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7KH�6WUXFWXUH�RI�D�0RQLWRU
•After calling, threads get 
blocked and are waiting 
to get in and start 
executing the called 
monitor procedureMain Queue

Condition Queue 1

Condition Queue n

MUTEX

•Threads waiting on a condition 
variable for a condition to be 
true (waiting for a signal on the 
condition variable)

Local procedure 1

Local procedure m

Local variables Shared variables

Initialization executed first time the monitor starts
•Initialization of  state 
variables, executed ONCE at 
startup of monitor

Monitor procedure k: {… signal(condvar); …}

Monitor procedure 1: {…wait(condvar); …}

Threads calling a 
monitor 
procedure

<More to come>

•The only way to access shared 
resources is by calling a 
monitor procedure

So only ONE 
monitor 
procedure 
executes at a 
time

The Monitor

Signal(): {…} Wait(): {…} System implementation

User implementation

6LJQDO�DQG�:DLW
� :DLW��FRQG�

± ,QVHUW�FDOOHU��FRQGBTXHXH�
± %ORFN�WKLV�LQVWDQFH�RI�WKH�
PRQLWRU�SURFHGXUH

± RSHQ�³PXWH[´�E\�JHWWLQJ�
QH[W�FDOO�IURP�0DLQB4XHXH

� 6LJQDO��FRQG�
± 6WRS�PRQLWRU�SURFHGXUH�
FDOOLQJ�VLJQDO

± 6WDUW�ILUVW�LQ�FRQGBTXHXH��RU�
MXVW�UHWXUQ�LI�HPSW\�



6LQJOH�5HVRXUFH�0RQLWRU

Acquire;

<use shared resource>

Release;

Acquire:
{

if (busy) wait (nonbusy);
busy:=TRUE;

}

/*Local  functions, variables*/
<none needed>
/*Shared variable*/
Boolean busy;
/*Condition variable*/
Condition nonbusy;

Release:
{

busy:=FALSE;
signal (nonbusy);

}

/* Initialization code*/
busy:=FALSE;
nonbusy:=EMPTY;

All threads must follow the pattern:

Observe

• the shared variable

• the naming of the condition variable

• the wait and signal calls

• implements a binary semaphore (s=0,1)

:KDW�LV�D�&RQGLWLRQ�9DULDEOH"

� 1R�³YDOXH´��QR�FRXQWLQJ
� 8VHG�WR�UHSUHVHQW�D�
FRQGLWLRQ�ZH�QHHG�WR�ZDLW�
IRU�WR�EH�758(

� 8QXVHG�VLJQDOV�DUH�ORVW
� :DLWLQJ�TXHXH
� ,QLWLDO�³QRQ�YDOXH´�LV�
(037<����

Main Queue

Condition Queue 1

Condition Queue n

Local procedure 1

Local procedure m

Local variables Shared variables

Initialization executed first time the monitor starts

Monitor procedure 1: {…  signal(condvar); … }

Monitor procedure 1: {… wait(condvar); … }

<More to come>

The Monitor

Signal(): {… } Wait(): {… }



6HPDSKRUH�YV��0RQLWRU

P(s) (or down) means WAIT if s=0
And s--

Wait(cond) means unconditional WAIT

Semaphore Monitor

V(s) (or up) means start a 
waiting thread and REMEMBER
that a V call was made: s++

Assume s=0 when V(s) is 
called: If there is no thread to 
start this time, the next thread to 
call P(s) will get through P(s)

Signal(cond) means start a 
waiting thread. But no memory!

Assume that the condition 
queue is empty when signal() is 
called. The next thread to call 
Wait(cond) (by executing a 
monitor procedure!) will block 
because the signal() operation 
did not leave any trace of the 
fact that it was executed on an 
empty condition waiting queue.

%RXQGHG�%XIIHU�0RQLWRU
out

in

Capacity: N

B

Producer

PUT (m):
r:=GET:

Consumer

One condition variable 
for each condition:

•nonempty

•nonfull

•MUTEX is already 
provided by the monitor

Rules for the buffer B:

•No Get when empty

•No Put when full

•B shared, so must have 
mutex between Put and 
Get

Put (int m):
{  if  (count = n) wait (nonfull);

B(in):=m;
in:=in+1 % n;
count++;
if (count = 1) signal (nonempty);  }

/*Local  functions, variables*/
int in, out;
/*Shared variable*/
int B(0..n-1), count;
/*Condition variable*/
Condition nonfull, nonempty;

int Get:
{  if (count = 0) wait (nonempty);

Get:=B(out);
out:=out+1 % n;
count--;
if (count = N-1) signal (nonfull);  }    

/* Initialization code*/
in:=out:=count:=0;
nonfull, nonempty:=EMPTY;
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:KDW�ZLOO�KDSSHQ�ZKHQ�D�VLJQDO���LV�H[HFXWHG"
� $VVXPH�ZH�KDYH�WKUHDGV�LQ�0DLQB4XHXH�DQG�LQ�D�
FRQGLWLRQ�TXHXH

� 0DLQB4XHXH�KDV�ORZHU�³SULRULW\´�WKDQ�WKH�VLJQDOHG�
FRQGLWLRQ�TXHXH�

� VLJQDO��� !�7DNH�ILUVW�IURP�FRQGLWLRQ�TXHXH�RQH�DQG�VWDUW�LW�
IURP�LWV�QH[W�LQVWUXFWLRQ�DIWHU�WKH�ZDLW���ZKLFK�EORFNHG�LW

� 7KH�VLJQDOHG�WKUHDG�QRZ�H[HFXWHV�
± «�XQWLO�D�ZDLW����EORFN�LW��DQG�WDNH�QHZ�IURP�0DLQB4XHXH
± «�XQWLO�D�VLJQDO����
± «�XQWLO�ILQLVKHG��WDNH�QHZ�IURP�0DLQB4XHXH

2SWLRQV�RI�WKH�6LJQDOHU
� 5HOLQTXLVKHV�FRQWURO�WR�WKH�ZRNHQ�SURFHVV��+RDUH�

± &RPSOH[�LI�WKH�VLJQDOHU�KDV�RWKHU�ZRUN�WR�WR
± 7R�PDNH�VXUH�WKHUH�LV�QR�ZRUN�WR�GR�LV�GLIILFXOW�EHFDXVH�WKH�
VLJQDO�LPSOHPHQWDWLRQ�LV�QRW�DZDUH�KRZ�LW�LV�XVHG

± ,W�LV�HDV\�WR�SURYH�WKLQJV

� &RQWLQXHV�LWV�H[HFXWLRQ��0HVD�
± (DV\�WR�LPSOHPHQW
± %XW��WKH�FRQGLWLRQ�PD\�QRW�EH�WUXH�ZKHQ�WKH�ZRNHQ�SURFHVV�
DFWXDOO\�JHWV�D�FKDQFH�WR�UXQ



:KHUH�WR�DOORZ�D�
FDOO�WR�VLJQDO��" � /RRN�DW�WKH�WZR�PRQLWRUV�ZH�KDYH�

DQDO\]HG��:KHUH�LV�WKH�VLJQDO���
RSHUDWLRQ"

� :KDW�LI�ZH�FDOOHG�VLJQDO�
VRPHZKHUH�HOVH"

� 7KH�FDOOLQJ�IXQFWLRQ�LQVWDQFH�PXVW�
EH�EORFNHG��DZDLWLQJ�UHWXUQ�IURP�
VLJQDO��
± 1HHG�D�TXHXH�IRU�WKH�
WHPSRUDU\�KDOWHG�WKUHDG
� 85*(17�48(8(

� ,Q�+RDUH¶V�PRQLWRUV�WKH�VLJQDO�
RSHUDWLRQ�PXVW�,00(',$7(/<�
VWDUW�WKH�VLJQDOHG�WKUHDG�LQ�RUGHU�
IRU�WKH�FRQGLWLRQ�WKDW�LW�VLJQDOV�
DERXW�VWLOO�WR�EH�JXDUDQWHHG�WUXH�
ZKHQ�WKH�WKUHDG�VWDUWV

Main Queue

Condition Queue 1

Condition Queue n

Local procedure 1

Local procedure m

Local variables Shared variables

Initialization executed first time the monitor starts

Monitor procedure 1: {…  signal(condvar); … }

Monitor procedure 1: {… wait(condvar); … }

The Monitor

Signal(): {… } Wait(): {… }

URGENT Queue

3HUIRUPDQFH�SUREOHPV�RI�0RQLWRUV"
� *HWWLQJ�LQ�WKURXJK�0DLQB4XHXH

� 0DQ\�FDQ�EH�LQ�0DLQB4XHXH�DQG�LQ�D�FRQGLWLRQ�TXHXH�ZDLWLQJ�
IRU�D�WKUHDG�WR�H[HFXWH�D�PRQLWRU�SURFHGXUH�FDOOLQJ�D�VLJQDO�
± &DQ�WDNH�D�ORQJ�WLPH�EHIRUH�WKH�VLJQDOHU�JHWV�LQ

� 7KH�PRQLWRU�LV�D�SRWHQWLDO�ERWWOHQHFN��³%RWWOHQHFN�26´""�
� 8VH�VHYHUDO�WR�DYRLG�KRW�VSRWV

� 6LJQDO�PXVW�VWDUW�WKH�VLJQDOHG�WKUHDG�LPPHGLDWHO\��VR�PXVW�
VZLWFK�WKUHDG�FRQWH[W�DQG�VDYH�RXU�RZQ

� &DQ�KDYH�QHVWHG�FDOOV
� (YHQ�ZRUVH�IRU�SURFHVV�FRQWH[W�VZLWFKHV

± 6ROXWLRQ"
� $YRLG�VWDUWLQJ�WKH�VLJQDOHG�WKUHDG�LPPHGLDWHO\
� %XW�WKHQ�UDFH�FRQGLWLRQV�FDQ�KDSSHQ



0HVD�6W\OH�³0RQLWRU´��%LUUHOO¶V 3DSHU�
� 0HVD�PRQLWRU�LV�VLPLODU�WR FRQGLWLRQ�YDULDEOH���PXWH[
� $FTXLUH�DQG�5HOHDVH��ORFN�DQG�XQORFN�
� :DLW��ORFN��FRQGLWLRQ��

± $WRPLFDOO\�XQORFN�WKH�PXWH[ DQG�HQTXHXH RQ�WKH�FRQGLWLRQ�YDULDEOH��EORFN�WKH�WKUHDG�
± 5H�ORFN�WKH�ORFN�ZKHQ�LW�LV�DZDNHQ

� 6LJQDO��FRQGLWLRQ��
± 1RRS LI�WKHUH�LV�QR�WKUHDG�EORFNHG�RQ�WKH�FRQGLWLRQ�YDULDEOH
± :DNH�XS�DW�VRPH FRQYHQLHQW�WLPH�DW�OHDVW�RQH �LI�WKHUH�DUH�WKUHDGV�EORFNHG�

� %URDGFDVW��FRQGLWLRQ���± VLJQDO�WR�DOO
± :DNH�XS�DOO WKUHDGV ZDLWLQJ RQ WKH FRQGLWLRQ

%RXQGHG�%XIIHU�0HVD�
0RQLWRUV

out

in

Capacity: N

B

Producer

PUT (m):
r:=GET (r):

Consumer

One condition for each 
condition:

•nonempty

•nonfull

•MUTEX is locked by 
LOCK and unlocked by  
Wait

Rules for the buffer B:

•No Get when empty

•No Put when full

•B shared, so must have 
mutex between Put and 
Get

Put (int m):
LOCK bb_mutex {

{  while (count=n) wait (bb_mutex, nonfull);
B(in):=m;
in:=in+1 MOD n;
count++;
signal (nonempty);   }

}

/*Local  functions, variables*/
int in, out, count;
/*Shared variable*/
int B(0..n-1);
/* Mutex */
mutex_t bb_mutex;
/*Condition variable*/
Condition nonfull, nonempty;

int Get:
LOCK bb_mutex {

{  while (count=0) wait (bb_mutex, nonempty);
Get:=B(out);
out:=out+1 MOD n;
count--;
signal (nonfull);  }

}

/* Initialization code*/
in:=out:=count:=0;
nonfull, nonempty:=EMPTY;

Spins to 
reevaluate

Wait will
UNLOCK
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,PSOHPHQW�6HPDSKRUHV�ZLWK�0HVD�0RQLWRUV

P( s )

{
Acquire( s.mutex );
--s.value;

if ( s.value < 0 )
Wait( s.mutex, s.cond );

Release( s.mutex );

}

V( s )

{
Acquire( s.mutex );
++s.value;

if ( s.value <= 0 )
Signal( s.cond );

Release( s.mutex );

}

$VVXPH�WKDW�6LJQDO���ZDNHV�XS�H[DFWO\�RQH�DZDLWLQJ�WKUHDG�
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� 0HVD�VW\OH
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(TXLYDOHQFH
� 6HPDSKRUHV

± *RRG�IRU�VLJQDOLQJ
± &DQ�GR�HYHU\WKLQJ��EXW�HDV\�WR�LQWURGXFH�D�EXJ
± 'RHV�QRW�ORRVH�³FRXQWV´�� PHPRU\

� 0RQLWRUV
± *RRG�IRU�VFKHGXOLQJ�DQG�PXWH[
± 7RR�FRVWO\�IRU�D�VLPSOH�VLJQDOLQJ
± 1R�PHPRU\�± ORVW�VLJQDOV

:K\�PDQDJH�FULWLFDO�VHFWLRQV"
� 2IWHQ��LQ�FRPPRQ�FDVH��HYHU\WKLQJ�JRHV�MXVW�ILQH���

� %XW��ZKDW�LI�LW�GRHVQ¶W����
± 0DUV�3DWKILQGHU��
SULRULW\�LQYHUVLRQ�± LQWURGXFHG�SULRULW\�LQKHULWDQFH�ZKHQ�KROGLQJ�D�PXWH[

± ,167$1&(�,��
ORVW�ZDNH�XS�FDOO�± LQWURGXFHG�WLPH�RXW

± ���
± ,�JXHVV�\RX¶OO�ILQG�RXW�WKH�KDUG�ZD\�\RXUVHOI������3��



6XPPDU\
� 3DUDOOHO�SURJUDPPLQJ�HDVLHU�ZLWK�PRQLWRUV�WKDQ�VHPDSKRUHV��PXWXDO�
H[FOXVLRQ�LV�DXWRPDWLF�

� 0RVW�SURJUDPPLQJ�ODQJXDJHV�GRHV�QRW�KDYH�+RDUH�PRQLWRUV��RU�
VHPDSKRUHV�

� 0HVD�VW\OH�PRQLWRUV�DUH�RIWHQ�XVHG�LQ�26¶HV
� 6RPHWKLQJ�HOVH�LQ�QHHGHG�LQ�D�GLVWULEXWHG�HQYLURQPHQW�ZLWKRXW�VKDUHG�
PHPRU\��ODWHU«�

� 603�DQG�PRQLWRUV�PLJKW�EH�LQHIILFLHQW��EORFNV�PXFK�
� 0DQDJLQJ�FULWLFDO�VHFWLRQV�LV�LPSRUWDQW���

6RPH�IXUWKHU�UHDGLQJ«
� &�$�5�+RDUH��³0RQLWRUV��$Q�2SHUDWLQJ�6\VWHP�6WUXFWXULQJ�&RQFHSW´��

&RPPXQLFDWLRQV�RI�WKH�$&0��9RO������1R������2FWREHU�������SS���������
� $�'��%LUUHOO���³$Q�,QWURGXFWLRQ�WR�3URJUDPPLQJ�ZLWK�7KUHDGV´��'LJLWDO�

(TXLSPHQW�&RUS���'(&�������


