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Extended Team Automata and
other Coordination Models



Team Automata: not all system transitions are meaningful!

start? @\f uny start? @\’ unz ﬁnish?v/@ finish?
finish! finish! i start!

Runner ‘Runner, Controller

Team Automata
[CSCW'01'03] [FM'03,'21,'23] [TCS'12]
[COORDINATION'17,"20] [ICTAC'20,'23]
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Extended Team Automata: Constrained Multiparty Synchronisations

start? @\f uny start? @\’ unz ﬁnish?v/@ finish?
finish! finish! i start!

Runner ‘Runner, Controller

Extended TA synchronisations:
[CSCW'01'03] [FM'03,'21,'23] [TCS'12]
[COORDINATION'17,20] [ICTAC'20,'23]
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Extended Team Automata: Constrained Multiparty Synchronisations

start? @\f uny start? @\’ unz ﬁnish?v/@ finish?
finish! finish! i start!

Runner ‘Runner, Controller
Extended TA synchronisations: multiparty
[CSCW'01'03] [FM'03,'21,23] [TCS'12] Ctr — {Rl7 R2}: start

[COORDINATION'17,'20] [ICTAC'20,'23]
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Extended Team Automata: Constrained Multiparty Synchronisations

start? @\f uny start? @\’ unz ﬁnish?v/@ finish?
finish! finish! i start!

Runner ‘Runner, Controller
Extended TA synchronisations: multiparty constrained
[CSCW'01'03] [FM'03,'21,'23] [TCS'12] Ctr — {R1,R2}: start  start: 1 — 2
[COORDINATION'17,"20] [ICTAC'20, 23] finish: 1 — 1
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Overview on Constrained Multiparty Synchronisation in Team Automata

and other coordination models: J. Proenca @ FACS'23
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Overview on Constrained Multiparty Synchronisation in Team Automata

and other coordination models:

Runners with orchestrators
- Reo
- BIP

I—)S.-S.T.Q. Jongmans and F. Arbab, Overview
of thirty semantic formalisms for Reo. Scien-
tific Annals of Computer Science 22 (2012)

S. Bliudze and J. Sifakis, The algebra of
connectors: structuring interaction in BIP.
IEEE Transactions on Computers 57 (2008)

J. Proenca @ FACS'23
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Overview on Constrained Multiparty Synchronisation in Team Automata

and other coordination models: J. Proenca @ FACS'23

Runners with orchestrators Runners with choreographies
- Reo - Choreography Automata

_BIP - Multiparty Session Types

|_>S.-S.T.Q. Jongmans and F. Arbab, Overview \l’
of thirty semantic formalisms for Reo. Scien-
tific Annals of Computer Science 22 (2012)
F. Barbanera, |. Lanese, and E. Tuosto, Cho-
S. Bliudze and J. Sifakis, The algebra of |_> reography Automata @ COORDINATION'20
connectors: structuring interaction in BIP. S. Ghilezan. S. Jak&i¢. J. Pantovié. A. Scalas
IEEE TanEseiamsen Cornprias B (U0 and N. Yoshida, Precise subtyping for synchro-

nous multiparty sessions. JLAMP 104 (2019) 423



Overview on Constrained Multiparty Synchronisation in Team Automata

and other coordination models: J. Proenga @ FACS'23
Runners with orchestrators Runners with choreographies ...withboth
- Reo - Choreography Automata - Contract

- BIP - Multiparty Session Types Automata

L)S,-S_T,Q_ Jongmans and F. Arbab, Overview \l’ D. Basile, P. Degano, G. Ferrari, and E. Tuosto, (J
of thirty semantic formalisms for Reo. Scien- Relating two automata-based models of orches-
tific Annals of Computer Science 22 (2012) tration and choreography. JLAMP 85 (2016)

F. Barbanera, |. Lanese, and E. Tuosto, Cho-
S. Bliudze and J. Sifakis, The algebra of |_> reography Automata @ COORDINATION'20

connectors: structuring interaction in BIP. S Ghilezan. S. Jak&ié. J. Pantovié. A. Scalas
4glEls Vimmmsiensen Cempuics 57 (A0S and N. Yoshida, Precise subtyping for synchro-

nous multiparty sessions. JLAMP 104 (2019) 423



= Focus on connectors (not on components)

= Connectors built compositionally

= Components should be flexible/compatible

{finC, finR1} {finC, finR2}
[‘D"] ] [‘D"] > Dfinc = Din finc = Dfinr2
{strC, strR1,strR2}
[)_(] > [)_(] > — ” Dstrc = Dstrr1 = Dstrr2
[»ed] > [>]] {finC, finR finC, finR1}
[_).( ] > [)._, ] Dfinc = Dfinr2 Dfinc = Dinr1

(Semantics with Constraint Automata)
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>

start

finisl:\@ finish

R1

start @\:un

R1.start
R1.finish
Ctrl.start
Ctrl.finish
R2.start
R2.finish

R2

start @\:un

components expose ports

interactions restrict which
ports can fire

constructors using unicast (e)
and broadcast (A) can be
used to restrict interactions

dataflow can be added
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R1 — Ctrl: finish R2 — Ctrl: finish » Many results over the |anguage of CA

» Projections of the language of CA

Q Ctrl — {R1,R2}:start
>( 0

1 = Ctrl: finish = Contract automata are similar

R2 — Ctrl: M

.. ? T ?
fmlsh-/@ finish? {R1} finish {Ctrl <4R\2}ﬁ"15h {Ctrl}
*‘W _). {Ctrl} start {R1,R2} (1 1 1)

siaid @\:un startl @\ju" {R2} finish <—1‘}{} finish {Ctrl}
"‘:ﬁnT@ +‘%@ (Composed Team Automaton) 1725




R1 — Ctrl : finish. R2 — Ctrl : finish.
R1 — Ctrl : finish.X

G AX - Ctrl— {R1,R2} : {Start‘<R2—>Ctrl finish. X

VS

Ctrl?start . Ctrl?start . ..
L RLe X (Ctrl!finish.X) R2 & AX (cm!finish.x) Cerl & AX ( )

Procéss R1 Procéss R2 Procéss Ctr
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Featured Team Automata




Extended Team Automata (ETA):

= Synchronisation types per action: peer-2-peer, multicast, broadcast, . ..

Goal: safe communication — no message loss, no indefinite waiting, . ..

ter Beek, Hennicker & Kleijn, Compositionality of Safe Communication in Systems of Team Automata @ ICTAC'20

Join?

leave! leave! leave?
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Extended Team Automata (ETA):

= Synchronisation types per action: peer-2-peer, multicast, broadcast,

Goal: safe communication — no message loss, no indefinite waiting, . ..

ter Beek, Hennicker & Kleijn, Compositionality of Safe Communication in Systems of Team Automata @ ICTAC'20

configuration n

configuration 2

configuration 1

Join?

MM@

leave! leave! leave?

Many systems today are highly configurable (in terms of features):
= Large sets of similar systems that share a lot of behaviour but differ in other

Challenge: system-by-system analysis of safe communication quickly becomes unfeasible 9/25



Featu red Team AUtomata (fETA) ter Beek, Cledou, Hennicker & Proenca, Featured Team Automata @ FM'21

= Families (sets) of Team Automata model as a Software Product Line
= Single model parametrised by features (e.g.: @&, o), and a feature model (& @ of")

[a] join?

) join ‘o@g

[@] confirm!

(@] confirm?  [&] join! [8] confirm?

Goal: family-based analysis of safe communication
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g
ICTAC20: OWO °W° 5

leave! leave! leave?
w : User uy : User s: Server
Systems
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ICTAC'20:

Jjoin?
© ©, © ©, )
leave! leave! leave?

uy : User uy : User s: Server

Systems

(0,0,0) ({uz}, join,{s}) (2,0,0)
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ICTAC'20:

Jjoin?
© ©, © ©, )
leave! leave! leave?

uy : User uy : User s: Server

Systems

(0,0,0) ({u1,u2}, join,{s}) (2,2,0)
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ICTAC'20:

Jjoin?
(s
leave! leave! leave?

uy : User uy : User s: Server

Systems

(0,0,0) {1220, (g,0,0)

might not be desirable
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st(join) = ([1, 4], [1,1])
st(leave) = ([1, 4], [1,1])

ICTAC'20:

Systems Synchronisation Types
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st(join) = ([1, 4], [1,1])
st(leave) = ([1, 4], [1,1])

ICTAC'20: OWO GWG

{w}, join,
<009 agfpes
leave! leavel
w : User uy : User
Systems Synchronisation Types Teams
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ICTAC'20:

Systems

st(join) = ([1, 4], [1,1])
st(leave) = ([1, 4], [1,1])

{w},join, {s}

(weakly)
-+ ¢ ¥0,0.0) 2,0,0K- > Wmepme
Synchronisation Types Teams Receptiveness
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st(join) = ([1, 4], [1,1])
st(leave) = ([1, 4], [1,1])

{w},join, {s}

- ¢ y00.0) TIOR3 - Ay (E2KY)

receptive

ICTAC'20:

Systems Synchronisation Types Receptiveness
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Featured
Systems

(@] join?

8] confirm? (@] join! 18] confirm?

: [a] join!

suiof ]
g
)

FM'21:
[T] leave! [T] leave! @] confirm!
w : User u : User s : Server
Jjoin? : st(join) = ([1,%],[1,1])
o o o o 8 st(leave) = ([1, 4], [1,1])
( N
ICTAC'20: o D Rt D &
leave! leave! leave?
w, : Userra s : Serverma

u : Userma

Systems Synchronisation Types

{w}, join, {s}
(weakly)
receptive
* rep({ua} join)
* rep({u, ). joi
Teams Receptiveness
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g
)
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[T] leave! [T] leave! @] confirm!
w : User u : User s : Server
lﬂ-“
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( N
ICTAC'20: o D Rt D &
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{w}, join, {s}
(weakly)
receptive
* rep({ua} join)
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Featured Featured

Systems Synchronisation Types

* (8] join! 8] confirm? (@] join! 8] confirm? 8] join?

FM21: 5 () (D) (=) jom) = (Lo 111
& L+ fst({a}, feave) = ([1, 4], [1,1])
[T] leave! [T] leave! (8] confirm!
w : User u : User s : Server

st(join) = ([1,+],[1,1])

join? .

g — st(leave) = ([1, ], [1,1])
: 9 :
e s SOV O :

. {w}, join, {s} (weakly)
e o0 (VTS
receptive
leave! leave! leave?
u : Userma uy : Userma s : Serverma oo
< rep({ur, w2}, joi
Systems Synchronisation Types Teams Receptiveness
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FM'21:

ICTAC'20:

: [a] join!

Featured
Systems

Featured
Synchronisation Types

8] confirm? (@] join! 8] confirm? 8] join?

urof [
0
)

fst({a'}, leave) = ([1, %], [1,1])
[T] leave! [T] leave!

8] confirm!
w : User

s : Server

T
lﬂ-“

us : User

st(join) = ([1,+],[1,1])

join? .
) : st(leave) = ([1, %], [1,1])
Q9 GO

leave!

leave! leave?

u : Userma

up : Userma

s : Serverma

Systems Synchronisation Types

5
(1) Tst((a}oim) = (1,4 [1,1)

 rep({un)
 rep({un, i} o

{w},join, {s}

in)

EFNIVNV VY

(weakly)
receptive

Receptiveness
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Featured

Systems

* (8] join! 8] confirm? (@] join! 8] confirm? 8] join?

Featured

Synchronisation Types

fst({a'}, leave) = ([1, %], [1,1])

T

st(join) = ([1, 4], [1,1])
st(leave) = ([1, 4], [1,1])

bl (), join, {5} (]
4000

F
fst({w'}, join) = ([1,#], [1,1])

T :
FM2L s @) M (D :
2 :
[T] leave! [T] leave! 8] confirm!
uy : User up : User s : Server
lﬂ-“
join?
, ©) (2) ©) (2 o)
ICTAC'20: )
leave! leave! leave?
w : Userma up : Userma s : Serverma

Systems

Synchronisation Types

Featured
Teams

fm=a@d

[l {}Join, {s}

{w},join, {s}

(weakly)
S : receptive
* rep({ua} join)
* rep({u, ). joi

Teams Receptiveness
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Featured

Featured

Systems Synchronisation Types

* (8] join! 8] confirm? (@] join! 8] confirm? 8] join?

=z i,
FM21: 5 (o)) (D) 1 (=) Joim) = (L1 L1])
& L+ fst({a}, feave) = ([1, 4], [1,1])
[T] leave! [T] leave! (8] confirm!
uy : User up : User s : Server
........................................................................... -
Jre
Join? st(join) = ([L, <], [1,1])
Ie = ([1,%],[1,
o o o o '08 st(leave) = ([1, 4], [1,1])
ICTAC'20: Ko D R D -
leave! leave! leave?
uy : Userma uw, : Userma s : Serverma

Systems Synchronisation Types

Featured Featured
Teams Receptiveness
fm=a0d
[l {}.Join, {s}
bl (), join, {5} (] featured
¢ ¥0.0.0) < AAAAAA~S> (weakly)
receptive
{w}, join, {s}
(weakly)
g EPVVVVNINN ®
receptive
* rep({ua} join)
* rep({un, u2}. joi
Teams Receptiveness

11/25



FM'21:

ICTAC'20:

: [a] join!

Featured Featured

Featured Featured
Systems Synchronisation Types Teams Receptiveness
............................................................................... R
fm—agd

8] confirm? (@] joint (8] confirm? 18] join? ] O jeim, {2}

2] {un}.oin, {5} () featured
o AAAAAA~S> (weakly)

urof [
0
)

e—_— >

(D1 Wt({=}join) = ([L.#][L.1) T
D fst({w)}, feave) = ([L, %], [1,1])

[T] leave! [T] leave! 8] confirm!

uy : User up : User s : Server

T
lﬂ-“

st(join) = ([1, 4], [1,1])
st(leave) = ([1, 4], [1,1])

join? .
g9 -
QEF G Ry o )

L AAAAAAAD .
receptive
leave! leave! leave? :

u : Userma up : Userma s : Serverma

* rep({uz} join)
" rep({un, ). joi

Synchronisation Types Teams

Systems Receptiveness
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FM'21:

ICTAC'20:

: [a] join!

Featured Featured

Featured Featured
Systems Synchronisation Types Teams Receptiveness
............................................................................... R
fm—agd

8] confirm? (@] joint (8] confirm? 18] join? ] O jeim, {2}

2] {un}.oin, {5} () featured
o AAAAAA~S> (weakly)

urof [
0
)

R
(1) Tst((a}oim) = (1,4 [1,1)

receptive
fst({a}, leave) = ([1, %], [1,1])
[T] leave! [T] leave! 8] confirm!
uy = User up : User s Server
T T
urs

st(join) = ([1, 4], [1,1])
st(leave) = ([1, 4], [1,1])

join? .
g9 v
QEF G Ry o )

L AAAAAAAD .
receptive
leave! leave! leave? :

u : Userma up : Userma s : Serverma

* rep({uz} join)
" rep({un, ). joi

Synchronisation Types Teams

Systems Receptiveness
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Featured Featured Featured
Synchronisation Types Teams Receptiveness

Featured
Systems

* [a] join! 8] confirm? (@] join! 8] confirm? 8] join?
: 5 : 2] {un}.oin, {5} () featured
) H = D e————————3 - £ - )0,0,0) 3 AAAAAAAS> (weakly)
FM21: 5 (o)) (D) 1 (=) Joim) = (L1 L1) pasean
3 L+ fst({a}, feave) = ([1, 4], [1,1])
[T] leave! [T] leave! (8] confirm!
¢ User tr : User s : Server
T T o
T
: join? - st(join) = ([1, ], [1,1])
: : st(leave) = ([1, %], [1,1])
O, ©, ©) ©, X : o) o (2 ()
ICTAC20: Ko D R D y o SR EEDK > mnans D)
: leave! leavel leave? N
: (diagram commutes) 1
u : Userma uy : Userma s : Serverma " rep({un) join)
* rep({un, i), o
Systems Synchronisation Types Teams Receptiveness
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Featured Featured Featured Featured
Systems Synchronisation Types Teams Receptiveness

(@] join?

* [a] join! @] confirm?  [a] join! 8] confirm?
: < 2 featured
) B = — > AAAAAAnS> (weakly)
FM21: 5 (o)) (D) 1 (=) Joim) = (L1 L1) pasean
3 L+ fst({a}, feave) = ([1, 4], [1,1])
[T] leave! [T] leave! (8] confirm!
¢ User tr : User s : Server
T T o Main
T Theorem
: join? - st(join) = ([1, ], [1,1])
: : st(leave) = ([1, %], [1,1])
O, ©, ©) ©, X : o) o (2 (e
ICTAC20: & SR D Ko 2 - ST R s> )
: leave! leavel leave? N
: (diagram commutes) 1
u : Userma uy : Userma s : Serverma " rep({un) join)
* rep({un, i), o
Systems Synchronisation Types Teams Receptiveness
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Featured Featured Featured Featured
Systems Synchronisation Types Teams Receptiveness

(@] join?

* [a] join! @] confirm?  [a] join! 8] confirm?
: < 2 featured
) B = — > AAAAAAnS> (weakly)
FM21: 5 (o)) (D) 1 (=) Joim) = (L1 L1) pasean
3 L+ fst({a}, feave) = ([1, 4], [1,1])
[T] leave! [T] leave! (8] confirm!
¢ User tr : User s : Server
T T o Main
T Theorem
: join? - st(join) = ([1, ], [1,1])
: : st(leave) = ([1, %], [1,1])
O, ©, ©) ©, X : o) o (2 (e
ICTAC20: & SR D Ko 2 - ST R s> )
: leave! leavel leave? N
: (diagram commutes) 1
u : Userma uy : Userma s : Serverma " rep({un) join)
* rep({un, i), o
Systems Synchronisation Types Teams Receptiveness

Online prototype: http://arcatools.org/feta 11/25


http://arcatools.org/feta

= Specify
= Generate*
= Visualise

= Statistics

*SAT solver to solve fm

KE Oniine Toasfo Foatured Exter X

FETA  Development

FETA Specification
1 FCA user (confirm) (Join, Leave) =
[}

3
s
6

1
1
1
13
1

6= 1byjoinif s
1= 2 by confira if 5
0= 2 by Join if 0
2= 0 by leave

¥

8 0 by leave

15}

O & arcatools.orglassets/feta htmionlinefeta (A3 [

8
9 FeA server (join, Leave) (confirs) = {
rt o

FS = (u1-buser, u2-user, sserver)

s xon o

o one // o
nany

tHeave) = 1:>1
ftohoave) « 1.1

P11 t0 1.1

' to one // or 1% to 1.1

SacktoAcaToos

FETA o
= ;

ginieme, | iy ®

e ke ) /'

) e, )

g oo )

e e e

server

Copyigh 2017-2021 - ARCA &b pt


http://arcatools.org/feta

* (@] join! a] confirm?

FM'21:

[T] leave!

uy : User

leave!

ICTAC20: Owe

ur : Userma

Online prototype:

Featured

Featured

Featured Featured
Systems Synchronisation Typgs.--""" Teams Receptiveness
..................................................... L S Smarter: which
fm=ame W— sl rep({n} join) configurations derived
Compositionality (] rep({ua}.join) :

- : el rep({un o}
8] Join! 8] confirm? @] join? : :

compliant teams?

featured
- AAAAAAAS (weakly)

gurof [ge]
S
)

—
(D) ¢ Te()join) = ([L,+1,1,1])

receptive
fst({a}, leave) = ([1, #], [1,1]) ol
[T] leave! @] confirm!
w; : User s Server -
l o R Featured .
ury

Responsiveness ~ [[™"*"

Join? st(join) = ([1,+],[1,1])
) st(leave) = ([1, %], [1, 1])
(0) ©) {w}.join, {5} ate
SELD - s L
leavel leave? e =
(diagram commutes) join) -
w : Userra s : Serverma F i)
..................................... a4  rep({u, u2}, join):
Systems Synchronisation Types Receptiveness
Extentions (e.g. FM'23: generate requirements as
http://arcatools.org/feta ¢......... .

" PDL formulae and check compliance with mCRL2)
13/25


http://arcatools.org/feta

Model Check Team Automata




ter Beek, Cledou, Hennicker, and Proenca, Can we Communicate? Using Dynamic Logic to Verify Team Automata @ FM'23

S CA Sys ETA Com. Props.:
ICTAC'20: : _—> 2 Ty
A compose S=(A,)nenst:STS eta(S, st) C Its(S) Semantically
b Lo
€ c 2 Com. Props. Logically
e
FM'23: Process  sync: Parallel Processes Logic formula

e(A)  MultiActs  P=allow(sync,e(A1)] ... [le(An)) FmcrLz e(cpFrm)



ETA Specification

1 //Race example
2 CA runner (start)

3 (finish) = {
4

5 > 1 by start

6 > 2 by run

7 2 ==>0 by finish
8}

9 CA controller (finish)
) (start) = {
11 start 0

12 0 --> 1 by start

13 > 2 by finish

1
14 2 ==> 0 by finish

}
165 = (rlirunner, r2:runner,
17 c:controller)
18 STS = {
19 default = 1 to 1
20 start = 1 to 2
21}

Race example

ETA Examples
Simple Race  Chat

ETA diagram

fiish (¢}

{r2) finish e}

152} finish e}



https://github.com/arcalab/team-a

ETA Specification

//Race exanple

CA runner (start)
(finish) = {

start 0

1 by start

2 by run

0 by finish

CA controller (finish)
10 (start) = {
11 start

by finish

]
1 by start
2

o by finish

= (rl:runner, r2:runner,
c:controller)

to 1

Race example

ETA Examples
Simple Race Chat

ETA diagram

FM
Artifact

Evaluation

*

Available

CA

{r2) finish {c} runner

FM
Artifact

Evaluation
* *

[Reproducible)

controller
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C

Properties' Cl

Receptiveness:

[ (r1_finish|c_finish + r2_run + c_start|rl_start|r2_start + r2_finish|c_finish + rl_run)% 1(
((<c_start> true) => (<c_start|rl_start|r2_start> true)) &
((<r1_finish> true) => (<r1_finish|c_finish> true)) &
((<r2_finish> true) => (<r2_finish|c_finish> true))

Responsiveness:

[ (r1_finish|c_finish +
(<c_finish +
rl_start|r2_start> true)
=
(<r1_finish|c_finish +
c_start|rl_start|r2_start +
r2_finish|c_finish> true)

r2_run + c_start|rl_start|r2_start + r2_finish|c_finish + ri_run)x ](

Weak Receptiveness:

[ (r1_finish|c_finish + r2_run + c_start|rl_start|r2_start + r2_finish|c_finish + rl_run)% 1(
((<r1_finish> true) => (<(r2_run+r2_finish|c_finish)% . ri_finish|c_finish> true)) &&
((<r2_finish> true) => (<(ri_finish|c_finish+rl_run)* . r2_finish|c_finish> true)) &&
((<c_start> true) (<(r2_run+rl_run)* . c_start|rl_start|r2_start> true))

Weak Responsiveness:

[ (rl_finish|c_finish + r2_run + c_start|rl_start|r2_start + r2_finish|c_finish + ri_run)* 1(
(<c_finish +

rl_start|r2_start> true)

=

(<(r2_run+rl_run)* . ri_finish|c_finish +
c_start|rl_start|r2_start +
(r2_run+ri_run)x . r2_finish|c_finish> true)

View mCRL2 evidence £
Receptiveness: true

Responsiveness: false

{c} start {r1,r2}

0 finish £}

‘Weak Receptiveness: true

true
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mCRL2 full system:

act
rl_start,c_finish,r2_run,c_start,r2_finish,r2_start,rl_finish,rl_run;
proc

ri(s:Int) =

( c_start.c(1) );

c_start|r2_start,
c_start,
c_start|r2_start|rl_start,
r2_finish|r1_finish,
c_finish|r2_finish,
r2_finish,
r2_start,
ri_finish,
c_start|rl_start,
ril_run,
c_finish|r2_finish|ri_finish,
r2_run,
r2_start|ri_start,
c_finish|ri_finish},

ri(e) || r2(e) || c(@));

ri_finish.ri(e) ) +
ri_run.ri(2) ) +
ri_start.rl(1) );

r2_finish.r2(@) ) +
r2_run.r2(2) ) +
r2_start.r2(1) );

( c_finish.c(0) ) +
( c_finish.c(2) ) +

17/25
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System diagram 3
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Realisable Team Automata




How to check if a global model is realisable and, if it is, how to synthesise a realisation?
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M realised by S = (M;)iez?

Solutions typically impose syntactic restrictions on global types, using projections to obtain local models:

F. Barbanera, |. Lanese, and E. Tuosto, Formal Choreographic Languages @ COORDINATION'22

M. Hiittel et al., Foundations of Session Types and Behavioural Contracts. ACM Comput. Surv. 49 (2016)
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How to check if a global model is realisable and, if it is, how to synthesise a realisation?

M realised by S = (M;)iez?

Solutions typically impose syntactic restrictions on global types, using projections to obtain local models:

F. Barbanera, |. Lanese, and E. Tuosto, Formal Choreographic Languages @ COORDINATION'22

M. Hiittel et al., Foundations of Session Types and Behavioural Contracts. ACM Comput. Surv. 49 (2016)

®R(Mi)iez = Sp?
Alternatively, provide a specification in some logical formalism, and construct local models from scratch:

R. Hennicker, Role-Based Development of Dynamically Evolving Esembles @ WADT'18
19/25
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h ensassmsaRssAS
Spansgne MR i

_(/ M)and that ‘-------------'
interactions T lPick.Iocalisatlon style (rich/poor)
l Specify Construct a Regliss
requirements |global model
 Global Spec. - e M
_J that

Sp = (%, T, Ax)

Multi-interactions
rich (a la multi-party session types, choreography languages) i —j:m =
local output action ij!m for i and local input action ij?m for j
poor (a la component-based |/O development, loose coupling) i —j:m =

local output action !m for i and local input action ?m for j 20/25



R1 — Ctrl: finis 2 — Ctrl: finish

Ctrl — {R1,R2}:start
Recall: >( 0

1 — Ctrl: finish

R2 — Ctrl: M
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R1 — Ctrl: finis 2 — Ctrl: finish

Q Ctrl — {R1,R2}:start
> 0

Recall:
m-%&mzﬁﬁ~—<:> 1 — Ctrl: finish
Localisation Local Ctrl Local R1 Local R2
RlCt”7ﬁ"EE//—(:::) R2Ctrl7finish  cyrl {R1, R2} ?start Ctrl {R1, R2} 7start
. Ctrl {R1,R2} I'start
Rich i > >
R2 Ctrl ?ﬁn;h\@ R1 Ctrl ?finish R1 Ctrl!finish R2 Ctrl ! finish
?start ?start
?fini‘sh/@ ?finish star star
Poor H OO ONO,
>
Istart Ifinish Ifinish
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Group equivalent states

Build
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Build

_

Group equivalent states

equivalence

relations

M == (Ei)iel that

v

out —in:m

g=iq = 39— 0 g with i ¢ outUin

|. Castellani, M. Mukund, and P.S. Thiagarajan,
Synthesizing Distributed Transition Systems
from Global Specifications @ FSTTCS'99

such .‘ cooe
'RC(M,

Cssssmnmnn?

E)r/p:

N\

enabledness in “glue"” states

cf. our paper for details:
M.H. ter Beek, R. Hennicker, and J. Proenca,
Realisability of Global Models of Interaction @ ICTAC'23

22/25



Group equivalent states

Build
B
equivalence
relations — (= such ‘o~ :/;‘
M == (—/)IGI that '.R_(.:(./Yl.’._.). _"
g=iq = dq MM g’ with i ¢ out U in enabledness in “glue” states

|. Castellani, M. Mukund, and P.S. Thiagarajan, cf. our paper for details:
Synthesizing Distributed Transition Systems M.H. ter Beek, R. Hennicker, and J. Proenca,
from Global Specifications @ FSTTCS'99 Realisability of Global Models of Interaction @ ICTAC'23

Theorems 2/3
If RC(M,=)"/P holds, then M ~ @7P(M/=;)"P);ci

22/25



1. Realisations of global models with arbitrary multi-interactions supporting any kind

of synchronous communication between multiple senders and multiple receivers
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2. Correctness notion for realisation based on bisimulation rather than isomorhism, so

allowing to deal with non-determinism
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1. Realisations of global models with arbitrary multi-interactions supporting any kind

of synchronous communication between multiple senders and multiple receivers

2. Correctness notion for realisation based on bisimulation rather than isomorhism, so

allowing to deal with non-determinism

3. To construct realisations we consider, and analyse, two different localisation styles:

rich and poor local actions

4. A prototypical tool Ceta checks the realisability conditions and, if they are satisfied,
generates local quotients and hence realisations

https://github.com/arcalab/choreo/tree/ceta

https://lmf.di.uminho.pt/ceta
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Choreographic nded Team Automata

Choreography <  Sequence Diagram 3
1 // Race example
2 ( Ctrl R1 R2
3 (Ctr1->R1,R2: start);
4 (R1->Ctrl:finish || loop
5 R2->Ctrl:finish)
start
6 )% L =
start
A controller starts 2 runners at the same time, and pal
receives a finish message from each runner at a time. finish
Examples L 2 < fsh
Race (simple) = Race (R1-first) Race (once, simple)
Ctrl R1 R2

Toss Gossip (bad) Gossip (good) Cast-v1
Cast-v2  ab+cb+ca abjac ablac abjed ablcd
24/25
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LTS: Global S-Choreo 3 LTS (poor actions): Local Quotients (Component

Automata)
Ctrl R2
Ctrl->R1,R2:start , ’
Istart start Ifinish start Ifinish
R2->Ctrl:finish R1->Ctrl:finish

e:
(3

inish
R1->Ctrl:finish R2-: >Ctr| finish
\ finish

LTS (rich actions): Local Quotients (NOT Component Automata)

Ctrl R1 R2
/ Ctrl {R1,R2}?start R1 Ctrlifinish Ctrl {R1,R2}?start R2 Ctrlifinish

Ctrl {R1,R2}!5tart

l/ (|)'\§ R2 CtriZfinish R1 7?ﬂmsh

R1 Ctrl?finish R2 C%‘sh
(1)> /{3]
= N

24/25



1. Consider internal actions, using weak bisimulation equivalence for realisations
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1. Consider internal actions, using weak bisimulation equivalence for realisations

2. Consider communication properties, such as receptiveness and responsiveness

M.H. ter Beek, G. Cledou, R. Hennicker, and J. Proenca, Can we Communicate?

Using Dynamic Logic to Verify Team Automata @ FM'23

M.H. ter Beek, R. Hennicker, and J. Kleijn, Compositionality of Safe Communication

in Systems of Team Automata @ ICTAC'20
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. Consider internal actions, using weak bisimulation equivalence for realisations

2. Consider communication properties, such as receptiveness and responsiveness

M.H. ter Beek, G. Cledou, R. Hennicker, and J. Proenca, Can we Communicate?

Using Dynamic Logic to Verify Team Automata @ FM'23

M.H. ter Beek, R. Hennicker, and J. Kleijn, Compositionality of Safe Communication

in Systems of Team Automata @ ICTAC'20

3. Consider open global models (systems) and their composition

I

. Consider realisability conditions in the context of asynchronous communication
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