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Preface

Membrane computing is a branch of natural computing which investigates
computing models abstracted from the structure and functioning of living cells
and from their interactions in tissues or higher order biological structures.

Briefly, a membrane system is a distributed computing model process-
ing multisets of objects either in the compartments of a cell-like hierarchical
arrangement of membranes (hence a structure of compartments which cor-
responds to a rooted tree), or in a tissue-like structure consisting of “cells”
placed in the nodes of an arbitrary graph. Both the objects of the membranes,
the membranes, and the links among them evolve according to some rules. For
instance, the multisets of objects evolve mainly by means of rewriting rules,
which have the form of usual chemical equations (several objects “react” and
get transformed into some product objects). A crucial aspect of this process-
ing is the resulting communication of objects through membranes, between
regions of the same cell, between cells, or between cells and their environment.

A detailed introduction to membrane computing is provided in the first
chapter of the book. This research area was initiated recently, at the end
of 1998, with the aim of learning ideas, tools, techniques, and models from
the biology of the cell that could turn out to be useful (or at least in-
teresting) for the purpose of computing. The new field has flourished dur-
ing the last five years; details can be found in the monograph Membrane
Computing. An Introduction, published in 2002 in the same series as the
present volume, and at the membrane systems (also called P systems) Website
http://psystems.disco.unimib.it). Many classes of P systems, inspired by
either biological or mathematical considerations, were introduced, and their
power (in comparison with various classes of Turing machines) and efficiency
(the possibility to address/solve computationally hard problems) were exten-
sively investigated.

Moreover, especially in recent years, it has turned out that membrane com-
puting has significant potential to be applied to various problems of biology
as well as to linguistics, theoretical computer science (sorting and ranking, 2D
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languages) and applied computer science (computer graphics, cryptography,
approximate algorithms for optimization problems).

This book presents some applications of the membrane computing, orga-
nized in three main categories (biology, computer science, and linguistics),
beginning with the introductory chapter mentioned above, and ending with a
chapter about membrane computing software (useful in applications).

Before looking at these applications, let us discuss the attractiveness of
membrane computing as a modeling framework, with an implicit reference to
applications in biology.

First, there are several essential features genuinely relevant to membrane
computing that are of interest for many applications:

• distribution (with important issues related to system-part interaction and
emergent behavior nonlinearly resulting from the composition of local be-
haviors),

• discrete mathematics (continuous mathematics, especially systems of dif-
ferential equations, has a glorious history of applications in many dis-
ciplines, such as astronomy, physics, and meteorology, but has failed to
prove adequate for linguistics, and cannot cover more than local processes
in biology because of the complexity of the processes and, in many cases,
because of the imprecise character of the processes; a basic question is
whether the biological reality is of continuous or discrete nature, as lan-
guages proved to be, with the latter ruling out the usefulness of many tools
from continuous mathematics),

• algorithmicity (by definition, P systems are computability models of the
same type as Turing machines or other classic representations of algo-
rithms, and, as a consequence, they can be easily simulated on computers),

• scalability/extensibility (this is one of the main difficulties of using differ-
ential equations in biology),

• transparency (multiset rewriting rules are nothing other than reaction
equations as customarily used in chemistry and biochemistry, without any
“mysterious” notation or “mysterious” behavior),

• massive parallelism (a dream of computer science, a commonplace in biol-
ogy),

• nondeterminism (let us compare the “program” of a P system, i.e., a set
of rules localized in certain regions and without any imposed ordering,
with the rigid sequences of instructions of programs written in typical
programming languages),

• communication (with the astonishing and still not completely understood
way in which life is coordinating the multitude of processes taking place
in cells, tissues, organs, and organisms, in contrast with the costly way of
coordinating/synchronizing computations in parallel electronic computing
architectures, where the communication time becomes prohibitive with the
increase in the number of processors).
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The majority of papers on applications of membrane computing are con-
cerned with applications to biology. This is quite natural in view of the fact
that the theory of membrane systems as a model of computation originated in
biology as an abstraction of the structure and functioning of biological mem-
branes. This supports our optimism about the (potential) success of these
applications in modeling various aspects of biological reality, and should be
contrasted with various models “transferred by force” from one area of sci-
ence to another, where the original model was meant for totally different and
incompatible phenomena (and consequently the modeling effort was unsuc-
cessful).

Concerning applications reported till now, and hence applications reported
in this volume, they are carried out at different levels. In many cases, what
is actually used is the language of membrane computing, which involves (at
least) three different aspects: (i) the long list of newly formulated concepts, (ii)
the mathematical formalism of membrane computing, and (iii) the graphical
way to represent membranes, cell-like structures, tissue-like structures, and so
on.

Concerning graphical representation, we want to point out that not only
the standard features (such as the hierarchical or tissue-like arrangements of
membranes, the objects inhabiting the compartments, and the flow of infor-
mation through communication channels), but also the evolution rules of the
systems are part of the graphical representation. This makes visualization of
the “evolution engine” transparent.

Another level of application is to use tools, techniques, and results obtained
through research on membrane computing. These applications may aim at
either

– solving problems already formulated by biologists, albeit informally or
within a different model, or

– suggesting entirely new problems (problem areas) that become (more)
transparent and interesting through the insights provided by the model
of membrane computing.

Applications of all these types have been reported in the literature on
membrane computing, and several of them are presented in this book. As
already indicated, most applications concern biology. Moreover, applications
to a number of other domains are also presented here. In particular, included
are applications to computer graphics (where compartmentalization seems to
add a significant efficiency to well known techniques based on L systems; see
Chapter 9), linguistics (both as a representation language for various concepts
related to language evolution, dialogue, semantics, Chapter 13, and making
use of the parallelism for solving parsing problems in an efficient way, Chapter
14), management (again, mainly at the level of the formalism and the graph-
ical language; such applications are not presented in the book, but references
can be found on the Website mentioned above), sorting and ranking algo-
rithms (Chapter 8), approximate algorithms for solving optimization problems



viii Preface

(Chapter 11), cryptography (attacking a well known public-key cryptographic
system; see Chapter 10), and NP-complete problems (the standard time-space
trade-off; see Chapter 12).

The applications to biology in most cases follow a standard scenario. One
examines a piece of reality, e.g., from the biochemistry of the cell, one writes a
P system modeling the respective processes, one writes a program simulating
this P system (or uses one of the existing programs for this purpose), and
one performs a large number of experiments with the program (this is much
cheaper than conducting laboratory experiments), tuning certain parameters
and observing the evolution of the system (usually, following the population of
certain objects). Illustrations of this strategy are given in Chapter 2 (modeling
mechanosensitive channels), Chapter 4 (respiration in bacteria), Chapter 5
(cell-mediated immunity), Chapter 6 (photosynthesis), and Chapter 3 (gene
expression regulation). Chapter 3 deserves special attention: it discusses a
part of a more general research plan to develop a theory of discrete dynamical
systems intimately related to both P systems and applications to biology.

Chapter 15 provides an overview of the available membrane computing
software. Actually, these computer programs are not real “implementations”
of P systems. This is due to the difficulties related to the nondeterminism
and the parallelism; however, there are attempts to implement P systems on
dedicated, reconfigurable hardware, as done by Petreska & Teuscher, or on a
cluster of computers, as done by Ciobanu & Guo, or in a distributed fashion,
as reported by Syropoulos et al. (references can be found in the bibliography
of Chapter 15). At this moment, there is no bio-implementation of P systems.

Actually, as illustrated by the contributions to this volume, a lot remains
to be done. It is the hope of the editors that this volume will contribute to
and motivate future research in membrane computing. It is also our belief
that membrane computing can offer a useful variety of tools, techniques, and
models for a wide spectrum of applications.

*

We are much indebted to all contributors to this volume, admiring their
patience and thanking them for their work during the many adjustments of
the chapters. Special thanks are due to Springer-Verlag, in particular to Mrs.
Ingeborg Mayer and Mr. Ronan Nugent, for very pleasant and efficient coop-
eration.

January 2005 Gabriel Ciobanu
Gheorghe Păun

Mario J. Pérez-Jiménez
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