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On program comprehension

1 ping(0, Pong_PID) ->
2 Pong_PID ! finished,
3 io:format("ping finished~n", []);

4 ping(N, Pong_PID) ->
5 Pong_PID ! {ping, self()},
6 receive
7 pong ->
8 io:format("Ping received pong~n", [])
9 end,

10 ping(N - 1, Pong_PID).

11 pong() ->
12 receive
13 finished ->
14 io:format("Pong finished~n", []);
15 {ping, Ping_PID} ->
16 io:format("Pong received ping~n", []),
17 Ping_PID ! pong,
18 pong().

19 start() ->
20 Pong_PID = spawn(example, pong, []),
21 spawn(example, ping, [3, Pong_PID]).

Erlang
▶Embodies the actor model [7, 1] ... back to ’73!
▶Message passing + functional programming
▶Dynamic creation of threads
▶Asynchrony by design! (FIFO buffers)

mailboxes in
Erlang’s jargon

All clear?
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Friendlier representations with (formal) models

Local behaviour: communicating machines [2]

CFSMs: FIFO buffers as well
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CFSMs: FIFO buffers as well

Choregraphy: global graph [3, 9]

...“synchronous” distributed workflow

Research direction
How do we extract such models from code or documentation?
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▶ a communicating finite-state machine (CFSM) is an FSA whose transitions are
input/output actions executed by a single participant and whose states are all accepting

▶ a communicating system is a finite map assigning to a participant A a CFSM executing
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So what?
▶Now we have a model of the behaviour
▶Let’s use it to reason on correctness

Q:
The test was successful.
But is the program
correct?

A:
No!

Exercise:
Find the bugs (there’re at least 2!)
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Some reflections

Software is an important asset nowadays in most advanced societies
▶ It’s hardly believable that one would buy a product without proper guarantees
▶Such kind of guarantees are often not required of software

What does ’software’ actually mean?

My view:
▶ SW is not just ‘code’
▶ SW = code + docs + certificates

▶ code is formal!
▶ the other addends should be formal too!

10 / 32
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Fundamental limitations

Distributed consensus
Distributed sharing
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Computer-assisted collaborative work
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A rich research context

Many open problems

▶ Compositionality / Modularity

▶ Specs of Self-⋆ systems

▶ Data-driven systems

▶ Fault-tolerance

▶ Security

▶ ...

Many research teams

▶ Denmark

▶ Italy

▶ Germany

▶ Serbia

▶ Portugal

▶ Argentina

▶ Japan

▶ UK (including Scotland )

▶ USA
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– A first choreographic model –
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“Top-down”

Quoting W3C [8]
“Using the Web Services Choreography

specification, a contract containing a global

definition of the common ordering condi-

tions and constraints under which messages

are exchanged, is produced that describes,

from a global viewpoint [...] observable be-

haviour of all the parties involved. Each

party can then use the global definition to

build and test solutions that conform to it.

The global specification is in turn realised

by combination of the resulting local sys-

tems [...]”

Choreography G
global viewpoint

M1
Local viewpoint1
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Local viewpointi
Mn

Local viewpointn
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An intuitive account...

Projecting on seller

Life is
harder...recall
the bugs of
pingpong
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Global views...a bit more formally

G-choreographies [10, 6]

G,G′ ::= ⊚
�� A−→B : m

�� G | G′ �� G;G′ �� G + G′ �� ∗G
i.e., regular expressions (on an alphabet of interactions) with parallel composition
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Global views...a bit more formally

G-choreographies [10, 6]

G,G′ ::= ⊚
�� A−→B : m

�� G | G′ �� G;G′ �� G + G′ �� ∗G
i.e., regular expressions (on an alphabet of interactions) with parallel composition

source node

sink node

A−→B : m

G

G′

G G′

|

|

fork gate

join gate

G G′

+

+

branch gate

merge gate

G

⟲

⟲

loop entry

loop exit

empty interaction sequential parallel branch iteration
18 / 32



Global views’ semantics as pomsets

A pomset on a set E of events is (an isomorphism class of) a
labelled partially-order (E ,λ,≤), with

▶ λ : E → L a labelling function
▶ ≤ ⊆ E × E reflexive, anti-symmetric, transitive

Our basic ingredients:
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Global views’ semantics as pomsets

A pomset on a set E of events is (an isomorphism class of) a
labelled partially-order (E ,λ,≤), with

▶ λ : E → L a labelling function
▶ ≤ ⊆ E × E reflexive, anti-symmetric, transitive

Our basic ingredients:
▶ a set M of messages,
▶ a set P of participants’ identities,
▶ a set C = P × P \ {(A,A)

�� A ∈ P} of channels

Communication events: E = E ! ∪ E? where

E ! = C × {!} × M
E? = C × {?} × M
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A simple pomset of communication events




AB!x

AC!x

AB?x

DB?y

AC?x

DC?y

DB!y

DC!y



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A simple pomset of communication events




AB!x

AC!x

AB?x

DB?y

AC?x

DC?y

DB!y

DC!y




Exercise
Find a g-choreography that
corresponds to the pomset on the left.
Another unfair question!
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Pomsets semantics of g-choreographies

We define J K : G 7→ set of pomsets as1

J⊚K = {ϵ}

JA−→B : mK =
�
[A B!m → A B?m]

	

q
G | G′y =

�
[disjoint union of r and r ′]

�� (r , r ′) ∈ JGK ×
q
G′y	

q
G;G′y =





[

(r ,r ′)∈JGK×JG′K
{seq(r , r ′)} if ∀(r , r ′) ∈ JGK × JG′K : ws(r , r ′)

undef otherwise

q
G + G′y =

(
JGK ∪ JG′K if wb(G,G′)

undef otherwise



Pomsets semantics of g-choreographies

We define J K : G 7→ set of pomsets as1

J⊚K = {ϵ}

JA−→B : mK =
�
[A B!m → A B?m]

	

q
G | G′y =

�
[disjoint union of r and r ′]

�� (r , r ′) ∈ JGK ×
q
G′y	

q
G;G′y =





[

(r ,r ′)∈JGK×JG′K
{seq(r , r ′)} if ∀(r , r ′) ∈ JGK × JG′K : ws(r , r ′)

undef otherwise

q
G + G′y =

(
JGK ∪ JG′K if wb(G,G′)

undef otherwise
1Assuming single-threadness.
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Some simple examples

A−→B : x | A−→B : y







AB!x

AB?x

AB!y

AB?y







A−→B : x; B−→A : y
("

AB!x

AB?x

BA!y

BA?y

#)
A−→B : x + A−→B : y








AB!x

AB?x


 ,




AB!y

AB?y







Exercise
Now you can check your answer to the exercise on slide 20.
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