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Synchronization
• Synchronization primitives

➡ Lock/Mutex, Condition variables, Monitor 

➡ Atomics, Critical section, Barrier, Wait, Ordered

• Properties of Synchronization

➡ Safety, Liveness 

➡ Blocking, Starvation-free, Deadlock-free, Lockfree, Waitfree

• Central authority?

➡ OS scheduler, Runtime
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Synchronization
• Events should happen together

➡ Barrier 

• Events should NOT happen together

➡ Mutual Exclusion, Critical Section 

• A should happen before B

➡ Conditions 

• Lower level Primitives

➡ Locks, Semaphores, Registers, Transactional memory

Progress 
➡  Starvation 
➡  Deadlock

Overhead?

Busy-wait vs 
OS-scheduled

Blocking vs 
Non-blocking

Fairness

Safety

Liveness
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Progress

Wait Free Starvation Free

Lock Free Deadlock Free
Someone 
Progresses

Everyone 
Progresses

Not lock-based Lock-based
Depends on SchedulerIndependent of Scheduler



Subodh Kumar

Progress

Wait Free Starvation Free

Lock Free Deadlock Free
Someone 
Progresses

Everyone 
Progresses

Not lock-based Lock-based
Depends on Scheduler

All synchronizers succeed 
in a finite time

Independent of Scheduler
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Progress

Wait Free Starvation Free

Lock Free Deadlock Free
Someone 
Progresses

Everyone 
Progresses

Not lock-based Lock-based
Depends on Scheduler

Some synchronizer 
succeeds in a finite time

Independent of Scheduler
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Progress

Wait Free Starvation Free

Lock Free Deadlock Free
Someone 
Progresses

Everyone 
Progresses

Not lock-based Lock-based
Depends on Scheduler

All waiting synchronizers 
are scheduled

Independent of Scheduler
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Progress

Wait Free Starvation Free

Lock Free Deadlock Free
Someone 
Progresses

Everyone 
Progresses

Not lock-based Lock-based
Depends on Scheduler

Not all synchronizers are 
blocked

Independent of Scheduler
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Progress

Wait Free Starvation Free

Lock Free Deadlock Free
Someone 
Progresses

Everyone 
Progresses

Not lock-based Lock-based
Depends on SchedulerIndependent of Scheduler

Liveness

Fairness


