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Shared Memory



Synchronous Communications



Asynchronous Communication

friday

I think I found a bug in Lemma 36

saturday
...

10:00

I don’t see how to fix that

10:01

Didn’t you receive my fix?

10:02

Do you know you ruined my week-end?



A model

a network of machines that exchange messages asynchronously

each machine M has a finite control state

only one buffer for the messages sent by M1 to M2

all buffers are independent of each others

all buffers are FIFO queues
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Verification Problems

is there a bound on the size of the queues (for all runs) ?

is there a run where a message is sent but never received?

is there a run where a machine receives an unexpected
message?

is there a reachable configuration where all machines wait for
messages but the queues are empty?

...

All these questions (and many others) are undecidable
[Brand Zafiropulo, JACM 1983]
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Finite Transition System

the transition system of a synchronous system is finite and
effective

this is also true for an asynchronous system with bounded
buffers

all previous verification problems become decidable

but what can we do if the buffers are unbounded?



Slack Elasticity for CSP (1998)

A system is slack elastic if it behaves as if it were synchronous.



Slack Elasticity for MPI (2010)



Synchronizability for choreographies (2011)



Synchronizability : definition

Notations

I0 : set of send traces along any synchronous execution

Iω : set of send traces along any asynchronous execution

Ik : set of send traces along any asynchronous execution
with buffers bounded to size k

Observation
I0 ⊆ I1 ⊆ I2 ⊆ · · · ⊆ Iω

Definition

a system is synchronizable if I0 = Iω
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Why do we care about synchronizability?

a desirable property

when the message-passing library gives no guarantee on
(a)synchrony or buffer sizes

when the system should run correctly in different networks

synchronizable systems are easier to verify?

synchronizable systems are expected to be easy to verify

it should not be too hard to check whether a system is
synchronizable



Basu-Bultan conjecture

if I0 = I1, then I0 = Iω

in particular, synchronizability would be decidable
(note that I0, I1 are regular)

several proof attempts
WWW’11, VMCAI’12, POPL’12, TCS’16,. . .

what about verification problems?
synchronizable ⇒ LTL model-checking of send traces is decidable
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aabce ∈ I2 \ I0 : not synchronizable, but I0 = I1



A limitation

actually, this was just a counter-example for the conjecture for
peer-to-peer communications

except in TCS’16, the communication model studied by Basu and
Bultan was mailboxes

difference

every machine has exactly one mailbox

all messages from other machines are merged in the mailbox

mailboxes are still FIFO queues
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Adapting the counter-example to mailboxes

M1

M2

M3

b

a

c

d

M1

q1

q2

q3

q4

!a1→3

!a1→3

!b1→2

M3

s1

s2

s3

s4

s5

s6 s7

s8

s9

s10

!c3→2

?a

?a

?a1→3

?a !c

!c ?a

?d

!e

M2

r1

r2

r3

r4

r5

r6

?b

?c

?c

?b

!d2→3



Adapting the counter-example to mailboxes

M1

M2

M3

b

a

c

d

M1

q1

q2

q3

q4

!a1→3

!a1→3

!b1→2

M3

s1

s2

s3

s4

s5

s6 s7

s8

s9

s10

!c3→2

?a

?a

?a1→3

?a !c

!c ?a

?d

!e

M2

r1

r2

r3

r4

r5

r6

?b

?c

?c

?b

!d2→3

!e may happen iff buffer size ≥ 2let’s ensure I0 = I1...



Adapting the counter-example to mailboxes

M1

M2

M3

b

a

c

d

M1

q1

q2

q3

q4

!a1→3

!a1→3

!b1→2

M3

s1

s2

s3

s4

s5

s6 s7

s8

s9

s10

s11

!c3→2

?a

?a

?a1→3

?a !c

!c ?a

?d

!e

?d

M2

r1

r2

r3

r4

r5

r6

?b

?c

?c

?b

!d2→3



Adapting the counter-example to mailboxes

M1

M2

M3

b

a

c

d

M1

q1

q2

q3

q4

!a1→3

!a1→3

!b1→2

M3

s1

s2

s3

s4

s5

s6 s7

s8

s9

s10

s11

!c3→2

?a

?a

?a1→3

?a !c

!c ?a

?d

!e

?d

M2

r1

r2

r3

r4

r5

r6

?b

?c

?c

?b

!d2→3

I0 = I1 6= I2. Done!



Our main results (1)

Synchronizability is undecidable

Whether I0 = Iω for a peer-to-peer system is undecidable.

Construction
extension of the first counter-example, reduction from a tiling
problem.

In particular
3 machines are needed



Our main results (2)

Oriented rings

each machine receives from
at most one other machine

each machine sends to at
most one other machine

example: a system with two
machines

Synchronizability is decidable for oriented rings

Whether I0 = Iω for a system with an oriented ring topology is
decidable. Moreover, the set of reachable configurations is channel
recognizable.



Open Problems

what are the topologies for which I0 = Iω is decidable?

is synchronizability for mailboxes really decidable?

what would be a better definition of synchronizability?

for peer-to-peer, existentially 0-bounded seems promising
[Genest et al]

what about mailboxes?
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