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1. Summary 

The ESF Scientific Meeting ”Automata and formal languages for DNA computation and bioinformatics” was held in Como (Italy) from October 18 to October 20, 2006. There were 34 participants from 8 different countries (Austria, Holland, Hungary, France, Spain, Italy, USA, Japan) (see the complete list of participants in Section 5). Among them there were 4 invited speakers and other 15 speakers (see the final program in Section 4).

The goal of the workshop was to gather a number of researchers active in the field of new developments of automata and formal languages inspired by biological processes in order to present recent results, to exchange ideas and to cooperate on several selected topics of the theory.

The program included plenary talk sessions, starting with an invited lecture followed by some contributed lectures. A substantial amount of time was left for joint work and discussion in working groups on specific topics or on open problems.

The talks concerned the following main topics: splicing systems and DNA computing, membrane systems and P automata, formalisms for describing biological systems, as described below.

No registration fees were required. Lunches and coffee breaks were offered to every participant. Travel and accommodation costs of invited speakers were reimbursed, while only accommodation expenses were reimbursed to other speakers. 

All participants manifested their appreciation of the scientific program and the overall organization of the event.

A web page containing all information on the workshop is available since September 2006 at the URL: http:/www.glauco.org/automatha /.

2. Description of the scientific content of and discussion at the event 

The recent convergence between biology and computer science resulted in a very active research area, pursuing a twofold goal. First, it aims at providing biologists with an environment for attacking problems at system level, not addressable without using Information Technology. This environment should offer to biologists modeling, analysis and simulation tools capable of handling complex behavior and of representing emerging properties. Second, it aims at discovering new models and theories within Computer Science inspired by the biological world, and at producing techniques and tools to deal with much more complex Information Technology problems than those addressable with the current technology.

In this framework, concepts from automata and formal language theory or from rewriting systems have been successfully applied. In fact, so as computer systems are often presented as abstract machines, and their behavior specified by the transitions that may occur, changing the abstract machine internal state, in the same manner bio-systems are conveniently described as entities that change their state because of the occurrence of bio-chemical interactions, giving rise to some observable behavior. 

On the other hand, the specific needs arising when modeling biological systems and processes (e.g., the “reverse complement” operation that is fundamental in processes involving DNA) stimulated interesting developments in the theory of languages and codes.

The workshop has been focused on the relationships between automata and formal language theory and bioinformatics and DNA computing in both senses. 

The first invited lecture, by G. Rozenberg, has shown how formal tools from theoretical computer science can be applied to develop a theory of biochemical reactions.

The second invited speaker, T. Yokomori, described an application of Tree Adjoining Grammars to the problem of RNA Secondary Structure Parsing.

The next two invited talks were related to membrane systems: Gy. Vaszil presented some results on Finite P Automata over Countably Infinite Alphabets, while G. Paun discussed the model of Spiking neural P systems, with attention to the accepting case.

Let us now group the contributed talks following the topics outlined above.

1. Splicing systems and DNA computing

Splicing systems are a successful abstract model of the recombinant behavior of restriction enzymes proposed by Tom Head  [1].

A splicing system is a formal device to generate languages, called splicing languages; the splicing operation has been deeply investigated in the framework of formal language theory, by establishing a link between biomolecular sciences and language theory [2]. Moreover, this strict connection has contributed to a novel interest for the development of language theory, with the study of classes of languages generated by splicing systems with different sets of rules, of axioms or with particular properties (e.g., reflexivity) both in the linear and circular case, and their relationships with the usual Chomsky classes. On the other side, theoretical results in splicing systems theory suggested new ideas in the framework of biomolecular science, for example the design of automated enzymatic processes. 

This research strand is related to DNA computing, with the attempt of implementing finite automata in vitro and in vivo. Interesting results, even in view of applications to diagnosis and therapy of diseases, have been obtained by the group of E. Shapiro [3], that implemented in vitro a finite state automaton; the computational power of the Benenson automaton has been studied by E. Winfree and others [4].

At the workshop, three talks were given about the theory of splicing systems and related languages; in particular, Paola Bonizzoni has shown how language theoretical tools such as syntactic monoid and language constants can be used to characterize subclasses of regular splicing languages; Anthonath Roslin presented the extension of the splicing operation to the two dimensional case, and Rosalba Zizza presented results on Circular splicing languages.
The area of DNA computing also originated interesting problems related to the need of designing libraries of DNA molecules to encode data that avoid problems such as self-annealing. Theoretical models related to the coding problem can be derived from classical theory of codes (e.g., error correcting codes) but, for instance, Watson-Crick complementarity is a new feature to be taken into account and formalized. [5]

The talk given by Claudio Ferretti presented some results on DNA codes and a software tool that allows to design efficient codes. 
(Self-)assembly of bio-sequences in bio-inspired networks was the topic of the talk by E. Csuhaj-Varjú.
D. Stefanovic presented interesting results, both theoretical and experimental, on the development of Biomolecular Automata Using Deoxyribozymes
Finally, S. Verlan presented a theoretical model for DNA computing based on a formal definition of the operation of separation by length (using gel electrophoresis) that is a  common operation performed in biological laboratories. 
2. P systems and P automata.

Membrane systems, or P systems, are distributed computing models inspired by the functioning of the living cell. Their main components are membrane structures consisting of membranes hierarchically embedded in the outermost skin membrane. Each membrane encloses a region containing a multiset of objects and possibly other membranes. Each region has an associated set of operators working on the objects contained by the region. The evolution of the objects inside the membrane structure from an initial configuration to a somehow specified final configuration corresponds to a computation having a result which is derived from some properties of the specific final configuration. Note that the objects can be interpreted as chemical species, and the operators as rewriting rules corresponding to chemical reactions. Several variants of the basic notion have been introduced and the power of the framework has been studied; see the monograph [6] for a summary of notions and results of the area, and the web site [7] for recent developments. This machinery has relatively strong capabilities, so it might seem reasonable to look for as simple P system variants as possible, such as for example systems using communication rules only, and try to characterize corresponding language classes, other then the class of regular or recursively enumerable languages. In this view, P automata were introduced in [8] with the idea of using P systems as language acceptors. The objects in a P automaton may move through the membranes from region to region, but they may not be modified during the functioning of the systems, and furthermore, the \words" accepted by a P automaton correspond to the sequences of multisets containing the objects entering from the environment in each step of the evolution of the system. 

The need of describing inherently stochastic biological phenomena has suggested stochastic extension of formalisms [9, 10]. This allows to take into account quantitative aspects, such as the frequency of interactions among biological entities, and constructing tools for analysis and prediction of systems behavior [11]. 

M. Oswald: Special Variants of P Automata

V. Manca: The Metabolic Algorithm for P Systems: Principles and Applications

R. Freund: (Tissue) P Systems with Mate and Drip Operations and Cut and Paste Operations

G. Mauri: Complexity classes for membrane systems

Formalisms for describing biological systems.

The last group of lectures concerned the application of formal methods from computer science to the modeling (and simulation) of biological systems.
In this framework, P. Milazzo presented a formalism based on rewriting; N. Sabadini showed how compositional hierarchical models for biological systemscan be built; A. Troina introduced the Stochastic Calculus of Looping Sequences.
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3. Assessment of the results and impact of the event on the future direction of the field

The research on automata and formal languages from and for biology is active from at least twenty years, since the seminal paper by T. Head on splicing systems, and has been greatly stimulated by the starting of DNA computing and more recently by the increasing interests of biologists for formal models of biological processes, where mechanisms of communication, concurrency, coordination play a central role.
The invited talks given at the Meeting surveyed some of the main directions, of the current research in the area, while the contributed talks mostly showed some recent results on the topic. The speakers were all highly valued researchers in the field and the participants well motivated and interested in the area. The atmosphere resulted very friendly and active.

As expected, the workshop was very fruitful because it succeeded both in updating the state of the art of results and in collecting open questions and problems. After each presentation there were always questions and comments, and discussions continued in the working groups, providing a better understanding of the main open problems in the area and of the new directions of research in which to investigate.

New collaborations among the participants arose in those days and there were established agreements for exchange visits.
We expect that the meeting will provide scientific results and publications in the next years. 
4. Final programme of the meeting.

The final program of the Meeting was the following: 
Wednesday, October 18, 2006

14:45 Opening of the workshop

15:00-16:00
Invited talk: G. Rozenberg: A theory of biochemical reactions

16:00-16:30
Coffee break

16.30-17:00
P. Bonizzoni: Recombinant DNA, gene splicing as generative devices of formal languages

17:00-17:30
P. Milazzo: A rewrite-based formalism for describing biological systems

17:30-18:00
E. Csuhaj-Varjú: (Self-)assembly of bio-sequences in bio-inspired networks

20:30
Social dinner

Thursday, October 19, 2006

9:30-10:00
N. Sabadini: Compositional hierarchical models for biological systems

10:00-10:30
D. Stefanovic: Biomolecular Automata Using Deoxyribozymes

10:30-11:00
S. Verlan: Length-driven communication mechanism for DNA computing

11:00-11:30
Coffee break

11:30-12:00
R. Anthonath: Splicing and two-dimensional languages

12.00-13.00
Open problems session

13:00-14:30
Lunch break

14:30-15:30
Invited talk: T. Yokomori: Tree Adjoining Grammars for RNA Secondary Structure Parsing

15:30-16:00
R. Zizza: Circular splicing languages

16.00-16.30
C. Ferretti: Templates and secondary structures in DNA codes

16:30-17:00
Coffee break

17:00-18.00
Working groups

Friday, October 20, 2006

9:30-10:30
Invited talk: Gy. Vaszil: P Finite Automata over Countably Infinite Alphabets

10:30-11:00
M. Oswald: Special Variants of P Automata

11:00-11:30
Coffee break

11:30-12:00
V. Manca: The Metabolic Algorithm for P Systems: Principles and Applications

12:00-12:30
R. Freund: (Tissue) P Systems with Mate and Drip Operations and Cut and Paste Operations

12:30-13:00
A. Troina: CLS, Stochastic Calculus of Looping Sequences

13:00-14:30
Lunch break

14:30-15:30
Invited talk: G. Paun: Spiking neural P systems; the accepting case

15:30-16:30
M. Pilone: New approaches to protein structure bioinformatics

16:30-17:00
Coffee break

17:00-17:30
G. Mauri: Complexity classes for membrane systems

17.30-18.00
Working groups
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