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char buf[SIZE]; 
int n=0, tail=0, head=0; 
lock l; 
produce(char ch) { 
  l.acquire() 
   while(n == SIZE): 
     l.release(); l.acquire() 
  buf[head] = ch; 
  head = (head+1)%SIZE; 
  n++; 
   l.release(); 
} 

char consume() { 
  l.acquire() 
  while(n == 0): 
     l.release(); l.acquire() 
  ch = buf[tail]; 
  tail = (tail+1)%SIZE;   
  n--; 
  l.release; 
  return ch; 
} 



Thou 

shalt not 

busy-wait! 
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Monitor monitor_name 
{ 
   // shared variable declarations 

     
   procedure P1() { 
   } 
 
   procedure P2() { 
   } 
   . 
   . 
   procedure PN() { 
   } 
 
   initialization_code() { 
   } 
} 

Monitor bounded_buffer 
{ 
 int in=0, out=0, nElem=0; 
 int buffer[N]; 
     
   consume() { 
   } 
 
   produce() { 
   } 
 
} 

can only access shared 

data via a monitor 

procedure 



•

•

Solved via Monitor. 

Only 1 thread allowed in at a time. 

• Only one thread can execute monitor procedure at any time 

• If second thread invokes monitor procedure at that time, it will 

block and wait for entry to the monitor. 

• If thread within a monitor blocks, another can enter 

 

What about these? 

 Enter Condition Variables 



Condition Variable x 
• x.wait()

• x.signal()

• x.broadcast()



 while not some_predicate(): 
  CV.wait() 
•
•

CV.broadcast(): 
CV.signal(): 
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kid_main() {    
     
   play_w_legos() 
   BK.kid_eat() 
 bathe()  
 make_robots() 
 BK.kid_eat() 
   facetime_Edward() 
   facetime_grandma() 
   BK.kid_eat()  
} 

cook_main() { 
  
  wake() 
  shower() 
  drive_to_work() 
  while(not_5pm) 
    BK.makeburger() 
  drive_to_home() 
  watch_got() 
  sleep() 
} 

Monitor BurgerKing { 
  Lock mlock 
 
  int numburgers = 0 
  condition hungrykid 
 
  kid_eat: 
   with mlock: 
   while (numburgers==0) 
      hungrykid.wait() 
   numburgers -= 1 
   
  makeburger: 
   with mlock: 
   ++numburger 
   hungrykid.signal() 
} 



•

•

•

•

-

-

-

•

•



•

•

•

•

•

•

•



class BK: 
  def __init__(self): 
   self.lock = Lock() 
   self.hungrykid = Condition(self.lock) 
   self.nBurgers= 0 
  

def make_burger(self): 
  with self.lock: 
      self.nBurgers = self.nBurgers + 1 
   self.hungrykid.notify() 

def kid_eat(self): 
   with self.lock: 
      while self.nBurgers == 0: 
         self.hungrykid.wait() 
      self.nBurgers = self.nBurgers - 1 



Monitor Producer_Consumer { 
  char buf[SIZE]; 
  int n=0, tail=0, head=0; 
  condition not_empty, not_full; 
  produce(char ch) { 
    while(n == SIZE): 
       wait(not_full); 
    buf[head] = ch; 
    head = (head+1)%SIZE; 
    n++; 
     notify(not_empty); 
   } 

  char consume() { 
    while(n == 0): 
       wait(not_empty); 
    ch = buf[tail]; 
    tail = (tail+1)%SIZE;   
    n--; 
    notify(not_full); 
    return ch; 
  } 
} 



Monitor ReadersNWriters { 
   
 int waitingWriters=0, waitingReaders=0, nReaders=0, nWriters=0; 
 Condition canRead, canWrite; 
 
BeginWrite() 
  with monitor.lock: 
    ++waitingWriters 
    while (nWriters >0 or nReaders >0) 
      canWrite.wait(); 
    --waitingWriters 
    nWriters = 1; 
 
EndWrite() 
  with monitor.lock: 
    nWriters = 0 
    if WaitingWriters > 0 
      canWrite.signal(); 
    else if waitingReaders > 0 
      canRead.broadcast(); 
} 

void BeginRead() 
  with monitor.lock: 
    ++waitingReaders 
    while (nWriters>0 or waitingWriters>0) 
      canRead.wait(); 
    --waitingReaders 
    ++nReaders 
 
 
void EndRead() 
  with monitor.lock: 
    --nReaders; 
    if (nReaders==0 and waitingWriters>0) 
      canWrite.signal(); 
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Create n threads & a barrier. 
 
Each thread does round1() 
barrier.checkin() 
 
Each thread does round2() 
barrier.checkin() 



self.allCheckedIn = Condition(self.lock) 
 
def checkin(): 
  with self.lock: 
    nArrived++ 
    if nArrived < nThreads: 
      while nArrived < nThreads and nArrived > 0: 
       allCheckedIn.wait() 
   else:  
     allCheckedIn.broadcast() 
     nArrived = 0 



self.allCheckedIn = Condition(self.lock) 
self.allLeaving = Condition(self.lock) 
 
def checkin(): 
 nArrived++ 
   if nArrived < nThreads:       // not everyone has checked in 
   while nArrived < nThreads: 
   allCheckedIn.wait()           // wait for everyone to check in 
   else: 
     nLeaving = 0               // this thread is the last to arrive 
    allCheckedIn.broadcast()   // tell everyone we’re all here! 
 
 nLeaving++ 
 if nLeaving < nThreads:             // not everyone has left yet 
  while nLeaving < nThreads: 
   allLeaving.wait()              // wait for everyone to leave 
   else: 
     nArrived = 0               // this thread is the last to leave 
     allLeaving.broadcast()     // tell everyone we’re outta here! 
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kid_main() {    
     
   play_w_legos() 
   BK.kid_eat() 
 bathe()  
 make_robots() 
 BK.kid_eat() 
   facetime_Edward() 
   facetime_grandma() 
   BK.kid_eat()  
} 

cook_main() { 
  
  wake() 
  shower() 
  drive_to_work() 
  while(not_5pm) 
    BK.makeburger() 
  drive_to_home() 
  watch_got() 
  sleep() 
} 

Monitor BurgerKing { 
  Lock mlock 
 
  int numburgers = 0 
  condition hungrykid 
 
  kid_eat: 
   with mlock: 
   while (numburgers==0) 
    hungrykid.wait() 
   numburgers -= 1 
   
  makeburger: 
   with mlock: 
   ++numburger 
   hungrykid.signal() 
} 

•



+
–

–
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12 Commandments of Synchronization 

1. Thou shalt name your synchronization variables properly.  

2. Thou shalt not violate abstraction boundaries nor try to 

change the semantics of synchronization primitives. 

3. Thou shalt use monitors and condition variables instead of 

semaphores whenever possible. 

4. Thou shalt not mix semaphores and condition variables. 

5. Thou shalt not busy-wait. 

6. All shared state must be protected. 

7. Thou shalt grab the monitor lock upon entry to, and release 

it upon exit from, a procedure. 



12 Commandments of Synchronization 

8. Honor thy shared data with an invariant, which your code 

may assume holds when a lock is successfully acquired and 

your code must make true before the lock is released. 

9. Thou shalt cover thy naked waits. 

10. Thou shalt guard your wait predicates in a while loop. Thou 

shalt never guard a wait statement with an if statement. 

11. Thou shalt not split predicates. 

12. Thou shalt help make the world a better place for the 

creator’s mighty synchronization vision. 



Monitor Producer_Consumer { 
  char buf[SIZE]; 
  int n=0, tail=0, head=0; 
  condition not_empty, not_full; 
  synchronized produce(char ch) { 
    while(n == SIZE): 
       wait(not_full); 
    buf[head] = ch; 
    head = (head+1)%SIZE; 
    n++; 
     notify(not_empty); 
   } 
   synchronized char consume() { 
      while(n == 0): 
       wait(not_empty); 
    ch = buf[tail]; 
    tail = (tail+1)%SIZE;   
    n--; 
    notify(not_full); 
    return ch; 
  } 
} 

buf n tail head 

• ≤ ≤
• ≤
• ≤
• ≤ ≤



 while not some_predicate(): 
     CV.wait() 

 random_fn1() 
 CV.wait() 
 random_fn2() with self.lock:  

   a=False  
   while not a: 
      self.cv.wait()  
      a=True 



 if not some_predicate(): 
     CV.wait() 



with lock:      
  while not condA:  
      condA_cv.wait() 
  while not condB:  
      condB_cv.wait() 

with lock: 
  while not condA or not condB: 
    if not condA:  
      condA_cv.wait() 
    if not condB:  
      condB_cv.wait() 
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