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Synchrony is too powerful

Will | hear from
all the leaves at
the same time?

if S ={1} always

if S C {2} @ (3) No.

shways @ &

Not even expressible in monadic second-order logic (MSO)!

(Antti Kuusisto, 2013)
4/7



Asynchronous run

5/7



Asynchronous run

£S5 ¢ (4,5)

and S ¢ {172,4}@ if SC {4,5}
NS

S: set of
received

otherwise

states

otherwise

5/7



Asynchronous run CnS

S ¢ {4,5)
and S ¢ {172,4}@ if SC {4,5}
NS

Nodes may sleep,
miss messages.

S: set of
received
states

otherwise otherwise

5/7



Asynchronous run

Nodes may sleep,
miss messages.

Messages may be
delayed (FIFO).

£S5 ¢ (4,5)

and S ¢ {172,4}@ if SC {4,5}
NS

otherwise

otherwise

S: set of
received
states

5/7



Asynchronous run

Nodes may sleep,
miss messages.

Messages may be
delayed (FIFO).

£S5 ¢ (4,5)

and S ¢ {172,4}@ if SC {4,5}
NS

otherwise

otherwise

S: set of
received
states

5/7



Asynchronous run

£S5 ¢ (4,5)
and S ¢ {172,4}@ if SC {4,5}
N"/

Nodes may sleep,
miss messages.

Messages may be
delayed (FIFO).

S: set of
received
states

otherwise

otherwise

5/7



Asynchronous run

£S5 ¢ (4,5)
and S ¢ {172,4}@ if SC {4,5}
N"/

Nodes may sleep,
miss messages.

Messages may be
delayed (FIFO).

S: set of
received
states

otherwise

otherwise



Asynchronous run

Nodes may sleep,
miss messages.

Messages may be
delayed (FIFO).

£S5 ¢ (4,5)

and S ¢ {172,4}@ if SC {4,5}
NS

S: set of
received

states

otherwise

5/7



Asynchronous run

Nodes may sleep,
miss messages.

Messages may be
delayed (FIFO).

£S5 ¢ (4,5)

and S ¢ {172,4}@ if SC {4,5}
NS

S: set of
received

states

5/7



Asynchronous run

Nodes may sleep,
miss messages.

Messages may be
delayed (FIFO).

£S5 ¢ (4,5)

and S ¢ {172,4}@ if SC {4,5}
NS

S: set of
received

states

5/7



Asynchronous run

Nodes may sleep,
miss messages.

Messages may be
delayed (FIFO).

£S5 ¢ (4,5)

and S ¢ {172,4}@ if SC {4,5}
NS

S: set of
received




Asynchronous automata

6/7



Asynchronous automata

A malicious adversary can choose the
timing, subject to fairness constraints.

6/7



Asynchronous automata

A malicious adversary can choose the
timing, subject to fairness constraints.

6/7



Asynchronous automata

A malicious adversary can choose the
timing, subject to fairness constraints.

An automaton is asynchronous if its
acceptance behavior is independent of
the adversary (on all finite digraphs).

6/7



Asynchronous automata

A malicious adversary can choose the
timing, subject to fairness constraints.

An automaton is asynchronous if its
acceptance behavior is independent of
the adversary (on all finite digraphs).

Synchronous automata

6/7



Asynchronous automata

A malicious adversary can choose the
timing, subject to fairness constraints.

An automaton is asynchronous if its
acceptance behavior is independent of
the adversary (on all finite digraphs).

Synchronous automata

Asynchronous
automata

6/7



Asynchronous automata

A malicious adversary can choose the
timing, subject to fairness constraints.

An automaton is asynchronous if its
acceptance behavior is independent of
the adversary (on all finite digraphs).

Synchronous automata

Asynchrony is an additional
semantic property.
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Asynchronous run (formal version)

» Labeled digraph: G = (V,E,)\), where \: V — Labels.

» Distributed automaton: A = (Q, do, 0, F),
where dg: Labels > Q, §: @ x29 - Q and F C Q.

» Timing of G: 1 =(11,72,73,...), where 17:: VUE — {0,1},
such that 1 is assigned infinitely often to every node and edge.

» Asynchronous run of A on G timed by 7:  p = (po, p1,p2,---),
where p;: VUE — Q@ with ps(V) C Q, such that

po(v) = po(vw) = do(A(v)),

P 1(v) _ {Pt(v) if 7ep1(v) =0,
t+ §(pe(v), {pe(uv).first | uv € E}) i 7ey1(v) =1

pt(vw).pushlast(ps41(v)) if 7e41(vw) =0,
pt(vw).pushlast(ps+1(v)).popfirst  if 7ep1(vw) =1

pe+1(vw) = {



