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Proc A {
while (true) {

<compute A1>
write(x)
<compute A2>
read(y)
}

}

Proc B {
while (true) {

read(x)
<compute B1>
write(y)
<compute B2>
}

}

'�� �$������
�����������

shared x, y
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/* Code schema for p1 */

..

balance = balance + amount;

..

/* Code schema for p2 */

..

balance = balance - amount;

..

/* Schema for p1 */

load R1, balance

load R2, amount

add R1, R2

store R1, balance

/* Schema for p2 */

load R1, balance

load R2, amount

sub R1, R2

store R1, balance

shared float balance;
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/* Schema for p1 */

load R1, balance

load R2, amount

add R1, R2

store R1, balance

3

�

-

/* Schema for p2 */

load R1, balance

load R2, amount

sub R1, R2

store R1, balance
4

�

�
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void processone;

{ 

while (true)    {

while (processnumber == 2)

;

criticalsectionone;

processnumber := 2;

otherstuffone;

} 

}

void processtwo;

{

while (true)

{

while (processnumber == 1)

;

criticalsectiontwo;

processnumber := 1;

otherstufftwo;

}

}

����������&���#����&���$��
�����������	�
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Shared integer: processnumber = 1;
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void processone;

{

while (true)  {

while (p2inside)

;

p1inside := true;

criticalsectionone;

p1inside := false;

otherstuffone;

}

}

void processtwo;

{

while (true) {

while (p1inside) 

;

p2inside := true;

criticalsectiontwo;

p2inside := false;

otherstufftwo;

}

}

> ���
����3�%���
���&����&����	���	�
������	��������	��	���	����	����	

�
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���		��#�����������$��3���� �?������ ��&�$��������

Shared boolean: p1inside <= false, p2inside <= false;
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void processone;

{

while (true)  {

p1wantsin := true;

while (p2wantsin)

;

criticalsectionone;

p1wantsin := false;

otherstuffone;

}

}

void processtwo;

{

while (true) {

p2wantsin := true;

while (p1wantsin)

;

criticalsectiontwo;
p2wantsin := false;

otherstufftwo;

}

}

>�������� 
����

����$�&���������$��������������������

556��'�� ���"������&���8������$������.AA

Shared boolean: p1wantsin <= false, p2wantsin <= false;
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/* Program for P2 */

DisableInterrupts();

Balance = balance - amount;

EnableInterrupts();

CS

/* Program for P1 */

DisableInterrupts();

balance = balance + amount;

EnableInterrupts();

CS

shared double balance;
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/* Program for P1 */

..

/* Acquire lock */

while(lock) {NULL;}

lock = TRUE;

/* Execute critical section */

balance = balance + amount;

/* Release lock */

lock = FALSE;

..

/* Program for P2 */

..

/* Acquire lock */

while(lock) {NULL;}

lock = TRUE;

/* Execute critical section */

balance = balance - amount;

/* Release lock */

lock = FALSE;

..

shared boolean lock <= FALSE;

shared float balance;

lock == FALSE
=> No process in CS
=> Any process can enter CS

lock == TRUE
=> One process in CS
=> No other process admitted to CS
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enter(lock) {

disableInterrupts();

/* Loop until lock TRUE */

while (lock) {

/* Let interrupts occur */

enableInterrupts();

disableInterrupts();

}

lock = TRUE;

enableInterrupts();

}

exit(lock) {

disableInterrupts();

lock = FALSE;

enableInterrupts();

}

Enable interrupts so that 
the OS, I/O can use them

Re-disable interrupts when 
ready to test again
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P1

enter(lock);

balance = balance + amount;

exit(lock);

P2

enter(lock);

balance = balance - amount;

exit(lock);

����

� ��������
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/* Program for P1 */

enter(listLK);

<delete element>;

exit(listLK);

<intermediate comp.>;

enter(lngthLK);

<update length>;

exit(lngthLK);

� :��������?�1�������� ��������
�����"���������
����$���$��������

� ��� �

	��	��������	����	���������	������	���

Shared: list L,

boolean ListLK <= False;

boolean LngthLK <= False;

/* Program for P2 */

enter(lngthLK);

<update length>;

exit(lngthLK); 

<intermediate comp.>;

enter(listLK);

<delete element>;

exit(listLK);
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/* Program for P1 */

enter(listLK);

<delete element>;

exit(listLK);

<intermediate comp.>;

enter(lngthLK);

<update length>;

exit(lngthLK);

�������/���3AAA��������J���������%�$�������J���3�������..A
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Shared: list L,

boolean ListLK <= False;

boolean LngthLK <= False;

/* Program for P2 */

enter(lngthLK);

<update length>;

exit(lngthLK); 

<intermediate comp.>;

enter(listLK);

<delete element>;

exit(listLK);
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/* Program for P1 */

enter(listLK);

<delete element>;

<intermediate comp.>;

enter(lngthLK);

<update length>;

exit(listLK);

exit(lngthLK);

�����
������������������������/��� ���

Shared: list L,

boolean ListLK <= False;

boolean LngthLK <= False;

/* Program for P2 */

enter(lngthLK);

<update length>;

<intermediate comp.>;

enter(listLK)

<delete element>;

exit(lngthLK); 

exit(listLK);
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P1 requests and gets R1
interrupt

P2 requests and gets R2
interrupt

P1 requests R2 and blocks

P2 requests R1 and blocks

)*

)+

,* ,+

P1
.

Request Resource1
.

Request Resource2
.

P2
.

Request Resource2
.

Request Resource1
.
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var x : semaphore
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S := S – 1;
if (S < 0) then

put calling process on queue 

� V ���������� BH������IC

� 7������������
����
���������
�

S := S + 1;
if (S <= 0) then 

remove one process from queue 

� L��������������
���� �"������
������������#����&��
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Critical resource T

Semaphore S � initial_value

Processes A,B

���
����


.

P(S);

<CS> /* access T */

V(S);

.

���
�����

.

P(S);

<CS> /* access T */

V(S);

.
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var S : semaphore � 1
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���� �"�����

<������$���/�3
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P(S);

<CS>

V(S);

���
����


P(S);

<CS>

V(S);

���
�����

P(S);

<CS>

V(S);
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proc_1() {

while(true) {

<compute section>;

P(mutex);

<critical section>;

V(mutex);

}

}

proc_2() {

while(true) {

<compute section>;

P(mutex);

<critical section>;

V(mutex);

}

}

Shared semaphore mutex <= 1;

B�C���3�$�����������"��8
�3�56�<B����1CJ�
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proc_0() {

...

P(mutex);

balance = balance + amount;

V(mutex);

...

}

proc_1() {

…

P(mutex);

balance = balance - amount;

V(mutex);

...

}

Shared semaphore mutex <= 1;

'���/����� �����D���������������������������������
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proc_B() {

while(true) {

P(s1);

read(x);

<compute B1>;   

write(y);

V(s2); 

<compute B2>;

}

}

B blocks 
till A signals

B signals A 
that “write to 
y” has 
completed

proc_A() {

while(true) {

<compute A1>;   

write(x);

V(s1); 

<compute A2>;

P(s2);

read(y);

}

}

A blocks 
until B signals

A signals B 
that “write to 
x” has 
completed

����� ����������/��3�M5�������M5��J '���/�#������������ �����.��8)
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boolean s = FALSE;

...

while( TS(s) );

<critical section>

S = FALSE;

...

� -01�2
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������	�����
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semaphore s = 1;

...

P(s);

<critical section>

V(s);

...

:�����������&��
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Shared Full: semaphore � 0;

Empty semaphore � MaxBuffers;

MEPC: semaphore � 1;

Begin

...

P(Empty);

P(MEPC);

<add item to buffer>

V(MEPC);

V(Full);

...

End;

Begin

...

P(Full);

P(MEPC);

<remove item from buffer>

V(MEPC);

V(Empty);

...

End;

Producer Consumer

Q

Q

QQ
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Producer

Consumer
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producer() {

buf_type *next, *here;

while(True) {

produce_item(next);

P(empty); /*Claim empty buffer*/

P(Emutex); /*Manipulate the pool*/

here = obtain(empty);

V(Emutex);

copy_buffer(next, here);

P(Fmutex); /*Manipulate the pool*/

release(here, fullpool);

V(Fmutex); /*Signal full buffer*/

V(full);

}

}

consumer() {

buf_type *next, *here;

while(True) {

P(full); /*Claim full buffer*/

P(Fmutex); /*Manipulate the pool*/

here = obtain(full);

V(Fmutex);

copy_buffer(here, next);

P(Emutex); /*Manipulate the pool*/

release(here, emptypool);

V(Enmutex); /*Signal empty buffer*/

V(empty);

consume_item(next);

}

}

Shared semaphore: Emutex = 1, Fmutex = 1; full = 0,  empty = 9; 

Shared buf_type: buffer[9];
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reader(){
while(TRUE) {

P(mutexRC);

readCount = readCount + 1;

if (readCount == 1)

P(writeBlock);

V(mutexRC);    

access_file;
P(mutexRC);

readCount = readCount – 1;

if (readCount == 0)

V(writeBlock);

V(mutexRC);

}

}

writer(){
while(TRUE) {

P(writeBlock);

access_file;
V(writeBlock);

}

}

Shared int: readCount = 0;

semaphore: mutexRC = 1, writeBlock = 1;
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reader(){
while(TRUE) {
P(writePending);
P(readBlock);
P(mutex1);
readCount = readCount + 1;
if (readCount == 1) then
P(writeBlock);

V(mutex1);
V(readBlock);

V(writePending);
access file;

P(mutex1);
readCount = readCount – 1;
if (readCount == 0) then 
V(writeBlock);

V(mutex1);
}

}

writer(){
while(TRUE) {
P(mutex2);
writeCount = writeCount + 1;
if (writeCount == 1) then   

P(readBlock);
V(mutex2);
P(writeBlock);

access file;
V(writeBlock); 
P(mutex2);
writeCount = writeCount - 1;
if (writeCount == 0) then

V(readBlock);
V(mutex2);

}
}
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struct sempahore {

int value = <initial value>;

boolean mutex = FALSE;

boolean hold = TRUE;

};

Shared struct semaphore s;

P(struct sempahore s) {

while( TS(s.mutex) );

s.value = s.value – 1;

if (s.value < 0) {

s.mutex = FALSE;

while( TS(s.hold) );

}

else {

s.mutex = FALSE;

}

V(struct sempahore s) {

while( TS(s.mutex) );

s.value = s.value + 1;

if (s.value <= 0) {

while( !s.hold );

s.hold = FALSE;

}

s.mutex = FALSE;

}


