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The remainder of this presentation

1. What are we studying?

2. What are we hoping to achieve?

3. How are we getting along?
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A message passing model
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Bob
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Dave
Alice sends a message to
either Bob or Carol

If to Bob, then Bob sends a
message to Carol and Dave

If to Carol, then Carol sends a
message to Alice and Dave

1. A set of participants (Alice, Bob, Carol, Dave, . . . )

2. A set of one-directional channels between participants

3. A description of allowed/desired behaviour
= communication protocol

Does a given system implement this protocol’s behaviour?

Does any system implement this protocol’s behaviour?

Is this protocol safe to begin with?
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Safety in finite automata

q0

q1

q2

q3

q4

q5 q6

q7

x! x?

x!x?

y ! y?

x!

y?

x?

x : 0, y : 0 x : 0, y : 0

x : 1, y : 0

x : 0, y : 0

x : 1, y : 0

x : 0, y : 1

x : 1, y : 1 x : 1, y : 0

1. All channels should start out empty

and end up empty

2. Everything in between should be consistent
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Constructing safe expressions!

Solution: parametrise the shuffle operator

“Shuffle on trajectories” (Mateescu et al., 1998)
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Undefined (does not ‘fit’):
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�{1122,2211}({aa, bb}, {cc, ddd}) = {aacc, bbcc, ccaa, ccbb}

Expressions: same as languages
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�(11)∗(22)∗((x!x?)∗, (x?x!)∗)

�((11)∗(22)∗)∗((x!x?)∗, (x?x!)∗)

�1((22)∗(11)∗)∗((x!x?)∗x!, (x!x?)∗)

�1((22)∗(11)∗)∗331((x!x?)∗x!x?, (x!x?)∗, x!x?)



Constructing safe expressions!

x!

x?

·

· ·

x! ∗ x! ·

· x? x?

∗ ∗

· ·

x! x? x? x!

�1(x!) �1(x!)

�1(x?) �1(x?)

�1(x!) �1(x?) �1(x?) �1(x!)

�11(x!x?) �11(x?x!)

�12(x?, x?)

�112(x!x?, x?)

�(11)∗((x!x?)∗) �(11)∗((x?x!)∗)

�(11)∗(22)∗((x!x?)∗, (x?x!)∗)

�((11)∗(22)∗)∗((x!x?)∗, (x?x!)∗)

�1((22)∗(11)∗)∗((x!x?)∗x!, (x!x?)∗)

�1((22)∗(11)∗)∗331((x!x?)∗x!x?, (x!x?)∗, x!x?)



Constructing safe expressions!

x! x?

x! x?

�12(x!, x?)

�11(x!x?)

·

· ·

x! ∗ x! ·

· x? x?

∗ ∗

· ·

x! x? x? x!

�1(x!) �1(x!)

�1(x?) �1(x?)

�1(x!) �1(x?) �1(x?) �1(x!)

�11(x!x?)

�11(x?x!)

�12(x?, x?)

�112(x!x?, x?)

�(11)∗((x!x?)∗) �(11)∗((x?x!)∗)

�(11)∗(22)∗((x!x?)∗, (x?x!)∗)

�((11)∗(22)∗)∗((x!x?)∗, (x?x!)∗)

�1((22)∗(11)∗)∗((x!x?)∗x!, (x!x?)∗)

�1((22)∗(11)∗)∗331((x!x?)∗x!x?, (x!x?)∗, x!x?)



Constructing safe expressions!

x!x?

x!x?

�12(x?, x!)

�11(x?x!)

·

· ·

x! ∗ x! ·

· x? x?

∗ ∗

· ·

x! x? x? x!

�1(x!) �1(x!)

�1(x?) �1(x?)

�1(x!) �1(x?) �1(x?) �1(x!)

�11(x!x?) �11(x?x!)

�12(x?, x?)

�112(x!x?, x?)

�(11)∗((x!x?)∗) �(11)∗((x?x!)∗)

�(11)∗(22)∗((x!x?)∗, (x?x!)∗)

�((11)∗(22)∗)∗((x!x?)∗, (x?x!)∗)

�1((22)∗(11)∗)∗((x!x?)∗x!, (x!x?)∗)

�1((22)∗(11)∗)∗331((x!x?)∗x!x?, (x!x?)∗, x!x?)



Constructing safe expressions!

x? x?

�12(x?, x?)

·

· ·

x! ∗ x! ·

· x? x?

∗ ∗

· ·

x! x? x? x!

�1(x!) �1(x!)

�1(x?) �1(x?)

�1(x!) �1(x?) �1(x?) �1(x!)

�11(x!x?) �11(x?x!)

�12(x?, x?)

�112(x!x?, x?)

�(11)∗((x!x?)∗) �(11)∗((x?x!)∗)

�(11)∗(22)∗((x!x?)∗, (x?x!)∗)

�((11)∗(22)∗)∗((x!x?)∗, (x?x!)∗)

�1((22)∗(11)∗)∗((x!x?)∗x!, (x!x?)∗)

�1((22)∗(11)∗)∗331((x!x?)∗x!x?, (x!x?)∗, x!x?)



Constructing safe expressions!

x! x? x?

x! x? x?

�123(x!, x?, x?)

�112(x!x?, x?)

·

· ·

x! ∗ x! ·

· x? x?

∗ ∗

· ·

x! x? x? x!

�1(x!) �1(x!)

�1(x?) �1(x?)

�1(x!) �1(x?) �1(x?) �1(x!)

�11(x!x?) �11(x?x!)

�12(x?, x?)

�112(x!x?, x?)

�(11)∗((x!x?)∗) �(11)∗((x?x!)∗)

�(11)∗(22)∗((x!x?)∗, (x?x!)∗)

�((11)∗(22)∗)∗((x!x?)∗, (x?x!)∗)

�1((22)∗(11)∗)∗((x!x?)∗x!, (x!x?)∗)

�1((22)∗(11)∗)∗331((x!x?)∗x!x?, (x!x?)∗, x!x?)



Constructing safe expressions!

x! x?

�(11)∗((x!x?)∗)

·

· ·

x! ∗ x! ·

· x? x?

∗ ∗

· ·

x! x? x? x!

�1(x!) �1(x!)

�1(x?) �1(x?)

�1(x!) �1(x?) �1(x?) �1(x!)

�11(x!x?) �11(x?x!)

�12(x?, x?)

�112(x!x?, x?)

�(11)∗((x!x?)∗)

�(11)∗((x?x!)∗)

�(11)∗(22)∗((x!x?)∗, (x?x!)∗)

�((11)∗(22)∗)∗((x!x?)∗, (x?x!)∗)

�1((22)∗(11)∗)∗((x!x?)∗x!, (x!x?)∗)

�1((22)∗(11)∗)∗331((x!x?)∗x!x?, (x!x?)∗, x!x?)



Constructing safe expressions!

x!x?

�(11)∗((x?x!)∗)

·

· ·

x! ∗ x! ·

· x? x?

∗ ∗

· ·

x! x? x? x!

�1(x!) �1(x!)

�1(x?) �1(x?)

�1(x!) �1(x?) �1(x?) �1(x!)

�11(x!x?) �11(x?x!)

�12(x?, x?)

�112(x!x?, x?)

�(11)∗((x!x?)∗) �(11)∗((x?x!)∗)

�(11)∗(22)∗((x!x?)∗, (x?x!)∗)

�((11)∗(22)∗)∗((x!x?)∗, (x?x!)∗)

�1((22)∗(11)∗)∗((x!x?)∗x!, (x!x?)∗)

�1((22)∗(11)∗)∗331((x!x?)∗x!x?, (x!x?)∗, x!x?)



Constructing safe expressions!

x! x?

x!x?

·

· ·

x! ∗ x! ·

· x? x?

∗ ∗

· ·

x! x? x? x!

�1(x!) �1(x!)

�1(x?) �1(x?)

�1(x!) �1(x?) �1(x?) �1(x!)

�11(x!x?) �11(x?x!)

�12(x?, x?)

�112(x!x?, x?)

�(11)∗((x!x?)∗) �(11)∗((x?x!)∗)

�(11)∗(22)∗((x!x?)∗, (x?x!)∗)

�((11)∗(22)∗)∗((x!x?)∗, (x?x!)∗)

�1((22)∗(11)∗)∗((x!x?)∗x!, (x!x?)∗)

�1((22)∗(11)∗)∗331((x!x?)∗x!x?, (x!x?)∗, x!x?)



Constructing safe expressions!

x! x?

x!x?

·

· ·

x! ∗ x! ·

· x? x?

∗ ∗

· ·

x! x? x? x!

�1(x!) �1(x!)

�1(x?) �1(x?)

�1(x!) �1(x?) �1(x?) �1(x!)

�11(x!x?) �11(x?x!)

�12(x?, x?)

�112(x!x?, x?)

�(11)∗((x!x?)∗) �(11)∗((x?x!)∗)

�(11)∗(22)∗((x!x?)∗, (x?x!)∗)

�((11)∗(22)∗)∗((x!x?)∗, (x?x!)∗)

�1((22)∗(11)∗)∗((x!x?)∗x!, (x!x?)∗)

�1((22)∗(11)∗)∗331((x!x?)∗x!x?, (x!x?)∗, x!x?)



Constructing safe expressions!

x! x?

x!x?x!

·

· ·

x! ∗ x! ·

· x? x?

∗ ∗

· ·

x! x? x? x!

�1(x!) �1(x!)

�1(x?) �1(x?)

�1(x!) �1(x?) �1(x?) �1(x!)

�11(x!x?) �11(x?x!)

�12(x?, x?)

�112(x!x?, x?)

�(11)∗((x!x?)∗) �(11)∗((x?x!)∗)

�(11)∗(22)∗((x!x?)∗, (x?x!)∗)

�((11)∗(22)∗)∗((x!x?)∗, (x?x!)∗)

�1((22)∗(11)∗)∗((x!x?)∗x!, (x!x?)∗)

�1((22)∗(11)∗)∗331((x!x?)∗x!x?, (x!x?)∗, x!x?)



Constructing safe expressions!

x! x?

x!x?x! x?

x! x?

·

· ·

x! ∗ x! ·

· x? x?

∗ ∗

· ·

x! x? x? x!

�1(x!) �1(x!)

�1(x?) �1(x?)

�1(x!) �1(x?) �1(x?) �1(x!)

�11(x!x?) �11(x?x!)

�12(x?, x?)

�112(x!x?, x?)

�(11)∗((x!x?)∗) �(11)∗((x?x!)∗)

�(11)∗(22)∗((x!x?)∗, (x?x!)∗)

�((11)∗(22)∗)∗((x!x?)∗, (x?x!)∗)

�1((22)∗(11)∗)∗((x!x?)∗x!, (x!x?)∗)

�1((22)∗(11)∗)∗331((x!x?)∗x!x?, (x!x?)∗, x!x?)



Beyond regular languages

I ω-regular: !

I Context-free languages: not yet

I Message data types

I Realisability



That’s all, folks!


