
Threading: Java vs. C#

Fa
ility Java C#Thread embedding Runnable obje
t void → void pro
edureCriti
al se
tion syn
hronized P( . . . )syn
hronized (o) { . . . } lo
k (o) { . . . }Monitor.Enter(o)Monitor.Exit(o)Monitor.TryEnter(o,t)Condition queue o.wait() Monitor.Wait(o)
o.notify() Monitor.Pulse(o)
o.notifyAll() Monitor.PulseAll(o)
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m.ReleaseMutex() ReleaseMutex(m)
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hronized P( )syn
hronized(o) {...} lo
k (o) {...}mutex lo
k(m) m.lo
k() Monitor.Enter(o)mutex unlo
k(m) m.unlo
k() Monitor.Exit(o)
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ondition queues
ond wait(c,m) c.await() o.wait() Monitor.Wait(o)
ond signal(c) c.signal() o.notify() Monitor.Pulse(o)
ond broad
ast(c) c.signalAll()
o.notifyAll() Monitor.PulseAll(o)



Con
urren
y Extensions in Java 1.5java.util.
on
urrent
• Adoptation of Dough Lea's utility 
lasses [Lea 00℄
• Syn
hronization: semaphores, barriers, lat
hes, bu�ers
• Exe
ution 
ontrol: thread pools, futuresjava.util.
on
urrent.atomi

• Simple atomi
 operations on s
alar values
• Read-
ompare-update operations for non-blo
king syn
hr.
• May be implemented by monitors, OS, or hardwarejava.util.
on
urrent.lo
ks
• Basi
 lo
king me
hanisms for 
riti
al regions (as in C#)
• Provides 
ondition queues (as in Pthreads)
• Uses a primitive event-me
hanism for implementation

Java Semaphores
• Generalized Dijkstra semaphores
• Lots of peek-and-poke operationsOperations
• A Java Semaphore 
onsists of:� A permission 
ount s (s ≥ 0)� A queue of waiting threads� Queue may be (strongly) fair (FIFO)
• Operationss.a
quire() 〈 s > 0 → s := s − 1 〉s.release() 〈 s := s + 1 〉s.a
quire(n) 〈 s ≥ n → s := s − n 〉s.release(n) 〈 s := s + n 〉



Java Condition Queues
• 
lass BoundedBuffer {final Lo
k mutex = new ReentrantLo
k();final Condition notFull = mutex.newCondition();final Condition notEmpty = mutex.newCondition();final Obje
t[℄ items = new Obje
t[100℄;int putptr, takeptr, 
ount;publi
 void put(Obje
t x) throws InterruptedEx
eption {mutex.lo
k();try {while (
ount == items.length)notFull.await();items[putptr℄ = x;if (++putptr == items.length) putptr = 0;++
ount;notEmpty.signal();} finally {mutex.unlo
k();}}...

Syn
hronization primitives Win32 ISemaphore
• A semaphore M 
onsists of:� A semphore value s (s ≥ 0)

• OperationsWaitFor(S) 〈 s > 0 → s := s − 1 〉Release(S ,n) 〈 s := s + n 〉



Syn
hronization primitives Win32 IIMutex
• A mutex M 
onsists of:� An owner thread o� A reservation 
ount c (c ≥ 0)

• Operations (
allled by thread tid):WaitFor(M ) 〈 o = NIL ∨ o = tid → o := tid ; c := c + 1 〉Release(M ) 〈 c := c − 1; if c = 0 then o := NIL 〉 [o = tid ]

Syn
hronization primitives Win32 IIIEvent
• An event (semaphore) E 
onsists of:� A �ag c (c ∈ {0,1})

• May be 
reated as:� Auto reset event EA� Manual reset evetn EM

• OperationsSet(E) 〈 c := 1 〉Reset(E) 〈 c := 0 〉WaitFor(EA) 〈 c = 1 → c := 0 〉Release(EM) 〈await c = 1 〉


