R]y%R7!1>:�&HM

�l�C¨��R�d� �g�R¡¢�R�~�9»^m � 1u%9+2M9AC7R%RMg1@?C&H1d%Ra�%R+5a�%R78:SO_3B+.-YMI%�z8Ap%R+`\'%8Mh\�&�+�TR%k79%'&)( �bAH]
143�1@?.%�&8])]^OP*b\'&)T8Oi%WD�%RDF3B78:FOP*,D�*>1@M �#fTRA.1�1@?C&H1�M9?.3B7!1
MI%�z8Ap%R+`\'%8M�\93B+2M'ACD�%�3B+2OX:
OP*>1@1@O_%kDF%RD�3B78:~m

�b*,* � x�?.%h+yA�DFT9%R7�3[ZY&HMRM9*0-#+yD�%R+21@M �93[Z�a�&HOPAp%8M�143<&�7879&�:5%8O_%RD�%9+21@M ��]y%R7@Z�3B78D�%�(/MI3
ZN&�7MR?.3BA.O�(k&H1�&�+y:g1>*,D�%uTR%�]27R3R]y3B7!1>*l3B+�&HOC143�1@?.%	+yA�DFTR%97r3[Z
MI%'zRAp%R+`\'%r%ROi%RDF%R+21@M
1@?C&H1�?C&�a�%YTR%'%R+�79%'&)(�MI3�Z�&�78f�;=*>1@?Æ1@?.%�M�&�DF%cDF%'&�+y*0+.-�3[Zu]27R3R]y3B7!1>*b3B+�&HOP*>1>:Æ&HM
&)T93Ba�%Imh�<%	7R%>Z�%R7143�1@?�*>M�]27R3R]y%R7!1>:c&HM��[¡¯ª���� �k�R¡¢�9�V�'»{m � 1�%R+2M9A�7R%8M�1@?C&H1`1@?.%�]2793�U-#79&�D *,Mc3B+2OP:�T8:j&j\'3B+2MR1b&�+21�Z�&~\R143B7kMRO_3B;%R7�1@?C&�+51@?.%]27R39-B7'&�D

read_array.C1@?C&H1
GI+`3B;�Mg1@?.%WMI%'z8A{%R+`\9%�O_%R+.-�1@?F*,+�&)(�as&�+`\9%Im
T � ��%814%R78D�*,+`%1@?.%E\'3B+2MR1b&�+21@M·3[Z�]2793R]y3B7!1>*b3B+�&HOP*>1>:

a
Z�3B7�]27R3R]y%R7!1>*l%8M �b* �g&�+�( �b*0* �k3[Z�:�3BA�7

]27R3'-B79&�DFm

Exercise 66
|`3B7�O�&�7b-)%R7��u3#3B7!M9f ��7R3'-B79&�D ���Æ\'&�+6T9%9\93BDF%jz8AC*,14%�*0+`%>�6\R*l%R+21>f·M9*0+`\9%F%Ra�%R78:

MR14%b]
i
%��~&�D�*,+`%8MS¨I§¢§E\'%8O,OXMF3[Z�1@?.%��d3#3B7�*,+ 3B79(~%R7Y143 �e+�(/1@?.% �i]y3�MRM9*�T!OX:�a�%R78:�ZI%R; ��3B+`%8M

1@?C&H1d?C&�a�%�143ÆTR%�O_&)T9%8O_%'(�;=*>1@?
i
*0+¾1@?C&H1�MR14%b]`mY} TR%81@14%97�MI3�OXAC1>*b3B+ ;3BA.O�(�T9%�143Æ%��~&�D�*,+`%

3B+2OP:�1@?.%�+`%9*0-�?CT93B7!M�3[Z�1@?.%�\'%8O,OXM�1@?C&H1·&�7R%�&HOX79%'&)(�:/O�&)TR%8O_%'(�;�*,1@?
i − 1

f�M9*0+`\9%�3B+2OP:/1@?.%8MI%
&�7R%�\'&�+�(�*l()&H14%RM�Z�3B7W-)%81@1>*0+.-�O�&)TR%8O

i
m

��78*>14%�&r]27939-B79&�D
shortest_path_fast.C

1@?C&H1�7R%�&HOX*
�s%8M�1@?�*>M·*�(~%'&�f
&�+�(�D�%�&HM9AC7R%W1@?.%
]y%R7@Z�3B78DF&�+`\'%W-�&�*0+¾3B+JMI3BDF%gO�&�7b-)%97��d3#3B7!M�3[Z�:�3BA�7�\R?.3B*b\9%�m

Exercise 67
x�?.%

XBM
�=O_%�ZI3B78DS&H1�*>MW&Z�3B78DF&H1.Z�3B7�MR143B78*,+.-�DF3B+`3#\8?�7R3BDF% �'T!O�&~\8G�� ;�?�*,14% �

*,DS&B-)%8M�m/x�?.%�Z�3B78DF&H1	*>MkM�3BD�%R;�?C&H1·3BA.1b()&H14%�(�fET8A.1	DF&�+y:ÆT87R3B;�MI%R7!M � � +214%R78+`%81dË��!]^O_3B7R%R7*>M�&�+`3�1b&)T8Oi%�%��V\9%l]^1>*b3B+ �j\�&�+5MR1>*,O,O�(�*>M�]^O_&�:�*0DF&B-)%RMr*0+
XBM

ZI3B78DS&H1bm
}�+

XBM
*,DS&B-)% �=O_%gZ�3B7�&�+ *,DF&B-�%�+�&�D�%�(

test
Dh*i-�?)1gO_3#3�G<OP*>Gs%j1@?�*>M �41b&HG�%9+JZ97R3BD

��*>GI*X]y%'(�*�&`Ì M
XBM

].&B-)% ��m

#define test_width 16

#define test_height 7

static char test_bits[] = {

0x13 , 0x00 , 0x15 , 0x00 , 0x93 , 0xcd , 0x55 ,

0xa5 , 0x93 , 0xc5 , 0x00 , 0x80 , 0x00 , 0x60};
}�M�:�3BAL\�&�+�-BAp%RMRM	Z97R3BD 1@?�*>M9f

XBM
�=O_%8MY&�7R%S(~%RM9*0-B+`%�(/143�T9%h*0+214%l-B79&H14%�(Æ*,+21435tÍ&�+�(

tvWv MI3BA�7R\9%c\93I(~%W;�?�*b\8?�DF&HG�%RMr*,1u%'&HM':�143W]27R3#\'%8MRMr1@?.%RD �41@?.%R7R%r*>M·+`3h+`%'%'(S143c7R%'&)(�*,+
1@?.%�()&H1b& �dM9*0DW]^OP:j*,+`\ROXA^(~%�1@?.%.�=O_%uZ'7R3BD 1@?.%jtvrv ]27R39-B79&�D 1@?C&H1u+`%'%'(HMc143�]27R3I\9%8MRM�1@?.%
*,DS&B-)% ��m � +�3BAC7h%©�~&�DW]^O_%Rf test_width &�+�(

test_height
(~%R+`3�14%g1@?.%W;=*�(H1@?Æ&�+�(�?.%R*0-�?)1

3[Z�1@?.%�*,DS&B-)%W*0+S]2*��V%8OXM�mu|`3B78DF&HO,OP:Hf=1@?.%8MI%r+�&�D�%8Mk&�7R%cª�¨I�9¦4�B�9f
T8AC1�*0+<1@?.%]27R39-B7'&�D 1@?.%9:
\'&�+ T9%�A.MI%�(QOX*,G�%J\'3B+2MR1b&�+21Y%��!]27R%8M9M9*b3B+2M�m

test_bits
*>M/&�+ &�7879&�: 3[Z�\8?C&�7'&~\814%R7!M�1@?C&H1

%R+`\'3I(~%8M�1@?.%j\93�O_3B7!Mj3[Z�1@?.%
16 � 7

]2*_�V%RO�Mh*0+ 1@?.%�*,DS&B-)%ImJË�a�%978:¾~�'µ~¨�°V�9�R¡¢ª�¨I§�§¢¡¯�4�9¦©¨I§�3[Z
1@?.%	ZI3B78D

0xd1d2

%R+`\'3I(~%8M�%R*0-�?)1�]2*��V%8OXM9f�;�?.%R7R%c1@?.%Y3B79(~%R7c*>MW7R3B;ÍT8:F7R3B;	m � + 3BA�7Y\'&HMI%9f
0x13

&�+�(
0x00

%R+`\'3I(~%r1@?.% ���u]2*_�~%8O�MW3[Zd1@?.%*�e7!MR1�7R3B;=f�;�?�*>O_%
0x15

&�+�(
0x00

&�7R%�Z�3B7�1@?.%
MI%'\93B+�(Y7R3B;=f�%814\Im
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�g%R7R%�*>M=?.3B;�&d1>;3�U�(�*0-#*>1�?.%��)&)(~%9\R*0DF&HO)OP*>14%R79&HOy%R+`\'3I(~%8M�1@?.%u\'3�Oi3B7!M3[Z	%R*0-B?)1�\93B+2M�%9\RAC1>*,a�%
]2*_�~%8O�M�;�*,1@?�*,+¶&/7R3B;	m ��� Ë=a�%R78:<?.%��~&)(~%9\9*,DF&HO(�*0-B*,1

di

*>MdZ'7R3BD 1@?.%�M�%81
{0, ..., 9, a, . . . , f};�?.%R7R%

a
As]J143

f
MR1b&�+�(dZI3B7

10, . . . , 15
m�x�?.%�&~\81>A{&HO`+yACDSTR%R7h%R+`\93I(~%�(�T8:�&Y?.%��)&)(~%9\R*0DF&HO

OP*>14%R79&HO`*,M
16d1 + d2

�
{0, . . . , 255}

m ��� |`3B7h%��~&�Dr]^Oi%9f
0x13

?C&HM·a�&HOPAp%
1 � 15 + 3 = 19

m
�g3B;=fh&�+y: +yACDSTR%R7�*0+

{0, . . . , 255}
?C&HM/&�T8*,+�&�78: 7R%b]279%8MI%R+21b&H1>*l3B+ ;=*,1@?
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#define rotated_height 16
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