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pthread_mutexattr_init(3T)¤p� �
pthread_mutexattr_init()

� %n� $q� � � � ( � & �o� � �  � "q*c� � �f� � � % � � � � � !r)s� � �b� �q� �% " - � � �h� %s� �c� �  f!c� 0 � *h( �c'q� ( *h� � + , � %d � 1 �p0 %  f� � � �b� � �  � "d*h� �o% " - � � �h� �k� ( ( % � � � � !r"d#� �c�o� �c � � !c�k� #q� � � . !q*c � $c1r� 7 � � *h� � % $h+
�q�c�o!c� 0 � *c( �c'q� ( *c�p% 0h� �c��> ? @ A B ~ �p� � �  � "q*c� �o)n�q� $b� �c� �k0 *c$q� � � % $b� �k� � ( ( � !v� �
PTHREAD_PROCESS_PRIVATE

3 )s�q� � �r.v� � $c�k� �c� �h� �c�o� $q� � � � ( � & � !b.r*h� � 7n� � $r"q�*h� � !b)s� � �q� $b�p�c % � � � � +

C A D D Bf� �u� $b% �c� � *h�o� # �h�o� �c� �h� % $c� � � $q�u�p� #d� � � .r2 � ( ( % � � � � !v� � �  � "d*h� �o% " - � � � + �q�c��c%d� � � "c( �k'd� ( *h� �e% 0 C A D D B � �e� � % �h�k�  � PTHREAD_PROCESS_PRIVATE
¥ � �c�k!c� 0 � *c( � ¦� $c!

PTHREAD_PROCESS_SHARED
+

Ec� 0 %  �o�o.b*c� � 7p� � �  � "q*c� �o% " - � � �h� � $s"c�o � *h� � !c3d� �c.r*c� �h4c � �q"q�p!c� � �  % #q� !r"d#
pthread_mutexattr_destroy(3T)

+ �q�c�
pthread_mutexattr_init()� � ( (q � � *c $c�k�o�h% � $c� �  f� %s� $b% �h� � *c�p% " - � � � + F 0h� �c�p% " - � � �h� �f$c% �h!c� � �  % #q� !c3d�.b� .b%  #r( � � /n)s� ( (c � � *h( � +

GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �q� $r�   %  Ã%d� � *h  � !Ã+ F 0q� � � �c�  e% 0c� �q�u0 %d( ( % )s� $c1n� % $c!c� � � % $c�e% � � *h � 3 � �c�k0 *q$c� � � % $0 � � ( �k� $c!b � � *c $c�k� �c�o� %   � � �h% $c!c� $c1n'q� ( *h� +
ENOMEMS �q�c�  �o� �f$q%d�c� $c% *c1 �r.b� .v%  #s� %s� $c� � � � ( � & �o� �c�u� �c � � !b� � �  � "d*h� � �f% " - � � � +
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Prototype:
int pthread_mutexattr_init(pthread_mutexattr_t *

Ze> = = J
);

#include <pthread.h>

pthread_mutexattr_t
ZÃ> = = J

;
int

J L =
;

/* initialize an attribute to default value */J L =
 = pthread_mutexattr_init(&

Ze> = = J
);
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pthread_mutexattr_destroy(3T)

pthread_mutexattr_destroy()
!q� � ( ( % � � � � �k� �c�o� � %  � 1d�o� �h� � �u*h� � !v� %.b� � $c� � � $v� �c�o� � �  � "d*h� �o% " - � � �h�  � � � � !r"d#

pthread_mutexattr_init()
+
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� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �c� $b�   %  f% � � *c  � !Ã+ F 0h� �c�u0 % ( ( % )s� $q1r� % $q!c� � � % $v% � � *c � 3 � �c�o0 *c$q� � � % $b0 � � ( �f� $q! � � *h $c�k� �q�p� %   � � �h% $q!c� $q1s'q� ( *c� +
EINVAL S �q�c�u'q� ( *c�p� �c� � � 4c� !r"q# C A D D Bf� �k� $q'q� ( � ! .

Prototype:
int pthread_mutexattr_destroy(pthread_mutexattr_t *

ZÃ> = = J ß
#include <pthread.h>

pthread_mutexattr_t
ZÃ> = = J

;
int

J L =
;

/* destroy an attribute */J L =
 = pthread_mutexattr_destroy(&

Ze> = = J
);
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pthread_mutexattr_setpshared(3T)�q�c�o� � % �h�o% 0h�p.r*c� � 7p'q�  � � "q( �o� � $r"q�p� � � �q�  Ã�h % � � � �f�h � 'q� � �n¥ � $c�  � �h % � � � � ¦Ã%  � #q� � � . )s� !c�u¥ � $c� �  �c % � � � � ¦ + F 0q� �c�f.b*c� � 7o� �e�  � � � � !n)s� � �r� �q��> ? @ A B ~ �u� � �  � "d*h� �k� � �� %p� �c�
PTHREAD_PROCESS_SHARED

� � � � � 3 � $c!r� �q� 7 � � � �e� $r� �q�  � !s.b� .v%  # 3 � �q� � $"q�u� �c�  � !r� .v% $c1n� �q � � !c�e0  % . .b%  �u� �c� $r% $c�k�c %d� � � � + �q�c� �e� �e� � *c� 'q� ( � $q�c� %n� �q�
USYNC_PROCESS_ � 1s� $ mutex_init()

� $v� �q�p%  � 1d� $c� ( , % ( �  � �u� �q � � !c� +

F 0Ã� �q�o.r*h� � 7(> ? @ A B ~ �p� � �  � "q*c� �o� �k� � �h� %
PTHREAD_PROCESS_PRIVATE

3d% $c( #� �c% � �o� �c � � !q�u�  � � � � !s"q#r� �c�o� � .b�u�h % � � � �k� � $b% �h�  � � �p% $v� �q�o.r*c� � 7d+
GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �c� $b�   %  f% � � *c  � !Ã+ F 0h� �c�u0 % ( ( % )s� $q1r� % $q!c� � � % $v% � � *c � 3 � �c�o0 *c$q� � � % $b0 � � ( �f� $q! � � *h $c�k� �q�p� %   � � �h% $q!c� $q1s'q� ( *c� +
EINVAL S �q�c�u'q� ( *c�p� �c� � � 4c� !r"q# C A D D Bf� �k� $q'q� ( � !Ã+

Prototype:
int pthread_mutexattr_setpshared(pthread_mutexattr_t *

Ze> = = J
,

int
M C [ > J L T

);

#include <pthread.h>

pthread_mutexattr_t
ZÃ> = = J

;
int

M C [ > J L T
;

int
J L =

;

J L =
 = pthread_mutexattr_init(&

Ze> = = J
);

/*
* resetting to its default value
*/J L =
 = pthread_mutexattr_setpshared(&

ZÃ> = = J
,

PTHREAD_PROCESS_PRIVATE);
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pthread_mutexattr_getpshared(3T)

b � �h� �q�p� *c  � $c�c'q� ( *c�p% 0�> ? @ A B ~ �n0 %  f� �c�o� � �  � "d*h� �o% " - � � � C A D D B + F �h� �k� � � �q�  
PTHREAD_PROCESS_SHARED

%  
PTHREAD_PROCESS_PRIVATE

+
GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �c� $b�   %  f% � � *c  � !Ã+ F 0h� �c�u0 % ( ( % )s� $q1r� % $q!c� � � % $v% � � *c � 3 � �c�o0 *c$q� � � % $b0 � � ( �f� $q! � � *h $c�k� �q�p� %   � � �h% $q!c� $q1s'q� ( *c� +
EINVAL S �q�c�u'q� ( *c�p� �c� � � 4c� !r"q# C A D D Bf� �k� $q'q� ( � !Ã+

c �d� �Id �ä�n� �p�Ã�e�b�u�q� �n�d� �Ã� �n�Ã�q�Ã�
� 0 � �  f� �c�o� � �  � "q*c� � �u0 %  f�o.r*h� � 7n�  �p� % $q4c1 *c � !c3 #q% *v� $c� � � � ( � & �p� �q�o.r*c� � 7n� � � � ( 0 +�q�c�o0 % ( ( % )s� $c1r0 *q$c� � � % $q�u�  �u*h� � !v� %s� $q� � � � ( � & �o%  f!c� � �  % # 3 ( % � /r%  e*q$c( %d� / 3d%  f�  #� %s( % � /s�p.r*c� � 7d+q� � "q( �fÈ 2 �n( � � � �k� �q�p0 *c$q� � � % $c�k!c� � � *h� � � !v� $b� �c� �u� �c� �h� �  f� �c� �.b� $c� �q*h( � � �o.r*h� � 7n( %d� /d� +

Prototype:
int pthread_mutexattr_getpshared(pthread_mutexattr_t *

Ze> = = J
,

int
M C [ > J L T

);

#include <pthread.h>

pthread_mutexattr_t
ZÃ> = = J

;
int

M C [ > J L T
,
J L =

;

/* get pshared of mutex */J L =
 = pthread_mutexattr_getpshared(&

ZÃ> = = J
, &
M C [ > J L T

);
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�q�c�o!c� 0 � *c( �h� � �c� !q*c( � $c1s�c% ( � � # 3
SCHED_OTHER

3 !c% � �f$c% �h� �c� � � 0 #b� �c�o%  !c�  f� $)n�c� � �v� �c � � !c�k� � $v� � � *h�  �o�n( % � /c+ t �q� $r.b*c( � � �h( �p� �q � � !c�k�  �u)r� � � � $c1s0 %d f�.r*h� � 7 3d� �c�o%  !c�  f% 0Ã� � � *c� � � � � % $v� �f*c$q!c� 4d$c� !Ã+ t �c� $v� �c�  �o� �k� % $q� � $q� � % $c3d� �q�!c� 0 � *c( �q"q� �q� 'q� %  f� �k� %n*q$d"c( % � /r� �q � � !c�k� $b�h � %  � � #r%  !c�  +
% &(' ) ' *�+ ' ,�-.*0/21() - 3

pthread_mutex_init(3T)
¤p� �

pthread_mutex_init()
� %s� $q� � � � ( � & �o� �c�u.b*c� � 7o�h% � $q� � !v� �q"d# C >s� %r� � �!c� 0 � *c( �q'q� ( *h�o¥ C A D D Be� �fwn¤p8c8c¦ 3 %  f� %n� �h� � � 0 #s.r*h� � 7n� � �  � "q*c� � �f� �c� �c�q� 'q�o� (  � � !q#"q� � $v� � �c)s� � �

pthread_mutexattr_init()
+

t �c� $v� �q�o.r*h� � 7n� �k� $c� � � � ( � & � !c3 � �h� �k� $v� $b*q$c( %d� / � !b� � � � � +

Ú F D = D > ? D Á Lh>Ã;r< = L A M = [ J L > T Ü Ze< = L A Ü D F D = Ý Þ É ß M > N LcO ]
G E B He>h;b< = L A M = [ J L > T Ü Ze< = L A Ü ? E B H Ý Þ É ß M > N LcO V
QÃF ? E B He>Ã;r< = L A M = [ J L > T Ü Ze< = L A Ü < F ? E B H Ý Þ É ß M > N LcO W
G E B Hk¿oD = [k>ejfE F K ? E B H D F Nk;r< = L A M = [ J L > T Ü Ze< = L A Ü = J À ? E B H Ý Þ É ß M > N LqV P
àeL C = J E Àk>Ã;b< = L A M = [ J L > T Ü Ze< = L A Ü T L C = J E À Ý Þ É ß M > N LqV \

Prototype:
int pthread_mutex_init(pthread_mutex_t *

ZeM
,

const pthread_mutexattr_t *
ZÃ> = = J

);

#include <pthread.h>

pthread_mutex_t
ZÃM

 = PTHREAD_MUTEX_INITIALIZER;
pthread_mutexattr_t

ZÃ> = = J
;

int
J L =

;

/* initialize a mutex to its default value */J L =
 = pthread_mutex_init(&

ZeM
, NULL);

/* initialize a mutex */J L =
 = pthread_mutex_init(&

ZeM
, &
Ze> = = J

);



^dJ E N J > ZeZfD F Ne¿pD = [hY À F B [ J E F D Á > = D E FfÂÃK Ä L B = C ` `

l

�q�c�o� 0 0 � � �h%d0 C A D D BÃ"q� � $c1 NULL
� �k� �q�p� � .b�p� �f�h� � � � $q1r� �q�p� !c!c � � �k% 0Ã�p!c� 0 � *c( �.r*h� � 7n� � �  � "d*h� �o% " - � � � 3 "d*h�c)s� � �q% *c�h� �c�u.b� .b%  #b% 'q�  �q� � !Ã+

, � � � � � � ( ( #b!c� 4q$q� !b.r*c� � 7 � �k� � $r"q�p� $c� � � � ( � & � !v!c�  � � � ( #r� %s�q� 'd�p!c� 0 � *c( �h� � �  � "q*c� � �)s� � �b� �c�u.v� �  %
PTHREAD_MUTEX_INITIALIZER

+
F 0c�k.b*c� � 7o� �e!q#d$c� .b� � � ( ( #s� ( ( % � � � � !r� $c!s)s� �e� $c� � � � ( � & � !s)s� � �s� $r� � �  � "q*c� �u% " - � � � 3� � �k� � �  � "q*c� �p% " - � � �h� �q% *c( !r"q�o0  � � !b)s� � �

pthread_mutexattr_destroy ()"q� 0 %  �p� �q�o.r*h� � 7n� � � � ( 0Ã� �k0  � � !Ã+
� .r*h� � 7p( % � /n.r*h� �q$c% �d"q�o � � $c� � � � ( � & � !b%  e!c� � �  % #q� !b)n�q� ( �o% � �c�  e� �c � � !c�e.b� 1 �c�"q�u*c� � $c1n� � + �  % 1d � . 0 � � ( *c �u)s� ( (q � � *h( �c� 0c� � � �c�  e� � � � % $r� �e$c% �c!c% $q�o� %   � � � ( # + F 0c�.r*h� � 7n� �k � � $q� � � � ( � & � !v%  f!c� � �  % #d� !q3d� �c�o� �q�h( � � � � � % $b.r*h� �q"q�p� *c �p� �q�o.r*c� � 7n� �$c% �h� *c  � $q� ( #r� $b*c� � +
GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �h� $v�   %  f% � � *h  � !Ã+ t �q� $b� $d#b% 0h� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $c�k% � � *c 3 � �c�0 *c$q� � � % $v0 � � ( �k� $q!v � � *c $c�k� �q�p� %   � � �h% $q!c� $c1n'q� ( *c� +
EBUSYS �q�c�u.r*h� � 7n� � $q$c% �q"q�p � � $c� � � � ( � & � !v%  e.b% !c� 4c� !r"q� � � *c� �p� �h� � � ( (c� 7 � � � � +
EINVAL S �q�c�o� � �  � "d*h� �u'q� ( *c�p� �k� $q'q� ( � !Ã+ �q�q�o.r*c� � 7p�q� �f$q%d�q"q� � $r.v% !c� 4c� !Ã+
EAGAIN S �q�c�  �p�  �u$c% �h� $c% *h1 �v � � % *c � � �k� %s� $c� � � � ( � & �o� $c% � �c�  e.r*h� � 7d+
ENOMEMS �q�c�  �p� �f$c% �h� $c% *h1 �b.b� .b%  #r� %r� $c� � � � ( � & �p� $c% � �c�  e.r*h� � 7d+
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pthread_mutex_lock(3T)

¤p� �
pthread_mutex_lock()

� %s( % � /s� �c�u.b*c� � 7p�h% � $q� � !b� %n"d# C >q+ t �c� $v� �c�.r*h� � 7n� �k� (  � � !q#b( % � /d� !c3d� �q�p� � ( ( � $q1r� �c � � !r"q( % � /d�k� $c!b� �c�u.b*c� � 7p)s� � � �u% $b��c � %  � � � & � !b� *h� *h� + t �c� $ pthread_mutex_lock()
 � � *c $c� 3d� �q�o.r*c� � 7n� �( % � / � !b� $q!v� �c�o� � ( ( � $c1s� �c � � !v� �k� �c�o% )n$c�  +

GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �h� $v�   %  f% � � *h  � !Ã+ t �q� $b� $d#b% 0h� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $c�k% � � *c 3 � �c�0 *c$q� � � % $v0 � � ( �k� $q!v � � *c $c�k� �q�p� %   � � �h% $q!c� $c1n'q� ( *c� +
EINVAL S �q�c�u'q� ( *c�p� �c� � � 4c� !r"q# C >s!c% � �f$c% �h � 0 �  f� %s� $b� $q� � � � ( � & � !b.b*c� � 7% " - � � � +
EDEADLKS �q�c�o� *h  � $c�h� �q � � !v� (  � � !q#b% )n$c�k� �q�o.r*h� � 7d+

Prototype:
int pthread_mutex_lock(pthread_mutex_t *

ZÃM
);

#include <pthread.h>

pthread_mutex_t
ZÃM

;
int

J L =
;

J L =
 = pthread_ mutex_lock(&

ZÃM
); /* acquire the mutex */
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pthread_mutex_unlock(3T)¤p� �
pthread_mutex_unlock()

� %n*c$q( % � /r� �q�o.r*c� � 7p�c% � $q� � !v� %p"d# C >c+

�q�c�u.r*h� � 7p.r*h� �q"q�p( % � /d� !v� $c!v� �c�o� � ( ( � $q1r� �c � � !b.r*h� �q"q�o� �c�p% $q�p� �q� �h( � � �( % � / � !b� �c�u.b*c� � 7s¥ � �q�p% )n$c�  ¦ + t �c� $v� $q#b% � �q�  f� �q � � !c�k�  �u)s� � � � $q1r0 %  f� �c�.r*h� � 7n� %p"c� � % .b�p� 'q� � ( � "c( � 3d� �q�p� �q � � !v� �h� �c�u�c� � !v% 0Ã� �q�p� *h� *h�o� �f*q$d"q( % � /d� !Ã+
GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �h� $v�   %  f% � � *h  � !Ã+ t �q� $b� $d#b% 0h� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $c�k% � � *c 3 � �c�0 *c$q� � � % $v0 � � ( �k� $q!v � � *c $c�k� �q�p� %   � � �h% $q!c� $c1n'q� ( *c� +
EINVAL S �q�c�u'q� ( *c�p� �c� � � 4c� !r"q# C >s!c% � �f$c% �h � 0 �  f� %s� $b� $q� � � � ( � & � !b.b*c� � 7% " - � � � +
EPERMS �q�c�o� *h  � $c�h� �q � � !v!c% � �f$c% �h% )n$v� �c�u.r*h� � 7d+

Prototype:
int pthread_mutex_unlock(pthread_mutex_t *

ZeM
);

#include <pthread.h>

pthread_mutex_t
ZÃM

;
int

J L =
;

J L =
 = pthread_ mutex_unlock(&

ZÃM
); /* release the mutex */
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pthread_mutex_trylock(3T)¤p� �
pthread_mutex_trylock()

� %s� � � � .r�c�h� %r( % � /r� �q�o.r*h� � 7p�c% � $c� � !v� %p"q#
C >q+

�q�c� �f0 *c$q� � � % $r� �f�k$c% $d"q( % � /d� $c1p'q�  � � % $r% 0
pthread_mutex_lock()

+ t �c� $r� �c�.r*h� � 7o� �e� (  � � !q#s( % � / � !q3 � �c� �e� � ( (  � � *c $c�Ã)s� � �r� $r�   %  + � � �c�  )s� � � 3 � �c�f.r*h� � 7o� �( % � / � !b� $q!v� �c�o� � ( ( � $c1s� �c � � !v� �k� �c�o% )n$c�  +
GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �h� $v�   %  f% � � *h  � !Ã+ t �q� $b� $d#b% 0h� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $c�k% � � *c 3 � �c�0 *c$q� � � % $v0 � � ( �k� $q!v � � *c $c�k� �q�p� %   � � �h% $q!c� $c1n'q� ( *c� +
EBUSYS �q�c�u.r*h� � 7p�h% � $c� � !v� %p"q# C >n)s� �k� (  � � !q#b( % � /d� !Ã+
EINVAL S �q�c�u'q� ( *c�p� �c� � � 4c� !r"q# C >s!c% � �f$c% �h � 0 �  f� %s� $b� $q� � � � ( � & � !b.b*c� � 7% " - � � � +

Prototype:
int pthread_mutex_trylock(pthread_mutex_t *

ZeM
);

#include <pthread.h>

pthread_mutex_t
ZÃM

;
int

J L =
;

J L =
 = pthread_ mutex_trylock(&

ZeM
); /* try to lock the mutex */
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pthread_mutex_destroy(3T)¤p� �
pthread_mutex_destroy()

� %s!c� � �  % #r� $q#b� � � � �o� � � % � � � � � !b)s� � �b� �c�.r*h� � 7p�c%d� $c� � !v� %p"q# C >�s

ws% � �p� �q� �h� �c�p� �c� � �p0 %  f� � %  � $q1r� �c�u.r*h� � 7n� �k$q% �h0  � � !Ã+
GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �h� $v�   %  f% � � *h  � !Ã+ t �q� $b� $d#b% 0h� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $c�k% � � *c 3 � �c�0 *c$q� � � % $v0 � � ( �k� $q!v � � *c $c�k� �q�p� %   � � �h% $q!c� $c1n'q� ( *c� +
EBUSYS �q�c�u.r*h� � 7p#q% *v�  �o�  #d� $c1s� %s!c� � �  % #r� �k( % � / � !v%  f� $b*c� � +
EINVAL S �q�c�u'q� ( *c�p� �c� � � 4c� !r"q# C >s!c% � �f$c% �h � 0 �  f� %s� $b� $q� � � � ( � & � !b.b*c� � 7% " - � � � +

Prototype:
int pthread_mutex_destroy(pthread_mutex_t *

ZeM
);

#include <pthread.h>

mutex_t
ZeM

;
int

J L =
;

J L =
 = pthread_mutex_destroy(&

ZÃM
); /* mutex is destroyed */
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mn�  �o�  �p� % .b�o� %d!q�p0  � 1 .b� $c� �k� �c% )s� $q1s.r*h� � 7n( % � / � $q1c+

�q�c�o� )s%s0 *q$c� � � % $c�k� $ 9 % !c� � 7 � .b�c( �fÈ 2 yu*h� �o� �c�u.b*c� � 7n( % � /r0 %  f!c� 0 0 �  � $c��q*h �c% � � � + �q�q�
increment_count

0 *q$c� � � % $r*h� � �k� �c�u.b*c� � 7p( % � /r� � .r�h( #b� %� � � *h �o� $v� � % .v� �k*q�h!c� � �o% 0Ã� �q�o� �c�  � !r'q�  � � "c( � + �q�c�
get_count

0 *q$c� � � % $r*h� � �� �c�u.r*h� � 7n( % � /s� %s1 *h�  � $c� � �o� �c� �h� �c�o� È 2 "c� �h� *c� $q� � � #
count

� �k � � !v� � % .v� � � ( ( # +
� $v�o� � 2 "q� �h�  � �c� � � � � *h � 3d� long long

� �k � � ( ( #r� )r%n� � 2 "q� �h� *h� $c� � � � � � +
ws% � �p� �q� �h� 0

count
)s�  �o� $

int
3
get_count

)s% *h( !b$c% �c$q� � !v�o.b*c� � 7n( % � /r� % � � !v� �q�o'q� ( *h�o% 0
count

3 "c� � � *h� �o� $c� � 1d�  f% �c�  � � � % $q�k�  �p� � % .b� � +
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#include <pthread.h>

pthread_mutex_t count_mutex;
long long count;

void
increment_count()
{

pthread_mutex_lock(&count_mutex);
count = count + 1;
pthread_mutex_unlock(&count_mutex);

}

long long
get_count()
{

long long c;

pthread_mutex_lock(&count_mutex);
c = count;
pthread_mutex_unlock(&count_mutex);
return (c);

}
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� % *b)s� ( (c% � � � � � % $c� ( ( #s)r� $c�h� %s� � � � � �k� )r%s � � % *h � � �k� �h% $c� � + � �  �c� �c�k#d% *Æ�  �*h� � $c1s% $q�o% 0c� �c�o � � % *h � � � 3 � $c!b� �c� $b!c� � � % 'q�  e� �q� �c� �c�u% � �c�  e � � % *c � �o� �e$c� � !c� !� �f)s� ( ( + � �k� �q% )n$b� $ 9 %d!q� � 7 � .r�c( �fÈ 2 � 3d� �q�  �o� % *h( !r"c�o�o�h % "q( � .Ç� 0h� )s%� �c � � !c�k� � � � .r�h�h� %s� ( � � . "c% � �v � � % *h � � �e"d*h�h( % � /s� �c�o� � � % � � � � � !b.r*h� � 7 � �k� $!c� 0 0 �  � $c�h%  !c�  � + F $v� �c� �k� 7 � .r�h( � 3 � 0h� �c�o� )s%r� �q � � !q�u( % � /s.r*h� � 7 � �9yp� $q!b� � � �c� � � � 'q� ( # 3 � �c� $v�p!c� � !c( % � /r% � � *c �f)s�q� $b� � � �v� � � � .r�h� �k� %s( % � /s� �c�o% � �c�  .r*h� � 7d+

�q�c�f"q� � �q)s� #r� %p� 'q%d� !b� �q� �Ã�h % "q( � . � �f� %p.b� /d�u� *c �u� �c� �q)n�q� $c� 'q�  e� �q � � !c�e( % � /.r*h( � � �c( �f.r*h� � 7 � � 3 � �c� #n!c%p� %p� $s� �c�k� � .b�u%  !q�  + �q�c� �e� � � �q$c� � *h�k� �e/ $q% )n$s� �ez { | }
@ � ~ B A B | @ � ~ ? 5 %  !c�  f� �c�u.b*c� � 7 � �e"d#b( %d1 � � � ( ( #b� � � � 1 $c� $c1s$d*c.s"q�  �k� %s� �c� .Æ+
� ( � %d3 �c% $c%  Ã� �q�u � � �  � � � � % $s� �c� �d#q% *r� � $q$c% �q� � /d�k�k.r*h� � 7o� �q� �q� �e� � � � 1 $q� !0� )s�q� $#q% *v�  �u�c% ( !c� $q1r� $q#s.b*c� � 7n� � � � 1 $c� !v�o$q*q.r"q�  f1d � � � �  f� �q� $�� +
� � � � � � � �

lock_lint
� % % ( � � $ ! � � � � � � � � � %  � % 0 ! � � ! ( % � / �  % " ( � . � � % ) $ � $� � � � � 7 � . � ( � + � � � " � � � ) � # � % � ' % � ! � * � � ! � � ! ( % � / �  % " ( � . � � � � % * � � ( % � /� � �  �  � � � � � + t � � $ ( % � / � �  � � ( ) � # � � � / � $ � $ � �  � � �  � " � ! %  ! �  3 ! � � ! ( % � /� � % * ( ! $ % � % � � *  +

m % ) � ' �  3 � � � � � � � � $ � � * � � � $ $ % � � ( ) � # � " � * � � ! � � % . � � � . � � # % * . * � � � � / � � � �. * � � 7 � � � $ � $ %  ! �  % � � �  � � � $ �  � � �  � " � ! + � % �  � ' � $ � ! � � ! ( % � / � $ � * � � �� � � * � � � % $ 3 * � �
pthread_mutex_trylock()

+ � $ � � �  � � ! . * � �  � ( � � � � � � �. * � � 7 � � ) � � $ � � ! � � � % ' �  � � � � � ! � � ! ( % � / ) % * ( ! % � � �  ) � � � " � � $ � ' � � � " ( � +
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pthread_mutex_lock(&m1);

    /* use resource 1 */

   pthread_mutex_lock(&m2);

       /* use resources
          1 and 2 */

pthread_mutex_unlock(&m2);
pthread_mutex_unlock(&m1);

pthread_mutex_lock(&m2);

    /* use resource 2 */

    pthread_mutex_lock(&m1);

       /* use resources
          1 and 2 */

pthread_mutex_unlock(&m1);
pthread_mutex_unlock(&m2);
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pthread_mutex_trylock()
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pthread_mutex_lock(&m1);
pthread_mutex_lock(&m2);

pthread_mutex_unlock(&m2);

pthread_mutex_unlock(&m1);

for (;;) {
  pthread_mutex_lock(&m2);
  if (pthread_mutex_trylock(&m1)==0)
    /* got it! */
    break;

  /* didn’t get it */
  pthread_mutex_unlock(&m2);
}
pthread_mutex_unlock(&m1);
pthread_mutex_unlock(&m2);
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typedef struct node1 {
    int value;
    struct node1 *link;
    pthread_mutex_t lock;
} node1_t;

node1_t ListHead;
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ListHead

3� �c�  �o� �f$c� 'q�  f�n!q� � !c( % � /p"c� � � *h� �o� �c�o( % � / �u�  �p� ( )s� #q�k� � /d� $v� $v( � � �h%  !c�  +
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node1_t *delete(int value)
{
    node1_t *prev, *current;

    prev = &ListHead;
    pthread_mutex_lock(&prev->lock);
    while ((current = prev->link) != NULL) {
        pthread_mutex_lock(&current->lock);
        if (current->value == value) {
            prev->link = current->link;
            pthread_mutex_unlock(&current->lock);
            pthread_mutex_unlock(&prev->lock);
            current->link = NULL;
            return(current);
        }
        pthread_mutex_unlock(&prev->lock);
        prev = current;
    }
    pthread_mutex_unlock(&prev->lock);
    return(NULL);
}
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typedef struct node2 {
    int value;
    struct node2 *link;
    pthread_mutex_t lock;
} node2_t;
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void Hit Neighbor(node2_t *me) {
    while (1) {
        pthread_mutex_lock(&me->lock);
        if (pthread_mutex_lock(&me->link->lock)!= 0) {
            /* failed to get lock */
            pthread_mutex_unlock(&me->lock);
            continue;
        }
        break;
    }
    me->link->value += me->value;
    me->value /=2;
    pthread_mutex_unlock(&me->link->lock);
    pthread_mutex_unlock(&me->lock);
}
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�q�c�u� � �q� !d*h( � $c1p�c% ( � � #r!q� � �  .b� $c� �e�q% ) "c( % � /d� $c1n� �c � � !c�e�  �u� )s� /d� $c� !Ã+ ªd%  e� �q�!c� 0 � *c( �

SCHED_OTHER
3 � �c � � !c�k�  �o� )s� /d� $c� !v� $r�h � %  � � #r%  !c�  +

�q�c�o� � �  � "d*h� � �k0 %d e� % $q!c� � � % $b'q�  � � "q( � �f.b*c� �q"c�o� � �h� $q!v� $q� � � � ( � & � !r"c� 0 %d �o� �c�� % $c!c� � � % $b'd�  � � "c( � �k� � $r"q�o*c� � !h+ �q�c�o0 *q$c� � � % $c�k� �c� �c.b� $c� �q*h( � � �p� % $c!q� � � % $'q�  � � "q( �o� � �  � "d*h� � �k�  �o( � � � � !v� $b� � "q( �fÈ 2 Èq+
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pthread_condattr_init(3T)
¤p� �

pthread_condattr_init()
� %s� $q� � � � ( � & �o� � �  � "d*h� � �k� � � % � � � � � !b)s� � �b� �c� �% " - � � �h� %s� �c� �  f!c� 0 � *h( �c'q� ( *h� � + , � %d � 1 �p0 %  f� � � �b� � �  � "d*h� �o% " - � � �h� �k� ( ( % � � � � !r"d#� �c�o� �q � � !c�f� #q� � � .Ç!q*h � $c1s� 7 � � *h� � % $h+ �q�q�o!c� 0 � *c( �q'q� ( *h�o% 0h� �q��> ? @ A B ~ �p� � �  � "q*c� �)n�c� $v� �c� �k0 *c$c� � � % $v� �u� � ( ( � !v� �

PTHREAD_PROCESS_PRIVATE
3 )n�c� � �b.b� � $q�� �c� �h� �c�o� $c� � � � ( � & � !v� % $c!c� � � % $b'q�  � � "c( �p� � $r"q�o*c� � !r)r� � �c� $v�o�h % � � � � +

| A D D Be� �k� $v% �h� � *c�p!q� � �p� # �h�o� �c� �h� % $c� � � $q�u�p� #d� � � .r2 � ( ( % � � � � !v� � �  � "d*h� �o% " - � � � +�q�c�u�c%d� � � "c( �o'q� ( *h� �k%d0h| A D D B � �k� � % �h�o�  �
PTHREAD_PROCESS_PRIVATE

¥ � �c�!c� 0 � *c( � ¦h� $c!
PTHREAD_PROCESS_SHARED

+
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Prototype:
int pthread_condattr_init(pthread_condattr_t *

B > = = J
);

#include <pthread.h>
#include <time.h>

pthread_condattr_t
B > = = J

;
int

J L =
;

/* initialize an attribute to default value */J L =
 = pthread_condattr_init(&

B > = = J
);
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Ec� 0 %  �u�o� % $c!c� � � % $s'q�  � � "c( �u� � �  � "d*h� �u� � $s"q�u � *c� � !c3 � �d.b*c� �c4c � � "c�u � .v% 'q� !s"d#
pthread_condattr_destroy(3T)

+ �q�c�
pthread_condattr_init()

� � ( ( � � *h $c�k�o�c%d� $c� �  f� %s� $v% �h� � *c�p% " - � � � + F 0h� �c�o% " - � � �h� �f$c% �h!c� � �  % #d� !c3 �p.b� .v%  #( � � /s)s� ( (c � � *h( � +
GIH J K�L MON�P
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� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �h� $v�   %  f% � � *h  � !Ã+ t �q� $b� � � �c�  f% 0Ã� �q�p0 % ( ( % )r� $c1s� % $q!c� � � % $c�k% � � *h � 3 � �c�0 *c$q� � � % $v0 � � ( �k� $q!v � � *c $c�k� �q�p� %   � � �h% $q!c� $c1n'q� ( *c� +
ENOMEMS �q�c�  �o� �f$q%d�c� $c% *c1 �r.b� .v%  #s� %s� $c� � � � ( � & �o� �c�u� �c � � !b� � �  � "d*h� � �f% " - � � � +
EINVAL S �q�c�u'q� ( *c�p� �c� � � 4c� !r"q#r| A D D Be� �k� $q'q� ( � !Ã+
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pthread_condattr_destroy(3T)
¤p� �o� �c� �u % *c� � $c�o� %s � .v% 'q�o� � %  � 1 �o� $q!v � $q!c�  f� �c�o� � �  � "q*c� �o% " - � � �h� $q'q� ( � !Ã+
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� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �c� $b�   %  f% � � *c  � !Ã+ F 0h� �c�u0 % ( ( % )s� $q1r� % $q!c� � � % $v% � � *c � 3 � �c�o0 *c$q� � � % $b0 � � ( �f� $q! � � *h $c�k� �q�p� %   � � �h% $q!c� $q1s'q� ( *c� +
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Prototype:
int pthread_condattr_destroy(pthread_condattr_t *

B > = = J
);

#include <pthread.h>
#include <time.h>

pthread_condattr_t
B > = = J

;
int

J L =
;

/* destroy an attribute */J L =
 = pthread_condattr_destroy(&

B > = = J
);
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pthread_condattr_setpshared(3T)�q�c�k� � % �h�k% 0q�o� % $q!c� � � % $n'q�  � � "c( �k� � $p"c�k� � � �c�  h�c % � � � �Ã�c � 'q� � �u¥ � $c�  � �c % � � � � ¦q%  � #q� � � . )s� !c�o¥ � $c� �  �c % � � � � ¦ + F 0h� �q�o� % $q!c� � � % $r'q�  � � "q( �u� �f�  � � � � !r)s� � �b� �q��> ? @ A B ~ �� � �  � "d*h� �o� � �h� %r� �q�
PTHREAD_PROCESS_SHARED

� � � � � 3d� $c!v� �h� 7 � � � �k� $b� �c�  � !.b� .b%  # 3d� �h� � $r"q�p� �q�  � !v� .b% $q1r� �q � � !c�k0  % . .b%  �p� �q� $v% $c�u�h % � � � � + �q�c� �u� �� � *h� 'q� ( � $c�h� %s� �c�
USYNC_PROCESS_ � 1s� $ mutex_init()

� $v� �q�p%  � 1d� $c� (, % ( �  � �k� �q � � !c� +
F 0Ã� �q�o.r*h� � 7(> ? @ A B ~ �p� � �  � "q*c� �o� �k� � �h� %

PTHREAD_PROCESS_PRIVATE
3d% $c( #� �c% � �o� �c � � !q�u�  � � � � !s"q#r� �c�o� � .b�u�h % � � � �k� � $b% �h�  � � �p% $v� �q�o.r*c� � 7d+ ¤p� � $c1

PTHREAD_PROCESS_PRIVATE
 � � *h( � �k� $v� �q�p� � .b�u"q� �c� 'q� %  f� �f)s� � �v� �q�

USYNC_THREAD_ � 1p� $r� �q�u%  � 1d� $q� ( , % ( �  � �e� �q � � !c� cond_init()
� � ( ( 3 )n�c� � �r� �� �c� �c% 0c�p( % � � (d� % $c!c� � � % $r'q�  � � "q( � +

PTHREAD_PROCESS_SHARED
� �f� � *h� 'q� ( � $c�c� %�p1d( % "q� (c� % $c!q� � � % $r'q�  � � "c( � +
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Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �c� $b�   %  f% � � *c  � !Ã+ F 0h� �c�u0 % ( ( % )s� $q1r� % $q!c� � � % $v% � � *c � 3 � �c�o0 *c$q� � � % $b0 � � ( �f� $q! � � *h $c�k� �q�p� %   � � �h% $q!c� $q1s'q� ( *c� +
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Prototype:
int pthread_condattr_setpshared(pthread_condattr_t *

B > = = J
,

int
M C [ > J L T

);

#include <pthread.h>
#include <time.h>

pthread_condattr_t
B > = = J

;
int

J L =
;

/* all processes */J L =
 = pthread_condattr_setpshared(&

B > = = J
, PTHREAD_PROCESS_SHARED);

/* within a process */J L =
 = pthread_condattr_setpshared(&

B > = = J
, PTHREAD_PROCESS_PRIVATE);
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pthread_condattr_getpshared(3T)
b � �q� �c�u� *h  � $c�d'q� ( *h�u% 0�> ? @ A B ~ �o0 %  e� �q�u� � �  � "q*c� �u% " - � � �c| A D D B + �q�c�k'q� ( *h�u� �f� � � �c�  
PTHREAD_PROCESS_SHARED

%  
PTHREAD_PROCESS_PRIVATE

+
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� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �c� $b�   %  f% � � *c  � !Ã+ t �c� $b� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $b%d� � *h � 3 � �c�o0 *c$q� � � % $b0 � � ( �� $c!v � � *h $q�k� �c�o� %d  � � �c% $c!c� $q1s'q� ( *c� +
EINVAL S �q�c�u'q� ( *c�p% 0h| A D D Bf� �k� $d'q� ( � !Ã+

Prototype:
int pthread_condattr_getpshared(const pthread_condattr_t *

B > = = J
,

int *
M C [ > J L T

);

#include <pthread.h>
#include <time.h>

pthread_condattr_t
B > = = J

;
int

M C [ > J L T
;

int
J L =

;

/* get pshared value of condition variable */J L =
 = pthread_condattr_getpshared(&

B > = = J
, &
M C [ > J L T

);
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pthread_cond_init(3T)¤p� �
pthread_cond_init()

� %s� $q� � � � ( � & �o� �c�o� % $q!c� � � % $b'q�  � � "q( �u�h% � $c� � !v� �q"d#| ±u� %p� � �Ã!c� 0 � *h( �d'q� ( *c�u¥ | A D D Bh� �Ãwn¤p8q8c¦ 3 %  Ã� %p� �c� � � 0 #s� % $q!c� � � % $s'q�  � � "q( �k� � �  � "q*c� � �� �c� �h�  �p� (  � � !q#b� � �c)s� � �
pthread_condattr_init()

+ �q�q�p� 0 0 � � �h% 0Ã| A D D B"q� � $c1nwn¤p8c8v� �k� �c�o� � .b�o� �e�h� � � � $q1r� �q�p� !c!c � � �f%d0h�p!q� 0 � *h( �h� % $c!c� � � % $r'q�  � � "c( �� � �  � "d*h� �o% " - � � � 3 "d*h�c)s� � �q% *h�h� �c�u.b� .b%  #r% 'q�  �q� � !Ã+
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Prototype:
int pthread_cond_init(pthread_cond_t *

B _
,

const pthread_condattr_t *
B > = = J

);

#include <pthread.h>

pthread_cond_t
B _

;
pthread_condattr_t

B > = = J
;

int
J L =

;

/* initialize a condition variable to its default value */J L =
 = pthread_cond_init(&

B _
, NULL);

/* initialize a condition variable */J L =
 = pthread_cond_init(&

B _
, &
B > = = J

);
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, � � � � � � ( ( #d2 !c� 4q$c� !b� % $q!c� � � % $s'q�  � � "q( � �f� � $n"c�u� $c� � � � ( � & � !b!c�  � � � ( #r� %o�c� 'q�u!c� 0 � *h( �� � �  � "d*h� � �f)s� � �b� �c�o.b� �  %
PTHREAD_COND_INITIALIZER

+ �q�c� �f�q� �k� �q�p� � .b�� 0 0 � � �h� �k!q# $c� .b� � � ( ( #b� ( ( % � � � � $c1
pthread_cond_init()

)s� � �b$q*c( (q� � �  � "d*h� � � +ws%s�   %d f� �c� � /d� $q1r� �k!c% $c� +
6 *c( � � �h( �p� �q � � !c�f.r*h� �c$c% �h� � .b*c( � � $c� % *h� ( #b� $c� � � � ( � & �o%  f � � $q� � � � ( � & �o� �c�o� � .b�� % $c!c� � � % $b'd�  � � "c( � + F 0h�n� % $q!c� � � % $b'q�  � � "q( �o� �k � � $q� � � � ( � & � !v%  f!c� � �  % #d� !q3d� �c�� �c�c( � � � � � % $b.r*h� �q"q�o� *c �o� �c�o� % $c!c� � � % $b'q�  � � "q( �o� �f$q%d�h� *c  � $c� ( #b� $b*h� � +
F 0Ã�p� % $c!c� � � % $b'd�  � � "c( �p� �k!q#d$c� .b� � � ( ( #r� ( ( % � � � � !v� $q!b)s� �u� $c� � � � ( � & � !b)s� � �v� $� � �  � "d*h� �o% " - � � � 3 "q� 0 %  �p� �q�p� % $q!c� � � % $b'q�  � � "q( �o� � � � ( 0h� �k0  � � !q3d� � �k� � �  � "d*h� �o% " - � � �� �c% *c( !v4q � �q"c�o0  � � !b)s� � �

pthread_condattr_destroy ()
+

GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �h� $v�   %  f% � � *h  � !Ã+ t �q� $b� $d#b% 0h� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $c�k% � � *c 3 � �c�0 *c$q� � � % $v0 � � ( �k� $q!v � � *c $c�k� �q�p� %   � � �h% $q!c� $c1n'q� ( *c� +
EINVAL S �q�c�u'q� ( *c�p� �c� � � 4c� !r"q#r| A D D Be� �k� $q'q� ( � !Ã+
EBUSYS �q�c�o� % $c!c� � � % $b'q�  � � "q( �o� �f"q� � $c1n*h� � !Ã+
EAGAIN S �q�c�u$c� � � � � �  #r � � % *c � � �k�  �o$q% �h� 'q� � ( � "c( � +
ENOMEMS �q�c�  �p� �f$c% �h� $c% *h1 �b.b� .b%  #r� %r� $c� � � � ( � & �p� �c�o� % $c!c� � � % $r'q�  � � "c( � +



� Z ;b< ? = D = [ J L > T L Tc^dJ E N J > ZeZfD F Negh< D T L ibjkE _ L ZeK L J \ W W R

l

¶0+ X�= lOX�&°*0t�X�&(v�' ) ' X�&|­O*�7 ' *�8
+ -

pthread_cond_wait(3T)¤p� �o� �q� �f % *h� � $c�o� %n� � % .b� � � ( ( #r � ( � � � �o� �c�k.b*c� � 7p�c% � $c� � !b� %p"d# C >s� $c!b� %s� � *c� �� �c�o� � ( ( � $q1r� �c � � !v� %p"c( %d� /r% $v� �c�o� % $c!c� � � % $r'q�  � � "c( �o�c% � $c� � !v� %p"d#r| ± +

�q�c�k"q( % � /d� !v� �c � � !v� � $r"q�p� )s� /d� $c� !r"q#r�
pthread_cond_signal()

3d�
pthread_cond_broadcast()

3 %d e)n�q� $b� $c� �   *c�c� � !s"q#b!q� ( � 'q�  #b% 0h�p� � 1 $q� ( +
� $d#b� �c� $c1 �p� $v� �q�o'q� ( *c�o%d0h�p� % $c!c� � � % $v� � � % � � � � � !b)s� � �v� �q�p� % $q!c� � � % $r'q�  � � "c( �� � $q$q%d�q"q�o� $c0 �   � !s"q#r� �c�p � � *c $v% 0

pthread_cond_wait()
3d� $c!v� $q#r� *h� �� % $c!c� � � % $b.r*c� �q"c�o � � 'q� ( *c� � � !Ã+

�q�c�
pthread_cond_wait()

 % *c� � $c�o� ( )s� #q�k � � *h $q�f)r� � �v� �q�o.r*h� � 7n( %d� / � !� $c!v% )n$c� !r"d#b� �c�o� � ( ( � $c1s� �c � � !v� 'd� $b)n�q� $b � � *c $c� $c1r� $b�   %  +
�q�c� �k0 *q$c� � � % $r"q( % � /d�f*q$c� � (q� �c�o� % $c!c� � � % $v� �k� � 1 $c� ( � !Ã+ F �h� � % .b� � � ( ( #r � ( � � � � �k� �c�� � � %d� � � � � !b.r*c� � 7n( % � /n"q� 0 %  �k"c( % � /d� $c1d3d� $q!v� � % .b� � � ( ( #r � � � � *h�  � �k� �q"q� 0 %  � � � *h $c� $c1q+
F $v� #d�c� � � (d*h� � 3d�p� % $q!c� � � % $v� 7 �h � � � � % $b� �k� 'q� ( *h� � � !b*c$q!c�  f� �q�o�c % � � � � � % $v% 0h�.r*h� � 7n( % � /q+ t �c� $v� �c�o� % $c!c� � � % $b� 7 �c � � � � % $v� �k0 � ( � � 3d� �c�o� �c � � !r"q( % � /d�k% $v� �q�� % $c!c� � � % $b'd�  � � "c( � + �q�q�p� % $q!c� � � % $b'q�  � � "q( �o� �k� �c� $v� � 1 $c� ( � !r"d#b� $c% � �q�  f� �q � � !)n�c� $v� �h� �c� $c1 � �k� �c�o� % $c!c� � � % $b'd� ( *h� + �q�c� �k� � *h� � �u% $q�p%  f� ( (q% 0Ã� �q�p� �q � � !c�)s� � � � $c1r% $v� �q�p� % $q!c� � � % $v� %n*c$d"q( % � /s� $c!v� %s�  #b� %s � � � � *c�  �o� �c�u.r*h� � 7n( % � /q+

Prototype:
int pthread_cond_wait(pthread_cond_t *

B _
,pthread_mutex_t *

Ze< = L A
);

#include <pthread.h>

pthread_cond_t
B _

;
pthread_mutex_t

ZÃM
;

int
J L =

;

/* wait on condition variable */J L =
 = pthread_cond_wait(&

B _
, &
ZÃM

);
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Ec� � � *h� �o� �c�o� % $q!c� � � % $v� � $v� �q� $q1d�k"c� 0 %d �p� $v� )s� /d� $c� !v� �c � � !v � � *c $c�k0  % .
pthread_cond_wait()

3d� �q�p� % $q!c� � � % $v� �c� �h� � *h� � !v� �c�u)s� � �c.r*h� �q"q�p � � � � � � !"q� 0 %  �p� �q�o.r*h� � 7n( %d� /r� �k� � � *c�  � !Ã+ �q�q�p � � % .r.b� $c!q� !v� � � �c.b� � �q%d!b� �k� %n)s � � �� �c�o� % $c!c� � � % $v� �c� � /r� �k�p)n�q� ( �o( %d% �v� �c� �h� � ( ( �
pthread_cond_wait ()

+

ws%s� �h� � � 4q�u%  !c�  f%d0h� � � *c� � � � � % $v� �k1 *h�  � $c� � � !b)n�c� $b.b%  �p� �q� $v% $c�o� �c � � !"q( % � /d�k% $v� �q�p� % $q!c� � � % $b'q�  � � "q( � +
� � � � �

pthread_cond_wait()
� � � � � $ � � ( ( � � � % $ � % � $ � + F 0 � � � $ � � ( � � � � $ ! � $ 1� $ ! � � � � � ( ( � $ 1 � �  � � ! � � � � � $ � � ( ( � � � % $ � $ � " ( � ! 3 � � � � �  � � ! ) � ( ( " � � �  . � $ � � � !� $ ! ) � ( ( " � 1 � $ � 7 � � * � � $ 1 � � � � ( � � $ * � � � $ ! ( �  � +

G H J K L M N P Q K H R
� � � *  $ � & �  % � 0 � �  � % . � ( � � � $ 1 � * � � � � � 0 * ( ( # + � $ # % � � �   � � *  $ � ! ' � ( * � � $ ! � � � � � �� � � � � $ �   %  % � � *   � ! + t � � $ � � � 0 % ( ( % ) � $ 1 � % $ ! � � � % $ % � � *  � 3 � � � 0 * $ � � � % $ 0 � � ( �� $ !  � � *  $ � � � � � %   � � � % $ ! � $ 1 ' � ( * � +
EINVAL S � � � ' � ( * � � � � � � 4 � ! " # | ± %  C > � � � $ ' � ( � ! +

    pthread_mutex_lock();
        while(condition_is_false)
            pthread_cond_wait();
    pthread_mutex_unlock();
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pthread_cond_signal(3T)¤p� �
pthread_cond_signal()

� %n*c$ "c( % � /r% $c�o� �c � � !v� �c� �h� �e"q( % � / � !v% $v� �q�� % $c!c� � � % $b'd�  � � "c( �o�c% � $c� � !v� %p"d#b| ± +

9 � ( ( pthread_cond_signal()
*q$c!c�  f� �c�u�h % � � � � � % $v% 0h� �c�o� � .v�u.r*h� � 7p*h� � !)s� � �b� �c�o� % $c!c� � � % $b'q�  � � "q( �k"c� � $q1r� � 1 $c� ( � !Ã+ � � �q�  )s� � � 3d� �q�p� % $q!c� � � % $r'q�  � � "c( �� % *h( !r"q�p� � 1 $q� ( � !s"c� � )s� � $v� �q�o� � � �h% 0h� �c�o� � � % � � � � � !b� % $c!c� � � % $v� $c!s"c( % � /d� $c1r� $

pthread_cond_wait()
3 )n�q� � �v� � $b� � *c� �p� $b� $c4d$c� � �o)s� � � +

�q�c�o� � �c� !q*c( � $q1s�c% ( � � #b!c� � �  .v� $c� �k� �c�o%d !c�  e� $b)n�q� � �r"q( % � / � !b� �c � � !c�k�  �� )s� / � $q� !Ã+ ªd%  
SCHED_OTHER

3 � �c � � !c�k�  �p� )s� /d� $c� !v� $r�h � %  � � #r%  !c�  +
t �c� $b$q%r� �q � � !c�k�  �u"q( % � / � !b% $b� �c�o� % $c!c� � � % $b'q�  � � "q( � 3d� �c� $v� � ( ( � $c1
pthread_cond_signal()

�q� �f$q%r� 0 0 � � � +
GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �c� $b�   %  f% � � *c  � !Ã+ t �c� $b� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $b%d� � *h � 3 � �c�o0 *c$q� � � % $b0 � � ( �� $c!v � � *h $q�k� �c�o� %d  � � �c% $c!c� $q1s'q� ( *c� +
EINVAL S | ±p�c% � $c� �k� %s� $v� ( ( � 1 � (q� !c!c � � � +

Prototype:
int pthread_cond_signal(pthread_cond_t *

B _
);

#include <pthread.h>

pthread_cond_t
B _

;
int

J L =
;

/* one condition variable is signaled */J L =
 = pthread_cond_signal(&

B _
);
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SdE T Lq@ A > ZÃM ? LqÊ Ë Vº¹kÖ Ô Ù �
pthread_ cond_wait()

ê Ù �
pthread_ cond_signal()

pthread_mutex_t count_lock;
pthread_cond_t count_nonzero;
unsigned int count;

decrement_count()
{

pthread_mutex_lock(&count_lock);
while (count == 0)

pthread_cond_wait(&count_nonzero, &count_lock);
count = count - 1;
pthread_mutex_unlock(&count_lock);

}
increment_count()
{

pthread_mutex_lock(&count_lock);
if (count == 0)

pthread_cond_signal(&count_nonzero);
count = count + 1;
pthread_mutex_unlock(&count_lock);

}
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pthread_cond_timedwait(3T)

¤p� �
pthread_cond_timedwait()

� �f#q% *v)s% *c( !b*c� �
pthread_cond_wait()

3 � 7 � � �c�c� �c� �
pthread_cond_timedwait()

!c% � �Ã$c% �"q( % � /s�c� � �h� �c�o� � .b�p% 0h!c� #b� �c� � � 4c� !r"d#OA ¼ ? D � C ~ +
pthread_cond_timedwait()

� ( )r� #d�u � � *c $c�f)s� � �b� �c�o.r*c� � 7n( % � /d� !v� $c!% )n$c� !r"q#r� �c�o� � ( ( � $c1s� �c � � !b� 'q� $b)n�c� $v� �h� �k � � *h $q� $q1r� $v�   %  +
�q�c�

pthread_cond_timedwait()
0 *q$c� � � % $s"c( %d� /d�f*c$q� � (q� �c�o� % $q!c� � � % $v� �� � 1 $c� ( � !v%  e*q$c� � (q� �c�o� � .b�o%d0h!c� #b� �c� � � 4c� !r"d#b� �c�o( � � �h�  1 *c.b� $c�c�c� �f�c� � � � !Ã+

� � � � �
pthread_cond_timedwait()

� � � ( � % � � � $ � � ( ( � � � % $ � % � $ � +

G H J K L M N P Q K H R
� � � *  $ � & �  % � 0 � �  � % . � ( � � � $ 1 � * � � � � � 0 * ( ( # + � $ # % � � �   � � *  $ � ! ' � ( * � � $ ! � � � � � �� � � � � $ �   %  % � � *   � ! + t � � $ � � � � �  % 0 � � � 0 % ( ( % ) � $ 1 � % $ ! � � � % $ � % � � *  � 3 � � �0 * $ � � � % $ 0 � � ( � � $ !  � � *  $ � � � � � %   � � � % $ ! � $ 1 ' � ( * � +
EINVAL S | ± %  A ¼ ? D � C ~ � % � $ � � � % � $ � ( ( � 1 � ( � ! !  � � � +
ETIMEDOUTS � � � � � . � � � � � � 4 � ! " # A ¼ ? D � C ~ � � � � � � � � ! +

Prototype:
int pthread_cond_timedwait(pthread_cond_t *

B _
,

pthread_mutex_t *
Z M

, const struct timespec *
> K C = D Z L

);

#include <pthread.h>

pthread_cond_t
B _

;
pthread_mutex_t

Z M
;

timestruct_t
> K C = D Z L

;
int

J L =
;

/* wait on condition variable */J L =
 = pthread_cond_timedwait(&

B _
, &
Z M

, &
> K C = D Z L

);
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�q�c�o� � .v� 2 % *h�h� �k� �h� � � 4q� !b� �k�p� � .v�o% 0h!c� #b� %s� �c� �h� �q�p� % $q!c� � � % $v� � $r"q�o � � � � � � !� 0 4c� � � $c� ( #s)s� � �c% *c�h � � % .r�q*h� � $c1r� �q�o'q� ( *h� 3d� �k� �q% )s$b� $ 9 % !c� � 7 � .r�h( �kÈ 2 ½ +
SdE T Lq@ A > ZÃM ? LqÊ Ë Wº¾ Ô éoÐ �nèhØ Ù �dÔ Ï Ô Ø Ù.¦nê Ô Ï
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pthread_cond_broadcast(3T)

¤p� �
pthread_cond_broadcast()

� %n*q$d"c( % � /s� ( (q� �c � � !c�f� �c� �h�  �k"c( % � /d� !v% $� �c�o� % $c!c� � � % $b'q�  � � "c( �o�c% � $c� � !v� %p"q#r| ± + t �q� $r$c%s� �c � � !c�k�  �k"c( % � /d� !v% $v� �q�� % $c!c� � � % $b'd�  � � "c( � 3
pthread_cond_broadcast()

�c� �f$c%s� 0 0 � � � +
�q�c� �k0 *q$c� � � % $b)s� /d� �k� ( (c� �q�p� �c � � !c�e"q( % � /d� !v� $

pthread_cond_wait()
+

pthread_timestruc_t to;
pthread_mutex_t m;
pthread_cond_t c;
...
pthread_mutex_lock(&m);
to.tv_sec = time(NULL) + TIMEOUT;
to.tv_nsec = 0;
while (cond == FALSE) {

err = pthread_cond_timedwait(&c, &m, &to);
if (err == ETIME) {

/* timeout, do something */
break;

}
}
pthread_mutex_unlock(&m);

Prototype:
int pthread_cond_broadcast(pthread_cond_t *

B _
);

#include <pthread.h>

pthread_cond_t
B _

;
int

J L =
;

/* all condition variables are signaled */J L =
 = pthread_cond_broadcast(&

B _
);
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� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �c� $b�   %  f% � � *c  � !Ã+ t �c� $b� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $b%d� � *h � 3 � �c�o0 *c$q� � � % $b0 � � ( �� $c!v � � *h $q�k� �c�o� %d  � � �c% $c!c� $q1s'q� ( *c� +
EINVAL S | ±p�c% � $c� �k� %s� $v� ( ( � 1 � (q� !c!c � � � +
¿�À M
Á�Â J Â À MON�P�L Â P�Ã�Q H�Ä9L À P�Á�Å P�R J�Æ�Ç�P�È0É�Q H
, � $q� �

pthread_cond_broadcast()
� � *c� � �k� ( (c� �c � � !c�e"c( % � /d� !v% $v� �c�� % $c!c� � � % $v� %s� % $q� � $q!v� 1 � � $v0 %  f� �c�u.r*h� � 7n( % � / 3 *h� �o� �c)s� � �v� �  � + ª %d f� 7 � .r�h( � 3*h� �

pthread_cond_broadcast()
� %s� ( ( % ) � �c � � !c�k� %s� % $c� � $c!v0 %  e'q�  #q� $c1 � � % *c � �p� .b% *c$q� �k)n�q� $b � � % *h � � �k�  �p0  � � !c3 � �k� �c% )n$v� $ 9 % !c� � 7 � .r�c( �fÈ 2 y Ê +SdE T Lq@ A > ZÃM ? LqÊ Ë \ P èhØ Ù � Ô Ï Ô Ø Ù.«qê Ó Ô ê Õ f Ð�Ë Ó Ø ê � æ ê Ö Ï

ws% � �p� �q� �h� $
add_resources ()

� �h!c% � �f$c% �c.b� � � �  e)n�c� � �c�  �B ~ ? { x B | ~ ?k� �*c�c!c� � � !b4c � �c%  
pthread_cond_broadcast ()

� �f� � ( ( � !r4c � �c� $c� � !q�o� �q�k.b*c� � 7( % � /q+

pthread_mutex_t rsrc_lock;
pthread_cond_t rsrc_add;
unsigned int resources;

get_resources(int amount)
{

pthread_mutex_lock(&rsrc_lock);
while (resources < amount) {

pthread_cond_wait(&rsrc_add, &rsrc_lock);
}
resources -= amount;
pthread_mutex_unlock(&rsrc_lock);

}

add_resources(int amount)
{

pthread_mutex_lock(&rsrc_lock);
resources += amount;
pthread_cond_broadcast(&rsrc_add);
pthread_mutex_unlock(&rsrc_lock);

}
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9 � ( ( pthread_ cond_broadcast()
*q$c!c�  f� �c�u�h % � � � � � % $v% 0h� �c�o� � .v�u.r*h� � 7� �c� �h� �k*c� � !r)r� � �v� �q�p� % $c!q� � � % $r'q�  � � "c( �u"q� � $c1s� � 1 $c� ( � !Ã+ � � �c�  )s� � � 3d� �c�� % $c!c� � � % $b'd�  � � "c( �p� % *c( !r"q�p� � 1 $c� ( � !r"q� � )r� � $v� �c�o� � � �h%d0h� �c�o� � � %d� � � � � !� % $c!c� � � % $v� $q!r"c( % � /d� $q1r� $

pthread_ cond_wait()
3 )n�c� � �b� � $v� � *h� �o� $� $q4q$q� � �u)r� � � +

UV- W ) 7 X�Y5t�X�&9v�' ) ' X�&|­u*�7 ' *�8
+ - [ ) *�) -

pthread_cond_destroy(3T)¤p� �
pthread_cond_destroy()

� %s!c� � �  % #r� $q#b� � � � �o� � � % � � � � � !b)s� � �b� �c�� % $c!c� � � % $b'd�  � � "c( �o�c% � $c� � !v� %p"d#b| ± +

ws% � �p� �q� �h� �c�p� �c� � �p0 %  f� � %  � $q1r� �c�o� % $c!c� � � % $r'q�  � � "c( �p� �f$c% �h0  � � !Ã+
GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �h� $v�   %  f% � � *h  � !Ã+ t �q� $b� $d#b% 0h� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $c�k% � � *c 3 � �c�0 *c$q� � � % $v0 � � ( �k� $q!v � � *c $c�k� �q�p� %   � � �h% $q!c� $c1n'q� ( *c� +
EBUSYS �q�c�o% " - � � �c�c� �e"c� � $v� $q� � � � ( � & � !r"c� 0 %d � 3 � $q!v� �f$c% �h!c� � �  % #q� !Ã+
EINVAL S �q�c�u'q� ( *c�p� �c� � � 4c� !r"q#r| ±p� �k� $d'q� ( � !h+

Prototype:
int pthread_cond_destroy(pthread_cond_t *

B _
);

#include <pthread.h>

pthread_cond_t
B _

;
int

J L =
;

/* Condition variable is destroyed */J L =
 = pthread_cond_destroy(&

B _
);
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9 � ( ( � $q1 pthread_ cond_signal ()
%  

pthread_ cond_broadcast ()
)s�q� $� �c�u� �q � � !b!c% � �e$c% �q�q% ( !b� �q�k.b*c� � 7p( % � /n� � � % � � � � � !s)r� � �b� �q�u� % $c!c� � � % $b� � $r( � � !� %sz { ? D
Î�A } ~ Ï x >p"d*h1 � +

� ( %d� �c)s� /d� 2 *c�v% � � *h �f)n�c� $
• � � �c � � !v� � ( ( � pthread_ cond_signal ()

%d 
pthread_ cond_ broadcast()

• Ð yd�p� $c% � �c�  f� �q � � !v� �f"q� � )r� � $v� �c�o� � � �h%d0h� �c�o� % $c!c� � � % $v� $q!v� �c�o� � ( (c� %
pthread_ cond_wait ()

• Ð yd�o$q%r� �q � � !c�k�  �o)s� � � � $c1q+�q�c�o� � 1 $c� (q�q� �f$q%s� 0 0 � � � 3d� $c!b� �c�  � 0 %  �p� �k( % � � +
¸0\�-(Í07 X�v�19=�- 7 Ñ tuX�&(W 1(xV- 7.ÍI7 X�8
+ - x

�q�c� �f�h % "q( � .Ç� �k% $c�o% 0Ã� �q�p� .b� ( (q� %d( ( � � � � % $b% 0Ã� � � $c!c�  !q3 )s� ( ( 2 / $q% )n$r�h % "q( � .v�� $b� % $c� *c  � $q�c�h % 1d � .r.b� $q1c5 �p4q$q� � � 2 � � & �u"d*h0 0 �  f� $q!v� )r%s� ( � � � � �k% 0h� �c � � !c� Ò
> B { � xd| ~ B ?k� $c!v| { y ? x C ~ B ? 3 �c*c�h� � � .b�k� $c� %s� �c�k"d*h0 0 �  k¥ �c % !q*c� �  � ¦Ã� $c!b� � / �p� � � .b�% *h�h% 0h� �c�k"q*c0 0 �  k¥ � % $q� *c.b�  � ¦ +
� �c %d!q*c� �  h.b*c� �d)s� � �d*c$c� � (d� �q�f"d*h0 0 �  h�c� �e� �h� � �e"c� 0 %  �u� �c� � $s�q*h�q� % .b� � �q� $q1n� $q3� $c!v�p� % $c� *q.v�  e.r*h� �c)s� � �c*q$c� � (c� % .b� � �q� $c1s� �k� $v� �c�k"q*c0 0 �  Ã"q� 0 %  �o� �h� � $v� � /d�� % .b� � �q� $c1s% *h� +
� � % $q!c� � � % $b'q�  � � "c( �o � �c � � � $c� �f�p� *h� *h�o% 0h� �q � � !c�e)r� � � � $c1s0 %  f� % .b�o� % $c!c� � � % $� %p"c�o� � 1 $c� ( � !Ã+
9 % !c� � 7 � .r�h( �fÈ 2 y yk�c� �f� )s%n� *c� �b� *h� *h� � 3 % $c�o¥ less

¦h0 %  Ã�c %d!d*h� �  �e)s� � � � $q1s0 %  �u� ( % �q� $s� �c�e"q*c0 0 �  3 � $c!r� �c�k% � �c�  e¥
more

¦c0 %  Ã� % $c� *q.v�  �Ã)s� � � � $c1n0 %  Ã�f"q*c0 0 �  Ã� ( % �� % $c� � � $q� $q1r� $q0 %d .b� � � % $h+ �q�c�o� 7 � .r�c( �o� ( � %n�c� �k�p.r*c� � 7 3 � �k� �q�p!c� � �p� �  *h� � *c �!c� � �  � "q� $q1r� �c�k"d*h0 0 �  e.r*h� �q"q�p� � � � � � � !s"q#r% $q( #r% $q�p� �q � � !b� �h�p� � .b� +
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�q�c� �k� �k� �c�o� % !c�o0 %  f� �q�u"d*h0 0 �  e!c� � �p� �  *h� � *c � +

� � 9 % !c� � 7 � .r�h( �fÈ 2 y �n% $r�h� 1d�9y Ê Èn� �c% )s� 3 � �c�u�h % !q*c� �  f� �q � � !v� � /d� �k� �c�.r*h� � 7o�h % � � � � � $q1s� �c�
buffer

!c� � �p� �  *h� � *c �o� $c!b� �q� $r.b� /d� �f� �  � � � $b� �c� �c� �h� � �� �k� 'q� � ( � "c( �p0 %  f� �c�o� � � . "c� � $q1s�c % !q*h� � !Ã+ F 0c$c% � 3d� �h� � ( ( �
pthread_cond_wait()

3 )n�q� � �v� � *c� � �k� �h� %o- % � $v� �c�o� *c� *c�p% 0h� �c � � !c�f)s� � � � $q10 %  f� �c�o� % $c!c� � � % $
less

3  � �c � � � $c� � $q1OD @ ~ B ~�� ?�B { { C � yOD @ ~�¼ x Ó Ó ~ B 3 � %n"q�o� � 1 $q� ( � !Ã+
� �h� �q�p� � .b�p� � .v� 3d� �f�h�  �h% 0h� �c�o� � ( (q� %

pthread_cond_wait()
3d� �q�p� �q � � ! � ( � � � � �k� � �k( %d� /r% $v� �c�u.r*h� � 7d+ �q�q�o)s� � � � $c1s�c % !q*c� �  e� �c � � !c�k!c� �c� $q!v% $� % $c� *q.v�  f� �q � � !c�k� %s� � 1 $c� (q)n�c� $v� �q�p� % $c!q� � � % $b� �k�  *h�p¥ � �k� �q% )n$b� $

9 % !c� � 7 � .r�h( �fÈ 2 y � ¦ + t �q� $b� �c�o� % $q!c� � � % $v� �k� � 1 $c� ( � !c3 � �c�o4c � �h� �c � � !b)s� � � � $c1% $
less

� �k� )s� /d� $c� !Ã+ mn% )s� 'd�  3 "c� 0 %d �o� �c�o� �c � � !v� � $v � � *h $v0  % .
pthread_cond_wait()

3d� �c.r*h� �h � � � � *h�  �p� �q�p( % � /r% $v� �q�o.r*h� � 7d+
�q�c� �k� $q� *h � �k� �c� �h� �h� 1d� � $b�c� �f.r*h� *c� ( ( #r� 7 � ( *h� � 'q�p� � � � � �k� %s� �c�k"q*c0 0 �  f!c� � �� �  *c� � *h � + �q�c�u� �c � � !b� �q� $r.r*c� �h� �q� � /n� �c� �c� �c�  �o � � ( ( #r� �f %d% . � 'q� � ( � "q( �o� $b� �c�"d*h0 0 �  �d� 0Ã� % 3d� �c�c*c� �k� � �k� � � .Ç� $q� %r� �q�o$q� 7 �h� 'q� � ( � "c( �p� ( % � +
� �h� �q�p� � .b�p� � .v� 3d� % $q� *q.b�  f� �q � � !c�f.b� 1 �c�q"q�u)r� � � � $c1s0 %d f� � � .v�k� %s� �c�c� �  f� $� �c�k"d*h0 0 �  + �q�q� � �o� �c � � !q�k�  �u)s� � � � $q1r% $v� �q�p� % $c!q� � � % $r'q�  � � "c( �

more
+ ��c % !q*c� �  f� �c � � !q3 �c� 'q� $q1p- *h� �h!c� �c%d� � � � !v� % .b� � �c� $q1r� $v� �c�k"q*c0 0 �  3 � � ( ( �

pthread_cond_signal()
� %o)s� /d�e*c�r� �c�e$c� 7 �d)s� � � � $c1p� % $c� *q.b�  + ¥ F 0q� �c�  �k�  �$c%n)s� � � � $c1r� % $q� *c.b�  � 3d� �c� �k� � ( (q�c� �f$c%s� 0 0 � � � + ¦

ªd� $c� ( ( # 3d� �q�o�c %d!d*h� �  f� �c � � !b*c$c( % � /d�k� �q�o.r*h� � 7 3d� ( ( % )s� $c1s% � �c�  f� �c � � !c�k� %% �h�  � � �o% $b� �c�k"q*c0 0 �  f!c� � �n� �  *h� � *c � +

SdE T Lq@ A > ZÃM ? LqÊ Ë \ \Ô¾ ¢dÐ�Õ Ó Ø � Îdæ Ð Ó Ö èhØ Ù Ö ÎdépÐ Ó
Õ Ó Ø Õ f Ð é ê Ù �nèhØ Ù � Ô Ï Ô Ø Ù.«qê Ó Ô ê Õ f Ð Ö
typedef struct {
    char buf[BSIZE];
    int occupied;
    int nextin;
    int nextout;
    mutex_t mutex;
    cond_t more;
    cond_t less;
} buffer_t;

buffer_t buffer;
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SdE T Lq@ A > ZÃM ? LqÊ Ë \ XÔ¾ ¢dÐ�Õ Ó Ø � Îdæ Ð Ó Ö èhØ Ù Ö ÎdépÐ Ó
Õ Ó Ø Õ f Ð éV×kÏ ¢ Ð�Õ Ó Ø � Îdæ Ð Ó

ws% � �p� �q�o*c� �p% 0h� �c�
assert()

� � � � � .v� $c� � *q$c( � � �k� �c�o� % !c�o� �k� % .r�h� ( � !b)s� � �
NDEBUG

!q� 4d$c� !c3
assert()

!c% � �e$c% � �c� $c1n)n�c� $v� � �k�  1 *q.b� $q�h� 'q� ( *h� � � �k� %s�  *h�¥ � �c� �c� � 3 $c% $q& �  %d¦ 3 "d*h�q� � *c� � �e� �c�k�h % 1  � . � %n� "q%  �c� 0c� �q�o�  1 *c.b� $q�c� 'q� ( *h� � � �f� %0 � ( � �p¥ & �  % ¦ + , *c� �b� � � �  � � % $q�k�  �o� � �h� � � � ( ( #s*h� � 0 *h(q� $r.b*c( � � � �c � � !c� !r�c %d1  � .b� �� �c� #b� .r.v� !c� � � � ( #s�h% � $c�h% *h�h *q$c� � .b�u�h % "q( � .b�u� 0h� �c� #b0 � � ( 3 � $q!v� �c� #r�c� 'q�o� �c�� !c!c� � � % $c� (c� 0 0 � � �h% 0c"q� � $c1n*h� � 0 *h(c� % .r.b� $c� � +
�q�c�o� % .r.b� $c�h�p0 � ) ( � $c� �k( � � �  f� % *c( !s"c� � � �  Ã"q�o� 7 �c � � � � !b� �f� $b� � � �  � � % $c3 "q*c�h� �� �k� % %s� % .r�h( � � � � � !v� �u�.Ec% % ( � � $q2 'q� ( *c� !v� 7 �c � � � � % $v� $c!v� %s� �k1 � 'q� $v� $ � $c1 ( � � �Ã+
Ec% � �v� �q�p� � � �  � � % $v� $c!v� �q�p� % .r.b� $c� �k�  �p� 7 � .r�h( � �k% 0
� y�± A B � A y�D ? + �q�q� � �o�  �( % 1 � � � (d� � � � � .b� $q� �f� �c� �c� �c% *h( !r$c% �d"q�o0 � ( � � 4c� !s"d#r� �c�u� 7 � � *c� � % $r%d0c� �q�u�c % 1d � .b3� 7 � � �c�c!q*c � $q1p"q � � 0q.b% .b� $c� �Ã)s�q� $r�o� �c � � !b� �e.b% !c� 0 #q� $c1n� % .b�u% 0c� �c�k�c % 1d � .'q�  � � "q( � �f.v� $c� � % $c� !v� $b� �c�o� $q'q�  � � $q� + ¥ � $v� � � �  � � % $c3d% 0h� % *h � � 3d� �c% *c( !r"q�p�  *h�)n�c� $c� 'q�  e� $d#b� �c � � !v� 7 � � *c� � �k� � + ¦

void producer(buffer_t *b, char item)
{
    pthread_mutex_lock(&b->mutex);

    while (b->occupied >= BSIZE)
        pthread_cond_wait(&b->less, &b->mutex);

    assert(b->occupied < BSIZE);

    b->buf[b->nextin++] = item;

    b->nextin %= BSIZE;
    b->occupied++;

    /* now: either b->occupied < BSIZE and b->nextin is the index
       of the next empty slot in the buffer, or
       b->occupied == BSIZE and b->nextin is the index of the
       next (occupied) slot that will be emptied by a consumer
       (such as b->nextin == b->nextout) */

    pthread_cond_signal(&b->more);

    pthread_mutex_unlock(&b->mutex);
}
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¤p� � $c1p� $q'q�  � � $c� �e� �e� $r� 7 �  � .v� ( #n*c� � 0 *h( � � � �q$q� � *c� + � 'q� $r� 0q� �c� #n�  �f$c% �q� � � � � !s� $� �c�u�c % 1  � . � � 7 � 3d� �q� $c/s� $b� �  .b�k% 0h� $q'q�  � � $q� �f)n�c� $b#q% *v� $q� ( #d& �o�p�c % 1  � . +
�q�c�o� $d'q�  � � $c�h� $v� �c�u�c % !q*h� �  f� % !c�o� �c� �h� �k� 7 �h � � � � !v� �k�p� % .r.b� $q�h� �k� ( )s� #q��  *c�u)s�q� $q� 'q�  f�p� �c � � !v� �k� $v� �q�o�c�  �h% 0Ã� �q�p� % !c�u)n�c�  �o� �c�o� % .b.b� $c�h� �q�h� �  � +
F 0h#d% *v.b% 'q�p� �q� �k� % .r.v� $c�h� %o- *c� �h� 0 � �  f� �c�

mutex_unlock()
3d� �q� �k!c% � �f$c% �$c� � � � � �  � ( #r � .b� � $b�  *c� + F 0c#q% *v.b% 'q�o� �c� �u� % .r.b� $c�h� %o- *h� �h� 0 � �  f� �c�

assert
3� �c� �k� �k� � � ( (c�  *h� +

�q�c�u�c%d� $c�h� �k� �c� �h� �c� �k� $q'q�  � � $q�h� 7 �c � � � � �k�o�h % �c�  � #r� �c� �h� �k�  *h�o� �h� ( (c� � .b� � 3� 7 � � �c�c)n�c� $v� � � �q�  f�o�c % !q*h� �  f%  f�p� % $c� *c.b�  f� �k� �q� $q1d� $c1r� �q�p� � � � �o%d0h� �c�"d*h0 0 �  + t �q� ( �o�p� �c � � !v� �k% �h�  � � � $q1r% $v� �q�u"d*h0 0 �  k¥ *q$c!c�  f� �c�u�h % � � � � � % $b%d0h�.r*h� � 7 ¦ 3d� �q.v� 1 �q�h� � .r�c%  �  � ( #b0 � ( � � 0 #r� �c�o� $d'q�  � � $c� + mn% )s� 'q�  3d% $c� �p� �q�p� �q � � !v� �4q$q� � �c� !c3d� �q�p� $q'q�  � � $q�h� �q% *h( !r"c�o�  *h�o� 1d� � $Ã+
9 % !c� � 7 � .r�h( �fÈ 2 y �s� �q% )r�k� �q�p� % !c�o0 %d e� �c�o� % $q� *c.b�  + F � � _ % ) � �k� #d.r.b� �  � �)s� � �b� �c� �h% 0Ã� �q�o�c % !q*h� �  +
SdE T Lq@ A > ZÃM ? LqÊ Ë \ ÞØ¾ ¢dÐ�Õ Ó Ø � Îdæ Ð Ó Ö èhØ Ù Ö ÎdépÐ Ó
Õ Ó Ø Õ f Ð éV×kÏ ¢ ÐfèhØ Ù Ö ÎdéoÐ Ó

char consumer(buffer_t *b)
{
    char item;
    pthread_mutex_lock(&b->mutex);
    while(b->occupied <= 0)
        pthread_cond_wait(&b->more, &b->mutex);

    assert(b->occupied > 0);

    item = b->buf[b->nextout++];
    b->nextout %= BSIZE;
    b->occupied--;

    /* now: either b->occupied > 0 and b->nextout is the index
       of the next occupied slot in the buffer, or
       b->occupied == 0 and b->nextout is the index of the next
       (empty) slot that will be filled by a producer (such as
       b->nextout == b->nextin) */

    pthread_cond_signal(&b->less);
    pthread_mutex_unlock(&b->mutex);

    return(item);
}



Å a � ;b< ? = D = [ J L > T L Tc^dJ E N J > ZeZfD F Negh< D T L ibjkE _ L ZeK L J \ W W R

l

Ù £�Ú ��Û�Üu�h¡d£d�
, � .b� �c�q%  � �e�  �k�k�h % 1  � .b.b� $c1p� % $c� �  *c� �q!c� � � 1 $c� !n"d# � + t + Ýu� - /d� �  �u� $r� �q�k( � � �y ½ � Ê � + Ýo� - /d� �  � � �f.b%d!q� (d)s� �k� �q�p% �c�  � � � % $b%d0h � � (  % � !c� 5 � % $c� � !c�  f�n� �  � � � �v% 0 � � (  % � !v� $b)n�c� � �v� �q�  �o� �k�p� � $q1d( �p�  � � /s% 'q�  e)n�c� � �v% $c( #b% $c�o�  � � $b� �h�n� � .b�p� �� ( ( % )r� !Ã+
b *h�  !c� $c1r� �q� �k�  � � /r� �k�n� � .b� �c�c%  � + � �  � � $b.r*h� �c)s� � �q"q� 0 %  �o� $q� �  � $c1s� �c�� � $q1d( �u�  � � /o*c$c� � (d� �q�u� � .b� �c�c%  �k� �e� $r�u� � � � �k� �c� �d�h�  .b� � �e�  � 'q� ( + t �q� $s� �c�k�  � � $� $c� �  �k� �c�o�  � � /d3d� �c�o� � .v� �q�c%  �o� �c� $c1 � �k� � � � �p� %n�c � 'q� $q�h%d� �q�  f�  � � $c�k0  % .� $c� �  � $q1r� �c�o�  � � /c+ � �  � � $v� �q� �h� �k( � � 'q� $c1s� �c� �k� � � � � % $b% 0Ã�  � � /n.b*c� �h� 1d� � $� �c� $q1d�o� �c�o� � � � �o% 0Ã� �q�p� � .b� �q�c%  �o� %s� ( ( % ) � $c% � �c�  f�  � � $b� %s� $q� �  +
F $b� �c�u� % .r�q*h� �  Ã'q�  � � % $c3 �o� � .b� �c�q%  �o� �q�h� �  �k� %o"q�o�o� � .r�h( �o� $c� � 1d�  + � � �q � � !)s� � � �k0 %  e�h�  .b� � � � % $b� %s�c % � � � !v� $q!v� �c� $v� � 1 $c� ( �k� �q� �h� �c�c� �f�h %d� � � !c� !s"q#�c�  0 %  .b� $q1r� � % �c�  � � � % $b% $b� �c�o� � .b� �c�q%  � +
�q�c�o� � .v� $c� � � �k% 0Ã� �q�p% �c�  � � � % $v�  �p� *c� �v� �q� �h� �q�p� �q � � !b.r*h� �c)s� � �c*q$c� � (c� �c�� � .v� �q�c%  � � �f'q� ( *h�o� �f�c%d� � � � 'q� 3d� �c� $v� �q� $c1d�o� �c�o� � .b� �c�q%  � � �f'q� ( *h�k"q#� *q"q�  � � � � $q1n% $q�u0  % . � � + t �c� $b� �c� �f4d$c� � �q� !c3 � �c�u� �q � � !s�h�  0 %  .b�f�u: % �h�  � � � % $q3)n�c� � �v� �c� $q1d� �k� �c�p� � .b� �c�c%  � � �f'q� ( *c�u"d#b� !c!c� $c1r% $q�p� %s� � + F �h� �k�  *h� � � (q� �c� �� �c� � �o% �c�  � � � % $c�k� � /d�u�h( � � �(A D { C � | A z z Þ � � �c� #b� � $d$c% �q"c�o� *q"q!c� 'q� !c� !v� $q� %s�c� � � � �"q� � )s� � $r)s�q� � �b%d� �q�  e� � � � % $c�k% $v� �c�o� � .v� �q�c%  �o� � $v� � /d�u�h( � � � + F $v� �q� �% �h�  � � � % $q3 � �c�u� � .b� �q�c%  � � �Ã'q� ( *h�f.r*h� � "q�k�c%d� � � � 'q�Ã- *h� � "c� 0 %  �u� �q� �e!c� �  � .v� $c� � !¥  � � *c( � � $c1r� $v�o'q� ( *c�p� �c� �h� �k1 *h�  � $c� � � !v� %p"c�u$c% $q$q� 1 � � � 'q�o� $q!v% $c�o( � � �u� �q� $)n�c� �h� �c)s� �e"c� 0 %  �p� �c)s� �k!c� �  � .b� $c� � !c¦ +
F $r"c% � � � � $c!b: % �h�  � � � % $c� 3d� �q�p�  � � �q.b� � � �k.r*h� �h� � /d�u�h( � � �o)s� � �c% *h�� $q� �  0 �  � $q� � + F 0h� )s%n: % �h�  � � � % $q�k�  �u�c�  0 %  .b� !b� � .r*h( � � $q� % *c� ( #b% $b� �c�o� � .b�� � .v� �q�c%  � 3 � �c�u$c� �h� 0 0 � � �h� �c% *c( !r"q�p� �q� �h� �q�p� � .b� �c�c%  � � �f$c� ) 'q� ( *c�p� �k� )r%1d � � � �  f� �q� $v� �c)s� � +
�q�c�k.r$c� .v% $c� �k� � 1 $c� 4q� � $c� �o% 0 � � $c!r: � �f( %d� �c% $r.b% � �h% 0c� �c�u)s%  ( !c3 � ��Ýo� - /d� �  �� ��Ýk*h� � �h+ mn% )r� 'q�  3d� $v� �c�o� $q� �  � � �h% 0Ã�  *h�o� � �c% ( �  � �c� �Ã5 � � � � $c!q�u0 %  �> B { z A ßd~ yd3d�.b� !c� 2 *c�r)s%  !b!c�  � 'q� !r0  % .Ø> B { ¼ ~ B ~ y0D ~�± ~ B z A ßd~ y 3 )n�c� � �s.v� � $c��D B Þ.D {f� ~ | B ~ A ? ~ + :� � � $c!c�f0 %  �± ~ B @ { ßd~ y 3 )n�c� � �r.b� � $q��� yd| B ~ A ? ~ + �q�q� �f� �f!c� � � *c� � � !b� $b% $c�u% 0�Ýo� - / � �  � � �� � � �q$c� � � (q$c% � � � 3�à�áOâäã åd+
sem_wait(3T)

� $c!
sem_post(3T)

� %   � � �c% $q!v� %0Ýo� - / � �  � � � � � $c!b:% �h�  � � � % $q� +
sem_trywait(3T)

� �k�p� % $c!c� � � % $q� (q0 %  .Ç% 0h� �c� � % �h�  � � � % $h5 � 0h� �c�� � ( ( � $q1r� �c � � !v� � $q$c% �h!c� �  � .v� $c�h� �q�o'q� ( *h�o% 0Ã� �q�p� � .b� �q�c%  �u)s� � �c% *c�c)s� � � � $q1d3� �c�o� � ( (q � � *c $c�k� .b.b� !c� � � � ( #s)r� � �v�o$c% $d& �  %n'q� ( *c� +
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�q�c�  �o�  �o� )s%p"c� � � �u� %  � �k% 0h� � .b� �c�q%d � � 5 ¼ � y A B Þn� � .b� �q�c%  � � 3 )n�c� � �r$c� 'q�  e� � / �% $b'd� ( *h� �k% � �c�  f� �q� $r& �  %n%d e% $c� 3d� $c!b| { xdy�D � y ßs� � .b� �c�q%d � � 3 )n�q� � �b� � $v� � /d�o% $�  "c� �  �  #p$c% $q$q� 1 � � � 'q�f'q� ( *c� � + � "q� $q�  #s� � .b� �q�c%  �f� �e( % 1d� � � ( ( #u- *h� �d( � /d�k�k.r*h� � 7d+
mn% )s� 'q�  3 � ( � �q% *c1 �b� �c� �e$c% �c� $q0 %  � � !c3 .r*h� � 7 � �k� �q% *c( !s"q�u*q$c( % � / � !b% $c( #n"d#r� �c�� �c � � !b�c% ( !q� $c1s� �c�o( % � /c+ �q�c�  �p� �f$c%n$c% � � % $b% 0�æ � �c�o� �c � � !b�c% ( !c� $q1r� �c�� � .v� �q�c%  � 3 çp� %s� $q#r� �c � � !v� � $r�h�  0 %d . �o: ¥ %  

sem_post(3T)
¦Ã% �c�  � � � % $Ã+

9 % *c$q� � $c1s� � .b� �q�c%  � �k�  �o� "q% *h�h� �f�h% )s�  0 *h(c� �k� % $c!c� � � % $q� (d'q�  � � "c( � �o¥ *c� � !v� $� % $ - *q$c� � � % $n)s� � �n.r*h� � 7 � � ¦ + F $n.v� $d#s� � � � � 3 � �c�k� % !c�f.b� 1 �c� "q�k� � .r�c( �  h)n�c� $s� �q� �� .r�c( � .b� $q� � !b)s� � �v� % *c$q� � $q1r� � .b� �q�c%  � �k � � �q�  e� �c� $b)s� � �b� % $q!c� � � % $b'q�  � � "q( � �¥ � �k� �q% )n$b� $v� �q�o$q� 7 �h0 � ) � 7 � .r�h( � � ¦ +
mn% )s� 'q�  3 )n�q� $v�o.r*h� � 7n� �f*h� � !b)s� � �v� % $q!c� � � % $r'q�  � � "c( � � 3 � �c�  �o� �k� $v� .b�c( � � !"q � � /d� � � $c1 � � �q� �e� ( � �  Ã)n�c� � �s�h�  �q% 0c� �c�k�c % 1d � . � �Ã"q� � $c1p�c % � � � � � !Ã+ �q�c� �f� �e$c% �$c� � � � � �  � ( #r� �c�o� � � �o0 %  f�n� � .b� �c�c%  � 3 )n�c� � �b.b� 1 �c�q"q�o� � ( ( � !v� �c��ßd{9D {u% 0� % $c� *c  � $c�c�h % 1  � .r.b� $q1 � � �h� �f�c% )s�  0 *h( "q*c�h� %d%s� � � #b� %n*h� �o� $b� $*c$q� �  *c� � *h � !c3 *q$c0 � � �q% .v� "q( �u)s� # +
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9 % $c� � �h� *c� ( ( # 3d�p� � .b� �c�q%d �p� �k�p$q% $d$c� 1d� � � 'q�o� $q� � 1 �  e� % *c$c� + , � .b� �q�c%  � �k�  �� #d�c� � � ( ( #s*h� � !v� %s� %d%  !q� $c� � �o� � � � � �k� %s � � % *c � � � 3 )r� � �v� �c�o� � .v� �q�c%  �o� % *c$c�� $q� � � � ( � & � !v� %s� �c�u$q*c.s"q�  e%d0h0  � �p � � % *h � � � + �q�c � � !q�u� �q� $b� � % .b� � � ( ( #r� $q�  � .b� $c�� �c�u� % *q$c�q)n�q� $r � � % *c � � �e�  �u� !c!c� !b� $c!r� � % .b� � � ( ( #s!c� �  � .b� $q�c� �c�u� % *q$c�q)n�c� $ � � % *c � � �k�  �o � .b% 'q� !h+
t �c� $v� �q�p� � .b� �q�c%  �o� % *c$c�q"q� � % .b� �f& �  % 3d� $c!c� � � � � $c1s� �c� �c$c%n.b%  �p � � % *h � � ��  �o�c � � � $c� 3d� �q � � !c�k�  #d� $c1s� %s!c� �  � .b� $c�h� �c�o� � .b� �q�c%  �u"q( % � /n)s� � �c*c$q� � (q� �c�� % *c$q�q"c� � % .b� �k1  � � � �  f� �c� $b& �  %c+
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Ec� � � *h� �o� � .b� �c�q%d � �f$c� � !b$c% �q"c�o� � � *c�  � !v� $c!v � ( � � � � !r"d#b� �c�o� � .b�p� �q � � !c3� �c� #b� � $s"c�u*h� � !v0 %d e� � # $c� �c % $q% *h�k� 'q� $q�c$c% � � 4q� � � � % $Æ¥ � *h� �v� �k� $v� � 1 $c� (�c� $c!q( �  � ¦ + � $c!c3 "q� � � *c� �p� � .b� �q�c%  � �k� % $c� � � $b� � � � � 3d� �q� #r� � $s"c�u*h� � !� � #d$c� �c % $c% *h� ( #r)s� � �q% *h�h� � � *c�  � $c1r�o.r*h� � 7n( % � /s� �u� �k � � *c�  � !r"q#r� % $c!c� � � % $'q�  � � "q( � � + mn% )r� 'q�  3d� � .b� �q�c%  � �k�  �u$c% �h� �k� 0 4c� � � $q�h� �k.r*c� � 7n( % � /d� +
Eq#r!c� 0 � *h( � 3d� �c�  �p� �f$c%s!c� 4q$c� !v%  !c�  f% 0c*c$d"q( % � / � $c1s� 0c.r*h( � � �c( �o� �c � � !c�k�  �)s� � � � $c1r0 %  f�p� � .b� �c�q%d � +
, � .b� �c�q%  � �f.r*h� �q"q�p� $c� � � � ( � & � !r"q� 0 %  �u*h� � 3 "d*h�h� �c� #b!c%n$q%d�c�q� 'q�p� � �  � "q*c� � � +
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sem_init(3R)

¤p� �
sem_init()

� %s� $q� � � � ( � & �p� �q�p� � .b� �c�c%  �u'q�  � � "q( �u�h% � $c� � !v� %p"q#0? ~ C "q#± A z xd~e� .b% *q$c� + F 0Ã� �q�o'q� ( *c�o%d0�> ? @ A B ~ �p� �f& �  % 3d� �q� $b� �c�o� � .b� �c�q%d �o� � $q$q%d�q"q�� �c�  � !r"c� � )s� � $b�c % � � � � � � + F 0h� �q�o'q� ( *c�p% 0�> ? @ A B ~ �p� �f$c% $q& �  % 3d� �c� $v� �c�� � .v� �q�c%  �p� � $s"c�o� �c�  � !s"c� � )s� � $b�c %d� � � � � � +
6 *c( � � �h( �p� �q � � !c�f.r*h� �c$c% �h� $c� � � � ( � & �o� �c�o� � .v�o� � .v� �q�c%  �o� � .r*h( � � $c� % *c� ( # +� � � .b� �q�c%  �u.b*c� �c$c% �q"c�o � � $q� � � � ( � & � !b)s�q� ( �p% � �q�  f� �q � � !c�f.b� 1 �c�q"q�o*c� � $q1r� � +

Prototype:
int sem_init(sem_t *

C L Z
, int

M C [ > J L T
, unsigned int

_ > ? < L
);

#include <semaphore.h>

sem_t
C L Z

;
int

M C [ > J L T
;

int
J L =

;
int

_ > ? < L
;

/* initialize the semaphore */J L =
 = sem_init(&

C L Z
,
M C [ > J L T

,
_ > ? < L

);
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GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �h� $v�   %  f% � � *h  � !Ã+ t �q� $b� $d#b% 0h� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $c�k% � � *c 3 � �c�0 *c$q� � � % $v0 � � ( �k� $q!v � � *c $c�k� �q�p� %   � � �h% $q!c� $c1n'q� ( *c� +
EINVAL S �q�c�u'q� ( *c�p�  1 *q.b� $q�h� 7 � � � !c� SEM_VALUE_MAX

+
ENOSPCS �  � � % *h � �o � � *h�  � !v� %s� $c� � � � ( � & �p� �q�p� � .b� �q�c%  �u�c� �e"q� � $b� 7 �q� *c� � � !Ã+�q�c�o( � .b� �h% $v� � .b� �q�c%  � �

SEM_NSEMS_MAX
�c� �e"q� � $v � � � �c� !Ã+

EPERMS �q�c�u�h % � � � �k( � � /d�k� �q�p� �q�h % �c � � � �u�h � 'q� ( � 1 � �k� %s� $c� � � � ( � & �o� �c�� � .v� �q�c%  � +
è M�Â J Â P
Q Â é�Â M êOë�H È5P É�ì À L H R�í|Â J ì.è M
J L P É�L À Å H R R�ë�Å À É�H
t �c� $I> ? @ A B ~ �o� ��Ê 3 � �c�k� � .b� �c�q%d �k� � $n"c�f*h� � !n"q#s� ( ( � �c�u� �q � � !c�e� $r� �c� �Ã�c %d� � � � 3% $c( # +

è M�Â J Â P
Q Â é�Â M êOë�H È5P É�ì À L H R�í|Â J ì.è M
J H L É�L À Å H R R�ë�Å À É�H
t �c� $O> ? @ A B ~ �p� �f$c% $q& �  % 3d� �c�o� � .b� �c�q%  �p� � $r"q�o� �q�  � !r"d#b% � �c�  e�c % � � � � � � +

#include <semaphore.h>

sem_t
C L Z

;
int

J L =
;

int count = 4;

/* to be used within this process only */J L =
 = sem_init(&

C L Z
, 0, count);

#include <semaphore.h>

sem_t
C L Z

;
int

J L =
;

int count = 4;

/* to be used within this process only */J L =
 = sem_init(&

C L Z
, 1, count);
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pV*�x;- v [ - xV*�]�\�X�7 - W
�q�c�o0 *c$q� � � % $c�

sem_open(3R)
3
sem_getvalue(3R)

3
sem_close(3R)

3d� $c!
sem_unlink(3R)

�  �p� 'q� � ( � "c( �p� %s% �c� $c3  � �  � � 'q� 3d� ( % � � 3 � $q!v � .b% 'q�u$c� .b� !� � .v� �q�c%  � � + ¤p� � $q1
sem_open()

3 #q% *v� � $b�  � � � �o�p� � .v� �q�c%  �o� �c� �c�c� �k�o$c� .b�!c� 4q$c� !v� $v� �c�o4c( � � #d� � � . $c� .b�o� �h� � � +
ws� .b� !v� � .b� �q�c%  � �k�  �o( � /d�u�h % � � � �k� �c�  � !b� � .b� �c�c%  � � 3d� 7 � � �c�h� �c� �h� �c� #b�  � � 0 �  � $q� � !r)r� � �v�o�h� � �d$c� .v�o � � �c�  f� �c� $v��> ? @ A B ~ �o'q� ( *c� +
ªd%  e.b%  �o� $c0 %  .b� � � % $v� "q% *c�c$c� .b� !v� � .b� �c�c%  � � 3d� � �

sem_open(3R)
3

sem_getvalue(3R)
3
sem_close(3R)

3d� $c!
sem_unlink(3R)

+
% &(=�7 - xV- &9)�* [ - xV*�]�\�X�7 -

sem_post(3R)

¤p� �
sem_post()

� %s� � % .b� � � ( ( #r� $q�  � .b� $c�h� �c�o� � .v� �q�c%  �u�h% � $q� � !v� %p"d#O? ~ C +
t �c� $v� $q#r� �c � � !q�k�  �k"c( % � /d� !v% $v� �c�o� � .v� �q�c%  � 3d% $c�o� �f*c$ "c( % � /d� !Ã+
GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �c� $b�   %  f% � � *c  � !Ã+ t �c� $b� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $b%d� � *h � 3 � �c�o0 *c$q� � � % $b0 � � ( �� $c!v � � *h $q�k� �c�o� %d  � � �c% $c!c� $q1s'q� ( *c� +
EINVAL S ? ~ C �h% � $c� �k� %s� $b� ( ( � 1d� (c� !c!c � � � +

Prototype:
int sem_post(sem_t *

C L Z
);

#include <semaphore.h>

sem_t
C L Z

;
int

J L =
;

J L =
 = sem_post(&

C L Z
); /* semaphore is posted */
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sem_wait(3R)

¤p� �
sem_wait()

� %p"c( % � /r� �c�o� � ( ( � $q1r� �c � � !b*c$q� � (q� �c�o� % *c$c�h� $v� �c�o� � .v� �q�c%  ��c%d� $c� � !v� %p"q#0? ~ C "c� � % .b� �k1  � � � �  f� �c� $b& �  %d3 � �c� $v� � % .b� � � ( ( #r!c� �  � .b� $c�h� � +
GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �h� $v�   %  f% � � *h  � !Ã+ t �q� $b� $d#b% 0h� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $c�k% � � *c 3 � �c�0 *c$q� � � % $v0 � � ( �k� $q!v � � *c $c�k� �q�p� %   � � �h% $q!c� $c1n'q� ( *c� +
EINVAL S ? ~ C �h% � $c� �k� %s� $b� ( ( � 1d� (c� !c!c � � � +
EINTR S � � � 1 $c� (c� $c� �   *q�c� � !v� �q� �k0 *c$c� � � % $Ã+
EDEADLKS � !c� � !c( % � /r� % $q!c� � � % $b)s� �k!q� � � � � � !h+

Prototype:
int sem_wait(sem_t *

C L Z
);

#include <semaphore.h>

sem_t
C L Z

;
int

J L =
;

ret = sem_wait(&
C L Z

); /* wait for semaphore */
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sem_trywait(3R)

¤p� �
sem_trywait()

� %s� � % .b� � � ( ( #r!c� �  � .b� $c�h� �c�o� % *c$q�h� $b� �c�p� � .b� �c�c%  ��c%d� $c� � !v� %p"q#0? ~ C )n�c� $v� �c�o� % *c$q�h� �k1d � � � �  f� �c� $b& �  %q+ �q�q� �k0 *c$q� � � % $v� �k�$c% $ "c( %d� / � $q1s'q�  � � % $v% 0
sem_wait()

+
GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �h� $v�   %  f% � � *h  � !Ã+ t �q� $b� $d#b% 0h� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $c�k% � � *c 3 � �c�0 *c$q� � � % $v0 � � ( �k� $q!v � � *c $c�k� �q�p� %   � � �h% $q!c� $c1n'q� ( *c� +
EINVAL S ? ~ C �h% � $c� �k� %s� $b� ( ( � 1d� (c� !c!c � � � +
EINTR S � � � 1 $c� (c� $c� �   *q�c� � !v� �q� �k0 *c$c� � � % $Ã+
EDEADLKS � !c� � !c( % � /r� % $q!c� � � % $b)s� �k!q� � � � � � !h+
EAGAIN S �q�c�o� � .b� �c�q%  �o)s� �k� (  � � !q#r( % � / � !c3 � %r� �h� � $q$c% �q"q�p� .r.v� !c� � � � ( #( % � / � !s"q#r� �c�

sem_trywait()
% �h�  � � � % $Ã+

Prototype:
int sem_trywait(sem_t *

C L Z
);

#include <semaphore.h>

sem_t
C L Z

;
int

J L =
;

J L =
 = sem_trywait(&

C L Z
); /* try to wait for semaphore*/
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sem_destroy(3R)

¤p� �
sem_destroy()

� %s!c� � �  % #r� $d#b� � � � �p� � � % � � � � � !b)s� � �b� �c�o� � .b� �c�c%  ��c%d� $c� � !v� %p"q#0? ~ C + �q�c�o� �h� � �o0 %d e� � %  � $c1s� �c�o� � .b� �c�q%d �p� �f$c% �h0  � � !Ã+
GIH J K�L MON�P
Q K�H R
� � � *c $c�e& �  %n� 0 � �  f� % .r�c( � � � $q1s� *c� � � � � 0 *c( ( # + � $q#r% � �c�  e � � *c $c� !r'q� ( *h�o� $c!c� � � � � �� �c� �c� $b�   %  f% � � *c  � !Ã+ t �c� $b� �c�o0 % ( ( % )s� $c1s� % $c!c� � � % $b%d� � *h � 3 � �c�o0 *c$q� � � % $b0 � � ( �� $c!v � � *h $q�k� �c�o� %d  � � �c% $c!c� $q1s'q� ( *c� +
EINVAL S ? ~ C �h% � $c� �k� %s� $b� ( ( � 1d� (c� !c!c � � � +

Prototype:
int sem_destroy(sem_t *

C L Z
);

#include <semaphore.h>

sem_t
C L Z

;
int

J L =
;

J L =
 = sem_destroy(&

C L Z
); /* the semaphore is destroyed */
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¸0\�-(Í07 X�v�19=�- 7 Ñ tuX�&(W 1(xV- 7.ÍI7 X�8
+ - x;î�m;W ' &9q [ - x;*�]�\�X�7 - W
�q�c�k!c� � �o� �  *c� � *h �k� $ 9 % !c� � 7 � .r�h( �fÈ 2 y Èp� �f� � .v� ( �  Ã� %n� �q� �d*h� � !r0 %  Ã� �c�k� % ( *h� � % $)s� � �b� % $c!c� � � % $b'q�  � � "q( � �u¥ � � �u�h� 1 �k� È ¦ + � )s%r� � .b� �q�c%  � �k � �c � � � $c�h� �q�o$d*c.s"c�  % 0c0 *c( (d� $c!b� .r�h� #p"q*c0 0 �  �f� $c!b� $c� *c �o� �q� �q�c % !q*h� �  �e)s� � �q*q$c� � (q� �q�  �u�  �o� .r�h� #"d*h0 0 �  �k� $c!v� �c� �h� % $c� *q.b�  �f)s� � �c*q$c� � (c� �c�  �o�  �p0 *h( (d"d*h0 0 �  � +

� $q%d� �q�  e�c� �  f% 0Ã¥ "c� $c�  #q¦h� � .b� �q�c%  � �k�c( � #d�k� �c�o� � .b�o % ( �o� �f.r*c� � 7 � � 3� % $c�  % ( ( � $q1n� � � � � �e� %p� �q�e"q*c0 0 �  h)n�c� $s� �c�  �k�  �f.r*h( � � �c( �f�c % !q*h� �  �e� $c!n.r*h( � � �h( �� .b�c� #s"d*h0 0 �  f� ( % � � 3d� $q!b)n�c� $v� �c�  �o�  �u.r*h( � � �c( �o� % $c� *c.b�  �k� $c!b.r*h( � � �c( �o0 *h( ("d*h0 0 �  f� ( % � � + 6 *c� � 7 � �f)s% *h( !b)s%  /n"q� � � �  e�c�  � 3 "d*h�c)s% *h( !b$c% �c�h % 'q� !c�o� �k1 % %d!� $v� 7 � .b�c( �o% 0h� � .b� �c�c%  �u*c� � +

SdE T Lq@ A > ZÃM ? LqÊ Ë \ ÊÔ¾ ¢dÐ�Õ Ó Ø � Îdæ Ð Ó Ö èhØ Ù Ö ÎdépÐ Ó
Õ Ó Ø Õ f Ð éV¦sÔ Ï ¢nå Ð épê ç ¢ Ø Ó Ð Ö
typedef struct {
    char buf[BSIZE];
    sem_t occupied;
    sem_t empty;
    int nextin;
    int nextout;
    sem_t pmut;
    sem_t cmut;
} buffer_t;

buffer_t buffer;

sem_init(&buffer.occupied, 0, 0);
sem_init(&buffer.empty,0, BSIZE);
sem_init(&buffer.pmut, 0, 1);
sem_init(&buffer.cmut, 0, 1);
buffer.nextin = buffer.nextout = 0;
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SdE T Lq@ A > ZÃM ? LqÊ Ë \ RÔ¾ ¢dÐ�Õ Ó Ø � Îdæ Ð Ó Ö èhØ Ù Ö ÎdépÐ Ó
Õ Ó Ø Õ f Ð éV×kÏ ¢ Ð�Õ Ó Ø � Îdæ Ð Ó
void producer(buffer_t *b, char item) {
    sem_wait(&b->empty);

    sem_wait(&b->pmut);

    b->buf[b->nextin] = item;
    b->nextin++;
    b->nextin %= BSIZE;

    sem_post(&b->pmut);

    sem_post(&b->occupied);
}

SdE T Lq@ A > ZÃM ? LqÊ Ë \ ]ä¾ ¢dÐ�Õ Ó Ø � Îdæ Ð Ó Ö èhØ Ù Ö ÎdépÐ Ó
Õ Ó Ø Õ f Ð éV×kÏ ¢ ÐfèhØ Ù Ö ÎdéoÐ Ó
char consumer(buffer_t *b) {
    char item;

    sem_wait(&b->occupied);

    sem_wait(&b->cmut);

    item = b->buf[b->nextout];
    b->nextout++;
    b->nextout %= BSIZE;

    sem_post(&b->cmut);

    sem_post(&b->empty);

    return(item);
}
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ÙIï �n��Ük¡d�h�n� ðÃ�Ã� � �Ã�   �q¡ �Ã�d�0ñb¡d�h�c£d�d�0òv�h�n�I¨k�Ã¡d� £d�
� � � �b%d0h� �q�o� #d$c� �q % $c� & � � � % $r�h � .b� � � 'q� �f� � $s"q�o� � �c*q�v� %p"c�u*c� � !b� �  % � �f�h % � � � �"q% *q$c!c�  � � � + �q�q� �k� �u!q% $q�p� *h� � �p� � .b�c( #n"q#r� $q� *h � $c1r� �q� �h� �q�p� # $c� �q % $c� & � � � % $'q�  � � "q( �u� �f( % � � � � !b� $b�o� �c�  � !r.b� .v%  #s� � 1 .b� $q�c� $q!s"d#r� � ( ( � $q1s� �q�o� �q�h % �c � � � �
init

 % *h� � $c� 3d� 0 � �  f� �c�u�c � .b� � � 'q�u�c� �e"c� � $b� $c� � � � ( � & � !r)r� � �v� � �k� �q�  � !v� � �  � "d*h� �� � �h� �k� $c� �  �h % � � � � +
Í07 X�v�1(= - 7 Ñ t�X�&9W 1(xV- 7(Í07 X�8
+ - xrw03�*�xV]�+ -
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main() {
    int zfd;
    buffer_t *buffer;
    pthread_mutexattr_t mattr;
    pthread_condattr_t cvattr_less, cvattr_more;

    zfd = open("/dev/zero", O_RDWR);
    buffer = (buffer_t *)mmap(NULL, sizeof(buffer_t),
        PROT_READ|PROT_WRITE, MAP_SHARED, zfd, 0);
    buffer->occupied = buffer->nextin = buffer->nextout = 0;

    mutex_attr_init(&mattr);
    pthread_mutexattr_setpshared(&mattr,
PTHREAD_PROCESS_SHARED);
    mutex_init(&buffer->lock, &mattr);
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    pthread_condattr_init(cvattr_less);
    pthread_condattr_setpshared(&cvattr_less,
        PTHREAD_PROCESS_SHARED);
    pthread_cond_init(&buffer->less, &cvattr_less);

    pthread_condattr_init(cvattr_more);
    pthread_condattr_setpshared(&cvattr_more,
        PTHREAD_PROCESS_SHARED);
    pthread_cond_init(&buffer->more, &cvattr_more);

    if (fork() == 0)
        consumer_driver(buffer);
    else
        producer_driver(buffer);
}

void producer_driver(buffer_t *b) {
    int item;

    while (1) {
        item = getchar();
        if (item == EOF) {
            producer(b, ‘\0’);
            break;
        } else
            producer(b, (char)item);
    }
}

void consumer_driver(buffer_t *b) {
    char item;

    while (1) {
        if ((item = consumer(b)) == ’\0’)
            break;
        putchar(item);
    }
}
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void consumer_driver(buffer_t *b) {
    char item;

    while (1) {
        if ((item = consumer(b)) == ’\0’)
            break;
        putchar(item);
    }
}


