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Abstract. We address the problem of deciding whether or not a given configuration of
a P system can be reached by correct transitions starting from a given initial configuration.
Specifically, we consider P systems with symporters/antiporters, an attractive class which
was recently introduced. As expected, the problem is undecidable in general, due to
the large generative power of P systems, but, somewhat surprisingly, the reachability
is decidable for configurations which take into account also the objects which are sent
out of the system during the computation (the language describing such configurations
is proved to be context-sensitive, hence recursive). These assertions are true both for
halting configurations and for non-halting configurations.

1 Introduction

P systems are distributed parallel computing models which start from the observation
that the processes which take place in the complex structure of a living cell can be
considered computations. Abstracting from the structure and the functioning of living
cells, the basic ingredients of a P system are the membrane structure, consisting of several
membranes embedded in a main membrane (called the skin) and delimiting regions where
multisets of certain objects are placed; the objects evolve according to given evolution
rules, which are applied nondeterministically (the rules to be used and the objects to
evolve are randomly chosen) in a maximally parallel manner (in each step, all objects
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which can evolve must do it). The objects can also be communicated from a region to
another one. In this way, we get transitions from a configuration of the system to another
configuration. A sequence of transitions constitutes a computation; with each halting
computation we associate a result, the number of objects in a specified output membrane
(this is an elementary membrane, that is, a membrane without any other membrane
inside). The objects can also be described by strings over a given alphabet, and in this
case the evolution rules are based on string processing operations, and the result of a
computation can be a number or a set of strings (a language), but we do not consider this
case here.

Since these computing devices were introduced ([10]) several variants have been con-
sidered. Many of them were proved to be computationally complete, able to com-
pute all Turing computable sets of natural numbers (all recursively enumerable lan-
guages, in the case of string-objects). When membrane division, membrane cre-
ation, or string replication is allowed, it was shown that NP-complete problems can
be solved in linear time. Details (including the current bibliography of the do-
main and several papers which can be downloaded) can be found at the web address
http://bioinformatics.bio.disco.unimib.it/psystems.

The communication of objects through membranes is one of the most important in-
gredients of a P system, and, roughly speaking, communication gives power to these
computing devices. This led to the question (see [11]) to closely investigate the power
of communication, to consider “purely communicative” systems, where the objects are
not changed during a computation, but they just change their place with respect to the
compartments of a P system. A first attempt to solve this problem was done in [7],
where the idea of plasmids, or of vectors from gene cloning is captured by considering
certain “vehicle-objects” which carry other objects through membranes. Another bio-
chemical idea, that of membrane transport in pairs of chemicals, was recently followed in
[9]. When two chemicals can pass through a membrane only together, helping each other,
we say that we have two symporters. When the two chemical pass only with the help of
each other, but in opposite directions, one says that we have two antiporters. In general,
such pairs of chemicals, which help each other when passing through a membrane, are
called porters. One knows several such porters, see, e.g., [1].

The idea of symporters and antiporters was captured in [9] by considering rules of the
form (ab,in), (ab, out) (for symporters), and (a, out)(b,in) (for antiporters). Also, more
complex rules can be allowed, for instance, of the form (ab, out)(cd,in). (In all cases,
a, b, c,d are symbol-objects.)

Both P systems with carriers and with porters were shown to be computationally uni-
versal. In the latter case, when rules of the forms (ab, in), (ab, out), (a, out)(b, in) are used,
eight membranes were necessary, while systems with only two membranes are universal
in the case of rules (u,out)(v, in), with u,v strings of length at most two.

P systems with porters are attractive from several points of view: (i) they are directly
inspired from biochemistry and do not contain any “artificial” ingredient, inspired from
theoretical computer science, (2) they observe the conservation law, as no object is created
or destroyed during a computation, (3) they essentially take into account the environment,



(4) they are mathematically elegant and computationally powerful. Note that usually the
first three features are not present in the case of other types of P systems.

Here we address a question which was not considered yet in the membrane computing
area, that of reachability of a given configuration with respect to a given system.

The question can be raised for any type of P systems, and we expect similar results
in all cases: (i) undecidability of the reachability for systems which are computationally
universal (intuitively, because there are P systems which generate non-recursive sets of
numbers/languages, just consider a configuration which is precisely associated with the
result of a computation; whether or not it is reachable is equivalent with the membership
of the associated result to the generated non-recursive set/language), (ii) decidability
of the reachability of extended configurations (this result is obtained both for halting
configurations and for configurations which are not necessarily halting). In the case of
conservative systems, those which observe the conservation law, we call extended configu-
ration a description of both the system (membranes and objects present in their regions)
and of objects sent out of the system during the computation. When also erasing rules
are allowed, we have to also take into account the objects which are “erased”. Because
here we deal only with systems with porters, and they are conservative, we do not enter
into details for the latter case, its study remains as a research topic (the first problem is to
give a precise meaning to the idea of “taking into account the objects which are erased”).

An “explanation” for the decidability of the reachability of extended configurations
is the fact that they preserve the whole “working space”, hence, intuitively, they can be
computed by context-sensitive Chomsky rules. Because the context-sensitive languages
are recursive, we find that the reachability of extended configurations is decidable. Ac-
tually, we will prove a stronger result: the language of extended configurations (halting
or not) which are reachable in a given P system with porters can be generated by a so-
called matrix grammar with appearance checking without using A-rules; such grammars
generate a strict subfamily of the family of context-sensitive languages.

References

[1] B. Alberts et al., Essential Cell Biology. An Introduction to the Molecular Biology of
the Cell, Garland Publ. Inc., New York, London, 1998.

[2] A. V. Baranda, J. Castellanos, F. Arroyo, R. Gonzalo, Towards an electronic imple-
mentation of membrane computing: A formal description of nondeterministic evolu-
tion in transition P systems, Proc. 7th Intern. Meeting on DNA Based Computers
(N. Jonoska, N.C. Seeman, eds.), Tampa, Florida, USA, 2001, 273-282.

[3] J. Dassow, Gh. Paun, Regulated Rewriting in Formal Language Theory, Springer-
Verlag, Berlin, 1989.

[4] D. Hauschild, M. Jantzen, Petri nets algorithms in the theory of matrix grammars,
Acta Informatica, 31 (1994), 719-728.



[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

18]

O.H. Ibarra, Reachability and safety in queue systems with counters and pushdown
stack, Pre-proc. 5th Intern. Conf. on Implementation and Application of Automata,
2000, 120-129 (to appear in Lect. Notes in Computer Sci., Springer-Verlag, in a
revised form).

O.H. Ibarra, H. Petersen, A.M. Ben-Amram, Reachability and other decision prob-
lems for queue systems, submitted, 2001.

C. Martin-Vide, Gh. Paun, G. Rozenberg, Membrane systems with carriers, Theo-
retical Computer Sci., to appear.

A. Obtulowicz, Membrane computing and one-way functions, Intern. J. Found. Com-
puter Sci., 12, 4 (2001), 551-558.

A. Paun, Gh. Paun, The power of communication: P systems with sym-
porters/antiporters, submitted, 2001.

Gh. Paun, Computing with membranes, Journal of Computer and System Sciences,
61, 1 (2000), 108-143, and Turku Center for Computer Science-TUCS Report No
208, 1998 (www.tucs.fi).

Gh. Paun, Computing with membranes (P Systems): Twenty six research topics,
CDMTCS TR 119, Univ. of Auckland, 2000 (www.cs.auckland.ac.nz/ CDMTCS).

Gh. Paun, Further research topics about P systems, Pre-Proceedings of Workshop on
Membrane Computing, Curtea de Arges, Romania, August 2001, Technical Report
17/01 of Research Group on Mathematical Linguistics, Rovira i Virgili University,
Tarragona, Spain, 2001, 243-250.

Gh. Paun, G. Rozenberg, A guide to membrane computing, Theoretical Computer
Science, to appear.

Gh. Paun, G. Rozenberg, A. Salomaa, Membrane computing with external output,
Fundamenta Informaticae, 41, 3 (2000), 259-266.

M. J. Pérez-Jiménez, F. Sancho-Caparrini, A formalization of transition P systems,
Fundamenta Informaticae, volume 49, 1-3 (2002), 261-272.

A. Romero-Jiménez, M. J. Pérez-Jiménez, Simulating Turing Machines by P systems
with external output, Fundamenta Informaticae, volume 49, 1-3 (2002), 273-287.

G. Rozenberg, A. Salomaa, eds., Handbook of Formal Languages, 3 volumes, Springer-
Verlag, Berlin, 1997.

A. Salomaa, Formal Languages, Academic Press, New York, 1973.



