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Abstract

In the last time, several efforts have been made in order to remove polariza-
tion of membranes from P systems with active membranes. The present paper
is a contribution in this respect. In order to compensate the loss of power rep-
resented by avoiding polarizations, we use bi-stable catalysts. Polarizationlless
systems with active membranes which use bi-stable catalysts are proven to be
computationally complete and able to solve efficiently NP-complete problems.
In this paper we present a solution to SAT in linear time. In order to illustrate
the presented solution we provide a simulation with CLIPS.

1 Introduction

In membrane computing, P systems with active membranes are specially suitable
to solve efficiently NP-complete problems, because of the fact that they provide
membrane division, inspired from cell division well-known in biology. By using this
operation, one can create an exponential number of membranes (working space) in
linear time; in this way, we trade space for time to solve NP-complete problems (this
has been reported for SAT, VALIDITY, Subset Sum, Knapsack, etc.).

One important feature of P systems with active membranes is the polarization
of membranes; each membrane has an “electrical charge”, positive (+), negative (—)
or neutral (0). However, the electrical charges are not very realistic from a biological
point of view. Because of this, several efforts are being made in order to remove
the polarization of membranes from P systems with active membranes while keeping
universality and efficiency.

This paper goes into this direction of research: we remove the polarization of
the membranes but on the other hand we use bi-stable catalysts. This variant of P
systems with active membranes is proven to be computationally complete and able
to solve NP-complete problems like SAT in linear time.

The paper is organized as follows: Section 2 introduces bi-stable catalytic P sys-
tems with active membranes without charges as generating devices and as recognizer
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devices. In section 3 the complexity classes for P systems are briefly recalled. Sec-
tions 4, 5, and 6 present a cellular solution in linear time to the SAT problem within
the framework of this variant of P systems. In section 7 CLIPS is used to exhibit a
simulation of the designed solution in order to illustrate how it works. Conclusions
are given in section 8.

2 Bi-stable Catalytic P Systems with Active Membranes
without Polarizations

Definition 2.1 A bi-stable catalytic P system with active membranes and without
polarization s a tuple:

II= (F,KaHau,Mla'“aMpaR)

where:

1. p > 1, is the initial degree of the system;
2. T is the alphabet of symbol-objects;

3. K is a subset of I';, K C T, such that if c € K then ¢ € K. The elements of K
are called bi-stable catalysts.

4. H 1is a finite set of labels for membranes;

5. p is a membrane structure, of p membranes, labelled (not necessarily in a
one-to-one manner) with elements of H;

6. Mi,..., M, are strings over I', describing the initial multisets of objects placed
in the p regions of p;

7. R is a finite set of evolution rules, of the following forms:

(a) [a >w]p forhe Hya eT—K,w € (I'— K)* This is an object evolution
rule, associated with a membrane labelled with h but not directly involving
the membrane.

(b) [ca = cw]p, [ca = Cw ]y, [Ca — Cw]p, [Ca — cw]y for h € H, c € K
and a € T — K,w € (I' — K)* bi-stable catalytic evolution rules: Such
a rule is an object evolution rule involving bi-stable catalysts, associated
with a membrane labelled with h but not directly involving the membrane.

(c) a[ ]n — [b]p for h € H, a,b € T' — K, communication rules (send in
rules): An object from the region immediately outside a membrane labelled
with h is introduced in this membrane, possibly transformed into another
object.

(d) [a]lp = b[ |p for h € H, a,b € T — K, communication rules (send out
rules): An object is sent out from membrane labelled with h to the region
immediately outside, possibly transformed into another object.
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(e) [a]p — b for h € H, a,b €' — K, dissolving rules: A membrane labelled
with h s dissolved in reaction with an object. The skin is never dissolved.

(f) [a]n = [b]n [c]n for h € H, a,b,c € T — K, division rules for elementary
membranes: An elementary membrane can be divided into two membranes
with the same label, possibly transforming some objects.

Note that, in contrast to [2], the bi-stable catalysts are not always flip-flop-ing
from non-barred to barred versions and back, but also rules of the form ca — cw
and ¢a — cw are allowed. The case when the catalysts appear only in rules of the
form ca — ¢cw and ¢a — cw is called restricted.

These rules are applied according to the following principles:

e All the rules are applied in parallel and in a maximal manner. In one step,
one object of a membrane can be used by only one rule (chosen in a non
deterministic way), but any object which can evolve by one rule of any form,
should evolve.

e If a membrane is dissolved, its content (multiset and internal membranes) is
left free in the surrounding region.

e If at the same time a membrane h is divided by a rule of type (e) and there are
objects in this membrane which evolve by means of rules of types (a) and (b),
then we suppose that first the evolution rules of typea (a) and (b) are used,
and then the division is produced. Of course, this process takes only one step.

e The rules associated with membranes labelled with h are used for all copies of
this membrane. At one step, a membrane labelled with h can be the subject
of only one rule of types (c)-(f).

2.1 Bi-stable Catalytic P Systems with Active Membranes without
Polarization as Generating Devices

In this section we consider bi-stable catalytic P systems with active membranes
without polarization as generating devices and as recognizer devices.

As a generating device, the result of a halting configuration of a bi-stable catalytic
P system is the cardinality of the multiset associated with the environment in the
last configuration. In these P systems a non halting computation yields no output.

Definition 2.2 The language generated by a bi-stable catalytic P system, 11, is the
set of all outputs of its halting computations, and it is denoted by N(II).

Theorem 2.1 Restricted bi-stable catalytic P systems with active membranes with-
out polarization, using rules of types (a), (b), (c), are computationally complete.

Proof. Let L be a recursively enumerable language. Let G be a matrix grammar such

that L(G) = L. We can consider that G = (N, {a},S, M, F) is given in Z-binary
normal form, in the standard notation. That is,
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N = N1 UNy U{S, Z,fi} with these three sets mutually disjoint

The matrices in M are in one of the following forms:

. (S—)XA) WhereXENl,AENQ
. (X =Y, A— z) where X,Y € Nj,A € Nog,z € (N2 UT)*,|z| <2
(X =Y, A—1{) where X € N1, Y e NyU{Z},Ae€ Ny

1
2
3
4. (Z - X

F={A->f:ImeMm= (X >Y,A> 1)}

The matrices in M will be ordered as follows:
mo : (S = XinitAinit) , with Xini € N1, Ajnir € No
my

(X > a,A—>z), withz e Nj,ae NNU{A}, A€ N,

my :
ME+1 -
XY, A .
: EX:Z’A:?) , with X,Y € Ni,A € Ny
my, ’
Mpt1 (Z =X

We construct the system:
T = (T, K,{1},[ 1, M1, R),
where:
e I'=NUKU{a,E,f} U{X' X, X : X € Ny},
e K ={c¢,c;:1<i<mn},
o My = {Xinit, Ainit, E,c1,- -y Cn }-

e The set of evolution rules, R, consists of the following rules:

1.
[ X — EiY’ ]1
[EZ’A%ciwh foreach m; : (X =Y, A—x), with1 <i<k
[GE —cl 1
[ Y'Y ]1
These rules simulate the matrices m;, for ¢ = 1,..., k. When we have in

the skin region a multiset containing X and there exists in M a matrix
m; : (X - Y,A — z), the rule [ ;X — ¢Y']; is applicable. In order
to simulate the second component of the grammar the rule [Y' — Y |y
provides a step when if there exists an object A in the skin region the
rule [ ¢;A — ¢z |1 can be applied; otherwise if there is no such object the
rule [ G;E — c¢;ff |1 produces the trap symbol f§ showing that we cannot
apply this matrix and so this is not a correct derivation.
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[ CZ'X — Ei?I ]1

2
[z/_)Y]l foreach m; : (X - Y,A— ), withk+1<i<n
[GA = clt]h
[EZ’Y =Y ]1

These rules simulate the matrices m;, for i = k+1,...,n. When we have

in the skin region a multiset containing X and there exists in M a matrix
m; : (X = Y, A — {), the rule [ X — Y |1 is applicable. In order
to simulate the second component of the grammar, the rule [7’ =Y
provides a step when if there exists an object A in the skin region the
rule [¢;A — ¢;f ]1 is applied; otherwise if there is no such object the rule
[€Y — ¢;Y ]; completes the simulation of this matrix.

[a]i = al |1

(=]

The first of these two last rules, [a]; — a[ ]1, sends out to the environment
the object a. In a halting configuration of the system the multiplicity of
the object a in the environment represents the length of the word gen-
erated by G. If the computation of the system simulates a non terminal
derivation in G, then the second rule, [ — § |1, produces a non halting
computation.

From the above is easy to prove that the equality length(L(G)) = N(II) holds,
where length(L(G)) is the length set of the language L(G) (the set of lengths of all
words in L(G)). O

The previous proof uses a number of catalysts which depends on the number of
matrices in the matrix grammar we start with. It is an open problem to find a bound
on this number (for universality reasons, such a bound exists). When non-restricted
bi-stable catalysts are used, two catalysts are sufficient — see [1].

2.2 Recognizer Bi-stable Catalytic P Systems with Active Mem-
branes without Polarization

Definition 2.3 A P system with input is a tuple (I, 2, i), where I1 is a P system,
with working alphabet T', with p membranes labelled by 1,...,p, and initial multisets
M, ..., M, associated with them; ¥ is an (input) alphabet strictly contained in T';
the initial multisets are over T' — X; and iy is the label of a distinguished (input)
membrane.

The computations of a P system with input m € M(X), a multiset over X, are
defined in a natural way. The only novelty is that the initial configuration must be
the initial configuration of the system associated with the input multiset m € M (X).

Definition 2.4 Let (I1,%,ir) be a P system with input. Let T' be the working al-
phabet of II, p the membrane structure and Mi,..., M, the initial multisets of II.
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Let m be a multiset over ¥. The initial configuration of (II, X, iy7) with input m is

(u,Ml,...,MiHUm,...,Mp).

In the case of P systems with input and with external output, the concept of
computation is introduced in a similar way but with a slight modification. We
consider that it is not possible to observe the internal processes inside the P system
and we can only know if the computation has halted via some distinguished objects
sent out of the skin. We can formalize these ideas in the following way.

Definition 2.5 A recognizer bi-stable catalytic P system is a bi-stable catalytic P
system with input, (IL, X, 411), and with external output such that:

1. The working alphabet contains two distinguished elements YES, NO.
2. All computations of (IL, X, ix1) halt.

3. If C is a computation of 11, then either the object YES or the object NO (but
not both) must have been released into the environment, and only in the last
step of the computation. We say that C is an accepting computation (respec-
tively, rejecting computation) if the object YES (respectively, NO) appears in
the environment associated to the corresponding halting configuration of C.

In what follows we will deal with recognizer bi-stable catalytic P systems with active
membranes without polarization. Let us denote by BAM the class of this variant
of recognizer P systems.

3 The Complexity Class PMCr

Using recognizer P systems (hence systems with input), we can define complexity
classes specific to membrane computing, and this will be the rigorous framework
for providing efficient (parallel) solutions to computationally hard problems (e.g.,
NP-complete problems).

Definition 3.1 Let F be a class of recognizer P systems. We say that a decision
problem X = (Ix,0x) is solvable in polynomial time by a family II = (TI(n)),en+,
of F, and we denote this by X € PMCx, if the following is true:

o The family I1 is polynomially uniform by Turing machines; that is, there exists
a deterministic Turing machine constructing II(n) from n € N7 in polynomial
time.

e There exists a pair (g,h) of polynomial-time computable functions g : L —
Unen+ Iy and  h: L — N* such that for every u € L we have g(u) €

IH(h(u))’ and:

— the family II is polynomially bounded with regard to (g,h); that is, there
exists a polynomial function p, such that for each u € Ix every computa-
tion of II(h(u)) with input g(u) is halting and, moreover, it performs at
most, p(|u|) steps;
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— the family I1 is sound, with regard to (X,g,h); that is, for each u € Ix
it is verified that if there exists an accepting computation of II(h(u)) with
input g(u), then Ox(u) = 1;

— the family II is complete, with regard to (X, g, h); that is, for each u € Ix
it is verified that if O0x(u) = 1, then every computation of II(h(u)) with
input g(u) is an accepting one.

In the above definition we have imposed every P system II(n) to be confluent, in the
following sense: every computation with the same input produces the same output.

The class PMC# is closed under polynomial-time reduction and complement,
as proven, for instance, in [9].

4 Solving SAT in Linear Time

The SAT problem is the following one: Given a boolean formula in conjunctive
normal form, to determine whether or not is satisfiable, that is, whether there exits
an assignment to its variables on which it evaluates true.

We will address the resolution of this problem via a brute force algorithm within
the framework of recognizer bi-stable catalytic P-systems with active membranes
without polarizations. Our strategy will consist in:

e (eneration stage: Using membrane division in order to generate all possible
assignments associated with the formula.

e Fuwaluation stage: In each membrane we evaluate the formula on the assignment
associated with it.

e Checking stage: In each membrane we check whether or not the formula eval-
uates true on the assignment associated with it.

e Qutput stage: Send out to the environment the right answer according to the
previous stage.

Let us consider the function (, ) defined by (n,m) = ((n+m)(n+m+1)/2)+n
with ¢ = C1 A--- A Cp, in ONF and Var(y) = {z1,...,2,}. The function ( , )
is polynomial-time computable (it is primitive recursive and bijective from N? onto
N). Also, the inverse function of (, ) is polynomial.

The family presented here is

I = { (I({n,m)),B(n,m),i(n,m)) : (n,m) € N* }.
For each element of the family, the input alphabet is
X(n,m) ={z;;,T;; : 1 <i<m,1<j<n},
the input membrane is i(n,m) = 2, and the P system
II({n,m)) = (C(n,m), K(n,m),{1,2}, u, M1, M2, R)

is defined as follows:
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Bi-stable catalysts:
K(nvm) = {tjafjafjafjasiagiaansam 11<i<m,1 <5< n}
Working alphabet:

I'(n,m) = X(n,m) UK (n,m) U {vj,pj,n;: 1 <j<npU{c,ri:1<i<m}
U{nog : 1 <k <n+m+3}U{#,yes,YES, NO}

Membrane structure: g = [1 [2 ]2 ]1 (we will say that every membrane with
label 2 is an internal membrane)

Initial Multisets:

M = {noy,ans}, B

My = {Iula' e avnazl" e aznafla"' a?nagla"' 7§macl}
The set of evolution rules, R, consists of the following rules:

L [vjla = [pjlalnjle; 1<ji<n

The goal of these rules is to generate one internal membrane for each
assignment to the variables of the formula. The new membrane where
the object p; appears represents the assignment z; = true and the new
membrane where the object n; appears represents the assignment z; =
false.

[tipj = tjpj Lo

tizii — tirile for 1<i<m,1<j3<n
[J J J s J
[t;Ti; — tif]2

The object p; activates the catalyst ¢; which “erases” the objects Z; ;
(these objects represent the literals —z;), but reacts with the objects z;
(these objects represent the literals z;) to produce the object r; (this ob-
ject represents that the clause number ¢ evaluates true on the assignment
associated with the membrane).

[Fing = fnjle
[fiTij — firila ¢ for1<i<m, 1<j<n
[fizij; — [ifle

The object n; activates the catalyst f; which “erases” the objects x; ;
(these objects represent the literals z;), but reacts with the objects T;
(these objects represent the literals -z ;) to produce the object r; (this ob-
ject represents that the clause number i evaluates true on the assignment
associated with the membrane).
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4. [Siry — sirile, for1<i<m
[Sici — 8iCit+1 ]2, fOI‘lS’iSm—l

[ Smem — smuyes |2

The objects ¢; are counters which represent the number of clauses that
evaluate true on the assignment associated with the internal membrane.
So the object ¢;, for 1 < ¢ < m — 1, reacts with the catalyst s;, which is
activated by the object r;, to produce the object ¢;1 and the object ¢,
reacts with the object r,, to produce the object yes in order to certificate
(show) that every clause of the formula evaluates true on the assignment
associated with the internal membrane.

5. [yes]a — yes|[ ]2
[ansyes — ansYES |

These rules produce and send the object Y ES to the environment.

6. [no; = nojy1]1, for 1<i<n+2m+3
[ ansnoptomia — ansNO |1, NO]1 — NO|[ |1

These rules produce and send the object NO to the environment. Note
that the object NO appears one step later than the object Y £S and that
the catalyst ans gets barred in the output stage in order to make sure
that the system sends out the right answer.

5 An Overview of the Computation

First of all we must define a polynomial encoding of the SAT problem in the family
IT. Given a formula in CNF, ¢ = C; A...Cy, such that Var(p) = {z1,...,z,} we
define h(p) = (n,m) (recall the bijection mentioned in the previous section) and
g((p) = {.’L‘ij 1z € Cz} U {fj 1oy € Cz}

Next we will informally describe how the recognizer bi-stable catalytic P system
II(h(¢)) with input g(¢) works.

The computation starts with the generation and evaluation stages. These two
stages take place in parallel following the rules from 1 to 3. The generation of
membranes is controlled by the objects v;, for 1 < 5 < n. When an object v;
is present in an internal membrane the rule in 1 is applicable and so the system
produces two new membranes. In one of these two new membranes the object p;
appears encoding that in the assignment associated with the membrane we have
z; = true. In the other membrane the object n; appears to show that in the
assignment associated with this membrane we have z; = false.

The evaluation stage takes place in a similar way in every internal membrane.
The object p; (respectively n;) representing that z; = true (respectively z; = false
) in the assignment associated with the internal membrane, activates the bi-stable
catalyst t; (respectively f;). The active catalyst t; (respectively f;) according to
the rules in 2 (respectively 3) reacts with the objects z;; and Z;; to produce the
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objects §f and r;. The objects r; represent that the clause C; evaluates true on the
assignment associated with the membrane. These two stages take place in parallel
and they take n steps of division, one step to activate the catalysts and m steps to
evaluate each clause, that is, an overall of at most n + m + 1 steps.

The checking stage takes place according to the rules in 4. The object r; removes
the bar of the catalyst s; which reacts with the object ¢; for 1 <7 < m —1 to
produce the object ¢;11. The object ¢; represents that the clauses Cy,...C;_1 for
1 <1 < m evaluate true on the assignment associated with the internal membrane.
So the catalyst s,, reacts with the object ¢, to produce the object yes, in order to
show that the whole formula evaluates true on the assignment associated with the
internal membrane. As it can be seen the checking stage take one step to unbar the
catalysts and m step to check that every clause evaluates true; that is an overall of
at most m + 1 steps.

In the output stage the rules in 4 and 5 are applied to send out the correct answer
to the environment. The answer Y ES is sent out following the rules in 5; the object
yes is sent to the skin by the first rule, in the second rule the active catalyst ans
reacts with the object yes to produce the object Y ES and ans remains barred for
now on and finally the object Y ES is sent out to the environment. On the other
hand, following the first rule in 5, the object nog waits n + 2m + 4 and if no object
yes has been sent to the skin, then the catalyst ans is unbarred and so these two
objects react to produce the object NO which is sent out to the environment. Note
that the object no,42m+4 appears a step later than the object yes in order to be
sure that the system sends out the right answer. As can be seen, the output stage
takes at most 4 steps.

6 Required Resources

The presented family of recognizer bi-stable catalytic P systems solving the SAT is
polynomially uniform by Turing machines. Note that the definition of the family is
done in a recursive manner from a given instance, in particular from the constants
n and m. Furthermore the resources required to build an element of the family are
the following:

e Size of the alphabet: 2nm + 8n + 5m + 9 € O((maz{n,m})?).

e Number of membranes: 2 € O(1).

o M|+ Mz =3n+m+3€O0(n+m).

e Sum of the rules’ lengths: 32nm + 27n + 32m + 60 € O((maz{n, m})?).

The number of steps in each stage in the worst case are the following:

1. Generation and evaluation stage: n+ m + 1 steps.
2. Checking stage: m + 1 steps.

3. Output stage: 4 steps.
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Therefore, the overall number of steps is: n + 2m + 6 € O(maz{n,m}).
From the above discussion we deduce the following results:

Theorem 6.1
1. SAT € PMCpggnm.
2. NP C PMCpanr, and NP Uco — NP C PMCpgn.-

Proof. In order to prove the theorem, it suffices to make the following observations:
the SAT problem is NP —complete, SAT € PMCpgr and the class PMCg g is
closed under polynomial-time reduction, and under complement. O

7 A CLIPS Session

In this section in order to illustrate how the designed family of recognizer bi-stable
catalytic P systems works we present a simulation with CLIPS for the instance
o= (21 V x2)A(—-z1 V 22).

Configuration number: 1

[environment [multiset ]]
[skin [children 3 4]
[label 1] [multiset ans , no 2]]
[membrane
[number 4] [children ] [father 1]
[label 2] [multisetv 1l ,n2 ,t-1, t-2, f-1, £f- 2
s-—1,s-2,c1,
x11, x12,-x21, x2 2]]

[membrane
[number 3] [children ] [father 1]
[label 2] [multisetv 1l ,p 2, t-1,t-2, f-1, f-2,
s-—1,s-2,c1,
x11,-x12, -x21, x 2 2]]

Here it can be seen how the generation stage takes place. In the presence of the
object vy the system produces two new membranes. In membrane 4 there appears
the object ng, representing that in the assignment associated with this membrane
we have that z9 = false; in membrane 3 there appears the object po, representing
that in the assignment associated with this membrane we have that o = true.

Configuration number: 2

[environment [multiset ]]
[skin [children 5 6 7 8]
[label 1] [multiset ans , no 3]]
[membrane
[number 8] [children ] [father 1]
[label 2] [multisetn 1 , # , t- 1, t-2 , f- 1, f 2
s-—1,s-2,c1,
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x11, x12,-x21, x2 2]]
[membrane
[number 7] [children ] [father 1]
[label 2] [multiset p 1 , # , t- 1, t-2 , f-1, f 2,
s-—1,s-2,c1,
x11, x12, x21, x22]]
[membrane
[number 6] [children ] [father 1]
[label 2] [multisetn 1 , # , t- 1, t2 , f- 1, £f- 2,
s—1,s-2,c1,
x11,x12, x21, x22]]
[membrane
[number 5] [children ] [father 1]
[label 2] [multisetp 1 , # , t-1,t2, f-1, f- 2,
s-—1,s-2,c1,
x11,x12, x21, x22]]

Configuration number: 3

[environment [multiset ]]
[skin [children 5 6 7 8]

[label 1] [multiset ans , no 4]]
[membrane

[number 5] [children ] [father 1]

[label 2] [multiset # , # , t 1 , t 2, f- 1, f- 2
s—1,s-2,c1,
x11,#, x21, x22]]

[membrane

[number 7] [children ] [father 1]

[label 2] [multiset # , # , t 1 , t-2 , f- 1, f 2,
s—1,s8s-2,c1,
x11,r1, x21, x2 2]]

[membrane

[number 6] [children ] [father 1]

[label 2] [multiset # , # , t-1 ,t 2 , f 1, f- 2
s—1,s-2,c1,
x11,-=x12, -x21,r2]]

[membrane

[number 8] [children ] [father 1]

[label 2] [multiset # , # , t- 1, t-2 , £ 1
s-—1,s-2,c1,
x11,r1, x21, x2 2]]

» 2,

Configuration number: 4

[environment [multiset ]]
[skin [children 5 6 7 8]
[label 1] [multiset ans , no 5]]
[membrane
[number 7] [children ] [father 1]
[label 2] [multiset # , # , t 1 ,t-2, f-1, £ 2,
sl1,s-2,cl1,#,r1, -x21, #]1]
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[membrane
[number 5] [children ] [father 1]
[label 2] [multiset # , # , t 1, t 2, f- 1, f- 2,
s-1,s-2,cl1,r1,#,-x21,r 2]]
[membrane
[number 6] [children ] [father 1]
[label 2] [multiset # , # , t- 1, t 2 , £1 , f-
s—1,s2,cl1,#,#, -x

NN
.

, #11
[membrane
[number 8] [children ] [father 1]
[label 2] [multiset # , # , t- 1 , t-2 , f1, £ 2,
s1,s-2,c1,x11,#,r2, #]]

At the end of the generation and evaluation stage it can be seen that the assign-
ment associated with the internal membranes are: {z; = false,zo = false} with
the membrane number 8, {z; = false,z9 = true} with the membrane number 6,
{z1 = true,zo = false} with the membrane number 7 and {z; = true,zo = false}
with the membrane number 5.

Configuration number: 5

[environment [multiset ]]
[skin [children 5 6 7 8]
[label 1] [multiset ans , no 6]]
[membrane
[number 5] [children ] [father 1]
[label 2] [multiset # , # , t 1 ,t 2, f-1, f- 2 ,
s1,s2,c1,#,# ,# , #]1]
[membrane
[number 7] [children ] [father 1]
[label 2] [multiset # , # , t 1, t- 2, f-1, £ 2,
s1,s-2,c2, , 1, # , #]1]

H .

[membrane
[number 6] [children ] [father 1]
[label 2] [multiset # , # , t-1 ,t 2, f1, f- 2 ,
s-—1,s2,c1,#,#,r2, #1]
[membrane
[number 8] [children ] [father 1]
[label 2] [multiset # , # , t- 1, t-2 , f1, f 2,
s1,s82,c2,#,#,# , #]]

Configuration number: 6

[environment [multiset ]]
[skin [children 5 6 7 8]
[label 1] [multiset ans , no 7]]

[membrane

[number 7] [children ] [father 1]

[label 2] [multiset # , # , t 1 , t-2 , f- 1, f 2,

s1,s-2,c2,#,r 1, #, #]1]

[membrane

[number 6] [children ] [father 1]
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[label 2] [multiset # , # , t- 1 , t 2 , £ 1
s—1,s2,c1,# ,# ,1r2, #]]
[membrane
[number 5] [children ] [father 1]
[label 2] [multiset # , # , t 1 ,t 2, f- 1, f- 2 ,
s1,s2,c2,#,# ,4# , #]1]
[membrane
[number 8] [children ] [father 1]
[label 2] [multiset # , # , t- 1, t- 2 , £ B
s1l,s2,yes , # ,# ,# , #]]

As a result of the checking stage the object yes is produced and the object Y ES
will be produced and sent out to the environment in the output stage.

Configuration number: 7

[environment [multiset ]]
[skin [children 5 6 7 8]
[label 1] [multiset yes , ans , no 8]]

[membrane
[number 7] [children ] [father 1]
[label 2] [multiset # , # , t 1, t-2 , f- 1, f 2,
s1,s-2,c2,

H -
H
[y
H*
F
—
—

[membrane
[number 6] [children ] [father 1]
[label 2] [multiset # , # , t-1 , t 2 , £ 1
s-—1,s2,c1,#,# ,1r2, #]]
[membrane
[number 5] [children ] [father 1]
[label 2] [multiset # , # , t 1 ,t 2, f- 1, f- 2 ,
s1l,s2,yes , # ,# ,# , #]]
[membrane
[number 8] [children ] [father 1]
[label 2] [multiset # , # , t- 1 , t-2 , f1, f 2,
s1,s2,#,# ,# , #]]

Configuration number: 8

[environment [multiset ]]
[skin [children 5 6 7 8]
[label 1] [multiset yes , YES , ans- , no 9]]
[membrane
[number 7] [children ] [father 1]
[label 2] [multiset # , # , t 1 , t-2 , f- 1, £ 2 ,
sl1,s-2,c2,

+H*
H

-
+H*
+
—
—

[membrane
[number 6] [children ] [father 1]
[label 2] [multiset # , # , t- 1, t 2 , £
s—1,s2,c1
[membrane
[number 8] [children ] [father 1]
[label 2] [multiset # , # , t- 1 , t-2 , f 1, f 2,



s1,s2,# ,# , # , #]]
[membrane
[number 5] [children ] [father 1]
[label 2] [multiset # , # , t 1, t 2, f- 1, f- 2,
s1,s2,#,# ,# , #]]

Configuration number: 9

[environment [multiset YES]]
[skin [children 5 6 7 8]
[label 1] [multiset yes , ans- , no 10]]

[membrane
[number 7] [children ] [father 1]
[label 2] [multiset # , # , t 1 , t-2 , f-1, f 2,
s1,s-2,c2,#,r 1, #, #1]
[membrane
[number 6] [children ] [father 1]
[label 2] [multiset # , # , t- 1 , t 2 , f
s—1,s2,c1
[membrane
[number 8] [children ] [father 1]
[label 2] [multiset # , # , t- 1 , t-2 , f1, £ 2,
s1,s2,# ,# , # , #]]
[membrane
[number 5] [children ] [father 1]
[label 2] [multiset # , # , t 1

,t 2, f-1 f- 2,
s1l,s2,#,#

L4, #1]

The system has reached a halting configuration in the step number
9 and the element YES has been released into the environment.

8 Conclusions

In this paper we have presented a variant of P systems with active membranes in
which we have traded polarizations with bi-stable catalysts. We have proven that
this variant is computationally complete even in the restricted case and able to solve
efficiently NP-complete problems like SAT.

Future projects are to design families of recognizer bi-stable catalytic P systems
to solve numerical NP-complete problems like Subset Sum and Knapsack and to
study the computational power and efficency of P systems with active membranes
without polarizations using only membrane division.

CLIPS has been shown to be a convenient programming language for simulateing
P systems and it was helpful to debug the design and to understand how the P
systems from the family IT work.
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