
The Realm of Shared Variables
• Originates in multiprogramming on mono/multi-pro
essorsExamples
• Threads sharing a 
ommon address spa
e
• Pro
esses sharing a 
ommon �le (data base).
• Distributed obje
tsObservations
• Exe
ution seen as interleaving of atomi
 a
tions
• Atomi
ity of anything but read/writes must be implemented

Sele
tion of Granularity
• Atomi
 a
tions must be large to ensure 
onsisten
y
• Atomi
 a
tions should be small to allow for parallelism
• Starting point:Operations on abstra
t data types should be atomi

• A 
on
urrent obje
t is a shared data-stru
ture with atomi
 oper-ations
• monitor = 
on
urrent obje
t with atomi
ity by lo
king
• Monitors should always be the �rst 
hoi
e



Implementation of Con
urrent Obje
tsImpli
itly by Synta
ti
 Support
• Monitors + 
ondition queues.Con
urrent Pas
al, Pas
al Plus, Mesa:monitor,
ondition, wait(c), signal(c)Ada95: prote
ted obje
t,when B , requeue
• Criti
al se
tionsJava: syn
hronized (o){. . . }, syn
hronizedC#: lo
k (o){. . . }

• Does not allow for �ne-tuningExpli
it use of Syn
hronization Primitives
• Semaphores (almost any operating system)
• Mutex + 
onditions (Pthreads, C#/.NET, Java 1.5, not Win32)

Monitor Issues
• Nested monitor 
alls� Drop monitor while 
alling blo
king operations
• Deadlo
ks� Re
ursive lo
ks� Lo
king hierar
hy� Deadlo
k dete
tion/retry� Combining monitors
• Lo
king of whole stru
ture � degrades 
on
urren
y� Apply R/W lo
king of operations� Use individual lo
king of parts� Loosen the lo
king (!!)
• Syn
hronization overhead� Prevent sharing by outer 
riti
al region� Use spin lo
ks (on multipro
essors)� Use non-blo
king syn
hronization (at low or high level)


