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History of Team Automata



A formalism for interacting component-based systems, whereby multiple sending and

receiving actions from concurrent automata can synchronise on certain executions
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A formalism for interacting component-based systems, whereby multiple sending and

receiving actions from concurrent automata can synchronise on certain executions

First proposed at the 1997 ACM SIGGROUP Conference on Supporting Group Work

for modelling components of groupware systems and their interconnections

Formally defined in Computer Supported Cooperative Work (CSCW) — The Journal
of Collaborative Computing, in terms of component automata that synchronise
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A formalism for interacting component-based systems, whereby multiple sending and

receiving actions from concurrent automata can synchronise on certain executions

First proposed at the 1997 ACM SIGGROUP Conference on Supporting Group Work
for modelling components of groupware systems and their interconnections

Formally defined in Computer Supported Cooperative Work (CSCW) — The Journal
of Collaborative Computing, in terms of component automata that synchronise

Inspired by Input/Output (I/O) automata, inheriting the distinction between internal
and external (input and output) actions used for communication with the environment

Technically, an extension of |/O automata, imposing hardly any restrictions on the role
of actions in components and composition is not limited to the synchronous product
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Team Automata

Reo via Port Automata

BIP

Contract Automata

Choreography Automata

Multi-Party Session Types
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Team Automata: not all system transitions are meaningful!

?start run1 ?start ”“‘2 ?finish/@ ?finish
Ifinish < ) Ifinish ( ) _>< > Istart

Runner ‘Runner, Controller

Team Automata
[CSCW'01'03] [FM'03,'21,'23] [TCS'12'13]
[COORDINATION'17,"20] [ICTAC'20,'23]
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Team Automata: not all system transitions are meaningful!
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Extended Team Automata: Constrained Multiparty Synchronisations

?start @\runl ?start @\rung ?finish/@ ?finish
> >
Ifinish ( : > Ifinish ( : > _’< : > Istart

Runner ‘Runner, Controller

Extended TA synchronisations:
[CSCW'01'03] [FM'03,'21,'23] [TCS'12'13]
[COORDINATION'17,20] [ICTAC'20,'23]
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Extended Team Automata: Constrained Multiparty Synchronisations

?start @\runl ?start @\rung ?finish/@ ?finish
> >
Ifinish ( : > Ifinish ( : > _’< : > Istart

Runner ‘Runner, Controller
Extended TA synchronisations: multiparty
[CSCW'01'03] [FM’03,'21,'23] [TCS'12'13] Ctr — {R1, R2}: start

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

?start @\runl ?start @\rung ?finish/@ ?finish
> >
Ifinish ( : > Ifinish ( : > _’< : > Istart

Runner ‘Runner, Controller
Extended TA synchronisations: multiparty constrained
[CSCW'01'03] [FM'03,21,23] [TCS'12'13] Ctr — {R1,R2}: start  start: 1 — 2
[COORDINATION'17,"20] [ICTAC'20, 23] finish: 1 — 1
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Extended Team Automata and
other Coordination Models



Overview on Constrained Multiparty Synchronisation in Team Automata

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

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

Runners with orchestrators
- Reo
- BIP

|$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)
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Overview on Constrained Multiparty Synchronisation in Team Automata

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

Runners with orchestrators Runners with choreographies
- Reo - Choreography Automata

- BIP - Multiparty Session Types

|95.—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 I_) reography Automata @ COORDINATION'20

connectors: structuring interaction in BIP. S. Ghil A »
. . ezan, S. Jaksi¢, J. Pantovi¢, A. Scalas,
IEEE Transactions on Computers 57 (2008) and N. Yoshida, Precise subtyping for synchro- 8/29

nous multiparty sessions. JLAMP 104 (2019)



Overview on Constrained Multiparty Synchronisation in Team Automata

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

Runners with orchestrators Runners with choreographies ...with both
- Reo - Choreography Automata - Contract
- BIP - Multiparty Session Types Automata

|95.—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 I_> reography Automata @ COORDINATION'20

connectors: structuring interaction in BIP. S. Ghilezan. S. Jaksi¢. J. Pantovi¢. A. Scalas

IEEE Transactions on Computers 57 (2008) and N. Yoshida, Precise subtyping for synchro- 8/29

nous multiparty sessions. JLAMP 104 (2019)



In the paper we discuss for each formalism (1) the definition, means of (2) composition

(via synchronisation), (3) a model of the Race example, (4) a brief relation with team
automata, and (5) tool support
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In the paper we discuss for each formalism (1) the definition, means of (2) composition

(via synchronisation), (3) a model of the Race example, (4) a brief relation with team

automata, and (5) tool support

Istart Istart @\:un Tstart @\:un
>
?finish\@ ?finish Ifinish Ifinish
R2 — Ctrl: finish L RO
/ 12,1 R1 — Ctrl: finish @’_\ o
Ctrl — {R1,R2} : start R1l:run— R2:run e .’ ’
>(0,0,0 { } :1,1,1) .27 R1 — Ctrl: finish

. . R2 — Ctrl: finish
Q:J 1:run 2.2.0
1,1,2 — 2,1,0
R2 — Ctrl: finish R1:run

R1 — Ctrl: finish
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—

Focus on connectors (not on components)

Connectors built compositionally

Components should be flexible/compatible

{finisth,|,finishR finishcm,finishRg}

startcyy, startry, startro

{finishcm,finM

inishcm, finisth}

(semantics as a port automaton, after hiding internal ports shared among sub-connectors)
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Crl startcen

>

finishc:@finisha,

startr; [ R1 S

finishry
sterted finish
— R1
finishcg,

startr, [ R2 S

finishR2

finishRQ

N = {Ctrl,R1,R2}
BP = ({Bct, Br1, Br2} 5 1)

{startcun, startgry, startga } ,
i = {ﬁnishcm, finisth} y
{ﬁnishcm, finiShRg}

(individual components labelled by actions, restricted to the interactions allowed by /)

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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Istart @\l!‘start Tstart Pstart
OGO Gi/@ M
\@ inish

?finish Ifinish Ifinish

(Committed states: whenever the intermediate state of two concatenated transitions is
committed, the two transitions are executed atomically)

[?fin, —, Ifin]

m‘ 2
73;;;2%7*

N o

=) (220) (=9
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CtrI —R1:stagt/ , \Ctrl > R2:start R1— Ctrl: fini O R2 — Ctrl: finish ]

CtrI — R2:start Ctrl—> R1:start R2— Ctrl: flnlsh R1 — Ctrl : finish ]

(without internal run actions)

» Similar to contract automata
= Several results over the language of CA

= Realising = Projecting the language of CA
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G = Ctrl = R1 : start.Ctrl = R2 : {

start;.(R1 — Ctrl : finish.R2 — Ctrl : finish.G),
starty.(R2 — Ctrl : finish.R1 — Ctrl : finish.G)

S = Ctrl > Lty || R1 > Lgr1 || R2 > Lgro
Lcinn = Rllstart.R2! {startl.(Rl?finish.R2?finish.ECt,|), startg.(R2?finish.Rl?finish.[,(;t,|)}
Lr1 = Ctrl?start.Ctrl!finish.Lgrq

Lro = CtrI?{start;.Ctrl!finish.Lgry , startp.Ctrl!finish.Lro}

(using only binary synchronisation and
using distinct start; and start, to differentiate the choice in the branch)

= Use projections for realisation

= Often impose syntactic restrictions on global types 14/29



Recent Results




Featured Team Automata




FM'21:

ICTAC'20:

Online prototype:

[&] confirm?

Featured
Systems

(8] joinl ] confirm? (8] join?

Featured

Synchronisation Types

Fst({'], feave) = ([1, 4], [1,1])

T

stljoin) = ([1,4].[1,1])
stfleave) = ([1,+],[1,1])

—
fst({w'} join) = ([L,#],[1,1])

[T] leavel (@] canfirm!
uz : User s : Berver
J’ﬂ"
Join?
Q=0
-
leave! leave?
un : Userma 5 Berverma
Systems

http://arcatools.org/feta

—=—

{diagram commutes)

Synchronisation Types

Featured
Teams

fm =@

‘o venthun} o)
] repl{uz}  join}
L] rep({in, w). jain

0 ) oo, {3}

) {un}soin, (3} )
B EERK-

uci

{en}, join, {s}

s rep({un},join)
L rep({ua} foin)

-+ rep({u, e}, oin).

Featured

Receptiveness

featurad

- AAAAAAAS (weakly)

C AAAAAAAD

receptive

Main
Thearem

(weakly)
receptive

Receptiveness
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= Specify
= Generate*
= Visualise

= Statistics

*SAT solver to solve fm

KE Oniine Toasfo Foatured Exter X
O & arcatools.orglassets/feta htmionlinefeta (A3 [

FETA  Development

Back to ArcaTools
FETA Specification ) FETA o

P — s | an
e i Onin o) = € saliifama, | whEne ¢

e ke ) /'

50— ibyjoinifs
41— 2 by confira if 5 )
50— 2byjoinifo

62— 0 by leave

¥ ) e, )

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

16— 1y doin if s

21— 0 by confira if 5

150 — oy doin if o

18— 0 by leave

15}

1 -)\

27 F5 = (u1ouser, uz-puser, s-yserver)
8

g oo )

Soresnes wqelifbae | oz
oo /o 1 10 13
i R e

server

e[ e
S ]
b
. !

tHeave) = 1:>1 [2J
ftohoave) « 1.1

Copyigh 2017-2021 - ARCA &b pt


http://arcatools.org/feta

Model Check Team Automata




Safe communication: receptiveness (no message loss) & responsiveness (no indefinite waiting)

CA Sys ETA Com. Props.:

e A compose S=(A,)nenst:STS eta(S,st) C Its(S) Semantically
_______________________________________________________________________________________________________________ o
€ € £ Com. Props. Logically -
.
FM'23: Process  sync: Parallel Processes - Logic formula
- e(A)  MultiActs  P=allow(sync, (A1) - .. |le(An)) meRL2 e(cpFrm)
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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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https://github.com/arcalab/team-a

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

19/29


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

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) ) +

20/29
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F. Barbanera, |. Lanese, and E. Tuosto, Formal Choreographic Languages @ COORDINATION'22
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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
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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 23/29



Ctrl — {R]_, R2} :start , R2 — Ctrl :fin‘ish/@ R1 — Ctrl: finish
Ctrl — {RI,R2} : start .

rRace = R1 — Ctrl . flnlSh

)
R2 — Ctrl : finish R14>CUIﬁ;;T\~_<::> R2 — Ctrl: finish
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Ctrl — {R1, R2} : start,

R2 - Ctrl :fin‘ish/@
Ctrl — {R1,R2} : start

R1 — Ctrl : finish

[Race = { R1— Ctrl: finish , >( 0 1
R2 — Ctrl : finish RlaCtrI:firEsh\@ R2 — Ctrl: finish

Localisation Local Ctrl Local R1 Local R2

R1 th'?ﬁ"iih/@ R2Ctrl?7finish — cyrl {R1, R2} ?start Ctrl {R1, R2} 7start

. Ctrl {R1,R2} I'start
R2 Ctrl ?fin;h\® R1 Ctrl ?finish R1 Ctrl!finish R2 Ctrl! finish
? ?
?finifh/@ Pinish ?start ?start
>
Istart Ifinish Ifinish
24/29




Group equivalent states

Build
_—>
equivalence
SUCh 4N EEEEEENN NN

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

Cssssmnmnn?
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Build Group equivalent states
_—>
equivalence
relations o such == -~==~ - : -
M == (Si)ier e ..RC(M, =) /p’l
g=i ¢ = 3¢ 270\ g’ with i ¢ out Uin enabledness in “glue” states

I. 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 Group equivalent states
_
equivalence
i Such ¢=mmmmmmmm
relations — (= "RC(M.=)"/P 1
= = \=j)/ — ]
M (Eier gy *REM 2T,
out —in: o o q . “ "
g=iq = 3q " ¢’ with i ¢ out Uiin enabledness in “glue” states
I. 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)ici
25/29



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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https://lmf.di.uminho.pt/ceta

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
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https://lmf.di.uminho.pt/ceta

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
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1. Consider final states to distinguish possible from required communication in case
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Communication properties:

1. Consider final states to distinguish possible from required communication in case
of (local) enabledness of actions (where execution can stop but may also continue,
in addition to states where progress is required)

Realisability:

1. Consider internal actions, using weak bisimulation equivalence for realisations
2. Consider open global models (systems) and their composition

3. Consider realisability conditions in the context of asynchronous communication

Team automata with asynchronous communication?
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Global model M does not satisfy RC(M, =), but S={M,, My, M,} does realise M:

global M local M, local Mq Local M, ta(S st)
{p, q}—)(Z) a \ {p, Q}—”D
q r}—0:a {q V}HV)
{p r}—0:a {p r}%(D a

@/ @@@...
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