1e 12Two Versions of SemaphoresnSemaphores from last time (simplified):

wait (s):

signal (s):s = s Ð 1s = s + 1if (s < 0)if (s n"Classical" version of semaphores:

signal (s):if (s £ 0)if (a thread is waiting)s = s Ð 1s = s + 1nDo both work? What is the diff

2e 12Implementing SemaphoresnImplementing semaphores using :

wait (s):

signal (s):s = s + 1s = s Ð 1n8Waiting threads wastes time 8critical section also, and itÕs not protected8DoesnÕt support a queue of multiplesemaphore (why is this bad?)

3e 12Implementing SemaphoresnImplementing semaphores (not fully) bydisabling interrupts:

wait (s):

signal (s):s = s + 1s = s Ð 1enable interruptsenable interruptsn4Protects code inside wait(s) and signal(s)8Waiting threads wastes time 8DoesnÕt support queue of blocked threads8Users canÕt disable interrupts8Can interfere with timer, which m8DoesnÕt work on multiprocessors

4e 12Implementing SemaphoresnImplementing semaphores (not fully)using a test&set instruction:

wait (s):

signal (s):while (test&set(while (test&set(s = s + 1s = s Ð 1lk = 0lk = 0nlLock ÒlIf ÒlkÓ is free (lk=0), test&set atomnreads 0, sets value to 1, and returns 0nng lock is now busylIf ÒlkÓ is busy (=1), test&set atnreads 1, sets value to 1, and returns 1nsomeone releases the lock

5e 12Implementing SemaphoresnTest&set is an example of an (RMW) instructionlRMW instructions

from memory, modify it, and write the newvalue to memorynTest&set Ñ on most CPUsns valuesna 68xxx Ñregister r1, exchange register r1 and valuen4Can be made to work, even onmultiprocessors (although there may some cache consistency problems)8Waiting threads wastes time 8DoesnÕt support queue of blocked threads

6e 12Semaphores in NachosnThe class Semaphore is defined in and ldefined , but their member functions areempty (implementation left as nInteresting functions:lSemaphores:nhore( ) Ñ creates annlnLock::Acquire( )nLock::Release( )lnt( )n

7e 12Semaphores in Nachos{ IntStatus oldLevel = interrupt-> // disable interrupts while (value == 0) { sema not availqueue-> // so go to sleepAppend((void *) } value--; // semaphore available,// consume its value(void) interrupt->// re-enable interrupts}

8e 12Semaphores in Nachos{ Thread *thread; IntStatus oldLevel = interrupt-> thread = (Thread *)queue->Remove(); if (thread != NULL)// make thread ready,// consuming the V immediately value++; (void) interrupt->}