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Extended Team Automata and
other Coordination Models



Team Automata

Team Automata: not all system transitions are meaningful!
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Team Automata

Extended Team Automata: Constrained Multiparty Synchronisations
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Overview on Constrained Multiparty Synchronisation in Team Automata

and other coordination models: J. Proença @ FACS’23
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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.
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Orchestrators: Reo

Ctrl
R1

R2

strC

finC

finR1

strR1

finR2

strR2

• Focus on connectors (not on components)
• Connectors built compositionally
• Components should be flexible/compatible

[ ]
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[ ]
▷◁[ ]
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0
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1
{strC, strR1, strR2}

DstrC = DstrR1 = DstrR2

{finC, finR1}
DfinC = DfinR1

{finC, finR2}
DfinC = DfinR2
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{finC, finR1}
DfinC = DfinR1

(Semantics with Constraint Automata)
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Orchestrators: BIP
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• components expose ports
• interactions restrict which

ports can fire
• constructors using unicast ( )

and broadcast (▲) can be
used to restrict interactions

• dataflow can be added
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Choreographies: Choreography Automata
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Ctrl → {R1, R2}: start

R1 → Ctrl: finishR2 → Ctrl: finish

R2 → Ctrl: finishR1 → Ctrl: finish • Many results over the language of CA
• Projections of the language of CA
• Contract automata are similar
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0, 0, 0

2, 1, 2
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(Composed Team Automaton)
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Choreographies: Multiparty Session Types

λX · Ctrl → {R1, R2} :
{

start.
(

R1 → Ctrl : finish.

R2 → Ctrl : finish.X

)
, start.

(
R2 → Ctrl : finish.

R1 → Ctrl : finish.X

)}

R1 ▷ λX ·
(

Ctrl?start .

Ctrl!finish . X

)
Ctrl ▷ λX ·

(
· · ·
)

R2 ▷ λX ·
(

Ctrl?start .

Ctrl!finish . X

)

Process R1 Process R2 Process Ctr

G

L

8/25



Featured Team Automata



Safe Communication

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

0 2
join!

leave!

0 2
join!

leave!

0

join?

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
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Family-based Approach

Featured Team Automata (fETA): ter Beek, Cledou, Hennicker & Proença, Featured Team Automata @ FM’21

• Families (sets) of Team Automata model as a Software Product Line

• Single model parametrised by features (e.g.: µ, b), and a feature model (µ ⊕ b)

0 2

1[µ] join!

[b] join!

[µ] confirm?

[⊤] leave!

0 2

1[µ] join!

[b] join!

[µ] confirm?

[⊤] leave!

fm = µ ⊕ b

0 1[b] join? [⊤] leave?

[µ] join?

[µ] confirm!

Goal: family-based analysis of safe communication
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Recall: ETA

0 2

1[µ] join!

[b] join!

[µ] confirm?

[⊤] leave!
u1 : User

0 2
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s : Serverπb

0, 0, 0 2, 0, 0· · · · · ·

[γ1 ] {}, join, {s}

[γ2 ] {u1}, join, {s}

fm = µ ⊕ b

[γ3 ] rcp({u1} , join)
[γ4 ] rcp({u2} , join)
[γ5 ] rcp({u1, u2}, join)

0, 0, 0

0, 0, 0

2, 0, 0· · · · · ·
{u1}, join, {s}

rcp({u1} , join)
rcp({u2} , join)
rcp({u1, u2}, join)

featured
(weakly)
receptive

(weakly)
receptive

Main
Theorem

fst({b}, join) = ([1, ∗], [1, 1])
fst({b}, leave) = ([1, ∗], [1, 1])
. . .

−→ = −→
(diagram commutes)

ICTAC’20:

FM’21:

st(join) = ([1, ∗], [1, 1])
st(leave) = ([1, ∗], [1, 1])
. . .

πb

πbπb

Featured
Systems

Systems

Featured
Teams

Teams

Featured
Receptiveness

Receptiveness

Featured
Synchronisation Types

Synchronisation Types

(0, 0, 0) ({u1 }, join,{s})−−−−−−−−−→ (2, 0, 0)(0, 0, 0) ({u1,u2}, join,{s})−−−−−−−−−−−→ (2, 2, 0)(0, 0, 0) ({}, join,{s})−−−−−−−→ (0, 0, 0)
might not be desirable
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Future and Ongoing Work
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Model Check Team Automata



Contributions

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

CA
A

Sys
S=(An)n∈N

ETA
eta(S, st) ⊆ lts(S)

Com. Props.:
Semantically

Process
ε(A)

Parallel Processes
P=allow(sync, ε(A1)∥ . . . ∥ε(An))

Logic formula
ε(cpFrm)|=mCRL2

Com. Props. Logically

compose st:STS

sync:
MultiActs

ε εε

Thm. 1,2

ε

FM’23:

ICTAC’20:
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Online Prototype: https://github.com/arcalab/team-a

Available

FM
Evaluation
Artifact

FM
Evaluation
Artifact

Reproducible
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Realisable Team Automata



Challenge

How to check if a global model is realisable and, if it is, how to synthesise a realisation?

M realised by S = (Mi)i∈I ?

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

F. Barbanera, I. Lanese, and E. Tuosto, Formal Choreographic Languages @ COORDINATION’22

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

⊗(Mi)i∈I |= 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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Contributions

System Signature
Σ = (I, M) and
interactions Γ

Global Spec.

Sp = (Σ, Γ, Ax)

Global Model
M

Interaction-based
System

S = (Mr/p
i )i∈I

M |= Ax

⊗r/p
Γ (Mr/p

i )i∈I ∼ M

Specify
requirements

Pick localisation style (rich/poor)
RealiseConstruct a

global model

such

that

such

that

Multi-interactions
rich (à la multi-party session types, choreography languages) i → j : m ⇒

local output action i j !m for i and local input action i j ?m for j
poor (à la component-based I/O development, loose coupling) i → j : m ⇒

local output action !m for i and local input action ?m for j
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Example

Recall: 0

3

2

1
Ctrl → {R1, R2}: start

R1 → Ctrl: finishR2 → Ctrl: finish

R2 → Ctrl: finishR1 → Ctrl: finish

Localisation Local Ctrl Local R1 Local R2

Rich 0

2

3

1Ctrl {R1, R2} ! start
R2 Ctrl?finish

R1 Ctrl?finish

R1 Ctrl?finish

R2 Ctrl?finish

0 1

Ctrl {R1, R2}?start

R1 Ctrl !finish

0 1

Ctrl {R1, R2}?start

R2 Ctrl !finish

Poor
0

2

1!start

?finish?finish
0 1

?start

!finish

0 1

?start

!finish

21/25



Example

Recall: 0

3

2

1
Ctrl → {R1, R2}: start

R1 → Ctrl: finishR2 → Ctrl: finish

R2 → Ctrl: finishR1 → Ctrl: finish

Localisation Local Ctrl Local R1 Local R2

Rich 0

2

3

1Ctrl {R1, R2} ! start
R2 Ctrl?finish

R1 Ctrl?finish

R1 Ctrl?finish

R2 Ctrl?finish

0 1

Ctrl {R1, R2}?start

R1 Ctrl !finish

0 1

Ctrl {R1, R2}?start

R2 Ctrl !finish

Poor
0

2

1!start

?finish?finish
0 1

?start

!finish

0 1

?start

!finish
21/25



Check Realisability and System Synthesis

Global
Model

M

I-Equivalences

≡ = (≡i)i∈I RC(M, ≡)r/psuch
that

Interaction-based
System

S = (M/≡i)r/p
i∈I

Build
equivalence

relations

Group equivalent states

↙ ↘
q ≡i q′ ⇒ ∃ q out → in : m−−−−−−−→M q′ with i /∈ out ∪ in 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. Proença,
from Global Specifications @ FSTTCS’99 Realisability of Global Models of Interaction @ ICTAC’23

Theorems 2/3
If RC(M, ≡)r/p holds, then M ∼ ⊗r/p

Γ ((M/≡i)r/p)i∈I

22/25



Check Realisability and System Synthesis

Global
Model

M

I-Equivalences

≡ = (≡i)i∈I RC(M, ≡)r/psuch
that

Interaction-based
System

S = (M/≡i)r/p
i∈I

Build
equivalence

relations

Group equivalent states

↙ ↘
q ≡i q′ ⇒ ∃ q out → in : m−−−−−−−→M q′ with i /∈ out ∪ in 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. Proença,
from Global Specifications @ FSTTCS’99 Realisability of Global Models of Interaction @ ICTAC’23

Theorems 2/3
If RC(M, ≡)r/p holds, then M ∼ ⊗r/p

Γ ((M/≡i)r/p)i∈I

22/25



Check Realisability and System Synthesis

Global
Model

M

I-Equivalences

≡ = (≡i)i∈I RC(M, ≡)r/psuch
that

Interaction-based
System

S = (M/≡i)r/p
i∈I

Build
equivalence

relations

Group equivalent states

↙ ↘
q ≡i q′ ⇒ ∃ q out → in : m−−−−−−−→M q′ with i /∈ out ∪ in 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. Proença,
from Global Specifications @ FSTTCS’99 Realisability of Global Models of Interaction @ ICTAC’23

Theorems 2/3
If RC(M, ≡)r/p holds, then M ∼ ⊗r/p

Γ ((M/≡i)r/p)i∈I

22/25



Novelty

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

23/25
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Online Prototype: https://lmf.di.uminho.pt/ceta
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Future Work

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. Proença, 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

4. Consider realisability conditions in the context of asynchronous communication

25/25
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Thanks also to the other team members of the work presented here:

And consider submitting your work to FM’24:

– Submission: April 12th

– Conference: September 9th–13th

– Co-located: FMICS, TAP, LOPSTR/PPDP
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