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������������ ���� �	�	�	�	  

1.1 ��������  

� � � � � � � � 	 
 � � 
 � � � � � � � � � � � � concurrent 

processing�	 ������ �!"��# � interrupt�$�%&' 	()*+,

-.��/01 � Round Robin��23%4������ 55 67�8��9:

;"��< 	=��>?@A4�B � thread��CD 	�/��EF�
FGH

4�B%4� 	IJ� ����9� K  

�/4�B�LM 	N�����OP4�QR 	S4�BT�U��;"

VWN����E�VW�XY Z�����[\] 	4�B^�_`a K67

4�BN����4�
��/X�� 	��[\R 	4�B^��b��*� K 

Linux 9:;"cd>?@ clone()e/ system call%CD thread��� Kf

g	 Linux �h�i�j� 	(.�@ clone()%k9@ POSIX thread, PThreadlm

� C no thread����pq K)r�8�J�stuvw�R OO 
xy 	�

/!" functional � C Language APIz{|}��~• K  

e/€•j � classes' library�‚�ƒ�N.��/ C++ Thread Classes Library	

%>?�/„… ��vw�pq � object interface�	 F$†‡R� Linux ;"ˆ

O‰H4�B��� K  

Š�/‹Œ�•Ž••N‘�’/“”U��•–—˜™š� ›	TFœˆ

%	^•••�ˆžŸ�� ThreadN ¡¢£¤� ¥  

1.2 ��������  

�/H4�B€•j�¦§���¨©ª�«¬^N��­®4�B�¯°

±� 	²³4�B�´• µ¶M µ·¸ µ�7¹º»™=�¼½¾« K  


�4�BQ¿�9ÀÁ � communication�	 «¬(�>?�/ÀÁ�±Â

� channel� ; f g 	 Ã � ¦ Ä J 4 � B h � V W 
 T E � Å ‰ � � Æ

� synchronization�•Ž¹ÇÈ6ÉÊ™ËSLM�ºÌ � dead-lock�•Ž K  

7@$†H/4�B�±� 	ÃEF>?4�BÍÎ��� 	Í¡�//�

Thread Group	F$†ÏÎ�ÐÑ9 K  

«¬ 	�ÒÓÔ�����ˆ 	Õ/4�B¹4�BÖÎÃEF�×/•�

4�Ø•Ù � priority�K�ÚÛÜ[ � blocked�R�4�ÝÞ � scheduling��� K 

�ß£H�4�B��� 	àák9�
¿�â 	TF•ã¨©ª���Ó

¡	äå�EFRæçès K  
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1.2.1�������������������������������� 			 	 Life Cycle


 
  

�rçé�¦§ 	'×e/€•j�4�BMêëìíî
ˆ ¥  

 

 

 

 

���������������������������� ���� Newly Created				  

� /4 �B �LMQRï<ðÛe/ · ¸ � Z (^N4�B�ñòX

� constructor�_4�QRï<^ðÛ K�f·¸� 	ó°�V½¡ô_õö�÷

P�× 	ø�ù� start()$ú_ûü] 	 run()$úN)ýOP4�� K� start()$

ú_ûüR 	4�B^ðÛE4��·¸ K  


������
������
������
������ ���� Runnable				  

«�/4�B�áe/·¸ 	4�þ � b�S � 4�BE_ � Ý� �� 
¿

4� K  

7@& � $† 	e/·¸ � EÍ7 � /X·¸ ¥4��·¸¹ 	
 ·¸ K  

�  «�/4�B�á Š4�·¸ ›	ùý_Íõ� CPU ëìS � k � -�

4� K  

 

Newly 
Created 

Runnable Blocked 

Dead 

run() ends run() ends run() ends 

Thread() 

start() 

run() 
I/O blocking 
waitThread() 

sleep() 

I/O finished 
notifyThread() 

notifyAllThread() 
sleep() time out 

~Thread() 
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�  «�/4�BN�á Š 	
 ·¸ ›	ù � � 	
 �™Ë 	� 
� 0Jù�

� ýF†EF � CPUVW K  

e � /X·¸Q¿� �� Nà9:;" �� Ó¡� 	�e/ Thread€•j�

�� �EF)� � ±ù K¬S 	�/4�BEFûü yield()$ú% �� -ã �� à

Š4�·¸ › �� Š 	
 ·¸ ›K  

��
������
������
������
���� ���� Blocked				  

«Fˆ � wQ�‰M
 	^ýðÛe/ Š_Ü[·¸ ›¥  

�  � 4�Bûü�/ ThreadMonitorvw� waitThread()$ú K  

�  � 4�Bª � ûü sleep()$ú K  

�  � 4�B � �™Ë � �/_ Mointer vw� synLock()$ú lock � ��Æ

I/O U � Ó¡ K  

�  � 4�B  ý¹ ! �/4�B join()��Ð K  

�/�á_Ü[·¸�4�B)ý_ � Ý�4 �K«Ü[ � w� "� w‰M


	ù^ý #$ E4��·¸ 	� 
� CPUëì ¥  

�  %
 � 4�BNàûü � / ThreadMonitor� waitThread()$úS_Ü[

�	 � ThreadMonitor� notifyThread()& notifyAllThread()$ú_ûü
 K 

�  %
4�B6ûüª � � sleep()$úS_öá '( ·¸ 	 ) ×� '( 
¿

J@
 K  

�  %
 � 4�BN� I/O <_Ü[ 	S ��) ×� I/O U � Ó¡@ K(^N

� ThreadMonitorvw4�@ synUnlock()$ú K  

������������������������ ���� Dead				  

«�/4�B[\ù�4� * ðÛe/·¸ K  

1.2.2������
������
������
������
 			 	 Inter Threads Communication


 
  

� Linux ;"ˆ 	4�B + N�/ light weight process¥  

Linux cdNF fork() system call%LM�/ , ��� � process�	 S4�BN

F clone() system callLM� K fork()¹ clone()� - • + N� clone()EF ) ×¹ . �

�h��VW� / � 	«T�VW=¹ . ��h�
^Ê«á�/4�B@ K  

*  
f 	 Linux cd�ÃNã4�B«¡�/��%�� ¥à clone()LM�

4�B� �� � PID ™´•V½ K  

TF� Linux 	̂T�E�á��¿ÀÁ � Inter Processes Communication, IPC�

� �0 =E_�%k94�B¿�ÀÁ  � Inter Threads Communication, ITC�K  

IPC ¨ 1 P�$ú 	��á . X��¿� pipeÀÂ 	(� System V IPC¥k



 
��      � � � � � � � �
���  

7/30 
Composed by Jiang Yu-Kwan 

9@ mailbox�� message queue¹.�G 234 Œ5 ¿� shared memory$� K

ç% 	 6 •ð��.� stream� �07 socket89: ×�$� K  

)rF<�� ;<= S >?@ ¶ �
 pipe line, System V IPC™�	 *  N multi 

process���()_ñ AB � K�� C+ N7��§ �DE �
 stream, socket

™�	 �� ITC <|} FF )Û K  

TF 	� Linux Pthread<	>?@ mutex� mutual exclusion���� 	% �

G �� H �
 + ���/ thread �<q4� 	S
�e G �� H N�%Ah��

I/O 9Ê I ��� 	 C EIJV½��� Š�Æ ›K  

�¤- 	4�B¿�ÀÁ 	 + � J rh� KL 	çõ M mutex * EIJ N ×

��� K  

�rF<� OP ¦§ 	'×�e Q �€•j� 	Aá thread¿ÀÁ�$� 	

(F Linux Pthread� mutex$�QÊ� 1 �%I¡ K  
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�
��
��
��
� ���� ��������  

à R � S �T•��� TF � 	 UV |- 	����/ Thread€• 	% WT

��� XY 4�B�4��vw€•% Z[ K  

7@� W thread¿�ÉÊÀÁ 	áN���/ ThreadMonitor€•% WT��

\ 4�B�Æb � �V½ P %Z[ K  

2.1 Thread��������  
class Thread { 
public: 
   Thread( int policy= SCHED_OTHER );  
   Thread( const ThreadGroup& ); 
   virtual ~Thread(); 
   bool operator==( const Thread& ) const; 
    
   void start(); // )*  override 
   virtual void run() = 0; 
   void stop() const; 
    
   static void sleep( unsigned long 
microSeconds ); 
   //static void yield(); 
   void join() const; 
    
   void setPriority( int newPriority ); 
   int getPriority() const; 
   int getMinPriority() const; 
   int getMaxPriority() const; 
   void setSchedulePolicy( int policy ); 
   static Thread& currentThread(); 
   ThreadGroup& getThreadGroup() const; 
    
private: 
   static void suspend(); 
   void resume() const; 
 
   static void threadFunction( Thread* ); 
   //Thread( pthread_t* ); 
    
private:    
   pthread_t pthread; 
   pthread_attr_t schedAttr; 
   int schedulePolicy; 
 
};

]^ 7Í _ R 	ÓÏ� Thread classT
�‹Ô�$ú K  

ä� Thread(), ~Thread(), start()¹  

run()$ú7*Ô� 	(NÏ/€•jØ

•¦Äk9�°Í K  

ThreadEF `a �Ý� bc 	�•

ð•¶ � first in first out, FIFO�µ 01

� round robin ,RR�µ ; " ¯ ×

� OTHER�™é d K  

run()$úN4�B�4�‚Œ 	 

� e �4��4�B� �¯„=��

ä�× f K  

$ú start()_�%OP4�B�4

�K 4�BðÛE4��·¸ KS �

e / $ ú � X € • � g h ç i j

� override�	 )¬E�ý k ¡4�B�

4� l0m �¶8•Ž K  
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2.2 ThreadMonitor ��������  
class ThreadMonitor { 
 
public: 
   ThreadMonitor(); 
   virtual ~ThreadMonitor(); 
 
   // synchorized  
   void synLock(); 
   void synUnlock(); 
 
   void waitThread(); 
   void waitThread(  
      unsigned long microSeconds ); 
   void notifyThread(); 
   void notifyAllThread(); 
 
private: 
   pthread_mutex_t mutex; 
   pthread_cond_t cond; 
}; 

Õ/� W:Thread h�b � �V½

=��Je/€• K  

ä� 	 n @&òX � destructor�g	

Õ/$ú=)E F�X€• ijo K  

$ú synLock()¹ synUnlock()N�

%I¡ plqG � Critical Section���

Æ� synchronization��� 	 + E rs

V½b � � t � u K  

$ú waitThread(), notifyThread(), 

¹ notifyAllThread()N�% rs h�b

� V½�E� u K�
(E�%&'M

L e 5 vwe •Ž � Producer-Consumer 

Problem�K  
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�
��
��
��
� ���� ��������  

3.1 ��	�
���	�
���	�
���	�
�  

� RxS �Í _ ¶� MultiThreadý�J� y /€• 	ä z { �ñò$� 	�

Linux ;"ˆEF� �d k9$ú ¥  

�  Pthreadlmpq�$ú | Ø } 7k9< 6~• 	 � (� 6€ �E •u 	

+ ��CD Pthreadlm�9:;" 	=E � KEF ‚ �áT� UNIX

;"  

�  clone()™ Linux system call�$ú | Ø } 74� ƒ„6! � d $ú € ¶�

�	S � (EFÒ …Û-@& Linux ;" K + ��á Linux ;" K  

e �d k9$ú¨ † � - •N 	 Pthreadh ‡ i�j>? 6€ˆ �pq 	 Wž

Ÿ�k9 synLock()¹ synUnlock()
EF)* ‰œûü�J;" signal Ê I �

systcalls	eNÏ/ Š� ú¨ ‹Œ �°Í KSF clone()™ syscalls$�k9 	 C E

F •Ž J 6 ÓÏ�;" •� 	���<( 6 7 � à K  

< • ìàá•<� I Linux system call$q�V½ 6 ÓÏ 	TF^F Rxd $

ú%k9 Ke • ì7@Ê„ u �¦§ ‘ F R � d $�k9 K  

3.2 Thread����
������
������
������
��  

àáe Q N� Pthreadlm%k9 	TF¨‚��V½¡ô^N pthread_t� •

� pthreadKL7 pthread_attr_t� •� schedAttrKL K  

pthreadKL N threadV½Î¸�‚Œ Z schedAttrN�%b ’ 4�B�Ý�Î

¸K  

fg 	ä “ �V½=N Q �� 	 + N7@k9�ƒ�Sb� 	V½[òíî


ˆ ¥  
class Thread { 
//… … 
private: 
   static void threadFunction( Thread* ); 
    
   pthread_t pthread; 
   pthread_attr_t schedAttr; 
   int schedulePolicy; 
}; 
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3.3 ��������������������������������  

4�B¿�ÀÁE W4 �B ” f� •–& ÉÊ™Ë K4�B¿�ÀÁEF J

rh� ��V½ & N —à �4�B l0 $ú% W4�B ” f-™Ë K  

3.3.1��������������������������������  

�Ê�����T�4�Bh�Ê�� 345 ¿ K %
 � �vwA)��4

�BSoNE ˜ � �� ™š �nú TC %× f �	 & N V |-_! \ )��4�

B	 C e�4�B › EAßvw�V½¡ô9b � K�Æ œ�
_��% •0 V

½� t �b � 	FÇÈ ž
 � Ÿ  ¹V½� ¡¢ K  

����������������������������  

e/€•j�� � pl �—˜%�Æ œAV½�b � K�/ plq£ ^®

¤ �/_ p™ �-$ 	�ä�T�_ r¥ � VW�ä<=�Ê��Ì K���/

plq£ �T��Ì=E� • ��ã ¦§¨ O 	S�/4�B�ðÛ plq£ �

� �e� Žr¥ �VWQ] 	* © �• � }ßã ¦§ K %
�GH4�B ª �

��
¿ðÛ plq � 	 + ý��/4�B_ «¬� ã ¦§ ZSä “ 4�B* ©

��gq™Ë K  

)�4�BEF���
¿™Ë)� plq � ¦§ K %
���4�BùŸ

ÉÊ-™Ëù�� ¦§­ � Z æð�� ® 	E�ý‰MºÌ � deadlock�K  

���������������� synLock()/synUnlock()��������  

� �e/€•j����� ¯°± 4�B�����
 	�/ plq ^N

.��/ :Monitor vw� synLock()¹ synUnlock()� $úûü ²³ ��� qG K  

Õ�/ :Monitor vw=ý «¬ �ã • �� ¦§7 �/ ´ ˜<�Ì Ke/Ì 	Ì

� � q£ ^N synLock()¹ synUnlock()� $úûü�¿��� µ # KTF��< 	

synLock()¹ synUnlock()�×�¡A- � 	S � )E •¶ K  

)r��/ Monitor vwT · M¶ ´ ˜<�Ì 	EÌ � ® ¸ /�� µ # 	øe

�_Ì � � µG¹ h��ãkš� ¦§ K  

¦§ Nà / /4�B º � 	€•j� � e � °± � � H 
)�rÍ » d 	

67e/€•jý �� ��e� ¼½ � � 9 K  
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3.3.2��������������������������������������������  

4�BÀÁ� Rxd $ú7 �4�B l0 �$ú 	TF4�Bý ” f™Ë K 

����������������������������  

² ¾ %¿ 	 join()$úEF_ûü e 4�B�%™Ë_ûü4�B�Ó¡ KS

� 	�/4�BEF � suspend()$ú% ÀÁ ù �� � � ��/Y M - } ™Ë Z

! �/4�B C EF J r � ™Ë4�B� resume()$ú% ÂÃ ù 	SQR � /4�

BEF�
-4� K  

�
��
��
��
� waitThread()/notifyThread()/notifyAllThread() ��������  

«�/ º � �plq¦§ �4�B_ ÀÁ& N™Ë ! �/4�B�Ó¡
 	

ºÌE�ý‰M K %
 ! �/4�B � ™Ë�ðÛÊ�� plq£ 	 C e � /4

�B  ý ÄÅ -™Ë K  

TF�u/€•��
 	'×  Thread� suspend()/resume()� /$ú��¡

Æ�� � private�K  

! g 	(>?@ waitThread(), notifyThread(), ¹ notifyAllThrad()%&'e/ Ç

•�ºÌ•Ž Ke(N4�BÀÁ� R é d $ú K  

 

3.4 ThreadMonitor ��� ����
�����
�����
�����
��  

ThreadMonitor €•�‚�V½¡ô7 mutex_t � •� mutex KL7

prhread_cond_t� •� condKL K  

mutexKL ‚�N�%k94�BA critical section� mutual exclusion�

�Z cond KL N�%k94�B�4�™Ë � waitThread� 7ÈÉ À Ê

� notifyThread���� K  

ThreadMonitor€•� ËÌÍÎ 
ˆ ¥  

 
class ThreadMonitor { 
//… … 
private: 
   pthread_mutex_t mutex; 
   pthread_cond_t cond; 
//… … 
}; 
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3.4.1�������� 			 	 synchronize


 
� �� � Key-Lock ������������  

�H/4�B : �Ó¡�w�� Ï 9
 	�
 Ð ÀN��� 	��4�BE

��ãU � �°Í¡�À Ê ä “M 9�4�B 	FIJ : ����ƒ� K  

e
 	V½b � ��Æ l0K ¡�/ Ñ �� Ò Ž 	F rs b � V½� t � u K

�e/€•j�4�B �� y 	 B � Key-Lock �$�% rs V½b � � t � u ¥  

eN.� mutex� mutual exclusion�� 1 � K synLock()¹ synLock()� /$ú

ûü�¿��� qG N Žpl � 	TF Ó Q7 Š plqG ›� Critical Section�K �

plqG ¯��� H 	�
 +Ô G�/4�B4� K  

ä �0 N 	 �� �ðÛ plqG 4��4�B 	=� º ��/ XÕ � ¦§ 	

S Ö Oe/ qG R^�  ¦§� ¶ 	F W•�4�B� � ý º � µð × e/ qG K 

���< 	Õ/ ThreadMonitorTk8� Ø¾ � instance�vw 	=��/�M

hº� ¦§ K  

�������� synLock() 

synLock()N�% ŠÌ � � GplqG ›	e/$úi��×�¹ synUnlock()

¡A Ù õ 	ä Š� ú
ˆ ¥  

 

void ThreadMonitor::synLock() { 

 Ñ‹ 4�Fˆ� Ú • ¥  

  
� | Û e/ plqG � Š ¦§ ›Ã� �� 4�B º � Ü| C  

   WŠ � �4��4�B › º �eã ¦§ Z  

 

  
� | Û� �4��4�B” º �eã ¦§ Ü| C  

    e/4�B ÝÞ J lockPoolyZ  

   Š ÀÁ › � �4��4�B Z  

 ‰J Š � �4��4�B ›” º �eã ¦§ 7 ß  

} 

 

F Pthreadlmpqk9
ˆ ¥  

 
void ThreadMonitor::synLock() { 
   pthread_mutex_lock( &mutex ); 
} 
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�������� synUnlock() 

e/U � $úN�% Š&O_ synLock()U � $úÌ � � plqG ›	ä Š�

ú
ˆ ¥  

 

void ThreadMonitor::synUnlock() { 

 à¥ µ áâ Û ûüe/$ú�4�B º �fvw� Š pl¦§ › Ü  

 

  Š � �4��4�B › º ��eã Š pl¦§ › � ¶ Z  

  e/ Š pl¦§ ›�¡ Š�� º � ›Z  

 

 � ¶Õ�/ ã3 � lockPool�Š4�B › ÝÞ 	  

  We� Š_ ÀÁ �4�B › ÈÉ ¡ ŠE4�� ›Z  

} 

 

F Pthreadlmpqk9
ˆ ¥  

 
void ThreadMonitor::synUnlock() { 
   pthread_mutex_unlock( &mutex ); 
} 

3.4.2������� �������� �������� �������� � dead-lock�!"�!"�!"�!"  


� + �]•��Æ œ• G 	 + � rs V½b � � t � u 	S ä E� u K  

�/� å � ¾ XN ŠML 5 vw ›•Ž ¥�e/•Ž� 	�ŠML e ›¹Š v

we › � /4�B 	ML e ML�L æb ’ ��/�â †ç � 5 ¿F† vwe

vw  � Z«ML èéêvwèéë 
 	
�”>?� Æœ� �0 	ý k ¡ = L

æÃ�_ vìo ^ � � , L æ ù ijo ZÊ " - 	« vw � èéí rML
 	

Cvwe ^ Ñ‹� Jr
�V½ K  

ŠML 5 vw ›•Ž� î� &ú^N>? ÀÁ � suspend�¹ Z æ� resume�

� �0 ¥�ML e ML�L æï )ˆ À b� 5 ¿
^ûü suspendÀÁ ML 	™J

vwe L ævìo R ­ .� resumeWML eZ æML Z " Q 	 vwe �  L æ

vwð �·   ˆ 	(�•.� suspendÀÁvw 	™ML e �L æL¶
 	ç.�

resumeÀQ vweZ ævw K  

î� < 	 •ñ � suspend / resume�0 E�ý k ¡4�B��Æ l0 
ÉÊ™

ËA$T º � ¦§ �VW 	S k ¡ºÌ � dead-lock�K  

TF�e/€•��� 	 + >? waitThread(), notifyThread()¹ notifyAllThread()
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�$úpq \ g ò  � KS)>? suspend/resume�$� K  

ä�¨‚�� - •N 	 waitThread()� suspend]ý• � ¶ º �� ¦§ KSû

ü�/vwQ notifyThread()$ú�4�B�� ó �ß/vw� pl¦§ K ôC ý

��/4�
ì� ¶õ•0 ���#4� 	F> Ã ��� � ¯ 4�J) M ú�û

üKTFEFÇÈºÌ� Ÿö ‰M K  

�4�B_ notifyThread()& notifyAllThread()ÎÊ EF Z æ4�R 	4�Bý

ç Q÷ø �ðÛ plq 	 —àç QŸù¦§ K  

�������� waitThread() 

waitThread()ýŠÜ[4���4�B ›	)rù� 4�BðÛÜ[]ý•

� ’ 4 � B T º � � T � ¦ § 	 e / U � $ ú � ¹ notifyThread()&

notifyAllThread()Ù õ � 	ä Š� ú
ˆ ¥  

 

void ThreadMonitor::waitThread() { 

 à¥ µ áâ Û ûüe/$ú�4�B º �fvw� Š pl¦§ › Ü  

 

 Ñ‹ 4�Fˆ23¯� Ú • ¥  

   Š � �4��4�B ›T º �e/ plq � Š ¦§�$ ›Z  

   e/4�B Š ’ Û waitPool�›Z  

  Š ÀÁ ›e/4�B4� Z  

   

  
�  Û e/ plq¦§ �_ �� 4�B º � ÜC  

   WŠ � �4��4�B › º �e/ ¦§ Z  

 ‰J Š � �4��4�B › º �eã ¦§ 7 ß  

} 

 

F Pthreadlmpqk9
ˆ ¥  

 
void ThreadMonitor::waitThread() { 
   pthread_cond_wait( &cond, &mutex ); 
} 

�������� notifyThread() 

e/U � $úý  _ waitThrad()Ü[�4�B� 	 ` ¶�/%&Ü 	ä Š�

ú
ˆ ¥  
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void ThreadMonitor::notifyThread() { 

 à¥ µ áâ Û ûüe/$ú�4�B º �fvw� Š pl¦§ › Ü  

 

 ú waitPool� � ¶�/4�B Z  

  � ¶�4�B Š&Ü ›Z  

} 

 

F Pthreadlmpqk9
ˆ ¥  

 
void ThreadMonitor::notifyThread() { 
   pthread_cond_signal( &cond ); 
} 

�������� notifyAllThread() 

e/U � $ú¹ notifyThread()� � 9Êz 	)rý  T� waitPool ��4�

B&Ü ¥  

 

void ThreadMonitor::notifyAllThread() { 

 à¥ µ áâ Û ûüe/$ú�4�B º �fvw� Š pl¦§ › Ü  

 

  � waitPool��4�B û ° � ¶ 	  

   � ¶�4�B��- Š&Ü ›Z  

} 

 

F Pthreadlmpqk9
ˆ ¥  

 
void ThreadMonitor::notifyAllThread() { 
   pthread_cond_broadcast( &cond ); 
} 
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������������ ���� ��������  

ú F<A O /€•�Í _ µ��r��EF Ê Â 	žŸ���€•j�h�

Thread, ThreadMonitor, BufferMonitor, Producer7 Consumer™ü /€•�� K  

ä� 	¨‚��°Í«¬N Thread¹ ThreadMonitor� /€• K  

S BufferMonitor, Producer¹ Consumer™é/€•N�% �2 ML evwe

•Ž 	F ýs e/H 4�B�€•j K  

àážŸN B � C++�vw þ � $�%ò � e/ � Œ	TF  Ï/€•jÍ

¡ Thread¹ ThreadMonitor� / � ÎN U� ¬� KTFžŸ  Ï/€•jk9Í

¡ Thread.h, Thread.cpp, ThreadMonitor.h, ThreadMonitor.cpp™y / � Ø K  

S BufferMonitor, Producer¹ Consumer™é/€•�pq¹k9 O� ö�

ProducerConsumer.h¹ ProducerConsumer.cpp™� / � Ø K  

¨R‚��öá main.cpp�  

 

�� 
ˆ � ¥  

Main
 Program

 Producer
 Consumer
Thread testing 

Class Library
Specification

Class Library
Body

main.cppProducerConsumer.h

ProducerConsumer.cppThreadMonitor.h

Thread.h

ThreadMonitor.cpp

Thread.cpp
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������������ ���� ��������  

Š Quality is build-in, not add-on55 ��� æ� N¯ñ� 	)Ng 	 � K›�

/ � Œ;" æ� � rs NOPá � Œò � �Õ� ˆG 	 ú •Ž�••JÍ _ µ�

�µ� ‰Jk9 	Õ�/þ 
 =�)#- "i �� µ "iáâ ‘ ýs K ­ � ár

� Œ;"� æ� K  

Š 
 ™� review��$ú� ÄÅê � ø � � ¶ÒH� ¶õ 	S � ¡ª + ��

� ›	)r 	7@$† � •� � îe/€•j � �±� 	TFÃNF�/E4�

� � ø �� � ª%97 ýs � G � ¥  

e/€•jäkE ¿ N í � ç� � 	øàá � 7 H4�B��� 	TF � Œ

� l0m �$q 	|} ê � T� � � Œ‹Œ GH Kç 	 < 	€•j���ƒ�N

�? ��&“ �‡R Ñ‹  � 	TF� �� pq� Š ~• ›…� 7 pq� Š �

� ›‹E ‚u 	ç 	 < �� J;"ü � ˆ ��� 	TF4� Š ƒ„ ›$q�•Ž

(� 
 Û¦Ä K¨R 	 ‹Œé 6fS �	 GH 	( k ¡ � Œò � <� �� ZT  	

vw þ � � Õu ! & ‹Œ �•Ž K  

ŠML‘ vw •Ž ›N î� �H4�B�� : �U9ˆE� "# � � Ž 	T

FžŸ^Fe/Žƒ%97 � ø �� ¥  

 

e/ � ø ��k9@ Ò ª RyS �ML evwe •Ž 	Õ/ML e µ vwe

=� O� � Š4�B ›%4� Ï 9 K  

fg 	��/L æö ’q 	ML e ¶ $ �L æ’ �ö ’q � Z vweC à

ö ’q� �L æ%vì K  

ö ’q T�„Ú�L æN�â� K6f 	ML e � ’ � L æR^� ÀÁ ML

� %X 	™ vwe L ævì RS 5 ¶ Ì ö ­ À Ê ML eZ æML K  

" Q 	 & vw � èéê ML� ë 	�ö ’q �L æ_ ì ' R 	 vwe (� Á

ßvw 	™ML e � , L æL¶R ­ À ÊvweZ ævw K  

 

��4�
ý•/•� ù ( Û Producer¹ Consumer� delayšF 7 buffer �

†ç K  
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[ jyk@rhlinux thread]# ./thread 
> Please input the delay value for Producer ==> 100 00 
> Please input the delay value for Consumer ==> 500 00 
> Please input the size of buffer ==> 5 
# Starting… 
  Producer Put: 0 
  Consumer Get: 0 
  Producer Put: 1 
  Consumer Get: 1 
  Producer Put: 2 
  Producer Put: 3 
  Producer Put: 4 
  Consumer Get: 2 
  Producer Put: 5 
  Producer Put: 6 
  Consumer Get: 3 
  Producer Put: 7 
  Producer Put: 8 
  Consumer Get: 4 
  Producer Put: 9 
  Producer Put: 10 
  Consumer Get: 5 
  Producer Put: 11 
  Consumer Get: 6 
  Producer Put: 12 
  Consumer Get: 7 
  Producer Put: 13 
  Consumer Get: 8 
  Producer Put: 14 
  Consumer Get: 9 
  Producer Put: 15 
  Consumer Get: 10 
  Producer Put: 16 
  Consumer Get: 11 
  Producer Put: 17 
  Consumer Get: 12 
  Producer Put: 18 
  Consumer Get: 13 
  Producer Put: 19 
  Consumer Get: 14 
  Producer Put: 20 
  Consumer Get: 15 
  Producer Put: 21 
  Consumer Get: 16 
  Producer Put: 22 
  Consumer Get: 17 
  Producer Put: 23 
  Consumer Get: 18 
  Producer Put: 24 
  Consumer Get: 19 
  Producer Put: 25 
  Consumer Get: 20 
  Producer Put: 26 
  Consumer Get: 21 
  Producer Put: 27 
  Consumer Get: 22 
  Producer Put: 28 
  Consumer Get: 23 
  Producer Put: 29 
  Consumer Get: 24 
  Producer Put: 30 
  Consumer Get: 25 
  Producer Put: 31 
  Consumer Get: 26 
  Producer Put: 32 
  Consumer Get: 27 
# The End 
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������������ ���� ��������  

) • 	7@Rq Ú •$† 	žŸã �e/€•j � ‰� �� ������

Ó 7 Š *+ ›� Client�K  

�e/€•j� 	 *+ � �� + � Thread€•¹ ThreadMonitor€•� ,

h¡ôi� K  

6.1 Thread��������������������  

*+& ª � Š W� G �� H ��/4�B�4� ›	 C *+ + � ¥  

1.�×� W�/X€• Z[ Thread€• 	 %�e/X€• Ó 7 SubThread¥  

2.� SunThread�	ã�.�4�B4���� H 	 °± � run()¡ôi�� ¥  

3.LM SubThread��/ Ø¾ 	 %� Ó 7 sthread 

4.4� sthread.start()	 C ^OP4��/4�B�4� K  

 

�� - ¾ 
ˆ ¥  
#include "Thread.h" 
//…… 
// 1. 
class SubThread: public Thread { 
//…… 
public: 
 // 2.1 
 void run(); 
//…… 
}; 
 
// 2.2 
void SubThread::run() { 
 
 // +,��	��-./012&  
} 
 
void main() { 
 //…… 
 // 3. 
 SubThread sthread; 
 //…… 
 // 4. 
 sthread.start() 
 //…… 
} 
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6.2 ��������������������������������  

4�B¿�ÀÁ 	�e/€•j���y 	�×��J ThreadMonitor€• 	

)r�ey)* ¤ <q� ¾ X . 	�×�F Z[ �$�%I¡ K  

*+ EF.�LM ThreadMonitor�vw%I¡ K &e 	(EF.� Z[ �$

�Kàá� Z[ �$� 6~• 	TFFˆ^F Z[ �$�% ¿V ¥  

6.2.1��#$��#$��#$��#$  

%���/ /+ V½ 	��
 W�Ì *+ Í•7e/ /+ bÛ��8 0 	F

Ó¡ • …K %�b� 12 �é P X Ï 9 ¥  

1. úÅ 345 � ß � } ƒ]�[å 	e PÏ 9E� 6 o 4 78 K  

2. ã�b� 2 L ƒ 	 J 99: }�[å< K  

3. ã¨ , �[å§ ; $\Å 345 � 	e PÏ 9ç Q - 6 o 4 78 K  

 

FˆNe �P• …� �2 �� ¥  

 
#include "Thread.h" 
#include "ThreadMonitor.h" 
//…… 
// 1 
class Account: public ThreadMonitor { 
public: 
 Account( Money m ) { money= m; }; 
 void deposit( Money d ); 
 Money getBalance(); 
 void setBalance( Money b ); 
 //…… 
 
pribate: 
 //…… 
}; 
 
Account::deposit( Money d ) { 
 // 2 
 synLock(); 
 
 int balance= getBalance(); 
 balance+= d; 
 setBalance( balance ); 
 
 // 3 
 synUnlock(); 
} 
//…… 
 

// 4 
class Client: public Thread { 
public: 
 Client( Money d ) { deposit= d; }; 
 // 5 
 void run(); 
 
private: 
 Money deposit; 
}; 
 
// 6 
Client::run() { 
 account.deposit( deposit ) 
} 
 
 
void main() { 
 // 7 
 Account a( 10000 ); 
 
 // 8 
 Client c1( 1000 ); 
 Client c2( 300 ); 
 
 // 9 
 c1.start(); 
 c2.start(); 
} 
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e/ • …�2 ��� <= �-$N > & 2 ¹ 3 �°Í K.� Account€• Z[

� ThreadMonitor€•7 a vw� synLock()¹ synUnlock()� /$úûü¿T ö ¡

� plq %rs Š • …�)EÍ ? u ›KeNe/ ¾ X�*��• G 	)¬e/

/+ ¨R�[åý6 • …���EÍ ? u SLM ¶õ K  

6.2.2%&��%&��%&��%&��  

rs H4�Bh�Í ‡ ��� qG ‹� ¤• …���)EÍ ? Õu 	�
Ã

N @ú rs V½�E� u K  

¨u å � ¾ X^N ŠML 5 vw •Ž ›	e
 *+ ^�.� ThreadMonitor€

•� waitThread(), notifyThread(), notifyAllThread()™$ú% rs V½�E� u K  

eé/$ú �< © <= �N ¥�×��Ê�vwT ö ¡� Š plq ›yû

ü	(^N���/vw� synLock()¹ synUnlock()$úQ¿ûü  

6.3 ������� ������� ������� �������  

œˆ% µÍ•7 Thread‘ ThreadMonitorO
 �/í F 	% ¿V ä€•T>

?� , Opq ¥  
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6.3.1 Thread'()*'()*'()*'()*  

� �� �� �� �  � �� �� �� �  � �� �� �� �  
Thread 
   (  
   int policy= SCHED_OTHER  
   ) 

��������	
� � 
��������
��	���� Thread.start()������ �  
����	�� policy !"�#$%&'( )
*+ SCHED_FIFO, SCHED_RR, 
SCHED_OTHER,-.  

 

Thread( const ThreadGroup& ) ��������	
�)/0123#$�
ThreadGroup4 �  

56�  

virtual ~Thread() 78��	
� �   
void start() ������������	)/9:; <��

���	� run method�  
 

void stop() const =>��	��� )?@ABC )D�E��F
deadlock�  

 

virtual void run() = 0 C���	�GHI�JK<� method�<�L
��������	M;� method�  

 

static void sleep (  
   unsigned long microSeconds  
   ) 

NOPQ���	RS microSecondsTU �   

static void yield() 0<���	�VW XY Z time sice[ \]��
��^����	 � _`ab���c?�+d
ef` �  

 

void join() �g,�<���	hi �   
setPriority( int newPriority ) 0��	�jklmno newPriority�   
int getPriority() pq��	�jklm �   
int getMinPriority() const =rs+%&'(�tujkvw �   
int getMaxPriority() =rs+%&'(�txjkvw �   
void setSchedulePolicy( 
       int policy  
    ) 

#$��	�%&'( ) *+ SCHED_FIFO, 
SCHED_RRy SCHED_OTHER,-.�z{
| �  

 

static Thread& currentThread() pqsL}L�����	 )~c���•��
�	�  

56�  

ThreadGroup& getThreadGroup() pq<���	€•2� ThreadGroup�  56�  
bool isAlive() _`���������	}L;cpq true‚

<ƒ „…��	 Thread::run()�†‡L����
ˆ� �  
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6.3.2 ThreadMonitor '()*'()*'()*'()*  

� �� �� �� �  � �� �� �� �  � �� �� �� �  
ThreadMonitor() @‰�� ThreadMonitor
� ) C�Š‹��

	W�Œ• �  
 

virtual ~TheradMonitor() 78 ThreadMonitor
��   
void synLock() C�y synUnlock()�ŽF•BC ) @‰��

• ‘’“ ” ��•+<�
�� •‘’–— ”�
� ^3‘’“˜ � synLock()y synUnlock()™š
›��W�“˜c�‘’“˜ �‘’“œ�&•
ž )�Ÿ ¡¢£�¤‹ )�¥¦§¨©ª=�
«�¬ �  

 

void synUnlock() C�y synLock()�ŽF•BC) @‰��•‘
’“”��•+<�
��•‘’–—”�� 
^3‘’“ �̃ synLock()y synUnlock()™š›�
�W�“˜c�‘’“˜�‘’“œ�&•ž)
�Ÿ ¡¢£�¤‹)�¥¦§¨©ª=�«�
¬�  

 

void waitThread() �Br�����	,­ )g�®����m�
�¯°¡
�� notifyThread± notifyAllThradš
›�  

 

void waitThread 
   ( 
   unsigned long microSeconds  
   ) 

Br�����	,­)g�®����m��
¯°¡
�� notifyThread()± notifyAllThrad š
›�²�ga+³ notifyThread± notifyAllThrad
š›´µ )L¶  microSecondsTU· )��	
~�¸¹ºµ �  

 

void notifyThread() <�š›�´µ��L,­���	)»_+�
¼ )L³N½· )��	�¾¿ÀÁ^3‘’“
˜�  

 

void notifyAllThread() <�š›�´µ€+L‘’“˜4�g�L,­
���	)L³N½·)��	�¾¿ÀÁ^3
‘’“˜�  
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/** 1 
File: Thread.h 2 
Purpose:  3 
@author Jiang Yu-Kwan 4 
@version 2.0 1999/4/15 ~ 2000/4/17 5 
*/ 6 
#ifndef _Thread_h 7 
#define _Thread_h 8 
 9 
#include <pthread.h> 10 
 11 
class Thread { 12 
    13 
public: 14 
   Thread( int policy= SCHED_OTHER ); // RR,FIFO,or  OTHER 15 
   //Thread( const ThreadGroup& ); 16 
   virtual ~Thread(); 17 
   bool operator==( const Thread& ) const; 18 
    19 
   void start(); 20 
   virtual void run() = 0; 21 
   void stop(); 22 
    23 
   static void sleep( unsigned long microSeconds );  24 
   static void yield(); 25 
   void join() const; 26 
    27 
   void setPriority( int newPriority ); 28 
   int getPriority() const; 29 
   int getMinPriority() const; 30 
   int getMaxPriority() const; 31 
   void setSchedulePolicy( int policy ); 32 
   //static Thread& currentThread(); 33 
   //ThreadGroup& getThreadGroup() const; 34 
   bool isAlive() const; 35 
    36 
private: 37 
   static void suspend(); 38 
   void resume() const; 39 
 40 
   static void threadFunction( Thread* ); 41 

   //Thread( pthread_t* ); 42 
    43 
private:    44 
   pthread_t pthread; 45 
   pthread_attr_t schedAttr; 46 
   int schedulePolicy; 47 
   bool alive; 48 
 49 
}; 50 
 51 
 52 
inline Thread::Thread( int policy ): 53 
   schedulePolicy( policy ), alive( false ) 54 
{ 55 
   pthread_attr_init( &schedAttr ); 56 
} 57 
 58 
 59 
inline Thread::~Thread() 60 
{ 61 
   pthread_attr_destroy( &schedAttr ); 62 
} 63 
 64 
 65 
inline int Thread::getMinPriority() const 66 
{ 67 
   return sched_get_priority_min( schedulePolicy );  68 
} 69 
 70 
 71 
inline int Thread::getMaxPriority() const 72 
{ 73 
   return sched_get_priority_max( schedulePolicy );  74 
} 75 
 76 
 77 
inline void Thread::setSchedulePolicy( int policy )  78 
{ 79 
   schedulePolicy= policy; 80 
} 82 
 84 
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 85 
inline bool Thread::isAlive() const 86 
{ 87 
   return alive; 88 
} 89 
 90 
 91 
inline void Thread::yield() 92 
{ 93 
   sleep( 1 ); 94 
} 95 
 96 
 97 
 98 
#endif 99 
 100 
 101 
 102 
 103 
/** 104 
File: Thread.cpp 105 
Purpose:  106 
@author Jiang Yu-Kwan 107 
@version 2.0 2000/4/15 ~ 2000/4/17 108 
*/ 109 
#include "Thread.h" 110 
#include <unistd.h> 111 
#include <assert.h> 112 
 113 
// static 114 
void Thread::threadFunction( Thread* thread ) 115 
{ 116 
   int lastType, lastState; 117 
   118 
pthread_setcanceltype( PTHREAD_CANCEL_ASYNCHRONOUS,  119 
&lastType ); 120 
   pthread_setcancelstate( PTHREAD_CANCEL_ENABLE, 121 
&lastState ); 122 
    123 
   thread->run(); 124 
    125 
   thread->alive= false; 126 
} 127 
 128 
 129 
void Thread::start() 130 
{ 131 
   //pthread_attr_setinheritsched( &schedAttr, 132 
PTHREAD_INHERIT_SCHED ); 133 
   pthread_attr_setschedpolicy( &schedAttr, 134 
schedulePolicy ); 135 
    136 
   pthread_create  137 
      (  138 
      &pthread, 139 
      &schedAttr, 140 
      (void*(*)(void*))Thread::threadFunction, 141 
      (void*)this 142 
      ); 143 
       144 
   alive= true; 145 
} 146 
 147 
 148 
void Thread::stop() 149 
{ 150 
   pthread_cancel( pthread ); 151 
    152 
   alive= false; 153 
} 154 
 155 
//static 156 
void Thread::sleep( unsigned long microSeconds ) 157 
{ 158 
   usleep( microSeconds ); 159 
} 160 

 161 
 162 
/* 163 
Thread::Thread( pthread_t *pthread ) { 164 
   this->pthread= pthread; 165 
} 166 
 167 
 168 
Thread& Thread::currentThread() { 169 
   return pthread_self(); 170 
} 171 
*/ 172 
 173 
bool Thread::operator==( const Thread &thread ) con st 174 
{ 175 
   return pthread_equal( this->pthread, 176 
thread.pthread ); 177 
} 178 
 179 
//static  180 
void Thread::suspend() 181 
{ 182 
} 183 
 184 
 185 
void Thread::resume() const 186 
{ 187 
} 188 
 189 
 190 
void Thread::join() const 191 
{ 192 
   pthread_join( pthread, NULL ); 193 
} 194 
 195 
 196 
void Thread::setPriority( int priority ) 197 
{ 198 
   assert 199 
      (  200 
      getMinPriority() <= priority &&  201 
      priority <= getMaxPriority()  202 
      ); 203 
       204 
   struct sched_param schedParam; 205 
   schedParam.sched_priority= priority; 206 
   pthread_attr_setschedparam( &schedAttr, 207 
&schedParam ); 208 
} 209 
 210 
 211 
int Thread::getPriority() const 212 
{ 213 
   struct sched_param schedParam; 214 
   pthread_attr_getschedparam( &schedAttr, 215 
&schedParam ); 216 
   return schedParam.sched_priority; 217 
} 218 
 219 
 220 
 221 
/** 222 
File: ThreadMonitor.h 223 
Purpose:  224 
@author Jiang Yu-Kwan 225 
@version 2.0 1999/4/16 ~ 2000/4/17 226 
*/ 227 
#ifndef _ThreadMonitor_h 228 
#define _ThreadMonitor_h 229 
 230 
#include <pthread.h> 231 
    232 
class ThreadMonitor { 233 
 234 
public: 235 
   ThreadMonitor(); 236 
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   virtual ~ThreadMonitor(); 237 
 238 
   // synchorized  239 
   void synLock(); 240 
   void synUnlock(); 241 
 242 
   void waitThread(); 243 
   void waitThread( unsigned long microSeconds ); 244 
   void notifyThread(); 245 
   void notifyAllThread(); 246 
 247 
private: 248 
   pthread_mutex_t mutex; 249 
   pthread_cond_t cond; 250 
 251 
}; 252 
 253 
 254 
inline ThreadMonitor::ThreadMonitor() 255 
{ 256 
   pthread_mutex_init( &mutex, NULL ); 257 
   pthread_cond_init( &cond, NULL ); 258 
} 259 
 260 
 261 
inline ThreadMonitor::~ThreadMonitor() 262 
{ 263 
   pthread_mutex_destroy( &mutex ); 264 
   pthread_cond_destroy( &cond ); 265 
} 266 
 267 
 268 
#endif 269 
 270 
 271 
/** 272 
File: ThreadMonitor.cpp 273 
Purpose:  274 
@author Jiang Yu-Kwan 275 
@version 2.0 2000/4/17 ~ 2000/4/17 276 
*/ 277 
#include "ThreadMonitor.h" 278 
#include <sys/time.h> 279 
 280 
void ThreadMonitor::synLock() 281 
{ 282 
   pthread_mutex_lock( &mutex ); 283 
} 284 
 285 
 286 
void ThreadMonitor::synUnlock() 287 
{ 288 
   pthread_mutex_unlock( &mutex ); 289 
} 290 
 291 
 292 
 293 
void ThreadMonitor::waitThread() 294 
{ 295 
   pthread_cond_wait( &cond, &mutex ); 296 
} 297 
 298 
 299 
void ThreadMonitor::waitThread( unsigned long 300 
microSeconds ) 301 
{ 302 
   struct timeval now; 303 
   struct timespec timeout; 304 
    305 
   gettimeofday( &now, NULL ); 306 
   timeout.tv_sec= now.tv_sec + microSeconds/1000; 307 
   timeout.tv_nsec= (now.tv_usec + 308 
microSeconds%1000)*1000; 309 
    310 
   pthread_cond_timedwait( &cond, &mutex, &timeout ); 311 
} 312 

 313 
 314 
void ThreadMonitor::notifyThread() 315 
{ 316 
   pthread_cond_signal( &cond ); 317 
} 318 
 319 
 320 
void ThreadMonitor::notifyAllThread() 321 
{ 322 
   pthread_cond_broadcast( &cond ); 323 
} 324 
 325 
 326 
 327 
/** 328 
File: ProducerConsumer.h 329 
Purpose: MultiThread testing program 330 
@author Jiang Yu-Kwan 331 
@version 2.0 1999/4/27 ~ 2000/4/27 332 
*/ 333 
#include "ThreadMonitor.h" 334 
#include "Thread.h" 335 
 336 
class BufferMonitor : public ThreadMonitor { 337 
public: 338 
   BufferMonitor( int size= 1 ); 339 
   ~BufferMonitor(); 340 
    341 
   void put( int ); 342 
   int get(); 343 
 344 
private: 345 
   int *buffer; 346 
   int n; 347 
   int counter, in, out; 348 
}; 349 
 350 
 351 
 352 
class Producer : public Thread { 353 
public: 354 
   Producer( BufferMonitor&, int delay ); 355 
   ~Producer() {}; 356 
   void run(); 357 
    358 
private: 359 
   BufferMonitor *buffer; 360 
   int delay; 361 
}; 362 
 363 
 364 
 365 
class Consumer : public Thread { 366 
public: 367 
   Consumer( BufferMonitor&, int delay ); 368 
   ~Consumer() {}; 369 
   void run(); 370 
    371 
private: 372 
   BufferMonitor *buffer; 373 
   int delay; 374 
}; 375 
 376 
 377 
 378 
/** 379 
File: ProducerConsumer.cpp 380 
Purpose: MultiThread testing program 381 
@author Jiang Yu-Kwan 382 
@version 2.0 1999/4/27 ~ 2000/4/27 383 
*/ 384 
#include "ProducerConsumer.h" 385 
#include <stdlib.h> 386 
#include <iostream.h> 387 
 389 
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/* BufferMonitor */ 390 
BufferMonitor::BufferMonitor( int size ): 391 
   n( size ), counter( 0 ), in( 0 ), out( 0 ) 392 
{ 393 
   buffer= new int[ n ]; 394 
} 395 
 396 
 397 
BufferMonitor::~BufferMonitor() 398 
{ 399 
   delete [] buffer; 400 
} 401 
 402 
 403 
void BufferMonitor::put( int nextp ) 404 
{ 405 
   synLock(); 406 
    407 
   // begin of critical section 408 
   if (counter == n) 409 
      waitThread(); 410 
          411 
   buffer[ in ]= nextp; 412 
   in= (in+1) % n; 413 
   counter++; 414 
    415 
   notifyThread(); 416 
   // end of critical section 417 
    418 
   synUnlock(); 419 
} 420 
 421 
 422 
int BufferMonitor::get() 423 
{ 424 
   int nextc; 425 
    426 
   synLock(); 427 
    428 
   // begin of critical section 429 
   if (counter == 0) 430 
      waitThread(); 431 
          432 
   nextc= buffer[ out ]; 433 
   out= (out+1) % n; 434 
   counter--; 435 
       436 
   notifyThread(); 437 
   // end of critical section 438 
    439 
   synUnlock(); 440 
    441 
   return nextc; 442 
} 443 
 444 
 445 
/* Producer */ 446 
Producer::Producer( BufferMonitor& mon, int delay ) : 447 
   buffer( &mon ), delay( delay ) 448 
{ 449 
} 450 
 451 
 452 
void Producer::run() 453 
{ 454 
   int i= 0; 455 
    456 
   for (;;) 457 
      { 458 
      buffer->put( i ); 459 
      cout << "  Producer Put: " << i << endl; 460 
      i++; 461 
       462 
      Thread::sleep( (double)rand()/RAND_MAX * dela y ); 463 
      } 464 
       465 

} 466 
 467 
 468 
/* Consumer */ 469 
Consumer::Consumer( BufferMonitor& mon, int delay ) : 470 
   buffer( &mon ), delay( delay ) 471 
{ 472 
} 473 
 474 
 475 
void Consumer::run() 476 
{ 477 
   for (;;) 478 
      { 479 
      int c; 480 
      c= buffer->get(); 481 
      cout << "  Consumer Get: " << c << endl; 482 
       483 
      Thread::sleep( (double)rand()/RAND_MAX * dela y ); 484 
      } 485 
} 486 
 487 
 488 
 489 
/** 490 
File: main.cpp 491 
Purpose: main function for MultiThread testing prog ram 492 
@author Jiang Yu-Kwan 493 
@version 2.0 1999/4/27 ~ 2000/4/27 494 
*/ 495 
#include "ProducerConsumer.h" 496 
#include <iostream.h> 497 
 498 
int main() 499 
{ 500 
   int ProducerDelay= 200; 501 
   int ConsumerDelay= 200; 502 
   int size= 1; 503 
    504 
   cout << "> Please input the delay value for Prod ucer 505 
==> "; 506 
   cin >> ProducerDelay; 507 
   cout << "> Please input the delay value for Cons umer 508 
==> "; 509 
   cin >> ConsumerDelay; 510 
   cout << "> Please input the size of buffer ==> " ; 511 
   cin >> size;  512 
    513 
   BufferMonitor buffer( size ); 514 
   Producer producer( buffer, ProducerDelay ); 515 
   Consumer consumer( buffer, ConsumerDelay ); 516 
    517 
   cout << "# Starting..." << endl; 518 
    519 
   producer.start(); 520 
   consumer.start(); 521 
    522 
   Thread::sleep( 1000000 ); 523 
   cout << "# The End" << endl; 524 
   return 0; 525 
} 526 


