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Team Automata: not all system transitions are meaningful!

start? f uny start? ’ unz ﬁnish?v/@ finish?
>
finish! < > finish! < : . start!

Runner ‘Runner, Controller

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

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

Runner ‘Runner, Controller

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

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

Runner ‘Runner, Controller
Team Automata synchronisations: multiparty
[CSCW'01'03] [FM'03,'21,'23] [TCS'12] Ctr — {R1, R2}: start

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

start? @\f uny start? @\’ unz ﬁnish?v/@ finish?
> = - >
finish! finish! start!

Runner ‘Runner, Controller
Team Automata 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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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 Computers57 (2008)

J. Proenca @ FACS'23
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Runners with orchestrators Runners with choreographies

- Reo - Choreographic Automata (CA)

- BIP - Multiparty Session Types (MPST)

|—)S.-S.T.Q.Jongmans and F. Arbab, Overview I—)F. Barbanera, |. Lanese, and E. Tuosto, Cho-
of thirty semantic formalisms for Reo. Scien- reography Automata @ COORDINATION'20
tific Annals of Computer Science 22 (2012) S. Ghilezan, S. Jakgi¢, J. Pantovi¢, A. Scalas,
S. Bliudze and J. Sifakis, The algebra of and N. Yoshida, Precise subtyping for synchro-
connectors: structuring interaction in BIP. nous multiparty sessions. Journal of Logical and
IEEE Transactions on Computers57 (2008) Algebraic Methods in Programming 104 (2019)
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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 Realisability
- Reo - Choreographic Automata (CA) - challenge

- BIP - Multiparty Session Types (MPST) - solution
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= 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)

5/16



E

>

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

6/16



R1 — Ctrl: finish 2 — Ctrl: finish

= Many results over the language of CA

Q Ctrl — {R1,R2}: start
>( 0

» Projections of the language of CA
R1 — Ctrl: finish

R2 — Ctrl: M

s s
flnlsh./@ finish? {R1} finish {Ctrl «%finish {Ctrl}
*‘W _). {Ctrl} start {R1,R2} 111

start? @\:un start? @\su" {R2} finish “T{} finish {Ctrl}
*‘W@ *fw@ (Composed Team Automaton)

7/16



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

PN

Ctrl?start .. Ctrl?start . ..
R B ov e (Ctrl!finish.X) 2 B ovt - (Ctrl!finish.X) Gl B 0L« ( )

AX - Ctrl— {R1,R2} : {start.(

R1 —s Ctrl : finish. (R2—>Ctrl finish. >}

Procéss R1 Procéss R2 Procéss Ctr
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Realisability of 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:
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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)

®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
9/16



h pmemmmms s s
_ (Global Madel =<t =y A

_(/ M)and that ‘-------------'
interactions T lPlck.Iocallsatlon style (rich/poor)
l Specify Construct a Regliss
requirements | global model
EEEEER e M
_J that

Sp = (%, T, Ax)
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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 10/16



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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Build

_

eqUivaIence -
Such 4N EEEEEENN NN

I . o _ [ | =\’ 3
relations — (=i)iel ot ! RC(M, :) /P,

I T E R R LR

Group equivalent states
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Build Group equivalent states
_
equivalence
relations - (= such I‘R-é A — :/;‘
M ==&t gy REM P
g=iq = 3¢ 22" ¢ with i ¢ outUin 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
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Build

R ——
equivalence

Group equivalent states

Sych #==mmmmmmm

relations — _(— . "RC —\r/p"
M ==&t gy REM P
g=iq = Jq 222N g with i ¢ outUin 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 ~ ®P((M/=])"P)ic/ s



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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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 par
receives a finish message from each runner at a time. finish
Examples L 2 < firgeh
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
14/16



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

14/16
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global interaction models, i.e. the decomposition into sets of (possibly distributed)
components with synchronous communication
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) A rigorous discipline for developing interaction-based systems by the realisation of
global interaction models, i.e. the decomposition into sets of (possibly distributed)
components with synchronous communication

) Our results can be instantiated by different concrete coordination formalisms, e.g.,
our generic interaction sets can represent synchronisation type specifications used
in the framework of (extended) team automata as well as interactions used in BIP

¢ Building local quotients differs from projections used for multi-party session types,
since projections are partial operations depending on syntactic conditions, whereas
we assume no restrictions on the form of global models

L) However, these syntactic restrictions used for global types guarantee some kind of

communication properties of a resulting system which we do not consider

15/16
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. Consider internal actions, using weak bisimulation equivalence for realisations

. 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

. Consider open global models (systems) and their composition

. Consider realisability conditions in the context of asynchronous communication
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