
�������������	��
 ����
����������������� ��
 ����
 �� "!�#$�&%�'���'�()+* ,-* �.*
/����	��0��21	3�45456 474545456 4548���
�
 9:
 �����;!�����<>=	%�%�' A Sun Microsystems, Inc. Business



?$@BA�C�D�A
EFA�GIH�G7@BA

 J2K-K2L>M�NFOQPSR	T�U�VXW�YZW�[]\_^`W�a�bcO�T�de2f2f2g+hji U�T�R i>k+l \_O;NF\_a�PSVXNFO�[ i R	OQmnR	\_opa�q i2r R	s�VXU5O�R i K�t g t;L-u�J�J g2g+v dBM�d k d
kQr	r U5R	wZx�[�WyU�\_W�\_U l \_zyd�{yx;R	Wy|FU�VXzyNFT�[ i O�z}U�\ r	i [�\_z~zyVXT�NF^`\_O;[ i []R	VXO i U�\n|FU�VX[]\_T�[]\_z���YpT�VX|FYZU5R	wZx;[ i O;z~zyR	W�[]U7R ��NF[]\_z}NFO�zy\_U r R	T�\_O�W�\_W
U�\_W�[]U7R	T�[]R	O�w�R	[]W�NFW�\_a�T�VX|FYZR	O�wZa�zyR	W�[]U7R ��NF[]R	VXO�a i O;z~zy\_T�VX^`|FR r	i []RIVXO�d���V�| i U7[�VXs$[]x�RIWy|FU�VXzyNFT�[�VXU;U�\ r	i []\_z}zyVXT�NF^`\_O�[ i []R	VXOQ^ i Yn��\
U�\_|FU�VXzyNFT�\_z~R	O i O�Y�s�VXU5^���Y i O;Yp^`\ i O;Wyo�R	[�x�VXNF[�|FU5R	VZU;o�U5R	[][�\_O i Ny[]x�VXU7R	� i [�R	VXOQVXs�M�NFO i O;z~R	[]W r R	T�\_O�W�VXU7W�a�R	s i O;Y�d
� VXU7[]R	VXO�W�VXs$[]x�R	W�|FU�VZzFNyT�[�^ i Y���\nzy\_U7R l \_z~s�U�VX^�[]x�\ v ��bc� � i O;z~�y\_U5�Z\ r \_Ynt;d L>�yM���W�YZW�[]\_^�W�a r R	T�\_O�W�\_z}s�U�VX^ v ��b���M$YXW�[]\_^�yi ��VXU i []VXU7R	\_W�a�b�O�T�d i O�z}[]x�\ v O�R l \_U5W�RI[]YpVXs$q i-r R	s�VXU5O�R i a�U�\_W�|F\_T�[]R l \ r Y�d�{yx�R	U�zyu�| i U5[]Y�s�VXO�[�W�VXs�[]o i U�\nR	OQ[�x�R	W�|FU�VXzyNFT�[�R	W�|FU�VZ[]\_T�[]\_z���Y
T�VX|FYZU5R	wZx;[ i O;z r R	T�\_O�W�\_z}s�U�VZ^�M�NFO���W��ZVXO�[�M�NF|F| r R	\_U7W�d
�n� M�{ � b�q�{ � � � b hj� {yM �y�yh�� ���Q� v W�\_a�zyNF| r R	T i []R	VXO;a�VXU;zyR	W�T r VXW�NFU�\���Yp[]x;\ v O�R	[]\_z}M�[ i []\_W h V l \_U5O;^`\_O�[�R	WyW�N��Z�]\_T�[�[�V�[]x;\nU�\_W�[�U5R	T�[]R	VXO;W
W�\_[�s�VXU5[�xjR	OQ�Q� kQ� M e2f-e d e2e2� u �2g J2L>�]T� ���J2 ���R	R	  i O�z}� kQ�¡f2e d e2e2� u]J2K2d
{yx�\.|FU�VXzyNFT�[�zy\_W�T�U7R ��\_z~R	OQ[]x;R	Wy^ i O�N i2r ^ i Y���\.|FU�VX[]\_T�[]\_z���YpVXO;\nVXU;^�VXU�\ v d M�d�| i [�\_O�[]W�a�s�VXU�\_R	wZOQ| i []\_O�[]W�a�VXU;|F\_O;zyR	O�w i |F| r RIT i [�R	VXO�W�d
{ �nk � � P kQ�n¢ M
M�NFO;a�M�NFOQPSR	T�U�VXW�YZW�[]\_^`W�a�[�x�\nM$NFO r VXwZVXa�M�NFOQPSR	T�U�VXW�YZW�[]\_^`W�q�VX^`|FNF[]\_U;q�VXU7|FVXU i []R	VXO;a�[]x�\.M�NFOQPSR	T�U�VXW�YZW�[]\_^`W�q�VX^`|FNF[]\-U
q�VXU5|FVXU i []R	VXO r VXwZVXa�M�NFO;M�VXs�[]a�[]x�\.M�NFO;M�VXs�[ r VXwZVXa�M�V r	i U5R	W�a�M$NFO�£&M�a�£Q|F\_O;¤¥R	O;zFVXo�W�a��j\_W��ZM�\_[]a�£&��q�a�£Q��q�¦Fa i O�z}���ZM i U�\n[]U i zy\_^ i U5�ZW
VXU;U�\_wZR	W�[]\_U�\_z~[�U i zy\_^ i U7�ZWyVXs$M�NFOQPSR	T�U�VXW�YZW�[]\_^`W�a�bcO�T�d v ��bc� i O�z}£ �F� � � £Q£ ¢§i U�\.U�\_wZR	W�[]\_U�\_z~[�U i zy\_^ i U7�ZWyVXs v ��bc��M�YZW�[]\_^�yi ��VXU i []VXU7R	\_W�a�bcO�T�d a i o�x�V r	r YpVXo�O;\_z~W�N���W�R	zyR i U5YpVXs���V l \ r	r a�b�O�T�d d kQr	r VX[�x�\_U;|FU�VXzyNFT�[�O i ^`\_W�^`\_O�[�R	VXO�\_z~x�\_U�\_R	O i U�\n[]x�\n[�U i zy\_^ i U7�ZWyVXs
[]x;\_R	U;U�\-W�|F\_T�[�R l \nVXo�O�\_U7W�d
kQr	r M ��kQ� q¨[]U i zy\_^ i U5�ZW�a�R	O;T r NFzyR	O�w�[]x�\.M�q���q>VX^�| r R i O�[ � VXwZVXa i U�\.[]U i zy\_^ i U5�ZW�VXU;U�\_wZR	W�[�\_U�\_z~[]U i zy\_^ i U5�ZW�VXs�M �2kQ� q©b�O�[]\_U7O i []R	VXO i2r a
b�O;T�d�M �2kQ� q�W�[ i []RIVXO�a�M ��kQ� q�W�\_U l \_U]a�M ��kQ� q>\_O;wZR	O�\_a�M ��kQ� q�o�VXU5�ZW�a i O�z}M ��kQ� q�VX^`|FR r \_U i U�\ r R	T�\_O�W�\_z~\_ª�T r NFW�R l \ r Yp[�V�M�NyO
PSR	T�U�VXW�YZW�[]\_^�W�a�b�O�T�d � U�VXzyNFT�[]W$��\ i U7R	O�w�M ��kQ� q¨[]U i zy\_^ i U5�ZW i U�\;� i W�\_z~NF|FVXO i O i U�T�x;R	[]\_T�[]NFU�\.zy\ l \ r VX|F\_z���YpM�NyOjPSRIT�U�VXW�YZW�[]\_^�W�a�b�O�T�d
{yx�\.£ �F� � � £&£ ¢ � i O;z~M�NFO;« h U i |Fx�RIT i2r-v W�\_U;b�O;[]\_U5s i T�\_W�o�\_U�\.zF\ l \ r VX|F\_z���YpM�NFOQPSR	T�U�VXW�YZW�[]\_^�W�a�b�O�T�d�s�VXU;R	[]W�NFW�\_U7W i O;z r R	T�\_O�W�\_\_W�d
M�NFO i T��ZO�VXo r \_zywZ\_W�[]x�\.|FR	VXO�\_\_U7R	O�w�\_s:s�VXU5[]W�VXs��n\_U�VXª�R	OQU�\_W�\ i U�T�x;R	O�w i O�z~zy\ l \ r VX|FR	O�w�[]x;\nT�VXO�T�\_|F[�VXs l R	W�N i-r VXU;wZU i |Fx�R	T i2r NyW�\_U
R	O�[�\_U5s i T�\_Wys�VXU;[�x�\nT�VX^�|FNF[]\_U;R	O;zFNyW�[]U5Y�d�M�NFOQx;V r zyW i O�VXO�u�\_ª�T r NFW�R l \ r R	T�\_O;W�\ns�U�VX^��n\_U�VXª�[�V�[]x;\n�n\_U�VXª h U i |Fx�R	T i2r-v W�\_U;b�O�[]\_U7s i T�\_a
o�x�R	T�x r R	T�\_O�W�\ i2r W�V�T�V l \_U5W�M�NFO���W r R	T�\_O�W�\_\_W�o�x�V�R	^�| r \_^`\_O�[�£ �F� � � £&£ ¢§h�v bcW i O�z~VX[�x�\_U5o�RIW�\nT�VX^`| r Y�o�R	[]xQM�NFO���W�o�U5R	[][�\_O r R	T�\_O;W�\i wZU�\_\_^`\_O�[�W�d
�¡¤¥R	O;zyVXo¬M�YZW�[�\_^�R	W i []U i zy\_^ i U5� i O�z~|FU�VXzyNFT�[�VXs�[]x;\nP i W�W i T�x�NyW�\_[][]W�b�O�W�[�R	[]NF[]\.VXs�{�\_T�x�O�V r VXwZY�d
{ � b�M �yv � � bcq k {yb�£Q�­b�M �F� £&m�b�� � �¯® k M�b�M�°}¤±b�{ � £ v {§¤ kQ�n�nk ��{y²³£&� k ��² ¢ b����ja � bc{ ���F��� � �y�n� M�M�£ � b�P �F� b � �Qa
b���q �yv �Qb�� h a"� v {§��£Q{ � bcPSb�{ � ��{F£Qa"{ ��� b�P �F� b � �¯¤ kQ�n�nk ��{yb � M´£Q�¡P �y� q ��k ��{ k �yb � b�{y²ZaZ�Zb�{�� � M�M´�X£ �³k��kQ� {yb�q vQ�FkQ�³�yvQ�n� £&M � aZ£ � ��£Q��u�b���� � b�� h�� P � ��{$d
{ � b�M �Fv � � b�q k {yb�£&�µq�£ vQ� ��b���q �Fv � � { � q � ��bcq kQ� b�� k q�q vQ�nk q>b � Mp£ � {y² � £ hj�nkj�y� b�q kQ���y�n� £ � M�d�q ��k � hj� M kQ�n��F�y� b�£&�Qb�q kj�y� ² k �Q� � �¯{;£¶{ ��� b����Z£ � P k {ybc£Q� ���y�n� b���·Z{ ��� M � q ��k � hj� M´¤±b �y� � � b���q>£ �n� £ �nk { � �¯b��­� � ¤� �jbc{yb�£&��MQ£&�~{ �����yv � � b�q k {yb�£&��d2M v ��PSbcq � £&M�²nM�{ � PSM�a2bc��q�d2P k ²©P kQ¢�� b�P �y� £Qm � P � ��{yM k ���j¸y£ � q ��k � hj� Mjbc�
{ ���§�F� £&� v q�{y��M�  k ���j¸y£ � { ���§�F� £ hj�nk PS��M� �� � M�q � b�� � �¯b��­{ � b�M �Fv � � b�q k {yb�£&� k { k ��²³{yb�P � d
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Ó>Ô Óêé¡Üyë�æXÛ;ìâìâÜyØ7àâí.ë�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô î
Ó>Ô ïêð�æXÙ�Û;Ýpã�ì�àâë�ñ¨Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô Õ�ò
Ó>Ô óêé¡ínë�æXìâãpÞ�àâínë¡Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô Õ�Ó
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ï>Ô:Õ×ý�ë�Ø7Û;Ú-þ7ÜyæXÛ;Þ�ð�ãpÿ�ÿ�ÜyÚ���Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô Õ�ï

�yº¼õÅ÷p»&ø�À.ù¯ÈpË�¿�Ä�ÌXÀ.½��¬Êy¾�ËyÄ��7Ì º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º�º ¹yÒ
ó>Ô:Õ×Ö�Ø7Ù�Ú�Û;ÜyÝpÞ�ßÅØ7Ø7Ú-àâá.ã�Ø7Û;Þ�ä�á;å�Û;æXØ7Þ�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô Õyè

ó�ÔIÕyÔ:Õ �pÙ�Ú�Û;ÜyÝûßSØ7Ø7Ú-àâá.ã�Ø7Û;Þ�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô Õ�î
ó�ÔIÕyÔ Ó	� ãpØ7Û�
ÅßSØ7Ø7Ú-àâá.ã�Ø7Û;ÞQÔ�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô Ó>Õ
ó�ÔIÕyÔ ï é¡ínë�Ý�àâØ7àâínë
�jÜyÚ-àâÜyá.ìâÛ¨ßÅØ7Ø7Ú-àâá.ã�Ø7Û;Þ`Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô ÓyÓ

ó>Ô Ó���Ù�Ú�Û;ÜyÝ��.ãpë�æXØ7àâínë�Þ Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô Óyó
ó�Ô Ó>Ô:Õ���Ù�Ú�Û;ÜyÝûé¡Ú�Û�Ü�Ø7àâínë�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô Óyó
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ó�Ô Ó>Ô Ó	� Üyë�Üyñ+àâë�ñ:�pÙ�Ú�Û;ÜyÝpÞ7;�Ú-àâínÚ_à�Ø7àâÛ�Þ¡Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô Ó>è
ó�Ô Ó>Ô ï	��Ù�Ú�Û;ÜyÝ�<�ínàâë�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô ïyò
ó�Ô Ó>Ô ó	��Ù�Ú�Û;ÜyÝûð�Ö�Û;æXà5=pæ?>SÜyØ7Ü¡Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô ï>Õ
ó�Ô Ó>Ô @ ä�Ø7Ù�Û�Ú}Ø7Ù�Ú�Û;ÜyÝûþ�ã�ë�æXØ7àâínë�Þ`Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô ïyó

ó>Ô ï�� ãpØ7Û�
A�.ã�ë�æXØ7àâínë�Þ&Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô ï>è
ó>Ô óêé¡ínë�Ý�àâØ7àâínë
�jÜyÚ-àâÜyá.ìâÛ¨ä�Ö�Û;Ú_Ü�Ø7àâínë�Þ}Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô ó>Õ
ó>Ô @ ð�Û;ÿ�Ü�Ö�Ù�ínÚ�Û¨ä�Ö�Û;Ú_ÜyØ7àâínë�ÞSÔ�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô óB@
ó>Ô C�D¬Û�E Ö�Ø7Ù�Ú�Û�ÜyÝ�ÞF�.ãpë�æXØ7àâínë�Þ�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô óyî

ó�Ô C>Ô:Õ é¡Üyë�æXÛ;ìâìâÜyØ7àâí.ë Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô óyî
ó�Ô C>Ô Ó	��Ù�Ú�Û;ÜyÝûÚ�Û�ìâÜ�Ø7Û�Ýûþ�ã�ë�æ$Ø7à�ínë�Þ Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô óBG

ó>Ô:èH�.ãpë�æXØ7àâínë�Þ�à�ë¬ð�ínìâÜyÚ-àâÞ�Ø7Ù�Ú�Û;ÜyÝpÞ´á.ã�ØID äJ�ûàâë Ö�Ø7Ù�Ú�Û�ÜyÝ�ÞpÔ�Ô�Ô�Ô�Ô�Ô @>Õ
ó�ÔIèyÔ:Õ���Ù�Ú�Û;ÜyÝûÚ�Û�ìâÜ�Ø7Û�Ýûþ�ã�ë�æ$Ø7à�ínë�Þ Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô @>Õ
ó�ÔIèyÔ Ó	K�Û�ÜyÝ�Û;Ú_ÞBL(M Ú_àâØ7Û;ÚONpí.æQP.Þ Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô�Ô @yÓ
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W X�Y Z�[]\�^ _.`a_.\FbUcedgf�hjikbUfml/^ Z+\on�X�pm_]X/\�qg^ \�Z]^kX�Y \�Xm\�rarts�uO_.X�Y [.vwZ�[]\�X�`as�qJsanFW Z�s�x�Z]\�ye_.uO`aX�Y
yezBraX�`aW ra[.X�Y Z+[+\�^ _.sanFvws�qgX�Z�s�r(`aqA\7W Z�s�v�[]_]_]{g|UY [.dgzgqBdgsan�Xm}~\�Z]ra��i�vwv�[]_]_.`ayeW ra[]y?[]qgX�\�X�`as�qJsan
W X�Y Z�[]\�^ _.`a_.��\�_][]^ks�qJ�?Z]\on1XI�ksonFX�Y [.bUcedBf/h�� � � � {%� \7W X�Y Z�[]\�^ _�_+X/\�qg^ \�Z]^ {gdgzBqgdgsan�X
vwzBZ]Z�[]qgX�ra�k_]zgW W s�Z]X�_.\7X�Y Z�[]\�^ _~i�bUfm��qBs�uOqJ\�_.dgs�ra\�Z+`a_.X/Y Z�[]\�^ _]{g|UY [.`aqgX�[]qgXmsanFX/Y `a_
^ s�vwzgy?[]qgXm`a_.X/uOs(n�s�rt^ �
• f�X�`a_"\�q�\�`a^�X/s�W Z�s�x�Z]\�yeye[]Z]_"\�raZ�[]\�^ ��n�\�y?`ara`a\�Z"u�`tX/Y�dBs�ra\�Z]`a_"X�Y Z�[]\�^ _"uOY s�uOs�zgra^�ra`t��["X�s

��[�x�`aqJzB_]`aq�x3X�Y [.W X/Y Z�[]\�^ _~i�bUfIs�Z.u�Y sFuOs�zBra^kra`a��[.X/sFvws�qg� []Z]X�n�Z�s�y�dBs�rt\�Z]`a_.X�Y Z�[]\�^ _.X/s
W X�Y Z�[]\�^ _]{

• f�XmY ` x�Y ra` x�Y X�_.X�Y [.^ ` nan1[]Z+[+qgvw[]_���[]X�uO[][]qAW X/Y Z�[]\�^ _.\�qg^kdBs�ra\�Z]`a_.X�Y Z�[]\�^ _._]sFX/Y \�Xmzg_][]Z+_.vw\�q
vwY s�s�_][.s�qB[�i�bUf��gX/Y [.s�X�Y []Z5�gs�Z���s�X/Y �g��\�_][]^ks�qJX�Y [�n�zBqgvwX�`as�qg\�ra`aX��ksonan1[]Z�[]^ {

f�XI`a_.\�_]_]zBye[]^kX/Y \�XIZ�[]\�^ []Z]_.\�Z�[.W Z+sa��v�`a[]qgXm`aqJX�Y Z�[]\�^ _.W Z�s�x�Z]\�yeye`aq�x:_]sFX�Y [���zB[]_]X/`ts�qJsan
ye[]X�Y s�^�`t_.qgs�XI\�^ ^ Z+[+_]_][]^ {gf/Xm`a_.ye[]\�qgXmX�s7��[.zg_][]^k`aqJv�s�q���zgqBvwX�`as�qAu�`tX/Yks�X/Y [+Z�_+zgW W s�Z]X/`tq�x
^ s�vwzgy?[]qgX�\�X�`as�q�_+zgvwYe\�_ X�Y [ W X�Y Z�[]\�^ _F¡.¢?f/hSye\�q£W \�x�[]_¤\�qB^e|UY [ ¥Ozg`a^ [¤X/sm¦§zgraX�`a¨�|UY Z�[]\�^
bUZ�s�x�Z+\�yey?`aq�x3l�W \�Z]XmsonFX�Y [.dgs�ra\�Z]`a_.�es�vwzBye[]qgXmdg[]X�p�{
©«ª�¬�­+®�¯ °~±�¯ ²�°´³¶µB·o¯ ­]¸o±�ª5¬(­�®�¯ °U±�±¹¬�¯ ­+®�¯k¬�¸oºg¬3·o®�»¼®�·«µ�½I¾�µB­]­+®�±¹©«µB²�°U®�²�¾�®�¸o²3¿gµ�ª�¬3ÀeÁ«Â
¯ ¾�ª�¸oµB²3¯ ²�°
±¹Ãg²�ª5¯ Ä«Å�Æ£µBÇ£®�»¼®�­5Ègª�¬�®�­�®�¯ ­+®�±1®�»g®�­]¯ ·U©«µ�¸�²�ª5±�µB½m°U¸o»¼®�­�ºg®�²�¾�®gÅQÉB¸o­�±¹ª�È
½�ÊU²�¾�ª�¸oµ�²:²�¯ ËÌ®�±�¯ ­+®�®�²�ª5¸o­+®�·oÃJ°U¸o½5½�®�­+®�²(ª5Ègª�¬�µBÊ«ºg¬3®�¯ ±¹¸�·oÃA¾�µ�­�­+®�·o¯ ª5®�°�Å�Í~¬�®�©«ª�¬�­+®�¯ °U±
¾�µB²�»¼®�²�ª5¸oµB²3¸�±�ª�µA¯ ª5ª�¯ ¾�¬:ª5¬�®�©U­�®�ÎUÄ pthread_ ª5µA®�¯ ¾�¬:°U®�±¹¾�­]¸o©«ª�¸o»g®�½�Ê«²�¾�ª5¸oµB²3­+µBµ�ª
²�¯ ËÌ®gÅ
ÍU¬�®�­+®�¸o±�²(µ�ªm¯ ²3®�Ä�¯ ¾�ªmËÌ¯ ª5¾�¬3¿B®�ª�Ç£®�®�²3ª�¬�®�ª�Ç£µAÀ?ÁUÂ�±ÏÅ�©«ª�¬�­�®�¯ °U±�¸o²�¾�·�Ê«°U®�½�Ê«²(¾�ª�¸oµ�²(±
²�µBªm±¹Ê«©«©«µB­�ª5®�°´¸o²:ª5¬(®�³�µB·o¯ ­]¸�±�¸o²�ª�®�­]½/¯ ¾�®�Ðg³¶µ�·o¯ ­�¸o±�ª5¬�­+®�¯ °U±�±¹Ê«©U©«µ�­�ª5±�½�ÊU²�¾�ª�¸oµ�²(±�²�µBª
½�µBÊ«²�°J¸o²�©«ª5¬�­+®�¯ °U±ÏÅ¹ÉgµB­Iª�¬�µ�±1®�½�Ê«²�¾�ª5¸�µ�²�±�ª5¬�¯ ª(°UµkËÌ¯ ª5¾�¬�ÈÏª�¬�®�¯ ±¹±¹µB¾�¸o¯ ª�®�°J¯ ­+ºBÊUËÌ®�²�ª�±
ËÌ¯ ÃJ²�µBªmÑmª�¬�µBÊ«ºB¬:ª5¬(®�¸o²�½�µB­]Ë3¯ ª5¸oµB²3¾�µ�²(ª5®�²�ªm¸o±�®�½�½/®�¾�ª5¸�»g®�·oÃJª5¬(®�±¹¯ ËÌ®gÅQÂ�²:¯ ·o·«¾�¯ ±1®�±
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½�ÊU²�¾�ª�¸oµ�²:¯ ­+ºBÊ«Ë3®�²�ªmª5Ãg©«®�±�Ç�¸o·o·«¿g®�°U¸o½�½/®�­�®�²�ªwÅ�Í¶Ç£µA©«ª5¬(­�®�¯ °U±�½�®�¯ ª�Ê«­+®�±�²�µBªm½�µBÊ«²�°
¸o²
³¶µ�·o¯ ­�¸o±�ª�¬�­+®�¯ °U±¹Èg¯ ª�ª�­]¸o¿gÊ«ª5®�µ�¿�Ó5®�¾�ª�±�¯ ²(°´¾�¯ ²�¾�®�·o·o¯ ª�¸oµ�²:±¹®�ËÌ¯ ²�ª�¸o¾�±¹Èg±1¬�µ�ÊU·o°´¿B®�²(µ�ª�®�°�Å
Ég®�¯ ª�Ê«­+®�°U¸o½5½�®�­+®�²�¾�®�±�¯ ­+®�±¹Ê«Ë3ËÌ¯ ­]¸oÔ ®�°
¬�®�­+®BÕ
• Ég®�¯ ª�Ê«­+®�±�¸o²3³¶µ�·o¯ ­�¸o±�ª�¬�­+®�¯ °U±�À?ÁUÂI¿BÊ«ªm²�µBªm¸o²3©«ª�¬�­+®�¯ °U±�ÀeÁUÂ

• Ö ®�¯ °U®�­�± ×¶Ç£­]¸�ª5®�­�·oµ�¾�ØB±
• Àe¿B¸�·o¸oª5ÃJª�µA¾�­+®�¯ ª5®�Ù °U¯ ®�Ë3µ�²�Ú�ª5¬�­+®�¯ °U±
• ³¶Ê«±1©«®�²�°U¸o²�ºJ¯ ²�°´¾�µ�²(ª5¸o²(Ê«¸o²�ºJ¯kª�¬�­+®�¯ °
• ³¶®�ª5ª�¸o²�ºJ¾�µB²�¾�Ê«­]­+®�²�¾�ÃAÛ/­+®�ÜgÊU®�±¹ª�¸o²�ºJ¯k²�®�ÇÞÝ¶ßSÁUàwÕ�°U®�ª�®�­]ËÌ¸�²�¸o²�ºJ¾�µB²�¾�ÊU­]­+®�²�¾�Ã
·o®�»¼®�·

• Ég®�¯ ª�Ê«­+®�±�¸o²3©«ª�¬�­+®�¯ °U±�ÀeÁ«ÂI¿gÊ«ªm²�µBª�¸o²:³�µB·o¯ ­�¸o±�ª�¬�­+®�¯ °U±�ÀeÁUÂ
• Àeª�ª5­�¸o¿BÊUª5®�µB¿�Ó5®�¾�ª5±
• á ¯ ²�¾�®�·o·o¯ ª�¸oµ�²:±¹®�ËÌ¯ ²�ª�¸o¾�±
• ³¶¾�¬�®�°UÊU·o¸o²�ºJ©«µB·o¸o¾�¸o®�±

ÍU¬�®7©«ª5¬(­�®�¯ °U±.ÀeÁ«ÂU¯ ²(°Ìª�¬�®F³¶µ�·o¯ ­�¸o±.ª5¬(­�®�¯ °U±.ÀeÁ«ÂU¯ ­+®Fª�Ç£µ�°U¸o½5½�®�­+®�²�ª«±¹µB·oÊ«ª�¸oµ�²(±�ª�µ�ª�¬�®
±¹¯ Ë3®�©«­+µ�¿B·�®�Ë3Èg²�¯ ËÌ®�·oÃJ¿gÊ«¸o·o°U¸o²�ºJ©«¯ ­�¯ ·o·o®�·o¸o±1ËH¸o²�ª�µA¯ ©«©«·o¸o¾�¯ ª5¸oµB²3±1µ�½/ª5Ç�¯ ­�®gÅ�Í~¬�¸o±
°UµB®�±�²�µBªm¸oËÌ©«·oÃJª�¬�¯ ªmª5¬(®�ÃJ¯ ­+®�ËÌÊUª5ÊU¯ ·o·oÃJ®�Ä�¾�·�Ê«±¹¸o»¼®gÅ�ÍU¬�®�­+®�¯ ­+®�²�µA­+®�±¹ª�­]¸o¾�ª5¸oµB²�±�µ�²
¸o²�ª�®�­]Ë3¸oÄÏ¸o²(ºA©«ª�¬�­+®�¯ °U±�½�Ê«²�¾�ª5¸oµB²�±�Ç£¸oª�¬3³¶µ�·�¯ ­]¸o±�½�Ê«²(¾�ª�¸oµ�²�±�Û�¯ ·oª�¬�µBÊ«ºg¬3±1ª5Ãg·o®
­+®�±¹ª�­]¸o¾�ª5¸oµB²�±�±¹¬�µBÊ«·o°
¿B®�¾�µB²�±1¸o°U®�­�®�°Uà¹Å�ÍU¬�®�±1ª5­+®�²�ºgª5¬:µ�½Iª�¬�¸o±�¯ ©U©«­�µB¯ ¾�¬:¸o±�ª�¬�¯ ª
½�ÊU²�¾�ª�¸oµ�²(¯ ·o¸oª5Ãk²(µ�ª�½/µ�Ê«²(°A¸o²�µ�²(®�¾�¯ ²�¿B®�Ê«±¹®�°Jª5µ�®�²�¬(¯ ²�¾�®�ª�¬�®�µ�ª�¬�®�­]Å1³�¸oË3¸o·o¯ ­]·oÃ�È ª�¬�®�­+®
¯ ­+®�²�µA­�®�±1ª5­�¸o¾�ª�¸oµB²�±�¸�²3­]Ê«²�²�¸o²(ºA¯ ©U©«·o¸o¾�¯ ª�¸oµB²�±�ÊU±¹¸o²�ºJ©«ª�¬�­+®�¯ °U±�®�Ä�¾�·oÊU±¹¸o»¼®�·oÃAÇ�¸oª�¬
¯ ©«©«·o¸o¾�¯ ª5¸oµB²�±�Ê«±1¸o²�ºJ³�µB·o¯ ­]¸o±�ª�¬�­+®�¯ °~±�®�Ä�¾�·oÊ«±1¸o»g®�·oÃJµB²3ª�¬�®�±1¯ ËÌ®�±¹Ãg±¹ª�®�Ë�Å
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óôð�õQé¼ö"æwì
ÍU¬�­+®�¯ °U±�®�²�ª5¸�ª5¸o®�±1Èg¸�Å ®gÅ�ª�¬�­�®�¯ °U±�ª�¬�®�ËÌ±¹®�·o»¼®�±�¯ ²(°´±¹Ãg²�¾�¬�­+µ�²�¸oÔ ¯ ª�¸oµB²3»¼¯ ­]¸o¯ ¿B·�®�±1Èg¾�¯ ²
®�ÄÏ¸�±¹ªm¸o²3¯k²(Ê«ËÌ¿g®�­�µB½m°U¸o½5½�®�­+®�²�ªm±¹ª�¯ ª5®�±ÏÅ�ÉBµB­�¸o²�±¹ª�¯ ²�¾�®�¯kª�¬�­�®�¯ °
ËÌ¯ ÃJ¿B®�Ù °U®�ª�¯ ¾�¬�®�°UÚ
µB­.Ù ²�µB²�Ñ/°U®�ª5¯ ¾�¬�®�°UÚ�Å�÷�­.ª�¬�®�±1¾�µB©«®�µ�½I¯kËÌÊUª5®�Ä£ËÌ¯ ÃJ¿B®�¸�²�ª5®�­+Ñ�©«­+µB¾�®�±¹±�µB­.¸o²(ª5­�¯ Ñ
©«­+µ�¾�®�±¹± ÅQÍU¬�®�¾�µ�²�»¼®�²�ª�¸oµ�²:¸o²3³¶µ�·o¯ ­�¸o±�ª5¬�­+®�¯ °U±�¸o±�ª�µAÊ«±1®�ø«¯ ºJ¯ ­+ºgÊ«ËÌ®�²�ª�±�ª�µA±¹©«®�¾�¸o½�Ã
ª�¬�®�±¹ª�¯ ª5®�¸o²3Ç£¬(¸o¾�¬:¯ ²3®�²�ª�¸oª5ÃJ¸o±�ª5µA¿g®�¾�­+®�¯ ª5®�°�Å�Í~¬�®�©«ª�¬�­+®�¯ °U±�¯ ©«©«­+µB¯ ¾�¬:¸o±�ª�µ
­+®�ÜgÊ«®�±¹ªmª�¬�®�¸o²�¸oª�¸o¯ ·o¸oÔ ¯ ª�¸oµ�²:µ�½I¯ ²3¯ ª�ª�­]¸o¿BÊUª5®�µB¿�Ó5®�¾�ª�Èg¯ ²3µB©«¯ ÜgÊ«®�°U¯ ª�¯kª�ÃB©U®�¯ ·o·oµ�¾�¯ ª5®�°
¯ ²�°:­�®�ª�Ê«­�²�®�°3Û�¸o²J¯e°U®�½/¯ Ê«·oªU±¹ª�¯ ª5®�à~¿BÃ�¯e½/Ê«²�¾�ª5¸oµB²A¾�¯ ·o·�Å�Àe²J¯ ª5ª�­]¸o¿gÊ«ª�®7ª5Ãg©«®7¸o±�°U®�ÎU²�®�°
½�µB­I®�¯ ¾�¬£­+®�·o®�»g¯ ²(ª¼ª�¬�­+®�¯ °U±"®�²�ª5¸oª�Ã¶Å¹Àe²�Ãk²�Ê«ËÌ¿g®�­mµB½�¯ ª�ª�­]¸o¿BÊUª5®�µB¿�Ó5®�¾�ª�± µB½�¯7ºB¸o»¼®�²£ª�ÃB©«®
¾�¯ ²:¿B®�¸o²�¸�ª5¸o¯ ·o¸oÔ ®�°�Å
ßS¬�®�²3¯�½�Ê«²�¾�ª5¸�µ�²:¸o±�¾�¯ ·o·o®�°´ª�µ�¾�­+®�¯ ª�®�¯kª�¬�­+®�¯ °U±�®�²(ª5¸oª�ÃJÛ�®gÅ º�ÅQª5¬�­+®�¯ °UÈgË3Ê«ª�®�Ä�Èg®�ª�¾�Å à
­+®�ÜgÊ«¸o­]¸�²�ºJ±¹ª�¯ ª5®�¸o²(¸oª5¸o¯ ·o¸�Ô ¯ ª5¸oµB²�Èg¯ ²:¯ ­�ºgÊ«Ë3®�²(ª�©Uµ�¸o²�ª�±�ª5µA¯ ²3¯ ª�ª�­]¸o¿gÊ«ª5®�µ�¿�Ó5®�¾�ªwÅ�ßS¬�®�²
ª�¬�®�®�²�ª�¸oª5ÃJ¸o±�¾�­+®�¯ ª5®�°
¸oª�¸�±�±1®�ªmª�µAª5¬�®�±¹ª�¯ ª5®�¸o²(°U¸o¾�¯ ª�®�°´¿BÃJª�¬�®�¯ ª�ª5­�¸o¿BÊ«ª�®�µB¿�Ó�®�¾�ª�Å�Â/½
±¹µBËÌ®e±¹ª�¯ ª5®eµBª5¬�®�­.ª5¬�¯ ²Ìª�¬�®e°U®�½�¯ Ê«·oª�¸o±O²�®�®�°U®�°UÈBª5¬�®�­+®e¯ ­�®e©«ª�¬�­+®�¯ °~±O½�Ê«²�¾�ª5¸�µ�²�±Oª�µ�±1®�ª
ª�¬�®�¯ ©«©«­+µ�©«­�¸o¯ ª�®�±¹ª�¯ ª5®�¸�²3ª�¬�®�¯ ª5ª�­�¸o¿BÊ«ª�®�µB¿�Ó�®�¾�ª�Å
ÍU¬�®�­+®�¯ ­+®�ª�Ç£µA©«­]¸oË3¯ ­]ÃJ¯ °U»¼¯ ²�ª5¯ ºg®�±�ª5µAÊ«±1¸o²�ºJ¯ ª5ª�­]¸�¿BÊ«ª�®�µ�¿�Ó�®�¾�ª�± ÅQÉB¸o­�±¹ªm¸oªm¯ °U°U±�ª5µ
¾�µB°U®�©«µ�­�ª5¯ ¿g¸o·o¸oª�Ã�Å�ÍU¬�®�­+®eË3¯ ÃA¿B®�¾�¯ ±¹®�±�Ç�¬�®�­�®�±¹ÊU©«©«µ�­�ª5®�°´¯ ª�ª5­�¸o¿BÊ«ª�®�±�»g¯ ­�ÃA¿B®�ª�Ç£®�®�²
¸oËÌ©«·�®�Ë3®�²�ª5¯ ª�¸oµB²�± ÅQùU»g®�²3±1µ�È¼ª5¬�®�­+®�Ç�¸o·o·«¿B®�²(µ�²(®�®�°
ª5µAËÌµB°U¸o½/ÃA½/Ê«²�¾�ª5¸oµB²3¾�¯ ·o·o±�ª�¬�¯ ª
¾�­+®�¯ ª�®�ª5¬�­+®�¯ °´®�²�ª�¸oª�¸o®�±�±1¸o²�¾�®�ª5¬�®�¯ ª�ª�­]¸o¿gÊ«ª5®�µ�¿�Ó5®�¾�ªm¸o±�¬�¸o°U°U®�²3½/­+µ�Ëúª5¬�®�¸�²�ª5®�­�½�¯ ¾�®gÅQÂ�½
ª�¬�®�ª5¯ ­+ºg®�ª�©Uµ�­�ª�±1Ê«©«©«µB­]ª�±�¯ ª5ª�­]¸o¿gÊ«ª�®�±�²�µBªm½�µBÊ«²�°´¸�²3ª�¬�®�¾�ÊU­]­+®�²�ªm©«µ�­�ª5È¼©«­�µB»¼¸o±¹¸oµB²
ËÌÊU±¹ªm¿B®�ËÌ¯ °~®�ª5µAËÌ¯ ²(¯ ºB®�ª�¬�®�²�®�ÇÞ¯ ª5ª�­�¸o¿BÊ«ª�®�± Å�Í~¬�¸o±�¸o±�¯ ²:®�¯ ±¹ÃJ©«µ�­�ª�¸o²�ºJª5¯ ±1Ø
ª�¬�µ�ÊUºB¬�ÈÏ¿B®�¾�¯ ÊU±¹®�¯ ª�ª5­�¸o¿BÊ«ª�®�µB¿�Ó�®�¾�ª5±"²�®�®�°AµB²�·oÃk¿B®�¸o²(¸oª5¸o¯ ·�¸oÔ ®�°Aµ�²(¾�®�¸o²�¯FÇ£®�·o·B°U®�Î«²�®�°
·oµB¾�¯ ª�¸oµ�² Å
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ÍU¬�®e±¹®�¾�µB²�°ò¯ °U»g¯ ²�ª�¯ ºg®?¸o±Oª5¬�¯ ª~±1ª5¯ ª�®?±¹©U®�¾�¸oÎ«¾�¯ ª5¸�µ�²Ì¸o²J¯ ²Ì¯ ©«©«·o¸o¾�¯ ª5¸oµB²J¸o±O±1¸oËÌ©«·o¸oÎU®�°�Å
Àe±"¯ ²�®�Ä�¯ ËÌ©«·�®�È�¾�µB²�±¹¸o°U®�­¤ª5¬(¯ ª�±1®�»g®�­�¯ ·B±¹®�ª�±"µB½(ª�¬�­+®�¯ °U±�ËÌ¯ Ã�®�ÄÏ¸�±¹ª(Ç£¸oª�¬�¸o²�¯7©U­�µB¾�®�±¹±1È
®�¯ ¾�¬:©«­+µ�»¼¸o°U¸o²�ºJ¯k±¹®�©«¯ ­�¯ ª�®�±¹®�­]»¼¸o¾�®�È¼®�¯ ¾�¬3Ç�¸oª5¬:¸oª5±�µBÇ£²3±1ª5¯ ª�®�­+®�ÜgÊ«¸o­+®�ËÌ®�²�ª�± Å�Àeª
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¾�µB²�ÎUºBÊU­�®�°´¿gÃJ±¹®�ª5ª�¸o²�ºJ¯ ²:¯ ª5ª�­]¸o¿gÊ«ª�®�»g¯ ·oÊU®BÅQÂ�½Iª5¬(®�¯ ª5ª�­]¸�¿BÊ«ª�®�µ�¿�Ó�®�¾�ªm¸o±�±¹®�ªmª�µ
Á«Í~Æ Ö ùUÀeü�� Â-�£Æ£ù Ö Â/Í�� ³ á Æ£ù~ü?Ègª�¬�®�²3ª�¬�®�©«­�¸oµ�­�¸oª�ÃAµB½Iª5¬�®�²(®�Ç ª�¬�­+®�¯ °´Ç£¸o·o·U¿B®
¸o°U®�²�ª�¸o¾�¯ ·Uª5µAª�¬�®�©«¯ ­+®�²�ª�ÅQÂ�½I¸oªm¸o±�±1®�ªmª5µAÁ«Í~Æ Ö ùUÀeü�� ù�, Á«ÝUÂ á Â/Í�� ³ á Æ£ù~ü?Ègª�¬�®�²3±1ª5¯ ª�®
¸o±�±¹®�ªm¯ ¾�¾�µ�­+°U¸o²�ºJª�µ�ª�¬�¯ ªm±¹©U®�¾�¸oÎ«®�°
¸o²3ª�¬�®�ª�¬�­+®�¯ °
¯ ª5ª�­]¸�¿BÊ«ª�®�µ�¿�Ó�®�¾�ªwÅ

â�ã�. ý/�Iþ£ö«ÿ�ñ£ì¼ï��¤þ
Ég­�µBË ¯7©«­�µBºg­]¯ ËÌË3¸o²�ºk©«®�­�±¹©«®�¾�ª5¸o»¼®�È ª�¬�®�©«ª5¬(­�®�¯ °U±"ÀeÁUÂ(¸o±"®�½5½�®�¾�ª�¸o»g®�·oÃ�¸o°U®�²�ª�¸o¾�¯ ·BÇ£¸oª�¬
ª�¬�®�³�µB·o¯ ­�¸o±�ª�¬�­+®�¯ °U±�ÀeÁUÂmÑIÇ£¸oª�¬3ª�¬�®�²(µ�ª�¯ ¿B·o®�®�Ä�¾�®�©«ª�¸oµ�²:µ�½I¾�¯ ²(¾�®�·o·o¯ ª�¸oµ�²:¯ ²�°
¯ ª�ª5­�¸o¿BÊ«ª�®�Ê«±1®gÅ0� µB»¼¸o²�ºJ¿B®�ª5Ç�®�®�²3®�²�»¼¸o­+µ�²�Ë3®�²(ª5±�¸o±�·o¯ ­�ºg®�·oÃJ¯kËÌ¯ ª�ª5®�­�µB½m±1¸oËÌ©«·o®
±¹ÊU¿B±¹ª�¸oª�Ê«ª�¸oµ�²¤ÅQÉBµB­�°U®�»g®�·oµB©«®�­]±�½�¯ ËÌ¸o·�¸o¯ ­.Ç�¸oª5¬:ËÌÊ«·�ª5¸oÑ/ª5¬�­+®�¯ °U®�°´©«­+µBºB­�¯ ËÌËÌ¸o²(º
ª�®�¾�¬�²�¸oÜgÊU®�±�¯ ±�Ê«±¹®�°
¸o²3³¶µ�·o¯ ­�¸o±�ª5¬�­+®�¯ °U±¹È¼©«ª5¬(­�®�¯ °U±�Ç£¸o·o·Uµ�½5½�®�­�²�µA±¹Ê«­�©«­�¸o±¹®�± Å
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��ã�ä 1Qþ:æwé¼è-2mê¤ö«é¼ì3��ñ%454ôê¤è76
ÍU¬�®�½�µ�·�·oµ�Ç�¸o²�ºJª5¯ ¿g·o®�¾�µBËÌ©«¯ ­+®�±�ª�¬�®�©«ª�¬�­+®�¯ °U±�À?ÁUÂI¯ ²�°´ª�¬�®�³¶µ�·o¯ ­�¸o±�ª�¬�­+®�¯ °´ÀeÁ«Â¹Å�Â/½
ª�¬�®?¾�µBËÌ©«¯ ­�¯ ¿B·o®?¸o²�ª�®�­]½�¯ ¾�®?¸o±�²�µBª~¯ »g¯ ¸o·o¯ ¿g·o®?®�¸oª5¬�®�­�¸o²J©«ª�¬�­+®�¯ °U±�µB­"³¶µB·o¯ ­]¸o±Oª5¬�­+®�¯ °UÈ�¸oª
¸o±�¸o²�°U¸o¾�¯ ª5®�°´Ç�¸oª5¬:ª5¬(®�¾�¬�¯ ­�¯ ¾�ª�®�­
8aÑ-��ÅQÍU¬�®�©«¯ ­�¯ ËÌ®�ª�®�­�¯ ²�°
ª5¬�®�¯ ­�ºgÊ«ËÌ®�²(ª5±�¯ ­�®
°U¸o½5½�®�­+®�²(ª�¿g®�ª5Ç�®�®�²:©«ª�¬�­+®�¯ °U±�¯ ²�°
³�µB·o¯ ­]¸o±�½�ÊU²�¾�ª�¸oµ�²(± Å�üe®�ª5¯ ¸o·o±�µB½mª�¬�®�©«ª�¬�­+®�¯ °~±
½�ÊU²�¾�ª�¸oµ�²(±�¾�¯ ²3¿B®�½/µ�ÊU²�°´¸o²:ª5¬�®�ËÌ¯ ²3Û-� ÍUàm±1®�¾�ª�¸oµ�²(± Å
�£µBª5®�ª�¬�¯ ªmª�¬�® sem_ ®�²�ª�­]¸o®�±�¸o²3ª�¬�®�©«ª�¬�­+®�¯ °´¾�µB·oÊ«Ë3²3µB½mª�¬�®�ª�¯ ¿B·o®�Û/½�µ�·�·oµ�Ç�®�°´¿BÃ
Ù Á«÷�³�Â-, 
!9!9 ��Å : Ú à~¯ ­�®?©«¯ ­�ªUµB½~ª5¬(®7ÁU÷e³¶Â),�­+®�¯ ·�ª�¸oËÌ®?±¹ª�¯ ²�°U¯ ­+°:±¹©«®�¾�¸oÎ«¾�¯ ª5¸oµB²J¯ ²�°:²�µBª
©«¯ ­�ª�µB½m©Uª5¬�­+®�¯ °U± Å
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pthread_create() thr_create()

pthread_exit() thr_exit()

pthread_join() thr_join()

pthread_yield() thr_yield()

pthread_self() thr_self()

pthread_kill() thr_kill()

pthread_sigmask() thr_sigsetmask()

pthread_setschedparam() thr_setprio()

pthread_getschedparam() thr_getprio()
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- thr_setconcurrency()

- thr_getconcurrency()

- thr_suspend()

- thr_continue()

pthread_key_create() thr_keycreate()

pthread_key_delete() -

pthread_setspecif ic() thr_setspecif ic()

pthread_getspecif ic() thr_getspecif ic()

pthread_once() -

pthread_equal() -

pthread_cancel() -

pthread_testcancel() -

pthread_cleanup_push() -

pthread_cleanup_pop() -

pthread_setcanceltype() -

pthread_setcancelstate() -

pthread_mutex_lock() mutex_lock()

pthread_mutex_unlock() mutex_unlock()

pthread_mutex_trylock() mutex_trylock()

pthread_mutex_init() mutex_init()

pthread_mutex_destroy() mutex_destroy()

pthread_cond_wait() cond_wait()

pthread_cond_timedwait() cond_timedwait()

pthread_cond_signal() cond_signal()

pthread_cond_broadcast() cond_broadcast()

pthread_cond_init() cond_init()

pthread_cond_destroy() cond_destroy()

- rwlock_init()

- rwlock_destroy()

- rw_rdlock()

- rw_wrlock()

;��=<¹$%�?>�@�6�� £&M�b�� � [�x�U�\ i z i O;z§M�V r	i U5R	W�{�x�U�\ i z©T�VX^�| i U5R	W�VXO
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- rw_unlock()

- rw_tryrdlock()

- rw_trywrlock()

sem_init() Á(÷e³ÏÂ), 
H9H9 �¼Å : sema_init()

sem_destroy() Á(÷e³ÏÂ), 
H9H9 �¼Å : sema_destroy()

sem_wait() Á(÷e³ÏÂ), 
H9H9 �¼Å : sema_wait()

sem_post() Á(÷e³ÏÂ), 
H9H9 �¼Å : sema_post()

sem_trywait() Á(÷e³ÏÂ), 
H9H9 �¼Å : sema_trywait()

pthread_mutex_setprioceiling() -

pthread_mutex_getprioceiling() -

pthread_mutexattr_init() -

pthread_mutexattr_destroy() -

pthread_mutexattr_setpshared() type argument in
 cond_init()

pthread_mutexattr_getpshared() -

pthread_mutexattr_setprioceiling() -

pthread_mutexattr_getprioceiling() -

pthread_mutexattr_setprotocol() -

pthread_mutexattr_getprotocol() -

pthread_condattr_init() -

pthread_condattr_destroy() -

pthread_condattr_getshared() -

pthread_condattr_setshared() type argument in
cond_init()

pthread_attr_init() -

pthread_attr_destroy() -

pthread_attr_getscope() -

pthread_attr_setscope() THR_BOUND flag in
thr_create()

pthread_attr_getstacksize() -

pthread_attr_setstacksize() stack_size argument in
thr_create()
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pthread_attr_getstackaddr() -

pthread_attr_setstackaddr() stack_addr argument in
thr_create()

pthread_attr_getdetachstate() -

pthread_attr_setdetachstate() THR_DETACH flag in
thr_create()

pthread_attr_getschedparam() -

pthread_attr_setschedparam() -

pthread_attr_getinheritsched() -

pthread_attr_setinherisched() -

pthread_attr_getschedpolicy() -

pthread_attr_setsschedpolicy() -
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ÍU¬�¸�±�±1®�¾�ª5¸�µ�²:©«­�®�±1®�²�ª5±�¯k¾�µ�ËÌ©U¯ ­]¸o±1µ�²:µ�½I³�µB·o¯ ­]¸o±�ª�¬�­+®�¯ °~±�¯ ²�°
©«¬�­+®�¯ °U± Å�ùU¯ ¾�¬
±¹ÊU¿B±¹®�¾�ª5¸oµB²Ì¸o²�¾�·oÊ«°U®�±O¯�½/Ê«²�¾�ª5¸oµB²�¯ ·(°U®�±¹¾�­]¸o©Uª5¸oµB²Ì¯ ²�°ò¯ ·o±1µ�°U®�ª�¯ ¸o·o±OµB² ¾�µB²�»¼®�­�ª�¸o²�º�¯ ²
®�ÄÏ¸�±¹ª�¸o²�ºJ³�µB·o¯ ­]¸o±�¾�¯ ·�·«ª5µAª�¬�®�¾�µ�­�­�®�±1©«µ�²(°U¸o²�ºJ©«ª5¬(­�®�¯ °U±�¾�¯ ·o·+Å

.�ã�ä å�æwç�è�é�êIë�ìeíîæQæwè¼ïQð«ñòæwé¼ì óÞð¶õ�é�ö"æwì
©«ª�¬�­+®�¯ °~±�®�²�ª�¸oª�¸o®�±¹Èg¸�Å ®gÅ�ª�¬�­+®�¯ °U±�¯ ²(°´±¹Ãg²�¾�¬�­�µB²�¸oÔ ¯ ª�¸oµB²3µB¿�Ó�®�¾�ª5±1Èg¾�¯ ²:®�¯ ¾�¬3®�Ä�¬�¸o¿B¸�ª
ËÌµB­+®�ª5¬�¯ ²:µ�²(®�ØB¸o²(°´µB½m¿B®�¬�¯ »¼¸oµB­5Èg°U®�ª�®�­�ËÌ¸o²(®�°
¿BÃJª5¬(®�±¹ª�¯ ª5®�¸�²3Ç£¬(¸o¾�¬3ª�¬�®�ÃJ¯ ­+®
¾�­+®�¯ ª�®�°.Å�ÍU¬�®�¾�­�®�¯ ª�¸oµB²3±¹ª�¯ ª�®�¸o±�°~®�ª�®�­]Ë3¸o²�®�°´¿gÃA­+®�½�®�­�­]¸o²�ºJª�µA¯ ²3¯ ª�ª5­�¸o¿BÊ«ª�®�µB¿�Ó�®�¾�ª5È¼¯ ²
µB©«¯ ÜgÊ«®�°U¯ ª�¯kª�ÃB©«®�ª�¬�¯ ªm¸o±�¸o²�¸oª�¸o¯ ·o¸oÔ ®�°´¯ ²�°
¾�µB²�Î«ºgÊ«­+®�°´Ê«²(°U®�­.©«­+µBºB­�¯ ËÌËÌ¯ ª�¸o¾
¾�µB²�ª�­+µ�·�Å
Àeª5ª�­]¸�¿BÊ«ª�®�µ�¿�Ó�®�¾�ªmª�ÃB©U®�±�®�Ä�¸o±¹ªm½�µB­.ª�¬�­+®�¯ °U±¹È¼ËÌÊ«ª�®�ÄÏ®�±1Èg¯ ²�°´¾�µ�²�°~¸oª5¸oµB²3»¼¯ ­]¸o¯ ¿g·o®�± Å�Í~¬�®
µB¿�Ó�®�¾�ª�¸oª�±¹®�·o½I¸o±�±¹Ê«©«©U·o¸o®�°´¿BÃJª�¬�®�±¹Ãg±¹ª�®�ËÌÐg¸oªm¾�¯ ²�²�µBª�¿g®�°U¸o­+®�¾�ª�·oÃJËÌµ�°~¸oÎ«®�°´¿gÃ
¯ ±¹±1¸oºB²(ËÌ®�²�ª�± Å�Í~¬�®�¯ ª5ª�­�¸o¿BÊ«ª�®�±�±1Ê«©«©«µB­]ª�®�°´¿BÃJ®�¯ ¾�¬3ª�ÃB©«®�¯ ­+®�°U®�ÎU²�®�°´¿BÃJ©«ª�¬�­+®�¯ °U±
¯ ²�°´¯ ­+®�¸o²(»g¯ ­�¸o¯ ²�ªm½�µB­.¯ ²:¸oËÌ©«·o®�ËÌ®�²(ª5¯ ª�¸oµ�² Å�À�±¹®�ªmµB½m½�ÊU²�¾�ª�¸oµB²�±�¸o±�©«­+µ�»¼¸o°U®�°´ª�µ
¸o²�¸oª�¸o¯ ·o¸oÔ ®�Èg¾�µ�²(Î«ºgÊ«­+®�Èg¯ ²�°´°U®�±1ª5­+µBÃA®�¯ ¾�¬3µB¿�Ó�®�¾�ª�ª�Ãg©«®gÅ
÷�²�¾�®�¯ ²:¯ ª5ª�­]¸o¿gÊ«ª�®�¸o±�¸�²�¸oª5¸�¯ ·o¸oÔ ®�°´¯ ²�°´¾�µ�²(Î«ºgÊ«­+®�°UÈg¸oªm¬�¯ ±�©«­+µ�¾�®�±1±�Ç�¸o°U®�±¹¾�µ�©U®BÅQÍU¬�®
±¹ÊUºBºg®�±¹ª�®�°´ËÌ®�ª�¬�µB°´½�µB­.ÊU±¹¸o²�ºJ¯ ª�ª5­�¸o¿BÊUª5®�±�¸o±�ª�µA¾�µB²�ÎUºBÊ«­+®�¯ ·o·U­�®�ÜgÊU¸o­�®�°
±¹ª�¯ ª5®
±¹©«®�¾�¸oÎ«¾�¯ ª5¸oµB²�±�µ�²(®�ª5¸oË3®�¸o²3ª�¬�®�®�¯ ­�·oÃJ±¹ª�¯ ºB®�±�µ�½I©«­+µ�ºg­]¯ Ëú®�ÄÏ®�¾�Ê«ª5¸�µ�²¤ÅQÍU¬�®
¯ ©«©«­+µ�©U­]¸o¯ ª�®�¯ ª5ª�­�¸o¿BÊ«ª�®�µB¿�Ó�®�¾�ª�¾�¯ ²3ª�¬�®�²3¿g®�­�®�½/®�­�­+®�°´ª5µA¯ ±�²�®�®�°U®�°´¿BÃJª�¬�®�©«ª�¬�­+®�¯ °U±
®�²�ª�¸oª5ÃJ¾�­�®�¯ ª�¸oµ�²:½�Ê«²(¾�ª�¸oµ�² Å
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#include <pthread.h>

#include <sched.h>

int pthread_attr_init (pthread_attr_t *attr)

int pthread_attr_destroy (pthread_attr_t *attr)

int pthread_attr_setstacksize (pthread_attr_t *attr, size_t
stacksize)

int pthread_attr_getstacksize (pthread_attr_t *attr, size_t
*stacksize)

int pthread_attr_setstackaddr (pthread_attr_t *attr, size_t
stackaddr)

int pthread_attr_getstackaddr (pthread_attr_t *attr, size_t
*stackaddr)

int pthread_attr_setdetachstate (pthread_attr_t *attr, int
detachstate)

int pthread_attr_getdetachstate (pthread_attr_t *attr, int
*detachstate)

int pthread_attr_setscope (pthread_attr_t *attr, int scope)

int pthread_attr_getscope (pthread_attr_t *attr, int *scope)

int pthread_attr_setschedparam (pthread_attr_t *attr, const struct
sched_param *param)

int pthread_attr_getschedparam (pthread_attr_t *attr, struct
sched_param *param)

;��=<w$%�(9q@�6 �ZR	O�z§[�x�\&|F[]x�U�\ i zyW i [][�U5R ��NF[]\&s�NFO;T�[�R	VXO�VXs�R	O;[]\_U�\_W�[]dZ�ZV r	r VXo­U5R	wZx�[�[]V�[]x;\ h V�{�VT�V r NF^�O�d h V�{�V�[]x�\~W�\_T�[�R	VXO�R	O;zyR	T i [�\_zFd
r
s�s�t�u vxwEs�yCz�wE{E|=s�u~}!{ ����}��!}!�
b�O;R	[]R i2r R	� i []R	VXO ◆ b�O�R	[�¸F�Q\_W�[]U�VXY
q�VXO��FwZNFU�\&W�[ i T��`W�R	�2\ ◆ M�\_[]¸ h \_[�M�[ i T��¡M�R	�2\
q�VXO��FwZNFU�\&W�[ i T�� i zyzyU�\_W�W ◆ M�\_[]¸ h \_[�M�[ i T�� k zyzFU�\_W�W
q�VXO��FwZNFU�\&zy\_[ i T�x¨W�[ i []\ ◆ M�\_[]¸ h \_[��j\_[ i T�x¨M�[ i []\
q�VXO��FwZNFU�\&W�T�VX|F\ ◆ M�\_[]¸ h \_[�M�T�VX|F\
q�VXO��FwZNFU�\&W�T�x;\_zyN r \&|FV r R	T�Y ◆ M�\_[]¸ h \_[�M�T�x�\_zyN r \ � V r R	T�Y
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©«ª�¬�­+®�¯ ° � ¯ ª5ª�­k� ¸o²(¸oª5Û/àm¸o²�¸oª�¸o¯ ·o¸oÔ ®�±�ª5¬(®�¯ ª5ª�­]¸�¿BÊ«ª�®�±�¯ ±1±¹µB¾�¸o¯ ª�®�°´Ç£¸oª�¬3ª�¬�¸o±�µB¿�Ó�®�¾�ª�ª�µAª5¬(®�¸�­
°U®�½�¯ ÊU·oªU»g¯ ·�Ê«®�± Å�ÍU¬�®?±¹ª�µB­]¯ ºg®7¸o±�¯ ·�·oµ�¾�¯ ª5®�°:¿BÃ�ª5¬�®?ª�¬�­+®�¯ °:±1ÃB±1ª5®�Ë °UÊU­]¸o²�º�®�ÄÏ®�¾�ÊUª5¸oµB²¤Å
©«ª�¬�­+®�¯ ° � ¯ ª5ª�­k� °U®�±1ª5­+µBÃBÛ�àI­+®�ËÌµ�»¼®�±�ª�¬�¯ ªm±¹ª�µB­]¯ ºg®�¯ ²�°´ª�¬�®�¯ ª�ª5­�¸o¿BÊUª5®�µB¿�Ó5®�¾�ªm¿B®�¾�µBËÌ®�±
¸o²�»¼¯ ·o¸o°�Å
ÍU¬�®�°U®�½�¯ Ê«·oªm»¼¯ ·oÊ«®�±�µB½I¯ ª5ª�­]¸o¿gÊ«ª�®�±�¯ ­+®gÕ
• ±¹¾�µ�©«®gÕ ÁUÍUÆ Ö ùUÀeü�� ³ á ÷eÁUù�� Á Ö ÷ á ù~³�³eÑ«²�®�Ç�ª�¬�­+®�¯ °JÇ£¸�·o·B¿B®�¯ ²�Ê«²�¿gµ�ÊU²�°

ª�¬�­+®�¯ °�Å
• °U®�ª�¯ ¾�¬�±1ª5¯ ª�®gÕ�Á«Í~Æ Ö ùUÀ?ü�� á�Ö ùUÀ.ÍUù��!�/÷eÂ-�£À��UÝUù´ÑI²�®�ÇÞª5¬�­+®�¯ °´Ç�¸o·o·«¿g®�²�µ�²

°U®�ª�¯ ¾�¬�®�°�Å
• ±¹ª�¯ ¾�Øg¯ °U°U­�Õ��P�?ÝUÝ
Ñm²�®�ÇÞª�¬�­�®�¯ °
Ç£¸o·o·U¬�¯ »g®�±1ÃB±1ª5®�Ëú¯ ·o·oµB¾�¯ ª�®�°
±¹ª�¯ ¾�ØmÅ
• ±¹ª�¯ ¾�Øg±¹¸oÔ ®gÕ �%�eÝUÝ´Ñm²�®�Ç ª�¬�­+®�¯ °´Ç�¸o·o·«¬�¯ »g®�±1ÃB±1ª5®�ËH°U®�ÎU²�®�°´±¹¸oÔ ®�µB½mª�¬�®�±¹ª�¯ ¾�ØmÅ
• ©«­�¸oµ�­�¸oª5ÃmÕ �%�eÝUÝ´Ñm²(®�Ç ª�¬�­+®�¯ °´Ç£¸o·o·U¸o²�¬�®�­�¸oªmª5¬�®�©U¯ ­�®�²�ªmª�¬�­+®�¯ °��t±�©«­�¸oµ�­�¸oª�Ã�Å
pthread_attr_t attr;

ret = pthread_attr_init (&attr); /* initialize an attribute to
default value */

ret = pthread_attr_destroy (&attr); /* destroy an attribute */

♦ � (!&��^�%(!& � &)f!��� ��j)� (���$'����� m�e (+& d�e (!f!g�hahq&)f!����h j)� (+f!&)& ekj)l�m &)(
ÍU¬�®�±¹ª�¯ ¾�Øg±¹¸oÔ ®�¯ ª�ª5­�¸o¿BÊUª5®�°U®�ÎU²�®�±�ª�¬�®�±1¸oÔ ®�µB½mª�¬�®�±¹ª�¯ ¾�ØJ¸o²:¿BÃgª5®�±�ª5¬�®�±¹Ãg±¹ª�®�ËúÇ£¸o·�·
¯ ·o·oµB¾�¯ ª�®gÅ�ÍU¬�®�±1¸oÔ ®�±¹¬(µ�ÊU·o°´²�µBªm¿B®�·o®�±¹±�ª�¬�¯ ²3ÁUÍUÆ Ö ùUÀeü�� ³¶Í�À á�� �!� Â-�òÅ
pthread_attr_t attr;

int size;

size = (PTHREAD_STACK_MIN + 0x1000);

ret = pthread_attr_setstacksize (&attr, size); /* setting a new size
*/

ret = pthread_attr_getstacksize (&attr, &size); /* getting the stack
size */

♦ � (!&��^�%(!& � &)f!����i�g�g e (!hqh ��$'����� m�e (+& d�e (!f!g�hahq&)f!����h�&)f e & j ����f!g�g e (!h�h�f!&-& ekj)l�m &-(
ÍU¬�®�±¹ª�¯ ¾�Øg¯ °U°U­.¯ ª�ª�­]¸o¿gÊ«ª5®�°U®�Î«²�®�±�ª5¬(®�¿B¯ ±¹®�µB½Iª5¬�­+®�¯ °��a±�±1ª5¯ ¾�Ø�ÅQÂ�½I±¹®�ªmª�µ�²(µ�²�Ñ/²�Ê«·o·
Û)�%�eÝUÝ
¸o±�°U®�½/¯ Ê«·oª�àm»¼¯ ·oÊ«®�±¹Ãg±¹ª�®�ËHÇ�¸o·o·«¸o²(¸oª5¸o¯ ·�¸oÔ ®�±¹ª�¯ ¾�ØJ¯ ªmª5¬(¯ ª�¯ °U°~­�®�±1± Å
pthread_attr_t attr;

void *base;
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base = (void *) malloc (PTHREAD_STACK_MIN + 0x1000);

ret = pthread_attr_setstackaddr (&attr, base); /* setting a new
address */

ret = pthread_attr_getstackaddr (&attr, base); /* getting the stack
address */

♦ � (!&��^�%(!&��%(!&)f!� d�� &)f!&-( ��$'����� m�e (+& d�e (!f!g�hag�(!&)f!� d hq&-f!&)(
À °U®�ª5¯ ¾�¬�±¹ª�¯ ª�®�µB½(ÁUÍUÆ Ö ùUÀeü�� á�Ö ùUÀ.Í~ù�� ü?ùUÍ�À á Æ£ùUü ±¹¸oºg²�¸oÎ«®�±�ª5¬(®�±1¯ ËÌ®�¿B®�¬�¯ »¼¸oµB­
¯ ±�¯kÍUÆ Ö � ü?ù~Í�À á ÆÞø«¯ ºJÇ�µ�Ê«·�°´¬�¯ »¼®�¸o²3ª�¬�­k� ¾�­+®�¯ ª�®�Û�àI¾�¯ ·o·�Ègª5¬(¯ ª�¸o±�¯k°U®�ª�¯ ¾�¬�®�°
ª�¬�­�®�¯ °�ÅQÀ�°U®�ª5¯ ¾�¬�±¹ª�¯ ª5®�µ�½IÁ«ÍUÆ Ö ùUÀeü�� á�Ö ùUÀ�ÍUù��!�/÷eÂ-�£À��UÝUù´¸o±�®�ÜgÊ«¸o»¼¯ ·o®�²�ªmª5µA²�µB²�Ñ
°U®�ª�¯ ¾�¬�®�°´ª�¬�­+®�¯ °´µB­.¯�ª5¬�­+®�¯ °´Ç�¬�¸o¾�¬:¾�¯ ²:¿B®�Ó�µB¸o²�®�°´ÊU©«µ�²:¸oª�±�ª�®�­]ËÌ¸�²�¯ ª5¸oµB²¤Å
pthread_attr_t attr;

int detachstate;

ret = pthread_attr_getdetachstate (&attr, &detachstate); /* get
detachstate of thread */

ret = pthread_attr_setdetachstate (&attr, PTHREAD_CREATE_DETACHED);

ret = pthread_attr_setdetachstate (&attr, PTHREAD_CREATE_JOINABLE);

♦ � (!&��^�%(!& � �q$'��( ��$'����� m�e (+& d�e (!f!g�hahq��$E��(+f!&-& ekj)l�m &-(
À�©«ª�¬�­+®�¯ °~±�±1¾�µB©«®�¯ ª5ª�­]¸�¿BÊ«ª�®�±¹®�ªmª�µ�ÁUÍUÆ Ö ùUÀeü�� ³ á ÷eÁUù�� ³�� ³¶ÍUù�� ±¹¸oºg²�¸oÎU®�±�ª�¬�®
±¹¯ Ë3®7¿g®�¬�¯ »g¸oµB­"ª�¬�®?ÍUÆ Ö �!�U÷"���£ü øU¯ º�Ç£µBÊ«·o°:¬�¯ »¼®7¸�²Jª5¬�­=� ¾�­+®�¯ ª�®7Û/à~¾�¯ ·o·oÈ�ª�¬�¯ ª~¸o±�¯
¿BµBÊ«²�°´ª�¬�­+®�¯ °�Å�Â/½m±¹®�ªmª5µAÁ«ÍUÆ Ö ùUÀeü�� ³ á ÷�Á«ù�� Á Ö ÷ á ùU³�³¶Èg¯ ²ÌÊU²�¿BµBÊ«²�°´ª�¬�­+®�¯ °´Ç£¸o·o·
¿B®�¾�­+®�¯ ª�®�°�Å
pthread_attr_t attr;

int scope;

ret = pthread_attr_getscope (&attr, &scope); /* get scope of thread
*/

ret = pthread_attr_setscope (&attr, PTHREAD_SCOPE_SYSTEM); /*bound
thread */

ret = pthread_attr_setscope (&attr, PTHREAD_SCOPE_PROCESS);
/*unbound thread */

♦ � (!&��^�%(!& � � d (!g m �)(+o�$'� j ��� ��$'����� m�e (+& d�e (!f!g�hahq� d (!g m � j � � f!&-& ekj)l�m &-(
³¶¾�¬�®�°UÊ«·o¸�²�ºJ©«¯ ­]¯ ËÌ®�ª�®�­]±�¯ ­+®�°U®�Î«²�®�°
¸o²3ª�¬�®�©«¯ ­�¯ ËH±1ª5­]Ê«¾�ª5Ê«­+®gÅ á Ê«­�­+®�²�ª5·oÃ�ÈgµB²�·oÃ©«­�¸oµ�­�¸oª5ÃJ¸o±�±¹ÊU©«©«µ�­�ª�®�°.Å�ÍU¬�®�²(®�Ç�·oÃJ¾�­+®�¯ ª5®�°
ª5¬�­+®�¯ °´Ç�¸o·o·«­]Ê«²:Ç£¸oª�¬3ª�¬�®�¾�µB²�ÎUºBÊU­�®�°
©«­�¸oµ�­�¸oª5Ã¶Å
pthread_attr_t attr;
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int newprio;

sched_param param;

newprio = 30;

param.sched_priority = newprio; /* set the priority, others are
unchanged */

ret = pthread_attr_setschedparam (&tattr, &param); /* setting the
new scheduling param */

ret = pthread_attr_getschedparam (&tattr, &param); /* get existing
scheduling param */

IKJML�J-¡£¢¤_�Y[R�¥XWZY[Y�QU\^]x_�Y[R�b
♦ ¦§m &)(!¨ni�&-& ekj)l�m &-(+i�o�p

#include <pthread.h>

int pthread_mutexattr_init (pthread_mutexattr_t *attr)

int pthread_mutexattr_destroy (pthread_mutexattr_t *attr)

int pthread_mutexattr_setpshared (pthread_mutexattr_t *attr, int
pshared)

int pthread_mutexattr_getpshared (pthread_mutexattr_t *attr, int
*pshared)

♦
pk� j &����%(!h�& e $'� pk� j & j f!� j)� (nf+© m &)(!¨+f!&-& ekj)l�m &-(+$ l ª (!�q&

©«ª�¬�­+®�¯ ° � ËÌÊ«ª�®�ÄÏ¯ ª�ª5­=� ¸o²�¸oª�Û�àm¸o²�¸oª�¸o¯ ·o¸oÔ ®�±�ª�¬�®e¯ ª�ª�­]¸o¿BÊUª5®�±�¯ ±1±¹µB¾�¸o¯ ª�®�°òÇ�¸oª5¬3ª�¬�¸o±�µ�¿�Ó�®�¾�ª�ª�µ
ª�¬�®�¸o­.°~®�½/¯ Ê«·oªm»g¯ ·�Ê«®�± Å�Í~¬�®�±¹ª�µB­]¯ ºg®�¸o±�¯ ·�·oµ�¾�¯ ª5®�°´¿gÃJª5¬�®�ª�¬�­+®�¯ °´±1ÃB±1ª5®�Ëú°UÊ«­]¸�²�º
®�ÄÏ®�¾�Ê«ª�¸oµ�² Å�©«ª�¬�­+®�¯ °�� ËÌÊ«ª�®�Ä�¯ ª5ª�­k� °U®�±1ª5­+µBÃBÛ�à�­+®�ËÌµB»g®�±Oª�¬�¯ ª�±¹ª�µ�­�¯ ºB®e¯ ²�°òª5¬(®?¯ ª�ª5­�¸o¿BÊUª5®
µB¿�Ó�®�¾�ª�¿g®�¾�µBËÌ®�±�¸o²(»g¯ ·o¸o°�Å
ÍU¬�®�°U®�½�¯ Ê«·oªm»¼¯ ·oÊ«®�±�µB½I¯ ª5ª�­]¸o¿gÊ«ª�®�±�¯ ­+®gÕ
• ©«±¹¬(¯ ­�®�°�ÕQÁ«ÍUÆ Ö ùUÀeü�� ³�Æ£À Ö ù�� Á Ö Â-«UÀ.Í~ù´Ñm¸�²�¸oª5¸�¯ ·o¸oÔ ®�°´ËÌÊUª5®�Ä£¾�¯ ²:¿B®�Ê«±1®�°

Ç£¸oª�¬�¸o²:¯k©«­+µ�¾�®�±¹± Å

;��=<w$%�(9q@�¬ �ZR	O�z§[�x�\&|F[]x�U�\ i zyW i [][�U5R ��NF[]\&s�NFO;T�[�R	VXO�VXs�R	O;[]\_U�\_W�[]dZ�ZV r	r VXo­U5R	wZx�[�[]V�[]x;\ h V�{�VT�V r NF^�O�d h V�{�V�[]x�\~W�\_T�[�R	VXO�R	O;zyR	T i [�\_zFd
r
s�s�t�u vxwEs�yCz�wE{E|=s�u~}!{ ����}��!}!�
b�O;R	[]R i2r R	� i []R	VXO ◆ b�O;R	[]¸F�Q\_W�[]U�VXY
q�VXO��FwZNFU�\&W�T�VX|F\ ◆ M�\_[]¸ h \_[�M�T�VX|F\
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pthread_mutexattr_t mattr;

ret = pthread_mutexattr_init (&mattr); /* initialize an attribute to
default value */

ret = pthread_mutexattr_destroy (&mattr); /* destroy an attribute */

♦ � (!&��^�%(!& � �q$'��( ��$'����� m�e (+& d (+h��q$'��(+$'­
f+© m &)(!¨
ÍU¬�®�±¹¾�µB©«®�µB½m¯kË3Ê«ª�®�Ä�»¼¯ ­]¸o¯ ¿g·o®�¾�¯ ²:¿B®�®�¸oª�¬�®�­�©«­�µB¾�®�±1±�©«­�¸o»g¯ ª�®�µB­.±1ÃB±1ª5®�ËúÇ£¸o°U®gÅQÂ�½
ª�¬�®eËÌÊ«ª�®�Äk¸o±�¾�­+®�¯ ª�®�°ò¸o²Ìª�¬�®eÁ«ÍUÆ Ö ù~À?ü�� ³�Æ£À Ö ù�� Á Ö ÷ á ùU³�³£±¹ª�¯ ª5®e¯ ²�°ò¸�ª~®�Ä�¸o±¹ª�±O¸o²
±¹¬(¯ ­�®�°´Ë3®�ËÌµB­]Ã�Èg¸oªm¾�¯ ²3¿g®�±¹¬�¯ ­+®�°´¯ Ë3µ�²�ºJª�¬�­+®�¯ °U±�½/­�µBËHË3µ�­+®�ª�¬�¯ ²3µB²�®�©«­+µB¾�®�±¹±ÏÅ
ÍU¬�¸�±�¸o±�®�ÜgÊ«¸o»¼¯ ·o®�²�ªmª5µAª�¬�®"�e³���� á � Á Ö ÷ á ùU³�³�øU¯ ºJ¸o²3ËÌÊUª5®�Ä�� ¸o²�¸oªmÛ�à¹Å
pthread_mutexattr_t mattr;

int pshared;

ret = pthread_mutexattr_getpshared (&mattr, &pshared); /* get
pshared of mutex */

ret = pthread_mutexattr_setpshared (&mattr, PTHREAD_SHARE_PROCESS);

ret = pthread_mutexattr_setpshared (&mattr, PTHREAD_SHARE_PRIVATE);

IKJML�J-®°¯�±�²�VK\^Y[\^±�²´³+T Q�\^T�]`µ^R�WZY[Y[Q�\^]`_�Y�RUb
♦

��$'��g j & j $E�·¶�f e^j f l �)(+i�&)& ekj)l�m &)(ni�o�p
#include <pthread.h>

int pthread_condattr_init (pthread_condattr_t *attr)

int pthread_condattr_destroy (pthread_condattr_t *attr)

int pthread_condattr_setpshared (pthread_condattr_t *attr, int
pshared)

int pthread_condattr_getpshared (pthread_condattr_t *attr, int
*pshared)

;��=<w$%�(9q@�> �ZR	O�z§[�x�\&|F[]x�U�\ i zyW i [][�U5R ��NF[]\&s�NFO;T�[�R	VXO�VXs�R	O;[]\_U�\_W�[]dZ�ZV r	r VXo­U5R	wZx�[�[]V�[]x;\ h V�{�VT�V r NF^�O�d h V�{�V�[]x�\~W�\_T�[�R	VXO�R	O;zyR	T i [�\_zFd
r
s�s�t�u vxwEs�yCz�wE{E|=s�u~}!{ ����}��!}!�
b�O;R	[]R i2r R	� i []R	VXO ◆ b�O;R	[]¸F�Q\_W�[]U�VXY
q�VXO��FwZNFU�\&W�T�VX|F\ ◆ M�\_[]¸ h \_[�M�T�VX|F\
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♦
pk� j &����%(!h�& e $'� pk� j & j f!� j)� (nf+�q$'��g j & j $'��¸Ef ekj f l �)(+f!&-& ekj)l�m &-(+$ l�ª (!�q&

©«ª�¬�­+®�¯ ° � ¾�µB²�°U¯ ª5ª�­=� ¸o²�¸oª�Û�àm¸o²(¸oª5¸o¯ ·�¸oÔ ®�±�ª�¬�®�¯ ª�ª5­�¸o¿BÊ«ª�®�±�¯ ±¹±¹µB¾�¸o¯ ª�®�°´Ç�¸oª5¬:ª5¬(¸o±�µB¿�Ó5®�¾�ªmª5µ
ª�¬�®�¸o­.°~®�½/¯ Ê«·oªm»g¯ ·�Ê«®�± Å�Í~¬�®�±¹ª�µB­]¯ ºg®�¸o±�¯ ·�·oµ�¾�¯ ª5®�°´¿gÃJª5¬�®�ª�¬�­+®�¯ °´±1ÃB±1ª5®�Ëú°UÊ«­]¸�²�º
®�ÄÏ®�¾�Ê«ª�¸oµ�² Å�©«ª5¬(­�®�¯ °�� ¾�µ�²(°U¯ ª5ª�­k� °U®�±1ª5­+µBÃBÛ/àm­+®�ËÌµB»g®�±�ª5¬�¯ ªm±1ª5µB­]¯ ºg®�¯ ²�°´ª�¬�®�¯ ª�ª�­]¸o¿BÊUª5®
µB¿�Ó�®�¾�ª�¿g®�¾�µBËÌ®�±�¸o²(»g¯ ·o¸o°�Å
ÍU¬�®�°U®�½�¯ Ê«·oªm»¼¯ ·oÊ«®�±�µB½I¯ ª5ª�­]¸o¿gÊ«ª�®�±�¯ ­+®gÕ
• ©«±¹¬(¯ ­�®�°�ÕQÁ«ÍUÆ Ö ùUÀeü�� ³�Æ£À Ö ù�� Á Ö Â-«UÀ.Í~ù´Ñm¸�²�¸oª5¸�¯ ·o¸oÔ ®�°´¾�µB²�°U¸oª�¸oµB²3»¼¯ ­]¸o¯ ¿B·�®�¾�¯ ²

¿B®�ÊU±¹®�°´Ç�¸oª5¬(¸o²3¯k©«­+µB¾�®�±¹±ÏÅ
pthread_condattr_t cattr;

ret = pthread_condattr_init (&cattr); /* initialize an attribute to
default value */

ret = pthread_condattr_destroy (&cattr); /* destroy an attribute */

♦ � (!&��^�%(!& � �q$'��( ��$'����� m�e (+& d (+h��q$'��(+$'­
f+�q$'��g j & j $'��¸'f e^j f l �)(
ÍU¬�®�¯ ª5ª�­]¸o¿gÊ«ª�®�©«±¹¬�¯ ­+®�°´°U®�ÎU²�®�±�ª�¬�®�±1ÃB²(¾�¬�­+µ�²(¸oÔ ¯ ª5¸oµB²3±1¾�µB©«®�µB½mª�¬�®�¾�µB²�°U¸oª�¸oµB²
»¼¯ ­]¸o¯ ¿B·o®�¸o²�¸oª�¸o¯ ·o¸oÔ ®�°´Ç£¸�ª5¬:ª5¬�¸o±�¯ ª�ª5­�¸o¿BÊ«ª�®�µB¿�Ó�®�¾�ª�ÅQÁ«ÍUÆ Ö ùUÀeü�� ³�Æ£À Ö ù�� Á Ö Â-«UÀ.Í~ù­+®�±¹Ê«·oª�±�¸o²3ª�¬�®�±¹¯ Ë3®�¿B®�¬�¯ »¼¸oµ�­�ª�¬�¯ ªmª5¬�®¹�?³���� á � ÍUÆ Ö ùUÀeü øU¯ ºJÇ£µBÊ«·o°
¬�¯ »g®�¸�²3¯
¾�µB²�°�� ¸o²(¸oª�Û/àm¾�¯ ·o·oÈgª�¬�¯ ªm¸o±�¯�·oµ�¾�¯ ·«¾�µB²�°U¸oª�¸oµB²3»¼¯ ­]¸o¯ ¿B·�®BÅ
Á«Í~Æ Ö ùUÀeü�� ³�Æ�À Ö ù�� Á Ö ÷ á ùU³¶³£¸o±�®�ÜgÊ«¸o»¼¯ ·o®�²�ªmª5µAºg·oµB¿B¯ ·«¾�µ�²�°U¸�ª5¸oµB²3»¼¯ ­]¸o¯ ¿g·o®gÅ
pthread_condattr_t cattr;

int pshared;

ret = pthread_condattr_getpshared (&cattr, &pshared); /* get pshared
of cond */

ret = pthread_condattr_setpshared (&cattr, PTHREAD_SHARE_PROCESS);
/* all processes */

ret = pthread_condattr_setpshared (&cattr, PTHREAD_SHARE_PRIVATE);
/* within a process */
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.�ãaâ º�ç�èBé¼ê¤ë¼»�ñ£þ�ö"æwï��¤þ�ì
ÍU¬�­+®�¯ °´½/Ê«²�¾�ª5¸oµB²�±�¯ ­�®�°U®�ÎU²�®�°´¸o²:ª5¬(®�Á«÷�³�Â-,FÅ : ¯kÛ 
!9!9 ��Å : ¯ àI±¹©«®�¾�¸�Î«¾�¯ ª�¸oµB²�± ÅQÍU¬�®�±¹®
½�ÊU²�¾�ª�¸oµ�²(±�¯ ­+®�±¹ª�¯ ²�°U¯ ­+°´¯ ²(°´±¹¸oË3¸o·o¯ ­�ª5µAª�¬�µ�±1®�©«­+µ�»¼¸o°U®�°´¸o²:ª5¬�®�³�µB·o¯ ­]¸o±�ª�¬�­+®�¯ °U±
¸oËÌ©«·�®�Ë3®�²�ª5¯ ª�¸oµB²¤Å á ¬�¯ ²�ºg¸o²�ºJ½�­+µBËH³¶µ�·o¯ ­�¸o±�ª5¬�­+®�¯ °U±�ª5µA©«ª�¬�­+®�¯ °U±�¸o±�¯ ±�ª5­�¸o»g¸o¯ ·U¯ ±
¾�¬(¯ ²�ºB¸o²(º X�Y Zk½ ©«­+®�Î«Ä£ª5µ W X/Y Z�[]\�^!½ ¸o²:ËÌµB±¹ªmµ�½Iª5¬(®�¾�¯ ±1®�±ÏÅ

IKJ-¡KJML£NPOKQSRUT�V¾¯�QSRUT�Y[\�± ²
♦ � $'�)f ekj hai�o�p

#include <thread.h>

int thr_create (void * stkaddr, size_t stksize, void *(*func) (void
*), (void *arg), long flags, thread_t *tid)

♦
��& d�e (!f!g�hai�o�p

#include <pthread.h>

int pthread_create (pthread_t *tid, pthread_attr_t *attr, void
*(*func) (void *), void *arg);

ÍU¬�®FÊ«±¹®Fµ�½«¯ ª�ª5­�¸o¿BÊ«ª�®�µB¿�Ó5®�¾�ª�±"ª�µk±¹©«®�¾�¸o½�Ã�ª�¬�®�±1ª5¯ ª�®�¸o²�Ç£¬�¸�¾�¬�¯7²�®�Ç ª5¬(­�®�¯ °J¸o±�¾�­+®�¯ ª�®�°
¸o±�ª�¬�®�©«­�¸oËÌ¯ ­�ÃA°U¸o½5½�®�­+®�²�¾�®�¿g®�ª5Ç�®�®�²:ª5¬�®�³¶µ�·o¯ ­�¸o±�¯ ²(°´ª5¬(®e©Uª5¬�­+®�¯ °U±�ª5¬(­�®�¯ °´¾�­�®�¯ ª�¸oµB²
¸o²�ª�®�­]½/¯ ¾�®gÅ�Â/²�ºg®�²�®�­]¯ ·¼¯ ²�¯ ª�ª�­]¸o¿BÊUª5®7¸o±�¸o²(¸oª5¸o¯ ·�¸oÔ ®�°Ì¯ ²�°3ª5¬�®�²A±¹®�ª«ª�µk­+®�ø«®�¾�ª«ª5¬�®7°U®�±¹¸o­+®�°
ª�¬�­�®�¯ °
±¹ª�¯ ª5®gÅ�ßS¬(®�²:ª5¬(®�ª5¬(­�®�¯ °´¸�±�¾�­�®�¯ ª�®�°UÈg¯k­+®�½�®�­+®�²�¾�®�¸o±�ËÌ¯ °U®�ª�µAª5¬(®�¯ ª5ª�­]¸�¿BÊ«ª�®
µB¿�Ó�®�¾�ª�Ç�¸oª5¬:ª5¬(®�°U®�±¹¸o­+®�°´±1ª5¯ ª�®�±¹©«®�¾�¸oÎ«¾�¯ ª5¸oµB²¤Å
Â/²3ª�¬�®�®�ÄÏ¯ Ë3©«·o®�±�¿g®�·oµ�ÇFÈg¯k²�®�ÇÞ¯ ª5ª�­]¸o¿gÊ«ª�®�µ�¿�Ó�®�¾�ªm¸o±�¸o²�¸oª�¸o¯ ·o¸oÔ ®�°´¯ ²(°´±¹®�ªm½�µB­�®�¯ ¾�¬
¾�¯ ±1®gÅ�Â/²3©«­�¯ ¾�ª�¸o¾�®�Èg¯kºg­+µ�ÊU©òµ�½I¯ ª�ª5­�¸o¿BÊ«ª�®�µB¿�Ó�®�¾�ª5±�ÑmµB²�®�½/µ�­�®�¯ ¾�¬:²�®�®�°U®�°´±¹ª�¯ ª5®
¿B®�¬�¯ »¼¸oµB­.ÑI±¹¬�µBÊ«·o°
¿B®�±¹®�ªmÊ«©´µ�²(®�ª5¸oË3®�¯ ²�°´ª�¬�®�²3­+®�½�®�­+®�²�¾�®�°
¯ ±�²�®�®�°U®�°�Å

;��=<w$%�(9q@�9 �ZR	O�z§[�x�\ i U�wZNF^`\_O�[�\_O�[]U7R	\_W�VXs�R	O�[�\_U�\_W�[�dZ�ZV r	r VXo­U7R	wZx�[ i T�U�VXW�W�[]V¡[]x�\ h V{�V�T�V r NF^`O;d h V�[]V�[�x�\&W�\_T�[]R	VXO}��\ r VXo R	O�zyR	T i []\_z���Y¡[]x�\ h V�{�V¡\_O�[]U7Y�d
s�¿Ut�À�|kt-yqÁqs~y �~Âks~ÃUÁqÄUÄUtÆÅ Âks~ÃUÂku Ç�y-Å �~Èkz-wU{U|k�'�~� Å ÈkÁqt-ÉkÅ z-Ê~ÁqÉkÅ Èks~u~Ä�� ����}��H}!�

NULL NULL NULL ◆default

THR_BOUND ◆bound

THR_DETACHED ◆detached

NULL size ◆stksize

stackbase NULL ◆stkbase

stackbase size ◆stksize&base
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♦
g�(!­kf m �)& � e (!f!& j ����f+& d�e (!f!g�Ë j & d f!�)�`g�(!­kf m �-&`¸'f!� m (!h

À�°U®�½�¯ ÊU·oª�ª�¬�­+®�¯ °´¸o±�¾�­+®�¯ ª5®�°
Ê«²�¿BµBÊ«²(°UÈg²�µB²3°U®�ª�¯ ¾�¬�®�°UÈgÇ�¸oª�¬3°U®�½�¯ ÊU·oª�±1ª5¯ ¾�ØJ¯ ²�°
±¹ª�¯ ¾�Ø�±1¸oÔ ®�È¶¯ ²�°:¸oªU¸o²�¬�®�­�¸oª�±.ª�¬�®7©U¯ ­�®�²�ª)�t±�©«­�¸oµB­]¸oª�Ã�Å á ­�®�¯ ª�¸o²�º�¯eª�¬�­+®�¯ °3ÊU±¹¸o²�º�¯"�%�eÝUÝ
¯ ª�ª5­�¸o¿BÊ«ª�®�¯ ­+ºBÊUËÌ®�²�ªm¬�¯ ±�ª5¬�®�±¹¯ ËÌ®�®�½5½�®�¾�ªm¯ ±�Ê«±¹¸�²�ºJ¯k°U®�½�¯ Ê«·oªm¯ ª�ª5­�¸o¿BÊUª5®gÅ0�UµBª�¬3Ç£¸�·o·
¾�­+®�¯ ª�®�¯k°U®�½�¯ Ê«·�ª�ª�¬�­+®�¯ °�Å�ßS¬�®�²Ì8tª�¯ ª�ª5­G�(¸o±�¸o²�¸oª�¸o¯ ·o¸oÔ ®�°UÈg¸oªm¯ ¾�ÜgÊ«¸o­+®�±�ª�¬�®�°U®�½�¯ ÊU·oª
¿B®�¬�¯ »¼¸oµB­�Å
pthread_attr_t tattr;

pthread_t tid;

int ret;

ret = pthread_create (&tid, NULL, func, arg); /* default behavior*/

OR

ret = pthread_attr_init (&tattr); /* initialized with default
attributes */

ret = pthread_create (&tid, &tattr, func, arg); /* default behavior*/

♦ l $ m ��g � e (!f!& j ����f l $ m ��g�& d�e (!f!g
pthread_attr_t tattr;

pthread_t tid;

int ret;

ret = pthread_attr_init (&tattr); /* initialized with default
attributes */

ret = pthread_attr_setscope (&tattr, PTHREAD_SCOPE_SYSTEM); /* BOUND
behavior */

ret = pthread_create (&tid, &tattr, func, arg);

♦
g�(!&)f!� d (!g � e (!f!& j ����f+g�(!&)f!� d (!g�& d�e (!f!g

pthread_attr_t tattr;

pthread_t tid;

int ret;

ret = pthread_attr_init (&tattr); /* initialized with default
attributes */

ret = pthread_attr_setdetachstate (&tattr,
PTHREAD_THREAD_DETACHED);

ret = pthread_create (&tid, &tattr, func, arg);

♦
hq&-��h j)� ( � e (!f!& j ����f+& d�e (!f!g�Ë j & d f+� m h�&)$'©Íhq&)f!����h j-� (

pthread_attr_t tattr;
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pthread_t tid;

int ret;

void *stackbase;

int size = PTHREAD_MIN_STACK + 0x1000;

ret = pthread_attr_init (&tattr); /* initialized with default
attributes */

ret = pthread_attr_setstacksize (&tattr, size); /* setting the size
of the stack also */

ret = pthread_create (&tid, &tattr, func, arg); /* only size
specified */

♦
hq&-� l f!hq( � e (!f!& j ����f+& d�e (!f!g�Ë j & d f+� m h�&)$'©Íhq&)f!����hq&-f e & j ����f!g�g e (!h�h

pthread_attr_t tattr;

pthread_t tid;

int ret;

void *stackbase;

stackbase = (void *) malloc (size);

ret = pthread_attr_init (&tattr); /* initialized with default
attributes */

ret = pthread_attr_setstackaddr (&tattr, stackbase); /* setting the
base address in the attribute */

ret = pthread_create (&tid, &tattr, func, arg); /* only address
specified */

♦
hq&-��h j)� (!Î l f!hq( � e (!f!& j ����f+& d�e (!f!g�Ë j & d f+� m h�&)$'©Íhq&)f!����f!g�g e (!h�h�Î5hq&)f!����h j-� (

pthread_attr_t tattr;

pthread_t tid;

int ret;

void *stackbase;

int size = PTHREAD_MIN_STACK + 0x1000;

stackbase = (void *) malloc (size);

ret = pthread_attr_init (&tattr); /* initialized with default
attributes */

ret = pthread_attr_setstacksize (&tattr, size); /* setting the size
of the stack also */

ret = pthread_attr_setstackaddr (&tattr, stackbase); /* setting the
base address in the attribute */
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ret = pthread_create (&tid, &tattr, func, arg); /*address and size
specified */

IKJ-¡KJ-¡£¢¤T�²�T�Ï�\^²KÏÐNÑOKQ!RUT�VKbÓÒÑQ�\^± Q�\^Y[\�RUb
♦ � $'�)f ekj hai�o�p

#include <thread.h>

int thr_getprio (thread_t tid, int *prio)

int thr_setprio (thread_t tid, int prio)

♦
��& d�e (!f!g�hai�o�p

#include <pthread.h>

#include <sched.h>

int pthread_getschedparam (thread_t tid, int *policy, sched_param
*param)

int pthread_setschedparam (thread_t tid, int policy, sched_param
*param)

♦
� e (!f!& j ����f+& d�e (!f!g�Ë j & d f+hq��(!� j ��(!g�� ekj $ ekj &-�Â/²�³�µB·o¯ ­�¸o±"Ñ

Â/²3³¶µ�·o¯ ­�¸o±�ª�¬�­+®�¯ °U±¹È¼¸o½m¯kª�¬�­+®�¯ °´¸o±�ª5µA¿B®�¾�­+®�¯ ª5®�°´Ç�¸oª5¬:¯k©«­�¸oµ�­�¸oª�ÃAµBª�¬�®�­.ª�¬�¯ ²:¸oª5±
©«¯ ­+®�²�ª5±1ÈÏ¸oª(¸o±�¾�­�®�¯ ª�®�°J¸o²�³��e³¶Á«ù��£ü ËÌµB°U®gÅ1ßS¬(¸o·o®�±1Ê«±¹©«®�²�°~®�°~ÈÏª�¬�®�ª�¬�­+®�¯ °U±"©U­]¸oµB­]¸oª�Ã
¸o±�ËÌµB°U¸oÎ«®�°´ÊU±¹¸o²�ºJª�¬�®�ª�¬�­k� ±1®�ª5©«­�¸oµBÛ�àm½/Ê«²�¾�ª5¸oµB²3¾�¯ ·o·oÐgª�¬�®�²3¸oªm¸o±�¾�µB²�ª�¸o²�Ê«®�°�Å
thread_t tid;

int ret;

int newprio = 20;

ret = thr_create (NULL, NULL, func, arg, THR_SUSPEND, &tid); /*
suspended thread creation */

ret = thr_setprio (tid, newprio); /* set the new priority of
suspended child thread */

ret = thr_continue (tid); /* suspended child thread starts executing
with new priority */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
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Â/²3©«ª�¬�­+®�¯ °U±¹Ègª�¬�®�Ê«±1®�­.¾�¯ ²3±1®�ª�ª�¬�®�©«­�¸oµB­]¸oª�ÃJ¯ ª5ª�­]¸o¿gÊ«ª�®�¿B®�½�µB­+®�¾�­+®�¯ ª5¸o²�ºJª�¬�®�ª�¬�­+®�¯ °�Å
ÍU¬�®e¾�¬�¸o·o°òª5¬(­�®�¯ °ò¸o±�¾�­+®�¯ ª5®�°:Ç�¸oª�¬Jª�¬�®?²�®�Ç ©«­]¸�µ�­�¸oª5Ã�±1©«®�¾�¸oÎU®�°:¸o²Ìª5¬�®e±¹¾�¬(®�° � ©«¯ ­]¯ Ë
±¹ª�­]Ê«¾�ª�Ê«­+®gÅ�ÍU¬(®F±¹¾�¬(®�°�� ©«¯ ­]¯ Ëô±¹ª�­+ÊU¾�ª�Ê«­+®F¾�µB²�ª�¯ ¸o²�±�µBª�¬�®�­¤±1¾�¬�®�°UÊU·o¸o²�º£¸o²�½/µ�­�ËÌ¯ ª�¸oµ�²¤Å�Â�ª
¸o±�¯ ·oÇ£¯ Ãg±�¯�ºBµBµ�°
¸o°U®�¯kª�µ�ºg®�ªmª5¬�®�®�Ä�¸o±1ª5¸o²�ºJ©«¯ ­�¯ ËÌ®�ª�®�­]±¹È¼¾�¬�¯ ²�ºg®�ª�¬�®�©«­�¸oµ�­�¸oª�ÃA¯ ²(°
¯ ºg¯ ¸o²3±¹®�ªm¸oªwÅ
#include <sched.h>

pthread_attr_t tattr;

pthread_t tid;

int ret;

int newprio = 20;

sched_param param;

ret = pthread_attr_init (&tattr); /* initialized with default
attributes */

ret = pthread_attr_getschedparam (&tattr, & param); /* safe to get
existing scheduling param */

param.sched_priority = newprio; /* set the priority, others are
unchanged */

ret = pthread_attr_setschedparam (&tattr, & param); /* setting the
new scheduling param */

ret = pthread_create (&tid, &tattr, func, arg); /* with new priority
specified */

Àe²�µBª5¬�®�­.Ç�¯ ÃAµB½�¾�­+®�¯ ª5¸o²�ºJ¯�ª�¬�­+®�¯ °òÇ�¸oª5¬3¯k©«­]¸�µ�­�¸oª5ÃJ°U¸o½�½/®�­�®�²�ªm½�­+µ�ËH¸oª�±�©«¯ ­+®�²�ª�¸o±�ª�µ
¾�¬(¯ ²�ºB®�ª�¬�®�©«¯ ­+®�²�ªmª�¬�­+®�¯ ° �t±�©«­�¸oµ�­�¸oª5ÃJ¿g®�½/µ�­+®�ª�¬�­+®�¯ °´¾�­+®�¯ ª5®�Û�±¹µAª�¬�¯ ªm¸oªm¸o²�¬�®�­]¸�ª5±�ª5¬(®
²�®�ÇÞ©«­]¸oµB­]¸�ª5Ãgàm¯ ²�°
ª5¬(®�²:­+®�±1ª5µB­+®�ª5¬(®�©«¯ ­+®�²(ª5±Ô�t±�©«­�¸oµ�­�¸oª�ÃA¯ ½/ª5®�­�Ç£¯ ­+°U± Å0Õ?®�ª5ª�¸o²�ºJ¯ ²�°
±¹®�ª�ª5¸�²�ºJª5¬�®�©U­]¸oµB­]¸oª�ÃJµ�½I¯ ²3®�Ä�¸o±¹ª�¸o²�ºJª�¬�­+®�¯ °
¸o±�°U®�±1¾�­�¸o¿B®�°´¿g®�·�µ�Ç�Å

♦ ¦ $'g j ­k� j ����& d (+� ekj $ ekj &-� $'­
f!��(!¨ j hq& j ����& d�e (!f!g
Í�Ç�µ�©Uª5¬�­+®�¯ °U±�½�Ê«²�¾�ª5¸�µ�²�±�¯ ­+®�©«­+µ�»¼¸o°U®�°´ª�µ�°~®�¯ ·UÇ£¸oª�¬3©«ª�¬�­+®�¯ °U±�©U­]¸oµB­]¸oª�Ã¶Å
©«ª�¬�­+®�¯ ° � ºB®�ª�±¹¾�¬(®�°U©«¯ ­]¯ Ë3Û�à«ºg®�ª�±�ª�¬�®F©«µB·o¸o¾�Ã�µB½Uª5¬�®7ª5¯ ­+ºg®�ª«ª�¬�­+®�¯ °Ì¯ ²�°3¸oª5±.¯ ±1±¹µB¾�¸o¯ ª�®�°
±¹¾�¬�®�°UÊ«·o¸o²(ºA©U¯ ­]¯ ËÌ®�ª�®�­]±ÏÅ�©«ª�¬�­�®�¯ °�� ±1®�ª5±1¾�¬�®�°U©«¯ ­�¯ ËÌÛ/àm±¹®�ª�±�ª5¬�®�©Uµ�·o¸o¾�ÃJµ�½Iª5¬�®�ª5¯ ­+ºB®�ª
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ª�¬�­�®�¯ °A¯ ²(°A¸oª5±"¯ ±¹±¹µB¾�¸o¯ ª�®�°A±¹¾�¬�®�°UÊ«·o¸o²(º�©«¯ ­�¯ ËÌ®�ª�®�­�± Å¹Â/²£ª�¬�®�¾�Ê«­�­+®�²(ª¼¸oËÌ©U·o®�ËÌ®�²�ª�¯ ª5¸oµB²
µB²�·oÃJª5¬�®�³ á Æ£ùUü�� ÷eÍ~Æ£ù Ö ±¹¾�¬�®�°UÊ«·o¸o²(ºA©«µB·o¸o¾�ÃA¸�±�±1Ê«©«©«µB­]ª�®�°UÐgª�¬�®�µ�²(·oÃJ±¹¾�¬(®�°~Ê«·o¸o²�º
©«¯ ­�¯ ËÌ®�ª5®�­�¸o±�©«­]¸oµB­]¸�ª5Ã¶Å

♦
�%(!&-& j ����� ekj $ ekj &)�Â/²�³�µB·o¯ ­�¸o±"Ñ

thread_t tid;

int ret;

int priority;

ret = thr_getprio (tid, &priority); /* returns priority of target
thread tid */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_t tid;

int ret;

sched_param param;

int priority;

int policy;

ret = pthread_getschedparam (tid, &policy, &param); /* scheduling
parameters of target thread */

priority = schedparam.sched_priority; /* sched_priority contains the
priority of the thread */

♦ � (!&)& j ����� ekj $ ekj &)�Â/²�³�µB·o¯ ­�¸o±"Ñ
thread_t tid;

int ret;

int priority;

ret = thr_setprio (tid, priority); /* returns priority of target
thread tid */

;��=<w$%�(9q@�Ö �ZR	O�z§[�x�\&|F[]x�U�\ i zyW i [][�U5R ��NF[]\&s�NFO;T�[�R	VXO�VXs�R	O;[]\_U�\_W�[]dZ�ZV r	r VXo­U5R	wZx�[�[]V�[]x;\ h V�{�VT�V r NF^�O�d h V�{�V�[]x�\~W�\_T�[�R	VXO�R	O;zyR	T i [�\_zFd
r
s�s�t�u vxwEs�yCz�wE{E|=s�u~}!{ ����}��!}!�
�ZR	O�zyR	O;w¡[]x�\&T�NFU7U�\_O�[�|FU7R	VXU5R	[]Y ◆

h \_[�[]R	O�w¡|FU7R	VXU5R	[�Y
q�x i O�wZR	O�w`[]x�\&|FU7R	VXU5R	[]Y`VXs i O¨\_ª�R	W�[�R	O�w¡[]x�U�\ i z ◆ M�\_[][]RIO�w¡|FU5R	VXU7R	[]Y
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Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_t tid;

int ret;

sched_param param;

int priority;

schedparam.sched_priority = priority; /* sched_priority will be the
priority of the thread */

policy = SCHED_OTHER; /* only supported policy, others will result
in ENOTSUP */

ret = pthread_setschedparam (tid, policy, param); /* scheduling
parameters of target thread */

IKJ-¡KJ-®°NPOKQSRUT�VX×U±�\^²
♦ � $'�)f ekj hai�o�p

#include <thread.h>

int thr_join (thread_t tid, thread_t *departedid, int *status)

♦
��& d�e (!f!g�hai�o�p

#include <pthread.h>

int pthread_join (thread_t tid, int *status)

♦ Ø $ j ��hq� (!� j ���Â/²�³�µB·o¯ ­�¸o±"Ñ
thread_t tid;

thread_t departedid;

int ret;

int status;

;��=<w$%�(9q@�Ù �ZR	O�z§[�x�\&|F[]x�U�\ i zyW i [][�U5R ��NF[]\&s�NFO;T�[�R	VXO�VXs�R	O;[]\_U�\_W�[]dZ�ZV r	r VXo­U5R	wZx�[�[]V�[]x;\ h V�{�VT�V r NF^�O�d h V�{�V�[]x�\~W�\_T�[�R	VXO�R	O;zyR	T i [�\_zFd
r
s�s�t�u vxwEs�yCz�wE{E|=s�u~}!{ �~��}��!}!�
Ú VXR	O�R	O;w i W�|F\_T�R��FT�[]x;U�\ i z ◆

Ú VXR	O¨W�|F\_T�R��FTÚ VXR	O�R	O;w i O�Y¡[]x�U�\ i z ◆
Ú VXR	O i O�Y
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ret = thr_join (tid, &departedid, &status); /* waiting to join thread
“tid” with status */

ret = thr_join (tid, &departedid, NULL); /* waiting to join thread
“tid” without status */

ret = thr_join (tid, NULL, NULL); /* waiting to join thread “tid”
without return id and status */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
Â/²A©«ª5¬(­�®�¯ °U±1È¶ª5¬(®�­+®7¸o±.²(µ�¾�µB²�¾�®�©«ª«µB½U­+®�ª5ÊU­]²�¸o²(º£ª�¬�®7ª5¬(­�®�¯ °3¸o°3µB½Uª�®�­]ËÌ¸�²�¯ ª5®�°3ª�¬�­+®�¯ °�Å
pthread_t tid;

int ret;

int status;

ret = pthread_join (tid, &status); /* waiting to join thread “tid”
with status */

ret = pthread_join (tid, NULL); /* waiting to join thread “tid”
without status */

♦ Ø $ j ��f!���Â/²�³�µB·o¯ ­�¸o±"Ñ
thread_t tid;

thread_t departedid;

int ret;

int status;

ret = thr_join (NULL, &departedid, &status); /* waiting to join
thread “tid” with status */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
�UÃA¸o²�°U¸o¾�¯ ª5¸o²(ºÑ�%�eÝUÝò¯ ±�ª�¬�­+®�¯ °´¸o°ò¸o²Ìª�¬�®e³¶µ�·o¯ ­�¸o±Oª�¬�­=�¹Ó�µB¸o²�Û�à/ÈB¯OÓ�µB¸o²ÌÇ�¸o·o·(ª�¯ ØB®e©«·o¯ ¾�®
Ç£¬(®�²J¯ ²�Ã£²�µB²A°U®�ª�¯ ¾�¬�®�°3ª�¬�­+®�¯ °3¸o²Aª�¬�®7©«­+µ�¾�®�±1±.®�Ä�¸oª5±ÏÅ�ÍU¬�® ^ []W \�Z]X�[]^ `a^ Ç£¸o·�·¼¸o²�°U¸o¾�¯ ª�®
ª�¬�®�ª5¬(­�®�¯ °
¸o°´µB½m®�Ä�¸oª5¸o²(ºAª�¬�­+®�¯ °�Å
Â/²3©«ª�¬�­+®�¯ °U±¹Ègª�¬�®�­+®�¸o±�²(µ�©U­�µB»g¸o±1¸oµB²3½�µB­�ª5¬�¸o±�½�ÊU²�¾�ª�¸oµB²�¯ ·o¸oª�Ã�Å0�e±¹¸�²�º��%�?Ý~Ý´¯ ±�¯
ª�¬�­�®�¯ °
¸o°´¸o²:©«ª5¬�­+®�¯ °��¹Ó5µ�¸o²�Û/àmÇ�¸o·o·«­+®�±¹Ê«·�ª�¸o²:¸o²�»¼¯ ·o¸o°´¯ ­+ºBÊUËÌ®�²�ªmÛ�ùUÂ-�%«UÀeÝUàI®�­]­+µ�­�Å
ÍU¬�®�­+®�¸o±�²�µ ^ []W \�Z]X�[]^ `a^ ¯ ­+ºgÊ«ËÌ®�²�ªmÇ£¬(¸o¾�¬:¾�¯ ²3¿g®�Ê«±¹®�°
ª5µA­+®�ª5ÊU­]²3¯ ²:®�ÄÏ¸oª�®�°´ª�¬�­+®�¯ °
¸o°�Å

IKJ-¡KJ-I°NPOKQSRUT�V¾ÛKÜ�R�Ý'\ ÞßÝáàZT�Y[T
♦ � $'�)f ekj hai�o�p
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#include <thread.h>

int thr_keycreate (thread_key_t *keyp, void (*destructor) (void *))

int thr_setspecific (thread_key_t key, void *value)

int thr_getspecific (thread_key_t key, void **value)

♦
��& d�e (!f!g�hai�o�p

#include <pthread.h>

int pthread_key_create (pthread_key_t *keyp, void (*destructor)
(void *))

int pthread_setspecific (pthread_key_t key, void *value)

void * pthread_getspecific (pthread_key_t key)

int pthread_key_delete (pthread_key_t key)

♦ â (!��� e (!f!&)(Â/²�³�µB·o¯ ­�¸o±"Ñ
thread_key_t mykey;

int ret;

ret = thr_keycreate (&mykey, NULL); /* key create without destructor
*/

ret = thr_keycreate (&mykey, dest_func); /* key create with
destructor */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_key_t mykey;

int ret;

ret = pthread_key_create (&mykey, NULL); /* key create without
destructor */

;��=<w$%�(9q@�ã �ZR	O�z§[�x�\&|F[]x�U�\ i zyW i [][�U5R ��NF[]\&s�NFO;T�[�R	VXO�VXs�R	O;[]\_U�\_W�[]dZ�ZV r	r VXo­U5R	wZx�[�[]V�[]x;\ h V�{�VT�V r NF^�O�d h V�{�V�[]x�\~W�\_T�[�R	VXO�R	O;zyR	T i [�\_zFd
r
s�s�t�u vxwEs�yCz�wE{E|=s�u~}!{ �~��}��!}!�
q�U�\ i [�R	O�w i []x;U�\ i z§W�|F\_T�R��yT�z i [ i �Z\_Y ◆

¢ \_Y¡T�U�\ i []\
�ZR	O�zyR	O;w¡[]x�\&[]x;U�\ i z§W�|F\_T�R��yT�z i [ i ◆ {yM$��wZ\_[
M�\_[][�R	O�w¡[]x;\&[]x�U�\ i z§W�|F\_T�R��FT�z i [ i ◆ {yM$��W�\_[
�Q\ r \_[]R	O�w¡[�x�\&[]x�U�\ i z§W�|F\_T�R��FT�z i [ i �Z\_Y ◆

¢ \_Y¡zy\ r \_[]\
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ret = pthread_key_create (&mykey, dest_func); /* key create with
destructor */

♦ c�� �ä�'(!&
Â/²�³�µB·o¯ ­�¸o±"Ñ

thread_key_t mykey;

void *val;

int ret;

ret = thr_getspecific (mykey, &val); /* mykey is previously created
key */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_key_t mykey;

void *val;

val = pthread_getspecific (mykey); /* mykey is previously created
key */

♦ c�� �äh�(!&
Â/²�³�µB·o¯ ­�¸o±"Ñ

thread_key_t mykey;

void *val;

int ret;

ret = thr_setspecific (mykey, val);  /* mykey is previously created
key */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_key_t mykey;

void *val;

int ret;

ret = pthread_setspecific (mykey, val); /* mykey is previously
created key */

♦ â (!��g�(!�)(!&)(
©«ª�¬�­+®�¯ °~±.©«­+µB»g¸o°U®�±�¯�ËÌ®�¯ ²�±�ª5µ£°U®�±1ª5­+µBÃ�¯ ²A®�Ä�¸o±¹ª�¸o²�º�ª�¬�­+®�¯ °:±¹©«®�¾�¸oÎ«¾�°U¯ ª�¯eØg®�Ã�Å�ÍU¬�¸o±
¾�¯ ²A¿B®FÊ«±¹®�°Ìª�µ�¾�¯ Ê«±1®F¯ ²�®�­]­+µB­¤­+®�ª5ÊU­]²�Ç�¬�®�²�ª�­]Ãg¸o²�º£ª5µ�¯ ¾�¾�®�±¹±�±1µ�Ë3®Fª5¬�­+®�¯ °Ì±1©«®�¾�¸oÎU¾
°U¯ ª�¯k±¹®�ªmÇ£¬(¸o¾�¬3¸�±�²�µA·oµB²�ºg®�­.»¼¯ ·o¸o°�Å�Í~¬�®�­�®�¸�±�²�µA¾�µ�ËÌ©U¯ ­]¯ ¿B·o®�½�Ê«²�¾�ª5¸oµB²3¸�²3³�µB·o¯ ­�¸o± Å
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÷�²�¾�®�¯kØg®�ÃJ¬�¯ ±�¿B®�®�²3°U®�·o®�ª�®�°´¯ ²�ÃJ­+®�½/®�­�®�²�¾�®�ª�µ�¸oªm»¼¸o¯k©«ª�¬�­+®�¯ °�� ±¹®�ª�±¹©«®�¾�¸oÎU¾�Û/àmµB­
©«ª�¬�­+®�¯ ° � ºB®�ª�±¹©«®�¾�¸�Î«¾�Û/à~¾�¯ ·o·o±O­�®�±1Ê«·oªU¸�²JùUÂ)�%«~À?Ý:®�­�­�µB­�Å�Â/ªU¸o±�ª�¬�®?­+®�±1©«µ�²(±¹¸o¿B¸�·o¸oª5Ã�µ�½~ª�¬�®
©«­+µ�ºg­]¯ Ë3ËÌ®�­�ª5µA½�­+®�®�¯ ²�ÃJª�¬�­+®�¯ °
±¹©«®�¾�¸oÎ«¾7­+®�±1µ�ÊU­�¾�®�±�©«­�¸oµB­.ª�µA¾�¯ ·o·o¸o²(ºA°U®�·o®�ª�®
½�ÊU²�¾�ª�¸oµ�² Å�ÍU¬�¸o±�½�ÊU²�¾�ª�¸oµB²3°UµB®�±�²�µBªm¸o²�»¼µ�Øg®�¯ ²�ÃJµ�½Iª�¬�®�°U®�±¹ª�­]Ê«¾�ª�µ�­�± Å
pthread_key_t mykey;

int ret;

ret = pthread_key_delete (mykey); /* mykey is previously created key
*/

IKJ-¡KJ-å æ§Y�OKRUQÓY[OKQSR�T V�ç�_�²�Ý'Y[\^±�²�b
♦ � $'�)f ekj hai�o�p

#include <thread.h>

#include <signal.h>

void thr_exit (int *status)

thread_t thr_self ()

int thr_sigsetmask (int how, const sigset_t *new, sigset_t *old)

int thr_yield ()

int thr_kill (thread_t, int sig)

♦
��& d�e (!f!g�hai�o�p

#include <pthread.h>

#include <signal.h>

void pthread_exit (int *status)

thread_t thread_self ()

int pthread_sigmask (int how, const sigset_t *newp, sigset_t *oldp)

int pthread_yield ()

int pthread_kill (pthread_t, int sig)

♦ c�d�e (!f!g�(!¨ j &Â/²�³�µB·o¯ ­�¸o±"Ñ
int status;

thr_exit (&status); /* exit with status */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
int status;

pthread_exit (&status); /* exit with status */
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♦ c�d�e (!f!g j g�(!��& j ����f!& j $'�Â/²�³�µB·o¯ ­�¸o±"Ñ
thread_t tid;

tid = thr_self();Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_t tid;

tid = pthread_self();

♦ � (!&)& j ����f+& d�e (!f!g·h j �'��f!��©èf!h��Â/²�³�µB·o¯ ­�¸o±"Ñ
int ret;

sigset_t old, new;

ret = thr_sigsetmask (SIG_SETMASK, &new, &old); /* setting a new mask
*/

ret = thr_sigsetmask (SIG_BLOCK, &new, &old); /* blocking mask */

re = thr_sigsetmask (SIG_UNBLCOK, &new, &old); /* unblocking mask */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
int ret;

sigset_t old, new;

ret = pthread_sigmask (SIG_SETMASK, &new, &old); /* setting a new
mask */

ret = pthread_sigmask (SIG_BLOCK, &new, &old); /* blocking mask */

ret = pthread_sigmask (SIG_UNBLCOK, &new, &old); /* unblocking mask
*/

♦ é�j (!�-g j ����f+& d�e (!f!g ekm ��h�&)f!& m hÂ/²�³�µB·o¯ ­�¸o±"Ñ
thr_yield();Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_yield();

♦ â�j �)� j ����f+& d�e (!f!gÂ/²�³�µB·o¯ ­�¸o±"Ñ
int sig;

thread_t tid;

thr_kill (tid, sig); /* kill target thread with sig signal */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
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int sig;

pthread_t tid;

pthread_kill (tid, sig); /* kill target thread with sig signal */
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.�ã�� ê ñòæwé7ë¼»�ñ£þ�ö"æwï��¤þ�ì
©«ª�¬�­+®�¯ °~±�°U®�ÎU²�®�±�ª�¬�®�ÊU±¹®�µB½mËÌÊUª5®�Ä£±¹Ãg²�¾�¬�­+µ�²�¸oÔ ¯ ª�¸oµB²3»¼¯ ­]¸o¯ ¿g·o®�± Å á ¬�¯ ²�ºg¸o²�ºJ½�­+µBË
³¶µ�·o¯ ­�¸o±�ª�µA©«ª5¬(­�®�¯ °U±�¸o±�¯ ±�ª�­]¸o»¼¸o¯ ·«¯ ±�¯ °U°U¸o²�ºJª�¬�®�©«­+®�Î«Ä W X�Y Z+[+\�^!½ Å�Àe·o·«ª�¬�®�ËÌÊUª5®�Ä
½�ÊU²�¾�ª�¸oµ�²(±�¬�¯ »¼®�±¹¸�ËÌ¸o·o¯ ­�¯ ­�ºgÊ«Ë3®�²�ª5±�®�ÄÏ¾�®�©«ªm½�µB­.Ë3Ê«ª5®�Ä£¸o²�¸�ª5¸o¯ ·o¸oÔ ¯ ª�¸oµB²¤Å

♦ � $'�)f ekj hai�o�p
#include <synch.h>

int mutex_init (mutex_t *mp, int type, void *arg)

int mutex_destroy (mutex_t *mp)

int mutex_lock (mutex_t *mp)

int mutex_unlock (mutex_t *mp)

int mutex_trylock (mutex_t *mp)

♦
��& d�e (!f!g�hai�o�p

#include <pthread.h>

int pthread_mutex_init (pthread_mutex_t *mp, pthread_mutexattr_t
*attr)

int pthread_mutex_destroy (pthread_mutex_t *mp)

int pthread_mutex_lock (pthread_mutex_t *mp)

int pthread_mutex_unlock (pthread_mutex_t *mp)

int pthread_mutex_trylock (pthread_mutex_t *mp)

♦
pk� j & j f!� j)� f!& j $'��$'­
f+© m &)(!¨+Ë j & d�ì)íEîkïkð7ñ � e $'�q(!h�h�h��q$'��(Â/²�³�µB·o¯ ­�¸o±"Ñ

mutex_t mp;

int ret;

ret = mutex_init (&mp, USYNC_THREAD, 0); /* to be used within this
process only */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
Â/½�¯�ËÌÊUª5®�Äk»¼¯ ­]¸�¯ ¿B·o®?¸�±Oª5µ�¿g®?±1¬�¯ ­+®�°:Ç�¸oª5¬(¸o²Ì¯�©«­+µB¾�®�±¹±1È�¸oª�¾�¯ ²Ì¿B®e¸o²�¸oª�¸o¯ ·o¸oÔ ®�°ò¸o²Jª�Ç£µ
°U¸o½5½�®�­+®�²(ª�Ç�¯ ÃB±ÏÅ�÷�²�®�Ç£¯ ÃJ¸o±�ª5µA¾�¯ ·o·«ª�¬�®�¸o²�¸oªm½�ÊU²�¾�ª�¸oµB²3Ç£¸�ª5¬:¯ ª5ª�­.¯ ±ò�%�eÝUÝ�Å�Í~¬�®
±¹®�¾�µ�²�°
¸o±�ª�µAÊ«±1®�¯ ²3¯ ª�ª5­�¸o¿BÊ«ª�®�µB¿�Ó�®�¾�ª y?\�X�X�Z Ç�¬�¸o¾�¬3¬�¯ ±�¿B®�®�²3¸o²(¸oª5¸o¯ ·o¸�Ô ®�°
Ç£¸oª�¬3ª�¬�®
°U®�½�¯ ÊU·oª�»¼¯ ·oÊ«®�µB½Iª5¬�®�©U±¹¬�¯ ­+®�°´¯ ª�ª5­�¸o¿BÊ«ª�®�Û�ÁUÍUÆ Ö ùUÀeü�� Á Ö ÷ á ùU³¶³�� Á Ö Â-«UÀ�ÍUùUàwÅ
Â/ª�¸�±�¯ ·o±1µ�©Uµ�±1±¹¸o¿B·o®�ª5µA®�ÄÏ©U·o¸o¾�¸oª�·oÃJ±¹®�ªmª5¬(®�©«±¹¬�¯ ­+®�°´¯ ª�ª�­]¸o¿BÊUª5®�ª�µ
Á«Í~Æ Ö ùUÀeü�� Á Ö ÷ á ùU³�³�� Á Ö Â-«UÀ.ÍUù
¸o²3¯k©U­�®�»¼¸oµ�ÊU±¹·oÃJ¸o²�¸oª�¸o¯ ·o¸oÔ ®�°´Ë3¯ ª5ª�­�Å
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ÍU¬�®�±1®�±¹ª�¯ ª5®�±�¯ ­+®�®�ÜgÊ«¸o»¼¯ ·o®�²�ªmª5µAª�¬�®"�e³���� á � ÍUÆ Ö ùUÀeü�±¹ª�¯ ª5®�¸o²:³�µB·o¯ ­�¸o±�ª�¬�­+®�¯ °U± Å
pthread_mutex_t mp;

int ret;

pthread_mutexattr_t mattr;

ret = pthread_ mutex_init (&mp, NULL); /* Using a NULL argument to
specify the default creation state */

OR

ret = pthread_mutexattr_init (&mattr);

ret = pthread_ mutex_init (&mp, &mattr); /* Using an attribute object
initialized and left in the default state */

OR

ret = pthread_mutexattr_setpshared (&mattr,
PTHREAD_PROCESS_PRIVATE);

ret = pthread_mutex_init (&mp, &mattr); /* Explicitly setting the
attribute object to indicate PTHREAD_PROCESS_PRIVATE */

♦
pk� j & j f!� j)� f!& j $'��$'­
f ¦§m &)(!¨+Ë j & d�ì)í'î^ó�ï^ñ � e $'�q(!h�h�h��q$'��(Â/²�³�µB·o¯ ­�¸o±"Ñ

mutex_t mp;

int ret;

ret = mutex_init (&mp, USYNC_PROCESS, 0); /* to be used among all
processes */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
Â/½m¯kË3Ê«ª�®�Ä£»¼¯ ­]¸o¯ ¿g·o®�¸o±�ª5µA¿B®�±1¬�¯ ­+®�°´¯ ËÌµB²�ºJ©«­+µ�¾�®�±1±¹®�±�¸oªm¸o±�¸o²(¸oª5¸o¯ ·�¸oÔ ®�°´Ê«±1¸o²�ºJª5¬�®
¯ ª�ª5­�¸o¿BÊ«ª�®�µB¿�Ó�®�¾�ª ye\�X�X�Z Ç�¬�¸o¾�¬:¬�¯ ±�¿B®�®�²3±1®�ªmÇ�¸oª5¬:ª5¬(®�»g¯ ·oÊU®
Á«Í~Æ Ö ùUÀeü�� Á Ö ÷ á ùU³�³�� Á Ö ÷ á ù~³�³UÅ�ÍU¬�¸o±�¸o±�®�ÜgÊ«¸o»g¯ ·�®�²(ª�ª�µAª5¬(®"�e³���� á � Á Ö ÷ á ù~³�³±¹ª�¯ ª�®�¸o²3³¶µ�·o¯ ­�¸o±�ª5¬�­+®�¯ °U± Å
mutex_t mp;

int ret;

pthread_mutexattr_t mattr;

ret = pthread_mutexattr_init (&mattr);

ret = pthread_mutexattr_setpshared (&mattr,
PTHREAD_PROCESS_SHARED);

ret = pthread_mutex_init (&mp, &mattr); /* to be used among all
processes */

♦
�%(!h�& e $E� j ����f ¦§m &)(!¨
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Â/²�³�µB·o¯ ­�¸o±"Ñ
mutex_t mp;

int ret;

ret = mutex_destroy(&mp); /* Mutex is destroyed */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
mutex_t mp;

int ret;

ret = pthread_ mutex_destroy(&mp); /* Mutex is destroyed */

♦ ¦§m &)(!¨n�)$E���Â/²�³�µB·o¯ ­�¸o±"Ñ
mutex_t mp;

int ret;

ret = mutex_lock (&mp); /* acquire the Mutex */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_mutex_t mp;

int ret;

ret = pthread_ mutex_lock (&mp); /* acquire the Mutex */

♦ ¦§m &)(!¨ m ���)$'�q�Â/²�³�µB·o¯ ­�¸o±"Ñ
mutex_t mp;

int ret;

ret = mutex_unlock (&mp); /* release the Mutex */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_mutex_t mp;

int ret;

ret = pthread_ mutex_unlock (&mp); /* release the Mutex */

♦ ¦§m &)(!¨n& e �E�-$E���Â/²�³�µB·o¯ ­�¸o±"Ñ
mutex_t mp;

int ret;

ret = mutex_trylock (&mp); /* try to grab Mutex */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_mutex_t mp;
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int ret;

ret = pthread_ mutex_trylock (&mp); /* try to grab Mutex */
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.�ã�. ý/�Iþ£ë�ï�æwï��¤þõôÌê¤è¼ïwê�ð«ÿwé
ó å�é¼è�ê�æwï��Iþ£ì
©«ª�¬�­+®�¯ °~±O¾�µB²�°U¸oª�¸oµB²Ì»g¯ ­�¸o¯ ¿B·o®�±O¯ ­+®e±¹ª�¯ ²�°U¯ ­+°ò¯ ²�°ò±¹¸�ËÌ¸o·o¯ ­�ª�µ�ª5¬�µB±¹®e©«­+µB»g¸o°U®�°ò¸o²Ìª�¬�®
³¶µ�·o¯ ­�¸o±�ª�¬�­+®�¯ °´¸oËÌ©U·o®�ËÌ®�²�ª�¯ ª5¸oµB²¤Å á ¬�¯ ²(ºB¸o²�ºJ½/­�µBËH³¶µ�·�¯ ­]¸o±�ª5µA©«ª�¬�­+®�¯ °U±�¸o±�¯ ±�ª5­�¸o»g¸o¯ ·
¯ ±�¯ °U°U¸o²�ºJª5¬(®�©«­+®�ÎUÄ W X�Y Z�[]\�^!½ ÅQÀ?·�·«ª5¬(®�ËÌÊ«ª�®�Ä£½�Ê«²�¾�ª5¸�µ�²�±�¬�¯ »¼®�±¹¸oË3¸o·o¯ ­.¯ ­+ºgÊ«ËÌ®�²�ª�±
®�ÄÏ¾�®�©«ªm½�µB­.Ë3Ê«ª5®�Ä£¸o²�¸�ª5¸o¯ ·o¸oÔ ¯ ª�¸oµB²¤Å

♦ � $'�)f ekj hai�o�p
#include <synch.h>

int cond_init (cond_t *cv, int type, int arg)

int cond_destroy (cond_t *cv)

int cond_wait (cond_t *cv, mutex_t *mp)

int cond_timedwait (cond_t *cv, mutex_t *mp, timestruct_t abstime)

int cond_signal (cond_t *cv)

int cond_broadcast (cond_t *cv)

♦
��& d�e (!f!g�hai�o�p

#include <pthread.h>

#include <time.h>

int pthread_cond_init (pthread_cond_t *cv, pthread_condattr_t *attr)

int pthread_cond_destroy (pthread_cond_t *cv)

int pthread_cond_wait (pthread_cond_t *cv, pthread_mutex_t *mp)

int pthread_cond_timedwait (pthread_cond_t *cv, pthread_mutex_t *mp,
timestruct_t abstime)

int pthread_cond_signal (pthread_cond_t *cv)

int pthread_cond_broadcast (pthread_cond_t *cv)

♦
pk� j & j f!� j)� f!& j $'��$'­
f+�q$'��g j & j $'��¸Ef ekj f l �)(+Ë j & d/ì-íEîkïkð7ñ � e $'�q(!hqhahq��$E� (Â/²�³�µB·o¯ ­�¸o±"Ñ

cond_t cv;

int ret;

ret = cond_init (cv, USYNC_THREAD, 0); /* to be used within this
process only */Â/²�©«ª�¬�­+®�¯ °U±�Ñ



t;u t e ������������������� �~! #�$%����&%����������������)5*:,�#�-.���]��&%��#��1032
��4�6�8�8�9

Â/½m¯k¾�µ�²(°U¸oª5¸oµB²3»¼¯ ­]¸�¯ ¿B·o®�¸o±�ª5µA¿B®�±¹¬�¯ ­+®�°´Ç£¸�ª5¬�¸o²:¯k©«­+µ�¾�®�±¹±1Èg¸oªm¾�¯ ²3¿g®�¸o²�¸oª�¸o¯ ·o¸oÔ ®�°´¸o²
ª�Ç£µ£°U¸�½�½�®�­+®�²�ªUÇ�¯ ÃB±ÏÅ�÷e²�®?Ç�¯ Ã�¸o±�ª�µ£¾�¯ ·o·�ª5¬�®?¸o²�¸�ªU½�ÊU²�¾�ª�¸oµ�²JÇ�¸oª�¬J¯ ª5ª�­"¯ ±��%�eÝUÝ�Å�ÍU¬(®
±¹®�¾�µ�²�°
¸o±�ª�µAÊ«±1®�¯ ²3¯ ª�ª5­�¸o¿BÊ«ª�®�µB¿�Ó�®�¾�ª v�\�X�X�Z Ç�¬�¸o¾�¬:¬�¯ ±�¿B®�®�²3¸o²�¸�ª5¸o¯ ·o¸oÔ ®�°
Ç£¸oª�¬3ª�¬�®
°U®�½�¯ ÊU·oª�»¼¯ ·oÊ«®�µB½Iª5¬�®�©U±¹¬�¯ ­+®�°´¯ ª�ª5­�¸o¿BÊ«ª�®�Û�ÁUÍUÆ Ö ùUÀeü�� Á Ö ÷ á ùU³¶³�� Á Ö Â-«UÀ�ÍUùUàwÅ
Â/ª�¸�±�¯ ·o±1µ�©Uµ�±1±¹¸o¿B·o®�ª5µA®�ÄÏ©U·o¸o¾�¸oª�·oÃJ±¹®�ªmª5¬(®�©«±¹¬�¯ ­+®�°´¯ ª�ª�­]¸o¿BÊUª5®�ª�µ
Á«Í~Æ Ö ùUÀeü�� Á Ö ÷ á ùU³�³�� Á Ö Â-«UÀ.ÍUù
¸o²3¯k©U­�®�»¼¸oµ�ÊU±¹·oÃJ¸o²�¸oª�¸o¯ ·o¸oÔ ®�°´¾�¯ ª5ª�­�Å
pthread_cond_t cv;

int ret;

pthread_condattr_t cattr;

ret = pthread_ cond_init (&cv, NULL); /* Using a NULL argument to
specify the default creation state */

OR

ret = pthread_condattr_t (&cattr);

ret = pthread_ cond_init (&cv, &cattr); /* Using an attribute object
initialized and left in the default state */

OR

ret = pthread_condattr_setpshared (&cattr,
PTHREAD_PROCESS_PRIVATE);

ret = pthread_cond_init (&cv, &cattr); /* Explicitly setting the
attribute object to indicate PTHREAD_PROCESS_PRIVATE */

♦
pk� j & j f!� j)� f!& j $'��$'­
f+�q$'��g j & j $'��¸Ef ekj f l �)(+Ë j & d/ì-íEîkó�ï^ñ � e $'�q(!hqhahq��$E� (Â/²�³�µB·o¯ ­�¸o±"Ñ

cond_t cv;

int ret;

ret = cond_init (&cv, USYNC_PROCESS, 0); /* to be used among all
processes */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
Â/½(¯F¾�µ�²(°U¸oª5¸oµB²�»g¯ ­�¸o¯ ¿B·o®�¸o±"ª�µ�¿B®�±¹¬(¯ ­+®�°A¯ Ë3µ�²�º�©«­+µ�¾�®�±¹±¹®�±"¸oª(¸o±"¸o²�¸oª�¸o¯ ·o¸oÔ ®�°JÊ«±1¸o²�ºkª�¬�®
¯ ª�ª5­�¸o¿BÊ«ª�®�µB¿�Ó�®�¾�ª vw\�X�X�Z Ç�¬�¸o¾�¬:¬�¯ ±�¿B®�®�²3±¹®�ªmÇ�¸oª5¬:ª5¬�®�»g¯ ·oÊ«®
Á«Í~Æ Ö ùUÀeü�� Á Ö ÷ á ùU³�³�� Á Ö ÷ á ù~³�³UÅ�ÍU¬�¸o±�¸o±�®�ÜgÊ«¸o»g¯ ·�®�²(ª�ª�µAª5¬(®"�e³���� á � Á Ö ÷ á ù~³�³±¹ª�¯ ª�®�¸o²3³¶µ�·o¯ ­�¸o±�ª5¬�­+®�¯ °U± Å
pthread_cond_t cv;

int ret;

pthread_condattr_t cattr;

ret = pthread_condattr_init (&cattr);
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ret = pthread_condattr_setpshared (&cattr, PTHREAD_PROCESS_SHARED);

ret = pthread_cond_init (&cv, &cattr); /* to be used among all
processes */

♦
�%(!h�& e $E� j ����f+��$E� g j & j $E��¸'f ekj f l �-(Â/²�³�µB·o¯ ­�¸o±"Ñ

cond_t cv;

int ret;

ret = cond_destroy (&cv); /* Condition variable is destroyed */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_cond_t cv;

int ret;

ret =pthread_ cond_destroy (&cv); /* Condition variable is destroyed
*/

♦
��$'��g j & j $E�·¸Ef ekj f l �)(+Ë%f j &Â/²�³�µB·o¯ ­�¸o±"Ñ

cond_t cv;

mutex_t mp;

int ret;

ret = cond_wait (&cv, &mp); /* wait on condition variable */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_cond_t cv;

pthread_mutex_t mp;

int ret;

ret = pthread_cond_wait (&cv, &mp); /* wait on condition variable */

♦
��$'��g j & j $E�·¸Ef ekj f l �)(+& j ©ö(!g�Ë%f j &Â/²�³�µB·o¯ ­�¸o±"Ñ

cond_t cv;

mutex_t mp;

timestruct_t abstime;

int ret;

ret = cond_timedwait (&cv, &mp, &abstime); /* wait on condition
variable */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_cond_t cv;
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pthread_mutex_t mp;

timestruct_t abstime;

int ret;

ret = pthread_cond_timedwait (&cv, &mp, &abstime); /* wait on
condition variable */

♦
��$'��g j & j $E�·¸Ef ekj f l �)(+h j �E� f!�Â/²�³�µB·o¯ ­�¸o±"Ñ

cond_t cv;

int ret;

ret = cond_signal (&cv); /* one condition variable is signaled */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_cond_t cv;

int ret;

ret = pthread_cond_signal (&cv); /* one condition variable is
signaled */

♦
��$'��g j & j $E�·¸Ef ekj f l �)( l�e $'f!g��qf!h�&Â/²�³�µB·o¯ ­�¸o±"Ñ

cond_t cv;

int ret;

ret = cond_broadcast(&cv); /* all condition variables are signaled */Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pthread_cond_t cv;

int ret;

ret = pthread_cond_broadcast(&cv); /* all condition variables are
signaled */
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.�ã�÷ ��é?4Þê¤å�çò�IèBé ó å�é�è¼ê�æ�ï��¤þ�ì
³¶®�Ë3¯ ©«¬�µB­�®�±�¯ ­+®7²�µBªU°U®�Î«²�®�°:¸o²Jª5¬�®?Á«÷�³�Â-,FÅ : ¯eÛ�©«ª�¬�­+®�¯ °~±¹à~±¹©«®�¾�¸�Î«¾�¯ ª�¸oµB²�±¹È�¿BÊ«ªUª�¬�®�Ã
¯ ­+®�¸o²�¾�·�Ê«°U®�°´¸o²:ª5¬�®�Á«÷�³�Â-,�Å :�Û�­+®�¯ ·oª5¸oË3®�®�ÄÏª�®�²�±¹¸oµB²�±1àm±1©«®�¾�¸oÎU¾�¯ ª�¸oµ�²�±ÏÅ�ÍU¬(®�±1®
½�ÊU²�¾�ª�¸oµ�²(±�¯ ­+®�±¹ª�¯ ²�°U¯ ­+°´¯ ²(°´±¹¸oË3¸o·o¯ ­�ª5µAª�¬�µ�±1®�©«­+µ�»¼¸o°U®�°´¸o²:³�µB·o¯ ­]¸o±�ª�¬�­+®�¯ °
¸oËÌ©«·�®�Ë3®�²�ª5¯ ª�¸oµB²¤Å á ¬�¯ ²�ºg¸o²�º�½�­+µ�Ë ³¶µ�·�¯ ­]¸o±�ª�µ�ª5¬�®?ÁU÷e³¶Â),FÅ :�±¹ª�¯ ²�°U¯ ­+°:¸o±�¯ ±Oª5­�¸o»g¸�¯ ·�¯ ±
¾�µB²�»¼®�­]ª�¸o²�º _][]y?\ ©«­+®�Î«Ä£ª�µ _][]y Å

♦ � $'�)f ekj hai�o�p
#include <synch.h>

int sema_init (sema_t *sp, unsigned int count, int type, void *arg)

int sema_destroy (sema_t *sp)

int sema_wait (sema_t *sp)

int sema_trywait (sema_t *sp)

int sema_post (sema_t *sp)

♦
o�ø � pkù�ú�û+i�o�p

#include <semaphore.h>

int sem_init (sem_t *sp, int pshared, int value)

int sem_destroy (sem_t *sp)

int sem_wait (sem_t *sp)

int sem_trywait (sem_t *sp)

int sem_post (sem_t *sp)

♦
pk� j & j f!� j)� f!& j $'��$'­
f+hq(!©öf!� d $ e (+Ë j & d�j � ì)í'î^ïkð7ñ � e $'�q(!h�h�h��q$'��(Â/²�³�µB·o¯ ­�¸o±"Ñ

sema_t sp;

int ret;

int count;

count = 4;

ret = sema_init (&sp, count, USYNC_THREAD, 0); /* to be used within
this process only */Â/²�Á«÷�³�Â-,FÅ :7Ñ
Â/²Ì©«ª�¬�­+®�¯ °~±¹ÈB¸o½m©«±¹¬�¯ ­+®�°ò¸o± 9 ª5¬(®�²Ì±¹®�ËÌ¯ ©U¬�µ�­+®e¾�¯ ²Ì¿B®eÊ«±1®�°ò¿BÃA¯ ·o·(ª�¬�®eª�¬�­+®�¯ °U±O¸o²3¯
©«­+µ�¾�®�±¹± Å
sem_t sp;

int ret;
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int count = 4;

ret = sem_init (&sp, 0, count); /* to be used within this process
only */

♦
pk� j & j f!� j)� f!& j $'��$'­
f+hq(!©öf!� d $ e (+Ë j & d�j � ì)í'î^ó�ï^ñ � e $'�q(!h�h�h��q$'��(Â/²�³�µB·o¯ ­�¸o±"Ñ

sema_t sp;

int ret;

int count;

count = 4;

ret = sema_init (&sp, count, USYNC_PROCESS, 0); /* to be used among
all the processes */Â/²�Á«÷�³�Â-,FÅ :7Ñ
Â/²3©«ª�¬�­+®�¯ °U±¹Èg¸o½I©«±¹¬(¯ ­�®�°´¸�±�²�µB²�Ô ®�­+µAª5¬�®�²:¯k±¹®�ËÌ¯ ©U¬�µ�­+®�¾�¯ ²3¿B®�ÊU±¹®�°´¿gÃA¯ ·o·Uª5¬(®
©«­+µ�¾�®�±¹±¹®�±ÏÅ
sem_t sp;

int ret;

int count = 4;

ret = sem_init (&sp, 1, count); /* to be used among all the processes
*/

♦
�%(!h�& e $E� j ����f+h�(!©öf!� d $ e (Â/²�³�µB·o¯ ­�¸o±"Ñ

sema_t sp;

int ret;

ret = sema_destroy (&sp); /*semaphore is destroyed */Â/²�Á«÷�³�Â-,FÅ :7Ñ
sem_t sp;

int ret;

ret = sem_destroy (&sp); /* semaphore is destroyed */

♦ � (!©öf!� d $ e (+Ë%f j &Â/²�³�µB·o¯ ­�¸o±"Ñ
sema_t sp;

int ret;

ret = sema_destroy (&sp); /*wait for semaphore */
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Â/²�Á«÷�³�Â-,FÅ :7Ñ
sem_t sp;

int ret;

ret = sem_wait (&sp); /* wait for semaphore */

♦ � (!©öf!� d $ e (+& e �'Ë%f j &Â/²�³�µB·o¯ ­�¸o±"Ñ
sema_t sp;

int ret;

ret = sema_trywait (&sp); /*try to wait for semaphore */Â/²�Á«÷�³�Â-,FÅ :7Ñ
sem_t sp;

int ret;

ret = sem_trywait (&sp); /* try to wait for semaphore*/

♦ � (!©öf!� d $ e (+��$'hq&Â/²�³�µB·o¯ ­�¸o±"Ñ
sema_t sp;

int ret;

ret = sema_post (&sp); /*semaphore is posted */Â/²�Á«÷�³�Â-,FÅ :7Ñ
sem_t sp;

int ret;

ret = sem_post (&sp); /* semaphore is posted */
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.�ãýü þÞé?ÿ å�æwç�èBé¼ê¤ë�ìÑ»£ñ�þ�ö"æwï��¤þ�ì

IKJ��KJML£¯�T�²�Ý'RUµ^µ^T�Y�\^±�²
♦ � $'�)f ekj hai�o�p

ÍU¬�¸�±�½�ÊU²�¾�ª�¸oµB²�¯ ·o¸oª�ÃA¸�±�²�µBªm±¹Ê«©U©«µ�­�ª5®�°
¸o²3ª�¬�®�³�µB·o¯ ­�¸o±�ª�¬�­+®�¯ °U± Å
♦

��& d�e (!f!g�hai�o�p
#include <pthread.h>

int pthread_cancel (pthread_t tid)

int pthread_setcanceltype (int type, int *oldtype)

int pthread_setcancelstate (int state, int *oldstate)

void pthread_cleanup_push (void (*routine) (void *), void *arg)

void pthread_cleanup_pop (int execute)

void pthread_testcancel()

♦
��f!����(!�)� j ��� fn& d�e (!f!g

pthread_t tid;

int ret;

ret = pthread_cancel (tid);

♦ � (!&)& j �����qf!����(!�)�)f!& j $'��&)�'��(+$'­
� m�eke (!��&�& d�e (!f!g
ÍU¬�®F¾�¯ ²�¾�®�·o·o¯ ª�¸oµB²�ª�ÃB©«®F¾�¯ ²�¿B®F±¹®�ª«ª5µ�®�¸oª�¬�®�­¤°U®�½/®�­�­+®�°Ìµ�­ ¸o²�¯ ±1ÃB²�¾OËÌµB°U®gÅq�UÃ�°~®�½/¯ Ê«·oª
Ç£¬(®�²:¯kª�¬�­+®�¯ °
¸o±�¾�­+®�¯ ª�®�°UÈgª�¬�®�¾�¯ ²�¾�®�·o·o¯ ª�¸oµB²3ª�ÃB©«®�¸o±�±¹®�ªmª�µA°U®�½�®�­]­+®�°´ËÌµB°U®gÅ�Â/²
°U®�½�®�­�­�®�°JËÌµB°U®�È ª�¬�®�ª5¬(­�®�¯ °J¾�¯ ²�¿B®�¾�¯ ²�¾�®�·o·o®�°AµB²�·oÃ�¯ ª�¾�¯ ²�¾�®�·o·o¯ ª5¸�µ�²�©«µB¸o²�ª�± Å1Â�²�¯ ±¹Ãg²�¾
ËÌµB°U®�Èg¯kª�¬�­+®�¯ °´¾�¯ ²:¿B®�¾�¯ ²�¾�®�·o·o®�°´¯ ²(ÃA©Uµ�¸o²�ªm°UÊU­]¸o²�ºJ¸oª�±�®�Ä�®�¾�ÊUª5¸oµB²¤Å0�e±1®�µ�½I¯ ±¹Ãg²�¾
ËÌµB°U®�¸o±�°U¸o±¹¾�µ�ÊU­]¯ ºg®�°�Å
int oldtype;

int ret;

ret = pthread_setcanceltype (PTHREAD_CANCEL_DEFERED, &oldtype); /*
deferred mode */

ret = pthread_setcanceltype (PTHREAD_CANCEL_ASYNCHRONOUS,
&oldtype); /* async mode*/

♦ � (!&)& j �����qf!����(!�)�)f!& j $'��hq&-f!&)(+$'­
� m�eke (!��&�& d�e (!f!g
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á ¯ ²�¾�®�·o¯ ¿g¸o·o¸oª�Ã�µ�½�¯�ª�¬�­+®�¯ °:¾�¯ ²J¿g®?®�²�¯ ¿B·o®�°òµ�­�°U¸o±1¯ ¿B·o®�°�ÅG�UÃ�°U®�½�¯ Ê«·oª~Ç�¬�®�²Ì¯�ª�¬�­+®�¯ °
¸o±�¾�­+®�¯ ª5®�°UÈg¾�¯ ²�¾�®�·o¯ ¿g¸o·o¸oª�ÃA¸�±�®�²�¯ ¿g·o®�°�Å
int oldstate;

int ret;

ret = pthread_setcancelstate (PTHREAD_CANCEL_ENABLE, &oldstate); /*
enabled */

ret = pthread_setcancelstate (PTHREAD_CANCEL_DISABLE, &oldstate); /*
disabled */

♦
���)(!f!� m � d f!��g��-( e h

á ·o®�¯ ²�Ê«©ò¬(¯ ²�°U·o®�­]±�¯ ­�®�©«Ê«±1¬�®�°´¯ ²�°´©«µB©«©«®�°´¸o²3±1¯ ËÌ®�·o®�ÄÏ¸o¾�¯ ·«±¹¾�µ�©«®�µB½m¯k©«­�µBºB­�¯ Ë�Å
ÍU¬�®�ÃJ±1¬�µ�ÊU·o°´¯ ·oÇ�¯ ÃB±�ËÌ¯ ª�¾�¬�ÐgµBª�¬�®�­]Ç�¸o±¹®�¾�µ�Ë3©«¸o·o®�­.®�­�­+µ�­�±�Ç�¸o·o·«¿B®�ºB®�²�®�­�¯ ª5®�°�Å�£µB²�Ô ®�­+µ�¯ ­+ºgÊ«ËÌ®�²�ªm¸o²:©«µ�©´½�Ê«²�¾�ª5¸oµB²3Ç�¸o·o·«­+®�ËÌµB»g®�ª�¬�®�¬(¯ ²�°U·o®�­�½�­+µ�Ëú±¹ª�¯ ¾�ØJ¯ ²�°
®�ÄÏ®�¾�Ê«ª�®�¸oª�ÅQÂ�½I¸oªm¸o±�Ô ®�­+µBÈgª5¬(®�²3ª�¬�®�¬�¯ ²�°U·o®�­�¸o±�©«µ�©U©«®�°´µ�ÊUªmÇ£¸oª�¬�µ�ÊUªm®�Ä�®�¾�ÊUª5¸o²(ºA¸oªwÅ
ret = pthread_cleanup_push (func, arg); /* push the handler “func”
on cleanup stack */

ret = pthread_cleanup_pop (1); /* pop the “func” out of cleanup stack
and execute “func” */

ret = pthread_cleanup_pop (0); /* pop the “func” and DONT execute
“func” */

♦ c (!hq& j ��� ­k$ e f+��(!��g j �����qf!����(!�)�)f!& j $E� e (�� m (!hq&
©«ª�¬�­+®�¯ ° � ª5®�±¹ª�¾�¯ ²(¾�®�·oÛ�à(©«­+µ�»¼¸o°U®�±"¯F¾�¯ ²(¾�®�·o·o¯ ª�¸oµ�²�©«µB¸o²�ª�°UÊ«­�¸o²�ºk®�ÄÏ®�¾�Ê«ª�¸oµ�²�µ�½(¯Fª�¬�­+®�¯ °�Å
Â/ª�±1¬�µ�ÊU·o°´µ�²(·oÃA¿B®�¸o²(±¹®�­]ª�®�°´¸o²3±¹®�ÜgÊU®�²�¾�®�±�Ç�¬�®�­�®�¸oªm¸o±�±¹¯ ½/®�ª5µA¾�¯ ²�¾�®�·«¯�ª�¬�­+®�¯ °�Å�Â/ªm¸o±
®�½�½/®�¾�ª�¸o»g®�Ç�¬�®�²3¾�¯ ²�¾�®�·o¯ ¿B¸�·o¸oª5ÃJ¸o±�®�²�¯ ¿B·o®�°
¯ ²�°´¸o²:°U®�½�®�­]­+®�°´ËÌµB°U®gÅ á ¯ ·o·o¸o²(ºAª�¬�¸o±
½�ÊU²�¾�ª�¸oµ�²:Ç£¬�¸�·o®�¾�¯ ²�¾�®�·o¯ ¿B¸o·o¸oª�ÃJ¸o±�°~¸o±¹¯ ¿B·o®�°
¬�¯ ±�²(µ�®�½5½�®�¾�ªwÅ
pthread_testcancel();

IKJ��KJ-¡°NPOKQSRUT�V¾QSR�µ^T�Y[RUV�ç�_�²�Ý'Y[\^±�²�b
♦ � $'�)f ekj hai�o�p

ÍU¬�®�±1®�½�Ê«²(¾�ª�¸oµ�²(±�¯ ­+®�²�µBªm±¹Ê«©«©«µB­�ª5®�°´¸o²:ª5¬(®�³�µB·o¯ ­]¸�±�ª�¬�­+®�¯ °U± Å
♦

��& d�e (!f!g�hai�o�p
#include <pthread.h>

int pthread_once (pthread_once_t *once, void (*func) (void))

int pthread_equal (pthread_t tid1, pthread_t tid2)
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♦
��f!�)� j ����f+­ m ����& j $'��$'���q( j ��© m �)& j)ñ & d�e (!f!g�(!g�� e $'�q(!hqh

À�½�ÊU²�¾�ª�¸oµ�²:¾�¯ ²:¿B®�¾�¯ ·�·o®�°´ª5¬(­�µBÊ«ºg¬ W X/Y Z�[]\�^!½ s�qgvw[ Û�àmª�µA¯ ±¹±1Ê«­+®�±�ª�¬�¯ ªm¸oªm¸o±�®�Ä�®�¾�Ê«ª�®�°
µB²�®�ª5¸�ËÌ®�µB²�·oÃJ¸o²3¯kË3Ê«·oª�¸oÑ�ª�¬�­+®�¯ °~®�°
©«­+µ�ºg­]¯ Ë Å ÍU¬�¸o±�¸o±�ÊU±¹®�½�ÊU·«Ç£¬(®�­+®�¯k©U¯ ­]ª�¸o¾�Ê«·�¯ ­
µB©«®�­]¯ ª�¸oµ�²:±¹Ê«¾�¬3¯ ±�¸o²�¸oª�¸o¯ ·o¸oÔ ¯ ª�¸oµ�²:µ�½I¯kËÌÊUª5®�Ä£µB­.¾�­�®�¯ ª�¸o²�ºJ¯kØg®�ÃJ±¹¬�µBÊ«·o°´¿g®�°UµB²�®
µB²�¾�®e¸o²3ª5¬�®e¯ ©«©U·o¸o¾�¯ ª�¸oµ�² Å�ÍU¬�® s�qBvw[k½ v�s�qBX/Z�s�r ±¹ª�­]Ê«¾�ª�Ê«­+®e²�®�®�°U±�ª5µ�¿B®e¸o²�¸�ª5¸o¯ ·o¸oÔ ®�°´Ê«±¹¸o²(º
Á«Í~Æ Ö ùUÀeü�� ÷"� á ù�� Â)�£Â/Í~Å
pthread_once_t once_control = PTHREAD_ONCE_INIT;

int ret;

ret = pthread_once (&once_control, func);

♦
��$'©ö��f ekj ����&)Ë%$�& d�e (!f!g j g�h

pthread_t tid1, tid2

int ret;

ret = pthread_equal (tid1, tid2);
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.�ã�� »�ñ�þ£ö"æwï��Iþ£ì�ïwþõ���Iÿwê¤è¼ïwì
æwç�èBé¼ê¤ë�ì
ðUñ:æKþ ó5º ïwþ å�æwç�èBé¼ê¤ë�ì

#%$'&)(+* �?±1®�­]±�¯ ­�®�½�­+®�®�ª5µA¸o²�ª�®�­]·o®�¯ »¼®�©«ª�¬�­�®�¯ °U±�½�ÊU²�¾�ª�¸oµB²�±�Ç�¸oª5¬:³�µB·o¯ ­�¸o±�½/Ê«²�¾�ª�¸oµB²�± Å�£µ�¯ °~»g®�­]±1®e®�½5½�®�¾�ª5±OÇ�¸o·o·(­+®�±¹Ê«·oª�½�­+µ�Ë ª�¬�¸o±�ËÌ¸oÄ�¸o²�º�Å�Í~¬�¸o±O¾�µBËÌ©«¯ ª�¸o¿B¸�·o¸oª5ÃA¾�¯ ²Ì¿B®eÊ«±1®�°
ª�µ�±¹Ê«©«©«·�®�Ë3®�²�ª«³�µB·o¯ ­�¸o±�ª�¬�­+®�¯ °U±.½�Ê«²(¾�ª�¸oµ�²(¯ ·o¸oª5Ã£Ç�¸oª5¬A©«ª�¬�­+®�¯ °U±.½�Ê«²�¾�ª5¸oµB²�¯ ·o¸oª�Ã�È�µB­ »g¸o¾�®
»¼®�­�±¹¯�Å

IKJ���JML£NPOKQSRUT�V¾QSR�µ^T�Y[RUV�ç�_�²�Ý'Y[\^±�²�b
♦ � $'�)f ekj hai�o�p

#include <thread.h>

int thr_suspend (thread_t tid)

int thr_continue (thread_t tid)

int thr_setconcurrency (int new_level)

int thr_getconcurrency (void)

♦ ��m h���(!��g j ����f+& d�e (!f!g
ª�¬�­k� ±1Ê«±¹©«®�²(°UÛ�àm±1Ê«±1©«®�²�°U±�ª�¬�®�±1©«®�¾�¸oÎU®�°´ª�¬�­+®�¯ °�ÅQÍU¬�®�ª�¯ ­+ºB®�ªmª5¬(­�®�¯ °
¿B·oµB¾�Øg±�Ê«²(ª5¸o·U¯
ª�¬�­k� ¾�µ�²�ª�¸o²�ÊU®�¸o±�¾�¯ ·o·o®�°�Å�³¶¸oºB²(¯ ·o±�¾�¯ ²3²�µBªm¯ Ç£¯ Øg®�²3ª�¬�®�±¹ÊU±¹©«®�²�°U®�°
ª5¬�­+®�¯ °UÈgª�¬�®�Ã
­+®�ËÌ¯ ¸o²3©«®�²(°U¸o²�ºJÊ«²�ª�¸o·«ª�¬�­+®�¯ °´­+®�±¹Ê«Ë3®�ª5¬�®�®�Ä�®�¾�ÊUª5¸oµB²¤Å á ¯ ·o·o¸�²�ºJª5¬�¸o±�½�ÊU²�¾�ª�¸oµB²3½�µB­�¯
±¹ÊU±¹©«®�²�°U®�°
ª5¬�­+®�¯ °´Ç�¸o·o·«¬�¯ »¼®�²�µA®�½�½/®�¾�ªwÅ
W X�Y Z�[]\�^!½ X«X�`a^ ¯ ±.°U®�Î«²�®�°3¸o²�©«ª�¬�­+®�¯ °U±�¸o±.ª5¬(®F±¹¯ ËÌ®F¯ ± X�Y Z�[]\�^!½ X«X�`a^ ¸o²A³�µB·o¯ ­]¸o±.ª5¬(­�®�¯ °U±ÏÅ
X�`a^ »g¯ ·oÊU®�±�¾�¯ ²�¿g®�ÊU±¹®�°Ì¸o²�ª�®�­�¾�¬(¯ ²�ºB®�¯ ¿g·oÃ�®�¸oª�¬�®�­¤¿BÃ£¯ ±¹±1¸oºB²(ËÌ®�²�ª(µB­¤ª�¬�­+µ�ÊUºB¬�ª�¬�®FÊ«±¹®
µB½m¾�¯ ±1ª5±ÏÅ
thread_t tid; /* tid from thr_create()*/

pthread_t ptid; /* pthreads equivalent of Solaris tid from thread
created with pthread_create()*/

int ret;

ret = thr_suspend (tid);

ret = thr_suspend ((thread_t) ptid); /* using pthreads ID variable
with a cast */

♦
��$'��& j � m�j ����f+h m hq��(!��g�(!g·& d�e (!f!g

ª�¬�­k� ¾�µ�²�ª�¸o²�ÊU®�Û�àm­+®�±¹ÊUËÌ®�±�ª�¬�®�®�Ä�®�¾�Ê«ª�¸oµB²3µB½mª�¬�®�±1©«®�¾�¸oÎU®�°
±¹Ê«±1©«®�²�°U®�°´ª�¬�­+®�¯ °�Å
á ¯ ·o·o¸o²�ºJª�¬�¸o±�½�Ê«²�¾�ª5¸�µ�²:½�µ�­�¯k²(µ�²�Ñ/±¹Ê«±1©«®�²�°U®�°´ª�¬�­+®�¯ °´Ç£¸o·�·«¬�¯ »¼®�²�µA®�½�½�®�¾�ª�Å
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W X�Y Z�[]\�^!½ X«X�`a^ ¯ ±.°U®�Î«²�®�°3¸o²�©«ª�¬�­+®�¯ °U±�¸o±.ª5¬(®F±¹¯ ËÌ®F¯ ± X�Y Z�[]\�^!½ X«X�`a^ ¸o²A³�µB·o¯ ­]¸o±.ª5¬(­�®�¯ °U±ÏÅ
X�`a^ »¼¯ ·oÊ«®�±.¾�¯ ²�¿g®FÊ«±1®�°3¸o²�ª�®�­+¾�¬�¯ ²�ºg®�¯ ¿B·oÃ£®�¸oª�¬�®�­¤¿gÃ�¯ ±1±¹¸oºg²�ËÌ®�²(ª(µB½«ª�¬�­+µBÊ«ºg¬�ª�¬�®FÊ«±1®
µB½m¾�¯ ±1ª5±ÏÅ
thread_t tid; /* tid from thr_create()*/

pthread_t ptid; /* pthreads equivalent of Solaris tid from thread
created with pthread_create()*/

int ret;

ret = thr_continue (tid);

ret = thr_continue ((thread_t) ptid) /* using pthreads ID variable
with a cast */

♦ � (!&)& j ����& d�e (!f!g���$E� � m�eke (!���q�
ª�¬�­k� ±1®�ª5¾�µ�²�¾�Ê«­�­�®�²�¾�ÃBÛ/àm©«­+µB»g¸o°U®�±�¯k¬�¸o²�ªmª�µAª5¬�®�±¹Ãg±¹ª�®�Ëú¯ ¿BµBÊ«ªmª�¬�®�­+®�ÜgÊU¸o­+®�°
·o®�»g®�·«µB½
¾�µB²�¾�Ê«­]­+®�²�¾�Ã�¸o²Ìª�¬�®e¯ ©«©«·o¸o¾�¯ ª5¸oµB²¤Å�ÍU¬(®?±1ÃB±1ª5®�Ë ®�²(±¹Ê«­+®�±Oª�¬�¯ ª~¯�±1Ê«½�ÎU¾�¸o®�²�ª�²�Ê«Ë3¿B®�­�µB½
ª�¬�­�®�¯ °U±�¯ ­+®�¯ ¾�ª�¸o»g®�±¹µAª5¬(¯ ª�ª�¬�®�©«­+µB¾�®�±¹±�¾�µB²�ª�¸o²�Ê«®�±�ª5µAË3¯ ØB®�©«­+µBºB­+®�±¹±ÏÅ
int level;

int ret;

level = 5;

ret = thr_setconcurrency (level);

♦
�%(!&-& j ����& d�e (!f!g·�q$'��� m�eke (!�����

ª�¬�­k� ºg®�ª5¾�µ�²(¾�Ê«­�­+®�²(¾�ÃgÛ�àm­+®�ª�Ê«­]²(±�ª�¬�®�¾�ÊU­]­+®�²�ªm·o®�»g®�·Uµ�½I¾�µB²�¾�ÊU­]­+®�²�¾�ÃJ¸o²:ª5¬�®�©U­�µB¾�®�±¹±ÏÅ
ÍU¬�¸�±�²�ÊUËÌ¿B®�­�¾�¯ ²:¿B®�Ê«±1®�°´ª�µ�°U®�ª�®�­]Ë3¸o²�®�ª�¬�®�°U®�±¹¸o­+®�°´·o®�»¼®�·«µB½m¾�µ�²�¾�Ê«­�­�®�²�¾�Ã�Å
int level;

level = thr_getconcurrency (void);

IKJ���J-¡	��RUT�VKR�QUb�

�ÍQU\�Y[RUQ���±�Ý���b
Ö ®�¯ °U®�­]±Ï×�Ç�­]¸oª�®�­.·oµB¾�Øg±�¯ ·o·oµ�ÇÞËÌµB­+®�ª5¬(¯ ²3µB²�®�ª5¬(­�®�¯ °
¯ ª�ª�¸oËÌ®�ª�µA­+®�¯ °
¯k»g¯ ­�¸o¯ ¿B·o®�Ð
Ê«±1¸o²�ºJª5¬(¸o±�ª�ÃB©U®�µ�½I·oµ�¾�ØBÈ¼µ�²�·�ÃAµB²�®�ª�¬�­+®�¯ °´¯ ªm¯kª�¸oËÌ®�¾�¯ ²:¯ ¾�¾�®�±¹±�ª5¬�®�»¼¯ ­]¸�¯ ¿B·o®�ª�µ
ËÌµB°U¸o½�ÃJ¸oªwÅ

♦ � $'�)f ekj hai�o�p
#include <synch.h>

int rwlock_init (rwlock_t *rwlp, int type, void *arg)

int rwlock_destroy (rwlock_t *rwlp)

int rw_rdlock (rwlock_t *rwlp)
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int rw_wrlock (rwlock_t *rwlp)

int rw_unlock (rwlock_t *rwlp)

int rw_tryrdlock (rwlock_t *rwlp)

int rw_trywrlock (rwlock_t *rwlp)

♦
pk� j & j f!� j)� f!& j $'��$'­
f e (!f!g�( e hý�^Ë ekj &-( e �)$'�q��Ë j & d/ì-íEîkïkð7ñ � e $'�q(!hqhahq��$E� (

rwlock_t rwlp;

int ret;

ret = rwlock_init (&rwlp, USYNC_THREAD, 0); /* to be used within this
process only */

♦
pk� j & j f!� j)� f!& j $'��$'­
f e (!f!g�( e hý�^Ë ekj &-( e �)$'�q��Ë j & d/ì-íEîkó�ï^ñ � e $'�q(!hqhahq��$E� (

rwlock_t rwlp;

int ret;

ret = rwlock_init (&rwlp, USYNC_PROCESS, 0); /* to be used among all
processes */

♦
�%(!h�& e $E� j ����f e (!f!g�( e h���Ë ekj &)( e �-$E���

rwlock_t rwlp;

int ret;

ret = rwlock_destroy(&rwlp); /* rwlock is destroyed */

♦ � (!f!g�( e h���Ë ekj &)( e �)$'�q�
rwlock_t rwlp;

int ret;

ret = rw_rdlock (&rwlp); /* acquire the rwlock for reading */

ret = rw_wrlock (&rwlp); /* acquire the rwlock for writing */

♦ � (!f!g�( e h���Ë ekj &)( e
m ���-$E���
rwlock_t rwlp;

int ret;

ret = rw_unlock (&rwlp); /* release the rwlock */

♦ � (!f!g�( e h���Ë ekj &)( e & e �'�)$'�q�
rwlock_t rwlp;

int ret;

ret = rw_tryrdlock (&rwlp); /* try to grab rwlock for reading */

ret = rw_trywrlock (&rwlp); /* try to grab rwlock for writing */
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.�ã�� �:èE�¤ö«é¼ì¼ìAö«èBé¼ê�æwï��¤þ�� 2��Iè����

Â/ª«¸o±.¸oË3©«µ�­�ª5¯ ²(ª«ª5µ£²�µBª5®7ª5¬(¯ ª«ª5¬(®F¿g®�¬(¯ »g¸oµB­ µB½Uª5¬�® n�s�Z+��l�p ½�ÊU²�¾�ª�¸oµB²A¾�¯ ·o·¼¸o²A©«ª�¬�­+®�¯ °~±.¸o±
ª�¬�®�±¹¯ Ë3®�¯ ±�½/µ�­�Ø 
 Û/àm¸o²:³�µB·o¯ ­]¸o±�ª�¬�­+®�¯ °U±ÏÅ0�UµBª5¬:ª5¬(® n1s�Z]��l�p ¾�¯ ·o·U¸o²3©«ª�¬�­+®�¯ °U±�¯ ²(°´ª�¬�®
n�s�Z]��� l/p ¾�¯ ·o·(¸�²Ì³¶µ�·o¯ ­�¸o±�¾�­+®�¯ ª5®�±�¯�²(®�Ç ©«­+µB¾�®�±¹±1ÈB°UÊU©«·o¸o¾�¯ ª�¸o²�ºAµB²�·oÃAª�¬�®e¾�¯ ·o·o¸o²�ºAª�¬�­+®�¯ °
¸o²3ª�¬�®�¾�¬�¸o·o°´©U­�µB¾�®�±1± Å
Â/½ n1s�Z]��l�p ¸o±"¾�¯ ·o·o®�°J¸o²£³¶µB·o¯ ­]¸o±"ª�¬�­+®�¯ °U±¹ÈÏª5¬(®�¾�µ�ËÌ©U·o®�ª5®�©«­+µ�¾�®�±1±"¸o²�¾�·�Ê«°U¸o²�ºk¯ ·�·�ª�¬�­+®�¯ °U±"¸o±
°UÊ«©«·�¸o¾�¯ ª�®�°´¸o²3ª�¬�®�¾�¬�¸o·o°´©«­+µB¾�®�±¹±ÏÅ0�£µA±¹ÊU¾�¬3½/Ê«²�¾�ª5¸oµB²�¯ ·o¸oª�ÃJ®�ÄÏ¸o±1ª5±�¸o²3©Uª5¬�­+®�¯ °U± Å
Í�µA¿BÊ«¸�·o°´¯ ²3¯ ©«©U·o¸o¾�¯ ª�¸oµ�²:Ê«±1¸o²�ºJª5¬�®�©«ª5¬�­+®�¯ °U± n�s�Z]��l/p Ègª�¬�®�·o¸o¿B­�¯ ­]ÃJ·o¸o¿g©«ª5¬(­�®�¯ °�Å ±1µ
±¹¬(µ�Ê«·�°´¿B®�¸o²(¾�·oÊ«°U®�°
°UÊ«­�¸o²�ºJª5¬�®�·o¸o²�ØJ©«¬�¯ ±¹®�Û�¸�Å ®gÅ ¨�raW X�Y Z+[+\�^ àwÅ á ÊU­]­+®�²�ªm³�µB·o¯ ­]¸o±ª�¬�­�®�¯ °U±�Ê«±1®�­]±�Ç£¬�µAÇ�¯ ²�ªmª5µAËÌµB»g®�ª�µAª5¬(®�©«ª5¬(­�®�¯ °U±�ÀeÁ«ÂI¾�¯ ²:­+®�©U·o¯ ¾�® n�s�Z]��� l�p Ç�¸oª5¬
n�s�Z]��l/p Ðg¸o½Iª5¬(®�ÃA¯ ­+®�Ê«±1¸o²�º n�s�Z]��l/p Û/¸o²3ª�¬�®�³�µB·o¯ ­�¸o±�¾�µ�²(ª5®�Ä�ª5àIª5¬(®�ÃJÇ�¸o·o·«¬�¯ »¼®�ª�µ�­+®�»g¸o±1®
ª�¬�®�¸o­.¯ ©U©«·o¸o¾�¯ ª�¸oµB²�±�¿g®�¾�¯ Ê«±1®�ª5¬(®�­+®�¸o±�²�µA®�ÜgÊ«¸o»¼¯ ·o®�²�ªmª5µ n�s�Z]��l�p ¸o²3©«ª�¬�­+®�¯ °~± Å

♦ � $ e ��i�o�p ñ i��)�`& d�e (!f!g�hÂ/²�³�µB·o¯ ­�¸o±"Ñ
pid_t pid;

pid = fork ();Â/²�©«ª�¬�­+®�¯ °U±�Ñ
�£µBª�±1Ê«©«©«µB­]ª�®�°�Å

♦ � $ e ��i�o�p ñ ��f!�)� j ����& d�e (!f!g�$'���)�Â/²�³�µB·o¯ ­�¸o±"Ñ
pid_t pid;

pid = fork1 ();Â/²�©«ª�¬�­+®�¯ °U±�Ñ
pid_t pid;

pid = fork ();
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.�ã�� �:ñ£ï�ÿwë�ïwþò� ê¤å�å�ÿwï�ö«ê�æwï��Iþ£ì
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♦ !�j ��� j ����Ë j & d $'���)����& d�e (!f!g�ha­ m ���q& j $'��h
Í�µAÊ«±1®�µ�²�·�ÃA©«ª�¬�­+®�¯ °U±�¾�¯ ·o·o±1Èg·o¸o²�ØJ©«­+µ�ºg­]¯ Ë3±�¯ ±�½�µB·o·oµBÇ£± Õ
       cc -D_RENTRANT foo.c -lpthread

♦ "�m�j �)g j ����f!����� j ��f!& j $'��haË j & d ��& d�e (!f!g�ha­ m ����& j $'��h�f!� g�hq(!©öf!� d $ e (!h
Í�µAÊ«±1®�©«ª5¬(­�®�¯ °U±�¯ ²�°´ÁU÷e³¶Â-, ±1®�ËÌ¯ ©«¬�µB­+®�±¹Èg·o¸o²(ØA¯ ±�½�µB·o·oµBÇ£± Õ
       cc -D_RENTRANT foo.c -lposix4 -lpthread

♦ "�m�j �)g j ����f!����� j ��f!& j $'��haË j & d�� $'�)f ekj ha& d�e (!f!g�h
Í�µAÊ«±1®�³�µB·o¯ ­]¸o±�ª�¬�­+®�¯ °~±¹Èg·o¸o²(ØA¯ ±�½�µB·o·oµBÇ£± Õ
       cc -D_RENTRANT foo.c -lthread

♦ "�m�j �)g j ����f!����� j ��f!& j $'��haË j & d�� $'�)f ekj ha& d�e (!f!g�haf!��g���& d�e (!f!g�h
Í�µ�Ê«±1®�³¶µ�·o¯ ­�¸o±"ª5¬�­+®�¯ °U±"¯ ²�°J©«ª5¬(­�®�¯ °U±"½�ÊU²�¾�ª�¸oµB²£¾�¯ ·o·o±"¸o²£ª�¬�®�±1¯ ËÌ®�¯ ©«©U·o¸o¾�¯ ª�¸oµ�²(È ·o¸o²�Øg±
±¹¬(µ�Ê«·�°´¿B®�Ë3¯ °U®�¯ ±�½/µ�·o·oµBÇ£±�Û�±1®�®"�£µ�ª�®�¿B®�·oµBÇ£à¹Õ
      cc -D_RENTRANT foo.c -lposix4 -lthread

 OR

      cc -D_RENTRANT foo.c -lposix4 -lpthread

Function Build Info. Solaris thread POSIX pthreads

threads Include File thread.h pthread.h

Library to link libthread.so libpthread.so

mutexes Include File synch.h pthread.h

Library to link libthread.so libpthread.so

condition variables Include File synch.h pthread.h

Library to link libthread.so libpthread.so

semaphores Include File synch.h semaphore.h

Library to link libthread.so libposix4.so
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#%$'&)(+* ÝU¸o²�Øg¸o²�ºJÇ£¸oª�¬3·o¸o¿gª5¬�­+®�¯ °´µB­�·o¸o¿B©«ª�¬�­+®�¯ °´©«­+µ�»¼¸o°U®�±�ÃBµBÊòÇ�¸oª5¬:¯ ·o·«ª�¬�®
¸o²�ª�®�­]½/¯ ¾�®�±�µB½I©«ª5¬�­+®�¯ °U±�¯ ±�Ç�®�·o·«¯ ±�³�µB·o¯ ­]¸o±�ª�¬�­+®�¯ °~± Å�ÍU¬(®�µ�²(·oÃA°~¸o½�½�®�­+®�²�¾�®�¸o±�¸o²:ª5¬(®
°U®�Î«²(¸oª5¸oµB²3µB½Iª5¬�®�½/µ�­�ØBÛ/àm¾�¯ ·o·�Å�Â/½mª�¬�®�©«­+µBºB­�¯ ËH¸o±�·o¸o²�Øg®�°´Ç£¸�ª5¬:·o¸o¿B©«ª�¬�­+®�¯ °UÈgª5¬(®
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