


Safe:
safe schedule

enforce

Unsafe:

Deadlocked:



Maxi;

MaxClaim;:
Holds;;
HasNow;
Available
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Needs; = < Avail + Z HasNow;
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Max Holds Available



Max Holds Available Needs

. unsafe

safe



Max Holds Available Needs
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Max Holds Available Needs

Unsafe!

deadlock!






Holds Available Pending

Max Needs
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Max Needs
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Max Needs
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Max Needs
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Max Needs



Holds Available Pending

Max Needs



Holds Available Pending

Yes, there
Max Needs is a safe

schedule!



Holds Available Pending

Yes, there
Max Needs |s a SaFe

schedule!

it is not a safe state!
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Max Needs



Holds Available Pending

Max Needs

NO!
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completely different



Barrier(/):

bwait(?barr):
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import barrier

const NTHREADS = 3
const NROUNDS = 4

round = [0,] * NTHREADS

barr = barrier.Barrier(NTHREADS)

def thread(self):
for r in {0..NROUNDS-1}:
barrier.bwait(?barr)
round|self] += 1

for i in {0..NTHREADS-1}:
spawn thread(i)

T hreads can
5& at »most
one round

apart

A)a/f/ng for
ever/one Zo
reach Zhe

barrier
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from synch import *

def Bmier(required): / OCJ% and condition (as youl wout/d eXﬁecz‘>

result = {

} no. of threads Zhreads Chad InC resrented

e not e o o
def bwait(b): have r at each roun

acquire(?b—mutez) ead?eff ¢he o a(/ow £for
b— left — barrier barrier rewse
if b—left == 0:

b—cycle = (b—)cycle s 1) % 2

b—left = b—rrequired

notifyAll(?b— cond)
else:

let cycle = b—cycle:

while b—)cycle == cycle;
wait(?b—cond, 7b—mutex)

release(?b—mutex)

IF repeat wse coere
not an i1ssue, a lock,
a condition variable,

and a cowunter
initialized ¢o the
number of ¢hreads
would swuffice,
bed,
o reuse the barrier,
we must reset Zhe

cowunter!
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import barrier

const NTHREADS = 3
const NROUNDS = 4

round = [0,] * NTHREADS
invariant (max(round) — min(round)) <=1

phase = 0
barr = barrier.Barrier(NTHREADS) everybody caits

def thread(self): g

for r in {0..NROUNDS-1}: coordinaor
if self == 0: #

barrier.bwait(?barr) _

round|self] +=1
assert round|self] ==
barrier.bwait(?barr) everybody

S ync/w-on/ZeS at

for i in {0..NTHREADS-1}: e end of rovnd

spawn thread(i)
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