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Preface

Membrane computing is a branch of natural computing which abstracts from
the structure and the functioning of living cells. In the basic model, the mem-
brane systems — also called P systems — are distributed parallel computing
devices, processing multisets of objects, synchronously, in the compartments
delimited by a membrane structure. The objects, which correspond to chemi-
cals evolving in the compartments of a cell, can also pass through membranes.
The membranes form a hierarchical structure - they can be dissolved, divided,
created, and their permeability can be modified. A sequence of transitions be-
tween configurations of a system forms a computation. The result of a halting
computation is the number of objects present at the end of the computation
in a specified membrane, called the output membrane. The objects can also
have a structure of their own that can be described by strings over a given
alphabet of basic molecules — then the result of a computation is a set of
strings. An important version of membrane systems deals with membranes
arranged not in a hierarchical structure (which mathematically corresponds
to a tree), but in a tissue-like structure (which mathematically corresponds
to a graph).

This computing model (more accurately, this class of computing models)
was proposed at the end of 1998, and, in less than four years since then (until
the time of completing the manuscript of this book), more than 180 papers
have been written, as well as three PhD theses (with several more in prepara-
tion now) on the subject. Hence the task of presenting membrane computing
in a monograph is by no means a simple one. In particular, new notions are
currently introduced, new results are proved and old results are improved;
the focus of research may still change depending on various criteria (rang-
ing from mathematical appeal to practical attractiveness), and therefore, the
task of choosing central (lasting) notions and results for this monograph was
really difficult.

This is why this book is only an introduction to membrane computing,
with a subjective selection of basic notions and (classes of) results. The book
is only a snapshot of developments in a vivid research area, and it is meant
to be an invitation to witness and to participate in this research. Hopefully,
further “generations” of this book will be made both possible and necessary
by the reader’s contributions to membranec computing = such contributions
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are very much encouraged by the style of the book: it is as self-contained
as possible from biological and computer science points of view, with many
open problems and research topics explicitly formulated. The problems are
numbered, from Q1 to Q39; a table at the end of the book gives the pages
where these problems are stated.

Another list at the end of the book contains the universality results proved
or only stated in the text; the goal of this list is to provide a clear overview of
universality results, and in particular of the role of various parameters (such
as, for example, the number of membranes) in obtaining universality.

The reader interested in further details, or in the current developments
in membrane computing, is invited to visit the web page at the address
http://bioinformatics.bio.disco.unimib.it/psystems.

*

This book has grown continuously during the last four years, in collaboration
with the many friends from many countries with whom I have had the priv-
ilege to work. I will only name them, hopefully without too many omissions:
I. Ardelean, F. Arroyo, A. Atanasiu, A. Baranda, D. Besozzi, P. Bottoni,
J. Castellanos, G. Ciobanu, E. Csuhaj-Varju, J. Dassow, C. Ferretti, R. Fre-
und, P. Frisco, T. Head, H.J. Hoogeboom, M. Ito, J. Kelemen, V. Manca,
S. Marcus, M. Margenstern, C. Martin-Vide, A. Mateescu, G. Mauri, V. Mi-
trana, J. Pazos, A. Pdun, M. Pérez-Jiménez, A. Rodriguez-Patén, Y. Ro-
gozhin, G. Rozenberg, Y. Sakakibara, A. Salomaa, F. Sancho-Caparrini,
Y. Suzuki, H. Tanaka, T. Yokomori, S. Yu, C. Zandron. Several of them
have read (parts of) the manuscript of the present book, making valuable
observations.

To all of them, the warmest thanks and indebtedness.

Of great help also have been the participants to the annual workshops on
membrane computing held in Curtea de Arges, Romania, since 2000.

Special thanks are due to Claudio Zandron, the webmaster taking care of
the Internet page mentioned above.

Thanks are offered in advance to readers who take up the present invi-
tation to membrane computing, to send their comments about the text or,
mainly, contributions to the contents of a possible future version of the book.

The writing of this book has benefited from the wonderful working condi-
tions provided by the Research Group on Mathematical Linguistics, of Rovira
i Virgili University, Tarragona, Spain, where I work as a researcher on the
Ramon y Cajal programme of the Spanish Ministry of Research.

Last but not least, I should mention the pleasant and efficient collabora-
tion with Springer-Verlag. Mrs Ingeborg Mayer deserves a special bow in this
respect.

Tarragona, June 2002 Gheorghe Paun
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