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����Ã�¦�¦o�µ���6WUXFWXUH�

�µ¤�¸É�Á¦µÅ�o�Á¦¸�¥�¦¼o�Å�Ä����¸É�Â¨o�ª� °µ¦r�Á¦¥r��º�°Â�ª®¦º�°¨Î�µ�´���°��o�°¤¼�̈ ®¨µ¥Ç�´�ª�¸É�¤¸�Â���o�°¤¼�̈ ��·��
Á�¸�¥ª�´��� Á�n��� �o�µÁ�}��°µ¦r�Á¦¥r��°��o�°¤¼�̈ Â�� int � � �o�°¤¼�̈ �»���´�ªÄ�°µ¦r�Á¦¥r��È��³�o�°�Á�}�� int � Á®¤º�°��´���´Ê��
®¤�®¦º�°�o�µÁ�}��¡°¥�r�Á�°¦r�� �o�°¤¼�̈ �»���´�ª�°�°µ¦r�Á¦¥r��È��o�°�Á�}��¡°¥�r�Á�°¦r�Â��Á�¸�¥ª�´���´Ê��®¤�� �o�°�Î�µ�´��Ä�
�µ¦Ä�o��µ�°µ¦r�Á¦¥r��Ä�¨´��¬�³�¸Ê��³Å¤n�¤¸���o�µÁ¦µ®´��¤µÄ�o���o�°¤¼�̈ Â��Ã�¦�¦o�µ���6WUXFWXUH����¹É���º�°ªn�µÁ�}��Â��
�o�°¤¼�̈ ¦ª¤��$JJUHJDWH�'DWD�7\SH����·��®�¹É��

�µ¦Ä�o�°µ¦r�Á¦¥r�¤¸��o�°�¸��º�°� Á¦µµ¤µ¦�Á�o�µ�¹���o�°¤¼�̈ Â�n�̈ ³�´�ª£µ¥Ä�°µ¦r�Á¦¥r�Ã�¥Ä�o�Á¨��´���¸�� �¹É���Î�µÄ®o�
³�ª�Â¨³¦ª�Á¦È�ªÄ��µ¦�´���µ¦�´���o�°¤¼�̈ �¸É�¤¸�°¥¼n�� �´���´Ê���¹��Á®¤µ³¤�́���µ¦Á�È���o�°¤¼�̈ �Î�µ�ª�¤µ��¸É�Á¦µ

®´�ª�o�°Ä����¸É���

• ¦¼��Â���µ¦�·�¥µ¤Â¨³Â�o��Ä�o��́�ªÂ�¦�̧É�Á�}��Ã�¦�¦o�µ�
• �µ¦Ä�o��W\SHGHI���́��Â���o�°¤¼�̈ Ã�¦�¦o�µ�
• �µ¦Á�o�µ�¹���o�°¤¼�̈ ¤µ�·��Ä�Ã�¦�¦o�µ�
• �µ¦®µ�̧É�°¥¼n��°��o�°¤¼�̈ Ã�¦�¦o�µ�Â¨³�o�°¤¼�̈ ¤µ�·��
• �µ¦�·���́Ê���n�µÁ¦·É�¤�o��Î�µ®¦�́��o�°¤¼�̈ Ã�¦�¦o�µ�
• �µ¦�n�µ�Ã�¦�¦o�µ�Ä®o�¢{���r��́��Â¨³Á�}���n�µ�΅���º��
• Ã�¦�¦o�µ��̧É�¤̧��o�°¤¼�̈ ¤µ�·��Á�}��°µ¦r�Á¦¥r�
• Ã�¦�¦o�µ��̧É�¤̧��o�°¤¼�̈ ¤µ�·��Á�}��Ã�¦�¦o�µ�
• °µ¦r�Á¦¥r��̧É�¤̧��o�°¤¼�̈ ¤µ�·��Á�}��Ã�¦�¦o�µ�
• �µ¦Á¦̧�¥��o�°¤¼�̈ Ä�°µ¦r�Á¦¥r��°�Ã�¦�¦o�µ�
• °µ¦r�Á¦¥r��°�Ã�¦�¦o�µ��̧É�¤̧�¤µ�·��Á�}��¡°¥�r�Á�°¦r�
 �̧Ê�Å�¥́��¢{���r��́��

• �́�ª°¥n�µ��µ¦Ä�o��µ�Ã�¦�¦o�µ�Â¨³�µ¦Á�̧�¥�¢{���r��́���¹Ê��Ä�o�
• ¦¼��Â���µ¦�·�¥µ¤Â¨³Â�o��Ä�o��́�ªÂ�¦�̧É�Á�}��¥¼�Á�̧�¥�
• �µ¦�·���́Ê���n�µÁ¦·É�¤�o��Ä®o��́�ªÂ�¦Â��¥¼�Á�̧�¥�
• �µ¦Â�o��Ä�o�Ã�¦�¦o�µ��̧É��¦³�°��o�ª¥ Á���o�°¤¼�̈ �·��
• �µ¦Á�È��Â�ª�·��Ä�®�n�ª¥�ªµ¤�Î�µ
• �́�ª°¥n�µ��µ¦�·�¥µ¤Ã�¦�¦o�µ��̧É�¤̧��o�°¤¼�̈ ¤µ�·��Á�}���·��¢d�̈ �r�
• �µ¦Ä�o��HQXPHUDWLRQ�W\SHV
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µ¤µ¦�Á�o�µ�¹��Å�o�Ã�¥�µ¦�Î�µ®���Î�µÂ®�n��®¦º�°®¤µ¥Á¨�� ��Ä���³�¸É�Ã�¦�¦o�µ���º�°�Â���o�°¤¼�̈ ¦ª¤�¸É��¦³�°�
�o�ª¥�o�°¤¼�̈ �n�µ�Ç�¸É�¤¸�Â���o�°¤¼�̈ Á®¤º�°��´��®¦º�°�n�µ��´���È�Å�o�� �´���´Ê���¹���Î�µÁ�}���o�°�Ä�o�ª·��¸��µ¦°ºÉ��Ä��µ¦Á�o�µ�¹��
�o�°¤¼�̈ Â�n�̈ ³�´�ª�°�Ã�¦�¦o�µ��¹É��Â���¸É��³�Î�µ®��Á¨��´���¸��È��³Ä�o�ª·��¸��µ¦�µ¦�Î�µ®���ºÉ�°Ä®o��o�°¤¼�̈ Â�n�̈ ³�´�ª�°�
Ã�¦�¦o�µ�����o�µÄ�¦¦¼o��́��£µ¬µ�µ�µ¨�È���¦¼o��́���ªµ¤®¤µ¥�°��Î�µªn�µ� Record � ��¹É���È��º�°Ã�¦�¦o�µ��°��o�°¤¼�̈
�´Ê��Á°��Ä�£µ¬µ�¸��³Ä�o���Î�µªn�µ�struct ��Á�}���µ¦�n���°��¹��Â���o�°¤¼�̈ �̧É�Á�}��Ã�¦�¦o�µ�

�o�µÁ¦µ�o�°��µ¦�·�¥µ¤�o�°¤¼�̈ Â��Ã�¦�¦o�µ�� �Á¦µ�È��o�°��Î�µ®���n�°�ªn�µ��Á¦µ�³Ä�o���o�°¤¼�̈ Ä�Â¨³Â��Ä�
�o�µ���¸É�Á¦µ�o�°��µ¦Á�È��Åªo�Ä�Ã�¦�¦o�µ������o�°¤¼�̈ Á®¨n�µ�¸Ê��Á¦µ�³Á¦¸�¥�ªn�µ��o�°¤¼�̈ ¤µ�·����Á¡¦µ³Á�}��°��r��¦³�°�
�°�Ã�¦�¦o�µ� �»���¦³��r��°��µ¦Ä�o��µ��o�°¤¼�̈ Â��Ã�¦�¦o�µ�� � �º�°� �µ¦�Î�µ�o�°¤¼�̈ °¥n�µ��o�°¥®�¹É���́�ª� ®¦º�°
®¨µ¥Ç¦¼��Â��¤µÁ�È��Åªo�¦ª¤�́��� �o�°¤¼�̈ ¤µ�·��Á®¨n�µ�¸Ê��³�o�°�¤¸��ºÉ�°�¸É�Å¤n��ÎÊ�µ�´��Â¨³�³�¼���´��°¥¼n�¦ª¤�´��Åªo�Á�}��
®�¹É��®�n�ª¥®¦º�°Á�}��®�¹É���¨»n�¤�£µ¥Ä�o���ºÉ�°Â���o�°¤¼�̈ Á�¸�¥ª�´��

Î�µ®¦´���́�ªÂ�¦Ä�Ç�¸É�¤¸�Â���o�°¤¼�̈ Á�}��Ã�¦�¦o�µ�� �o�µÁ¦µ�o�°��µ¦�³Á�o�µ�¹���o�°¤¼�̈ ¤µ�·���È��³�o�°�
°µ«́�¥�ºÉ�°�°��o�°¤¼�̈ �́�ª�́Ê��� � � �́�ª°¥n�µ��µ¦�·�¥µ¤Â���o�°¤¼�̈ �̧É�Á�}��Ã�¦�¦o�µ�� Á�n��� Ä��µ���·��«µ�¦r�� Á¨�Á«¬
n�ª��Á¦µ�³Â�n��°°�Á�}���́�ªÁ«¬��QXPHUDWRU��Â¨³�́�ªn�ª���GHQRPLQDWRU�����o�µÁ¦µ�o�°��µ¦�·�¥µ¤Â���o�°¤¼�̈
Î�µ®¦´��Ä�o�Á�È��Á¨�Á«¬n�ª����º�°Á�È���´Ê���´�ªÁ«¬Â¨³�´�ªn�ª�Åªo�¡¦o�°¤�´�����Á�n����Ä�o��ºÉ�°ªn�µ� ratio � � Á¦µ�È�µ¤µ¦�
Á�¸�¥�Å�o��´���¸Ê�

struct ratio {
long  num;
long  den;

};

�µ��́�ª°¥n�µ��Á¦µÅ�o��·�¥µ¤Â��Ã�¦�¦o�µ��ºÉ�°� ratio ��̧É�¤̧�¤µ�·��°��́�ªÂ���long ���º�°�num��Â¨³�den ���¹É��Ä�o�
Î�µ®¦́��Á�È���n�µ�°��́�ªÁ«¬Â¨³�́�ªn�ª��µ¤ Î̈�µ�́������ºÉ�°�°�Â���o�°¤¼�̈ �¹��Á�}���� struct ratio ��Ã�¦�́��Á��
ªn�µ�Á¦µ�o�°�Á�̧�¥��Î�µªn�µ�struct �Åªo��o�ª¥�Á¡ºÉ�°Â�o��Ä®o��¦µ�ªn�µ�Â���o�°¤¼�̈ �¸É��ºÉ�°�ratio ��̧Ê�Á�}��Ã�¦�¦o�µ�

�o�µÁ¦µ�o�°��µ¦Â�o��Ä�o�� �́�ªÂ�¦Ä�Ç�¸É�Á�}���o�°¤¼�̈ Â��� struct ratio � Á¦µ�È��Î�µÅ�o�Á®¤º�°��´���µ¦Â�o��Ä�o��´�ªÂ�¦
¡ºÊ���µ��´É�ªÅ���Â�n�°¥n�µ¨º�¤�Î�µªn�µ�struct ����́�ª°¥n�µ��µ¦Â�o��Ä�o��Á�n��

struct ratio  x, y, z, *p = &x;

�́�ªÂ�¦�x ��y �Â¨³�z �Á�}���́�ªÂ�¦Â��Ã�¦�¦o�µ���Â¨³�p�Á�}��¡°¥�r�Á�°¦r��¸É��¸Ê�Å�¥´��Â®¨n���o�°¤¼�̈ Â��Ã�¦�¦o�µ��¸É�
�ºÉ�°�ratio ���¹É��Ä��¦�¸��¸Ê��¡°¥�r�Á�°¦r���p �³��¸Ê�Å�¥´���¸É�°¥¼n��°��´�ªÂ�¦��x
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Á¦µ°µ��³�·�¥µ¤Ã�¦�¦o�µ�Â¨³Â�o��Ä�o���´�ªÂ�¦Â��Ã�¦�¦o�µ��¸Ê�Å�Ä��¦µªÁ�¸�¥ª�´���È�Å�o��Á�n��

struct ratio {
long  num;
long  den;

} x, y, z,*p = &x;

Ä��µ¦Á�o�µ�¹���o�°¤¼�̈ ¤µ�·��Â�n�̈ ³�´�ª�Á¦µ�³Ä�o�Ã°Á�°¦r�Á¦Á�°¦r�� . ���»����Á�̧�¥��n�°�o�µ¥�ºÉ�°�°��́�ªÂ�¦Â¨³�µ¤�o�ª¥
�ºÉ�°�°�¤µ�·���¸É��o�°��µ¦Ã�¥Å¤n�Áªo���¸É�ªn�µ�� Á�n��� �o�µ�o�°��µ¦�Î�µ®���n�µ�n�µ�ÇÄ®o�Â�n��o�°¤¼�̈ ¤µ�·��� �È��Î�µÅ�o��µ¤
�́�ª°¥n�µ��n�°Å��̧Ê�

x.num =  1;
x.den =  3;
y.den = -2;
y.den =  5;

�´���´Ê���µ��¦³Ã¥��Î�µ´É��Á®¨n�µ�¸Ê��Á¦µ�³Å�o��n�µ�°�Á¨�Á«¬n�ª��¸É�Â��´��¨´��¬�r��o�ª¥��x ��¤¸��n�µÁ�n�µ�´���t®�¹É��n�ª�
µ¤u�Â¨³�y �Á�n�µ�´���t¨�°�n�ª�®o�µu��Â¤o�ªn�µ�o�°¤¼�̈ ¤µ�·���°��´�ªÂ�¦� x �Â¨³��y ��³¤¸�¦¼��Â��Á®¤º�°��´���Â�n�
�´�ªÂ�¦�´Ê��°�¤¸��¦·�Áª�®�n�ª¥�ªµ¤�Î�µ�°���Á°��¸É�Ä�o�Á�È���o�°¤¼�̈ ¤µ�·��Â�n�̈ ³�´�ª����´���´Ê���¹��Á�È���n�µ�¸É�Â���n�µ�
�´��Á¡¦µ³�´���¸��¸É�Á¦µÂ�o��Ä�o��´�ªÂ�¦Â��Ã�¦�¦o�µ�� �°¤¡·�ªÁ�°¦r��È��³�´��¦¦®�n�ª¥�ªµ¤�Î�µÄ®o��´�ªÂ�¦Â��Ã�¦�
¦o�µ��¸Ê��´���¸��Á�n��Á�¸�¥ª�´���µ¦Â�o��Ä�o��´�ªÂ�¦°´��Ã�¤´��·��´É�ªÇÅ�

�o�µÁ¦µ�o�°��µ¦Á�o�µ�¹���o�°¤¼�̈ ¤µ�·���°�Ã�¦�¦o�µ�Ã�¥Ä�o�¡°¥�r�Á�°¦r�� p��Á¦µ�³Á�¸�¥�Ã°Á�°¦r�Á¦Á�°¦r�� -> ��Á�¦ºÉ�°�
®¤µ¥¨�Â¨³Á�¦ºÉ�°�®¤µ¥¤µ��ªn�µ�µ¤¨Î�µ�´��� ¦ª¤Á¦¸�¥�ªn�µ� ¨¼��«¦�� �n�°�o�µ¥�ºÉ�°�°�¡°¥�r�Á�°¦r�� Â¨³�µ¤�o�ª¥
�ºÉ�°�°��o�°¤¼�̈ ¤µ�·���¸É��o�°��µ¦��Á�n����o�µ�o�°��µ¦°n�µ�Â¨³Â���n�µ�°��o�°¤¼�̈ ¤µ�·��

printf ("Numerator = %ld\n", p->num);
printf ("Denominator = %ld\n", p->den);

�́�ª°¥n�µ��µ¦Á�o�µ�¹���o�°¤¼�̈ ¤µ�·���°��́�ªÂ�¦Â��Ã�¦�¦o�µ�� Á�n��� �o�µÁ¦µ�o�°��µ¦�ª��n�µ�°�Á¨�Á«¬n�ª��µ�
x ��Â¨³ y ��Â ö�ªÁ�È���¨�ª�Åªo�Ä��́�ªÂ�¦��]���¹É���È�Á�}��Ã�¦�¦o�µ�Â��� ratio �Á¦µ�È��Î�µÅ�o��́���¸Ê�

z.num =  x.num * y.den + x.den * y.num;
z.den =  x.den * y.den;

�¹É��Á�}���µ¦�ª�Á¨�¦³®ªn�µ�Á¨�Á«¬n�ª�°��´�ª��µ¤ª·��¸��µ¦�¸É�Á¦µ�»o��Á�¥��Á�n��

a

b

c

d

ad bc

bd
+ = +
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®¦º�°°̧���́�ª°¥n�µ�®�¹É��Î�µ®¦´���µ¦�·�¥µ¤Â��Ã�¦�¦o�µ��̧É�� ö�µ¥�́���º�°� �µ¦�·�¥µ¤Â���o�°¤¼�̈ Ã�¦�¦o�µ�Î�µ®¦́��
Á�È��Á¨��Î�µ�ª�Á�·���o�°�� �&RPSOH[�1XPEHU�� � �o�µ� � ]� � Á�}��Á¨��Î�µ�ª�Á�·���o�°�Ä�Ç� Á¦µµ¤µ¦�Â�n��°°�Å�o�
Á�}��°�n�ª��µ¤�Î�µ�·�¥µ¤��º�°

z z j z    = +Re{ } Im{ }

Ã�¥�Î�µ®��Ä®o�n�ª�Â¦�¤̧��ºÉ�°ªn�µ� Re� Â¨³� n�ª��¸É�°�¤¸��ºÉ�°ªn�µ� Im � � �µ¤¨Î�µ�´��Â¨³Ä�o�� �ºÉ�°�°�Â���o�°¤¼�̈ Ã�¦�
¦o�µ�Á�}����complex Î�µ®¦´��Ä�o�Ä�Ã�¦Â�¦¤£µ¬µ�¸���¹É��¤¸�¦¼��Â���´���¸Ê�

struct complex {
double  Re;
double  Im;

};

�µ��́�ª°¥n�µ��°�Â���o�°¤¼�̈ Ã�¦�¦o�µ��´Ê��°��¸É��n�µ�Å�� Á¦µÄ�o��o�°¤¼�̈ ¤µ�·���¸É�¤¸�Â���o�°¤¼�̈ ¡ºÊ���µ�Á�¸�¥ª�´��
Á�n�µ�´Ê��� Â�n�°¥n�µ�Å¦�È��µ¤� �È�Å¤n�Å�o��Î�µ�´��°¥¼n�Â�n�ªn�µ�³�o�°�Ä�o��o�°¤¼�̈ ¤µ�·���¸É�¤¸�Â���o�°¤¼�̈ Á®¤º�°��´��Á�n�µ�´Ê��� � Â�n�
Á¦µ¥´��µ¤µ¦�Ä�o��o�°¤¼�̈ ¤µ�·���¸É�¤¸�Â���o�°¤¼�̈ Â���n�µ��´��Å�o�� �´�ª°¥n�µ�Á�n��� �o�µ�o�°��µ¦�´��Á�È���o�°¤¼�̈ Á�¸É�¥ª�´���¸É�
°¥¼n��°��»���¨�n�µ�Ç� �¹É��Ä�o�Ä��µ¦�·���n�°�n�µ��µ�Å�¦¬�¸�¥r�� ®¦º�°°µ��³¤¸�®¤µ¥Á¨�Ã�¦«´�¡�r�� �³¤º�°�º�°®¦º�°Å¤n��È�
�µ¤� ®¦º�°�n�µ�°·��Á�°¦r�Á�È��Ã�¥Ä�o�Å�¦¬�¸�¥r�°·�Á¨È���¦°�·�� � �o�°¤¼�̈ Á�¸É�¥ª�´���¸É�°¥¼n��°��»���¨Á®¨n�µ�¸Ê��È��³�¦³�°�
�o�ª¥�ºÉ�°�°��¼o�¦´��Â¨³�¸É�°¥¼n��¸É��·���n�°Å�o��Á�°¦r�Ã�¦«´�¡�r��Â¨³�¸É�°¥¼n��°��¼o�¦´��Î�µ®¦´��Å�¦¬�¸�¥r�°·�Á¨È���¦°�·��®¦º�°°¸�Á¤¨r�

struct  person {
char name[40];
char address[255];
char phone[16];
char email[30];

};

Ã�¦�¦o�µ��ºÉ�°�person �¤¸��o�°¤¼�̈ ¤µ�·���´Ê��®¤�¸É��´�ªÁ�}��°µ¦r�Á¦¥r�Â���char �¤¸���µ�Â���n�µ��´��Å��Â¨³Ä�o�Á�È��
�o�°�ªµ¤�¸É�Á�¸É�¥ª�o�°��´���»���¨�¸É�Á¦µ�o�°��µ¦�³�·���n�°� Á�n����ºÉ�°�µ¤�»�̈ � Á�È��Åªo�Ä�¦¼���°�µ¥°´���¦³Ä�°µ¦r�Á¦¥r���
name� �¹É���³¤¸���µ��¸É�Å¤n�Á�·��� ��� Å��r�� � address � Î�µ®¦´���¸É�°¥¼n��µ�Å�¦¬�¸�¥r�� � phone � Î�µ®¦´��Á�°¦r�Ã�¦«´�¡�r�
Â¨³�email ��Î�µ®¦́��Å�¦¬�̧�¥r�°·�Á È̈���¦°�·����¹É��¤̧���µ�Å¤n�Á�·�������Å��r�����Å��r�Â¨³����Å��r��µ¤ Î̈�µ�́��

�´�ª°¥n�µ��n�°Å��Á�}��Ã�¦�¦o�µ��¸É�¤¸��o�°¤¼�̈ ¤µ�·��Á�}��¡°¥�r�Á�°¦r��¸É��¸Ê�Å�¥´��Ã�¦�¦o�µ��°���Á°�

struct list {
int          key;
void         *data;
struct list  *next;

};
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Ã�¦�¦o�µ�� list ��¦³�°��o�ª¥¤µ�·��µ¤�́�ª� ��o�°¤¼�̈ ¤µ�·���́�ªÂ¦��º�°� key �Â��� int � �́�ª�̧É�°��º�°�data

Á�}��¡°¥�r�Á�°¦r�°Á���¦³��r�� Â¨³� �́�ª�̧É�µ¤�º�°� next � �¹É��Á�}��¡°¥�r�Á�°¦r��¸É��¸Ê�Å�¥´���o�°¤¼�̈ Ã�¦�¦o�µ�Â��
struct list ���Ã�¦�¦o�µ��̧É�¤̧�¤µ�·��°¥n�µ��o�°¥®�¹É���́�ª�Á�}��¡°¥�r�Á�°¦r�Â��Ã�¦�¦o�µ��°���Á°���¡°¥�r��
Á�°¦r��¸É��¸Ê�Å�¥´���o�°¤¼�̈ Â��Ã�¦�¦o�µ��� Ä�¨´��¬�³�¸Ê�� �³Ä�o�� Î�µ®¦´��¦o�µ�Ã�¦�¦o�µ��°��o�°¤¼�̈ �¸É�Á¦¸�¥�ªn�µ� ¦µ¥�µ¦
Á�ºÉ�°¤Ã¥���/LQNHG�/LVW�

¤µ�·���°�Ã�¦�¦o�µ�µ¤µ¦�Á�}��Ã�¦�¦o�µ�Â��°ºÉ��ÇÅ�o��¸É��°�Á®�º�°�µ�Â���o�°¤¼�̈ ¡ºÊ���µ���Á�n��

struct person {
char name[40];
char address[255];
char phone[16];
char email[30];

};

struct person_list {
int                 key;
struct person       data;
struct person_list  *next;

};

Ä��¦�̧��́�ª°¥n�µ��̧Ê�� � Ã�¦�¦o�µ��ºÉ�°� � person_list � ¤¸�¤µ�·��®�¹É���´�ªÁ�}���o�°¤¼�̈ Ã�¦�¦o�µ�Â��� struct 

person � � � Ã�¦�´��Á��ªn�µ� Á¦µ�³�o�°��·�¥µ¤Ã�¦�¦o�µ��¹Ê���n�°��¸É��³�Î�µÅ�Ä�o�Á�}��Â���o�°¤¼�̈ Î�µ®¦´��¤µ�·��Ä�
Ã�¦�¦o�µ��́�ª°ºÉ�����́���́Ê����¹���o�°��·�¥µ¤�struct person ���n�°���struct person_list

�������¦¼��Â���µ¦�·�¥µ¤Â¨³Â�o��Ä�o��´�ªÂ�¦�¸É�Á�}��Ã�¦�¦o�µ�

Á¦µµ¤µ¦�Á�¸�¥�¦¼��Â���´É�ªÇÅ�� Î�µ®¦´���µ¦�·�¥µ¤Ã�¦�¦o�µ�Â¨³Â�o��Ä�o�� �́�ªÂ�¦�¸É�Á�}��Ã�¦�¦o�µ�Å�o�
�´���¸Ê�

struct  structure_name  {
data_type 1 member_name1;

data_type 2 member_name2;

data_type 3 member_name3;

... ...

data_type N member_nameN;

}  variable_list ;
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Î�µ®¦́���structure_name ��³®¤µ¥�¹���ºÉ�°�°�Ã�¦�¦o�µ��Á¦µ°µ��³Å¤n��o�°�Än�Åªo��È�Å�o���¹É��®¤µ¥�ªµ¤ªn�µÃ�¦�
¦o�µ��¸Ê�Å¤n�¤¸��ºÉ�°� Â¨³�³¤¸��o�°�Î�µ�´��Ä��µ¦Ä�o��º�°� �o�µÃ�¦�¦o�µ�Ä�Ç�¸É��¼���·�¥µ¤�¹Ê��Ã�¥�¦µ«�µ��µ¦�Î�µ®���ºÉ�°
Â¨o�ª�Á¦µ�³Å¤n�µ¤µ¦�Â�o��Ä�o��´�ªÂ�¦�¸É�¤¸�Â���o�°¤¼�̈ Á�}��Ã�¦�¦o�µ��¸Ê�Å�o�°¸��Ä�£µ¥®¨´����́���´Ê��Ä��¦�¸�Á�n���¸Ê�� Á¦µ
�³�o�°�Â�o��Ä�o��´�ªÂ�¦Å�¡¦o�°¤�´���µ¦�·�¥µ¤Ã�¦�¦o�µ��¸Ê����´�ª°¥n�µ�Á�n��

struct {
char *name;
char **args;

} progCmdLine;

Ä��µ¦�·�¥µ¤Ã�¦�¦o�µ�� Á¦µ°µ��³Â�o��Ä�o��´�ªÂ�¦Å�¡¦o�°¤�´���È�Å�o�� Â�n��µ¤�¦��·�Â¨o�ª�³Å¤n��·�¥¤Â�o��Ä�o��´�ªÂ�¦
�n�°�o�µ¥Á¤ºÉ�°�·�¥µ¤Ã�¦�¦o�µ�� �¥�Áªo���¦�̧��̧É�Å�o��·�¥µ¤Ã�¦�¦o�µ�Ã�¥�¦µ«�µ��µ¦�Î�µ®���́�ª¦³�»��ºÉ�°��Â�n�°¥n�µ�
Å¦�È��µ¤Ã�¦�°¥n�µ¨º�¤Á�¸�¥�Á�¦ºÉ�°�®¤µ¥Á�¤·�Ã�¨°��� ; �����o�µ¥

�ªµ¤Î�µ�´���°�Á�¤·�Ã�¨°��¸É����o�µ¥�µ¦�·�¥µ¤Ã�¦�¦o�µ��Á¦µ�³Á®È��Å�o��µ��´�ª°¥n�µ��n�°Å��¸Ê�

/* Structure Definition */
struct struct_type {

int x, y;
}

/* Function Declaration */
func(int, int);

Ä��´�ª°¥n�µ�Â¦��¸Ê�� Å¤n�¤¸�Á�¤·�Ã�¨°����o�µ¥®¨´���µ��¸É�Å�o��·�¥µ¤Ã�¦�¦o�µ�� � struct_type � � �́���´Ê���°¤Å¡¨r��
Á¨°¦r��³Á�o�µÄ�ªn�µ�Á¦µÅ�o��·�¥µ¤Ã�¦�¦o�µ�� struct_type ��Â¨³Â�o��Ä�o��¢{���r��´��� func() ��¸É�Ä®o��o�°¤¼�̈ Â��Ã�¦�
¦o�µ��struct_type  Á�}���n�µ�¨´���º���µ�¢{���r��´��

struct struct_type {
int x, y;

};

/* Function Declaration */
func(int, int);

Ä���³�¸É��´�ª°¥n�µ��¸É�°�®¤µ¥�ªµ¤ªn�µ�Á¦µÅ�o��·�¥µ¤Ã�¦�¦o�µ�� struct_type �Â¨³Â�o��Ä�o��¢{���r��´��� func()

�̧É�Ä®o��n�µÂ���int ��¨´���º��

�µ¦�·�¥µ¤Â���°��o�°¤¼�̈ �¸É�Á�}��Ã�¦�¦o�µ�� Á¦µµ¤µ¦��Î�µÅ�o��´Ê��£µ¥�°�Â¨³£µ¥Ä��¨È�°�®¦º�°¢{���r��´���
�́�ª°¥n�µ�Á�n��
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void func1()
{
  struct complex {

 double Re;
 double Im;

  } x, y;

  x.Re = y.Re = 1.0;
  x.Im = y.Im = 1.0;
}

Á�¦¸�¥�Á�¸�¥��´��

void func2()
{
  struct complex {

 float Re;
 float Im;

  } x, y;

  x.Re = y.Re = 1.0;
  x.Im = y.Im = 1.0;
}

�³Á®È��Å�o�ªn�µ� £µ¥Ä��´Ê��°�¢{���r��´���¸É��¦µ��°¥¼n�Ä�Ã�¦Â�¦¤Á�¸�¥ª�´��� � ¤¸��µ¦�·�¥µ¤Â��Ã�¦�¦o�µ�� � struct 

complex ���¹Ê��Ä�o��Â¤o�ªn�µ��³¤¸��ºÉ�°Á®¤º�°��´���Â�n�Â��Ã�¦�¦o�µ��´Ê��°��³Å¤n�Á�¸É�¥ª�o�°��´������Â¨³¤¸��o�°́��Á��°¥¼n�
°¸��ªn�µ� � �o�µÁ¦µ�·�¥µ¤Â���o�°¤¼�̈ �¸É�Á�}��Ã�¦�¦o�µ�� £µ¥Ä��¨È�°�®¦º�°¢{���r��´��� Â��Ã�¦�¦o�µ��¸É�Å�o��·�¥µ¤Åªo��¸Ê�� �³
Ä�o�Å�o�Á�¡µ³£µ¥Ä��¨È�°�®¦º�°�¨È�°��°�¢{���r��´���¸É�¤¸��µ¦�·�¥µ¤Â��Ã�¦�¦o�µ��¸Ê�Á�n�µ�´Ê��

��������µ¦Ä�o��typedef ���́��Â���o�°¤¼�̈ Ã�¦�¦o�µ�

�µ¦Ä�o��Î�µ´É��� � typedef � Ä��µ¦�·�¥µ¤Â���o�°¤¼�̈ �¹Ê��Ä®¤n�Î�µ®¦´��Ã�¦�¦o�µ�Ä�Ç¤¸��o�°�¸��º�°� �Î�µÄ®o�Á¦µ
µ¤µ¦�Á¨º�°��ºÉ�°Ä®¤n�Î�µ®¦´��Â���o�°¤¼�̈ �¸É�´Ê��Â¨³³�ª�Î�µ®¦´���µ¦Á�¸�¥�®¨µ¥Ç�¦´Ê��Å�o���´�ª°¥n�µ�Á�n��

struct node {
char         *str;
struct node  *next;

};

typedef struct node  Node;

Áª¨µÁ¦µ�o�°��µ¦Â�o��Ä�o���´�ªÂ�¦�Á¦µ�È�Á�¸�¥�Å�o��n�µ¥Ç�Á�n��
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Node list, *plist;

Â¨³Ä®o��ªµ¤®¤µ¥ªn�µ��́�ªÂ�¦ list ��Á�}��Ã�¦�¦o�µ�Â���struct node �Â¨³ plist Á�}��¡°¥�r�Á�°¦r��¸É��¸Ê�
Å�¥́��Ã�¦�¦o�µ�Â���struct node � ��¹É��Â���¸É�Á¦µ�³Á�¸�¥�ªn�µ� struct node � ��»���¦´Ê��Å��Á¦µ�È�Á�¸�¥�Â�n��Î�µ
ªn�µ��Node��Â��

�°��µ��¸Ê�Á¦µ¥´��µ¤µ¦�Á�¸�¥��Î�µ´É���typedef Åªo��n�°��µ¦�·�¥µ¤Ã�¦�¦o�µ��È�Å�o��Á�n��

typedef struct node   Node;
struct node {

char  *str;
Node  *next;

};

®¦º�°Á�¸�¥�Ä®¤n�Å�o�Á�}��

typedef struct node {
char        *str;
struct node *next;

} Node;

Ä��¦�¸�®¨´���¸Ê���Î�µªn�µ�Node��¸É�°¥¼n��o�µ¥�¤·�Ä�n���ºÉ�°�°��´�ªÂ�¦Â�n�°¥n�µ�Ä��Â�n�Á�}���ºÉ�°Ä®¤n��°�Â���o�°¤¼�̈ �¸É�Ä�o�Â��
�ºÉ�°�°�Ã�¦�¦o�µ���struct node ���Â�n�°¥n�µ�Å¦�È��µ¤�Á¦µ®o�µ¤Á�¸�¥�ªn�µ

typedef struct node {
char  *str;
Node  *next;

} Node;

�¹É��Ä��¦�¸��¸Ê���³�º�°ªn�µ��·��� Á¡¦µ³Á¦µÅ�o�Ä�o���ºÉ�°Ä®¤n�Î�µ®¦´��Â���o�°¤¼�̈ �º�°� � Node� �£µ¥Ä�Ã�¦�¦o�µ���n�°��¸É��³
���Î�µ́É���typedef ���́���́Ê����Î�µªn�µ��Node���¸É�°¥¼n�£µ¥Ä�Ã�¦�¦o�µ���¹��¥´��¤·�Å�o��·�¥µ¤

�°��µ��¸Ê���È�°µ��³Ä�o���ºÉ�°�°�Â���o�°¤¼�̈ Ä®¤n��ÎÊ�µ�´���ºÉ�°�°�Ã�¦�¦o�µ�Á�·�¤Å�o��Á�n��

typedef struct node {
char         *str;
struct node  *next;

} node;

�¨�µ��µ¦�¦³�Î�µÁ�n���¸Ê�� �Î�µÄ®o�Á¦µÄ�o�Å�o��´Ê��°��ºÉ�°Î�µ®¦´��Ã�¦�¦o�µ��º�°� � struct node � Â¨³� node � Â¨³¤¸�
�ªµ¤®¤µ¥Á®¤º�°��´��
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��������µ¦Á�o�µ�¹���o�°¤¼�̈ ¤µ�·��Ä�Ã�¦�¦o�µ�

�µ¦Á�o�µ�¹���o�°¤¼�̈ ¤µ�·��µ¤µ¦�Á�¸�¥�¦»��Å�o��́���¸Ê�� � �o�µ� structure_variable � � Â���ºÉ�°�°��́�ª
Â�¦Â��Ã�¦�¦o�µ�Ä�ÇÂ¨³��member_name �Â���ºÉ�°�°��o�°¤¼�̈ ¤µ�·��Ä�ÇÄ�Ã�¦�¦o�µ�Â¨o�ª��·�¡��r��¸É�Á�¸�¥�
°¥¼n�Ä�¦¼��Â���n�°Å��̧Ê�

structure_variable . member_name

�³®¤µ¥�¹����o�°¤¼�̈ ¤µ�·���¸É�Á¦µ�o�°��µ¦Á�o�µ�¹��Â¨³Ä�o��µ�Å�o�Á®¤º�°��´�ªÂ�¦�´É�ªÇÅ���Î�µ®¦´��¡°�¥r�Á�°¦r��¸É��¸Ê�Å�
¥´��Ã�¦�¦o�µ�Á¦µ�³Ä�o�Ã°Á�°¦r�Á¦Á�°¦r��-> �Â���»���Â¨³Î�µ®¦´���·�¡��r��µ¤¦¼��Â���n�°Å��¸Ê�

structure_pointer -> member_name

Á¦µ�È�µ¤µ¦�Ä�o�Å�o�Á®¤º�°��´�ªÂ�¦¡°¥�r�Á�°¦r���´É�ªÇÅ���®¦º�°��o�µ�³Á�¸�¥��·�¡��r��¸É�¤¸��ªµ¤®¤µ¥Á®¤º�°��´����È��³
Á�}��

(* structure_pointer) . member_name

�o�µ�Î�µ®��Åªo�ªn�µ��structure_pointer Ä�o�Â���ºÉ�°�°�¡°¥�r�Á�°¦r�Ä�Ç�¸É��¸Ê�Å�¥´���o�°¤¼�̈ Â��Ã�¦�¦o�µ�

Î�µ®¦́���́�ª°¥n�µ�Ã�¦�¦o�µ�

struct person {
char name[40];
char address[255];
char phone[16];
char email[30];

};

struct person_list {
int                 key;
struct person       data;
struct person_list  *next;

} item;

Ä��¦�¸��¸Ê���item ��Á�}���́�ªÂ�¦Â���struct person_list ��Â¨³Á¦µµ¤µ¦�Á�¸�¥��·�¡��r�Î�µ®¦´��¤µ�·��Â�n�
¨³�´�ª�Î�µÂ��Å�o��´���¸Ê�

item.key
item.data
item.next
item.data.name
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item.data.address
item.data.phone
item.data.email

�»��¤�´��·��°��·�¡��r�Â�n�̈ ³�´�ª��³�¼���Î�µ®��Ã�¥�´�ª¦³�»��ºÉ�°�¸É�°¥¼n��o�µ¥»���Á�n��

item.data.address

Á�}���·�¡��r��¸É�¤¸�®�o�µ�¸É�Á®¤º�°��´�ªÂ�¦�¸É�Á�}��°µ¦r�Á¦¥r���µ�� ���� Å��r�� �¹É��®¤µ¥�¹���o�°¤¼�̈ ¤µ�·��� address � Ä�
Ã�¦�¦o�µ��́Ê��Á°��Â�n�Á�}��n�ª�®�¹É���°��́�ªÂ�¦�̧É���ºÉ�°� item

�o�µÁ¦µ�Î�µ®��Ä®o�� �o�°¤¼�̈ ¤µ�·��� � item.next � � �¸Ê�Å�¥́��Ã�¦�¦o�µ��°���Á°�� �°o�µ�°·���́�ªÁ°��� �È��Î�µÅ�o�Ã�¥�µ¦
�n�µ��̧É�°¥¼n��°��́�ªÂ�¦�item �Å�¥́���́�ªÂ�¦�item.next ��¸É�Á�}��¡°¥�r�Á�°¦r�

item.next = &item;

�µ¦�¦³�Î�µÁ�n���¸Ê���¹��Á�}���µ¦°o�µ��¹���´�ªÁ°���´���´Ê���´Ê��°��·�¡��r��¸Ê�

item
*(item.next)

�¹��®¤µ¥�¹���o�°¤¼�̈ Â��Ã�¦�¦o�µ��́�ªÁ�̧�¥ª�´��� Â¨³�¼o�°n�µ�µ¤µ¦��¦ª�°�Å�o��o�ª¥��Á°�ªn�µ� Î�µ®¦´���¦�¸�
�´�ª°¥n�µ���·�¡��r��´Ê��®¨µ¥�n�°Å��¸Ê�

item.data.name
(*(item.next)).data.name
item.next->data.name

(*((*(item.next)).next)).data.name
(*(item.next->next)).data.name

�³Ä®o��¨Á®¤º�°��´��

Ã�¦�´��Á��ªn�µ��¦�¸��´�ª°¥n�µ�Ä�¨´��¬�³�¸Ê���³Å¤n�¤¸��ªµ¤®¤µ¥¤µ��´��Ä��µ¦�Î�µÅ�Ä�o��¦³Ã¥��r��Á¡¸�¥�Â�n��n�ª¥
Á�o���¹���ªµ¤Á�o�µÄ��°��µ¦Ä�o�¡°¥�r�Á�°¦r�Â¨³Ã�¦�¦o�µ�Á�n�µ�´Ê��Á°�

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

struct person {
char name[40];
char address[255];
char phone[16];
char email[30];
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};

struct person_list {
int                 key;
struct person       data;
struct person_list  *next;

} item;

int main()
{

item.next = &item;

strcpy (item.data.name, "Mr. C");

printf("%s\n", item.data.name);
printf("%s\n",(*item.next).data.name);
printf("%s\n", item.next->data.name);
printf("%s\n",(*((*item.next).next)).data.name);
printf("%s\n",(*item.next->next).data.name);
return 0;

}

Ã�¦�́��Á��°̧��ªn�µ� Ã°Á�°¦r�Á¦Á�°¦r� . � �¤�̧̈ Î�µ�́���µ¦�Î�µ�µ�¤µ�n�°�Ã°Á�°¦r�Á¦Á�°¦r�� * � Â¨³�& �¸É�ªµ�Åªo��o�µ�®�o�µ
¡°¥�r�Á�°¦r�� �Î�µ®¦́��¦µ¥¨³Á°̧�¥�Á¡·É�¤Á�·�¤Á�̧É�¥ª�́�� Î̈�µ�́���µ¦�Î�µ�µ��°�Ã°Á�°¦r�Á¦Á�°¦r��n�µ�Ç� �¼o�°n�µ�µ¤µ¦�
¡�Å�o�Ä��µ¦µ��o�µ¥Á¨n�¤�

��������µ¦®µ�¸É�°¥¼n��°��o�°¤¼�̈ Ã�¦�¦o�µ�Â¨³�o�°¤¼�̈ ¤µ�·��

�µ¦®µ�̧É�°¥¼n��°��́�ªÂ�¦Â��Ã�¦�¦o�µ�Ä�Ç� Ä�®�n�ª¥�ªµ¤�Î�µ� Á¦µ�³Ä�o�Ã°Á�°¦r�Á¦Á�°¦r�� &� � Á®¤º�°�Ä�
�¦�¸��¸É�Ä�o��´���´�ªÂ�¦¡ºÊ���µ�Â��°ºÉ���Ç

&structure_variable
&structure_variable . member_name

Ä��¦¦�´��Â¦�Á�}���µ¦®µ�¸É�°¥¼n��°��o�°¤¼�̈ ¦ª¤�ºÉ�°� struct_variable � � Ä��¦¦�́���̧É�°�Á�}���µ¦®µ�̧É�°¥¼n��°�
�o�°¤¼�̈ ¤µ�·���ºÉ�°��member_name���Â¨³Ã�¦�́��Á��ªn�µ�Ã°Á�°¦r�Á¦Á�°¦r�� . ����»����¤¸�̈ Î�µ�´���µ¦�Î�µ�µ�¤µ�n�°�Ã°
Á�°¦r�Á¦Á�°¦r��&���´���´Ê��Á¦µ�¹��Å¤n��Î�µÁ�}���o�°�Än�Á�¦ºÉ�°�®¤µ¥ª�Á¨È��Åªo��´��¦¼��Â���o�µ�¨n�µ��¸Ê�

&structure_variable . member_name
&( structure_variable . member_name)
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�´�ª°¥n�µ��µ¦Ä�o��µ��Á�n��

#include <stdio.h>

struct complex {
double  Re;
double  Im;

};

int main()
{

struct complex  c = {1.0,-2.0};

printf("Address of c = %p\n", &c);
printf("Address of c.Re = %p\n", &(c.Re));
printf("Address of c.Im = %p\n", &(c.Im));
return 0;

}

�́�ª°¥n�µ��°��¨�µ¦�Î�µ�µ��°�Ã�¦Â�¦¤

Address of c = 21BE
Address of c.Re = 21BE
Address of c.Im = 21C6

�³Á®È��Å�o�ªn�µ�®¤µ¥Á¨��¸É�°¥¼n��°��´�ªÂ�¦��c ��Â¨³¤µ�·���´�ªÂ¦��c.Re ��¤¸��n�µÁ�n�µ�´����́���´Ê����¸É�°¥¼n��°��o�°¤¼�̈ �´�ª
Â¦��¹��Á�}���¸É�°¥¼n��°�Ã�¦�¦o�µ��Â¨³�Á�ºÉ�°��µ���µ��°��o�°¤¼�̈ Â���double �¤¸��n�µÁ�n�µ�´�����Å��r���́���´Ê��Á¦µ�¹��
¦»��Å�o�ªn�µ��o�°¤¼�̈ ¤µ�·���´�ª�¸É�°���c.Im �¹��°¥¼n��·���n�°�́��Å���́���µ��o�°¤¼�̈ ¤µ�·���́�ªÂ¦��́Ê��Á°�

��������µ¦�·���´Ê���n�µÁ¦·É�¤�o��Î�µ®¦´���o�°¤¼�̈ Ã�¦�¦o�µ�

Á¤ºÉ�°Á¦µÅ�o�Â�o��Ä�o��́�ªÂ�¦Â��Ã�¦�¦o�µ�Â¨³�o�°��µ¦�·���́Ê���n�µÁ¦·É�¤�o��Ä®o�Â�n��o�°¤¼�̈ ¤µ�·��Â�n�̈ ³�́�ªÅ�
¡¦o�°¤�´��� Á¦µ�È�µ¤µ¦��Î�µÅ�o�Ä��Î�µ�°�Á�¸�¥ª�´���µ¦Â�o��Ä�o�Â¨³�·���´Ê���n�µ�°�°µ¦r�Á¦¥r�� Á�n��� �o�µÁ¦µ�o�°��µ¦�·��
�´Ê���n�µÁ¦·É�¤�o��Ä®o�Â�n��´�ªÂ�¦�x y �Â¨³��z ��Â���struct ratio ��Á¦µ�È��Î�µÅ�o��́���¸Ê�

struct ratio {
long  num;
long  den;

};

struct ratio x = { 1, 3},
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             y = {-2, 5},
             z = { 0, 1};
struct ratio *p = &x;

®¦º�°Á�¸�¥�Ä®¤n�Å�o�Á�}��

struct ratio {
long  num;
long  den;

} x={1,3}, y={-2,5}, z={0,1}, *p = &x;

Â�n��°Â�³�Î�µªn�µ��ª¦�³Á�¸�¥��µ¤Â��Â¦��³�¸��ªn�µ�Á¡¦µ³�³�Î�µÄ®o�°n�µ�Â¨³Á�o�µÄ�Å�o��n�µ¥

��������µ¦®µ��µ��°��o�°¤¼�̈ Ã�¦�¦o�µ�

�µ¦®µ��µ�®�n�ª¥�ªµ¤�Î�µ�¸É��o�°¤¼�̈ Ã�¦�¦o�µ��o�°��µ¦Ä�o�� µ¤µ¦��Î�µÅ�o�Ã�¥�µ¦Á¦¸�¥�Ä�o�Ã°Á�°¦r�Á¦�
Á�°¦r��sizeof ���¹É���³Ä®o���µ�®�n�ª¥�ªµ¤�Î�µ�°��o�°¤¼�̈ ¤µ�·��¦ª¤�´���´Ê��®¤�Ä�®�n�ª¥�°�Å��r��Á�n��

sizeof( structure_variable )

�́���́Ê��Á¦µµ¤µ¦��¦µ���µ��°�®�n�ª¥�ªµ¤�Î�µ�̧É��́�ªÂ�¦Â��Ã�¦�¦o�µ�Ä�o�Å�o�

�´�ª°¥n�µ��µ¦Ä�o��µ�Á�n��

#include <stdio.h>

struct person {
char name[40];
char address[255];
char phone[16];
char email[30];

};

struct person_list {
int                 key;
struct person       data;
struct person_list  *next;

} item;

int main()
{

struct person_list  List;
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printf("Size of 'struct person_list'= %3d bytes\n",
  sizeof(List));

printf("Size of member 'key'= %3d bytes\n",
  sizeof(List.key));

printf("Size of member 'data'= %3d bytes\n",
  sizeof(List.data));

printf("Size of member 'next'= %3d bytes\n",
  sizeof(List.next));

printf("Size of 'struct person'= %d bytes\n",
  sizeof(struct person));

return 0;
}

��µ��°�®�n�ª¥�ªµ¤�Î�µ�¸É�Ã�¦�¦o�µ��o�°��µ¦�³Á�n�µ�́��®¦º�°¤µ��ªn�µ�¨¦ª¤�°�®�n�ª¥�ªµ¤�Î�µ�¸É��o�°¤¼�̈
¤µ�·��Â�n�̈ ³�´�ª�o�°��µ¦Ä�o�

��������µ¦�n�µ�Ã�¦�¦o�µ�Ä®o�¢{���r��´��Â¨³Á�}���n�µ�¨´���º��

�»��¤�´��·��o�°®�¹É���¸É�Â��Ä®o�Á®È���ªµ¤Â���n�µ�¦³®ªn�µ�Ã�¦�¦o�µ�Â¨³°µ¦r�Á¦¥r���º�°Á¦µµ¤µ¦��n�µ��´�ª
Â�¦�¸É�Á�}��Ã�¦�¦o�µ�Ä®o�Á�}��¡µ¦µ¤·�Á�°¦r��°�¢{���r��´��Ä�ÇÅ�o�Ã�¥Å¤n��o�°�Ä�o�¡°¥�r�Á�°¦r�®¦º�°Á�}���n�µ�¨´���º���µ�
¢{���r���́��È�Å�o����́�ª°¥n�µ�Á�n��

struct record {
int   key;
char *str;

};

Á�}��Ã�¦�¦o�µ��¸É�¤¸��o�°¤¼�̈ ¤µ�·��°��´�ª�Â¨³� func() �Á�}��¢{���r��´����¸É�¤¸�¡µ¦µ¤·�Á�°¦r�®�¹É���´�ªÁ�}��Ã�¦�¦o�µ�Â¨³
Ä®o��n�µ�̧É�Á�}��Ã�¦�¦o�µ�Â���struct record ���¨´���º��

struct record func(const struct record copy)
{

return copy;
}

Î�µ®¦́���́�ª°¥n�µ��̧Ê���µ¦�Î�µ�µ��°�¢{���r��́���È�Á�}��Å�°¥n�µ��n�µ¥��º�°�Ä®o��n�µ�°�¡µ¦µ¤·�Á�°¦r�Á�}���n�µ�°�¢{���r���́�

Á¦µ¨°�¤µ�¼��́�ª°¥n�µ��°�Ã�¦Â�¦¤�¸É�Á¦¸�¥�Ä�o�¢{���r��´���´���¨n�µª



�¼n�¤º�°�µ¦Á�¸�¥�Ã�¦Â�¦¤£µ¬µ�¸�

����

#include <stdio.h>

struct record {
int   key;
char *str;

};

int main()
{

struct record x = {10,"Hello World!"};

printf("%s", func(x).str);
return 0;

}

Ã�¦�́��Á��ªn�µ��·�¡��r�

func(x).str

®¤µ¥�¹���µ¦Á�o�µ�¹���o�°¤¼�̈ ¤µ�·���ºÉ�°� str � �°��n�µ�¨´���º���¸É�Å�o��µ��µ¦Á¦¸�¥�Ä�o�¢{���r��´��� func(x) � �́���´Ê��
�·�¡��r��¸Ê��¹��®¤µ¥�¹���¡°¥�r�Á�°¦r��¸É�� �¸Ê�Å�¥´���o�°�ªµ¤� � Ä��¦�¸��¸Ê��º�°� "Hello World!" � �®¦º�°�o�µÁ¦µ�³Ä�o�� �́�ª
Â�¦�n�ª¥Á®¨º�°��Á�n���y����È��Î�µÅ�o��́���¸Ê�

int main()
{

struct record x = {10,"Hello World!"};
struct record y;

y = func(x);
printf("%s", y.str);
return 0;

}

Ã�¥�¸É�Á¦µ�n�µ��n�µ�¸É�Å�o��µ�¢{���r��´��� Å�Á�È��Åªo��¸É��´�ªÂ�¦� � y � �n�°�� Â¨o�ª�¹���Î�µÅ�Ä�o�� Á�n��� °n�µ��n�µ�°��o�°¤¼�̈ ¤µ�·��
Ä�£µ¥®¨´��

�������Ã�¦�¦o�µ��¸É�¤¸��o�°¤¼�̈ ¤µ�·��Á�}��°µ¦r�Á¦¥r�

Ä�®´�ª�o�°�¸É�Â¨o�ªÁ¦µÅ�o��·�¥µ¤Ã�¦�¦o�µ��ºÉ�°� � struct record � � Ã�¥�n�µ�Á�}��¡µ¦µ¤·�Á�°¦r��°�¢{���r��́��
Â¨³Á�}��Â���o�°¤¼�̈ Î�µ®¦´���n�µ�¨´���º���°�¢{���r��´��� � � Á¤ºÉ�°Á¦¸�¥�Ä�o�¢{���r��´��� Ã�¦Â�¦¤�È��³�Î�µÎ�µÁ�µ�°��o�°¤¼�̈ �¸É�
Á�}��Ã�¦�¦o�µ��µ��¼o�Á¦¸�¥�� Â¨o�ª�n�µ�Å�¥´��£µ¥Ä�¢{���r��´��Á¡ºÉ�°Ä�o��µ�� �́���´Ê���µ¦Á¦¸�¥�Ä�o�¢{���r��´���¹��Á�}���µ¦Á¦¸�¥�



�¼n�¤º�°�µ¦Á�¸�¥�Ã�¦Â�¦¤£µ¬µ�¸�

����

Ä�o�Ã�¥�µ¦�n�µ��n�µ� � Â�n��µ¦�n�µ�Ã�¦�¦o�µ�Ä®o�¢{���r���́��³¤̧��o�°Á̧�¥� �º�°�o�µÃ�¦�¦o�µ�¤̧���µ�Ä®�n��¹É��®¤µ¥�ªµ¤
ªn�µ� �o�µÃ�¦�¦o�µ�Á�È���o�°¤¼�̈ ¤µ�·���n�µ�ÇÅªo�Ä��´�ª� Â¨³Ä�o�®�n�ª¥�ªµ¤�Î�µÃ�¥¦ª¤Á�}���Î�µ�ª�¤µ�®¨µ¥Å��r�
Â¨o�ª� Ã�¦Â�¦¤�È��³�o�°�Á¸�¥Áª¨µ¤µ��¹Ê��Ä��µ¦�Î�µÎ�µÁ�µ�n�µ�°�Ã�¦�¦o�µ�Á¡ºÉ�°�n�µ�Ä®o��´��¢{���r��´���¸É��¼��Á¦¸�¥�Ä�o����
�́�ª°¥n�µ�Á�n�����o�µÁ¦µ�·�¥µ¤Ã�¦�¦o�µ��struct record �Ä®¤n�Á�}��

typedef struct record {
int   key;
char  block_1[512];
char  block_2[512];

} Record;

Ä��¦�¸��¸Ê���µ��°�Ã�¦�¦o�µ��³¤¸��n�µ°¥n�µ��o�°¥®¦º�°Á�n�µ�´��� ����� Å��r�Ã�¥¦ª¤� �¹É���º�°ªn�µ¤¸���µ��n�°��o�µ�
Ä®�n���Á¦µ¨°�Á�¦¸�¥�Á�¸�¥�°�¢{���r��´���n�°Å��¸Ê�

Record func1(Record s)
{
     s.key++;

return s;
}

Record *func2(Record *s)
{

s->key++;
return s;

}

¢{���r��´��Â¦�¤¸�¡µ¦µ¤·�Á�°¦r�Â¨³�n�µ�¨´���º���¸É�°¥¼n�Ä�¦¼���°�Ã�¦�¦o�µ�� Ä���³�¸É�¢{���r��´���¸É�°��o�°��µ¦¡µ¦µ¤·��
Á�°¦r�Â¨³�n�µ�¨´���º���¸É�Á�}��¡°¥�r�Á�°¦r��¸É��¸Ê�Å�¥´��Ã�¦�¦o�µ�����́���´Ê���µ¦Á¦¸�¥�Ä�o�¢{���r��´��Â��Â¦��¹��Á�}���µ¦Á¦¸�¥�
Ä�o�Ã�¥�n�µ��n�µ�Â¨³�µ¦Á¦̧�¥�Ä�o�¢{���r��́��Â���̧É�°��¹��Á�}���µ¦Á¦̧�¥�Ä�o�Ã�¥�n�µ��́�ª°o�µ�°·��

�µ¦Á¦¸�¥�Ä�o�Ã�¥�n�µ��́�ª°o�µ�°·���³¤¸��¦³·���·�£µ¡Ä��µ¦�Î�µ�µ�¤µ��ªn�µ� Á¡¦µ³Ã�¦Â�¦¤Å¤n��o�°�Á¸�¥Áª¨µ�Î�µ
Î�µÁ�µ�n�µÄ�®�n�ª¥�ªµ¤�Î�µ�°�Ã�¦�¦o�µ�� � ¦»��Å�o�ªn�µ�o�µÁ¦µ�o�°��µ¦�n�µ��o�°¤¼�̈ Â��Ã�¦�¦o�µ�Ä®o�Â�n�¢{���r���́�
Á¦µ�ª¦�³�n�µ�Ã�¥�µ¦°o�µ�°·��Ä�¦¼���°�¡°¥�r�Á�°¦r��̧É��̧Ê�Å�¥́��Ã�¦�¦o�µ�� � Á�n��Á�̧�¥ª�́���µ¦�n�µ��n�µ�΅���º��Ã�¥
Ä�o�¡°¥�r�Á�°¦r�� � Â�n�°¥n�µ�Å¦�È��µ¤� �È�¥́���¹Ê��°¥¼n��´���»���¦³��r��°��µ¦Á�¸�¥�¢{���r��´���¹Ê��Ä�o��µ�� � Ã�¦�´��Á��ªn�µ�
�µ¦�Î�µ�µ��°��́Ê��°�¢{���r���́�Ä®o��¨Â���n�µ��́��
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�������Ã�¦�¦o�µ��¸É�¤¸��o�°¤¼�̈ ¤µ�·��Á�}��Ã�¦�¦o�µ�

�°��µ��¸É�Ã�¦�¦o�µ��³¤¸�¤µ�·��Á�}���o�°¤¼�̈ Â��¡ºÊ���µ�Â¨o�ª� Á¦µ�È�¥́��µ¤µ¦��Î�µ®��Ä®o��o�°¤¼�̈
¤µ�·��Á�}��Ã�¦�¦o�µ�Å�o��Ã�¥�¸É�Á¦µ�·�¥µ¤Ã�¦�¦o�µ��¹Ê��Ä®¤n��£µ¥Ä�Ã�¦�¦o�µ�Ä�Ç���´�ª°¥n�µ�Á�n��

struct person_list {
int key;
struct person_list *next;

struct person {
char name[40];
char address[255];
char phone[16];
char email[30];

} data;

} item;

�µ��́�ª°¥n�µ��o�µ�����Ã�¦�¦o�µ���person_list ��Á�}��Ã�¦�¦o�µ��¸É�¤¸�¤µ�·�������́�ª��º�°�¤µ�·��� key �Á�}���́�ª
Â�¦Â��� int � � ¤µ�·��� � � next � Á�}��¡°¥�r�Á�°¦r��̧É��̧Ê�Å�¥́��Ã�¦�¦o�µ�Â��� struct person_list � � Â¨³
¤µ�·���´�ª�¸É�µ¤��º�°� data � � Á�}���o�°¤¼�̈ Ã�¦�¦o�µ�Â��� struct person � � � Â¨³Å�o�Â�o��Ä�o�� �́�ªÂ�¦� � item 

Á�}��Ã�¦�¦o�µ�Â�� struct person_list

Á�ºÉ�°��µ�ªn�µ� Á¦µÅ�o��·�¥µ¤Ã�¦�¦o�µ�� struct person � � £µ¥Ä��¨È�°��°�Ã�¦�¦o�µ�� � �́���´Ê��� Â���o�°¤¼�̈ �¸É�
Á�}��Ã�¦�¦o�µ��¸Ê���¹��Ä�o�Å�o�Â�n�Á�¡µ³Ä�Ã�¦�¦o�µ��°��person_list �Á�n�µ�´Ê�����́���´Ê���o�µÁ¦µ¡¥µ¥µ¤Â�o��Ä�o��´�ª
Â�¦Ä�£µ¥�°��̧É�Á�}��Ã�¦�¦o�µ�Â���struct person ��¹��Å¤n�µ¤µ¦��Î�µÅ�o�

��������°µ¦r�Á¦¥r���¸É�¤¸��o�°¤¼�̈ ¤µ�·��Á�}��Ã�¦�¦o�µ�

�o�µÁ¦µ�o�°��µ¦�Î�µ�o�°�¸��°��µ¦Ä�o�°µ¦r�Á¦¥r�Â¨³Ã�¦�¦o�µ�¤µ�¦³�°�Á�o�µ�o�ª¥�´��� Á¦µ�È��³�Î�µ®��Ä�o�
°µ¦r�Á¦¥r��¸É�¤¸��o�°¤¼�̈ Â�n�̈ ³�´�ªÁ�}��Ã�¦�¦o�µ����´�ª°¥n�µ�Á�n��

#define  MAX_SIZE 100

struct ratio {
long  num;
long  den;

};
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int  i;
struct ratio  table[MAX_SIZE];

Ä��́�ª°¥n�µ��̧Ê�� � � �́�ªÂ�¦� � table � Á�}��°µ¦r�Á¦¥r��¸É�µ¤µ¦�Á�È���o�°¤¼�̈ �¸É�Á�}��Ã�¦�¦o�µ�Â��� struct ratio � Å�o�
¦ª¤�́Ê��®¤��������Î�µ�ª���¤¤»��·�ªn�µ�Á¦µ�o�°��µ¦Á�È��� Î̈�µ�́���°��́�ªÁ¨�Á«¬n�ª��n�°Å��̧Ê�

1
1

2

1

3

1

4

1

99

1

100
, , , , ..., ,      

Åªo�Ä��´�ªÂ�¦�table �Á¦µ�È�µ¤µ¦�Á�¸�¥��´Ê���°��µ¦�Î�µ�µ�Å�o��´���¸Ê�

for(i=0; i < MAX_SIZE; i++)
{

table[i].num = 1;
table[i].den = (i+1);

}

�°��µ��¸É�Á¦µ�³Ä�o���´�ªÂ�¦�¸É�Á�}��°µ¦r�Á¦¥r�Ã�¥�¦�Â¨o�ª� Á¦µ°µ��³Ä�o��´�ªÂ�¦�¸É�Á�}��¡°¥�r�Á�°¦r�Â¨³¤¸��µ¦�´��¦¦
®�n�ª¥�ªµ¤�Î�µ�o�ª¥��Á°��È�Å�o��Á�n���Ä�o�¢{���r��´����malloc() �®¦º�°�calloc() �Á�}���o�������o�µÁ¦µÅ¤n�Â�o���́�ªÂ�¦�
table �Ä®o�Á�}��°µ¦r�Á¦¥r��Â�n��³�Î�µ®��Ä®o�Á�}��¡°¥�r�Á�°¦r�Â����struct ratio ��Â ö�ª��́Ê���°�Â¦���º�°�³�o�°�
�´��®µ®�n�ª¥�ªµ¤�Î�µ¤µÁ¡ºÉ�°Ä®o��´�ªÂ�¦�table �µ¤µ¦��Î�µ®�o�µ�¸É��¨o�µ¥°µ¦r�Á¦¥r��Å�o�

const int max_size = 100;
struct ratio *table;

table = (struct ratio *)
 malloc(sizeof(struct ratio) * max_size);

�µ��´Ê���°��µ¦�Î�µ�µ��o�µ���� Á¦µÄ�o�¢{���r��´��� malloc() � Ä��µ¦�´��¦¦®�n�ª¥�ªµ¤�Î�µÎ�µ®¦´��Á�È���o�°¤¼�̈ �¸É�
Á�}��Ã�¦�¦o�µ�Â���struct ratio ��́Ê��®¤�������Î�µ�ª��Â¨³�Î�µ®��Ä®o��́�ªÂ�¦� table �Á�}��¡°¥�r�Á�°¦r��¸Ê�
Å�¥´���¸É�°¥¼n�Á¦·É�¤�o���°�®�n�ª¥�ªµ¤�¸É�Å�o��´��¦¦�¸Ê������o�µ�µ¦�´��¦¦®�n�ª¥�ªµ¤�Î�µÁ�}���¨Î�µÁ¦È���Á¦µ�È�µ¤µ¦�Ä�o�
¡°¥�r�Á�°¦r��table �Ä�Á�·���°�°µ¦r�Á¦¥r�Å�o�

���������µ¦Á¦̧�¥��o�°¤¼�̈ Ä�°µ¦r�Á¦¥r��°�Ã�¦�¦o�µ�

Á¦µÅ�o�Á¦¸�¥�¦¼o�ª·��¸��µ¦Á¦¸�¥��o�°¤¼�̈ ¡ºÊ���µ�Ä�°µ¦r�Á¦¥r�Å��o�µ�Â¨o�ª���Ä��°��¸Ê��Á¦µ¨°�¤µ�Î�µ�ªµ¤Á�o�µÄ�Ä�
Á¦ºÉ�°��°��µ¦Á¦¸�¥��o�°¤¼�̈ Â��Ã�¦�¦o�µ�Ä�°µ¦r�Á¦¥r�� � � �n�°�°ºÉ��Á¦µ�³�o�°��́Ê���Î�µ�µ¤�n�°�ªn�µÁ¦µ�³Á�¦¸�¥�Á�¸�¥�
�o�°¤¼�̈ Â��Ä�� Á¡¦µ³Ã�¦�¦o�µ�®�¹É��Ç�³¤¸��o�°¤¼�̈ ¤µ�·��Å�o�®¨µ¥�́�ª� Â¨³Á¦µ�³Ä�o��o�°¤¼�̈ ¤µ�·��Ä�Ä��µ¦
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Á�¦¸�¥�Á�¸�¥�� �¹É���³Á�}���́�ª�Î�µ®��ªn�µ�o�°¤¼�̈ ¦ª¤Â��Ã�¦�¦o�µ�Ä�°µ¦r�Á¦¥r��³�¼��Á¦¸�¥��µ¤¨Î�µ�́��°¥n�µ�Å¦�
�́�ª°¥n�µ�Á�n��� Ä��µ¦°�Â�n���́���°��́��Á¦̧�¥�¦³�́��¤́��¥¤«¹��¬µ�°��¨µ¥�́É�ª�¦³Á�«� �¹É���¦³�°��o�ª¥ª·��µ
°�®¨µ¥ª·��µ� °µ�·�Á�n��� ª·��µ��·��«µ�¦r�� ª·��¥µ«µ�¦r�� Á�}���o��� � �o�µ�¼o��Î�µÁ�·���µ¦°�Â�n���́���o�°��µ¦�³
�¦³�µ«�¨�°��µ¦°�� �È�µ¤µ¦�Á¨º�°��¦³�µ«�¨°��µ¤¦µ¥�ºÉ�°� ®¤µ¥Á¨��¼o�°�®¦º�°Â�n��Â¥��µ¤
�³Â��Ä�Â�n�ª·��µ�È�Å�o����o�µÁ¦µ�³�o�°�Á�¸�¥�Ã�¦Â�¦¤Á¡ºÉ�°Â�o��{��®µ�´���¨n�µª�Á¦µ�³�Î�µÁ�·���µ¦°¥n�µ�Å¦

¤¤»��·�ªn�µ�Á¦µ¤¸�Ã�¦�¦o�µ��¸É�¤¸�̈ ´��¬�³�´���n�°Å��¸Ê�

struct record {
int   key;
char *str;

};

Â¨³¤¸�°µ¦r�Á¦¥r�®�¹É���¸É�Á�È���o�°¤¼�̈ Â��Ã�¦�¦o�µ�®¨µ¥Ç�´�ª� � Á¦µ�³Á¦¸�¥�Ã�¦�¦o�µ�Á®¨n�µ�¸Ê�� Ã�¥�µ¦¡·��µ¦�µ�n�µ
�°��o�°¤¼�̈ ¤µ�·��� key � � �́���´Ê��Á¦µ¦»��Å�o�ªn�µ� Á¦µ�³Á¦¸�¥��o�°¤¼�̈ �¸É�Á�}��Ã�¦�¦o�µ�Ã�¥�µ¦Á�¦¸�¥�Á�¸�¥��n�µ�°�
�o�°¤¼�̈ ¤µ�·����key ��Â�n�̈ ³�́�ª

Î�µ®¦́��ª·��̧��µ¦Á¦̧�¥��o�°¤¼�̈ Ä��¦µª�̧Ê�� Á¦µ�³Ä�o�ª·���̧�µ¦�̧É�Á¦̧�¥�ªn�µ� 6KHOO� 6RUW� � � �¹É��¤¸��¦³·���·�£µ¡¤µ��ªn�µ�
%XEEOH�6RUW�Ä��µ¦�Î�µ�µ��́É�ªÇÅ����́���́Ê��Á¦µ¨°��Î�µ�ªµ¤Á�o�µÄ��µ¦�Î�µ�µ��°��6KHOO�6RUW��n�°�

6KHOO�6RUW�Á�}��ª·���̧�µ¦Á¦̧�¥��o�°¤¼�̈ �̧É��·���o��Ã�¥�'RQDOG�6KHOO�Ä��e����«��������́���́Ê���6KHOO�6RUW��¹��Á¦̧�¥��µ¤
�ºÉ�°�¼o��·���o���́Ê��Á°�

�µ¦�Î�µ�µ��°��6KHOO�6RUW�́��Á��Å�o��n�µ¥�µ�¦¼��£µ¡�o�µ� n̈�µ��̧Ê�

¦¼��£µ¡�¸É���������Â��¦³¥³®n�µ��°��´�ªÁ¨��¸É��³�o�°�Á�¦¸�¥�Á�¸�¥��´��Á�}���¼n�Ç
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¦³¥³®n�µ�¦³®ªn�µ��o�°¤¼�̈ °��´�ªÁ¦¸�¥�ªn�µ�gap ��Ä��¦�¸��´�ª°¥n�µ��¸Ê��Á¦µ¤¸��o�°¤¼�̈ °¥¼n�����́�ª��n�µÁ¦·É�¤�o���°�� gap ��³
Á�n�µ�´�����Â¨³¨�¨�Á¦ºÉ�°¥Ç�Á�}������Â¨³����µ¤¨Î�µ�´���������µ¦Á¦¸�¥��o�°¤¼�̈ �³°µ«´�¥�µ¦Á�¦¸�¥�Á�¸�¥��o�°¤¼�̈ °�
�´�ª�¸É�¤¸�¦³¥³®n�µ�Á�n�µ�´���gap ��¸É��Î�µ®������o�µÁ¦¸�¥��o�°¤¼�̈ �µ��o�°¥Å�¤µ����È��³Á�¦¸�¥�Á�¸�¥��¼�ªn�µ��o�°¤¼�̈ �´�ªÂ¦�¤¸�
�n�µ¤µ��ªn�µ�o�°¤¼�̈ �´�ª�¸É�°�®¦º�°Å¤n����o�µ¤µ��ªn�µ��È�Ä®o�¨´���¸É��´��

�´�ªÁ¨��¸É��¸��Áo��Ä�o���³Á�¦¸�¥�Á�¸�¥��´���´�ªÁ¨��´��Å��¸É�¤¸�¦³¥³®n�µ�Á�n�µ�´��� gap �Å��µ��o�µ¥¤º�°�Â¨³�³¨´���¸É��´��
�o�µ�́�ªÁ¨��¸É��¸��Áo��Ä�o�¤¸��n�µ�o�°¥�ªn�µ�́�ªÁ¨�°̧���́�ª�¸É�Á�¦¸�¥�Á�¸�¥��́��� Î�µ®¦´���µ¦�Î�µ�µ�Ä�Â�n�̈ ³�́Ê���°�Á¦µ
µ¤µ¦�́��Á��Å�o��µ� Î̈�µ�́���°��́�ªÁ¨�Ä��µ¦µ��n�°Å��̧Ê�

6 8 4 1 2 7 5 3
2 8 4 1 6 7 5 3
2 7 4 1 6 8 5 3
2 7 4 1 6 8 5 3
2 7 4 1 6 8 5 3

®΅���µ���¦°�Â¦����gap �Á�n�µ�́�����
�µ¦µ��̧É�������Â���́�ª°¥n�µ��µ¦Á¦̧�¥�Â�ª�́�ªÁ¨�Ã�¥Ä�o��6KHOO�6RUW�¦°�Â¦�

2 7 4 1 6 8 5 3
2 7 4 1 6 8 5 3
2 1 4 7 6 8 5 3
2 1 4 7 6 8 5 3
2 1 4 7 6 8 5 3
2 1 4 7 5 8 6 3
2 1 4 3 5 7 6 8

®΅���µ���¦°��̧É�°����gap �Á�n�µ�́�����
�µ¦µ��̧É��������Â���́�ª°¥n�µ��µ¦Á¦̧�¥�Â�ª�́�ªÁ¨�Ã�¥Ä�o��6KHOO�6RUW�¦°��̧É�°�

2 1 4 3 5 7 6 8
1 2 4 3 5 7 6 8
1 2 4 3 5 7 6 8
1 2 3 4 5 7 6 8
1 2 3 4 5 7 6 8
1 2 3 4 5 7 6 8
1 2 3 4 5 6 7 8
1 2 3 4 5 6 7 8

®΅���µ���¦°��̧É�µ¤���gap �Á�n�µ�́�����
�µ¦µ��̧É�������Â���́�ª°¥n�µ��µ¦Á¦̧�¥�Â�ª�́�ªÁ¨�Ã�¥Ä�o��6KHOO�6RUW�¦°��̧É�µ¤
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Á¡ºÉ�°Ä®o�Á®È���µ¦�Î�µ�µ�Ä�Â�n�̈ ³�´Ê��°¥n�µ��´��Á��� ¨°�¡·��µ¦�µ� �´Ê���°�»���o�µ¥�°�¦°��¸É�°��¸É�¤¸��́�ªÁ¨��´���n�°
Å��¸Ê�

2 1 4 7 5 8 6 3

Ä��¦�¸��¸Ê���n�µ�°��gap �¤¸��n�µÁ�n�µ�´�������Á¦µÁ¦·É�¤�µ��´�ªÁ¨��¸É��¸��Áo��Ä�o���º�°Á¨����� �Â¨o�ªÁ�¦¸�¥�Á�¸�¥��´��Á¨����
Á�ºÉ�°��µ�ªn�µ���¤¸��n�µ¤µ��ªn�µ�����¹���o�°�¨´���¸É��´����Â�n�¥́��Å¤n���Á�n�µ�´Ê����Á¦µ�³�o�°��¼��n�°Å�ªn�µ�����́������´�ªÄ�¤̧�
�n�µ¤µ��ªn�µ�́�����Á¡¦µ³����¤¸��n�µ¤µ��ªn�µ����¹���o�°�¨´���¸É��´����Â¨³�o�µ¥»����³�o�°�Á�¦¸�¥�Á�¸�¥��´��Á¨�����n�°��
Â�n�Á�ºÉ�°��µ����¤¸��n�µ�o�°¥�ªn�µ����¹��Å¤n�¤¸��µ¦¨´���¸É��´���Â¨³�¨�¸É�Å�o�Ä�¦°��¸Ê���º�°

2 1 4 3 5 7 6 8

Á¤ºÉ�°Á®È���µ¦�Î�µ�µ��°��6KHOO�6RUW��Â ö�ª�Á¦µ�È�µ¤µ¦�Á�̧�¥�¢{���r���́�Å�o��µ¤¦¼��Â���n�°Å��̧Ê�

void ShellSort (int a[], const int n)
{

register int i, j;
int gap, tmp;

for (gap = n/2; gap > 0; gap /= 2)
   for (i=gap; i < n; i++)
   {

 tmp = a[i];
 for (j=i-gap; j>=0 && a[j] > tmp; j-=gap)

a[j+gap] = a[j];

 a[j+gap] = tmp;
   }

}

Ä��µ���·��́��·��Á¦µµ¤µ¦��´��Â�¨�¢{���r��´���ShellSort() Ä®o�¤¸��¦³·���·�£µ¡Ä��µ¦�Î�µ�µ�¤µ��¹Ê���Ã�¥
�µ¦Á�¨¸É�¥�Â�¨��n�µ�°��gap �Ä�Â�n�̈ ³¦°����¹É��Â���¸É��³¨�¨��¸�̈ ³�¦¹É������Á�n�µ�

gap /= 2

Á�}���µ¦¨�¨��̧�̈ ³������Á�n�µ���o�µ�gap �¥́����¤̧��n�µ¤µ��ªn�µ��

gap = (gap==2) ? 1 : (gap / 2.2)

Â�n��o�µ�gap �¨�¨���¤̧��n�µÁ�n�µ�́��°�Â ö�ª��n�µ�n�°Å�Î�µ®¦́���gap ��³�o�°�Á�}��®�¹É��Á¤°

Á¤ºÉ�°�¦µ�Â ö�ªªn�µ�Á¦µ�³Á�̧�¥�¢{���r���́��̧É�Ä�o�Ä��µ¦Á¦̧�¥��o�°¤¼�̈ Â���6KHOO�6RUW��°¥n�µ�Å¦Â ö�ª�Á¦µ�È��΅��¤µ¥́���{���
®µ�̧É��o�µ�Åªo�� �́Ê���º�°��µ¦Á¦̧�¥��o�°¤¼�̈ Â��Ã�¦�¦o�µ�Ä�°µ¦r�Á¦¥r�� Ã�¥Ä�o��6KHOO�6RUW� � � Á¡ºÉ�°�¸É��³Á�¸�¥�¢{���r��´��Ä®o�Ä�o�
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Å�o��́��°µ¦r�Á¦¥r���̧É�¤̧��o�°¤¼�̈ Â����Ã�¦�¦o�µ���Ä�Ç������Á¦µ�³¡¥µ¥µ¤Á�¸�¥�¢{���r��´��� ShellSort() Ä®o�¤¸�¦¼��Â��
� ö�µ¥�́��¢{���r���́��BubbleSort() ��¸É�Á¦µÅ�o�Á¦¸�¥�¦¼o�Å���º�°��¤¸��µ¦�n�µ�¡°¥�r�Á�°¦r��¸É��¸Ê�Å�¥´��¢{���r��´��Î�µ®¦´��Ä�o�Ä�
�µ¦Á�¦¸�¥�Á�¸�¥��o�°¤¼�̈ �Â¨³Ä�o�¡°¥�r�Á�°¦r�°Á���¦³��r�Î�µ®¦´��°µ¦r�Á¦¥r�

void ShellSort
  ( void *array,

const unsigned int size,
const unsigned int n,
int (*is_greater)(void *, void *) )

{
register int i, j;
int gap;
char *tmp = (char *)malloc(size);
char *a   = (char *)array;

for (gap = n/2; gap > 0; gap /= 2)
  for (i = gap; i < n; i++)
  {

 memcpy((void *)tmp,
   (void *)(a + i*size), size);

 for (j=i-gap; j>=0; j-=gap)
 {

if(is_greater((void *)(a+j*size), tmp))
memcpy((void *)(a + (j+gap)*size),

  (void *)(a + j*size), size);
else

break;
 }
 memcpy((void *)(a + (j+gap)*size),

   (void *)tmp, size);
  }
free(tmp);

}

¢{���r��´���¸Ê�� Á¦µµ¤µ¦�Ä�o�Ä��µ¦Á¦¸�¥��o�°¤¼�̈ �°�°µ¦r�Á¦¥r�Ä�Ç�È�Å�o�� Ã�¥Å¤n��¹Ê��°¥¼n��´��Â���°��o�°¤¼�̈ ¤µ�·��� Â�n��¸É�
Î�µ�´����º�°�Áª¨µ�³Á¦¸�¥�Ä�o�¢{���r��´���¸Ê���³�o�°��·�¥µ¤¢{���r��´���¸É�Ä�o�Ä��µ¦Á�¦¸�¥�Á�¸�¥��o�°¤¼�̈ Â�n�̈ ³�´�ª�n�°�

�́���́Ê��� �o�µÁ¦µ�o�°��µ¦�³Ä�o�� ¢{���r��́��Ä��µ¦Á¦¸�¥��o�°¤¼�̈ �̧É�Á�}��Ã�¦�¦o�µ�� Á¦µ�È��o�°�¦o�µ�¢{���r���́��̧É�Ä�o�Ä��µ¦
Á�¦¸�¥�Á�¸�¥�¦³®ªn�µ��o�°¤¼�̈ �¸É�Á�}��Ã�¦�¦o�µ��Á�n���Ã�¦�¦o�µ���struct record

int structCompare(void *s1, void *s2)
{

struct record {
int   key;
char *str;

} *p1, *p2;
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p1 = (struct record *)s1;
p2 = (struct record *)s2;
return (p1->key > p2->key);

}

¢{���r��´��� � structCompare() � �³�Î�µ�µ¦Á�¦¸�¥�Á�¸�¥��o�°¤¼�̈ ¤µ�·���ºÉ�°� key � � �°��o�°¤¼�̈ Â��Ã�¦�¦o�µ��́Ê��
°�� Â ö�ªÄ®o��n�µÂ��� int � Á�}���n�µ�΅���º���°�¢{���r��́��� � � Ã�¦�́��Á��ªn�µ� ¡µ¦µ¤·�Á�°¦r��́Ê��°��°�¢{���r��́��� s1

Â¨³�s2 ��Â¤o�ªn�µ�³Á�}��¡°¥�r�Á�°¦r�°Á���¦³��r��Â�n��¸É��¦·��Â¨o�ª�³�o�°��¸Ê�Å�¥´��Â®¨n���o�°¤¼�̈ �¸É�Á�}��Ã�¦�¦o�µ�Â���
struct record � Á�n�µ�´Ê��Á¡¦µ³£µ¥Ä�¢{���r��´���³¤¸��µ¦Â�¨�Â��Ä®o�Á�}��¡°¥�r�Á�°¦r�Â��� struct 

record � � �o�µÂ®¨n���o�°¤¼�̈ �¸É�¡°¥�r�Á�°¦r��´Ê��°��¸Ê�Å�� Å¤n�Ä�n�Ã�¦�¦o�µ�� struct record � � Â¨o�ª�n�µ�°��o�°¤¼�̈
¤µ�·���¸É�°n�µ�Å�o��³Å¤n��¼���o�°�

®¦º�°��o�µÁ¦µ�o�°��µ¦Á�̧�¥�¢{���r���́�Î�µ®¦́���µ¦Á�¦̧�¥�Á�̧�¥��o�°¤¼�̈ Â��  int ��Á�n����o�µ°µ¦r�Á¦¥r�¤¸��o�°¤¼�̈ �¸É�Á�}��Â���
int �Â¨³¤·�Ä�n�Ã�¦�¦o�µ����Á¦µ�È�Á�¸�¥�Å�o��´���¸Ê�

int intCompare(void *s1, void *s2)
{

return (*(int *)s1 > *(int *)s2);
}

�´�ª°¥n�µ��µ¦Á¦¸�¥�Ä�o�¢{���r��´���´Ê��°�Â¨³�µ¦Á¦¸�¥��o�°¤¼�̈

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

int main()
{

/** Function Prototypes **/
int    intCompare (void *, void *);
int structCompare (void *, void *);

void ShellSort (
  void *,
  const unsigned int,
  const unsigned int,
  int (*is_greater)(void *, void *)
);

/** Variable Declarations and Initializations **/
struct record {

int key;
char *str;

} a[10] = {
{5, "Five"},{3, "Three"},{7, "Seven"},



�¼n�¤º�°�µ¦Á�¸�¥�Ã�¦Â�¦¤£µ¬µ�¸�

����

{6,  "Six"},{2,   "Two"},{4,  "Four"},
{1,  "One"},{10,  "Ten"},{8, "Eight"},
{9, "Nine"}

};

int b[10] = {5,3,7,6,2,4,1,10,8,9};
register int i;

/** Programm Statements **/
ShellSort ((void *)a, sizeof(struct record),

 10, structCompare);
for(i=0; i < 10; i++)

printf("%s ", a[i].str);
printf("\n");

ShellSort ((void *)b, sizeof(int),
 10, intCompare);

for(i=0; i < 10; i++)
printf("%d ", b[i]);

printf("\n");

return 0;
}

�¨�µ¦�Î�µ�µ��°�Ã�¦Â�¦¤

One Two Three Four Five Six Seven Eight Nine Ten
1 2 3 4 5 6 7 8 9 10

�³Á®È��Å�o�ªn�µ� Á¦µµ¤µ¦�Ä�o�¢{���r��´��� ShellSort() � Å�o��́��°µ¦r�Á¦¥r�®¨µ¥¦¼��Â��� Å¤n�ªn�µ�³Á�}��°µ¦r�Á¦¥r��°�
�o�°¤¼�̈ Â��� int � ®¦º�°°µ¦r�Á¦¥r��°�Ã�¦�¦o�µ�� � Á¡¸�¥�Â�n�Á¦µ�³�o�°�¦o�µ�¢{���r��´���¸É�Ä�o�Ä��µ¦Á�¦¸�¥�Á�¸�¥�°¥n�µ�
Á®¤µ³¤Á�n�µ�´Ê��Á°�

Ä�Ã�¦Â�¦¤�́�ª°¥n�µ��̧Ê�� � � Á¦µÅ�o��·�¥µ¤Ã�¦�¦o�µ�Â¨³Â�o��Ä�o�� �́�ªÂ�¦�¸É�¤¸�Â���o�°¤¼�̈ �µ¤Ã�¦�¦o�µ�� � struct 

record ���Â¨³¥´��Å�o��·���´Ê���n�µÁ¦·É�¤�o��Ä®o�Â�n��o�°¤¼�̈ ¤µ�·���°�Ã�¦�¦o�µ�Ä�°µ¦r�Á¦¥r�Å�¡¦o�°¤�´���µ¦Â�o��Ä�o�

struct record {
int   key;
char *str;

} a[10] = {
{5,"Five"},{3,"Three"},{7,"Seven"},
{6, "Six"},{2,  "Two"},{4, "Four"},
{1, "One"},{10, "Ten"},{8,"Eight"},
{9,"Nine"}

};
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�o�µ́��Á���µ¦�Î�µ�µ��°��¢{���r���́�� ShellSort() Ä®o��¸�� Á¦µ�È��³Á®È��Å�o�ªn�µ� ¤¸��µ¦�Î�µÎ�µÁ�µ�o�°¤¼�̈ Â�n�̈ ³�´�ª�°�
°µ¦r�Á¦¥r��n�°¥�¦´Ê���Á¤ºÉ�°�o�°¤¼�̈ Á®¨n�µ�´Ê���o�°�¨´���¸É��´�����¹É��´��Á��Å�o��µ��µ¦Á¦¸�¥�Ä�o�¢{���r��´����memcpy() ��Â¨³�»��
�¸Ê��³Á�}���o�°Á¸�¥�°��µ¦�Î�µ�µ��°�¢{���r��´��� �o�µ�o�°¤¼�̈ Â�n�̈ ³�´�ª¤¸���µ�Ä®�n�¤µ�� Á�n��� �o�°¤¼�̈ �¸É�Á�}��Ã�¦�¦o�µ�
�µ¤¦¼��Â���n�°Å��̧Ê�

typedef struct record {
int   key;
char  str[512];

} Record;

ª·��¸��µ¦�´��Â�¨�Ä®o�¢{���r��´��µ¤µ¦��Î�µ�µ�Å�o�¤¸��¦³·���·�£µ¡¤µ��¹Ê�����º�°�µ¦Ä�o�°µ¦r�Á¦¥r��°�¡°¥�r�Á�°¦r�Á�o�µ¤µ
�n�ª¥��Â¨³¤¸��µ¦¨´���¸É�¦³®ªn�µ��o�°¤¼�̈ Â�n�̈ ³�´�ª���¸É�¤¸���µ�Ä®�n����o�°¥�¸É�»���Ã�¥Á�¡µ³°¥n�µ�¥·É��Ä��¦�¸��¸É��o�°¤¼�̈
Â�n�̈ ³�́�ª�°�°µ¦r�Á¦¥r��array ��¤¸���µ�Ä®�n��Á�n����o�°¤¼�̈ �¸É�Á�}��Ã�¦�¦o�µ���µ�®¨µ¥¦o�°¥Å��r�

void ShellSort
  ( void *array,

const unsigned int size,
const unsigned int n,
int (*is_greater)(void *, void *)

   )
{

register int i, j;
int  index, gap;
char *tmp;
char *a = (char *)array;

char **ptr = (char **)malloc(n * sizeof(char *));
char *copy = (char  *)malloc(size);
int  *rank = (int   *)malloc(n * sizeof(int));

for (i = 0; i < n; i++)
ptr[i] = (char *)(a + i*size);

for (gap = n/2; gap > 0; gap /= 2)
  for (i = gap; i < n; i++)
  {

tmp = ptr[i];
for (j=i-gap; j>=0; j-=gap)
{
   if(is_greater((void *)ptr[j],(void *)tmp))

ptr[j+gap] = ptr[j];
   else

break;
}
ptr[j+gap] = tmp;

  }
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for (i = 0; (i < n); i++) {
rank[i] = (int)(ptr[i] - a)/ size;

}

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

  if(rank[i] != i)
  {

  index   = rank[i];
  rank[i] = i;
  memcpy((void *)copy,

    (void *)ptr[index], size);
  memcpy((void *)ptr[index],

    (void *)ptr[i], size);
  memcpy((void *)ptr[i],

    (void *)copy, size);

  for (j=i+1; j < n; j++)
if (rank[j]== i) break;

  rank[j] = index;
  }
}

free(copy);  free(rank);  free(ptr);
}

¢{���r��´���¸É�Á¦µÅ�o��́��Â�¨�Ä®¤n��¸Ê���³Ä�o��ptr ��¹É���Î�µ®�o�µ�¸É�Á�}��°µ¦r�Á¦¥r��°�¡°¥�r�Á�°¦r���¸É��¸Ê�Å�¥´���o�°¤¼�̈ Ã�¦�¦o�µ�
�®¦º�°�o�°¤¼�̈ Â��Ä�Ç���Â�n�̈ ³�́�ªÄ�°µ¦r�Á¦¥r�

for (i = 0; i < n; i++) {
ptr[i] = (char *)(a + i*size);

}

Â���¸É��³Á�o�µ�¹���o�°¤¼�̈ Â�n�̈ ³�´�ª�°�°µ¦r�Á¦¥r�Ã�¥�¦��Á¦µ�È�Ä�o�°µ¦r�Á¦¥r��ptr ��¸Ê�Â��°µ¦r�Á¦¥r��array
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¦¼��£µ¡�̧É�������Â���́�ª°¥n�µ��µ¦Ä�o�°µ¦r�Á¦¥r��°�¡°¥�r�Á�°¦r��Ä��µ¦Á¦̧�¥��o�°¤¼�̈ �µ�°µ¦r�Á¦¥r�

Á�ºÉ�°��µ��o�°¤¼�̈ Â�n�̈ ³�´�ª¤¸���µ�Á�n�µ�´��� size � Å��r�� �́���´Ê��� ¡°¥�r�Á�°¦r�� ptr[i] � �¹���¸Ê�Å�¥´���¸É�°¥¼n��°�®�n�ª¥
�ªµ¤�Î�µ�¸É�°µ¦r�Á¦¥r��array Ä�o��Â¨³¤¸�¦³¥³®n�µ��µ��»��Á¦·É�¤�o��Á�n�µ�´��� i*size �Å��r����i �¤�̧�n�µ�́Ê��Â�n��0��¹���n-1

Ã�¥�̧É��n��Á�}���Î�µ�ª��°��o�°¤¼�̈ �´Ê��®¤�Ä�°µ¦r�Á¦¥r��

Á¤ºÉ�°Å�o��Î�µ®���n�µ�°�¡°¥�r�Á�°¦r�� ptr[i] � Â�n�̈ ³�´�ªÂ¨o�ªÁ¦µ�¹��Ä�o�¡°¥�r�Á�°¦r�Á®¨n�µ�¸Ê�Ä��µ¦Á¦¸�¥��o�°¤¼�̈ Â���
6KHOO�6RUW��Á�ºÉ�°��µ�ªn�µÁ�}���µ¦Ä�o�¡°¥�r�Á�°¦r�Á�n�µ�´Ê����´���´Ê�����¹��Å¤n�¤¸��µ¦�Î�µÎ�µÁ�µ�o�°¤¼�̈ �¸É�¤¸���µ�Ä®�n��Â¨³
�³Á®È��Å�o�ªn�µ� Ä��́Ê���°��°��µ¦Á¦̧�¥��o�°¤¼�̈ Â��� 6KHOO� 6RUW� �³Å¤n�¤�̧�µ¦Á¦̧�¥�Ä�o�¢{���r��́��� memcpy() � Â¤o�Â�n�
�¦́Ê��Á�̧�¥ª� � � �µ¦Á¦¸�¥��o�°¤¼�̈ Ä��´Ê��Â¦��¸Ê��¹��� Á�}���Î�µ®��Ä®o�¡°¥�r�Á�°¦r�� ptr[i] � �¸Ê�Å�¥´���Î�µÂ®�n���n�µ�ÇÁ�n�µ�´Ê��
Á°�

¦¼��£µ¡�̧É���������µ¦Ä�o�°µ¦r�Á¦¥ r��rank �Ä��µ¦Á�È���Î�µÂ®�n���¸É��¼���o�°��°��o�°¤¼�̈ �µ�°µ¦r�Á¦¥r�

®΅���µ��µ¦�Î�µ�µ��°��6KHOO�6RUW�Ä��́Ê��Â¦���¨�Â ö�ª�¡°¥�r�Á�°¦r�� ptr[i] ��³�¸Ê�Å�¥´���o�°¤¼�̈ Â�n�̈ ³�´�ª�¸É�Å�o�
Á¦¸�¥��µ¤¨Î�µ�´��Â¨o�ª� � � Â�n��o�°¤¼�̈ Ä�°µ¦r�Á¦¥r�� � array ¥´��¤·�Å�o�¤¸��µ¦Á�¨¸É�¥�Â�¨�Å�o�Ä�ÇÁ¨¥� �¹É��®¤µ¥�ªµ¤ªn�µ�
Á¦µ¥´��¤·�Å�o�Ã¥�¥o�µ¥�Î�µÂ®�n���°��o�°¤¼�̈ Â�n�̈ ³�´�ª� � �́���´Ê��Á¦µ�³�o�°�¤µÁ¦¸�¥��o�°¤¼�̈ Ä�°µ¦r�Á¦¥r�°̧��� Â¨³�³Á�¸É�¥ª
�o�°��´���µ¦Á¦¸�¥�Ä�o�¢{���r��´��� memcpy() � �o�ª¥� � � Â�n�Á¦µ�¦µ�Â¨o�ªªn�µ� �o�°¤¼�̈ Ä��ª¦�³°¥¼n�Ä��Î�µÂ®�n��Ä�� �µ¤
¨Î�µ�´���¸É��¼���o�°�� � Á¡¦µ³Á¦µÅ�o�Á¦¸�¥��o�°¤¼�̈ Á®¨n�µ�¸Ê�Â¨o�ªÃ�¥Ä�o�°µ¦r�Á¦¥r��°�¡°¥�r�Á�°¦r�� ptr � Â��� �°µ¦r�Á¦¥r�� ptr

�Î�µ®�o�µ�¸É��n�ª¥Á®¨º�°Ä��µ¦Á¦¸�¥��o�°¤¼�̈ �°�°µ¦r�Á¦¥r�� array � � Â¨³�³Á�}���´�ª�n���°�ªn�µ� �o�°¤¼�̈ �´�ªÄ��°�°µ¦r�Á¦¥r��
array �³�o�°�°¥¼n�Ä��Î�µÂ®�n��Ä��� � �́���´Ê���µ¦Á¦¸�¥��o�°¤¼�̈ Ä�°µ¦r�Á¦¥r�� array � �¹���Î�µÅ�o�°¥n�µ�¦ª�Á¦È�ª� ��{��®µ�¸É�
Á®¨º�°°¥¼n�� �¹��Á�}��� �µ¦Á¦¸�¥��o�°¤¼�̈ Ä�°µ¦r�Á¦¥r�� array � � Ã�¥°µ«́�¥�n�µ�°�� ptr[i] � �̧É��n���°��Î�µÂ®�n���̧É��¼���o�°�
�́Ê��Á°�

for(i=0; (i < n); i++)
rank[i] = (int)(ptr[i] - a)/ size;
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Á¡ºÉ�°�ªµ¤³�ª���¹��Å�o�Ä�o�°µ¦r�Á¦¥r��ºÉ�°� rank � � Â�� int � Â¨³Ä�o�Á�È���n�µ�n�µ�Ç�¸É��°��Î�µÂ®�n���¸É��¼���o�°��°��o�°
¤¼�̈ Ä�°µ¦r�Á¦¥r��array ��Â�n�̈ ³�́�ª

�µ�¦¼��£µ¡�¦³�°��¸É�������Â¨³�������°µ¦r�Á¦¥r��array ��Á�È���o�°¤¼�̈ �¸É�Á¦µ�o�°��µ¦Á¦¸�¥�¨Î�µ�´���Á�n����o�°¤¼�̈ Â�n�̈ ³
�´�ªÁ�}��°´��¬¦Ä�£µ¬µ°´���§¬��Ä���³�¸É�°µ¦r�Á¦¥r� ptr �Á�È��¡°¥�r�Á�°¦r��¸É��¸Ê�Å�¥´���¸É�°¥¼n��°��o�°¤¼�̈ Â�n�̈ ³�´�ª��®¨´��
�µ��¸É�¤¸��µ¦Á¦¸�¥��o�°¤¼�̈ Ä��n�ª�Â¦�Â¨o�ª��¡°¥�r�Á�°¦r�� ptr[i] � �Â�n�̈ ³�´�ª�³�¸Ê�Å�¥´���Î�µÂ®�n���¸É��¼���o�°�� ��µ��´Ê��
Á¦µ�È�Á�È��Åªo�Ä�¦¼���°�°µ¦r�Á¦¥r� rank � � Á�n��� � rank[0] �¤¸��n�µÁ�n�µ�́����� � �®¤µ¥�ªµ¤ªn�µ� � array[rank[0]]

�º�°� �́�ª°́���¦³� � a � Â¨³Á¦µ�³�o�°�®µ�µ�¥o�µ¥�´�ª°´���¦³�¸Ê�¤µÅªo�Ä��Î�µÂ®�n��� Â¦��°�°µ¦r�Á¦¥r�� � array Ä®o�Å�o���
Î�µ�®¦´���´�ª°´��¬¦°ºÉ��Ç��¸É�Á®¨º�°�Á¦µ�È��o�°�¥o�µ¥Å�¥´���Î�µÂ®�n���¸É��¼���o�°��µ¤¨Î�µ�´��Å�

�´�ª°¥n�µ��n�°Å�� � Á¦µ�³Á�¸�¥�Ã�¦Â�¦¤�´�ª°¥n�µ�� �¸É�Á¦µµ¤µ¦��Î�µª·��¸��µ¦Å��¦³¥»���r�Ä�o�� Á�¸�¥�Ã�¦Â�¦¤Î�µ®¦´��
�µ�Ä��¸�ª·���¦³�Î�µª´��Å�o�� � Á�n��� �µ¦Á¦¸�¥��³Â��°��°��´��«¹��¬µ�µ¤ª·��µ�¸É�°�� Â¨³�³Â��¦ª¤� � �n�°�°ºÉ��
Á¦µ�³�o�°��·�¥µ¤Ã�¦�¦o�µ��o�°¤¼�̈ �¸É�Á®¤µ³¤�Á�n���¤¤»��·�ªn�µ�ª·��µ�¸É�°���º�°���·��«µ�¦r��Â¨³¢d�·��r�

struct  score_record {
char studentID[8];
float math;
float physics;

};

�´Ê���n�°Å��º�°��µ¦¦o�µ�¢{���r��´����¸É�Ä�o�Ä��µ¦Á�¦¸�¥�Á�¸�¥�¦³®ªn�µ��o�°¤¼�̈ Ã�¦�¦o�µ��Ã�¥¡·��µ¦�µ�µ¤�³Â��
°�Ä�Â�n�̈ ³ª·��µ�Â¨³�³Â��¦ª¤��µ¤¨Î�µ�´��

int mathCompare(void *s1, void *s2)
{

struct score_record  *p1, *p2;

p1 = (struct score_record *)s1;
p2 = (struct score_record *)s2;
return (p1->math > p2->math);

}

int physicsCompare(void *s1, void *s2)
{

struct score_record  *p1, *p2;

p1 = (struct score_record *)s1;
p2 = (struct score_record *)s2;
return (p1->physics > p2->physics);

}

int totalCompare(void *s1, void *s2)
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{
struct score_record  *p1, *p2;

p1 = (struct score_record *)s1;
p2 = (struct score_record *)s2;
return (p1->math + p1->physics
        > p2->math + p2->physics);

}

Á¡ºÉ�°�¸É��³Â��Ä®o�Á®È��ª·��¸��Î�µ�µ�°¥n�µ��¦n�µªÇ�Á¦µ�³¡·��µ¦�µ�´�ª°¥n�µ��³Â��°��°��´��«¹��¬µÂ�n�·�����Á�n�µ
�´Ê���Ã�¥¤¤»��·�ªn�µ�¤¸��n�µ°¥¼n�Ä�°µ¦r�Á¦¥r���Table[] ���́���̧Ê�

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

struct score_record Table[] = {
  {"u381023", 32.5, 40.0}, {"u381034", 27.0, 41.0},
  {"u381026", 18.5, 22.5}, {"u381133", 33.0, 31.5},
  {"u381140", 42.5, 29.0}, {"u381009", 26.5, 37.5},
  {"u381085", 26.5, 30.5}, {"u381077", 35.0, 27.5},
  {"u381055", 38.5, 43.0}, {"u381049", 43.0, 45.5}
};

int main()
{

int i;

extern  void ShellSort( void *,
const unsigned int, const unsigned int,
int (*is_greater)(void *, void *));

ShellSort((void *)Table,
 sizeof(struct score_record), 10,
 mathCompare);

printf("+---------------+\n");
printf("|  MATHEMATICS  |\n");
printf("+---------------+\n");
for(i=0; i < 10; i++)

printf("%s %5.1f\n",
       Table[i].studentID, Table[i].math);

ShellSort((void *)Table,
 sizeof(struct score_record),10,
 physicsCompare);

printf("+------------+\n");
printf("|  PHYSICS   |\n");
printf("+------------+\n");
for(i=0; i < 10; i++)

printf("%s %5.1f\n",
       Table[i].studentID, Table[i].physics);
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ShellSort((void *)Table,
 sizeof(struct score_record),
 10, totalCompare);

printf("+----------------+\n");
printf("|  TOTAL SCORE   |\n");
printf("+----------------+\n");
for(i=0; i < 10; i++)

printf("%s %5.1f\n", Table[i].studentID,
Table[i].math + Table[i].physics);

return 0;
}

��������°µ¦r�Á¦¥r��°�Ã�¦�¦o�µ��¸É�¤¸�¤µ�·��Á�}��¡°¥�r�Á�°¦r��¸Ê�Å�¥´��¢{���r��´��

Ä�®´�ª�o�°�¸Ê��°´���¸É��¦·��Â¨o�ª�Á�}���µ¦¥��´�ª°¥n�µ��µ¦Ä�o��µ��°�°µ¦r�Á¦¥r��¸É�¤¸��o�°¤¼�̈ Â��Ã�¦�¦o�µ����¹É��Á�}��
Ã�¦�¦o�µ��¸É�¤¸��o�°¤¼�̈ ¤µ�·���´�ª®�¹É��Á�}��¡°¥�r�Á�°¦r�Î�µ®¦´��¢{���r��´����´�ª°¥n�µ�Á�n���FunctionStruct �Á�}���ºÉ�°
�°�Ã�¦�¦o�µ��̧É�¤̧��o�°¤¼�̈ ¤µ�·��°��́�ª��º�°�command�Â¨³�Function ��µ¤¨Î�µ�́��

typedef void * DataPointer;

typedef struct {
char   *command;
void  (* Function)(DataPointer);

} FunctionStruct;

Â�ª�ªµ¤�·����È��º�°�Á¦µ�³¦o�µ��µ¦µ�Ä�¦¼���°�°µ¦r�Á¦¥r��¸É�¤¸��o�°¤¼�̈ Â�n�̈ ³�´�ªÁ�}��Â��� FunctionStruct �Ã�¥
�Î�µ®�o�µ�̧É�Á�}���/RRN�8S�7DEOH�Ä��Î�µ�°��̧É�ªn�µ� Á¦µ¤̧��»���°��Î�µ́É���̧É�Á�}��¢{���r��́���°¥¼n�®¨µ¥Ç�́�ª� Ã�¥¤̧��o�°Â¤o�Ä�
�´Ê���o��ªn�µ�¢{���r��´���»���´�ª�³¤¸�¦¼��Â���°�¡µ¦µ¤·�Á�°¦r�Á®¤º�°��´�����Áª¨µ�³Á¦¸�¥�Ä�o��Î�µ´É��Ä�ÇÁ¦µ�È��Î�µ®��Â�n��ºÉ�°
�°�¢{���r��´��� �Ä�¦¼���°�µ¥°´���¦³�� � Â¨³�o�°¤¼�̈ Î�µ®¦´��Á�}��¡µ¦µ¤·�Á�°¦r��¸É��³�n�µ�Ä®o�¢{���r��´��Ã�¥¤¸�¢{���r��´���
Execute()

void Execute(char *command, DataPointer data_ptr);

Á�}���́�ª�Î�µÁ�·���µ¦� � � ¢{���r��´���¸Ê��³�o��®µ�Î�µ´É��Ä��µ¦µ�� Table[] � Ã�¥°µ«́�¥�ºÉ�°�̧É��Î�µ®��Ã�¥¡µ¦µ¤·�Á�°¦r��
command� � Â¨³� Á�¦¸�¥�Á�¸�¥��´��¦µ¥�µ¦�Î�µ´É���¸É�¤¸�°¥¼n�Ä��µ¦µ��´Ê��®¤�� � �o�µ�o��¡��È�Ä®o�Á¦¸�¥�¢{���r��´���¸É�Á®¤µ³
¤Ä®o��Î�µ�µ��µ¤�¸É��o�°��µ¦����o�µÅ¤n�¡��Î�µ´É���¸É���o�°��µ¦�È�Ä®o�Â�o����¦�¸��́���¨n�µªÄ®o��¦µ�
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#include <stdio.h>
#include <string.h>

typedef void * DataPointer;

/** Structure Declaration **/
typedef struct {

char   *command;
void  (* Function)(DataPointer);

} FunctionStruct;

/** Function Prototypes **/
void routine_1 (DataPointer);
void routine_2 (DataPointer);
void routine_3 (DataPointer);

/** Variable Declaration **/
static FunctionStruct TableOfCommands[] =

{
{"DO_ROUTINE_1", routine_1},
{"DO_ROUTINE_2", routine_2},
{"DO_ROUTINE_3", routine_3},
{NULL, NULL}   /* NULL terminated */

};

void routine_1(DataPointer pointer)
{

struct intern_struct {
int x;

} *ptr = (struct intern_struct *) pointer;

if (ptr!=NULL)
printf("%d\n", ptr->x);

}

void routine_2(DataPointer pointer)
{

struct intern_struct {
double x;

} *ptr = (struct intern_struct *) pointer;

if (ptr != NULL)
printf("%lf\n", ptr->x);

}

void routine_3(DataPointer pointer)
{

struct intern_struct {
char *s;

} *ptr = (struct intern_struct *) pointer;

if (ptr != NULL)
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  printf("%s\n", ptr->s);
}

void Execute(char *command, DataPointer data_ptr)
{
  FunctionStruct *p;

  for(p=TableOfCommands; p->command != NULL; p++)
  {

if(strcmp(p->command, command)==0)
{

p->Function(data_ptr);
return ;

}
  }
  printf ("Unrecognized command!\n");
}

int main()
{

struct int_struct {
int x;

} int_data = {501};

struct double_struct {
double x;

} dbl_data = {13.105};

struct string_struct {
char *message;

} str_data = {"Hello World!"};

  Execute("DO_ROUTINE_1", (DataPointer)&int_data);
  Execute("DO_ROUTINE_2", (DataPointer)&dbl_data);
  Execute("DO_ROUTINE_3", (DataPointer)&str_data);

  str_data.message =
     "Array of Structures with Pointers to Functions";
  Execute("DO_ROUTINE_3", (DataPointer)&str_data);

  /** Calling function as follows is illegal !!! **/
  Execute("DO_ROUTINE_1", (DataPointer)&dbl_data);
  Execute("DO_ROUTINE_2", (DataPointer)&int_data);

  return 0;
}

�́�ª°¥n�µ��¨�µ¦�Î�µ�µ��°�Ã�¦Â�¦¤�Á�n��

501
13.105000
Hello World!
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Array of Structures with Pointers to Functions
10486
0.000000

Ã�¦�´��Á��ªn�µ��o�µÁ¦µ�n�µ��n�µ¡µ¦µ¤·�Á�°¦r���¸É�Å¤n��¼���o�°��µ¤Â���¸É��Î�µ´É���o�°��µ¦��È��³Å�o��¨�µ¦�Î�µ�µ��¸É�Å¤n��¼��
�o�°��Á�n��

  Execute("DO_ROUTINE_1", (DataPointer)&dbl_data);
  Execute("DO_ROUTINE_2", (DataPointer)&int_data);

�o�µ�Î�µ®��Á¨º�°��"DO_ROUTINE_1"���Â�n��n�µ�¡µ¦µ¤·�Á�°¦r��¸É�°o�µ��¹���o�°¤¼�̈ Â���� double ��Â���¸É��³Á�}��
Â��� int ���È��º�°ªn�µ�·����®¦º�°Ä��µ��¨´���´����o�µ�Î�µ®��Á¨º�°�� "DO_ROUTINE_2"� �Â�n��n�µ�¡µ¦µ¤·�Á�°¦r��¸É�
°o�µ��¹���o�°¤¼�̈ Â��� int � Â���¸É��³Á�}��Â��� double � � �È��º�°ªn�µ�·��Á�n���´��� � �́���´Ê���¨�µ¦�Î�µ�µ��°�¢{���r��´���¸É�
Á�·���µ��µ¦�¦³�Î�µ�Î�µ´É���´Ê��°��¹��Å¤n��¼���o�°�

�µ¦Ä�o��µ�°µ¦r�Á¦¥r��¸É�Á�È���o�°¤¼�̈ Â��Ã�¦�¦o�µ�Î�µ®¦´��Á¨º�°��¦³�Î�µ�Î�µ´É���n�µ�ÇÄ�¨´��¬�³�¸Ê�� Á¦µ�³Å�o�¡�Â¨³
Ä�o��µ�°̧��Ä��µ¦¦o�µ���́�ªÂ�¨�Î�µ́É����¹É��Á�}��n�ª�®�¹É���°��µ¦¦o�µ�Á�¦ºÉ�°��·��Á¨�°¥n�µ��n�µ¥

���������´�ª°¥n�µ��µ¦Ä�o��µ�Ã�¦�¦o�µ�Â¨³�µ¦Á�¸�¥�¢{���r��´���¹Ê��Ä�o�

¤¤»��·�ªn�µ� Á¦µ�o�°��µ¦Á�¸�¥�¢{���r��´��Î�µ®¦´���µ¦�Î�µ�ª�Á�̧É�¥ª�́��Á¨��Î�µ�ª�Á�·���o�°��¸É�Á�È��°¥¼n�Ä�¦¼��
�°�Ã�¦�¦o�µ���struct Complex ����¹É��¤¸�¦¼��Â���Á�n��

struct Complex {
double   Re;
double   Im;

};

¦ª¤�´Ê���¢{���r��´���¸É�Á�¸É�¥ª�o�°��´���µ¦�Î�µ�ª�Á¨�Á�·���o�°��Á�n����µ¦�ª�¨���¼���®µ¦�¦³®ªn�µ�Á¨��Î�µ�ª�Á�·���o�°�
°��´�ª� Á�}���o���Â¨³¦ª¤�¹���µ¦�Î�µ�ª��n�µ�°��¼�Á��� �&RQMXJDWH���n�µ´�¤�¦¼��r�� Â¨³�n�µ°µ¦r��·�ªÁ¤��r��°�Á¨�
�Î�µ��ª�Á�·���o�°�Ä�Ç

�o�µÁ¦µ�o�°��µ¦Á�¸�¥�¢{���r��´��Á®¨n�µ�¸Ê�� Â¨³�Î�µ®��Ä®o�Á�}��¢{���r��´��¤µ�¦µ�µ�� �¹É��Á¦µµ¤µ¦��Î�µÅ�Ä�o��µ�Å�o�Ä�
�»���¦³��r��´É�ªÅ�����Á¦µ�È��³Â�n��Ã�¦Â�¦¤°°�Á�}����µ¤n�ª���n�ª�Â¦��º�°�Å¢ r̈�n�ª�®́�ª�&RPSOH[�K��n�ª��̧É�
°��ºÉ�°� &RPSOH[�F� � Â¨³n�ª��¸É�µ¤Á�}��Å¢¨r��¸É�Á�È��Ã�¦Â�¦¤Ã�o���¸É�¤¸��µ¦Á¦¸�¥�Ä�o�¢{���r��´��Î�µ®¦´���Î�µ�ª�Á�·��
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�o�°�� � Á�n��� Ä��¦�̧��́�ª°¥n�µ��̧Ê�� Á¦µ�³Ä®o��ºÉ�°ªn�µ� � WHVWFPSO�F� ¤�̧�»���¦³��r�Î�µ®¦́����¨°�Â¨³�¦ª�°��µ¦
Á¦¸�¥�Ä�o�¢{���r��´���¸É�Å�o�¦o�µ��¹Ê��

���Å¢ r̈�n�ª�®́�ª��&RPSOH[�K

Á¦µ�³¦ª�¦ª¤¦µ¥¨³Á°¸�¥��n�µ�Ç��Á�n�����¦µ¥�µ¦¢{���r��´���n�µ�Ç��¸É�Á¦µ�³¦o�µ��¹Ê��Ä�o��Ã�¥Á�¸�¥�Åªo�Ä�¦¼��
�°�¢{���r��́��Ã�¦Ã�Å�¢m����)XQFWLRQ�3URWRW\SH���¦ª¤�́Ê���Â���o�°¤¼�̈ Î�µ®¦́���Î�µ�ª�Á�·���o�°���Complex ��Á�}��
�o�����£µ¥Ä�Å¢ r̈��&RPSOH[�K���³¤̧�Á�ºÊ�°®µ�́���n�°Å��̧Ê�

File name : Complex.h

#ifndef  _COMPLEX_H
#define  _COMPLEX_H

/* incomplete structure declaration */
typedef struct Complex *Complex;

/* Function Prototypes */
Complex cInit (double real_part, double imag_part);
void cAdd (const Complex a, const Complex b, Complex ret);
void cSub (const Complex a, const Complex b, Complex ret);
void cMul (const Complex a, const Complex b, Complex ret);
void cDiv (const Complex a, const Complex b, Complex ret);
void cInv (const Complex a, Complex ret);
void cConj(const Complex a, Complex ret);

double cAbs(const Complex a);
double cArg(const Complex a);
double getReal(const Complex a);
double getImag(const Complex a);

void cPrint (const Complex a, int digits);

#endif  /* _COMPLEX_H */

Ã�¦�´��Á��ªn�µ� Á¦µÅ�o��·�¥µ¤Â���o�°¤¼�̈ � &RPSOH[� �¸É�Ä�o�Â���¸É�Â���°�¡°¥�r�Á�°¦r�Î�µ®¦´��Ã�¦�¦o�µ�Â���
struct Complex Â�n�Á¦µ¥´��¤·�Å�o��·�¥µ¤Ã�¦�¦o�µ��¸Ê�� � � ��µ¦�·�¥µ¤Ã�¦�¦o�µ��� struct Complex � � � Á¦µ�³
�¦³�Î�µÄ�Å¢¨r�n�ª��´�ª�&RPSOH[�F���¹É��¤¸�Á®�»��¨�¸É�Î�µ�´���º�°��µ¦�n�°�¦µ¥¨³Á°¸�¥�Á�¸É�¥ª�´��Ã�¦�¦o�µ��¸Ê�

�°��µ��¸Ê�� ¥́��Å�o�¤¸��µ¦Ä�o��Î�µ´É���°�¡¦¸�Ã�¦Á�Á�°¦r�Å�Á¦��¸�¢� �´Ê���¸Ê�� �È�Á¡ºÉ�°Á�}���µ¦�¦ª�°�ªn�µ� ¤¸��µ¦Â�¦�
Å¢ r̈�n�ª�®́�ª�&RPSOH[�K��Â ö�ª®¦º�°¥́������o�µ¤¸��µ¦�·�¥µ¤Â¤Ã�¦�ºÉ�°�_COMPLEX_H��Â¨o�ª���È�®¤µ¥�ªµ¤ªn�µ�Ä�
��³�¸É��Î�µ�µ¦�°¤Å¡¨r��Å�o�¤¸��µ¦°n�µ�Á�ºÊ�°®µ�°�Å¢¨r��¸Ê�Â¨o�ª��´���´Ê��Á¡ºÉ�°�j�°��´���µ¦°n�µ�Â¨³Â�¦�Å¢¨r��¸Ê��ÎÊ�µ�o�°��
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�¹��Å�o��Î�µ®��Á�ºÉ�°�Å�Ä��µ¦�°¤Å¡¨r�Î�µ®¦´��Å¢¨r��¸Ê�Åªo�� � �o�µ¥´��Å¤n�¤¸��µ¦�·�¥µ¤Â¤Ã�¦�¸Ê�� �È�Ä®o�°n�µ�Á�ºÊ�°®µ�°�Å¢¨r�
n�ª�®´�ª�¸É�Á®¨º�°�´Ê��®¤���o�µ¤¸��µ¦�·�¥µ¤Â¤Ã�¦�¸Ê�Â¨o�ª��È�Ä®o��o�µ¤�´Ê���°��¸Ê�Å�

���Å¢ r̈�n�ª��́�ª��&RPSOH[�F

Ä�Å¢¨r��¸Ê��Á¦µ�³�·�¥µ¤Â¨³¦o�µ�¢{���r��´���n�µ�Ç�¸É�Å�o�Â�o��Åªo�Á�}���o��Â��Ä�Å¢¨r�n�ª�®´�ª�&RPSOH[�K�¦ª¤�´Ê��
�·�¥µ¤Ã�¦�¦o�µ���struct Complex ���o�ª¥

File name : Complex.c

#include <stdio.h>
#include <assert.h>
#include <malloc.h>
#include <math.h>
#include "Complex.h"

struct Complex {
double   Re;
double   Im;

};

Complex cInit (double real_part, double imag_part)
{

Complex new_c = (Complex)malloc(sizeof(struct Complex));
new_c->Re = real_part;
new_c->Im = imag_part;
return new_c;

}

void cPrint (const Complex a, int digits)
{

int n = (digits < 0 || digits > 10) ? 6 : digits;
char format[30];

assert(a);
if(a->Im < 0) {

sprintf(format, "%%.%dlf - j%%.%dlf\n", n, n);
printf(format, a->Re, -(a->Im));

}
else {

sprintf(format, "%%.%dlf + j%%.%dlf\n", n, n);
printf(format, a->Re, a->Im);

}
}

void cAdd (const Complex a, const Complex b, Complex ret)
{

assert(a && b && ret);
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ret->Re = a->Re + b->Re;
ret->Im = a->Im + b->Im;

}

void cSub (const Complex a, const Complex b, Complex ret)
{

assert(a && b && ret);
ret->Re = a->Re - b->Re;
ret->Im = a->Im - b->Im;

}

void cMul (const Complex a, const Complex b, Complex ret)
{

assert(a && b && ret);
ret->Re = (a->Re * b->Re) - (a->Im * b->Im);
ret->Im = (a->Re * b->Im) + (a->Im * b->Re);

}

void cInv (const Complex a, Complex ret)
{

double div;

assert(a && ret);
div = (a->Re * a->Re) + (a->Im * a->Im);
ret->Re =  a->Re / div;
ret->Im = -(a->Im) / div;

}

void cDiv (const Complex a, const Complex b, Complex ret)
{

struct Complex tmp;
Complex p = &tmp;

assert(a && b && ret);
cInv(b, p);
cMul(a, p, ret);

}

void cConj (const Complex a, Complex ret)
{

assert(a && ret);
ret->Re =  a->Re;
ret->Im = -(a->Im);

}

double cAbs(const Complex a)
{

double re = a->Re, im = a->Im;

assert(a);
return sqrt(re*re + im*im);

}



�¼n�¤º�°�µ¦Á�¸�¥�Ã�¦Â�¦¤£µ¬µ�¸�

����

double cArg(const Complex a)
{

assert(a);
return atan2(a->Re, a->Im);

}

double getReal(const Complex a)
{

assert(a);
return a->Re;

}

double getImag(const Complex a)
{

assert(a);
return a->Im;

}

�µ��µ¦¦o�µ�¢{���r��´���µ¤ª·��¸��µ¦�o�µ��o���Á¦µÅ�o�Ä�o��¢{���r��´����assert()

assert(a && b && ret);

Ä��µ¦�¦ª�°�¡µ¦µ¤·�Á�°¦r��°�¢{���r��´����¹É����Î�µ®��Åªo�ªn�µ�¡µ¦µ¤·�Á�°¦r��a���b�Â¨³ ret ���³�o�°�Á�}��¡°¥�r�
Á�°¦r�Â���&RPSOH[��¸É�Å¤n�Ä�n�¡°¥�r�Á�°¦r�«¼��¥r����¦³Ã¥��Î�µ´É���o�µ����¸Ê��°µ��³Á�¸�¥�Ä®¤n�Å�o�Á�}��

assert(a!=NULL && b!=NULL && ret!=NULL);

Â�n�Á¡ºÉ�°�¸É��³Á�¸�¥�Ä®o�´Ê��Â¨³�¦³�´��¦´���Á¦µ�³Á�¸�¥��µ¤Â��Â¦�

�µ¦¦o�µ�¢{���r��´��Î�µ®¦´���Î�µ�ª��n�µ�n�µ�Ç��°�Á¨��Î�µ�ª�Á�·���o�°���³°µ«´�¥�ªµ¤¦¼o�¡ºÊ���µ��µ���·��«µ�¦r��¸É�
¦»��Å�o��́���̧Ê�����Î�µ®��Ä®o��a��Â¨³�b�Á�}��Á¨��Î�µ�ª�Á�·���o�°�Ä�Ç���´���´Ê���Á¦µ�³Á�¸�¥�Å�o�ªn�µ

a a j a

b b j b

    

    

= +
= +

Re{ } Im{ }

Re{ } Im{ }

Î�µ®¦́���µ¦�ª�¨�¦³®ªn�µ���a��Â¨³�b���È��Î�µÅ�o��µ¤®¨´���µ¦�n�°Å��¸Ê�

a a b j a b

a a b j a b

 +  b   (   

  b   (   

= + + +
− = − + −

Re{ } Re{ }) (Im{ } Im{ })

Re{ } Re{ }) (Im{ } Im{ })

Â¨³Î�µ®¦´���µ¦�¼��Â¨³®µ¦
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a a b

j a b a b

a a j a
b j b

b b

  b  ( Im{a} Im{b})

 

  b   (

⋅ = ⋅ − ⋅
+ ⋅ + ⋅

÷ = + ⋅ −
+

Re{ } Re{ }

(Re{ } Im{ } Im{ } Re{ })

Re{ } Im{ })
(Re{ } Im{ })

[Re{ }] [Im{ }]2 2

�µ¦®µ�n�µ�°��¼�Á����n�µ́�¤�¦¼��r��Â¨³�n�µ°µ¦r��·�ªÁ¤��r��°��Î�µ�ª�Á�·���o�°���Î�µÅ�o�Ã�¥

a a j a a j a

a a a

a

a

a
a

a

a
a

       

     

    
           

      

= + = −

= +

∠ =
≥

+ <










Re{ } Im{ } Re{ } Im{ }

| | [Re{ }] [Im{ }]

arctan(
Im{ }

Re{ }
), Re{ }

arctan(
Im{ }

Re{ }
), Re{ }

2 2

0

0π

Î�µ®¦´���µ¦®µ�n�µ°µ¦r��·�ªÁ¤��r���Á¡ºÉ�°�ªµ¤³�ª�Á¦µ�³Á¦¸�¥�Ä�o�¢{���r��´��¤µ�¦µ�µ��ºÉ�°�atan2() ��¸É��·�¥µ¤Åªo�
Ä��<math.h> Ä��µ¦�Î�µ�ª�

���Å¢ r̈�Î�µ®¦́��Ã�¦Â�¦¤��°���WHVWFPSO�F

Î�µ®¦´���µ¦Ä�o��µ�¢{���r��´���n�µ�Ç�¸É�¦o�µ��¹Ê���Á¦µ�È��Î�µÅ�o��́���¸Ê����´�ª°¥n�µ�Á�n���Á¦µÁ�¸�¥�Ã�¦Â�¦¤Ã�o��Á�È��Åªo�Ä�Â¢j�¤
�o�°¤¼�̈ �WHVWFPSO�F

File name : testcmpl.c

#include "Complex.h"

int main()
{
  Complex z1 = cInit(5,2),

z2 = cInit(-1,1),
z3 = cInit(0,0),
z4 = cInit(0,0);

cAdd(z1, z2, z3); cPrint(z3,3);
cSub(z1, z2, z3); cPrint(z3,3);
cMul(z1, z2, z3); cPrint(z3,3);
cDiv(z1, z2, z3); cPrint(z3,3);

cInv (z1, z3);
cMul (z1, z3, z4); cPrint(z4,3);

z1 = cInit(-4,3);  cPrint(z1,3);
printf ("Abs(z1) = %.3lf\n", cAbs(z1));
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printf ("Arg(z1) = %.3lf deg\n",
180 * cArg(z1) /3.1415926);

return 0;
}

£µ¥Ä�Å¢¨r��¸Ê�� Á¦µÅ¤n�µ¤µ¦�Â�o��Ä�o�� �́�ªÂ�¦Â��� struct Complex � Å�o�Á¡¦µ³Á�}��Â��Ã�¦�¦o�µ��¸É�Å¤n�¤
�¦¼��r����Ä�Å¢¨r�n�ª�®´�ª��Complex.h ��Á¦µÅ�o�°o�µ��¹��Ã�¦�¦o�µ��̧Ê���Ã�¥Ä�o�Ä��µ¦�·�¥µ¤Â���o�°¤¼�̈ �ºÉ�°�&RPSOH[

typedef struct Complex *Complex;

Â�n�Ã�¦�¦o�µ���struct Complex ���¸Ê��³�¼���·�¥µ¤Åªo�Ä�£µ¥®¨´���Ä�Å¢¨r��Complex.c ��¦»��Å�o�ªn�µ�Ã�¦�¦o�µ���
struct Complex ���³Ä�o�Å�o�Á�¡µ³£µ¥Ä�Å¢¨r��Complex.c ��Á�n�µ�´Ê���� �Â¨³�¸Ê�Á�}���o�°�¸��°��µ¦�n�°�¦µ¥¨³�
Á°̧�¥��̧É�Á�̧É�¥ª�́��Ã�¦�¦o�µ��struct Complex ���Á¡¦µ³Ä��¦�¸��¸Ê��Ã�¦Â�¦¤£µ¥Ä�Å¢¨r�� testcmpl.c ��Á�}��
�µ¦Ä�o��µ��°�¢{���r��´��Î�µ®¦´���Î�µ�ª�Á�·���o�°�� � �»���¦³��r�®¨´���º�°� Á¦µ�o�°��µ¦�³Â¥�¦³®ªn�µ�� � v�µ¦¦o�µ�
¢{���r��´��w��Â¨³��v�µ¦Á¦¸�¥�Ä�o�¢{���r��´��w��Â¨³Á¡ºÉ�°�j�°��´��¤·�Ä®o��¼o��¸É��³�Î�µ¢{���r��´��Á®¨n�µ�¸Ê�Å�Ä�o���Å�¥»n��Á�¸É�¥ª�́��¦µ¥
¨³�Á°̧�¥��n�µ�Ç�°�Ã�¦�¦o�µ���struct Complex Á¦µ�¹��Å�o��·�¥µ¤Ã�¦�¦o�µ��struct Complex �Åªo�Ä�Å¢¨r��
Complex.c

�µ¤�¦��·�Â¨o�ª� �µ¦¦o�µ�¢{���r��´��°Á���¦³��r�� Á�n��� ¢{���r��´��Î�µ®¦´���Î�µ�ª�Á�¸É�¥ª�´��Á¨��Î�µ�ª�Á�·��
�o�°��¸É�Á¦µÅ�o�¦o�µ��¹Ê���´Ê����³�¼��Â�¨�Á�}��°°�Á��Ã�o���Â¨³Á�È��Åªo�Ä��¨´���°�¢{���r��´��� � ��¹É��®¤µ¥�ªµ¤ªn�µ� Á¦µ
�³�Î�µ�µ¦Â�¨�Á�ºÊ�°®µ�¸É�°¥¼n�Ä�Å¢¨r��&RPSOH[�F�Á�}��°°�Á��Ã�o��Â¨o�ªÁ�È��Åªo�Ä��¨´��¢{���r��´���Á¤ºÉ�°�¼o�Ä�o���o�°��µ¦
Ä�o�¢{���r���́��́��� n̈�µª�È�Ä®o�Â�¦�Å¢ r̈�n�ª�®́�ª�&RPSOH[�K�Á�o�µÄ�Ã�¦Â�¦¤Ã�o���°���

#include "Complex.h"

Á¡ºÉ�°�³Å�o��¦µ�ªn�µ�¢{���r��´��Á®¨n�µ�¸Ê��¤¸�¦¼��Â��Á�}��°¥n�µ�Å¦��Â¨³�È�µ¤µ¦�Á¦¸�¥�Ä�o�¢{���r��´���µ¤�»���¦³��r��¸É��o�°�
�µ¦Å�o�� � � � Á¤ºÉ�°Áª¨µ�Î�µ�µ¦�°¤Å¡ r̈�Ã�¦Â�¦¤Ã�o����¼o�Ä�o���³�o�°��Î�µ®���o�ª¥ªn�µ��³Ä®o��°¤Å¡ r̈�Á¨°¦r��o��®µ°°��
Á��Ã�o��Î�µ®¦´��¢{���r��´��Á®¨n�µ�´Ê��Ä��¨´���°�¢{���r��´���ºÉ�°°³Å¦Â¨³�³¡�Å�o��¸É�Ä�� � Á¤ºÉ�°�°¤Å¡¨r�Á¨°¦r��o��¡�°°��
Á��Ã�o��Î�µ®¦́��¢{���r���́��̧É�¤̧��µ¦Á¦̧�¥�Ä�o�Â ö�ª� � �È��³�Î�µÅ��¦³�°�Á�o�µ�́��°°�Á��Ã�o���°�Ã�¦Â�¦¤n�ª�°ºÉ���n�°
Å�Á¡ºÉ�°¦o�µ�Ã�¦Â�¦¤�¸É��¦�¤�¦¼��r�Â¨³µ¤µ¦��Î�µ�µ�Å�o�� �́���´Ê��Î�µ®¦´���¼o�Ä�o�Â¨o�ª� Å¢¨r�� Complex.c � � �¹��Å¤n�
�Î�µÁ�}���o�°�Ä�o����o�µÅ�o�¦o�µ��¨´���°�¢{���r��´���¸Ê�Â¨o�ª
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�����¥¼�Á�̧�¥���8QLRQ�

Â���o�°¤¼�̈ ¦ª¤°̧����·��®�¹É����º�°�¥¼�Á�̧�¥����8QLRQ����¹É��¤̧�̈ �́�¬�³� ö�µ¥Ã�¦�¦o�µ���¨°����»��¤�́��·�
�n�µ�Ç�¥�Áªo��Ä�Á¦ºÉ�°��°��µ¦�´��Á�È���o�°¤¼�̈ ¤µ�·��Â�n�̈ ³�´�ª

�������¦¼��Â���µ¦�·�¥µ¤Â¨³Â�o��Ä�o��´�ªÂ�¦�¸É�Á�}��¥¼�Á�¸�¥�

union  structure_name  {
data_type 1 member_name1;

data_type 2 member_name2;

data_type 3 member_name3;

... ...

data_type N member_nameN;

}  variable_list ;

¦¼��Â���µ¦�·�¥µ¤Ä�o�� �¨°����µ¦Á¦¸�¥�Ä�o�� Â¨³Á�o�µ�¹���o�°¤¼�̈ ¤µ�·���°�¥¼�Á�¸�¥��³Á®¤º�°��´���°�Ã�¦�¦o�µ�
�»���¦³�µ¦���́�ª°¥n�µ���µ¦�·�¥µ¤¥¼�Á�̧�¥��Á�n��

union alpha {
int  i;
char a;

};

�¹É��¤¸�¤µ�·��°��´�ª�º�°��o�°¤¼�̈ Â�� int �Â¨³�char ��µ¤¨Î�µ�́��

®�n�ª¥�ªµ¤�Î�µÎ�µ®¦´��¥¼�Á�¸�¥��¸É�Ä�o�� �³Á�n�µ�´����µ��°��o�°¤¼�̈ ¤µ�·���´�ª�¸É��o�°��µ¦®�n�ª¥�ªµ¤�Î�µ¤µ��¸É�»���¹É��
®�n�ª¥�ªµ¤�Î�µ�¸Ê��³�¼��Ä�o�¦n�ª¤�´��¦³®ªn�µ��o�°¤¼�̈ ¤µ�·��Â�n�̈ ³�´�ª� Â¨³�³�¼��Ä�o�Ã�¥�o�°¤¼�̈ ¤µ�·��Á¡¸�¥��´�ªÄ��´�ª
®�¹É��Á�n�µ�´Ê��Ä��n�ª�Áª¨µ®�¹É��Ç����µ��́�ª°¥n�µ���¥¼�Á�¸�¥�� alpha � �¤¸�®�n�ª¥�ªµ¤�Î�µ�¸É�Ä�o�Á�n�µ�´�����µ��°��o�°¤¼�̈
Â�� int � � ��o�µÁ¦µ�Î�µ®��Ä®o� alpha � � Á�}��Ã�¦�¦o�µ�Â���¸É��³Á�}��¥¼�Á�¸�¥�Â¨o�ª�®�n�ª¥�ªµ¤�Î�µ�¸É��o�°��µ¦Ä�o�
�³Á�n�µ�´�����µ��°��o�°¤¼�̈ Â�� int ��ª��o�ª¥��µ��°��o�°¤¼�̈ Â���char �°¥n�µ�¨³®�¹É���´�ª

Á¦µµ¤µ¦��¨n�µª¦»��Å�o�ªn�µ� ¥¼�Á�¸�¥�Â¨³Ã�¦�¦o�µ��n�µ��È�¤¸�̈ ´��¬�³�¸É��¨o�µ¥�´��� ¥�Áªo��Â�n�Ä�Á¦ºÉ�°��°���µ�
�°�®�n�ª¥�ªµ¤�Î�µ�¸É��o�°��µ¦Ä�o�� Â¨³Î�µ®¦´��¥¼�Á�¸�¥�Â¨o�ª� Á¦µµ¤µ¦�Á�È���n�µ�°��o�°¤¼�̈ ¤µ�·��Å�o�Á¡¸�¥��´�ªÄ�
�´�ª®�¹É��Ä��n�ª�Áª¨µ®�¹É��Á�n�µ�´Ê����Â¨³Â���n�µ��µ�ª·��¸��µ¦Á�È���o�°¤¼�̈ Ä�Ã�¦�¦o�µ���¹É���o�µÁ�}��Ã�¦�¦o�µ�Â¨o�ª�Á¦µ
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µ¤µ¦�Á�È���o�°¤¼�̈ Åªo�Ä��o�°¤¼�̈ ¤µ�·��Å�o��»���´�ªÄ��n�ª�Áª¨µÁ�¸�¥ª�´��� Á¡¦µ³�n�µ��È�¤¸�®�n�ª¥�ªµ¤�Î�µ�°���Á°�
�´���´Ê��Ä��n�ª�Áª¨µ®�¹É��Ç� ¥¼�Á�¸�¥�µ¤µ¦�Á�È���o�°¤¼�̈ Åªo�Ä�¤µ�·���´�ªÄ��´�ª®�¹É��� Â¨³Á¡¸�¥��´�ªÁ�¸�¥ªÁ�n�µ�´Ê��� ®¦º�°
Á¦µ�¨n�µªÅ�o�ªn�µ�¥¼�Á�¸�¥���º�°Ã�¦�¦o�µ��¸É�¤¸��o�°¤¼�̈ ¤µ�·���¸É�Ä�o�¡ºÊ���¸É�®�n�ª¥�ªµ¤�Î�µ¦n�ª¤�´��

�µ��́�ª°¥n�µ��°�¥¼�Á�̧�¥��alpha �Ä��o�µ��o����o�µÁ¦µ�o�°��µ¦Á�È���o�°¤¼�̈ Â���char �Åªo�Ä��a��¡ºÊ���¸É�®�n�ª¥�ªµ¤�Î�µ
�´Ê��®¤��È��³�¼���°�Åªo�Î�µ®¦´��¤µ�·��� a� Â¤o�ªn�µ�³Ä�o��¦·��Á¡¸�¥�®�¹É��Å��r�Á�n�µ�´Ê��� Â�n��o�µÁ¦µ¡¥µ¥µ¤Á�È���o�°¤¼�̈
Â�� int �Åªo�Ä�¤µ�·���i ���o�°¤¼�̈ �¸É�Á¦µÁ�¥Á�È��Åªo�Ä�¤µ�·���a��³�¼��¨��·Ê��Å��Á¡¦µ³�³�o�°�Ä�o�Á�È���o�°¤¼�̈ �°�
¤µ�·���i

�µ¦Á�o�µ�¹��¤µ�·���°�¥¼�Á�¸�¥�Â�n�̈ ³�´�ª�È��Î�µÅ�o�Á®¤º�°��´���°�Ã�¦�¦o�µ��Á�n��

#include <stdio.h>

union alpha {
int i;
char a;

} global;

int main()
{

printf ("Size of union alpha = %d bytes\n",
    sizeof(union alpha));

printf (" &global.i = %p\n", &global.i);
printf (" &global.a = %p\n", &global.a);

global.i = 100;
printf ("i = %d, a = %c\n", global.i, global.a);

global.a = 'a';
printf ("i = %d, a = %c\n", global.i, global.a);

return 0;
}

°´���¸É��¦·��Â¨o�ª¥¼�Á�¸�¥��È��Î�µ®�o�µ�¸É��¨o�µ¥¡°¥�r�Á�°¦r�°Á���¦³��r��¸É�µ¤µ¦��¸Ê�Å�¥´���o�°¤¼�̈ ®¨µ¥ÇÂ��Å�o�� Â�n�Ä�o�
®�n�ª¥�ªµ¤�Î�µ¦n�ª¤�´���Á¦µ¨°�¡·��µ¦�µ�´�ª°¥n�µ��n�°Å��¸Ê�

#include <stdio.h>
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typedef union {
short  s;
long   l;
float  f;

} u_of_data;

int main()
{

short     *sptr;
long      *lptr;
float     *fptr;
u_of_data  storage;

/* points to the address of ‘storage’. */
u_of_data *ptr = &storage;

sptr = (short *)ptr;
lptr = (long  *)ptr;
fptr = (float *)ptr;

ptr->s = 10;
printf ("ptr->s    = %d \n", ptr->s);
printf ("storage.s = %d \n", storage.s);
printf ("*sptr     = %d \n", *sptr);

ptr->l = 123456789L;
printf ("ptr->l    = %ld \n", ptr->l);
printf ("storage.l = %ld \n", storage.l);
printf ("*lptr     = %ld \n", *lptr);

ptr->f = 1.11;
printf ("ptr->f    = %f \n", ptr->f);
printf ("storage.f = %f \n", storage.f);
printf ("*fptr     = %f \n", *fptr);

return 0;
}

�µ��´�ª°¥n�µ��o�µ�����·�¡��r��n�°Å��¸Ê�

*(short *)ptr
*(long  *)ptr
*(float *)ptr

�³Ä®o��¨Á®¤º�°��´���µ¦Ä�o��·�¡��r�

storage.s
storage.l
storage.f
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�µ¤¨Î�µ�´���Á¡¦µ³Á¦µÅ�o��Î�µ®��Ä®o�¡°¥�r�Á�°¦r��ptr ��¸Ê�Å�¥´��Â®¨n���o�°¤¼�̈ �°��´�ªÂ�¦�storage �Â��¥¼�Á�̧�¥�

��������µ¦�·���´Ê���n�µÁ¦·É�¤�o��Ä®o��´�ªÂ�¦Â��¥¼�Á�¸�¥�

�µ¦�·���´Ê����n�µÁ¦·É�¤�o��Ä®o�Â�n�¥¼�Á�¸�¥��´Ê����³Á�}���µ¦�·���´Ê���n�µÁ¦·É�¤�o���°�¤µ�·���´�ªÂ¦�Ä�¥¼�Á�¸�¥�
�́�ª°¥n�µ�Á�n��

union alpha  {
int  i;
char a;

};

alpha A = {65};

�´���´Ê����¹��Á�}���µ¦�·���´Ê���n�µÄ®o�Â�n�¤µ�·���i ��°�¥¼�Á�¸�¥�Â¨³¤¸��n�µÁ�n�µ�´���65 ����o�µÁ¦µ�·�¥µ¤¥¼�Á�¸�¥�Ä®¤n�Á�}��

union alpha  {
char a;
int  i;

};

alpha A = {'A'};

Ã�¥�¸É��·�¥µ¤¤µ�·����a ��n�°���i ���´���´Ê���Áª¨µÁ¦µ�·���´Ê���n�µÁ¦·É�¤�o��Ä®o�Â�n�¥¼�Á�¸�¥���¹��Á�}���n�µÁ¦·É�¤�o��Î�µ®¦´���a

�o�µ¤µ�·���´�ªÂ¦��°�¥¼�Á�¸�¥�Á�}��Ã�¦�¦o�µ�®¦º�°°µ¦r�Á¦¥r���Áª¨µÁ¦µ�·���´Ê���n�µÁ¦·É�¤�o��Ä®o�Â�n�¥¼�Á�¸�¥���Á¦µ�³�Î�µ®��
�n�µÁ¦·É�¤�o��Ä®o�Â�n�¤µ�·��Â�n�̈ ³�´�ª�°�Ã�¦�¦o�µ�®¦º�°�o�°¤¼�̈ Â�n�̈ ³�´�ª�°�°µ¦r�Á¦¥r��¸Ê����´�ª°¥n�µ�Á�n��

union alpha {
struct {

char h;
char l;

}    ch;
int  i;

};

union alpha A = {{'\0', 'A'}};

�¹É��®¤µ¥�ªµ¤ªn�µ�Á¦µÅ�o��Î�µ®��Ä®o���·�¡��r��A.ch.h �Â¨³�A.ch.l ��¤¸��n�µÁ�}���'\0' ��Â¨³��'A'  �µ¤ Î̈�µ�́��
®¦º�°��o�µÁ�}��°µ¦r�Á¦¥r��Á�n��

union alpha  {
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char ch[2];
int  i;

};

union alpha A = {'\0', 'A'};

�È��³®¤µ¥�ªµ¤ªn�µ��·�¡��r��A.ch[0] �Â¨³�A.ch[1] ��¤¸��n�µÁ�}���'\0' ��Â¨³��'A'  �µ¤ Î̈�µ�́��

Ä��µ¦n���o�°¤¼�̈ �µ��°¤¡·�ªÁ�°¦r�®�¹É��Å�¥´��Á�¦ºÉ�°��°¤¡·�ªÁ�°¦r�°¸��Á�¦ºÉ�°�®�¹É��� Á�n��� �n�µ�Ã¤Á�È�¤Å��µ¤µ¥
Ã�¦«´�¡�r�� Á�}���o��� ��³�o�°�n��®¦º�°¦´���o�°¤¼�̈ �¸�̈ ³Å��r��µ¤¨Î�µ�´��Å�� Á�n����o�µÁ¦µ�o�°��µ¦�³n���o�°¤¼�̈ Â��� long

int ���¹É��¤¸��ªµ¤¥µªÁ�n�µ�´�����Å��r����È��³�o�°�Â¥�n���¸�̈ ³Å��r����Â¨³Á¤ºÉ�°�o�°¤¼�̈ Â�n�̈ ³Å��r�Å��¹���¼o�¦´��Â¨o�ª�È��o�°�
�Î�µ�µ¦�¦³�°�Â¨³Á¦¸�¥�Á¦¸�¥�Å��r��¸É�Å�o�¦´��Á�o�µ�o�ª¥�´��Ä®¤n�� Á¡ºÉ�°Ä®o�Å�o��o�°¤¼�̈ �µ¤�¸É�Á�}���¦·��� Â�n�Ä��µ���·��́��·�
Â¨o�ª�³¤¸�®¨µ¥�´Ê���°��ªn�µ�³n��Â¨³¦´���o�°¤¼�̈ Â�n�̈ ³Å��r�Å�o�� Â�n�Á¡ºÉ�°�¸É��³Â��Ä®o�Á®È��ª·��¸��µ¦Ä�o��¦³Ã¥��r��°�
Â���o�°¤¼�̈ ¥¼�Á�¸�¥�� � Á¦µ�³¡·��µ¦�µÃ¤Á�¨�µ¦�Î�µ�µ��°�Ã�¦Â�¦¤Î�µ®¦´��n��Â¨³¦´���o�°¤¼�̈ �¸É�Á�}��Ã�¦�¦o�µ�
Â����3$&.(7�°¥n�µ��n�µ¥Ç

typedef unsigned char BYTE;

struct st_data {
int   packetID;
char  message[255];

};

typedef union {
struct st_data  data;
BYTE array[sizeof(struct st_data)];

} PACKET;

�o�µ�o�°��µ¦�³n���o�°¤¼�̈ �¸É�Á�}��Ã�¦�¦o�µ�Â���PACKET��È��³Á¦¸�¥�Ä�o�¢{���r��´���set_data() Ã�¥�¸É�¢{���r��´���¸Ê��³
�Î�µ®���n�µ�°��́�ªÂ�¦�pk_src ���¹É���¨o�µ¥�´��ªn�µÁ¦µ�o�°��µ¦�³n���o�°¤¼�̈ �¸É�Á�}��Ã�¦�¦o�µ��¸Ê�°°�Å��Â¨³¢{���r��´��
Ä�¨´��¬�³�´���¨n�µª�³�Î�µ®�o�µ�¸É��´���µ¦n���o�°¤¼�̈ �¸�̈ ³Å��r�°°�� � Â¨³Á¤ºÉ�°�o�°��µ¦�³°n�µ��o�°¤¼�̈ Î�µ®¦´�� i�µ¥�¼o�
¦´���¸É�Á�}���»��®¤µ¥�¨µ¥�µ����È��³Á¦¸�¥�Ä�o�¢{���r��´���get_data() �Ã�¥°n�µ��o�°¤¼�̈ Á�o�µ�¸�̈ ³Å��r�Â¨³Á�È��Åªo�Ä��´�ª
Â�¦�pk_dest ��Â¨³Á¤ºÉ�°Å�o�°n�µ��o�°¤¼�̈ �¦�Â¨o�ª�È�Ä®o�Â���o�°¤¼�̈ ¤µ�·���°�Ã�¦�¦o�µ��¸É�Å�o�¦´��

PACKET pk_src, pk_dest;

void set_data(struct st_data data)
{

pk_src.data = data;
}



�¼n�¤º�°�µ¦Á�¸�¥�Ã�¦Â�¦¤£µ¬µ�¸�

����

BYTE read_byte()
{

static int i = 0;
BYTE byte = pk_src.array[i];

i = (i+1) % sizeof(struct st_data);
return byte;

}

void get_data()
{

int i;

for(i=0; i < sizeof(struct st_data); i++)
pk_dest.array[i] = read_byte();

}

void print_data()
{

printf("packetID = %d\n", pk_dest.data.packetID);
printf("message  = %s\n", pk_dest.data.message);

}

Á¤ºÉ�°Å�o��Î�µ®��Â¨o�ªªn�µ�³n���o�°¤¼�̈ Ä��Ã�¥Á¦¸�¥�Ä�o�¢{���r��´���set_data() ��o�°�Å��È��³Á�¸É�¥ª�o�°��´���µ¦¦´���o�°¤¼�̈ �
Â¨³¤¤»��·��o�°¤¼�̈ Â�n�̈ ³�́�ªÅ��¹���»��®¤µ¥�¨µ¥�µ�Â¨o�ª� �È��³°n�µ��o�°¤¼�̈ �µÁ�o�µ�¸�̈ ³Å��r�Ã�¥Ä�o�¢{���r��´���
read_byte() ��³Á®È��Å�o�ªn�µ�Áª¨µÁ¦µ°n�µ��o�°¤¼�̈ �¸�̈ ³Å��r��Á¦µ�³Ä�o��o�°¤¼�̈ ¤µ�·���array ��°�¥¼�Á�¸�¥�Â¨³Á¤ºÉ�°
Å�o��o�°¤¼�̈ �¦�Â¨o�ª�Á¦µ�È��³Ä�o�¤µ�·���data ��°�¥¼�Á�̧�¥��̧É�Á�}��Ã�¦�¦o�µ�Â���struct st_data

extern void set_data(struct st_data);
extern void get_data()
extern void print_data();

int main()
{

int i;
struct st_data data_to_send =

{3021,"Hello World!"};

set_data(data_to_send);
get_data();
print_data();
return 0;

}
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¦»��Å�o�ªn�µ��»���¦³��r��°��µ¦Ä�o��µ�Ã�¦�¦o�µ��¸É�Á�}��¥¼�Á�¸�¥���È�Á¡ºÉ�°�¸É��³�¦³®¥´���µ¦Ä�o�®�n�ª¥�ªµ¤�Î�µÎ�µ®¦´��
Á�È���o�°¤¼�̈ ¤µ�·��� � �µ¦�´��·��Ä�ªn�µ�³Á¨º�°�Ä�o�Ã�¦�¦o�µ�®¦º�°¥¼�Á�¸�¥�� ®¦º�°Ä�o�Ã�¦�¦o�µ��¸É��¦³�°��o�ª¥¥¼�Á�¸�¥�
Á¤ºÉ�°Ä���È��¹Ê��°¥¼n��´��¨´��¬�³�°��{��®µÂ¨³¦¼��Â���°��o�°¤¼�̈ �¸É��o�°��µ¦�³Á�È��Åªo��¦ª¤�´Ê���¦³��µ¦�r��°��´��
Á�¸�¥�Ã�¦Â�¦¤�o�ª¥

����Á���o�°¤¼�̈ �·����%LW�)LHOG�

Â���o�°¤¼�̈ ¡ºÊ���µ��¸É�Á¨È���¸É�»��Ä�£µ¬µ�¸�� �º�°� char � Á¡¦µ³¤̧���µ�Â�n�� �� �·��®¦º�°� �� Å��r�Á�n�µ�́Ê��� Â�n�
Î�µ®¦´��Â���o�°¤¼�̈ ¦ª¤Â¨o�ª¥́��¤¸�Ã�¦�¦o�µ��°��o�°¤¼�̈ °¸����·��®�¹É���¸É�µ¤µ¦�¤¸��o�°¤¼�̈ ¤µ�·���¸É�¤¸���µ�Á¨È���ªn�µ
®�¹É��Å��r�Å�o���Á¦µÁ¦¸�¥�Â���o�°¤¼�̈ ��·���¸Ê�ªn�µ��Á���o�°¤¼�̈ �·��®¦º�°�·��¢d�̈ �r���%LW�)LHOG����¹É���µ¤�¦��·�Â¨o�ª�³Ä�o�£µ¥
Ä�Ã�¦�¦o�µ�� �¦³�°��o�ª¥Â�ª�·���¸É�¤¸��ªµ¤¥µªÂ���n�µ��´��Å�� �´Ê��Â�n�®�¹É��Â�ª�¹Ê��Å�� � Â�ª�·���¸É�´Ê���¸É�»���³¤¸�
��µ�Á¡¸�¥�®�¹É���·��Á�n�µ�´Ê���Â¨³Á¦µ¥´��µ¤µ¦��Î�µ®���´�ª¦³�»��ºÉ�°Ä®o�Â�n�Â�ª�·��Â�n�̈ ³Â�ªÅ�o��o�ª¥

Á¦µ�³Ä�o�Á���o�°¤¼�̈ �·��Ä�Ã�¦�¦o�µ��¸É��¦³�°��o�ª¥Â���o�°¤¼�̈ �¸É�Ä�o�Â��Á¨��Î�µ�ª�Á�È�¤Â��� int

�´Ê��Â�n�®�¹É���´�ª�¹Ê��Å�� Á¡¸�¥�Â�n��o�°¤¼�̈ Â��� int � Â�n�̈ ³�´�ª�¸Ê�� Á¦µ�³Á¨º�°�Ä�o��·��Á¡¸�¥��µ�n�ª�Á�n�µ�´Ê��� �®¦º�°�´Ê���
®¤����¹Ê��°¥¼n�ªn�µÁ¦µÅ�o��Î�µ®��Ä�o��Î�µ�ª��·���¸É��´�ª

��������µ¦Â�o��Ä�o�Ã�¦�¦o�µ��¸É��¦³�°��o�ª¥Á���o�°¤¼�̈ �·��

�µ¦Â�o��Ä�o���´�ªÂ�¦�¸É�¤¸�̈ ´��¬�³Á�}��Á���o�°¤¼�̈ �·���¤¸�¦¼��Â���´É�ªÅ��´���¸Ê�

struct name {
type  name1 : length 1;

type  name2 : length 2;

....
type  nameN : length N;

} variable_list ;

type � � Á�}��Â���o�°¤¼�̈ ¡ºÊ���µ��¸É�Á¦µÄ�o�� Î�µ®¦´��Â�ª�·��Â�n�̈ ³Â�ª� Â¨³�³�o�°�Á�}��� int � �� unsigned � � ®¦º�°�
signed ��Á�n�µ�´Ê����Â�n��µ��°¤Å¡¨r�Á¨°¦r���È�°�»��µ�Ä®o�Á¦µÄ�o���char ���enum��®¦º�° short �Å�o�����£µ¥Ä�Ã�¦�
¦o�µ��³¤¸�Â�ª�·��°¥n�µ��o�°¥®�¹É���»���Â�ª�·��Â�n�̈ ³Â�ª�³¤¸��ºÉ�°�Î�µ�´���Â¨³¤¸���µ�Â���n�µ��´��Å��µ¤Â�n�Á¦µ�³
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�Î�µ®��Â�n��ªµ¤¥µª�°�Â�ª�·��Â�n�̈ ³Â�ª�³�o�°�Á�}��Á¨��Î�µ�ª�Á�È�¤�ª��¸É�¤¸��n�µÅ¤n�Á�·����µ��°��o�°¤¼�̈ Â���
int ��Á�n������o�µ�sizeof(int) �¤̧��n�µÁ�n�µ�́�������ªµ¤¥µª�°�Â�ª�·��Â�n�̈ ³��»���Ä��·��¢d�̈ �r��o�°�Å¤n�Á�·�����

��������µ¦Á�È��Â�ª�·��Ä�®�n�ª¥�ªµ¤�Î�µ

�o�µÁ¦µÄ�o�Â�ª�·��®¨µ¥ÇÂ�ªÄ�Ã�¦�¦o�µ��°�Á���o�°¤¼�̈ �·����°¤Å¡¨r�Á¨°¦r��³¡¥µ¥µ¤�´��Á�È��Â�ª�·��
�´Ê��®¤�Åªo�Ä�®�n�ª¥�ªµ¤�Î�µ��µ�®�¹É��Áª·�¦r��� �o�µÅ¤n�Á¡¸�¥�¡°�È�Ä�o�®�n�ª¥�ªµ¤�Î�µÁ¡·É�¤�¹Ê��°¸��®�¹É��Áª·�¦r��Å�Á¦ºÉ�°¥Ç
���ªn�µ�³�¦�Â�ª�·���´Ê��®¤�

struct bit_fields_1{
unsigned int x : 10;
unsigned int y : 4;
unsigned int z : 1;

} bf1;

struct bit_fields_2 {
int a : 12;
int b : 12;

} bf2;

�µ¦Ä�o�Á���o�°¤¼�̈ �·���¸Ê��n�ª�Ä®�n��³¡�Á®È��Å�o��n�°¥�Á¤ºÉ�°�o�°�Á�¸É�¥ª�o�°��´���µ¦Á�¸�¥�Ã�¦Â�¦¤Ä��µ¦�ª��»�¤°»��
�¦�r��o�µ�±µ¦r��Âª¦r���+DUGZDUH�'HYLFH��Á�n����µ¦Á�̧�¥�Ã�¦Â�¦¤�ª��»�¤Ã¤Á�È�¤���0RGHP��®¦º�°°»���¦�r��̧É�
�n�°Á�o�µ�́���°¤¡·�ªÁ�°¦r�°ºÉ��Ç��Á�}���o��

¤¸��o�°�Î�µ�´��Á�¸É�¥ª�´���µ¦Ä�o�Á���o�°¤¼�̈ �·����º�°�Á¦µÅ¤n�µ¤µ¦�Ä�o�Ã°Á�°¦r�Á¦Á�°¦r�� sizeof �Ä��µ¦®µ��µ�®�n�ª¥
�ªµ¤�Î�µ�¸É�Ä�o��Â¨³Ã°Á�°¦r�Á¦Á�°¦r��&��Î�µ®¦́��®µ�̧É�°¥¼n��°�®�n�ª¥�ªµ¤�Î�µ�°��·��¢d�̈ �r�Å�o����́�ª°¥n�µ��̧É��·���Á�n��

sizeof (bf1.x)
&bf2.a

��������´�ª°¥n�µ��µ¦�·�¥µ¤Ã�¦�¦o�µ��¸É�¤¸��o�°¤¼�̈ ¤µ�·��Á�}���·��¢d�̈ �r�

¤¤»��·�ªn�µ� Á¦µ�o�°��µ¦�·�¥µ¤Ã�¦�¦o�µ��¸É��¦³�°��o�ª¥�·��¢d�̈ �r�� � Î�µ®¦´��Á�È���o�°¤¼�̈ Á�¸É�¥ª�´��Áª¨µ� Â¨³
ª´��Á�º�°��e�� � Á�n����Î�µ®��Ä®o��struct st_time � �Â¨³�struct st_date � Á�}��Ã�¦�¦o�µ��¸É�¤¸��»��¤�´��·��n�°
Å��¸Ê�
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�Î�µ�ª��·����®¤µ¥Á¨�� �o�°¤¼�̈ �¸É�Á�È��
����������� ª·��µ�̧��������
����������� �µ�̧��������
���������� �´É�ªÃ¤��������

�Î�µ�ª��·����®¤µ¥Á¨�� �o�°¤¼�̈ �¸É�Á�È��
���������� ª́����������
���������� Á�º�°���������
��������� �e����������Ã�¥�Á¦·É�¤�́���́Ê��Â�n��e����«�

����

Â¨³Á�¸�¥�Ã�¦�¦o�µ��´Ê��°�Ä�£µ¬µ�¸�Å�o��´���¸Ê�

struct st_time
{

int sec    : 5;  /* second */
int min    : 6;  /* minute */
int hr     : 5;  /* hour   */

};

struct st_date
{

int day    : 6;
int month  : 3;
int year   : 7;

};

�n�°Å�Á¦µ�È��³Á�¸�¥�¢{���r��´���¸É�°n�µ��n�µ¡µ¦µ¤·�Á�°¦r�Î�µ®¦´��Áª¨µ�Â¥�Á�}����´É�ªÃ¤����µ�¸���ª·��µ�¸��Â¨³Á�È���o�°¤¼�̈ �¸Ê�
Åªo�Ä��o�°¤¼�̈ ¤µ�·��Â�n�̈ ³�´�ª�°�Ã�¦�¦o�µ���struct st_time

struct st_time mkTime(int hr, int min, int sec )
{

struct st_time time;

assert((0 <= sec && sec < 60) &&
       (0 <= min && min < 60) &&

  (0 <= hr && hr <= 24));
time.sec = sec;
time.min = min;
time.hr  = hr;
return time;

}
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Â¨³Ä��Î�µ�°�Á�¸�¥ª�´��� Á¦µ�È�Á�¸�¥�¢{���r��´��Î�µ®¦´��Á�È���o�°¤¼�̈ Á�¸É�¥ª�´��ª´��Á�º�°��e�� Åªo�Ä��o�°¤¼�̈ ¤µ�·���°�Ã�¦�
¦o�µ���struct st_date

struct st_date mkDate(int day, int month, int year)
{

struct st_date date;

assert((1 <= day && day <= 31) &&
       (1 <= month && month <= 12) &&
       (1980 <= year && year <= 2099));
date.day   = day;
date.month = month;
date.year  = year - 1980;
return date;

}

Â¨³�o�µ¥»����È�Á�}���µ¦��¨°�Á¦¸�¥�Ä�o�¢{���r��´���´Ê��°��¸É�Á¦µÅ�o�¦o�µ��¹Ê��

#include <stdio.h>
#include <assert.h>

static char *Month[]= {
"Jan", "Feb", "Mar", "Apr",
"May", "Jun", "Jul", "Aug",
"Sep", "Oct", "Nov", "Dec"

};

int main()
{

struct st_time t;
struct st_date d;

t = mkTime(12, 30, 0);
d = mkDate(29, 10, 1984);

printf("%02d:%02d:%02d\n", t.hr, t.min, t.sec);
printf("%02d %s %d\n",

d.day, Month[d.month], d.year + 1980);
return 0;

}

�µ��́�ª°¥n�µ��o�µ���� Ã�¦�́��Á��ªn�µ� � Ä��¦�̧��̧É�Á¦µ�n�µ��n�µÂ��� int � � Ä®o�Á�}���n�µ�°��o�°¤¼�̈ ¤µ�·���¸É�Á�}���·��
¢d�̈ �r���¹É��¤̧���µ��o�°¥�ªn�µ���µ��°��o�°¤¼�̈ Â��� int ��Á�n��

date.day = day;
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day �Á�}���·��¢d�̈ �r���¸É�¤¸��ªµ¤¥µªÁ¡¸�¥�������·��Á�n�µ�´Ê����´���´Ê����n�µ�¸É�Á¦µ�³Á�È��Åªo�Ä��o�°¤¼�̈ ¤µ�·���¸Ê���¹��Á�}���·��®�
�́�ªÂ¦���°��o�°¤¼�̈ Â�� int �́��� n̈�µª

������µ¦Ä�o��HQXPHUDWLRQ�W\SHV

�°�Á®�º�°�µ��µ¦Ä�o�Â���o�°¤¼�̈ ¡ºÊ���µ��n�µ�ÇÄ�£µ¬µ�¸�Â¨o�ª� Á¦µ¥´��µ¤µ¦��Î�µ®��Â���o�°¤¼�̈ �¹Ê��
¤µÄ®¤n��¸É�¤¸��n�µ�µ¤�¸É�Á¦µ�o�°��µ¦Á�n�µ�´Ê��� Â¨³Î�µ®¦´���n�µ�n�µ�Ç�¸Ê�� Á¦µ�³Å¤n�Á�¸�¥�Ä®o�°¥¼n�Ä�¦¼���°��´�ªÁ¨�Â�n��³
Á�¸�¥�Ä®o�°¥¼n�Ä�Á�·��´��¨´��¬�r���¹É��®¤µ¥�¹����µ¦Ä�o��´�ª¦³�»��ºÉ�°�´Ê��Á°����Â���o�°¤¼�̈ Ä�¨´��¬�³�¸Ê�¤´���³Ä�o��Î�µ®¦´��
�n�µ�n�µ�Ç�¸É�Â���¸É��o�ª¥�¨»n�¤�°�´��¨´��¬�r��®¦º�°�Á�È���´Ê��Á°�� ���¥��´�ª°¥n�µ�Á�n���Á¦µ�o�°��µ¦¦o�µ�Á�È���°��o�°¤¼�̈
Î�µ®¦́��Ä�o�Ä��µ��¦¦�«µ�¦r��̧É��¦³�°��o�ª¥¤µ�·��� �True � Â¨³�False � � �¹É��®¤µ¥�¹��� �¦·��� Â¨³� Á�È��� �µ¤
¨Î�µ�́��� Â¨³�Î�µ®��Ä®o�́��¨´��¬�r��́Ê��°��¸É�Á¦µÅ�o��·�¥µ¤�¹Ê��¤µÄ®¤n��¸Ê�� Á�}���n�µ�¸É�Á�}��Å�Å�o��°�Â���o�°¤¼�̈ Ä�
£µ¬µ�¸�� Á�n���¤¸��ºÉ�°ªn�µ�boolean � � � � Á¦µ�È�µ¤µ¦��Î�µÅ�o�Ã�¥°µ«́�¥Ã�¦�¦o�µ�Â���o�°¤¼�̈ Â����enum� ��¹É��¥n�°¤µ
�µ��Î�µªn�µ�HQXPHUDWLRQ��Â¨³�·�¥µ¤Å�o��́���̧Ê�

enum boolean {True, False};

�o�µÁ¦µ�o�°��µ¦�³Â�o��Ä�o��´�ªÂ�¦Ä�Ç�¸É�¤¸�Â���o�°¤¼�̈ �´���o�µ��o���¸Ê��Á¦µ�È�Á�¸�¥�Å�o��´���¸Ê�

enum boolean  ok, done;

Ã�¦�´��Á��ªn�µ��Á¤ºÉ�°Áª¨µÂ�o��Ä�o���́�ªÂ�¦�¸É�¤¸�Â���o�°¤¼�̈ �¸É��·�¥µ¤Ã�¥�enum��Á¦µ�È��o�°�Á�̧�¥��Î�µªn�µ�enum�Á¦·É�¤�o��
Â¨³�µ¤�o�ª¥�ºÉ�°�°�Â���o�°¤¼�̈ ���µ��´Ê���¹��Á�}���ºÉ�°�°�´��¨´��¬�r��n�µ�Ç

�o�µÁ¦µ�o�°��¦³®¥́���Î�µªn�µ� enum� � Áª¨µÂ�o��Ä�o�� �́�ªÂ�¦� Á¦µ�È�µ¤µ¦��Î�µÅ�o�� Ã�¥Ä�o��Î�µ́É��� typedef � � Á�o�µ�n�ª¥�
�º�°Á�}���µ¦�·�¥µ¤�ºÉ�°Ä®¤n�Ä®o�Â�n�Â���o�°¤¼�̈ ��´��¦¼��Â���o�µ�¨n�µ��¸Ê�

typedef enum boolean {False, True} Boolean;
typedef enum         {False, True} Boolean;
typedef enum Boolean {False, True} Boolean;

Â��Ä�Â��®�¹É���Ä��¦�¸�Â¦�Á¦µÅ�o�Ä®o���ºÉ�°�boolean �Â�n��Hnum {False, True} Ä��¦�¸��¸É�°�Á¦µÅ¤n�Å�o�
�Î�µ®���ºÉ�°� Á¡¦µ³Á¦µÅ�o�Ä�o��Î�µ´É��� � typedef � � Ä��µ¦�Î�µ®���ºÉ�°� � �́���´Ê��Á¦µ�È�Å¤n��Î�µÁ�}���o�°�Ä®o�� �ºÉ�°� Â�n��enum��
®¦º�°Ä��¦�¸��¸É�µ¤� Á¦µ�Î�µ®���ºÉ�°�Boolean � Ä®o��num {False, True} �Â¨³Ä�o���ºÉ�°Á�¸�¥ª�´���¸Ê�Î�µ®¦´����È�Å�o��
Ã�¥Å¤n��Î�µÁ�}���o�°�®µ�ºÉ�°Ä®¤n�
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Â¨³Á¦µ�È��³Å�o�Â���o�°¤¼�̈ �¸É�Á¦µ�·�¥µ¤�¹Ê��Ä®¤n��Â¨³�µ¤µ¦�Ä�o�� � Boolean � Ä�¨´��¬�³�°�Â���o�°¤¼�̈ �´É�ªÇÅ��
Áª¨µÂ�o��Ä�o��´�ªÂ�¦�È��³¤¸�̈ ´��¬�³�´���´�ª°¥n�µ��¸Ê�

Boolean  ok, done;

Â¨³�n�µ�°��́�ªÂ�¦�ok ��Â¨³�done ��¸É�Á�}��Å�Å�o��º�°�True �Â¨³�False �Á�n�µ�´Ê��

�´�ª°¥n�µ��µ¦¦o�µ�Â¨³�·�¥µ¤Â����o�°¤¼�̈ °ºÉ��Ç�¸É�Ä�o�Â��´��¨´��¬�r��n�µ�ÇÄ�Á�È���Á�n��

enum day {
Sunday, Monday, Tuesday, Wednesday,
Thursday, Friday, Saturday

    };

enum rgb {red, green, blue};

typedef enum {
Sunday, Monday, Tuesday, Wednesday,
Thursday, Friday, Saturday

   } Days;

typedef enum {red, green, blue} RGBcolors;

Days yesterday, today=Monday, tomorrow;

Á¦µ�³Á®È��Å�o�ªn�µ� ´��¨´��¬�r�®¦º�°�´�ª¦³�»��ºÉ�°�n�µ�Ç�¸É�Á�}��¤µ�·���°�Á�È���¸É�Á�}��Â���o�°¤¼�̈ � �¹É���·�¥µ¤Ã�¥� enum

�´Ê����¸É��¦·��Â¨o�ª�º�°�n�µ���¸É�Â��� int ���´Ê��Á°���Ã�¥¤¸�®¨´���µ¦�´���¸Ê�� �́��¨´��¬�r��´�ªÂ¦��³¤¸��n�µÁ�n�µ�´�����Ã�¥°´��
Ã�¤´��·��Â¨³´��¨´��¬�r��´�ª�´��Å�Ä�Á�È���³¤¸��n�µÁ�}�����Â¨³��n�°Å�Á¦ºÉ�°¥Ç���´���´Ê��

enum boolean {False,True} Boolean;

�³¤¸��n�µÎ�µ®¦´��� False � Á�n�µ�´��� «¼��¥r�� Â¨³� True � ¤¸��n�µÁ�n�µ�´��®�¹É��� Â�n�°¥n�µ�Å¦�È��µ¤� Á¦µµ¤µ¦��Î�µ®���n�µ
�°�´��¨´��¬�r�£µ¥Ä��Á�È��Å�o�Á°���¹É���¨o�µ¥�´���µ¦�·���´Ê���n�µÁ¦·É�¤�o���°��´�ªÂ�¦�Á�n��

enum boolean {False=0,True=1} Boolean;

�°��µ��¸Ê��Á¦µ¥´��µ¤µ¦��Î�µ®���n�µ�°�´��¨´��¬�r�Á�¡µ³�µ��´�ª�È�Å�o��Á�n��

typedef enum {
Sunday=1,Monday,Tuesday, Wednesday,
Thursday, Friday, Saturday

   } Days;
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Ä��́�ª°¥n�µ��n�µ�°��Monday��³¤¸��n�µÁ�n�µ�́����� �Tuesday � Á�n�µ�´�����Å�Á¦ºÉ�°¥Ç���¹���Saturday ��¹É��¤¸��n�µÁ�n�µ
�́�������µ¤ Î̈�µ�́��

°¸���´�ª°¥n�µ��¸É�Â��Ä®o�Á®È��ª·��¸��µ¦�Î�µ®���n�µ�°�´��¨´��¬�r�Á�¡µ³�µ� ��´�ª��º�°

enum fruit {apple=3, lemon, orange=1, pear};

Ä��¦�¸��¸Ê��apple �¤¸��n�µÁ�n�µ�́������ lemon �¤¸��n�µÁ�n�µ�´�������orange �¤¸��n�µÁ�n�µ�́�����Â¨³�pear �¤�̧�n�µÁ�n�µ�́������
�´���´Ê���o�µÁ¦µÁ�¸�¥�ªn�µ

enum fruit {orange=1, pear, apple, lemon};

�È�¥n�°¤Ä®o��¨Á®¤º�°��´��

®¦º�°�Ä��µ��¦´Ê���Á¦µ°µ��³�Î�µ®���n�µ�°�´��¨´��¬�r�Ä®o�¤¸��n�µÄ�Ç�¸É�Â���n�µ��´��Å��È�Å�o��Á�n��

enum mathematician {
Cauchy=1789,
Euler=1707,
Fourier=1768,
Gauss=1777,
Hesse=1811,
Hilbert=1862,
Kronecker=1823,
Laplace=1749

};

�µ¤�¦��·�Â¨o�ª� Á¦µ¤´���³Å¤n�Á�¸É�¥ª�o�°��´���Î�µ�µ¤�¸É�ªn�µ� ́��¨´��¬�r��n�µ�Ç�°�� enum� � �́�ªÄ�¤¸��n�µÁ�n�µÄ�� � Á¡¦µ³
�»���¦³��r��°��µ¦Ä�o�Â���o�°¤¼�̈ �¸É�¦o�µ�Ã�¥� enum� �º�°� Á¦µ�o�°��µ¦Ä�o��n�µÁ�·��´��¨´��¬�r�¤µ��ªn�µ�n�µÁ�·���´�ª
Á¨��¥�Áªo��Á¸�¥Â�n�ªn�µÁ¦µ�o�°��µ¦�³Á�¨¸É�¥�´��¨´��¬�r�Á®¨n�µ�¸Ê�Ä®o�Á�}���n�µ�´�ªÁ¨�Â��� int
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Â�� f��®́���o�µ¥��

��� ��°�·��µ¥�ªµ¤Â���n�µ�Â¨³�ªµ¤Á®¤º�°��°��·�¡��r��n�°Å��¸Ê�� Â¨³�·�¡��r�Ä��¸É�Å¤n��¼���o�°��µ¤®¨´��Åª¥�¦�r���
�o�µ�Î�µ®��Ä®o�� � struct_name � Á�}��Â���o�°¤¼�̈ �¸É�Á�}��Ã�¦�¦o�µ�� Â¨³�member_name� Á�}���ºÉ�°�°�¤µ�·���́�ª
®�¹É���°�Ã�¦�¦o�µ��¸Ê���¸É�Å¤n�Ä�n�¡°¥�r�Á�°¦r�

struct_name.member_name
&struct_name.member_name
(&struct_name)->member_name
*(&struct_name)->member_name

������Ä�o�¢{���r��´���¸É�Å�o�¦o�µ��¹Ê��Î�µ®¦´���Î�µ�ª�Á¨��Î�µ�ª�Á�·���o�°��Ä��µ¦�Î�µ�ª�®µ�n�µ�°��´�ªÂ�¦�=�Á¤ºÉ�°� ω

¤̧��n�µÁ�n�µ�́���������Â¨³���������µ¤ Î̈�µ�́��

Z R
j C

j L

R

C

L
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= ⋅
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−

1
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ω
ω

����o�µÁ¦µ�·�¥µ¤Â���o�°¤¼�̈ Ä®¤n��ºÉ�°�Status �Ã�¥Ä�o��Î�µ́É���enum���¹É��¤¸���n�µÁ�}���Yes�®¦º�°�No���o�µÁ¦µÅ�o��·�¥µ¤
Â¤Ã�¦�¹Ê��Ä®¤n��µ¤¦¼��Â���o�µ�¨n�µ��¸Ê�

typedef enum {Yes=0,No=1} Status;

#define Yes   1

�¨�¸É�Á�·���¹Ê���³Á�}��°¥n�µ�Å¦

�����°�·��µ¥ªn�µ��Î�µÅ¤�¦³Ã¥��Î�µ́É���̧É�Ä�o��Î�µ®���n�µ�°��́�ªÂ�¦�color ��¹��Å¤n��¼���o�°�

  {
enum {red, green, blue}      color;
enum {bright, medium, dark}  intensity;

color = bright;
  }


