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Today

• Questions?

• Administrivia
• My office hours changed: T 3:30-4:30
• Start looking at Lab 2!

• Material for the day
• Lab 1 discussion
• Monitors
• Barriers

• Acknowledgements 
• Thanks to Gadi Taubenfield: I borrowed and modified some of his slides on barriers

• Image credits
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Faux Quiz (answer any 2, 5 min)

• What is the difference between Mesa and Hoare monitors?

• Why recheck the condition on wakeup from a monitor wait?

• How can you build a barrier with spinlocks?

• How can you build a barrier with monitors?

• How can you build a barrier without spinlocks or monitors?

• What is the difference between mutex and semaphores?

• How are monitors and semaphores related?

• Why does pthread_cond_init accept a pthread_mutex_t parameter? Could it use 
a pthread_spinlock_t? Why [not]?

• Why do modern CPUs have both coherence and HW-supported RMW 
instructions? Why not just one or the other?

• What is priority inheritance? 
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Discussion Could you make it 
scale?
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(aka blocking condition variables)
Given entrance queue ‘e’, signal queue ‘s’, condition var ‘c’
enter:

if(locked):

e.push_back(thread) 

else 

lock

wait c: 
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Mesa-style monitors
(aka non-blocking condition variables)

• Leave still calls schedule

• No signal queue

• Extendable with more queues for priority

• What are the differences/pros/cons?

enter: 

if locked: 

e.push_back(thread)

block

else

lock

wait c: 
c.q.push_back(thread)
schedule

block

notify c: 
if c.q.any()

t  c.q.pop_front() // t is "notified “

e.push_back(t)

schedule: 

if e.any() 

t  e.pop_front

t. run 

else

unlock
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Example: anyone see a bug?
Solutions?
• Timeouts
• notifyAll
• Can Hoare monitors support notifyAll?
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Desirable barrier properties:

• Low shared memory space complexity

• Low contention on shared objects

• Low shared memory references per process

• No need for shared memory initialization 

• Symmetric: same amount of work for all processes

• Algorithm simplicity

• Simple basic primitive

• Minimal propagation time

• Reusability of the barrier (must!)
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• Conditions

• Semaphores 

• Atomic Bit

• Atomic Register

• Fetch-and-increment register

• Test and set bits

• Read-Modify-Write register

Barrier Building Blocks
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departure, releasing 
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Barrier using Semaphores
Properties

• Pros:
• Very Simple

• Space complexity O(1)

• Symmetric

• Cons:
• Required a strong object

• Requires some central manager

• High contention on the semaphores

• Propagation delay O(n)

• Pros:

• Cons:
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Fetch-and-Increment register

• A shared register that supports a F&I operation:

• Input: register r

• Atomic operation:

• r is incremented by 1

• the old value of r is returned

Counter Barrier Ingredients

function fetch-and-increment (r : register)

orig_r := r;

r:= r + 1;

return (orig_r);

end-function

Await

• For brevity, we use the await macro

• Not an operation of an object

• This is also called: “spinning”

macro await (condition : boolean condition)

repeat

cond = eval(condition);

until (cond)

end-macro
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shared counter: fetch and increment reg. – {0,..n}, initially = 0

go: atomic bit, initial value is immaterial

local local.go: a bit, initial value is immaterial

local.counter: register

Simple Barrier Using an Atomic Counter
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1 local.go := go

2 local.counter := fetch-and-increment (counter)

3 if local.counter + 1 = n then

4 counter := 0

5 go := 1 - go

6 else await(local.go ≠ go)

shared counter: fetch and increment reg. – {0,..n}, initially = 0

go: atomic bit, initial value is immaterial

local local.go: a bit, initial value is immaterial

local.counter: register

Simple Barrier Using an Atomic Counter
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Pros/Cons?

• There is high memory contention on go bit

• Reducing the contention:

• Replace the go bit  with n bits: 
go[1],…,go[n]

• Process pi may spin only on the bit go[i]
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