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Abstract

We investigate a variant of purely communicating P systems
which are able to analyse multisets or even strings given as se-
quences of terminal symbols taken from the environment. We
show that analysing P systems equipped with only one mem-
brane and antiport rules of radius two only can already recognize
any recursively enumerable language of multisets and strings, re-
spectively.

1 Introduction

P systems were introduced in [11] by Gh. Pdun as distributed parallel com-
puting devices that are abstracted from cell functioning. The most important
features considered in the various models of P systems investigated so far
(e.g., see [3], [11], [12]; for a comprehensive overview see [13]; for the actual
status of P systems research see [9]) are the membrane structure and specific
features of the membranes, especially for the transfer of objects through the
membranes. A membrane structure consists of membranes hierarchically em-
bedded in the outermost skin membrane; every membrane encloses a region
possibly containing other membranes. In the membranes, multisets of objects
can be placed, which evolve according to given evolution rules. Applying the
latter ones in a nondeterministic, maximally parallel way, the system passes
from one configuration to another one, thereby performing a computation;
only halting computations produce a result.



In contrast to various other models of P systems, where the objects them-
selves can be transformed during a computation, we consider purely commu-
nicating systems (as already done, e.g., in [10]), and, moreover, we use these
systems for analysing an input sequence of terminal symbols (for a first vari-
ant of P automata see [1]).

In the following section we first give some preliminary definitions and
define n-register machines, the universal model of computation we use for
proving our new results elaborated in this paper; in the third section we
introduce analysing P systems with antiport rules. In the fourth section we
show that analysing P systems with only one membrane and antiport rules of
radius two only can already recognize any recursively enumerable language
of multisets and strings, respectively; the proof is based on the fact that P
systems with antiport rules quite easily can simulate n-register machines,
which result was already established, independently, both in [5] as well as
in [7].

2 Preliminary definitions

The set of non-negative integers is denoted by Ny, the set of positive integers
by N. An alphabet V is a finite non-empty set of abstract symbols. Given
V', the free monoid generated by V under the operation of concatenation is
denoted by V*; moreover, we define V*t := V*\ {A}, where A\ denotes the
empty word. A multiset over V is represented as a string over V' (and any
of its permutations). By | z | we denote the length of the word z over V' as
well as the number of elements in the multiset represented by x.

For more notions from the theory of formal languages, the reader is re-
ferred to [2].

When considering multisets of symbols, a simple universal computational
model are register machines (see [8] for some original definitions and [4], [15]
for definitions like that we use in this paper).

An n-register machine is a construct RM = (n, R, i, h) where

e n is the number of registers,

e R is a set of labelled instructions of the form j : (op(r),k,[), where
op (r) is an operation on register r of RM, j, k, [ are labels from the set
Lab (RM) (which numbers the instructions in a one-to-one manner),
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e i is the initial label, and

e | is the final label.
The machine is capable of the following instructions:

(A(r),k,1) Add one to the contents of register r and proceed to instruction
k or to instruction /; in the deterministic variants usually considered in
the literature we demand k = (.

(S(r),k,1) If register r is not empty then subtract one from its contents and
go to the instruction £, otherwise proceed to instruction /.

HALT Stop the machine. This additional instruction can only be assigned
to the final label A.

In their deterministic variant, such n-register machines can be used
to compute any partial recursive function f : N& — NT; starting with
(n1, -..,nx) € Ny in registers 1 to k&, RM has computed f (n) = (r1, ..., 7p) if
it halts in the final label A with registers 1 to m containing r; to r,,. If the
final label cannot be reached, f (n) remains undefined.

A deterministic n-register machine can also analyse an input (n1, ...,ng) €
INE in registers 1 to k, which is recognized if the register machine finally stops
by the halt instruction with all its registers being empty. If the machine does
not halt, the analysis was not successful.

In their non-deterministic variant, n-register machines can compute any
recursively enumerable set of natural numbers (or of vectors of natural num-
bers). Starting with all registers being empty, we consider a computation
of the n-register machine to be successful, if it halts with the result being
contained in the first (m) register(s) and with all other registers being empty.

From the results proved in [4] (based on the results established in [8]) we

immediately conclude the following result:

Proposition 1  For any recursively enumerable set of vectors of natural
numbers L C NE there exists a deterministic (k + 2)-register machine M
recognizing L.

Moreover, for sets of strings we have a similar result (also see [6]):



Proposition 2  For any recursively enumerable set of strings L over the
alphabet T with card (T) = z — 1 there exists a deterministic 3-register ma-
chine M recognizing L in such a way that, for every w € T*, w € L if and
only if M halts when started with g, (w) in its first register, where g, (w) is
the z-ary representation of the word w.

3 Analysing P systems with antiport rules

An analysing P system with antiport rules is a construct I of the following
form:

1= (V: T7 My Wi,y --ry W, R17 ) Rn)

where
e V is an alphabet of objects;
e T C V is the terminal alphabet;

e 1 is a membrane structure (with the membranes labelled by natural
numbers 1,...,n in a one-to-one manner);

® wi,...,w, are multisets over V' associated with the regions 1,...,n of u;

Ry, ..., R, are finite sets of antiport rules associated with the re-
gions/membranes 1, ..., n; an antiport rule is of the form (z, out;y,in),
where z,y € V*, which means that the multiset z is sent out of the
membrane and y is taken into the membrane region from the surround-
ing region. The radius of the antiport rule (z,out;y,in) is defined as

max {[z|, |y[} .

Starting from the initial configuration, which consists of y and wy, ..., wy,
the system passes from one configuration to another one by nondetermin-
istically in a maximally parallel way applying rules from R;. A sequence of
transitions is called a computation; it is successful, if and only if it halts. A
multiset or a string w over an alphabet T is recognized by the analysing P
system II if and only if there is a successful computation of II such that the
(sequence of) terminal symbols taken from the environment is exactly w. (If
more than one terminal symbol is taken from the environment in one step
then any permutation of these symbols constitutes a valid subword of the
input string.)



4 Results

Based on the proof techniques used, e.g., in [4], [6], we can immediately show
the following results using Proposition 2.

Theorem 3 Let L C T* be a recursively enumerable set. Then L can
be recognized by a P system with antiport rules in only one membrane using
antiport rules of the forms (x,out;y,in) with (|z|,|y|) € {(1,2),(2,1)} only
(i.e., we only need rules of radius 2).

Proof (sketch). According to Proposition 2, we only have to elaborate how
we can read the input string w, generate the encoding g, (w) and then how to
simulate the instructions of a 3-register machine; in fact, the main emphasis
lies on the simulation of an n-register machine:

e An Add-instruction j : (A(4),k,l) is simulated by the rules
(4, out; ka;,in) and (4, out; la;,in) .

e A conditional Subtract-instruction j : (S (i), k, 1) is simulated by the
following rules:

(ja;, out; k,in)
(7, 0ut; j'3",in)
(j'ai, out; foin)  (f,out; f'f",in) and (f'f", out; f,in)
(4", out; 3" in)

150

(45", out; 1, in)

The condition of maximal parallelism guarantees that the rule
(j'a;, out; f,in) is applied in parallel with (5", out; j,in), which leads
to a non-halting computation by the introduction of the failure symbol
(trap symbol) f. Only if in the current configuration no symbol a; is
present in the skin membrane, the object j' can wait one step for being
used in the rule (5’5", out; [, in) together with the symbol ;" introduced
by the rule (5", out; 7", in) .

e The halting instruction h : HALT is simulated by just doing nothing
with the halting symbol A anymore.

Now let us start with the singleton ¢ in the initial configuration. For
every a € T we take (g, out; qua,in) . Let us assume we have represented the
encoding of the input sequence v taken in so far by g, (v) symbols A. The
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encoding of g, (va) obviously is given by z * g, (v) + g, (a) . This encoding
step is acomplished by the following subprogram of a register machine; its
first part represents the multiplication by z:

4o - (S (1) 1qa,1a q:;,)

Goi: (A(2),qait1,qa,iv1) for 1 <i<z
ozt (A(2),4a,9)

¢ (SQ2).d0d)

@1 (A1), 45, q)

Now let k£ = g,(a); then we finish with the following instruction:
Qo (A (1), 9541, qg,i—H) for1<i<k-1
The input of the next terminal symbol starts with the antiport rule
(q,’l"ka, out; q, m)

Obviously, the instructions of the subprogram above can be translated
into antiport rules as already elaborated at the beginning of the proof. The
numbers of symbols A and B, respectively, correspond with the contents of
registers 1 and 2, respectively.

If no further input symbols should be taken in, we use the following
antiport rules to start the simulation of the 3-register machine indicated in
Proposition 2:

(q,0ut; ¢'q",in)
(¢'q", out; qo, in)
where ¢y corresponds with the initial label of the register machine.

Obviously, the halting symbol A (representing the halting instruction A :

HALT) appears in the skin membrane of the analysing P system if and only

if the register machine accepts the input g, (w) . 0

Observe that, in contrast to P systems with antiport rules as defined
in [10], we need not specify the environment, because we assume every symbol
to appear in an unlimited number there.

The string to be recognized is given by the sequence of terminal symbols
a taken from the environment by antiport rules of the form (g, out; g,a,in).
Obviously, this string can also be interpreted as a representation of the cor-
responding multiset (or the corresponding vector of natural numbers, respec-
tively), which establishes results similar to Theorem 3 for recursively enu-
merable multisets over 7' (and the corresponding sets of vectors of natural
numbers, respectively).



5 Conclusion

We have investigated analysing P systems with antiport rules which sur-
prisingly already obtain their maximal recognizing power with the simplest
membrane structure and rules with radius two only. According to the features
of the 3-register machine constructed in Proposition 2 a successful compu-
tation of an analysing P system recognizing the string w ends up in a final
configuration with only the halting symbol A in the skin membrane, which
in some sense corresponds with the situation of an automaton accepting by
a final state (also compare with the definition of acceptance by P automata
as defined in [1]). On the other hand, we could also “accept by empty mem-
brane” using the symport rule (h,out) (for the definition of a symport rule
see [10]).
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