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Teams in Grammar Systems: 
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Maurice H. ter BEEK f 

Abstract 

Some new ideas in the theory of teams in grammar systems axe introduced 

and studied. Traditionally, a team is formed from a finite number of sets of 

productions and in every derivation step, one production from each compo-

nent is used to rewrite a symbol of the sentential form. Hence rewriting is 

done in parallel. Several derivation modes are considered, varying from using 

a team exactly one time to using it a maximal amount of times. Here, the 

possibility of different teams having different modes of derivation is defined, 

as is a weaker restriction on the application of a team. The generative power 

of such mechanisms is investigated. 

1 Introduction 
In [4], cooperating distributed grammar systems (CD grammar sytems for short) 

were introduced to formalize a link, recognized in [6], between the so-called multi-
agent systems theory in Artificial Intelligence and the theory of formal languages. 

Since then these systems have been studied intensively and this has already resulted 

in the monograph [5], which contains an exhaustive survey of the state of the art 

in the so-called theory of grammar systems until ca. 1992. 

By now, many well-motivated enhancements have been introduced, resulting in 

hybrid CD grammar systems (allowing the grammars to have different capabilities, 

[22]) and team CD grammar systems (grouping the grammars in teams and rewrite 

in parallel, [20]), to name but a few. 

Here hybrid (prescribed) team CD grammar systems are defined, thus allow-

ing work to be done in teams while at the same time assuming these teams to 

have different capabilities. Two basically different versions can be defined. One 

can consider a hybrid CD grammar system and automatically form teams of its 

components according to some strategy or one can consider a CD grammar system 
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Ab s t r a c t .  Th e  s tudy of te a ms  in g ra m m a r s ys te ms  s o fa r ha s  e volve d 
a round  te a m s  be ing  fo rme d  fro m  a  finite  n u m b e r of s e ts  of context-free  
produc tions . He re , the  ge ne ra tive  powe r of te a ms  in g ra m m a r s ys te m s  
cons is ting  of re gula r, line a r a nd  me ta line a r s e ts  of p roduc tions  is  inve s ti- 
ga te d . 

For the s e  s ub-conte xt-fre e  ca s e s  the  fo rming  of te a m s  s tric tly incre a s e s  th e  
ge ne ra tive  powe r of the  unde rlying  g ra m m a r s ys te ms  in m a n y ca s e s . 

1 . In tro d u c tio n  

Wh e n  a n  a ge nt is  una b le  to  ta ckle  a  comple x p rob le m, due  to  limite d  ca pa bilitie s , 
it s e e ms  n a tu ra l to  try to  ta ckle  the  p rob le m by more  th a n  one  a ge nt. Th is  re s u lts  in  
wha t th e y ca ll in Artificial Inte lligence  (AI) a  multi-agent s ys te m . An e xa m p le  of the  
ide a  of multi-a ge n t s ys te ms  in Dis tributed A I a re  is  the  s o-ca lle d blackboard model of 
problem solving. 

This  mode l s ta rts  with  a  give n p rob le m s pe cifie d on  the  b la ckboa rd . S e ve ra l 
knowle dge  s ource s  con tribu te ,  re gu la te d  b y a  ce rta in  s tra te gy, to  s olving th e  p ro b le m  
b y cha nging the  curre n t s ta te  of the  b la ckboa rd . During  the  p ro b le m  s olving, th e  on ly 
wa y in which the s e  knowle dge  s ource s  ca n  communica te  with  e a ch o the r is  by us ing  
th e  b la ckboa rd . Fina lly, in the  ca s e  of s ucce s s ful coope ra tion , the  s olution a p p e a rs  on  
the  b la ckboa rd . 

Th e  link be twe e n  th is  b la ckboa rd  mode l of p rob le m s olving a nd  fo rma l la ngua ge s  
wa s  e s ta b lis he d  in [5]. Th e  knowle dge  s ource s  corre s pond to  g ra m m a rs ,  cha nging 
th e  cu rre n t s ta te  of the  b la ckboa rd  corre s ponds  to  re writing  the  s e n te n tia l fo rm, the  
s tra te g y is  re gu la te d  by s o-ca lle d de riva tion  mode s  a nd  the  s olution is  re p re s e n te d  by a  
te rmina l word. In  [3], cooperating dis tributed gram m ar s ys te m s , CD g ra m m a rs  s ys te ms  
for s hort,  ha ve  be e n  in troduce d  a s  a  fo rma l re a lis a tion of th is  link. The s e  s ys te ms  ha ve  
be e n  inve s tiga te d  inte ns ive ly. More ove r, the y ha ve  in itia te d  th e  de ve lopme nt of the  
th e o ry of g ra m m a r s ys te ms . This  the ory ha s  a lre a dy re s u lte d  in  the  m o n o g ra p h  [4], 
which conta ins  a n  e xha us tive  s u rve y of the  s ta te  of the  a rt in the  a re a  un til ca . 1992. 

Alre a dy, s e ve ra l we ll-motiva te d  e nha nce me nts  of the s e  CD g ra m m a r s ys te ms  ha ve  
be e n  in troduce d , s uch a s  hybrid CD g ra m m a r s ys te ms  ([15]), te am  CD g ra m m a r s ys - 
te m s  ([13]) a nd, mos t re ce ntly, hybrid te am  CD g ra m m a r s ys te ms  ([2]). In  h yb rid  CD 
g ra m m a r s ys te ms , a  more  re a lis tic  a pproa ch  to  coope ra tion  is  cons ide re d, by a s s um- 
ing the  g ra m m a rs  to  ha ve  diffe re nt ca pa bilitie s . In  te a xn CD g ra m m a r s ys te ms  the  
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it s e e ms  n a tu ra l to  try to  ta ckle  the  p rob le m by more  th a n  one  a ge nt. Th is  re s u lts  in  
wha t th e y ca ll in Artificial Inte lligence  (AI) a  multi-agent s ys te m . An e xa m p le  of the  
ide a  of multi-a ge n t s ys te ms  in Dis tributed A I a re  is  the  s o-ca lle d blackboard model of 
problem solving. 

This  mode l s ta rts  with  a  give n p rob le m s pe cifie d on  the  b la ckboa rd . S e ve ra l 
knowle dge  s ource s  con tribu te ,  re gu la te d  b y a  ce rta in  s tra te gy, to  s olving th e  p ro b le m  
b y cha nging the  curre n t s ta te  of the  b la ckboa rd . During  the  p ro b le m  s olving, th e  on ly 
wa y in which the s e  knowle dge  s ource s  ca n  communica te  with  e a ch  o the r is  by us ing  
th e  b la ckboa rd . Fina lly, in the  ca s e  of s ucce s s ful coope ra tion , the  s olution a p p e a rs  on  
the  b la ckboa rd . 

Th e  link be twe e n  th is  b la ckboa rd  mode l of p rob le m s olving a nd  fo rma l la ngua ge s  
wa s  e s ta b lis he d  in [5]. Th e  knowle dge  s ource s  corre s pond to  g ra m m a rs ,  cha nging 
th e  cu rre n t s ta te  of the  b la ckboa rd  corre s ponds  to  re writing  the  s e n te n tia l fo rm, the  
s tra te g y is  re gu la te d  by s o-ca lle d de riva tion  mode s  a nd  the  s olution is  re p re s e n te d  by a  
te rmina l word. In  [3], cooperating dis tributed gram m ar s ys te m s , CD g ra m m a rs  s ys te ms  
for s hort,  ha ve  be e n  in troduce d  a s  a  fo rma l re a lis a tion of th is  link. The s e  s ys te ms  ha ve  
be e n  inve s tiga te d  inte ns ive ly. More ove r, the y ha ve  in itia te d  th e  de ve lopme nt of the  
th e o ry of g ra m m a r s ys te ms . This  the ory ha s  a lre a dy re s u lte d  in  the  m o n o g ra p h  [4], 
which conta ins  a n  e xha us tive  s u rve y of the  s ta te  of the  a rt in the  a re a  un til ca . 1992. 

Alre a dy, s e ve ra l we ll-motiva te d  e nha nce me nts  of the s e  CD g ra m m a r s ys te ms  ha ve  
be e n  in troduce d , s uch a s  hybrid CD g ra m m a r s ys te ms  ([15]), te am  CD g ra m m a r s ys - 
te m s  ([13]) a nd, mos t re ce ntly, hybrid te am  CD g ra m m a r s ys te ms  ([2]). In  h yb rid  CD 
g ra m m a r s ys te ms , a  more  re a lis tic  a pproa ch  to  coope ra tion  is  cons ide re d, by a s s um- 
ing the  g ra m m a rs  to  ha ve  diffe re nt ca pa bilitie s . In  te a xn CD g ra m m a r s ys te ms  the  

1This  research was supported by a  schola rship from the  Hungarian Minis try of Culture  and 
Educa tion. Moreover, the  facilities  provided by the  Department of Genera l Computer Science  of the  
EStvSs Lors  Univers ity and in particula r by the  Computer and Automation Research Ins titute  of 
the  Hungarian Academy of Sciences were  essentia l. 
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Report of my ERCIM fellowship at the Computer

and Automation Research Institute of the

Hungarian Academy of Sciences

Maurice H. ter Beek

September 2003

The ERCIM fellowship has allowed me to work in the Computer and Au-
tomation Research Institute of the Hungarian Academy of Sciences (MTA-
SZTAKI) from 11 March 2002 until 11 December 2002. Throughout this period I
was a member of the Research Group on Modelling Multi-Agent Systems (MMS)
which is headed by dr. Erzsébet Csuhaj-Varjú. I have closely collaborated with
both her and dr. György Vaszil, another member of this group. Furthermore,
I have worked with several of the many guests visiting this group during these
nine months, viz. dr. Markus Holzer and dr. Victor Mitrana.

1 Scientific Activity

I have continued my research on the development and use of formal models
and methods to aid in the design and verification of complex computer systems
with many interacting components, such as distributed and groupware systems.
As such I have profited deeply from the knowledge that the MMS group has
on cooperative and distributed models, both from an architectural as from a
language-theoretic point of view. This has resulted in four technical reports,
one of which has recently been presented at a conference and is about to be
published.

2 List and Abstracts of Papers Written

1. M.H. ter Beek, E. Csuhaj-Varjú, and V. Mitrana, Teams of Pushdown
Automata. To appear in Proceedings of the 5th International Conference
on Perspectives of System Informatics (PSI’03), Novosibirsk, Akadem-
gorodok, Russia (A. Zamulin and M. Broy, eds.), Lecture Notes in Com-
puter Science, Springer-Verlag, Berlin, 2003. (extended abstract)

We introduce team pushdown automata as a theoretical framework
capable of modelling various communication and cooperation strate-
gies in complex, distributed systems. Team pushdown automata are
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Abstract. We investigate the generative power of cooperating distribu-
ted grammar systems (CDGSs), if the cooperation protocol is based on
the level of competence on the underlying sentential form. A component
is said to be =k-competent (≤k-, ≥k-competent, resp.) on a sentential
form if it is able to rewrite exactly k (at most k, at least k, resp.) differ-
ent nonterminals appearing in that string. In most cases CDGSs working
according to the above described cooperation strategy turn out to give
new characterizations of the language families based on random context
conditions, namely random context (context-free) languages and the bio-
logically motivated family of languages generated by ET0L systems with
random context. Thus, the results presented in this paper can shed new
light on some longstanding open problems in the theory of regulated
rewriting.

1 Introduction

A grammar system is a set of grammars that under a specific cooperation proto-
col generates one language. The idea to consider—contrary to the “one grammar
generating one language” paradigm of classical formal language theory—a set
of cooperating grammars generating one language first appeared in [9]. An in-
tensive exploration of the potential of grammar systems was not undertaken
until [3] established a link between cooperating distributed grammar systems
(CDGSs) and blackboard systems as known from artificial intelligence. A black-
board system consists of several autonomous agents, a blackboard, and a control

! The first author was supported by an ERCIM postdoctoral fellowship and the third
author was supported by project Centre of Excellence in Information Technology,
Computer Science and Control, ICA1-CT-2000-70025, HUN-TING project, WP 5.

!! This author’s work for this paper was fully carried out during his stay at the Com-
puter and Automation Research Institute of the Hungarian Academy of Sciences.

C.S. Calude, E. Calude and M.J. Dinneen (Eds.): DLT 2004, LNCS 3340, pp. 76–88, 2004.
c© Springer-Verlag Berlin Heidelberg 2004
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Abstract. We study the generative power of CD grammar systems (CDGSs) that
use a cooperation protocol based on the level of competence on a sentential form
— and the competence of their components does not increase during rewriting.
A component of a CDGS is k-competent on a sentential form if it can rewrite
exactly k different nonterminals appearing in that string. A CDGS with compo-
nents that are nonincreasing in competence works in =k-competence mode of
derivation if no k-competent component can ever become !-competent, for some
! > k. We introduce a static and a dynamic definition to impose this restriction,
and we relate the generative power of such CDGSs working either in a sequential
or in a parallel manner and according to the aforementioned cooperation proto-
col, for various k, with that of context-free forbidding random context grammars,
(random context) ET0L systems, and context-free programmed grammars with
appearance checking.

1 Introduction

A grammar system is a set of grammars that under a specific cooperation protocol gen-
erate one language. The idea to consider — contrary to the classical paradigm “one

! Also affiliated with: Department of Algorithms and Their Applications, Faculty of Informatics,
Eötvös Loránd University, Pázmány Péter sétány 1/c, 1117 Budapest, Hungary.

!! Part of the work was done while the author was at Institut für Informatik, Technische Univer-
sität München, Boltzmannstraße 3, 85748 Garching bei München, Germany.

J. Kelemen and A. Kelemenová (Eds.): Pǎun Festschrift, LNCS 6610, pp. 70–89, 2011.
c© Springer-Verlag Berlin Heidelberg 2011
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Markus Holzer3, and György Vaszil2

1 Istituto di Scienza e Tecnologie dell’Informazione, Pisa, Italy
maurice.terbeek@isti.cnr.it

2 Computer and Automation Research Institute,
Hungarian Academy of Sciences, Budapest, Hungary

{csuhaj, vaszil}@sztaki.hu
3 Institut für Informatik, Technische Universität München

München, Germany
holzer@in.tum.de

Abstract. We investigate the generative power of cooperating distribu-
ted grammar systems (CDGSs), if the cooperation protocol is based on
the level of competence on the underlying sentential form. A component
is said to be =k-competent (≤k-, ≥k-competent, resp.) on a sentential
form if it is able to rewrite exactly k (at most k, at least k, resp.) differ-
ent nonterminals appearing in that string. In most cases CDGSs working
according to the above described cooperation strategy turn out to give
new characterizations of the language families based on random context
conditions, namely random context (context-free) languages and the bio-
logically motivated family of languages generated by ET0L systems with
random context. Thus, the results presented in this paper can shed new
light on some longstanding open problems in the theory of regulated
rewriting.

1 Introduction

A grammar system is a set of grammars that under a specific cooperation proto-
col generates one language. The idea to consider—contrary to the “one grammar
generating one language” paradigm of classical formal language theory—a set
of cooperating grammars generating one language first appeared in [9]. An in-
tensive exploration of the potential of grammar systems was not undertaken
until [3] established a link between cooperating distributed grammar systems
(CDGSs) and blackboard systems as known from artificial intelligence. A black-
board system consists of several autonomous agents, a blackboard, and a control

! The first author was supported by an ERCIM postdoctoral fellowship and the third
author was supported by project Centre of Excellence in Information Technology,
Computer Science and Control, ICA1-CT-2000-70025, HUN-TING project, WP 5.

!! This author’s work for this paper was fully carried out during his stay at the Com-
puter and Automation Research Institute of the Hungarian Academy of Sciences.

C.S. Calude, E. Calude and M.J. Dinneen (Eds.): DLT 2004, LNCS 3340, pp. 76–88, 2004.
c© Springer-Verlag Berlin Heidelberg 2004

Cooperating Distributed Grammar Systems:
Components with Nonincreasing Competence

Maurice H. ter Beek1, Erzsébet Csuhaj-Varjú2,!,
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1997-2003: Team Automata

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 I/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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Featured Team Automata



Featured Extended Team Automata (fETA)

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



Featured Extended Team Automata (fETA)

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



Online Prototype: http://arcatools.org/feta

• Specify

• Generate∗

• Visualise

• Statistics

∗SAT solver to solve fm

http://arcatools.org/feta


Model Check Team Automata



Using Dynamic Logic to Verify Team Automata

Com. Props.: receptiveness (no message loss) & responsiveness (no indefinite waiting)
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Online Prototype: https://github.com/arcalab/team-a

Available

FM
Evaluation
Artifact
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Artifact

Reproducible
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Realisable Team Automata



Challenge

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

18/25



Contributions ICTAC’23

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
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RealiseConstruct a

global model

such

that
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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 18/25



Example

ΓRace =


Ctrl → {R1, R2} : start ,

R1 → Ctrl : finish ,

R2 → Ctrl : finish

 0

2

3
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R1 → Ctrl : finish

R2 → Ctrl : finish
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R2 Ctrl?finish
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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
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Example

ΓRace =


Ctrl → {R1, R2} : start ,

R1 → Ctrl : finish ,

R2 → Ctrl : finish

 0

2

3
1Ctrl → {R1, R2} : start

R1 → Ctrl : finish

R2 → Ctrl : finish

R2 → Ctrl : finish

R1 → 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
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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
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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
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Online Prototype: https://lmf.di.uminho.pt/ceta

22/25

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


22/25



Future Work

Team automata with asynchronous communication?
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Thanks for your Attention!

Köszi Erzsi!



Realisability Condition RC(M, ≡): Sufficient But Not Necessary

Global model M does not satisfy RC(M, ≡), but S ={Mp, Mq, Mr} does realise M:

global M local Mp local Mq Local Mr ta(S, st)

0

1

{p, r} → ∅ : a
{q, r} → ∅ : a

{p, q} → ∅ : a

0

11

!a

0

11

!a

0

11

!a

0, 0, 0

0, 1, 11, 1, 0 1, 0, 1

{p, q} → ∅ : a
{q, r} → ∅ : a

{p, r} → ∅ : a
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