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Abstract  Graph grammars, used for parsing and generating graphs, provide a useful
formalism for describing structural manipulation of multi-dimensional data. Hence graph
grammars are used as a synonym for graph rewriting system, especially in the context of
languages. Hyperedge replacement graph grammars, edge replacement graph grammars
and node replacement graph grammars are the three types of graph replacement tech-
niques in which hyperedge replacement graph grammar is used in this paper. P system
is a membrane structure consisting of objects and evolution rules in it. The objects can
be transformed from on membrane to the other or can dissolve the membrane. In this
paper we generate Cy, - PL graphs for m > 3,n > 2,1 > 2 using the P system.

Key words Graph Grammars, P system, hyperedge replacement, conditional commu-
nication.
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1 Introduction

Graph grammars are used in manipulating multidimensional patterns which cannot be done easily
in string grammars. It was introduced by D. Janssens and G. Rozenberg. Graph grammar consists
of a mother graph, a daughter graph and an embedding mechanism. By applying the embedding
mechanism graphs can be generated. Graph grammar has wide applications in pattern recognition, e.g.
see, Engelfriet [2].

Hyperedge replacement graph grammars are used to derive hypergraphs from the production rules
which generates hypergraph language theory. It has good structural and algorithmic properties. The
graph Cy, - P! is the product of cycle C,, with the path P) of length n with multiplicity [. This graph
has applications in network theory especially in neural networks [3].

The P system was the concept introduced in 1998 by Gheorghe Paun [8], whose last name is the origin
of the letter “P” in the P system. The P system is concerned with the use of a computational model.
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Membranes are the main “structure” in a P system, it contains a set of rules, symbols and conditions
within itself (see, Paun [4]). The outer most membrane is considered as a container membrane or skin
membrane. The system is widely used in the field of computer science for manipulation purpose. It
has applications in DNA study, epidemiology and taxonomy (see, [1,5]).

In this paper, we generate the Actena graph and the C,, - P graph using hyperedge replacement graph
P system with conditional communication.

2 Preliminaries

Definition 2.1. [7] Let K be an arbitrary but finite set of labels and let type’ be a typing function
from K to the set of natural numbers N. A hypergraph H over K is a tuple

(Vertices, Hyperedges, attach, labelling, external)

where attach : Hyperedges — Vertices™ is a mapping that assigns a sequence of pair wise distinct
attachment node attach (e) to each hyperedge e, labelling is a mapping from hyperedges to K that labels
each hyperedge such that the type (labelling (e)) = |attach (e)|, external € Vertices™ is a sequence of
pair wise distinct external nodes. Hj denotes set of all hypergraphs over K.

Definition 2.2. [7] A hyperedge replacement grammar is a system HRG = (N, T, P, S), where
N C K is a set of non-terminals. 7' C K with T NN = ( is a set of terminals; P is a finite
set of productions. A production over N is an ordered pair P = (A, R) with A € N,R € Hj and
type (A) = type (R). A is called the left-hand side of P and is denoted by lhs (P)andR is called the
right-hand side of Pwhich is denoted rhs (P). S € N is a start symbol. The class of all hyperedge
replacement grammars is denoted by HRG.

Definition 2.3. [7] A m— hypergraph is defined as a hypergraph with m external nodes and a
handle e (single hyperedge) with attach H (e) = external H. If labelling H (e) = A, then H is said to
be handle induced by A and is denoted by A*.

Definition 2.4. [7] The hypergraph language L (HRG) generated by HRG is Ls (HRG) where
L, (HRG) consists of all hypergraphs derivable from the start symbol S.

Definition 2.5. [6] A hyperedge replacement graph P system with conditional communication
(HRGPCC) is a construct

H:(V7T7/J47M1,M27'"7Mn7(R17P17F1)7(R27P27F2),~~'7(Rn7Pn7Fn)7(n7d))

where, V is a finite set of non-terminal hyperedge labels and terminal symbols; 7" is a set of terminal
symbols available in V; u is a membrane structure with n membranes and depth d, which are injectively
labeled by numbers in the set {1,2,...,n}. The skin membrane is labeled as 1, M; is the finite set
of hyperedges over V initially present in the region i,7 = 1,2,...,n of the system, R; is the finite of
hyperedge rules associated with the region 7,7 = 1,2,...,n. The parallelism mode works as follows:

P; and F; are permitting and forbidding condition associated with the region i,¢ = 1,2,...,n of the
form empty or symbol checking given as follows:

1. Empty: no restriction is imposed on graphs, they either exit the current membrane or en-
ter any of the directly inner membranes freely: we denote an empty permitting condition by
(true, in), (true, out) and an empty forbidding condition by (false, notin), (false, notout).

2. Symbols checking: each P; is a set of pairs (A, a),a € {in, out} for A € V and each F; is a set
of pairs (B,not a) ,a € {in, out} for B € V; a graph W can go to a lower membrane only if there
is a pair (4, in) € P; with A € labelling (W) and for each (B, notin) € F;, B ¢ labelling (W).
Similarly, the graph goes out of a membrane i, if there is at least one pair (A, out) € P; and
(B, notout) € F; for all B ¢ labelling (W).

The family of languages generated by hyperedge replacement graph P systems with conditional commu-
nication is denoted by HRGPCCY (o, 8), a, 8 € {empty , symbol} denote the permitting and forbidden
rules.
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Definition 2.6. [5] A rewriting step with unique parallelism (U) involves the substitution of all
occurrences of exactly one symbol according to exactly one rule, which is non-deterministically chosen
between all rules that can be applied to that symbol. That is, given a string w = z1ax2a...xnaTn4+1
with z; € (V\{a})*,Vi = 1,2,...,n + 1 and one context-free rule r : @ — « we obtain the string
w' = zriaz20. . . TnaZnt1 in one parallel rewriting step.

In this paper we generate a language that consists of cycle C, in which a caterpillar is appended with
each m'™ vertex. We call the above language L(HRG).

3 Generation of L(HRG) using hyperedge replacement graph grammar

Let us consider a hyperedge replacement grammar HRG ={{D, F, K} ,{Prd,...,Prds}, S} where we
have the following six various productions in the form of graphs as depicted in Fig. 1.

[
(e

Prd; D ”(D\'

: (E
. ' Prd> Ty memmp o .

Prds . ooy E \ EJ\K Prdy. K _ '—<Pj S Y
Prdy E _ . CE/\ s Prds. K _ . -
Fig. 1: Generating graphs using HRG.

In this replacement S will be a start point. This S can be non-deterministically replaced by any of the
six Prdito Prde from which we obtain various types of cycles C,, with m rooted trees in HRG.

In Fig. 2 below first the axiom S is applied, then Prd; is applied in which the non-terminal D is
replaced which adds a non-terminal E to the existing graphs. The application of Prds vanishes D with
a path of length 2. In the third step Prds is applied to one of the non-terminal £ and the same is
repeated for another non-terminal F. In the resultant graph Prdy is applied to each E six times to
get a graph which consists of the non-terminal K. Now Ps is applied four times to K and then Ps is
applied to all the K’s that vanishes all the non-terminals from the graph.

The language generated by the above HRG is L (HRG) = Cycle Cy, in which each m™ vertex is a
caterpillar.

4  Generation of C,,- P| graph using hyperedge replacement graph Psystem
with conditional communication

In this P system we consider two membranes, the outer membrane consists of the start symbol, 2
conditions, 3 forbidden rules and 2 permitting rule and the inner membrane consists of 1 condition, 1
forbidden rule and 1 permitting rule.

Example 4.1. Consider a P system for which (see Fig. 3)

II= {57D5E7K7P27[1[2]2]17Sa (RlyplaFl) (R27P27F2) (272)}
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Fig. 2: Generation of cycle C4 with 4 rooted trees using
HRG.
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4.1 Generation of O, - P graphs in HRG in Psystem

Initially the start axiom S is applied then D is replaced by Prd; which introduces a non-terminal F
to the existing graph. When Prdsis applied to this structure D is replaced by a path of length 2. Now
the forbidding and permitting conditions are satisfied for D which moves the graph to the membrane
2. After that Prds is applied to E, since unique parallelism mode is used all E’s are simultaneously
replaced. The application of Prds changes all E’s to K. Again forbidding and permitting conditions
are satisfied which in turn moves the graph to the outer membrane. Here the rules Prds and Prdg are
applied. The graph obtained by using the above productions generates Cy - P (Fig. 4). Instead of
applying Prds if we directly replace the graph by Prdgwe obtain the Actena graph as shown in Fig. 5.

When we apply the rule 1 five times and the rule 2 one time we get a cycle of length 8, which on further
applying rule 3 one time, rule 4 one time produces a cycle of length 4 to which a further application of
the rule 5 six times and the rule 6 one time extends the graph to path 7, then the resultant graph will
be Cs - P# graph which is shown in Fig. 6.

The hyperedge replacement graph P system with conditional communication with 1 membrane is
contained in the hyperedge replacement graph P system with conditional communication with 2 mem-
branes.

Consider the P system in Example 4.1, the graph C,, - P} cannot be generated in lesser membrane,
since, if the growth of D is stopped by applying the path Prds in production 3 it enters the second
membrane in which E grows evenly (unique parallelism). This movement cannot be done in single
membrane where the length of E will be varied.

5 Conclusion

In this paper we are able to generate the Actena graph and the C,, - P, graph by using the hyperedge
replacement graph rewriting P system. We focus on the generation of graphs which are of practical
importance, by using different graph grammars and their corresponding P systems.
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F= (S,notout),(D,notin) ,
85} (K,notout)
{5 )_1_.

Pi=(true,in),(trueout)

i K

Prd,.:Ed -_®_o P”'G:K -

Py=(trueout) F,=(E,notout)
\ J/

Fig. 3: Membrane structure in P system.
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Fig. 5: Actena Graph.
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Fig. 6: Cs - P} graph.



