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ABSTRACT

P system is an interesting computing model of natural
computing exhibiting very nice decidability and complexity
results. As a language generating device, P system produces
formal languages. In this paper, a variant of P system called
rewriting P system is considered and its generative power of
yielding pattern languages is investigated.
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1. INTRODUCTION

The theory of P system (or membrane computing) is a recent
and intensively investigated area of Natural computing, a field
of research which tries to imitate nature in the way it
computes. Neural networks, Generic algorithms and DNA
computing are three areas of Natural computing already well
established. Paun [1] introduced a new computability model,
called a P system, which is a distributed highly parallel
theoretical model based on membrane structure and the
behavior of living cells. The basic model processes multi-sets
of objects in the regions that are defined by hierarchical
arrangement of membranes, by evolution rules associated with
the regions. One of the branches of membrane computing is
rewriting P system [2] in which objects in membranes are
described by strings and these strings are processed by
rewriting rules or other string manipulating operations.

A pattern grammar is a generative device starting from a finite
set of given strings called axioms and replacing them by the
variables in a given set of patterns and continuing the process
with the current set of strings obtained by such operations.
The class of pattern languages generated by pattern grammar
is incomparable with a class of context free languages. A
pattern grammar is also a generalization of Marcus contextual
grammars [3].

In [4] a P system for generating pattern languages with single
pattern is defined. We now extend our study to define P
system for generating pattern grammars with more than one
pattern variable and more than one axiom.

2. PRELIMINARIES

A pattern language is a string over £ U A, where X is a finite
alphabet and A is a finite set of elements called variables. We
obtain the pattern language by substituting in the pattern all
the occurrences of variable by arbitrary strings in Z*.In this
section we recall the notions of pattern grammar and a P
system.
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Definition 2.1A pattern grammar [2] is a quadruple
G=(Z,4,A P)

Where, Y, A are alphabets as above, AC 2*, is a finite set (its
elements are called axioms) and P is a finite subset of (XU
A)* AX*,. The strings in P are called patterns (every pattern
must contain at least one variable occurrence). For a set P of
patterns and a language LS X*, denote

P(L) =

{ugxi, Up Xy, von WX Upe 12 Ug Oy, Up 6y on - U O Upe 1 € P,
w €%,1Si<k+1,6, €Ax; €L1<j<k}

(P (L) is the set of strings obtained by replacing each
occurrence of variables in patterns of P by strings in L, the
different occurrences of the same variable being replaced by
the same string.)

The language generated by G, denoted by L (G) is the smallest
language L< Y * for which we have

i.AC L
i. P(L) C L

Thus, L(G) consists of all strings which can be obtained
starting from axioms and using finitely many times the
patterns, in the way previously described. Note that this
language exists for any A and P, since L(G) = AU P(A) U
P(P(AD)U ...

A language L(G) as above is called a pattern language and its
family is denoted by PL .

Example 2.1G, = ({a, b}, {6}, { ab }, {adb})
Starting from ab we obtain in turn, a?b?, a3hb3,...
L(Gy) ={a™b™:n = 1}.

Theorem 2.1[3]The family of pattern languages is
incomparable with the family of context free languages.

3. REWRITING P SYSTEM WITH
UNIQUE PARALLELISM

A variant of a rewriting P system called a rewriting P system
with unique parallelism is defined in this section.

Definition 3.1[5]A rewriting P system with unique
parallelism (of degree m > 1) is a construct

= (V' T, H,wq, Wy, Rl' an iout)
Where
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- V is the total alphabet of the system;

- T < Vis the terminal alphabet;

- u is a membrane structure;

- w;, 1 < i < n,are finite language over V,
representing strings initially present in the regions

1..nofy;

- R; 1 <i < n,isafinite set of rewriting rules of the
form X— v(tar), where X € V,v € V*and tar

efhere, out} U {in; |1 <i <mj}}

In a rewriting P system each string which can be rewritten, is

rewritten in each unit time. Since the strings and the rules are
localized to the regions, the strings in a given region are
rewritten only by rules in that region. Thus starting from a
given configuration, we pass to another configuration; a
sequence of transitions form a computation. We consider as
successful computation only the halting ones (the computation
which reach a configuration where no rule can be applied).
The result of a halting computation consists of all strings over
T which are sent out of the system during the computation.

What is specific to this system is the way of rewriting the
strings and to pass them through the membranes. Specifically,
each string is rewritten in a unique parallel manner. For each
string all the occurrences of exactly one symbol is rewritten
according to exactly one rule, which is non-deterministically
chosen between all rules that can be applied to the symbol.
Thus given a stringw = xyax,ax; - X, axy 1 With

xi € V—{a})*i=1,-,n+1and one context-free rule
ria — a, we obtain the string w’' = x;ax,ax; -+ X, ax, 41 IN
one parallel rewriting step.

L(IT) denotes the language generated by a rewriting P system
I1. The family of all languages of this type, generated by m
membranes, is denoted by UPRP,,. If no bound on the number
of membranes is considered then m is replaced by subscript *.

3.1 Rewriting P System with Unique

Parallelism for Pattern Languages

In this section a P system with unique parallelism UPRP, (PL)
to generate pattern languages generated by pattern grammars
is defined.

Definition 3.1.1A rewriting P system with unique parallelism
for a pattern language generated by a pattern grammar

G=(%,AAP)is defined by = (V,T,uwy, (R, p1), 1)
where

Vis an alphabet set = U {n;,n;'};n; is a special symbol¢ V u
T is a pattern symbol corresponding to the symbol I5; € A.

T < Vis the set of output alphabet

b=l

wi={Ain

Gu {uiﬂhuiz UGN U1 P = U Bqup e wi G, € G,}
wherel<i<n1<j<m

Ry- {ry: m; —» n;’ for every pattern variable in G
' = {4}
rim D wny Uy e wm 'y 1< i< n}
p1- (rp,13) > 11,
The rules are rewritten wusing rewriting with unique

parallelism. The set of words generated by a rewriting P
system with unique parallelism is denoted by PL(IT). The
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family of all pattern languages generated by systems II as
above with at most m membranes is denoted by UPRPB,,(PL).

Example 3.1.1 Consider the Pattern grammar G = ({a,b},
{61, 62}, {a, b, 2}, 6,58,)

The rewriting system with unique parallelism UPRP;(PL) is
= (V: T, [1]1, Wy, (R1,p1), i1)

V= {a, b'771'772:771"772’}

T ={a, b}

w; = {a' b' A' 771772}

Ry ={rim = ni',m2 = ny'

rim’ > am' > bn' >an' >b
r3iny’ = m'nem = na'na'}
pr=(rz,m3) >1
LD = L(G) = {a, b}

Theorem 3.1.1For every pattern language generated by a
pattern grammar, there exist a rewriting P system with unique
Parallelism generating it, i.e. UPRP;(PL) = PL

Proof: Consider a pattern grammar G = (Z, A, A, P) with

T — set of alphabet

A — set of pattern variables

A ={ay, - ar}

P = {1161 -~ UnOnUins1 =+ Un161 - UnnOnlUnnia } Where
some &; = &;and some w;;, 6; = @.

The UPRP; system to generate the L(G) is

II= (V' T' [1]1" Wl,; (Rl! pl)! il)!With

V={a,bnnum' '}

T = set of the terminal alphabet

Wy

={aq, - g, Uga M1 Uinnllan1 o > Un1llt ** UnnlinUnnt 3

Ri={rin-»n'1<i<n
i a1l <is<nl<j<k

3 > Ui U ---uinn?l'umﬂ ;1 < i <n,where
ni' = n;"if ny =nyanduy, = @ if w6, = 0.}

p1=(r213) >1

Initially all the set of axiom is present in the membrane hence
A € L(IT). Now, the rules of R;become active and by priority
only r; can be applied at this stage as there are no n;’ to start
with. Now a rule from r; is chosen and each string inwy, is
rewritten using the rule,n; - n;’, the strings which do not
contain n; remain unaltered. In the next transition rules of r,
or r3 is applied because of priority.

Case (i) If the rules of r, are used for rewriting then all the
n;'s are rewritten in the subsequent steps sequentially, each
step rewrites the n;" by an axiom non-deterministically
chosen. Thus the strings terminate where in each string the
halting computation is a word of P(A).

Case (ii) If the rules from 75 are chosen, then each string is
rewritten by the same rules, and at some stage the #;’s in the
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strings should be rewritten using rule r, as otherwise the
computation will never halt. If r; is used once and then
terminated by using rules of r,, the computation results in
stringsw; € P(P(A). If rules of r; are used twice then all the
computations result in strings w; € P(P(P(A4)).

If there are still strings that can be rewritten, then those are
the strings that did not have a common 7; to be rewritten by
;1. Hence the other rules of r; is used for rewriting and then
r, and 73 are chosen as discussed in cases (i) and (ii) resulting
in string belonging to P(A)or P(P(A) or P(P(P(A)). Thus any
halting computation contain strings that belong to P(A)U
P(P(A)UP(P(P(A)). We see that L(II) = L(G)and
UPRP;(PL) =PL.

Note: When the pattern has only one variable the priority
rules are not needed. If the membranes are increased so that
each variable is active in a particular membrane, then also the
priority rules have no importance.

Example 3.1.2

G = ({a, b}, {6}, {ab, ba},{6a, b, ad, bs})

We construct a rewriting P system

= ({a' b' 77}; {(1, b}' [1]1' wi, Rl)

w; = {a, b,na,nb, an,nb}

Ri={rn:in—>an->b

\ r2:m = na,n = nb,n - an,n - bn}

L(I) ={wef{ab}t;|wl, = 1,|wl, =1} = L(G).

3.2 Comparison Results

The generative power of the rewriting P systems for pattern
languages is brought out in the following theorem. The
following Theorem 3.2.1 shows that the rewriting P systems
with unique parallelism for pattern languages with two
membranes is more powerful more than pattern grammars
generating pattern languages.

Theorem 3.2.1 PLc UPRP,(PL).

Proof:UPRP,(PL) allows at most two membranes, the
inclusion in statement (ii) is clear. The proper inclusion is due
to the fact that a language L = {a?"b2":n = 0} cannot be
generated by a pattern grammar [2]. But the following system
in UPRP,(PL) generates L.

I = ({a, b,n1,m2}{a, b}, [1[2]2]1, W1, L2, R1, R2, i1)

wy = {ab,n1m,}

wy, = ¢

Ry={r:m— MMy,
rin — a,n, — b}

R, = {7”1: N2 — Uznzout}

UPRP, = {a®"b?":n = 0}.

In the above system {a2":n = 0} is a Pattern language with
5,8, as the pattern and {a} the axiom and {b%":n = 0}is a
pattern language with §,8, as the pattern and {b} the
axiom.AUPRP,(PL) with two membranes, with membrane 2
inside membrane 1 is constructed. Starting with the pattern
111, in the regionl, apply the pattern rule r;in region 1 to n,
sending the resultant string to region 2 making nis to double
and in region 2, the n,’s are doubled using ryin region 2 and
sent back to region 1 and is terminated using the 7, in Ry, and
the resultant is a?b?. Since no more rules can be applied, the
string is added to the language. The process repeats and all
strings with equal powers of 2’s in a’s and b’s are generated.
The result is achieved by making an membrane active to only
to one pattern variable.
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)

N2 2 M2N20ut

n = MM,

m—->an, >b

Fig 1: Rewriting P system with unique parallelism to
generate {a2"b%":n > 0}

Theorem 3.2.2 UPRP,(PL)\UPRP,(PL) # @
Proof: Consider the non-context free language

{a™b™c™:n = 0}The rewriting P system with unigue
parallelism with two membranes UPRP,(PL)to generate the
above non-context free language is the construct.

I = ({a, b, c,n1,m2, 3}, {a, b}, [1[2]2]1, Wi, w2, R, Rz, 1)

wy = {abc, an bcn,}
wy, = ¢
Ry ={ri:n1 — anibiy
. m— ab,,nz - C}
R, = {rl: M2 — C’?zout}

UPRP,(PL) = {a™b"c™:n = 0}.

The language cannot be generated by UPRP; (PL). Note that
every word in the language has for some n> 0, ‘n’, a’s and b’s
are followed by n c’s. If there are less than two membranes
then the more than one rule of r; is present in the membranes,
when each ‘a’ and ‘b’ is increased c’s need not be equally
increased and vice versa. This will generate words not in the
given language. Hence one membrane is not enough to
generate the given language.

Theorem3.2.3 Forn > 2, UPRP,(PL) \ UPRP,_1(PL) # ©

Proof: Consider a rewriting P system with unique parallelism
for pattern languages I = ({a4, "+, @n, M1, =, M b {01 -+ @},
[1[2]z - [alndo wa, s Wi, Ry, -+, Ry, 1)

wy ={a; - ap, M1 M}

Ry = {771 2 MM 2 A M = an}

The elementary membranes inside the skin membrane contain
the rules as given below

For2<si<n—1R; ={N = NNy niat

Ry={nn— MMnin 1}

I generates the language {a;%" - a,2":n =0}. In each
membrane only one pattern variable is raised to the power of

2, and pushed to the next membrane while the rest of the
pattern variables remain the same. In each cycle every pattern
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variables are raised to the power of 2, which cannot be
generated by membranes less than n.

Theorem3.2.4 CF c UPRP,,(PL)

Proof: Let G = (N,T,S,P) be a context free grammar with no
null productions. The equivalent unique parallel rewriting P
system for pattern languages is a construct

II= (V' T, [1[2]2 - [m]m]lrwl,r (R1:P1) (R, Pm). i1)
Where
V={ny,,Mn:n; corresponds to A; € N}
T=T
The initial word in the skin membrane is a pattern P which is
the right hand side of the production of the start symbol with
the non-terminals replaced by the corresponding pattern
variable. The rewriting rules in the skin membrane contain all
the rules n; — x for A; — x,x € T* in G. Every membrane
contains the rule 7n; — ag,,,, whenever A; —a,
ae(N UT)* contains a non-terminal 4;,; on the right hand
side is in G. Every membrane other than the Skin membrane
has a rule n; = ayys, if A; — a,ae(NUT)* isin G and
has no non-terminal A;,; on the right hand side . In the Skin
membrane the rule is n; — «a for such a production in G. The
relation L(G) = L(IT)

Hence, CF < UPRP,,(PL).
Example 3.2.1 Consider a context free grammar
G = ({41, 43, A3}, {a,b},P,S }where
P ={A, - abA,, A, - bbA3b,A3; — aad,a, A, - bba}
TheUPRP,(PL) is a construct
1 = ({a, b,n1,m2,m3},, [1[2]2]]1, wi, wa, Ry, Ra, 1)
w; = abn,
wy, = ¢
Ry = {n; - bbnsa;,, n, - bba}
Ry = {n3 = aanzboy:}
Thus L(TT) = L(G) = {ab(bbaa)™bba(ba)™ : n=> 0}.

4. CLOSURE PROPERTIES

The family of Pattern languages is not closed under union
with singletons, catenation with singletons, Intersection,
complementation, Kleene+, inverse morphisms [3]. But
Rewriting P system with unique parallelism for Pattern
languages are closed under all the above. The rewriting P
systems with unique parallelism is also closed under the
operation of Union and concatenation.

Theorem 4.1 The rewriting P systems with unique parallelism
for pattern languages are closed under the operations of Union
with singletons, catenation with singletons, Intersection,
complementation, Kleene+, inverse morphism, Union and
concatenation of languages.

Proof:

Closure under Union with Singletons.
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Let G = (I, A, A, P) be a Pattern grammar generating a Pattern
language L(G).There exist a rewriting P system UPRP;(PL),
= (V,T,uwy, (Ry, py), iy) such that L(I) = L(G). Let ‘b’
be the singleton there is no Pattern grammar G that can
generate L(G) U {b}. But a rewriting P system with unique
parallelism UPRP,(PL), 11y = (V, T, u,wy U {a}, (Ry, p1),i1)

generates L(I1;) = L(G) U {b}. The construct is done by just
taking the initial strings in IT union the singleton needed.

Example 4.1
Gy = ({a},{6},{a}, {ad}); L(G) = {a"|n = 1}.

But {a™ U b} € PL i.e, there is no Pattern grammar G to
generate the given language.

Iy = ({a, b}, (n1}, [1]e {a, am} Ry, in)

Ri={m->an,n - a}

L(Hl) = L(G1)-

Define I1;" = ({a, b}, (01}, [1]1, {a, b,a m}, Ry, iy)

R is as defined in I1;.

Then, L(I1,") = L(G) U {b}.

Closure under Catenation with singletons

Let G and Il be as defined in (1). bL(G) or L(G)b is not a
pattern language. The rewriting P system with unique
parallelism UPRP,(PL), T, = (V,T, u,wy, (R1, p1) i1),
generatesL(I1,) = bL(G). This can be obtained by taking the
initial string in the system as {singleton}A U {singleton}P,
where P, are the patterns defined in G.

Example 4.2

Consider G, = ({a, b}, {6,}, {ab}, {6:b})

N, = ({a, b}, {m}, [1]1, {ab,n b}, Ry, iy)

Ry ={n - ab, n, - b}

L(I1,) = L(Gy) = ab®

But ab*a is nota PL.

The construct UPRP, (PL), defined by

1-[2, = ({a' b}, {771}! [1]1! {aba' 771ba}' RZ' ll)
R, =R,
generates the language L(I1,") = ab*a

Closure under Intersection

Let G, = (Z,A1,ALP) and G, = (Z5,A,,A,,P,) be two
pattern grammars and I, = (V4, Ty, [1]1 , w11, (R11, P11), 1)
and I, = (V2, Ta, [1]1 , Wat, (Ra1, 021), i1) be their
corresponding rewriting P systems with unique parallelism
not a pattern language.

ButlIl = ( V, T, [1]1, w, (R,p), l1)

V=V,

17



w = Al N AZ V) A3

Where Asis the set of patterns in wy; that produce strings in
L(Gy) N L(G,).

(R, p) = (R11,p11)

Thus, L(IT) = L(G;) N L(G,).

[The same can be done by choosing patterns in I, and its
rewriting rules.]

Example 4.3
G; = ({a, b}, 64,{aa, ab}, {6,a,8,b}
M, = ({a, b,m},{a, b}, [1]1, W11, R11, 1)
wy1 = {aa,ab,n,a,n, b}
Ry ={ri:m1 > aa,ny - ab,

1M1 = M1a,7M; = M1b}
L(Gy) = L(11y) = {a}{a, b}*
G, = ({a, b}, 65, {aa, ba},{ad,, b5,})
1, = ({a, b, n2},{a, b}, [1]1, W21, Ra1, i1)
wyy = {aa, ba, an,, bn,}
Ry1 ={r:m2 » aa,n; - ba

Tai7)y = amng,nz = bn,}
L(Gp) = L(I1;) = {a, b}*{a}
Now, 1T = ({a, b,n1},{a, b}, [1]1, W, R, i1)
w = {aa,n,a}
R={ry:n, » aa,n, - ab

217y = M1a, N1 = M1b}

L) = {a}ab}*{a} = L(G1) N L(G2)
Closure under Inverse morphism
Let G = (T, A, A, P) be a pattern grammar generating PL, and
h: £* - X*be a morphism defined by h(w;) = w;’. Then
h~1(L(G)) is not a PL. The construct UPRP;(PL), defined by
= (,T,uwy, (Ry,p1),i1)is a rewriting P system with

unique parallelism where the pattern and the rewriting rules

are defined as follows. For w € L(G), factorize the word into
w=w;"™ - w,"™ where h(w;) = w;’,then there are three

possible cases for ni,

(i) If ni=0,then w; is a part of the initial string
present in the membrane

(ii) If ni =1, then there is a pattern variable n; in the
initial string and a rewriting rule n; — w;, in the
membrane.

(iii) If ni > 1, then there is a pattern variable n; in the
initial string and a set of rewriting rule n; — w;n;,
n; — w;, in the membrane.

The constructZ(I1) = h~*(L(G)).
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Example 4.4
G = ({a,b, ¢}, {6}, {abc}, {8,bc)); L(G) = {a}{be}*
Consider a morphism h: {a, b, c}* = {a, b, c}*; defined by
h(a) = ab,h(b) = cb,h(c) =¢
Then h=1(L(G))={ab*c } is not a pattern language.
We define But Il = (V, T, [1]1, L, (R, p), i1)
V ={a,b,c,n}
T ={a,b,c}
w; = {ac, an,c}
Ry = {ny - bny,my b}
h=Y(L(D)= {ab*c}
Closure under Kleene +
Let G = (Z,A,A,P) be a pattern grammar generating the
pattern language L= L(G) . The rewriting P system with
unique parallelism M = (V, T, [1]1, L1, (R, p1), i1). Where
V=23u{n,n; forevery & € A}U{ni1,M12,011}
T=2%X
wy =A U{nin2}}
Ry = {r;:n; — n; forevery i

r.m; — aiforevery a, € A

T3iM11 = M1’ M2 = N1a'

TNy = P for
everyP; € P,

(where P}, is a pattern corresponding to P; in which eachn;

isreplaced by n;' }
Thus, L(IT) = Lt
Example 4.5
Let G = ({a, b}, {61}, {ab},{a 6,b}); L(G) = {a"b™:n = 1}
There is no pattern grammar that generates L* = (a™b™)*
= ({ar b, 11,711,123, {a, b}, [1]1,W1,R1,i1)
wy = {ab,n11m,}
Ry={r:m —n'
r5:1M; — ab
311y — 1M
i M — an;b}

Thus, L(IT) = {(@"b™)*:n > 1}
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Closure under Union

PrOOf Let Gl = (ZI'AIIAIIPI) and G1 = (Zz,Az,Az,Pz) be
two pattern grammars generating pattern languages L; and L,
and let Ty = (Vy4, T1q, [1]1, a1, (Ryg, p11), i4)and

I, = (Va1, Taq, [1]1, Wa1, (R21, p21),i1) be their rewriting P
systems with unique parallelism generating L, and
L,respectively.

The UPRP,(PL), generating L, U L is defined as

n=,T, [1]1,W1, (R1,p1): i1)
V = V1 U VZ
T=T,UT,

wy = {wyg, Woq}

Ry =Ry1 URy
pP1=pP11Y P21
L(H) = L1 U LZ

Initially the membrane contains all the axioms and the
patterns in both G; andG, which independently generate
strings in L(Gy)and L(G,), using rules Ry; and R,
respectively.

Example 4.6

Gy = ({a},{6,},{a}, {ad,}) and G, = ({b},{8,}, {a}, {aé,})
be the pattern grammars generating L(G;) ={a*} and
L(G,) = {b*}, the rewriting P systems with unique parallelism
for the pattern languages defined above are

I, = ({a}, (i}, [1]1, {a, A, an1} Rag, i)
Ry ={ry:in — amy
.M — a}
I, = ({b}, (N2}, [1]1, {b, b 2}, R21, 1)
Ry ={r1:m2 — by
7.1, — b}
The construct for the union of the languages is defined by

1= ({a,b n1,m23, {a, b}, [1]1, {a, b. 4, any, bnyRy i)
Ry ={riin — any,n, — by
i — a,n, — b}
Then, L(IT) = a* U b*
Closure under Concatenation
Let Gyand G, be as defined in closure under union, then the
rewriting P system with unique parallelism generating L, o L,
is defined by I3 = (V3, T3, [1]1, W31, (R31, P31), i1)
Var =V, UV,
T3: =T, UT,

w31 = { concatenated strings in A, andA,} U {P, P, with
the &;s replaced with njs.}

R31 = Ri1 URy
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P31 = P11V P21

Initially all concatenated strings of the axioms in both the
languages are present in the membrane. The pattern is the
concatenation of the pattern in the grammar and is rewriting
using their corresponding rules in the P system.

Thus L(H3) = Ll o Lz.
Example 4.7
G; = ({a, b, c},{6,},{c},{ad,b}) and

G, = ({a, b, d}, {65}, {d}, {ad,b})be the pattern grammars and
the rewriting P systems with unique parallelism for L(G) and
L(G,) is defined respectively by I1; and 1, as

I, = ({a, b, ¢,n1}, {m}, [1]1, {c, amib}, Ryq, ih)
Riy ={ry:ny — anib

rin; — C}
Iy = ({a, b, d, 1z}, {n2}, [1]1,{d, @ n2b}, Ry1, i)
Ry, = {r1:n, — anyb

rpin, — d}
1 = ({a b,c,dny,n.} {a b} [1]1, {c, d, an ban,b, Ry i)
Ry ={ry:ny — anyb,n; — anyb

111 — a,nm, — b}

L(ID) = {a™cb™a™db™:n,m = 0} = L(G,)oL(Gy)

5. CONCLUSION

In this paper a rewriting P system with unique parallelism has
been introduced to obtain pattern languages. In fact these
pattern languages are generated by pattern grammars with
purely context free rules with m patterns and n pattern
variables. We proved that the generative capacity of such P
systems is higher than that of the pattern grammars. Our
investigation of study is only with unique parallelism. For our
future work we use other parallelism modes. Again in a P
system, the depth is the maximum number of membranes in
the nesting of membranes [6]. In this paper, the results have
been obtained with a depth of the P system equal to 2.
Another direction of future investigation is to increase the
depth of the P system greater than two and study further
properties.
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