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This book is decicated to C programmers everywhere.
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Preface

Original Preface

T� 'Ö<"k¤�< Steve Summit�̂;c4� $k���-!H(copyright)T� ����:@N���. T� 'Ö<"kq� 50÷7Bª�< “C Programming FAQs:
Frequently Asked Questions”q� $k��ã# _ô>Á6Ò��q� ��Pv;c õiu���z��� �¤�< �:A;c"k #l�_(Ûo;c4� <Kð��E'¤�< #¿E
�·N���.

T� 'Ö<"k¤�< 4wHÝÌv->	 “C Programming FAQs: Frequently Asked Questions”q� 50÷7BÃç> �¹_�u�z��� �¤�< �:A;c"k
¹ÿ�¾ç>#e.>	 #¿ET� f, V��<K(«;c q�AI �¹�Ú�RLN���. T� 'Ö<"k¤�< 4�->	+8�->	 ô6;+8�Ä�}¹¤�< T� ð��;c"k ��¤ói@4� �~x���ù��
¬£ ���U�¹ÿ� )o���}"T� _ô>Á6Ò�RJ ¬£¤�< �}"�:@N���.

�m;+ä� ®£<K¾ç>;c 60Â6Ò H�B'Ö<ª�< T� §¤Ã� ½�Yk@;c ��®£ ]�>��÷6N���. T�¾ç>ª�< 8�£ �̂�ª�< H�B'Ö<T� f, #ei�@ #¿E¾ç>ª�< �:;
~�� �m�_�@�M� 8�£ #e�̀*Ö< ¶ÿ�AIÂ6Ò #¿E¾ç>�·N���. �U�¹ÿ� T��_Â6Ò H�B'Ö<¾ç>T� ��®£ ]�>��*ã<���̂@ 52È���Ç�;c Üï«»
��� �eBC·x ¬£|¡ ���z�, ò6;��¾ç>ª�< 8�_�@ ìm¥ª�< �m�_�@Ãç> G��¾��� _�@��}¹]ï> #¿ET� f, ômÔô6�ùÚH �m�_�@;c 60Â6Ò U���*Ö< +ä�
+ä� ���*«T� ñmÔÚ�|ù��U�|¡ ~¡�m@N���.

T� 'Ö<"k¤�< T��_Â6Ò G�Bºÿ�+8�->	 'Ö<<K¾ç>;c 60Â6Ò +ä�%u��z� µÿ��lBÂ6Ò �m�_�@Ãç> <KS��z��� 8�îm� 4�S�E' f, Õ±× �Ô
&è<(net discussion)T� T��_Â6Ò M�(è<+8�->	 'Ö<<K;c 60Â6Ò U�ö¶;+8�->	 ºÿ�õi;�}"T� ø¶? �G Ú�|»ÿ�+8�->	 H�B'Ö<;c b9	$Ë��¤�<62
;c ½� ô6;+8�T� ����:@N���.

��ª£P� §¤Ã� ½�Yk@q� ¼â�T� �̂���z� ��G��|¡ a�@#e ���z�"k(language reference manual)�� ±¼�ÔP��}B(tutorial)Ãç>
®£q� @��4� G��¤�< #¿E¹ÿ� ô6כ��ÖN���. C a�@#e;c MÎ3��»T� ���z�, T� §¤Ã� ½�Yk@;c ���#l�@�B 4wHÂ6Ò���̂@ �ç¡a:@Z� T��_Â6Ò
ÝÌv¾ç>Ãç> ºÿ�õi;�#l G��z� a:@¦��¤�< #¿E;c|¡ MÎ3��»Ãç> ��$p�� ù�� #¿E�·N���. #ei�@ C ÝÌv¾ç>Üï -����G�B�_ 8�§¤�}B¾ç>ª�<
[ô>á�¥�4�|¡TÖhb9	�U�óm¬�:@N���. A few even perpetuate some of the myths which this article attempts to refute.
¤'å�Â6Ò #l�_ ÝÌv¾ç>;c 60AI"k¤�< T� ¼â�q� ‘���z�'Ö<gY@6̧Ò’;c ���~xE'#e ����:@N���. H�B'Ö< 18.9ã# 18.10Ãç> ���z��S�M�
���m�N���. �¡Â6Ò ðm¬ª�< H�B'Ö<¾ç>Üï �m�_�@¾ç>T� T��_Â6Ò ÝÌv¾ç>Üï a:@�lBE'#e ����:@N���. MÎ3��»���¤�< ò6;��¾ç>ª�< ���z��S�
M� ���m�N���.

#l�_(ÛoT� T� 'Ö<"k;c ��ã# ���U� óm¬¤�<, C a�@#e;c 60Â6Ò H�B'Ö<T� ������̂@ Õ±× ½�Yk@;c 4�S��M� b9	;c T��_Â6Ò ���z�
"k+8�¾ç>;c"k �̂	$k �m�Ãç> ��¢���¹����, ®£_�@q� ò6B�º¾ç>;c4� |¡]8?Ãç> ,ê�AI�¹S�M� ���m�N���. Õ±× ½�Yk@;c¤�< �m�_�@�
M�¿ì> Äç>M�¤�< ðm¬ª�< �����¾ç>T� ���U�¹ÿ�, �ûB��E'z� ���¤�< H�B'Ö< Ôg ¬£ã# ìm¥ª�< H�B'Ö<;c 60Â6Ò ºÿ�õi;+8�->	 �m�_�@q� (Ûo�è¡Ãç>
Ú�|~����̂@ ½� �����¾ç>;c4� �.ª£��|¡ ��ý�nÂ6Ò G�B�·N���. �¡Â6Ò T� 'Ö<"k;c 60Â6Ò H�B'Ö<T��� <K¼ÿ� ����ØT� ������̂@ b9	
�� £½Z@Ãç> ��÷7B�#l ómÔ�̀®£S�M� ���m�N���. T� 'Ö<"k¤�< Õ±× È�7��Ð�Ãç> ~���ÐS�W�M� a�Â6Ò #¿ET�U�, �ûB��S�W�M� a�
Â6Ò #¿ET� ��N�M� CI'Ö<�·N���.

T� 'Ö<"k¤�< ��®£ Zï>#e�¹¤�< H�B'Ö<¾ç>¹ÿ� ���~xÂ6Ò #¿ET� ��N��� ~�� H�B'Ö<;c 60Â6Ò �m�_�@¾ç>|¡ �Ô�ÈÕ�z� ����:@N���. #l
�_(ÛoT� T�¾ç> �m�_�@;c 60AI T�Q� ómÔz� ����G��|¡ Â6Ò_�@ 8̂; cþ�#e�¹¤�< #¿EÃç> .���ÖNכ�@ÒcSכ ½�P�z� T��_Â6Ò H�B'Ö<T�
§¤Ã� ½�Yk@;c 4�S�E'�G��|¡ �m�_�@�M� a�AI S�µÿ�Ãç> �ç¡R�ù�� L·x�¢¤�< �}"�:@N���. (½��_��, T� 'Ö<"k¤�< 8�£ �ç¡60
�z�, ª£��*Ö< ®£<K¿ì> ��©»M� CI'Ö<;c §¤Ã�½�Yk@q� ~¡¥�< �����¾ç>T� T� 'Ö<"k¿ì> ��:cZ� G��z� H�B'Ö<ù�� #¿ET���z� M�
60�U�¤�< ��S�M� ���m�N���. ½�P�z� T��_Â6Ò �����¾ç>;c4� ÷7;��BÃç> Â6Ò������ �¤�< á�¥ò6Bª�< ��<KAI ®£S�M� ���m�
N���)

T� 'Ö<"k¤�< 1999[Í	 2i�J 7G�B;c ��U����Ä�}¹ ¬£+ä�E'�}��:@N���. ¹ÿ���� #l�_(ÛoT� ->	ü
ùÚH 0ïF��̧q� 'Ö<"k¿ì> �¹����,
CD-ROM �¡¤�< ��
�T�Â� ��T�È�(archive site);c"k *8
ª�< 'Ö<"k¿ì> �¹,>	���̂@ �̂	$k L|,>	q� 'Ö<"k¿ì> ���:? ��T�È�
;c"k *8
Ä�S�M� ���m�N���.
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http://www.eskimo.com/~scs/C-faq/top.html
http://www.faqs.org/faqs/

�¡¤�< H�B'Ö< 20.40;c a�@�� ùÚH FTP ��T�È�¿ì> ���z��S�M� ���m�N���. ½�P�z� T� ô6;ói;ª�< ��®£ ¬£+ä�E'M� CI'Ö<;c
H�B'Ö< _�@�Ú�� �¡7�ùÚH ô6;ói;Üï :� ô6;ói;T� "k}¹ ��¿ì> ¬£ ����:@N���. ����"k _�@�Ú}¹ ô6;ói;Ãç> ��¢Ãç> CI ®£q��S�M�
���m�N���.

T� 'Ö<"k¤�< ��¤}¹T� 9��ÔE'¤�< #¿ET�Á�}¹ T� 'Ö<"k¿ì> *8
M� a�AI #e+_Â6Ò ��Òכ R�÷7BÃç> U�[ô>ù�� L·x�¢¤�< �}"�:@N�

��.

T� 'Ö<"kq� ��¦Ø< 0ïF��̧|¡ *8
Ãç> ¬£ ����:@N���. T�b9	 'Ö<"kã# :� 'Ö<"kq� 	�T�+8�¹ÿ�Ãç> 'å�S�Â6Ò þmכª�< 0ïF��̧|¡ +Ö<R�E'
#e���Ä� f,�T�(_ß�vÃ�È�(hypertext)!eb9	|¡a�;ca�@�� Â6Ò URL;c+Ö<R�E'#e����:@N���.��U����Ä�}¹,->	ü
ùÚH0ïF
��̧Ãç> 9̀	�Ú�¤�< �����¾ç>Ãç> a�AI ÝÌvÄ�}¹|¡ _ô>Á6ÒE'#e ����:@N���. (ÝÌvq� #Ü�£ ø¶? �G ��:cÂ6Ò �m�_�@Üï �G ðm¬ª�< H�B'Ö<
Üï �m�_�@T� ¬£ói;E'#e ����:@N���). T� ÝÌvª�< Addison-Wesley��;c"k _ô>Á6ÒE'�}�Ä� f ISBNª�< 0-201-84519-9�·N���.

T�'Ö<"k¤�<4�ö¶;¬£+ä�E'z�����:@N���.#l�_(Ûoq����#l¿ì>Z9�*åכ��ÖN���.#l�_(Ûoq�<K¼ÿ�����ØÃç> scs@eskimo.comÄ�
}¹ �¹50®£S�M� ���m�N���.

�m�_�@ùÚH H�B'Ö<¾ç>ª�< ���:? ®£<K�~x}¹ ��[�#e$p ����:@N���.

1. 9̀	a�@Üï �ÔM�és

2. ¦��Ð=i, Unions, �~x��0ïF(enumerations)

3. ��̧(Expressions)

4. �Ô->	'_

5. �kB(null) �Ô->	'_

6. 9��~xÜï �Ô->	'_

7. 8K~¡P� ù���ç¡(allocation)

8. 'Ö<��ã# 'Ö<���~x

9. Boolean ��̧Üï _�@¬£

10. C b9	%oP�M�(preprocessor)

11. ANSI/ISO C �¢+Ö<(standard)

12. �¢+Ö< �·_ô>&9�(stdio)

13. ��T�Â��_P� �ÈÕ¬£

14. F�B¬£ (floating point)

15. ��_�@ ->	�� P�Ã�È�(Variable-Length Argument Lists)

16. T��ç¡Â6Ò 'Ö<<K¾ç>

17. Ã���G�B

18. aô>Üï M��� ���º

19. S�Ã�ß�y q�+í<)ç�

20. M���(miscellaneous)

21. ���z�'Ö<gY@
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About Translation

T� 'Ö<"k¤�< Steve Summit�̂q� ‘C Programming FAQs’¿ì> Â6ÒV��#e}¹ _�@*9�Â6Ò #¿E�·N���. T� Â6ÒV��#eÁ6Ò 'Ö<"kq� 50
÷7Bª�< _�@*9���;c4� ½� $k���-!HT� ���Ä� f, 4�->	+8�->	 ô6;+8�Ä�}¹¤�< ��¤}¹T� ��÷7B�RJ ¬£ ���U�¹ÿ� )o���}"T� _ô>Á6ÒE'
���� ý�¡�¹÷7B, �ç¡*«÷7B �ûBq� ô6;+8�Ä�}¹¤�< ��÷7B�RJ ¬£ �}"�:@N���. �¡Â6Ò (4�->	+8�->	 ô6;+8�Ãç> �Ô�ÈÕ) #e+_Â6Ò T�¤;c"k
��|¡ T� 'Ö<"kq� G�B«»¹ÿ�T� ��÷7BE'¤�< #¿EÃç> .���ÖNכ�«��

T� 'Ö<"k;c 60Â6Ò �Ða�@, R�Á6Ò, +ä�+ä�ª�< a�@<K¥�<U� Z9�*å�� f T��_Â6Ò ����Øª�< ��7� e-mail ®£�Ð}¹ �¹50S�M� ���m�
N���:

tanarrian@yahoo.co.kr

a�q� ®£�Ð;c �¹Õëº ¬£ �}"���̂@ ���:? ®£�Ð1}¹ �¹50S�M� ���m�N���:

cinsk@pcrc.hongik.ac.kr

T� 'Ö<"k¤�< Steve�̂q� 4wH'Ö<q� ¾��Ð�Ãç> ½�60}¹ b9	îm��¤�< #¿EÃç> ô6;�¢}¹ �z� ����:@N���. ����"k _�@*9��M� #Þ	6̧Ò
�����, £P�ðmÔ}¹ ���ç¡Â6Ò ·ÿ�#e�� �}"¤�< #¿Eª�< *å�#e¿ì> ½�60}¹ Î�z� ����:@N���.

T� ¼â�;c"k Unix, UNIX �ûBª�< ~¡£̈ ìm¥ª�< �:AT� f �m;+ä� UNIX S�Ã�ß�yT� ��'>	 G�Bºÿ�+8�->	(general) UNIX S�Ã�ß�y
Ãç> q�Q��¤�< ·ÿ�#e�·N���.

About Second Edition

*9���¤�< $k��;c4�"k H�B'Ö< _�@�Ú¿ì> ���́U� óm¬ª�< Â6Ò, :�}¹*Ö< H�B'Ö</�m�_�@Ãç> ��Ò��ùכ ¬£ �����¤�< )o���Ãç> *8
�}��:@N�
��. £̈_�@Fg Á6Ò;c"k H�B'Ö< _�@�Ú�� ‘T’}¹ Ê����¤�< #¿Eª�< *9����� Ò��Â6Òכ H�B'Ö<�·N���.

1'Í	 óøÍ\�"f /ú�~�� e-mail ÅÒ�è��� progman@pcrc.hongik.ac.kr, cinsk@nownuri.net�Ér �8s��©� æ¼t� ·ú§_þvm���.
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V� 1 *�×

Declarations and Initializations

Ca�@#eq� 9̀	a�@'Ö<(«ª�< (declaration syntax)½���=i�����q�É�}¹½�7��?�a�@#e��z�ù��¬£����:@N���. 9̀	a�@ª�<��
�:?Üïìm¥T�#l�_«»(ÛoÄ�}¹¦�)ç�E'#e (þÙ�~¡¥�<«»(ÛoÃç>����$p��ù��L·x�¢¤�<�}"�:@N���.)����:@N���: storage class,
base type, type qualifier, ½�P�z� declarator (declarator¤�< initializer¿ì> �Ô�ÈÕù�� ¬£ ����:@N���.) ~�� declarator¤�< :�
identifier¿ì> 9̀	a�@�¤�< #¿E T�JY;c, identifier�� 9��~x->	U�, �Ô->	'_->	U�, �ÈÕ¬£->	U�, �|¡¤�< #ei�@ õi;�m�Â6Ò ���·->	
U�¿ì> ómÔ�̀8̂@N���. ����"k 9̀	a�@T� F�B<K identifier�� #e�w�4� Î�G�B #¿E->	U�¿ì> (declaration mimics use) ómÔ�̀ 8̂@N�
�� (H�B'Ö< 1.21ª�< T� ‘declaration mimics use’ MÎ34�¿ì> ��:c�4� ��Yk@N���.)

V� 1 â�
 Basic Type

É�}¹½�7� e¾ç>ª�< ø¶Bø¶B C a�@#e�� _�u(ÛoZ� $k¬£+Ö< a�@#eT��̂@"k|¡, C a�@#eq� type systemT� �ç¡�ç¡Â6Ò ¬£+Ö<Ä�}¹ Òכ
�ç¡ésE'#e �����¤�< #¿E;c W�>��#Þ	 ;���ÖNכ� M�(è< ���·¾ç>q� Ç�M�ã# �¢g̀@ �ç¡(«T� a�@#e ��=i;c +ä�%u�Z� +ä�q�E'#e ���
U� óm¬�:@N���.

1.1 #ei�@ ���·q� +ä�¬£¿ì> Íç> #¿E->	U� #e�w�4� �lB+ä���¢?

Answer Ó	 ìḿ (32,767 T��ç¡T����� -32,767 T��)T� L·x�¢Â6Ò #Ü�£, longÃç> Î�M� ���m�N���. 	�U��¤�< ð��µÿ�T� 8�
£ ï̂B�¢����̂@ (Ó	 9��~xT��� ðm¬ª�< ¦��Ð=i¿ì> Íç> #Ü�£), short¿ì> Î�M� ���m�N���. T�]�@ #Ü�£�� ��N���
�̂@ int¿ì> Î�¤�< #¿ET� ���ç¡ �̂��:@N���. �¡!eÈì>}¹£ 'Ö<<K�� ï̂B�¢S�E'z� �:?¬£�� L·x�¢�U� óm¬¤�< #Ü�£���̂@,
�¡¤�< R�È�¿ì> ��Yô> CI «»�Ú %u��ç¡1;c"k 'Ö<<K�� ñmÔÚ�|�¤�< #¿EÃç> 4wHV� óm¬¤�<���̂@ +8��}BÂ6Ò Ç�M�¿ì> ��.>	 0ïFq�

unsigned 0ïFÃç> Î�¤�< #¿E|¡ �̂��:@N���. (�U�¹ÿ� ¬£��̧;c"k signed 0ïFÜï unsigned 0ïFÃç> )o�#e Î�¤�< #¿Eª�<
�̂�U� óm¬�:@N���.)

'Ö<�� ���·|¡ (�m;Z� unsigned char) “���ª�<” +ä�¬£���·Ä�}¹ Î�G�B ¬£ ���U�¹ÿ�, ;d�ç¡V� ô6�Â6Ò «»�Ú %u��ç¡T�
���Ø¿�q� Ç�M�¿ì>�ûB��S�J·x ¬£ ���M� CI'Ö<;c �������̧�U� óm¬�:@N���. (unsigned char ���·Ãç>Î�¤�< #¿ET�
|¡]8?T� �RJ #Ü�£|¡ ����:@N���; MÎ3]�@ùÚH 'Ö<<K¤�< H�B'Ö< 12.1¿ì> ���z��M� ���m�N���.)

R��:AÂ6Ò Ç�M�/��À�M� 'Ö<<K�� floatÜï double;c"k ñmÔÚ�|ù�� ¬£ ����:@N���. _�@¬£q� ®£�Ð�� L·x�¢�z� #ei�@
�m;�~xÂ6Ò ���·T� L·x�¢Â6Ò #Ü�£���̂@ a�q� ¦��Ð�¾ç>ª�< ~¡£̈ +8�÷7BE'U� óm¬�:@N���.

C a�@#e;c"k ~��~��q� type¾ç>T� +ä�%u�Â6Ò Ç�M�¿ì> ��U�|¡ói; +ä�q�E'#e �����z� ���~���M� �̀*Ö<62, ��F�Bª�< ½�
�w�U� óm¬�:@N���. C a�@#e;c"k +ä�q��z� ���¤�< #¿Eª�< ���:?Üï ìm¥�:@N���:

– char typeª�< 127 T��ç¡Ãç> $k�ç¡ù�� ¬£ �����;

– short int typeÜï int typeª�< 32,767��U� $k�ç¡ù�� ¬£ �����;

1sign-extension

9



�©� 1. DECLARATIONS AND INITIALIZATIONS 1. BASIC TYPE

– long int¤�< 2,147,483,647��U� $k�ç¡ù�� ¬£ �����;

– ����"k ���:? ¦��Ð�Ãç> +8�÷7Bù�� ¬£ �����:

sizeof(char) <= sizeof(short) <= sizeof(int) <= sizeof(long)

T�¦��Ð�ª�< char��+8�#e|¡ 8 bit��E'#e��Â6Ò��¤�<#¿EÜï, short intã# int¤�<+8�#e|¡ 16 bit4T�#e��Â6Ò��
¤�< #¿EÜï, long int¤�< +8�#e|¡ 32 bit�� E'#e�� Â6Ò��¤�< #¿EÃç> �:Aכ�ÖN���. (~��~�� typeq� signedã# unsigned
versionª�< ìm¥ª�< Ç�M�¿ì> ��.>	��z� �¹�ç¡E'#e ����:@N���.) ANSI C;c"k �m;+ä� machine;c"k ~��~�� typeq� L|
�ÐìḿÜï L|60ìḿª�< <limits.h>;c +ä�q�E'#e ���Ä� f, �¢�����̂@ ���:?Üï ìm¥�:@N���:

Base type Minimum size Minimum value Maximum value Maximum value
(bits) (signed) (signed) (unsigned)

char 8 -127 127 255
short 16 -32,767 32,767 65,535
int 16 -32,767 32,767 65,535
long 32 -2,147,483,647 2,147,483,647 4,294,967,295

T� �¢¤�< �¢+Ö<T� �¹�ç¡�¤�< L|�Ðìḿ¾ç>Ãç> �¹#l8̂@N���. ðm¬ª�< implementationT� T��¹�� �G Ó	 ìḿÃç> <Kð���
U�¹ÿ�, portableÂ6Ò É�}¹½�×�yÃç> ¹ÿ�¾ç>z� F�����̂@ T��_Â6Ò #¿E;c q�+í<AI"k¤�< ¼ÿ��RLN���.

#e+_Â6ÒT�¤;c"kXNË½�Ê�X¢Ç�M���L·x�¢Â6Ò#Ü�£���̂@—T�]�@#Ü�£}¹¤�<JY«»$k�ç¡9�V�(externally-imposed
stroage layout)��L·x�¢Â6Ò#Ü�£¿ì>¾ç>¬£����:@N���.H�B'Ö< 20.5¿ì>���z��M����m�N���—+8��}BÂ6Ò typedef¿ì>
Î�S�M� ���m�N���.

References [K&R1] § 2.2 p. 34; [K&R2] § 2.2 p. 36, § A4.2 pp. 195–6, § B11 p. 257; [ISO] § 5.2.4.2.1, § 6.1.2.5;
[H&S] § 5.1,5.2 pp. 110–114.

1.2 ý$ �¢+Ö<;c"k¤�< ~�� typeq� Ç�M�¿ì> +ä�%u�Z� +ä�q��U� óm¬���¢?

Answer ��¦Ø< high-level a�@#e;c R�AI C a�@#e�� %u�F�BZ� $k ¬£+Ö< a�@#eT�M�¤�< �U�¹ÿ�, objectq� +ä�%u�Â6Ò Ç�M�¤�<
implementationT� �lB+ä�ù�� 'Ö<<K�·N���. (C a�@#e;c"k #l�_(ÛoT� bitq� Ôg ¬£¿ì> U�+ä�ù�� ¬£ ���¤�< ¤G�BÂ6Ò ð��
ª�< structure ¼ÿ�;c"k bitfield¿ì> Íç> CI�·N���.; H�B'Ö< 2.25ã# 2.26Ãç> ���z��M� ���m�N���.) 60«»(Ûoq� É�}¹½�
×�y;c"k¤�< Ç�M�¿ì> +ä�%u�Z� U�+ä�ù�� L·x�¢�� �}"�:@N���; Ç�M�¿ì> +ä�%u�Z� U�+ä��¤�< ðm¬ª�< É�}¹½�×�y¾ç>ª�< U�+ä�
�U� óm¬|¡ói; É�}¹½�×�yÃç> ���)ç�á�~Ãç> CI, �G �¾×�:@N���.

int typeª�< -��²¼'_q� ���ç¡ ��a:@Ã��_*Ö< word size¿ì> ����50¤�< #¿EÄ�}¹ ómÔ�̀$p ���Ä� f, 60«»(Ûoq� +ä�¬£¿ì>
$k�ç¡ù�� CI ���ç¡ +8��ç¡Â6Ò type�·N���. H�B'Ö< 1.1q� guidelineÃç> �¹M� ���m�N���; %Ç{[ôF#l H�B'Ö< 12.42, 20.5|¡
���z��S�M� ���m�N���.

1.3 Ca�@#e�� size¿ì>+ä�%u�Z�+ä�q��U�óm¬M�CI'Ö<;c,$k¤�< int16, int32ã#ìm¥ª�< typedefT��mrÃç>�:@N���.½�
7�"k -��²¼'_;c ����"k int, short, long �ûBÃç> -s"k ¹ÿ��:@N���. T� �ç¡(«T� ~¡¥�< 'Ö<<K¿ì> AI�lBAI ï̂> ¬£ ���
Ãç> #¿E ìm¥ª�<62, ��¢�:@N���?

Answer +ä�%u�Z� size¿ì> <K#eù�� L·x�¢�� ������̂@, �̂�ª�< �ç¡(«�·N���. ½��_�� ���:?Üï ìm¥ª�< ����ØÃç> ®£q�AI�� :���ÖNכ�

– +ä�%u�Â6Ò Ç�M� <K#e�� [ô>���ûBù�� ¬£|¡ ����:@N��� (;d¿ì> ¾ç>�̂@, 60«»(Ûoq� 36-bit machine)

– int16T��� int32¿ì> Î�¤�< ô6;+8�T� “+8�#e|¡ T� +ä�|¡q� Ç�M�¿ì> �¹�ç¡”�¤�< #¿ET����̂@ b9	)y Íç>~¡�� �}"
�:@N���. ý$����̂@ intã# long typeq� +ä�q� ��=i�� ~��~�� “+8�#e|¡ 16 bit”, “+8�#e|¡ 32 bit”¿ì> �:A�
M� CI'Ö<�·N���.
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�©� 1. DECLARATIONS AND INITIALIZATIONS 3. POINTER DECLARATIONS

– Typedef¤�< byte-order'Ö<<K¿ì>AI�lBAI®£U�ô6כ��ÖN���. (;d¿ì>¾ç>#e#l�_(ÛoT� data¿ì>z�Z9�(interchange)�
�̀ �����, JY«»+8�Ä�}¹ z�+ä�ùÚH $k�ç¡ 0ïF��̧;c ̀z�2�Òכ¢�� �¤�< #Ü�£)

%Ç{[ôF#l H�B'Ö< 10.16, 20.5|¡ ���z��S�M� ���m�N���.

1.4 64-bit¿ì> U�4wH�¤�< -��²¼'_;c"k 64-bit ���·Ãç> Íç> ¬£ ���¤�< �ç¡(«T� ������¢?

Answer �����¡¤�< C �¢+Ö<(C9X);c"k¤�< long long ���·T� +8�#e|¡ 64 R�È� T��ç¡T� �RJ #¿EÃç> 'å�S��z� ����:@N���.
½�P�z� T� ���·ª�< T�Q� #l�_ -����G�B�_;c q�AI U�4wHE'z� ����:@N��� (#e+_Â6Ò -����G�B�_¤�< __longlong
���·Ä�}¹ U�4wHכ�ÖN���.) �¡ 60«»(Ûoq� -����G�B�_¾ç>ª�< short int¿ì> 16 R�È�}¹, int¿ì> 32 R�È�}¹, long
int¿ì> 64 R�È�}¹ U�4wH�z� ���Ä� f, T�ã# ��À�4� ù�� T�¤�� �}"�:@N���.

H�B'Ö< 18.15d¿ì> ���z��S�M� ���m�N���.

References [C9X] § 5.2.4.2.1, § 6.1.2.5.

V� 2 â�
 Pointer Declarations

�Ô->	'_;c MÎ3Â6Ò #¿Eª�< 4 �ç¡«»'_ 7 �ç¡��U� ��B'å�E'#e ���U�¹ÿ�, #lM�;c"k¤�< 9̀	a�@;c MÎ3]�@ùÚH #¿E¹ÿ� ��Yk@N���.

1.5 ���:? 9̀	a�@;c"k ª£*Ë{T� ômÔô6�E'�}����¢?

char *p1, p2;

p2¿ì> Î��̀z� ù�� CI ;c�_�� �m�N���.

Answer a�q� 9̀	a�@;c"k ômÔô6�ùÚH +8�ª�< �}"�:@N��� — #l�_(ÛoT� 4wH�¤�< ���*«Ãç> AI ®£U� ô6�Â6Ò��¤�< #¿EÃç> <KJY�

�̂@ ðmÔ�·N���. Pointer 9̀	a�@;c"k *¤�< ‘base type’q� G�B«»(ÛoT� ��·N���; *¤�< 9̀	a�@ù�� T��mrÄ�}¹ ¦�)ç�ùÚH
declaratorq� G�B«»(Ûo�·N��� (H�B'Ö< 1.21 ���z�). 9̀	a�@Ãç> Íç> #Ü�£;c ð��Ù�v 'Ö<��q� ¦�(Ûoª�< q�Q��� �}"�:@N�
��. ����"k ,Ò{_�@Fg declarator¤�< “* p1”T� f, *¿ì> �Ô�ÈÕ�z� ���M� CI'Ö<;c, p1ª�< ‘a pointer to char’, �:;
char¿ì> ��P�W�¤�< pointer�� �RLN���. ½��_�� p2q� declarator¤�< p2 T�JY;c ��¦Ø< #¿EÃç> ��U�z� ���U� óm¬Ä�
Á�}¹, (#l�_(ÛoT� 4wH�¤�< ���� ��N�ð�©U�¹ÿ�) µÿ�·ÿ�Z� char typeT� �RLN���. Â6Ò 9̀	a�@;c"k £̈ 4�q� pointer¿ì>
9̀	a�@��̀�̂@, ���:?Üï ìm¥T� AI�� :���ÖNכ�

char *p1, *p2;

*�� declaratorq� G�B«»(ÛoT�M� CI'Ö<;c, a�;c �́< #¿E%o&8� ð��Ù�v 'Ö<��¿ì> Î�¤�< #¿ET� �̂��:@N���; char*ã# ìm¥T�
Î�¤�< #¿Eª�< F�B¬£¿ì> 50M� �̀£ f, 0üoò6BÃç> ��$p]�> ¬£ ����:@N���.

%Ç{[ôF#l H�B'Ö< 1.13|¡ ���z��S�M� ���m�N���.

1.6 Pointer¿ì> 9̀	a�@�z�½� pointer��#ei�@ð��µÿ�Ãç>ù���ç¡��̀z�á�~Ä���,<K60}¹ò6B����U�óm¬�:@N���.��7��Ø
¿�;c #ei�@ 'Ö<<K�� ����:@N���?

char *p;
*p = malloc(10);

Answer #l�_(ÛoT� 9̀	a�@Â6Ò pointer¤�< pT�U� *p�� ��·N���. H�B'Ö< 4.2¿ì> ���z��M� ���m�N���.

2conforming to externally imposed storage layouts
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�©� 1. DECLARATIONS AND INITIALIZATIONS 3. DECLARATION STYLE

V� 3 â�
 Declaration Style

_�@¬£�� �ÈÕ¬£¿ì> 9̀	a�@�¤�< #¿Eª�< ·ÿ�)Ö<Z� -����G�B�_¿ì> M�Í�4�? �M� a�Â6Ò #¿ET� ��·N���; it also injects useful
order into a programming project. When declarations are arranged appropriately within a project, mismatches
and other difficulties can be more easily avoided, and the compiler can more accurately catch any error that do
occur.

1.7 b9	*9�(global) �ÈÕ¬£ã# _�@¬£¿ì> 9̀	a�@ �¡¤�< +ä�q��¤�< ���ç¡ �̂�ª�< �ç¡(«T� ª£*Ë{G�B���¢?

Answer �̂	$k Â6Ò “global” _�@¬£¤�< (#l�_ translation unit;c"k) #l�_ 4�q� 9̀	a�@Ãç> ��H�B ¬£ ���U�¹ÿ�, ºÿ�¿�S� ���q�
+ä�q�¿ì> ��$p�� .���ÖNכ� Global _�@¬£;c"k +ä�q�¤�< ð��µÿ�Ãç> ù���ç¡�z�, L·x�¢����̂@ �ÔM�ìḿÃç> U�+ä��¤�< G�B
ø¶Bq� 9̀	a�@�·N���. �ÈÕ¬£;c"k 9̀	a�@ª�< function body¿ì> <Kð���¤�< G�Bø¶Bq� 9̀	a�@�·N���. ��7�¤�< 9̀	a�@q� ;d
�·N���:

extern int i;

extern int f();

(extern keyword¤�< �ÈÕ¬£ 9̀	a�@;c"k option�·N���; H�B'Ö< 1.11Ãç> ���z��M� ���m�N���.)

��7�¤�< +ä�q�q� ;d�·N���:

int i = 0;

int f()
{
return 1;

}

#l�_�ÐÃ���G�B;c"k_�@¬£���ÈÕ¬£¿ì>ð��¤ù��L·x�¢��������̂@,�ç¡a:@Z�#l�_(Ûoª�<~¡¥�<_�@¬£ã#�ÈÕ¬£¿ì>G�BMÎ3
E'4�(consistent) ¹ÿ�¾ç>#e�� .���ÖNכ� ���ç¡ �̂�ª�< �ç¡(«ª�< ~�� +ä�q�¿ì> MÎ3]�@ùÚH .c ��G�B;c $k�ç¡�z�, external
9̀	a�@Ãç> Ai�G ��G�B(“.h”);c £̈¤�< #¿E�·N���. ½�P�z� 9̀	a�@T� L·x�¢Â6Ò ð��;c"k¤�< #include¿ì> -s"k �Ô�ÈÕS�
W��̂@ �RLN���. +ä�q�¿ì> �Ô�ÈÕ�¤�< .c ��G�B;c|¡ ìm¥ª�< Ai�G ��G�BÃç> �Ô�ÈÕS�&��� -����G�B�_�� 9̀	a�@Üï +ä�q���
G�BV��¤�<U� #����AI 8̂@N���.

T� ¦��Ð�ª�< 8�£ portability�� W�Gª�< �ç¡(«�·N���; T�¤�< ANSI C �¢+Ö<q� �¢¦�;c|¡ Öכ�«»� f, ANSI T�b9	q�
-����G�B�_ã# �?�&�;c"k|¡ ômÔ ò6Bכ����ÖN��� (UNIX -����G�B�_ã# �?�&�¤�< L|60 ����� �ÔM�ésùÚH��¤�< �ÐZÌ	 ��
7�;c#l�_4�q� 9̀	a�@Ãç>���ûB>��¤�< “common model”Ãç>U�4wHכ�ÖN���;T�¤�< ANSI�¢+Ö<;cq�AI “common
extension”Ä�}¹ a�@�� E'#e ���U�¹ÿ�, ‘pun3’ª�< ��·N���. #ei�@ T��ç¡Â6Ò S�Ã�ß�y;c"k¤�< JY«» 9̀	a�@Üï +ä�q�¿ì>
¦��~x�M� a�AI"k ºÿ�¿�S� �ÔM�ìḿÃç> L·x�¢}¹ �M�|¡ (.���ÖNכ�

Â6Ò Ai�G ��G�B;c ���q� 9̀	a�@¹ÿ� ���¡|¡ói; �M� a�AI ���:?Üï ìm¥ª�< b9	%oP�M� È��Ð�Ãç> Íç> ¬£|¡ ����:@N���:

DEFINE(int, i);

½�P�z� #ei�@ 8�Ç�}¹q� ��B+ä�;c ���� T� ï̂>T� 9̀	a�@T��� +ä�q��� E'|¡ói; ù�� ¬£ ���U�¹ÿ� T�¤�< 'Ö<<K¿ì> ¤ñmÔ

ù�� ���ûB)ç�T� ðm¬Ä�Á�}¹ @ÒcSכ�U� óm¬�:@N���.

-����G�B�_�� 9̀	a�@T� [ô>G�BV��¤�<U� #�����M� a�AI"k¤�< ºÿ�¿�S� b9	*9� 9̀	a�@Ãç> Ai�G ��G�B;c �k�¤�< #¿ET� ï̂B

.���ÖNכ�¢� �m;Z�, external �ÈÕ¬£q� prototypeÃç> .c ��G�B;c �k�U� óm¬|¡ói; �M� ���m�N���. T�¤�< +ä�q�ã# G�BV�
�¤�< U� #����AI ®£U�|¡ óm¬Ä� f, ¹ÿ���� +ä�q�ã# G�BV��U� óm¬¤�<���̂@ �¡Z��̀ Î�U� óm¬¤�< #¿E�¹�� ô6כ��ÖN���.

H�B'Ö< 10.6Üï 18.8Ãç> ���z��M� ���m�N���.

3µ1Ï6£§�Ér °ú Ü¼�� >pws� ���Ér ú́�
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�©� 1. DECLARATIONS AND INITIALIZATIONS 5. STORAGE CLASS

References [K&R1] § 4.5 pp. 76–7; [K&R2] § 4.4 pp. 80–1; [ISO] § 6.1.2.2, § 6.7, § 6.7.2, § G.5.11; [Rationale] §
3.1.2.2; [H&S] § 4.8 pp. 101–104, § 9.2.3 p. 267; [CT&P] § 4.2 pp. 54–56.

1.8 C a�@#e;c"k Ò�ç¡ésùÚHכ data typeÃç> ¹ÿ�¿�¤�< ���ç¡ �̂�ª�< �ç¡(«T� ª£*Ë{G�B���¢?

Answer H�B'Ö< 2.4¿ì> ���z��M� ���m�N���.

1.9 “semiglobal” _�@¬£, �:;, �~� �ÐÃ� ��G�Bq� �ÈÕ¬£¾ç>ª�< [�> ¬£ ���Ä���, ��¦Ø< �ÐÃ� ��G�B;c"k¤�< [�> ¬£ �}"¤�< ½��_
Â6Ò ‘�}Bºÿ� +ä�|¡q�’ b9	*9� _�@¬£¿ì> ¹ÿ�¾ç> ¬£ ���Ãç>���¢?

Answer C a�@#e;c"k ½�]�@ G�Bª�< ù�� ¬£ �}"�:@N���. ~¡¥�< �ÈÕ¬£¿ì> ìm¥ª�< source ��G�B;c �k�¤�< #¿ET� [ô>½Z@����� [ô>��
�ûB����̂@, ��7� ï̂B Â6Ò��U� �ç¡(«Ãç> Î�S�M� ���m�N���:

– Â6Ò��T�Â��_P���@IW�U�q�~¡¥�<�ÈÕ¬£ã#_�@¬£;c+8��ç¡Â6Ò prefixT��mrÃç>[ôFT�z�,��÷7B��;c4�T� prefix

–

V� 4 â�
 Storage Class

£P�¤�< 9̀	a�@q� £̈ ��U� «»(Ûo, base typeÜï declarator¿ì> T�Q� ��©»�}��:@N���. ���:? �~� H�B'Ö<;c"k¤�< storage
class;c 60Â6Ò #¿EÃç> ��Yk@N���. Storage class¤�< 9̀	a�@ùÚH object�� �ÈÕ¬£q� visibilityã# lifetimeÃç> (~��~�� “scope”ã#
“duration”T���z� «»À�M�|¡ (.���ÖNכ� ��Yk@N���.

Q 1.11 �ÈÕ¬£ 9̀	a�@;c"k externT� q�Q��¤�< 4� ª£*Ë{->	���¢?

Answer T� �ÈÕ¬£q� +ä�q��� ��¦Ø< �ÐÃ� ��G�B;c ���Ãç> ¬£ �����¤�< #¿EÃç> ómÔ�̀®£¤�< ·ÿ�)Ö<Â6Ò Ã���G�B+8�->	 'Ö<<K�·N���.
����"k ���:? £̈ ï̂>q� 	�T�¤�< �}"�:@N���:

extern int f();
int f();

References [ISO] § 6.1.2.2, § 6.5.1; [Rationale] § 3.1.2.2; [H&S] § 4.3, 4.3.1 pp. 75–6.

Q 1.12 auto W���¿�¤�< #eO�;c Î�T����¢?

Answer b9	)y Î�T�U� óm¬�:@N���. T�¤�< �¡7�ùÚH(archaic) 'Ö<(«;c Î�T�¤�< #¿EÄ�}¹ g̀@<�;c¤�< Î�T�U� óm¬�:@N���. H�B'Ö<
20.37Ãç> ���z��M� ���m�N���.

References [K&R1] § A8.1 p. 193; [ISO] § 6.1.2.4, § 6.5.1; [H&S] § 4.3 p. 75, § 4.3.1 p. 76.
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�©� 1. DECLARATIONS AND INITIALIZATIONS 7. TYPEDEFS

V� 5 â�
 Typedefs

typedef�� 'Ö<(«+8�Ä�}¹¤�< storage classT�U�¹ÿ�, T� W���¿�¤�< T��mrT� ómÔ�̀®£�:A, :�}¹*Ö< type T��mrÃç> +ä�q��¤�<
62;c Î��·N���.

Q 1.14 Linked list +ä�q��� ¼ÿ��RLN���. ���:?Üï ìm¥T� á�~¤�<62 -����G�B�_¤�< 4�ö¶; ;c�_ 8KS�U�¹ÿ� _ô>&9כ��ÖN���. C a�@#e

;c"k ¦��Ð=i¤�< ��,>	;c 60Â6Ò �Ô->	'_¿ì> �Ô�ÈÕù�� ¬£ �}"¤�< #¿E->	���¢?

typedef struct {
char *item;
NODEPTR next;

} *NODEPTR;

Answer C a�@#e;c"k ¦��Ð=i¤�< ��,>	;c 60Â6Ò �Ô->	'_¿ì> �Ô�ÈÕù�� ¬£ ����:@N���. T� H�B'Ö<;c"k 'Ö<<K¤�< NODEPTRT�
typedef T��mrT�z�, T� T��mrÃç> ��÷7BÂ6Ò S�+8�;c"k T� T��mrq� +ä�q��� Ê����U� óm¬óm©��¤�< #¿E�·N���. T� �Ø
¿�¿ì> z�V�M� a�AI"k, �̂	$k ¦��Ð=i;c ?�½�(tag, struct node)¿ì> ¹ÿ�¾ç>z� “next” L·x¿�¿ì> “struct node
*” ���·Ä�}¹ 9̀	a�@כ�ÖN���. �¡¤�< typedef 9̀	a�@Üï ¦��Ð=i +ä�q�¿ì> (ÛoP�S�&�|¡ �RLN���. ���:? �Ø¿��� AI�lB
�ç¡(« ï̂B ����·N���.

struct node {
char *item;
struct node *next;

};
typedef struct node *NODEPTR;

T� 'Ö<<K¿ì> AI�lB�M� a�AI +8�#e|¡ :c ��U�q� ��¦Ø< �ç¡(«T� ����:@N���.

"k}¹¿ì>�Ô�ÈÕ�¤�<Â6Ò�ç¡q� typedefùÚH¦��Ð=i¿ì>+ä�q�ù��CI|¡R��:AÂ6Ò'Ö<<K��ñmÔÚ�|ù��¬£���Ä� f,a�ã#ìm¥
ª�< �ç¡��̧Ä�}¹ AI�lBù�� ¬£ ����:@N���.

H�B'Ö< 2.1Ãç> ���z��S�M� ���m�N���.

References [K&R1] § 6.5 p. 101; [K&R2] § 6.5 p. 139; [ISO] § 6.5.2, § 6.5.2.3; [H&S] § 5.6.1 pp. 132–3.

V� 6 â�
 The const qualifier

C a�@#e 9̀	a�@;c"k¤�< type qualifier��¤�< 4� ���Ä� f, T�¤�< ANSI C;c"k :�}¹ Ò��ùÚHכ #¿E�·N���. Qualifier;c MÎ3Â6Ò
H�B'Ö<ª�< 11 �ç¡;c"k ��Yk@N���.

V� 7 â�
 Complex Declarations

C a�@#eq� 9̀	a�@ª�< *8�,ê���4� õi;�m�AIH�B ¬£ ����:@N���. G�B·ÿ� T� ����Ú?¿ì> bô>#eÕëº �ç¡(«Ãç> 9�£�̂@, Zï>&è< T�]�@ õi;�m�
Â6Ò 9̀	a�@ª�< ��q� Î�T�U� óm¬U�¹ÿ�, #ei�@ 9̀	a�@T� ���¡�G��|¡ £̈�̀���U� óm¬4� �RLN���.

#l�_(ÛoT� É�}¹½�×�yÃç> *(*(*a[N])())()ã# ìm¥ª�< declarator}¹ ����Úés��̀¤�< c(Q��� �}"���̂@, H�B'Ö< 1.21q� £̈
_�@Fgã# ìm¥T� typedef¿ì> -s"k µÿ�·ÿ��4� ¹ÿ�¾ç> ¬£ ����:@N���.

Q 1.21 'Ö<��¿ì> ��P�W�¤�< �Ô->	'_¿ì> P�e�@�¤�< �ÈÕ¬£;c 60Â6Ò �Ô->	'_¿ì> P�e�@�¤�< �ÈÕ¬£;c 60Â6Ò �Ô->	'_ N 4�}¹ T�

©»#e.>	 9��~x(array)Ãç> #e�w�4� 9̀	a�@��¢?
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�©� 1. DECLARATIONS AND INITIALIZATIONS 9. ARRAY SIZES

Note ���z�}¹ 4wH'Ö<ª�< ���:?Üï ìm¥�:@N���:

How do I declare an array of N pointers to functions returning pointers to functions returning
pointers to characters?

Answer ���:?Üï ìm¥T� :c ��U�}¹ �m�ù�� ¬£ ����:@N���:

– char *(*(*a[N])())();

– typedef¿ì> -s"k 	�7L60}¹ ¹ÿ�¾ç>#e ���̂@ �RLN���:

typedef char *pc; /* pointer to char */
typedef pc fpc(); /* function returning pointer to char */
typedef fpc *pfpc; /* pointer to above */
typedef pfpc fpfpc(); /* function returning... */
typedef fpfpc *pfpfpc; /* pointer to... */
pfpfpc a[N]; /* array of... */

– cdecl É�}¹½�×�yÃç> Î��̂@ *å�#e¿ì> C a�@#e}¹, �¡¤�< C a�@#e¿ì> *å�#e}¹ _�@Z9�ù�� ¬£ ����:@N���.

cdecl> declare a as array of pointer to function
returning pointer to function returning pointer
to char

char *(*(*a[])())()

cdeclª�< õi;�m�Â6Ò 9̀	a�@T��� >�Ã��?�;c 60AI"k|¡ ðm¬ª�< |¡]8?Ãç> 8̂@N���. H�B'Ö< 18.1Ãç> ���z��S�M� ��
�m�N���.

Ca�@#e¿ì>��B'å��¤�< �̂�ª�<ÝÌvT����̂@T��_Â6Òõi;�m�Â6Ò 9̀	a�@;c60Â6Ò50÷7BT����M���]�@T�N�T�«»(ÛoÃç>þÙ�G��
#e�¹S�M� ���m�N���.

a�q� ;d;c"k Î�->	 �ÈÕ¬£ �Ô->	'_(pointer-to-function) 9̀	a�@ª�< ����8K'_ ���·;c 60Â6Ò +ä��¹¿ì> �Ô�ÈÕ�U� óm¬
óm©�:@N���.¹ÿ��������8K'_��õi;�m�Â6Ò�ÈÕ¬£���̂@b9	=i 9̀	a�@ª�<8�£G��M�#e&°�:@N��� (L|,>	!eb9	q� cdeclª�<
T� #Ü�£;c|¡ |¡]8?T� �RLN���.)

References [K&R2] § 5.12 p. 122; [ISO] § 6.5ff (esp. § 6.5.4); [H&S] § 4.5 pp. 85–92, § 5.10.1 pp. 149–50.

Q 1.22 ìm¥ª�< ���·q� �ÈÕ¬£;c 60Â6Ò �Ô->	'_¿ì> P�e�@�¤�< �ÈÕ¬£¿ì> 9̀	a�@ù�� ¬£ ������¢? $k¤�< �ç¡?�  e,>	(state ma-

chine)Ãç> ¹ÿ�¾ç>z�, ~�� �ÈÕ¬£�� ���q� �ç¡?�¿ì> ����504� Â6Ò ���:?, T� �ÈÕ¬£�� ���:? �ç¡?�¿ì> ����50¤�< �ÈÕ¬£
�Ô->	'_¿ì> P�e�@�4� ��̀z� .���ÖNכ� ½��_�� T�]�@ �ÈÕ¬£¿ì> 9̀	a�@ù�� �ç¡(«Ãç> ��¢U� ô6��z� ����:@N���.

Answer ��̧+«ù��¬£¤�<�}"�:@N���.Â6Ò��U��ç¡(«ª�<�ÈÕ¬£��G�Bºÿ�+8�->	(generic)�ÈÕ¬£�Ô->	'_¿ì>P�e�@�4�Â6Ò���:?,T�
¿ì> 4wH�¤�< ���·Ä�}¹ >�Ã��?��¤�< #¿EÜï �¡ ��¦Ø< �ç¡(«Ä�&è< �ÈÕ¬£�� #ei�@ ¦��Ð=i¿ì> P�e�@�4� �z�, ½� ¦�
�Ð=i;c T� ���·q� �ÈÕ¬£;c 60Â6Ò �Ô->	'_¿ì> $k�ç¡�¤�< �ç¡��̧Ãç> Íç> ¬£ ����:@N���.

V� 8 â�
 Array Sizes

V� 9 â�
 Declaraction Problems

CICI}¹ -����G�B�_¤�< #l�_(ÛoT� �}B���� �Ð��»Z� 9̀	a�@Ãç> ¹ÿ�¾ç>�}�¤�<U�;c �ç¡MÎ3�}"T� [ô>è�Ãç> �M�|¡ .���ÖNכ� T� �}B
q� H�B'Ö<¾ç>ª�< ý$ ½�]�@U� ½� T�¤¿ì> ��B'åכ��ÖN��� (16 �ç¡ª�< F�Bá�¥ S�µÿ�;c ñmÔÚ�|ù�� ¬£ ���¤�< T��ç¡Â6Ò 'Ö<<K¾ç>;c 60AI
��B'åכ��ÖN���.)
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�©� 1. DECLARATIONS AND INITIALIZATIONS 11. NAMESPACE

Q 1.25 <K -����G�B�_¤�< �ÈÕ¬£�� ï̂Bõi;E'#e +ä�q�E'#e �����z� ;c�_ 8KS�U�¿ì> _ô>&9��U�¹ÿ� $k¤�< Â6Ò_�@¹ÿ� +ä�q�á�~z�,

Â6Ò _�@¹ÿ� �Ú_ô>á�~�:@N���. ª£*Ë{T� ômÔô6�E'�}�¤�<U� ~¡À�ð�©#Ñ	�¢.

Answer �ÈÕ¬£q� 9̀	a�@T�, T� �ÈÕ¬£¿ì> �Ú_ô>ù�� CI��U� ������U� óm¬Ä��̂@, -����G�B�_¤�< T� �ÈÕ¬£�� int¿ì> P�e�@Â6Ò��z�
��+äכ��ÖN���. ½� ���:? ��ï̂B;c F�B<K 9̀	a�@T��� +ä�q��� ���¡z�, ��+ä�Üï G�BV��U� óm¬Ãç> #Ü�£ ½��_Â6Ò ;c�_
�� ñmÔÚ�|כ�ÖN���. �:;, int�� ��'>	 ��¦Ø< ���·Ãç> P�e�@�¤�< �ÈÕ¬£¤�< �Ú_ô>�M� b9	;c ºÿ�¿�S� 9̀	a�@AI�� �ÖNכ�
��.

�¡¤�< #ei�@ Ai�G ��G�B;c 9̀	a�@E'#e ���¤�< �ÈÕ¬£ T��mrÃç> (+ä�ðmÔ}¹) ï̂Bõi;AI"k ��¦Ø< �ÈÕ¬£}¹ ¹ÿ�¾ç>�}�Ãç> #Ü�£;c
T� 'Ö<<K�� ñmÔÚ�|ù�� ¬£ ����:@N���.

H�B'Ö< 11.3Üï H�B'Ö< 15.1Ãç> ���z��M� ���m�N���.

References [K&R1] § 4.2 p. 70; [K&R2] § 4.2 p. 72; [ISO] § 6.3.2.2; [H&S] § 4.7 p. 101.

Q 1.25b main()Ãç> 9̀	a�@�¤�< +ä�%u�Â6Ò �ç¡(«T� Vê���»כ�ÖN���. void main()Ä�}¹ AI|¡ �̂�ª�<���¢?

Answer H�B'Ö< 11.12aã# 11.15¿ì> ���z��M� ���m�N���. (#eæ�×¥�< void main()ª�< Çì>)>	 9̀	a�@�·N���.)

V� 10 â�
 Namespace

T��mrÃç> ��{¤�< #¿ET� #e�̀�� �¹T�U� óm¬Ãç> U� Z�>��|¡, ��F�B 8�£ #e�̀*Ö< 'Ö<<K�·N���. Zï>&è< �ÈÕ¬£�� _�@¬£q� T��mr
Ãç> ��{¤�< #¿ET� ÝÌvT��� ZÌ	Zï>, ��M�¾ç>q� T��mrÃç> ��{¤�< #¿E�¹��¤�< �EL�:@N��� — #l�_(Ûoª�< ðm¬ª�< �����¾ç>T� #l�_(Ûo

�Ø¿�q� T��mr¾ç>Ãç> F�!#eù�� U� ~¡¦Ø<��z� z�*>	ù�� L·x�¢¤�< �}"�:@N��� — +8�#e|¡ ìm¥ª�< T��mrT� T�Q� Î�T�z� ���¤�<U�

¹ÿ� �Ð����̂@ �RLN���.

V� 11 â�
 Initialization

_�@¬£q� 9̀	a�@ª�<, Zï>&è< ½� _�@¬£;c 60Â6Ò �ÔM�ìḿÃç> �Ô�ÈÕù�� ¬£ ����:@N���. ¹ÿ���� �ÔM�ìḿÃç> ®£U� óm¬Ä��̂@, M�(è<+8�->	
�ÔM�és(default initialization)�� ¬£á�¥�RJ ¬£ ����:@N���.

Q 1.30 �ÔM�ésE'U� óm¬ª�< _�@¬£q� ìḿÃç> Q�P� ;d�ç¡ù�� ¬£ ����:@N���? b9	*9� _�@¬£¤�< �ÔM�ésE'U� óm¬ª�< #Ü�£ 0Ãç> ��

.>	��z� �¤�<62, T�#¿EÃç> �kB �Ô->	'_�� F�B¬£ 0.0Ä�}¹ AI)o�AI|¡ Ùñ¿õm¬ª�<���¢?

Answer “static” ö¶;)ç�Ãç> ��.>	 �ÔM�ésE'U� óm¬ª�< (b9	*9� _�@¬£T����� staticÄ�}¹ 9̀	a�@ùÚH _�@¬£) _�@¬£¤�< 0q� ìḿÃç>
���·N���. �:; É�}¹½�7� e�� “= 0”Ä�}¹ -s +Ö< #¿EÜï ÿ¶;ìm¥��¤�< ðmÔ�·N���. ����"k �kB �Ô->	'_G�B #Ü�£;c|¡
]�>��¦Ø< ìḿÃç> ���·N��� (5 �}B ���z�). ��¾6Ò��U�}¹ F�B¬£G�B #Ü�£ 0.0Ä�}¹ AI)o��RLN���.

“automatic” ö¶;)ç�Ãç> ��.>	 (staticÄ�}¹ 9̀	a�@E'U� óm¬ª�< U�*9� _�@¬£) _�@¬£¤�< �ÔM�ésE'U� óm¬Ãç> #Ü�£ Î�7�
M� ìḿÃç> ���·N���. (T� #Ü�£;c Î�7�M� ìḿT� ª£*Ë{->	U�¤�< ��ª£|¡ ~¡À� f, Íç> T�¤�� �}"�:@N���.)

malloc()T��� realloc()Ä�}¹,ò6B+8�Ä�}¹ù���ç¡ùÚH8K~¡P�|¡Î�7�M�ìḿÃç>���·N���.����"kÉ�}¹½�×�y;c
"k +8��ç¡�4� �ÔM�ésS�&� ®£#e�� .���ÖNכ� calloc()Ä�}¹ ù���ç¡���ª�< 8K~¡P�¤�< R�È� ·ÿ�a�}¹ 0Ãç> ��U�z�
E'U�¹ÿ�, T� #¿ET� �Ô->	'_�� F�B¬£ ���·;c"k 0Ãç> q�Q�Â6Ò��z� ðmÔù�� ¬£¤�< �}"�:@N��� (H�B'Ö< 7.31Üï 5 �}B ���
z�).

References [K&R1] § 4.9 pp. 82–4; [K&R2] § 4.9 pp. 85–86; [ISO] § 6.5.7, § 7.10.3.1, § 7.10.5.3; [H&S] § 4.2.8
pp. 72–3, § 4.6 pp. 92–3, § 4.6.2 pp. 94–5, § 4.6.3 p. 96, § 16.1 p. 386.
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�©� 1. DECLARATIONS AND INITIALIZATIONS 11. INITIALIZATION

Q 1.31 T� �Ø¿�¤�< #ei�@ ÝÌv;c"k ��*ã< #¿E->	62 -����G�BE'U� óm¬�:@N���.

int f()
{
char a[] = "hello, world!";

}

Answer ����|¡ Î�z� ���¤�< -����G�B�_�� ANSI T�b9	q� -����G�B�_G�B #¿ET���z� .���Ò�m;�RLNכ ANSI T�b9	q� -����G�B�_
¤�< “automatic aggregates” (;d¿ì> ¾ç>#e, staticT� ��'>	 U�*9� 9��~x, ¦��Ð=i, union)q� �ÔM�és¿ì> U�4wH�
U� óm¬�:@N���.

(½�P�z� _�@¬£ a�� #e�w�4� Î�G�B U�;c ���� ��À�ð�©U�¹ÿ�, T� _�@¬£¿ì> b9	*9�(global) �¡¤�< +ä�+8�(static)Ä�}¹,
�¡¤�< �Ô->	'_}¹ ���́#e"k AI�lBù�� ¬£ ���Ä� f, �¡¤�< strcpy() �ûBÃç> -s"k 60�·S�&�®£¤�< �ç¡(«|¡ ����:@N�
��.)

H�B'Ö< 11.29Ãç> ���z��M� ���m�N���.

Q 1.31b T� �ÔM�és;c"k ômÔô6�ùÚH #¿ET� ª£*Ë{->	���¢?

char *p = malloc(10);

<K -����G�B�_¤�< “invalid initializer”��¤�< ;c�_ 8KS�U�¿ì> _ô>&9כ��ÖN���.

Answer ���� a�q� 9̀	a�@T� +ä�+8�(static)T����� b9	*9�(non-local) _�@¬£G�B #¿E�·N���. �ÔM�és;c"k �ÈÕ¬£ �Ú_ô>Ãç> Î�¤�<
#¿Eª�< ��ò6B(automatic) _�@¬£4;c"k¹ÿ� ���ûBכ�ÖN���.

Q 1.32 ���:? £̈ 9̀	a�@;c 	�T�+8�T� ������¢?

char a[] = "string literal";
char *p = "string literal";

Answer 'Ö<���~xª�< Ç�4� £̈ ��U� �ç¡(«Ä�}¹ Î�G�B ¬£ ����:@N���. ���¤�< 9��~xq� �ÔM�ìḿ (a�;c"k¤�< char a[];c AI
�ç¡)Ä�}¹ Î�T�¤�< #¿E�·N���. T�¤�< 9��~xq� ~�� �¢�Ð¾ç>->	 'Ö<��¾ç>;c 60�·E'¤�< �ÔM�ìḿÃç> ����ÕëzN���. T� #Ü�
£�� ��N����̂@ 'Ö<���~xT� T��mrT� �}"¤�< +ä�+8�(static)->	 9��~x;c $k�ç¡E'z� — 604� T� 9��~xª�< G��M� b9	÷7Bq�

ö¶;)ç�Ãç> ���·N��� — ¬£��̧(expression);c"k Î�G�B CI;c¤�< T� 9��~xq� ,Ò{ �¢�Ð¿ì> ��P�W�¤�< �Ô->	'_}¹"k Î�
T�4� �RLN���. ����"k a�q� 9̀	a�@ ï̂B £̈_�@Fg #¿Eª�< F�B<K 'Ö<���~xT� G��M�b9	÷7B 9��~x;c $k�ç¡E'M� CI'Ö<;c �Ô
->	'_ p¿ì> ��U�z� 'Ö<���~xÃç> ¬£+ä�ù�� ¬£ �}"�:@N���.

(�¡7�ùÚH C a�@#e �Ø¿�q� #Ü�£, pã# ìm¥ª�< �Ô->	'_}¹ 'Ö<���~xq� 50÷7BÃç> _�@#Ü���̀z� S�|¡�¤�< #Ü�£|¡ ����:@
N���. T��_Â6Ò #Ü�£¿ì> AI�lB�M� a�AI #ei�@ -����G�B�_¤�< 'Ö<���~xÃç> Î�M� ���ûBÂ6Ò 8K~¡P�;c $k�ç¡�|¡ói; �
¤�< ÷6 ̀@Ãç> ��U�z� ����:@N���.)

H�B'Ö< 1.31, 6.1, 6.2, 6.8Ãç> ���z��M� ���m�N���.

References [K&R2] § 5.5 p. 104; [ISO] § 6.1.4, § 6.5.7; [Rationale] § 3.1.4; [H&S] § 2.7.4 pp. 31–2.

Q 1.34 �ÈÕ¬£ �Ô->	'_¿ì> 9̀	a�@�¤�< 'Ö<(«ª�< ómÔð�©¤�<62, �ÔM�ésS�W�¤�< �ç¡(«Ãç> ~¡À�ð�©�:@N���.

47£¤, statics� ����� ���Ãº\�¦ _�p��<Ê.
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�©� 1. DECLARATIONS AND INITIALIZATIONS 11. INITIALIZATION

Answer ���:?Üï ìm¥T� ��̂@ �RLN���:

extern int func();
int (*fp)() = func;

a�ã# ìm¥T� �ÈÕ¬£ T��mrT� ¬£��̧;c"k Î�->	 #Ü�£, T� T��mrª�< — T� �ÈÕ¬£q� S���� ®£�Ð¿ì> ����50¤�< — �Ô->	

'_}¹ _�@#Ü�(decay)�RLN���. 9��~x T��mrT� ·ÿ�ò6;Ä�}¹ Î�T�¤�< #Ü�£ã# R��:Aכ�ÖN���.

G�Bºÿ�+8�Ä�}¹ 'å�Ù�vZ� �ÈÕ¬£q� 9̀	a�@Ãç> Q�P� +8�#e®£4� �RLN���. ý$����̂@ T� #Ü�£, ��ò6BÄ�}¹ JY«» �ÈÕ¬£ 9̀	
a�@5Ãç> ¹ÿ�¾ç>#e®£U� óm¬M� CI'Ö<�·N��� (ý$����̂@ �ÔM�és;c"k Î�T�¤�< �ÈÕ¬£ T��mrª�< �ÈÕ¬£ �Ú_ô>T� ��N�M�
CI'Ö<�·N���).

H�B'Ö< 1.25ã# 4.12¿ì> ���z��M� ���m�N���.

5implicit external function declaration
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V� 2 *�×

Structures, Unions, and
Enumerations

Structure, union, enumerationª�<#l�_(Ûo;c4�:�}¹*Ö< data typeÃç>+ä�q�ù��¬£���4�AI+Ö<��¤�<ð��ûiu+8�Ãç>���·N���.
�̂	$k, structure�� unionª�<#l�_(ÛoT� member�� field¿ì> 9̀	a�@�#l:� data typeÃç>+ä�q�ù��¬£���z�, enumerationq�
#Ü�£ �ç¡¬£(constant)¿ì> 9̀	a�@�#l :� data typeÃç> +ä�q�ù�� ¬£ ����:@N���. ò6BS�;c #l�_(Ûoª�< :�}¹*Ö< data type;c
tag nameÃç> ï̂> ¬£ ����:@N���. G�B·ÿ� :� typeÃç> +ä�q�á�~���̂@, +ä�q�ã# ò6BS�;c �¡¤�< ��ï̂B;c :� typeq� instance(_�@
¬£)¿ì> 9̀	a�@ù�� ¬£ ����:@N���.

õi;�m��4�|¡, M�(è< ���·Üï ��¾6Ò��U�}¹ user-defined type;c|¡ typedef¿ì> -s"k :� T��mrÃç> ï̂> ¬£ ����:@N���. T�
�w�4� á�~Ãç> CI, #l�_(Ûoª�< typedef T��mrT� (¹ÿ���� tag T��mrT� +í<<�ù�� #Ü�£) tag T��mrÜï¤�< b9	)y �ç¡MÎ3�}"��¤�< #¿E
Ãç> ��"̀�� .���ÖNכ�

T� �ç¡q� H�B'Ö<¾ç>ª�< ���:?Üï ìm¥T� +ä�P�E'#e ����:@N���: H�B'Ö< 2.1«»'_ 2.18ª�< structure;c 60�#l, H�B'Ö< 2.19«»'_
2.20��U�¤�< union;c 60�#l, H�B'Ö< 2.25«»'_ 2.26��U�¤�< bitfield;c 60AI ��Yk@N���.

V� 1 â�
 Structure Declaration

Q 2.1 ���:? £̈ 9̀	a�@q� 	�T�+8�T� ª£*Ë{->	���¢?

struct x1 { ... };
typedef struct { ... } x2;

Answer ,Ò{_�@Fg 9̀	a�@ª�< “¦��Ð=i ?�½�(tag)”¿ì> 9̀	a�@Â6Ò #¿E�·N���; £̈_�@Fg 9̀	a�@ª�< “typedef”¿ì> 9̀	a�@Â6Ò #¿E�·N���.
®£ 	�T�+8�ª�< ,Ò{_�@Fg #Ü�£q� ���· T��mrª�< struct x1T� f, £̈_�@Fg #Ü�£q� ���· T��mrª�< µÿ�·ÿ�Z� x2��¤�<
#¿E�·N���. �:; £̈_�@Fg #¿ET� �Ð��» �G Ò�ç¡ésùÚHכ ���·T��� ù�� ¬£ ����:@N���. — �:; ��÷7B��¾ç>T� structT���
¤�< W���¿�¿ì> Î�U� óm¬4�E'#e T� ���·T� ¦��Ð=i->	U� ��'>	U� ómÔ L·x�¢�� �}"�:@N���.

Q 2.2 ���:? �Ø¿��� ý$ ò6B����U� óm¬Ãç>���¢?

struct x { ... };
x thestruct;
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�©� 2. STRUCTURES, UNIONS, AND ENUMERATIONS 2. STRUCTURE DECLARATION

Answer Ca�@#e¤�< C++T���·N���.�:;¦��Ð=i?�½�(tag)T��mr;c60AI��ò6BÄ�}¹ typedefT��mrT�¹ÿ�¾ç>#eU�U�óm¬
�:@N���. H�B'Ö< 2.1Ãç> ���z��M� ���m�N���.

Q 2.3 ¦��Ð=i�� ��,>	;c 60Â6Ò �Ô->	'_¿ì> �Ô�ÈÕù�� ¬£ ������¢?

Answer �ç¡a:@Z� �Ô�ÈÕù�� ¬£ ����:@N���. H�B'Ö< 1.14¿ì> �¹M� ���m�N���.

Q 2.4 C a�@#e;c"k Ò�ç¡ésùÚHכ 62T�'_ ���·Ãç> ¦�g̀@�¤�< ���ç¡ �̂�ª�< �ç¡(«Ãç> ómÔ�̀®£:c�¢.

Answer Â6Ò ��U� �ç¡(«ª�< ��÷7B��¾ç>T� ¦��Ð=i �Ô->	'_¿ì> Î�4� �¤�< #¿E�·N��� — typedef T��mrÃç> Î�¤�< #¿ET� �̂��:@
N���. T� �Ô->	'_¤�< #ei�@ ¦��Ð=i¿ì> ��P�W�¤�< #¿ET� f, T� ¦��Ð=iq� :c«» ����Øª�< ��÷7B��;c4� ómÔ�̀ï̂> L·x
�¢�� �}"�:@N���.

Note �¢+Ö< �·_ô>&9� �ÈÕ¬£¾ç>T� FILE * ���·q� ->	��¿ì> ���¤�< #¿EÃç> Ú�|~����̂@ �EL�:@N���.

Q 2.6 ¦��Ð=i¿ì> ���:?Üï ìm¥T� +ä�q��¤�< �Ø¿�¿ì> ��v�:@N���:

struct name {
int namelen;
char namestr[1];

};

½�P�z� ½� �Ø¿�;c"k¤�< namestr;c ð��µÿ�Ãç> ù���ç¡(allocation)�z�, 9��~x namestrT� #l�_ �¢�Ð¿ì> ��.>	 #¿E
%o&8� Î�¤�< #¿EÃç> ��v�:@N���. T�4� ¼ÿ�b9	Â6Ò �ç¡(«->	���¢?

Answer T�#¿Eª�<->	M����¤�<?KÇ��̧ ï̂Bq����T�U�¹ÿ� Dennis Ritchie�̂¤�<T��ç¡(«Ãç> “unwarranted chumminess with
the C implementation”T���z� «»�m@N���. T� �ç¡(«ª�< ð����̧+8�->	 C �¢+Ö<;c +ä�%u�Z� Öכ�«»�U�¤�< óm¬U�¹ÿ�, g̀@
+í<�¤�< ��q� ~¡¥�< -����G�B�_;c"k ò6Bכ����ÖN���. (9��~xq� #Ü�4�¿ì> #����AI®£¤�< -����G�B�_;c"k¤�< #Ü�z�¿ì> _ô>
&9�ù�� ¬£|¡ ����:@N���.)

�¡ Â6Ò��U� �ç¡(«Ä�}¹¤�< ��_�@+8�->	 �¢�Ð¿ì> 8�£ ���4� �m�¥�< 60,>	 ��®£ Ç�4� �m�¤�< #¿E�·N���; a�q� ;d;c +8�
÷7B����̂@:

...
char namestr[MAXSIZE];

T� CI MAXSIZE¤�< ;d�ç¡E'¤�< $k�ç¡�RJ 'Ö<���~x�¹�� Ç�4� �m��:@N���. ½��_�� T� �ç¡(«|¡ �¢+Ö<;c +ä�%u�Z� Öכ�«»
�¤�< �ç¡(«|¡ ��·N���. 4����� T�]�@ ¦��Ð=i¿ì> Íç> CI;c¤�< 8�£ ®£q�¿ì> M�]ï>#l�� .���ÖNכ� ý$����̂@ T�
]�@ #Ü�£;c¤�< -����G�B�_�¹�� É�}¹½�7� e�� ½� Ç�M�;c 60AI �G]8; ômÔ ómÔz� ���M� CI'Ö<;c (�m;Z�, T�]�@ #Ü�£
pointer}¹¹ÿ� ���*«Ãç> ù�� ¬£ ����:@N���.) -����G�B�_�� ómÔ�̀®£¤�< +ä��¹(#Ü�z��� ;c�_)�� q�Q��}"4� �RLN���.

[C9X];c"k¤�< “flexible array member”��¤�< 4�$Ë�Ãç> �Ð4��z� ���z�, T�¤�< 9��~xT� ¦��Ð=iq� ��U���� Ø�y!e
}¹-s Î�G�B CI;c¤�< 9��~xq� Ç�M� U�+ä�Ãç> Ú�|���ù�� ¬£ ���|¡ói; AI 8̂@N���.

References [Rationale] § 3.5.4.2; [C9X] § 6.5.2.1.
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�©� 2. STRUCTURES, UNIONS, AND ENUMERATIONS 2. STRUCTURE OPERATIONS

V� 2 â�
 Structure Operations

Q 2.7 ¦��Ð=i�� _�@¬£;c 60�·E'z� �ÈÕ¬£ ->	��}¹ b9	îm��RJ ¬£ �����z� ¾ç>�}�U�¹ÿ�, [K&R1];c"k¤�< ½��w�U� óm¬��z� �
¤�<#Ñ	�¢.

Answer [K&R1];c"kðmÔÂ6Ò¦��Ð=ia:@»ÿ�q�<KÂ6Òª�<��q�~¡¥�<-����G�B�_;c+8�÷7BE'U�óm¬�:@N���.��»U�#e¤�< [K&R1]T�
_ô>Á6Ò�RJ �ç¡S�;c|¡ ðmÔ�·N���. �~��~� �¡7�ùÚH C -����G�B�_q� #Ü�£, T� <KÂ6ÒT� ��������U�¹ÿ� 60«»(Ûoq� -����G�B
�_¾ç>ª�< ¦��Ð=i a:@»ÿ�Ãç> U�4wHכ�ÖN���. ½�P�z� T� a:@»ÿ�¾ç>ª�< T�<K ANSI C �¢+Ö<q� G�B«»�� E'�}��:@N���. ��
��"k b9	)y ��P��Ð��}"T� Î�"̀|¡ �̂��:@N���.

(¦��Ð=i�� õi;��, b9	îm�, P�e�@E'¤�< #Ü�£, õi;�� ���*«ª�< ûiu=�}¹(monolithically) T�©»#eU�M� CI'Ö<;c ¦��Ð=i
¼ÿ�q� �Ô->	'_ L·x¿��� ��P�W�¤�< 62T�'_¤�< õi;��E'U� óm¬¤�<��¤�< #¿E;c ®£q��S�M� ���m�N���.)

References [K&R1] § 6.2 p. 121; [K&R2] § 6.2 p. 129; [ISO] § 6.1.2.5, § 6.2.2.1, § 6.3.16; [H&S] § 5.6.2 p. 133.

Q 2.8 £̈ 4�q� ¦��Ð=i¿ì> ��ò6BÄ�}¹ R�z��¤�< �ç¡(«T� ������¢?

Answer �}"�:@N���. C a�@#eq� $k¬£+Ö< 7�Ù�ºÄ�}¹ ¦��Ð=i¿ì> R�z��¤�< �̂�ª�< �ç¡(«ª�< (�:; ¦��Ð=i;c == a:@»ÿ���¿ì> -s
"k) �}"�:@N���. µÿ�·ÿ�Z� ��T�È� ·ÿ�a�}¹ R�z��¤�< #¿Eª�<, ¦��Ð<K L·x¿� ��T�;c ���Ãç>U�|¡ ~¡À�¤�< “hole”¾ç>
Ãç> Ú�|~��ù�� CI �̂�U� óm¬�:@N��� — T��_Â6Ò ‘hole’ª�< ~�� L·x¿��� ®£#e.>	 +ä��~x(alignment) �ç¡(«;c ��¢|¡ói; a�
V�S�W�M� a�AI ømÔ�¢כ�ÖN���. H�B'Ö< 2.12¿ì> ���z��S�M� ���m�N���. �¡Â6Ò L·x¿� ·ÿ�a�}¹ R�z��¤�< #¿Eª�< ¦��Ð
=i¼ÿ�;c ðm¬ª�< L·x¿��� ���Ãç> CI, +8��}B�U� óm¬�:@N���.

#l�_(ÛoT� £̈ 4�q� ¦��Ð=i¿ì> R�z��@�B 4wHÂ6Ò���̂@, L·x¿� ·ÿ�a�}¹ ¦��Ð=i¿ì> R�z��¤�< �ÈÕ¬£¿ì> ��̧+« ¹ÿ�¾ç>#e
�� .���ÖNכ�

References [K&R2] § 6.2 p. 129; [Rationale] § 3.3.9; [H&S] § 5.6.2 p. 133.

Q 2.10 ¦��Ð=i ->	��¿ì> �����¾ç>T�¤�< �ÈÕ¬£;c �ç¡¬£(constant)¿ì> b9	îm�ù�� ¬£ ������¢?

Answer T� ¼â�Ãç> Íç> �ç¡S� C a�@#e;c¤�< T��mr �}"¤�<(anonymous) ¦��Ð=i¿ì> ¹ÿ�¾ç> �ç¡(«T� �}"�}��:@N���. ����"k ��»S�
¦��Ð=i _�@¬£¿ì> ¹ÿ�¾ç>���� ¦��Ð=i¿ì> P�e�@�¤�< �ÈÕ¬£¿ì> -s�� .���ÖNכ�

[C9X] �¢+Ö<ª�< “compound literal”T���¤�< 4�$Ë�Ãç> �Ð4כ��ÖN���; ‘compound literal’q� Â6Ò��U� 0ïF?�¤�< ¦��Ð
=i �ç¡¬£¿ì> Íç> ¬£ ���4� AI 8̂@N���. ;d¿ì> ¾ç>#e, struct point ���·q� ->	��¿ì> ���¤�< plotpoint();c �ç¡¬£
¦��Ð=i¿ì> b9	îm���̀�̂@ ���:?Üï ìm¥T� ù�� ¬£ ����:@N���:

plotpoint((struct point){1, 2});

(�¡��¦Ø< [C9X] �¢+Ö<->	) “designated initializer”��¤�< 4�$Ë�Ãç> �ÈÕBm Î��̂@, ~��~��q� Ø�y!e T��mrÃç> U�+ä�ù�� ¬£
|¡ ����:@N���:

plotpoint((struct point){.x = 1, .y = 2});

H�B'Ö< 4.10Ãç> ���z��M� ���m�N���.

References [C9X] § 6.3.2.5, § 6.5.8.

Q 2.11 ¦��Ð=i¿ì> ésG�B;c"k G������ Î�¤�< �ç¡(«ª�<?

21



�©� 2. STRUCTURES, UNIONS, AND ENUMERATIONS 4. STRUCTURE PADDING

Answer ¦��Ð=i¿ì> ésG�B;c Íç> #Ü�£¤�< 604� fwrite() �ÈÕ¬£¿ì> �:@N���:

fwrite(&somestruct, sizeof somestruct, 1, fp);

½�P�z�,T��w�4� �́<62T�'_¤�< fread()¿ì>-s"kG��Ãç>¬£����:@N���.½��_��Î�#l.>	62T�'_ésG�Bª�<T���̧)ç�
T� �}"�:@N���. (H�B'Ö< 2.12ã# 20.5¿ì> ���z��M� ���m�N���). ¹ÿ���� ¦��Ð=i�� �Ô->	'_¿ì> �Ô�ÈÕ�z� ����}����̂@,
·ÿ�U� �Ô->	'_ ìḿ¹ÿ� M�ói;E'M� CI'Ö<;c, ésG�B;c"k T� 62T�'_¿ì> G��Ãç> #Ü�£, q�Q��}"¤�< ìḿT� �RLN���. �¡Â6Ò 62
T�'_ ��G�Bq� T���̧)ç�Ãç> W�GT�M� a�AI"k¤�< fopen()Ãç> �Ú_ô>ù�� CI, “b” Èì>×�vÃç> -s�� ;���ÖNכ� H�B'Ö< 12.38Ãç>
���z��S�M� ���m�N���.

ø¶? �G T���̧)ç�T� W�Gª�< �ç¡(«ª�<, ¦��Ð=i¿ì> L·x¿� ·ÿ�a�}¹ G��z� Î�¤�< �ÈÕ¬£¿ì> ¹ÿ�¾ç>#e Î�¤�< #¿E�·N���.

References [H&S] § 15.13 p. 381.

V� 3 â�
 Structure Padding

Q 2.12 <K-����G�B�_¤�<¦��Ð=i¼ÿ�;c ‘hole’Ãç>¹ÿ�¾ç>#e�k�#e"kð��µÿ�Ãç>�ç¡R��z�JY«»62T�'_ésG�B;c “binary” I/O

¿ì> [ô>���ûB�4� .���ÖNכ� T� ‘padding’ M��ûBÃç> Ë����� ¦��Ð=i L·x¿�q� alignment¿ì> �Ð+ä�ù�� ¬£ ���Ãç>���¢?

Answer ����|¡ -����G�B�_;c"k T�]�@ <K#e¿ì> ù�� ¬£ ���¤�< �ç¡(«Ãç> <Kð��ù�� #¿E�·N���. (#pragma¿ì> -s"k ù�� ¬£ ����:@
N���; H�B'Ö< 11.20Ãç> ���z��M� ���m�N���), ½��_�� T�]�@ <K#e¿ì> a�Â6Ò �¢+Ö< �ç¡(«ª�< �}"��¤�< #¿EÃç> ��"̀��
.���ÖNכ�

H�B'Ö< 20.5¿ì> ���z��M� ���m�N���.

References [K&R2] § 6.4 p. 138; [H&S] § 5.6.4 p. 135.

Q 2.13 ¦��Ð=i ���·;c sizeof a:@»ÿ���¿ì> ����GN�, <K�� ;d�ç¡Â6Ò #¿E�¹�� o-�7>	 Ó	 ìḿÃç> P�e�@כ�ÖN���. ý$ ½��_�¢?

Answer ¦��Ð=i¤�< L·x�¢Â6Ò #Ü�£ T��_Â6Ò ‘padding’ ð��µÿ�Ãç> �Ô�ÈÕù�� ¬£ ����:@N���. T�¤�< ¦��Ð=i�� 9��~x}¹ ¹ÿ�¾ç>#eH�B
CI, +ä��~x(alignment) ö¶;)ç�T� �¹+í<E'|¡ói; �M� a�Â6Ò #¿E�·N���. �¡ 9��~x}¹ Î�T�U� óm¬Ãç> #Ü�£;c|¡ T��_Â6Ò
#l(Ûoq� ‘padding’T� ����� ���Ãç> ¬£ ����:@N���. T�¤�< sizeof�� G�BMÎ3ùÚH Ç�M�¿ì> P�e�@�4� �M� a�Â6Ò #¿E�·
N���. %Ç{[ôF#l H�B'Ö< 2.12|¡ ���z��S�M� ���m�N���.

References [H&S] § 5.6.7 pp. 139–40.

V� 4 â�
 Accessing Members

Q 2.14 ¦��Ð=i ¼ÿ�;c"k ~��~��q� L·x¿�;c 60Â6Ò byte offsetÃç> *8
Ãç> ¬£ ������¢?

Answer ANSI C¤�< offsetof()8�Ç�}¹¿ì>+ä�qכ��ÖN���. <stddef.h>¿ì>�¹S�M����m�N���.¹ÿ����;cT�8�Ç�}¹���}"
���̂@ ���:?Üï ìm¥T� ¹ÿ�¾ç> ¬£ ����:@N���:

#define offsetof(type, mem) ((size_t) \
((char *)&((type *)0)->mem - (char *)(type *)0))
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�©� 2. STRUCTURES, UNIONS, AND ENUMERATIONS7. MISCELLANEOUS STRUCTURE QUESTIONS

T� �ç¡(«ª�< 100% T���̧)ç�T� i�#e¶ÿ� #¿ET� ��·N���. #ei�@ -����G�B�_;c"k¤�< T� �ç¡(«Ãç> Íç> ¬£ �}"Ãç> ¬£ ���
�:@N���.

H�B'Ö< 2.15;c"k 3u@È�¿ì> *8
M� ���m�N���.

References [ISO] § 7.1.6; [Rationale] § 3.5.4.2; [H&S] § 11.1 pp. 292–3.

Q 2.15 F�Bá�¥ S�µÿ�(run-time);c ¦��Ð=i L·x¿�¿ì> T��mrÄ�}¹ accessù�� ¬£ ����:@N���?

Answer ~��~��q� L·x¿� T��mrÜï offsetÃç> offsetof() 8�Ç�}¹¿ì> -s"k ?KT�Áì>;c $k�ç¡AI £̈�̂@ �RLN���. struct a;c
"k L·x¿� ‘b’q� �¡É�Ú½×ª�< ���:?Üï ìm¥T� *8
Ãç> ¬£ ����:@N���:

offsetb = offsetof(struct a, b)

¹ÿ����T�¦��Ð=i_�@¬£¿ì>��P�W�¤�<�Ô->	'_ structp�����z�,L·x¿� ‘b’�� intG�BCI,a�;c"k4�»ÿ�Â6Ò offsetb¿ì>
Î��̂@ bq� ìḿÃç> ���:?Üï ìm¥T� ��B+ä�ù�� ¬£ ����:@N���:

*(int *)((char *)structp + offsetb) = value;

V� 5 â�
 Miscellaneous Structure Questions

Q 2.18 T� É�}¹½�×�yª�< +ä��ç¡+8�Ä�}¹ ò6B����U�¹ÿ� É�}¹½�×�yT� Ê��ím©Ãç> CI, core¿ì> ¹ÿ�¾ç>#e ÕëzN���. ý$ ½�]�@���¢?

struct list {
char *item;
struct list *next;

}

/* Here is the main program. */

main(argc, argv)
{ ... }

Answer ¦��Ð=i¿ì> +ä�q�ù�� CI :cQ��̀�&è<(‘;’)Ãç> ��Ì��~�M� CI'Ö<;c main()T� ¦��Ð=i¿ì> P�e�@�¤�< �ÈÕ¬£}¹ +ä�q�E'#e
!e�~��:@N���. (ï̂Bµÿ�;c ¾ç>#eµÿ� ®£)o�(comment) CI'Ö<;c T� !e½�¿ì> ��¢��50M��� �G]8; ��C¾ç> #¿E�·N���) 60
4� ¦��Ð=i¿ì> P�e�@�¤�< �ÈÕ¬£¾ç>ª�< �Ô->	'_(hidden return pointer)¿ì> ��V� ->	���� b9	îm�E'¤�< #¿E%o&8� ¦�g̀@
E'M� CI'Ö<;c, main()T� :c4�q� ->	��¿ì> ���¤�< #¿E%o&8� ¹ÿ�¾ç>#e�·N���. 4wH7� C start-up code¤�< main()T�
£̈ 4�q� ->	��¿ì> ���¤�< #¿EÄ�}¹ ��#l$p ���Ä�Á�}¹, T� #Ü�£ +ä��ç¡+8�Ä�}¹ ò6B���ù�� ¬£ �}"�:@N���. H�B'Ö< 10.9ã#
16.4¿ì> ���z��M� ���m�N���.

References [CT&P] § 2.3 pp. 21–2.

V� 6 â�
 Unions

Q 2.20 unionÃç> �ÔM�és(initialization)ù�� ¬£ ����:@N���?

Answer g̀@<� C �¢+Ö<ª�< union ¼ÿ�;c, T��mrT� ���¤�< ,Ò{_�@Fg Ø�y!eq� �ÔM�és¹ÿ� ->	+äכ��ÖN���. [C9X]¤�< “designated
initializer”¿ì> �Ð4��z� ���Ä� f, #e+_Â6Ò Ø�y!eq� �ÔM�ìḿ|¡ Íç> ¬£ ���|¡ói; �z� ����:@N���.

References [K&R2] § 6.8 pp. 148–9; [ISO] § 6.5.7; [C9X] § 6.5.8; [H&S] § 4.6.7 p. 100.
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�©� 2. STRUCTURES, UNIONS, AND ENUMERATIONS 8. ENUMERATIONS

V� 7 â�
 Enumerations

Q 2.22 �~x��0ïF(enumeration)Ãç> Î�¤�< #¿EÜï #defineÄ�}¹ +ä�q�Â6Ò 8�Ç�}¹¿ì> Î�¤�< #¿EÜï 	�T��� ����:@N���?

Answer g̀@<� T� Xï>;c¤�< ���µÿ�q� 	�T��� ����:@N���. C �¢+Ö<ª�< ‘�~x��0ïFT� ;c�_�}"T� +ä�¬£0ïF ���·Ä�}¹ Î�G�B ¬£ ���
��’z� +ä�q�ù�� ¬£ ����:@N���. (îm�P� �¢g̀@��̂@, T��w�4� 'å�Ù�v�4� >�Ã�È�¿ì> �U� óm¬z� )o�#eÍç> ¬£ �}"�}���
�̂@ g̀@'å��4� �~x��0ïFÃç> ���Ãç> CI;c¹ÿ� É�}¹½�7��?� ;c�_¿ì> �m��� ï̂> ¬£ ����}�Ãç> #�N���.)

(If, on the other hand, such intermixing were disallowed without explicit casts, judicious use of enumerations
could catch certain programming errors.)

�~x��0ïFÃç> ���Ãç> CI;c �̂�ª�< +8�ª�<, ¬£V� ìḿT� ��ò6B+8�Ä�}¹ 60�·E'M� CI'Ö<;c, O�!e��(debugger)�� �~x��0ïF
_�@¬£¿ì> #����ù�� CI ��»[�>(symbol) ìḿÄ�}¹ �¹#lï̂> ¬£ �����¤�< +8��·N���. (�~x��0ïFÜï +ä�¬£0ïFÃç> )o�#eÎ�¤�< #¿E
T� �¡©¼¤�< ��N�U�¹ÿ�, �̂�ª�< Ã���G�BT� ��N�M� CI'Ö<;c #ei�@ -����G�B�_¤�< ��!l*Ö< #Ü�z�¿ì> _ô>&9��M�|¡ �ÖNכ�
��.) �~x��0ïFÃç> Íç> CIq� ·ÿ�+8�ª�< T��_Â6Ò ���ÐÂ6Ò #Ü�z�¿ì> É�}¹½�7� e�� %oP�AI ���� Â6Ò��¤�< #¿E�·N���; #e
i�@ É�}¹½�7� e¾ç>ª�< �~x��0ïF _�@¬£q� Ç�M�¿ì> <K#eù�� ¬£ �}"��¤�< #¿E;c [ô>è��M�|¡ .���ÖNכ�

References [K&R2] § 2.3 p. 39, § A4.2 p. 196; [ISO] § 6.1.2.5, § 6.5.2, § 6.5.2.2, Annex F; [H&S] § 5.5 pp. 127–9, §
5.11.2 p. 153.

Q 2.24 �~x��0ïF ìḿÃç> ��»[�>}¹ _ô>&9�ù�� ¬£ ���¤�< µÿ�·ÿ�Â6Ò �ç¡(«T� ���Ãç>���¢?

Answer �}"�:@N���. �~x��0ïF ìḿÃç> 'Ö<���~x}¹ 8��?�(mapping)S�&�®£¤�< �ÈÕ¬£¿ì> ��̧+« ¹ÿ�¾ç>#e�� .���ÖNכ� (O�!e�?� ô6;
+8�Ä�}¹, )ç��ûB �̂�ª�< O�!e��¾ç>ª�< ��ò6BÄ�}¹ �~x��0ïF ìḿÃç> ��»[�>}¹ �¹#l®£M�|¡ (.���ÖNכ�

V� 8 â�
 Bitfields
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V� 3 *�×

Expressions

Ca�@#eO���->	ô6;�¢ ï̂Bq����¤�<�ÕÜï)ç�Ãç>~ç¡�Ðכ�ÖN���—�:; C-����G�B�_���ç¡60+8�Ä�}¹���z�¹ÿ�¾ç>M��EL4��
��¤�<#¿EÜï, (M�4�#e)�Ø¿�¿ì>�EL4�Ú�|)ç�ù��¬£���|¡ói;���¤�<#¿E�·N���.T� £̈��U�ô6;�¢¤�< Ca�@#e specification;c
Ó	 *å���ØÃç> Q�¬���:@N���. R�ói; C a�@#e�� ø¶? �G tight�4� +ä�q�E'�}�Ä��̂@ �¤�< ��÷7B��¾ç>Üï C a�@#e�� U�4wH�¤�<
#¿E�¹�� ø¶? �G ðm¬ª�< #¿EÃç> (;d¿ì> ¾ç>#e ��÷7B��q� F�B¬£¿ì> Q�P� �ç¡U��¤�< M��ûB) �¢¦��¤�< ��÷7B��¾ç>;c4�¤�< ºÿ���
*Ö< 50÷7Bª�< ��N��}�U�¹ÿ� ðmÔ�·N���.

V� 1 â�
 Evaluation Order

õi;�m�Â6Ò expression(¬£��̧) ¼ÿ�;c"k subexpression(«»(Ûo��̧)Ãç> è����¤�< )Ö<"k¤�< TÖhb9	Z� -����G�B�_ ���:?60}¹�·N�
��; T� )Ö<"k¤�< #l�_(ÛoT� Ú�|~���¤�< operator precedence(a:@»ÿ��� £9̀	 )Ö<a�)ã#¤�< �~x �ç¡MÎ3T� �}"�:@N���. #l�_4�
q��¹T�¤�<«»���÷7B(multiple visible side effects)T��}"����,Â6Ò_�@¬£;c#l�_4�q� side effect��è�á�¥�4�(parallel)
���÷7B�U� óm¬¤�< Â6Ò -����G�B�_q� è��� )Ö<"k¤�< Ú�|~��ù�� L·x�¢�� �}"�:@N���. ½��w�U� óm¬���̂@ T��_Â6Ò #Ü�£, -����G�B�_
q� á�¥ò6Bª�< +ä�q�E'#e ���U� óm¬Ãç> ¬£ ����:@N���. (The behavior may be undefined.)

Q 3.1 T� �Ø¿��� ý$ ò6B����U� óm¬Ãç>���¢?

a[i] = i++;

Answer «»(Ûo��̧->	 ‘i++’ª�<«»���÷7BÃç>G�BÄ�J·x¬£����:@N���—�:; iq�ìḿT�_�@#Ü��RLN���—¬£��̧q���¦Ø<«»(Ûo;c i��
�¡ Î�T�M� CI'Ö<;c, T�#¿ET� _�@#Ü�E'M� T�b9	q� ìḿG�BU�, _�@#Ü�ùÚH ���:?q� ìḿG�BU� ómÔ ¬£�� �}"�:@N���. (K&R
;c"k¤�< T�]�@ ¬£��̧T� #e+_Â6Ò á�¥ò6BÃç> c(ù�� U� 'å�:cE'U� óm¬óm©��z�(unspecified) �U�¹ÿ�, C �¢+Ö<;c"k¤�< T�
]�@ ¬£��̧q� �lBÜï;c 60AI +ä�q�E'U� óm¬óm©��z�(undefined) PêsIíÄ�4� ðmÔ�z� ����:@N��� — H�B'Ö< 11.33Ãç> ���
z��M� ���m�N���.)

References [K&R1] § 2.12; [K&R2] § 2.12; [ISO] § 6.3; [H&S] § 7.12 pp. 227–9.

Q 3.2 <K -����G�B�_}¹ ���:?Üï ìm¥ª�< �Ø¿�¿ì> F�Bá�¥��̂@:

int i = 7;
printf("%d\n", i++ * i++);

‘49’¿ì> _ô>&9כ��ÖN���. è��� )Ö<"k(order of evaluation);c �ç¡MÎ3�}"T�, ‘56’Ãç> _ô>&9�AI�� �U� óm¬Ãç>���¢?
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�©� 3. EXPRESSIONS 1. EVALUATION ORDER

Answer �ûB��(++), ~���Ð(--) a:@»ÿ����� \�;c Î�G�B CI;c¤�< �̂	$k M�+í<q� ìḿÃç> 4�»ÿ�Â6Ò ���:?, �ûB��/~���Ð�4� �RLN�
��. “after”��¤�< ðmÔT� Î�T�&>	 �U�¹ÿ� ômÔô6� T�AI�z� ���¤�< #¿E�·N���.

�:; M�+í<q� ìḿÃç> ¹ÿ�¥�< ���:? ��}¹ �ûB��/~���Ð¿ì> ù��U�, ��N��̂@ ��¦Ø< «»(Ûo��̧Ãç> è����z� ¶ÿ� ���:?;c ù�� U�
¤�< �¹�ç¡ù�� ¬£ �}"�:@N���. �¹�ç¡E'¤�< #¿Eª�< �ûB��/~���Ð a:@»ÿ�T� b9	=i ¬£��̧T� Ê����M� b9	;c (ANSI Cq� �¢g̀@
Ãç> E·xP����̂@ \���À�¤�< “sequence point”}¹ $Ê�#e��M� b9	;c; H�B'Ö< 3.8 ���z�) T�©»#e.>	��¤�< #¿E 3Ûo�·N���.
a�q� �Ø¿�;c"k¤�< -����G�B�_�� M�+í<q� ìḿÄ�}¹ ð�Â6Ò ���:?, �ûB��S�W�M� CI'Ö<;c ½�]�@ �lBÜï�� ���¡¤�< #¿E�·
N���.

«»���÷7BT� ;d�ç¡E'¤�< #¿EÃç> ò6BS�;c ìm¥ª�< ��̧;c"k Î��̂@ ½� á�¥ò6B�è¡��̧ª�< +ä�q�E'#e ���U� óm¬�:@N���. (60_�u ðmÔ
��̂@ ++, --, =, +=, -=�ûBT� Â6Ò ¬£��̧;c"k Î�#l"k ìm¥ª�< �¡Â�Ü<vÈ�(_�@¬£)�� £̈ _�@ T��ç¡ _�@#Ü��RJ #Ü�£¿ì> q�
Qכ��ÖN���; +ä�%u�Â6Ò +ä�q�¤�< H�B'Ö< 3.8Ãç> ���z��M� ���� f “+ä�q�E'#e ���U� óm¬��(undefined)”��¤�< ÷7B#e;c
60AI"k¤�< H�B'Ö< 11.33Ãç> ���z��M� ���m�N���.) T��_Â6Ò �ç¡%·n;c"k #l�_(Ûoq� -����G�B�_�� #e�w�4� ò6B���ù��
U� ómÔ�̀z� ù�� L·x�¢�� �}"�:@N��� (ðm¬ª�< C z�Üï"k;c"k ômÔô6�ùÚH ��B'å�Ãç> �z� ����:@N���); K&R;c"k a�@�� á�~
\�	 #¿E%o&8�, “���è¡Â6Ò -��²¼'_;c"k #e�w�4� ò6B����¤�< U�¿ì> ~¡¦Ø<���̂@, ½�#¿EÃç> ��;d ~¡À�¤�< #¿ET� �¾×�:@N���.
(4wH'Ö<: If you don’t know how they are done on various machine, that innocence may help to protect you.)

Note A 6̧Òq� “after”6̧Ò ·ÿ�#e¤�< 4wH'Ö<Ãç> �¹S��̂@ �G ümÔP� T�AI�F�B ¬£ ����:@N���:

Although the postincrement and postdecrement operators ++ and -- perform their operations
after yielding the former value, the implication of “after” is often misunderstood.

References [K&R1] § 2.12 p. 50; [K&R2] § 2.12 p. 54; [ISO] § 6.3; [H&S] § 7.12 pp. 227–9; [CT&P] § 3.7 p. 47;
[PCS] § 9.5 pp. 120–1.

Q 3.3 ���:?Üï ìm¥ª�< �Ø¿�¿ì> #l�_ -����G�B�_;c"k F�Bá�¥AI �¹óm©�:@N���:

int i = 3;
i = i++;

#ei�@ -����G�B�_¤�< i�� 3T���z� � f, �¡ 4¿ì> _ô>&9��¤�< -����G�B�_|¡ ����}��:@N���. #ei�@ -����G�B�_�� ��¢¤�<
#¿E->	���¢?

Answer #lM�;c¤�< ]�>��¦Ø< �m�T� �}"�:@N���; a�ã# ìm¥ª�< ¬£��̧ª�< á�¥ò6B �è¡��̧T� +ä�q�E'#e ���U� óm¬�:@N���. H�B'Ö< 3.1,
3.8, 3.9, 11.33Ãç> ���z��M� ���m�N���. (i++�� ++i¤�< Xï> �� i + 1Üï ìm¥U� óm¬�:@N���. 4wH�¤�< #¿ET� ·ÿ�)Ö<
Z� i ìḿÃç> �ûB��S�W�¤�< #¿ET����̂@ i=i+1, i+=1, i++, ++i ï̂B ���¿ì> Î�S�M� ���m�N���. H�B'Ö< 3.12¿ì> ���z�
�M� ���m�N���)

Q 3.3b ���:?Üï ìm¥ª�< ?KÇ��̧ª�< aã# b¿ì> ��»S� _�@¬£�}"T� ���́#e +Ö<��z� :���ÖNכ�

a ^= b ^= a ^= b

T� �Ø¿��� ]�>��¦Ø<���¢?

Answer T���̧)ç�(portability)T��}"Ãç>3Ûo¹ÿ���N���,<K60}¹ò6B����U�|¡óm¬¤�<�Ø¿��·N���.a�q��Ø¿�¤�<Â6Ò ‘sequence
point’;c"k _�@¬£ aq� ìḿÃç> £̈_�@T��� _�@#Ü���̀ �M� CI'Ö<;c, á�¥ò6B �è¡��̧T� +ä�q�E'#e ���U� óm¬�:@N���.

;d¿ì> ¾ç>#e ���:?Üï ìm¥ª�< �Ø¿�¿ì> SCO L|+8�és C -����G�B�_(icc);c"k X�>�~�Ãç> #Ü�£, b¿ì> 123Ä�}¹ ��B+ä��z�
a¿ì> 0Ä�}¹ ��B+ä�Â6Ò��z� �¹z�E'�}��:@N���:

int a = 123, b = 7654;
a ^= b ^= a ^= b;
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�©� 3. EXPRESSIONS 1. EVALUATION ORDER

H�B'Ö< 3.1, 3.8, 10.3, 22.15c¿ì> ���z��M� ���m�N���.

Q 3.4 �G5�Ú(parenthese)¿ì> -s"k è��� )Ö<"k¿ì> <K�� 4wH�¤�< 60}¹ ��dê� ¬£ ���Ãç>���¢? ¹ÿ����;c �G5�Ú¿ì> Î�U� óm¬�G

��|¡ ómÔ��"k E'U� óm¬���¢?

Answer ��Ø�ç¡ ½�]�@ #¿Eª�< ��·N���.

a:@»ÿ��� £9̀	 )Ö<a�ã# �G5�Ú¤�< ¬£��̧ è���q� G�B«»(Ûo¹ÿ�Ãç> _�@#Ü�ù�� ¬£ ����:@N���. ���:?Üï ìm¥ª�< ¬£��̧;c"k:

f() + g() * h()

£P�¤�< ð�Ú<yT� %Ç{Ú<y�¹�� �̂	$k G�B#e¶ÿ���¤�< #¿EÃç> ómÔz� ����:@N���. ½��_��, :c4�q� �ÈÕ¬£ ï̂B #ei�@ �ÈÕ¬£��
�̂	$k �Ú_ô>�RJU�¤�< ómÔ ¬£ �}"�:@N���.

«»(Ûo��̧(subexpression)q�è���)Ö<"k�� ï̂B�¢ù��CI;c¤�<,��»S�_�@¬£¿ì>¹ÿ�¾ç>z�~��~����¦Ø<'Ö<�ç¡(statement)Ä�
}¹ ���� Î�¤�< #¿ET� �̂��:@N���.

References [K&R1] § 2.12 p. 49, § A.7 p. 185; [K&R2] § 2.12 pp. 52–3, § A.7 p. 200.

Q 3.5 ½��w����̂@ &&, || a:@»ÿ���;c"k¤�< #ei�@���¢? ���:?Üï ìm¥ª�< �Ø¿�¿ì> (è< M�*8�T� �����¥�<�¢.

while ((c = getchar()) != EOF && c != ’\n’)
....

Answer a� �Ø¿�¤�< T�¦Ø<�� ‘short-circuit’ ;dJY(exception)��z� �¤�< ;dJY ����Ø�·N���. �:;, a:@»ÿ���q� þÚH�¶;q� �lB
Üï¹ÿ� ��U�z�|¡ b9	=i �lBÜï¿ì> ómÔ ¬£ ���Ãç> CI;c¤�< �¡¦Ø<�¶;ª�< è���E'U� óm¬�:@N��� (�:;, || a:@»ÿ���;c"k þÚH�¶;
T� ���T�����, && a:@»ÿ���;c"k þÚH�¶;T� ����{->	 #Ü�£). ½��_Á�}¹, úÔ���(comma) a:@»ÿ���ã# ��¾6Ò��U�}¹ T�
a:@»ÿ���¾ç>ª�< þÚH�¶;;c"k �¡¦Ø<�¶;Ä�}¹ è���ùÚH��¤�< #¿EÃç> �¹�ç¡ù�� ¬£ ����:@N���. 4����� T� a:@»ÿ���¾ç>ª�< ~¡£̈
(?: a:@»ÿ��� �Ô�ÈÕ) Ò��}¹כ 50«»+8�->	 ‘sequence point’¿ì> ��U�z� ����:@N���. (H�B'Ö< 3.8 ���z�)

References [K&R1] § 2.6 p. 38, § A7.11–12 pp. 190–1; [K&R2] § 2.6 p. 41, Secs. A7.14–15 pp. 207–8; [ISO] § 6.3.13,
§ 6.3.14, § 6.3.15; [H&S] § 7.7 pp. 217–8, § 7.8 pp. 218–20, § 7.12.1 p. 229; [CT&P] § 3.7 pp. 46–7.

Q 3.8 T��_Â6Ò õi;�m�Â6Ò ¦��Ð�Ãç> �� ómÔ���� ����¢? �¡ ‘sequence point’��¤�< #¿Eª�< ª£*Ë{->	���¢?

Answer ‘sequence point’��¤�< #¿Eª�< #ei�@ S�µÿ�60 (b9	=i ¬£��̧q� è����� Ê��¶ÿ� S�+8�, �¡¤�< ||. &&, ?:, �¡¤�< úÔ�
��(comma) a:@»ÿ���, �¡¤�< �ÈÕ¬£ �Ú_ô> ��}¹ T�b9	)q� a�V�¿ì> q�Q��¤�< #¿EÄ�}¹, ~¡¥�< «»���÷7BT� G�B#e��U�
óm¬¤�<��z� �¹�ç¡�¤�< S�+8��·N���. ANSI/[ISO] C �¢+Ö<;c"k¤�< ���:?Üï ìm¥T� +ä�q��z� ����:@N���:

Between the previous and next sequence point an object shall have its stored value modified at
most once by the evaluation of an expression. Furthermore, the prior value shall be accessed
only to determine the value to be stored.

a�;c"k £̈_�@Fg 'Ö<�ç¡T� #e�̀]ï> ¬£|¡ ����:@N���. �:;, #ei�@ �¡Â�Ü<vÈ�;c ìḿÃç> Î�¤�<(write) #Ü�£, b9	=i ¬£
��̧ª�< T� �¡Â�Ü<vÈ�;c $k�ç¡ù�� ìḿÃç> 4�»ÿ��M� a�Â6Ò ô6;+8�Ä�}¹ Î�#l�� Â6Ò��¤�< #¿EÃç> q�Qכ��ÖN���. This rule
effectively constrains legal expressions to those in which the accesses demonstrably precede the modification.

H�B'Ö< 3.9¿ì> ���z��M� ���m�N���.

References [ISO] § 5.1.2.3, § 6.3, § 6.6, Annex C; [Rationale] § 2.1.2.3; [H&S] § 7.12.1 pp. 228–9.
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�©� 3. EXPRESSIONS 2. OTHER EXPRESSION QUESTIONS

Q 3.9 ���:? �Ø¿�;c"k 9��~xq� �~�_�@Fg �¢�Ð;c ìḿÃç> Íç> U�¤�< ~¡À�U�¹ÿ�, i¤�< ·ÿ� Â6Ò_�@¹ÿ� �ûB��E'¤�< #¿EÄ�}¹ Ú�|~��ù��

¬£ ������¢?

a[i] = i++;

Answer ��·N���! G�B·ÿ� ¬£��̧T��� É�}¹½�×�yq� á�¥ò6B �è¡��̧T� +ä�q�E'#e ���U� óm¬��(undefined)��z� á�~Ä��̂@, ~¡¥�<
�̂@;c"k #e�w�4� ò6B���ù�� U� ~¡�m@N���. H�B'Ö< 3.2, 3.3, 11.33Ãç> ���z��M� ���m�N���.

V� 2 â�
 Other Expression Questions

C a�@#e¤�< expression(¬£��̧);c"k ~��~�� ��¦Ø< ���·q� operand(Y�a:@»ÿ���)¿ì> _�@#Ü��¤�< +8��ç¡Â6Ò ¦��Ð�Ãç> ��U�z� ���
�:@N���. �¹ûiu T�]�@ ¦��Ð�ª�< 8�£ µÿ�·ÿכ��ÖN���. ½��_�� ;d�ç¡ù�� ¬£ �}"¤�< �lBÜï�� ��]�> ¬£ ���Ä� f, H�B'Ö< 3.14ã#
3.15�� ½��_Â6Ò �ç¡%·n;c 60AI ��B'å�AI 8̂@N���. %Ç{[ôF#l, T� �}Bq� H�B'Ö<¾ç>ª�< autoincrement operatorã# conditional
?: (�¡¤�< “ternary”��z�|¡ �¤�<) operator;c 60Â6Ò #¿E|¡ ��Yk@N���.

Q 3.12 ¹ÿ���� ¬£��̧q� ìḿÃç> Î�U� óm¬¤�<���̂@, _�@¬£q� ìḿÃç> �ûB��S�W�M� a�AI, i++Ãç> -s�� ����¢, ++i¿ì> -s�� �

���¢?

Answer ½� £̈��U�¤�< ·ÿ�U� #e+_Â6Ò ìḿÃç> ¹ÿ�¾ç>#e 50¾���;c ���� 	�T��� ���¤�< #¿ET�Á�}¹, _�@¬£q� ìḿÃç> �ûB��S�W�
M�a�Â6Òô6;+8�Ä�}¹¹ÿ�Î�->	���̂@	�T����}"�:@N���. (½��_��, C++;c"k¤�< 2+i2q�0ïF��̧Ãç>�G 9̀	�Úכ�ÖN���.)
H�B'Ö< 3.3Ãç> ���z��M� ���m�N���.

References [K&R1] § 2.8 p. 43; [K&R2] § 2.8 p. 47; [ISO] § 6.3.2.4, § 6.3.3.1; [H&S] § 7.4.4 pp. 192–3, § 7.5.8
pp. 199–200.

Q 3.14 T� �Ø¿�¤�< ý$ ò6B����U� óm¬Ãç>���¢?

int a = 1000, b = 1000;
long int c = a * b;

Answer C a�@#eq� ‘integral promotion’ ¦��Ð�;c q�AI a�q� ð�Ú<yª�< ‘int’ ���·q� ð�Ú<yÄ�}¹ 4�»ÿ��RLN���. ����"k ½�
�lBÜï�� �¡!eÈì>}¹£(overflow) E'����, �¡¤�< ‘promotion’�M� b9	;c ômÔ�̀��ìm�(truncate) ¬£ ����:@N���. ��
��"k ‘long’ ���·q� ð�Ú<yÃç> ¬£á�¥���z� (~ç¡<K}¹) ���:?Üï ìm¥T� ómÔ�̀®£#e�� :���ÖNכ�

long int c = (long int)a * b;

‘(long int)(a * b)’ã# ìm¥T� �¤�< #¿Eª�< H�B'Ö<q� �Ø¿�ã# ÿ¶;ìm¥ª�< �lBÜï¿ì> ¹ÿ�¿�Á�}¹ �������̧�U� óm¬�:@N�
��:

�lBÜïìḿT� F�B¬£ ���·->	 #Ü�£, ��W8AÚ<yÃç> ù�� #Ü�£;c|¡ R��:AÂ6Ò 'Ö<<K�� ñmÔÚ�|ù�� ¬£ ����:@N���. AI�lB �ç¡(«ª�<
a�ã# ìm¥�:@N���.

References [K&R1] § 2.7 p. 41; [K&R2] § 2.7 p. 44; [ISO] § 6.2.1.5; [H&S] § 6.3.4 p. 176; [CT&P] § 3.9 pp. 49–50.

Q 3.16 #ei�@ �ÐZÌ	;c ���� "k}¹ ��¦Ø< _�@¬£;c ìḿÃç> 60�·��̀z� .���ÖNכ� ���:?Üï ìm¥ª�< �Ø¿�¿ì> -s|¡ �̂��:@N���?
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�©� 3. EXPRESSIONS 3. PRESERVING RULES

((condition) ? a : b) = complicated_expression;

Answer ¼ÿ��RLN���. ?: a:@»ÿ���¤�< 60«»(Ûo a:@»ÿ���¾ç>Üï ìm¥T� ‘ìḿ(value)’Ãç> ¹ÿ�¾ç>#e 50z�, ����"k T� ìḿ;c ��¦Ø< ìḿÃç>
60�·ù�� ¬£ �}"�:@N���. (��¦Ø< ðmÔ}¹, ?:¤�< ‘lvalue’¿ì> ¹ÿ�¾ç>#e50U� óm¬�:@N���.) +ä�ðmÔ T�]�@ ��̧q� �Ø¿�¿ì> -s��
Â6Ò���̂@, ���:?Üï ìm¥T� ù�� ¬£ ����:@N���:

*((condition) ? &a : &b) = complicated_expression;

½��_�� G�Bºÿ�+8�Ä�}¹ T�]�@ ��̧q� �Ø¿�¤�< U�$k(ÛoAI �¹T�M� CI'Ö<;c ômÔ Î�T�U� óm¬�:@N���.

References [ISO] § 6.3.15; [H&S] § 7.1 pp. 179–180.

V� 3 â�
 Preserving Rules

óm¦ �}B;c"k ðmÔÂ6Ò “expression(¬£��̧);c"k ~��~�� ��¦Ø< ���·q� operand(Y�a:@»ÿ���)¿ì> _�@#Ü��¤�< +8��ç¡Â6Ò ¦��Ð�”q� q�
Q�¤�< classic Cã# ANSI/ISO C;c"k ���µÿ� ��hô�}��:@N���; T� �}B;c"k¤�< ½� 	�T�;c 60�#l ��B'åכ��ÖN���.
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V� 4 *�×

Pointer

Pointer¤�< C a�@#e;c"k <Kð���¤�< ���ç¡ ~ç¡&9��z� ->	M����¤�< M��ûBT�U�¹ÿ�, �Ô�¹ programmer¾ç>;c4�¤�< ���ô6BÜï|¡
ìm¥ª�< #¿E�·N���. Pointer�� ��P�&��� ù�� #¿EÃç> ��P�W�z� ���U� óm¬Ãç> CI ñmÔÚ�|�¤�< 0üo6̧Òª�< Ê��T� �}"�:@N���. (��F�B
�Ô->	'_;c"k ñmÔÚ�|�¤�< T��_Â6Ò 'Ö<<K¾ç>ª�< 604� 8K~¡P� ù���ç¡Üï MÎ3]�@T� ����:@N���; 7 �ç¡Ãç> ���z��M� ���m�N���.)

V� 1 â�
 Basic Pointer Use

4.1 |¡60=i, �Ô->	'_¿ì> -s"k �̂�ª�< +8�T� ������¢?

Answer ���:?Üï ìm¥ª�< �ç¡+8�Ãç> �Ô�ÈÕ�#l #l�_��U� �̂�ª�< +8�T� ����:@N���:

– dynamically allocated arrays (H�B'Ö< 6.14, 6.16 ���z�)

– generic access to several similar variables

– (simulated) by-reference function parameters (H�B'Ö< 4.8, 20.1 ���z�)

– dynamically allocated structures of all kinds, especially trees and linked lists

– walking over arrays (for example, while parsing strings)

– efficient, by-reference “copies” of arrays and structures, especially as function parameters

(a�q� �ç¡+8�¾ç>ª�< T�AI�M� #e�̀]ï> ¬£|¡ ����:@N���.)

%Ç{[ôF#l H�B'Ö< 6.8|¡ ���z��S�M� ���m�N���.

4.2 �Ô->	'_¿ì> 9̀	a�@�z� 8K~¡P�¿ì> ù���ç¡��̀z� .���ÖNכ� ½�]�@62 <K60}¹ ò6B����U� óm¬�:@N���. T� �Ø¿�;c ômÔô6�
ùÚH «»(ÛoT� ������¢?

char *p;
*p = malloc(10);

Answer H�B'Ö<�,>	 (ÛoT� 9̀	a�@Â6Ò pointer¤�< pT�U�, *p�� ��·N���. pointer�� #ei�@ ð��Ãç> ��P�W�4� ��̀�̂@ ���:?Üï
ìm¥T� ½��è¡ pointerq� T��mrÃç> -s�� :���ÖNכ�

p = malloc(10);
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�©� 4. POINTER 3. POINTER MANIPULATIONS

½�P�z�, T� pointer�� ��P�W�¤�< 8K~¡P� ð��µÿ�Ãç> Î�M� a�AI"k¤�< ���:?Üï ìm¥T� ‘indirection’ operator(a:@»ÿ�
��)->	 *¿ì> ��÷7Bכ�ÖN���:

*p = ’H’;

H�B'Ö<�,>	 #¿Eìm¥ª�< F�B¬£¤�< ��®£ [�> ¬£ ����:@N���. ý$����̂@ mallocÃç> U�*9� _�@¬£ 9̀	a�@q� �ÔM�ìḿÄ�}¹ ���
���̂@ ���:?Üï ìm¥T� �M� CI'Ö<�·N���:

char *p = malloc(10);

T��Ø¿�¿ì> 9̀	a�@ÜïU�+ä�(assignment)Ä�}¹(ÛoP�S�W��̀�̂@ *¿ì><K��AI��Â6Ò��¤�<#¿EÃç>M�*8��M����m�N���.

�¢�����̂@, expression;c"k p¤�< pointerT�z�, *p¤�< �Ô->	'_�� ��P�W�¤�< ð��T���¤�< (T� #Ü�£ ���q� char)
#¿E�·N���.

%Ç{[ôF#l H�B'Ö< 1.21, 7.1, 8.3|¡ ���z��S�M� ���m�N���.

References [CT&P] § 3.1 p. 28.

Q 4.3 ‘*p++’ª�< ‘p’¿ì> �ûB��S�W�¤�< #¿E->	���¢, ��N��̂@, ‘p’�� ��P�W�¤�< #¿EÃç> �ûB��S�W�¤�< #¿E->	���¢?

Answer Postfix ++ a:@»ÿ���¤�< prefix a:@»ÿ����¹�� W�Gª�< £9̀	 )Ö<a�¿ì> ~�¢�:@N���. ����"k *p++¤�< *(p++)ã# ìm¥�:@N�
��; G�B·ÿ� p¿ì> �ûB��S�0>	 ���:?, p�� �ûB���M� b9	;c ��P�W�\�	 ð��q� ìḿÃç> P�e�@כ�ÖN���. p�� ��P�W�¤�< #¿EÃç>
�ûB��S�W��̀�̂@ (*p)++Ãç> (�¡¤�<,«»���÷7BT�G�B#e��|¡�ç¡MÎ3�}"¤�<#Ü�£, ++*p¿ì>-s|¡�RLN���)Î��̂@�RLN���.

References [K&R1] § 5.1 p. 91; [K&R2] § 5.1 p. 95; [ISO] § 6.3.2, § 6.3.3; [H&S] § 7.4.4 pp. 192–3, § 7.5 p. 193, §
7.5.7, 7.5.8 pp. 199–200.

V� 2 â�
 Pointer Manipulations

Q 4.5 'Ö<�� �Ô->	'_}¹ (char * pointer) #ei�@ int¿ì> ��P�W�z� ���z�, g̀@<�, T� �Ô->	'_¿ì> -s"k ���:? int¿ì> ��P�W�

4� ��̀z� .���ÖNכ� ý$ T� �Ø¿��� ò6B����U� óm¬Ãç>���¢?

((int *)p)++;

Answer C a�@#e;c"k >�Ã��?�(casting)ª�< “F�B<K R�È�¾ç>T� ��¦Ø< ���·->	 #¿E%o&8� c�¡5050¤�< #¿E”T� ��·N���; >�Ã��?�
ª�< _�@Z9�(conversion) a:@»ÿ�T� f, +ä�q�;c q�AI rvalue (60�·E'����, ++¿ì> -s"k �ûB���RJ ¬£ �}"¤�<)¿ì> ¹ÿ�¾ç>#e
ÕëzN���. (a�ã# ìm¥ª�< 'Ö<�ç¡Ãç> F�B¬£}¹ ¹ÿ�¾ç>#eÕ�©\�	, q�|¡+8�Ä�}¹ Â6Ò #¿ET�¥�<, �¡ ��B&å� #ei�@ -����G�B�_�� a�
ã# ìm¥ª�< �Ø¿�¿ì> 4wH�¤�< 60}¹ �Ø¿�¿ì> ¹ÿ�¾ç>#eñ�w��z� AI|¡ T�#¿Eª�< �¢+Ö< M��ûBT� ��·N���. ����"k ���:?
Üï ìm¥T� �¤�< #¿ET� ]�T�:@N���:

p = (char *)((int *)p + 1);

�¡¤�< µÿ�·ÿ�Z� ���:?Üï ìm¥T� ù�� ¬£ ����:@N��� (p�� char *T�M� CI'Ö<;c):

p += sizeof(int);

�RJ ¬£ ���Ä��̂@ >�Ã��?� 60,>	 ]�>��¦Ø< ���·q� �Ô->	'_¿ì> Î�¤�< #¿ET� �������̧���¤�< #¿EÃç> *9�£̈;c £̈S�M� ��

�m�N���.

References [K&R2] § A7.5 p. 205; [ISO] § 6.3.4; [Rationale] § 3.3.2.4; [H&S] § 7.1 pp. 179–80.
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�©� 4. POINTER 3. POINTERS AS FUNCTION PARAMETERS

V� 3 â�
 Pointers as Function Parameters

Q 4.8 �Ô->	'_¿ì> ->	��}¹ ���¤�< �ÈÕ¬£¿ì> ¹ÿ�¾ç>z�, ½� �ÈÕ¬£;c"k T� �Ô->	'_¿ì> �ÔM�és�¤�< �ÈÕ¬£¿ì> ¹ÿ�¾ç>�}��:@N���:

void f(int *ip)
{
static int dummy = 5;
ip = &dummy;

}

½��_�� ���:?Üï ìm¥T� �Ú_ô>á�~Ãç> CI, �Ô->	'_q� ìḿª�< _�@#Ü�E'U� óm¬¤�<#Ñ	�¢.

int *ip;
f(ip);

Answer C a�@#e¤�< ->	��¿ì> b9	îm�ù�� CI, ‘call by value’ �ç¡��̧Ãç> �́<��¤�< #¿EÃç> M�*8��M� ���m�N���. a�q� �ÈÕ¬£;c"k
¤�< ·ÿ�U� õi;��ùÚH �Ô->	'_¿ì> _�@#Ü��M� CI'Ö<;c F�B<K ->	��}¹ b9	îm�Â6Ò ip¤�< _�@#Ü�E'U� óm¬�:@N���. ����"k T�
'Ö<<K¿ì> AI�lB��̀�̂@ �ÈÕ¬£�� �Ô->	'_q� ®£�Ð¿ì> ���Ãç> ¬£ ���|¡ói; (�:;, ->	���� �Ô->	'_¿ì> ��P�W�¤�< �Ô->	
'_(pointer-to-pointer)) ¹ÿ�¾ç>����, �ÈÕ¬£�� �Ô->	'_¿ì> P�e�@�|¡ói; AI�� .���ÖNכ�

H�B'Ö< 4.9ã# 4.11Ãç> ���z��M� ���m�N���.

Q 4.9 �ÈÕ¬£�� (8�÷7B �Ô->	'_(generic pointer)¿ì> 7�(_]�@Ã�(reference)}¹ ���4� �M� a�AI void ** �Ô->	'_¿ì> -s|¡

E'���¢?

Answer T���̧)ç�T��}"�:@N���. Ca�@#e;c"k(8�÷7Bq��Ô->	'_¿ì>��P�W�¤�<�Ô->	'_ (pointer-to-pointer)¤�<+í<<��U�óm¬
�:@N���. void *�� (8�÷7Bq� �Ô->	'_}¹ Î�T�¤�< T�¤¤�< ·ÿ�U� ��¦Ø< �Ô->	'_ ���·q� ìḿÃç> 60�·ù�� #Ü�£, ��ò6B
Ä�}¹ _�@Z9�T� G�B#e��M� CI'Ö<�·N���; T� _�@Z9�ª�< void * ���·T� ��'>	 ��¦Ø< �Ô->	'_¿ì> void **ã# ìm¥ª�< #¿E
Ä�}¹ _�@Z9�ù�� CI;c¤�< (4wH7� �Ô->	'_ ���·Ãç> ómÔ ¬£ �}"M� CI'Ö<;c) +8�÷7Bù�� ¬£ �}"�:@N���.

Q 4.10 ���:?Üï ìm¥ª�< �ÈÕ¬£�� ���Ãç> CI:

extern int f(int *);

�ç¡¬£(constant)q� 7�(_]�@Ã�¿ì> b9	îm�ù�� ¬£ ������¢? ���:?Üï ìm¥T� AI ��vU�¹ÿ� ômÔ E'H�B óm¬�:@N���:

f(&5);

Answer ��̧+«+8�Ä�}¹ ù�� ¬£¤�< �}"�:@N���. G�B·ÿ� ��»S� _�@¬£¿ì> 9̀	a�@�z�, T� _�@¬£q� ®£�Ð¿ì> �ÈÕ¬£;c b9	îm�AI�� �ÖNכ�
��:

int five = 5;
f(&five);

H�B'Ö< 2.10, 4.8, 20.1Ãç> ���z��M� ���m�N���.
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�©� 4. POINTER 4. MISCELLANEOUS POINTER USE

Q 4.11 C a�@#e;c “pass by reference”�� +í<<�����¢?

Answer +í<<��U� óm¬¤�<��z� ù�� ¬£ ����:@N���. *8�D�BZ� ðmÔAI C a�@#e¤�< ª£�ÐZÌ	 ‘call by value’¹ÿ� ��÷7Bכ�ÖN���. ·ÿ�, 4wH
�¤�< ���·q� �Ô->	'_ ���·Ãç> ->	��}¹ ���z�, & a:@»ÿ���¿ì> -s"k ®£�Ð¿ì> b9	îm��ÈÕÄ�}¹-s, ‘pass by reference’¿ì>
c�¡50Õëº ¬£¤�< ����:@N���. �¡Â6Ò 9��~xÃç> ->	��}¹ b9	îm�ù�� #Ü�£;c¤�< -����G�B�_�� ��ò6BÄ�}¹ T� ���*«Ãç> AI 8̂@
N��� (9��~x 60,>	 �Ô->	'_¿ì> ��÷7B�¤�< #¿Eª�< H�B'Ö< 6.4¿ì> ���z��M� ���m�N���). #eæ�×¥�<, C a�@#e¤�< .>	+ä�Â6Ò
‘pass by reference’�� C++q�7�(_]�@Ã�����8K'_(parameter)ã#ìm¥ª�<#¿Eª�<�}"�:@N���. (½��_��8�Ç�}¹�ÈÕ
¬£¾ç>ª�< “pass by name”Ãç> <Kðכ���ÖN���.)

H�B'Ö< 4.8Üï 20.1Ãç> ���z��M� ���m�N���.

References [K&R1] § 1.8 pp. 24–5, § 5.2 pp. 91–3; [K&R2] § 1.8 pp. 27–8, § 5.2 pp. 95–7; [ISO] § 6.3.2.2; [H&S] §
9.5 pp. 273–4.

V� 4 â�
 Miscellaneous Pointer Use

Q 4.12 �ÈÕ¬£¿ì> �Ú_ô>ù�� CI, �Ô->	'_¿ì> -s"k �Ú_ô>�¤�< �ç¡��̧Ãç> ��v�:@N���. ý$ T�]�@ G�BÃç> �¤�< ���¢?

Answer 4wH7�, �ÈÕ¬£¿ì> ��P�W�¤�< �Ô->	'_¤�< * a:@»ÿ���¿ì> Íç> #Ü�£ (½�P�z� £9̀	 )Ö<a�¿ì> a�AI �G5�Ú¿ì> ìm¥T� Íç> #Ü�£)
.>	��(real) .>	�� �ÈÕ¬£ �Ú_ô>}¹ _�@#Ü��RLN���:

int r, func(), (*fp)() = func;
r = (*fp)();

��¦Ø< ðmÔ}¹ �¢g̀@��̂@, �ÈÕ¬£¤�< ��Ø�ç¡ �Ô->	'_¿ì> -s"k �Ú_ô>E'z�, F�B<K �ÈÕ¬£¿ì> �Ú_ô>ù�� #Ü�£, 50«»+8�Ä�}¹ �Ô
->	'_ (¬£��̧;c"k, �ÔM�és;c"k %o&8�; H�B'Ö< 1.34 ���z�)}¹ _�@#Ü�ùÚH��z� ù�� ¬£ ����:@N���. T��w�4� ���ñ ðmÔù��
¬£ ���¤�< 4wH->	ª�<, ANSI �¢+Ö<T� �ÈÕ¬£ �Ô->	'_¿ì> ���:?Üï ìm¥T� Íç> ¬£ �����z� ðmÔ�z� ���M� CI'Ö<�·N���:

r = fp();

T� CI, ‘fp’¤�< �ÈÕ¬£ T��mrT�����, �ÈÕ¬£¿ì> ��P�W�¤�< �Ô->	'_�·N���. (#e�̀*Ö< #¿Eª�< b9	)y �}"�:@N���; ý$���
�̂@ \�;c ->	�� P�Ã�È�¿ì> [ôF#l"k �ÈÕ¬£¿ì> �Ú_ô>�¤�< #¿EÃç> <KJY�z�¤�< �ÈÕ¬£ �Ô->	'_¿ì> Íç> 62�� �}"M� CI'Ö<

�·N���.)

H�B'Ö< 1.34¿ì> ���z��M� ���m�N���.

References [K&R1] § 5.12 p. 116; [K&R2] § 5.11 p. 120; [ISO] § 6.3.2.2; [Rationale] § 3.3.2.2; [H&S] § 5.8 p. 147, §
7.4.3 p. 190.
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Q 5.1 ���'å�W�Gª�< ‘�kB �Ô->	'_’6̧Ò 4� |¡60=i 1wH���¢?

Answer a�@#e +ä�q�;c q���̂@ ~��~��q� �Ô->	'_ ���·;c 60AI, �m;�~xÂ6Ò ìḿT� — �kB(null) �Ô->	'_ — ���#e"k, ��¦Ø< �Ô
->	'_ ìḿ¾ç>Üï¤�< ¦��~xE' f, #ei�@ �¡Â�Ü<vÈ��� �ÈÕ¬£¿ì> ��P�W�¤�< �Ô->	'_ã#¤�< ��Ø�ç¡ ¦��~xE'¤�< �Ô->	'_¿ì> ðmÔ
.���ÖNכ� �:;, ®£�Ð¿ì> P�e�@�¤�< & a:@»ÿ���¤�< �}B60}¹ �kB �Ô->	'_¿ì> ¹ÿ�¾ç>#e Õëº ¬£ �}"Ä� f, F�B@I�U� óm¬¤�< Â6Ò
malloc() �ÈÕ¬£|¡ �kB �Ô->	'_¿ì> P�e�@�U� óm¬�:@N��� (malloc()ª�< F�B@Iù�� #Ü�£, �kB �Ô->	'_¿ì> P�e�@כ�ÖN�
��. ½�P�z� T� #¿ET� �kB �Ô->	'_q� Î���»:� — “ù���ç¡E'U� óm¬ª�<” �¡¤�< “#e+_Â6Ò #¿E|¡ ��P�W�U� óm¬¤�<”Ãç> q�
Q��¤�< �m;�~xÂ6Ò �Ô->	'_}¹ Î�T�¤�< #¿E — ï̂B ����·N���.

�kB �Ô->	'_ã# �ÔM�ésE'U� óm¬ª�< �Ô->	'_1ã#¤�< 4�$Ë��ç¡ TÖhb9	Z� ���m@N���. �kB �Ô->	'_¤�< #e+_Â6Ò �¡Â�Ü<vÈ���
�ÈÕ¬£|¡ ��P�W�U� óm¬¤�< �Ô->	'_T�z�, �ÔM�ã#E'U� óm¬¤�< �Ô->	'_¤�< #ei�@ ìḿÃç> ��U�¤�< U� ~¡À�Á�}¹, ��ª£
�¡Â�Ü<vÈ��� ��P�J·x ¬£ ���¤�< �Ô->	'_�·N���. H�B'Ö< 1.30, 7.1, 7.31Ãç> ���z��M� ���m�N���.

a�;c"k ��B'å�Â6Ò #¿E%o&8�, C a�@#e¤�< ~��~��q� �Ô->	'_ ���·;c ���� �kB �Ô->	'_�� +í<<כ��ÖN���. ½�P�z� �kB �Ô
->	'_q� F�B<K ìḿª�< ~�� ���·;c ���� "k}¹ ��¿ì> ¬£ ����:@N���. -����G�B�_�� ~�� ���·;c ��¦Ø< F�B<K ìḿÄ�}¹ _�@
#Ü�AI ®£M� CI'Ö<;c É�}¹½�7� e¾ç>ª�< ~�� ���·;c ���� "k}¹ ��¦Ø< �kB �Ô->	'_q� 50«»+8�->	 ìḿÃç> ómÔ L·x�¢��

b9	)y �}"�:@N��� (H�B'Ö< 5.2, 5.5, 5.6Ãç> ���z�).

References [K&R1] § 5.4 pp. 97–8; [K&R2] § 5.4 p. 102; [ISO] § 6.2.2.3; [Rationale] § 3.2.2.3; [H&S] § 5.3.2 pp. 121–3.

Q 5.2 É�}¹½�×�y;c"k #e�w�4� �kB �Ô->	'_¿ì> Î����¢?

Answer a�@#e +ä�q�;c ����, �Ô->	'_�� Î�G�B ð��(context);c �ç¡¬£ 0Ãç> Î��̂@ -����G�Bù�� CI ��ò6BÄ�}¹ �kB �Ô->	'_}¹ _�@
#Ü��RLN���. �:;, �ÔM�és��, 60�·, R�z�ù�� CI, Â6Ò�¶;T� �Ô->	'_ ���·q� _�@¬£�� ¬£��̧G�B #Ü�£, ��¦Ø< �¶;q� 0ª�<
-����G�B�_�� ��ò6BÄ�}¹ �kB �Ô->	'_}¹ ���́#e +Ö<��¤�< �:A�·N���. -����G�B�_¤�< T� �ç¡¬£ 0Ãç> F�B<K �kB �Ô->	'_
ìḿÄ�}¹ ���́#e 8̂@N���. ����"k ���:?Üï ìm¥ª�< �Ø¿�¤�< 'Ö<<K�RJ 4� b9	)y �}"�:@N��� (H�B'Ö< 5.3 ���z�):

char *p = 0;
if (p != 0)

½��_��, �ÈÕ¬£q� ->	��}¹ �Ô->	'_¿ì> b9	îm�ù�� #Ü�£, ->	���� ��Ø�ç¡ �Ô->	'_�� Î�G�B ð��(pointer context)Ä�}¹ ->	
��̧E'U� óm¬¤�<��¤�< #¿EÃç> ®£q�AI�� .���ÖNכ� �:;, -����G�B�_�� 0Ãç> �kB �Ô->	'_}¹ ->	��̧�U� ô6�ù�� ���ûB)ç�T� ���
��¤�< �:A�·N���. T��wx CI;c¤�< �kB �Ô->	'_��¤�< #¿EÃç> ~ç¡<K+8�Ä�}¹ >�Ã��?�Ãç> -s"k ómÔ�̀ ®£#e�� .���ÖNכ� ;d

1uninitialized pointer
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¿ì> ¾ç>#e, UNIX S�Ã�ß�y �̀�->	 execlª�< ��_�@ ->	�� P�Ã�È�2¿ì> ����:@N���. T� �ÈÕ¬£¤�< ->	��q� Ê��Ãç> ómÔP�M�
a�AI"k �kB �Ô->	'_¿ì> ��U����Ä�}¹ b9	îm�AI�� .���ÖNכ� �:;:

execl("/bin/sh", "sh", "-c", "date", (char *)0);

��U���� ->	��q� (char *) >�Ã��?�T� Ú�|����RJ #Ü�£, -����G�B�_¤�< T�¿ì> �kB �Ô->	'_}¹ ->	��̧�U� ô6��z� ·ÿ�)Ö<
Z� +ä�¬£ 0Ä�}¹ .���ÖNכ�̧��	<- (60«»(Ûoq� UNIX 8�§¤�}Bª�< T� «»(ÛoÃç> ômÔô6� ��B'å��z� ���Ä�N� ®£q�AI�� Öכ�
N���.)

�ÈÕ¬£q� É�}¹�Ô���·(prototype)T� ��*ã< #Ü�£, ->	�� b9	îm�ª�< 60�· a:@»ÿ�Ä�}¹ ->	��̧E'M� CI'Ö<;c, 60«»(Ûo >�
Ã��?�Ãç> ù�� L·x�¢�� �}"�:@N���. ý$����̂@ �ÈÕ¬£ É�}¹�Ô���·T� -����G�B�_;c4� +8��}BÂ6Ò ���·T� ª£*Ë{T���¤�<
#¿EÃç> ómÔ�̀®£M� CI'Ö<�·N���. ����"k ·ÿ�)Ö<Z� 0¹ÿ� b9	îm�AI|¡, -����G�B�_�� ómÔ��"k �kB �Ô->	'_}¹ ���́#e 8̂@
N���. ½��_�� ��_�@ ->	�� P�Ã�È�¿ì> Î�¤�< �ÈÕ¬£q� ->	��¤�< É�}¹�Ô���·Ãç> ómÔ�G��|¡, ~��~��q� ->	��;c 60Â6Ò
���·Ãç> ómÔ ¬£ �}"Ä�Á�}¹ T�]�@ �ÈÕ¬£q� ->	��}¹ Î�->	 �kB �Ô->	'_;c¤�< ºÿ�¿�S� >�Ã��?�Ãç> -s ®£#e�� .���ÖNכ�
(H�B'Ö< 15.3Ãç> ���z��S�M� ���m�N���.) �ÈÕ¬£q� É�}¹�Ô���·T� ���\�	 �}"\�	 �ç¡MÎ3�}"T�, ª£�ÐZÌ	 �ÈÕ¬£ ->	��}¹
b9	îm�E'¤�< �kB �Ô->	'_;c >�Ã��?�Ãç> �¤�< #¿ET� 0üoò6BE'U� óm¬z� ¼ÿ�b9	ù�� ¬£ ����:@N���.

½��è¡ 0Ãç> -s|¡ �̂�ª�< #Ü�£: >�Ã��?�T� ºÿ�¿�S� L·x�¢Â6Ò #Ü�£:
�ÔM�és(initialization)
60�·(assignment)
R�z�(comparison)

�ÈÕ¬£ �Ú_ô>, É�}¹�Ô���·
����:? (prototype in scope)

�ÈÕ¬£ �Ú_ô>, É�}¹�Ô���· �}"�:?
(no prototype in scope)

z�+ä�ùÚH ->	�� �ÈÕ¬£ �Ú_ô>;c"k ��_�@ ->	��

(variable argument) ��÷7B

References [K&R1] § A7.7 p. 190, § A7.14 p. 192; [K&R2] § A7.10 p. 207, § A7.17 p. 209; [ISO] § 6.2.2.3; [H&S] §
4.6.3 p. 95, § 6.2.7 p. 171.

Q 5.3 �Ô->	'_�� �kB �Ô->	'_->	U� R�z��M� a�AI “if (p)”��z� Î�¤�< #¿ET� ¼ÿ�b9	Â6Ò���¢? ¹ÿ���� �kB �Ô->	'_q� F�B

<K ìḿT� 0T� ��A�B #Ü�£;c¤�< #e�w�4� E'¤�< ZÌ	���¢?

Answer C a�@#e;c"k [ô>P�a�@(boolean) ìḿT� L·x�¢ù�� CI, ����{ª�< 0Ãç> q�Q�� f, ���(true)ª�< 0T� ��'>	 ìḿÃç> q�Q��
4� �RLN���. ����"k ���:?Üï ìm¥T� Î�4� E'�̂@:

if (expr)

F�B<K}¹ ‘expr’T� ª£*Ë{T�¥�<U�, -����G�B�_¤�< a�q� �Ø¿�¿ì> ���:?q� �Ø¿�ã# ìm¥ª�< #¿EÄ�}¹ õi@N���.

if ((expr) != 0)

����"k ‘expr’Ãç> H�B'Ö<;c"k ®£#e.>	 ‘p’}¹ ���́�̂@, ‘if (p)’�� ‘if (p != 0)’T� �RLN���. ½�P�z� T� ¬£��̧
ª�< R�z�¿ì> �¤�< 'Ö<Ø�v(comparison context)T�M� CI'Ö<;c, -����G�B�_¤�< 0T� �kB �Ô->	'_ �ç¡¬£��¤�< #¿EÃç> ómÔ
z�, F�B<K �kB �Ô->	'_ ìḿÄ�}¹ _�@#Ü�AI8̂@N���. ����"k F�B<K �kB �Ô->	'_q� ìḿT� 0->	U� ��'>	U�¤�< ómÔ L·x�¢��
b9	)y �}"�:@N���.

[ô>P�a�@ «»+ä�(not) a:@»ÿ���->	 !¤�< ���:?Üï ìm¥T� �¢g̀@ù�� ¬£ ����:@N���:

2variable length argument list
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!expr is essentially equivalent to (expr)?0:1
or to ((expr) == 0)

����"k H�B'Ö<q� �Ø¿�¤�< ���:?Üï ìm¥T� AI)o�ù�� ¬£ ����:@N���.

if(!p) is equivalent to if (p == 0)

½��_Á�}¹ ·ÿ�_k;0ïF(abbreviation)->	 if (p)¤�< b9	)y 'Ö<<K�RJ #¿ET� �}"�:@N���. ½��_�� #ei�@ �����¾ç>ª�< T�]�@
��̧Ä�}¹ �Ø�?��¤�< #¿ET� ��³Ø< �:@MÎ3T���z� ðmÔכ�ÖN��� (Zï>&è< #ei�@ �����¾ç>ª�< �̂�ª�< �:@MÎ3T���z� ðmÔכ�ÖN���.
H�B'Ö< 17.10Ãç> ���z��M� ���m�N���).

H�B'Ö< 9.2¿ì> ���z��M� ���m�N���.

References [K&R2] § A7.4.7 p. 204; [ISO] § 6.3.3.3, § 6.3.9, § 6.3.13, § 6.3.14, § 6.3.15, § 6.6.4.1, § 6.6.5; [H&S] §
5.3.2 p. 122.

Q 5.4 ½�&8� NULLª�< ª£*Ë{T�z� #e�w�4� +ä�q�E'#e(#define) ������¢?

Answer Ã���G�B;c MÎ3Â6Ò 'Ö<<KT�U�¹ÿ�, 60«»(Ûoq� É�}¹½�7� e¾ç>ª�< É�}¹½�×�y;c"k ��;d 0Ãç> Î�U� óm¬¤�< #Ü���ØT� ����:@
N���. T� ô6;+8�Ä�}¹ b9	%oP�M�(preprocessor) 8�Ç�}¹->	 NULLÃç> �:@N���. ½�P�z� T� 8�Ç�}¹¤�< 0Ä�}¹ +ä�q�
E'#e ����:@N��� (<stdio.h>¿ì> �Ô�ÈÕÂ6Ò #l�_ Ai�G ��G�B;c +ä�q�E'#e ����:@N���). #ei�@ #Ü�£ (void *)}¹
>�Ã��?�E'#e ���¤�< #Ü�£|¡ (H�B'Ö< 5.6 ���z�) ����:@N���. ����"k +ä�¬£ 0Üï �kB �Ô->	'_ �ç¡¬£->	 0Ãç> �EL4� ¦��~x
�M� a�AI, �kB �Ô->	'_�� �¡¤�< ð��;c NULLÃç> ��÷7B�¤�< #¿E�·N���.

NULLÃç> Î�¤�< #¿Eª�< ·ÿ�)Ö<Z� Ã���G�B+8�->	 'Ö<<K�·N���; b9	%oP�M��� NULLÃç> 0Ä�}¹ ���́#e®£Á�}¹, -����G�B
�_�� [�> CI;c¤�< ~¡£̈ 0Ä�}¹ �¹4� �RLN���. ����"k �ÈÕ¬£ ->	��}¹ ��÷7Bù�� #Ü�£;c¤�< 0Ãç> ��÷7Bù�� CIã# ��¾6Ò
��U�}¹ NULL|¡ >�Ã��?�Ãç> AI���� ù�� L·x�¢�� ����:@N���.

H�B'Ö< 5.2q� �¢;c"k 0 60,>	;c NULLÃç> ½�60}¹ Íç> ¬£ ����:@N��� (>�Ã��?��U� óm¬¤�< NULLª�< >�Ã��?��U�
óm¬¤�< 0Üï ìm¥M� CI'Ö<�·N���).

½��_�� NULLª�< ºÿ�¿�S� �Ô->	'_�� Î�T�¤�< 'Ö<Ø�v;c"k¹ÿ� Î�#l�� .���ÖNכ� H�B'Ö< 5.9¿ì> ���z��M� ���m�N���.

References [K&R1] § 5.4 pp. 97–8; [K&R2] § 5.4 p. 102; [ISO] § 7.1.6, § 6.2.2.3; [Rationale] § 4.1.5; [H&S] § 5.3.2
p. 122, § 11.1 p. 292.

Q 5.5 �kB �Ô->	'_ ìḿÄ�}¹ 0T� ��'>	 R�È�¿ì> �Ô�ÈÕ�¤�< ìḿÃç> ��÷7B�¤�< S�Ã�ß�y;c"k¤�< NULLT� #e�w�4� +ä�q�E'#e

������¢?

Answer NULLª�< -��²¼'_;c �ç¡MÎ3�}"T� ��Ø�ç¡ 0Ä�}¹ +ä�q�E'#e ����:@N��� (H�B'Ö< 5.4¿ì> ���z��M� ���m�N���).

É�}¹½�7� e�� �kB �Ô->	'_¿ì> Íç> #Ü�£, 0Ãç> Î�\�	U� NULLÃç> Î�\�	U�;c �ç¡MÎ3�}"T�, F�B<K -��²¼'_q� 50«»+8�
->	 �kB �Ô->	'_ ìḿÃç> ¹ÿ�¾ç>#e50¤�< #¿Eª�< -����G�B�_q� *9�ù���·N���. ����"k -��²¼'_;c"k 50«»+8�Ä�}¹ �¢g̀@E'
¤�< �kB �Ô->	'_ ìḿT� 0T� ��'>	 ��¦Ø< ìḿT��G��|¡ NULLª�< ª£�ÐZÌ	 0Ä�}¹ +ä�q�E'#e ����:@N���. �:; -����G�B�_
¤�< �Ô->	'_ 'Ö<Ø�v;c Î�->	 0ª�< ��ò6BÄ�}¹ �kB �Ô->	'_ ìḿÄ�}¹ _�@#Ü�AI 8̂@N���. H�B'Ö< 5.2, 5.10, 5.17Ãç> ���z��
M� ���m�N���.

References [ISO] § 7.1.6; [Rationale] § 4.1.5.

Q 5.6 NULLT� ���:?Üï ìm¥T� +ä�q�E'#e ������̂@:
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#define NULL ((char *)0)

�ÈÕ¬£ ->	��}¹ NULLÃç> b9	îm�ù�� CI, >�Ã��?��U� óm¬��|¡ E'U� óm¬Ãç>���¢?

Answer G�Bºÿ�+8�Ä�}¹½��w�U�óm¬�:@N���.#ei�@-��²¼'_¾ç>ª�<~��~����¦Ø<62T�'_���·;c60Â6Ò�Ô->	'_q�50«»�¢g̀@�ç¡
(«T� ���m@N���. ����"k 'Ö<��¿ì> ��P�W�¤�< �Ô->	'_�� L·x�¢Â6Ò ð��;c NULLÃç> ½��è¡ Î�¤�< #¿Eª�< 'Ö<<K�� �}"Ä�
��, ��¦Ø< ���·Ãç> ��P�W�¤�< �Ô->	'_�� L·x�¢Â6Ò ð��;c ½��è¡ Î�¤�< #¿Eª�< 'Ö<<K�� ñmÔÚ�|ù�� ¬£ ����:@N���. ����"k
'Ö<<K�� �}"��z� Ú�|~��E'¤�< ���:? �Ø¿�|¡ [ô>¼ÿ����¤�< #¿E�·N���:

FILE *fp = NULL;

½��_�� ANSI C¤�< NULLÃç> ���:?Üï ìm¥T� +ä�q��¤�< #¿EÃç> )o����z� ����:@N���:

#define NULL ((void *)0)

½��_�� NULLÃç> a�ã# ìm¥T� +ä�q��¤�< #¿Eª�< (homonegeous pointer¿ì> Î�¤�< -��²¼'_;c"k¹ÿ� |¡]8?Ãç> ï̂> ¬£
����:@N���¹ÿ�) NULLÃç> ômÔô6�Î�¤�< 'Ö<<K¿ì> #e¾� +ä�|¡ AI�lBAI ï̂> ¬£ ����:@N��� (;d¿ì> ¾ç>#e ASCII NUL 'Ö<��
�� ã#�� �¤�< ð��;c NULLÃç> Î�¤�< #Ü�£; H�B'Ö< 5.9 ���z�).

References [Rationale] § 4.1.5.

Q 5.9 NULLÜï 0T� �kB �Ô->	'_ �ç¡¬£}¹"k TÖhb9	Z� ìm¥���̂@ |¡60=i #ei�@ #¿EÃç> -s���¤�< ���¢?

Answer 60«»(Ûoq� É�}¹½�7� e¾ç>ª�< �Ô->	'_ 'Ö<Ø�v;c"k¤�< ºÿ�¿�S� NULLÃç> -s���¤�< #¿EÄ�}¹ ��¹z� ����:@N���. ��¦Ø<
�����¾ç>ª�< NULLT���¤�< 8�Ç�}¹}¹ 0Ãç> ��P�¤�< #¿ET� �¡Z��̀ �G 0üoò6BÃç> ��$p*ã<��z� Ú�|~���z� ª£�ÐZÌ	 0Ãç>
Î�¤�< #¿EÃç> 9̀	�Ú�M�|¡ .���ÖNכ� ½��w�U�¹ÿ� T� H�B'Ö<;c¤�< #e+_Â6Ò #¿E|¡ TÖhb9	Â6Ò AI�m�T� E'U� ô6כ��ÖN���. (H�B
'Ö< 9.2ã# 17.10Ãç> ���z��M� �����) C É�}¹½�7� e���̂@ �Ô->	'_ 'Ö<Ø�v;c"k NULLÜï 0Ãç> ���:?60}¹ Íç> ¬£ ���
��¤�<#¿EÃç>ómÔכ�����ÖN���.½�P�z�·ÿ�U� 0¹ÿ�Ãç>Î�¤�<#¿E|¡TÖh(9����¤�<#¿E|¡ómÔכ�����ÖN���. (0�z�¤�<îm�
P�) �Ô->	'_�� ]�> ¬£ ���¤�< ð��T��̂@, NULLÃç> Î�¤�< #¿Eª�< �̂��:@N���. ½��_�� É�}¹½�7� e�� (NULLÃç> 0Üï ��
¦Ø< #¿EÄ�}¹ T�AI����� -����G�B�_;c"k �m;�~x�4� c(�� Â6Ò��z� Ú�|~���¤�< �ûB) �Ô->	'_ 0Üï +ä�¬£ 0Ãç> ¦��~x�
¤�<62 NULLÃç> ���¾���;c q�+í<�¤�< #¿Eª�< �̂�U� óm¬�:@N���.

��¦Ø< ø¶B©¼q� 0T� L·x�¢Â6Ò ð��;c¤�< ¹ÿ���� ½�4� <K60}¹ ò6B���Â6Ò�� ù��U���|¡ NULLÃç> Î��̂@ ¼ÿ��RLN���. ý$
����̂@ ½��wx #Ü�£, ômÔô6�ùÚH Ã���G�B;c MÎ3Â6Ò 8KS�U��� ñmÔÚ�|�M� CI'Ö<�·N���. (4����� ANSI¤�< NULLÃç>
((void *)0)Ä�}¹+ä�q�ù��¬£���|¡ói;�z����Ä�Á�}¹),�Ô->	'_��Î�G�B¬£���¤�<~¡¥�<ð��;c NULLÃç>Íç>¬£
���¤�< #¿E|¡ ��·N���. �m;Z� ASCII null 'Ö<�� (NUL)T� Î�G�B ð��;c NULLÃç> Î��̂@ ¼ÿ��RLN���. þÙ� 8�Ç�}¹¿ì>
-s�� Â6Ò���̂@ ���:?Üï ìm¥T� ��}¹ +ä�q�AI"k Î�¤�< #¿ET� �G �¾×�:@N���:

#define NUL ’\0’

References [K&R1] § 5.4 pp. 97–8; [K&R2] § 5.4 p. 102.

Q 5.10 ½��w�U�¹ÿ� NULLq�ìḿT� (0T���'>	��¦Ø<ìḿÄ�}¹)_�@#Ü��RJCI¿ì> (50«»+8�Ä�}¹ 0T���'>	��¦Ø<ìḿÃç>Î�¤�<-��

²¼'_) 60R�AI"k 0 60,>	;c NULLÃç> Î�¤�< #¿ET� �G �̂�U� óm¬Ãç>���¢?

Answer ��·N���. (NULLÃç> Î�¤�< #¿ET� �������̧ù�� ¬£ ���U�¹ÿ�, T�]�@ T�¤;c"k�� ��·N���.) G�Bºÿ�+8�Ä�}¹ ��»[�>
�Ð�(symbolic) �ç¡¬£�� Î�T�¤�< #¿Eª�<, F�B<K ìḿT� _�@#Ü��RJ #Ü�£¿ì> 60R�AI"k Î�¤�< #Ü�£�� ðm¬U�¹ÿ�, 0q� ��P�
;c NULLT� Î�T�¤�< #¿Eª�< T�]�@ T�¤;c"k�� ��·N���. ��S� ðmÔ�U�¹ÿ� a�@#e ��=i�� (�Ô->	'_ 'Ö<Ø�v;c"k)
0T� �kB �Ô->	'_¿ì> ¹ÿ�¾ç>#e ñ�w��z� +ä�q��z� ����:@N���. NULLÃç> Î�¤�< #¿Eª�< ·ÿ�)Ö<Z� Ã���G�B;c MÎ3Â6Ò 'Ö<<K
�·N���. H�B'Ö< 5.5, 9.2¿ì> ���z��M� ���m�N���.
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Q 5.12 ���:?Üï ìm¥ª�< 8�Ç�}¹¿ì> -s"k �kB �Ô->	'_�� +8��}BÂ6Ò ���·T� E'|¡ói; �z� ����:@N���:

#define Nullptr(type) (type *)0

T�4� �̂�ª�< �:@MÎ3G�B���¢?

Answer T� È��Ð�ª�< 8�£ ->	M����z� 8�&9�+8�T�&>	 �U�¹ÿ�, Ç�4� |¡]8?T� E'U� óm¬�:@N���. T� �ç¡(«ª�< 60�·T��� R�z�
;c"kÍç>¬£�}"�:@N���.H�B'Ö< 5.2¿ì>���z��M����m�N���. ���T��?�AI�Ò��+8�Ä�}¹כ�����4)�¤�<¬£z���L·x
(.���ÖNכ�¢� H�B'Ö< 9.1Üï 10.2|¡ �¹S�M� ���m�N���.

Q 5.13 ���µÿ� áÅ�ìm��·N���. NULLª�< 0->	 #¿ET� �¹�ç¡E'#e ���z�, �kB �Ô->	'_¤�< ��N���z� Â6Ò #¿E ìm¥ª�<62 ��¢�:@N���?

Answer G�Bºÿ�+8�Ä�}¹ “null”Üï “NULL”T� 0üo÷7BE'#e Î�T�&>	 �U�¹ÿ� ���:? ����Øª�< ómÔ��£̈"̀�� :���ÖNכ�

1. �kB(null) �Ô->	'_;c 60Â6Ò 4�$Ë�ª�< H�B'Ö< 5.1;c +ä�q�E'#e ����:@N���.

2. �kB �Ô->	'_�� F�B<K}¹ ~�¢4� E'¤�< 50«»+8�->	 ìḿª�< ~��~��q� ���·;c ���� ��À� f �m;+ä� R�È��� 0T� ��'>	
ìḿG�B ¬£|¡ ����:@N���. F�B<K �kB �Ô->	'_q� ìḿª�< -����G�B�_ <K������� L·x�¢Â6Ò #¿ET�U� C É�}¹½�7� e¤�<
�kB �Ô->	'_�� F�B<K #e+_Â6Ò ìḿ->	U� b9	)y ómÔ L·x�¢�� �}"�:@N���.

3. �kB �Ô->	'_ �ç¡¬£¤�< +ä�¬£ �ç¡¬£ 0�·N��� (H�B'Ö< 5.4 ���z�).

4. NULL 8�Ç�}¹¤�< 0Ä�}¹ +ä�q�(#define)E'#e ����:@N���. (H�B'Ö< 5.4 ���z�).

5. ASCII �kB 'Ö<�� (NUL)¤�< ~¡¥�< R�È��� 0->	 ìḿÄ�}¹ �kB �Ô->	'_ã#¤�< T��mr¹ÿ� ìm¥Ãç> 3Ûo, b9	)y �ç¡MÎ3T� �}"
�:@N���.

6. �kB 'Ö<���~x(null string)ª�< +>	 'Ö<���~x ("")Ãç> ����50¤�< ��¦Ø< ðmÔ}¹, C a�@#e;c"k ‘�kB 'Ö<���~x’T���¤�< ÷7B
#e¿ì> Î�¤�< #¿Eª�< 0üoò6BÃç> ��$p÷6N���. R�#e���¤�< 'Ö<���~xª�< �kB 'Ö<��(’\0’Ãç> ðmÔ�¤�< #¿ET�U�, �kB �Ô->	
'_ã#¤�< �ç¡MÎ3 �}"�:@N���.

T�¼â�;c"k¤�< “�kB�Ô->	'_(null pointer)”��¤�<÷7B#e¿ì>a�q� 1_�@q�ô6;+8�Ä�}¹��÷7Bכ�ÖN���. 3_�@q�ô6;+8�Ä�}¹
¤�< 0T��� “�kB �Ô->	'_ �ç¡¬£”��¤�< �¢g̀@Ãç> Î� f, 4 _�@q� ô6;+8�Ä�}¹ “NULL”Ãç> ��÷7Bכ�ÖN���.

Q 5.14 ý$ T��Ôói; �kB �Ô->	'_;c 60Â6Ò $ã<Ü�|T� ðm¬ª�< #¿E->	���¢? ý$ T�]�@ H�B'Ö<T� ��®£ ���¡�¢?

Answer C É�}¹½�7� e¾ç>ª�< b9	ûiu+8�Ä�}¹ $k¬£+Ö< M�4�q� ¦�g̀@(machine implementation);c 60AI ø¶? �G ðm¬ª�< #¿EÃç>
ómÔM� 4wH�¤�< #Ü���ØT� ����:@N���. 'Ö<<K¤�< �kB �Ô->	'_�� �ÐÃ� �Ø¿�ã# M�4� ��=i;c �� Î�T�¤�< 4�$Ë�T�U�¹ÿ�,
F�B<K M�4�;c"k¤�< 0T� ��'>	 ��¦Ø< ìḿÄ�}¹ �¢g̀@�RJ ¬£ �����¤�< 62;c ����:@N���. b9	%oP�M� 8�Ç�}¹->	 NULL
Ãç> Î�¤�< #¿ET� ��ï̂B;c _�@#Ü��RJ �ÐU��� �����¤�< #¿E%o&8� �¹G�B ¬£|¡ ����:@N���. �¡ “if (p == 0)”T���¤�< �Ø
¿�¤�< 0Ãç> �Ô->	'_0ïFÄ�}¹ _�@#Ü��¤�< #¿ET�U�¹ÿ� p¿ì> +ä�¬£0ïFÄ�}¹ _�@Z9��¤�< #¿E%o&8� �¹G�B ¬£|¡ ����:@N���. ��
U����Ä�}¹ #l�_��U�}¹ Î�T�¤�< (H�B'Ö< 5.13 ���z�) “null”T���¤�< ÷7B#e¿ì> ZÌ	)ç�Ä�}¹ �¹¤�< #Ü���ØT� ����:@N���.

C a�@#e;c"k T�]�@ 0üoò6BÃç> �}";�M� a�Â6Ò �ç¡(«Ä�}¹¤�< �kB �Ô->	'_ ÷7B|¡}¹ Î�M� a�Â6Ò (Pascalq�nilÜï ìm¥ª�<)
W���¿�(keyword)¿ì> ¹ÿ�¿�¤�< #¿EÃç> Ú�|~��AI [�> ¬£ ����:@N���. ½��_�̂@ -����G�B�_¤�< “nil”Ãç> +8��}BÂ6Ò �kB �Ô->	
'_}¹ ���́#e ï̂> ¬£ ���Ãç> #¿ET� f, �kB �Ô->	'_�� ]�> ¬£ �}"¤�< ð��;c"k¤�< #Ü�z�¿ì> ñmÔÚ�|AI ï̂> ¬£ ���Ãç> #¿E�·N�
��. ½��_�� g̀@<� C a�@#e;c"k �kB �Ô->	'_¿ì> ����50¤�< W���¿�¤�< “nil”T� ��N��� “0”�·N���. ½�P�z� �kB
�Ô->	'_�� ]�> ¬£ �}"¤�< ð��;c 0T� Î�T��̂@, ;c�_�� ñmÔÚ�|�¤�< #¿ET� ��N��� +ä�¬£ 0Ä�}¹ AI)o�ùÚH��¤�< #¿ET� ��
�m@N���.

Q 5.15 8�£ áÅ�ìm�P�¤�< #Ñ	�¢. �kB �Ô->	'_;c MÎ3Â6Ò T� ~¡¥�< ����ØÃç> T�AIù�� ¬£�� �}"#Ñ	�¢.
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Answer T��wx CI c(ù�� ¬£ ���¤�< �ç¡(«ª�< ���:? £̈��U�q� µÿ�·ÿ�Â6Ò ¦��Ð�Ãç> ��À�¤�< #¿E�·N���:

1. �ÐÃ� �Ø¿�;c"k �kB �Ô->	'_ �ç¡¬£�� L·x�¢ù�� #Ü�£, 0T��� NULLÃç> �:@N���.

2. 0 �¡¤�< NULLT� �ÈÕ¬£ ->	��}¹ Î�G�B #Ü�£;c¤�<, +8��}BÂ6Ò ���·q� �Ô->	'_}¹ >�Ã��?�AI"k ��÷7Bכ�ÖN���.

�� eU� ����Ø¾ç>ª�< 60«»(Ûo �����¾ç>T� �kB �Ô->	'_�� F�B<K}¹ ~�¢¤�< 50«»+8�->	 ìḿ;c 60AI ômÔô6� T�AI�z� ���z�

(þÙ� T�#¿EÃç> T�AIù�� L·x�¢¤�< �}"�:@N���.), �ÈÕ¬£ �Ú_ô>;c 60Â6Ò õi;�m�)ç� CI'Ö<;c ñmÔÚ�|�¤�< #¿E�·N���. (T� õi;�m�
)ç�Ãç> z��̀�z� $ã<q�Â6Ò���̂@ £̈_�@Fg ¦��Ð�ª�< 8�£ �¹¬£+8�(conservative)T���¤�< #¿EÃç> ómÔ ¬£ ����:@N���. ½�
�_�� AI¿ì> [�V�U�¤�< óm¬�:@N���) H�B'Ö< 5.1, 5.2, 5.4¿ì> T�AI�z� 5.3, 5.9, 5.13, 5.14¿ì> ���z��¤�< +ä�|¡¹ÿ�Ä�
}¹|¡ _�u(Ûoכ�ÖN���.

Q 5.16 T�]�@ 0üoò6BÃç> �}";�M� a�AI, ·ÿ�)Ö<Z� �kB �Ô->	'_�� 50«»+8�Ä�}¹ 0Ä�}¹ ����50#e .>	��z� ðmÔ�¤�< #¿ET� �̂�U�

óm¬Ãç>���¢?

Answer ��¦Ø<T�¤�}"T�½��w�4��¤�<#¿Eª�<8�£ômÔô6�ùÚHÚ�|~���·N���.ý$����̂@#ei�@M�4�;c"k¤�<�kB�Ô->	'_¿ì>Íç>
#Ü�£, ��ò6B+8�Ä�}¹ �¿�1@#e È�×�z(trap)T� ñmÔÚ�|�|¡ói; AI W��óm©M� CI'Ö<;c F�B<K}¹ �kB �Ô->	'_�� 0T� ��'>	
��¦Ø< ìḿÄ�}¹ Î�G�B ¬£ ���M� CI'Ö<�·N���.

4����� �kB �Ô->	'_;c 60AI ômÔ T�AI�M� a�AI, F�B<K}¹ 50«»+8�Ä�}¹ �¢g̀@E'¤�< �kB �Ô->	'_q� ìḿÃç> (0->	U�
��'>	U�;c 60AI) ómÔ L·x�¢�� b9	)y �}"�:@N���. ·ÿ�)Ö<Z� �kB �Ô->	'_�� 50«»+8�Ä�}¹ 0Ä�}¹ �¢g̀@ùÚH��z� Ú�|~��Â6Ò
��z� AI"k, �Ø¿�¿ì> ���)ç��M� �̀��U�¤�< #¿E|¡ ��·N���. (ômÔô6�ùÚH calloc();c 60Â6Ò ��B'å�Ãç> H�B'Ö< 7.31;c
"k ���z��M� ���m�N���.)

½�P�z� �kB �Ô->	'_�� 0T���z� AI|¡ �Ô->	'_q� Ç�M��� ���·;c ���� îm���H�B ¬£ ���M� CI'Ö<;c #lb9	Z� �ÈÕ¬£
�Ú_ô>;c"k >�Ã��?�Ãç> AI�� .���ÖNכ� (¹ÿ���� H�B'Ö< 5.14;c"k ðmÔÂ6Ò #¿E%o&8� “nil”T� �kB �Ô->	'_}¹ Î�G�B ¬£ ���
���̂@ �kB �Ô->	'_�� 0->	U� ��'>	U�;c 60Â6Ò $ã<Ü�| ��=i�� q�Q��}"¤�< #¿ET� �RJ #¿E�·N���.)

Q 5.17 F�B<K}¹, 0T� ��'>	 R�È� @Ie�@Ãç> ��÷7B�¤�< M�4��� ~��~��q� ���·;c ���� ��¦Ø< 0ïF?�q� �Ô->	'_¿ì> Î�¤�< -��²¼

'_�� ������¢?

Answer Prime 50 S�P�Å�¤�< +8�#e|¡ PL/I a�@#e;c"k �kB �Ô->	'_¿ì> ����50M� a�AI :c½��̂	È� 07777, ÷6Ú½× 0Ãç> ��
÷7Bכ�ÖN���. L|£Ó	q� ~¡Ö{º;c"k¤�< TCNP (Test C Null Pointer) 'å�&å�Ãç> Î�M� a�AI (C a�@#e;c"k) :c½��̂	È�
0, ÷6Ú½× 0Ãç> ��÷7Bכ�ÖN���. �¡ �¡7�ùÚH ��¿� ®£�Ð¿ì> Î�¤�<(word-addressed) Prime M�4�¤�< ��T�È� �Ô->	'_
(char *)�¹�� ��¿� �Ô->	'_ (int *)�� Ç�M��� �G ����:@N���.

Data General��q� Eclipse MVS�P�Å�¤�<M�4�¬£+Ö<;c"k:c��U�q��Ô->	'_���·Ãç><Kðכ���ÖN��� (��¿�,��
T�È�, R�È� �Ô->	'_). C a�@#e;c"k¤�< £̈ ��U� 0ïF?�¿ì> ��÷7B� f char *ã# void *¤�< ��T�È� �Ô->	'_}¹, ��
 eU� �Ô->	'_¤�< ��¿� �Ô->	'_}¹ ¦�g̀@�RLN���.

#ei�@ Honeywell-Bell 8K->	É�7���»;c"k¤�< �kB �Ô->	'_ ìḿÄ�}¹ 06000Ãç> ��÷7Bכ�ÖN���.

CDC Cyber 180S�P�Å�¤�<�?�(ring),:c½��̂	È�,÷6Ú½×«»(ÛoÄ�}¹T�©»#e.>	 48R�È��Ô->	'_¿ì>��÷7B� f, (�?�
11q�) 60«»(Ûoq� ��÷7B��¤�< �kB �Ô->	'_}¹ 0xB00000000000¿ì> ��÷7Bכ�ÖN���. �¡7�ùÚH CDC¤�< 1q� �¹¬£(one’s
complement)�ç¡��̧Ãç>��÷7B� f,ômÔô6�ùÚH®£�Ð¿ì>�Ô�ÈÕÂ6Ò~¡¥�<62T�'_q�;dJY�ç¡%·n;c~¡¥�<R�È��� 1->	¬£
V�¿ì> ��÷7Bכ�ÖN���.

�¡7�ùÚH HP3000 S�P�Å�¤�< a�;c"k a�@�� Â6Ò ��¦Ø< M�4�¾ç>%o&8� char *, void *;c 60Â6Ò �Ô->	'_ã# �� eU�
�Ô->	'_¾ç>Ãç> ��T�È� #e¿�7��?�Üï ��¿� #e¿�7��?�Ãç> -s"k ¦�g̀@� f, £̈ #e¿�7��?�T� "k}¹ ��¦Ø< �ç¡��̧Ãç> ��
÷7Bכ�ÖN���.

Symbolics Lisp -��²¼'_;c"k¤�<, (tagged architecture), ��;d ¬£V�}¹ �¢g̀@E'¤�< �Ô->	'_¿ì> <Kð���U� óm¬�:@N�
��. C �kB �Ô->	'_¤�< <NIL, 0>Ä�}¹ ¦�g̀@�RLN���. (M�(è<+8�Ä�}¹ <object, offset>Ãç> ��÷7B�ÈÕ.)

8086 4��~xq� É�}¹:c"k (PC �ÚZ9�) ;c"k¤�< ‘8K~¡P� ~¡Ö{º’;c ���� 16 R�È� 62T�'_ �Ô->	'_ã# 32 R�È� �ÈÕ
¬£ �Ô->	'_¿ì> Íç> ¬£ ����:@N���. �¡¤�< 32 R�È� 62T�'_ �Ô->	'_ã# 16 R�È� �ÈÕ¬£ �Ô->	'_¿ì> Íç> ¬£ ����:@N���.
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#ei�@ 64 R�È� Cray -��²¼'_;c"k¤�< int *¿ì> Â6Ò ��¿�q� �a� 48 R�È�}¹ �¢g̀@� f, char *¤�< �� eU� �ç¡
a� 16 R�È�¿ì> ÷6Ú½×Ä�}¹ -s"k �¢g̀@כ�ÖN���.

References [K&R1] § A14.4 p. 211.

Q 5.20 run-time;c “null pointer assignment”��¤�< ;c�_�� ñmÔÚ�|כ�ÖN���. T�4� ª£*Ë{Ãç> q�Q�����¢? �¡ #e�w�4� AI

�lBù�� ¬£ ����¢?

Answer T�8K:cU�¤�< MS-DOS÷7B-����G�B�_����®£ñmÔÚ�|S�W�¤�<b9	0ïF+8�->	�Ô->	'_;c�_8KS�U��·N���.�:;�kB (�¡
¤�< �ÔM�ésE'U� óm¬ª�<) �Ô->	'_¿ì> -s"k ômÔô6�ùÚH a�V�(604� O�b�>È� 62T�'_ :c½��̂	È�q� ÷6Ú½× 0);c #ei�@ 62
T�'_¿ì> Î��̀ù�� CI ñmÔÚ�|כ�ÖN���.

#ei�@ O�!e��¾ç>ª�< 62T�'_ ã#V��Ô->	È�(watchpoint)¿ì> ®£�Ð 0;c ��B+ä�ù�� ¬£ ���|¡ói; AI 8̂@N���. �¡¤�< ��;d
®£�Ð 0 £Ó	%oq� ��� 20 ��T�È� +ä�|¡¿ì> ��¦Ø< ð��;c õi;��AI£̈z� ®£M�+8�Ä�}¹ R�z�AI"k _�@#Ü�E'�}�¤�<U�¿ì> #��
��ù�� ¬£|¡ ����:@N���. H�B'Ö< 16.8Ãç> ���z��M� ���m�N���.

40



V� 6 *�×

Arrays and Pointers

Q 6.1 �ÐÃ� ��G�B;c char a[6]T���z� +ä�q��z� extern char *a��z� 9̀	a�@AI £̈�}�¤�<62 ý$ ò6B����U� óm¬Ãç>��
�¢?

Answer �ÐÃ� ��G�B;c +ä�q�Â6Ò #¿Eª�< 'Ö<��}¹ T�©»#e.>	 9��~x�·N���. ½�P�z� 9̀	a�@Â6Ò #¿Eª�< 'Ö<��¿ì> ��P�W�¤�< �Ô->	'_
�·N���. ����"k 9̀	a�@Üï +ä�q��� G�BV��U� óm¬¤�< #Ü�£�·N���. #ei�@ T ���·Ãç> ��P�W�¤�< �Ô->	'_(pointer to
type T)q� ���·ª�< #ei�@ T ���·q� 9��~x(array of type T)Üï ìm¥U� óm¬�:@N���. 60,>	 extern char a[]Ãç> ��
÷7B�S�M� ���m�N���.

References [ISO] § 6.5.4.2; [CT&P] § 3.3 pp. 33–4, § 4.5 pp. 64–5.

Q 6.2 ½��_�� char a[]¤�< char *aã# ìm¥U� óm¬���¢?

Answer b9	)y ���m@N���. (#l�_(ÛoT� Ú�|~��Â6Ò #¿Eª�< ����|¡ �ÈÕ¬£;c"k 0ïF��̧(formal) parameter;c MÎ3Â6Ò #¿EG�B #�N���.
H�B'Ö< 6.4¿ì> ���z��M� ���m�N���.) 9��~xª�< �Ô->	'_�� ��·N���. char a[6]Üï ìm¥ª�< 9̀	a�@ª�< 'Ö<�� #l)Ï{ 4�
¿ì> $k�ç¡ù�� ¬£ ���¤�< ð��µÿ�Ãç> L·x�¢}¹ �z�, ½� �lBÜï “a”��¤�< T��mrª�< 'Ö<�� #l)Ï{ 4�¿ì> $k�ç¡ù�� ¬£ ���¤�< ð��
µÿ�;c a�Vכ��ÖN���. ºÿ��̂@ �Ô->	'_ 9̀	a�@ char *p¤�< �Ô->	'_¿ì> $k�ç¡ù�� ¬£ ���¤�< ð��µÿ�Ãç> �¢¦��z� T� a�V�¤�<
“p”��z� T��mrU�#e�·N���. T� �Ô->	'_¤�< T�<K #ei�@ ð��|¡ ��P�J·x ¬£ ����:@N���: +ä�%u�Z� ðmÔAI #ei�@ 'Ö<��
��, 'Ö<��}¹ T�©»#e.>	 9��~xq� Â6Ò �¢�Ð¿ì> ��P�W����� ��ª£#¿E|¡ ��P�W�U� óm¬Ãç> ¬£ ����:@N��� (H�B'Ö< 5.1Üï
1.30Ãç> ���z�).

½��Ð�Ä�}¹ �¹¤�< #¿ET� o-�7>	 �G ��Ãç> #¿E�·N���. ���:? £̈ 9̀	a�@ª�<:

char a[] = "hello";
char *p = "world";

���:?Üï ìm¥T� 62T�'_¿ì> �ÔM�ésכ�ÖN���:

h e l l o \0

h e l l o \0

a:

p:

x[3]Üï ìm¥ª�< �¢g̀@T� x�� 9��~xT��� �Ô->	'_T���;c ���� "k}¹ ��¦Ø< �Ø¿�¿ì> Ú�|)ç�Â6Ò��¤�< #¿EÃç> ómÔ�� £̈#e
�� .���ÖNכ� a�;c 9̀	a�@Â6Ò �Ø¿�¿ì> ;d}¹ ¾ç>�̂@, -����G�B�_¤�< a[3]Ãç> ��vÃç> CI, ®£�Ð ‘a’;c"k :c 4�¹ÿ���» U���
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"k ½� a�V�q� 'Ö<��¿ì> ��$p÷6N���. ½�P�z� -����G�B�_�� p[3]Üï ìm¥ª�< �Ø¿�¿ì> ��vÃç> CI, ®£�Ð ‘p’;c Ú½×Ãç>
�GÂ6Ò ���:?, ½� a�V�q� 'Ö<��¿ì> ��$p÷6N���. ��S� ðmÔ��̂@, a[3]ª�< ‘a’��z� T��mr[ôFª�<(named) ð��;c"k 3¹ÿ�
��» U�¶ÿ� ð��Ãç> q�Q�� f, p[3]ª�< ‘p’�� ��P�W�¤�<(pointed) ð��;c"k 3¹ÿ���» U�¶ÿ� ð��Ãç> q�Qכ��ÖN���. a�q� ;d
;c"k¤�< a[3]T��� b[3]T� ~¡£̈ 'Ö<�� ‘l’Ãç> ��U�z� ���U�¹ÿ�, -����G�B�_¤�< T� ð��Ãç> ��¢M� a�AI"k ��¦Ø< �Ø¿�
¿ì> ��÷7Bכ�ÖN���. (���ç¡ Ó	 	�T�¤�< ‘a’ã# ìm¥ª�< 9��~xÜï ‘p’ã# ìm¥ª�< �Ô->	'_q� ìḿÃç> 4�»ÿ�ù�� CI -����G�B�_��
"k}¹ ��¦Ø< �ç¡(«Ãç> -s"k 4�»ÿ�Â6Ò��¤�< #¿E�·N���. T� 4�»ÿ�ª�< subscript a:@»ÿ��� []¿ì> Î�¤�<U�q� #l«»ã# MÎ34�
�}"�:@N���. ���:? H�B'Ö<Ãç> ���z��M� ���m�N���.)

References [K&R2] § 5.5 p. 104; [CT&P] § 4.5 pp. 64–5.

Q 6.3 ½�&8� “�Ô->	'_ã# 9��~xª�< ìm¥��”��¤�< ðmÔª�< #eO�;c"k ��*ã<#¿EG�B���¢?

Answer Ca�@#e;c"k���ç¡0üoò6BÃç>��$p�¡¤�<«»(Ûoª�<��}¹T�'Ö<�ç¡Ãç>ômÔô6�T�AIÂ6Ò#¿E;c"kR�óiA�RLN���.9��~xÜï�Ô
->	'_�� ìm¥��¤�< q�Q�¤�< "k}¹ ���:?60}¹ ���ñÍç> ¬£ �����¤�< �:AT� ��·N���. T� ðmÔT� q�Q��¤�< ��¤�< 9��~x
Üï �Ô->	'_;c MÎ3Â6Ò 4�»ÿ�T� �Ô->	'_¿ì> -s"k 9��~x;c +«£Ó	(access)����� 9��~xÃç> c�¡50Õëº ¬£ �����¤�< �:A�·N�
��.

*8�D�B�4� T� ò6B�ûB�ÈÕq� £Ó	(è<ª�< ���:?Üï ìm¥ª�< +ä�q�;c"k ��*ã< #¿E�·N���:

T ���·q� 9��~xq� ‘lvalue’�� ¬£��̧;c"k ����ím� CI;c¤�< 9��~xq� ,Ò{_�@Fg �¢�Ð¿ì> ��P�W�¤�< �Ô->	
'_}¹ _�@#Ü�(decay)�RLN���. #lM�;c¤�< :c ��U�q� ;dJY�� ����:@N���. ½�P�z� _�@#Ü�ùÚH �Ô->	'_q� ��
�·ª�< T ���·Ãç> ��P�W�¤�< �Ô->	'_�·N���.

�:;, 9��~xT� ¬£��̧;c Î�T��̂@ -����G�B�_¤�< 9��~xq� ,Ò{ �¢�Ð¿ì> ��P�W�¤�< �Ô->	'_¿ì> ¹ÿ�¾ç>#e ÕëzN���. ����"k
��̧+« &a[0]T���z� �́< #¿EÜï ìm¥�:@N���. (a�;c"k ðmÔÂ6Ò ;dJY �ç¡%·nª�< 9��~x T��mr;c sizeof a:@»ÿ���¿ì> Î���
��, & a:@»ÿ���¿ì> Î�����, 'Ö<�� 9��~x;c 'Ö<���~x �ÔM�ìḿT� *ã< #Ü�£�·N���.)

T� +ä�q�;c ��À��̂@, �lBV�� subscript a:@»ÿ���->	 []¿ì> 9��~xT��� �Ô->	'_;c ~¡£̈ Íç> ¬£ �����¤�< �lB&è<T� ��÷6
N���. �:;, -����G�B�_�� a[i]ã# ìm¥ª�< �¢g̀@Ãç> ��vÃç> CI, 9��~x T��mrª�< a�q� ¦��Ð�;c ���� �Ô->	'_}¹ _�@#Ü�E'
z�, T�¤�< �Ô->	'_ _�@¬£¿ì> �́< p[i]ã# ìm¥T� %oP�ùÚH��¤�< #¿EÃç> ómÔ ¬£ ����:@N���. (½��_�� F�B<K 8K~¡P� +«£Ó	
ª�< H�B'Ö< 6.2;c"k ��B'å�Â6Ò #¿E%o&8� ��À�4� %oP��RLN���.) ¹ÿ���� ���:?Üï ìm¥T� 9��~xq� ®£�Ð¿ì> �Ô->	'_;c 60�·
Â6Ò #Ü�£¤�<:

p = a;

p[3]Üï a[3]T� ~¡£̈ ìm¥ª�< �¢�Ð;c +«£Ó	ù�� ¬£ ����:@N���.

H�B'Ö< 6.8Üï 6.14¿ì> ���z��M� ���m�N���.

Note a�q� +ä�q�q� 4wH'Ö<ª�< ���:?Üï ìm¥�:@N���:

An lvalue of type array-of-T which appears in an expression decays (with three exceptions) into
a pointer to its first element; the type of the resultant pointer is pointer-to-T.

References [K&R1] § 5.3 pp. 93–6; [K&R2] § 5.3 p. 99; [ISO] § 6.2.2.1, § 6.3.2.1, § 6.3.6; [H&S] § 5.4.1 p. 124.

Q 6.4 ½�&8� ý$ �ÈÕ¬£q� 0ïF��̧(formal) parameter}¹ 9��~xÜï �Ô->	'_ 9̀	a�@Ãç> ���:?60}¹ ���ñ Íç> ¬£ �����¤�< #¿EG�B��
�¢?

Answer ½Z@q��ç¡ ½�]�@ #¿E�·N���.

9��~x T��mrª�< �:;S� �Ô->	'_}¹ ��hôM� CI'Ö<;c1, 9��~xª�< �ÈÕ¬£}¹ b9	îm�E'U� óm¬�:@N���. �Ô->	'_ ����8K'_¿ì>
9̀	a�@ù�� CI 9��~x%o&8� Íç> ¬£ ���¤�< #¿Eª�<, ����8K'_�� ½� �ÈÕ¬£ 50«»;c"k 9��~x%o&8� Î�G�B ¬£ ���M� CI'Ö<�·N�
��. �m;Z�, ���:?Üï ìm¥T� 9��~x%o&8� 9̀	a�@ùÚH ����8K'_¤�<:

1Since arrays decay immediately into pointers,
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void f(char a[])
{ ... }

-����G�B�_;c q�AI �Ô->	'_}¹ ->	��̧�RLN���. �:;, ���:?Üï ìm¥�:@N���:

void f(char *a)
{ ... }

T�]�@ ����Ø¾ç>ª�< �ÈÕ¬£q� formal parameter 9̀	a�@;c¹ÿ� +8�÷7B�RLN���. T�]�@ ����ØT� 0üoò6BÃ�&«���̂@ µÿ�·ÿ�Z� ª£
S��z� 9��~x%o&8� Î�¤�< 9̀	a�@Ãç> Î�U� óm¬��|¡ �̂��:@N���.

H�B'Ö< 6.21Ãç> ���z��M� ���m�N���.

References [K&R1] § 5.3 p. 95, § A10.1 p. 205; [K&R2] § 5.3 p. 100, § A8.6.3 p. 218, § A10.1 p. 226; [ISO] § 6.5.4.3,
§ 6.7.1, § 6.9.6; [H&S] § 9.3 p. 271; [CT&P] § 3.3 pp. 33–4.

Q 6.7 9��~x ��=i;c ìḿÃç> 60�·ù�� ¬£ �}"���̂@ #e�w�4� 9��~xT� ‘lvalue’�� �RJ ¬£ ������¢?

Answer ANSI C �¢+Ö<ª�< “modifiable lvalue”Ãç> +ä�q�á�~z�, 9��~xª�< #lM�;c �Ô�ÈÕE'U� óm¬�:@N���.

References [ISO] § 6.2.2.1; [Rationale] § 3.2.2.1; [H&S] § 7.1 p. 179.

Note #lM�;c"k 9��~xT��� �ÈÕª�< subscript a:@»ÿ���->	 []¿ì> Î�U� óm¬ª�< 9��~x T��mr ��=i¿ì> q�Qכ��ÖN���.

Q 6.8 F�B<K}¹ 9��~xÜï �Ô->	'_q� 	�T�¤�< ª£*Ë{->	���¢?

Answer 9��~xª�< ��ò6B+8�Ä�}¹ ð��µÿ�Ãç> 	�U�� f, G�B·ÿ� ù���ç¡ùÚH ð��µÿ�q� a�V��� ��hô����, Ç�M��� _�@#Ü��RJ ¬£ �}"�:@
N���. �Ô->	'_¿ì> Î�4� E'�̂@, (mallocÜï ìm¥ª�< �ÈÕ¬£¿ì> -s"k) ð��µÿ�Ãç> ��̧+« ù���ç¡AI ®£#e�� .���ÖNכ� 60,>	 ��
¦Ø< 8K~¡P� ð��µÿ�Ãç> ��P�W�4� ù�� ¬£ ���Ä� f, 8K~¡P� Áì>&8�;c 60AI #l�_��U� ���*«Ãç> ù�� ¬£ ����:@N���.

9��~xÜï �Ô->	'_�� ìm¥��¤�< ðmÔ CI'Ö<;c (H�B'Ö< 6.3 ���z�), 9��~xÜï �Ô->	'_¤�< ��®£ )o�#l Î��·N���. �m;Z�
mallocÄ�}¹ ù���ç¡ùÚH 8K~¡P�;c +«£Ó	ù�� CI Î�¤�< #¿Eª�< �Ô->	'_T�U�¹ÿ�, 9��~x%o&8�([]¿ì> -s"k) Î�¤�< #Ü�£��
ðm¬�:@N���. H�B'Ö< 6.14ã# 6.16Ãç> ���z��M� ���m�N���. (½��_�� sizeof a:@»ÿ���¿ì> Íç> CI;c¤�< 9��~xÜï �Ô->	
'_�� "k}¹ ��À�N� ®£q��M� ���m�N���.)

H�B'Ö< 1.32, 20.14¿ì> ���z��M� ���m�N���.

Q 6.9 §£#Ñ	�� <K4� 9��~xª�< ·ÿ�U� �Ô->	'_ �ç¡¬£��z� ðmÔÂ6Ò #¿ET� M�*8���¤�< #Ñ	�¢. ��¢¤�< ðmÔ->	���¢?

Answer U���V�4� µÿ��ÐésÂ6Ò ðmÔ�·N���. 9��~xq� T��mrª�< #ei�@ ìḿÃç> 60�·S�J·x ¬£ �}"¤�< �ç¡¬£(constant)T�U�¹ÿ�, H�B
'Ö< 6.2;c"k ��B'å��z� �¹#l+Ö< #¿E%o&8� 9��~x ��=i�� �Ô->	'_¤�< ��·N���. H�B'Ö< 6.3Üï 6.8Ãç> ���z��M� ���m�
N���.

Q 6.11 5["abcdef"]ã# ìm¥ª�< T��ç¡Â6Ò �¢g̀@Ãç> ��v�:@N���. T�#¿ET� C a�@#e;c"k Íç> ¬£ ���¤�< �¢g̀@->	���¢?

Answer Íç> ¬£ ����:@N���. Subscript a:@»ÿ���->	 [];c¤�< z�Z9� («�Ð� (commutative law)T� )ç��·.���ÖNכ� a[e]¤�< F�B<K
}¹ *((a) + (e))}¹ 4�»ÿ�E'M� CI'Ö<;c ����� �Ô->	'_ ¬£��̧T�z� ���¤�< +ä�¬£G�B ‘a’ã# ‘e’q� a�V��� ��
hô#e|¡ �ç¡MÎ3�}"�:@N���. #ei�@ C ÝÌv;c"k¤�< T�]�@ #¿EÃç> ���ç¡����� �¹#l®£M�¤�< �U�¹ÿ�, ‘0üoò6BÃ��_*Ö< C dÌ	?K
Ã�È� (Obfuscated C Contest)’;c Î�T�U� óm¬¤�<���̂@ Íç>~¡�}"¤�< #¿E�·N��� (H�B'Ö< 20.36Ãç> ���z��M� ���m�N�
��).
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References [Rationale] § 3.3.2.1; [H&S] § 5.4.1 p. 124, § 7.4.1 pp. 186–7.

Q 6.12 9��~x ����Ð�� �Ô->	'_}¹ _�@Z9�ùÚH���̂@2, arrT� 9��~xG�BCI, arrÜï &arrq� 	�T�¤�< ª£*Ë{->	���¢?

Answer ���·T� "k}¹ ���m@N���. �¢+Ö< C a�@#e;c"k, &arrª�< �Ô->	'_¿ì> ¹ÿ�¾ç>#e ÕëzN���. T� ���·ª�< 9��~x T b9	=i¿ì>
��P�W�¤�<�Ô->	'_(pointer to array of T)�·N���. (ANSI CT�b9	q��¡7�ùÚH Ca�@#e;c"k¤�< &arr;cÎ�->	 &;c
"k#Ü�z�¿ì>ñmÔÚ�|S�W�U�¹ÿ�ª£S�AI|¡�ç¡MÎ3�}"�:@N���.)~¡¥�< Ca�@#e-����G�B�_;c"k (&¿ì>��÷7B�U�óm¬¤�<)µÿ�
·ÿ�Â6Ò ����Ð¤�< �Ô->	'_¿ì> ¹ÿ�¾ç>#e50 f, T� ���·ª�< T¿ì> ��P�W�¤�< �Ô->	'_(pointer to T)T� f, 9��~xq� ,Ò{ �¢
�Ð¿ì> ����ÕëzN���. (H�B'Ö< 6.3, 6.13, 6.18Ãç> ���z��M� ���m�N���.)

References [ISO] § 6.2.2.1, § 6.3.3.2; [Rationale] § 3.3.3.2; [H&S] § 7.5.6 p. 198.

Q 6.13 9��~xÃç> ��P�W�¤�< �Ô->	'_(pointer to an array)¤�< #e�w�4� 9̀	a�@��¢?

Answer �¹ûiu T�]�@ ���*«ª�< L·x�¢�U� óm¬�:@N���. �����¾ç>T� 604� 9��~xÃç> ��P�W�¤�< �Ô->	'_��z� ðmÔ�¤�< #¿Eª�< 9��~x
q� ,Ò{_�@Fg �¢�Ð¿ì> ��P�W�¤�< �Ô->	'_¿ì> ðmÔ�¤�< #¿E�·N���.

9��~x ��=i¿ì> ��P�W�¤�< �Ô->	'_ 60,>	, 9��~xq� ,Ò{_�@Fg �¢�Ð¿ì> ��P�W�¤�< �Ô->	'_¿ì> Ú�|~��AI�¹S�M� ���m�N�
��. ���· Tq� 9��~xª�< ���· Tq� �Ô->	'_}¹ _�@Z9��RLN��� (H�B'Ö< 6.3Ãç> ���z�). ~��~��q� �¢�Ð;c +«£Ó	�M� a�
AI"k¤�< subscript a:@»ÿ���->	 []Ãç> Î��̂@ E' f, �ûB��S�&�"k ���:? �¢�Ð;c +«£Ó	ù�� ¬£|¡ ����:@N���. 9��~x ��
=i¿ì> ��P�W�¤�< �Ô->	'_¤�< b9	=i 9��~xÃç> �¢�Ð}¹ �¤�<, 9��~xÃç> �¢�Ð}¹ ��.>	 9��~xÃç> ��Yô> CI;c¹ÿ� Íç>~¡��
����:@N���. (H�B'Ö< 6.18Ãç> ���z��M� ���m�N���.)

½�7�|¡ 9��~x b9	=i;c 60Â6Ò �Ô->	'_�� L·x�¢����̂@, int (*ap)[N];Üï ìm¥T� 9̀	a�@ù�� ¬£ ���Ä� f, T� CI Nª�<
9��~xq�Ç�M��·N���. (H�B'Ö< 1.21Ãç>���z�.) 9��~xq� Ç�M�¿ì> ~¡¦Ø<���̂@, Nª�< Ú�|����RJ ¬£ ����:@N���. ½��_��T�
#Ü�£ “Ç�M�¿ì> ~¡À�¤�< 9��~x;c 60Â6Ò �Ô->	'_”�� E'M� CI'Ö<;c Íç>~¡�� �}"�:@N���.

H�B'Ö< 6.12¿ì> ���z��M� ���m�N���.

References [ISO] § 6.2.2.1.

Q 6.14 9��~xq� Ç�M�¿ì> F�Bá�¥ S�µÿ�;c _�@#Ü�ù�� ¬£ ������¢? z�+ä� Ç�M�q� 9��~x ðmÔz� ��¦Ø< 9��~xT� ������¢?

Answer 9��~xÜï�Ô->	'_q�ìm¥ª�<+8� (H�B'Ö< 6.3���z�)CI'Ö<;c mallocÄ�}¹ù���ç¡Â6Ò8K~¡P�¿ì>�Ô->	'_����P�W�4�Â6Ò
���:?, 9��~x%o&8� Íç> ¬£ ����:@N���. ���:? �Ø¿�¿ì> F�Bá�¥Â6Ò ���:?:

#include <stdlib.h>
int *dynarray;
dynarray = malloc(10 * sizeof(int));

(mallocT� )ç�ð��á�~��¤�< ��+ä� ��7�;c"k) dynarray[i]%o&8� (i¤�< 0;c"k 9��U�) Íç> ¬£ ����:@N���. �:;
dynarray¿ì> int a[10]Üï ìm¥T� 9̀	a�@ùÚH #¿E%o&8� Íç> ¬£ ����:@N���. +ä�+8�(static)Ä�}¹ 9̀	a�@ùÚH 9��~xÜï ò6B
+8�Ä�}¹ ù���ç¡Â6Ò 8K~¡P�¿ì> ��P�W�¤�< �Ô->	'_q� 	�T�¤�< sizeof a:@»ÿ���¿ì> Íç> CI�·N���. H�B'Ö< 1.31b, 6.16,
7.7¿ì> ���z��M� ���m�N���.

Q 6.15 (�ÈÕ¬£ ->	��}¹) b9	îm�ùÚH 9��~xÜï ìm¥ª�< Ç�M�q� U�*9�(local) 9��~xÃç> 9̀	a�@ù�� ¬£ ������¢?

2Since array references decay into pointers
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Answer g̀@<�¤�< ½��w�4� ù�� ¬£ �}"�:@N���. C a�@#e;c"k 9��~xq� Ç�M�¤�< -����G�B S�µÿ�;c +ä�AIU�¤�< �ç¡¬£�·N���.
[C9X];c"k¤�< Ç�M�¿ì> _�@#Ü�ù�� ¬£ ���¤�< ‘variable-length array(VLA)’Ãç> �Ð4��z� ���Ä� f, T� VLAÃç> -s"k
T� 'Ö<<K¿ì> AI�lBù�� ¬£ ����:@N���; U�*9� 9��~xª�< _�@¬£�� ��¦Ø< ¬£��̧(604� �ÈÕ¬£ ����8K'_}¹ b9	îm�ùÚH ìḿ)Ãç>
-s"k Ç�M�¿ì> U�+ä�ù�� ¬£ ����:@N���. (GCC¤�< ����8K'_ésùÚH(parameterized) 9��~xT���¤�< %u��ç¡ M��ûBÃç> <K
ðכ���ÖN���.) [C9X]�� GCC¿ì> Íç> ¬£ �}"���̂@ malloc()Ãç> Î�¤�< ¬£ ��̈;c �}"�:@N���. ·ÿ�, 9��~xÃç> �� ��÷7Bá�~��
�̂@ ºÿ�¿�S� free()¿ì> -s"k AI<KS�&� ®£#e�� .���ÖNכ� H�B'Ö< 6.14, 6.16, 6.19, 7.22, �¡ 7.32¿ì> ���z��M� ��
�m�N���.

References [ISO] § 6.4, § 6.5.4.2; [C9X] § 6.5.5.2.

Q 6.16 ��	�4wH(multidimensional) 9��~xÃç> ò6B+8�Ä�}¹ ù���ç¡ù�� ¬£ ������¢?

Answer ���ç¡ �kBP� Î�T�¤�< �ç¡(«ª�< �Ô->	'_q� 9��~xÃç> ù���ç¡�z�, ~�� �Ô->	'_�� ò6B+8�Ä�}¹ ù���ç¡Â6Ò “�~x(row)”Ãç> ��
P�W�4� �¤�< #¿E�·N���. ���:? �Ø¿�¤�< 2 	�4wH 9��~xÃç> ò6B+8�Ä�}¹ ù���ç¡Â6Ò #¿E�·N���:

#include <stdlib.h>

int **array1 = malloc(nrows * sizeof(int *));
for (i = 0; i < nrows; i++)
array1[i] = malloc(ncolumns * sizeof(int));

(F�B<K �Ø¿�¿ì> Íç> CI;c¤�< mallocq� P�e�@ ìḿÃç> #����AI ®£#e�� (.���ÖNכ�

9��~xq� 50÷7BÃç> a:@ö¶;+8�Ä�}¹ ¹ÿ�¾ç>�̀�̂@, ~��~��q� �~xÃç> ��}¹ <�ù���ç¡AI���¤�< ¬£z�¿ì> AI�� :���ÖNכ�

int **array2 = malloc(nrows * sizeof(int *));
array2[0] = malloc(nrows * ncolumns * sizeof(int));
for (i = 1; i < nrows; i++)
array2[i] = array2[0] + i * ncolumns;

Xï> ï̂B #ei�@ #¿ET���|¡, ò6B+8�Ä�}¹ ù���ç¡Â6Ò 9��~xq� ~�� �¢�Ð¤�< G�Bºÿ�+8�->	 9��~x subscript a:@»ÿ���->	 []¿ì> -s
"k ��Yô> ¬£ ����:@N���: arrayx[i][j] (T� CI 0 <= i < nrowsã# 0 <= j < ncolumns¿ì> ¹ÿ�ø¶;AI�� �ÈÕ).

a�ã# ìm¥T� £̈_�@ µÿ�+«+8�Ä�}¹ 8K~¡P�¿ì> ù���ç¡�¤�< #¿ET� #ei�@ T�¤}¹ ->	�#l [ô>���ûB����̂@, ���:?Üï ìm¥T�
8K~¡P�¿ì> Â6Ò _�@¹ÿ� ù���ç¡ù�� ¬£|¡ ����:@N���. �:; G�B	�4wH 9��~xÃç> ��	�4wH 9��~x}¹ c�¡5050¤�< #¿E�·N���:

int *array3 = malloc(nrows * ncolumns * sizeof(int));

½��_��, T�]�@ ��̧Ä�}¹ ¹ÿ�¾ç>�}����̂@ ~��~��q� �¢�Ð;c +«£Ó	�M� a�AI ���µÿ�q� 4�»ÿ�Ãç> AI�� .���ÖNכ� (i, j) _�@
Fg �¢�Ð;c +«£Ó	�M� a�AI"k¤�< array3[i * ncolumns j]+��z� AI�� .���ÖNכ� (8�Ç�}¹¿ì> -s"k µÿ�½Z@�
4� ù�� ¬£ ���U�¹ÿ� �G5�Úã# -����(comma)¿ì> -s�� �M� CI'Ö<;c, 4wH7�ã# ìm¥ª�< �¢g̀@Ãç> Íç> ¬£¤�< �}"�:@N���. H�B
'Ö< 6.19¿ì> ���z��M� ���m�N���.)

�¡ ��¦Ø< �ç¡(«Ä�}¹ 9��~x;c 60Â6Ò �Ô->	'_¿ì> Î�¤�< («|¡ ����:@N���:

int (*array4)[NCOLUMNS] = malloc(nrows * sizeof(*array4));

½��_�� Î�¤�< 0ïF��̧T� ����ói@z� F�Bá�¥ S�µÿ�;c +8�#e|¡ ���q� 	�4wH(dimension)T� U�+ä�E'#e�� .���ÖNכ�

T� ~¡¥�< ?KÇ��̧¾ç>;c"k ò6B+8�Ä�}¹ ù���ç¡Â6Ò 8K~¡P�¤�< ��ï̂B;c b9	«» AI<K(free)S�&� ®£#e�� Â6Ò��¤�< #¿EÃç> ��¢
Ä��̂@ ¼ÿ��RLN��� (Zï>&è< #l�_ ·ÿ�4��� L·x�¢ù�� ¬£|¡ ����:@N���; H�B'Ö< 7.23Ãç> ���z��M� ���m�N���) ½�P�z� ò6B
+8�Ä�}¹ ù���ç¡Â6Ò 9��~xÜï +ä�+8�Ä�}¹ ù���ç¡ùÚH �¹ûiu 9��~xÜï ºÿ�¿�S� )o�#eÍç> ¬£ ���¤�< #¿E|¡ ��·N���. (H�B'Ö<
6.20Ãç> ���z��S�z� %Ç{[ôF#l H�B'Ö< 6.18|¡ ���z��S�M� ���m�N���.).

��U����Ä�}¹ [C9X];c"k¤�< Ç�M� _�@#Ü�T� ���ûBÂ6Ò 9��~xÃç> U�4wHכ�ÖN���.

#lM�;c"k a�@�� Â6Ò ~¡¥�< ?KÇ��̧¾ç>ª�< ���	�4wH �¡¤�< ½� T��ç¡q� 	�4wHq� 9��~x;c|¡ +8�÷7Bù�� ¬£ ����:@N���.
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References [C9X] § 6.5.5.2.

Q 6.17 ¹ÿ���� ���:?Üï ìm¥T� �Ø¿�¿ì> ���)ç���̂@:

int realarray[10];
int *array = &realarray[-1];

9��~xq� ,Ò{ �¢�Ð�� 1;c"k«»'_ S�����¤�< #¿E%o&8� c�¡50Õëº ¬£ ����:@N���. T�#¿ET� ¼ÿ�b9	ù�����¢?

Answer T� ?KÇ��̧T� 8�£ 8�&9�+8�Ä�}¹ �¹T�&>	 �U�¹ÿ� (T�¤�< “Numerical Recipes in C”��¤�< ÝÌvq� ;db9	Á6Ò;c"k �́<
�ç¡��̧�·N���.) *8�D�BZ� ðmÔAI C �¢+Ö<Ãç> ¹ÿ�ø¶;�¤�< �ç¡(«T� ��·N���. �Ô->	'_ a:@»ÿ�ª�< �Ô->	'_�� ù���ç¡ùÚH 8K
~¡P� (8�a� ¼ÿ�Ãç> ��P�J·x CI;c��, 9��~xq� ��U���� �¢�Ð ���:? ���ç¡q�(imanary) �¢�Ð¿ì> ��P�J·x CI;c¹ÿ� +ä�
q��RJ ¬£ ����:@N���; ��¦Ø< #Ü�£;c¤�< �Ô->	'_ a:@»ÿ�T� +ä�q�E'#e ���U� óm¬�:@N���. T�¤�< �Ô->	'_¿ì> -s"k *9����
�Ð(dereference)¿ì> �U� óm¬��|¡ ��¾6Ò��U�T�N� �Ð��»�S�M� ���m�N���. ����"k a�q� �Ø¿�;c"k äaÇÚ<yÃç> �
¤�< ð��;c"k ômÔô6�ùÚH ®£�ÐìḿT� ¹ÿ�¾ç>#eH�B ¬£ ����:@N��� (����|¡ ®£�Ð�� #ei�@ 8K~¡P� :c½��̂	È�q� S����+8�;c
"k “wrap around”�M� CI'Ö<G�B ¬£|¡ ����:@N���).

References [K&R2] § 5.3 p. 100, § 5.4 pp. 102–3, § A7.7 pp. 205–6; [ISO] § 6.3.6; [Rationale] § 3.2.2.3.

Q 6.18 T�	�4wH 9��~xÃç> ‘�Ô->	'_¿ì> ��P�W�¤�< �Ô->	'_3’¿ì> ->	��}¹ ���¤�< �ÈÕ¬£;c b9	îm���̂@, <K -����G�B�_¤�< #Ü�z�¿ì>

ñmÔÚ�|כ�ÖN���.

Answer 9��~xT��Ô->	'_}¹_�@#Ü�ùÚH��¤�<¦��Ð�(H�B'Ö< 6.3)ª�<<�Zô+8�Ä�}¹(recursively)+8�÷7BE'U�óm¬�:@N���.9��~x}¹T�
©»#e.>	 9��~xª�< (C a�@#e;c"k T�	�4wH 9��~x) 9��~xÃç> ��P�W�¤�< �Ô->	'_}¹ _�@#Ü�E'U�, �Ô->	'_¿ì> ��P�W�¤�<
�Ô->	'_}¹ _�@#Ü�E'¤�< #¿ET� ��·N���. 9��~xÃç> ��P�W�¤�< �Ô->	'_¤�< 8�£ #e�̀£Á�}¹ �Ð��»Z� ��©»#e�� Öכ�
N���; H�B'Ö< 6.13Ãç> ���z��M� ���m�N���.

�ÈÕ¬£;c T�	�4wH 9��~xÃç> b9	îm�Â6Ò���̂@:

int array[NROWS][NCOLUMNS];
f(array);

�ÈÕ¬£q� 9̀	a�@ª�< ���:?Üï ìm¥���� :���ÖNכ�

void f(int a[][NCOLUMNS])
{ ... }

�¡¤�< ���:?Üï ìm¥���� :.���ÖNכ�

void f(int (*ap)[NCOLUMNS]) /* ap is a pointer to an array */
{ ... }

,Ò{_�@Fg 9̀	a�@;c"k -����G�B�_¤�< “9��~x}¹ T�©»#e.>	 9��~x”Ãç> “9��~xÃç> ��P�W�¤�< �Ô->	'_”}¹ ���́#e 8̂@N���
(H�B'Ö< 6.3Üï 6.4¿ì> ���z�); £̈_�@Fg 9̀	a�@ª�< 'å�Ù�vכ�ÖN���. [ô>�̀U�¤�< �ÈÕ¬£¤�< 9��~xÃç> a�Â6Ò 	<-�Ò��+8כ 8K~¡P�
ù���ç¡T� T�©»#eU�U� óm¬Ä�Á�}¹, 9��~xq� Ç�M���, 9��~xq� á�¥(row)q� Ç�M�, á�¥q� Ôg ¬£¿ì> ómÔ L·x�¢�� �}"�:@N�
��. ½��_��, 9��~xq� üi;(column)ª�< 8�£ ï̂B�¢כ�ÖN���. ����"k NCOLUMNS¤�< (���	�4wH T��ç¡q� 9��~x;c"k
¤�< ,Ò{_�@Fg �~xq� ¬£¿ì> <KJY�z�¤�< �� ¤U�E'#e�� �ÈÕ)¤U�E'#e�� .���ÖNכ�

�ÈÕ¬£�� T�Q� ‘�Ô->	'_¿ì> ��P�W�¤�< �Ô->	'_’¿ì> ���|¡ói; 9̀	a�@E'#e ������̂@ #lM�;c T�	�4wH 9��~xÃç> ��̧+« b9	
îm��¤�< #¿Eª�< ª£q�Qכ��ÖN���.

H�B'Ö< 6.12, 6.15¿ì> ���z��M� ���m�N���.

3a pointer to a pointer
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References [K&R1] § 5.10 p. 110; [K&R2] § 5.9 p. 113; [H&S] § 5.4.3 p. 126.

Q 6.19 üi;Ãç> -����G�B S�µÿ�;c ómÔ ¬£ �}"¤�< T�	�4wH 9��~xÃç> ->	��}¹ ���¤�< �ÈÕ¬£¿ì> ¹ÿ�¾ç> ¬£¤�< �}"Ãç>���¢?

Answer �̀*Ö< G�BT� ��·N���. Â6Ò��U� �ç¡(«ª�< [0][0] �¢�Ðq� ®£�Ð¿ì> b9	îm��z�, 9��~xq� subscript¿ì> c�¡5050¤�< #¿E
�·N���:

void f2(int *aryp, int nrows, int ncolumns)
{ ... array[i][j] is accessed as aryp[i * ncolumns + j] ... }

T� �ÈÕ¬£¤�< H�B'Ö< 6.18;c ��*ã< 9��~xÃç> ���:?Üï ìm¥T� b9	îm����Ãç> ¬£ ����:@N���:

f2(&array[0][0], NROWS, NCOLUMNS);

;db9	;c ðmÔá�~¥�<T�. T�]�@ ��̧Ä�}¹ ��	�4wH 9��~xq� subscript¿ì> ��̧+« �¤�< #¿Eª�< ANSI C �¢+Ö<;c +ä�%u�Z� Öכ�«»
�U� óm¬�:@N���; ð����̧ ��B'å�;c ��À��̂@ (&array[0][0])[x]ã# ìm¥ª�< �¢g̀@ª�< x >= NCOLUMNSG�B #Ü�£ <K60
}¹ ò6B����U� óm¬�:@N���.

[C9X]¤�< ��_�@ Ç�M� 9��~xÃç> <Kð��� f, [C9X] %u��ç¡ M��ûBÃç> <Kð���¤�< -����G�B�_�� �kBP� (_U�4� E'�̂@, T�
�ç¡(«T� ���ç¡ �������̧Â6Ò �ç¡(«T� �RJ ¬£ ���Ãç> #¿E�·N���. (GCC¤�< T�Q� ��_�@ Ç�M� 9��~xÃç> <Kðכ���ÖN���.)

�ÈÕ¬£�� ���è¡Â6Ò Ç�M�¿ì> ��U�¤�< ��	�4wH 9��~xÃç> b9	îm����Ãç> ¬£ ���4� �¤�< Â6Ò �ç¡(«Ä�}¹, H�B'Ö< 6.16;c ���¡
¤�<, 9��~xÃç> ò6B+8�Ä�}¹ S�Z�>7�T� ̀@�¤�< �ç¡(«T� ����:@N���.

H�B'Ö< 6.18, 6.20, 6.15¿ì> ���z��M� ���m�N���.

References [ISO] § 6.3.6; [C9X] § 6.5.5.2.

Q 6.20 +ä�+8� �¡¤�< ò6B+8�Ä�}¹ ù���ç¡ùÚH ��	�4wH 9��~xÃç> �ÈÕ¬£;c b9	îm�ù��CI, "k}¹ ¦��~x�U� óm¬z� Íç> ¬£ ���¤�< �ç¡(«T�

���Ãç>���¢?

Answer TÖh(9�Â6Ò �ç¡(«ª�< �}"�:@N���. ���:? 9̀	a�@T� �����z� ù�� CI:

int array[NROWS][NCOLUMNS];
int **array1; /* ragged */
int **array2; /* contiguous */
int *array3; /* "flattened" */
int (*array4)[NCOLUMNS];

�Ô->	'_¾ç>ª�< H�B'Ö< 6.16;c ��*ã< #¿E%o&8� �ÔM�ésE'#e �����z� ��+ä��z� �ÈÕ¬£ 9̀	a�@ª�< ���:?Üï ìm¥��z� ��+ä�
:���ÖNכ�

void f1a(int a[][NCOLUMNS], int nrows, int ncolumns);
void f1b(int (*a)[NCOLUMNS], int nrows, int ncolumns);
void f2(int *aryp, int nrows, int ncolumns);
void f3(int **pp, int nrows, int ncolumns);

T�CI, f1a()ã# f1b()¤�< G�Bºÿ�+8�->	 T�	�4wH 9��~xÃç> ->	��}¹ ���Ä� f, f2()¤�< É�x%t.>	(flattened) T�	�4wH 9�
�~xÃç> ->	��}¹ ���Ä� f, f3()ª�< ‘�Ô->	'_¿ì> ��P�W�¤�< �Ô->	'_’¿ì> ->	��}¹ ����:@N��� (H�B'Ö< 6.18Üï 6.19¿ì> ���
z�). ����"k ���:?Üï ìm¥T� �Ú_ô>ù�� ¬£ ����:@N���:

47



�©� 6. ARRAYS AND POINTERS

f1a(array, NROWS, NCOLUMNS);
f1b(array, NROWS, NCOLUMNS);
f1a(array4, nrows, NCOLUMNS);
f1b(array4, nrows, NCOLUMNS);
f2(&array[0][0], NROWS, NCOLUMNS);
f2(*array, NROWS, NCOLUMNS);
f2(*array2, nrows, ncolumns);
f2(array3, nrows, ncolumns);
f2(*array4, nrows, NCOLUMNS);
f3(array1, nrows, ncolumns);
f3(array2, nrows, ncolumns);

60«»(Ûoq�-��²¼'_;c"k���:?q��Ú_ô>¾ç>|¡ò6B���ù��#¿ET���,áÅ�ìm�P�¤�<>�Ã�È���L·x�¢�z�,ò6B+8�->	 ncolumns��
+ä�+8�->	 NCOLUMNSã# G�BV�ù�� #Ü�£;c¹ÿ� Íç> ¬£ ����:@N���:

f1a((int (*)[NCOLUMNS])(*array2), nrows, ncolumns);
f1a((int (*)[NCOLUMNS])(*array2), nrows, ncolumns);
f1b((int (*)[NCOLUMNS])array3, nrows, ncolumns);
f1b((int (*)[NCOLUMNS])array3, nrows, ncolumns);

��S� Â6Ò_�@ ðmÔ�U�¹ÿ� &array[0][0]Ãç> (�¡¤�< *array) f2();c b9	îm��¤�< #¿Eª�< �¢+Ö<;c +ä�%u�Z� ��¢U� óm¬�:@
N���; H�B'Ö< 6.19¿ì> ���z��M� ���m�N���.

¹ÿ����a�;c���~xÂ6Ò�Ú_ô>T�#e�w�4�ò6B����z�#e�w�4����)ç�E'¤�<U�T�AIÂ6Ò���̂@,½�P�z�ý$��¦Ø<�Ðכ�ÖT�ò6B
����U�óm¬¤�<U�óm¬���̂@,#l�_(Ûoª�< Ca�@#e;c"k9��~xÜï�Ô->	'_;c60AI8�£ômÔT�AI�z������z�ðmÔù��¬£
����:@N���.

a�;c"k #ei�@ #¿EÃç> Íç> #¿E->	U� �lB+ä��¤�<62 z�*>	T� ùÚH���̂@, H�B'Ö< 6.16;c ��*ã< #¿E%o&8�, ���è¡Â6Ò Ç�M�¿ì> ��
U�¤�< ��	�4wH 9��~xÃç> ~¡£̈ ò6B+8�Ä�}¹ ¹ÿ�¿�¤�< #¿ET� Â6Ò �ç¡(«T� �RJ ¬£ ����:@N��� — ¹ÿ���� ~¡¥�< 9��~xT� H�B'Ö<

6.16q� array1, array2%o&8� ¹ÿ�¾ç>#e .>	���̂@ — ~¡¥�< �ÈÕ¬£¤�< f3()%o&8� ¹ÿ�¾ç>#e�� .���ÖNכ�

Q 6.21 9��~xT� �ÈÕ¬£q� ����8K'_}¹ b9	îm��RJ #Ü�£ ý$ sizeof a:@»ÿ���¤�< <K60}¹ ò6B����U� óm¬Ãç>���¢?

Answer -����G�B�_¤�< 9��~x ����8K'_¿ì> �Ô->	'_}¹ 9̀	a�@ùÚH #¿EÄ�}¹ µÿ�®£כ�ÖN��� (H�B'Ö< 6.4¿ì> ���z��M� ���m�N���).
½�7�"k sizeof a:@»ÿ����� 9��~xq� Ç�M��� ��'>	, �Ô->	'_q� Ç�M�¿ì> P�e�@כ�ÖN���.

References [H&S] § 7.5.2 p. 195.
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V� 7 *�×

Memory Allocation

ðm¬ª�< �����¾ç>T� C a�@#e;c"k pointer�� ���ç¡ 9�£M� ��C¾ç>��z� ðmÔכ�ÖN���. ½��_�� ��F�B T� ðmÔª�< pointer�¹��
pointer�� ��P�W�¤�< 8K~¡P�¿ì> MÎ3P��M��� ��C¾ç>��¤�< �:A�·N���. C a�@#e¤�< �ç¡60+8�Ä�}¹ $k¬£+Ö<q� a�@#eT�M� CI
'Ö<;c, É�}¹½�7� e�� 8K~¡P�¿ì> ��̧+« ù���ç¡AI�� .���ÖNכ� <K60}¹ ù���ç¡E'U� óm¬ª�< 8K~¡P�¿ì> ��P�W�¤�< �Ô->	'_¿ì>
Î�¤�< #¿Eª�< ��»~��Â6Ò !e½�¿ì> ñmÔÚ�|�¤�< ���ç¡ ®£ùÚH 4wH->	T� �RLN���.

V� 1 â�
 Basic Allocation Problems

#l�_(ÛoT� ��̧+« mallocÃç> «»À�U� óm¬¤�<��AI|¡, #l�_(ÛoT� Î��̀z� �¤�< 8K~¡P��� <K60}¹ �ÔM�ésE'�}�¤�<U� #��
��AI�� .���ÖNכ�

7.1 T� �Ø¿�¤�< ý$ ò6B����U� óm¬Ãç>���¢?

char *answer;
printf("Type something:\n");
gets(answer);
printf("You typed \"%s\"\n", answer);

Answer gets();cb9	îm�ùÚH�Ô->	'__�@¬£->	 answer¤�<'Ö<���~xT�$k�ç¡�RJ#ei�@ð��µÿ�Ãç>��P�W�z����#eכ���ÖN���.a�
q� �Ø¿�;c"k¤�< answer�� #eO�¿ì> ��P�W�¤�< U� ómÔ ¬£ �}"�:@N���. �:;, �ÔM�ésE'U� óm¬¤�< _�@¬£T�M� CI'Ö<;c
���:? �Ø¿�ã# ìm¥T� ômÔô6�ùÚH �Ø¿��·N���:

int i;
printf("i = %d\n", i);

����"k ®£#e.>	 �Ø¿�q� ,Ò{ ï̂>;c"k £P�¤�< answer�� #eO�¿ì> ��P�W�¤�<U� ómÔ ¬£ �}"�:@N���. �:;, ��}¹ a�q�
�Ø¿�;c"k i�� ª£©�< ìḿÃç> ��U�¤�<U� ómÔ ¬£ �}"¤�< #¿EÜï ìm¥ª�< T�¤�·N���. (�ÔM�ésE'U� óm¬ª�< U�*9� _�@¬£1¤�<

G�Bºÿ�+8�Ä�}¹ Î�7�M� ìḿÃç> ��U�4� �RLN���. T�¤�< �kB �Ô->	'_ã#¤�< ���m@N���. H�B'Ö< 1.30, 5.1Ãç> ���z��M� ��
�m�N���)

a�ã# ìm¥T�, µÿ�·ÿ�Z� H�B'Ö<�z� �m�_�@���¤�< É�}¹½�×�y;c"k¤�< �Ô->	'_ 60,>	 U�*9� 9��~xÃç> Î�¤�< #¿ET� o-�7>	 µÿ�
·ÿכ��ÖN���:

1uninitialized local variable
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�©� 7. MEMORY ALLOCATION 1. BASIC ALLOCATION PROBLEMS

#include <stdio.h>
#include <string.h>

char answer[100], *p;
printf("Type something:\n");
fgets(answer, sizeof answer, stdin);
if ((p = strchr(answer, ’\n’)) != NULL)
*p = ’\0’;

printf("You typed \"%s\"\n", answer);

T� ;d<K¤�< gets() 60,>	 fgets()¿ì> ����:@N���. ����"k 9��~xq� Ê��T� �q�#eÎ�#lH�B *9��̀�� �}"�:@N���. (H�B
'Ö< 12.23Ãç> ���z��M� ���m�N���. [ô>á�¥Z�|¡ T� ;d;c"k¤�< fgets()�� gets()ã#¤�< îm�P� ��U���� \nÃç> U�£
U� ô6כ��ÖN���.) answer;c malloc()Ä�}¹ 8K~¡P�¿ì> ù���ç¡�¤�< �ç¡(«|¡ Ú�|~��ù�� ¬£ ����:@N���.

7.2 strcat()T� ò6B����U� óm¬�:@N���. �Ø¿�¤�< ���:?Üï ìm¥Ä� f:

char *s1 = "Hello, ";
char *s2 = "world!";
char *s3 = strcat(s1, s2);

T��ç¡Â6Ò �lBÜï�� ñmÔÚ�|כ�ÖN���.

Answer H�B'Ö< 7.1;c"k a�@�� Â6Ò #¿E%o&8�, ®£ 4wH->	ª�< a:@�lBÂ6Ò 'Ö<���~xÃç> $k�ç¡ù��¹ÿ�Â6Ò ð��µÿ�T� �}"��¤�< #¿E�·N���. C
a�@#e¤�< ò6B+8�Ä�}¹ 'Ö<���~xÃç> %oP�AI®£U� óm¬�:@N���. C -����G�B�_¤�< �ÐÃ�;c"k �¢¦�Â6Ò ¹ÿ���»¹ÿ� 8K~¡P�

¿ì> ù���ç¡כ�ÖN��� ('Ö<���~xq� #Ü�£÷=w 'Ö<�� 9��~xÜï 'Ö<���~x �ç¡¬£¿ì> �Ô�ÈÕכ�ÖN���). É�}¹½�7� e¤�< 'Ö<���~x

a:@�lB(concatenation)Üï ìm¥ª�< F�Bá�¥ S�µÿ� a:@»ÿ�(run-time operation);c L·x�¢Â6Ò +8��}BÂ6Ò ð��µÿ�Ãç> 9��~xT���
malloc()Ãç> [ô>�_"k ��̧+« ¹ÿ�¾ç>#e ®£#e�� .���ÖNכ�

strcat()ª�< #e+_Â6Ò ð��µÿ�|¡ ù���ç¡AI®£U� óm¬�:@N���; £̈_�@Fg 'Ö<���~xª�< ·ÿ�)Ö<Z� ,Ò{_�@Fg 'Ö<���~x;c [ôF#e"k
a:@�lB�RLN���. ½��_Á�}¹ ,Ò{_�@Fg 'Ö<���~xÃç> $k�ç¡�¤�< ð��T� _�u(ÛoÂ6Ò ð��µÿ�Ãç> ��U�z� ���#e�� � f, Íç> ¬£ ���
#e��(writable) .���ÖNכ� ����"k ���:?Üï ìm¥T� 9��~x}¹ 9̀	a�@��̂@ �EL�:@N���:

char s1[20] = "Hello, ";

Zï>&è<, F�Bb9	;c Î�M� a�AI"k¤�< a�ã# ìm¥T� 20T���¤�< �ç¡¬£¿ì> Î�¤�< #¿Eª�< �̂�U� óm¬�:@N���. £P�¤�< +8��}BÂ6Ò ð��
µÿ�Ãç> �¹�ç¡ù�� ¬£ ���¤�< #e+_Â6Ò 8K&�N��:?Ãç> -s"k ð��µÿ�Ãç> ù���ç¡AI�� .���ÖNכ�

strcat()T� ,Ò{_�@Fg 'Ö<���~xÃç> ��P�W�¤�< (H�B'Ö<;c"k¤�< s1) �Ô->	'_¿ì> P�e�@�Á�}¹, _�@¬£ s3¤�< [ô>L·x�¢כ�Ö
N���; strcat()Ãç> «»¦Ø< ���:?;c �lBÜï¤�< s1T� ��P�W�z� ����:@N���.

H�B'Ö<;c"k strcat()Ãç>«»¦Ø<�Ø¿�¤�<Ç�4� £̈��U�'Ö<<K¿ì>��U�z�������:@N���: �̂	$k s1T�_�u(ÛoÂ6Òð��µÿ�
Ãç> ��U�z� ���U� óm¬��¤�< #¿EÜï, T� 'Ö<���~xT� Íç> ¬£ �}"¤�<(read-only) 'Ö<���~xT���¤�< #¿E�·N���. H�B'Ö< 1.32¿ì>
���z��M� ���m�N���.

References [CT&P] § 3.2 p. 32.

7.3 ½��_�� 8�§¤�}B(man) @iT�U�¤�< strcat()T� ->	��}¹ £̈ 4�q� char *¿ì> ���¤�<��z� T�#l ����:@N���. #e�w�
4� T� #¿E¹ÿ� ��U�z� L·x�¢Â6Ò 8K~¡P� ð��µÿ�Ãç> ¹ÿ�¾ç>#e ®£#e�� Â6Ò��¤�< #¿EÃç> ómÔ ¬£ ����¢?
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Answer G�Bºÿ�+8�Ä�}¹ �Ô->	'_¿ì> ��÷7Bù�� CI;c¤�< ��Ø�ç¡ 8K~¡P� ð��µÿ�Ãç> �m��� ®£#e�� Â6Ò��z� Ú�|~��AI�� .���ÖNכ� ¹ÿ����
��T�Â��_P� �ÈÕ¬£q� ��B'å�;c 8K~¡P� ù���ç¡;c 60Â6Ò a�@�� T� �}"���̂@, 60«»(Ûoª�< �Ú_ô>�¤�< �¶;;c"k ómÔ��"k AI
®£#e�� .���ÖNכ�

UNIX Ã���G�Bq� 8�§¤�}B(man) @iT�U�q� ,Ò{ «»(Ûo;c ���¤�< ‘Synopsis’ Ú<v ̀@, �¡¤�< ANSI C �¢+Ö<;c ��*ã< T�
�_Â6Ò «»(Ûoª�< ômÔô6� T�AI�M� �EL�:@N���. T�¾ç> 'Ö<"k;c ��*ã< �Ø¿�¤�< �Ú_ô>�¤�< �·�ç¡T� ��'>	 �ÈÕ¬£¿ì> ¹ÿ�¿�
¤�< �·�ç¡;c �G ���m�M� CI'Ö<�·N���. �m;Z� �Ô->	'_¿ì> ->	��}¹ ���¤�< (¦��Ð=i�� 'Ö<���~x) 60«»(Ûoq� �ÈÕ¬£¾ç>ª�<
�Ô->	'_��, #ei�@ �¡Â�Ü<vÈ�¿ì> (¦��Ð=i�� 9��~x — H�B'Ö< 6.3, 6.4 ���z�) ��P�&��� �¤�< #Ü�£�� ðm¬Ä� f, T�
�¡Â�Ü<vÈ�¤�< «»À�¤�< �·�ç¡;c"k ù���ç¡AI ®£#e�� �¤�< #Ü�£�� 60«»(Ûo�·N���. ��¦Ø< ;d}¹¤�< time() �ÈÕ¬£ã#
(H�B'Ö< 13.12 ���z�) stat() �ÈÕ¬£¿ì> ¾ç> ¬£ ����:@N���.

7.3b ���:?Üï ìm¥ª�< �Ø¿�¿ì> F�Bá�¥á�~¤�<62:

char *p;
strcpy(p, "abc");

ò6B���Ãç> .���ÖNכ� ý$ ½��_�¢? <K ;d�ç¡60}¹���̂@ É�}¹½�×�yT� �ç¡��$p��(crash) �¤�<62�¢.

Answer 60	Ò�m;dÌכ ��®£ <�¬£�� �̂�ª�< ~¡�è¡�·N���. �ÔM�ésE'U� óm¬ª�< �Ô->	'_ p;c #ei�@ Î�7�M� ìḿT� ¾ç>#eìm©z�, ½�
ìḿT� #l�_(ÛoT� Íç> ¬£ ���¤�< 8K~¡P� ð��µÿ�Ãç> ��P�W�z� ����}�z�, ½� ð��µÿ�T� #ei�@ ï̂B�¢Â6Ò ô6;+8�Ä�}¹ Î�T�z�
���U� óm¬óm©M� CI'Ö<�·N���.

7.3c �Ô->	'_ _�@¬£¤�< �}B���� Ó	 8K~¡P�¿ì> ù���ç¡ù�����¢?

Answer ��®£ ômÔô6�ùÚH H�B'Ö<�·N���. �Ô->	'_ _�@¬£¿ì> ���:?Üï ìm¥T� 9̀	a�@á�~��z� ù�� CI:

char *p;

#l�_(Ûoª�< (ø¶?�G +ä�%u�Z� ðmÔAI"k, -����G�B�_¤�<) �Ô->	'_ ��=i¹ÿ� $k�ç¡ù�� ¬£ ���¤�< ð��µÿ�Ãç> ù���ç¡Â6Ò #¿E�·N���;
�:;, T� #Ü�£ sizeof(char *) ��T�È�¹ÿ���»q� 8K~¡P��� ù���ç¡ùÚH #¿E�·N���. ½��_�� T� �Ô->	'_¤�< ����̧ #e
+_Â6Ò 8K~¡P�|¡ ��P�W�z� ���U� óm¬�:@N���. H�B'Ö< 7.1Üï 7.2¿ì> ���z��M� ���m�N���.

7.4 ���:?Üï ìm¥T� ��G�B;c"k ï̂> ·ÿ�a�}¹ G��¤�< �Ø¿�¿ì> ¹ÿ�¾ç>�}��:@N���:

char linebuf[80];
char *lines[100];
int i;

for (i = 0; i < 100; i++) {
char *p = fgets(linebuf, 80, fp);
if (p == NULL) break;
lines[i] = p;

}

½�]�@62 T� �Ø¿�¤�< ��Ø�ç¡ ��U���� ï̂>Ãç> £̈ _�@ õi;���4� �RLN���. ý$ ½��wx���¢?
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Answer #l�_(ÛoT� 9̀	a�@Â6Ò linebuf¤�< ·ÿ�U� Â6Ò ï̂>¹ÿ�Ãç> $k�ç¡ù�� ¬£ ���¤�< !e(_�·N���. fgets¿ì> «»¿ì> CI����, M�
+í<q� ï̂>ª�< �q�#e-s$p !e�·N���. fgets¤�< 50«»+8�Ä�}¹ 8K~¡P�¿ì> ù���ç¡AI ®£U� óm¬�:@N���. ;c�_�� ím©����
EOF¿ì> ¹ÿ���U� óm¬¤�<���̂@, fgets�� P�e�@�¤�< ìḿª�< #l�_(ÛoT� ,Ò{_�@Fg ->	��}¹ b9	AI +Ö< �Ô->	'_ã# ìm¥�:@N�
��. (T� #Ü�£ linebuf¿ì> ��P�W�¤�< �Ô->	'_)

T�]�@��̧Ä�}¹�Ø¿�¿ì>���)ç���̀Â6Ò���̂@,#l�_(ÛoT�~��~��q� ï̂>Ãç>$k�ç¡ù��ð��µÿ�Ãç>G�BG�BZ�ù���ç¡AI®£#eכ���Ö
N���. H�B'Ö< 20.2q� �Ø¿�¿ì> ���z��M� ���m�N���.

References [K&R1] § 7.8 p. 155; [K&R2] § 7.7 pp. 164–5; [ANSI] § 4.9.7.2; [ISO] § 7.9.7.2; [H&S] § 15.7 p. 356

Q 7.5a 'Ö<���~xÃç>P�e�@�¤�<�ÈÕ¬£¿ì>¹ÿ�¾ç>�}�¤�<62,P�e�@Â6Ò'Ö<���~xT�Î�7�M�}¹=���.>	#¿Eìm¥�:@N���.ý$½��wx���¢?

Answer �Ô->	'_�� +8��}BÂ6Ò 8K~¡P� ð��µÿ�Ãç> ��P�W�z� ���¤�<U� ômÔ #����AI�¹S�M� ���m�N���. ;d¿ì> ¾ç>#e ���:?Üï ìm¥T�
á�~���̂@ ômÔô6�Â6Ò #¿E�·N���:

char *itoa(int n)
{
char retbuf[20]; /* WRONG */
sprintf(retbuf, "%d", n);
return retbuf; /* WRONG */

}

Â6Ò ��U� �ç¡(«ª�< (TÖhb9	Â6Ò #¿Eª�< ��·N���. �m;Z� T� �ÈÕ¬£�� <�Zô+8�Ä�}¹ �Ú_ô>E'���� ò6BS�;c T� �ÈÕ¬£¿ì> #l
�__�@ «»À�z�, ½� ìḿÃç> ��÷7B��̀ ù�� CI;c¤�< Íç> ¬£ �}"�:@N���.) P�e�@ù�� !e(_¿ì> ���:?Üï ìm¥T� ¹ÿ�¿�¤�< #¿E�·
N���:

static char retbuf[20];

H�B'Ö< 7.5b, 12.21, 20.1Ãç> ���z��M� ���m�N���.

References [ISO] § 6.1.2.4.

Q 7.5b ½�&8� 'Ö<���~xT��� M��� T�]�@ #¿E¾ç>Ãç> P�e�@��̀�̂@ #e�w�4� AI�� ��¢?

Answer �Ô->	'_¿ì> P�e�@ù�� CI;c¤�< T� �Ô->	'_�� +ä�+8�Ä�}¹ ù���ç¡ùÚH (statically-allcated) ð��µÿ�Ãç> ��P�W�z� ���#e��
.���ÖNכ� �¡¤�< T� !e(_�� T� �ÈÕ¬£;c b9	îm�ùÚH 8K~¡P�¿ì> ��P�W�z� �������, T� !e(_�� malloc()Ä�}¹ ù���ç¡
ùÚH !e(_T�#e�� .���ÖNכ� �}B60}¹ U�*9�(local, automatic) 9��~xÃç> ��P�W�z� ���#e"k¤�< ¼ÿ��RLN���.

H�B'Ö< 20.1Ãç> ���z��M� ���m�N���.

Q 7.6 malloc()Ãç> �Ú_ô>ù�� CI ý$ “warning: assignment of pointer from integer lacks a cast”��¤�< #Ü�z��� ñmÔÚ�|

ù�����¢?

Answer ����|¡ mallocT� 9̀	a�@ùÚH Ai�G ��G�BÃç> (<stdlib.h>T��� ��¦Ø< Ai�G ��G�B) �Ô�ÈÕS�W�U� óm¬��"kG�B #¿E�·
N���. H�B'Ö< 1.25¿ì> ���z��M� ���m�N���.

References [H&S] § 4.7 p. 101.

52



�©� 7. MEMORY ALLOCATION 1. BASIC ALLOCATION PROBLEMS

Q 7.7 #ei�@ �Ø¿�¿ì> �¹�̂@ malloc()T� P�e�@Â6Ò �Ô->	'_¿ì> 60�·ù�� �Ô->	'_q� ���·Ä�}¹ >�Ã��?�Â6Ò #¿EÃç> [�> ¬£ ���

¤�< 62, ý$ ½��wx���¢?

Answer ANSI/[ISO] C �¢+Ö<;c"k void *¿ì> �Ð4�E'M� b9	;c¤�< 604� �Ô->	'_ _�@Z9�;c MÎ34�ùÚH #Ü�z�¿ì> �}";�M� a�AI,
�¡¤�< [ô>L·x�¢Â6Ò _�@Z9�Ãç> ï̂>T�M� a�AI T��_Â6Ò >�Ã��?�Ãç> ��÷7Bá�~�:@N���.

ANSI/[ISO] C �¢+Ö<;c"k¤�< T��_Â6Ò >�Ã��?�T� b9	)y L·x�¢�}"�:@N���. ½�P�z� g̀@<� T�]�@ >�Ã��?�Ãç> ��÷7B�¤�<
#¿Eª�< ��³Ø< É�}¹½�7��?� Ã���G�B}¹ µÿ�®£E'M�|¡ .���ÖNכ� ý$����̂@ malloc()T� 9̀	a�@E'U� óm¬óm©Ãç> CI ñmÔÚ�|
ù�� ¬£ ���¤�< ¤÷7BÂ6Ò #Ü�z� 8KS�U�¿ì> ñmÔÚ�|S�W�U� óm¬M� CI'Ö<�·N���; H�B'Ö< 7.6Ãç> ���z��M� ���m�N���. (½�
�_�� T�]�@ >�Ã��?�ª�< #lb9	Z� ��®£ Î�T�z� ����:@N���. ý$����̂@ C++;c"k¤�< T��_Â6Ò >�Ã��?�T� ºÿ�¿�S� L·x
�¢�M� CI'Ö<;c, �ÚZ9�)ç�Ãç> ¤U��M� a�AI"k�·N���.)

References [H&S] § 16.1 pp. 386–7.

Q 7.8 ���:?Üï ìm¥ª�< �Ø¿�¿ì> (è< +8�T� ����:@N���:

char *p = malloc(strlen(s) + 1);
strcpy(p, s);

<K Ú�|~��;c¤�< malloc((strlen(s) 1) * sizeof(char))+}¹ E'#e�� ù�� #¿E ìm¥ª�<62�¢.

Answer sizeof(char)}¹ ð��¤�< #¿Eª�< [ô>L·x�¢כ�ÖN���. ý$����̂@ +ä�q�;c q�AI"k sizeof(char)¤�< ��Ø�ç¡ 1T�M�
CI'Ö<�·N���. ��¦Ø< ðmÔ}¹ ��̂@ sizeof(char)¿ì> ð��¤�< #¿Eª�< b9	)y 'Ö<<K�� E'U� óm¬�:@N���. 1Ãç> ð��¤�<
#¿Eª�< ��ª£]�@ *å���ØÃç> [�V�U� óm¬M� CI'Ö<�·N���. Ò��+8�Ä�}¹כ size_t ���·Ãç> Î�¤�< #¿ET� |¡]8?T� �RJ CI|¡
����:@N���. H�B'Ö< 8.9¿ì> ���z��M� ���m�N���.

References [ISO] § 6.3.3.4; [H&S] § 7.5.2 p. 195.

Q 7.14 #ei�@S�Ã�ß�y;c"k¤�< malloc()Ä�}¹8K~¡P�¿ì>ù���ç¡AI|¡É�}¹½�×�y;c"kT�8K~¡P�;c+«£Ó	�M�b9	;c¤�<*Ö<

*å�=i<K�� 8K~¡P�¿ì> ù���ç¡�U� óm¬¤�<��z� ¾ç>�}��:@N���. ½�7�|¡ �ç¡MÎ3�}"Ãç>���¢?

Answer �x ðmÔ�M� #e�̀*Ö< 'Ö<<K�·N���. �¢+Ö<;c"k¤�< T�]�@ ��̧Ä�}¹ ò6B����¤�< S�Ã�ß�yT� �����z� ðmÔÂ6Ò ���� �}"�:@N�
��. Zï>&è< ½��_Â6Ò S�Ã�ß�yT� �}"��z� ðmÔÂ6Ò ��|¡ �}"�:@N���.

References [ISO] § 7.10.3.

Q 7.16 #ei�@ ¬£�ÈÑ 4�»ÿ�Ãç> �M� a�AI �x Ó	 9��~xT� L·x�¢AI"k ���:?Üï ìm¥T� �Ø¿�¿ì> ���)ç�á�~�:@N���:

double *array = malloc(300 * 300 * sizeof(double));

T� CI malloc()ª�< �kB �Ô->	'_¿ì> P�e�@�U� óm¬óm©U�¹ÿ� É�}¹½�×�yT� 8�£ T��ç¡�4� ò6Bכ����ÖN���. <K Ú�|~��;c
¤�< 8K~¡P�¿ì> #¢%t Î�¤�<(overwrite) g̀@�ç¡T� ñmÔÚ�|Â6Ò #¿E ìm¥���� malloc()T� 4wH�¤�< ¹ÿ���»q� Ó	 8K~¡P�¿ì>
ù���ç¡Â6Ò #¿E ìm¥U��� óm¬�:@N���.

Answer 300 ð��M� 300ª�< 90000T���¤�< #¿EÃç> Ú�|~���S�M� ���m�N���. T� ¬£V�¤�< ��S� sizeof(double)}¹ ð�AI
�� �M� CI'Ö<;c �ç¡�ç¡Z� Ó	 Ç�M��·N���. T�]�@ Ó	 9��~xT� þÙ� L·x�¢����̂@ �x ®£q�¿ì> M�]ï>#l�� .���ÖNכ� ¹ÿ�
��� #l�_(Ûoq� S�Ã�ß�y;c"k size_t ���·T� (malloc()T� P�e�@�¤�< ���·) 32 R�È����̂@, ½�P�z� int�� 16
R�È����̂@, ½��_Â6Ò ð��µÿ�Ãç> ù���ç¡ù�� ¬£ ���Ãç> U�|¡ ~¡�m@N��� (H�B'Ö< 3.14 ���z�). ½��w�U� óm¬���̂@ #l�_(Ûoª�<
T� 8K~¡P�¿ì> ���ª�< Ç�M�}¹ �¡4�#e Î�����, �¡¤�< 32 R�È� -��²¼'_�� -����G�B�_¿ì> Î�����, R��¢+Ö<Ä�}¹ <K
ð��E'¤�< 8K~¡P� ù���ç¡ �ÈÕ¬£¿ì> -s�� ù�� #¿E�·N���. H�B'Ö< 19.23|¡ ���z��M� ���m�N���.
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Q 7.17 <K PC¤�< 8 8K�� ��T�È�q� 8K~¡P�¿ì> �¹¤�z� ����:@N���. ½�]�@62 ý$ 640Kq� Ç�M� ��̈;c Íç> ¬£ �}"¤�< #¿E

G�B���¢?

Answer PC�ÚZ9�q�:c½��̂	È�(segment)¦��Ð¿ì>��÷7B�¤�<-��²¼'_;c"k 640KT��ç¡q�8K~¡P�¿ì>��÷7B�¤�<#¿Eª�< (�m;
Z� MS-DOS;c"k) 8�£ #e&°�:@N���. H�B'Ö< 19.23Ãç> ���z��M� ���m�N���.

Q 7.19 <K É�}¹½�×�yª�< malloc() 50«»;c"k �¡©¼�� ñmÔÚ�|Â6Ò #¿E ìm¥�:@N���. ½�]�@62 <K�� �¹M�;c¤�< <K É�}¹½�×�y;c

ômÔô6�ùÚH «»(ÛoT� �}"¤�< #¿E ìm¥�:@N���. malloc() 50«»;c !e½��� ���¤�< 4� ��A�B���¢?

Answer [ô>á�¥Z�|¡ É�}¹½�7� e�� malloc()T� 50«»+8�Ä�}¹ ¤U��¤�< 62T�'_ ¦��Ð¿ì> �ç¡��Ì�P�M�¤�< 8�£ �EL�:@N�
��. �¡ ½� �lBÜï ñmÔÚ�|�¤�< 'Ö<<K¤�< 8�£ ��©»M��� #e&°�:@N���. ���ç¡ °ÝoZ� ñmÔÚ�|�¤�< F�B¬£�� malloc()T�
ù���ç¡Â6Ò Ç�M��¹�� �G ðm¬ª�< 62T�'_¿ì> Î��̀z�(write) �¤�< #¿E�·N���; �m;Z� 'Ö<���~xÃç> $k�ç¡�M� a�AI

strlen(s) + 1Ãç>Î�U�óm¬z� malloc(strlen(s))¿ì>Î�¤�<#Ü�£��°Ýoכ�ÖN���.��¦Ø<'Ö<<K}¹T�Q� free()¿ì>
�Ú_ô>Â6Ò 8K~¡P� Áì>&8�Ãç> �¡ Î��̀z� ����� free()¿ì> ìm¥ª�< �Ô->	'_;c 60AI £̈ _�@ �Ú_ô>�¤�< #Ü�£|¡ ����:@
N���. �¡¤�< �kB �Ô->	'_¿ì> realloc();c ��÷7Bù�� #Ü�£|¡ ����:@N��� (H�B'Ö< 7.30Ãç> ���z�).

H�B'Ö< 7.26, 16.8, 18.2¿ì> ���z��M� ���m�N���.

Q 7.20 ò6B+8�Ä�}¹ ù���ç¡Â6Ò 8K~¡P�¿ì> AI<KÂ6Ò ���:?;c¤�< ��S� Íç> ¬£ ������¢?

Answer Íç> ¬£ �}"�:@N���. #ei�@ �¡7�ùÚH malloc();c 60Â6Ò 'Ö<"k¤�< AI<KùÚH 8K~¡P�¤�< _�@#Ü�E'U� óm¬¤�< �ç¡?�}¹ �����
�����z� (left undisturbed) T�#l ���U�¹ÿ� T�¤�< ômÔô6�ùÚH #¿ET� f, C �¢+Ö<;c|¡ a�@�� E'U� óm¬ª�< ����Ø�·N���.

60«»(Ûoq� É�}¹½�7� e¾ç>T� AI<KùÚH 8K~¡P�q� 50÷7BÃç> G�B«»�_ ��S� Î�U�¤�< óm¬�:@N���¹ÿ�, ���:?;c ��*ã<
singly-linked P�Ã�È�¿ì> AI<K�¤�< �Ø¿�¿ì> �¹S�M� ���m�N���:

struct list *listp, *nextp;
for (listp = base; listp != NULL; listp = nextp) {
nextp = listp->next;
free(listp);

}

½�P�z� ��»S� �Ô->	'_->	 nextp¿ì> Î�U� óm¬z� ‘listp = listp->next’¿ì> Î�¤�< #¿ET� �G �̂���¤�< #¿EÃç> ��"̀
�� .���ÖNכ�

References [K&R2] § 7.8.5 p. 167; [ISO] § 7.10.3; [Rationale] § 4.10.3.2; [H&S] § 16.2 p. 387; [CT&P] § 7.10 p. 95.

Q 7.21 ý$ free()¿ì> «»¦Ø< ���:?;c �Ô->	'_�� �kBT� E'U� óm¬¤�< �eB���¢?

Answer free()¿ì> «»À��̂@ T� �ÈÕ¬£;c b9	îm�ùÚH �Ô->	'_�� ��P�W�z� ���\�	 8K~¡P��� AI<K�RLN���. ½��_�� T� �Ô->	'_
��=iq� ìḿª�< _�@#Ü�E'U� óm¬z� ���������:@N���. ý$����̂@ C a�@#e¤�< ->	��¿ì> b9	îm�ù�� CI, ‘pass-by-value’ 4�$Ë�
Ãç> Î�M� CI'Ö<�·N���. ����"k �ÈÕ¬£�� (T� #Ü�£ free()) ->	��}¹ b9	îm�ùÚH _�@¬£q� ìḿÃç> _�@#Ü�ù�� ¬£ �}"�:@N�
��. (H�B'Ö< 4.8Ãç> ���z��M� ���m�N���.)

G�B·ÿ� AI<KùÚH �Ô->	'_ ìḿª�< *8�D�BZ� ðmÔAI"k, ¤�Õ�U� óm¬�:@N���(invalid). ½�P�z� (dereference�� ��N��G
��|¡) #e+_Â6Ò ô6;+8�Ä�}¹|¡ T� ìḿÃç> Î�¤�< #¿Eª�<, Zï>&è< ¦�g̀@ �ç¡(«;c ���� ��À�&>	 �U�¹ÿ�, T�&è<�ç¡ 'Ö<<K¿ì>
ñmÔÚ�|ù�� ¬£ ����:@N���. 60«»(Ûo implementation�ç¡ �~x 'Ö<<K¿ì> ñmÔÚ�|S�W�U� óm¬¤�< Â6Ò invalid �Ô->	'_;c 60Â6Ò
exceptionÃç> ñmÔÚ�|S�W�U� óm¬�:@N���.
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References [ISO] § 7.10.3; [Rationale] § 3.2.2.3.

Q 7.22 �ÈÕ¬£;c ö¶;Â6Ò U�*9�(local) �Ô->	'_;c malloc()Ä�}¹ 8K~¡P�¿ì> ù���ç¡á�~Ãç> CI;c|¡ ºÿ�¿�S� free()¿ì> AI®£#e

�� ����¢?

Answer �ç¡a:@כ�ÖN���. �Ô->	'_ã# �Ô->	'_�� ��P�W�¤�< 8K~¡P�¤�< "k}¹ ��¦Ø< #¿ET���¤�< #¿EÃç> M�*8�AI�� .���ÖNכ� �ÈÕ
¬£�� Ê��ím©Ãç> CI, U�*9� _�@¬£}¹ 9̀	a�@Â6Ò �Ô->	'_¤�< ��ò6BÄ�}¹ AI<KE'U�¹ÿ�, �Ô->	'_ ��=i�� AI<KùÚH��¤�< �:A
T�U�, �Ô->	'_�� ��P�W�¤�< 8K~¡P� Áì>&8�T� AI<KùÚH��¤�< #¿Eª�< ��·N���. malloc()Ä�}¹ ù���ç¡Â6Ò 8K~¡P�¤�<
free()¿ì> -s"k AI<K�M� b9	;c¤�< 8K~¡P�;c ����� ����:@N���. G�Bºÿ�+8�Ä�}¹ ~¡¥�< malloc();c¤�< ~��~��q� �Ú
_ô>;c AI�ç¡�¤�< free()¿ì> ¹ÿ�¾ç>#e ®£#e�� .���ÖNכ�

Q 7.23 ò6B+8�Ä�}¹ ù���ç¡Â6Ò #ei�@ �¡Â�Ü<vÈ�¿ì> ��P�W�¤�< �Ô->	'_¿ì> �Ô�ÈÕ�¤�< ¦��Ð=i¿ì> ù���ç¡á�~�:@N���. T� ¦��Ð=i

¿ì> AI<Kù�� CI, ~��~��q� �Ô->	'_ Ø�y!e�� ��P�W�¤�< 8K~¡P�|¡ ��}¹ AI<KAI ®£#e�� ����¢?

Answer ½��w��:@N���. malloc()Ä�}¹ ù���ç¡Â6Ò 8K~¡P�¤�< ~��~�� (+ä�%u�Z� ��� Â6Ò_�@) free()¿ì> AI®£#e�� .���ÖNכ� É�}¹
½�×�y;c"k ~��~�� malloc()Ä�}¹ ù���ç¡Â6Ò 8K~¡P�¤�< ~¡£̈ free()S�W�¤�< #¿ET� �̂�ª�< �:@MÎ3�·N���.

H�B'Ö< 7.24¿ì> ���z��M� ���m�N���.

Q 7.24 É�}¹½�×�yT� Ê����M� b9	;c ò6B+8�Ä�}¹ ù���ç¡Â6Ò 8K~¡P�¤�< ºÿ�¿�S� AI<KS�&��� ����¢?

Answer ½��wx L·x�¢¤�< �}"�:@N���. G�Bºÿ�+8�Ä�}¹ *Ö<*å�=i<K¤�< É�}¹½�×�yT� Ê��ím©Ãç> CI, É�}¹½�×�yT� ù���ç¡Â6Ò ~¡¥�< 8K~¡
P�¿ì>AI<KS�&� 8̂@N���.½�&8�;c|¡[ô>¦��z�,#ei�@ PC;c"k¤�<8K~¡P�¿ì><K60}¹õi;4wHS�W�U�ô6�Â6Ò��z�ómÔ
�̀$p ����:@N���. ANSI/[ISO] C �¢+Ö<;c"k¤�< T�]�@Â6Ò �ç¡%·nÃç> ‘¦�g̀@ ¬£+Ö<;c ��¦Ø< �ç¡%·n(quality of implemen-
tation issue)’T���z� ðmÔ�z� ����:@N���.

References [ISO] § 7.10.3.2.

Q 7.25 <K É�}¹½�×�yª�< 8K~¡P� Áì>&8�Ãç> malloc()Ä�}¹ ù���ç¡�z�, ��ï̂B;c free()S�W�¤�< ¦��Ð¿ì> ���·N���. ½�]�@

62, É�}¹½�×�yT� Ê��¶ÿ� ���:?;c|¡, *Ö<*å� =i<Kq� 8K~¡P� �ç¡?�¿ì> òmÔ(w�¹�̂@ b9	)y ï̂>#e¾ç>U� óm¬¤�< #¿EÃç> [�> ¬£
����:@N���.

Answer 60«»(Ûoq� malloc/freeq� ¦�g̀@ �ç¡(«¾ç>ª�< 8K~¡P�¿ì> *Ö<*å�=i<K;c �:;S� ºÿ�Z9��¤�< #¿ET� ��N� f, ·ÿ�U� ½�
É�}¹½�×�y;c"k ��ï̂B;c ��]�> malloc()T� ½� 8K~¡P�¿ì> ��S� Íç> ¬£ ���|¡ói; AI ®£|¡ói; E'#e ����:@N���.

Q 7.26 free() �ÈÕ¬£¤�< #e¾� +ä�|¡ Ç�M�q� 8K~¡P�¿ì> AI<Kù�� U� #e�w�4� ómÔ ¬£ ���¤�< #¿EG�B���¢?

Answer malloc/free ¦�g̀@ª�< ò6B+8�Ä�}¹ ù���ç¡Â6Ò ~��~��q� 8K~¡P� Áì>&8�q� Ç�M�¿ì> 50«»+8�Ä�}¹ ¤U��z� ����:@N���.
����"k free()¿ì> Íç> CI;c ½� Ç�M�¿ì> U�+ä��U� óm¬��|¡ ��ò6BÄ�}¹ ½� Ç�M�¿ì> ómÔ ¬£ ����:@N���.

Q 7.27 ½��w����̂@, ù���ç¡Â6Ò Áì>&8�q� Ç�M��� #e¾� +ä�|¡->	U� malloc @IW�U�¿ì> -s"k ómÔ ¬£ ���Ãç>���¢?
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Answer [ô>á�¥�4�|¡, ò6B+8� Áì>&8�q� Ç�M�¿ì> ómÔ ¬£ ���¤�< �¢+Ö< �¡¤�< �ÚZ9�)ç����¤�< �ç¡(«ª�< <Kð��E'U� óm¬�:@N���.

Q 7.30 realloc �ÈÕ¬£q� ,Ò{_�@Fg ->	��}¹ �kB �Ô->	'_¿ì> b9	îm��¤�< #¿ET� ¼ÿ�b9	Â6Ò���¢? ½�P�z� ý$ ½�]�@ G�BÃç> �¤�<

#¿ET��¢?

Answer ANSI C �¢+Ö<ª�< ½�]�@ ��̧Ä�}¹ -s|¡ (½�P�z� realloc(..., 0)%o&8� -s"k 8K~¡P�¿ì> AI<K�¤�< #¿E) Ùñ¿õm¬
��z� ðmÔכ�ÖN���. ½��_�� 60«»(Ûoq� �¡7�ùÚH ¦�g̀@ �ç¡(«;c"k¤�< T��_Â6Ò ��÷7B(«Ãç> <Kð���U� óm¬�:@N���. ��
��"k �¢+Ö<T�M�¤�< �U�¹ÿ� TÖhb9	Z� �ÚZ9�)ç�Ãç> ~�¢,Ûo �ç¡(«T� ��·N���. reallocq� ,Ò{ ->	��}¹ �kB �Ô->	'_
¿ì> b9	îm���̂@ 8K~¡P�¿ì> �ûB��+8�Ä�}¹ ò6B+8�Ä�}¹ ù���ç¡�¤�< ómÔz�P��:?Ãç> (self-starting incremental allocation
algorithm) ¹ÿ�¾ç>M� �EL�:@N���.

References [ISO] § 7.10.3.4; [H&S] § 16.3 p. 388.

Q 7.31 calloc()Üï malloc()q�	�T�¤�<ª£*Ë{->	���¢? calloc()T�8K~¡P�¿ì> 0Ä�}¹¹ÿ�¿�¤�<#¿EÃç>��¹z�Íç>¬£���

���¢? ½�P�z�, calloc()Ä�}¹ ù���ç¡Â6Ò 8K~¡P�¿ì> free()¿ì> -s"k AI<Kù�� ¬£ ������¢? ��N��̂@ cfree()ã#
ìm¥ª�< #¿EÃç> ��÷7B����¢?

Answer calloc()ª�< ���:?q� �Ø¿�¿ì> ¬£á�¥�¤�< #¿EÜï ìm¥�:@N���:

p = malloc(m * n);
memset(p, 0, m * n);

0Ä�}¹ =�*Ö<��¤�< #¿Eª�< ù���ç¡Â6Ò 8K~¡P�q� ~¡¥�< R�È�¿ì> 0Ä�}¹ =�*Ö<��¤�< �:A�·N���. ����"k T� ìḿT� �kB �Ô
->	'_�� ��A�B ¬£|¡ ���Ä� f(#lM�;c MÎ3Â6Ò #¿Eª�< 5 �}BÃç> ���z��M� ���m�N���.) F�B¬£(floating-point)}¹ 0T� ��
A�B ¬£|¡ ����:@N���. ½�P�z� calloc()Ä�}¹ ù���ç¡Â6Ò 8K~¡P�¿ì> AI<Kù�� CI;c|¡ free()¿ì> �:@N���.

References [ISO] § 7.10.3«»'_ 7.10.3.2; [H&S] § 16.1 p. 386, § 16.2 p. 386; [PCS] § 11 pp. 141–142.

Q 7.32 alloca() �ÈÕ¬£¤�< #ei�@ �ÈÕ¬£T� f, ý$ Î�U� ðmÔ��z� ��¢?

Answer alloc()ª�< T� �ÈÕ¬£¿ì> �Ú_ô>Â6Ò �ÈÕ¬£�� Ê��ím� CI, ��ò6BÄ�}¹ ù���ç¡Â6Ò 8K~¡P�¿ì> AI<KAI ®£¤�< �ÈÕ¬£�·N���.
�:;, alloca}¹ ù���ç¡Â6Ò 8K~¡P�¤�< �m;+ä� �ÈÕ¬£q� “Ã�ßÌv É�7���»(stack frame)”T��� 'Ö<Ø�v(context);c ø¶Bö¶;+8�
�·N���.

alloca() �ÈÕ¬£¤�< T���̧)ç����4� ¹ÿ�¾ç> ¬£�� �}"�:@N���. ½�P�z� G�Bºÿ�+8�->	 Ã�ßÌvÃç> ��÷7B�U� óm¬¤�< -��²¼'_;c
"k¤�< 8�£ ¹ÿ�¾ç>M� #e�̀*Ö< �ÈÕ¬£�·N���. �m;Z� alloca}¹ ù���ç¡Â6Ò 8K~¡P�¿ì> P�e�@�¤�< #Ü�£, ��»~��Â6Ò 'Ö<<K
�� ñmÔÚ�|ù�� ¬£ ����:@N���. ;d¿ì> ¾ç>�̂@:

fgets(alloca(100), 100, stdin);

T�]�@ T�¤;c"k alloca �ÈÕ¬£¤�< �¢+Ö< �ÈÕ¬£�� ��N� f, W�Gª�< T���̧)ç�T� �¢¦�E'¤�< É�}¹½�×�y;c"k¤�< (8�£
Íç>~¡ ���M�¤�< �U�¹ÿ�) Íç> ¬£ �}"�:@N���.

H�B'Ö< 7.22¿ì> ���z��M� ���m�N���.

References [Rationale] § 4.10.3.
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Characters and Strings

Q 8.1 ý$ ���:? �Ø¿�¤�< F�Bá�¥T� ¼ÿ�E'¤�< #¿EG�B���¢?

strcat(string, ’!’);

Answer 'Ö<���~xÜï 'Ö<��¤�< Ó	 	�T��� ����:@N���. strcat() �ÈÕ¬£¤�< 'Ö<���~xÃç> T�#e®£¤�< �ÈÕ¬£�·N���.

C a�@#e;c"k 'Ö<��¤�< 'Ö<�� �·Ö(characterכ� set);c"k ½� 'Ö<���� ����50¤�< ���ª�< +ä�¬£ ìḿÄ�}¹ �¢g̀@�RLN���
(H�B'Ö< 8.6Ãç> ���z��M� ���m�N���). 'Ö<���~xª�< 'Ö<��¾ç>q� 9��~x}¹"k �¢g̀@�RLN���; 'Ö<���~xÃç> ��Yô> CI;c¤�< �¹
ûiu 'Ö<�� 9��~xq� ,Ò{ �¢�Ð¿ì> ��P�W�¤�< �Ô->	'_¿ì> -s"k .���ÖNכ� 'Ö<���~x;c !¿ì> T�#e [ôFT��̀�̂@ ���:?Üï ìm¥T�
AI�� .���ÖNכ�

strcat(string, "!");

H�B'Ö< 1.32, 7.2, 16.6Ãç> ���z��M� ���m�N���.

References [CT&P] § 1.5 pp. 9–10.

Q 8.2 'Ö<���~xT� #ei�@ �m;+ä�Â6Ò ìḿÜï ìm¥ª�<U� #������̀z� .���ÖNכ� ���:?Üï ìm¥T� �Ø¿�¿ì> ¹ÿ�¾ç>�}�¤�<62 ý$ ò6B����U�

óm¬Ãç>���¢?

char *string;
...
if (string == "value") {
/* string matches "value" */
...

}

Answer C a�@#e¤�< 'Ö<���~xª�< 'Ö<��q� 9��~x}¹ %oP��RLN���. ½�P�z� C a�@#e;c"k¤�< 9��~x b9	=i;c 60AI #ei�@ a:@»ÿ�Ãç>
(60�·, R�z� �ûB) ��̧+« ù�� ¬£ ���¤�< �ç¡(«ª�< �}"�:@N���. a�q� �Ø¿�;c"k == a:@»ÿ�ª�< Y�a:@»ÿ���->	 �Ô->	'_q� ìḿ
Ãç> R�zכ��ÖN��� — �:; _�@¬£ stringq� �Ô->	'_ ìḿÜï 'Ö<���~x "value"q� �Ô->	'_ ìḿÃç> R�zכ��ÖN��� — ����
"k £̈ 4�q� �Ô->	'_�� ìm¥ª�< ð��Ãç> ��P�W�¤�<U�¿ì> R�zכ��ÖN���. 604�q� #Ü�£ T� ìḿT� ìm¥4� �RJ #Ü�£¤�< ��q�
�}"Ä�Á�}¹, T� R�z�¤�< ��q� ��Ø�ç¡ ìm¥U� óm¬��z� ��÷6N���.

£̈ 'Ö<���~xÃç> R�z��¤�< �ç¡(«Ä�}¹ ��T�Â��_P� �ÈÕ¬£->	 strcmp()¿ì> Î�¤�< #¿ET� ���ç¡ �̂��:@N���:
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if (strcmp(string, "value") == 0) {
/* string matches "value" */
...

}

Q 8.3 ���:?Üï ìm¥T� ù�� ¬£ ������̂@:

char a[] = "Hello, world!";

ý$ T��w�4�¤�< ù�� ¬£ �}"Ãç>���¢?

char a[14];
a = "Hello, world!";

Answer 'Ö<���~xª�< 9��~x�·N���. ����"k 'Ö<���~xÃç> 9��~x;c ��̧+« 60�·ù�� ¬£¤�< �}"�:@N���. strcpy() �ÈÕ¬£¿ì> Î�M�
���m�N���:

strcpy(a, "Hello, world!");

H�B'Ö< 1.32, 4.2, 7.2¿ì> ���z��M� ���m�N���.

Q 8.6 'Ö<��;c AI�ç¡�¤�< ¬£V� ('Ö<�� Ú½×(set)) ìḿÃç> #e�w�4� *8
Ãç> ¬£ ����¢? �¡ ½� ºÿ�60}¹ ¬£V� ìḿ;c"k ½� ìḿ;c

AI�ç¡�¤�< 'Ö<��¿ì> #e�w�4� *8
Ãç> ¬£ ����¢?

Answer C a�@#e;c"k 'Ö<��¤�< (-��²¼'_q� 'Ö<�� Ú½×q�) 'Ö<�� �Ø¿� _�@�Ú}¹ ���ª�< +ä��Ð}¹"k �¢g̀@�RLN���. ����"k H�B'Ö<
Â6Ò #¿EÜï ìm¥ª�< _�@Z9�T� L·x�¢�}"�:@N���; �:; 'Ö<��¿ì> ��U�z� ������̂@, ½� ��=i�� ìḿT� �RLN���.

Q 8.9 <K -����G�B�_;c !e½��� ���¤�< #¿E ìm¥�:@N���. sizeof(’a’)�� 1, �:; sizeof(char)�� ���¡U� óm¬z�, 2�� ��
�¡¤�< #Ñ	�¢.

Answer W�>�m�4�|¡, C a�@#e;c"k 'Ö<�� �ç¡¬£q� ���·ª�< int�·N���. ����"k sizeof(’a’)¤�< sizeof(int)ã# ìm¥�:@
N���. (���z�}¹ C++;c"k¤�< sizeof(char)�� ��÷6N���.) H�B'Ö< 7.8Ãç> ���z��M� ���m�N���.

References [ISO] § 6.1.3.4; [H&S] § 2.7.3 p. 29.
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Boolean Expressions and Variables

Q 9.1 C a�@#e;c"k [ô>P�a�@(boolean) ìḿÄ�}¹ Íç> ¬£ ���¤�< Ùñ¿õm¬ª�< ���·T� ���Ãç>���¢? ½�P�z� ý$ ½�]�@ ���·T� �¢

+Ö<Ä�}¹ U�+ä�E'#e ���U� óm¬¤�< ���¢? ���(true)Üï ����{(false)Ãç> ����50M� a�AI #defineÄ�}¹ +ä�q�¿ì> �¤�<
4� �̂�Ãç>���¢, ��N��̂@ enumÃç> Î�¤�< #¿ET� �̂�Ãç>���¢?

Answer C a�@#e¤�< �¢+Ö<Ä�}¹ <Kð���¤�< [ô>P�a�@ ���·T� �}"�:@N���. ý$����̂@, [ô>P�a�@ ���·ª�< ��Ø�ç¡ ð��µÿ�/%oP�S�µÿ�
q� ‘tradeoff’ 'Ö<<K¿ì> ��U�M� CI'Ö<�·N���. ����"k T�¤�< É�}¹½�7� e�� ómÔ��"k �lB+ä��|¡ói; AI W��ª�< #¿E�·
N���. (int¿ì> Î��̂@ ��À�M�¤�< �U�¹ÿ� char¿ì> Î�¤�< #¿E�¹�� ð��µÿ�T� �ç¡R��RJ #¿E�·N���. ºÿ��̂@ ���ª�< 62T�'_
���·Ãç> Î��̂@, ½� ¹ÿ���» �Ø¿�q� Ç�M��� &�U�����, ¾��̀H�B ¬£ ����:@N���.)

#defineÜï enum ï̂B #e¾� #¿EÃç> Íç> #¿E->	U�¤�< ½�P� Ó	 'Ö<<K�� E'U� óm¬�:@N��� (H�B'Ö< 2.22ã# 17.10Ãç> ���z�
�M� ���m�N���.) ���:? Xï> ï̂B ��ª£ #¿ET��� -s|¡ �̂�Ä� f, 0Üï 1Ãç> ��̧+« -s|¡ �̂��:@N���:

#define TRUE 1 #define YES 1
#define FALSE 0 #define NO 0

enum bool {false, true}; enum bool {no, yes};

½��_��G�B·ÿ�#ei�@#¿EÃç>Î�ð�©��z�+ä�á�~���̂@,Â6ÒÉ�}¹½�×�yT���É�}¹Ü<vÈ�50;c"k¤�<4�ö¶;½�#¿EÃç>Î�¤�<#¿E
T� �̂��:@N���. (½��_�� O�!e��;c"k _�@¬£q� ìḿÃç> #����ù��CI, ¬£V��� ��'>	 T��mrÄ�}¹ �¹#l ï̂> ¬£ ���Ä�Á�}¹
enumT� �G �̂�Ãç> ¬£|¡ ����:@N���.)

#ei�@ �����¾ç>ª�< ���:?Üï ìm¥T� Î�¤�< #¿EÃç> 9̀	�Úכ�ÖN���:

#define TRUE (1==1)
#define FALSE (!TRUE)

�¡¤�< ���:?Üï ìm¥T� “|¡£Q�(helper)” 8�Ç�}¹¿ì> ¹ÿ��:@N���:

#define Istrue(e) ((e) != 0)

½��w�U�¹ÿ� T�]�@ �ç¡��̧T� �m;�~xZ� �̂���¤�< #¿Eª�< ��·N���. (H�B'Ö< 9.2¿ì> ���z��M� ���m�N���; H�B'Ö< 5.12ã#
10.2|¡ �¹S�M� ���m�N���).

Q 9.2 #defineÃç> -s"k TRUE¿ì> 1}¹ ¹ÿ�¿�¤�< #¿Eª�< a�0±C�U� óm¬Ãç>���¢? C a�@#e;c"k¤�< 0T� ��'>	 R�È��� �����

|¡ ���Ä��̂@ ���(true)Ä�}¹ ->	��̧�RJ ?KN����¢. ¹ÿ����;c #ei�@ �ÈÕ¬£�� a:@»ÿ����� 1T� ��'>	 ��¦Ø< ìḿÃç> P�e�@ù��
#Ü�£ #e�w�4� E'¤�< ���¢?
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Answer ��¢�:@N���. ��F�B C a�@#e;c"k¤�< 0T� ��'>	 ~¡¥�< ìḿT� ���(true)�·N���. ½��_�� T�#¿Eª�< ·ÿ�U� “�·&9�”G�B #Ü�£
;c¹ÿ� q�Q�¿ì> ���·N���; ��S� ðmÔ��̂@ #ei�@ [ô>P�a�@ ìḿT� ;d�ç¡E'¤�< #Ü�£;c¹ÿ� ½� q�Q�¿ì> ���·N���. ¹ÿ����
[ô>P�a�@ ìḿT� 50�ç¡ùÚH(built-in) a:@»ÿ���;c q�AI ¹ÿ�¾ç>#e.>	 #¿ET����̂@ (Ûo'å�Z� 0 �¡¤�< 1q� ìḿÃç> ��U�4� �RLN�
��. ����"k ���:?Üï ìm¥T� �Ø¿�¿ì> ¹ÿ�¾ç>#e|¡ ¼ÿ�b9	כ�ÖN��� (TRUE�� 1T���z� ��+ä�ù�� CI):

if ((a == b) == TRUE)

½��_�� #ei�@ ìḿT� TRUEã# ìm¥ª�< U� #�����¤�< #¿Eª�< #lb9	Z� a�0±Cכ�ÖN���. ý$����̂@ #ei�@ ��T�È��_P� �ÈÕ
¬£¾ç>ª�< (�m;Z� isupper(), isalpha(), �ûB�ûB) ���(true)Ãç> ����50M� a�AI 1T� ��'>	 ��¦Ø< ìḿ|¡ Î�M� CI'Ö<
�·N���. (4����� if ((a == b) == TRUE)¿ì> Î��̀ Â6Ò���̂@ if (a == b)¿ì> Î�¤�< #¿ET� �G �̂�U� óm¬Ãç>��
�¢?) ìḿÃç> 60�·ù�� CI, �ÈÕ¬£q� ->	��}¹ b9	îm�ù�� CI, �¡¤�< [ô>P�a�@ ìḿÃç> P�e�@ù�� CI;c¹ÿ� TRUE�� FALSE¿ì> Î�
¤�< #¿ET� �̂��:@N���. �:;, R�z�ù�� CI;c T�]�@ #¿EÃç> Î�¤�< #¿Eª�< �̂�U� óm¬�:@N���.

b9	%oP�M�(preprocessor) 8�Ç�}¹->	 TRUE, FALSE¤�< (Zï>&è< NULL �Ô�ÈÕ) ·ÿ�U� �Ø¿�¿ì> G��M� �EL4� �M� a�AI
Î�¤�< #¿ET�U�, T�¾ç> 8�Ç�}¹�� ����50¤�< ìḿT� ��põJ ���ûB)ç�T� ���M� CI'Ö<ª�< ��·N���. (H�B'Ö< 5.3Üï 5.10Ãç>
���z��M� ���m�N���.)

TRUE�� FALSEã# ìm¥ª�< (�¡¤�< YESã# NO) 8�Ç�}¹¿ì> Î�¤�< #¿Eª�< #e�w�4� �¹�̂@ �̂�ª�< #¿E ìm¥U�¹ÿ� C a�@#e;c"k
[ô>P�a�@ ìḿT���¤�< 4�$Ë�T� áÅ�ìm�P�M� CI'Ö<;c, #ei�@ É�}¹½�7� e¾ç>ª�< 0Üï 1T���¤�< ¬£V�¿ì> ��̧+« Î�¤�< #¿EÃç>
9̀	�Ú�M�|¡ .���ÖNכ� (H�B'Ö< 5.9¿ì> ���z��M� ���m�N���.)

References [K&R1] § 2.6 p. 39, § 2.7 p. 41; [K&R2] § 2.6 p. 42, § 2.7 p. 44, § A7.4.7 p. 204, § A7.9 p. 206; [ISO] §
6.3.3.3, § 6.3.8, § 6.3.9, § 6.3.13, § 6.3.14, § 6.3.15, § 6.6.4.1, § 6.6.5; [H&S] § 7.5.4 pp. 196–7, § 7.6.4
pp. 207–8, § 7.6.5 pp. 208–9, § 7.7 pp. 217–8, § 7.8 pp. 218–9, § 8.5 pp. 238–9, § 8.6 pp. 241–4; “What
the Tortoise Said to Achilles”.

Q 9.3 p�� �Ô->	'_G�BCI, if (p)ã# ìm¥ª�< �Ø¿�¿ì> Î�¤�< #¿Eª�< ��³Ø<���¢?

Answer ��·N���. �̂��:@N���. H�B'Ö< 5.3Ãç> ���z��M� ���m�N���.
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Q 10.2 ���:?Üï ìm¥ª�< 8�Ç�}¹¿ì> Î�¤�< #¿E;c 60AI #e�w�4� Ú�|~���:c�¢?

#define begin {
#define end }

Answer �:;, 17 �}BÃç> ���z��M� ���m�N���.

Q 10.3 £̈ _�@¬£q� ìḿÃç> ���́M� a�Â6Ò G�Bºÿ�+8�->	 8�Ç�}¹¿ì> ¹ÿ�¾ç> ¬£ ���Ãç>���¢?

Answer T�H�B'Ö<;c60Â6Ò �̂�ª�<�m�_�@ª�<�}"�:@N���._�@¬£��+ä�¬£0ïFG�BCI;c¤�<ômÔómÔ�̀.>	 exclusive OR¿ì>Î�¤�<�ç¡(«T�
���&>	 �ÖN���¹ÿכ� �Ô->	'_�� F�B¬£(floating-point)G�B CI;c¤�< ò6B����U� óm¬�:@N���. �¡Â6Ò £̈ _�@¬£�� ìm¥ª�< _�@¬£
G�B #Ü�£;c|¡ ò6B����U� óm¬�:@N���. (H�B'Ö< 3.3bã# 20.15c¿ì> ���z��M� ���m�N���.) 8�Ç�}¹�� ~¡¥�< ���·;c
60AI ò6B����M� 4wH�z�, ��»S� _�@¬£¿ì> ��÷7B�@�B 4wH�U� óm¬¤�<��z� ù�� CI, T� �ÐZÌ	Ãç> �� ¹ÿ�ø¶;S�W�¤�< 8�Ç�
}¹¤�< ¹ÿ�¾ç> ¬£ �}"�:@N���. ý$����̂@ �¢+Ö< C a�@#e;c ��»S� _�@¬£ ���·Ãç> ómÔ ¬£ ���¤�< �ç¡(«T� �}"M� CI'Ö<�·N�
��.

���ç¡ �̂�ª�<? �ç¡(«ª�< T�]�@ ô6;+8�Ä�}¹ 8�Ç�}¹¿ì> ��÷7B�ð�©��¤�< Ú�|~��Ãç> ��;d ¼ÿ��¤�< #¿E�·N���. Zï>&è< T� ��»
S� _�@¬£;c 60Â6Ò ���·Ãç> 8�Ç�}¹ �ÈÕ¬£q� ->	��}¹ b9	îm�Â6Ò���̂@ ���ûBכ�ÖN���.

Q 10.4 #l�_ 'Ö<�ç¡Ä�}¹ T�©»#e.>	 8�Ç�}¹¿ì> ¹ÿ�¿�¤�< �̂�ª�< �ç¡(« ø¶? ómÔ�̀ ®£:c�¢.

Answer T�]�@ 8�Ç�}¹¿ì> ¹ÿ�¿�¤�< G�Bºÿ�+8�->	 �ç¡(«ª�< 8�Ç�}¹ ��=i¿ì> G�Bºÿ� �ÈÕ¬£%o&8� Íç> ¬£ ���|¡ói; �¤�< #¿E�·N���.
�:; �Ú_ô>�¤�< �¶;;c"k ��U���� ‘;’Ãç> ��̧+« -s ®£4� �z� 8�Ç�}¹q� ô6?ûiu;c"k¤�< ‘;’Ãç> ��}¹ -s ®£U� óm¬¤�< ��̧
Ä�}¹ Î�¤�< #¿E�·N���. ½��_Á�}¹ 8�Ç�}¹ ô6?ûiuª�< ï̂B�G5�Ú}¹ Xï>�_Æÿ� ‘compound statement’ 0ïF��̧Ä�}¹ ¹ÿ�¾ç>
¬£ �}"�:@N���. ý$����̂@ T� 8�Ç�}¹�� �Ú_ô>�RJ CI :cQ��̀�&è<T� Ò��+8�Ä�}¹כ [ôF¤�<���̂@ if�� if/else 'Ö<�ç¡
;c"k ;c�_�� ñmÔÚ�|ù�� ¬£ ���M� CI'Ö<�·N���.

����"k �¹ûiu ���:?Üï ìm¥ª�< �ç¡(«Ãç> �:@N���:

#define MACRO(arg1, arg2) do { \
/* declarations */ \
stmt1; \
stmt2; \
/* ... */ \

} while(0) /* (no trailing ; ) */
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8�Ç�}¹¿ì> «»À�¤�< �¶;T� :cQ��̀�&è<Ãç> [ôFT��̂@, 8�Ç�}¹�� ���q� 'Ö<�ç¡Ä�}¹ ���>LN���. (�̂�ª�< -����G�B�_���̂@
L·x�¢�}"¤�< ?KÃ�È�1��, �ÐZÌ	'Ö<;c"k �ç¡¬£ 0Ãç> #�����¤�< G�B2ìm¥ª�< #¿Eª�< ómÔ��"k �}";� 8̂@N���. ½��_�� lint¤�<
[ô>è�ù�� ¬£ ����:@N���.)

8�Ç�}¹q� ~¡¥�< 'Ö<�ç¡T� 8�£ µÿ�·ÿ�Â6Ò #¿E, �:; 9̀	a�@T��� ©»É��� �}"���̂@, úÔ���(‘,’) a:@»ÿ���¿ì> -s"k Â6Ò 'Ö<�ç¡
Ä�}¹ ¹ÿ�¾ç> ¬£ ����:@N���. (;d¿ì> ¾ç>#e H�B'Ö< 10.26q� DEBUG() 8�Ç�}¹¿ì> �¹M� ���m�N���.) T� ?KÇ��̧ª�< �¡
8�Ç�}¹�� #ei�@ ‘ìḿ(value)’Ãç> P�e�@ù�� ¬£ ���4� AI 8̂@N���.

Note ª£©�<�ÐP�����̂@8�Ç�}¹¿ì>+ä�q�ù��CI,��U����;c:cQ��̀�&è<Ãç>[ôF#l!e)>	���̂@��7�ã#ìm¥ª�<�ç¡%·n;c"k;c
�_�� ñmÔÚ�|ù�� ¬£|¡ �����¤�< �:A�·N���:

#define MULTI_STATEMNT_MACRO(x) do { \
stmt1; \
stmt2; \

} while(0);

if (some_condiftion)
MULTI_STATEMNT_MACRO(a);

else {
/* ... */

}

8�Ç�}¹¿ì> %u��ç¡AI�¹�̂@ :cQ��̀�&è<T� £̈ _�@ ¹ÿ�¾ç>#eU�z�, ����"k else «»(Ûo;c"k ;c�_�� ñmÔÚ�|כ�ÖN���.

References [H&S] § 3.3.2 p. 45; [CT&P] § 6.3 pp. 82–3.

Q 10.6 #l�_ 4�q� �ÐÃ� ��G�B}¹ T�©»#e.>	 É�}¹½�×�yÃç> ¹ÿ�¾ç>�}��:@N���. ½�]�@62, #ei�@ #¿E¾ç>Ãç> .c ��G�B;c £̈#e��

�z�, #ei�@ #¿E¾ç>Ãç> .h ��G�B;c £̈#e�� �¤�<U�¿ì> ~¡À�ð�©�:@N���. (�¡ “.h”¤�< #eO�;c Î�T����¢?)

Answer �¹ûiu Ai�G (.h) ��G�B;c �k�¤�< #¿E¾ç>ª�< ���:?Üï ìm¥�:@N���:

– 8�Ç�}¹ +ä�q� (#define)

– ¦��Ð=i, union, enum 9̀	a�@

– typedef 9̀	a�@

– JY«»(external) �ÈÕ¬£ 9̀	a�@ (H�B'Ö< 1.11 ���z�)

– b9	*9�(global) _�@¬£ 9̀	a�@

�m;Z� #l�_ ��G�B;c"k ð��ûiu+8�Ä�}¹ Î�T�¤�< 9̀	a�@T��� +ä�q�¤�< þÙ� Ai�G ��G�B;c �k�¤�< #¿ET� ï̂B�¢כ�ÖN���. (4�
���� �}B60}¹ JY«» �ÈÕ¬£ prototypeÃç> .c;c �k�#e"k¤�< ¼ÿ��RLN���. H�B'Ö< 1.7Ãç> ���z��M� ���m�N���.)

�¡, +ä�q��� 9̀	a�@T� ���q� .c ��G�B;c"k¹ÿ� Î�->	���̂@, ½� ��G�B;c £̈#e|¡ �̂��:@N���.

H�B'Ö< 1.7Üï 10.7Ãç> ���z��M� ���m�N���.

References [K&R2] § 4.5 pp. 81–2; [H&S] § 9.2.3 p. 267; [CT&P] § 4.6 pp. 66–7.

Q 10.7 Ai�G ��G�B;c"k ��¦Ø< ��G�BÃç> #include �¤�< #¿Eª�< Ùñ¿õm¬���¢?

1“dead” test
2branches on the constant condition 0
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Answer Ã���G�B;c MÎ3Â6Ò H�B'Ö<T�#Ñ	�¢. ����"k �ç¡�ç¡Â6Ò $ã<6̧Òq� #lU��� ����:@N���. ðm¬ª�< �����¾ç>T� “ï̂B,³ùÚH(nested)
#include ��G�B”Ãç> Î�U� óm¬¤�< #¿ET� �̂���z� ðmÔכ�ÖN���: -!Ha����¤�< Indian Hill Ã���G�B ��T�¿�;c"k|¡ (H�B'Ö<
17.9 ���z�) T�]�@ Î���»:�¿ì> Y����z� T�#l����:@N���; MÎ3]�@ùÚH +ä�q�¿ì> ��¢M��� o-�7>	 �G #e&°M� CI'Ö<�·N�
��; �¡Â6Ò £̈_�@ #include�¤�< #Ü�£, +ä�q��� ï̂Bõi;E'#e (multiple-definition) ;c�_�� ñmÔÚ�|ù�� ���ûB)ç�T� W�G
�:@N���; �¡ ¬£ò6BÄ�}¹ MakefileÃç> ¹ÿ�¾ç> #Ü�£, �ç¡�ç¡Z� õi;�m�AIH�B ���ûB)ç�T� ����:@N���. ½��_�� Ai�G ��G�B
Ãç> ï̂B,³�#l �Ô�ÈÕù�� #Ü�£, ~��~��q� Ai�G ��G�BÃç> ~¡X�>ésù��(modular way) ¬£ (Ai�G ��G�B;c"k L·x�¢Â6Ò ��
¦Ø< Ai�G ��G�BÃç> #include�ÈÕÄ�}¹-s ¬£z�¿ì> �qB#e8̂?) �����¤�< �ç¡+8�|¡ ����:@N���; grepÜï ìm¥ª�< aô>Ãç> (�¡¤�<
tags ��G�B) ��÷7B��̂@ +ä�q��� #ei�@ ��G�B;c E'#e ���¾���;c �ç¡MÎ3�}"T� �EL4� ��¢Ãç> ¬£ ����:@N���; ���:?Üï ìm¥
ª�< ?KÇ��̧T� �ç¡�ç¡Z� ->	M�����:@N���:

#ifndef HFILENAME_USED
#define HFILENAME_USED
...header file contents...
#endif

(T� CI, ~��~��q� Ai�G ��G�B;c ~��~�� ��¦Ø< 8�Ç�}¹ T��mrÃç> ��÷7Bכ�ÖN���) T� �ç¡��̧ª�< Ai�G ��G�BT� þÙ� Â6Ò
_�@¹ÿ� �Ô�ÈÕE'|¡ói; AI ®£Á�}¹ #l�_ _�@ #include��G��|¡ 'Ö<<K�� ñmÔÚ�|�U� óm¬�:@N���; �¡Â6Ò ��ò6BÄ�}¹
MakefileÃç>MÎ3P�AI®£¤�<aô>Ãç> (Ó	É�}¹Ü<vÈ�¿ì>MÎ3P�ù��CI;c¤�<þÙ�L·x�¢כ�ÖN���,H�B'Ö< 18.1���z�)��÷7Bù��#Ü�
£, ï̂B,³ùÚH #include¿ì> %oP�AI ®£Á�}¹ ø¶? �G ½Z@כ�ÖN���. H�B'Ö< 17.10Ãç> ���z��M� ���m�N���.

References [Rationale] § 4.1.2.

Q 10.8a #include <>ã# #include "";c 	�T��� ������¢?

Answer <> 0ïF��̧ª�< Ai�G ��G�BT� S�Ã�ß�y;c"k <Kð��Â6Ò #¿ET����� �¢+Ö< Ai�G ��G�BG�B #Ü�£;c ��÷7B� f, ""¤�< É�}¹
½�7� e�� <K���Â6Ò Ai�G ��G�B;c ��÷7Bכ�ÖN���.

Note ��7� H�B'Ö< 10.8b¿ì> ���z��M� ���m�N���.

Q 10.8b Ai�G ��G�BÃç> ��¢¤�< ómÔz�P��:?Ãç> ómÔz� F��#e�¢.

Answer +ä�%u�Â6Ò ómÔz�P��:?ª�< ¦�g̀@ �ç¡(«;c ���� ���m@N��� (implementation-defined). (�:;, T� �ç¡(«;c 60AI 'Ö<"kés
E'#e ���Ãç> ���ûB)ç�T� W�G�:@N���. H�B'Ö< 11.33Ãç> ���z��M� ���m�N���).

G�Bºÿ�+8�Ä�}¹ <> 0ïF��̧Ä�}¹ �Ô�ÈÕùÚH Ai�G ��G�B¾ç>ª�< ��� T��ç¡q� �¢+Ö<Ä�}¹ U�+ä�ùÚH O�×�v�ÔP�;c"k ��¢4� �RL
N���. "" 0ïF��̧Ä�}¹ �Ô�ÈÕùÚH Ai�G ��G�Bª�< £9̀	 “g̀@<� O�×�v�ÔP�”;c"k ��¢ª�< ���:?, �}"Ãç> #Ü�£, �¢+Ö<Ä�}¹ U�
+ä�ùÚH O�×�v�ÔP�;c"k ��¢4� �RLN���.

b9	0ïF+8�Ä�}¹ (�m;Z� UNIX -����G�B�_), g̀@<� O�×�v�ÔP�6̧Ò #include ¿ì> �́< ��G�BT� ���¤�< O�×�v�ÔP�¿ì> ðmÔכ�Ö
N���. ��¦Ø< -����G�B�_;c"k¤�< g̀@<� O�×�v�ÔP��� -����G�B�_�� F�Bá�¥ùÚH ½� O�×�v�ÔP�¿ì> q�Q��M�|¡ .���ÖNכ�
-����G�B�_q� 8�§¤�}BÃç> ���z��M� ���m�N���.

References [K&R2] § A12.4 p. 231; [ISO] § 6.8.2; [H&S] § 3.4 p. 55.

Q 10.9 ômÔô6�ùÚH #¿ET� �}"#e �¹T�¤�< 62;c|¡ �Ø¿�q� ,Ò{_�@Fg 9̀	a�@'Ö<;c"k ‘syntax error’�� ñmÔÚ�|כ�ÖN���.

Answer ����|¡ ��U����Ä�}¹ #includeÂ6Ò Ai�G ��G�Bq� 50÷7B;c"k, ��U���� 9̀	a�@ «»(Ûo;c"k :cQ��̀�&è<(semicolon)T�
��$p ���Ãç> ���ûB)ç�T� W�G�:@N���. H�B'Ö< 2.18, 11.29, 16.1b¿ì> ���z��M� ���m�N���.
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Q 10.10b ��T�Â��_P� �ÈÕ¬£ +ä�q�¿ì> �Ô�ÈÕ�¤�< Ai�G ��G�BÃç> <K60}¹ #includeS����¤�<62|¡ �?�&�(linker)¤�< +ä�q�E'#e

���U� óm¬��z� ;c�_¿ì> ñmÔÚ�|כ�ÖN���.

Answer H�B'Ö< 13.25¿ì> ���z��M� ���m�N���.

Q 10.11 S�Ã�ß�y Ai�G ��G�B->	 <sgtty.h>�� �}"�:@N���. <K4� õi;��(è<Ãç> ®£F�B ¬£¤�< �}"Ãç>���¢?

Answer �¢+Ö<Ai�G��G�B¾ç>ª�<-����G�B�_,*Ö<*å�=i<K,É�}¹:c"kã#MÎ3]�@ùÚH+8��}BÂ6Ò+ä�q�ã#�ÈÕBmT�©»#e$p���Ä�Á�}¹,
(Z9�#Ü�T� ��¦Ø<) ��¦Ø< �����q� Ai�G ��G�BÃç> ��$p*ã<�� ��G��|¡ <K60}¹ ò6B����U� óm¬�:@N���.

-����G�B�_ vendor;c4� �¢,ê�AI �¹S�M� ���m�N���.

Q 10.12 b9	%oP�M�(preprocessor) #if ¬£��̧;c"k 'Ö<���~xÃç> R�z�ù�� ¬£ ���Ãç>���¢?

Answer ��̧+« R�z�ù�� ¬£ �}"�:@N���; #if¤�< +ä�¬£ a:@»ÿ�¹ÿ� U�4wHכ�ÖN���. �¡, #l�_ 8�Ç�}¹¾ç>Ãç> #ei�@ +ä�¬£ìḿÃç> ����
504� #defineÂ6Ò ���:?, T� 8�Ç�}¹¾ç>ª�< R�z���̂@ �RLN���.

H�B'Ö< 20.17Ãç> ���z��M� ���m�N���.

References [K&R2] § 4.11.3 p. 91; [ISO] § 6.8.1; [H&S] § 7.11.1 p. 225.

Q 10.13 #if U�S�#e(directive);c"k sizeof a:@»ÿ�Ãç> Íç> ¬£ ���Ãç>���¢?

Answer Íç> ¬£ �}"�:@N���. ‘b9	%oP�(preprocessing)’¤�< ðmÔ ½�60}¹ (���· T��mr¾ç> ���?�(parsing)�M� b9	;c) -����G�B �Ô
M� ·ÿ�4� T�b9	;c T�©»#eU�M� CI'Ö<�·N���. sizeof¿ì> Î�¤�< 60,>	 ANSI �¢+Ö<->	 <limits.h>;c +ä�q�E'#e
���¤�< �ç¡¬£¿ì> Î�¤�< �ç¡(«Ä�}¹ ���́M� ���m�N���. ���ûB����̂@, “configure” Ã�Ç��·È�(script)¿ì> Î�¤�< #¿E|¡
�̂��:@N���. (É�}¹½�×�yÃç> #ei�@ ���·q� Ç�M�;c ò6;�·+8�Ä�}¹ ���)ç��¤�< 4� �G �������̧���z� ù�� ¬£ ����:@N�
��; H�B'Ö< 1.1Ãç> ���z��M� ���m�N���.)

References [ISO] § 5.1.1.2, § 6.8.1; [H&S] § 7.11.1 p. 225.

Note GNU autoconf @IW�U�¤�< S�Ã�ß�y;c"k #ei�@ M��ûBÃç> <Kð���¤�<U�, #ei�@ ���·q� Ç�M��� �}B��->	U� ómÔ��50
¤�< ‘configure’ Ã�Ç��·È�¿ì> ��ò6BÄ�}¹ ¹ÿ�¾ç>#e 8̂@N���. T� ‘configure’¿ì> F�Bá�¥��̂@ MakefileT� ¹ÿ�¾ç>#eU�Á�
}¹, ��÷7B���� �ÐÃ�;c"k F�Bá�¥ ��G�BÃç> ¹ÿ�¿�¤�< 62 L·x�¢Â6Ò ¬£z�¿ì> ðm¬T� �qB#e 8̂@N���. T� @IW�U�;c MÎ3Â6Ò #¿E
ª�< ��7� URLÃç> ���z��M� ���m�N���:

http://www.gnu.org/software/autoconf/
ftp://ftp.gnu.org/pub/gnu/autoconf/

Q 10.14 #define ï̂>;c"k #ifdef¿ì> -s"k ~��~�� ��¦Ø< �ç¡��̧Ä�}¹ +ä�q��4� ù�� ¬£ ���Ãç>���¢?

Answer ¼ÿ��RLN���. b9	%oP�M�¿ì> ��,>	;c4� F�Bá�¥�¤�< (run the preprocessor on itself) #¿Eª�< [ô>���ûBכ�ÖN���. 60,>	
#ifdef¿ì> -s"k £̈ 4�q� #define 'Ö<�ç¡Ä�}¹ ¹ÿ�¿�¤�< �ç¡��̧Ãç> Î�M� ���m�N���.

References [ISO] § 6.8.3, § 6.8.3.4; [H&S] § 3.2 pp. 40–1.
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Q 10.15 typedef T��mrÃç> #ifdefã# ìm¥T� ?KÃ�È�ù�� ¬£ ���¤�< �ç¡(«T� ���Ãç>���¢?

Answer [ô>á�¥�4�|¡½�]�@�ç¡(«ª�<+í<<��U�óm¬�:@N���.60,>	T�]�@�ç¡(«Ãç>Ú�|~��ù��¬£����:@N���:�~���U�8�Ç�}¹¿ì>
(;d: MY_TYPE_DEFINED) +ä�q�AI"k #ei�@ typedef¾ç>T� 9̀	a�@E'#e ���¤�<U� 8�Ç�}¹¿ì> -s"k #����ù�� ¬£ ����:@
N��� (Zï>&è<, TÖhb9	�U� óm¬�:@N���).

References [ISO] § 5.1.1.2, § 6.8.1; [H&S] § 7.11.1 p. 225.

Q 10.16 -��²¼'_�� ‘big-endian’ �ç¡��̧->	U�, ‘little-endian’ �ç¡��̧->	U� #if¿ì> -s"k #����ù�� ¬£ ���Ãç>���¢?

Answer ��q� [ô>���ûBכ�ÖN���. (b9	%oP�M� a:@»ÿ�ª�< long int ���·¹ÿ� ���ûBכ�ÖN���, ����"k #e¿�7��?�(addressing);c 60
Â6Ò 4�$Ë� ��=i�� +í<<��U� óm¬�:@N���.) ½�]�@62 -��²¼'_q� endianÃç> ómÔ���� ù�� L·x�¢�� ����:@N���? �RJ ¬£ ���
Ä��̂@, T�]�@ #¿EÜï ª£MÎ3�4� �Ø¿�¿ì> ���)ç��¤�< #¿ET� .���ÖNכ�̧������� H�B'Ö< 20.9¿ì> ���z��M� ���m�N���.

References [ISO] § 6.8.1; [H&S] § 7.11.1 p. 225.

Note GNU autoconf¿ì> Î��̂@ É�}¹½�×�yÃç> -����G�B�M� b9	 µÿ�·ÿ�Â6Ò ->	O�a�@ ?KÃ�÷7B É�}¹½�×�yÃç> F�Bá�¥AI"k, É�}¹
½�7� e�� #ei�@ 8�Ç�}¹(;d¿ì> ¾ç>#e BIG_ENDIAN_MACHINE)¿ì> +ä�q�ù�� ¬£ ����:@N���. (H�B'Ö< 10.13 ���z�).

Q 10.18 #ei�@�Ø¿�¿ì>(Ûo)o���̀ �¤�<62,�.ª£��|¡ðm¬ª�< #ifdefCI'Ö<;c#e&°�:@N���.#ei�@�ÐZÌ	«»-����G�B;cMÎ3Â6Ò

#¿E¹ÿ������£̈z��� eU�«»(Ûo¹ÿ� ‘preprocssing’ù��¬£���¤�<�ç¡(«T����Ãç>���¢? (Zï>&è< #include�� #defineª�<
<KJYÂ6Ò��¤�< �ÐZÌ	�;c"k)

Answer T��_Â6Ò G�BÃç> %oP�AI ®£¤�< unifdef, rmifdef, scpp (“selective C preprocessor”) �ûBq� É�}¹½�×�yT� ����:@
N���. H�B'Ö< 18.16Ãç> ���z��M� ���m�N���.

Q 10.19 Q�P� +ä�q�ùÚH ~¡¥�< ‘identifier’¾ç>Ãç> �Ï@��Õëº ¬£ ���Ãç>���¢?

Answer ��®£ a�@�� E'¤�< ����Ø��»;c|¡ T�]�@ G�BÃç> ù�� ¬£ ���¤�< �¢+Ö< �ç¡(«ª�< �}"�:@N���. gcc¤�< -Eã# �ÈÕBm ��÷7Bù�� ¬£
���¤�< -dM ÷6 ̀@Ãç> <Kðכ���ÖN���. ��¦Ø< -����G�B�_|¡ R��:AÂ6Ò M��ûBÃç> <Kð��ù�� #¿E�·N���. -����G�B�_q� 8�§¤�}B
;c"k |¡]8?Ãç> *8
Ãç> ¬£ �}"���̂@, -����G�B�_�� b9	%oP�M� F�Bá�¥ ��G�B;c"k G��Ãç> ¬£ ���¤�< 'Ö<���~xÃç> �Ï@��50#e
(UNIXq� strings ¤K·xP�X�) #�����¤�< #¿ET� ���ç¡ 	<-�ÖP�+8כ� �ç¡(«G�B ¬£ ����:@N���. ½��_��, #ei�@ b9	0ïF+8�
->	, S�Ã�ß�y q�+í<+8�->	 ‘identifier’�� ðm¬Ãç> ¬£ ���Ä�N� (�m;Z� “UNIX”) ®£q��S�M� ���m�N���. ½�P�z� T�¾ç>
ª�< 604� �¢+Ö<T� ��N� f (ý$����̂@ ��÷7B��q� T��mr ð��µÿ�(namespace)Üï _�uX�>�Á�}¹), V�
 <K���RJ #¿E¾ç>�·
N���.

Q 10.20 ���:?Üï ìm¥T� ‘identifier’¿ì> Ú�|)ç��¤�< 8�Ç�}¹¿ì> (è< +8�T� ����:@N���:

#define Paste(a, b) a/**/b

½��_�� ò6B����H�B óm¬¤�<#Ñ	�¢.

Answer ½�#¿Eª�<#ei�@ (�m;Z� John Reiserq�)�¡7�ùÚHb9	%oP�M�(preprocessor);c"k<Kð��E'¤�<'Ö<"késE'U�óm¬¤�<(undocumented)
M��ûB�·N���. ½�P�z� T� M��ûBª�< T�Q� �}"#e«���:@N���.. ANSI¤�< ([K&R1];c"k|¡) T� ®£)o�(comment)T� ð��
Ù�vÄ�}¹ 60=iùÚH��z� ðmÔ�z� ����:@N���. ½��_�� T�]�@ ��̧q� M��ûBT� L·x�¢�M� CI'Ö<;c ANSI¤�< ���:?Üï ìm¥T�
:�}¹*Ö< �ç¡��̧q� ‘token-pasting’ a:@»ÿ���->	 ##¿ì> <Kðכ���ÖN���:
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#define Paste(a, b) a##b

H�B'Ö< 11.17Ãç> ���z��M� ���m�N���.

References [ISO] § 6.8.3.3; [Rationale] § 3.8.3.3; [H&S] § 3.3.9 p. 52.

Q 10.22 ���:? 8�Ç�}¹¿ì> Î��̂@ “macro replacement within a string literal?” T���¤�< #Ü�z��� ñmÔÚ�|כ�ÖN���:

#define TRACE(n) printf("TRACE: %d\n", n)

<K�� Ú�|~���M�÷=w:

TRACE(count);

¿ì> ���:?Üï ìm¥T� %u��ç¡�¤�< #¿E ìm¥�:@N���:

printf("TRACE: %d\count", count);

Answer H�B'Ö< 11.18Ãç> ���z��M� ���m�N���.

Q 10.23-4 # a:@»ÿ���¿ì> -s"k 8�Ç�}¹ ->	��¿ì> 'Ö<���~x ¼ÿ�;c Íç> CI, <K60}¹ ò6B����U� óm¬�:@N���.

Answer H�B'Ö< 11.17Üï 11.18Ãç> ���z��M� ���m�N���.

Q 10.25 �Ð��» õi;�m�Â6Ò ‘preprocessing’Ãç> �z� F��ª�<62 #e�w�4� AI�� ù��U� ~¡À�ð�©#Ñ	�¢.

Answer C a�@#eq� b9	%oP�M�(preprocessor)¤�< (8�÷7Bq�(general purpose) aô>T� ��·N���. (�¡Â6Ò b9	%oP�M��� ò6;�·+8�
->	 É�}¹½�×�yÄ�}¹ <Kð��E'¤�<U�|¡ ómÔ ¬£ �}"�:@N���.) T�¿ì> õi;�m�Â6Ò 0ïF��̧Ä�}¹ ��÷7B�M�;c óm¦"k, #ei�@ �m;+ä�
Â6Ò ô6;+8�q� ���ª�< b9	%oP�M� aô>Ãç> ��̧+« ¹ÿ�¿�¤�< #¿ET� ��Ãç> U� Ú�|~��AI �¹M� ���m�N���. make(1)Üï ìm¥ª�< aô>
Ãç> ��÷7B��̂@, T��_Â6Ò aô>Ãç> ��ò6BÄ�}¹ F�Bá�¥�|¡ói; ¹ÿ�¾ç> ¬£ ����:@N���.

Ca�@#e60,>	��¦Ø<#¿EÃç> ‘preprocessing’��̀z�Â6Ò���̂@(8�÷7Bq�b9	%oP�M�¿ì> (�¡7�b9	«»'_60«»(Ûoq� UNIX
S�Ã�ß�y;c"k¤�< ‘m4’��¤�< b9	%oP�M�¿ì> <Kðכ���ÖN���.) ��÷7B�S�M� ���m�N���.

Q 10.26 ��_�@ ->	��¿ì> ���¤�< 8�Ç�}¹¿ì> ¹ÿ�¾ç> ¬£ ����:@N���?

Answer ~��~��q� ->	��¿ì> ���q� �G5�Ú}¹ Xï>�_��"k ���q� ->	��%o&8� b9	îm��¤�< #¿Eª�< 8�£ ->	M����¤�< È��Ð��·N���.
���:?Üï ìm¥T� ù�� ¬£ ����:@N���:

#define DEBUG(args) (printf("DEBUG: "), printf args)

if (n != 0) DEBUG(("n is %d\n", n));

'Ö<<K¤�< T�]�@ 8�Ç�}¹ �ÈÕ¬£¿ì> �Ú_ô>ù�� CI, ��Ø�ç¡ �G5�Ú¿ì> £̈ �ç¡Ãç> -s ���� Â6Ò��¤�< #¿EÃç> M�*8�AI�� .���ÖNכ�

GCC¤�< �ÈÕ¬£%o&8� ��_�@ ->	��¿ì> ���Ãç> ¬£ ���¤�< %u��ç¡ 8�Ç�}¹¿ì> U�4wH�U�¹ÿ� T� M��ûBª�< �¢+Ö<T� ��·O���.
�¡ ��¦Ø< �ç¡(«Ä�}¹, ->	��q� Ôg ¬£;c ���� ��¦Ø< 8�Ç�}¹¿ì> (DEBUG1, DEBUG2 ìm¥T�) <Kð���¤�< #¿E�·N���. �¡
¤�< ���:?Üï ìm¥T� úÔ���(comma)¿ì> �~x|¡q� 8�Ç�}¹¿ì> -s"k <Kð���¤�< �ç¡(«Ãç> Ú�|~��ù�� ¬£|¡ ����:@N���:
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#define DEBUG(args) (printf("DEBUG: "), printf(args))
#define _ ,

DEBUG("i = %d" _ i)

[C9X]¤�< ��_�@ ->	��¿ì> %oP�ù�� ¬£ ���¤�< �ÈÕ¬£ 8�Ç�}¹¿ì> �Ð4��z� ����:@N���. ... 0ïF��̧Ãç> 8�Ç�}¹q� Ê��;c
��÷7B�z� (varargs �ÈÕ¬£%o&8�), 8�Ç�}¹ �ÈÕ¬£ ¼ÿ�;c"k __VA_ARGS__ pseudo 8�Ç�}¹¿ì> -s"k ��_�@ ->	��¿ì>
%oP�ù�� ¬£ ����:@N���.

��U����Ä�}¹ ômÔ +ä�q�ùÚH, ��_�@ ->	��¿ì> ���¤�< �ÈÕ¬£¿ì> Íç> ¬£ ����:@N���. H�B'Ö< 15.4ã# 15.5¿ì> ���z��M�

���m�N���. (8�Ç�}¹ �ÈÕ¬£¿ì> 4wHÂ6Ò���̂@, �ÈÕ¬£ 0ïF��̧T� ��'>	 8�Ç�}¹¿ì> <Kð���M� ���m�N���. ;d¿ì> ¾ç>�̂@

#define printf myprintf. )

References [C9X] § 6.8.3, § 6.8.3.1.

67



V� 11 *�×

ANSI/ISO Standard C

Q 11.1 “ANSI C �¢+Ö<”T�6̧Ò ª£*Ë{->	���¢?

Answer 1983[Í	, Q�V�� ¦�#�� 0¼DPv(American National Standards Institute, ANSI)¤�< C a�@#eq� �¢+Ö<Ãç> <K+ä��M� a�
AI X3J11T���¤�< a�4wHPv¿ì> �~x�}��:@N���. 8�£ &>	 M�µÿ�ò6B¼ÿ� �Ô&è<Â6Ò Ê��;c T� a�4wHPvq� �¹z�"k¤�< 1989[Í	
12i�J 14G�B ANSX3.159-1989��¤�< T��mrÄ�}¹ R�+Ö<�����"k, 1990[Í	;c _ô>Á6ÒE'�}��:@N���. 60«»(Ûoq� 50÷7Bª�<
M�+í<q� C a�@#e;c"k ��$p*ã< #¿ET� f, �~��~�ª�< C++;c"k (60«»(Ûo �ÈÕ¬£ prototype;c 60Â6Ò #¿E) ��$p*ã< #¿E�·
N���. ½�P�z� ($ã<Ü�|q� #lU��� ���\�	 3ï̂B �:?��(trigraph) 'Ö<�� S�7BHÃ�¿ì> �Ô�ÈÕÂ6Ò) ��V��+8� 'Ö<�� :cÈ�¿ì> U�
4wH�¤�< M��ûB|¡ �Ô�ÈÕS�����:@N���. ANSI C �¢+Ö<ª�< C run-time ��T�Â��_P�|¡ �¢+Ö<ésS�����:@N���.

½� ³Ö;c V��<K �¢+Ö< M�¦�->	 [ISO]¤�< Q�V�� �¢+Ö<->	 X3.159¿ì> [ISO]/IEC 9899:1990Ä�}¹ 60=i�#l V��<K �¢
+Ö<Ä�}¹ ¹ÿ�¾ç>�}��:@N���. T� �¢+Ö<;c"k¤�< ANSIq� �¢+Ö<Ãç> +ä�+ä��z� �¹_�uÂ6Ò #¿ET� 60«»(ÛoT��}�M� CI'Ö<;c °Ýo
Z� ‘ANSI/[ISO] 9899-1990’ [1992] ��z� «»�m@N���.

1994[Í	 ‘Technical Corrigendum 1(TC1)’ª�<�¢+Ö<;c"k��� 40��U�¿ì>¬£+ä���~��:@N���.60«»(Ûo¬£+ä�ª�<«»(Ûo
+8�Ä�}¹'å�%u�Â6Ò��B'å�T�L·x�¢Â6Ò#¿E;c�¹_�u��B'å�Ãç>·ÿ�#¿E�·N���.½�P�z� ‘Normative Addendum 1(NA1)’ª�<
��� 50 @iT�U� (Ûo�è¡q� :�}¹*Ö< 4�$Ë�Ãç> ,Ò��á�~Ä� fכ ��q� 60«»(ÛoT� V��<Kés(internationalization);c MÎ3Â6Ò
�ÈÕ¬£ ��B'å��·N���. 1995[Í	 TC2¤�< �~���U� +ä�+ä� ����ØÃç> .���Ò��á�~�:@Nכ

T� ¼â�Ãç> Íç> CI, �¢+Ö<q� TÖhb9	Â6Ò 4�+ä�Á6Òª�< T�<K �����U� ���*«;c ¾ç>#e ìm©�:@N���. :�}¹*Ö< �¢+Ö<ª�< g̀@<�
“[C9X]”��z� T��mrT� [ôF�}�z�, 1999[Í	 ðmÔ;c TÖh)ç��RJ ����¤�< �:AÃç> ����ÕëzN���. (T� ¼â�q� ðm¬ª�< «»(Ûo|¡ :�
}¹*Ö< [C9X]¿ì> ºÿ�*å���̀z� ¬£+ä�E'�}��:@N���.)

�¡P�U��kB ANSI �¢+Ö<ª�< ðm¬ª�< «»(Ûo;c"k �lB+ä�Â6Ò «»(Ûo;c 60Â6Ò ��B'å�Üï, ���ª�< 'Ö<<K¾ç>;c 60Â6Ò $ã<q�¿ì> �Ô
�ÈÕÂ6Ò “[Rationale] (T�&è<+8� AI)o�)”Ãç> �Ô�ÈÕ�z� ����:@N���. �~� ��U�¤�< T� ¼â�;c T�Q� �Ô�ÈÕE'�}��:@N���.
([Rationale] ��=i¤�< ANSI �¢+Ö< X3.159-1989;c �Ô�ÈÕùÚH «»(ÛoT� ��N�U�¹ÿ� +ä��¹ <Kð�� ô6;+8�Ä�}¹¹ÿ� <Kð��E'
¤�< #¿ET� f, [ISO] �¢+Ö<;c �Ô�ÈÕE'¤�< 50÷7B|¡ ��·N���. [C9X] ÷7BÄ�}¹ :� Á6ÒT� +Ö<R�E'z� ���¤�< �ç¡%·n�·N�
��.)

Q 11.2 �¢+Ö< 'Ö<"k¿ì> #eO�"k *8
Ãç> ¬£ ����¢?

Answer Q�V��T����̂@ ���:? ®£�Ð;c"k ��(è<Ãç> ,>	,ê�ù�� ¬£ ����:@N���:

American National Standards Institute
11 W. 42nd St., 13th floor
New York, NY 10036 USA
(+1) 212 642 4900
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�¡¤�< ���:? ®£�Ð|¡ ���ûBכ�ÖN���:

Global Engineering Documents
15 Inverness Way E
Englewood, CO 80112 USA
(+1) 303 397 2715
(800) 854 7179 (U.S. & Canada)

��¦Ø<����¾ç>;c"k¤�<<K52��(Geneva);c���¤�< [ISO];c®£'Ö<�����~��V��q��¢+Ö<a�4wHPv;ca:@����S�M���
�m�N���:

\cite{iso} Sales
Case Postale 56
CH-1211 Geneve 20
Switzerland

(�¡¤�< http://www.iso.ch¿ì> �ç¡'Ö<�����, comp.std.internat FAQ P�Ã�È�;c"k Standards.Faq¿ì> ���
z��M� ���m�N���).

$k���� ��U����Ä�}¹ #����á�~Ãç> CI, ANSI;c"k ®£'Ö<��̀�̂@ 130.00$�� L·x�¢á�~Ä� f, GLobal;c"k ®£'Ö<ù�� CI
;c¤�< 400.50$�� L·x�¢á�~�:@N���. ([Rationale]Ãç> �Ô�ÈÕÂ6Ò) �¡P�U��kB X3.159¤�< ANSI;c"k 205.00$, Global;c
"k¤�< 162.50$�� L·x�¢á�~�:@N���. ANSI;c"k¤�< �¢+Ö< 'Ö<"k¿ì> Á6Ò8�Â6Ò ¬£��̧��»Ä�}¹ *Ö<*å��M� CI'Ö<;c b9	�� _ô>
Á6Ò 0ïF��̧Ä�}¹¤�< <Kð��AI®£U� óm¬�:@N���.

Q�V��T����̂@ ([Rationale]¿ì> �Ô�ÈÕÂ6Ò) �¡P�U��kB ANSI X3.159q� ��(è<Ãç> “FIPS PUIB 160”Ä�}¹ ���:? ®£�Ð
;c"k ®£'Ö<ù�� ¬£ ���Ãç> #¿E�·N���:

National Technical Information Service (NTIS)
U.S. Department of Commerce
Springfield, VA 22161
703 487 4650

Herbert Schildt�̂�� AI��BÂ6Ò(annotated) “Annotated ANSI C Standard”¤�< ANSI�� ��'>	 [ISO] 9899¿ì> ��B
'å��z�����:@N���; Osborne/McGraw-Hill;c"k_ô>Á6ÒE'�}�Ä� f, ISBN 0-07-881952-0T� f,60��� $40 9̀	;c"k
Á6Ò8�E'z� ����:@N���. �¢+Ö<Üï T� ÝÌvq� ��#�� 	�T�¤�< 60«»(Ûo $k���� ·ÿ� AI��B(annotation) ��#���·N���: ½�
�_��ðm¬ª�<;c�_ã#�.ª£ðm¬ª�<Ú�|���Ä�}¹è�Á6ÒT� �̂�U�óm¬�:@N���. netq�60«»(Ûo�����¾ç>ª�< ��;dT�ÝÌvÃç>ª£
Sכ��ÖN���. Clive Feather�̂¤�< T� ÝÌv;c 60Â6Ò "kè�Ãç> ���z� ��7�q� URL;c"k [�> ¬£ ����:@N���:

http://www.lysator.liu.se/c/schildt.html

[Rationale] 'Ö<"k¤�< (TÖhb9	Â6Ò �¢+Ö<ª�< ���») ��̧'å�(anonymous) FTP}¹ ftp.uu.netq� (H�B'Ö< 18.16 ���z�)
doc/standards/ansi/X3.159-1989O�×�v�ÔP�;c"k*8
Ãç>¬£����:@N���.�¡ http://www.lysator.liu.se/c/rat/title.html;c
"k [�> ¬£|¡ ����:@N���. Silicon Press;c"k _ô>Á6ÒE'M�|¡ á�~�:@N���. ISBN 0-929306-07-4�·N���.

[ISO]/IEC [C9X]q�.>	á�¥Á6Òª�< JTC1/SC22/WG14��T�È�->	 http://www.dkuung.dk/JTC1/SC22/WG14/;c
"k *8
Ãç> ¬£ ����:@N���.

H�B'Ö< 11.2b¿ì> ���z��M� ���m�N���.

Q 11.2b 4�+ä�ùÚH �¢+Ö<;c 60Â6Ò +ä��¹¤�< #eO�;c"k *8
Ãç> ¬£ ������¢?

Answer ([C9X] .>	á�¥Á6ÒÃç> �Ô�ÈÕÂ6Ò) MÎ3]�@ùÚH +ä��¹¤�< ���:? �.Ã ��T�È�;c"k ��¢Ãç> ¬£ ����:@N���:
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http://www.lysator.liu.se/c/index.html
http://www.dkuug.dk/JTC1/SC22/WG14/
http://www.dmk.com/

Q 11.3 <K ANSI -����G�B�_¤�< ���:?Üï ìm¥ª�< �Ø¿�¿ì> ��vÃç> CI, �ÈÕ¬£�� G�BV��U� óm¬¤�<��z� ;c�_¿ì> ñmÔÚ�|כ�ÖN���:

extern int func(float);

int func(x)
float x;
{ ...

Answer ½�T�¤¤�<:� (Ã���G�B)É�}¹�Ô���· 9̀	a�@->	 “extern int func(float)”Ãç>¦� (Ã���G�B)+ä�q�->	 “int func(x) float x;”ã#
)o�#e ���M� CI'Ö<;c ñmÔÚ�|כ�ÖN���. 604�¤�< T� £̈ Ã���G�BÃç> )o�#e Î�¤�< #¿ET� ���ûB�U�¹ÿ�(H�B'Ö< 11.4 ���z�) T�
#Ü�£;c¤�< ¼ÿ��RLN���.

�¡7�ùÚH C (É�}¹�Ô ���·Üï ��_�@ ->	�� P�Ã�È�¿ì> <Kð���U� óm¬¤�< ANSI C; H�B'Ö< 15.2 ���z�) a�@#e;c"k¤�<
�ÈÕ¬£;c b9	îm�E'¤�< #ei�@ ->	��¾ç>Ãç> “%u��ç¡(widen)”S��·N���. �:; floatª�< double}¹, char�� short int¤�<
int}¹ %u��ç¡S��·N���. (¦� Ã���G�B}¹ +ä�q�Â6Ò�ÈÕ¬£;c"k¤�<, T��w�4�%u��ç¡E'#eb9	îm�ùÚH->	����, �ÈÕ¬£q�ô6?=i
«»(Ûo;c ¾ç>#eìm� CI, ��S� 4wH7�q� Ç�M�}¹ _�@Z9��RLN���)

T� 'Ö<<K¤�< �ÈÕ¬£ +ä�q�;c"k :� Ã���G�Bq� 'Ö<(«Ãç> -s"k z�I·x ¬£ ����:@N���:

int func(float x) { ... }

�¡¤�< :� 0ïF��̧q� É�}¹�Ô���· 9̀	a�@Ãç> ¦� 0ïF��̧q� +ä�q�ã# G�BV��|¡ói; ���:?Üï ìm¥T� ¹ÿ�¾ç>#e ®£�̂@ �RLN���:

extern int func(double);

(T� #Ü�£, ���ûB����̂@ ¦� 0ïF��̧q� +ä�q�;c"k doubleÃç> Î�|¡ói; ���ñ®£¤�< #¿ET� �G Baכ����ÖN���.)

�:;, ø¶ª�<(narrow, ;d¿ì> ¾ç>#e char, short int, floatÜï ìm¥ª�<) ->	���� P�e�@ ���·Ãç> Î�U� óm¬¤�< #¿ET� o-�
7>	 �G ¼ÿ�b9	כ�ÖN���.

H�B'Ö< 1.25¿ì> ���z��M� ���m�N���.

References [K&R1] § A7.1 p. 186; [K&R2] § A7.3.2 p. 202; [ISO] § 6.3.2.2, § 6.5.4.3; [Rationale] § 3.3.2.2, § 3.5.4.3;
[H&S] § 9.2 pp. 265–7, § 9.4 pp. 272–3.

Q 11.4 �ÈÕ¬£ ¦�'Ö<;c"k �¡7�ùÚH 0ïF��̧Üï :� 0ïF��̧Ãç> )o�#e Íç> ¬£ ������¢?

Answer )o�#e Íç> ¬£ ���&>	 �U�¹ÿ� 8�£ ®£q�¿ì> L·x�¢כ�ÖN���. (H�B'Ö< 11.3Ãç> þÙ� �¹S�M� ���m�N���). g̀@<�;c¤�< proto-
type 0ïF��̧T� 9̀	a�@Üï +ä�q�;c ~¡£̈ ��÷7BE'z� ����:@N���. (�¡7�ùÚH 0ïF��̧ª�< Íç>~¡ �}"T� E'#e��z� ���M� CI'Ö<
;c, a�@ø# �� ð����̧+8�Ä�}¹ <K���RJ #¿E�·N���.)

References [ISO] § 6.7.1, § 6.9.5; [H&S] § 9.2.2 pp. 265–7, § 9.2.5 pp. 269–70.

Q 11.5 -����G�B�_�� ���:? 9̀	a�@Ãç> ¹ÿ����̂@:
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extern int f(struct x *p);

“struct x introduced in prototype scope”��¤�< T��ç¡Â6Ò #Ü�z�¿ì> ñmÔÚ�|S��·N���.

Answer Ca�@#eq�Ã��ØÉ�(scope)¦��Ð�;c��À��̂@�ÈÕ¬£q�É�}¹�Ô���·;c¹ÿ� 9̀	a�@ùÚH¦��Ð=i¤�<ìm¥ª�<�ÐÃ�q���¦Ø<¦�
�Ð=iã# �ÚZ9�)ç�T� �}"�:@N��� (T� ¦��Ð=i¤�< �ÈÕ¬£q� É�}¹�Ô���· 9̀	a�@T� Ê��ím� CI Ã��ØÉ�¿ì> (Ë{#e�m�N���.)

T� 'Ö<<K¿ì> AI�lB��̀�̂@ �̂	$k �ÈÕ¬£ 9̀	a�@ óm¦;c ���:?Üï ìm¥T� �~x|¡}¹ ¦��Ð=i 9̀	a�@Ãç> AI ®£#e�� :���ÖNכ�

struct x;

T��w�4� ��̂@, T� ¦��Ð=iq� 9̀	a�@T� ��G�B Ã��ØÉ�¿ì> ��U�4� E'#e, T�³Ö;c ��]�> 9̀	a�@;c"k struct x¿ì> ��
÷7Bù�� CI, ìm¥ª�< struct x¿ì> ��P�W�|¡ói; ù�� ¬£ ����:@N���.

References [ISO] § 6.1.2.1, § 6.1.2.6, § 6.5.2.3.

Q 11.8 9��~xq� Ç�M�¿ì> U�+ä�ù�� CI, ���:?Üï ìm¥T� �ç¡¬£ ìḿÃç> -s|¡ ¼ÿ�E'¤�< T�¤�� 1wH���¢?

const int n = 5;
int a[n];

Answer const (qualifier) W���¿�¤�< “G��M� b9	÷7B”->	 #¿EÃç> q�Qכ��ÖN���; �:; U�+ä�Â6Ò �¡Â�Ü<vÈ�¤�< F�Bá�¥ù�� CI (G�Bºÿ�+8�
Ä�}¹) _�@#Ü�ù�� ¬£ �}"�:@N���. ����"k T��_Â6Ò ‘const’ �¡Â�Ü<vÈ�¤�< �ç¡¬£ ¬£��̧(constant expression)T� ��·
N���. (T� «»(Ûo;c"k C a�@#eã# C++T� ���m@N���.) -����G�Bù�� CI U�+ä�ù�� �ç¡¬£¿ì> 4wHÂ6Ò���̂@ #defineÄ�}¹
(�¡¤�< enumÄ�}¹) �ç¡¬£¿ì> +ä�q��M� ���m�N���.

References [ISO] § 6.4; [H&S] § 7.11.2,7.11.3 pp. 226–7.

Q 11.9 ‘const char *p’ã# ‘char * const p’q� 	�T�¤�< ª£*Ë{->	���¢?

Answer ‘const char *p’¤�< (‘char const *p’��z� Íç> ¬£ ����:?) �ç¡¬£ 'Ö<��;c 60Â6Ò �Ô->	'_¿ì> 9̀	a�@Â6Ò #¿E�·N���
('Ö<��¿ì> ��dê� ¬£ �}"�:@N���); ‘char * const p’¤�< 'Ö<��;c 60Â6Ò �ç¡¬£ �Ô->	'_¿ì> 9̀	a�@Â6Ò #¿E�·N��� ('Ö<��
¿ì> _�@#Ü�ù�� ¬£¤�< ���U�¹ÿ� �Ô->	'_¿ì> _�@#Ü�ù�� ¬£¤�< �}"�:@N���).

AI��BÃç> ômÔ �:?Q�AI�¹S�M� ���m�N���; H�B'Ö< 1.21|¡ ���z��S�M� ���m�N���.

References [ISO] § 6.5.4.1; [Rationale] § 3.5.4.1; [H&S] § 4.4.4 p. 81.

Note �:;, ‘const char *p’¤�< p����¦Ø<a�V�¿ì>��P�W�|¡ói;��dê�¬£���Ä���, p����P�W�¤�<60�ç¡(const char)Ãç>
��dê� ¬£ �}"�:@N���. ‘char * const p’¤�< p�� ��P�W�¤�< 60�ç¡(char)ª�< ��dê� ¬£ ���U�¹ÿ�, p�� ��¦Ø< #¿EÃç>
��P�W�4� ù�� ¬£¤�< �}"�:@N���.

Q 11.10 const char **¿ì> ->	��}¹ ���¤�< �ÈÕ¬£;c char **¿ì> b9	îm���̂@ ¼ÿ�E'���¢?

Answer const T ���·;c 60Â6Ò �Ô->	'_�� (pointer to const T) L·x�¢Â6Ò ð��;c, T ���·;c 60Â6Ò �Ô->	'_¿ì> (pointer to
T) Íç> ¬£ �}"�:@N���. ���µÿ� ��¦Ø< ���·q� �Ô->	'_¿ì> b9	îm�ù�� ¬£ ���¤�< ¦��Ð�ª�< <�Zô+8�Ä�}¹ (recursive) +8�÷7B�RJ
¬£ �}"M� CI'Ö<�·N���.

����"k 'å�Ù�v�4� (explicit) >�Ã��?�Ãç> (T� #Ü�£;c const char **Ä�}¹) AI ®£#e�� .���ÖNכ�
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References [ISO] § 6.1.2.6, § 6.3.16.1, § 6.5.3; [H&S] § 7.9.1 pp. 221–2.

Q 11.12a main()q� +ä�%u�Â6Ò 9̀	a�@ �ç¡(«Ãç> ómÔz� F���:@N���.

Answer main()q� 9̀	a�@ª�< ���:? ï̂B;c"k V���� -s�� :���ÖNכ�

int main();
int main(void);
int main(int argc, char *argv[]);

(Zï>&è< T�CI ‘argv’ã# ‘argc’��¤�< T��mrª�< �}B��¥�<U� ��dê� ¬£ ����:@N���.) H�B'Ö< 11.12b«»'_ 11.15��U� ���z�
�M� ���m�N���.

References [ISO] § 5.1.2.2.1, § G.5.1; [H&S] § 20.1 p. 416; [CT&P] § 3.10 pp. 50–51.

Q 11.12b “main returns no value”��¤�< #Ü�z�¿ì> Y��M� a�AI, main()Ãç> void ���·Ä�}¹ 9̀	a�@AI|¡ Ùñ¿õm¬Ãç>���¢?

Answer ¼ÿ��RLN���. main()ª�< ºÿ�¿�S� int ���·Ãç> P�e�@�|¡ói; 9̀	a�@E'#e�� � f, ->	��¤�< 04� �¡¤�< 24�T�#e��
.���ÖNכ� ø¶B�ºù�� CI, exit()¿ì> ���¤�<62|¡ 4�ö¶; T��_Â6Ò #Ü�z��� ñmÔÚ�|Â6Ò���̂@, ��U����;c Íç>62�}"¤�< #l(Ûoq�
(redundant) P�e�@ 'Ö<�ç¡Ãç> -s ®£#e #Ü�z��� ñmÔÚ�|�¤�< #¿EÃç> ���Ãç> ¬£ ����:@N���. (���ûB����̂@ -����G�B�_��
<Kð���¤�< “not reached”¿ì> q�Q��¤�< U�S�#e(directive)¿ì> -s ®£#e|¡ �RLN���).

·ÿ�)Ö<Z� #Ü�z�¿ì> �}";��̀z� �ÈÕ¬£¿ì> void ���·Ä�}¹ 9̀	a�@�¤�< #¿Eª�< 8�£ �̂�U� óm¬�:@N���; ý$����̂@, 50«»
+8�->	 �ÈÕ¬£ �Ú_ô>/P�e�@ S�dÌ	Ã��� �ÈÕ¬£¿ì> �Ú_ô>�¤�< �¶;Üï (main()q� #Ü�£, C run-time startup code) "k}¹
��¿ì> ¬£ ���M� CI'Ö<�·N���.

(Note that this discussion of main() pertains only to ”hosted” implementations; none of it applies to
”freestanding” implementations, which may not even have main(). However, freestanding implementations
are comparatively rare, and if you’re using one, you probably know it. If you’ve never heard of the distinction,
you’re probably using a hosted implementation, and the above rules apply.)

References [ISO] § 5.1.2.2.1, § G.5.1; [H&S] § 20.1 p. 416; [CT&P] § 3.10 pp. 50–51.

Q 11.13 mainq� :c _�@Fg ->	��->	 envp�� �����z� ¾ç>�}��:@N���.

Answer :c _�@Fg ->	��¤�< ��®£ Î�T�M�¤�< �U�¹ÿ� �¢+Ö< ->	��¤�< ��·N���. T�¤�< Z9�#Ü�(environment) _�@¬£;c +«£Ó	�
M� a�Â6Ò #¿EÄ�}¹, T� ô6;+8�Ä�}¹ Î�T�¤�< �¢+Ö< �ÈÕ¬£ getenv()�� <Kð��E'z�, b9	*9� _�@¬£}¹ environT� <Kð��
E'M� CI'Ö<;c, T� R��¢+Ö< :c_�@Fg ->	��¿ì> Íç> T�¤�� �}"�:@N��� (�U�¹ÿ�, b9	*9� _�@¬£ environ|¡ R��¢+Ö<T�
M�¤�< ��¾6Ò��U��·N���).

References [ISO] § G.5.1; [H&S] § 20.1 pp. 416–7.

Q 11.14 main()Ãç> void ���·Ä�}¹ 9̀	a�@Â6Ò�� ��G��|¡, exit() �ÈÕ¬£¿ì> -s"k ø¶B�ºÂ6Ò���̂@ 'Ö<<K�RJ 4� b9	)y �}"U�

óm¬���¢? 4����� <K�� Î�z� ���¤�< *Ö<*å� =i<K¤�< É�}¹½�×�yq� ø¶B�º/P�e�@ �Ø¿�¿ì> ��;d ª£S�Â6Ò�m�N���.
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Answer main()q� P�e�@ ìḿT� Î�T���, Î�T�U� óm¬¾���¤�< ï̂B�¢Â6Ò 'Ö<<K�� ��·N���; 'Ö<<K¤�< main()Ãç> void ���·
Ä�}¹ 9̀	a�@�ÈÕÄ�}¹ ->	�#l, main()Ãç> �Ú_ô>�¤�< «»(ÛoT� (]�@-����» S����(startup) �Ø¿�) main()Ãç> <K60}¹
�Ú_ô>�U� ô6�ù�� ¬£ �����¤�< #¿E�·N��� (T�¤�< calling convension 'Ö<<K�·N���; H�B'Ö< 11.12b¿ì> ���z��M� ��
�m�N���).

Borland C++ 4.5;c"k void main()Ãç> ���Ãç> CI, É�}¹½�×�yT� �ç¡��H�B ¬£ �����¤�< #¿ET� T�Q� �¹z�E'�}��:@
N���. ½�P�z� #ei�@ -����G�B�_¾ç>ª�< (DEC C V4.1Üï gcc) mainÃç> void ���·Ä�}¹ 9̀	a�@á�~Ãç> CI, #Ü�z�¿ì> ñmÔ
Ú�|כ�ÖN���.

#l�_(Ûoq� *Ö<*å� =i<K�� ø¶B�º �ç¡?�(exit status)¿ì> ª£S�ù�� ¬£|¡ ���z�, void main()T� ò6B���ù�� ¬£|¡ ���U�
¹ÿ�, T�¤�< T���̧)ç�T� �}"Ãç> 3Ûo¹ÿ� ��N���, ]�>��¦Ø< #¿E|¡ ��·N���.

Q 11.15 <K�� �¹z� ���¤�< ÝÌv “C Programming for the Compleat Idiot”;c"k¤�< ��Ø�ç¡ void main()Ãç> ��÷7Bכ�ÖN���.

Answer ����|¡ ½� ÝÌvq� $k��¤�< ��,>	|¡ ½� (8�®£(complete;c 4�»ÿ�Â6Ò ~¡�è¡�·N���. ðm¬ª�< ÝÌv¾ç>T� void main()Ãç>
Î�z� ���U�¹ÿ� T�¤�< ômÔô6�ùÚH #¿E�·N���.

Q 11.16 main();c"k #ei�@ ìḿÃç> P�e�@�¤�< #¿EÜï exit()¿ì> Î�¤�< #¿EÜï TÖhb9	Z� ìm¥���¢?

Answer ½��w���z�,�¡¤�<½��w�U�óm¬��z�ù��¬£����:@N���. C�¢+Ö<;c"k¤�<TÖhb9	Z�ìm¥��z�a�@�� �z����U�¹ÿ�, main;c
local 62T�'_�� ‘cleanup’ Üï+ä�;c"k L·x�¢ù�� #Ü�£, main;c"k P�e�@�¤�< �ç¡(«ª�< <K60}¹ ò6B����U� óm¬Ãç> ¬£
����:@N���; H�B'Ö< 16.4¿ì> ���z��M� ���m�N���. ½�P�z� ��®£ �¡7�ùÚH (�¢+Ö<Ãç> U�4wH�U� óm¬¤�<) �~��~� S�Ã�ß�y
;c"k¤�< £̈ ��U� 0ïF��̧ ï̂B ����� <K60}¹ ò6B����U� óm¬Ãç> ¬£ ����:@N���.

(��U����Ä�}¹, T� £̈��U� 0ïF?�¤�< main()Ãç> <�Zô+8�Ä�}¹ �Ú_ô>ù�� #Ü�£, ��¦Ø< �Ø¿�¿ì> Ú�|)çכ��ÖN���.)

Note <K 4�->	+8�->	 Ú�|~��Ä�}¹, G�Bºÿ�+8�Ä�}¹ main()Ãç> <�Zô+8�Ä�}¹ �Ú_ô>ù�� ¬£ �}"M� CI'Ö<;c, ��}¹ a�q� 'Ö<�ç¡ª�<
�~x q�Q��� �}"Ãç> #¿E ìm¥�:@N���.

References [K&R2] § 7.6 pp. 163–4; [ISO] § 5.1.2.2.3.

Q 11.17 ANSI “stringizing” b9	%oP�M� a:@»ÿ���->	 #¿ì> -s"k ��»[�>�Ð� �ç¡¬£q� ìḿÃç> 'Ö<���~x;c �·#e �k�Ä��̀z� ,���ÖNכ�

½�]�@62, ½� �lBÜï, �ç¡¬£q� ìḿT� ¾ç>#e��¤�< 60,>	, �ç¡¬£q� T��mrT� ¾ç>#e��¤�<#Ñ	�¢.

Answer 8�Ç�}¹�� 4wH7� U�'>	 �:AÄ�}¹ %u��ç¡E'@�B 4wHÂ6Ò���̂@ ���:?Üï ìm�T� £̈ ·ÿ�4�¿ì> ��%t"k Íç> ¬£ ����:@N���:

#define Str(x) #x
#define Xstr(x) Str(x)
#define OP plus
char *opname = Xstr(OP);

T� �Ø¿�¤�< opnameÃç> “OP”}¹ ��B+ä��U� óm¬z�, “plus”}¹ ��B+äכ��ÖN���.

R��:AÂ6Ò �ç¡%·nT� “token-pasting” a:@»ÿ���->	 ##¿ì> Íç> CI, £̈ 8�Ç�}¹q� ìḿÃç> a:@�lB��̀ ù�� CI ñmÔÚ�|ù�� ¬£ ���
�:@N���.

References [ISO] § 6.8.3.2, § 6.8.3.5.

Q 11.18 8KS�U� “warning: macro replacement within a string literal”ª�< ª£©�< �:AT��¢?
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Answer : ANSI T�b9	q� #ei�@ -����G�B�_/b9	%oP�M�¤�< 8�Ç�}¹ +ä�q�¿ì> ���:?Üï ìm¥T� +ä�q�ù�� #Ü�£:

#define TRACE(var, fmt) printf("TRACE: var = fmt\n", var)

���:?Üï ìm¥ª�< ��̧Ä�}¹ �Ú_ô>�4� E'�̂@:

TRACE(i, %d);

���:?Üï ìm¥T� %u��ç¡�4� �RLN���:

printf("TRACE: i = %d\n", i);

�:;, 8�Ç�}¹ ->	��}¹ ��*ã< T��mrT� 'Ö<���~x ¼ÿ�;c ���¤�< #Ü�£��|¡ %u��ç¡S�&� !e�·N���.

T��_Â6Ò��̧q�8�Ç�}¹%u��ç¡ª�< K&R;ca�@�� ùÚH#¿E|¡��N� f,�¢+Ö< Ca�@#e;c"ka�@�� ùÚH#¿E|¡��·N���.8�Ç�
}¹->	����=i��'Ö<���~xT�E'M�¿ì>4wHÂ6Ò���̂@b9	%oP�M�a:@»ÿ���->	 #¿ì>Î�����,'Ö<���~xa:@�lB (concatenation)
M��ûBÃç> Î��̂@ �RLN��� (T�¤�< ANSI �¢+Ö<q� :�}¹*Ö< M��ûB�·N���.):

#define TRACE(var, fmt) \
printf("TRACE: " #var " = " #fmt "\n", var)

H�B'Ö< 11.17Ãç> ���z��M� ���m�N���.

References [H&S] § 3.3.8 p. 51.

Q 11.19 #ifdef¿ì> -s"k �Ô�ÈÕS�W�U� ðmÔ��z� Â6Ò ð��;c"k 8�£ T��ç¡Â6Ò ¦�'Ö<(syntax) ;c�_�� �m�N���.

Answer ANSI C;c"k, #if, #ifdef, #ifndef;c �́<ß�vÃ�È�¤�<b9	%oP�M���%oP�ù��¬£���¤�<¤�ÕÂ6Ò#¿ET�#e�� (valid
preprocssing token) .���ÖNכ� �:;, C a�@#e;c"k%o&8� "�� ’¤�< ~��~��T� �ç¡Ãç> T�©»#e"k ��ã#�� � f, ��÷6?�¢
�� ï̂>q� #Ü�4�¿ì> (Ë{#e��|¡ ¼ÿ�E' f1, "k}¹ ��¦Ø< ��÷6?�¢�� z�	�E'#e ���Ä��̂@ ¼ÿ�ùÚH��¤�< �:A�·N���. (�m;Z�,
*å�#eq�Ú�|���0ïF(contracted word);cÎ�T�¤�<,���ª�<��÷6?�¢(apostophe)¤�<'Ö<���ç¡¬£q�S����%o&8��¹->	��¤�<
#¿EÃç> M�*8�AI�� (.���ÖNכ� ����"k &>	 ®£)o�T��� pseudo code¿ì> Î�¤�< #¿ET� ô6;+8�T����̂@ #ifdef¿ì> -s"k Dg
��z� U�+ä�Ãç> á�~�G��|¡ ð����̧+8�(offical)->	 ®£)o�(comment)->	 /* ... */Ãç> -s�� .���ÖNכ�

References [ISO] § 5.1.1.2, § 6.1; [H&S] § 3.2 p. 40.

Q 11.20 #pragma¤�< #eO�;c Î����¢?

Answer #pragma¤�< ~¡¥�< ø¶B©¼q� (T���̧)ç�T� �wx#eU�¤�<) ~¡¥�< ¦�g̀@ �ç¡(«;c ��¦Ø< M��ûBÃç> <K#e�z�, %u��ç¡ M��ûBÃç>
<Kðכ���ÖN���; #lM�;c¤�< �ÐÃ� P�Ã��?� <K#e, ¦��Ð=i �m�_k;(packing), #Ü�z� _ô>&9� ¬£+Ö< �ûBT� �Ô�ÈÕ�RLN���.

References [ISO] § 6.8.6; [H&S] § 3.7 p. 61.

Q 11.21 “#pragma once”�� q�Q��¤�< #¿ET� ~¡�¢?

1the ¨, ´ pairs mustn’t cross line boundaries
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Answer T�¤�< #ei�@ b9	%oP�M�¾ç>T� <Kð���¤�< M��ûBÄ�}¹ Ai�G ��G�BT� ·ÿ� Â6Ò_�@��̧¹ÿ� �Ô�ÈÕE'|¡ói; �¤�<, H�B'Ö< 10.7;c
�Ð4�ùÚH #ifndef È��Ð�Üï ìm¥ª�< *9�ù��Ãç> .���ÖNכ� ·ÿ� T���̧)ç�T� �wx#e�·N���.

Q 11.22 char a[3] = "abc";�� ]�>��¦Ø< �¢g̀@->	���¢?

Answer ANSI C (½�P�z� ANSI T�b9	q� �~��~� S�Ã�ß�y;c"k)¤�< T��_Â6Ò #¿EÃç> ]�>��¦Ø< �¢g̀@T���z� ðmÔ�U�¹ÿ� Î�T�¤�<
ð��ª�< ��q� �}"�:@N���. T� �Ø¿�¤�< +ä�%u�Z� :c4�q� �¢�Ð¿ì> ~�¢¤�< 9��~xÃç> 9̀	a�@�z� ~��~��Ãç> ‘a’, ‘b’, ‘c’}¹ �Ô
M�ésכ�ÖN���. �:;, 'Ö<���~xq� Ê��Ãç> ����50¤�< \0ª�< ¾ç>#e��U� óm¬�:@N���. ����"k T� 9��~xª�< C a�@#eq� 'Ö<��
�~xT���z�ðmÔ�M���#Þ	6̧Òכ�ÖN���.½�7�"k strcpy�� printfã#ìm¥ª�<�ÈÕ¬£;c->	��}¹b9	îm��RJ¬£�}"�:@N���.

604�, 9��~xq� Ç�M�¿ì> U�+ä��U� óm¬z�, -����G�B�_�� 9��~xq� Ç�M�¿ì> ómÔ��"k U�+ä��|¡ói; (�:; a�q� #Ü�£;c
"k, Ç�M�¿ì> U�+ä��U� óm¬Ä��̂@, 9��~xq� Ç�M�¤�< 4�� ßdµ) �¤�< #¿ET� G�Bºÿ�+8��·N���.

References [ISO] § 6.5.7; [H&S] § 4.6.4 p. 98.

Q 11.24 ý$ void * ���·q� �Ô->	'_;c¤�< »ÿ�\ï>(arithmetic) 4�»ÿ�Ãç> ù�� ¬£ �}"Ãç>���¢?

Answer �Ô->	'_�� ��P�W�¤�< �¡Â�Ü<vÈ�q� Ç�M�¿ì> ómÔ ¬£ �}"M� CI�·N���. ����"k a:@»ÿ�Ãç> �M� b9	;c �Ô->	'_¿ì>
char *�� %oP��z��� �¤�< �Ô->	'_ ���·Ä�}¹ _�@Z9�AI�� ���ÖNכ� (H�B'Ö< 4.5¿ì> þÙ� ���z��M� ���m�N���).

References [ISO] § 6.1.2.5, § 6.3.6; [H&S] § 7.6.2 p. 204.

Q 11.25 memcpy()ã# memmove()ª�< �¤�< G�BT� ìm¥U� óm¬���¢?

Answer memmove()¤�< 4wH(è<Üï 60�ç¡T� #¢I·x #Ü�£;c|¡ ¼ÿ�b9	�4� ò6B���Â6Ò��¤�< #¿EÃç> �¹�ç¡כ�ÖN���. memcpy()¤�< T�
�_Â6Ò �¹�ûBÃç> �U� óm¬Ä�Á�}¹ ø¶? �G ümÔP� ò6B���ù�� ¬£ ����:@N���.. q���»T� µÿ����̂@ memmove()¿ì> Î�¤�< #¿ET�
�G ¼ÿ�b9	כ�ÖN���.

References [K&R2] § B3 p. 250; [ISO] § 7.11.2.1, § 7.11.2.2; [Rationale] § 4.11.2; [H&S] § 14.3 pp. 341–2; [PCS] §
11 pp. 165–6.

Q 11.26 malloc(0)ª�< ª£*Ë{Ãç> q�Q���¢? T� CI �kB �Ô->	'_�� P�e�@E'¤�< #¿E->	���¢, ��N��̂@ 0 ��T�È�¿ì> ��P�W�¤�<

�Ô->	'_�� P�e�@E'¤�< #¿E->	���¢?

Answer ANSI/[ISO] �¢+Ö<ª�< Xï> ï̂B ���G�B ¬£ �����z� ðmÔ�z� ����:@N���; ½� �lBÜï¤�< ¦�g̀@ �ç¡(«;c q�+í<+8�2
�·N���.

(H�B'Ö< 11.33Ãç> ���z��M� ���m�N���.

References [ISO] § 7.10.3; [PCS] § 16.1 p. 386.

Q 11.27 JY«» T��mr(external identifier)Ãç> Íç> CI, ý$ ANSI �¢+Ö<ª�< #l)Ï{ ¼â��� T��ç¡->	 T��mrq� ¤G�B)ç�Ãç> �¹�ç¡ù�� ¬£

�}"��z� ù�����¢?

2implementation-defined
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Answer �¡7�ùÚH �?�&�(linker)q� #Ü�£, ANSI/[ISO] C��, C -����G�B�_ 4�ñmÔ��ã# �ç¡MÎ3�}"T� S�Ã�ß�y;c q�+í<+8�->	 #Ü�£
�� ðm¬��¤�< #¿ET� 'Ö<<K�·N���. T� <KÂ6Òª�< T��mrq� ,Ò{ #l)Ï{ ¼â���¹ÿ�Ãç> ¤G�B���z� �¹�ç¡�M� CI'Ö<;c, ,Ò{ #l
)Ï{ ¼â����� ìm¥ª�< T��mr¾ç>ª�<, b9	=i�� ìm¥ª�< T��mrÄ�}¹ c(�� כ�ÖN���. T� <KÂ6Òª�< T�Q� Íç>~¡�}"#e$p ��z� ���Ä�
Á�}¹ (obsolescent), [C9X] �¢+Ö<;c"k¤�< �}"#eH�B ;d+ä��·N���.

Note �:;, “AAAAAAB”ã# “AAAAAAC”�� ìm¥ª�< T��mrÄ�}¹ c(�� �RJ ¬£ �����¤�< ðmÔ�·N���.

References [ISO] § 6.1.2, § 6.9.1; [Rationale] § 3.1.2; [C9X] § 6.1.2; [H&S] § 2.5 pp. 22–3.

Q 11.29 <K-����G�B�_¤�<µÿ�·ÿ�Â6Ò?KÃ�È�É�}¹½�×�y�Ð	�-����G�B�U�ô6כ��ÖN���.¬£ðm¬ª�<¦�'Ö<;c�_¿ì> (syntax error)

_ô>&9כ��ÖN���.

Answer ����|¡ ANSI T�b9	q� -����G�B�_->	 #¿E ìm��:@N���. ½��_Â6Ò -����G�B�_¾ç>ª�< �ÈÕ¬£ 4wH0ïF(prototype)Üï ìm¥ª�< #¿E
Ãç> %oP��U� ô6כ��ÖN���.

H�B'Ö< 1.31, 10.9, 11.30, 16.1b¿ì> ���z��M� ���m�N���.

Q 11.30 <K�� Î�¤�< -����G�B�_¤�< ANSI -����G�B�_->	62|¡ #ei�@ ANSI/ISO�¢+Ö< �ÈÕ¬£¾ç>T� +ä�q�E'#e ���U� óm¬��z� �
¤�<#Ñ	�¢.

Answer -����G�B�_�� ANSIq� ¦�'Ö<Ãç> �����z� ��G��|¡, ANSI �ÚZ9�q� Ai�G ��G�BT���, ]�@-����» ��T�Â��_P�¿ì> ~�¢
U� óm¬Ãç> ¬£ ����:@N���. (��F�B gccã# ìm¥T�, S�Ã�ß�y õ�w�G(vendor)�� <Kð���U� óm¬¤�< -����G�B�_;c"k¤�< ø¶Bø¶B
���¤�< G�B�·N���.) H�B'Ö< 11.29, 13.25, 13.26Ãç> ���z��M� ���m�N���.

Q 11.31 ¦� Ã���G�B}¹ -s.>	 C É�}¹½�×�yÃç> ANSI C}¹ ���ñ®£����, �¡¤�< ½�ã# ºÿ�60 ���*«Ãç> AI®£¤�< É�}¹½�×�yT� ���

Ãç>���¢?

Answer É�}¹�Ô���·Ãç> Î�¤�< :� �ç¡��̧Üï, ¦� �ç¡��̧Ãç> ���ñ®£¤�< ‘protoize’ã# ‘unprotoize’��¤�< É�}¹½�×�yT� ����:@N�
��. (T� É�}¹½�×�yT� ¦� Ã���G�Bq� Cã# ANSI Cã#q� 100% TÖhb9	Â6Ò _�@Z9�Ãç> �¹�ç¡�U�¤�< óm¬�:@N���.) T� É�
}¹½�×�y¾ç>ª�< FSFq� GNU C compiler 9��ÔÁ6Ò;c �Ô�ÈÕE'#e ����:@N���; H�B'Ö< 18.3Ãç> ���z��M� ���m�N���.

‘unproto’ É�}¹½�×�yª�< (ftp.win.tue.nlq� /pub/unix/unproto5.shar.Z) b9	%oP�M�ã# -����G�B�_ ��T�
;c"k _�@Z9�Ãç> ����ç¡�¤�< G�Bø¶Bq� ‘L·x'_(filter)’�·N���. ½�P�z� ANSI C Ã���G�BÜï ¦� Ã���G�Bq� _�@Z9�Ãç> ��q�
TÖh(9��4� AI 8̂@N���.

GNU Ghostscript @IW�U�;c¤�< µÿ�·ÿ�Â6Ò ansi2knrT���¤�< É�}¹½�×�yT� �Ô�ÈÕE'#e ����:@N���.

½��_��, ANSI C Ã���G�BÃç> ¦� Ã���G�B}¹ ��dê� CI, T��_Â6Ò _�@Z9�T� ~¡£̈ ��ò6BÄ�}¹ ¼ÿ�b9	�4� _�@Z9�E'¤�< #¿E
ª�< ��·N���. ANSI C;c"k¤�< K&R C;c¤�< �}"¤�< :�}¹*Ö< M��ûBÜï õi;�m�)ç�Ãç> 50�Ô�z� ���Ä�Á�}¹, É�}¹�Ô��
�·T����¤�<�ÈÕ¬£¿ì>�Ú_ô>ù��CI;c®£q�AIכ���ÖN���;����|¡>�Ã��?�T�L·x�¢ù��U�|¡~¡�m@N���.H�B'Ö< 11.3Üï
11.29¿ì> ���z��M� ���m�N���.

_�@0ïFùÚH ‘lint’ìm¥ª�<É�}¹½�×�yª�<É�}¹�Ô���·Ãç>¹ÿ�¾ç>#e50®£M�|¡כ�ÖN���. 1992[Í	 3i�J;c comp.sources.misc;c
4�S�ùÚH CPROTO É�}¹½�×�y|¡ T�]�@ M��ûBÃç> .���ÖNכ� �¡ “cextract”��¤�< É�}¹½�×�y|¡ ����:@N���. �¡ T��_
Â6Ò É�}¹½�×�y¾ç>T� -����G�B�_ã# �ÈÕBm <Kð��E'M�|¡ .���ÖNכ� H�B'Ö< 18.16Ãç> ���z��M� ���m�N���. (½��_�� ���
ª�< (narrow) ->	��¿ì> ~�¢¤�< ¦� Ã���G�B �ÈÕ¬£¿ì> É�}¹�Ô���· Ã���G�B}¹ _�@#Ü�ù�� CI, ®£q�AI�� ;���ÖNכ� H�B'Ö<
11.3Ãç> ���z��M� ���m�N���.)
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Q 11.32 Frobozz Magic C -����G�B�_¤�< ANSI �ÚZ9�T���z� E'#e ���¤�<62|¡, ý$ <K �Ø¿�¿ì> -����G�B�U� ô6�ù�����¢?

<K �Ø¿�¤�< gcc;c"k ò6B����¤�< #¿EÃç> �¹N�, ANSI �ÚZ9�->	62�¢.

Answer ðm¬ª�< -����G�B�_¾ç>T� R��¢+Ö< %u��ç¡ M��ûBÃç> <Kðכ���ÖN���. gcc¤�< �m;Z� �G ðm¬ª�< %u��ç¡ M��ûBÃç> <Kð���¤�< #¿EÄ�
}¹ ómÔ�̀$p ����:@N���. ����|¡ #l�_(ÛoT� ¹ÿ�¥�< ½� �Ø¿��� T��_Â6Ò %u��ç¡ M��ûBÃç> ��÷7B�¤�< #¿E ìm¥�:@N���. �m;
Z�, #ei�@ -����G�B�_¿ì> ��U�z� Â6Ò a�@#eq� )ç�H�BÃç> #����Â6Ò��¤�< #¿Eª�< 8�£ a�0±Cכ�ÖN���; #ei�@ �¢+Ö<ª�< ¦�g̀@
�ç¡(«;c ���� #l�_ ��U� �ç¡(«Ãç> 9̀	ßÌvù�� ¬£ ���|¡ói; �z� ���Ãç> ¬£ ���Ä� f, -����G�B�_�� ômÔô6�ùÚH #Ü�£|¡ ðm¬
M� CI'Ö<�·N���. H�B'Ö< 11.35¿ì> ���z��M� ���m�N���.

Q 11.33 “¦�g̀@ �ç¡(«;c ���� +ä�q�ßdµ (implementation defined)”, “������U� óm¬ª�< (unspecified)”, “+ä�q�E'#e ���U�

óm¬ª�< á�¥ò6B (undefined behavior)”T���¤�< ÷7B#e�� ���¤�<62, "k}¹ 	�T��� ���¤�< #¿E->	���¢?

Answer µÿ�·ÿ��4� ðmÔAI"k, “implementation defined”¤�< ~��~��q� ¦�g̀@ �ç¡(«;c ����, #ei�@ á�¥ò6B �ç¡��̧(behavior)T�
�lB+ä��RJ ¬£ ���z�, ½�;c ���� 'Ö<"késE'#e �����¤�< �:A�·N���. “unspecified”¤�< ¦�g̀@ �ç¡(«;c ���� ��¦Ø< á�¥ò6B
�ç¡��̧T� �lB+ä��RJ ¬£¤�< ���U�¹ÿ�, 'Ö<"kés�RJ L·x�¢�� �}"��¤�< �:A�·N���. “undefined”¤�< #ei�@ G�BT���|¡ G�B#eím�
¬£ �����¤�< �:A�·N���. #ei�@ #Ü�£;c|¡ �¢+Ö<ª�< L·x�¢ �ÐZÌ	Ãç> ~ç¡�¢�U� óm¬�:@N���3; CICI}¹ %o�:? £̈ ��U�
#Ü�£;c 60AI"k¤�< #l�_ ��U�q� �ç¡?��� <K¼ÿ�E'M�|¡ .���ÖNכ�

�¢+Ö<;c"k ‘undefined behavior’��z�+ä�q�Â6Ò«»(Ûoª�<ðmÔ½�60}¹�·N���.-����G�B�_¤�<#ei�@!G�BT���|¡ù��¬£
����:@N���.�m;Z�,É�}¹½�×�yq��� eU�«»(ÛoT�+ä��ç¡+8�Ä�}¹ò6B���Â6Ò��¤�<�¹�ç¡T��}"�:@N���.����"kT�]�@«»
(ÛoT� #l�_(Ûoq� É�}¹½�×�y;c �Ô�ÈÕùÚH���̂@ 8�£ a�0±Cכ�ÖN���; H�B'Ö< 3.2;c"k µÿ�·ÿ�Â6Ò ;d¿ì> [�> ¬£ ����:@N���.

T���̧)ç�T� i�#e¶ÿ� É�}¹½�×�yÃç> ¹ÿ�¾ç>z��� Â6Ò���̂@, T��_Â6Ò #¿EÃç> �� ª£S��z�, a� :c��U�;c q�+í<�¤�< #e
+_Â6Ò #¿E|¡ ¹ÿ�¾ç>#e"k¤�< ¼ÿ��RJ #¿E�·N���.

H�B'Ö< 3.9ã# 11.34¿ì> ���z��M� ���m�N���.

References [ISO] § 3.10, § 3.16, § 3.17; [Rationale] § 1.6.

Q 11.34 ANSI �¢+Ö<;c¤�< ðm¬ª�< #¿E¾ç>T� +ä�q�E'U� óm¬ª�< =� ����� ����:@N���. T��_Â6Ò #¿E¾ç>;c 60AI"k|¡ �¢+Ö<Ãç> +ä�AI

�� �U� óm¬Ãç>���¢?

Answer C a�@#eq� Â6Ò��U� �m;�?�ª�<, #e+_Â6Ò #¿E¾ç>ª�< -��²¼'_ã# -����G�B�_;c ���� ~��~�� ��¦Ø< á�¥ò6B �ç¡��̧T� ��]�> ¬£
�����¤�< #¿E�·N���. T� #¿Eª�<, -����G�B�_�� G�Bºÿ�+8�->	 ���*«Ãç> ø¶?�G �ÕÜï+8�Ä�}¹ ¬£á�¥ù�� ¬£ ���|¡ói; �M� a�
AI"k�·N���. ����"k �¢+Ö<ª�< ���ÐÂ6Ò #¿E��U� +ä�q��U� óm¬z� ·ÿ�)Ö<Z� MÎ3�:@Ãç> ��À�¤�< #¿E�·N���.

É�}¹½�7��?� a�@#e �¢+Ö<ª�< a�@#e ��÷7B��ã# -����G�B�_ 4�ñmÔ�� ��T�;c a�V�Â6Ò G�Bø¶Bq� 4����Ä�}¹ Ú�|~��ù�� ¬£

����:@N���. �}Bºÿ�ª�< -����G�B�_ 4�ñmÔ���� <Kð����̀ �¤�< #¿EÜï, ��÷7B���� ‘T�]�@ #¿E¾ç>ª�< <Kð���RJ #¿ET���’�
z� Ú�|~���¤�< #¿E¾ç>}¹ T�©»#eU�z�, �� eU� �}Bºÿ�ª�< ��÷7B���� ������ �¤�< ¦��Ð�Üï 4�ñmÔ���� ��¿ì> #¿EÄ�}¹
Ú�|~��E'¤�< ¦��Ð�Ä�}¹ T�©»#e �·N���. ����"k #e¾� Â6Ò �¶;T� T�]�@ ¦����Ãç> #e&>	���̂@, #ei�@ G�BT� ñmÔÚ�|ù�� U�
��ª£|¡ �¹�ç¡ù�� ¬£ �}"�:@N���.

%Ç{[ôF#l H�B'Ö< 11.35|¡ ���z��S�M� ���m�N���.

References [Rationale] § 1.1.

Q 11.35 i = i++Üï ìm¥ª�< �Ø¿�q� á�¥ò6B �ç¡��̧ª�< +ä�q�E'#e ���U� óm¬��z� ¾ç>�}��:@N���. ½�]�@62, T� �Ø¿�¿ì> ANSI¿ì>

+Ö<¬£�¤�< -����G�B�_;c"k F�Bá�¥��̂@ <K�� Ò�m;Â6Òכ ½� �lBÜï�� ��÷6N���.

Answer -����G�B�_¤�< á�¥ò6B �ç¡��̧T� +ä�q�E'#e ���U� óm¬¤�<(undefined behavior) �Ø¿�;c 60AI"k¤�< #l�_(ÛoT� ;d�ç¡Â6Ò
�ç¡��̧Ãç> �Ô�ÈÕÂ6Ò, #e+_Â6Ò G�B|¡ ù�� ¬£ ����:@N���. T�]�@ #¿E;c q�+í<�¤�< #¿Eª�< 8�£ ���m@N���. H�B'Ö< 11.32ã#
11.33, 11.34¿ì> ���z��M� ���m�N���.

3In no case does the Standard impose requirements
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The Standard I/O Library

É�}¹½�×�y;c4� ù�� G�BÃç> ðmÔù�� ¬£ �}"����, É�}¹½�×�yT� ��M��� %oP�Â6Ò G�BÃç> ��÷7B��;c4� ómÔ�̀ï̂> ¬£ �}"���̂@, Íç>
~¡���¤�< É�}¹½�×�yT���z� ðmÔù�� ¬£ �}"Ãç> #¿E�·N���. ����"k ��q� ~¡¥�< É�}¹½�×�yª�< �·_ô>&9�(I/O)Ãç> %oP�Â6Ò��z�
ðmÔù�� ¬£ ����:@N���. C a�@#e;c"k I/O¤�< ��T�Â��_P� �ÈÕ¬£¿ì> ûiuAI"k <Kð���RLN��� — �¢+Ö< I/O �¡¤�< “stdio” ��T�
Â��_P�1 — ½�P�z� T� �ÈÕ¬£¾ç>ª�< ���ç¡ ðm¬T� Î�T�¤�< C ��T�Â��_P� ï̂Bq� ����·N���.

C a�@#eq� minimalist philosophy;c ò6B�Ð�M� a�AI, stdio �ÈÕ¬£¾ç>ª�< µÿ�·ÿ�Â6Ò, ½��_�� þÙ� L·x�¢Â6Ò(least-common-
denominator) I/O ~¡Ö{º�·N���. #l�_(Ûoª�< ��G�BÃç> �~xz�(open), G��z�(read), Íç>(write) ¬£ ����:@N���. ��G�Bª�< a:@
ö¶;+8�->	 'Ö<��q� Ã�È��Ð�(sequential character stream)Ä�}¹ c(�� E' f, ��¢M�(seeking2)�� ���ûBכ�ÖN���. L·x�¢���
�̂@ ��G�BÃç> ß�vÃ�È�(text)ã# T�.>	(binary) }¹ ¦��~x�#l %oP�ù�� ¬£ ���Ä� f, ��G�B;c 'Ö<���~xÃç> -s"k T��mrÃç> U�#e
ï̂> ¬£ ����:@N���; ��G�B T��mr;c MÎ3Â6Ò ��:cÂ6Ò #¿Eª�< OS;c ���� îm����·N���. ��G�B T��mrÃç> U�Ãç> CI¿ì> <KJY�z�
O�×�v�ÔP�;c MÎ3Â6Ò 4�$Ë�ª�< C a�@#e;c �}"�:@N���. �:;, ��G�B T��mrÃç> U�+ä�ù�� CI O�×�v�ÔP� T��mrÃç> Íç> ¬£ ���U�¹ÿ�, O�
×�v�ÔP� ��=i¿ì> c(�� �¤�< G�B, O�×�v�ÔP�¿ì> ¹ÿ�¾ç>����, O�×�v�ÔP�¿ì> ���~x�¤�< G�BÃç> %oP��¤�< �¢+Ö< �ç¡(«ª�< �}"�:@
N��� (19 �}BÃç> ���z��M� ���m�N���). ~¡¥�< É�}¹½�×�yª�< %o�:? S����ù�� CI ��ò6B+8�Ä�}¹ :c 4�q� predefined I/O Ã�
È��Ð�T� �~x�̀U�4� �RLN���: #l�_(Ûoª�< 604� W��¹¿�}¹ a:@�lBùÚH stdin;c"k G��Ãç>(read) ¬£ ���z�, 604� Ã�Ç�)>	Ä�}¹
a:@�lBùÚH stdoutT��� stderr¿ì> -s"k Íç>(write) ¬£ ����:@N���. ½��w�U�¹ÿ� W��¹¿��� Ã�Ç�)>	Üï MÎ3]�@ùÚH M��ûBª�< 8�
£ +8��:@N��� (��S� 19 �}BÃç> ���z��M� ���m�N���).

T� �}Bq� ðm¬ª�< «»(ÛoT� printf (H�B'Ö< 12.6;c"k 12.11��U�)ã# scanf (H�B'Ö< 12.12;c"k 12.20��U�);c a:@MÎ3E'#e
����:@N���. H�B'Ö< 12.21;c"k 12.26ª�< ��¦Ø< stdio �ÈÕ¬£¾ç>Ãç> ��B'åכ��ÖN���. �m;+ä� ��G�BÃç> accessù�� L·x�¢�� ������̂@,
fopen (H�B'Ö< 12.27«»'_ 12.32��U�)Ãç> -s"k ��̧+« �~x#e"k(open) Î�����(use), �¢+Ö< streamÃç> redirectAI"k (H�B
'Ö< 12.33;c"k 12.36��U�) Íç> ¬£ ����:@N���. text I/O¿ì> ��̀¤�< ���:?T� �}"���̂@, “binary” streamÃç> Íç> ¬£ (H�B'Ö<
12.37;c"k 12.42��U�) ����:@N���. T� ~¡¥�< #¿EÃç> ��:cZ� ómÔ���¹M� b9	;c �̂	$k µÿ�·ÿ�Â6Ò #¿E«»'_ ómÔz� $Ê�#e~m�S���.
���:? H�B'Ö<¾ç>Ãç> G��#e�¹M� ���m�N���.

V� 1 â�
 Basic I/O

12.1 T� �Ø¿�;c"k ômÔô6�ùÚH «»(ÛoT� ������¢?

char c;
while ((c = getchar()) != EOF) ...

Answer G�B·ÿ�, getcharq�P�e�@ìḿÃç>$k�ç¡�¤�<_�@¬£¤�<ºÿ�¿�S� intT�#eכ���ÖN���. getchar()¤�<#e+_Â6Ò'Ö<��ìḿ

1Äºo��� “stdio library”���¦ ú́�½+É M:��H “C �����e�� ��s�ÚÔ�Qo�îß�\� e����H stdio �<ÊÃº[þt”s��� <stdio.h>\� [O�"î
�)a �<ÊÃº[þt�̀¦ _�
p�½+Ëm���.”

2"é¶���H ?/6 x�̀¦ {9����� jþt Ãº e���̧2�¤ file position�̀¦ �̀�|������H >pw
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T���, EOF¿ì> P�e�@ù�� ¬£ ����:@N���. EOF¤�< int ���·T�M� CI'Ö<;c T� P�e�@ ìḿÃç> char;c $k�ç¡�¤�< #¿Eª�<
EOF¿ì> ômÔô6� AI)o��4� ù�� �ÐU��� ����:@N��� (�m;Z� charq� ���·T� unsigned->	 #Ü�£ 'Ö<<K�� �ÖNכ���~«��
��).

a�q� �Ø¿�%o&8� getchar()q� P�e�@ìḿÃç> char;c ���Ãç> #Ü�£, £̈ ��U� �lBÜï¿ì> ;d�ç¡ù�� ¬£ ����:@N���.

– charq� ���·T� signed->	 #Ü�£, ½�P�z� EOF�� -1}¹ +ä�q�ùÚH #Ü�£, 'Ö<�� ìḿT� «»�Ú %u��ç¡(sign exten-
sion)E'#e, 'Ö<��ìḿ 255�� (C a�@#e �¢g̀@Ä�}¹ ’\377’ �¡¤�< ’\xff’) EOFã# ìm¥���·N���. ����"k �·
&9� |¡ï̂B;c �·&9� %oP��� Ê����!eC·x ¬£ ����:@N���.

– charq� ���·T� unsigned->	 #Ü�£, EOF ìḿT� (�ç¡a� R�È�¾ç>T� ômÔ��$p 604� 255�� 0xffq� ìḿÄ�}¹)
ômÔ��$p"k, EOF}¹ ->	��̧T� E'U� óm¬�� !e�·N���. ����"k T� #Ü�£, ª£Â6Ò ©»É�;c ��$p !e�·N���.

T� !e½�¤�< char�� signedT�z�, �·&9�T� ~¡£̈ 7 R�È� 'Ö<��->	 #Ü�£, ñmÔZÁ	�M��� 8�£ ��C�:@N��� (char��
signed->	U� unsigned->	U�¤�< implementation-defined�·N���.)

References [K&R1] § 1.5 p. 14; [K&R2] § 1.5.1 p. 16; [ISO] § 6.1.2.5, § 7.9.1, § 7.9.7.5; [H&S] § 5.1.3 p. 116, § 15.1,
§ 15.6; [CT&P] § 5.1 p. 70; [PCS] § 11 p. 157.

12.2 T� �Ø¿�¤�< ��U���� 'Ö<�ç¡Ãç> £̈_�@ õi;���¤�<62 ý$ ½��wx���¢?

while (!feof(infp)) {
fgets(buf, MAXLINE, infp);
fputs(buf, outfp);

}

Answer C a�@#e;c"k end-of-fileª�< ·ÿ�U� �·&9� ©»1>	T� G��Ä��̀ á�~Ä��� F�B@Iá�~��¤�< #¿EÃç> q�Qכ��ÖN���. (��S� ðmÔAI C
q� I/O¤�< PascalÜï¤�< ���m@N���.) G�Bºÿ�+8�Ä�}¹ ���:?Üï ìm¥T� �·&9� ©»1>	q� P�e�@ ìḿÃç> #����AI�� :���ÖNכ�

while (fgets(buf, MAXLINE, infp) != NULL)
fputs(buf, outfp);

604�#l�_(ÛoT� feof()¿ì>Íç>T�¤���}"�:@N��� (ø¶Bø¶B stdio�ÈÕ¬£�� EOF�� NULLÃç>P�e�@Â6Ò#Ü�£, feof()��
ferror()¿ì> -s"k +ä�ðmÔ}¹ ��G�Bq� Ê��->	U�, G��M�(read) ;c�_->	U� #����ù�� L·x�¢�� ���&>	 (.���ÖNכ�

Note ;d¿ì> ¾ç>#e fread()�� fwrite(), fgets(), fputs()ã# ìm¥ª�< �ÈÕ¬£¾ç>ª�< ;c�_�� ñmÔÚ�|����� ��G�B Ê��;c
����ïm©Ãç> CI, EOF¿ì> P�e�@כ�ÖN���. T�]�@ �ÈÕ¬£¾ç>T� +ä�ðmÔ ��G�B Ê��;c ����ïm©¤�<U� %u�->	ù���̀�̂@ feof()��
ferror()¿ì> -s�� �¤�< #¿E�·N���.

References [K&R2] § 7.6 p. 164; [ISO] § 7.9.3, § 7.9.7.1, § 7.9.10.2; [H&S] § 15.14 p. 382.

12.3 I’m using fgets() to read lines from a file into an array of pointers. Why do all the lines end up containing
copies of the last line?

Answer See question 7.4.

12.4 <K É�}¹½�×�yq� É�óirÉ�È�ã# ï̂Bµÿ� ·ÿ�4���U�q� _ô>&9�ª�< <K�� ��T�É�¿ì> -s"k _ô>&9�Ãç> ��¦Ø< É�}¹½�×�y;c $Ê�

@�B CI, CICI}¹ Ã�Ç�)>	;c _ô>&9�E'U� óm¬�:@N���.
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Answer _ô>&9�T�Ã�Ç�)>	;cºÿ�*å�E'M�¿ì>4wHÂ6Ò���̂@3 (�m;Z�ß�vÃ�È��� \nÄ�}¹Ê����U�óm¬¤�<#Ü�£), fflush(stdout)Ãç>
�Ú_ô>AI�� .���ÖNכ� 604�q� 8K&�N��:?T� +8��}BÂ6Ò S�M�;c ��ò6BÄ�}¹ fflush()¿ì> [ô>�_®£U�¹ÿ�, T� 8K&�N��:?
¾ç>ª�< stdoutT� '_Q��kBT���z� ��+ä�Â6Ò #¿ET�M�;c <K60}¹ ò6B����U� óm¬Ãç> ¬£ ����:@N���. (%Ç{[ôF#l H�B'Ö<
12.24|¡ ���z��S�M� ���m�N���.)

Note H�B'Ö< 21.11Ãç> ���z��M� ���m�N���.

References [ISO] § 7.9.5.2.

12.5 RETURN W�¿ì> §£À�U� óm¬z� Â6Ò ¼â���¿ì> �:;S� �·&9����Ãç> ¬£ ���¤�< �ç¡(«T� ���Ãç>���¢?

Answer H�B'Ö< 19.1Ãç> ���z��M� ���m�N���.

V� 2 â�
 printf Formats

12.6 printf}¹ ‘\%’¿ì> _ô>&9�ù�� ¬£ ���Ãç>���¢? \%¿ì> -s �¹óm©U�¹ÿ� _ô>&9�E'U� óm¬�G#Ñ	�¢.

Answer %%¿ì> Î��̂@ �RLN���. % 'Ö<��¿ì> _ô>&9��¤�< #¿ET� ����}¹*Ö< T�¤¤�<, printf()�� % 'Ö<��¿ì> escape 'Ö<��}¹ Î�
M� CI'Ö<�·N���. ��S���S�Y�, printf¤�< % 'Ö<��¿ì> �¹�̂@, ���:? ¼â���¿ì> G��#e"k #ei�@ ìḿÃç> _ô>&9�AI�� �¤�<
U� �Ð���4� �RLN���. T�CI, ���:? ¼â���}¹ %¿ì> Î��̂@ — �:; %%¿ì> Î��̂@ — ‘%’¿ì> _ô>&9��4� �RLN���.

\%¤�< ò6B����U� óm¬�:@N���. T� �ç¡(«T� ý$ ò6B����U� óm¬¤�<U� T�AI��̀�̂@, �̂	$k G�B·ÿ� Ù�v Âç>7�S�(‘\’)¤�< -��
��G�B�_q� escape 'Ö<��T� f, -����G�B�_�� #l�_(Ûoq� �Ø¿�¿ì> T�AI�¤�< @�BÃç> �¹#l®£¤�< ô6;+8�Ä�}¹ Î�->	��¤�<
#¿EÃç> ��"̀�� .���ÖNכ� -����G�B�_ �·�ç¡;c"k¤�< \%¤�< +ä�q�E'U� óm¬ª�< escape 'Ö<��T� f, 604� ‘%’ Â6Ò ¼â���¿ì>
q�Q��4� �RLN���. ����"k ¹ÿ���� printf()�� ‘\’¿ì> �m;�~x�4� %oP�ù�� ¬£ ���|¡ói; ¹ÿ�¾ç>#e$p ����� ��G��
|¡, -����G�B�_�� T�¿ì> �̂	$k %oP�AI !eP�4� E'Á�}¹, ‘%’¿ì> _ô>&9�ù�� ¬£ �}"4� �RLN���.

%Ç{[ôF#l H�B'Ö< 8.8, 19.17|¡ ���z��S�M� ���m�N���.

References [K&R1] § 7.3 p. 147; [K&R2] § 7.2 p. 154; [ISO] § 7.9.6.1.

12.7 ���:? �Ø¿�¤�< ý$ ò6B����U� óm¬���¢?

long int n = 123456;
printf("%d\n", n);

Answer long int¿ì> _ô>&9�ù�� CI¤�<, ºÿ�¿�S� l (Lq� �Ð'Ö<��) modifier¿ì> printf �ÔØm×;c -s�� (;d¿ì> ¾ç>#e %ld) Öכ�
N���. ý$����̂@ printf()¤�< #l�_(ÛoT� b9	îm�Â6Ò ->	��q� (#lM�"k¤�< _�@¬£ nq� ìḿ) ���·Ãç> ù�� ¬£ �}"M� CI'Ö<
�·N���. ½��_Á�}¹ ºÿ�¿�S� ]�>��¦Ø< �ÔØm× (format specifier)Ãç> -s�� �RLN���.

12.8 Aren’t ANSI function prototypes supposed to guard against argument type mismatches?

Answer H�B'Ö< 15.3Ãç> ���z��M� ���m�N���.

3���Ér ~½ÓZO�Ü¼�Ð, setbuf()�� setvbuf()\�¦ +�"f !Q(�a�A�̀¦ æ¼t� ·ú§�Ér ~½ÓZO�s� e��t�ëß�, !Q(�a�A�̀¦ ��6 x�t� ·ú§Ü¼��� $í
0pxs� b��#Q|9�
��0px$í
s� Z�}Ü¼Ù¼�Ð Õªo� a%~���¦ ½+É Ãº \O�_þvm���.
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12.9 printf();c"k %lf¿ì> Î�U� ðmÔ��z� Â6Ò #¿EÃç> ¾ç>�}��:@N���. double ���·Ãç> Íç> CI, scanf()¤�< %lf¿ì> Î��̂@
"k ý$ printf()¤�< %f¿ì> Î�¤�< #¿E->	���¢?

Answer printfq� %f specifier¤�< floatÜï double £̈ ���·;c ~¡£̈ Î�¤�< #¿Eª�< ��F�B�·N���.4 “default argument
promotion” CI'Ö<;c (printfã# ìm¥T� ��_�@ ->	��5¿ì> ��÷7B�����, É�}¹�Ô���·T� �}"¤�< �ÈÕ¬£;c4� +8�÷7Bßdµ)
float ���·q� ìḿª�< ->	��}¹ b9	îm��RJ CI, double ���·Ä�}¹ ��hô4� �RLN���. ����"k printf¤�< �lBV�� ª£�Ð
ZÌ	 double ���·¹ÿ� b9	îm����¤�< Ú<y�·N���. %Ç{[ôF#l H�B'Ö< 15.2|¡ ���z��S�M� ���m�N���. (���z�}¹ printf;c
long double ���·Ãç> Íç> #Ü�£;c¤�< %Lf¿ì> ��÷7Bכ�ÖN���.)

scanf¤�< ->	��}¹ �Ô->	'_¿ì> ���M� CI'Ö<;c ½��_Â6Ò promotionT� G�B#e��U� óm¬�:@N���. ����"k TÖhb9	Z� ��¦Ø<
�ç¡%·n�·N���. (�Ô->	'_¿ì> -s"k) float;c ìḿÃç> $k�ç¡�¤�< #¿Eª�< double;c ìḿÃç> $k�ç¡�¤�< #¿EÜï ���m@N���.
����"k scanf¤�< %fã# %lf}¹"k ¦��~xכ�ÖN���.

��7� �¢;c"k¤�< printfã# scanf;c"k Î�T�¤�<, ~��~��q� ���·;c ��¦Ø< format specifier¿ì> �¹#l8̂@N���.

Format printf scanf
%c int char *
%d, %i int int *
%o, %u, %x unsigned int unsigned int *
%ld, %li long int long int *
%lo, %lu, %lx unsigned long int unsigned long int *
%hd, %hi int short int *
%ho, %hu, %hx unsigned int unsigned short int *
%e, %f, %g double float *
%le, %lf, %lg n/a double *
%s char * char *
%[...] n/a char *
%p void * void **
%n int * int *
%% none none

(*8�#���4�ðmÔAI"k,60«»(Ûoq�S�Ã�ß�yT����M�¤�<�U�¹ÿ�, printf;c"k %lf¤�<+ä�q�E'#e���U�óm¬�:@N���.T�
��̧)ç�Ãç> a�AI"k ��Ø�ç¡ %f¿ì> Î�M� ���m�N���.)

%Ç{[ôF#l H�B'Ö< 12.13, 15.2|¡ ���z��S�M� ���m�N���.

References [K&R1] § 7.3 pp. 145–47, § 7.4 pp. 147–50; [K&R2] § 7.2 pp. 153–44, § 7.4 pp. 157–59; [ISO] § 7.9.6.1,
§ 7.9.6.2; [H&S] § 15.8 pp. 357–64, § 15.11 pp. 366–78; [CT&P] § A.1 pp. 121–33.

12.9b printf}¹ size_tã# ìm¥ª�<, �:;, ½� Ç�M��� long->	U�, ��¦Ø< #¿E->	U� ómÔ ¬£ �}"¤�< typedef ���·Ãç> _ô>&9�ù��
CI;c¤�< #ei�@ �ÔØm×Ãç> -s�� ����¢?

Answer ®£#e.>	 ���·Ãç> ómÔ�̀.>	, +8��}BÂ6Ò ���·Ä�}¹ >�Ã��?�AI"k _ô>&9���̂@ �RLN���. ;d¿ì> ¾ç>#e, #ei�@ ���·q� Ç�M�
¿ì> _ô>&9�ù�� CI;c¤�< ���:?Üï ìm¥T� ù�� ¬£ ����:@N���:

printf("%lu", (unsigned long)sizeof(thetype));

12.10 printf();c"k ��_�@ üi;(field width)Ãç> U�+ä��z� F��ª�<62�¢, ;d¿ì> ¾ç>�̂@, %8d¿ì> Î�U� ðmÔz� F�Bá�¥ S�µÿ�;c
T� üi;Ãç> U�+ä���̀ .���ÖNכ�

4printf_� %eü< %g, Õªo��¦ y��y�� °ú �Ér >pw�̀¦ ��t���H scanf_� %leü< %lg\� @/K�"f�̧ °ú _þvm���.
5Default argument promotion�Ér ����� ����� o�Û¼àÔ\�"f ����� ����� ÂÒì�r\�ëß� &h�6 x|̈em���. 15 ]X��̀¦ �ÃÐ�¦�l� ��³1Ñm���.
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Answer printf("%*d", width, x)¿ì>Î��̂@�RLN���. Format specifier;c"k�~x�¢¤�<L·x¿�üi;Ãç>U�+ä��M�a�AI int
ìḿT� ->	��}¹ ¾ç>#e*ã<��¤�< #¿EÃç> �:Aכ�ÖN���. (->	�� ô6;ói;;c"k üi;ª�< _ô>&9�ù�� ìḿ�¹�� �̂	$k U�+äכ��ÖN���.) %Ç{[ôF
#l H�B'Ö< 12.15|¡ ���z��S�M� ���m�N���.

References [K&R1] § 7.3; [K&R2] § 7.2; [ISO] § 7.9.6.1; [H&S] § 15.11.6; [CT&P] § A.1.

12.11 cS@ ·ÿ�a�}¹ ¬£V�;c úÔ���(comma)¿ì> ��̧#e"k _ô>&9��z� F���:@N���. és@n ·ÿ�a�ìm¥ª�< ¬£V�¿ì> _ô>&9�ù�� ¬£ ���¤�<
�ç¡(«T� ������¢?

Answer <locale.h>¤�<T��_Â6Òa:@»ÿ�Ãç>¬£á�¥�M�a�Â6Ò���µÿ�q�M��ûB¾ç>Ãç><Kðכ���ÖN���.½��_��T�]�@G�BÃç>�M�a�
Â6Ò �¢+Ö< ©»1>	ª�< +í<<��U� óm¬�:@N���. (printf()�� ù�� ¬£ ���¤�< #¿Eª�< (Q�P� +ä�q�ùÚH) #ei�@ locale ��B+ä�;c
���� 10.>	 'Ö<��¿ì> _ô>&9��¤�< #¿E¹ÿ� ómÔ ¬£ ����:@N���6.

Locale ��B+ä�;c ��¦Ø<, úÔ���}¹ ¦�(ÛoE'¤�< ¬£V�¿ì> _ô>&9��M� a�Â6Ò, µÿ�·ÿ�Â6Ò �ÈÕ¬£¿ì> <Kðכ���ÖN���:

#include <locale.h>

char *
commaprint(unsigned long n)
{
static int comma = ’\0’;
static char retbuf[30];
char *p = &retbuf[sizeof(retbuf) - 1];
int i = 0;

if (comma == ’\0’) {
struct lconv *lcp = localeconv();
if (lcp != NULL) {
if (lcp->thousands_sep != NULL &&

*lcp->thousands_sep != ’\0’)
comma = *lcp->thousands_sep;

else
comma = ’.’;

}
}
*p = ’\0’;
do {
if (i % 3 == 0 && i != 0)
*-p = comma;

*-p = ’0’ + n % 10;
n /= 10;
i++;

} while (n != 0);
return p;

}

ø¶? �G ��ª�< �ç¡(«ª�< :c4�q� \8A��}¹ ¦��~xùÚH��z� ��+ä��U� ðmÔz�, lconv ¦��Ð=iq� grouping L·x¿�¿ì> Î�¤�<
#¿E�·N���. retbufq� +8��ç¡Â6Ò Ç�M�¤�< ���:?Üï ìm¥�:@N���:

4 * (sizeof(long) * CHAR_BIT + 2) / 3 / 3 + 1

6The only thing printf() does in response to a custom locale setting is to change its decimal-point character
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H�B'Ö< 12.21Ãç> ���z��M� ���m�N���.

References [ISO] § 7.4; [H&S] § 11.6 pp. 301–4.

V� 3 â�
 scanf Formats

12.12 ý$ scanf("%d", i)¤�< ò6B����U� óm¬���¢?

Answer scanf();c b9	îm��¤�< ->	��¤�< ��Ø�ç¡ �Ô->	'_T�#e�� :���ÖNכ� ~��~��q� ìḿT� _�@Z9��RJ CI���� scanf¤�< #l�_(Ûo
T� b9	îm�Â6Ò �Ô->	'_�� ��P�W�¤�< a�V�;c ½� ìḿÃç> $k�ç¡כ�ÖN���. (%Ç{[ôF#l H�B'Ö< 20.1|¡ ���z��S�M� ���m�N�
��.) ����"k scanf("%d", &i)}¹ -s�� .���ÖNכ�

12.13 ���:? �Ø¿�¤�< ý$ ò6B����U� óm¬���¢?

double d;
scanf("%f", &d);

Answer printf()ã#¤�< îm�P�, scanf()¤�< double ���·Ãç> Íç> CI;c¤�< %lf¿ì>, float ���·Ãç> Íç> CI;c¤�< %f¿ì> �:@N�
��.7 scanf¤�< %f formatÃç>�¹�̂@ floatÃç>��P�W�¤�<�Ô->	'_¿ì>���4��RLN���.����"k#l�_(ÛoT�+Ö< doubleÃç>
��P�W�¤�< �Ô->	'_¤�< ômÔô6�ùÚH #¿E�·N���. %lfÃç> Î����� _�@¬£¿ì> floatÄ�}¹ 9̀	a�@�M� ���m�N���. %Ç{[ôF#l H�B
'Ö< 12.9|¡ ���z��S�M� ���m�N���.

12.14 T� �Ø¿�¤�< ý$ ò6B����U� óm¬���¢?

short int s;
scanf("%d", &s);

Answer %d¿ì> Î��̂@, scanf¤�< int¿ì> ��P�W�¤�< �Ô->	'_¿ì> ����:@N���. short int¿ì> ��P�W�¤�< �Ô->	'_¿ì> Î��̀�̂@
%hd¿ì> Î�M� ���m�N���. (H�B'Ö< 12.9q� �¢¿ì> ���z��M� ���m�N���.)

12.15 scanf �ÔØm× 'Ö<���~x;c ��_�@ üi;Ãç> U�+ä�ù�� ¬£ ���Ãç>���¢?

Answer ¼ÿ��RLN���. scanf();c"k �~x�¢(*)¤�< 60�·Ãç> Ú�|����M� a�Â6Ò #¿E�·N���. ANSI 'Ö<���~x MÎ3]�@ �ÈÕ¬£¿ì> ��÷7B�
����, 4wH�¤�< üi; Ç�M�¿ì> ����50¤�< preprocessor macro¿ì> -s"k scanf format stringÃç> ¹ÿ�¾ç>#e�� :���ÖNכ�

#define WIDTH 3

#define Str(x) #x
#define Xstr(x) Str(x) /* Ýå§Öá 11.17 ¼¡Éíכ */

scanf("%" Xstr(WIDTH) "d", &n);

üi;q� Ç�M��� F�Bá�¥ S�µÿ�;c¹ÿ� ómÔ ¬£ ������̂@, format stringÃç> F�Bá�¥ S�µÿ�;c ¹ÿ�¾ç>#e�� ù�� #¿E�·N���:

7#�l�\�"f ú́�ô�Ç ��Ér	כ %eü< %f, q�5pwô�Ç format��� %leü< %lg\��̧ &h�6 x|̈em���.
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char fmt[10];
sprintf(fmt, "%%%dd", width);
scanf(fmt, &n);

T��w�4� ¹ÿ�¥�< scanf formatª�< �¢+Ö< �·&9�;c"k G��Ãç> CI�¹��¤�<, fscanf�� sscanf;c"k Íç>~¡���Ãç> #¿E�·N�
��. %Ç{[ôF#l H�B'Ö< 11.17, 12.10|¡ ���z��S�M� ���m�N���.

12.16 U�+ä�Â6Ò 0ïF��̧Ä�}¹ ��G�B;c"k 62T�'_¿ì> G��Ä��̀�̂@ #e�w�4� AI�� ù�����¢? scanf;c"k %f¿ì> 10_�@ Î�¤�< �ç¡(«
ðmÔz�,#e�w�4� 104�q� floatÃç>��G�B;c"kG��Ãç>¬£���Ãç>���¢? How can I read an arbitrary number of fields
from a line into an array?

Answer G�Bºÿ�+8�Ä�}¹ 62T�'_¿ì> parsing(���?�)�¤�< �ç¡(«ª�< Ç�4� :c ��U�}¹ ��Wï> ¬£ ����:@N���:

1. +8��ç¡Â6Ò format stringÜï �ÈÕBm fscanf�� sscanf¿ì> �:@N���. T� �ç¡;c"k U�+8�Â6Ò <KÂ6Ò ����Ø;c|¡ [ô>¦�
�z� (H�B'Ö< 12.20 ���z�), scanf 4��~xq� �ÈÕ¬£¤�< 8�£ ~ç¡&9כ��ÖN���. ð��Ù�vÄ�}¹ ¦��~xùÚH L·x¿��� ���ç¡
��©»M� �ELU�¹ÿ�, scanf format stringª�< ø¶? �G compact, column-oriented->	 FORTRAN-styleq� 62T�
'_¿ì> %oP��¤�< 62;c|¡ Î��·N���. ;d¿ì> ¾ç>#e, ��7�ã# ìm¥ª�< ï̂>ª�<:

1234ABC5.678

"%d%3s%f"¿ì> -s"k G��Ãç> ¬£ ����:@N���. (H�B'Ö< 12.19q� ��U���� ;d¿ì> ���z��M� ���m�N���.)

2. 62T�'_¿ì> ð��Ù�vÄ�}¹ (�¡¤�< ��¦Ø< delimeter¿ì> -s"k) ¦��~xE'¤�< L·x¿�}¹ �¡4�z�, strtok �ÈÕ¬£�� T�ã#
ìm¥ª�< M��ûBÃç> ��.>	 �ÈÕ¬£¿ì> (H�B'Ö< 13.6 ���z�) �́< ���:?, atoi�� atofã# ìm¥ª�< �ÈÕ¬£¿ì> Î��̂@ �RLN���.
(G�B·ÿ� T��w�4� �¡4�z� ���̂@, ~��~��q� field¿ì> ��©»¤�< �Ø¿�¤�< main();c"k argv 9��~xÃç> ��©»¤�< #¿EÜï
��q� ìm¥���·N���; H�B'Ö< 20.3 ���z�) T� �ç¡(«ª�< �m;Z� 62T�'_�� �~� 4�q� L·x¿�}¹ T�©»#e«��¤�<U� ~¡¿ì>
CI (F�B<K 62T�'_¿ì> G��M� b9	��U�) �m;Z� Íç>~¡�� ����:@N���.

��7�¤�< 104�q� F�B¬£¿ì> 9��~x}¹ õi;���¤�< µÿ�·ÿ�Â6Ò ;d<K�·N���:

#include <stdlib.h>
#define MAXARGS 10

char *av[MAXARGS];
int ac, i;
double array[MAXARGS];

ac = makeargv(line, av, MAXARGS);
for (i = 0; i < ac; i++)
array[i] = atof(av[i]);

(makeargvq� +ä�q�¤�< H�B'Ö< 13.6Ãç> ���z��M� ���m�N���.)

3. �m;�~xÂ6Ò �ç¡(«Ä�}¹ (in ad hoc way) 62T�'_¿ì> (Ûo)o�ù�� ¬£ ���¤�< ��ª£]�@ �Ô->	'_ a:@»ÿ�T��� ��T�Â��_P�
�ÈÕ¬£¿ì> Î��̂@ �RLN���. (ANSI strtolÜï strtod �ÈÕ¬£¤�< #eO�"k (Ûo)o�Ãç> <Ò�}�¤�<��¿ìכ�8' �Ô->	'_}¹ ómÔ
�̀®£M� CI'Ö<;c �m;Z� T�]�@ Ã���G�Bq� parsing;c Íç>~¡ ����:@N���.) T� �ç¡(«ª�< Zï>&è< ���ç¡ G�Bºÿ�+8�->	 �ç¡
(«T���,���ç¡;c�_¿ì>ñmÔÚ�|�M�|¡�ELz�#e�̀*Ö<�ç¡(«�·N���: The thorniest parts of many C programs
are those that use lots of tricky little pointers to pick apart strings.

���ûB����̂@ 62T�'_ ��G�Bq� 0ïF��̧Üï �·&9� 0ïF��̧Ãç> õi;�m�Â6Ò ���?� Üï+ä�T� L·x�¢�}"4� O���->	�z�, ,Ò{_�@Fg �¡
¤�< £̈_�@Fg �ç¡(«Ãç> -s"k (Ûo)o�ù�� ¬£ ���|¡ói; ¹ÿ�¿�¤�< #¿ET� �̂��:@N���.
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V� 4 â�
 scanf Problems

12.17 scanf("%d\n", ...)Ãç> ����GN�, 	<-�Ò��+8כ ï̂>Ãç> �·&9��M� b9	��U�¤�< '8��%!e�·N���. ý$ ½��wx���¢?

Answer W�>�m�4�|¡ scanf �ÔØm× 'Ö<���~xq� \nª�< newline;c AI�ç¡�¤�< #¿ET� ��N�z�, ð��Ù�v(whitespace) 'Ö<���� ��]�>
CI��U�q� �·&9�Ãç> G��#e"k ª£S����¤�< �:A�·N���. (��F�B, scanf format string;c ���¡¤�< #e+_Â6Ò(any) ð��
Ù�v 'Ö<����|¡, ð��Ù�v 'Ö<��¿ì> G��#e"k ª£S����¤�< �:A�·N���. 4����� %dã# ìm¥ª�< format|¡ *9�S� ð��Ù�v 'Ö<��
¿ì> ª£Sכ��ÖN���. ����"k G�Bºÿ�+8�Ä�}¹ #l�_(ÛoT� ð��Ù�v 'Ö<��¿ì> scanf format string;c Íç> T�¤¤�< �}"�:@N���.

����"k "%d\n"q� \nª�< scanf�� ð��Ù�v 'Ö<���� ��'>	 'Ö<���� ��]�> CI ��U� G��Ä���¤�< �:AT� E'z�, ����"k
ð��Ù�v 'Ö<���� ��'>	 'Ö<��¿ì> ��¢M� a�AI ���:? ï̂>��U� G��#e !eP�¤�< �ç¡%·nT� ùÚH #¿E�·N���. T� #Ü�£ ·ÿ�)Ö<Z�
"%d"¹ÿ�Î��̂@AI�lB�RLN���. (Zï>&è<#l�_(Ûoq�É�}¹½�×�yª�<¬£V�¿ì>�·&9����ª�<���:?;c���¡¤�< \nÃç>%oP�AI��
.���ÖNכ� H�B'Ö< 12.18Ãç> ���z��M� ���m�N���.)

scanf �ÈÕ¬£¤�< free-format inputÃç> %oP��M� a�AI O���->	E'�}��:@N���. ����"k W��¹¿�;c"k ��÷7B��;c4�
�·&9����M� a�Â6Ò ô6;+8�Ä�}¹ Î�T�¤�< #Ü�£¤�< ��q� �}"�:@N���. “Free format”ª�< scanf�� \n¿ì> ��¦Ø< ð��Ù�v'Ö<��
ã# ÿ¶;ìm¥T� c(�� Â6Ò��¤�< #¿EÃç> �:Aכ�ÖN���. ����"k "%d %d %d" formatª�< �·&9�T�

1 2 3

->	 #Ü�£��

1
2
3

->	 #Ü�£ ~¡£̈ Íç> ¬£ ����:@N���.

(��¦Ø<a�@#e¾ç>ÜïR�z�AI�¹�̂@, C, Pascal,½�P�z� LISPT� free-formatT� f, traditional BASICÜï FORTRAN
T� free-formatT� ��·N���.)

#l�_(ÛoT� þÙ� scanf�� newlineÃç> ��À�4� %oP��4� ¹ÿ�¾ç>z� F�����̂@, “scanset” directive¿ì> Î��̂@ �RLN���:

scanf("%d%*[\n]", &n);

Scansetª�<~ç¡&9��M�¤�<�U�¹ÿ�, scanfq�~¡¥�<'Ö<<K¿ì>AI�lBAI®£U�¤�<óm¬�:@N���.%Ç{[ôF#lH�B'Ö< 12.20|¡���
z��S�M� ���m�N���.

References [K&R2] § B1.3 pp. 245–6; [ISO] § 7.9.6.2; [H&S] § 15.8 pp. 357–64.

12.18 scanf("%d", ...)¿ì> -s"k #l�_ ¬£V�¿ì> G��ª�< ���:?, gets()¿ì> -s"k 'Ö<���~xÃç> G��Ä��̀ :���ÖNכ�

int n;
char str[80];

printf("enter a number: ");
scanf("%d", &n);
printf("enter a string: ");
gets(str);
printf("You typed %d and \"%s\"\n", n, str);

½�]�@62 -����G�B�_¤�< gets() �Ú_ô>Ãç> ª£Sכ��ÖN���! ý$ ½�]�@���¢?

85



�©� 12. THE STANDARD I/O LIBRARY 4. SCANF PROBLEMS

Answer #l�_(ÛoT� a�q� É�}¹½�×�y;c 62T�'_¿ì> ���:?Üï ìm¥T� �·&9�á�~��z� ��+ä�AI õi@S���:

42
a string

T� CI scanf¤�< 42¿ì> G��U�¹ÿ�, ½� \�;c ���¡¤�< newlineÃç> G��U� óm¬�:@N���. T� newlineª�< input stream;c ���
�� ���z�, gets()�� ��}¹ T� newlineÃç> G��4� �RLN���. gets()¤�< newlineT� ��]�> CI��U�q� �·&9�Ãç> 'Ö<���~x
}¹ P�e�@AI ®£Á�}¹, ��}¹ +>	 ï̂>Ãç> P�e�@�4� �RLN���. ����"k �·&9�q� £̈_�@Fg ï̂>, “a string”ª�< ��;d G��Z�
U� óm¬�:@N���. ¹ÿ���� #l�_(ÛoT� ���:?Üï ìm¥T� �·&9�Ãç> ®£�}����̂@:

42 a string

É�}¹½�×�yT� ;d�ç¡Â6Ò 60}¹ ò6B���ù�� #¿E�·N���.

G�Bºÿ�+8�Ä�}¹ scanf() ���:?;c ��}¹ gets()Üï ìm¥ª�< ��¦Ø< �·&9� ©»1>	Ãç> Î�¤�< #¿Eª�< �������̧�U� óm¬�:@N���.
scanf()q� T�]�@ T��ç¡Â6Ò(peculiar) �ç¡��̧ª�< ��Ø�ç¡ 'Ö<<K¿ì> G�BÄ�J·x �ÐU��� ���M� CI'Ö<�·N���. ����"k b9	=i
�·&9�Ãç> ~¡£̈ scanf}¹ ������� ��;d scanf¿ì> Î�U� óm¬¤�< #¿ET� �̂��:@N���.

%Ç{[ôF#l H�B'Ö< 12.20, 12.23|¡ ���z��S�M� ���m�N���.

References [ISO] § 7.9.6.2; [H&S] § 15.8 pp. 357–64.

12.19 scanf()q� P�e�@ ìḿÃç> �Ð����̂@ ��÷7B���� F�B<K}¹ ¬£V� ìḿÃç> �·&9�á�~¤�<U� =iÇ�ù�� ¬£ ���M�;c ø¶? �G ¼ÿ�b9	
���z� 9���V�:@N���:

int n;

while (1) {
printf("enter a number: ");
if (scanf("%d", &n) == 1)
break;

printf("try again: ");
}
printf("You typed %d\n", n);

½�]�@62, CICI}¹ ª£Â6Ò ©»É�;c ��U�¤�< #Ü�£�� ����G#Ñ	�¢.8 ý$ ½��wx���¢?

Answer scanf()�� ¬£V� ìḿÃç> %oP�ù�� #Ü�£, ¬£V��� ��'>	 'Ö<���� ���¡4� E'�̂@ _�@Z9�Ãç> ï̂BU��z� ½� 'Ö<�� 62T�
'_¿ì> �·&9� Ã�È��Ð�;c ½�60}¹ Ý	 X8@N���. ¹ÿ���� T� �ç¡?�;c"k �¡ ¬£V� ìḿÃç> �·&9����Ä��̀z� scanf()¿ì> «»
À�4� E'�̂@, 'Ö<�� 62T�'_�� ���M� CI'Ö<;c ��}¹ ï̂B·ÿכ��ÖN���. ����"k ¬£V� ìḿÃç> %oP��¤�< scanf¿ì> ©»É�
¼ÿ�;c Xï> #Ü�£, ômÔô6�ùÚH �·&9�T� ¾ç>#e��4� E'�̂@ ª£Â6Ò ©»É�;c ��U�¤�< #Ü�£�� ����» ñmÔÚ�|כ�ÖN���. ;d¿ì> ¾ç>#e
��÷7B���� ‘x’ã# ìm¥ª�< ¼â���¿ì> �·&9�á�~z�, scanf�� T�¿ì> %d�� %fã# ìm¥ª�< �ÔØm×Ä�}¹ %oP�ù�� #Ü�£, ��}¹ ï̂B
·ÿ��z�, ���:? scanf �Ú_ô>;c9̀	 �¡ ‘x’¿ì> ìm¥ª�< �ç¡��̧Ä�}¹ %oP��4� E'¤�< #¿E�·N���.

ý$ scanf�� %oP�ù�� ¬£ �}"¤�< 'Ö<��¾ç>Ãç> input stream;c ½�60}¹ £̈¤�<U� Vê���»�4� Ú�|~���F�B #¿E�·N���. #l
�_(ÛoT� ð��Ù�vÄ�}¹ ¦�(ÛoE'U� óm¬ª�<, ���:?Üï ìm¥ª�< �·&9�Ãç> %oP�AI�� Â6Ò��z� Ú�|~��AI�¹S�M� ���m�N���:

123CODE
8#��Qì�rs� control-Cv�\�¦ jþt Ãº e������ o�ÂÒh�A½+É _����� e���̀¦ M:\�ëß� s� �ï×¼\�¦ z�́'��K��Ðl� ��³1Ñm���.
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T�62T�'_¿ì> scanf¿ì>-s"k%oP���̀Â6Ò���̂@, "%d%s"¿ì>Íç>#¿E�·N���.T�CI scanf��8�V�E'U�óm¬ª�<'Ö<
��¿ì> input stream;c W���� £̈U� óm¬z� <K��Â6Ò���̂@, #l�_(ÛoT� ���ª�< 62T�'_¤�< "CODE"�� ��'>	 "ODE"�� �RJ
#¿E�·N���. (The problem is a standard one in lexical analysis: When scanning an arbitrary-length numeric
constant or alphanumeric identifier, you never know where it ends until you’ve read “too far.” This is one
reason that ungetc exists.)

%Ç{[ôF#l H�B'Ö< 12.20|¡ ���z��S�M� ���m�N���.

References [ISO] § 7.9.6.2; [H&S] § 15.8 pp. 357–64.

12.20 ý$ 60«»(Ûoq� �����¾ç>ª�< scanf()¿ì> Î�U� ðmÔ��z� ù�����¢? �¡ scanf()¿ì> Î�U� óm¬¤�<���̂@ 60,>	 #ei�@ �ÈÕ¬£
¿ì> -s�� ��¢?

Answer scanf()¤�<ðm¬ª�<'Ö<<K¿ì>��U�z�����:@N���—H�B'Ö< 12.17, 12.18, 12.19¿ì>���z��M����m�N���.�¡ gets()��
��U�z� ���¤�< 'Ö<<K�� %s �ÔØm×Ãç> ��÷7Bù�� CI;c|¡ ñmÔÚ�|כ�ÖN��� (H�B'Ö< 12.23 ���z�) — �:; �·&9����Ãç> !e(_��

�¡!eÈì>}¹£�� G�B#e��U� óm¬¤�<��z�9 �¹�ç¡ù�� ¬£ �}"�:@N���.

G�Bºÿ�+8�Ä�}¹, scanf()¤�< ��®£ 0ïF��̧ésùÚH(relatively structured, formatted) inputÃç> a�AI designùÚH #¿E�·N�
��. (T��mr«»'_ “scan formatted”q� ������·N���). ����"k ®£q�@��4� ��÷7B��̂@ ���*«T� F�B@Iá�~¤�<U�q� #l
«»¤�< ómÔ�̀ ®£U�¹ÿ�, ý$, #e�w�4� ���*«T� F�B@Iá�~¤�<U�¤�< ómÔ�̀®£U� óm¬�:@N���. ����"k scanf();c"k ;c�_��
ñmÔÚ�|á�~���̂@, T�¿ì> %oP��M��� ��q� [ô>���ûBכ�ÖN���.

User inputª�< ���ç¡ ¦��ÐésE'U� óm¬ª�< inputT��� ù�� ¬£ ����:@N���. ômÔ O���->	ùÚH user interface¤�< ��÷7B����
#ei�@ 'Ö<����|¡ �·&9�ù�� ¬£ �����¤�< #¿EÃç> *9�£̈;c £̈#e�� ���ÖNכ� — \8A���� L·x�¢Â6Ò #Ü�£;c 'Ö<���� ¦�£̈

+8�Ãç> �·&9��¤�< ·ÿ�)Ö<Â6Ò #Ü�£¿ì> �Ô�ÈÕAI"k, ��÷7B���� ½��è¡ Return W�¹ÿ� />	������, ��}¹ EOF¿ì> �·&9�Â6Ò��
���� �¤�< ~¡¥�< #Ü�£¿ì> ðmÔכ�ÖN���. T�]�@ ~¡¥�< #Ü�£¿ì> scanf}¹ %oP�Â6Ò ��¤�< #¿Eª�< ��q� [ô>���ûBכ�ÖN���;
(fgets()ã# ìm¥ª�< �ÈÕ¬£¿ì> -s"k) ï̂> b9	=i¿ì> �·&9� ���ª�< ���:?, T�¿ì> sscanfã# ìm¥ª�< �ÈÕ¬£¿ì> -s"k 4wH�¤�<
0ïF?�}¹ Ê��#e50¤�<(strtol, strtok, atoiã# ìm¥ª�< �ÈÕ¬£¿ì> -s"k) �ç¡(«Ãç> Î�¤�< #¿ET� �̂��:@N���; %Ç{[ôF#l H�B
'Ö< 12.16, 13.6|¡ ���z��S�M� ���m�N���.) sscanf¿ì> �́<���̂@, P�e�@ ìḿÃç> #����AI"k 4wH�¤�< ¹ÿ���» �·&9�Ãç>
%oP�á�~¤�<U� %u�->	�¤�< #¿ET� ï̂B�¢כ�ÖN���.

scanfq� T�]�@ ·ÿ�+8�ª�< scanf;c¹ÿ� +8�÷7BE'¤�< #¿ET�U�, fscanf�� sscanfã#¤�< �ç¡MÎ3�}"��¤�< +8�Ãç> ��"̀��
.���ÖNכ� 'Ö<<K�� E'¤�< #¿Eª�< �¢+Ö< �·&9�T� W��¹¿�}¹ a:@�lBE'#e ���z�, scanf¤�< �¢+Ö< �·&9�Ãç> %oP��4�
E'#e ���#e"k, least constrained->	 ��÷7B�� �·&9�Ãç> scanf�� %oP�AI!e)>	��¤�< #¿E�·N���. 62T�'_ ��G�BT�
formatted->	 #Ü�£, fscanf¿ì> Î�¤�< #¿Eª�< �̂��:@N���. sscanf¿ì> -s"k ï̂>Ãç> parsing�¤�< #¿Eª�< (P�e�@ìḿÃç> #��
���¤�< #Ü�£;c) 8�£ �̂��:@N���. ý$����̂@, �·&9�Ãç> c(�Ð�����, ��S� �·&9�Ãç> #�����¤�< �ûB #l�_��U� ���
*«Ãç> ù�� ¬£ ���M� CI'Ö<�·N���.10

Note User inputª�< <K'Ë{60}¹ ¾ç>#e]�> ¬£ ���M� CI'Ö<;c, user inputÃç> ��}¹ atoi¿ì> -s"k, ¬£V�}¹ _�@#Ü��¤�< #¿Eª�<
�̂�U� óm¬�:@N���. H�B'Ö< 21.11¿ì> ���z��M� ���m�N���.

References [K&R2] § 7.4 p. 159.

V� 5 â�
 Other stdio Functions

12.21 sprintf �Ú_ô>;c"k L·x�¢Â6Ò !e(_q� Ç�M�¿ì> Q�P� 4�»ÿ�ù�� ¬£ ���¤�< �ç¡(«T� ���Ãç>���¢? �:;, #e�w�4� ��̂@
sprintf();c"k !e(_ �¡!eÈì>}¹£¿ì> Y�ù�� ¬£ ���Ãç>���¢?

9#��Qì�rs� %20sü< °ú s� ;�¤�̀¦ t�&ñ
ô�Ç����� ë�H]j�� K����|̈c Ãº�̧ e��_þvm���. |9�ë�H 12.15\�¦ �ÃÐ�¦�l� ��³1Ñm���.
10It’s so easy to regain control, restart the scan, discard the input if it didn’t match, etc.
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Answer sprintf;c ��÷7BÂ6Ò �ÔØm×T� �ç¡60+8�Ä�}¹ µÿ�·ÿ���̂@ #l�_(Ûoª�< L·x�¢Â6Ò !e(_q� Ç�M�¿ì> Q�P� 4�»ÿ�ù�� ¬£ ���
�:@N���. �ÔØm×;c ��� T��ç¡q� ‘%s’�� ������̂@ �ÔØm× 'Ö<���~x;c ��÷7BÂ6Ò z�+ä�ùÚH 'Ö<��¾ç>q� Ôg ¬£¿ì> ��̧+« :c#e
"k (�¡¤�< sizeof a:@»ÿ���¿ì> -s"k) 4�»ÿ�AI"k ½� �lBÜï¿ì> �·#e�k�Ãç> 'Ö<���~x;c strlenÃç> c(Â6Ò ìḿÜï �GAI"k
4�»ÿ�ù�� ¬£ ����:@N���. ;d¿ì> ¾ç>�̂@:

sprintf (buf, "You typed \"%s\"", answer);

T� CIq� !e(_ Ç�M�¤�< ���:?Üï ìm¥T� 4�»ÿכ��ÖN���:

int bufsize = 13 + strlen (answer);

+ä�¬£;c 60AI"k¤�< %dq� _ô>&9� �lBÜï;c L·x�¢Â6Ò 'Ö<�� Ôg ¬£�� ���:? ��̧Ãç> $Ê�U� óm¬�:@N���:

((sizeof (int) * CHAR_BIT + 2) / 3 + 1) /* +1 for ’-’ */

(CHAR_BIT¤�< <limits.h>;c +ä�q�E'#e ����:?) ½��_�� T�]�@ ��̧Ä�}¹ 8�_�@ 4�»ÿ��¤�< #¿Eª�< U���V�4� �Ð��»
Ã��_*Ö< #¿E11

�·N���. (a�q� ��̧ª�< ¬£V�¿ì> 8 .>	¬£}¹ �¢M�Â6Ò��z� ��+ä�á�~Ãç> CIq� 4�»ÿ� �lBÜï�·N���. 10 .>	
(«Ãç> �́<���̂@ a�q� 4�»ÿ� �lBÜï�¹�� �Ð��» �G ðm¬���� +8�ª�< ð��µÿ�Ãç> 	�U�ù�� ¬£ ����:@N���.)

�ÔØm× 'Ö<���~xT� 8�£ õi;�m������ ]�@����»T� E'M� b9	;c¤�< ómÔ ¬£ �}"���̂@ !e(_ Ç�M�¿ì> ;d�m;�¤�< #¿Eª�<

sprinf()¿ì> :�}¹ ¹ÿ�¿�¤�< #¿E%o&8� #e�̀*Ö< G�B�·N���. ½�P�z� õi;�m�Â6Ò ¹ÿ���» ;c�_�� ñmÔÚ�|�M� �EL�:@N���
(½�7�"k -!H�ç¡�U� óm¬�:@N���). ��U���� �ç¡(«ª�< G�B·ÿ� ½� �ÔØm×Üï ìm¥ª�< �ÔØm×Ãç> fprint()¿ì> -s"k ��»S� ��
G�B;c $k�ç¡Â6Ò ���:?, fprintf()q� P�e�@ìḿÃç> ������� ½� ��G�Bq� Ç�M�¿ì> �Ð���¤�< �ç¡(«�·N��� (½��_�� H�B
'Ö< 19.12¿ì> þÙ� G��M� ���m�N���. ½�P�z� _ô>&9� ;c�_¿ì> Ú�|~��AI�� .(���ÖNכ�

®£#e.>	!e(_��Ç�U�óm¬Ãç>#Ü�£,�¡!eÈì>}¹£��G�B#e��U�óm¬¤�<��¤�<%u�F�BÂ6Ò�¹�ç¡�}"T�¤�< sprintf()¿ì>«»
À�M� ��C·x #¿E�·N���. �ÔØm× Ã�È��?�Ãç> ómÔ ¬£ ������̂@ %s¿ì> Î�¤�< 60,>	 %.Ns(T� CI Nª�< #ei�@ ¬£V�)¿ì> Î���
�� %.*s¿ì> (%Ç{[ôF#l H�B'Ö< 12.10|¡ ���z��S�M� ���m�N���.) Íç> ¬£ ����:@N���.

���ç¡ %u�F�BÂ6Ò �¡!eÈì>}¹£ �ç¡U�ÝÌvª�< @�BT�¿ì> <KÂ6Ò�¤�< snprintf()¿ì> Î�¤�< #¿E�·N���. F�Bá�¥ �ç¡(«ª�< ���:?
Üï ìm¥�:@N���:

snprintf(buf, bufsize, "You typed \"%s\"", answer);

snprintf()¤�< ðm¬ª�< stdio ��T�Â��_P�;c"k (GNUã# 4.4BSD �Ô�ÈÕ) <Kð��E'z� ����:@N���. ½�P�z� T� �ÈÕ¬£
¤�< [C9X] �¢+Ö<;c"k =�ßÌv�RJ ;d+ä��·N���.

[C9X] snprintf()¿ì> Íç> ¬£ ������̂@ 9��~xq� Ç�M�¿ì> Q�P� 4�»ÿ�ù�� ¬£ ����:@N���. [C9X] snprintf()¤�< !e
(_;c M�ói;Â6Ò 'Ö<��q� ¬£¿ì> P�e�@�¤�< #¿ET� ��N���, !e(_;c M�ói;ù�� 'Ö<��q� ¬£¿ì> P�e�@כ�ÖN���. 4����� T�
CI !e(_q� Ç�M�;c 0, �¡¤�< !e(_;c �kB �Ô->	'_¿ì> b9	îm�ù�� ¬£ ����:@N���. ½��_Á�}¹ ���:?Üï ìm¥ª�< �Ú_ô>Ãç> ��
÷7B��̂@:

nch = snprintf (NULL, 0, fmtstring, /* ¤´¦Ûá ¬Ýá ¤́Ûå */);

®£#e.>	 �ÔØm× Ã�È��?�(fmtstring);c L·x�¢Â6Ò !e(_q� Ç�M�¿ì> 4�»ÿ�ù�� ¬£ ����:@N���.

References [C9X] § 7.13.6.6.

12.22 sprintfq� P�e�@ ìḿT� ý$ ½�P� 'Ö<<K->	���¢? int ���·Ãç> P�e�@����¢, ��N��̂@ char * ���·Ãç> P�e�@���
�¢?

11over-conservative
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Answer �¢+Ö<ª�< (printf�� fprintfã# ìm¥T� writeÂ6Ò ¼â��� ¬£) int¿ì> P�e�@Â6Ò��z� ðmÔ�z� ����:@N���. ½��_�� ;d
b9	q� #ei�@ ��T�Â��_P�¤�< sprintf�� ,Ò{ _�@Fg ->	��}¹ ¾ç>#e*ã< char *¿ì> P�e�@כ�ÖN��� (i.e. strcpyq� P�
e�@ìḿÜï ìm¥ª�< ô6;+8�).

References [ANSI] § 4.9.6.5, [ISO] § 7.9.6.5, [PCS] § p. 175

12.23 ý$ ~¡£̈¾ç> gets()¿ì> Î�U� ðmÔ��z� ù�����¢?

Answer fgets()ã#¤�< îm�P� gets()¤�< !e(_q� Ç�M�¿ì> U�+ä��U� óm¬�:@N���. ����"k !e(_ �¡!eÈì>}¹£¿ì> �ç¡U�ù��
@�BT� �}"�:@N��� —  eY�q� («�Ð�;c q���̂@ ;d�ç¡E'¤�< �·&9��¹�� Ó	 ìḿT� a�@ø# ��¤�< ¾ç>#e�¡4� �RLN���.12

G�B

ºÿ�+8�Ä�}¹¤�< ��Ø�ç¡ fgets()¿ì> -s�� .���ÖNכ� (Zï>&è< �·&9�ª�< #ei�@ �m;+ä�Â6Ò Ç�M� T��ç¡ ¾ç>#e]�> ¬£ �}"U�¹ÿ�, F�B
¬£ù�� #Ü�£¿ì> �ç¡U��M� a�AI13, ��Ø�ç¡ fgets¿ì> Î�¤�< #¿ET� �̂��:@N���.)

fgetsã# getsq� ��¦Ø< +8� ���¤�<, fgets¤�< 'Ö<���~x ��U����;c \nÃç> <K���U� óm¬¤�<��¤�< #¿E�·N���. ½��_
�� T� newlineÃç> �}";�M�¤�< ��®£ �EL�:@N���. H�B'Ö< 7.1Ãç> �¹�̂@ gets 60,>	 fgets()¿ì> ��÷7BÂ6Ò �Ø¿�¿ì> [�> ¬£
����:@N���.

Note  eY�q� («�Ð�(Murphy’s Law);c MÎ3Â6Ò #¿Eª�< [Raymond] ¿ì> ���z��M� ���m�N���.

References [Rationale] § 4.9.7.2; [H&S] § 15.7 p. 356.

12.24 printf¿ì> �Ú_ô>Â6Ò ���:?;c errno¿ì> #����AI"k printf�� F�B@Iá�~¤�<U� #����á�~��z� Ú�|~כ���ÖN���:

errno = 0;
printf("This\n");
printf("is\n");
printf("a\n");
printf("test.\n");
if (errno != 0)
fprintf(stderr, "printf failed: %s\n", strerror(errno));

½�]�@62 ý$ “printf failed: Not a typewriter”��¤�< T��ç¡Â6Ò 8KS�U�¿ì> _ô>&9�ù�����¢?

Answer ðm¬ª�< stdio @IW�U�¾ç>ª�< stdoutT� '_Q��kBG�B #Ü�£¤�< �m;�~x�4� c(�� כ�ÖN���. ����"k stdoutT� '_Q��kB->	
U� #�����M� a�AI"k, 50«»+8�Ä�}¹ #e+_Â6Ò a:@»ÿ�Ãç> �4� E' f, ½� �lBÜï stdoutT� '_Q��kBT� ��'>	 #Ü�£;c
¤�< errno¿ì> ENOTTY}¹ ��B+äכ��ÖN���. ����"k printf�� )ç�ð��+8�Ä�}¹ ¬£á�¥E'�}��� ��G��|¡, errno;c ��B
+ä�Â6Ò ìḿª�< ½�60}¹ ���4� �RLN���. T��_Â6Ò G�Bª�< �Ð��» 0üoò6BÃ�&«M�¤�< �U�¹ÿ�, Çì>�~���z� ðmÔù�� ¬£¤�< �}"�:@
N���. ý$����̂@ errnoq� ìḿª�< ;c�_�� ¶ÿ� ���:?;c¹ÿ� q�Q�¿ì> ��U�M� CI'Ö<�·N���. (ø¶? �G +ä�%u�Z� ðmÔÂ6Ò��
�̂@, errno¤�<, errno¿ì> Ú½×�?��¤�< ��T�Â��_P� �ÈÕ¬£�� ;c�_ �Ø¿�¿ì> P�e�@Â6Ò #Ü�£;c¹ÿ� q�Q��� ����:@N���
(meaningful).) G�Bºÿ�+8�Ä�}¹ G�B·ÿ� �ÈÕ¬£q� P�e�@ ìḿÃç> #����AI�� .���ÖNכ� #l�_ stdio �ÈÕ¬£¿ì> �Ú_ô>Â6Ò ���:?
½� ò6B¼ÿ� a:@»ÿ�q� ;c�_¿ì> ómÔz� F�����̂@ ferror �ÈÕ¬£¿ì> Î��̂@ �RLN���. %Ç{[ôF#l H�B'Ö< 12.2, 20.4|¡ ���z��S�
M� ���m�N���.

Note ;c�_�� ñmÔÚ�|�U� óm¬óm©Ãç> CI;c¤�< errno�� 0T���¤�< #¿EÃç> �¹�ç¡ù�� ¬£ �}"�:@N���.

References [ISO] § 7.1.4, § 7.9.10.3; [CT&P] § 5.4 p. 73; [PCS] § 14 p. 254.

12gets()_� éß�&h��̀¦ �7H½+ÉM:, 1988�̧� “Internet worm”\� @/ô�Ç �¦̀�	כ NS Z�~�̀¦ Ãº \O�_þvm��� — s� ‘worm’�Ér UNIX finger daemons�
gets()\�¦ ��H����H �¦̀�	כ s�6 x, gets()_� !Q(�\�¦ overflowr�&�"f, �<ÊÃº_� return address\�¦ ��Ë̈#Q �ï×¼_� âì2£§s� ���Ér /BMÜ¼�Ð ���̧2�¤
ëß�[þt#Q !Qwn�m���.

13OS�� ô�Ç���\� [þt#Q�̧��H v��Ð×¼ {9�§4�_� þj@/ ß¼l�\�¦ ]jô�Çô�Ç���¦ Òqty��½+É Ãº�̧ e��t�ëß�, ³ðï�r {9�§4�s� redirect�)a ��{9�\�"f [þt#Q�̀¦
Ãº�̧ e��_þvm���.
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12.25 fgetpos/fsetposã# ftell/fseekq� 	�T�+8�ª�< ª£*Ë{->	���¢? fgetpos/fsetpos¤�< #eO�;c Î�¤�< ���¢?

Answer :�}¹*Ö< fgetpos/fsetpos �ÈÕ¬£¤�< offsetÃç> ����50M� a�AI �m;�~xÂ6Ò typedef->	 fpos_t¿ì> ��÷7Bכ�ÖN���.
����"k ]�>��À�4� ¹ÿ�¾ç>#e«�����̂@ ��ª£P� Ó	 ��G�BT��G��|¡ offsetÃç> �¢g̀@ù�� ¬£ ����:@N���. T�ã#¤�< îm�P�
ftellÜï fseek¤�< long int¿ì> Î�M� CI'Ö<;c, offsetq� (8�a��� long intq� (8�a�}¹ <KÂ6Ò�RLN���. (long
int typeª�< 231 − 1�¹�� Ó	 ¬£¿ì> ��.>	��z� �¹�ç¡ù�� ¬£ �}"�:@N���. ����"k ��G�Bq� ÷6Ú½×T� 20*8� ��T�È�
(231−1)}¹<KÂ6Ò�RLN���.�¡Â6Ò fgetpos/fsetpos¤�<��ï̂B��T�È�(multibyte)Ã�È��Ð�;c|¡Íç>¬£����:@N���.
%Ç{[ôF#l H�B'Ö< 1.4|¡ ���z��S�M� ���m�N���.

References [K&R2] § B1.6 p. 248; [ISO] § 7.9.1, § 7.9.9.1, 7.9.9.3; [H&S] § 15.5 p. 252.

12.26 �·&9�Ãç> �ç¡_ô>(flush)S�J·x �ç¡(«T� ���Ãç>���¢? �:; ��÷7B���� Q�P� �·&9�Â6Ò �·&9�Ãç> ª£S�AI"k, ���:? É�óirÉ�È�
¿ì> _ô>&9�ù�� CI T� �·&9�T� _ô>&9�E'U� óm¬|¡ói; �z� F���:@N���. fflush(stdin)Ãç> Î��̂@ �RJ���¢?

Answer �¢+Ö< C a�@#e;c"k fflush()¤�< _ô>&9� Ã�È��Ð�;c 60AI"k¹ÿ� ò6Bכ����ÖN���. “flush”��¤�< +ä�q��� bufferingùÚH 'Ö<
��¾ç>Ãç> Î�¤�< #¿EÃç> TÖh�ºS�0>	��¤�<14 #¿ET�Á�}¹ 'Ö<��¿ì> c(�ÐS�W�¤�< #¿E(discard)Üï¤�< ��ª£]�@ MÎ34��� �}"�:@
N���. ����"k �·&9� Ã�È��Ð�q� �·&9�Ãç> ª£S��¤�< M��ûBÜï¤�< b9	)y �ç¡MÎ3T� �}"�:@N���.

����̧ G��U� óm¬ª�< 'Ö<��(unread characters)¾ç>Ãç> stdio input stream;c"k ª£S��¤�<(discard) �¢+Ö< �ç¡(«ª�< +í<
<��U� óm¬�:@N���. #ei�@ Pv��;c"k¤�< fflush(stdin)T� G��U� óm¬ª�< 'Ö<��¾ç>Ãç> c(�Ðù�� ¬£ ���|¡ói; ��T�Â�
�_P�¿ì> ¹ÿ�¾ç>M�|¡ �U�¹ÿ�, T���̧)ç�T� i�#e¶ÿ� É�}¹½�×�yÃç> ¹ÿ�¾ç>�̀�̂@ �}B60}¹ -s"k¤�< ¼ÿ�E'¤�< M��ûB�·N���.
(#ei�@ stdio ��T�Â��_P�¤�< fpurge�� fabort¿ì> ìm¥ª�< M��ûBÄ�}¹ <Kð���M�|¡ �U�¹ÿ�, ��¾6Ò��U�}¹ �¢+Ö<ª�<
��·N���.) �¡Â6Ò input buffer¿ì> flush�¤�< #¿ET� þÙ� AI�lBÝÌvT���z� ù�� ¬£|¡ �}"�:@N���. ý$����̂@ G�Bºÿ�+8�Ä�
}¹ ����̧ G��Z�U� óm¬ª�< �·&9�ª�< OS-level input buffer;c +í<<��M� CI'Ö<�·N���.

InputÃç> flushù�� �ç¡(«T� L·x�¢����̂@ (H�B'Ö< 19.1Üï 19.2;c ��*ã< #¿E%o&8�) S�Ã�ß�y q�+í<+8�->	 �ç¡(«Ãç> ��¢����
ù�� #¿E�·N���. 4����� ��÷7B���� 8�£ ��¦Ø< ö¶;|¡}¹ �·&9��z� ���z�, #l�_(Ûoq� É�}¹½�×�yT� ½� �·&9�Ãç> ª£
S�AI!eC·x ¬£ �����¤�< #¿EÃç> þÙ� *9�£̈;c £̈#e�� .���ÖNכ�

�¡¤�< \nT� ���¡M� b9	��U�q� 'Ö<��¿ì> G��#e"k ª£S������ curses ©»1>	->	 flushinp()¿ì> ��÷7B�����, Î�
�̂@ �RLN���. %Ç{[ôF#l H�B'Ö< 19.1, 19,2|¡ ���z��S�M� ���m�N���.

References [ISO] § 7.9.5.2; [H&S] § 15.2.

V� 6 â�
 Opening and Manipulating Files

12.27 ���:?Üï ìm¥T� ��G�BÃç> #l¤�<(open) �ÈÕ¬£¿ì> ¹ÿ�¾ç>�}��:@N���:

myfopen(char *filename, FILE *fp)
{
fp = fopen(filename, "r");

}

½�]�@62 ���:?Üï ìm¥T� �Ú_ô>�z� ���̂@:

FILE *infp;
myfopen("filename.dat", infp);

infp _�@¬£�� <K60}¹ ��B+ä�(setting)E'U� óm¬�:@N���. ý$ ½��wx���¢?

14To complete the writing of buffered characters
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Answer C a�@#e;c"k �ÈÕ¬£¾ç>ª�< ��Ø�ç¡ ��,>	;c4� b9	îm�ùÚH ->	��q� ��(è<Ãç> ����:@N���. ����"k �ÈÕ¬£¤�< �}B60}¹ ��,>	;c
4� b9	îm�ùÚH ->	��;c ìḿÃç> U�+ä�(assignment)�¤�< #¿EÄ�}¹ ìḿÃç> P�e�@ù�� ¬£ �}"�:@N���. H�B'Ö< 4.8Ãç> ���z��M�
���m�N���.

®£#e.>	 H�B'Ö<Ãç> z�V��̀�̂@ ���:?Üï ìm¥T� myfopen �ÈÕ¬£�� FILE *¿ì> P�e�@�|¡ói; z�V��̂@ �RLN���:

FILE *
myfopen(char *filename)
{
FILE *fp = fopen(filename, "r");
return fp;

}

½� ���:? ���:?Üï ìm¥T� �:@N���.

FILE *infp;
infp = myfopen("filename.dat");

�¡¤�< ���:?Üï ìm¥T� myfopenT� FILE *;c 60Â6Ò �Ô->	'_15¿ì> ->	��}¹ ���4���̂@ �RLN���:

myfopen(char *filename, FILE **fpp)
{
FILE *fp = fopen(filename, "r");
*fpp = fp;

}

½�P�z� ���:?Üï ìm¥T� �:@N���:

FILE *infp;
myfopen("filename.dat", &infp);

12.28 ��®£ µÿ�·ÿ�Â6Ò fopen �Ð	�|¡ ò6B����U� óm¬�:@N���. ��7� �Ø¿�;c"k ômÔô6�ùÚH +8�T� ������¢?

FILE *fp = fopen(filename, ’r’);

Answer 'Ö<<K¤�< fopenq� £̈ _�@Fg ->	��->	 mode¤�< "r"Üï ìm¥ª�< stringT�#e��U�, ’r’Üï ìm¥ª�< 'Ö<���� ��N���¤�< #¿E
�·N���. %Ç{[ôF#l H�B'Ö< 8.1|¡ ���z��S�M� ���m�N���.

12.29 ý$ �}B60 #Ü�}¹¿ì> -s"k ��G�BÃç> �~x�̂@ ��Ø�ç¡ F�B@Iù�����¢? ���:? �Ø¿�¤�< ò6B����U� óm¬�G#Ñ	�¢:

fopen("c:\newdir\file.dat", "r");

Answer £̈ 4�q� backslash 'Ö<��¿ì> -s�� ù�� #¿E�·N���. H�B'Ö< 19.17Ãç> ���z��M� ���m�N���.

15a pointer to pointer to FILE
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12.30 ��G�Bq� 50÷7BÃç> z�V��̀z� .���ÖNכ� G�B·ÿ� "r" ~¡¿�}¹ ��G�BÃç> a:@ ���:?, 4wH�¤�< 'Ö<���~xÃç> G��z� ��S� T� 'Ö<
��¿ì> Î��̀z� á�~Ä��� <K60}¹ ò6B����U� óm¬�:@N���.

Answer Î�M� b9	;c fseek �ÈÕ¬£¿ì> [ô>�w�¤�<U� #����AI�¹M� ���m�N���. G��ª�< ���:?;c, ½� a�V�;c Î�M� a�AI"k¤�<,
G��ª�< ¹ÿ���» ��G�B a�V�¿ì> óm¦�¶;Ä�}¹ ]�O�� ®£#e�� .���ÖNכ� �:;, read/write "”+ ~¡¿�}¹ a:@ ��G�B;c"k G��
M�(reading)�� Î�M�(writing)Ãç> Â6Ò ���:?;c¤�< ºÿ�¿�S� fseek�� fflush¿ì> -s ®£#e�� .���ÖNכ� �¡ �q�#eÎ�M�
a�AI"k¤�< M�+í<q� 'Ö<���~xÜï �q�#e Íç> 'Ö<���~xq� @�BT��� ìm¥���� ;���ÖNכ� �m;+ä� a�V�;c 'Ö<��¾ç>Ãç> ��Òכ���
��(insert) U�£¤�<(delete) �ç¡(«ª�< +í<<��U� óm¬�:@N���. ß�vÃ�È� ��G�B;c"k �q�#eÎ�¤�< ���*«Ãç> ��̂@, ��G�BÃç>
�q�#e�́< a�V���U� ômÔ�̀!eC·x ¬£|¡ ����:@N���16. %Ç{[ôF#l H�B'Ö< 19.14|¡ ���z��S�M� ���m�N���.

References [ANSI] § 4.9.5.3, [ISO] § 7.9.5.3.

12.31 ��G�B ï̂Bµÿ�;c Â6Ò ï̂>Ãç> (�¡¤�< 7��Ø¿�) ��Òכ����� U�£¤�< �ç¡(«T� ������¢?

Answer H�B'Ö< 19.14¿ì> ���z��M� ���m�N���.

12.32 �~x�̀.>	 stream;c"k ��G�B T��mrÃç> ��S� *8
#eÕëº ¬£ ����:@N���?

Answer H�B'Ö< 19.15¿ì> ���z��M� ���m�N���.

V� 7 â�
 Redirecting stdin and stdout

12.33 É�}¹½�×�y ¼ÿ�;c"k stdinT��� stdoutÃç> ��G�B}¹ ‘redirect’ù�� ¬£ ���Ãç>���¢?

Answer freopen() �ÈÕ¬£¿ì> Î�M� ���m�N���. f()��¤�< �ÈÕ¬£�� ���z�, T� �ÈÕ¬£¤�< �¹ûiu stdoutÄ�}¹ 62T�'_¿ì> _ô>&9�
Â6Ò��z� ��+ä�AI õi@S���. T�]�@ #Ü�£;c¤�< ·ÿ�)Ö<Z� freopen �ÈÕ¬£¿ì> Î��̂@ �RLN���:

freopen(file, "w", stdout);
f();

(½��_�� H�B'Ö< 12.34¿ì> þÙ� G��#e�¹S�M� ���m�N���).

References [ANSI] § 4.9.5.4; [ISO] § 7.9.5.4; [H&S] § 15.2. pp.347–8

12.34 G�B·ÿ� freopen()Ãç> �́< ���:?, ��S� 4wH7�q� stdoutÄ�}¹ (�¡¤�< stdinÄ�}¹) õi;Zôù�� ¬£¤�< �}"���¢?

Answer �̂�ª�< AI�lBÝÌvª�< +í<<��U� óm¬�:@N���. ��S� X�>��]�> L·x�¢�� ������̂@, freopen()Ãç> Î�¤�< #¿Eª�< �~x}¹ �̂�ª�<
�ç¡(«T� ��·N���. 	���P� ��}¹ output (�¡¤�< input) stream _�@¬£¿ì> ¹ÿ�¾ç>#e"k ���*«AI"k stdoutÃç> (�¡¤�<
stdin) ZÌ	¿�P�U� óm¬¤�< #¿ET� �̂��:@N���. ;d¿ì> ¾ç>#e ���:?Üï ìm¥T� b9	*9� _�@¬£¿ì> ¹ÿ�¾ç>z�:

FILE *ofp;

16overwriting in text mode may truncate the file at that point
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printf(...)¿ì>b9	«» fprintf(ofp, ...)}¹���́�̂@�RLN���. (Zï>&è< putchar�� puts¿ì>������̂@T��ÈÕ¬£
¾ç>|¡ ���́#e�� ù�� #¿E�·N���.) ½�]�@ ���:?, ofp�� stdout¿ì> ��P�W�|¡ói; �¤�< �ûBq� ���*«Ãç> ��̂@ �RLN���.

ý�nS� ���:?Üï ìm¥ª�< �Ø¿�}¹ freopenÃç> 60,>	ù�� ¬£ �����z� Ú�|~���F�BU�|¡ ~¡À�ð�©�:@N���:

FILE *savestdout = stdout;
stdout = fopen(file, "w"); /* WRONG */

½� ���:?, ��7� �Ø¿�}¹ stdoutÃç> õi;4wHù�� ¬£ �����z� Ú�|~���F�BU�|¡ ~¡À�ð�©�:@N���:

stdout = savestdout; /* WRONG */

T��_Â6Ò �Ø¿�¤�< ò6B���Â6Ò��z� ðmÔ�M� #e&°�:@N���. ý$����̂@ stdoutª�< (�¡ stdin, stderr) �¹ûiu �ç¡

¬£(constant)T�M� CI'Ö<;c ��¦Ø< ìḿÄ�}¹ ��B+ä�(assign)ù�� ¬£ �}"M� CI'Ö<�·N���. (½��w�M� CI'Ö<;c freopenT�
��¤�< �ÈÕ¬£�� <Kð��E'¤�< #¿E�·N���.)

4wH7�q� Ã�È��Ð�;c MÎ3Â6Ò +ä��¹¿ì> freopen()Ãç> Î�M� b9	;c õi;��AI £̈�}����� õi;4wHS�W�¤�< �ç¡(«|¡ ���U�¹ÿ�,
T�¤�< S�Ã�ß�y q�+í<+8�->	, dup()Üï ìm¥ª�< �ÈÕ¬£¿ì> Î�M� CI'Ö<;c T���̧)ç�T� (portability) �wx#eU� f, R�¼ÿ�+ä�+8�
�·N��� (unreliable.)

#ei�@ S�Ã�ß�y;c"k¤�< controlling terminalÃç> (H�B'Ö< 12.36 ���z�) ��̧+« open�¤�< �ç¡(«Ãç> <Kð���M�|¡ �U�
¹ÿ�, T�¤�< #l�_(ÛoT� 4wH�¤�< #¿ET� ��A�B #¿E�·N���. ý$����̂@ 4wH7�q� input �¡¤�< outputT� (�:; freopenÃç>
«»À�M� b9	q� stdinT��� stdoutq� ìḿ) command line;c"k redirectE'#e ¾ç>#e]�> ¬£ ���M� CI'Ö<�·N���.

#ei�@ subprogramÃç> F�Bá�¥S�W�z� ½� �lBÜï¿ì> capture�z� F�����̂@, freopenª�< <K60}¹ ò6B���ù�� ¬£ �}"�:@N�
��; H�B'Ö< 19.30Ãç> 60,>	 ���z��M� ���m�N���.

12.35 É�}¹½�×�y ¼ÿ�;c"k �¢+Ö< �·&9�T��� �¢+Ö< _ô>&9�T� redirectE'�}�¤�<U� %u�->	ù�� ¬£ ���Ãç>���¢? ��S� ðmÔAI com-
mand line;c"k “<”�� “>”Ãç> ���¤�<U� %u�->	ù�� ¬£ ���Ãç>���¢?

Answer �̂	$k ª£*Ë{ CI'Ö<;c ½��_Â6Ò �ç¡(«T� L·x�¢Â6Ò #¿E->	U� ômÔ Ú�|~��AI �¹S�M� ���m�N���. ¹ÿ���� É�}¹½�×�y;c b9	îm�
Â6Ò �·&9� ��G�BT� �}"Ãç> CI, stdinÄ�}¹ 62T�'_¿ì> ���z��� Â6Ò���̂@ µÿ�·ÿ�Z� argv¿ì> -s"k ù�� ¬£ ����:@N���
(H�B'Ö< 20.3 ���z�). �¡¤�< ��G�B T��mrÃç> Î�¤�< 60,>	 “-”ã# ìm¥ª�< placeholder¿ì> Î�4� ¹ÿ�¾ç> ¬£ ����:@N���. �·
&9�T� interactive terminal;c"k *ã< #Ü�£�� ��'>	 #Ü�£ prompt¿ì> _ô>&9��4� óm¬|¡ói; ¹ÿ�¾ç>z� F��ª�< #Ü�£, #e
i�@ S�Ã�ß�y;c"k¤�< (;d¿ì> ¾ç>#e UNIX�� MS-DOS;c"k) isatty(0)T��� isatty(fileno(stdin))Ãç> -s"k
terminal->	U� ��'>	U� ómÔ��Õëº ¬£ ����:@N���.

12.36 “more”ã#ìm¥ª�<É�}¹½�×�yÃç>¹ÿ�¾ç>�̀zכ��ÖN���. stdinT� redirectE'�}����̂@#e�w�4� keyboard¿ì>��S�Íç>¬£
���Ãç>���¢?

Answer T�]�@G�BÃç>ù��¬£���¤�< portableÂ6Ò�ç¡(«ª�<�}"�:@N���. UNIX;c"k¤�< special file->	 /dev/tty¿ì>�~x�̂@�RLN���.
MS-DOS;c"k¤�<��G�B CONÃç>�~x���� getchã#ìm¥ª�< BIOS callÃç>T�÷7B�¤�<©»1>	Ãç>Î��̂@ inputT� redirectE'
�}�¤�<U�ã#¤�< �ç¡MÎ3�}"T� keyboard¿ì> Íç> ¬£ ����:@N���.

12.36b _ô>&9�Ãç> ò6BS�;c £̈ð��Ä�}¹, ;d¿ì> ¾ç>�̂@ Ã�Ç�)>	Üï ��G�B}¹ �¹Õëº ¬£ ���¤�< �ç¡(«T� ���Ãç>���¢?

Answer �}"�:@N���. 60,>	 #l�_(ÛoT� ~¡¥�< #¿EÃç> £̈ _�@ ºÿ�õi;�¤�< printf Ã���G�Bq� �ÈÕ¬£¿ì> ¹ÿ�¾ç>#e Î��̂@ �RLN���. H�B
'Ö< 15.5¿ì> ���z��M� ���m�N���.
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V� 8 â�
 “Binary” I/O

�¹ûiuq� streamª�< _ô>&9�ù�� ¬£ ���¤�< text}¹ T�©»#e$p ���z�, $k¬£+Ö<q� *Ö<*å�=i<K;c"k Î�¤�< #ei�@ convention;c ��¢
|¡ói; _�@Z9�(translation)Ãç> ù�� ¬£ ���¤�< #¿EÄ�}¹ #l��U�z� ����:@N���. T��_Â6Ò translation�}"T�, +ä�%u�Z� ��T�È� ·ÿ�
a�}¹ read/write¿ì> ù���̀�̂@ “binary” I/O¿ì> -s�� .���ÖNכ�

12.37 8K~¡P�ã# ��G�B;c"k, fprintf�� fscanf�� Î�¤�< formatted stringT� ��'>	, Â6Ò _�@;c Â6Ò ��T�È���̧ G������
Î��̀z�(write) .���ÖNכ� #e�w�4� ��̂@ �RJ���¢?

Answer T�]�@G�BÃç>604� “binary” I/O��z�«»�m@N���. �̂	$k fopenÃç>«»¿ì>CI ("rb"�� "wb"ã#ìm¥ª�<) "b" modifier¿ì>
���¤�<U� (H�B'Ö< 12.38 ���z�) %u�->	�M� ���m�N���.

½����:?, &ã# sizeof operator¿ì>-s"k�~���T�È�¿ì> transferù��#¿E->	U�%u�->	�M����m�N���.�¹ûiu fread��
fwriteìm¥ª�< �ÈÕ¬£¿ì> -s"k ���*«ù�� ¬£ ����:@N���; ;d<K¤�< H�B'Ö< 2.11Ãç> �¹M� ���m�N���.

fread�� fwrite ��=i�� binary I/O¿ì> ¬£á�¥�¤�< �ÈÕ¬£¤�< ��·N���. G�B·ÿ� binary mode}¹ ��G�BÃç> �~x�}���
�̂@,#ei�@ I/O�ÈÕ¬£��|¡ binary I/O¿ì>ù��¬£����:@N��� (H�B'Ö< 12.42q�;d<K���z�); Text mode}¹��G�BÃç>�~x
�}���AI|¡ 4wHÂ6Ò���̂@ fread�� fwrite¿ì> Íç> ¬£ ����:@N���.

��U����Ä�}¹, binary data fileª�< portable�U� óm¬�:@N���; H�B'Ö< 20.5 ���z�. %Ç{[ôF#l H�B'Ö< 12.40|¡ ���z��S�
M� ���m�N���.

12.38 ��T��.P� 62T�'_ ��G�BÃç> +8��}B�4� G��Ãç> ¬£ ���¤�< �ç¡(«Ãç> ómÔ�̀®£:c�¢. CICI}¹ 0x0aã# 0x0d ìḿT� 'Ë{60
}¹ ¾ç>#e�¡z� 62T�'_�� 0x1aÃç> �Ô�ÈÕù�� CI EOF�� P�e�@E'¤�< #Ü�£�� ����:@N���.

Answer Binary data¿ì> G��#e ¾ç>T��̀�̂@ fopen()Ãç> �Ú_ô>ù�� CI "rb" mode¿ì> -s"k ß�vÃ�È� ��G�B _�@Z9�(text file
translation)T� G�B#e��U� óm¬|¡ói; AI�� .���ÖNכ� R��:A�4�, ��T��.P� 62T�'_¿ì> Î�M� a�AI"k¤�< "wb"¿ì> -s
�� .���ÖNכ� (UNIXã# ìm¥T� textã# binary ��G�BÃç> ¦��~x�U� óm¬¤�< *Ö<*å�=i<K;c"k¤�< "b"¿ì> Íç> L·x�¢¤�< �}"U�
¹ÿ�, �����z� ��G��|¡ 'Ö<<K�RJ #¿Eª�< �}"�:@N���.)

ß�vÃ�È�/��T��.P�q� 	�T�¤�< ��G�BÃç> �~x CI;c¹ÿ� +8�÷7B�RLN���. G�B·ÿ� ��G�BT� �~x)>	 ���:?;c¤�< #ei�@ I/O ©»1>	
Ãç> -s|¡ �ç¡MÎ3�}"�:@N���. %Ç{[ôF#l H�B'Ö< 12.40, 12.42, 20.5|¡ ���z��S�M� ���m�N���.

References [ANSI] § 4.9.5.3; [ISO] § 7.9.5.3; [H&S] § 15.2.1 p. 348.

12.39 Binary file;cÎ�M�a�Â6Ò “filter”¿ì>¹ÿ�¾ç>z�����:@N���.½�]�@62 stdinÜï stdoutª�<T�Q� text streamÄ�}¹�~x
�̀ ���¤�< �ç¡?���"k 'Ö<<K�� �RLN���. #e�w�4� ��̂@ T� streamÃç> binary mode}¹ ��dê� ¬£ ���Ãç>���¢?

Answer T�]�@ G�BÃç> �M� a�Â6Ò standard �ç¡(«ª�< �}"�:@N���. UNIXã# ìm¥ª�< OS¤�< text/binary¿ì> ¦��~x�U� óm¬Ä�Á�}¹
mode¿ì> ��dê� L·x�¢�� �}"�:@N���. #ei�@ MS-DOS -����G�B�_¤�< setmode��¤�< �ÈÕ¬£¿ì> <Kð���M�|¡ .���ÖNכ�
��¦Ø< OSq� #Ü�£;c¤�< #l�_(Ûo Ã�Ã�}¹ ��¢���� ù�� #¿E�·N���.

12.40 Text I/Oã# binary I/Oq� 	�T�+8�T� 1wH���¢?

Answer Text modeq� ��G�Bª�< _ô>&9� ���ûBÂ6Ò(printable) 'Ö<��}¹ (ß;z ìm¥ª�< 'Ö<�� �Ô�ÈÕ) T�©»#e$p ���¤�< #¿ET� �ç¡��̧�·
N���. Stdio ��T�Â��_P�;c ���¤�< �ÈÕ¬£¤�< (getc, putcã# ìm¥ª�< ~¡¥�< �ÈÕ¬£ �Ô�ÈÕ) OS;c"k Î�¤�< end-of-line
'Ö<�� �¢g̀@ �ç¡(«Ãç> ���q� \n 'Ö<��}¹ ���́#e"k %oPכ��ÖN���. ����"k C É�}¹½�×�y;c"k OS;c"k ��÷7B�¤�<
end-of-line'Ö<���¢g̀@�ç¡��̧Ãç>,>	#Ü�Íç>L·x�¢���}"�:@N���: CÉ�}¹½�×�y;c"k ’\n’'Ö<��¿ì>Î��̂@(write), stdio
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��T�Â��_P�¤�< T� 'Ö<��¿ì> OS;c"k ��÷7B�¤�< end-of-line 'Ö<�� �¢g̀@ �ç¡��̧Ä�}¹ ���́#e Î� f(write), G��Ãç>
CI;c¤�< OS�� ��÷7B�¤�< end-of-line 'Ö<�� �¢g̀@ �ç¡��̧Ãç> �¹�̂@ ·ÿ�)Ö<Z� \nÃç> É�}¹½�×�y;c X�>�̀8̂@N���.17

T�ã#¤�<îm�P� binary mode;c"k¤�<É�}¹½�×�y;c"kG��z�Î�¤�<(write)��T�È�ã#��G�B$k�ç¡�ç¡��̧ÜïTÖhb9	Z�ìm¥
�:@N���. �:; #e+_Â6Ò _�@Z9�|¡ T�©»#eU�U� óm¬�:@N���. (MS-DOS S�Ã�ß�y;c"k¤�< control-Z¿ì> end-of-file 'Ö<��
}¹ AI)o��¤�< #¿E|¡ T�©»#eU�U� óm¬�:@N���.)

Text mode translationª�< ��G�Bq� Ç�M�;c|¡ *å���ØÃç> [��·N���. ý$����̂@ É�}¹½�×�y;c"k %oP��¤�< 'Ö<����
file;c$k�ç¡�RJ'Ö<��ã# 1:1}¹ match�RJL·x�¢���}"M�CI'Ö<�·N���.ìm¥ª�<T�¤;c"k fseek�� ftellT���G�B;c
"k +ä�%u�Â6Ò byte offsetÃç> ����Õëº T�¤|¡ �}"�:@N���. (*8�#��Z� ðmÔAI"k text mode;c"k¤�< fseek�� ftellT�
P�e�@�¤�< ìḿÃç> É�}¹½�7� e�� ��̧+« AI)o���̀z� ��̂@ ¼ÿ��RLN���: ftellT� P�e�@�¤�< ìḿª�< fseekq� ->	��
}¹¹ÿ� -s�� � f, �¡Â6Ò ftellT� P�e�@�¤�< ìḿ¹ÿ�T� fseekq� ->	��}¹ Î�#l�� (.���ÖNכ�

Binary mode;c"k¤�< fseekã# ftellT� byte offsetÃç> ����ÕëzN���. ½��_�� #ei�@ S�Ã�ß�y;c"k¤�< TÖhb9	Â6Ò 7�
�Ø¿�¿ì> ¹ÿ�¾ç>M� a�AI #l�_ 4�q� null byte¿ì> ��G�B \�;c ��Ò��ùכ ¬£|¡ ����:@N���.

%Ç{[ôF#l H�B'Ö< 12.37, 19.12|¡ ���z��S�M� ���m�N���.

References [ANSI] § 4.9.2; [ISO] § 7.9.2; [Rationale] § 4.9.2; [H&S] § 15 p. 344, § 15.2.1 p. 348

12.41 Structure¿ì> #e�w�4� ��G�B;c"k G������(read) Íç>(write) ¬£ ���Ãç>���¢?

Answer H�B'Ö< 2.11Ãç> ���z��M� ���m�N���.

12.42 �¡7�ùÚH binary data file;c"k data¿ì> G��#e�¡�̀�̂@ #e�w�4� AI�� ù�����¢?

Answer Word sizeã# byte-order 	�T�, floating-point format, structure padding CI'Ö<;c #e&°�:@N���. T�]�@ #¿E¾ç>Ãç>
���õi;��̀�̂@ ����|¡ ��T�È� ·ÿ�a�}¹ data¿ì> G������ -s��(write) ù��U�|¡ (shuffling �¡¤�< rearrangingÂ6Ò ��
�:?) ~¡�m@N���. (T�]�@ ���*«T� ��Ø�ç¡ ��³Ø< #¿Eª�< ��·N���. ý$����̂@ �Ø¿�q� portability¿ì> W�G#l®£ f, #l�_
(ÛoT� %u�F�BZ� <K#eù�� ¬£ ���M� CI'Ö<�·N���.)

;d¿ì> ¾ç>#e #l�_(ÛoT� 'Ö<��ã# 32-bit integer, 16-bit integer}¹ T�©»#e.>	 structure¿ì> ®£#e.>	 fp;c"k ���:?
structure ¼ÿ�Ä�}¹ G��Ãç> L·x�¢�� �����z� ��+ä�AI õi@S���:

struct mystruct {
char c;
long int i32;
int i16;

}

���:?Üï ìm¥ª�< �Ø¿�¿ì> Î��̂@ AI�lB�RJ #¿E�·N���:

s.c = getc(fp);

s.i32 = (long)getc(fp) << 24;
s.i32 |= (long)getc(fp) << 16;
s.i32 |= (unsigned)(getc(fp) << 8);
s.i32 |= getc(fp);

s.i16 = getc(fp) << 8;
s.i16 |= getc(fp);

17#Q�"� r�Û¼%7��Ér text file�̀¦ space�Ð ½̈ì�r÷&��H(space-padded) record�Ð $��©�½+Ëm���. s��Qô�Ç r�Û¼%7�\�"f text mode�Ð ô�Ç ×�¦�̀¦ {9�
�̀¦ M:\���H +'������H /BNÑþ� ë�H��(trailing space)[þt�̀¦ \O�î�q ��¹כ��9 e��_þvm���. ����"f áÔ�ÐÕªÏþ�\�"f #��Q /BNÑþ� ë�H��\�¦ /ú����¦ K��̧, l�
2�¤÷&t� ·ú§�̀¦ Ãº�̧ e��_þvm���.
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T� �Ø¿�¤�< getc�� 8-bit 'Ö<��¿ì> G��z� 62T�'_�� L|�ç¡a� ��T�È��� £9̀	�#l (most significant byte first,
“big endian”) $k�ç¡E'#e �����z� ��+ä�á�~�:@N���. (long) ���·Ä�}¹ castingÂ6Ò #¿Eª�< 16-bit �¡¤�< 24-bit shift
a:@»ÿ�T� long ìḿ;c %u�F�BZ� ò6B����|¡ói; (H�B'Ö< 3.14 ���z�) �¹�ç¡AI®£ f, (unsigned)}¹ castingÂ6Ò #¿Eª�< «»
�Ú %u��ç¡(sign extension)Ãç> ���M� a�Â6Ò #¿E�·N���. (G�Bºÿ�+8�Ä�}¹ T��_Â6Ò �Ø¿�¿ì> ���)ç�ù�� CI;c¤�< ~¡¥�< data
typeÃç> unsigned}¹ �¤�< #¿ET� �̂��:@N���. ½��_�� �̂	$k H�B'Ö< 3.19¿ì> ���z��M� ���m�N���.)

Structureq� 50÷7BÃç> ��G�B;c Î�¤�<(write) �Ø¿�¤�< ���:?Üï ìm¥�:@N���:

putc(s.c, fp);

putc((unsigned)((s.i32 >> 24) & 0xff), fp);
putc((unsinged)((s.i32 >> 16) & 0xff), fp);
putc((unsigned)((s.i32 >> 8) & 0xff), fp);
putc((unsigned)(s.i32 & 0xff), fp);

putc((s.i16 >> 8) & 0xff, fp);
putc(s.i16 & 0xff, fp);

%Ç{[ôF#l H�B'Ö< 2.12, 12.38, 16.7, 20.5|¡ ���z��S�M� ���m�N���.
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V� 13 *�×

Library Functions

;db9	;c¤�< �m;+ä� run-time library¤�< C a�@#eq� ð����̧ G�B«»(ÛoT� ��N��}��:@N���. ANSI/ISO Standard Cq� _ô>g̀@Ä�}¹
60«»(Ûoq� b9	ûiu+8�->	 (traditional) run-time library¤�< (12 �}Bq� stdio �ÈÕ¬£¾ç>Ãç> �Ô�ÈÕ) �¢+Ö<T� E'�}��:@N���.

�m;�~xZ� ï̂B�¢Â6Ò ��T�Â��_P� �ÈÕ¬£¾ç>ª�< ~��~�� ��¦Ø< �}B;c ��B'å�E'�}��:@N���; 8K~¡P� ù���ç¡;c MÎ3]�@ùÚH mallocÜï
free;c MÎ3Â6Ò #¿Eª�< 7 �ç¡;c ��B'å�E'�}�Ä� f, <stdio.h>;c ��*ã< “standard I/O”�ÈÕ¬£¾ç>ª�< 12 �ç¡;c ��B'å�E'�}��:@N�
��. T� �ç¡ª�< ���:?Üï ìm¥T� ��§£#e�·N���:

String Function: 13.1–13.7

Sorting: 13.8–13.11

Date and Time: 13.12–13.14

Random Numbers: 13.15–13.21

Other Library Functions: 13.22-13.28

��U���� �~� 4�q� H�B'Ö<¾ç>ª�< (13.25«»'_ 13.28��U�) linkS� 'Ö<<K�� E'¤�< (;d¿ì> ¾ç>�̂@, “undefined external” ;c�_)
#¿EÃç> ��©»�}��:@N���.

V� 1 â�
 String Functions

Q 13.1 ¬£V�¿ì> 'Ö<��}¹ ���́z� F��ª�<62 (atoi �ÈÕ¬£q� ºÿ�60 M��ûB), itoa()��¤�< �ÈÕ¬£�� ������¢?

Answer ½��è¡ sprintf()¿ì> Î�S��̂@ �RLN���. (sprintf�� �.ª£ õi;�m��z�, Ó	 R�÷7B(S�µÿ�T��� Ç�M� �̂@;c"k)T� ¥�<
��z� Ú�|~��ù�� U� ~¡À���, ��F�B �ÕÜï+8�Ä�}¹ ò6Bכ����ÖN���.) H�B'Ö< 7.5a;c 60Â6Ò �m�_�@;c ��*ã< ;d¿ì> �¹M� ���m�
N���. H�B'Ö< 12.21Ãç> ���z��M� ���m�N���.

longT��� F�B¬£|¡ sprintf()¿ì> -s"k ��dê� ¬£ ����:@N��� (~��~�� %ldã# %f¿ì> Î��̂@ ßdµ).

References [K&R1] § 3.6 p. 60; [K&R2] § 3.6 p. 64.

Q 13.2 ý$ strncpy()¤�< 60�ç¡ 'Ö<���~x;c ��Ø�ç¡ \0Ãç> -s ®£U� óm¬¤�< #¿EG�B���¢?
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Answer strncpy()q� 4wH7� 4�ñmÔ ô6;+8�ª�< z�+ä� Ç�M�¿ì> ~�¢z�, \0Ä�}¹ Ê����U� óm¬¤�< 62T�'_|¡ %oP�ù�� ¬£ ���¤�< #¿E
T� ½� ô6;+8��·N���. (strncpy()q� Â6Ò ��U� ·ÿ�+8�ª�< #l(Ûoq� ð��µÿ�;c 0Ãç> 4�ö¶; M�ói;Â6Ò��¤�< #¿E�·N���.)
strncpy()¤�< !e(_q� Ê��;c ¬£ò6BÄ�}¹ 0Ãç> =���®£#e�� ù�� L·x�¢�� ���M� CI'Ö<;c ½�P� ��®£ Î�T�U�¤�< óm¬
�:@N���. T� 'Ö<<K¿ì> AI�lB�M� a�AI strncpy() 60,>	 strncatÃç> Î�M�|¡ :���ÖNכ� 60�ç¡ !e(_�� R�#e���¤�<
#Ü�£, strncatª�< #l�_(ÛoT� strncpy;c"k M�60Â6Ò ½� ���*«Ãç> ¬£á�¥AI 8̂@N���. �¡ ��¦Ø< �ç¡(«ª�< ���:?Üï ìm¥
�:@N���:

sprintf (dest, "\%.*s", n, source);

'Ö<���~xT� ��'>	 #ei�@ Ç�M�q� ��T�È�¿ì> õi;���z��� Â6Ò���̂@ strncpy() 60,>	 memcpy()¿ì> Î�¤�< #¿ET� �G
�ÕÜï+8��·N���.

Q 13.5 #ei�@ !eb9	q� toupper();c"k¤�< 60'Ö<��¿ì> ->	��}¹ ï̂> #Ü�£, T��ç¡�4� ò6Bכ����ÖN���. ½�P�z� T�]�@ #¿EÃç> ;d

�ç¡AI"k->	U� toupper()¿ì> «»À�M� b9	;c islower()¿ì> «»À�¤�< �Ø¿�|¡ �¹óm©�:@N���.

Answer �¡7�ùÚH !eb9	q� toupper()ã# tolower()q� #Ü�£, _�@Z9�T� L·x�¢�}"¤�< ìḿT� ->	��}¹ b9	îm�E'�̂@, <K60}¹ ò6B
����U� óm¬�:@N���. (�:; ómÔ��Ù¹×T� ��'>	 'Ö<����, �¡¤�< T�Q� _�@Z9�T� ùÚH ómÔ��Ù¹×->	 #Ü�£). ANSI/[ISO] C �¢
+Ö<;c¤�< T��_Â6Ò �ÈÕ¬£¾ç>T� #ei�@ ìḿT� b9	îm�E'�G��|¡ ¼ÿ�b9	�4� ò6B���Â6Ò��z� T�#l ����:@N���.

References [ISO] § 7.3.2; [H&S] § 12.9 pp. 320–1; [PCS] p. 182.

Q 13.6 'Ö<���~xÃç>ð��Ù�vÄ�}¹¦��~xùÚH·ÿ�#e}¹Ê��#e50z�F��ª�<62�¢. How can I duplicate the process by which main()
is handed argc and argv?

Answer T��_Â6Ò·ÿ�#e}¹ (“token”T���z��ÈÕ)'Ö<���~xÃç>Ê��#e®£¤�<�¢+Ö<�ÈÕ¬£¤�< strtok()�·N���.Zï>&è<,T��ÈÕ¬£��
T��_Â6Ò ~¡¥�< G�BÃç> �� %oP�ù�� ¬£ ���¤�< #¿Eª�< ��·N���. (;d¿ì> ¾ç>#e, ->	÷7B(quoting)Ãç> <K60}¹ %oP��M� ��C
�:@N���.)

References [K&R2] § B3 p. 250; [ISO] § 7.11.5.8; [H&S] § 13.7 pp. 333–4; [PCS] p. 178.

Q 13.7 ã#G�B¿� 
�¿�(wildcard)ã# +ä�¦���̧(regular expression)Ãç> %oP���̀z� .���ÖNכ�

Answer £9̀	 +ä�¦���̧(regular expression, ed�� grepÜï ìm¥ª�< UNIX ¤K·xP�X�;c"k °ÝoZ� Î���»))Üï ��G�B T��mr ã#G�B
¿� 
�¿�ã#¤�< "k}¹ ��¦Ø< #¿ET���¤�< #¿EÃç> �̂	$k ómÔ��£̈S�M� ���m�N���.

+ä�¦���̧ 8��?�;c ��÷7BE'¤�< @IW�U�¤�< ðm¬�:@N���. ½�P�z� 60«»(Ûoq� @IW�U�¾ç>ª�< £̈ ��U� �ÈÕ¬£¿ì> ��÷7Bכ�ÖN�
��: ���¤�< +ä�¦���̧Ãç> “-����G�B”�M� a�Â6Ò #¿ET�z�, ��¦Ø< ���¤�< T� “-����G�BùÚH” +ä�¦���̧Üï 'Ö<���~xÃç> R�
z�AI®£¤�< �ÈÕ¬£�·N���. �̂	$k Ai�G ��G�B <regex.h>�� <regexp.h>�� ���¤�<U�, ½�P�z� regcmp/regex,
regcomp/regexec, re_comp/re_exec �ÈÕ¬£�� +í<<��¤�< U� (T� �ÈÕ¬£¾ç>ª�< 604� ~��~��q� ò6;�·+8�->	 ��T�
Â��_P� 0ïF?�}¹ <Kð���RLN���.) =iÇ�AI�¹S�M� ���m�N���. ->	M����z�, ð��4�}¹ <Kð��E'¤�< Henry Spencer�̂q�
regexp @IW�U�¿ì> ftp.cs.toronto.eduq� pub/regexp.shar.Z;c"k *8
Ãç> ¬£ ����:@N���. GNU É�}¹Ü<vÈ�
;c"k¤�< rx��z� �¤�< @IW�U�¿ì> <Kðכ���ÖN���. %Ç{[ôF#l H�B'Ö< 18.16|¡ ���z��S�M� ���m�N���.

��G�BT��mr ã#G�B¿�
�¿� 8��?�ª�< (filename wildcard matching) ~��~��q� S�Ã�ß�y;c ���� ��À�4� T�©»#e�·N�
��. UNIX;c"k¤�< ã#G�B¿� 
�¿�¿ì> shellT� %oP�AI ®£Á�}¹, ~��~��q� É�}¹½�×�y¾ç>ª�< T� ã#G�B¿� 
�¿�;c 60AI
b9	)y z��̀�U� óm¬��|¡ �RLN���. ½��_�� MS-DOS;c"k¤�< shellT��� ù�� ¬£ ���¤�< command interpreter�� T�
¿ì>%oP�AI®£U�óm¬Ä�Á�}¹,T�ã#G�B¿�
�¿�¿ì>%oP�AI®£¤�<�m;�~xÂ6Ò�¡Â�Ü<vÈ���G�BÜï�ÈÕBm-����G�BAIכ���Ö
N���. ½�P�z� (MS-DOSã# VMS¿ì> �Ô�ÈÕÂ6Ò) 60«»(Ûoq� S�Ã�ß�y;c"k¤�< ã#G�B¿�
�¿�}¹ ��G�BÃç> P�Ã��?�AI®£
����, ��G�BÃç> open�¤�< S�Ã�ß�y "kR�Ã�¾ç>Ãç> <Kðכ���ÖN���. �̂	$k -����G�B�_/��T�Â��_P�q� 'Ö<"k¿ì> ���z��
M� ���m�N���. %Ç{[ôF#l H�B'Ö< 19.20, 20.3|¡ ���z��S�M� ���m�N���.

98



�©� 13. LIBRARY FUNCTIONS 2. SORTING

V� 2 â�
 Sorting

Q 13.8 qsort() �ÈÕ¬£¿ì> -s"k 'Ö<���~xq� 9��~xÃç> (array of strings) +ä��~x��̀z� .���ÖNכ� strcmp() �ÈÕ¬£¿ì> R�z�

�ÈÕ¬£}¹ ��÷7Bá�~¤�<62 ò6B����U� óm¬�:@N���.

Answer H�B'Ö<�,>	 “'Ö<���~xq� 9��~x (array of strings)”ª�< ����~¡ “'Ö<��;c 60Â6Ò �Ô->	'_q� 9��~x (array of pointers
to char)”¿ì> q�Q�Â6Ò #¿EG�B #¿E�·N���. qsort;c b9	îm�E'¤�< R�z� �ÈÕ¬£¤�< +ä��~x�z��� �¤�< Ô�v=i;c 60Â6Ò �Ô
->	'_¿ì> ->	��}¹ ������� .���ÖNכ� T� #Ü�£, 'Ö<��;c 60Â6Ò �Ô->	'_¿ì> ��P�W�¤�< �Ô->	'_¿ì> �·&9� ������� �ÖNכ�
��. ½�]�@62 strcmp()¤�< ·ÿ�)Ö<Z� 'Ö<��¿ì> ��P�W�¤�< �Ô->	'_¿ì> �·&9� ����:@N���. ½��_Á�}¹ strcmp()¿ì> ��̧
+« R�z� �ÈÕ¬£}¹ ��÷7Bù�� ¬£¤�< �}"�:@N���. ���:?Üï ìm¥T� wrapper �ÈÕ¬£¿ì> ¹ÿ�¾ç>#e�� :���ÖNכ�

/* compare strings via pointers */
int pstrcmp(const void *p1, const void *p2)
{
return strcmp(*(char * const *)p1, *(char * const *)p2);

}

R�z� �ÈÕ¬£q� ->	��¤�< “(8�÷7B �Ô->	'_”->	 const void *T�#e�� .���ÖNכ� ½�P�z� �ÈÕ¬£ 50«»;c"k T�¿ì> 4wH�
¤�< 0ïF?�}¹ (;d¿ì> ¾ç>�̂@ 'Ö<��¿ì> ��P�W�¤�< �Ô->	'_) ���́#e �:@N���.

([K&R2] § 5.11 pp. 119–20;c ��*ã< #¿EÃç> 0üoò6B��̂@ ¼ÿ��RLN���. ½�#¿Eª�< �¢+Ö< �ÈÕ¬£->	 qsortã#¤�< MÎ34��}"�:@
N���.)

References [ISO] § 7.10.5.2; [H&S] § 20.5 p. 419.

Q 13.9 ¦��Ð=i¿ì>�¢�Ð}¹~�¢¤�<9��~xÃç> qsort()}¹+ä��~x.���ÖNכ�̀�� Now I’m trying to sort an array of structures

with qsort(). My comparison function takes pointers to structures, but the compiler complains that the
function is of the wrong type for qsort(). How can I cast the function pointer to shut off the warning?

Answer The conversions must be in the comparison function, which must be declared as accepting ”generic point-
ers” (const void *) as discussed in question 13.8 above. The comparison function might look like

int mystructcmp(const void *p1, const void *p2)
{
const struct mystruct *sp1 = p1;
const struct mystruct *sp2 = p2;
/* now compare sp1->whatever and sp2-> ... */

(The conversions from generic pointers to struct mystruct pointers happen in the initializations sp1 = p1
and sp2 = p2; the compiler performs the conversions implicitly since p1 and p2 are void pointers.)

If, on the other hand, you’re sorting pointers to structures, you’ll need indirection, as in question 13.8: sp1
= *(struct mystruct * const *)p1 .

G�Bºÿ�+8�Ä�}¹ “-����G�B�_�� #Ü�z�¿ì> _ô>&9��¤�< #¿EÃç> �}";�M� a�AI” >�Ã�È�¿ì> Î�¤�< #¿Eª�< 8�£ �̂�U� óm¬ª�< �:@
MÎ3�·N���. -����G�B�_ #Ü�z�¤�< G�Bºÿ�+8�Ä�}¹ #l�_(Ûo;c4� #e+_Â6Ò #¿EÃç> ómÔ�̀®£M� a�AI ñmÔÚ�|�¤�< #¿E�·N���.
����"k #l�_(ÛoT� ª£*Ë{Ãç> �z����¤�<U� %u�F�BZ� ômÔ ómÔz� ������̂@ ª£S�AI|¡ �̂��:@N���. %Ç{[ôF#l H�B'Ö< 4.9|¡
���z��S�M� ���m�N���.

References [ISO] § 7.10.5.2; [H&S] § 20.5 p. 419.
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Q 13.10 ‘linked list’¿ì> +ä��~x�¤�< �ç¡(«ª�<?

Answer CICI}¹, P�Ã�È�¿ì> ¹ÿ�¾ç> CI, +ä��~x� f ¹ÿ�¿�¤�< �ç¡(«T� �G �̀]ï> CI�� ðm¬�:@N��� (�¡¤�< È�P�(tree)¿ì> Íç> CI
;c|¡). �m��· +ä��~xT��� (insertion sort) (åכ��Ö +ä��~xª�< (merge sort) P�Ã�È�¿ì> Íç> CI, 8�£ �ÕÜï+8��·N���.
¹ÿ���� �¢+Ö< ��T�Â��_P� �ÈÕ¬£¿ì> -s"k +ä��~x�z� F�����̂@, �̂	$k T�¾ç> P�Ã�È�¿ì> ��P�W�¤�< �Ô->	'_q� 9��~xÃç>
¹ÿ�¾ç>z�, qsort()¿ì> Î��̂@ �RLN���. ½�P�z�, T� +ä��~xùÚH �Ô->	'_¿ì> T�÷7B�#l, P�Ã�È�¿ì> +ä�P���̂@ �RLN���.

References [Knuth] § 5.2.1 pp. 80–102, § 5.2.4 pp. 159–168; [Robert] § 8 pp. 98–100, § 12 pp. 163–175.

Q 13.11 8K~¡P�q� Ç�M��¹�� �G Ó	 62T�'_¿ì> +ä��~x�z� F��ª�<62, #e�w�4� ��¢?

Answer JY«» +ä��~xÃç> (external sort) -s�� .���ÖNכ� #lM�;c 60Â6Ò #¿Eª�< [Knuth];c ômÔ ��ã# ����:@N���. M�(è<+8�->	 ��
T�O�#e¤�<, 62T�'_¿ì> (8K~¡P�;c [ô>�_]�> ¬£ ���Ãç> +ä�|¡q� ���ª�<) �Ð~��Ä�}¹ ��§£z�, T� 62T�'_¿ì> +ä��~x�z�
¶ÿ� ���:?, T�¿ì> ��»S� ��G�B;c $k�ç¡�z�, �� ºÿ�õi;��~�Ä��̂@, b9	=i 62T�'_¿ì> (åכ��Ö�¤�< (merge) #¿E�·N���.
*Ö<*å� =i<K;c"k T��_Â6Ò +ä��~x É�}¹½�×�yÃç> <Kð��ù�� ¬£|¡ ���Ä�N� É�}¹½�×�y ¼ÿ�;c"k T��_Â6Ò É�}¹½�×�yÃç> F�B

á�¥S�W�¤�< #¿EÃç> Ú�|~��ù�� ¬£|¡ ����:@N���: H�B'Ö< 19.27Üï 19.30Ãç> ���z��M� ���m�N���.

References [Knuth] § 5.4 pp. 247–378; [Robert] § 13 pp. 177–187.

V� 3 â�
 Date and Time

Q 13.12 g̀@<� ím���ã#, �¢G�BÃç> ómÔ��50�̀�̂@ #e�w�4� ��¢?

Answer time(), ctime(), localtime(), �¡¤�< strftime()Ãç> Î��̂@ �RLN���. ;d¿ì> ¾ç>�̂@:

#include <stdio.h>
#include <time.h>

int main()
{
time_t now;
time(&now);
printf("It’s %.24s.\n", ctime(&now));
return 0;

}

ã# ìm¥�:@N���.

References [K&R2] § B10 pp. 255–7; [ISO] § 7.12; [H&S] § 18.

Q 13.13 ��T�Â��_P��ÈÕ¬£ localtime()ª�< time_t¿ì> struct tmÄ�}¹���́#e 8̂@N���.½�P�z� ctime()ª�< time_t¿ì>

'Ö<���~x}¹ ���́#e 8̂@N���. T� *9� _�@Z9�ª�< ù�� ¬£ �}"Ãç>���¢? �:;, 'Ö<���~xT��� struct tmÃç> time_t ���·Ä�
}¹ _�@#Ü��z� F���:@N���.

Answer ANSI C;c"k¤�< struct tm ���·Ãç> time_t}¹ ���́#e ®£¤�< mktime() �ÈÕ¬£¿ì> <Kðכ���ÖN���.

'Ö<���~xÃç> time_t}¹ ���́¤�< #¿Eª�< �Ð��» ��C�:@N���. ý$����̂@, ~�� ���� ý�nª�< U�*9��~x}¹ ��÷7B�¤�< ím���ã#
S�µÿ� 0ïF��̧T� ~��~�� ��À�M� CI'Ö<�·N���. #ei�@ S�Ã�ß�yª�< strptime()T���¤�< �ÈÕ¬£¿ì> <Kð��� f, ½� M��ûB
ª�< strftime()q� ºÿ�60�·N���. �¡ (RCS @IW�U�ã# �ÈÕBm <Kð��E'¤�<) partime()T���¤�< �ÈÕ¬£ã# (L|,>	q�
C news 9��ÔÁ6Ò;c"k <Kð���¤�<) getdate()��¤�< �ÈÕ¬£|¡ ��®£ Î��·N���. H�B'Ö< 18.16Ãç> �¹M� ���m�N���.
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References [K&R2] § B10 p. 256; [ISO] § 7.12.2.3; [H&S] § 18.4 pp. 401–2.

Q 13.14 ®£#e.>	 ím���;c (N days) ím���¿ì> �G�¤�< M��ûBT� ������¢? �¡ ®£#e.>	 £̈ ím���¿ì> R�z��¤�< �ÈÕ¬£�� ���Ãç>��
�¢?

Answer T��_Â6Ò 'Ö<<K¿ì> AI�lB�M� a�AI"k ANSI/[ISO] �¢+Ö< C;c"k¤�< mktime()Üï difftime() �ÈÕ¬£¿ì> <Kðכ���ÖN�
��. mktime()ª�< +ä�¦�ésE'U� óm¬ª�< (non-normailized) ím���¿ì> struct tm ���·Ä�}¹ �·&9������ T�#¿EÃç> +ä�
¦�ésS�&� 8̂@N���. («»��+8�Ä�}¹ T�¿ì> time_tìḿÄ�}¹ _�@#Ü�S�&� 8̂@N���.) difftime()ª�< £̈ 4�q� time_t
ìḿÃç> �·&9������ �Ô ·ÿ�a�}¹ R�z�AI 8̂@N���; mktime()Ãç> -s"k time_t ìḿÃç> ¹ÿ�¾ç> ¬£ ����:@N���.

½��_�� T� AI�lBÝÌv¾ç>ª�< time_t (8�a�;c"k¹ÿ� ò6Bכ����ÖN���. tm_days L·x¿�¤�< intT�M� CI'Ö<;c G�B(day) ¬£
�� 32,736 T��ç¡G�B #Ü�£ �¡!eÈì>}¹£�� ñmÔÚ�|ù�� ¬£ ����:@N���. �¡Â6Ò 4À� e ����»1Ãç> z��̀��̂@ �©»¤�< 24 S�
µÿ�T� ��A�B ¬£|¡ ����:@N��� (����"k 86400Ä�}¹ ��§£�̂@ AI�lB�RJ #¿ET���¤�< Ú�|~��Ãç> ��̂@ ¼ÿ��RLN���).

“Julian day number”¿ì> ��÷7B�¤�< �ç¡(«|¡ ����:@N���. Julian day¿ì> ��©»¤�< �ÈÕ¬£¾ç>ª�< Snippets �̀�×�v ̀@
;c (H�B'Ö< 18.15c ���z�) ����:@N���. ½�P�z� T� �̀�×�v ̀@ª�< Simtel/Oakland ��
�T�Â�(archive);c"k (��G�B
JULCAL10.ZIP, H�B'Ö< 18.16 ���z�) *8
Ãç> ¬£ ����:@N���. ��7�q� “Date conversions” M���|¡ ���z��M� ���m�
N���.

%Ç{[ôF#l H�B'Ö< 13.13, 20.31, 20.32|¡ ���z��S�M� ���m�N���.

References [K&R2] § B10 p. 256; [ISO] § 7.12.2.2, 7.12.2.3; [H&S] § 18.4,18.5 pp. 401–2; [Burki].

Q 13.14b C a�@#e¤�< 2000[Í	 'Ö<<K;c #ei�@ 'Ö<<K�� ���Ãç>���¢?

Answer �}"�:@N���. ·ÿ�U�, )o\ï>�4� ���)ç�ùÚH C É�}¹½�×�y;c 'Ö<<K�� ���Ãç> 3Ûo�·N���.

struct tmq� tm_year L·x¿�¤�< 1900[Í	60;c"k S����Â6Ò [Í	|¡¿ì> ��U�z� ����:@N���. ����"k 2000[Í	G�B #Ü�£
;c T� ìḿª�< 100T� �RLN���. tm_year¿ì> <K60}¹ ��÷7B�¤�< �Ø¿����̂@ (_�@Z9�ù�� CI, 1900Ãç> �G����� Dg¤�<)
b9	)y 'Ö<<K�RJ #¿ET� �}"�:@N���. ½��_�� T� ìḿÃç> £̈ ��P� \8A��}¹ ��}¹ ��÷7BÂ6Ò������ ���:?Üï ìm�ª�< �Ø¿�¿ì>
������̂@:

tm.tm_year = yyyy % 100; /* WRONG */

�¡¤�<, ���:?Üï ìm¥T� á�~���̂@:

printf("19%d", tm.tm_year); /* WRONG */

2000[Í	 'Ö<<K�� ñmÔÚ�|כ�ÖN���. %Ç{[ôF#l H�B'Ö< 20.32|¡ ���z��S�M� ���m�N���.

References [K&R2] § B10 p. 255; [ISO] § 7.12.1; [H&S] § 18.4 p. 401.

V� 4 â�
 Random Numbers

Q 13.15 ¶ÿ�¬£(random number) ñmÔÚ�|M��� L·x�¢כ�ÖN���.

1daylight saving time
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Answer �¢+Ö< C ��T�Â��_P�;c¤�< rand()��¤�< �ÈÕ¬£�� ����:@N���. Zï>&è< ~��~��q� S�Ã�ß�y;c ���� T� �ÈÕ¬£q� ¦�

g̀@(implementation)ª�< TÖhb9	�U� óm¬Ãç> ¬£ ����:@N���. ½��_��, T� �ÈÕ¬£�¹�� �G �̂�ª�< )ç��ûBÃç> ��.>	 �ÈÕ¬£
¿ì> ��̧+« ¹ÿ�¾ç>M�6̧Ò �̀*Ö< G�BT� ��·N���.

��̧+« ¶ÿ�¬£ ñmÔÚ�|M�¿ì> ¹ÿ�¾ç>�̀z� Â6Ò���̂@, G��#e�� ù�� ÝÌv¾ç>T� ðm¬�:@N���; ���z� 'Ö<gY@6̧ÒÃç> �¹S�M� ���m�N���.
�¡Â6Ò Õ±× �ç¡;c 4�S�E'¤�< ðm¬ª�< @IW�U�|¡ ����:@N���: r250, RANLIB, FSULTRA (H�B'Ö< 18.16Ãç> �¹M� ���m�N�
��.)

References [K&R2] § 2.7 p. 46, § 7.8.7 p. 168; [ISO] § 7.10.2.1; [H&S] § 17.7 p. 393; [PCS] § 11 p. 172; [Knuth] Vol.
2 Chap. 3 pp. 1–177; [Park].

Q 13.16 #ei�@ (8�a�¿ì> ~�¢¤�< ¶ÿ�¬£¿ì> ñmÔÚ�|S�W�z� F���:@N���.

Answer ���:?Üï ìm�T� �¤�< #¿Eª�< (0;c"k N-1��U�q� ¬£V�¿ì> P�e�@�ÈÕ) 8�£ "k±»¦Ø< �ç¡(«�·N���:

rand() % N /* POOR */

ý$����̂@, 60«»(Ûoq� ¶ÿ�¬£ ñmÔÚ�|M�;c"k �a�(low-order) R�È�¾ç>ª�< ½�P� ó� %���U� óm¬M� CI'Ö<�·N���. (H�B
'Ö< 13.18Ãç> �¹M� ���m�N���.) ����"k, ���:?Üï ìm¥T� �¤�< #¿ET� �̂��:@N���:

(int)((double)rand() / ((double)RAND_MAX + 1) * N)

F�B¬£¿ì> Î�M� F�!���̂@, ���:?Üï ìm¥T� AI|¡ �̂��:@N���:

rand() / (RAND_MAX / N + 1)

£̈ �ç¡(« ~¡£̈ RAND_MAX¿ì> (<stdlib.h>;c +ä�q�E'#e ����:?) ��÷7B�z�, NT� RAND_MAX�¹�� ��®£ ���ª�< ìḿ
T���¤�< #¿EÃç> ��+ä�Â6Ò �ç¡(«�·N���.

(#eæ�×¥�<, RAND_MAX¤�< rand()�� P�e�@ù�� ¬£ ���¤�< L|60 ¬£V�¿ì> ����ñ�w��¤�< #¿EÃç> ómÔ�� £̈S�M� ���m�N���.
RAND_MAX;c#l�_(ÛoT���¦Ø<¬£V�¿ì>60�·ù��¬£¤�<�}"Ä� f, rand()����¦Ø<(8�a�q�¬£V�¿ì>P�e�@�|¡ói;AI
®£¤�< ��¦Ø< �ç¡(«ª�< +í<<��U� óm¬�:@N���.)

¹ÿ����;c #l�_(ÛoT� 0Üï 1 ��T�q� (8�a�¿ì> ��U�¤�< ¶ÿ�¬£ ñmÔÚ�|M�¿ì> ��U�z� ������̂@, ½�P�z� 0Üï N-1 ��T�q�
(8�a�¿ì> ��U�¤�< +ä�¬£ ¶ÿ�¬£¿ì> ¹ÿ�¾ç>z� F�����̂@, ·ÿ�)Ö<Z� ½� ¶ÿ�¬£ ñmÔÚ�|M�q� ¬£V�;c NÃç> ð���̂@ �RLN���.

References [K&R2] § 7.8.7 p. 168; [PCS] § 11 p. 172.

Q 13.17 É�}¹½�×�yÃç>F�Bá�¥S�J·x CI����, rand()¤�< G�B+ä�Â6Ò )Ö<"k}¹¶ÿ�¬£¿ì> (random number)ñmÔÚ�|S��·N���. ý$ ½�

�_�¢?

Answer srand() �ÈÕ¬£¿ì> [ô>�_"k ���ç¡ ¶ÿ�¬£ ñmÔÚ�|M�;c4� (pseudo-random number generator) �ÔM� ìḿÃç> ��»q�}¹
®£�̂@ �RLN���. T� �ÔM�ìḿª�< ‘seed’��z� � f, 604�¤�< g̀@<� S�µÿ�T���, ¤$k�� #ei�@ W�¿ì> §£À�M� b9	��U�
q� S�µÿ�	�}¹ U�+äכ��ÖN���. (Zï>&è< #ei�@ W�¿ì> §£À�M� b9	q� S�µÿ�Ãç> *8
¤�< �ç¡(«ª�< T���̧)ç����4� ¹ÿ�¾ç>M��� ��C
�:@N���; H�B'Ö< 19.37Ãç> �¹M� ���m�N���). (G�Bºÿ�+8�Ä�}¹ É�}¹½�×�y 50;c"k¤�< srand() �ÈÕ¬£¿ì> Â6Ò_�@¹ÿ� [ô>�_
®£#e|¡ _�u(Ûoכ�ÖN���. rand()¿ì> «»¿ì> CI����, srand()¿ì> «»¦Ø<���̂@, _�u(ÛoÂ6Ò ��»q�q� ¬£V�¿ì> *8
Ãç> ¬£ �}"
�:@N���.)

References [K&R2] § 7.8.7 p. 168; [ISO] § 7.10.2.2; [H&S] § 17.7 p. 393.
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Q 13.18 ���/����{Ãç> ����50¤�< ¶ÿ�¬£(random number)�� L·x�¢כ�ÖN���. ½�7�"k rand() % 2¿ì> ���¤�<62, 4�ö¶; 0, 1, 0,

1, 0 ¹ÿ�Ãç> ºÿ�õi;�¤�<#Ñ	�¢.

Answer *ä�)ç��4� ¹ÿ�¾ç>#e.>	 ���ç¡ ¶ÿ�¬£ ñmÔÚ�|M�¤�< (pseudorandom number generator) �a� (low-order) R�È�¾ç>;c
60AI"k¤�< ½��w�4� ó� %���U� óm¬�:@N���. �ç¡a� (high-order) R�È�¿ì> -s�¹M� ���m�N���: H�B'Ö< 13.16Ãç> �¹M�
���m�N���.

References [Knuth] § 3.2.1.1 pp. 12–14.

Q 13.20 How can I generate random numbers with a normal or Gaussian distribution?

Answer Marsaglia�̂;c q�AI 4�ñmÔE'z� Knuth�̂�� ÒcS@Â6Òכ �ç¡(«�·N���:

#include <stdlib.h>
#include <math.h>

double gaussrand()
{
static double V1, V2, S;
static int phase = 0;
double X;

if (phase == 0) {
do {
double U1 = (double)rand() / RAND_MAX;
double U2 = (double)rand() / RAND_MAX;

V1 = 2 * U1 - 1;
V2 = 2 * U2 - 1;
S = V1 * V1 + V2 * V2;

} while (S >= 1 || S == 0);

X = V1 * sqrt(-2 * log(S) / S);
}
else
X = V2 * sqrt(-2 * log(S) / S);

phase = 1 - phase;

return X;
}

��¦Ø< �ç¡(«;c 60Â6Ò #¿Eª�< T� ô6;ói;q� és�ç¡Á6Ò(H�B'Ö< 20.40 ���z�);c"k ���z��M� ���m�N���.

References Knuth § 3.4.1 p. 117; Marsaglia and Bray, “A Convenient Method for Generating Normal Variables”; Press
et al., Numerical Recipes in C § 7.2 pp. 288–290.
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V� 5 â�
 Other Library Functions

Q 13.24 �¡7�ùÚH É�}¹½�×�yÃç> �Ô�?���̀z� .���ÖNכ� ½�]�@62 index, rindex, bcopy, bcmp, bzero �ÈÕ¬£�� +ä�q�E'#e

���U� óm¬ª�< #¿E ìm¥�:@N���. “undefined external”T���¤�< ;c�_�� Ì�¤�< #Ñ	�¢.

Answer ¼ÿ� Î�¤�< ¦���̧q� �ÈÕ¬£¾ç>�·N���. ���:? �ÈÕ¬£¾ç>Ãç> Î�M� ���m�N���.

index strchr �ÈÕ¬£¿ì> Î�M� ���m�N���.
rindex strrchr �ÈÕ¬£¿ì> Î�M� ���m�N���.
bcopy ,Ò{ _�@Fg ->	��ã# £̈ _�@Fg ->	��¿ì> ���́#e"k

memmove �ÈÕ¬£¿ì> Î�M� ���m�N���. %Ç{[ôF#l H�B'Ö<
11.25|¡ ���z��S�M� ���m�N���.

bcmp memcmp �ÈÕ¬£¿ì> Î�M� ���m�N���.
bzero £̈ _�@Fg ->	��¿ì> 0Ä�}¹ AI"k memset �ÈÕ¬£¿ì> Î�

M� ���m�N���.

References [PCS] § 11.

Q 13.25 b9	 +8��}BÂ6Ò Ai�G ��G�B¾ç>Ãç> #includeS����¤�<62|¡ ��T�Â��_P� �ÈÕ¬£�� +ä�q�E'#e ���U� óm¬��z� ;c�_�� ñmÔ

Ú�|כ�ÖN���.

Answer G�Bºÿ�+8�Ä�}¹, Ai�G ��G�Bª�< 9̀	a�@(declaration)¹ÿ�Ãç> �Ô�ÈÕ�z� ����:@N���. #ei�@ #Ü�£;c¤�< (�m;Z�, R��¢+Ö< �ÈÕ
¬£->	 #Ü�£) F�B<K +ä�q�¿ì> �Ô�ÈÕS�W�M� a�AI"k¤�< �m;�~xÂ6Ò ��T�Â��_P�¿ì> ìm¥T� �?�Ç�(link)���z� 'å�&å�Ãç> ®£
#e�� .���ÖNכ� (#include�¤�< #¿E¹ÿ�Ä�}¹¤�< [ô>_�u(Ûoכ�ÖN���.) %Ç{[ôF#l H�B'Ö< 11.30, 13.26, 14.3|¡ ���z��S�
M� ���m�N���.

Q 13.26 ]�>��¦Ø< ��T�Â��_P�¿ì> �Ô�ÈÕS�W���z� á�~¤�<62|¡ ��T�Â��_P� �ÈÕ¬£�� +ä�q�E'#e ���U� óm¬��z� ;c�_�� ñmÔÚ�|

.���ÖNכ�

Answer ðm¬ª�< �?�&�(linker)¾ç>T� �¡Â�Ü<vÈ� ��G�BÜï ��T�Â��_P� ��G�B¾ç>Ãç> Â6Ò_�@¹ÿ� #��Ú�vכ�ÖN���. ½�P�z� ,Ò{_�@Fg}¹
��¢ª�< ��T�Â��_P�;c"k �Ú_ô>Â6Ò �ÈÕ¬£;c 60Â6Ò +ä�q�¿ì> �Ï@��ÕëzN���. ¹ÿ���� T� ��T�Â��_P�;c"k �ÈÕ¬£ +ä�q�¿ì>
��¢U� ô6�Â6Ò���̂@ ;c�_¿ì> ñmÔÚ�|כ�ÖN���. ����"k ��T�Â��_P�ã# �¡Â�Ü<vÈ� ��G�BÃç> ��¢¤�< )Ö<"k¿ì> ômÔ -s®£#e��
;���ÖNכ� G�Bºÿ�+8�Ä�}¹¤�< ��T�Â��_P�¿ì> ��U����;c ��¢4� �¤�< #¿ET�T� �̂��:@N���. (;d¿ì> ¾ç>#e UNIX;c"k¤�<
command-lineq� ��U����;c ‘-l’Ãç> -s"k U�+äכ��ÖN���.) %Ç{[ôF#l H�B'Ö< 13.28|¡ ���z��S�M� ���m�N���.

Q 13.28 _end�� +ä�q�E'#e ���U� óm¬��z� �?�&��� ;c�_¿ì> 50¤�<62 T�4� ª£*Ë{Ãç> q�Q�����¢?

Answer �¡7�ùÚH UNIX �?�&�;c"k °ÝoZ� ñmÔÚ�|�¤�< #¿E�·N���. 604� _end�� +ä�q�E'#e ���U� óm¬��z� ;c�_�� ��¤�< #¿E
ª�< ��¦Ø< ��»[�>(symbol)¾ç>|¡ +ä�q��� E'#e ���U� óm¬��¤�< #¿EÃç> q�Qכ��ÖN���. +ä�q�E'#e ���U� óm¬ª�< ��¦Ø< ��»[�>
¾ç>T� ����� #����AI �¹M� ���m�N���. ½��_�̂@ _end�� +ä�q�E'#e ���U� óm¬��z� �¤�< ;c�_¤�< �����·N���. (%Ç{
[ôF#l H�B'Ö< 13.25, 13.26|¡ ���z��S�M� ���m�N���.)

104



V� 14 *�×

Floating Point

Floating point(F�B¬£)4�»ÿ�ª�<CICI}¹'Ö<<K��E' f,,>	R�Ã�&«4��¹T�M�|¡כ�ÖN���.4����� Ca�@#e¤�<4wH7� floating
point¿ì> ®£}¹ Íç> ô6;+8�T� ��N��}�M� CI'Ö<;c �G]8; 'Ö<<K�� �RLN���.

Q 14.1 float ���·q� _�@¬£;c 3.1Ãç> �k�z� printf}¹ _ô>&9�AI�¹N� 3.09999999�� ��÷6N���. ý$ ½��wx���¢?

Answer 60«»(Ûoq� -��²¼'_¤�< F�B¬£¿ì> �¢g̀@ù�� CI, 50«»+8�Ä�}¹ 2 .>	¬£}¹ M�ói;כ�ÖN���. 2 .>	¬£;c"k¤�< 0.1ª�< ª£P�¬£
}¹ (0.0001100110011. . . ) �¢g̀@�RLN���. ����"k 3.1Üï ìm¥ª�< ¬£¤�< (10 .>	¬£}¹ [�> CI;c¤�< ¤P�¬£T�U�¹ÿ�) 2
.>	¬£;c"k¤�< ¤Â6ÒÂ6Ò ¬£V�}¹ �¢g̀@�RJ ¬£ �}"�:@N���. #l�_(Ûoq� S�Ã�ß�y;c"k 10 .>	¬£¿ì> 2 .>	¬£}¹ _�@Z9��¤�<
©»1>	T� #e�w�4� ���)ç�E'�}�¾���;c ���� ��À�ð�©U�¹ÿ�, (�m;Z� +ä�D�B|¡�� ��¢ª�< floatÃç> Íç> #Ü�£) 60�·Â6Ò ¬£
V�ã# _ô>&9� �lBÜï�� ���µÿ� ��¿ì> ¬£ ����:@N���. %Ç{[ôF#l H�B'Ö< 14.6|¡ ���z��S�M� ���m�N���.

Q 14.2 <Kð�£Ó	Ãç> (square root) ¦���̀ �¤�<62, T��ç¡Â6Ò ìḿ¹ÿ� ��÷6N���.

Answer �̂	$k <math.h>¿ì> �Ô�ÈÕS����¤�<U� #����AI �¹z�, �ÈÕ¬£¾ç>T� doubleÃç> P�e�@�|¡ói; 9̀	a�@E'�}�¤�<U� =iÇ�AI
�¹M� ���m�N���. (atof() �ÈÕ¬£¤�< <stdlib.h>;c 9̀	a�@E'#e ����:?Ãç> ®£q��M� ���m�N���.) %Ç{[ôF#l H�B'Ö<
14.3|¡ ���z��S�M� ���m�N���.

References [CT&P] § 4.5 pp. 65–6.

Q 14.3 ���~�� �ÈÕ¬£¿ì> Î��̀z� �¤�<62 <math.h>¿ì> �Ô�ÈÕS����¤�<62|¡ -����G�B�_¤�< “undefined: sin”T���¤�< -����G�B

;c�_¿ì> _ô>&9כ��ÖN���.

Answer ¬£�ÈÑ ��T�Â��_P�¿ì> �Ô�ÈÕS����¤�<U� =iÇ��M� ���m�N���. ;d¿ì> ¾ç>#e UNIX S�Ã�ß�y;c"k¤�< ‘-lm’ ÷6 ̀@Ãç> -��
��G�Bù�� CI ��U���� ->	��}¹ ®£#e�� .���ÖNכ� %Ç{[ôF#l H�B'Ö< 13.25, 13.26, 14.2|¡ ���z��S�M� ���m�N���.

Q 14.4 <K�� ¹ÿ�¥�< F�B¬£ 4�»ÿ� ©»1>	ª�< 8�£ T��ç¡Â6Ò �lBÜï¿ì> _ô>&9��z�, �¡ -��²¼'_�� ��À��̂@ ��¦Ø< �lBÜï�� ��÷6N�

��.
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Answer �̂	$k H�B'Ö< 14.2¿ì> G��#e�¹M� ���m�N���.

'Ö<<K�� µÿ�·ÿ��U� óm¬ð�©U�¹ÿ�, O�U��wx -��²¼'_;c"k F�B¬£ %oP�¤�< +ä�%u��U� óm¬Ãç> ¬£|¡ �����¤�< #¿EÃç> ómÔ��£̈
"̀�� .���ÖNכ� a�@�GÈì>}¹£(underflow)�� G�B#eím� ¬£|¡ ���Ä� f, �¡	��� +8�+8� §£+8��RJ ¬£|¡ ����:@N���.

����"k F�B¬£ a:@»ÿ�T� +ä�%u��U� óm¬��¤�< #¿EÃç> M�*8��M� ���� f, ìm¥ª�< T�¤}¹ £̈ F�B¬£�� ìm¥ª�<U� R�z��
¤�< #¿Eª�< �̂�U� óm¬�:@N���. (Don’t throw haphazard “fuzz factors” in, either; H�B'Ö< 14.5¿ì> ���z��M� ���m�N�
��.)

T�]�@'Ö<<K¤�<þÙ� Ca�@#e;c¹ÿ�V��Â6ÒùÚH#¿ET���N�z�,~¡¥�<É�}¹½�7��?�a�@#e;c"kñmÔÚ�|ù��¬£����:@N���.F�B¬£
;c60Â6Ò#ei�@«»(Ûo¾ç>ª�<604� “É�}¹:c"k��#e�w�4�%oP��¾���”;c�������m@N��� (%Ç{[ôF#lH�B'Ö< 11.34|¡
���z��S�M����m�N���.), ½��w�U�óm¬¤�<#Ü�£���̂@+8��}BÂ6ÒM��ûBÃç>¬£á�¥ù��¬£���4��M�a�AIÖm×����Ó	;c
Z�>7�T� ̀@Ãç> ��÷7Bכ�ÖN���.

¼ÿ����m�4�|¡ T� 'Ö<"k¤�< T�]�@ F�B¬£ a:@»ÿ�;c 60Â6Ò ·ÿ�+8�T��� AI�lBÝÌvÃç> a�Â6Ò #¿ET� ��·N���. �̂�ª�< ¬£V� É�
}¹½�7��?�;c (numerical programming)60Â6ÒÝÌv¾ç>T�#l�_(ÛoÃç>|¡ã#ï̂>#�N���.��7����z�'Ö<gY@;c��*ã<ÝÌv
¾ç>Ãç> �¹S��̂@ �̂��:@N���.

References [1] § 6 pp. 115–8; [Knuth] Vol. 2 Chap. 4; [Goldberg].

Q 14.5 ½�&8� “��®£ ����*Ö<” £̈ F�B¬£¿ì> R�z��¤�< �ç¡(«T� ���Ãç>���¢?

Answer F�B¬£q� �}B60ìḿT� +ä�q�;c q���̂@ ‘magnitude’;c ���� îm���H�B ¬£ ���Ä�Á�}¹, £̈ F�B¬£¿ì> R�z���̀�̂@ ���:?
Üï ìm¥T�, �¡	��� �ç¡60+8�Ä�}¹ ª£S�ù�� ¬£ ���¤�< ���ª�< ìḿ->	U�¿ì> #�����¤�< #¿ET� �̂��:@N���. �:; ���:?Üï ìm¥T�
ù�� #¿ET� ��N���:

double a, b;
...
if (a == b) /* WRONG */

T��w�4� :���ÖNכ�

#include <math.h>

if (fabs(a - b) <= epsilon * fabs(a))

(‘a’T� 0T� ��'>	 Â6Ò) epsilon;c ����*Ö< ¬£V�¿ì> Î�¤�< #¿ET� �̂��:@N���.

References [Knuth] § 4.2.2 pp. 217–8.

Q 14.6 ¬£V�¿ì> ºÿ�]�>�Ð��¤�< (round) �ç¡(«Ãç> ómÔ�̀®£:c�¢.

Answer ���ç¡ µÿ�·ÿ��z� ��̧MÎ3+8�->	 �ç¡(«ª�< ���:?Üï ìm¥ª�< �Ø¿�¿ì> Î�¤�< #¿E�·N���:

(int)(x + 0.5)

·ÿ�, T� M�(«ª�< �:?¬£;c¤�< Íç> ¬£ �}"�:@N���. �:?¬£;c¤�< ���:?Üï ìm¥ª�< �Ø¿�¿ì> -s�� ù�� #¿E�·N���:

(int)(x < 0 ? x - 0.5 : x + 0.5)
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Q 14.7 ý$ C a�@#e;c¤�< U�¬£¿ì> (exponentitaion) 4�»ÿ��¤�< a:@»ÿ����� �}"Ãç>���¢?

Answer 60«»(Ûo É�}¹:c"k;c¤�< U�¬£¿ì> 4�»ÿ��¤�< 'å�&å�(instruction)T� �}"M� CI'Ö<�·N���. 60,>	 C a�@#e¤�< pow()��
¤�< �ÈÕ¬£¿ì> <Kðכ���ÖN���. T� �ÈÕ¬£¤�< <math.h>;c 9̀	a�@E'#e ����:@N���. Ç�M��� ���z� 0�¹�� Ó	 +ä�¬£¿ì> ð�
�¤�< #¿ET� T� �ÈÕ¬£¿ì> Î�¤�< #¿E�¹�� �G �ÕÜï+8�G�B ¬£|¡ ����:@N���.

References [ISO] § 7.5.5.1; [H&S] § 17.6 p. 393.

Q 14.8 <K S�Ã�ß�yq� <math.h>;c¤�< 8�Ç�}¹ M_PI�� +ä�q�E'#e ���U� óm¬�:@N���.

Answer T� 8�Ç�}¹ �ç¡¬£¤�< (T� 8�Ç�}¹q� ìḿª�< piT� f, +ä�D�B|¡¤�< ~�� S�Ã�ß�y;c ���� ���m@N���) �¢+Ö<T� ��·N���.
‘pi’ ìḿT� L·x�¢����̂@, #l�_(ÛoT� ��̧+« +ä�q������ 4 * atan(1.0)Ä�}¹ 4�»ÿ�AI�� .���ÖNכ�

References [PCS] § 13 p. 237.

Q 14.9 IEEE NaNÜï ìm¥ª�< �m;¬£Â6Ò ìḿÃç> #������̀�̂@ #e�w�4� ��̂@ E'�¢?

Answer z�bkrH�Bq� IEEE F�B¬£ ¦�g̀@ �ç¡(«Ãç> <Kð���¤�< 60«»(Ûoq� S�Ã�ß�y;c"k¤�< (Q�P� +ä�q�ùÚH �ç¡¬£ã# isnan()Üï
ìm¥ª�< �ÈÕ¬£¿ì> <Kð��� f, T�¾ç>ª�< �¢+Ö<T� ��·N���. �¡ <math.h>�� <ieee.h>, <nan.h>;c 9̀	a�@E'#e ���
Ãç> ¬£ ����:@N���.) T�]�@ ìḿ¾ç>Ãç> ��©»M� a�Â6Ò �ÈÕ¬£¾ç>Ãç> <Kðכ���ÖN���. ½�P�z� T�]�@ M��ûB¾ç>Ãç> U���» �¢+Ö<és
��̀z� �z� ����m�N���. NaNÃç> #�����¤�< ���ç¡ ��I·xz�(crude) µÿ�·ÿ�Â6Ò �ç¡(«ª�< ���:?Üï ìm¥�:@N���.

#define isnan(x) ((x) != (x))

IEEE¿ì> Ú�|~���U� óm¬ª�< -����G�B�_¤�< T�]�@ ?KÃ�È�¿ì> L|+8�és ·ÿ�4�;c"k �}";�!eC·x ¬£|¡ ����:@N���1.

[C9X]¤�< isnan(), fpclassify() �ûBÜï ��¦Ø< ø¶B©¼ �ÈÕ¬£¾ç>Ãç> <Kðכ���ÖN���.

�¡ ���q� �ç¡(«ª�< T� F�B¬£¿ì> sprintf()ã# ìm¥ª�< ©»1>	Ãç> -s"k �ÔØm×ésS�&� �¹¤�< #¿E�·N���. ðm¬ª�< S�Ã�ß�y
T� T�]�@ #Ü�£ “NaN”T��� “Inf”ã# ìm¥ª�< 'Ö<���~xÃç> ¹ÿ�¾ç>#e ï̂> #�N���.

%Ç{[ôF#l H�B'Ö< 19.39|¡ ���z��S�M� ���m�N���.

References [C9X] § 7.7.3.

Q 14.11 )o¬£2¿ì> C a�@#e;c"k ¦�g̀@��̀�̂@ #ei�@ �ç¡(«T� <KG�B �̂�Ãç>���¢?

Answer ���ç¡ �̀*Ö< �ç¡(«ª�< µÿ�·ÿ�Â6Ò ¦��Ð=i¿ì> ¹ÿ�¾ç>z� T� ¦��Ð=i;c 60AI a:@»ÿ�ù�� ¬£ ���¤�< �ÈÕ¬£¿ì> ¹ÿ�¿�¤�< #¿E�·N�
��. [C9X]¤�< ‘complex’��¤�< �¢+Ö< 62T�'_ ���·Ãç> U�4wH��̀ .���ÖNכ� %Ç{[ôF#l H�B'Ö< 2.7, 2.10, 14.12|¡ ���z�
�S�M� ���m�N���.

References [C9X] § 6.1.2.5, § 7.8.

Q 14.12 I’m looking for some code to do: Fast Fourier Transforms (FFT’s) matrix arithmetic (multiplication,

inversion, etc.) complex arithmetic

1although non-IEEE-aware compilers may optimize the test away
2complex number
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Answer Ajay Shah has prepared a nice index of free numerical software which has been archived pretty widely; one
URL is ftp://ftp.math.psu.edu/pub/FAQ/numcomp-free-c . %Ç{[ôF#l H�B'Ö< 18.13,18.15c, 18.16|¡ ���
z��S�M� ���m�N���.

Q 14.13 Turbo C¿ì> ��÷7B�z� ����:@N���. ½�]�@62 É�}¹½�×�yÃç> F�Bá�¥��̂@ “floating point format not linked”��¤�< 8K

S�U�¿ì> _ô>&9��z� ø¶B�ºAI!e�·N���.

Answer Borland��q�-����G�B�_¿ì>�Ô�ÈÕÂ6Ò (Ritchie�̂q��¡P�U��kB PDP-11-����G�B�_|¡)¦�~¡�����ª�<S�Ã�ß�yq�#e
i�@ -����G�B�_¾ç>Ãç> F�B¬£ %oP� «»(ÛoT� L·x�¢�}"��z� Á6Ò·ÿ�E'�̂@ F�B¬£ %oP��¤�< �Ô�ÈÕS�W�U� óm¬�:@N���. �m;Z�
F�B¬£¿ì> %oP��U� óm¬¤�< (�:; %f, %e¿ì> Î�U� óm¬¤�<) printf()�� scanf()¤�< ðm¬ª�< ð��µÿ�Ãç> ï̂>G�B ¬£ ����:@N�
��. ����|¡ #l�_(Ûoq� -����G�B�_;c"k¤�< F�B¬£ %oP� «»(ÛoT� L·x�¢�}"��z� Ú�|~��E'#e ��.>	 #¿E ìm¥�:@N���. T�
�wx CI;c¤�< µÿ�·ÿ�Â6Ò dummy callÃç> ��÷7B��̂@ �RLN���. �:;, sqrt()ã# ìm¥ª�< �ÈÕ¬£¿ì> Â6Ò _�@ [ô>�_®£�̂@, F�B¬£ %o
P�©»1>	T��Ô�ÈÕ�RJ#¿E�·N���. (��:cÂ6Ò#¿Eª�< comp.os.msdos.programmerq� FAQ¿ì>G��#e�¹S�M����m�N�
��.)
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Variable-Length Argument Lists

�kBP� ómÔ�̀U�U�¤�< óm¬óm©U�¹ÿ�, C a�@#e¤�< �ÈÕ¬£�� ��_�@ ->	��¿ì> (�:; ->	��q� Ôg ¬£�� +ä�AIU�U� óm¬ª�<) ���Ãç> ¬£ ���¤�<
M��ûBÃç> <Kðכ���ÖN���. Variable-length argument list(��_�@ ->	�� P�Ã�È�)¤�<, ¿�Zï>M�¤�< �U�¹ÿ�, printfã# ìm¥ª�< �ÈÕ
¬£¾ç>;c4�¤�< þÙ� L·x�¢Â6Ò #¿E�·N���. (variable-length argument list¤�< ANSI C �¢+Ö<;c"k ð����̧+8�Ä�}¹ U�4wH�U�¹ÿ�,
ANSI C �¢+Ö< T�b9	;c¤�< *8�#��Z� ðmÔAI"k +ä�q�E'#e ���U� óm¬�:@N���.)

Variable-length argument list¿ì> %oP��¤�< �ç¡(«ª�< �ç¡�ç¡Z� M��¢�M���U� .���ÖNכ� +ä���̧Ä�}¹ varaible-length
argument list¤�< fixed part(z�+ä�ùÚH«»(Ûo)ã# variable-length part(��_�@@�BT�)q� £̈ «»(ÛoÄ�}¹��§£#e$p����:@N���.
£P�¤�< “variable-length argument listq� variable-length part”��¤�< Üï�ç¡ùÚH ÷7B#e¿ì> Î�z� �����¤�< ��F�BÃç> ñmÔZÁ	á�~
U�¹ÿ�, #e��x ¬£ �}"�:@N��� (ý�nS� #l�_(ÛoT� “variadic”jdhf “varargs”��¤�< ÷7B#e�� Î�T�¤�< #¿EÃç> �¹,>	 +8�T� ���Ãç>U�
|¡ ~¡À�ð�©�:@N���: £̈ ��U� ÷7B#e ~¡£̈ “having a variable number of arguments.1”Ãç> �:Aכ�ÖN���. ����"k “vararg
function” �¡¤�< “varargs argument”��z� ðmÔù�� ¬£|¡ ����:@N���.)

Variable-length argument list¿ì> Î�¤�< #¿Eª�< :c ��U� ·ÿ�4�¿ì> ���·N���. ,Ò{Fg, va list��¤�< �m;�~xÂ6Ò pointer
typeÃç> -s"k 9̀	a�@�z�, va start¿ì> [ô>�_"k �ÔM�ésכ�ÖN���.

Q 15.1 printf()¿ì> «»À�M� b9	;c #include <stdio.h>¿ì> Î���z� ��G#Ñ	�¢. þÙ� ½��wx L·x�¢�� ���Ãç>���¢?

Answer +8��}BÂ6Ò É�}¹�Ô���·(prototype)Ãç> g̀@<� *å�*9�(scope) ¼ÿ�;c �Ô�ÈÕS�W�M� a�AI"k �·N���.

#ei�@ -����G�B�_;c"k¤�< ��_�@ ->	�� P�Ã�È�¿ì> Î�¤�< �ÈÕ¬£;c¤�< G�Bºÿ� �ç¡��̧Üï¤�< ��¦Ø< �Ú_ô> )Ö<"k(calling se-
quence)¿ì> ��÷7Bכ�ÖN���. (It might do so if calls using variable-length argument lists were less efficient than
those using fixed-length.) ½��_Á�}¹ �ÈÕ¬£q� É�}¹�Ô���·T� (�:; “...”¿ì> �Ô�ÈÕÂ6Ò 9̀	a�@) *å�*9� ¼ÿ�;c ���#e��
-����G�B�_�� ��_�@ ->	�� P�Ã�È� %oP� 8K&�N��:?Ãç> ��÷7Bù�� ¬£ ����:@N���.

References [ISO] § 6.3.2.2, § 7.1.7; [Rationale] § 3.3.2.2, § 4.1.6; [H&S] § 9.2.4 pp. 268–9, § 9.6 pp. 275–6.

Q 15.2 printf();c"k %f�� floatÜï double ->	�� ~¡£̈;c Î�G�B ¬£ ���¤�< T�¤¤�< ª£*Ë{->	���¢?

Answer ��_�@->	��P�Ã�È�;c"k��_�@->	��«»(Ûo;c¤�< “default argument promotion”T�+8�÷7B�RLN���: charã# short
int ���·ª�< int}¹ _�@#Ü�E' f(promotion), float ���·ª�< double ���·Ä�}¹ _�@#Ü��RLN���. (T� #¿Eª�< �ÈÕ¬£
q� É�}¹�Ô���·T� �}"���� ¦� �ç¡��̧(old style)Ä�}¹ 9̀	a�@ùÚH �ÈÕ¬£;c"k G�B#e��¤�< ‘promotion’Üï ìm¥ª�< #¿E�·N�
��; H�B'Ö< 11.3Ãç> ���z��M� ���m�N���.) ½��_Á�}¹ printfq� %f �ÔØm×ª�< ��Ø�ç¡ double ���·¹ÿ� �����¾ç>T�¤�<
Ú<yT� �RLN���. (R��:AÂ6Ò T�¤;c"k %c, %hd �ÔØm×ª�< ��Ø�ç¡ int¹ÿ�Ãç> ����� ¾ç>T�4� �RLN���.) %Ç{[ôF#l H�B'Ö< 12.9,
12.13|¡ ���z��S�M� ���m�N���.

1&ñ
K�t�t� ·ú§�Ér Ì�	Ãº_� �����\�¦ ��t���H
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References [ISO] § 6.3.2.2; [H&S] § 6.3.5 p. 177, § 9.4 pp. 272–3.

Q 15.3 nT� long intG�B #Ü�£, ���:? �Ø¿�;c"k 'Ö<<K�� ñmÔÚ�|כ�ÖN���:

printf("%d", n);

½��w�U�¹ÿ� ANSI �ÈÕ¬£ É�}¹�Ô���·Ãç> <Kð��á�~Ä�N�, ��ò6BÄ�}¹ 0ïF _�@Z9�T� +8�÷7B�RJ ����z� Ú�|~כ���ÖN���. ª£*Ë{
T� ômÔô6�E'�}����¢?

Answer �ÈÕ¬£�� ��_�@->	��¿ì> ���¤�<���̂@, É�}¹�Ô���·T� ����G��|¡ ��_�@ ->	��;c 60AI"k¤�< #e+_Â6Ò +ä��¹¿ì> ómÔ ¬£ �}"
�:@N���. ½��_Á�}¹ ��_�@ ->	��}¹ ¾ç>#eµÿ� ->	���� ;d�ç¡�¤�< ���·Üï ��¿ì> CI;c¤�< ºÿ�¿�S� >�Ã��?�Ãç> AI ®£
#e�� :���ÖNכ� G�Bºÿ�+8�Ä�}¹ -����G�B�_¤�< ��_�@->	��;c 60AI"k¤�< 0ïF_�@Z9�, �¡¤�< T�;c 60Â6Ò #Ü�z�|¡ AI ®£U�
óm¬�:@N���.

%Ç{[ôF#l H�B'Ö< 5.2, 11.3, 12.9, 15.2|¡ ���z��S�M� ���m�N���.

Q 15.4 ��_�@ ->	��¿ì> �ç¡¤�< �ÈÕ¬£¿ì> #e�w�4� ¹ÿ�¾ç> ¬£ ���Ãç>���¢?

Answer <stdarg.h> Ai�G ��G�B;c ���¤�< M��ûBÃç> ��÷7Bכ�ÖN���.

��7�q� �ÈÕ¬£¤�< ®£#e.>	 #l�_ 4�q� 'Ö<���~xÃç> [ôF#l"k malloc()Ä�}¹ ù���ç¡Â6Ò 8K~¡P�;c $k�ç¡AI"k P�e�@�
¤�< �ÈÕ¬£�·N���:

#include <stdlib.h> /* for malloc, NULL, size_t */
#include <stdarg.h> /* for va_ stuff */
#include <string.h> /* for strcat et al. */

char *vstrcat(char *first, ...)
{
size_t len;
char *retbuf;
va_list argp;
char *p;

if (first == NULL)
return NULL;

len = strlen(first);

va_start(argp, first);

while ((p = va_arg(argp, char *)) != NULL)
len += strlen(p);

va_end(argp);

retbuf = malloc(len + 1); /* +1 for trailing \0 */

if (retbuf == NULL)
return NULL; /* error */
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(void)strcpy(retbuf, first);

va_start(argp, first); /* restart; 2nd scan */

while ((p = va_arg(argp, char *)) != NULL)
(void)strcat(retbuf, p);

va_end(argp);

return retbuf;
}

��÷7B(«ª�< ���:?Üï ìm¥�:@N���:

char *str = vstrcat("Hello, ", "world!", (char *)NULL);

��U����->	��¿ì>>�Ã��?�Â6Ò#¿EÃç>þÙ�®£q�@��4��¹S�M����m�N���;H�B'Ö< 5.2, 15.3Ãç>���z��M����m�N���. (�¡
Â6Ò T� �ÈÕ¬£¿ì> «»¦Ø< �ÈÕ¬£¤�< T� �ÈÕ¬£�� P�e�@Â6Ò 'Ö<���~xÃç> freeS�&� ®£#e�� ù�� ÝÌv��»T� ����:@N���.)

%Ç{[ôF#l H�B'Ö< 15.7|¡ ���z��S�M� ���m�N���.

References [K&R2] § 7.3 p. 155, § B7 p. 254; [ISO] § 7.8; [Rationale] § 4.8; [H&S] § 11.4 pp. 296–9; [CT&P] § A.3
pp. 139–141; [PCS] § 11 pp. 184–5, § 13 p. 242.

Q 15.5 printf()ã# ìm¥T� �ÔØm× 'Ö<���~xÃç> �����¾ç>#l %oP��¤�< �ÈÕ¬£¿ì> ¹ÿ�¾ç>#e ½� %oP�¿ì> printf();c4� ���M�z�

F���:@N���.

Answer vprintf(), vfprintf(), vsprintf() �ÈÕ¬£¿ì> Î��̂@ �RLN���. ��7�q� error() �ÈÕ¬£¤�< ;c�_ 8KS�U�¿ì> ���
��¾ç>#l ½� 8KS�U� óm¦;c “error: ”¿ì> %Ç{[ôFT�z� newlineÃç> [ôF#l"k _ô>&9�AI®£¤�< �ÈÕ¬£�·N���:

#include <stdio.h>
#include <stdarg.h>

void error(char *fmt, ...)
{
va_list argp;
fprintf(stderr, "error: ");
va_start(argp, fmt);
vfprintf(stderr, fmt, argp);
va_end(argp);
fprintf(stderr, "\n");

}

%Ç{[ôF#l H�B'Ö< 15.7|¡ ���z��S�M� ���m�N���.

References [K&R2] § 8.3 p. 174, § B1.2 p. 245; [ISO] § 7.9.6.7, 7.9.6.8, 7.9.6.9; [H&S] § 15.12 pp. 379–80; [PCS] §
11 pp. 186–7.

Q 15.6 scanf()ã# ìm¥ª�< M��ûBÃç> �¤�< �ÈÕ¬£¿ì> ¹ÿ�¾ç>z� F���:@N���.
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Answer [C9X]¤�< vscanf()ã# vfscanf(), vsscanf()¿ì>U�4wHù��#¿E�·N���. (Zï>&è<�ç¡�ç¡�M�a�AI"k¤�<#l�_(ÛoÃ�
Ã�}¹�� ½��_Â6Ò �ÈÕ¬£¿ì> ¹ÿ�¾ç>#e�� (.���ÖNכ�

References [C9X] § 7.3.6.12–14.

Q 15.7 ANSI T�b9	q� -����G�B�_¿ì> ��÷7B�z� ����:@N���. <stdarg.h>�� �}"¤�<62 #e�w�4� ��¢?

Answer <stdarg.h>;c AI�ç¡�¤�< �¡7�ùÚH Ai�G��G�B->	 <varargs.h>¿ì> Î��̂@ �RLN���.

References [H&S] § 11.4 pp. 296–9; [CT&P] § A.2 pp. 134–139; [PCS] § 11 pp. 184–5, § 13 p. 250.

Q 15.8 �ÈÕ¬£;c �~� 4�q� ->	���� b9	îm�E'�}�¤�<U�¿ì> +ä�%u�Z� ómÔ ¬£ ���¤�< �ç¡(«T� ������¢?

Answer �ÚZ9�)ç����¤�< �ç¡(«ª�< +í<<��U� óm¬�:@N���. #ei�@ �¡7�ùÚH S�Ã�ß�y;c"k¤�< R��¢+Ö< �ÈÕ¬£->	 nargs()¿ì> <Kð���
M�|¡ .���ÖNכ� ½��_�� T� �ÈÕ¬£¤�< ->	��q� Ôg ¬£¿ì> P�e�@�¤�< 4� ��N��� b9	îm�ùÚH ��¿� Ôg ¬£¿ì> P�e�@Â6Ò��¤�<
#¿E�·N���. (¦��Ð=i�� long int, F�B¬£¤�< #l�_ 4�q� ��¿�}¹ T�©»#e$p ���¤�< #Ü�£�� 60«»(Ûo�·N���.)

��_�@ ->	��¿ì> ����� %oP��¤�< �ÈÕ¬£¤�< ½� ��=i¹ÿ�Ä�}¹ ->	��q� Ôg ¬£¿ì> �����ù�� ¬£ ���#e�� .���ÖNכ� printf
4��~xq� �ÈÕ¬£¾ç>ª�< �ÔØm× 'Ö<���~x;c"k (%dã# ìm¥ª�<) �ÔØm× specifier¿ì> �¹z� ½� Ôg ¬£¿ì> ���.���ÖNכ��� (½��w�
M� CI'Ö<;c printf();c b9	îm�ùÚH ->	��q� Ôg ¬£�� �ÔØm× 'Ö<���~xÜï ��¢U� óm¬Ãç> #Ü�£;c �¡©¼¿ì> G�BÄ��·N���.)
G�Bºÿ�+8�Ä�}¹ ��_�@ ->	���� ~¡£̈ ìm¥ª�< ���·Ãç> ���Ãç> #Ü�£, ��U���� ->	��¿ì> (0, -1, �¡¤�< +8��}BÂ6Ò �kB �Ô->	
'_ã# ìm¥ª�<) #ei�@ �m;+ä�Â6Ò ìḿÄ�}¹ ��B+ä�AI"k ->	��q� Ôg ¬£¿ì> ������ÖNכ��� (H�B'Ö< 5.2, 15.4;c"k execl()Üï
vstrcat() �ÈÕ¬£q� ��÷7B(«Ãç> ���z��S�M� ���m�N���). ��U����Ä�}¹ ->	��q� Ôg ¬£¿ì> Q�P� �����ù�� ¬£ �����
�̂@, b9	=i ->	��q� Ôg ¬£¿ì> ��_�@ ->	��}¹ b9	îm��¤�< #¿E|¡ �̂�ª�< �ç¡(«�·N���. (although it’s usually a nuisance
for the caller to supply).

References [PCS] § 11 pp. 167–8.

Q 15.9 <K -����G�B�_¤�< ���:?Üï ìm¥ª�< �ÈÕ¬£¿ì> +ä�q���̂@ ;c�_¿ì> ÕëzN���.

int f(...)
{
}

Answer �¢+Ö< C;c"k¤�< va_start()¿ì> Î��̀�̂@ +8�#e|¡ ���q� z�+ä�ùÚH ->	���� ���#e�� Â6Ò��z� ðmÔ�z� ����:@N���.
%Ç{[ôF#l H�B'Ö< 15.10|¡ ���z��S�M� ���m�N���.

References [ISO] § 6.5.4, § 6.5.4.3, § 7.8.1.1; [H&S] § 9.2 p. 263.

Q 15.10 ��_�@ ->	��¿ì> %oP��¤�< �ÈÕ¬£;c"k float ->	��¿ì> %oP��U� ô6כ��ÖN���. ���:? �Ø¿��� ý$ ò6B����U� óm¬Ãç>��
�¢?

va_arg(argp, float)

112



�©� 15. VARIABLE-LENGTH ARGUMENT LISTS

Answer ��_�@ ->	�� P�Ã�È�;c"k ��_�@ ->	�� «»(Ûoª�< ��Ø�ç¡ “default argument promotion”T� +8�÷7B�RLN���: �:; float
���·q� ->	��¾ç>ª�< ��Ø�ç¡ double}¹ _�@Z9�E' f, char�� short intq� #Ü�£ ��Ø�ç¡ int}¹ _�@Z9��RLN���. ½��_
Á�}¹ va_arg(argp, float)ª�< ômÔô6�ùÚH �Ø¿��·N���. 60,>	 va_arg(argp, double)Ãç> -s�� .���ÖNכ� R�
�:AÂ6Ò T�¤}¹ char, short, int¿ì> ���M� a�AI"k¤�< va_arg(argp, int)¿ì> -s�� .���ÖNכ�

(For analogous reasons, the last ”fixed” argument, as handed to va_start(), should not be widenable,
either.) %Ç{[ôF#l H�B'Ö< 11.3, 15.2|¡ ���z��S�M� ���m�N���.

References [ISO] § 6.3.2.2; [Rationale] § 4.8.1.2; [H&S] § 11.4 p. 297.

Q 15.11 �ÈÕ¬£ �Ô->	'_¿ì> va_arg()}¹ �Ï@�� Õëº ¬£ �}"���¢?

Answer va_arg()ã# ìm¥ª�< 8�Ç�}¹¤�< �ÈÕ¬£ �Ô->	'_ã# ìm¥ª�< õi;�m�Â6Ò ���·Ãç> ��÷7Bù�� CI, #Þ	6̧ÒÃç> #��M�|¡ ���ÖNכ� (be
stymied). �ÈÕ¬£ �Ô->	'_¿ì> ��¦Ø< T��mrÄ�}¹ typedefá�~���̂@ 'Ö<<K�� AI�lB�RJ #¿E�·N���. %Ç{[ôF#l H�B'Ö< 1.12|¡
���z��S�M� ���m�N���.

References [ISO] § 7.8.1.2; [Rationale] § 4.8.1.2.

Q 15.12 ��_�@ ->	��¿ì> �����"k ��S� ��_�@ ->	��¿ì> %oP��¤�< �ÈÕ¬£;c $Ê��� ï̂> ¬£ ���Ãç>���¢?

Answer G�Bºÿ�+8�Ä�}¹¤�<[ô>���ûBכ�ÖN���.½��_����_�@->	��60,>	 va_list�Ô->	'_¿ì>�����"k%oP��¤�< (vfprintf()ã#
ìm¥ª�<; %Ç{[ôF#l H�B'Ö< 15.5|¡ ���z��S�M� ���m�N���.) �ÈÕ¬£¿ì> ¹ÿ�¾ç>�̂@ �RLN���. T� ->	���� F�B<K ->	��}¹ b9	îm�
E'����, �¡ va_list¿ì> %oP��¤�< �ÈÕ¬£�� �}"���̂@, �ÚZ9�)ç� ���¤�< �ç¡(«ª�< +í<<��U� óm¬�:@N���. (T� 'Ö<<K¤�<
S�Ã�ß�y;cq�+í<+8�->	(machine-specific)#eÚ<yÁì>P�a�@#e}¹AI�lBù��¬£|¡����:@N���;%Ç{[ôF#lH�B'Ö< 15.13|¡���
z��S�M� ���m�N���.)

Q 15.13 ]�@����»;c ->	�� P�Ã�È�¿ì> ¹ÿ�¾ç>#e"k �ÈÕ¬£¿ì> «»¿ì> ¬£ ���¤�< �ç¡(«ª�< �}"Ãç>���¢?

Answer �ÚZ9�)ç����¤�< �ç¡(«|¡ �}"Ä� f, ½�]�@ G�BÃç> ù�� ¬£ �����z� �¹�ç¡ù�� ¬£|¡ �}"�:@N���.

F�B<K->	��P�Ã�È�¿ì>%oP��¤�<60,>	(8�÷7B (void *)�Ô->	'_q�9��~xÃç>$Ê���®£¤�<�ç¡(«Ãç>Íç>¬£����:@N���.
�:; main() �ÈÕ¬£q� ->	��%o&8� ��÷7B�¤�< �ç¡(«�·N���. (Zï>&è< 9��~xÃç> ¹ÿ�¾ç>z�, 9��~xq� ~�� �¢�Ð;c 4wH�¤�< +ä�
�¹¿ì> =�£¤�< ���*«ª�< ��̧+« AI ®£#e�� (.���ÖNכ�

(%Ç{[ôF#l H�B'Ö< 19.36|¡ ���z��S�M� ���m�N���.)
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Strange Problems

Q 16.1b 'Ö<(« �¡©¼(syntax error)�� *8�,ê���4� ðm¬T� ñmÔÚ�|á�~¤�<62 |¡$kZ� ½� T�¤¿ì> ~¡À�ð�©�:@N���.

Answer �̂	$k Ai�G ��G�BÜï �ÐÃ� ��G�B b9	=i;c"k #if/#ifdef/#ifndef/#else/#endifq� �ç¡T� ��¢U� óm¬¤�<U� #��
��AI�¹M� ���m�N���. (%Ç{[ôF#l H�B'Ö< 2.18, 10.9, 11.29|¡ ���z��S�M� ���m�N���.)

Q 16.1c ý$ <K É�}¹S�$p¿ì> �Ú_ô>�¤�< «»(ÛoT� ò6B����U� óm¬Ãç>���¢? ��ª£P� á=|¡ -����G�B�_�� É�}¹S�$p �Ú_ô> «»(Ûo

Ãç> ZÌ	�. i�#e !eP�¤�< #¿E ìm¥�:@N���.

Answer ý�nS� ���:?Üï ìm¥T� �Ø¿�¿ì> ���)ç��U� óm¬óm©���¢?

myprocedure;

C a�@#e¤�< �ÈÕ¬£(function)¹ÿ�Ãç> U�4wHכ�ÖN���. ½�P�z� �ÈÕ¬£;c b9	îm�E'¤�< ->	���� ���|¡ �}"�G��|¡ �G5�Ú}¹
Xï>�_Æÿ� ‘argument list’¿ì> -s ®£#e�� .���ÖNכ� ����"k ���:?Üï ìm¥T� -s�� :���ÖNכ�

myprocedure();

Q 16.3 ò6B����M�|¡ b9	;c É�}¹½�×�yT� Ba$p!e�·N���. (O�!e��}¹ Â6Ò Ã�ß�z��̧ ������̂@ main();c ¾ç>#e��M�|¡ b9	

;c 8̂;#e !e�·N���.)

Answer ����|¡ ��� T��ç¡q� (1KB T��ç¡q�) 8�£ Ó	 local 9��~xÃç> ���Ãç> #¿E�·N���. 60«»(Ûoq� S�Ã�ß�yª�< z�+ä�ùÚH Ç�
M�q� Ã�ßÌvÃç> ��U�z� ���z�, ò6B+8�Ä�}¹ Ã�ßÌvÃç> ù���ç¡�¤�< (e.g. Unix) S�Ã�ß�yT��G��|¡ Ã�ßÌvT� ~m���M� 8�
£ &�U��̀z� ��̂@ 0üo6̧ÒÃç> #��4� �RLN���. 8�£ Ó	 9��~xT� L·x�¢����̂@ +ä�+8�(static)Ä�}¹ ù���ç¡�¤�<4� �̂��:@
N��� (�ÈÕ¬£¿ì> �Ú_ô>ù�� CI���� :�}¹*Ö< 9��~xT� L·x�¢����̂@ malloc()Ãç> -s"k ù���ç¡�¤�< 4� �̂��:@N���. %Ç{
[ôF#l H�B'Ö< 1.31|¡ ���z��S�M� ���m�N���.).

(%Ç{[ôF#l H�B'Ö< 11.12b, 16.4, 16.5, 18.4|¡ ���z��S�M� ���m�N���.)

Q 16.4 <K É�}¹½�×�yª�< +ä��ç¡+8�Ä�}¹ ò6B����¤�<62, Ê����M� ��̧b9	;c ���òmÔ�m�N���. �:; main()q� ��U���� 'Ö<�ç¡Ãç> F�Bá�¥

Â6Ò ���:?;c BaU�¤�< ���¢. ý$ ½��wx���¢?
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Answer main()T�ômÔô6� 9̀	a�@E'�}�¤�<U�#����AI�¹M����m�N��� (%Ç{[ôF#lH�B'Ö< 2.18, 10.9|¡���z��S�M����m�N���.),
�¡¤�< setbuf()�� setvbuf();c local !e(_�� b9	îm�E'�}�¤�<U�|¡ #����AI�¹M� ���m�N���. �¡¤�< atexit()}¹
�ûBói;Â6Ò �ÈÕ¬£;c 'Ö<<K�� ���Ãç> %u�Y
>|¡ ����:@N���. %Ç{[ôF#l H�B'Ö< 7.5a, 11.16|¡ ���z��S�M� ���m�N���.

References [CT&P] § 5.3 pp. 72–3.

Q 16.5 T� É�}¹½�×�yª�< #ei�@ -��²¼'_;c"k¤�< TÖh(9��4� X�>����U�¹ÿ�, ��¦Ø< -��²¼'_;c"k X�>P��̂@ T��ç¡Â6Ò �lBÜï¿ì> ¹ÿ�

¾ç>#e ÕëzN���. �G]8; T��ç¡Â6Ò #¿Eª�<,

16.5: This program runs perfectly on one machine, but I get weird results on another. Stranger still, adding
or removing a debugging printout changes the symptoms...

Answer T�]�@ �ûB�ç¡Ãç> ¹ÿ�¾ç>#e 50¤�< T�¤¤�< ðm¬�:@N���. ��7�;c G�Bºÿ�+8�Ä�}¹ 'Ö<<K¿ì> G�BÄ�W�¤�< #Ü�£�� ���Ä�N�, ���
z��S�M� ���m�N���:

– �ÔM�ésE'U� óm¬ª�< _�@¬£ (%Ç{[ôF#l H�B'Ö< 7.1|¡ ���z��S�M� ���m�N���.)

– +ä�¬£ �¡!eÈì>}¹£, �m;Z� 16-bit -��²¼'_;c"k a * b / cã# ìm¥ª�< a:@»ÿ�Ãç> ù�� CI (%Ç{[ôF#l H�B'Ö< 3.14|¡
���z��S�M� ���m�N���.)

– è��� )Ö<"k�� +ä�q�E'U� óm¬ª�< #Ü�£ (H�B'Ö< 3.1;c"k 3.4��U� ���z�)

– external �ÈÕ¬£q� 9̀	a�@T� Ú�|���E'�}�Ãç> #Ü�£. �m;Z� int�� ��'>	 ��¦Ø< ���·Ãç> P�e�@����� “ø¶ª�<” �¡¤�<
��_�@ ->	��¿ì> ��.>	 #Ü�£ (H�B'Ö< 1.25, 11.3, 14.2, 15.1 ���z�)

– �kB �Ô->	'_¿ì> dereferenceÂ6Ò #Ü�£ (section 5 ���z�)

– malloc/free¿ì> ômÔ ô6� �́< #Ü�£, �m;Z� mallocÄ�}¹ ù���ç¡Â6Ò 8K~¡P��� 0Ä�}¹ �ÔM�ésE'�}���z� ��+ä�
Â6Ò #Ü�£��, T�Q� freeÂ6Ò 8K~¡P�¿ì> 4�ö¶; �́< #Ü�£, £̈ _�@ freeÂ6Ò #Ü�£, mallocT� ù���ç¡Â6Ò «»(ÛoÃç> (Ë{
#e��"k ���*«Â6Ò #Ü�£ (%Ç{[ôF#l H�B'Ö< 7.19, 7.20|¡ ���z��S�M� ���m�N���.)

– G�Bºÿ�+8�->	 �Ô->	'_ 'Ö<<K��P�¾ç> (%Ç{[ôF#l H�B'Ö< 16.8|¡ ���z��S�M� ���m�N���.)

– printf() �ÔØm×Üï ->	���� "k}¹ ��¢U� óm¬ª�< #Ü�£, �m;Z� %d¿ì> -s"k long int¿ì> _ô>&9���̀ Â6Ò #Ü�£
(H�B'Ö< 12.9 ���z�)

– unsigned int�� �¢g̀@ù�� ¬£ ���¤�< (8�a� ��̈q� Ç�M�q� 8K~¡P�¿ì> ù���ç¡��̀ Â6Ò #Ü�£, �m;Z� 8K~¡P�;c
<KÂ6Ò ����ØT� ðm¬ª�< -��²¼'_;c"k. (%Ç{[ôF#l H�B'Ö< 7.16, 19.23|¡ ���z��S�M� ���m�N���.)

– 9��~x #Ü�4� 'Ö<<K��P�¾ç>. �m;Z� ���ª�< ��»S� !e(_¿ì> Íç> CI�� sprintf()¿ì> -s"k 'Ö<���~xÃç> ��Yô> CI. (%Ç{
[ôF#l H�B'Ö< 7.1, 12.21|¡ ���z��S�M� ���m�N���.)

– typedefùÚH ���·Ãç> �m;+ä� ���·Ä�}¹ ômÔô6� ;d�ç¡�z� �Ø�?�Â6Ò #Ü�£, �m;Z� size_t;c 60AI.

– F�B¬£(floating point) %oP� 'Ö<<K (%Ç{[ôF#l H�B'Ö< 14.1, 14.4|¡ ���z��S�M� ���m�N���.)

– �m;+ä� S�Ã�ß�y;c"k¹ÿ� ò6B����4� E'#e ���¤�< z��¢Â6Ò �Ø¿�¿ì> ��÷7BÂ6Ò #Ü�£

]�>��¦Ø< �ÈÕ¬£ prototypeÃç> ��÷7BÂ6Ò���̂@ T�]�@ ø¶B©¼q� ðm¬ª�< 'Ö<<K¿ì> Q�P� �m���Õëº ¬£ ����:@N���; lint¿ì> Î�
¤�< #¿E|¡ �̂�ª�< �ç¡(«�·N���. %Ç{[ôF#l H�B'Ö< 16.3, 16.4, 18.4|¡ ���z��S�M� ���m�N���.

Q 16.6 ý$ T� �Ø¿��� ò6B����U� óm¬Ãç>���¢?:

char *p = "hello, world!";
p[0] = ’H’;

Answer 'Ö<���~x �ç¡¬£(string literal)ª�< ���:?Üï ìm¥T� 9��~xq� �ÔM�ìḿÄ�}¹ Î�¤�< #Ü�£¿ì> <KJY�z�¤�< ºÿ�¿�S� _�@#Ü�ù��
¬£ ���#e�� �¤�< #¿ET� ��·N���. ����"k ���:?Üï ìm¥T� -s �¹M� ���m�N���:
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char a[] = "hello, world!";

%Ç{[ôF#l H�B'Ö< 1.32|¡ ���z��S�M� ���m�N���.

References [ISO] § 6.1.4; [H&S] § 2.7.4 pp. 31–2.

Q 16.8 “Segmentation violation”T��� “Bus error”�� q�Q��¤�< #¿Eª�< ª£*Ë{G�B���¢?

Answer G�Bºÿ�+8�Ä�}¹ T�]�@ 8KS�U�q� �:Aª�<, Ã�ßÌvT� �ç¡��«������ �Ô->	'_¿ì> ômÔô6�-s"k, G������ Íç> ¬£ �}"¤�< 8K~¡P�
;c +«£Ó	��̀ á�~��¤�< �:A�·N���. �¡ local array #Ü�4�¿ì> $Ê�#e���Ãç> CI;c|¡, �kB �Ô->	'_¿ì> ômÔô6� ���Ãç> #Ü�£;c
|¡ (%Ç{[ôF#l H�B'Ö< 5.2, 5.20|¡ ���z��S�M� ���m�N���.) T�]�@ �lBÜï¿ì> ;d�ç¡ù�� ¬£ ����:@N���. ��¦Ø< T�¤}¹¤�<
ômÔô6�ù���ç¡Â6Ò �Ô->	'_ (H�B'Ö< 7.1, 7.2 ���z�), mallocÄ�}¹ ù���ç¡Â6Ò *å�*9�q� ��Có (H�B'Ö< 7.19 ���z�), ômÔô6�ùÚH �ÈÕ
¬£ ->	�� ��÷7B (�m;Z� �Ô->	'_ ->	��; scanfã# fprintf;c"k G�B#eím� ¬£ ���¤�< £̈��U� ���ûB)ç�, scanfq� #Ü�
£ H�B'Ö< 12.12 ���z�, fprintf;c"k¤�< ,Ò{_�@Fg ->	�� ���·T� FILE *->	 #¿E;c ®£q�).

%Ç{[ôF#l H�B'Ö< 16.3, 16.4|¡ ���z��S�M� ���m�N���.
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Style

Q 17.1 C a�@#e �Ø�?�Ãç> ù�� CI, ���ç¡ �̂�ª�< Ã���G�Bª�< ª£*Ë{G�B���¢?

Answer K&Rª�< ���:?Üï ìm¥ª�< ·ÿ�+8�Ãç> ��U�z� ����:?;c|¡, ���ç¡ �kBP� Î�T�¤�< Ã���G�B�·N���:

60«»(Ûo �����¾ç>T� Vê
ª�< ��¹�:?Ãç> ��U�z� ����:?;c|¡, ï̂B�G5�Úq� ({}) a�V�¤�< ï̂B�¢�U� óm¬�:@N���.
½�7�"k £P�¤�< ->	M����¤�< Ã���G�B ï̂B ���¿ì> 9̀	ßÌvá�~�:@N���. #l�_(Ûo;c4� ��¢¤�< Ã���G�BÃç> ��¢ª�<
���:?, ½�#¿EÃç> G�BMÎ3)ç����4� ��÷7B�S�M� ���m�N���.

TÖhb9	Â6ÒÃ���G�BÃç>��¢¤�<#¿E�¹��¤�<,���q�Ã���G�BÃç>G�BMÎ3)ç����4���÷7B�¤�<#¿ET��G ï̂B�¢כ�ÖN���.¹ÿ����#l
�_(ÛoT� %oÂ6Ò Z9�#Ü�T� (;d¿ì> ¾ç>#e, #ei�@ U�*9�+8�->	 MÎ3�:@T���, Pv�� +ä�ÝÌv �ûB) T��_Â6Ò Ã���G�BÃç> +ä�q��U�
óm¬óm©z�, �¡, #l�_(ÛoT� :� Ã���G�BÃç> ¹ÿ�¾ç>�̀¤�< ���:?T� �}"���̂@, ½��è¡ K&RÃç> Î�S�M� ���m�N���. (Zï>&è< ï̂B
�G5�Úq� a�V��� ¾ç>#lÎ�M�q� µÿ�#��;c 60Â6Ò ðm¬ª�< $ã<Ü�|T� ���Ãç> ¬£ ���U�¹ÿ�, #lM�;c"k ½�]�@ $ã<Ü�|Ãç> �U�¤�<
óm¬ð�©�:@N���. Indian Hill Style Guide¿ì> ���z��M� ���m�N���.)

‘�̂�ª�< Ã���G�B’T�6̧Ò (good style) ·ÿ�)Ö<�4� �Ø¿�¿ì> #eO�;c 9�V��¾����¹�� o-�7>	 ðm¬ª�< #¿EÃç> 50�Ô�z� ���
�:@N���; don’t spend time on formatting to the exclusion of more substantive code quality issues.

%Ç{[ôF#l H�B'Ö< 10.6|¡ ���z��S�M� ���m�N���.

References [K&R1] § 1.2 p. 10; [K&R2] § 1.2 p. 10.

Q 17.3 £̈ 'Ö<���~xT� ìm¥ª�<U� R�z��M� a�AI ���:?Üï ìm¥ª�< �Ø¿�¿ì> ����:@N���:

if(!strcmp(s1, s2))

T�#¿ET� �̂�ª�< Ã���G�BG�B���¢?

Answer °ÝoZ�¾ç> ½�]�@ ��̧Ä�}¹ �Ø¿�¿ì> ���)ç��M�¤�< �U�¹ÿ� �m;�~xZ� �̂�ª�< Ã���G�BT���z� ðmÔ�M�¤�< #e&°�:@N���. a�
q� �Ø¿�¤�< £̈ 'Ö<���~xT� ìm¥ª�< #Ü�£¿ì> #����Â6Ò��¤�< +8�;c"k¤�< b9	)y 'Ö<<K�� �RJ #¿ET� �}"U�¹ÿ�, ! a:@»ÿ���¤�<
604� ‘not’Ãç> q�Q��¤�< ð��;c Î�T�Á�}¹ 0üoò6BÃç> ��$p]�> ¬£ ���M� CI'Ö<�·N���.

���:?Üï ìm¥ª�< 8�Ç�}¹¿ì> Î�¤�< #¿ET� |¡]8?T� �RJ #Ü�£|¡ ����:@N���:

#define Streq(s1, s2) (strcmp((s1), (s2)) == 0)

%Ç{[ôF#l H�B'Ö< 17.10|¡ ���z��S�M� ���m�N���.
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Q 17.4 #ei�@ �����¾ç>ª�< if (x == 0)Ãç> Î�U� óm¬z� if (0 == x)ã# ìm¥ª�< �Ø¿�¿ì> Î�¤�< 62, ½� T�¤¤�< ª£*Ë{->	��
�¢?

Answer ���:?Üï ìm¥ª�< F�B¬£¿ì> �¤�< #¿EÃç> ���M� a��ÈÕ�·N���:

if (x = 0)

�ç¡¬£¿ì> == a:@»ÿ���q� þÚH�¶;;c Î�¤�< �:@MÎ3Ãç> ¾ç>T��̂@, ���:?Üï ìm¥ª�< F�B¬£¿ì> á�~Ãç> CI, -����G�B�_�� ;c�_¿ì> ñmÔ
Ú�|כ�ÖN���:

if (0 = x)

#ei�@ �����¾ç>ª�< T�]�@ �ç¡��̧Ãç> Î�¤�< #¿EÃç> JY£¤�< #¿E�¹�� £̈ 4�q� =¿ì> Î�¤�< #¿EÃç> JY£¤�< #¿ET� �ELM� CI'Ö<
;c, T�]�@ �ç¡��̧Ãç> �̂����U� óm¬�:@N���. (Zï>&è<, T��_Â6Ò Ã���G�Bª�< Â6Ò �¡(_ó� ¿�(operand)�� �ç¡¬£G�B #Ü�£;c
¹ÿ� |¡]8?Ãç> ï̂> ¬£ ����:@N���.)

References [H&S] § 7.6.5 pp. 209–10.

Q 17.5 <K�� (è< �Ø¿�;c¤�< printf()¿ì> «»¿ì> CI, ��Ø�ç¡ +(void)+}¹ >�Ã��?��z� ���¤�<62�¢, ý$ ½��wx���¢?

Answer printf()¤�< #ei�@ ¬£V�¿ì> P�e�@�U�¹ÿ�, 604�q� #Ü�£ Î�T�U� óm¬�:@N���. #ei�@ -����G�B�_¤�< (�m;Z� lintã#
ìm¥ª�< É�}¹½�×�y|¡) �ÈÕ¬£�� #ei�@ ìḿÃç> P�e�@�¤�<62, T� ìḿÃç> Î�U� óm¬Ä��̂@, #Ü�z�¿ì> _ô>&9כ��ÖN���. ����"k
(void)}¹ >�Ã��?�AI8̂?Ä�}¹-s, T� P�e�@ ìḿÃç> ª£S�Â6Ò��¤�< #¿EÃç> -����G�B�_;c4� ómÔ�̀, #Ü�z�¿ì> _ô>&9��U� óm¬
4� ù�� ¬£ ����:@N���.

strcpy()�� strcat()q� #Ü�£;c|¡ ìm¥ª�< T�¤}¹ >�Ã��?�T� ��÷7BE'#Þ	 .���ÖNכ�

References [K&R2] § A6.7 p. 199; [Rationale] § 3.3.4; [H&S] § 6.2.9 p. 172, § 7.13 pp. 229–30.

Q 17.8 “0ìF��P�¼ÿ� �¢M�(«”T�6̧Ò (Hungarian Notation) ª£*Ë{->	���¢? ½�P�z� ½�#¿ET� Íç>¹ÿ�Â6Ò ��V��� ������¢?

Answer 0ìF��P�¼ÿ� �¢M�(«ª�< Charles Simonyi�̂�� ¹ÿ�¥�< (_�@¬£q� T��mr;c _�@¬£q� ���·;c 60Â6Ò +ä��¹¿ì> �Ô�ÈÕ�¤�<)
T��mr ��{¤�< �ç¡(«�·N���. #ei�@ �����¾ç>;c4�¤�< 8�£ ���ç¡���¤�< �¢M�(«T� f, #ei�@ �����¾ç>;c4�¤�< 8�£ 9�,��
���¤�< �¢M�(«�·N���. T� �¢M�(«q� ���ç¡ Ó	 �ç¡+8�ª�< _�@¬£q� T��mr¹ÿ� �¹z�|¡, _�@¬£q� ���·Üï, Î���»:�¿ì> ómÔ
¬£ ���¤�< #¿E�·N���; ���ç¡ Ó	 ·ÿ�+8�ª�< T��mrÃç> ��{¤�< 62 ���·;c MÎ3Â6Ò +ä��¹�� �~x}¹ ï̂B�¢�U� óm¬��¤�< #¿E�·N�
��.

References Simonyi and Heller, ”The Hungarian Revolution”.

Note 0ìF��P�¼ÿ��¢M�(«ª�<�m;Z�Microsoft��q�Win32 API¿ì>Î�¤�<É�}¹½�7� e¾ç>;c4����ç¡���z�����:@N���. (API
��=i|¡ T� �¢M�(«Ãç> ��÷7B�z� ����:@N���.) 604�q� UNIX É�}¹½�7� e¾ç>ª�< T�¿ì> 9�,���z� ����:@N���.

Q 17.9 “Indian Hill Style Guide”�� T�ã# ¤��Â6Ò �Ø�?� Ã���G�B;c MÎ3Â6Ò �¢+Ö<Ãç> *8
Ãç> ¬£ ���¤�< ð��T� ������¢?

Answer ��̧'å� (anonymous) FTP¿ì> -s"k #l�_ ð��;c"k *8
Ãç> ¬£ ����:@N���.
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Site: File or directory
ftp.cs.washington.edu pub/cstyle.tar.Z (L|,>	q� In-

dian Hill Guide)
ftp.cs.toronto.edu doc/programming (Henry

Spencer�̂q� “10 Commandments
for C Programmers” �Ô�ÈÕ)

ftp.cs.umd.edu pub/style-guide

“The Elements of Programming Style”, “Plum Hall Programming Guidelines”, “C Style: Standards and
Guidelines”��¤�< ÝÌvT� |¡]8?T� �RJ ¬£ ����:@N���: ‘���z�'Ö<gY@’6̧ÒÃç> �¹M� ���m�N���.

%Ç{[ôF#l H�B'Ö< 18.9|¡ ���z��S�M� ���m�N���.

Q 17.10 #ei�@ �����¾ç>ª�< goto�� �����ã#|¡ ìm¥��z� ðmÔ��̂@"k �}B60}¹ Î�U� ðmÔ��z� �¤�<62, �.ª£ Üï�ç¡ùÚH ðmÔT� ��

A�B���¢?

Answer É�}¹½�7��?� Ã���G�BT�6̧Ò, ¼â�Ãç> Î�¤�< Ã���G�BÜï ìm¥T� ;d\ï>Üï|¡ ìm¥ª�< #¿ET�M�;c, #e+_Â6Ò ~ç¡#Ü�Â6Ò ¦��Ð�Ä�}¹
<K+ä��RJ ¬£ �}"¤�< #¿E�·N���, although discussions about style often seem to center exclusively around such
rules.

goto 'Ö<�ç¡ª�< ���÷7BE'�̂@ ¤U�/�¹¬£/MÎ3P��M� ��C¾ç> +ä�|¡q� õi;�m�Â6Ò, T�¦Ø<�� Ã���4�X� �Ø¿�¿ì> (spaghetti
code)¹ÿ�¾ç>#eÕëº¬£����:@N���.½��w���z�,��ª£]�@Ú�|~���}"T� goto'Ö<�ç¡Ãç>ª£�ÐZÌ	��»U��¤�<#¿ET��:;~�� �̂�
ª�< �Ø¿�¿ì> ¹ÿ�¾ç>#e 50¤�< #¿E|¡ ��·N���: Zï>&è< goto¿ì> b9	)y Î�U� óm¬z�|¡ (T��ç¡AI �¹T�¤�< ï̂B,³ùÚH ©»É�
��, [ô>P�a�@ <K#e _�@¬£¿ì> -s"k) �Ø¿�¿ì> ¹ÿ�¾ç>#e Õëº ¬£|¡ ����:@N���.

60«»(ÛoÉ�}¹½�7��?�Ã���G�B;cMÎ3Â6Ò “¦��Ð�(rule)”ª�<¦��Ð�T�6̧Ò·ÿ�#e�¹��¤�< “¼ÿ�50U��Ð�(guideline)”T�6̧Ò·ÿ�
#e}¹ �¹¤�< 4� �G .���ÖNכ�̧������� �¡Â6Ò T��_Â6Ò ¦��Ð�¾ç>T� ý$ ¹ÿ�¾ç>#e«��¤�< ��¿ì> T�AI�¤�< #¿ET� �G ï̂B�¢כ�Ö
N���. T��_Â6Ò ¦��Ð�;c 60Â6Ò T�AI�}"T�, ª£�ÐZÌ	 #ei�@ ¦��Ð¿ì> 9�,���¤�< #¿Eª�< 4wH7� ¦��Ð�T� q�Q��z��� Â6Ò
#¿EÜï �¡Z��̀ ºÿ�60E'¤�< �lBÜï¿ì> ¹ÿ�¾ç>#eÕëº ¬£ ����:@N���.

4����� É�}¹½�7��?� Ã���G�B;c 60Â6Ò ðm¬ª�< q�ZÁ	ª�< ·ÿ�U� q�ZÁ	G�B 3Ûo�·N���. ����"k T��_Â6Ò “Ã���G�B b9	Ü�|”
;c ���#l�¤�< #¿Eª�< Íç>62�}"¤�< ��{�·N���. (H�B'Ö< 9.2, 5.3, 5.9, 10.7;c T��_Â6Ò 50÷7BT� ����:@N���.) #l�_(Ûoq�
q�ZÁ	;c ºÿ�60�¤�< �����ª�< �lB�Ø #l�_(Ûoq� q�ZÁ	;c ò6Bq��U� óm¬Ãç> #¿ET� f, #l�_(Ûoq� q�ZÁ	;c ò6B�Ð�¤�< ��
���ª�< �lB�Ø ºÿ�60�U� óm¬Ãç> #¿ET�Á�}¹, T�]�@ $ã<Ü�|Ãç> ù�� L·x�¢�� �}"�:@N���.
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Tools and Resources

Q 18.1 |¡]8?T� �RJ¹ÿ�Â6Ò É�}¹½�×�yT� L·x�¢כ�ÖN���.

Answer ��7�q� ?KT�Áì>Ãç> ���z��M� ���m�N��� (%Ç{[ôF#l H�B'Ö< 18.16|¡ ���z��S�M� ���m�N���.):

cross-reference generator cflow, cxref, calls, cscope, xscope, ixfw

C beautifier/pretty printer cb, indent, GNU indent, vgrind

!eb9	/��B+ä� MÎ3P� CVS, RCS, SCCS

C source obfuscator obfus, shroud, opqcp

“make” dependency generator makedepend, cc -M, cpp -M

compute code metrics ccount, Metre, lcount, csize,

C lines-of-source counter wc, grep -c ";"

C declaration aid comp.sources.unixq� Volumn 14.
[K&R2] ���z�

tracking down malloc problem H�B'Ö< 18.2 ���z�

“selective” C preprocessor H�B'Ö< 10.18 ���z�

language translation tool H�B'Ö< 11.31 ���z�

C verifier (lint) H�B'Ö< 18.7 ���z�

C compiler H�B'Ö< 18.3 ���z�

(�ç¡a:@Z� T� ?KT�Áì>T� ~¡¥�< #¿EÃç> ����50 ®£¤�< #¿Eª�< ��·N���; ¹ÿ���� #lM�;c ��*ã< #¿E T�JY;c �G ðm¬ª�< #¿E
Ãç> ómÔz� ������̂@ MÎ3P���;c4� a:@����M� ���m�N���.)

#l�_ aô>;c 60Â6Ò ��¦Ø< ô6;ói;Üï $ã<Ü�|ª�< ¤Å�Õ±× comp.compilersã# comp.software-eng;c"k ��¢�� [�> ¬£
����:@N���.

%Ç{[ôF#l H�B'Ö< 18.3, 18.16|¡ ���z��S�M� ���m�N���.

Note a� ?KT�Áì>q� code metric;c MÎ3Â6Ò #¿Eª�< ���:? URLÃç> ���z��S�M� ���m�N���:

http://www.qucis.queensu.ca/Software-Engineering/Cmetrics.html

GNU indent;c MÎ3Â6Ò #¿Eª�< ��7� URLÃç> ���z��S�M� ���m�N���:

htpp://www.gnu.org/software/indent/

Q 18.2 malloc;c"k 'Ö<<K�� ñmÔÚ�|Â6Ò #¿E ìm¥ª�<62 #����¿ì> �EL4� AI®£¤�< aô>ª�< �}"���¢?
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Answer malloc 'Ö<<K¿ì> |¡ã#®£¤�< #l�_��U� O�!e�?� @IW�U�¾ç>T� ����:@N���. ->	M����¤�< #¿E ï̂Bq� ���¤�< conor
p. Cahill�̂q� “dbmalloc”T� f, 1992[Í	 comp.sources.miscq� volumn 32;c"k ¦�ù�� ¬£ ����:@N���. �¡
comp.sources.unix volumn 27;c"k *8
Ãç> ¬£ ���¤�< “leak”|¡ �̂��:@N���; JMalloc.c and JMalloc.h in the
”Snippets” collection; and MEMDEBUG from ftp.crpht.lu in pub/sources/memdebug . See also question
18.16.

A number of commercial debugging tools exist, and can be invaluable in tracking down malloc-related and
other stubborn problems:

– Bounds-Checker for DOS, from Nu-Mega Technologies, P.O. Box 7780, Nashua, NH 03060-7780,
USA, 603-889-2386.

– CodeCenter (formerly Saber-C) from Centerline Software, 10 Fawcett Street, Cambridge, MA 02138,
USA, 617-498-3000.

– Insight, from ParaSoft Corporation, 2500 E. Foothill Blvd., Pasadena, CA 91107, USA, 818-792-9941,
insight@parasoft.com .

– Purify, from Pure Software, 1309 S. Mary Ave., Sunnyvale, CA 94087, USA, 800-224-7873, http://www.pure.com
, info-home@pure.com . (I believe Pure was recently acquired by Rational.)

– Final Exam Memory Advisor, from PLATINUM Technology (formerly Sentinel from AIB Software),
1815 South Meyers Rd., Oakbrook Terrace, IL 60181, USA, 630-620-5000, 800-442-6861, info@platinum.com,
www.platinum.com .

– ZeroFault, from The Kernel Group, 1250 Capital of Texas Highway South, Building Three, Suite 601,
Austin, TX 78746, 512-433-3333, http://www.tkg.com, zf@tkg.com .

Q 18.3 $k&9������ ð����}¹ ¦�ù�� ¬£ ���¤�< -����G�B�_�� ���Ãç>���¢?

Answer ->	M����z�, ð����}¹ ¦�ù�� ¬£ ���Ä� f, z� bkrH�B->	 FSFq� GNU C -����G�B�_ (�¡¤�< gcc��z� [ô>P�]8?)¿ì> Î��̂@
�RLN���. T�¤�< prep.ai.mit.eduq� pub/gnu O�×�v�ÔP��� M��� GNU ��
�T�Â� ��T�È�;c"k ¦�ù�� ¬£ ���
�:@N���. MS-DOS ÷7BÄ�}¹ �Ô�?�Â6Ò djgpp|¡ ����:@N���. ý��@iT�U�¤�< http://www.delorie.com/djgpp/�·
N���.

PCC��¤�< 0�#e1@#e(shareware) -����G�B�_|¡ ���Ä� f, T��mrª�< PCC12C.ZIP�·N���.

MS-DOS÷7B -����G�B�_}¹ 8�£ Æÿ� ��#��;c ¦�ù�� ¬£ ���¤�< Power C¤�< Mix Software;c"k ¹ÿ�¾ç>�}�z�, ®£�Ð¤�<
1132 Commerce Drive, Richardson, TX 75801, USA, b9	és_�@�Ú¤�< 214-783-6001�·N���.

L|£Ó	;c4�ñmÔùÚH-����G�B�_}¹¤�< lcc������:@N���. Anonymous FTP}¹ ftp.cs.princeton.eduq� pub/lcc;c
"k ¦�ù�� ¬£ ����:@N���.

ftp.hitech.com.auq� hitech/pacific;c"k 0�#e1@#e MS-DOS÷7B -����G�B�_¿ì> ¦�ù�� ¬£ ����:@N���. ��
z���¤�< ô6;+8�T� ��N����̂@ �ûBói;ª�< ù�� L·x�¢�� �}"�:@N���.

8�0>	�ÔS� ÷7BÄ�}¹ ¦�ù�� ¬£ ���¤�< 0�#e1@#e -����G�B�_¤�< ómÔ�̀.>	 #¿ET� �}"�:@N���.

comp.compilers;c MÎ3]�@ùÚH ��
�T�È�;c¤�< -����G�B�_, ->	'_É�P�'_, 'Ö<(«(grammer) �ûB;c 60Â6Ò Ý¤9�ç¡Z� ðm¬
ª�< +ä��¹�� ¾ç>#e ����:@N���. (FAQ P�Ã�È�¿ì> �Ô�ÈÕÂ6Ò) comp.compilers ��
�T�Â�¤�< iecc.com;c"k £Ó	ª£�
¤�<moderator->	 John R. Levine�̂;cq�AIMÎ3P�E'z�����:@N���.��÷7B���ûBÂ6Ò-����G�B�_¾ç>ÜïT�;cMÎ3]�@ùÚH��
�º¤�<Mark Hopkins, Steven Robenalt,½�P�z� David Muir Sharnoff�̂;cq�AIMÎ3P�E' f ftp.idiom.comq�
pub/compilers-list/;c"k ¦�ù�� ¬£ ����:@N���. (rtfm.mit.edu �¡¤�< ftp.uu.netq� comp.compilers
O�×�v�ÔP�;c"k news.answers;c MÎ3Â6Ò ��
�T�Â�|¡ ���z��M� ���m�N���; H�B'Ö< 20.40|¡ ���z��M� ���m�N�
��.)

Note T� �m�_�@ª�< �ç¡60+8�Ä�}¹ �¡7�ùÚH #¿E�·N���. GCC¤�< 4wH7� “GNU C Compiler”q� �����T��}�U�¹ÿ�, C a�@#e 3Ûo
¹ÿ� ��N��� C++, javaã# ìm¥ª�< a�@#e|¡ U�4wH�M� CI'Ö<;c T��mrT� “GNU Compiler Collection”Ä�}¹ T��mrT�
��hô�}��:@N���. GCCã# �G[ô>#e GNU software¿ì> ¦��S��̀�̂@ ftp.gnu.orgq� /pub/;c"k ¦�ù�� ¬£ ���Ä�
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 f, V��50;c"k¤�< ftp.bora.netq� /pub/gnu/;c"k download ���¤�< #¿ET� ���m@N���. ��:cÂ6Ò #¿Eª�< GCCq�
ý��@iT�U�->	 http://www.gnu.org/software/gcc/¿ì> �ç¡'Ö<�S��̂@ *8
Ãç> ¬£ ����:@N���.

%Ç{[ôF#l H�B'Ö< 18.16|¡ ���z��S�M� ���m�N���.

Q 18.4 É�}¹½�×�yÃç> ò6B���S����¤�<62, 8�£ T��ç¡�4� ò6Bכ����ÖN���. ômÔô6�ùÚH +8�Ãç> #e�w�4� ��¢Ãç> ¬£ ����¢?

Answer �̂	$k lint¿ì> X�>�̀�¹S�M� ���m�N���. (����|¡ -a, -c, -h, -p �ûBq� ÷6 ̀@Ãç> Íç> #¿E�·N���. 60«»(Ûoq� C -����
G�B�_¤�< �}Bºÿ�¹ÿ� -����G�B�_->	 #Ü�£�� ðm¬�:@N���. ��À�4� �Ø¿�¿ì> ¹ÿ�¾ç>#e 50M� a�AI �ÐÃ� �Ø¿�¿ì> (Ûo)o��¤�<
G�Bª�< ��q� �U� óm¬M� CI'Ö<�·N���.

%Ç{[ôF#l H�B'Ö< 16.5, 16.8, 18.7|¡ ���z��S�M� ���m�N���.

References [Darwin].

Q 18.5 ‘lint’¿ì> F�Bá�¥S�W��̂@ malloc()Ãç> «»¿ì> CI���� “warning: possible pointer alignment problem”��¤�< #Ü�z�

�� ñmÔÚ�|�¤�<62, #e�w�4� T� #Ü�z�ø¶? ñmÔÚ�|�U� óm¬4� ù�� ¬£ �}"Ãç>���¢?

Answer �¡7�ùÚH lintq� #Ü�£, malloc()T� “#e+_Â6Ò ���·q� object|¡ $k�ç¡ù�� ¬£ ���¤�< ð��µÿ�Ãç> ��P�W�¤�< �Ô->	'_
¿ì> P�e�@Â6Ò��”��¤�< ��F�BÃç> ~¡À�M� CI'Ö<;c ½�]�@ #Ü�z��� ��÷6N���. Â6Ò��U� �ç¡(«ª�< #ifdef lint ¼ÿ�;c
#defineÃç> -s"k malloc();c 60Â6Ò ‘pseudo-implementation’Ãç> ¹ÿ�¾ç>#e £̈¤�< #¿E�·N���. ½��w�U�¹ÿ� +ä�ðmÔ}¹
ï̂B�¢Â6Ò#Ü�z�8KS�U�|¡�¹#l®£U�óm¬Ãç>���ûB)ç�T����M�CI'Ö<;c �̂�ª�<�ç¡(«T���ù��¬£¤�<�}"�:@N���.	���P�
‘grep -v’¿ì> -s"k ½�]�@ 8KS�U�¿ì> �}";�!eP�¤�< #¿ET� o-�7>	 �G µÿ�·ÿ��z� ¼ÿ�b9	ù�� #¿E�·N���. (½��_�� ‘lint’��
�¹#l®£¤�< ðm¬ª�< 8KS�U�¾ç>Ãç> ª£S��¤�< �:@MÎ3Ãç> ¾ç>T�¤�< #¿Eª�< 8�£ a�0±Cכ�ÖN���. #e¾�ím� ï̂B�¢Â6Ò 8KS�U�¿ì>
ô6� �¹z� $Ê�#e��¤�< #Ü�£|¡ Ú�|@�BU� ~¡�m@N���.)

Q 18.7 ANSI �ÚZ9�q� lint¿ì> ¦�ù�� ¬£ ���Ãç>���¢?

Answer 60«»(Ûo S�Ã�ß�y;c"k Íç> ¬£ ���¤�< ‘PC-Lint’ã# ‘FlexeLint’�� ���Ä� f, ��7� ®£�Ð;c"k ¦�ù�� ¬£ ����:@N���:

Gimpel Software
3207 Hogarth Lane
Collegeville, PA 19426 USA
(+1) 610 584 4261
gimpel@netaxs.com

Unix System V release 4q� lint¤�< ANSI �ÚZ9��·N���. ½�P�z� UNIX Support Labs�� System V Á6Ò8�*«=i
;c q�AI ~��~�� ��¦Ø< @IW�U� 0ïF?� (��¦Ø< C tool¾ç>T��ç¡ ìm¥T� _�@¾ç> 0ïF?�)}¹ <Kð���RLN���.

z�¬£+Ö<Ä�}¹ 'Ö<(«Ãç> #����AI®£¤�< ANSI �ÚZ9�q� ��¦Ø< lint}¹¤�< ‘LCLint’�� ���Ä� f, larch.lcs.mit.eduq�
pub/Larch/lclint;c"k ¦�ù�� ¬£ ����:@N��� (via anonymous ftp).

½�P�z� L|£Ó	;c <Kð��E'¤�< ðm¬ª�< -����G�B�_¾ç>ª�< lint�� <Kð���¤�< #¿E%o&8� ��:cZ� �ÐÃ�¿ì> (Ûo)o��z� ómÔ�̀®£
¤�< M��ûBT� ����:@N���. (‘gcc’q� #Ü�£¤�< ‘-Wall -pedantic’ ÷6 ̀@Ãç> Î��̂@ �RLN���.)

Note LCLint¤�< GPL1}¹ ��T�ö=wÃ�E'#e ���Ä� f, ý��@iT�U�¤�< ���:?Üï ìm¥�:@N���:

http://lclint.cs.virginia.edu/

1GNU General Public License
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Q 18.8 ANSI function prototypeT� ���Ä�N�Ãÿ� T�<K lint¤�< L·x�¢�}"U� óm¬���¢?

Answer ��·N���. ª£*Ë{�¹��|¡ prototypeª�< +í<<��z� ���z�, ]�>��}¹ ®£#eH�B CI;c¹ÿ� ò6Bכ����ÖN���; ômÔô6�ùÚH proto-
typeª�< ��;d �}"¤�< #¿ET� �¾×�:@N���. £̈_�@Fg}¹ lint¤�< #l�_ �ÐÃ� ��G�B¾ç>Ãç> G��z� G�BMÎ3)ç�Ãç> #����AI ï̂> ¬£ ���
z�, �ÈÕ¬£3Ûo¹ÿ� ��N��� 62T�'_ 9̀	a�@��U� #����AI 8̂@N���. 4����� lintã# ìm¥T� S�Ã�ß�y;c ò6;�·+8�->	 É�}¹½�
×�yÃç> ��÷7B��̂@ ø¶?�G +ä�%u�Â6Ò (Ûo)o�Ãç> ���Ãç> ¬£ ���M� CI'Ö<;c, -����G�B�_q� �m;�~xÂ6Ò M��ûBT���, �m;+ä� S�Ã�ß�y
M��ûB;c q�+í<�U� óm¬¤�<, T���̧)ç�T� W�Gª�< É�}¹½�×�yÃç> ���)ç��¤�<62 Ó	 |¡]8?T� �RLN���.

‘lint’¿ì> Î�¤�< 60,>	 function prototypeÃç> Î�@�B 4wHÂ6Ò���̂@, �̂	$k #l�_ ��G�B¾ç>T� ìm¥ª�< prototypeÃç> U��r�¤�<
U� #�����z�, +ä�%u�Â6Ò prototypeÃç> ���¤�<U� #����AI�� .���ÖNכ� H�B'Ö< 1.7Üï 10.6Ãç> ���z��M� ���m�N���.

Q 18.9 ->	'_Õ±×�ç¡;c"k ¦�ù�� ¬£ ���¤�< C a�@#e ¼ÿ�50"k�� M��� ���º¤�< �}"���¢?

Answer Zï>&è< ðm¬�:@N���:

– Tom Torfs�̂¤�< 8�£ �̂�ª�< ±¼�ÔP��}BÃç> ��U�z� ����:@N���.
http://members.xoom.com/tomtorfs/cintro.html.

– Christopher Sawtell�̂�� ¹ÿ�¥�< “Notes for C programmers”¤�< ��7� ®£�Ð;c"k ¦�ù�� ¬£ ����:@N���:

∗ svr-ftp.eng.cam.ac.ukq� misc/sawtell C.shar

∗ garbo.uwasa.fiq� /pc/c-lang/c-lesson.zip

– Tim Love�̂q� “C for Programmers”¤�< svr-ftp.eng.cam.ac.ukq� miscO�×�v�ÔP�;c"k¦�ù��¬£���
�:@N���. HTML !eb9	ª�< ��7�;c"k ¦�ù�� ¬£ ����:@N���:

http://www-h.eng.cam.ac.uk/help/tpl/languages/C/teaching_C/teaching_C.html

– Coronado Enterprises C tutorialª�< SimtelQ��_��T�È�q� pub/msdos/c�¡¤�< http://www.swcp.com/ dodrill;c
"k ¦�ù�� ¬£ ����:@N���.

– Rick Rowe�̂q� tutorialª�< ftp.netcom.comq� pub/rowe/tutorde.zip �¡¤�< ftp.wustl.eduq�
pub/MSDOS UPLOADS/programming/c language/ctutorde.zip;c"k ¦�ù�� ¬£ ����:@N���.

– Web÷7BÄ�}¹ ¹ÿ�¾ç>#e.>	 �ØÃ�}¹¤�<:

http://www.strath.ac.uk/CC/Courses/CCourse/CCourse.html

– Martin Brown�̂¤�< C �ØÃ� ���º¿ì> Web;c 4�S�á�~�:@N���:

http://www-isis.ecs.soton.ac.uk/computing/c/Welcome.html

– #ei�@ Unix S�Ã�ß�y;c"k¤�< learn c��z� shell prompt;c"k �·&9���̂@ µÿ�·ÿ��4� ��À�%t 8̂@N��� (½��_
�� �ç¡�ç¡Z� �¡7�ùÚH 50÷7BG�B #¿E�·N���).

– ��U����Ä�}¹ T� FAQ ô6;ói;q� $k��|¡ C a�@#e z�]9;Ãç> �z� ���Ä� f, ½� {¡È�¿ì> web;c"k ¦�ù�� ¬£ ���
�:@N���;

http://www.eskimo.com/~scs/cclass/cclass.html

[Disclaimer: #lM�;c ���¤�< ðm¬ª�< tutorial¾ç>ª�< $k���� �� #���ÔAI (è< #¿Eª�< ��·N���. �¡Â6Ò �~� ��U� ;c
�_�� ���¤�< #¿EÄ�}¹ �m�N���. T� ¼â�¾ç>;c $k��q� T��mrT� ¾ç>#e ���M�¤�< �U�¹ÿ� #e+_Â6Ò #¿E|¡ �¹�ûBù�� ¬£
�}"�:@N���. �¡Â6Ò T�]�@ ø¶B©¼q� ¼â�¾ç>ª�< 604� S�µÿ�T�U�ím� ¬£ói; ìḿ#eV��� �wx#eU�M� CI'Ö<;c#l�_(ÛoT�
G��Ä��̀z� ù�� CI;c¤�< T�Q� �.ª£ ¦���̧q� ¼â�G�BU�|¡ ~¡�m@N���.]

– T��_Â6Ò tutorial¾ç>Üï C a�@#e;c MÎ3Â6Ò #l�_��U� +ä��¹¤�< ��7� URL;c"k ¦�ù�� ¬£ ����:@N���:

http://www.lysator.liu.se/c/index.html
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– Vinit Carpenter�̂¤�< Cã# C++Ãç> 9�]ï>CI Íç>~¡���¤�< #l�_��U� ���º;c 60Â6Ò ô6;ói;Ãç> ¤U��z� ����:@
N���.T�ô6;ói;ª�< comp.lang.cã# comp.lang.c++;c4�S�E' fT� FAQ list�����¤�<ð��;c (H�B'Ö< 20.40
���z�), ìm¥T� �¹MÎ3E'#e ���Ä� f, http://www.cyberdiem.com/vin/learn.html;c"k ¦�ù�� ¬£ ����:@
N���.

%Ç{[ôF#l H�B'Ö< 18.10, 18.15c|¡ ���z��S�M� ���m�N���.

Note 4wH $k��q� ý��@iT�U�q� ���:? �?�Ç�;c"k MÎ3]�@ùÚH ���º¿ì> ��¢��[�> ¬£ ����:@N���:

http://www.eskimo.com/~scs/C.html

Q 18.10 C a�@#e¿ì> 9�£�̀z� �¤�<62 �̂�ª�< ÝÌvø¶? ÒcS@AIכ ®£:c�¢.

Answer C a�@#e;c MÎ3Â6Ò ÝÌv¾ç>ª�< T� ¼â�;c"k ~¡£̈ ��©»M�;c¤�< �.ª£��|¡ ðm¬�:@N���; ����"k T�¾ç> ÝÌv ~¡£̈¿ì> è���
AI(è<��¤�< #¿Eª�< �.ª£��|¡ ��CT� �:@N���. ðm¬ª�< �����¾ç>T� ���ç¡ %o�:? ¹ÿ�¾ç>#e.>	 ÝÌvT� ���ç¡ �̂���z� ðmÔ� f
The C Programming Language¿ì> .���ÖNכ�@ÒcSכ T� ÝÌvª�< Kernighan�̂ã# Ritchie�̂�� ����:@N��� (“K&R”T�
��z�|¡ � f, g̀@<� £̈_�@Fg Á6ÒT� ��ã# ����:@N���). ½��_�� K&RT� �Ô�¹���� �¹M�;c¤�< +8��ç¡�U� óm¬��¤�<
q�ZÁ	|¡ ����:@N���; ½��w�U�¹ÿ� £P�¾ç> 60«»(ÛoT� ½� ÝÌvÄ�}¹ C¿ì> 9���VÄ� f, ��®£ ômÔ 9���V��z� Ú�|~כ���ÖN���;
½��_�� ÝÌvq� 50÷7BT� �.ª£�� �������M� CI'Ö<;c É�}¹½�7��?�;c 60Â6Ò b9	)y 9�#Ü� U���̧T� �}"¤�< �����;c4�¤�<

ª£P�G�B #¿E�·N���. T� ÝÌv;c 60Â6Ò #l�_ �¹_�u ��B'å�T��� +ä�+ä� ô6;ói;ª�< ��7�;c"k ¦�ù�� ¬£ ����:@N���:

– http://www.csd.uwo.ca/ jamie/.Refs/.Footnotes/C-annotes.html

– http://www.eskimo.com/ scs/cclass/cclass.html

– http://www.lysator.liu.se/c/c-errata.html#main

comp.lang.cq� ðm¬ª�< �����¾ç>ª�< K.N. King�̂�� �́< C: A Modern approach¿ì> .���ÖNכ�@ÒcSכ

���ç¡ �̂�ª�< ���z� "k+8�ª�< C: A Reference ManualT� f, Samuel p. Harbison�̂ã# Guy. L. Steele�̂�� ����:@
N���. g̀@<� 52_�@Fg Á6ÒT� ��ã# ����:@N���.

C a�@#e¿ì> %o�:?«»'_ 9�£M�;c¤�< +8��ç¡�U� óm¬U�¹ÿ� T� FAQ ô6;ói;|¡ _ô>Á6ÒE'#e ÝÌvÄ�}¹ ��ã# ����:@N���. T�
¼â�q� ��U���� “$k"k ô6;ói;”q� [Summit]¿ì> ���z��S�M� ���m�N���.

Mitch Wright�̂¤�< Cã# UNIX;c MÎ3Â6Ò ðm¬ª�< ���z�"k;c 60Â6Ò ô6;ói;Ãç> ��U�z� ���Ä� f, ftp.rahul.netq�
pub/mitch/YABL;c"k ¦�ù�� ¬£ ����:@N���.

Scott McMahon�̂¤�< #l�_��U� R�è�;c 60Â6Ò ¼â�Ãç> ��U�z� ����:@N���:

http://www.skwc.com/essent/cyberreviews.html

‘Association of C and C++ Users (ACCU)’¤�< C/C++;c 60Â6Ò ðm¬ª�< ÝÌv¾ç>;c 60Â6Ò $ã<è�Ãç> ~¡�� W��óm©�:@N�
��:

http:://bach.cis.temple.edu/accu/bookcase
http://www.accu.org/accu

T� FAQ ô6;ói;q� ½Z@�·��|¡ -!H�ç¡�¤�< ðm¬ª�< ÝÌv;c 60Â6Ò +ä��¹¿ì> ��U�z� ����:@N���; L·x�¢��̂@ �¹50¿�P�z� ���
�:@N���. %Ç{[ôF#l H�B'Ö< 18.9|¡ ���z��S�M� ���m�N���.

Q 18.13 �¢+Ö< C ��T�Â��_P�;c 60Â6Ò �ÐÃ�¿ì> ¦�ù�� ¬£ ���Ãç>���¢?
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Answer (public domainª�< ��N�U�¹ÿ�) P.J. Pluager�̂q� The Standard C Library�� ����:@N���. ~¡¥�< C ��T�Â��_P�
;c 60Â6Ò �ÐÃ� �Ø¿�¤�< NetBSD�� GNU (Zï>&è< Linux|¡) projectq� G�B«»(ÛoÄ�}¹ <Kð���RLN���. %Ç{[ôF#l H�B'Ö<
18.15c, 18.16|¡ ���z��S�M� ���m�N���.

Note GNU C ��T�Â��_P�q� ý��@iT�U�¤�< ��7�ã# ìm¥�:@N���:

http://www.gnu.org/software/glibc/

Q 18.13b *ã<��->	 C reference manualT� ���Ãç>���¢?

Answer £̈ 4��� ����:@N���:

– http://www.cs.man.ac.uk/standard c/ index.html

– http://www.dinkumware.com/htm cl/index.html.

Q 18.13c ANSI/[ISO] C �¢+Ö<Ãç> ¦�ù�� ¬£ ���Ãç>���¢?

Answer H�B'Ö< 11.2¿ì> �¹M� ���m�N���.

Q 18.14 ¬£��̧(expression)Ãç> ���?�(parsing)�z� è����¤�< �Ø¿��� L·x�¢כ�ÖN���.

Answer £̈ 4�q�@IW�U���~��~�� comp.sources.misc;c 1993[Í	 12i�J;c, alt.sources;c 1994[Í	 1i�J;c4�S�E'�}�
U�¹ÿ�,U���»ª�<�}"�:@N���.60,>	 sunsite.unc.eduq� pub/packages/development/libraries/defunc-1.3.tar.Z
}¹ ¦�ù�� ¬£ ���Ä� f, lamont.ldgo.columbia.eduq� “parbse”}¹ ¦�ù�� ¬£ ����:@N���. #l�_��U� ÷6 ̀@¾ç>T�
�Ô�ÈÕE'#e ���¤�< S-Lang ->	'_É�P�'_¤�< anonymous ftp}¹ amy.tch.harvard.eduq� /pub/slang;c"k ¦�
ù��¬£����:@N���.�¡Â6Ò Cmm (“C-minus-minus”)T���¤�<0�#e1@#e|¡����:@N���.%Ç{[ôF#lH�B'Ö< 18.16, 20.6|¡
���z��S�M� ���m�N���.

���?�/è����¤�< �Ø¿�¤�< Software Solutions in Cq� Chapter 12, @iT�U� 235–55;c"k|¡ ��¢��[�> ¬£ ����:@N�
��.

Q 18.15 C a�@#e;c 60Â6Ò BNF �¡¤�< YACC 'Ö<(«Ãç> ¦�ù�� ¬£ ���Ãç>���¢?

Answer TÖh(9�Â6Ò'Ö<(«ª�<Zï>&è< ANSI�¢+Ö<;c¾ç>#e����:@N���;H�B'Ö< 11.2¿ì>�¹M����m�N���.��¦Ø<(Ûo'«Ä�}¹¤�< (C++Üï
MÎ3]�@ùÚH) Jim Roskind�̂�� ¹ÿ�¥�< #¿E->	62 ics.uci.eduq� pub/c++grammar1.1.tar.Z}¹ *8
Ãç> ¬£ ����:@N�
��.����|¡ ftp.ics.uci.edu, OLD/pub/c++grammar1.1.tar.ZG�BU�|¡~¡�m@N���.�¡¤�< ftp.eskimo.comq�
u/s/scs/roskind grammar.Z}¹ ¦�ù�� ¬£ ����:@N���. ���*«ï̂B->	 ANSI 'Ö<(«ª�< (Jeff Lee�̂�� ���*«�¤�<)
ftp.uu.netq� (H�B'Ö< 18.16���z�) usenet/net.sources/ansi.c.grammer.Z;c"k¦�ù��¬£���Ä� f, lexer��
�Ô�ÈÕE'#e ����:@N���. [K&R2]q� «»ói;T��� FSFq� GNU C compiler;c"k|¡ 'Ö<(«Ãç> *8
Ãç> ¬£ ����:@N���.

comp.compilers ��
�T�Â�¤�< 'Ö<(«;c 60Â6Ò ðm¬ª�< +ä��¹¿ì> ��U�z� ����:@N���; H�B'Ö< 18.3Ãç> �¹M� ���m�N���.

References [K&R1] § A18 pp. 214–219; [K&R2] § A13 pp. 234–239; [ISO] § B.2; [H&S] pp. 423–435 Appendix B.

Q 18.15b C -����G�B�_¿ì> ?KÃ�È�AI [�> ¬£ ���¤�< tool¾ç>ª�< �}"Ãç>���¢?
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Answer A: Plum Hall (formerly in Cardiff, NJ; now in Hawaii) sells one; other packages are Ronald Guilmette’s
RoadTest(tm) Compiler Test Suites (ftp to netcom.com, pub/rfg/roadtest/announce.txt for information)
and Nullstone’s Automated Compiler Performance Analysis Tool (see http://www.nullstone.com). The
FSF’s GNU C (gcc) distribution includes a c-torture-test which checks a number of common problems
with compilers. Kahan’s paranoia test, found in netlib/paranoia on netlib.att.com, strenuously tests a C
implementation’s floating point capabilities.

Q 18.15c Íç>~¡ ���¤�< �Ø¿��� ;d<K¿ì> ~¡��W��ª�< #¿Eª�< �}"Ãç>���¢?

Answer Bob Stout�̂q� “SNIPPETS”¤�<8�£->	M����Ä� f, ftp.brokersys.comq� pub/snippets�� http://www.brokersys.com/snippets/;c
"k *8
Ãç> ¬£ ����:@N���.

Lars Wirzenius�̂q� “public” ��T�Â��_P�¤�< ftp.funet.fiq� pub/language/C/Publib/;c"k *8
Ãç> ¬£
����:@N���.

%Ç{[ôF#l H�B'Ö< 14.12, 18.9, 18.13, 18.16|¡ ���z��S�M� ���m�N���.

Note SNIPPETSq� ý��@iT�U�¤�< ��7�}¹ _�@#Ü�E'�}��:@N���:

http://www.snippets.org/

Q 18.15d “multiple precison arithmetic”Ãç> a�Â6Ò �Ø¿��� L·x�¢כ�ÖN���.

Answer BSD Unix libc�ÐÃ�;c���¤�< “quad”�ÈÕ¬£¾ç>ª�<8�£->	M����¤�<@IW�U��·N���. (ftp.uu.netq� /systems/unix/bsd-sources/..../src/lib/libc/quad/*
;c"k ¦�ù�� ¬£ ���Ä� f, GNU MP ��T�Â��_P�, �¡ MIRACL @IW�U� (http:://indigo.ie/ mscott/ ���
z�), ½�P�z� �¡7�ùÚH Unix;c"k <Kð��E'¤�< libmp.a¿ì> ���z� ���m�N���. %Ç{[ôF#l H�B'Ö< 14.12, 18.16|¡ ���z��
S�M� ���m�N���.

References [Dale] § 17 pp. 343–454.

Q 18.16 T��_Â6Ò ð��4�÷7B É�}¹½�×�y¾ç>Ãç> #e�w�4� *8
Ãç> ¬£ ������¢?

Answer É�}¹½�×�y \8A��|¡ ìm�¬£ói; �ûB���z�, T�]�@ É�}¹½�×�y¾ç>Ãç> +ä�P�AI W��ª�< �¹MÎ3(archive) ��T�È�¾ç>|¡ ìm�¬£ói;
�ûB���z� ���z�, T��_Â6Ò É�}¹½�×�y¾ç>Ãç> Î��̀¤�< �����¾ç>|¡ %á�îm��� ðm¬��U�z� ���M� CI'Ö<;c T� H�B'Ö<ª�< 8�£
60�m��M� �̀£�̂@"k|¡ #e&°�:@N���.

�kBP� ómÔ�̀.>	, ð��4�¿ì> c(U�}¹ Â6Ò ��
�T�Â� ��T�È�¾ç>Ãç> ;d}¹ ¾ç>�̂@, ftp.uu.net, archive.wustl.edu,
oak.oakland.edu, sumex-aim.stanford.edu, ½�P�z� wuachive.wustl.edu�� ����:@N���. T� ��T�È�
¾ç>ª�< ~¡£̈ ðm¬ª�< �ÐÉ�È�1@#e¿ì> ��U�z� ���Ä� f, ðm¬ª�< +ä��¹¾ç>T� ð��4�E'#e ����:@N���. FSFq� GNU É�}¹Ü<v
È�q� ®£ ��T�È�¤�< prep.ai.mit.edu�·N���. T� ��T�È�¤�< +ä�ðmÔ}¹ ��Í�M� CI'Ö<;c +«ö¶;T� ��«»�ç¡ù�� ¬£
|¡ ���U�¹ÿ�, ½�¹ÿ���» ðm¬ª�< Q��_ ��T�È��� ���Ä�Á�}¹ ���z��M� ���m�N���.

->	'_Õ±×Ãç> ûiu�#l T�]�@ ��T�È�;c"k ��G�BÃç> ���Ãç> ¬£ ���¤�< ���ç¡ G�Bºÿ�+8�->	 �ç¡(«ª�< anonymous ftp¿ì> Î�¤�<
#¿E�·N���. ftp¿ì> Íç> ¬£ �}"���̂@, mail}¹ ftp¿ì> Íç> ¬£ ���4� AI®£¤�< ftp-by-mail "k!e�� ðm¬T� ���Ä�Á�}¹ T�#¿E
Ãç> Î��̂@ �RLN���. 4����� world-wide web (WWW)¤�< ðm¬ª�< 62T�'_ ��G�B¾ç>Ãç> b9	ö¶B�z� ->	ÖÎv�?��z� ómÔP�
¤�< 62 Î�T�z� ���Ä� f, 62T�'_¿ì> *8
¤�< ���ç¡ :�}¹*Ö< �ç¡(«�·N���.

½�P�z� T� H�B'Ö<;c 60Â6Ò �m�ª�< �̀*Ö< ½Z@|¡ ���U�¹ÿ�, #e�̀*Ö< #¿Eª�< :c«»+8�->	 50÷7B;c 60Â6Ò #¿E�·N���. �:; Íç>
¬£ ���¤�< archive ��T�È�¾ç>Ãç> ~¡£̈ ómÔ�̀®£���� T� ��T�È�;c"k 62T�'_¿ì> ������¹¤�< �ç¡(«Ãç> ómÔ�̀ ®£¤�< #¿E
ª�< [ô>���ûBכ�ÖN���. ->	'_Õ±×;c +«ö¶;ù�� ¬£ ������̂@ #l�_(Ûoª�< T� ¼â��¹�� o-�7>	 :�ói@z� ómÔ¾6Ò ��T�È� D�� +«£Ó	
�ç¡(«Ãç> T�Q� ómÔz� ���Ãç> #¿E�·N���.
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�¡ #l�_(ÛoT� ��¢z��� �¤�< #¿ET� #eO�;c ���¤�< U� ómÔ�̀®£M�|¡ �̀*Ö< G�BT� ��·N���. T�Q� T��_Â6Ò G�BÃç> %o
P�ù�� ¬£ ���¤�< :�}¹*Ö< ->	ÖÎv�?� "kR�Ã��� �kB�̀ ����:@N���. Alta Vista�� Excite, Yahoo�� ½� ;d�·N���.

¤Å�Õ±×Ãç> Íç> ¬£ ������̂@ comp.sources.unix�� comp.sources.misc §¤Ã� ½�Yk@;c +ä�M�+8�Ä�}¹ 4�S�E'
¤�<, �¹MÎ3 +ä�ÝÌvÜï ��
�T�Â�;c +«ö¶;�¤�< �ç¡(«Ãç> G��#e�¹S�M� ���m�N���. T� ½�Yk@q� ¼â�Ãç> [�> ¬£ ���¤�< £̈ 4�
q� ��T�È�¿ì> �Ð4���̂@:

– ftp://gatekeeper.dec.com/pub/usenet/comp.sources.unix/

– ftp://ftp.uu.net/usenet/comp.sources.unix/

§¤Ã� ½�Yk@ comp.archivesª�< #l�_��U� ®£<K;c 60Â6Ò ðm¬ª�< ¼â�Ãç> 4�S��z� ����:@N���. ��U����Ä�}¹ §¤Ã�
½�Yk@ comp.sources.wanted;c"k¤�< �ÐÃ�¿ì> ��¢z��� ù�� CI H�B'Ö<Ãç> 4�S�ù�� ¬£ ���¤�< �G +8��ç¡Â6Ò ð���·N���.
½��_�� �̂	$k T� §¤Ã� ½�Yk@q� FAQ ô6;ói;Ãç> G��z� #e�w�4� �ÐÃ�¿ì> ��¢Ãç> ¬£ ���¤�<U� ómÔz� ��"k ¼â�Ãç> 4�S��
M� ���m�N���.

%Ç{[ôF#l H�B'Ö< 14.12, 18.13, 18.15c|¡ ���z��S�M� ���m�N���.

Note FSFq� GNU É�}¹Ü<vÈ�q� ð����̧ ý��@iT�U�¤�< ���:?Üï ìm¥�:@N���:

http://www.gnu.org/
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System Dependencies

Q 19.1 W��¹¿�;c"k RETURN W�¿ì> §£À�U� óm¬z� ��}¹ Â6Ò ¼â���¿ì> G��Ä��̀�̂@ #e�w�4� AI�� ����¢? �¡ W�¿ì> §£¿ì>

CI Ã�Ç�)>	;c ½� 'Ö<���� ��̧Z�U� óm¬4� ��̀�̂@ #e�w�4� ��¢?

Answer T� 'Ö<<K;c 60Â6Ò �¢+Ö<, �¡¤�< T���̧)ç�T� i�#e¶ÿ� �ç¡(«ª�< �}"�:@N���. Ã�Ç�)>	(screen)Üï W��¹¿�;c MÎ3Â6Ò #¿Eª�<
��;d C �¢+Ö<;c Â6Ò��O�|¡ ��ã# ���U� óm¬�:@N���. 60,>	 µÿ�·ÿ�Â6Ò I/O ('Ö<��}¹ T�©»#e.>	) Ã�È��Ð�(stream);c
60Â6Ò #¿E¹ÿ� ��ã# ����:@N���.

InteractiveÂ6Ò W��¹¿� �·&9�ª�< 604� #l�_ �·&9�T� ~¡��$p"k É�}¹½�×�y;c Â6Ò ï̂>��̧ b9	îm�E'4� �RLN���. T�]�@
��îmª�<*Ö<*å�=i<K���·&9�ùÚH ï̂>Ãç>½Z@�·(backspace/delete�ûB)ù��¬£���¤�<G�BMÎ3ùÚH�ç¡(«Ãç> (½Z@�·M��ûBÃç>G�B
G�BZ� �Ø�?��U� óm¬�G��|¡) <Kð���M� a�AI"k �·N���. �:; ��÷7B���� RETURN W�¿ì> Wï>�w�Ãç> CI;c R�}¹�Ð,
Â6Ò ï̂>T� É�}¹½�×�y;c b9	îm��RLN���. É�}¹½�×�yT� Â6Ò 'Ö<����̧ G��#e¾ç>T�4� ��#l$p �����z� ��G��|¡ Â6Ò 'Ö<��
¿ì> G��#e¾ç>T�¤�< �ÈÕ¬£(;d¿ì> ¾ç>�̂@ getchar())�� �Ú_ô>�RJ CI, É�}¹½�×�yT� ï̂B·ÿ�E'z�, ��÷7B��4�;c Â6Ò ï̂>Ãç>
�·&9����ª�< ���:?, ~��~��q� 'Ö<���� ��¦Ø< ö¶;|¡}¹ ½� �ÈÕ¬£;c4� b9	îm��RLN���.

H�B'Ö<Â6Ò 50÷7B%o&8� Â6Ò 'Ö<���� G��)yU�¤�< �:;S�, É�}¹½�×�y;c b9	îm�E'4� ��̀�̂@. Â6Ò ï̂>��̧ b9	îm�E'4� �¤�< ½�
logicÃç> �Ò4כ�8' AI�� .���ÖNכ� #ei�@ S�Ã�ß�y (;d¿ì> ¾ç>�̂@ MS-DOS, VMSq� #ei�@ ~¡¿�);c"k¤�< É�}¹½�×�yT�
OS ¬£+Ö<q� �·&9� �ÈÕ¬£¿ì> [ô>�_"k AI�lB�M�|¡ � f, #ei�@ S�Ã�ß�y (;d¿ì> ¾ç>�̂@ Unix, VMSq� #ei�@ ~¡¿�);c
"k¤�< �·&9�Ãç> %oP��¤�< (604� “'_Q��kB ¿���T�!e”��z� «»À�¤�<) OSq� «»(Ûo;c�� ï̂> ·ÿ�a� %oP� M��ûBÃç> Ë�
��z� ómÔ�̀�� .���ÖNכ� ½�P�z� G�Bºÿ�+8�->	 �·&9� �ÈÕ¬£(;d¿ì> ¾ç>�̂@ read(), getchar(), �ûB)¿ì> -s"k Â6Ò 'Ö<��
��̧ G���:@N���. �¡ #ei�@ S�Ã�ß�y;c"k¤�< (�m;Z� �¡7�ùÚH 9�V� É�}¹:c�?�1 S�Ã�ß�y) �·&9� %oP��� ®£_�@ �ç¡V�;c
q�AI %oP�E' f, ï̂> ·ÿ�a� �·&9�¹ÿ� %oP�ù�� ¬£ ���#e, ��¦Ø< �ç¡��̧Ãç> Íç> ¬£ �}"¤�< #Ü�£|¡ ����:@N���.

½��_Á�}¹, 'Ö<�� ·ÿ�a�}¹ %oP��z� F������ (W��¹¿� ;c�Ø M��ûBÃç> Ë�z� F�����̂@), #l�_(ÛoT� Î�z� ���¤�< S�
Ã�ß�y;c q�+í<+8�->	 �m;¬£Â6Ò �ç¡(«Ãç> -s�� .���ÖNכ� comp.lang.c¤�< C a�@#e�� +ä�q��z� ���¤�< M��ûB;c 60Â6Ò
#¿EÃç> ��©»¤�< ð��T�Á�}¹ T� H�B'Ö<Ãç> ��©»M�;c¤�< +8��ç¡�U� óm¬�:@N���. S�Ã�ß�y;c q�+í<+8�->	 ��¦Ø< §¤Ã� ½�
Yk@, ;d¿ì> ¾ç>�̂@ comp.unix.questions�� comp.os.msdos.programmer;c Zï>#e�¹¤�< #¿ET� �¾×�:@N���. �¡
¤�< ½��_Â6Ò ½�Yk@q� FAQ ô6;ói;Ãç> �¹¤�< #¿E|¡ �̂�ª�< �ç¡(«�·N���. �¡ T�]�@ �ç¡(«ª�< S�Ã�ß�yq� #l�_ ø¶B©¼����
~��~�� 	�T��� ���Ãç> ¬£ ���Ä�Á�}¹, ���Ãç>)ç�Ãç> ��U�z� M����̀�� ù�� U�|¡ ~¡�m@N���.

½��_�� T��_Â6Ò H�B'Ö<ª�< ��®£ T� ð��;c 4�S�E'Á�}¹, G�Bºÿ�+8�->	 #Ü�£;c %oP�ù�� ¬£ ���¤�< �ç¡(«Ãç> µÿ�·ÿ�Z� �Ð
.���ÖNכ��4

#ei�@ !eb9	q� curses;c"k¤�< cbreak(), noecho(), getch()ã# ìm¥ª�<, H�B'Ö<q� ô6;+8�;c ��¢¤�< �ÈÕ¬£¿ì> <Kðכ���Ö
N���. µÿ�·ÿ�Z�, þmכª�< ����Ú¿ì> �·&9�ù�� ¬£ ���¤�< ©»1>	T� L·x�¢����̂@ getpass()¿ì> Î��̂@ �RLN���.

UNIX;c"k¤�< ioctl()�ÈÕ¬£¿ì>-s"k'_Q��kB¿���T�!e~¡¿�¿ì><K#eù��¬£����:@N���. (“classic”!eb9	;c"k¤�<
CBREAK�� RAW¿ì>Î�z�, System V�� POSIXS�Ã�ß�y;c"k¤�< ICANON, c_cc[VMIN],½�P�z� c_cc[VTIME]Ãç>
Î�z�,60«»(ÛoS�Ã�ß�y;c"k¤�< ECHO¿ì>Íç>¬£����:@N���.�¡ system()Üï stty'å�&å�|¡Íç>¬£����:@N���. (ø¶?�G

1batch-oriented mainframe
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��:cÂ6Ò ��B'å�Ãç> 4wHÂ6Ò���̂@, “classic” !eb9	;c"k¤�< <sgtty.h>ã# tty(4)¿ì>, System V;c"k¤�< <termio.h>ã#
termio(4)¿ì>, POSIX S�Ã�ß�y;c"k¤�< <termios.h>ã# termios(4)¿ì> ��¢���¹S�M� ���m�N���.)

MS-DOS;c"k¤�< getch()�� getche()¿ì> Î�����, BIOS ->	'_&«È�;c AI�ç¡�¤�< �ÈÕ¬£¿ì> Î��̂@ �RLN���.

VMS;c"k¤�<Ã�Ç�)>	MÎ3P�(Screen Management)©»1>	(SMG$)T��� curses,�¡¤�<$k¬£+Ö< $QIO¿ì> IO$ READVBLK
�ÈÕ¬£(�¡¤�< IO$M NOECHO)¿ì> Î��̂@ �RLN���. (VMS '_Q��kB ¿���T�!e;c"k¤�< Â6Ò _�@;c Â6Ò ¼â�����̧2

G����

�� “pass through” ~¡¿�¿ì> Íç> ¬£ ����:@N���.)

��¦Ø< *Ö<*å�=i<K;c"k �¤�< �ç¡(«ª�< ��̧+« ��¢���¹S�M� ���m�N���.

(%Ç{[ôFT��̂@, ·ÿ�)Ö<Z� setbuf()�� setvbuf()¿ì> -s"k stdinT� !e(_�?�E'U� óm¬4� �¤�< #¿Eª�< Â6Ò _�@;c Â6Ò ¼â�
����̧ ����� ¾ç>T�¤�< #¿EÜï �~x �ç¡MÎ3T� �}"�:@N���.)

T���̧)ç�T� i�#e¶ÿ� É�}¹½�×�yÃç> ¹ÿ�¾ç>z��� ù�� CI ���ç¡ �̂�ª�< �ç¡(«ª�< T��_Â6Ò �ÈÕ¬£¾ç>Ãç> +ä�q��z� (1) '_Q�
�kB ¿���T�!e�� �·&9� S�Ã�ß�yÃç> “Â6Ò _�@;c Â6Ò ¼â�����̧” G��|¡ói; ��B+ä��z�, (2) 'Ö<��¿ì> �·&9����z�, (3) É�}¹
½�×�yÃç> Ê��Õëº CI 4wH7�q� '_Q��kB ~¡¿�}¹ õi;4wHS�W�¤�< #¿E�·N���. (T�&è<�ç¡, T�]�@ ø¶B©¼q� �ÈÕ¬£¾ç>ª�< a�@ø# ��
C �¢+Ö<;c �Ô�ÈÕ�RJ #¿E�·N���.) T� FAQ ô6;ói;q� %u��ç¡Á6Ò(H�B'Ö< 20.40 ���z�);c"k¤�< #l�_ S�Ã�ß�y;c"k T��_Â6Ò
�ÈÕ¬£¿ì> ¹ÿ�¿�¤�< («;c 60Â6Ò ;d<K�� ��ã# ����:@N���.

%Ç{[ôF#l H�B'Ö< 19.2|¡ ���z��S�M� ���m�N���.

Note ioctl()Ãç>Î�¤�<���ç¡®£ùÚHT�¤¤�< Terminal I/O¿ì><K#e�M�a�Â6Ò#¿ET� f, [Lewine];cq���̂@ POSIX.1;c
"k Terminal I/O ->	'_@iT�Ã�¿ì> :�}¹ ¹ÿ�¥�< T�¤¿ì> ���:?Üï ìm¥T� ��B'å��z� ����:@N���:

– ioctl() �ÈÕ¬£¤�< £̈_�@Fg ->	��;c ���� :c_�@Fg ->	��q� ���·, Ç�M��� îm���H�B ¬£ ���Ä�Á�}¹, +ä�%u�Z�
��B'å�(specify)�M� #e&°�:@N���.

– ioctl()q� +ä�%u�Â6Ò semantics¤�< *Ö<*å�=i<K���� ~��~�� ���m@N���.

– #l?� ��*ã< implementation ï̂B, V��<K Z9�#Ü�(international environment);c ��¢¤�< #¿ET� �}"�:@N���.

�:;, ioctl()ª�< -!H�ç¡E'U� óm¬¤�< �ÈÕ¬£�·N���. ��:cÂ6Ò #¿Eª�< [Lewine] ¿ì> ���z��M� ���m�N���.

References [PCS] § 10 pp. 128–9, § 10.1 pp. 130–1; [POSIX] § 7.; [Lewine] Chap. 8 pp. 145.

Q 19.2 'Ö<��¿ì> G��#e¾ç>T�M� b9	;c �}B���� ðm¬ª�< 'Ö<���� 60M��z� ���¤�<U� ómÔ��ím� �ç¡(«T� ������¢? �¡ 60M��z�

���¤�< 'Ö<���� �}"Ãç> #Ü�£, ��}¹ �ÈÕ¬£�� ø¶B�º�4� ¹ÿ�¾ç> ¬£ �}"Ãç>���¢?

Answer T� H�B'Ö<|¡, ��¾6Ò��U�}¹TÖhb9	Z� *Ö<*å�=i<Kq�q�+í<+8�->	«»(Ûo�·N���. #ei�@ !eb9	q� curses¤�< nodelay() �ÈÕ
¬£¿ì>Íç>¬£���4�AI 8̂@N���.S�Ã�ß�y;c������À�U�¹ÿ� “nonblocking I/O”¿ì>Íç>¬£���¤�<S�Ã�ß�yT�����:@N�
��. �¡¤�< “select”�� “poll”T���¤�< S�Ã�ß�y �̀�}¹ T� ���*«Ãç> 60,>	ù�� ¬£ ����:@N���. �¡ FIONREAD ioctl,
c_cc[VTIME], kbhit(), rdchk(), open()T��� fcntl();c"k O_NDELAY ÷6 ̀@T� T��_Â6Ò ���*«Ãç> AI ï̂>
¬£ ����:@N���. %Ç{[ôF#l H�B'Ö< 19.1|¡ ���z��S�M� ���m�N���.

Q 19.3 Â6Ò��P�;c�~�(_ö=wÈ���.>	á�¥E'�}�¤�<U�4�ö¶;�¢S�ù��¬£���¤�<�ç¡(«T��� “twirling baton3”Ãç>�¢S�ù��¬£���

¤�< �ç¡(«Ãç> ómÔ�̀®£:c�¢.

Answer ���ç¡ µÿ�·ÿ��z�, T���̧)ç�T� i�#e¶ÿ� �ç¡(«ª�< Â6Ò ï̂>Ãç> _ô>&9�Â6Ò ���:?, >�P�U� P�e�@(carriage return) 'Ö<��->	
‘\r’Ãç> _ô>&9��¤�< #¿E�·N���. T� 'Ö<��¿ì> ��->	 Y�¿�(line feed) 'Ö<�� �}"T� 0üo�� Î��̂@ g̀@<� ï̂>Ãç> ��S� �q�#e
Íç> ¬£ ����:@N���. �¡¤�< Ù�vÃ�@iT�Ã�(backspace) 'Ö<��->	 ‘\b’Ãç> Î��̂@ &�"k¿ì> Â6Ò ¿6Ò þÚH�¶;Ä�}¹ ]�O�� Â6Ò ¼â�
��¿ì> �q�#e Íç> ¬£ ���4� �RLN���.

2character-at-a-time
3���\O� ���'�� ³ðr�l� — -, /, |, \\�¦ °ú �Ér 0Au�\� ���°ú��� �� 9 Ø�¦§4�.
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References [ISO] § 5.2.2.

Q 19.4 és�̂@Ãç> U�£¤�< �ç¡(«ª�<? Ú�vúmÔÃç> �·)y ß�vÃ�È�¿ì> _ô>&9��¤�< �ç¡(«ª�<? &�"k¿ì> U�+ä�Â6Ò x, y a�V�}¹ ]�O@�B ¬£

���¤�< �ç¡(«ª�<?

Answer T��_Â6Ò �ç¡(«ª�< #l�_(ÛoT� Î�z� ���¤�< '_Q��kB(�¡¤�< O�Ã�Èì>7�T�)q� ø¶B©¼;c ���� ���m@N���. 604�¤�< term-
cap, terminfo, cursesã# ìm¥ª�< ��T�Â��_P�¿ì> -s"k T�]�@ ���*«Ãç> %oPכ��ÖN���. MS-DOS S�Ã�ß�y;c"k¤�<
clrscr(), gotoxy()¿ì> ��¢���¹M� ���m�N���.

és�̂@Ãç> U�£¤�< �ç¡(« ï̂B ���ç¡ T���̧)ç�T� W�Gª�< �ç¡(«ª�< üir Y�¿�(form-feed) 'Ö<�� (‘\f’)¿ì> _ô>&9��¤�< #¿E�·N�
��. T� 'Ö<��¿ì> _ô>&9���̂@ 60��¬£ és�̂@T� U���U�4� �RLN���. (�Ð��» U�$k(Ûo�U�¹ÿ�) �G T���̧)ç�T� W�Gª�< �ç¡
(«ª�< _�u(ÛoZ� ðm¬ª�< newline 'Ö<��¿ì> _ô>&9�AI"k Â6Ò és�̂@ (Ûoq� #l�_ ï̂>¾ç>Ãç> $Ê��� !eP�¤�< #¿E�·N���. ��U����
¬£·ÿ�Ä�}¹, system()Ãç> -s"k (H�B'Ö< 19.27 ���z�) és�̂@Ãç> U�£¤�< 'å�&å�Ãç> F�Bá�¥ù�� ¬£|¡ ����:@N���.

References [PCS] § 5.1.4 pp. 54–60, § 5.1.5 pp. 60–62.

Q 19.5 ésòmÔ�¢ W�¿ì> G��Ä��̀�̂@ #e�w�4� AI�� ����¢?

Answer Terminfo, �¡ �~��~� termcap, ½�P�z� �~��~� curses¤�< ASCII�� ��'>	 W�¾ç>Ãç> �·&9����Ãç> ¬£ ����:@N���. G�Bºÿ�+8�
Ä�}¹ T��_Â6Ò W�¾ç>ª�< #l�_ 4�q� 'Ö<�� �·&9�Ä�}¹ (604� ,Ò{_�@Fg 'Ö<��¤�< ESC, ‘\033’) %oP�E' f, T� �·&9�Ãç>
(Ûo)o�AI 50¤�< #¿Eª�< �ç¡�ç¡Z� ����ói@�:@N���. (keypad()¿ì> «»¿ì> #Ü�£ curses�� T� ���*«Ãç> 60,>	 %oP�AI 8̂@
N���.)

MS-DOS;c"k¤�< ¹ÿ���� 'Ö<�� ìḿT� 0->	 #¿E('Ö<�� ‘0’T� ���»!)T� ¾ç>#e*ã<��¤�< #¿Eª�<, ���:? 'Ö<���� �m;�~xÂ6Ò W�
�·&9� ìḿT���¤�< #¿EÃç> ����50¤�< ,>	�Ú�·N���. T� #¿EÃç> Ã�ú�w �Ø¿�(scan code)��z� �¤�<62, #lM�;c MÎ3Â6Ò #¿E
ª�< #l�_ DOS programming guide¿ì> ��¢���¹S��̂@ �RLN���. (�~� 4�¹ÿ� ðmÔAI�¹�̂@; up, left, right, down ésòmÔ
�¢ W�¤�< ~��~�� 72, 75, 77, 80T� f, function key¾ç>ª�< 59;c"k 68 ��T�q� ìḿÃç> ���·N���.)

References [PCS] § 5.1.4 pp. 56–7.

Q 19.6 ��£Ã� �·&9�ª�< #e�w�4� %oP�����¢?

Answer S�Ã�ß�y 'Ö<"k¾ç>Ãç> G��#e�¹���� +8��ç¡Â6Ò §¤Ã� ½�Yk@;c Zï>#e�¹S�M� ���m�N���. (§¤Ã� ½�Yk@;c Zï>#e[�> CI;c¤�<
�̂	$k FAQ ô6;ói;Ãç> (è< ���:?;c) ��£Ã� %oP�¤�< X 4zH|¡£ S�Ã�ß�y, MS-DOS, 8�0>	�ÔS� �ûB�ûBq� S�Ã�ß�y;c
���� 8�£ ���m@N���.

References [PCS] § 5.5 pp. 78–80.

Q 19.7 S�P��}B(“comm”) �ÔÈ� �·/_ô>&9�ª�< #e�w�4� %oP���¢?

Answer ��¾6Ò��U�}¹S�Ã�ß�y;cq�+í<+8�->	'Ö<<K�·N���. UNIX;c"k¤�< /dev;c���¤�<+8��ç¡Â6Ò�ç¡V���G�BÃç> open, read,
write �ÈÕ¬£¿ì>, '_Q��kB ¿���T�!e�� <Kð���¤�< #l�_ M��ûB¾ç>Üï �ÈÕBm Î��̂@ �RLN���. MS-DOS;c"k¤�< Q�P�
+ä�q�ùÚH Ã�È��Ð�->	 stdaux¿ì> Î����� “COM1”Üï ìm¥ª�< T��mrÄ�}¹ ��G�BÃç> �~x���� $k¬£+Ö< BIOS ->	'_&«È�¾ç>
Ãç> Î��̂@ �RLN���. ðm¬ª�< 52'_4¾ç>T� Joe Campbell�̂q� C Programmer’s Guide to Serial CommunicationsÃç>
@ÒcSכ�z� ����:@N���.

4netter, ¾»Û¼ ÕªÒ�̈�̀¦ ��6 x���H ��|ÃÐ. ‘W1w��Ér(netizen)’ &ñ
�̧�Ð K�$3����� |̈em���.
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Q 19.8 _ô>&9�Ãç> É�)>	'_}¹ �¹50¤�< �ç¡(«Ãç> ómÔ�̀®£:c�¢.

Answer Unix;c"k¤�< popen() (H�B'Ö< 19.30 ���z�) �ÈÕ¬£¿ì> -s"k ‘lp’�� ‘lpr’ É�}¹½�×�yÃç> F�Bá�¥�����, ‘/dev/lp’ã#
ìm¥ª�< �m;¬£ ��G�BÃç> �~x#e"k ���*«.���ÖNכ� MS-DOS;c"k¤�< (R��¢+Ö<) Q�P� +ä�q�ùÚH Ã�È��Ð�->	 stdprnÃç> Î�
���� “PRN”T��� “LPT1”Ä�}¹ ��G�BÃç> �~x#e"k ���*«��̂@ �RLN���.

References [PCS] § 5.3 pp. 72–74.

Q 19.9 Escape sequence¿ì> '_Q��kBT��� R��:AÂ6Ò �ç¡V�;c �¹50¤�< �ç¡(«ª�<?

Answer 'Ö<��¿ì> �ç¡V�;c �¹50¤�< �ç¡(«Ãç> ómÔz� ������̂@ (I·xH�B'Ö< 19.8) ���z�, Escape sequence¿ì> �¹50¤�< �ç¡(«ª�< 8�
£ �EL�:@N���. ASCII}¹ ESC¤�< 033, (10 .>	¬£}¹ 27), T�Á�}¹:

fprintf(ofd, "\033[J");

Ãç> Î��̂@ escape sequence, ESC [ J¿ì> �¹Õëº ¬£ ����:@N���.

Q 19.10 ½�7��Ð�Ãç> %oP��¤�< �ç¡(«ª�<?

Answer Û ×ím�, Unix¤�<, plot(3)ã# plot(5);c"k ��B'å��¤�<, �ç¡V� ò6;�·+8�->	 plot �ÈÕ¬£¿ì> <Kð��á�~�:@N���. GNU libplot
@IW�U�¤�< ìm¥ª�< ô6;+8�Ä�}¹ ø¶? �G ��ª�< M��ûBÃç> <Kðכ���ÖN���. ���:? URLÃç> ���z��M� ���m�N���:

http://www.gnu.org/software/plotutils/plotutils.html

MS-DOS;c"k ���*«Â6Ò���̂@ VESA�� BGI �¢+Ö<;c ��À�¤�< ��T�Â��_P�¿ì> Î�M�¿ì> 4wHù�� #¿E�·N���.

Èì>}¹'_;c ½�P�¤�< ���*«ª�< 604� �m;+ä� escape sequence}¹ T�©»#e�·N���; Èì>}¹'_ <K�Ð��¤�< 604� C a�@#e}¹
ùÚH ��T�Â��_P� @IW�U�¿ì> <Kð���Á�}¹, T� #¿EÃç> Î�\�	U� netÃç> \�$p�¹M� ���m�N���.

4zH|¡£ S�Ã�ß�y(8�0>	�ÔS��� X Window System, �¡¤�< Microsoft Windows)Ãç> Î�z� ������̂@, 4zH|¡£ M��ûB
Ãç> Î�z� F��#eù��U�|¡ ~¡�m@N���; T� #Ü�£ MÎ3]�@ùÚH §¤Ã� ½�Yk@T��� FAQ ô6;ói;Ãç> �̂	$k ���z��M� ���m�N���.

References [PCS] § 5.4 pp. 75–77.

Q 19.11 $k¤�<��÷7B��;c4��·&9���G�BT��}"��¤�<#Ü�z�¿ì>_ô>&9��z�F���:@N���.��G�BT�+í<<��¤�<U�#e�w�4���̂@#��

��ù�� ¬£ ���Ãç>���¢?

Answer T�]�@ µÿ�·ÿ�Â6Ò 'Ö<<K|¡ �¢+Ö<;c ��¢4�, �¡¤�< �ÚZ9�)ç�T� W�G4� %oP�ù�� �ç¡(«T� �}"��¤�< #¿Eª�< ���Ä�}¹ ¼ÿ�����]ï>
3Ûo�·N���. #�����¤�< #ei�@ �ç¡(«Ãç> �����z� ��G��|¡ ?KÃ�È� Â6Ò ³Ö, ��G�BÃç> �~xM� b9	;c (��¦Ø< É�}¹:cÃ�;c
q�AI) ½� ��G�BT� :�}¹ ¹ÿ�¾ç>#eU����� U���H�B ¬£ ���M� CI'Ö<�·N���.

T�]�@ô6;+8�Ä�}¹Íç>¬£���¤�<�ÈÕ¬£¤�< stat(), access(), fopen()T�����:@N���. (fopen()Ãç> �́<���̂@��G�BÃç>
G��M� ~¡¿�}¹ �~xz� ��}¹ ���Ä��̂@ �RLN���. fopen()T� F�B@IÂ6Ò��z� AI"k ª£�ÐZÌ	 ��G�BT� +í<<��U� óm¬¤�<��
¤�< #¿Eª�< ��·N���.) Zï>&è< T� �ÈÕ¬£¾ç> ï̂B;c"k¤�< fopen()T� ���ç¡ T���̧)ç�T� i�#e�m�N���. UNIXq� set-UID
M��ûBT� ������̂@ access() �ÈÕ¬£¤�< ®£q�@��4� -s�� .���ÖNכ�

·ÿ�)Ö<Z� ��G�BT� )ç�ð��+8�Ä�}¹ �~x�~���z� ��+ä��¤�< #¿E�¹�� ��Ø�ç¡ P�e�@ ìḿÃç> #����AI"k F�B@Iá�~¤�<U� �Ð���

¤�< #¿ET� .���ÖNכ�̧�������

References [PCS] § 12 pp. 189, 213; [POSIX] § 5.3.1, § 5.6.2, § 5.6.3.
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Q 19.12 ��G�BÃç> G��M� b9	;c ½� ��G�Bq� Ç�M�¿ì> ómÔ ¬£ ���Ãç>���¢?

Answer C a�@#e;c"k “��G�Bq� Ç�M�”6̧Ò ��G�B;c"k G��Ãç> ¬£ ���¤�< 'Ö<��q� Ôg ¬£¿ì> ðmÔכ�ÖN���. +ä�%u�Z� ½� Ç�M�¿ì> ��
¤�< #¿Eª�< 8�£ #e&°���� [ô>���ûBכ�ÖN���.

UNIX;c"k¤�< stat() �ÈÕ¬£�� +ä�%u�Â6Ò ìḿÃç> ómÔ�̀ ï̂> ¬£ ����:@N���. 60«»(Ûoq� ��¦Ø< S�Ã�ß�y;c"k¤�< UNIXã#
R��:AÂ6Ò stat() �ÈÕ¬£¿ì> <Kð���z�, R��:AÂ6Ò ìḿ(+ä�%u��U� óm¬Ãç> ¬£|¡ ����:?)Ãç> ómÔ�̀8̂@N���. fseek()¿ì> -s
"k ��G�B a�V�¿ì> ô�w \�}¹ ]�O&>	 ���:?, ftell()Ãç> -s"k ìḿÃç> *8
#e50���� fstat()Ãç> Íç> ¬£|¡ ���U�¹ÿ� T�
£̈��U� �ç¡(«ª�< ìm¥ª�< ·ÿ�+8�Ãç> ���·N���. G�B·ÿ� fstat()ª�< T���̧)ç�T� i�#e��U� óm¬Ä� f, stat()Üï ìm¥ª�< +ä�
�¹¿ì> ómÔ�̀8̂@N���. ftell()ª�< ��T��.P� ��G�BT� ��A�B #Ü�£ (�:; ß�vÃ�È� ��G�B), +ä�%u�Â6Ò ��T�È� Ôg ¬£¿ì> ómÔ
�̀+Ö<��¤�< �¹�ç¡T� �}"�:@N���. #ei�@ S�Ã�ß�yª�< filesize()�� filelength()ã# ìm¥ª�< �ÈÕ¬£¿ì> <Kð���U�¹ÿ�,
*9�S� T���̧)ç�T� i�#e��U� óm¬�:@N���.

��G�BÃç> G��M� b9	;c ½� ��G�Bq� Ç�M�¿ì> ��¤�< #¿ET� þÙ� L·x�¢Â6Ò U� �̂	$k Ú�|~��AI �¹M� ���m�N���. ý$����̂@ C
a�@#e;c"k ��G�B Ç�M�¿ì> ómÔ��50¤�< ���ç¡ +ä�%u�Â6Ò �ç¡(«ª�< ��G�BÃç> �~x#e"k G��#e�¹¤�< #¿ET�M� CI'Ö<�·N���. ��
G�BÃç> G��#e�� f ��G�B Ç�M�¿ì> 4�»ÿ��¤�< #¿E|¡ Â6Ò��U� AI�lBÝÌvT� �RJ ¬£ ����:@N���.

References [ISO] § 7.9.9.4; [H&S] § 15.5.1; [PCS] § 12 p. 213; [POSIX] § 5.6.2.

Q 19.12b ��G�B _�@#Ü� ím���ã# S�µÿ�Ãç> ómÔ��50�̀�̂@ #e�w�4� ����¢?

Answer Unixã# POSIX �ÈÕ¬£->	 stat()Ãç> Î��̂@ �RLN���. 60«»(Ûoq� ��¦Ø< S�Ã�ß�y;c"k|¡ T� �ÈÕ¬£¿ì> U�4wHכ�ÖN���.
(%Ç{[ôF#l H�B'Ö< 19.12|¡ ���z��S�M� ���m�N���.)

Note TODO: stat()T� �¢+Ö<->	U� ��'>	U� �Ð��!

Q 19.13 ��G�BÃç> TÖhb9	Z� U�£���� :�}¹ ¹ÿ�¾ç>U� óm¬z� ��G�B Ç�M�¿ì> ï̂>T�¤�< �ç¡(«T� �}"Ãç>���¢?

Answer BSD S�Ã�ß�yª�< ftruncate() �ÈÕ¬£¿ì> <Kð���z�, �~��~� ��¦Ø< S�Ã�ß�y;c"k¤�< chsize() �ÈÕ¬£¿ì>, �¡ #ei�@ S�
Ã�ß�y;c"k¤�< fcntl() �ÈÕ¬£;c (604� 'Ö<"késE'U� óm¬ª�<) F_FREESP ÷6 ̀@Ãç> -s"k ��G�B Ç�M�¿ì> ï̂>G�B ¬£ ���
�:@N���. MS-DOS;c"k¤�< ����» write(fd, "", 0)Ãç> -s"k AI�lBù�� ¬£ ���U�¹ÿ� T�¾ç>ª�< ~¡£̈ T���̧)ç�T� i�
#e��U� óm¬�:@N���. ��¾6Ò��U�}¹ ��G�Bq� óm¦ «»(ÛoÃç> ômÔ��50¤�< #¿E|¡ T���̧)ç�T� i�#e¶ÿ� �ç¡(«ª�< +í<<��U� óm¬
�:@N���. %Ç{[ôF#l H�B'Ö< 19.14|¡ ���z��S�M� ���m�N���.

Q 19.14 ��G�Bq� ï̂Bµÿ� �:?;c Â6Ò ï̂>(�¡¤�< 7��Ø¿�)Ãç> ��Òכ����� U�]ï> ¬£ ���Ãç>���¢?

Answer ��G�BÃç> ��S� ¹ÿ�¾ç>U� óm¬¤�< Â6Ò, ��q� [ô>���ûB���z� á=�� .���ÖNכ� (Â6Ò 7��Ø¿�¿ì> U�£¤�< #Ü�£;c¤�< µÿ�·ÿ�Z�
U���V��z� �¢S�(marking)�¤�< #¿ET� µÿ�·ÿ�Â6Ò AI�lBÝÌvT� �RJ ¬£ ����:@N���.) �¡, ·ÿ�)Ö<Â6Ò G�Bºÿ� ��G�BT� ��'>	 62
T�'_9KT�Ã�¿ì> Î�¤�< #¿E|¡ Â6Ò��U� AI�lBÝÌvT� �RJ ¬£ ����:@N���. %Ç{[ôF#l H�B'Ö< 12.30, 19.13|¡ ���z��S�M� ��
�m�N���.

Q 19.15 ®£#e.>	 Ã�È��Ð�(FILE *)T���, ��G�B O�Ã�Ç��·'_(descriptor)¿ì> -s"k ��G�B T��mrÃç> ��S� *8
#eÕëº ¬£ ���¤�< �ç¡

(«T� ���Ãç>���¢?

Answer T� 'Ö<<K¤�< G�Bºÿ�+8�Ä�}¹ AI�lBù�� ¬£ �}"�:@N���. ;d¿ì> ¾ç>#e, Unix;c"k¤�< (#ei�@ �m;�~xÂ6Ò -!HÂ6ÒÄ�}¹) O�Ã�Ç�
b9	=i¿ì> ��S� G��¤�< �ç¡(«T� T�&è<�ç¡ L·x�¢�z�, ®£#e.>	 O�Ã�Ç��·'_�� ��T�É�(pipe)�� U���.>	 ��G�BÃç> ��
P�W�z� ������̂@ ómÔ ¬£ �}"Ä� f, �¡ ��G�BT� #l�_ 4�q� �?�Ç�¿ì> ��U�z� ���Ãç> #Ü�£;c¤�< Çì>)>	 T��mrÃç> ómÔ�̀
ï̂> ¬£|¡ ����:@N���. ����"k ��G�BÃç> �~x CI, ��G�B T��mrÃç> ��}¹ $k�ç¡�¤�< �ûBq� �ç¡(«(;d¿ì> ¾ç>#e, fopen()q�
wrapper �ÈÕ¬£¿ì> ¹ÿ�¾ç>#e)Ãç> Î��̂@ �̂��:@N���.
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Q 19.16 ��G�Bª�< #e�w�4� U�£���¢?

Answer �¢+Ö< C ��T�Â��_P� �ÈÕ¬£->	 remove()¿ì> Î��̂@ �RLN���. (T� H�B'Ö<ª�< ���� T� ·ÿ�4wH;c"k “S�Ã�ß�y q�+í<+8�->	
�ç¡(«Ãç> Î�U� óm¬z�” �m�ù�� ¬£ ���¤�< �~�E'U� óm¬ª�< H�B'Ö<�·N���.) �¡7�ùÚH, ANSI Unix T�b9	q� S�Ã�ß�y;c"k¤�<
remove()¿ì> <Kð���U� óm¬Ãç> ¬£|¡ ����:@N���. T� #Ü�£, unlink()¿ì> Î�M� ���m�N���.

Note unlink()¤�< �¢+Ö< �ÈÕ¬£�� ��·N���.

References [K&R2] § B1.1 p. 242; [ISO] § 7.9.4.1; [H&S] § 15.15 p. 382; [PCS] § 12 pp. 208, 220–221; [POSIX] §
5.5.1, § 8.2.4.

Q 19.16b ��G�BÃç> õi;���¤�< �ç¡(«ª�<?

Answer system()Ãç> -s"k *Ö<*å� =i<K;c"k <Kð���¤�< ��G�B õi;�� 'å�&å�Ãç> Î����� (H�B'Ö< 19.27 ���z�), 4wH(è<Üï ��(è<
��G�BÃç> (fopen()T��� $k¬£+Ö< ��G�B open S�Ã�ß�y �̀�Ãç> -s"k) �~x#e 'Ö<�� ·ÿ�a� �¡¤�< Áì>&8� ·ÿ�a�}¹ 62T�'_
¿ì> õi;���¤�< �ç¡(«Ãç> Î��̂@ �RLN���.

References K&R § 1, § 7.

Q 19.17 ý$ �}B60 #Ü�}¹¿ì> -s"k ��G�BÃç> �~x ¬£ �}"���¢? ��7�ã# ìm¥T� �Ú_ô>��̂@ ��Ø�ç¡ F�B@Iכ�ÖN���:

fopen("c:\newdir\file.dat", "r")

Answer F�B<K �¢,ê�Â6Ò ��G�B T��mrª�< — 'Ö<�� \nÜï \f�� Î��~�Ä�Á�}¹ — ���� +í<<��U� óm¬Ãç> #¿E�·N���. ����"k Ú�|
~��Â6Ò #¿E%o&8� ��G�BT� �~xP�U� óm¬�:@N���.

'Ö<�� �ç¡¬£�� 'Ö<���~x;c"k Ù�vÂç>7�S�, \¤�< T�Ã�>�T�É� 'Ö<��}¹ AI)o�E'#e, \���À�¤�< 'Ö<��;c4� �m;�~xÂ6Ò q�
Q�¿ì> ®£¤�< 62;c Î�->	��¤�< #¿EÃç> M�*8��M� ���m�N���. Ù�vÂç>7�S��� ��G�B T��mr5;c Î�T�M� a�AI"k¤�< Ù�vÂç>

7�S�¿ì> £̈_�@ -s"k ���:?Üï ìm¥T� ¹ÿ�¾ç>#e�� :���ÖNכ�

fopen("c:\\newdir\\file.dat", "r")

MS-DOS;c"k¤�< ��¦Ø< �ç¡(«Ãç> Íç> ¬£ ����:@N���. Ù�vÂç>7�S� 60,>	;c Âç>7�S�¿ì> -s|¡ O�×�v�ÔP�¿ì> ¦�(Ûo�¤�<
'Ö<��}¹ ->	��̧E'M� CI'Ö<;c ���:?Üï ìm¥T� ��̂@ �RLN���:

fopen("c:/newdir/file.dat", "r")

(½��_��, b9	%oP�M� directive->	 #include;c"k Î�¤�< ��G�B T��mrª�< 'Ö<���~xT� ��N���¤�< #¿EÃç> 'å���»AI�� Öכ�
N���. ����"k ��M�;c¤�< Ù�vÂç>7�S�¿ì> ½��è¡ Â6Ò_�@¹ÿ� -s|¡ �RLN���.)

Note Ai�G ��G�BÃç> �Ô�ÈÕù�� CI, �}B60 #Ü�}¹¿ì> Î�¤�< #¿Eª�< �̂�U� óm¬ª�< �:@MÎ3�·N���. ý$����̂@, ��ï̂B;c Ai�G ��G�Bq�
$k�ç¡ a�V��� ��põJ #Ü�£, �ÐÃ� ��G�B b9	=i¿ì> cþ�#e�� f z�I·x L·x�¢�� Ú�|@�B U� ~¡À�M� CI'Ö<�·N���.

���ûBÂ6Ò �ç¡60 #Ü�}¹¿ì> Î�M� ���� f, �ç¡60 #Ü�}¹�� õi;�m�AIH�B #Ü�£���̂@, 60«»(Ûoq� -����G�B�_¤�< Ai�G ��G�B
T� a�V�Â6Ò #Ü�}¹¿ì> U�+ä�AI ï̂> ¬£ ���¤�< ÷6 ̀@Ãç> <Kð���Á�}¹, ½� M��ûBÃç> Î�S�M� ���m�N��� (604� -����G�B�_
¤�< -I ÷6 ̀@Ãç> T� ô6;+8�Ä�}¹ �:@N���.)

5"é¶ë�H�Ér pathnames�t�ëß� ¼#�_��©� ��{9� s�2£§Ü¼�Ð ���%i�Ùþ¡6£§
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Q 19.18 “Too many open files”��¤�< ;c�_¿ì> ��v�:@N���. #e�w�4� ��̂@ ò6BS�;c �~x ¬£ ���¤�< ��G�Bq� Ôg ¬£¿ì> ½ç>C·x ¬£

���Ãç>���¢?

£̈ ��U� T�¤;c"k ò6BS�;c �~x ¬£ ���¤�< ��G�B Ôg ¬£;c <KÂ6ÒT� ����:@N���: ���¤�< *Ö<*å� =i<K;c"k Íç> ¬£ ���
¤�< $k¬£+Ö< “��G�B descriptor”�� “��G�B ý³ ¾ç>”q� Ôg ¬£;c <KÂ6ÒT� �������, �¢+Ö< �·_ô>&9�(stdio) ��T�Â��_P�
;c"k Íç> ¬£ ���¤�< FILE ¦��Ð=iq� Ôg ¬£;c <KÂ6ÒT� ���M� CI'Ö<�·N���. T� £̈ ¬£V��� ~¡£̈ _�u(ÛoAI�� ��G�BÃç>
�~x ¬£ ����:@N���. MS-DOS S�Ã�ß�y;c"k¤�< CONFIG.SYS ��G�BÃç> ¬£+ä�AI"k *Ö<*å�=i<K�� ��Yô> ¬£ ���¤�< ��G�B
q� Ôg ¬£¿ì> z�I·x ¬£ ����:@�O�a. #ei�@ -����G�B�_¤�< #ei�@ 'å�&å�Ãç> (�¡¤�< �~��~�q� �ÐÃ� ��G�BÃç>) -s"k stdio
FILE ¦��Ð=iq� Ôg ¬£¿ì> ½ç>C·x ¬£ ����:@N���.

Q 19.20 C É�}¹½�×�y;c"k O�×�v�ÔP�¿ì> G��Ãç> ¬£ ����:@N���?

Answer POSIX �¢+Ö< �ÈÕ¬£T�z�, 60«»(Ûo Unix S�Ã�ß�y;c"k <Kð���¤�< opendir()Üï readdir()Ãç> Íç> ¬£ ���¤�< U�
�Ð��AI �¹M� ���m�N���. �¡ MS-DOS�� VMS, M��� S�Ã�ß�y;c"k|¡ T�¾ç> �ÈÕ¬£¿ì> <Kð���¤�< #Ü�£�� ðm¬�:@
N���. (MS-DOS;c¤�< ��q� R��:AÂ6Ò G�BÃç> AI®£¤�< FINDFIRSTã# FINDNEXT ©»1>	Ãç> <Kð���M�|¡ (.���ÖNכ�
readdir()ª�< ·ÿ�)Ö<Z� ��G�B T��mr¹ÿ� ómÔ�̀®£M� CI'Ö<;c, ��G�B;c 60Â6Ò ��:cÂ6Ò +ä��¹�� L·x�¢����̂@ stat()
�ÈÕ¬£¿ì> -s�� .���ÖNכ� ��G�BT��mrÜï #ei�@ ã#G�B¿�
�¿� @Ie�@Ãç> R�z���̀�̂@ H�B'Ö< 13.7Ãç> ���z��M� ���m�N�
��.

Note O�×�v�ÔP�¿ì> %oP��¤�< �ç¡(«ª�<, *8�D�BZ� ðmÔAI, �¢+Ö< C ��T�Â��_P�;c"k¤�< <Kð���U� óm¬�:@N���. 12 �}Bq�  e
��{ðmÔÃç> ���z��S�M� ���m�N���.

References [K&R2] § 8.6 pp. 179–184; [PCS] § 13 pp. 230–1; [POSIX] § 5.1; [Dale] § 8.

Q 19.22 �}B��¹ÿ���» 8K~¡P��� R�#e���¤�<U� ómÔ ¬£ ���Ãç>���¢?

Answer *Ö<*å�=i<K�� T�]�@ +ä��¹¿ì> ómÔ�̀ ®£¤�< ©»1>	Ãç> <Kð��ù�� ¬£|¡ ���U�¹ÿ�, T� �ç¡(«|¡ b9	+8�Ä�}¹ S�Ã�ß�y q�+í<+8�
�·N���.

Q 19.23 64K�¹�� Ó	 9��~xT��� ¦��Ð=i¿ì> ¹ÿ�¾ç> ¬£ ���Ãç>���¢?

Answer <K60}¹ ùÚH -����G�B�_���̂@ ��÷7B ���ûBÂ6Ò 8K~¡P�¹ÿ���» ��ª£�w�4��� -s|¡ ò6B���Ãç> AI�� ,�ÖN���¹ÿכ� ½��w�U� ô6�
Â6Ò -����G�B�_���̂@ É�}¹½�×�y;c"k Î�¤�< 8K~¡P� �è¡Ãç> ï̂>T�\�	U� ��N��̂@ S�Ã�ß�y q�+í<+8�->	 ��¦Ø< �ç¡(«Ãç> -s

�� .���ÖNכ�

64K¤�< (g̀@<�;c|¡) �ç¡�ç¡Z� Ó	 Áì>&8��·N���. #l�_(Ûoq� -��²¼'_;c �}B���� ðm¬ª�< 8K~¡P��� R�#e���¾���ã#¤�<
�ç¡MÎ3�}"T�, a:@ö¶;ùÚH 64Kq� Áì>&8�Ãç> ù���ç¡�¤�< #¿Eª�< �ELU� óm¬�:@N���. (C �¢+Ö<ª�< Â6Ò �¡Â�Ü<vÈ��� 32K�¹�� Æ��
#Ü�£,��ª£#¿E|¡�¹�ç¡�U�óm¬�:@N���. [C9X];c"k¤�< 64K��½�<KÂ6Ò�·N���.)T�#Ü�£,a:@ö¶;+8�->	ð��µÿ�T���
N�#e|¡ �ç¡MÎ3�}"¤�< ½��_Â6Ò �ç¡��̧Ä�}¹ Î�¤�< #¿ET� �̂��:@N���. ;d¿ì> ¾ç>#e ò6B+8�Ä�}¹ ù���ç¡�¤�< ��	�4wH 9��~x6

q� #Ü�£, �Ô->	'_¿ì> ��P�W�¤�< �Ô->	'_7¿ì> Íç> ¬£ ���z�, �¡ linked list�� �Ô->	'_q� 9��~x8Ãç> Íç> ¬£|¡ ����:@N�

��.

¹ÿ���� PC�ÚZ9� (8086M�ºÿ�q�)S�Ã�ß�yT����̂@,½�P�z� 64K�¡¤�< 640K8K~¡P�<KÂ6Ò;c�eB)>	���̂@ “huge”8K
~¡P� ~¡Ö{ºÃç> Î����� %u��ç¡ 8K~¡P�(expanded memory)�� a:@�ç¡ 8K~¡P�(extended memory)¿ì> Î�¤�< #¿E|¡ Ú�|
~��AI�¹M����m�N���.�¡ malloc4��~xq�_�@ø¶B->	 halloc()T��� farmalloc()Ãç>Î�¤�<�ç¡(«|¡���z�, 32-bit
“flat” -����G�B�_(;d¿ì> ¾ç>�̂@ djgpp, H�B'Ö< 18.3 ���z�)¿ì> Î�¤�< �ç¡(«|¡ ����:@N���. �¡¤�< DOS extender¿ì> Î�
���� ��¦Ø< *Ö<*å�=i<K¿ì> Î�¤�< #¿E|¡ Ú�|~��ù�� ¬£ ����:@N���.

6dynamically-allocated multidimensional arrays
7pointers to pointers
8array of pointers
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References [ISO] § 5.2.4.1; [C9X] § 5.2.4.1.

Q 19.24 “DGROUP data allocation exceeds 64K”��¤�< ;c�_ 8KS�U��� ���̀A¤�<62 ª£©�< ðmÔ->	���¢? ‘large’ 8K~¡P�

~¡Ö{ºÃç> ���Ä�N� 64K T��ç¡q� 62T�'_¿ì> Íç> ¬£ �����z� Ú�|~���¤�<62�¢.

Answer ‘large’ 8K~¡P� ~¡Ö{ºÃç> Î��G��|¡, MS-DOS -����G�B�_¤�< #ei�@ 62T�'_('Ö<���~xT��� b9	*9�, �¡¤�< +ä�+8� _�@¬£
¾ç>)¾ç>Ãç> #lb9	Z� default 62T�'_ :c½��̂	È�;c £̈M� CI'Ö<;c, T� :c½��̂	È�¤�< #lb9	Z� overflow�� G�B#eím� ¬£
����:@N���.b9	*9�_�@¬£¿ì> ï̂>T�����,¹ÿ����T�Q� ï̂>G�B¹ÿ���» ï̂>�~����̂@ ('Ö<<K��ðm¬ª�<'Ö<���~xCI'Ö<T����̂@),-��
��G�B�_;c #ei�@ ÷6 ̀@Ãç> ®£#e"k default 62T�'_ :c½��̂	È�¿ì> Î�U� óm¬|¡ói; ��̂@ �RLN���. #ei�@ -����G�B�_¾ç>
ª�< “���ª�<” 62T�'_¾ç>¹ÿ� default 62T�'_ :c½��̂	È�;c a�V�S�W�U�¹ÿ�, T�#¿E|¡ #l�_(ÛoT� 9̀	ßÌvù�� ¬£ ���4� AI
8̂@N��� (;d¿ì> ¾ç>#e Microsoft -����G�B�_q� #Ü�£ /Gt ÷6 ̀@Ãç> -s"k “���ª�<” 62T�'_�� �}B��¹ÿ���» ���ª�< #¿EÃç>
�:A�¤�<U� U�+ä�ù�� ¬£ ����:@N���).

Q 19.25 #ei�@ ®£�Ð;c a�V�Â6Ò 8K~¡P�;c (memory-mapped �ç¡V��� R�O��¡ 8K~¡P�) +«£Ó	��̀�̂@ #e�w�4� ��¢?

Answer +8��ç¡Â6Ò ���·q� �Ô->	'_¿ì> ¹ÿ�¾ç>#e ½� ®£�Ð¿ì> 60�·.���ÖNכ� T�CI >�Ã�È� a:@»ÿ�Ãç> -s"k -����G�B�_;c4� T���̧
)ç�T� �}"¤�< �ç¡��̧Ãç> �́<��¤�< #¿EÃç> ómÔ�̀�� :���ÖNכ�

unsigned int *magicloc = (unsigned int *)0x12345678;

½��_�̂@ ‘*magicloc’T�#l�_(ÛoT�4wH�¤�<a�V�¿ì>����504��RLN���. (MS-DOS;c"k¤�< MK_FP()ã#ìm¥ª�<,:c
½��̂	È�ã# offsetÃç> ����50¤�< ½Z@P�Â6Ò �ç¡(«Ãç> ��¢Ãç> ¬£ ���Ãç> #¿E�·N���.)

Note Zï>&è< a�q� �ç¡(«T� 100% ò6B���Â6Ò��z� �¹�ç¡ù�� ¬£¤�< �}"�:@N���. g̀@+í<�¤�< 604�q� multi-tasking OS¤�< ~��~��
q� É�}¹½�×�yT� ��¦Ø< É�}¹½�×�yq� 8K~¡P�;c +«£Ó	�¤�< #¿EÃç> <KÂ6Ò�z� ���Ä�Á�}¹, �ûB÷7B É�}¹½�×�y;c"k T�
�ç¡(«Ãç> -s"k +«£Ó	�¤�< #¿Eª�< ��q� [ô>���ûBכ�ÖN���. ·ÿ�, �ûB÷7B É�}¹½�×�yT� ��'>	 OS�� device driver É�}¹½�
×�yª�< ;dJY�·N���.

References [K&R1] § A14.4 p. 210; [K&R2] § A6.6 p. 199; [ISO] § 6.3.4; [Rationale] § 3.3.4; [H&S] § 6.2.7 pp. 171–2.

Q 19.27 C É�}¹½�×�y ¼ÿ�;c"k ��¦Ø< É�}¹½�×�y(*Ö<*å� =i<Kq� 'å�&å�T��� ò6;��+8�->	 É�}¹½�×�y¾ç>)Ãç> «»À��̀�̂@(F�Bá�¥�

�̀�̂@) #e�w�4� ��¢?

Answer ��T�Â��_P� �ÈÕ¬£->	 system()¿ì> Î��̂@ �RLN���. system()q� P�e�@ ìḿª�< [ô>�_"k F�Bá�¥Â6Ò É�}¹½�×�yq� Ê��
Õ�y �ç¡?�(exit status)��¤�< #¿EÃç> M�*8��S�M� ���m�N��� (½��_�� T�¤�< �¢+Ö<;c +ä�q�E'#e ���U� óm¬M� CI'Ö<
;c þÙ� ½��w�U� óm¬Ãç> ¬£|¡ ����:@N���). T�¤�< 604� ½� É�}¹½�×�yq� _ô>&9�Üï¤�< �~x �ç¡MÎ3T� �}"�:@N���. �¡Â6Ò
system()T� ���¤�< ->	��¤�< ���q� 'Ö<���~xT���¤�< #¿EÃç> M�*8��M� ���m�N���. ����"k #l�_ 4�q� (õi;�m�Â6Ò)
'Ö<���~xÃç> Â6Ò 'Ö<���~x}¹ ��dê� L·x�¢�� ������̂@ sprintf()¿ì> Î��̂@ �RLN���. %Ç{[ôF#l H�B'Ö< 19.30|¡ ���z��S�
M� ���m�N���.

References [K&R1] § 7.9 p. 157; [K&R2] § 7.8.4 p. 167, § B6 p. 253; [ISO] § 7.10.4.5; [H&S] § 19.2 p. 407; [PCS] §
11 p. 179.

Note [H&S];c ��*ã< ðmÔÃç> ½�60}¹ ->	÷7BAI�¹�̂@ ���:?Üï ìm¥�:@N���:

The function system passes its string argument to the operating system’s command processor
for execution in some implementation-defined way. In UNIX systems, the command processor is
the shell. The value returned by system is implementation-defined but is usually the completion
status of the command.
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AI)o���̂@ ���:?Üï ìm¥�:@N���:

system()T� b9	îm����¤�< ->	��¤�< *Ö<*å� =i<Kq� 'å�&å� %oP�M�;c b9	îm�E'#e S�Ã�ß�y;c q�+í<+8�->	 �ç¡��̧Ä�}¹ F�B
á�¥�RLN���. UNIX S�Ã�ß�y;c"k¤�< 'å�&å� %oP�M�¤�< shell�·N���. system()q� P�e�@ ìḿª�< S�Ã�ß�y;c q�+í<+8�T�
��, 604�¤�< F�Bá�¥Â6Ò 'å�&å�q� Ê��Õ�y �Ø¿��� �RLN���.

Q 19.30 ��¦Ø< É�}¹½�×�yT��� 'å�&å�Ãç> F�Bá�¥S�&�"k ½� _ô>&9�Ãç> �����]�> ¬£ �}"Ãç>���¢?

Answer Unixã# #ei�@ S�Ã�ß�y¾ç>ª�< popen() �ÈÕ¬£¿ì> <Kðכ���ÖN���. T� �ÈÕ¬£¤�< stdio Ã�È��Ð�Ãç> U�+ä�Â6Ò 'å�&å�Ãç> %oP�
�¤�< É�}¹:cÃ�ã# ��T�É�}¹ a:@�lBAI 8̂@N���. ����"k ½� 'å�&å�q� _ô>&9�ª�< (�¡¤�< �·&9�|¡ ���ûB) #l�_(Ûoq� É�
}¹½�×�y;c"k G��Ãç> ¬£ ����:@N���. (%Ç{[ôF#l, pclose() �ÈÕ¬£¿ì> [ô>�_���� (.���ÖNכ�

popen() �ÈÕ¬£¿ì> Íç> ¬£ �}"���̂@ system() �ÈÕ¬£¿ì> -s"k _ô>&9�T� ��G�B}¹ $k�ç¡E'4� Â6Ò ���:?, ½� ��G�BÃç> G��
¤�< �ç¡(«Ãç> Íç> ¬£|¡ ����:@N���.

Unix¿ì> Î�z� ���z�, popen() �ÈÕ¬£}¹ _�u(ÛoV� óm¬���̂@, pipe(), dup(), fork(), exec() �ÈÕ¬£¿ì> -s"k ù��
¬£ ����:@N���.

(Â6Ò ��U� M�*8�AI £̈#e�� �¤�< #¿Eª�< freopen() �ÈÕ¬£¤�< 4wH�¤�< 60}¹ ò6B����U� óm¬Ãç> ¬£|¡ �����¤�< #¿E�·
N���.)

References [PCS] § 11 p. 169.

Q 19.31 É�}¹½�×�y ¼ÿ�;c"k, É�}¹½�×�yq� �}B60 #Ü�}¹¿ì> *8
#eÕëº ¬£ ���Ãç>���¢?

Answer argv[0]T� �}B60 #Ü�}¹¿ì> ����50����, G�B«»(ÛoÃç> ����Õëº ¬£|¡ ���U�¹ÿ�, ��ª£#¿E|¡ ����50U� óm¬Ãç> ¬£|¡ ���
�:@N���. T� #Ü�£ 'å�&å� %oP�M�9q� #��Ú�v #Ü�}¹ ómÔz�P��:?Ãç> c�¡5050"k F�Bá�¥ ��G�Bq� �}B60 #Ü�}¹¿ì> *8
#eÕëº ¬£

����:@N���. ½��_�� T�#¿ET� TÖh(9�Â6Ò AI�lBÝÌvT���z� ðmÔù�� ¬£¤�< �}"�:@N���.

References [K&R1] § 5.11 p. 111; [K&R2] § 5.10 p. 115; [ISO] § 5.1.2.2.1; [H&S] § 20.1 p. 416.

Q 19.32 F�Bá�¥ ��G�BT� ���¤�< a�V�;c, É�}¹½�×�yq� ��B+ä� ��G�BÃç> $k�ç¡�z� F��ª�<62, #e�w�4� ��̂@ ½� #Ü�}¹¿ì> ��¢Ãç> ¬£

���Ãç>���¢?

Answer #e&°�:@N���; H�B'Ö< 19.31q� 50÷7BÃç> �̂	$k ���z��M� ���m�N���. #l�_(ÛoT� ½� �ç¡(«Ãç> ómÔóm©��z� ��G��|¡,
½� ��B+ä� ��G�Bq� a�V�¿ì> ��dê� ¬£ ���¤�< �ç¡(«(;d¿ì> ¾ç>#e Z9�#Ü� _�@¬£¿ì> Î�¤�< #¿E)Ãç> <Kð���¤�< ½Z@T� �̂��:@N�
��. (�m;Z� #l�_(Ûoq� É�}¹½�×�yT� �}BX� ¤$p S�Ã�ß�y;c"k ~��~�� ��¦Ø< �����;c q�AI, ~��~�� ��¦Ø< ��B+ä� ��G�B
Ãç> -s"k ò6B���ù�� L·x�¢�� ������̂@ T� M��ûBª�< �G]8; ï̂B�¢כ�ÖN���.)

Q 19.33 É�}¹:cÃ��� ½� É�}¹:cÃ�¿ì> �Ú_ô>Â6Ò É�}¹:cÃ�(parent)q� Z9�#Ü� _�@¬£¿ì> ��dê� ¬£ ������¢?

Answer ���ûBù�� ¬£|¡, ½��w�U� óm¬Ãç> ¬£|¡ ����:@N���. 60«»(Ûoq� *Ö<*å� =i<K�� Z9�#Ü� _�@¬£¿ì> ��©»¤�< �ç¡��̧T� Unixã#
R��:A�M�¤�< �U�¹ÿ� TÖhb9	Z� ìm¥U�¤�< óm¬�:@N���. Z9�#Ü� _�@¬£�� .>	á�¥ ï̂B->	 É�}¹½�×�y;c q�AI ��põJ ¬£ ���¤�<
#¿ET� ½Z@P�ù�� ¬£|¡ ���U�¹ÿ�, #eæ�×¥�< S�Ã�ß�y;c q�+í<+8�->	 'Ö<<K�·N���.

Unix;c"k¤�< É�}¹:cÃ�¤�< ��,>	q� Z9�#Ü�¹ÿ�Ãç> z�I·x (#ei�@ S�Ã�ß�y¾ç>ª�< setenv()ã# putenv() �ÈÕ¬£¿ì> -s"k)
¬£ ���z�, _�@#Ü�ùÚH Z9�#Ü� _�@¬£¾ç>ª�< ½�60}¹ ����̧(child) É�}¹:cÃ�;c4� b9	îm�E'U�¹ÿ�, «»~¡(parent) É�}¹:cÃ�
;c¤�< b9	îm�E'U� óm¬�:@N���. MS-DOS;c"k¤�< ��Ã�'_ Z9�#Ü� _�@¬£10¿ì> z�I·x ¬£ ���U�¹ÿ�, T� �ç¡(«ª�< 8�£ õi;�m�
.���ÖNכ� ��:cÂ6Ò #¿Eª�< MS-DOS FAQ ô6;ói;Ãç> ���z��M� ���m�N���.)

9command langauge interpreter
10master copy of the environment
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Q 19.36 �¡Â�Ü<vÈ� ��G�BÃç> G��#e"k ½� 50÷7BÃç> F�Bá�¥ù���̀�̂@ #e�w�4� ��¢?

Answer ò6B+8� �?�&�(dynamic linker)�� ò6B+8� }¹�G(dynamic loader)�� L·x�¢כ�ÖN���. 8K~¡P�¿ì> ò6B+8�Ä�}¹ ù���ç¡�

z�(malloc), �¡Â�Ü<vÈ� ��G�BÃç> G��#e �¡¤�< #¿Eª�< ���ûB�U�¹ÿ�, �¡Â�Ü<vÈ� ��G�B 0ïF��̧q� õi;�m��ÈÕÃç> ¼ÿ����̂@
#l�_(Ûoª�< 8�£ W�>ïmÔU�|¡ ~¡�m@N���. BSD Unix;c"k¤�< system() �ÈÕ¬£ã# ld -A 'å�&å�Ãç> -s"k �?�Ç�¿ì> ù��
¬£ ����:@N���. 60«»(Ûoq� SunOSã# System Vq� !eb9	¾ç>ª�< -ldl ��T�Â��_P�¿ì> -s"k �¡Â�Ü<vÈ� ��G�BT� ò6B
+8�Ä�}¹ }¹�?�E'4� ù�� ¬£ ����:@N���. VMS;c"k¤�< LIB$FIND_IMAGE_SYMBOLÃç> -s"k T� M��ûBÃç> ¹ÿ�¾ç> ¬£ ���
z�, GNU;c"k¤�< T� ô6;+8�Ä�}¹ “dld” @IW�U�¿ì> <Kðכ���ÖN���. %Ç{[ôF#l H�B'Ö< 15.13|¡ ���z��S�M� ���m�N���.

Q 19.37 ®£#e.>	 S�µÿ�¹ÿ���» M���P�����, ��÷7B��q� �ûB�m� S�µÿ�Ãç> Ü!º CI, �Ô ·ÿ�a��¹�� �G :cD�BÂ6Ò ·ÿ�a�¿ì> Íç>�̀�̂@ #e

�w�4� ��¢?

Answer ¼ÿ����m�4�|¡½�]�@G�BÃç>%oP��¤�<T���̧)ç�T�i�#e¶ÿ��ç¡(«ª�<�}"�:@N���. V7 Unixã#½�³Ö4�¾ç>ª�< ftime()T�
��¤�< 8�£ Íç>~¡���¤�< �ÈÕ¬£¿ì> <Kð��� f, T� �ÈÕ¬£¤�< millisecond ·ÿ�a�}¹ ò6Bכ����ÖN���. �¡ ��¦Ø< �ÈÕ¬£¾ç>}¹
¤�< clock(), delay(), gettimeofday(), msleep(), nap(), napms(), nanosleep(), setitimer(),
sleep(), times(), usleep()T� ����:@N���. (Unix;c"k <Kð��E'¤�< wait() �ÈÕ¬£¤�< T�]�@ M��ûBT� ��·N�
��.) select()ã# poll()Ãç> Íç> ¬£ ������̂@ µÿ�·ÿ�Â6Ò M���P�M� �ÈÕ¬£¿ì> ¹ÿ�¾ç> ¬£ ����:@N���. MS-DOS S�Ã�ß�y
;c"k¤�< S�Ã�ß�y ��T� e¿ì> É�}¹½�7��?��z� ��T� e ->	'_&«È�¿ì> Î�¤�< �ç¡(«Ãç> Î��̂@ �RLN���.

Zï>&è<, clock() �ÈÕ¬£ ¹ÿ�T� ANSI �¢+Ö<�·N���. clock() �ÈÕ¬£¿ì> £̈ _�@ �Ú_ô>�z� ½� P�e�@ ìḿÃç> R�z�AI"k
�eB)>	 S�µÿ�Ãç> R�z�ù�� ¬£ ���Ä� f, ½� S�µÿ�q� ·ÿ�a�¤�< CLOCKS_PER_SEG�� 1�¹�� Æ�� #Ü�£, �Ô ·ÿ�a��¹�� �G
:cD�Bù�� ¬£ ����:@N���. ½��_�� clock()ª�< g̀@<� É�}¹:cÃ�;c"k¹ÿ� S�µÿ�	�¿ì> 4�»ÿ�ù�� ¬£ ���M� CI'Ö<;c, �}BX�
?�Ã��?� S�Ã�ß�y;c"k¤�< .>	�� S�µÿ�Üï¤�< ���µÿ� ��¿ì> ¬£ ����:@N���.

¹ÿ���� #l�_(ÛoT� delay �ÈÕ¬£¿ì> ¹ÿ�¾ç>M�¿ì> 4wH�z�, S�µÿ�Ãç> ómÔ�̀®£¤�< �ÈÕ¬£¿ì> Íç> ¬£ ������̂@, CPU-intensive
busy-waitingÃç> -s"k ¹ÿ�¾ç> ¬£ ���Ãç> #¿E�·N���. ½��_�� T�¤�< �?�¼â� ?�Ã�Ç�  e,>	;c"k 0üo�� Íç> #Ü�£;c¹ÿ� Íç>
¬£ ����:@N���. �}BX�?�Ã��?� *Ö<*å� =i<K;c"k¤�< #l�_(Ûoq� É�}¹:cÃ��� #ei�@ M�µÿ�ò6B¼ÿ� ���¾ç>#e ���Ãç> ¬£ ���
��(;d¿ì> ¾ç>#e sleep(), select(), pause()¿ì> alarm()Üï setitimer()ã# �ÈÕBm -s"k)¤�< #¿EÃç> 'å���»AI
�� .���ÖNכ�

S�µÿ�Ãç> U�a:@S�W�¤�< µÿ�·ÿ�Â6Ò �ç¡(«ª�< ���:?Üï ìm¥T� ��ª£#¿E|¡ �U� óm¬¤�< ©»É�¿ì> ��÷7B�¤�< #¿E�·N���:

long int i;
for(i = 0; i < 1000000; i++)
;

½��_��, T��_Â6Ò �Ø¿�¿ì> Î�¤�< #¿Eª�< �RJ ¬£ ���Ä��̂@ Y��M� ���m�N���. G�B·ÿ� �~� _�@ ºÿ�õi;ù�� #¿E->	��¿ì> ômÔ 9̀	
ßÌvAI�� � f, �G ��¦Ø< É�}¹:c"k;c"k¤�< T� ìḿT� �G ½ç>#eím� #¿E�·N���. �}�/>	62 �q�/>	 #��Ä�}¹, �̂�ª�< -����G�B
�_¤�< a�ã# ìm¥T� ��ª£ #¿E|¡ �U� óm¬¤�< �Ø¿�¤�< L|+8�és Üï+ä�;c"k Dg !eC·x ¬£ ����:@N���.

References [H&S] § 18.1 pp. 398–9; [PCS] § 12 pp. 197–8, 215–6; [POSIX] § 4.5.2.

Q 19.38 Control-Cã# ìm¥ª�< W��¹¿� ->	'_&«È�¿ì> ª£S������ �m���Õëº ¬£ ����:@N���?

Answer µÿ�·ÿ�Â6Ò �ç¡(«ª�< ���:?Üï ìm¥T� signal() �ÈÕ¬£¿ì> Î�¤�< #¿E�·N���:

#include <signal.h>
signal(SIGINT, SIG_IGN);

a�¤�< ->	'_&«È� S�½��kBÃç> ª£S��¤�< #¿ET�z�, ��7�%o&8� ->	'_&«È� S�½��kBT� ñmÔÚ�|á�~Ãç> CI �m;+ä� �ÈÕ¬£->	
func()�� [ô>�̀U�4� ¹ÿ�¾ç> ¬£|¡ ����:@N���:
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extern void func(int);
signal(SIGINT, func);

Unixã# ìm¥ª�< �}BX� ?�Ã��?� S�Ã�ß�y;c"k¤�< ���:?Üï ìm¥ª�< �ç¡(«Ãç> Î�¤�< #¿ET� �G �̂��:@N���:

extern void func(int);
if (signal(SIGINT, SIG_IGN) != SIG_IGN)
signal(SIGINT, func);

a�;c"k �ÐZÌ	'Ö<Üï Ò��+8�Ä�}¹כ «»¦Ø< signal()ª�< foreground;c"k F�Bá�¥ùÚH É�}¹½�×�y;c"k ñmÔÚ�|Â6Ò W��¹¿�
->	'_&«È��� background;c"k ò6B����¤�< É�}¹½�×�y;c4� ômÔô6� b9	îm�E'¤�< #¿EÃç> ����� 8̂@N���. (�¡ T�]�@ d��q�
�Ø¿��� signal()Ãç> «»À�¤�< �ç¡��̧;c #e�����U�|¡ óm¬�:@N���.)

#ei�@S�Ã�ß�y;c"k¤�<W��¹¿�->	'_&«È���'_Q��kB�·&9�S�Ã�ß�y;c����*å���ØÃç>���M�|¡כ�ÖN���;H�B'Ö< 19.1Ãç>
���z��M� ���m�N���. #ei�@ S�Ã�ß�y;c"k¤�< W��¹¿� ->	'_&«È�¿ì> #�����¤�< #¿Eª�< É�}¹½�×�yT� �·&9�Ãç> G��z�
���Ãç> CI;c¹ÿ� +8�÷7BE' f, ½��wx #Ü�£, ->	'_&«È� %oP�¤�< #ei�@ �·&9� ©»1>	T� Î�T�¾���;c ���� îm����·N���.
MS-DOS S�Ã�ß�y;c"k¤�< setcbrk()T��� ctrlbrk() �ÈÕ¬£¿ì> Î�M�|¡ .���ÖNכ�

References [ISO] § 7.7, 7.7.1; [H&S] § 19.6 pp. 411–3; [PCS] § 12 pp. 210–2; [POSIX] § 3.3.1, 3.3.4.

Q 19.39 floating-point(F�B¬£) exception(;dJY)¿ì> 'Ë{U�4� %oP��¤�< �ç¡(«T� ���Ãç>���¢?

Answer 60«»(Ûoq� S�Ã�ß�y;c"k¤�< matherr() �ÈÕ¬£¿ì> +ä�q�AI"k #ei�@ F�B¬£ ;c�_�� (;d¿ì> ¾ç>#e <math.h>¼ÿ�q� �ÈÕ
¬£;c q�AI) ím©Ãç> CI, [ô>�̀U�4� ù�� ¬£ ����:@N���. �¡¤�< signal() �ÈÕ¬£¿ì> -s"k (H�B'Ö< 19.38 ���z�) SIGFPE
¿ì> �m���Õëº ¬£|¡ ����:@N���. %Ç{[ôF#l H�B'Ö< 14.9|¡ ���z��S�M� ���m�N���.

References [Rationale] § 4.5.1.

Q 19.40 �ÐÞ (socket)Ãç> Î�¤�< �ç¡(«ª�<? �¡ 52È���Ç� client/server¿ì> ¹ÿ�¿�¤�< �ç¡(«ª�<?

Answer T��_Â6Ò H�B'Ö<ª�< T� FAQ ô6;ói;q� (8�a�¿ì> (Ë{#e�m�N���. C a�@#e}¹ T�]�@ 52È����?� M��ûBÃç> %oP��¤�< #¿Eª�< #l
�_ÝÌv;c"k��B'å��z�����:@N���.כÒcS@ù��¹ÿ�Â6ÒÝÌvÄ�}¹¤�< Douglas Comer�̂q� 3-!H��P�ÝÌv->	 Internetworking
with TCP/IPã# W. R. Stevens�̂q� UNIX Networking ProgrammingT�����:@N���. Net;c|¡ “UNIX Socket
FAQ”¿ì> �Ô�ÈÕÂ6Ò #l�_ +ä��¹�� �kB�̀ ����:@N���. T� socket FAQ¤�< ���:? URL;c"k ¦�ù�� ¬£ ����:@N���:

http://kipper.york.ac.uk/~vic/sock-faq/

Q 19.40b BIOS¿ì> �Ú_ô>�¤�< �ç¡(«ª�<�¢? TSRÃç> ¹ÿ�¿�¤�< �ç¡(«Ãç> ómÔz� F���:@N���.

Answer T�¤�<#ei�@ (MS-DOS¿ì>Î�¤�< PC)S�Ã�ß�y;c8�£q�+í<+8�->	'Ö<<K�·N���. comp.os.msdos.programmer��
T� ½�Yk@q� FAQ ô6;ói;Ãç> �¹�̂@ MÎ3]�@ùÚH +ä��¹�� ����:@N���. �¡ Ralf Brown�̂q� ->	'_&«È� ô6;ói;11|¡ ���z��

M� ���m�N���.

Q 19.40c #ei�@ É�}¹½�×�yÃç> -����G�B��̀ �¤�<62, -����G�B�_�� “unnion REGS”�� +ä�q�E'#e ���U� óm¬��z� ;c�_¿ì> _ô>

&9��z�, �?�&�¤�< int86()T� +ä�q�E'#e ���U� óm¬��z� ;c�_¿ì> ÕëzN���.

11Ralf Brown’s interrupt list
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Answer ~¡£̈ MS-DOS ->	'_&«È� É�}¹½�7��?�Ãç> �¤�<62;c L·x�¢Â6Ò #¿E�·N���. ��¦Ø< S�Ã�ß�y;c"k¤�< +í<<��U� óm¬�:@
N���.

Q 19.41 ½��_�� $k¤�< R��¢+Ö< �ÈÕ¬£�� S�Ã�ß�y;c q�+í<+8�->	 �ÈÕ¬£¿ì> Î��̂@ ¼ÿ�E'¤�< %oU��·N���. <K É�}¹½�×�yª�< ANSI

�ÚZ9�T� E'#e�� �N����¢. ª£©�< �ç¡(«T� �}"Ãç>���¢?

Answer 8�£ �̂�U� óm¬ª�< �ç¡%·nT����� ��N��̂@ %o�:?«»'_ ômÔô6� T�AI�z� ���¤�< #Ü�£�·N���. ý$����̂@ ANSI/[ISO]
C �¢+Ö<ª�< — *Ö<*å�=i<K�� ��'>	 a�@#e;c 60Â6Ò +ä�q���"k — T��_Â6Ò M��ûBÃç> b9	)y +ä�q��z� ���U� óm¬M� CI

'Ö<�·N���. T��_Â6Ò (Ûo��;c 60Â6Ò V��<K �¢+Ö<ª�< POSIX12;c"k ��©»z� ���Ä� f, (Unix 3Ûo¹ÿ� ��N���) ðm¬ª�< *Ö<
*å� =i<K;c"k POSIX �ÚZ9�q� ->	'_@iT�Ã�¿ì> <Kð���z� ����:@N���.

Zï>&è< É�}¹½�×�yq� ðm¬ª�< «»(ÛoÃç> ANSI �ÚZ9�Ä�}¹ ���)ç��¤�< #¿Eª�< 8�£ �������̧� f �¡ ���ûBכ�ÖN���. �:; S�
Ã�ß�y;c q�+í<+8�->	 «»(Ûo¾ç>¹ÿ� �~��~�q� ��G�B;c ��}¹ ~¡�� £̈�̂@, ��ï̂B;c ½� «»(Ûo¹ÿ� :�}¹ ���)ç���̂@ É�}¹½�
×�yT� X�>��ìm� ¬£ ���|¡ói; ¹ÿ�¾ç>�̂@ �̂��:@N���.

12IEEE 1003.1, [ISO]/IEC 9945-1
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Miscellaneous

T��}B;c"k¤�<<Kô6;T��:A��:A,��¦Ø<�}B;cAI�ç¡�U�óm¬¤�<#l�_��U�®£<K¿ì>��Yk@N���.%o�:? £̈·ÿ����;c"k¤�<#l�_
��U�É�}¹½�7��?�?KÇ��̧Üï bit�� byte·ÿ�a�}¹<K#e�¤�<�ç¡(«Ãç>�Ð4כ��ÖN���.½����:?Ä�}¹�ÕÜï)ç�(efficiency)Üï
C a�@#eq� switch;c 60AI ��Yk@N���. “M��� a�@#e M��ûB” ·ÿ����ª�< �ç¡�ç¡Z� *9���+8�->	(historical) 50÷7BT� ðm¬�:@N���;
T� ·ÿ����ª�< C a�@#eq� M��ûBT� ý$ ½��w�4� <Kð��E'¤�<U�, �¡ ðm¬ª�< �����¾ç>T� L·x�¢Â6Ò #e+_Â6Ò M��ûBT� ý$ C a�@#e;c
"k <Kð��E'U� óm¬¤�<U�¿ì> ��B'åכ��ÖN���. #lM�;c MÎ3Â6Ò ����Øª�< C a�@#eã# ��¦Ø< a�@#eã#q� 	�T�+8�Ãç> �Ð4��M�|¡ Öכ�
N���.

ómÔz�P��:?;c MÎ3Â6Ò #¿Eª�< ÝÌv Â6Ò -!HÄ�}¹ Î�M�;c|¡ ~¡���m�N���. �¡Â6Ò T� ¼â�ª�< ómÔz�P��:? ��B'å�Ãç> ô6;+8�Ä�}¹ Â6Ò #¿E
T� ��N�M�;c, “ómÔz�P��:?” ·ÿ�6̧Ò;c"k¤�< ~¡¥�< C É�}¹½�7� e�� ��©»#e�� �¤�< #¿E¹ÿ� �Ð4כ��ÖN���.

T� �}Bq� H�B'Ö<Üï ·ÿ����ª�< ���:?Üï ìm¥T� ��Wï> ¬£ ����:@N���.

e��� Ycæ«ËÏ� 20.1 – 20.6

j�çÃÿ? ��l�çÃ 20.7 – 20.12

¹ô	�·Å]� 20.12 – 20.16

switch %K�*�× 20.16 – 20.18

e��� ¥U>#a e��æ 20.19 – 20.24

��ÒR� ¥U>#a�æ· 20.25 – 20.27

N±Ó�§h�¤æ̧ 20.28 – 20.33

ï5Ñ�ä·(�× 20.34 – 20.40

V� 1 â�
 e��� Ycæ«ËÏ�

Q 20.1 Â6Ò �ÈÕ¬£;c"k #l�_ 4�q� ìḿÃç> P�e�@ù�� ¬£ ���Ãç>���¢?

Answer :c ��U� �ç¡(«Ãç> Íç> ¬£ ����:@N���: ���¤�< �ÈÕ¬£ 50«»;c"k z�I·x ¬£ ���|¡ói; �Ô->	'_¿ì> ->	��}¹ ���¤�< #¿ET�z�,
���¤�< #l�_ 4�q� Ø�y!e¿ì> ��U�¤�< ¦��Ð=i¿ì> P�e�@�|¡ói; �¤�< #¿E�·N���. ��U����Ä�}¹ b9	*9� _�@¬£¿ì> T�÷7B
�¤�< �ç¡(«T� ����:@N���. %Ç{[ôF#l H�B'Ö< 2.7, 4.8, 7.5a|¡ ���z��S�M� ���m�N���.
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Q 20.3 ‘command-line argument’;c +«£Ó	�¤�< �ç¡(«ª�<?

Answer main();c b9	îm�E'¤�<, argv 9��~x;c 60Â6Ò �Ô->	'_¿ì> Î��̂@ ���ûBכ�ÖN���. %Ç{[ôF#l H�B'Ö< 8.2, 13.7, 19.20|¡ ���
z��S�M� ���m�N���.

References [K&R1] § 5.11 pp. 110–114; [K&R2] § 5.10 pp. 114–118; [ISO] § 5.1.2.2.1; [H&S] § 20.1 p. 416; [PCS] §
5.6 pp. 81-2, § 11 p. 159, pp. 339–40 Appendix F; [Dale] § 4 pp. 75–85.

Q 20.5 ~��~�� ��¦Ø< ��¿� Ç�M��� (word size), ��¦Ø< ��T�È� )Ö<"k¿ì> (byte order) Î�¤�<, �¡¤�< ~��~�� ��¦Ø< F�B¬£ �ÔØm×

Ãç> (floating point format) Î�¤�< -��²¼'_;c"k 62T�'_ ��G�BÃç> ®£z� ���Ä��̀ .���ÖNכ� T�]�@ 62T�'_ ��G�BÃç>
¹ÿ�¾ç> ¬£ ���Ãç>���¢?

Answer ���ç¡T���̧)ç�T�i�#e¶ÿ��ç¡��̧ª�< (604� ASCII�Ø¿�}¹ùÚH)ß�vÃ�È���G�BÃç>��÷7B�¤�<#¿E�·N���: fprintf()��
fscanf()ã# ìm¥ª�< �ÈÕ¬£¿ì> Î��̂@ �RLN���. (52È���Ç� É�}¹�Ô�̀� �ç¡;c"k|¡ R��:AÂ6Ò 'Ö<<K�� ñmÔÚ�|ù�� ¬£ ����:@
N���.)½��_��,ß�vÃ�È���G�Bª�<��T��.P���G�B;cR�AI%oP�ö¶;|¡���wx#eU�z�,ìm¥ª�<62T�'_¿ì>�Ô�ÈÕù��CI
;c|¡ Ç�M��� o-�7>	 Æ�� ¬£ �����¤�< ��F�BÃç> ómÔ��£̈#e�� .���ÖNכ� T��_Â6Ò ·ÿ�+8�;c|¡ ß�vÃ�È� ��G�B}¹ $k�ç¡ù��
#Ü�£, ~��~�� ��¦Ø< Z9�#Ü�q� -��²¼'_;c"k|¡ T� 62T�'_¿ì> Íç> ¬£ �����¤�< �ç¡+8�T� ���z�, �¡ T��_Â6Ò ß�vÃ�È� ��
G�BÃç> %oP��¤�< ðm¬ª�< �¢+Ö< aô>¾ç>T� �����¤�< #¿EÃç> Ú�|~��ù�� CI, ß�vÃ�È� ��G�Bq� ï̂B�¢)ç�ª�< ~ç¡�ÐAI|¡ U���V�
U� óm¬�:@N���.

þÙ� ��T��.P� ��G�BÃç> -s��¹ÿ� Â6Ò���̂@, T���̧)ç�Ãç> W�GT�M� a�AI, �¡¤�< M�+í<q� ��T�Â��_P�¿ì> Î�¤�< ��{+8�Ãç>
§£P�M� a�AI, Sunq� XDR (RFC 1014)T��� OSIq� ASN.1 (CCITT X.409ã# [ISO] 8825 “Basic Encoding
Rules”;c"k ����Ðßdµ), CDF, netCDF, HDF¿ì> Î�¤�< #¿ET� �̂�Ãç> #¿E�·N���. %Ç{[ôF#l H�B'Ö< 2.12|¡ ���z��S�M�
���m�N���.

References [PCS] § 6 pp. 86, 88.

Q 20.6 'Ö<���~x;c #ei�@ �ÈÕ¬£q� T��mrT� $k�ç¡E'#e ���Ãç> CI, T� 'Ö<���~x ¹ÿ�Ä�}¹ �ÈÕ¬£¿ì> �Ú_ô>ù�� ¬£ ���Ãç>���¢?

Answer ���ç¡ ��̧+«+8�->	 �ç¡(«ª�< ~��~��q� �ÈÕ¬£ T��mrÜï �ÈÕ¬£ �Ô->	'_¿ì> ?KT�Áì>;c $k�ç¡�¤�< #¿E�·N���:

int func(), anotherfunc();

struct { char *name; int (*funcptr)(); } symtab[] = {
"func", func,
"anotherfunc", anotherfunc,

};

½� ���:?, ~��~��q� T��mr;c AI�ç¡�¤�< ?KT�Áì> ô6;ói;Ãç> \�$p"k AI�ç¡�¤�< �ÈÕ¬£ �Ô->	'_¿ì> �Ú_ô>��̂@ �RLN���.
%Ç{[ôF#l H�B'Ö< 2.15, 18.14, 19.36|¡ ���z��S�M� ���m�N���.

References [PCS] § 11 p. 168.

V� 2 â�
 j�çÃÿ? ��l�çÃ

Q 20.8 R�È�(bit)}¹ T�©»#e.>	 �·Öכ� �¡¤�< 9��~xÃç> ¹ÿ�¾ç>�̀�̂@ #e�w�4� ��¢?
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Answer char �¡¤�< int ���·q� 9��~xÃç> ¹ÿ�¾ç>z� ~��~��q� R�È�¿ì> <K#e�M� a�Â6Ò ->	ÖÎvÃ�¿ì> ��÷7B�¤�< 8�Ç�}¹¿ì> Î�
�̂@ �RLN���. char ���·Ãç> -s"k ¹ÿ�¥�< ;d¤�< ���:?Üï ìm¥�:@N���:

#include <limits.h> /* for CHAR_BIT */

#define BITMASK(b) (1 << ((b) % CHAR_BIT))
#define BITSLOT(b) ((b) / CHAR_BIT)
#define BITSET(a, b) ((a)[BITSLOT(b)] |= BITMASK(b))
#define BITTEST(a, b) ((a)[BITSLOT(b)] & BITMASK(b))

(¹ÿ���� <limits.h>�� �}"���̂@ CHAR_BIT 60,>	 8Ãç> Î�M� ���m�N���.)

References [H&S] § 7.6.7 pp. 211–216.

Q 20.9 -��²¼'_q� ��T�È� )Ö<"k�� (byte order) big-endian->	U� little-endian->	U� #e�w�4� ómÔ��50�¢?

Answer Â6Ò��U� �ç¡(«ª�< �Ô->	'_¿ì> Î�¤�< #¿E�·N���:

int x = 1;
if (*(char *)&x == 1)
printf("little-endian\n");

else
printf("big-endian\n");

unionÃç> -s"k|¡ ���ûBכ�ÖN���.

%Ç{[ôF#l H�B'Ö< 10.16|¡ ���z��S�M� ���m�N���.

References [H&S] § 6.1.2 pp. 163–4.

Q 20.10 +ä�¬£¿ì> 2 .>	¬£�� 16 .>	¬£}¹ ��dê�¬£ ���Ãç>���¢

Answer �̂	$k ª£*Ë{Ãç> H�B'Ö<��̀ �¤�< U�¿ì> ômÔ Ú�|~���M� ���m�N���. 10.>	, 16.>	, 8.>	, 2.>	 �ûB #ei�@ ��̧q� �¢g̀@T� ½Z@
P�ù�� U�;c �ç¡MÎ3�}"T� +ä�¬£¤�< 50«»+8�Ä�}¹ 2 .>	¬£}¹ $k�ç¡�RLN���. T��_Â6Ò .>	(«T� MÎ3��» 60�ç¡T� �RJ #Ü�£¤�<,
F�B<K ��÷7B��ã# ->	'_@iT�Ã��¤�< «»(ÛoG�B (outside world) CI�·N���.

�ÐÃ��Ø¿�;c"k 10.>	¬£����'>	�¢g̀@Ä�}¹¤�<, 8.>	¬£¿ì>�¢M��M�a�AI¬£V�óm¦;c 0Ãç>[ôFT�����, 16.>	¬£¿ì>
�¢g̀@�M� a�AI 0x¿ì> [ôFT�¤�< #¿ET� ����:@N���. F�B<K I/O¿ì> %oP�ù�� CI;c¤�< T��_Â6Ò ¬£V�AI)o�ª�< printfã#
scanf 4�ûiuq� �ÈÕ¬£¾ç>q� �ÔØm×;c"k (format specifier) U�+äכ��ÖN��� (%d, %o, %x �ûB). �¡¤�< strtol(),
strtoul() �ÈÕ¬£q� :c_�@Fg ->	��}¹|¡ U�+ä�ù�� ¬£ ����:@N���. #ei�@ .>	¬£}¹ ¬£V�¿ì> 'Ö<���~x}¹ _�@Z9��z�
�� Â6Ò���̂@ #l�_(Ûo Ã�Ã�}¹ T��_Â6Ò G�BÃç> �¤�< �ÈÕ¬£¿ì> ¹ÿ�¾ç>#e�� ���ÖNכ� (M��ûB�ç¡ strtol �ÈÕ¬£ã# ºÿ�60E'
¤�< G�BÃç> AI�� .(.���ÖNכ� ��T��.P�(binary) I/O¿ì> ù�� CI;c¤�< T��_Â6Ò ���*«T� b9	)y [ô>L·x�¢כ�ÖN���.

��T��.P� I/O;c MÎ3Â6Ò #¿Eª�< H�B'Ö< 2.11Ãç> ���z��M� ���m�N���. %Ç{[ôF#l H�B'Ö< 8.6, 13.1|¡ ���z��S�M� ���m�
N���.

References [ISO] § 7.10.1.5, 7.10.1.6.

Q 20.11 �ç¡¬£¿ì> U�+ä�ù�� CI 2.>	¬£¿ì> (;d¿ì> ¾ç>�̂@ 0b101010%o&8�) Íç> ¬£ ������¢? �¡ 2.>	¬£¿ì> _ô>&9��M� a�Â6Ò

printf() �ÔØm×T� ������¢?

Answer £̈ #Ü�£ ~¡£̈ �}"�:@N���. 2.>	¬£¿ì> _ô>&9���̀�̂@ strol() �ÈÕ¬£¿ì> -s"k ��̧+« 'Ö<���~xÃç> ¹ÿ�¾ç>#e�� .���ÖNכ�
%Ç{[ôF#l H�B'Ö< 20.10|¡ ���z��S�M� ���m�N���.
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V� 3 â�
 ¹ô	�·Å]�

Q 20.12 ®£#e.>	 ¬£V�;c"k R�È� 1T� �~� 4�->	U� :c¤�<(count) �ÕÜï+8�->	 �ç¡(«ª�< ª£*Ë{->	���¢?

Answer T��_Â6Ò “R�È�;c MÎ3]�@ùÚH Zôõm¬ª�<” (bit-fiddling) 'Ö<<K¾ç>ª�< lookup ?KT�Áì>Ãç> -s"k AI�lB�RJ ¬£ ����:@N��� (½�
�_�� H�B'Ö< 20.13Ãç> þÙ� ���z��M� ���m�N���).

Q 20.13 #e�w�4� ��̂@ �ÕÜï+8�->	 É�}¹½�×�yÃç> ¹ÿ�¾ç> ¬£ ���Ãç>���¢?

Answer �̂�ª�< ómÔz�P��:?Ãç> ��÷7B�z�, ®£q�@��4� ¦�g̀@�z�, É�}¹½�×�yT� [ô>L·x�¢Â6Ò ���*«Ãç> �U� óm¬|¡ói; ��̂@ �RLN�
��.

;d¿ì> ¾ç>#e b9	 :c4�;c"k ���ç¡ L|+8�ésùÚH 'Ö<�� õi;�� �Ø¿�¤�< 'Ö<��¿ì> b9	)y õi;���U� óm¬ª�< �Ø¿��¹�� ¾��·

N���. 4wH'Ö<Ãç> ½�60}¹ ]�OM��̂@ ���:?Üï ìm¥�:@N���:

For example, the most microoptimized character-copying loop in the world will be beat by code
which avoids having to copy characters at all.

�ÕÜï)ç�Ãç> Ú�|~��ù�� CI¤�<, �}BP�"k �����¹���� .���ÖNכ� ª£*Ë{�¹��|¡, “�}B���� �ÕÜï+8�->	��”�� ->	M����¤�< T�
���ïE��P��� �RJ ¬£ ���U�¹ÿ�, �����¾ç>T� ��Ø�ç¡ ½��w�4� Ú�|~���¤�< #¿Eª�< ��·N���. 60«»(Ûoq� �Ø¿�¤�< S�µÿ�;c
*>	~��ù��(time-critical) L·x�¢�� �}"�:@N���. 60,>	 �}B���� �Ø¿��� G��M� �̀*Ö<��, �¡ �}B���� �Ø¿��� T���̧)ç�T�
i�#e��¤�<���� MÎ3��»��G�B CI�� �G ðm¬�:@N���. (-��²¼'_¤�< 8�£ ��¦Ø< M�4���¤�< #¿EÃç> ��¢Ä��̂@ ¼ÿ��RLN���. “R�
�ÕÜï+8�->	” �Ø¿���|¡ �ÕÜï+8�->	 -����G�BÃç> ��V��̂@ 'Ö<<K�� �}"¤�< #Ü�£�� ðm¬�:@N���.)

É�}¹½�×�y;c"k #ei�@ «»(ÛoT� ���ç¡ ï̂B�¢Â6Ò «»(Ûo(hot spot)->	U� Q�P� ��»����¤�< #¿Eª�< 8�£ #e&°�:@N���. �Õ
Üï)ç�T� ï̂B�¢Â6Ò 'Ö<<K�� ùÚH���̂@ É�}¹��G�B�?�(profiling) �ÐÉ�È�1@#e¿ì> Î��̂@ �̂��:@N���. CICI}¹ F�B<K S�µÿ�
ª�< ®£_�@ �ç¡V�q� G�B, ;d¿ì> ¾ç>#e I/O�� 8K~¡P� ù���ç¡Üï ìm¥ª�< ð��;c"k ðm¬T� �eBC·x CI�� ðm¬Ä� f, T�]�@ 'Ö<<K¾ç>
ª�< !e(_�?�T��� >�S�}¹ AI�lBכ�ÖN���.

S�µÿ�;c *>	~��Â6Ò �Ø¿�¿ì> ¹ÿ�¾ç>#e�� ��G��|¡ �Ø¿�q� Q�:cÂ6Ò «»(Ûo��U� G�BG�BZ� ,>	#Ü�Ãç> Î�¤�< #¿Eª�< �̂�U� óm¬

�:@N���. “�ÕÜï+8�->	 �Ø�?� �ç¡(«”Ä�}¹ ómÔ�̀$p ���¤�< #¿E ï̂B;c 2q� U�¬£d��}¹ ������¤�< ¬£V�¿ì> ð��¤�< 60,>	
�̀É�È�(shift) a:@»ÿ�Ãç> Î�¤�< #¿ET� ����:@N���. ½��_��, ��®£ µÿ�·ÿ������ M��Ô+8�->	 -����G�B�_��|¡ T�¿ì> ��
ò6BÄ�}¹ %oP�AI ®£¤�< #Ü�£�� 60«»(Ûo�·N���. L|+8�ésÂ6Ò��z� �Ø¿�;c #l�_��U�¿ì> %��U�%��U� [����k�¤�<���̂@
�¡Z��̀b9	=i+8�->	ö¶;|¡���wx#eU�¤�<#Ü�£��60«»(ÛoT� f,�¡Â6ÒT���̧)ç�T��wx#eU�4��RLN��� (��S�ðmÔ��̂@,
#ei�@ S�Ã�ß�y;c"k¤�< ��À�4� ò6B�����G��|¡ ��¦Ø< S�Ã�ß�y;c"k¤�< �¡Z��̀ ¾��̀U�¤�< #Ü�£¿ì> ðmÔכ�ÖN���). #e
+_Â6Ò#Ü�£��|¡�Ø¿�¿ì>T�P�$kP����ñ�¹¤�<#¿Eª�<ômÔAIá=�� linear)ç��ûB��Ø�ç¡Ãç>��$p]�>3Ûo�·N���.	���P�
�G �̂�ª�< ómÔz�P��:?Ãç> 9̀	ßÌv�|¡ói; �¤�< #¿ET� �¾×�:@N���.

�ÕÜï)ç� tradeoff1;c 60Â6Ò #l�_��U� $ã<Ü�|ª�<, �ÕÜï)ç�T� ï̂B�¢Â6Ò 'Ö<<K�� �RJ CI, #e�w�4� �ÕÜï)ç�Ãç> W�GG�B#¿E
->	��;c 60Â6Ò $ã<Ü�|¹ÿ���» ï̂B�¢כ�ÖN���. T�]�@ 50÷7Bª�< KernighanÜï Plaugerq� The Elements of Programming
Styleq� Chapter 7, ½�P�z� Jon Bentleyq� Writing Efficient Programs¿ì> ���z��M� ���m�N���.

Q 20.14 +ä�ðmÔ}¹ �Ô->	'_¤�< 9��~x�¹�� ��À�4� ò6B�������¢? �ÈÕ¬£ �Ú_ô>ª�< #e¾� +ä�|¡ S�µÿ�Ãç> �m���'8��¢? ++i�� i =

i + 1�¹�� ��¦Ø<4� %u�F�BÂ6Ò���¢?

Answer T�]�@ H�B'Ö<¾ç>ª�< É�}¹:c"kã# -����G�B�_;c ���� �m�T� îm����·N���. µÿ�·ÿ�Z� ómÔz� F�����̂@, ?KÃ�È� É�}¹½�×�y
Ãç> ¹ÿ�¾ç>#e S�µÿ�Ãç> <��̂@ �RLN���. ½��_�� ½� 	�T��� 8�£ +8�M� CI'Ö<;c ìm¥ª�< É�}¹½�×�yÃç> ¬£cS@_�@ X�>�̀��
ù��U�|¡ ~¡�m@N���. ¹ÿ���� -����G�B�_�� #eÚ<yÁì>P� a�@#e _ô>&9�Ãç> U�4wHÂ6Ò���̂@, £̈ ��U� �Ø¿��� ìm¥ª�< �ç¡��̧Ä�
}¹ -����G�BE'¤�<U� �̂	$k %u�->	�M� ���m�N���.

1<Éª&ñ
s����¦ ���%i�½+É Ãº�̧ e��t�ëß� "é¶ë�H_� Ö¼,���̀¦ Õª@/�Ð ���²ú��l� 0AK� ���%i��t� ·ú§_þvm���.
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G�Bºÿ�+8�Ä�}¹ Ó	 9��~xÃç> cþ�#e ��ìm�CI;c¤�< ‘[]’ a:@»ÿ��¹�� �Ô->	'_ a:@»ÿ�T� ��¦Ø< #¿EÄ�}¹ ómÔ�̀$p ���U�¹ÿ�, #e
i�@ É�}¹:c"k;c"k¤�< ºÿ�60�·N���.

�ÈÕ¬£�Ú_ô>ª�<->	��->	(in-line)�Ø¿��¹��¾�)>	#¿ET�%u�F�B�U�¹ÿ��Ø¿�q�~¡X�>és(modularity)ã#'å��n�ÈÕ(clarity)Ãç>
Ú�|~��Â6Ò���̂@ �ÈÕ¬£ �Ú_ô>Ãç> Î�¤�< ½Z@T� �¾×�:@N���.

‘i = i + 1’Üï ìm¥ª�< �Ø¿�¿ì> ø¶? �G ��ª�< �ç¡��̧Ä�}¹ ���́M� b9	;c, #l�_(Ûoª�< µÿ�·ÿ�Â6Ò 4�»ÿ�M�¿ì> Î�¤�< #¿ET� ��
N��� -����G�B�_ã# �̂�mrÂ6Ò��¤�< #¿EÃç> M�*8��M� ���m�N���. g̀@60 -����G�B�_¤�< 60«»(Ûo ++i, i += 1, i = i
+ 1Üï ìm¥ª�< #¿Eª�< ~¡£̈ ÿ¶;ìm¥ª�< �Ø¿�¿ì> ¹ÿ�¾ç>#e ÕëzN���. �:; g̀@60;c ++i, i += 1, i = i + 1 ï̂B #ei�@ #¿E
Ãç> Î�¾���¤�< 'Ö<<K¤�< Ã���G�B;c MÎ3Â6Ò 'Ö<<KT�U�, �G T��ç¡ �ÕÜï)ç�;c MÎ3Â6Ò 'Ö<<K�� ��·N���. (%Ç{[ôF#l H�B'Ö<
3.12|¡ ���z��S�M� ���m�N���.) (See also question 3.12.)

Q 20.15b Ã�Y�¿���Ø�ç¡Ãç>a�AI#eÚ<yÁì>�_¿ì>��÷7Bù��L·x�¢���}"��¤�<T�¤}¹L|+8�és-����G�B�_�� (optimizing compiler)

�̂���z� .���ÖNכ� ½��_�� <K L|+8�és -����G�B�_¤�< i /= 2�Ð	�|¡ shift}¹ 60=iS�W�U� ô6��¤�<#Ñ	�¢.

Answer i�� signed�·N���, ��N��̂@ unsigned�·N���? ¹ÿ���� signed ���·T��}����̂@, ‘shift’ a:@»ÿ�Üï ìm¥U� óm¬�:@N�
��. (3u@È�: i���:?¬£T�z� c�q¬£G�B #Ü�£¿ì>Ú�|~��AI�¹M� ���m�N���.)½�7�"k-����G�B�_�� ‘shift’a:@»ÿ�Ãç> Î�U�
óm¬óm©Ãç> #¿E�·N���.

Q 20.15c ��»S� $k�ç¡ _�@¬£ �}"T� £̈ _�@¬£q� 50÷7BÃç> ��dê� ¬£ ���Ãç>���¢?

Answer �¡7�ùÚH #eÚ<yÁì>P� É�}¹½�7� e¾ç>q� È��Ð�Ãç> Î��̂@ ���:?Üï ìm¥T� ¹ÿ�¾ç> ¬£ ����:@N���:

a ^= b;
b ^= a;
a ^= b;

½��_�� T�ã# ìm¥ª�< �Ø¿�¤�< g̀@60q� HLL2;c¤�< ��¢U� óm¬�:@N���. ��»S� _�@¬£¤�< þÙ� L·x�¢Â6Ò #¿ET� f, ���:?Üï ìm¥
T� Î�¤�< #¿Eª�<,

int t = a;
a = b;
b = t;

�Ø¿�¿ì> G��¤�< �����T� T�AI�M� �EL|¡ói; ¹ÿ�¾ç>#e ï̂> 3Ûo¹ÿ� ��N���, -����G�B�_�� T�¿ì> T�AIAI"k ���ç¡ �ÕÜï
+8�->	 �Ø¿�¿ì> ¹ÿ�¾ç> ¬£ ���|¡ói; AI 8̂@N��� (���ûB����̂@ swap 'å�&å�Ãç> -s"k). 4����� T��w�4� ��÷7B��̂@ £̈
_�@¬£�� �Ô->	'_, F�B¬£ã# ìm¥ª�< ���·G�B CI|¡ ��÷7Bù�� ¬£ ����:@N���. �ç¡a:@Z� XOR¿ì> ��÷7BÂ6Ò �ç¡(«ª�< T�ã# ìm¥
ª�< 62T�'_ ���·;c¤�< Íç> ¬£ �}"�:@N���. %Ç{[ôF#l H�B'Ö< 3.3b, 10.3|¡ ���z��S�M� ���m�N���.

V� 4 â�
 switch %K�*�×

Q 20.17 'Ö<���~x;c 60AI switch¿ì> Íç> ¬£ ���Ãç>���¢?

Answer ��̧+«+8�Ä�}¹¤�<Íç>¬£�}"�:@N���.½��_��,'Ö<���~xÃç>+ä�¬£}¹8��?�S�W�¤�<�ÈÕ¬£¿ì>-s"kT��ÈÕ¬£¿ì> switch;c
Î��̂@ ���ûBכ�ÖN���. ½��w�U� óm¬���̂@ strcmp()ã# if/else¿ì> ºÿ�õi;AI"k R�z�AI�� .���ÖNכ� %Ç{[ôF#l H�B'Ö<
10.12, 20.18, 20.29|¡ ���z��S�M� ���m�N���.

2High Level Language
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References [K&R1] § 3.4 p. 55; [K&R2] § 3.4 p. 58; [ISO] § 6.6.4.2; [H&S] § 8.7 p. 248.

Q 20.18 case label;c �ç¡¬£�� ��'>	 �¢g̀@ (;d¿ì> ¾ç>#e #ei�@ (8�a��� G�Bºÿ� ¬£��̧)Ãç> ��÷7B�¤�< �ç¡(«T� ���Ãç>���¢?

Answer �}"�:@N���. switch statement¤�< 4wH7� -����G�B�_�� 8�£ µÿ�·ÿ��4� _�@*9�ù�� ¬£ ���|¡ói; O���->	E'�}�M� CI'Ö<
;c, case labelª�< ·ÿ�G�BÂ6Ò(single), �ç¡¬£q�(constant), +ä�¬£ ¬£��̧(integral expression)¹ÿ� ��÷7Bù�� ¬£ ����:@N�
��.Zï>&è<���q� statement;c#l�_ case labelÃç>[ôFT�¤�<#¿EÄ�}¹µÿ�·ÿ�Â6Ò(8�a�¿ì>c�¡50Õëº¬£����:@N���. (��
7� ;d<K ���z�).

G�Bºÿ� ¬£��̧T��� �ç¡¬£�� ��'>	 ¬£��̧Ãç> ��÷7B��̀�̂@, if/else¿ì> ��÷7BAI�� .���ÖNכ�

%Ç{[ôF#l H�B'Ö< 20.17|¡ ���z��S�M� ���m�N���.

Note switch (c) {
case 1:
case 2:
case 3:
/* case 1-3: some statements */

case 4:
case 5:
/* case 4-5: some statements */

default:
/* ... */

}

References [K&R1] § 3.4 p. 55; [K&R2] § 3.4 p. 58; [ISO] § 6.6.4.2; [Rationale] § 3.6.4.2; [H&S] § 8.7 p. 248.

V� 5 â�
 e��� ¥U>#a e��æ 

Q 20.19 return 'Ö<�ç¡;c"k ��úm¥�¶;(outter) �G5�Ú¤�< +ä�ðmÔ}¹ Ú�|��� ���ûBÂ6Ò���¢?

Answer Ú�|��� ���ûBכ�ÖN��� (optional).

;db9	;c C �Ô�ç¡M�;c¤�< T� �G5�Ú�� L·x�¢á�~�:@N���. ½�7�"k ðm¬ª�< �����¾ç>T� C a�@#e¿ì> Íç> CI, #lb9	Z� T� �G5
�Ú¿ì> ��÷7B�#Þ	 .���ÖNכ�

(��¾6Ò��U�q� T�¤}¹ sizeof a:@»ÿ���;c"k|¡ �G5�Ú¿ì> Î�#Þ	 �U�¹ÿ� ��F�Bª�< T� �G5�Ú|¡ Ú�|��� ���ûBכ�ÖN���.)

References [K&R1] § A18.3 p. 218; [ISO] § 6.3.3, § 6.6.6; [H&S] § 8.9 p. 254.

Q 20.20 ý$ C a�@#eq� ®£)o�(comment)¤�< ï̂B,³AI"k Íç> ¬£ �}"Ãç>���¢? ®£)o�T� ¾ç>#e���¤�< �Ø¿�q� G�B«»(ÛoÃç> ®£)o� %o

P��z� F����¥�<�¢. �¡, 'Ö<���~x ¼ÿ�;c ®£)o�Ãç> Íç> ¬£ ������¢?

Answer C a�@#eq� ®£)o�ª�< ï̂B,³AI"k Íç> ¬£ �}"�:@N���. C a�@#eq� ®£)o�ª�< PL/Iq� ®£)o� ¦�'Ö<Ãç> E·x#e�̀AÄ� f, PL/I;c
"k¤�< ï̂B,³ùÚH ®£)o�'Ö<Ãç> )o÷7B�U� óm¬�:@N���. ����"k — 50«»+8�Ä�}¹ ®£)o�Ãç> �Ô�ÈÕÂ6Ò — #e+_Â6Ò �Ø¿� Áì>

&8�Ãç> ®£)o� %oP��z� F�����̂@, #ifdef�� #if¿ì> Î�¤�< #¿ET� �̂��:@N��� (½��_�� H�B'Ö< 11.19¿ì> þÙ� G��#e�¹M�
���m�N���.)

'Ö<���~x “/*’’¬½ ‘‘\verb*/+”¤�< �m;�~xÂ6Ò q�Q��� �}"�:@N���. ����"k 'Ö<���~x ¼ÿ�;c"k¤�< ®£)o�Ãç> Íç> ¬£ �}"
�:@N���. ý$����̂@ — �m;Z� C �ÐÃ� �Ø¿�¿ì> _ô>&9�AI®£¤�< — É�}¹½�×�yT� ½��_Â6Ò 'Ö<���~xÃç> _ô>&9��M�¿ì> 4wH

ù�� ¬£|¡ ���M� CI'Ö<�·N���.
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�¡Â6Ò C++;c"k <Kð���¤�< // ®£)o�ª�< C a�@#e;c"k Íç> ¬£ �}"�:@N���. ����"k C É�}¹½�×�y;c"k¤�< T� ®£)o�Ãç>
Î�U� óm¬¤�< �:@MÎ3Ãç> @�B�_�� ���ÖNכ� (#l�_(Ûoq� -����G�B�_�� // ®£)o�Ãç> Íç> ¬£ ���¤�< %u��ç¡ M��ûBÃç> <Kð��Â6Ò��
��G��|¡ ðmÔ�·N���).

References [K&R1] § A2.1 p. 179; [K&R2] § A2.2 p. 192; [ISO] § 6.1.9, Annex F; [Rationale] § 3.1.9; [H&S] § 2.2
pp. 18–9; [PCS] § 10 p. 130.

Q 20.20b Is C a great language, or what? Where else could you write something like a+++++b ?

Answer Well, you can’t meaningfully write it in C, either. The rule for lexical analysis is that at each point during
a straightforward left-to-right scan, the longest possible token is determined, without regard to whether
the resulting sequence of tokens makes sense. The fragment in the question is therefore interpreted as

a ++ ++ + b

and cannot be parsed as a valid expression.

References [K&R1] § A2 p. 179; [K&R2] § A2.1 p. 192; [ISO] § 6.1; [H&S] § 2.3 pp. 19–20.

Q 20.24 C a�@#e;c"k¤�< ý$ ï̂B,³ùÚH �ÈÕ¬£¿ì> <Kð���U� óm¬Ãç>���¢?

Answer ï̂B,³ùÚH �ÈÕ¬£;c"k U�*9� _�@¬£ã# �ÈÕ¬£¿ì> <K#e�¤�< #¿Eª�< �ELU� óm¬M� CI'Ö<�·N���. ����"k C a�@#e;c"k¤�< µÿ�
�lBés(simplification)¿ì> �¦Òכ�M� a�AI T� M��ûBÃç> <Kð���U� óm¬�:@N���. (gcc¤�< %u��ç¡ M��ûBÄ�}¹ ï̂B,³ �ÈÕ¬£
¿ì> <Kðכ���ÖN���.) 604� T��_Â6Ò M��ûBª�< qsort;c"k R�z� �ÈÕ¬£¿ì> ¹ÿ�¾ç>M� a�AI L·x�¢���z� Ú�|~��ù�� ¬£ ���
�:@N���. T�]�@ �ÈÕ¬£¾ç>ª�< static 9̀	a�@Üï +ä�+8� _�@¬£¿ì> -s"k ¹ÿ�¾ç>�̂@ �RLN���. (Ba���Â6Ò AI�lBÝÌvÄ�}¹¤�< L·x�¢
Â6Ò +ä��¹¿ì> ��U�z� ���¤�< ¦��Ð=i;c 60Â6Ò �Ô->	'_¿ì> b9	îm��¤�< #¿ET�U�¹ÿ�, qsort();c"k¤�< <Kð���U� óm¬�:@
N���.)

Q 20.24b assert()ª�< #ei�@ �ÈÕ¬£->	���¢?

Answer assert()�ÈÕ¬£¤�< <assert.h>;c+ä�q�E'#e���¤�< 8�Ç�}¹�ÈÕ¬£T� f “assertion”Ãç>?KÃ�È��M�a�Â6Ò�ÈÕ¬£
�·N���. T� CI ‘assertion’T�6̧Ò É�}¹½�7� e�� �lB+ä��¤�< #ei�@ ��+ä�(assumption)Ä�}¹, T� ‘assertion’T� #e
���¶ÿ���¤�<#¿Eª�<��»~��Â6ÒÉ�}¹½�7��?��¡©¼���RLN���.;d¿ì>¾ç>#e�kBT���'>	�Ô->	'_¿ì>�·&9����¤�<�ÈÕ¬£¤�<��
�:?Üï ìm¥ª�< �Ø¿�¿ì> ��Ò��ùכ ¬£ ����:@N���:

assert(p != NULL);

¹ÿ���� ‘assertion’T� F�B@I��̂@ É�}¹½�×�yª�< ~ç¡<K}¹ ø¶B�º�RLN���. ����"k malloc()T��� fopenÜï ìm¥T� ;d
�ç¡ù�� ¬£ ���¤�< ;c�_¿ì> #�����M� a�AI Î�G�B ¬£¤�< �}"�:@N���.

References [K&R2] § B6 pp. 253–4; [ISO] § 7.2; [H&S] § 19.1 p. 406.
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V� 6 â�
 ��ÒR� ¥U>#a�æ·

Q 20.25 C a�@#e;c"k FORTRAN (C++, BASIC, Pascal Ada, LISP) �ÈÕ¬£¿ì> «»¿ì> ¬£ ���Ãç>���¢? (ºÿ�60}¹ ��¦Ø< a�@

#e�� C �ÈÕ¬£¿ì> ��$p�� Íç> ¬£ ���Ãç>���¢?)

Answer �m�ª�< b9	+8�Ä�}¹ ��÷7B�z� ���¤�< -��²¼'_ M�ø¶BÜï -����G�B�_�� ��÷7B�¤�< ‘calling sequence’;c ���� îm��̀ ���
�:@N���. (b9	)y [ô>���ûBù�� ¬£|¡ ����:@N���.) G�B·ÿ� -����G�B�_ 'Ö<"k¿ì> ®£q�@��4� G��#e�¹S�M� ���m�N���� 60
4�¤�< “mixed-language programming guide”��¤�< T��mrq� 'Ö<"k�� �ÈÕBm <Kð���RJ #¿ET�N�, T�¿ì> ���z��M� ��
�m�N���.]�>��¦Ø<�ç¡(«Ä�}¹->	��¿ì>b9	îm��z�+8��}BÂ6Ò startup code¿ì>��÷7BAI���U�¹ÿ�,½�P� �̀*Ö<#¿ET���
�»Ãç> Q�P� ñm)y X8@N���. ø¶? �G ��:cÂ6Ò #¿Eª�< Gleen Geers�̂q� FORT.gz ��G�BÃç> ���z��M� ���� f, ftp}¹
suphys.physics.su.oz.auq� src O�×�v�ÔP�;c"k *8
Ãç> ¬£ ����:@N���.

60«»(Ûo->	M����¤�<-��²¼'_;c"k C/FORTRAN interface¿ì>µÿ�½Z@�4�AI®£¤�< cfortran.h��¤�<Ai�G��G�BT�
���Ä�N����z��M����m�N���. zebra.desy.de;c"k anonymous ftp}¹,�¡¤�< http://www-zeus.desy.de/ burow/;c
"k *8
Ãç> ¬£ ����:@N���.

C++;c"k¤�< "C" modifier�� external function 9̀	a�@T� C calling conventionÃç> ��÷7B�¤�< #¿EÃç> U�+ä�AI 8̂@
N���.

References [H&S] § 4.9.8 pp. 106–7.

Q 20.26 PascalT��� FORTRAN (�¡¤�< LISP, Ada, awk, ¦� Ã���G�B C �ûB)Ãç> C a�@#e}¹ _�@Z9�AI®£¤�< É�}¹½�×�yT� ���

Ãç>���¢?

Answer ��¤ói@4� 9��ÔE'¤�< É�}¹½�×�y¾ç>ª�< ���:?Üï ìm¥�:@N���:

p2c Dave Gillespie�̂�� ¹ÿ�¥�<, PascalÃç> C}¹ _�@#Ü�AI®£

¤�< É�}¹½�×�y�·N���. T� É�}¹½�×�yª�< 1990[Í	 3i�J;c
comp.sources.unix;c (Volumn 21) 4�S�E'�}��:@N���.
½�P�z� csvax.cs.caltech.edu;c ��̧'å�q� (anonymous)
FTP¿ì> -s"k pub/p2c-1.20.tar.Z}¹ ���Ãç> ¬£ ����:@N���.

ptoc ��¾6Ò��U�}¹ PascalÃç> C a�@#e}¹ _�@#Ü�AI®£¤�< É�}¹½�

×�y�·N���. T� É�}¹½�×�yª�< Pascal}¹ ���)ç�E'�}�Ä� f,
comp.sources.unix Volumn 10;c 4�S�E'�}�z�, Volumn
13?;c"k @IV�E'�}��:@N���.

f2c FORTRANÃç> C}¹ _�@#Ü�AI ®£¤�< É�}¹½�×�yÄ�}¹ Bell
Labs, Bellcore, Carnegie Mellonq� �����¾ç>;c q�AI

"k 4�ñmÔE'�}��:@N���. f2c;c 60Â6Ò �G ��:cÂ6Ò ����Ø

Ãç> ómÔz� F��Ä��̂@, netlib@research.att.comT���
research!netlib.netlib.att.comÄ�}¹ “send indenx
from f2c”��¤�< 8KG�BÃç> �¹50S��̂@ *8
Ãç> ¬£ ����:@N���. (Zï>&è<
��̧'å� FTP}¹ netlib.att.com;c"k netlib/f2c}¹ ���Ãç> ¬£
����:@N���.)

T� FAQ P�Ã�È�q� MÎ3P���¤�< ��¦Ø< (�ç¡*«÷7B) _�@Z9� É�}¹½�×�yÜï ��¦Ø< ômÔ ómÔ�̀U�U� óm¬ª�< a�@#e;c 60Â6Ò É�}¹
½�×�yq� ô6;ói;Ãç> ¤U��z� ����:@N���.

%Ç{[ôF#l H�B'Ö< 11.31, 18.16|¡ ���z��S�M� ���m�N���.

Q 20.27 C++ª�< Cq� ‘superset’�·N���? C �Ø¿�¿ì> -����G�B�M� a�AI C++ -����G�B�_¿ì> -s|¡ �ç¡MÎ3�}"Ãç>���¢?
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Answer C++¤�< C a�@#e;c"k ¤7�Â6Ò a�@#e�·N���. ½�P�z� F�B<K}¹ ðm¬ª�< «»(ÛoÃç> C a�@#e;c M��Ô¿ì> £̈z� ����:@N���
¹ÿ�, #ei�@ «»(Ûo;c 60AI"k¤�< C a�@#e MÎ3+8�Ä�}¹ ]�>��¦Ø< #¿ET� C++;c"k¤�< ]�>��À�U� óm¬ª�< #Ü�£�� ����:@N�
��. ���́}¹, ANSI C;c¤�< �~���U� M��ûB¾ç>Ãç> (É�}¹�Ô���·, const, �ûB) C++;c"k ��$p�̀A�:@N���. ����"k
Â6Ò a�@#e�� ��¦Ø< a�@#eq� TÖhb9	Â6Ò ‘superset’ª�< ��·N���; �¡ #ei�@ q�Q�¿ì> +ä�q�ù�� CI, "k}¹ ��À�4� +ä�q�Â6Ò
«»(Ûo|¡ ����:@N���. T�]�@ 	�T�+8�;c|¡ [ô>¦��z�, ðm¬ª�< C É�}¹½�×�y¾ç>T� C++;c"k|¡ ]�>��À�4� ò6Bכ����ÖN�
��. ½�P�z� 60«»(Ûoq� L|£Ó	 -����G�B�_¾ç>ª�< Cã# C++ -����G�B ~¡¿�¿ì> �� U�4wHכ�ÖN���. %Ç{[ôF#l H�B'Ö< 8.9,
20.20|¡ ���z��S�M� ���m�N���.

References [H&S] p. xviii, § 1.1.5 p. 6, § 2.8 pp. 36–7, § 4.9 pp. 104–107.

V� 7 â�
 N±Ó�§h�¤æ̧

Q 20.28 strcmpã# R��:AÂ6Ò ©»1>	T� L·x�¢Â6Ò62, £̈ 'Ö<���~xT� +ä�%u��4� G�BV��U� óm¬¤�< #Ü�£|¡ G�BV��¤�< #¿EÄ�}¹ %o

P��¤�< M��ûBT� L·x�¢כ�ÖN���.

Answer 60_�u R��:AÂ6Ò 'Ö<���~xÃç> R�z��M�(approximate string matching) a�Â6Ò +ä��¹ã# ómÔz�P��:?ª�< Sun Wuã# Udi
Manber’s Paperq� “AGREP — A Fast Apporoximate Pattern-Matching Tool”;c"k ��¢��[�> ¬£ ����:@N���.

��¦Ø< �ç¡(«Ä�}¹¤�< #l�_ R��:AÂ6Ò ·ÿ�#e¿ì> ò6BG�BÂ6Ò �Ø¿�}¹ 8��?�S�&�®£¤�< “soundex” ómÔz�P��:?Ãç> Ú�|~��AI [�>
¬£ ����:@N���. Soundex¤�< 4wH7� (b9	és_�@�Ú«» |¡£Q� ô6;+8�Ä�}¹) R��:A�4� ñmÔ�:?E'¤�< T��mrÃç> ñmÔZÁ	�M� a�
Â6Ò ô6;+8�Ä�}¹ O���->	ùÚH #¿E�·N���. but it can be pressed into service for processing arbitrary words.

References [Knuth] § 6 pp. 391–2 Vol. 3; [Wu].

Q 20.29 AI�?�(hashing)T�6̧Ò ª£a�@���¢?

Answer AI�?�(hashing)ª�< 'Ö<���~xÃç> (604� (8�a��� ���ª�<) +ä�¬£}¹ 60�ûBS�W�¤�< (mapping) ���*«Ãç> q�Qכ��ÖN���. “AI
S� �ÈÕ¬£”¤�< (hash function) 'Ö<���~xÃç> (�¡¤�< ��¦Ø< data structure) #ei�@ (8�a�¿ì> ��U�¤�< ¬£V�}¹ (hash
bucket) 8��?�S�W�¤�< �ÈÕ¬£�·N���. T� ¬£V�¤�< 604� 9��~xq� ->	ÖÎvÃ� ìḿÄ�}¹ ��÷7B�����, ºÿ�õi;E'¤�< R�z�¿ì>
%oP��M� a�AI ��÷7Bכ�ÖN���. (Zï>&è<, �ç¡�ç¡Z� Ó	 'Ö<���~xq� �·<ÖÃçכ� ���ª�< (8�a�q� ¬£V�}¹ 8��?�Â6Ò���̂@, G�B60
G�Bq� MÎ34��� )ç��·�U� óm¬Ãç> ¬£|¡ ����:@N���. ����"k AI�?�Ãç> %oP��¤�< ómÔz�P��:?ª�< T�]�@ “collision” ñmÔ
Ú�|Ãç> +8��}B�4� %oP�AI ®£#e�� (.���ÖNכ� T�Q� AIS�;c MÎ3Â6Ò ómÔz�P��:?Üï �ÈÕ¬£�� ðm¬T� 4�ñmÔE'�}��:@N���;
T�]�@ ®£<K;c 60Â6Ò �G ��:cÂ6Ò #¿Eª�< T� P�Ã�È�q� ô6;+8�Üï ��¢U� óm¬M� CI'Ö<;c Ú�|כ����ÖN���.

References [K&R2] § 6.6; [Knuth] § 6.4 pp. 506–549 Vol. 3; [Robert] § 16 pp. 231–244.

Q 20.31 ®£#e.>	 ím���}¹ �¢G�BÃç> 4�»ÿ���̀�̂@ #e�w�4� ��¢?

Answer mktime()Üï localtime()Ãç> Î��̂@ �RLN���. (13.13, 13.14. ½��_�� tm_hour�� 0T� �RJ CI, DST �Ð
+ä�(adjustment)Ãç> ®£q�AI�� (.���ÖNכ� �¡¤�< Zeller’s congruence¿ì> (sci.mathq� FAQ P�Ã�È� ���z�) Î�
����, Tomohiko Sakamoto�̂q� ���:? �Ø¿�¿ì> Î��̂@ �RLN���:

int dayofweek(int y, int m, int d) /* 0 = Sunday */
{
static int t[] = {0, 3, 2, 5, 0, 3, 5, 1, 4, 6, 2, 4};
y -= m < 3;
return (y + y/4 - y/100 + y/400 + t[m-1] + d) % 7;

}
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%Ç{[ôF#l H�B'Ö< 13.14, 20.32|¡ ���z��S�M� ���m�N���.

References [ISO] § 7.12.2.3.

Q 20.32 2000[Í	T� *×<[Í	->	���¢? (year % 4 == 0)Ä�}¹ *×<[Í	Ãç> 4�»ÿ��¤�<4� ]�>��¦Ø<���¢?

Answer 2000[Í	ª�< *×<[Í	T� (leap year) ��¢�:@N���. ½�P�z� *×<[Í	Ãç> 4�»ÿ��¤�< ð����̧ª�< ���:?Üï ìm¥�:@N���:

year % 4 == 0 && (year % 100 != 0 || year % 400 == 0)

�̂�ª�< cS@'Ö<�ÈÑ îm�&9�T��� (astronomical almanac), ��¦Ø< ���z� |¡"k¿ì> ���z��M� ���m�N���. (To forestall an
eternal debate: references which claim the existence of a 4000-year rule are wrong.) %Ç{[ôF#l H�B'Ö< 13.14,
13.14b|¡ ���z��S�M� ���m�N���.

V� 8 â�
 ï5Ñ�ä·(�×

Q 20.34 ��,>	q� �ÐÃ� �Ø¿�¿ì> _ô>&9��¤�< É�}¹½�×�yÃç> ¹ÿ�¾ç>�̀�̂@ #e�w�4� ��¢?

Answer T���̧)ç�T� i�#e¶ÿ�, ��,>	Ãç> <� _ô>&9��¤�< É�}¹½�×�yÃç> (self-reproducing program) ¹ÿ�¿�¤�< #¿Eª�< 8�£ #e�̀
*Ö< G�B�·N���. �m;Z� ��÷6?�¢ã# 'Ö<�� �Ø¿� CI'Ö<;c #e&°�:@N���.

b9	0ïF+8�->	 ;d¤�< (Â6Ò _ô>}¹ E'#e ���U�¹ÿ�, G�B·ÿ� ¬£á�¥E'�̂@ ��,>	Ãç> z�V�4� �RLN���) ���:?Üï ìm¥�:@N���:

char *s = "char *s=%c%s%c; main() { printf(s, 34, s, 34); }";
main() { printf(s, 34, s, 34); }

(T� É�}¹½�×�yª�< ðm¬ª�< ��¦Ø< �ç¡À�q� É�}¹½�×�y%o&8�, #include <stdio.h>¿ì> �Ô�ÈÕ�z� ���U� óm¬z�, Ó	��
÷6?�¢ 'Ö<��->	 "�� (ASCII;c"k) 34��z� ��+ä��z� ���)ç�ùÚH #¿E�·N���.)

Q 20.35 What is “Duff’s Device”?

Answer It’s a devastatingly deviously unrolled byte-copying loop, devised by Tom Duff while he was at Lucasfilm.
In its “classic” form, it looks like:

register n = (count + 7) / 8; /* count > 0 assumed */
switch (count % 8) {
case 0: do { *to = *from++;
case 7: *to = *from++;
case 6: *to = *from++;
case 5: *to = *from++;
case 4: *to = *from++;
case 3: *to = *from++;
case 2: *to = *from++;
case 1: *to = *from++;
} while (--n > 0);

}
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where count bytes are to be copied from the array pointed to by from to the memory location pointed to
by to (which is a memory- mapped device output register, which is why to isn’t incremented). It solves the
problem of handling the leftover bytes (when count isn’t a multiple of 8) by interleaving a switch statement
with the loop which copies bytes 8 at a time. (Believe it or not, it is legal to have case labels buried within
blocks nested in a switch statement like this. In his announcement of the technique to C’s developers
and the world, Duff noted that C’s switch syntax, in particular its “fall through” behavior, had long been
controversial, and that “This code forms some sort of argument in that debate, but I’m not sure whether
it’s for or against.”)

Q 20.36 ���:? “International Obfuscated C Code Contest(IOCCC)”¤�< a�@<K �~xP����¢? $k_�@ ¬£�ç¡��q� ���bkrÃç> [�>

¬£ ���Ãç>���¢?

Answer T� dÌ	?KÃ�È�¤�< ��Ø�ç¡ .>	á�¥ ï̂B�·N���. http://www.ioccc.org/index.htmlÃç> ���z��S�M� ���m�N���.

¬£�ç¡��¤�<604� Usenix�Ô&8�;cð���¢E' f½�³Ö}¹ net;c|¡4�S��RLN���.Üï��q� (1984[Í	T�³Ö)¬£�ç¡���bkr¾ç>
ª�< ftp.uu.netq� pub/iocccO�×�v�ÔP�;c$k�ç¡E'#e����:@N���(H�B'Ö< 18.16���z�); http://www.ioccc.org/index.html|¡
���z��M� ���m�N���.

Q 20.37 [K&R1];c ���¡¤�< entry W���¿�¤�< #eO�;c Î�¤�< ���¢?

Answer �ÈÕ¬£�� - FORTRAN;c"k%o&8� - ��� T��ç¡q� entry point¿ì> ��H�B ¬£ ���|¡ói; �M� a�AI ;d���E'#e ���¤�< #¿E
�·N���.

F�B<K}¹ T� M��ûBT� ¾ç>#e���¤�< -����G�B�_¤�< ¹ÿ�¾ç>#e.>	 +8�T� �}"��z� ómÔ�̀$p (T� 'Ö<(«T� #ei�@ ��̧Ä�}¹ Î�T�
¤�< U� M�*8��¤�< �����|¡ �}"Ä� f) ����:@N���. T� W���¿�¤�< ANSI C;c"k¤�< <K��E'�}��:@N���. (%Ç{[ôF#l H�B'Ö<
1.12|¡ ���z��S�M� ���m�N���.)

References [K&R2] p. 259 Appendix C.

Q 20.38 “C” a�@#eq� “C”¤�< #eO�;c"k ¤7�Â6Ò ðmÔ->	���¢?

Answer C a�@#e¤�< Ken Thompson�̂q� F�B0±C a�@#e->	 B a�@#e;c"k ¤7�Â6Ò #¿E�·N���. ½�P�z� T� B a�@#e¤�< Martin
Richards�̂q� BCPL;c"k (Basic Combined Programming Language) ¤7�Â6Ò #¿E�·N���. T� BCPLª�< CPL
Ãç> (Cambridge Programming Language) µÿ����ésÂ6Ò (simplification) a�@#e�·N���. C a�@#e¿ì> �ç¡ö¶;Â6Ò P a�@#e
|¡ ����:@N���; ‘D’�� ��'>	 ‘P’¿ì> 9̀	ßÌvÂ6Ò #¿Eª�< BCPLq� :c_�@Fg ¼â����� ‘P’T�M� CI'Ö<�·N���. ½��_��, g̀@<�
C a�@#e¿ì> �ç¡ö¶;Â6Ò ���ç¡ ômÔ ómÔ�̀.>	 a�@#e¤�< C++�·N���.

Q 20.39 “char”¿ì> #e�w�4� ñmÔ�:?��¢?

Answer C W���¿�(keyword)->	 “char”¤�< :c ��U�q� ñmÔ�:?Ãç> Íç> ¬£ ����:@N���: *å�#e ·ÿ�#e->	 “char”, “care”, “car”
(�¡¤�< “character”}¹); #ei�@ #¿EÃç> Î�¾���¤�< �~x}¹ ï̂B�¢�U� óm¬�:@N���.

Q 20.39b “lvalue”ã# “rvalue”¤�< ª£*Ë{->	���¢?
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Answer µÿ�·ÿ�Z�ðmÔAI"k, “lvalue”¤�<60�·(assignment)a:@»ÿ�;c"kþÚH�¶;;c]�>¬£���¤�<¬£��̧Ãç>ðmÔכ�ÖN���;����"k#ei�@
a�V�¿ì>����50¤�<�¡Â�Ü<vÈ�}¹Ú�|~��ù��¬£����:@N���. (½��_��H�B'Ö< 6.7Ãç>���z��M����m�N���.) “rvalue”��
�ÈÕª�< #e+_Â6Ò ìḿÃç> ��U�¤�< ~¡¥�< ¬£��̧Ãç> ðmÔכ�ÖN��� (�:; 60�· a:@»ÿ�;c"k �¡¦Ø<�¶;;c ]�> ¬£ ���¤�< ¬£��̧Ãç> ðmÔכ�Ö
N���).

Q 20.40 T� 'Ö<"kq� ��(è<ª�< #eO�;c"k *8
Ãç> ¬£ ����¢? T�b9	 !eb9	|¡ *8
Ãç> ¬£ ������¢?

Answer ���ç¡ L|,>	q� ��(è<ª�< ftp.eskimo.comq� u/s/scs/C-FAQ/;c"k *8
Ãç> ¬£ ����:@N���. �¡¤�< §¤Ã� ½�Yk@;c"k
*8
Ãç> ¬£|¡ ����:@N���; L|,>	 'Ö<"k¤�< comp.lang.c;c Â6Òîm� ®£M�}¹ 4�S��RLN���. ò6BS�;c T� 'Ö<"k¿ì> (_�@#Ü�
����Ø �Ô�ÈÕ) �¢���Â6Ò !eb9	|¡ 4�S��RLN���.

T� 'Ö<"kq� ���è¡Â6Ò !eb9	T� comp.answersã# news.answers;c|¡ 4�S��RLN���. news.answer ½�Yk@;c¤�<
��¦Ø< FAQ ô6;ói;Üï �ÈÕBm T� ô6;ói;T� <Kð��E' f, T��_Â6Ò ô6;ói;¾ç>Ãç> ¦�ù�� ¬£ ���¤�< ð�� ï̂B £̈ ð��Ãç> ¾ç>�̂@
rtfm.mit.eduã# (pub/usenet/news.answers/C-faq/O�×�v�ÔP�) ftp.uu.netT� (usenet/news.answers/C-faq
O�×�v�ÔP�)����:@N���. ftp¿ì>Íç>¬£�}"���̂@ rtfm.mit.eduq�8KG�B"k!e��#l�_(Ûo;c4�8KG�B}¹ FAQô6;ói;Ãç>
�¹50ï̂>¬£���Ä�N�T�M��ûBÃç>Î��̂@�RLN���:8KG�B50÷7BÄ�}¹ “help”��¤�<Â6Ò·ÿ�#e¿ì> mail-server@rtfm.mit.edu}¹
�¹50�̂@ �RLN���. ��:cÂ6Ò #¿Eª�< news.answersq� meta-FAQ ô6;ói;Ãç> ���z��M� ���m�N���.

�T�(_ß�vÃ�È� (HTML) !eb9	ª�< WWW;c"k <Kð���RLN���: URLª�< ���:?Üï ìm¥�:@N���:

http://www.eskimo.com/~scs/C-faq/top.html

~¡¥�< ¤Å�Õ±× FAQ P�Ã�È�¤�< ��7� ��T�È�;c"k *8
Ãç> ¬£ ����:@N���:

http://www.faqs.org/faqs/

T� FAQ P�Ã�È�q� %u��ç¡Á6Òª�< Addison Wesley��;c"k “C Programming FAQs: Frequently Asked Ques-
tions”��¤�< T��mrq� ÝÌvÄ�}¹ _ô>Á6ÒE'�}��:@N��� (ISBN 0-201-84519-9). +ä�+ä� ô6;ói;ª�< (errata list) ���:?;c"k
¦�ù�� ¬£ ����:@N���:

http://www.eskimo.com/~scs/C-faq/book/Errta.html

�¡¤�< ftp.eskimo.comq� u/s/scs/ftp/C-faq/book/Errta}¹ ¦�ù�� ¬£|¡ ����:@N���.

~��~��q� 'Ö<"k¾ç>ª�< 8�îm� �º¡Q�}¹*Ö< H�B'Ö<¾ç>;c 60Â6Ò �m�_�@T� ��N���, b9	=i H�B'Ö</�m�_�@ ô6;ói;Ãç> ¤U��z� ���
�:@N���. ����"k �¡7�ùÚH !eb9	ª�< L·x�¢V� óm¬Ãç> #¿E�·N���.

Note T� 'Ö<"kq� Â6ÒV��#eÁ6Òª�< ��7� URL;c"k *8
Ãç> ¬£ ����:@N���:

http://pcrc.hongik.ac.kr/~cinsk/

a� ��T�È�;c"k <Kð���¤�< 0ïF��̧ª�< postscript (.ps), portable document format (.pdf), �T�(_ ß�vÃ�È�
(.html) �·N���.
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Extensions

T� �}B;c"k¤�< *9����� Ò��Â6Òכ H�B'Ö<¾ç>Ãç> +ä�P�AI W��óm©�:@N���.

V� 1 â�
 miscellaneous code

T� ·ÿ����;c"k¤�< #l�_(Ûo¾ç>T� ��q� ~¡¥�< É�}¹½�×�y 4�ñmÔ;c Íç> ¬£ ���¤�< utility �ÈÕ¬£¾ç>;c 60Â6Ò ��B'å��·N���.

21.1 ��T�Â��_P� �ÈÕ¬£¾ç>T� )ç�ð��+8�Ä�}¹ ¬£á�¥E'�}�¤�<U� G�BG�BT� P�e�@ìḿÃç> �Ð��AI"k ;c�_ 8KS�U�¿ì> _ô>&9��¤�<

#¿ET� _�@��ói@�:@N���. µÿ�·ÿ�Z� ù�� ¬£ ���¤�< �ç¡(«T� �}"Ãç>���¢?

Answer ���:?Üï ìm¥T� error �ÈÕ¬£1¿ì> ¹ÿ�¾ç>M� ���m�N���.

#include <stdarg.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

/* ¬ ¦́µ ¨ÏáªÁ£Ûá error()¡´ §Ïô ¨Íá ¨Öå¦Ïñ£ÛáÈ ³ÔðªÁ¦Ûå

*  ̧Éò³Éî£È¤´. */
unsigned int error_message_count;

/* ¬ ¦́µ ³ÉíªÁ ²¼¬Ýá± ¡̧´ NULL¬È§Ïá error() ³ÉíªÁ£Ûá
* stdout ¬Ûå flushªÈ°È¡¼ stderr¦¼ ²Æ¦¼¡Æ¦Êí ¬È¦Ûí¬Ûå

* Öå¦ÏÞ³כ ¡́¼, ": "¦Ûå .´¤Öå¦ÏÞ³Éî£Èכ */

/* error() ³ÉíªÁ¦Ûå «Æ£Ûá ²Æ¦¼¡Æ¦Êí¬Ûá ¨Éá¤ÆªÈ

* program_name ¬È¦ £́Ûá ¨ÏáªÁ¦Ûå Íò¬Ç³ ¡́¼ ²Æ¦¼¡Æ¦Êí¬Ç

* ¬È¦Ûí(ªÝå³Êò ²´¬Ýå ¬È¦Ûí) ¬Ûå ÈÍò³µ¬¶ ³Éî£È¤´. */

void
error(int status, int errnum, const char *msg, ...)
{
va_list argptr;

1s� error �<ÊÃº��H GNU software �èÛ¼ �ï×¼\�"f %3��Ér �¦̀�	כ çß�|ÄÌ�oô�Ç �.���9�m}	כ

152



�©� 21. EXTENSIONS 1. MISCELLANEOUS CODE

if (error_print_progname)
(*error_print_progname)();

else {
fflush(stdout);
fprintf(stderr, "%s: ", program_name);

}

va_start(argptr, msg);
vfprintf(stderr, msg, argptr);
va_end(argptr);

++error_message_count;

if (errnum)
fprintf(stderr, ": %s", strerror(errnum));

putc(’\n’, stderr);
fflush(stderr);
if (status)
exit(status);

}

G�B·ÿ� a�ã# ìm¥T� error() �ÈÕ¬£¿ì> ¹ÿ�¾ç>�}�Ä��̂@ #l�_(Ûoq� �Ø¿�;c"k ���:?Üï ìm¥T� Íç> ¬£ ����:@N���.

#include <stdio.h>
#include <errno.h>

const char *program_name = "sample"

int
main(void)
{
FILE *fp;
char *filename = "sample.dat";

fp = fopen(filename, "r");
if (fp == NULL)
error(EXIT_FAILURE, errno,

"cannot open file %s.", filename);
/* ... */

}

a�q��Ø¿�¿ì>��B'å��ð�©�:@N���. error()q�,Ò{_�@Fg->	��¤�< 0T���'>	#Ü�£,��T�Â��_P��ÈÕ¬£ exit()}¹b9	
îm��RLN���.����"k <stdlib.h>;c+ä�q�ùÚH 0T���'>	ìḿÃç>��U�¤�< EXIT FAILURE�ç¡¬£¿ì>-s"k error()��
8KS�U�¿ì> _ô>&9��z� É�}¹½�×�yÃç> ø¶B�º�|¡ói; ���ÖNכ�

error();c b9	îm�ùÚH £̈_�@Fg ->	��->	, errno¤�< <errno.h>;c +ä�q�ùÚH b9	*9� _�@¬£}¹"k �~��~� ��T�Â��_P� �ÈÕ
¬£¾ç>T� �¹z�Â6Ò ;c�_q� ø¶B©¼¿ì> ����50¤�< _�@¬£�·N���. T� ìḿª�< error()�� strerror �ÈÕ¬£¿ì> -s"k ;c�_
¿ì> ����50¤�< 'Ö<���~x}¹ ��1à< ���:? _ô>&9כ��ÖN���. S�Ã�ß�yÜï ��T�Â��_P� �ÈÕ¬£�� �¹z�Â6Ò ;c�_�� ��N����̂@
error()q� £̈_�@Fg ->	��}¹ 0Ãç> ®£�̂@ �RLN���.

error()q� :c_�@Fg ->	��«»'_¤�< printf()�� Î�¤�< 0ïF��̧ ½�60}¹ Î�S��̂@ �RLN���.

Zï>&è<a�q�;d<K��TÖh(9��U�¤�<óm¬�:@N���.#l�_(Ûoª�< error()�ÈÕ¬£¿ì>Î�M�a�AI,óm¦;c"k<KS�Â6Ò error()
+ä�q�ã#, T� �ÈÕ¬£�� Î�¤�< b9	*9� _�@¬£¾ç>Ãç> +8��ç¡�4� ��Ò��AIכ .���ÖNכ�
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;c�_ �ÈÕ¬£q� 9̀	a�@Üï va list, va start(), va end();c MÎ3Â6Ò #¿Eª�< 15 �}BÃç> ���z��M� ���m�N���.

References [GLIBC] misc/error.*

21.2 User inputÃç> stringÄ�}¹ ���ª�< ���:?, atoi �ÈÕ¬£¿ì> -s"k ¬£V�}¹ ���́#e ���*« á�~�:@N���. ½�]�@62 ����» T�
�ç¡Â6Ò 'Ö<<K�� ñmÔÚ�|כ�ÖN���. ý$ ½��wx���¢?

Answer atoi¤�< ®£#e.>	 'Ö<���~xÃç> 10.>	¬£}¹ AI)o�AI"k int}¹ ���́#e ®£U�¹ÿ�, ;c�_¤�< %oP�AI ®£U� óm¬�:@N���. ��
S� ðmÔAI"k �·&9� 'Ö<���~xÃç> 10.>	¬£}¹ %oP�ù�� ¬£ �}"Ãç> CI;c¤�< 604� 0Ãç> P�e�@כ�ÖN���.

����"k ���:?Üï ìm¥ª�< �ÈÕ¬£¿ì> ¹ÿ�¾ç>#e Î�¤�< #¿ET� �̂��:@N���:

#include <errno.h>

int
convint(long int *d, const char *s)
{
char *p;
long int i;

if (*s == ’\0’) /* error: nothing in the source string */
return -1;

i = strtol(s, &p, 0);
if (errno == ERANGE) /* error: underflow or overflow */

return -1;

if (*p != ’\0’) /* error: there is unexpected character */
return -1;

*d = i;
return 0;

}

a��ÈÕ¬£¤�< £̈ 4�q�->	��¿ì>����:@N���.,Ò{->	��¤�<_�@Z9�Â6Ò long int¿ì>$k�ç¡ù���Ô->	'_¿ì>���z�, £̈_�@Fg->	
��¤�< _�@Z9�ù�� 'Ö<���~xÃç> ����:@N���. P�e�@ ìḿª�< )ç�ð��+8�Ä�}¹ _�@Z9�Â6Ò #Ü�£;c¤�< 0Ãç>, ½��w�U� óm¬ª�< #Ü�£;c¤�<
−1Ãç> P�e�@כ�ÖN��� – �·&9�;c ;d�ç¡ù�� ¬£ �}"¤�< 'Ö<��ìḿT� �¡����, �·&9�T� ��;d �}"����('Ö<���~xT� ’\0’->	
#Ü�£), _�@Z9�Â6Ò ìḿT� long int;c ���Ãç> ¬£ �}"Ãç> ¹ÿ���» Ç����� ���ª�< #Ü�£, ;c�_}¹ %oPכ��ÖN���.

F�B<K ��÷7BÂ6Ò ;d¤�< ���:?Üï ìm¥�:@N���:

void
foo(void)
{
char instr[80];
int i;

/* instr ¬È user input¬Ûå ¡´È¡¼ ¬Ýñ¤ ¡́¼ ¡´Íò */

if (convint(&i, instr) < 0) {
/* error: invalid user input */

}
/* ... */

}
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®£q�ù�� #¿Eª�< T� convint �ÈÕ¬£�� atoiã# ÿ¶;ìm¥T� ò6B����¤�< 4� ��N���¤�< #¿E�·N��� — ·ÿ�)Ö<Z� P�e�@ìḿÜï

->	��¹ÿ�q� 'Ö<<K�� ��·N���. atoiã# convintq� ��¦Ø< +8�ª�< Ç�4� ���:?Üï ìm¥�:@N���:

1. atoi¤�<;c�_¿ì>#�����U�óm¬�:@N���.����"k�·&9�T� "12xyz"->	#Ü�£;c 12¿ì>P�e�@כ�ÖN���. convint¤�<
�·&9� 'Ö<���~xT� TÖhb9	Â6Ò #Ü�£;c¹ÿ� %oP��Á�}¹, �·&9�T� "12xyz"->	 #Ü�£;c¤�< int _�@Z9�Ãç> ¬£á�¥�U�
óm¬�:@N��� — �:; ;c�_}¹ %oPכ��ÖN���.

2. atoiq� P�e�@ ���·T� int->	 ºÿ��̂@, convintq� #Ü�£ long int�·N���.

3. atoi¤�< 10.>	¬£¹ÿ� %oP�ù�� ¬£ ���¤�< ºÿ��̂@, convint¤�< strtolq� :c_�@Fg ->	��}¹ 0Ãç> ®£�}�M� CI'Ö<;c,
8.>	¬£�� 16.>	¬£|¡ %oP�ù�� ¬£ ����:@N���; 16.>	¬£q� #Ü�£ 'Ö<���~x óm¦;c "0x"¿ì> [ôF#l�� � f, 8.>	¬£
q� #Ü�£;c 'Ö<���~x óm¦;c "0"Ãç> [ôF#l�� .���ÖNכ�

V� 2 â�
 Debugging

T� ·ÿ����;c"k¤�< debuggingS� ���z�ù�� ¬£ ���¤�< #l�_��U� hint¿ì> ~¡óm©�:@N���.

21.3 �̂�ª�< debugger¿ì> ÒcS@AIכ ®£:c�¢.

Answer #ei�@ C -����G�B�_�� ���ç¡ �̂�ª�< #¿E->	��?ã# ��¾6Ò��U�}¹ AI�m�T� ���¡M� ��C¥�< H�B'Ö<�·N��� ;-)

)ç��ûB �̂�z�, ð��4�÷7B->	 GDB(GNU symbolic debugger)¿ì> .���ÖNכ�@ÒcSכ GDB¿ì> ��}¹ command-line;c"k ��
÷7B�¤�< #¿Eª�< ���ç¡ �̀*Ö< �ç¡(«T�&>	 �U�¹ÿ�, vi¿ì> Î�U� óm¬z� ed¿ì> -s"k ���*«�¤�< #��T� �RLN���.

GNU Emacs;c"k¤�< GDB¿ì> ½Z@�4� Íç> ¬£ ���¤�< mode¿ì> <Kð��� f, DDD¤�< GDB¿ì> -s"k X window sys-
tem;c"k ½Z@�4� Íç> ¬£ ���¤�< interface¿ì> <Kðכ���ÖN���.

21.4 <K�� ¹ÿ�¥�< É�}¹½�×�yª�< main()Ãç> Ê��ñ�w ���:?;c “segmentation fault”¿ì> _ô>&9��z� Ê���� !e�·N���. ý$ ½�
�wx���¢?

Answer µÿ�·ÿ�Z� ðmÔAI C a�@#e}¹ ���)ç�Â6Ò É�}¹½�×�yª�< main()Üï �ÈÕBm S�����#l main()T� Ê�����̂@ ø¶B�º�4� �RLN�
��. -����G�B�_�� ¹ÿ�¾ç>#e ñ�w object fileÃç> executable ��G�B}¹ _�@Z9��¤�< Üï+ä�;c"k, command-line ->	��->	
argcã# argv¿ì> ��B+ä��z�, main()T� ø¶B�ºÂ6Ò ���:? OS;c4� control¿ì> $Ê���®£¤�< assembler ©»1>	T� ¾ç>#e
��¤�< 62, É�}¹½�7� eq� F�B¬£}¹ assembler routineÄ�}¹ X�>����¤�< P�e�@ address�� $k�ç¡E'#e ���¤�< stackÃç>
ZÌ	¿�P�4� E'�̂@ (in technical term, write over the stack where the return address is stored.) ½��_Â6Ò �ç¡%·n
T� ñmÔÚ�|�#Þ	 .���ÖNכ�

G�B·ÿ� main �ÈÕ¬£ 50;c"k 9̀	a�@ùÚH local 9��~xT� ����� �Ð���z�, ������̂@, ½� 9��~xq� (8�a�¿ì> (Ë{#e¶ÿ� ���*«T�
����}�¤�<U� %u�->	�S�M� ���m�N���.

21.5 T� ¼â�ª�< #ei�@ aô>}¹ ¹ÿ�¥�< #¿E->	���¢?

Answer T� ¼â�ª�< LATEXã# Â6Ò¼â� LATEX@IW�U�->	 HLATEX¿ì> -s"k ¹ÿ�¥�< #¿E�·N���.
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