1Fall 2002, Lecture 14Using Locks and Condition Variables(Review)nAssociated with a data structure is both alock and a condition variablelBefore the program performs an operationon the data structure, it acquires the locklIf it needs to wait until another operationputs the data structure into an appropriatestate, it uses the condition variable to waitnUnbounded-buffer producer-consumer:Lock *lk;int avail = 0;Condition *c;/* consumer *//* producer */while (1) {while (1) {lk-> Acquire( );lk->Acquire( );if (avail==0)produce next itemc->Wait(lk);avail++;consume next itemc->Signal(lk)avail--;lk->Release( );lk->Release( );}}

2Fall 2002, Lecture 14Comparing Semaphoresand Condition VariablesnSemaphores and condition variables arepretty similar Ñ perhaps we can buildcondition variables out of semaphoresnDoes this work?Condition::Wait( ) {Condition::Signal( ) {sema->P( );sema->V( );}}lNo, weÕre going to use these conditionoperations inside a lock. What happens ifwe use semaphores inside a lock?nHow about this?Condition::Wait( ) {Condition::Signal( ) {lock->Release( );sema->V( ); sema->P( );}lock->Acquire( );}lHow do semaphores and conditionvariables differ with respect to keepingtrack of history?

3Fall 2002, Lecture 14Comparing Semaphoresand Condition Variables (cont.)Condition::Wait( ) {Condition::Signal( ) {lock->Release( );sema->V( ); sema->P( );}lock->Acquire( );}nSemaphores have a value, CVs do not!nOn a

semaphore signal (a V), the valueof the semaphore is always incremented,even if no one is waitinglLater on, if a thread does a semaphorewait (a P), the value of the semaphore isdecremented and the thread continuesnOn a condition variable signal, if no oneis waiting, the signal has no effectlLater on, if a thread does a conditionvariable wait, it waits (it always waits!)lIt doesnÕt matter how many signals havebeen made beforehand

4Fall 2002, Lecture 14Two Kinds of Condition VariablesnHoare-style (named after C.A.R. Hoare,used in most textbooks including OSC):lWhen a thread performs a Signal( ), itgives up the lock (and the CPU)nThe waiting thread

is picked as the next thread that gets to runlPrevious example uses Hoare-style CVsnMesa-style (used in Mesa, Nachos, andmost real operating systems):lWhen a thread performs a Signal( ), itkeeps the lock (and the CPU)n The waiting thread gets put on the ready queue with no special priorityÐThere is no guarantee that it will bepicked as the next thread that gets to runÐWore yet, another thread may even runand acquire the lock before it does!lWhen using Mesa-style CVs,

alwayssurround the Wait( ) with a ÒwhileÓ loop

5Fall 2002, Lecture 14MonitorsnA monitor is a programming-languageabstraction that automatically associateslocks and condition variables with datalA monitor includes private data and a setof atomic operations (member functions)nOnly one thread can execute (any functionin) monitor code at a timenMonitor functions access monitor data onlynMonitor data cannot be accessed outsidelA monitor also has a lock, and (optionally)one or more condition variablesnCompiler automatically inserts an acquireoperation at the beginning of each function,and a release at the endnSpecial languages that supportedmonitors were popular with some OSpeople in the 1980s, but no longerlNow, most OSs (OS/2, Windows NT,Solaris) just provide locks and CVs

6Fall 2002, Lecture 14The Dining Philosophersn5 philosophers live together, and spendmost of their lives thinking and eating(primarily spaghetti)lThey all eat together at a large table,which is set with 5 plates and 5 forkslTo eat, a philosopher goes to his or herassigned place, and uses the two forkson either side of the plate to eat spaghettilWhen a philosopher isnÕt eating, he orshe is thinkingnProblem: devise a ritual (an algorithm) toallow the philosophers to eatlMust satisfy mutual exclusion (i.e., onlyone philosopher uses a fork at a time)lAvoids deadlock (e.g., everyone holdingthe left fork, and waiting for the right one)lAvoids starvation (i.e., everyoneeventually gets a chance to eat)

7Fall 2002, Lecture 14The Dining Philosophers(Using Semaphores)nFirst solution Ñ doesnÕt work: (why not?)philosopher-i ( )while (true)think;P(fork[i]);P(fork[i+1 mod 5]);eat;/* critical section */V(fork[i]);V(fork[i+1 mod 5]);nSecond solution Ñ only 4 eat at a time:philosopher-i ( )while (true)think;P(room_at_table);P(fork[i]);P(fork[i+1 mod 5]);eat;/* critical section */V(fork[i]);V(fork[i+1 mod 5]);V(room_at_table);

8Fall 2002, Lecture 14The Dining Philosophers(Using Locks and CVs)#define N 5enum philosopher-state (thinking,hungry,eating);Lock mutex;Condition self[N];philosopher-state state[N];void pickup (int i) {void putdown (int i) {mutex.Acquire();mutex.Acquire();state[i] = hungry;state[i] = thinking;test(i);test((i+NÐ1) % N);if (state[i] != eat)test((i+1) % N);self[i].Wait(mutex);mutex.Release();mutex.Release();}}Void test (int k) {if ((state([k+NÐ1) % N] != eat) &&(state[k] == hungry) &&state[(k+1) % N] != eat)) {state[k] = eat;self[k].Signal(mutex);}}