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1 INTRODUCTION

The research area of Membrane Computing originated as an attempt to fomu-
late a model of computation motivated by the structure and functioning of a
living cell. The initial models were based on a cell like arrangement of mem-

brane delimiting compartments were multiset of chemicals evolved according
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to given evolution rules. Many variants of P System have been studied so far

Kernel P System ( KP System) represents a new class of membrane sys-
tems, use well known features of P System and also include some new elements,
in order to provide a coherent and comprehensive description of various classes
of P System and allow the possiblity of integrating different types of P Systems
into same fomalism.Kernel P System includes rules of two types
1) Object Processing rules, which transform and move objects across compart-
ments, they include rewriting and communication rules guarded by promoters
and inhibitors and also symport,/ antiport like rules.

2) System sructure rules which change the topology of the system and include
membrane division and disolution and also creation of membranes.

The system was introduced by Marian Gheorghe etal. Here a broad range
of strategies to use the rule against the multiset of objects available in each
compartments is provided. Now we will see the definition of compartments
and KP System

Definition 1.1. Given a finite set A called alphabet of elements, called ob-
jects and a finite set L , of elements called labels , a compartment is a tuple
C = (l,wo, R?) where | € L is the label of the comparments, wy is the intial
multiset over A and R° denotes the DNA code of C, which comprises the set
of rules, denoted by R , applied in this comparments and a reqular erpression
o, over Lab(R) the labels of the rule of R

Definition 1.2. A kernel P System of degree n is a tuple

KIl = (A, L, i, Cy,Cy, ..., Cy, ip)

where A and L are as in definition 1.1, the alphabet and the set of labels
respectively; p defines the membrane structure which is a graph (V, E) , where
V are vertices, V. C L ( the nodes are labels of these comparments ) , and E
edges, C,Cy, ..., C,, are n compartments of the system - the inner part of each
compartment is called region , which is delimited by a membrane , the labels of

the comparments are from L and initial multiset are over A . iy is the output
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compartment where the result is obtained .

2 NP Complete Problems

A decision problem C is NP Complete if

1) Cisin NP and

2) Every problem in NP is reducible to C in polynomial time.

3) C can be shown to be NP by demonstrating that a candidate solution to C

can be verified in polynomial time

The abbreviation NP refers to non-deterministic polynomial time. Any
given solution to an NP Complete problem can be verified in polynomial time.
Here we will consider two particular NP complete problems
- the independent set problem and

- the clique problem.

2.1 The independent set problem

An independent set or stable set is a set of vertices in a graph, no two of which
are adjacent. That is it is a set S of vertices in S such that for every two
vertices in S, there is no edge connecting the two. Equivalently each edge in
the graph has atmost one end point in S. The size of the independent set is

the number of vertices it contains.

A maximal independent set is an independent set such that adding any

other vertex for the set forces the set to contain an edge
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2.2 Solution by KP System

Consider a KP System KII = (A, L, Iy, 1, C1,Cs,0) where A is the alphabet
L = {1,2} is the label of the compartments. I, consists of yes or no at the
end. After atmost n + 4 steps one of the two possible answers will be send out
C) = (1,w1,0,R1)

Cy = (2,ws0, R2)

where w; o =5

wa = A1S

V; is a collection of vertices of the graph. An edge {i,j} is codified A;; ,
1 <7< 5 <n,pis amembrane structure given by the graph with edge 1,2
the rules Rjand R, are given below

R; contains

ri S — (yes,0){> T}

r12: S = (no,0){> F > T}

R; contains membrane division rules

T ¢ [Aile = [Vidisa]s [Aipale, 1 <i<n—1

Ton © [Anl2 = [VaXi)2 [Xi)2

These rules generate in n steps all the subsets of V (2" subsets) each of them
being a potential subset with atmost n vertices

Rewriting rules

Tont1 : X1 — Xo

Tomto : S = MV;NV; = A}

Ionis @ Xo — X3

Tomta s SX3 — (T, 1)

Tonys : X3 — (F,1){= S}

The computaion leads to an answer yes or no in n+4 steps. Indeed in n steps
there are generated all the subset of V.

In the (n+1)" step X is transformed to X,. In the (n+2)™" step for any two
vertices V;, V; there is an edge A;; connecting these two vertices are found,then

S is transformed to A
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By the above steps we can ensure that no edge has been formed.Then X, is
transformed to X3.In (n+3)"? step all vertices present along with SX3 in com-
partment 2 will represent independent sets and the largest set represent the
maximal independent set. Then we have a solution in (n + 4)"step, otherwise
an F is send instead.In the final step the answer is sent to the environment

from the compartment C by using one of the rules 711,712

2.3 Clique Problem

In computer science, the clique problem is the computational problem of find-
ing Cliques ( subsets of vertices,all adjacent to each other, also called complete
subgraph) in a graph. Common formulation of clique problem include finding
a maximum clique ( a clique with the largest possible number of vertices)
The clique problem arises in the following real world setting. Consider a social
network, where the graphs vertices represent people ,and the edge represents
mutual aquaintance. Then a clique represents a subset of people who all know
each other

The clique problem also has many applications in bio informatics and Compu-

tational Chemistry.

2.4 A solution using KP System

Consider a KP System

KP = (A, L, I, C,Cs,0)

Where A is the alphabet

L={1,2}

Iy consists of yes or no at the end. After atmost n 4+ 4 steps one of the two
possible answers will be sent out.

C = (1,w1.o,R1)

Cy = (2, wq, Ry) where
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wip =9

wao = A1S
V; is a collection of vertices of the graph. An edge (i, 7) is codified as
Ay, 1<i<j<n

w is the membrane structure [o[1]2]2]1]o

The rules Ry and Ry are given below

R; contains

ri 0 S — (yes,0){> T}

T2 : S = (ng,0){>F >T]

R5 contains membrane division rules

ro t [Adls = [Vidit]2[Ais1]2, 1 <i<n—1

Tom @ [An]a = [V X1]2[X1]2

these rules generate in n steps all the subsets of V ( 2" subsets) each of them

being a potential subset with atmost n vertices.

Rewriting rules
T2.n+1 - X1 — X2 {‘/Z N V} = Az‘jU
VinV;NnVy=A;; = Ay = A, U

.U
‘/iﬂ‘/gm‘/})ﬂ...ﬂvn:A12:Alg...:Aln:A23:A24
= ... = Agn = A34 = A35 = ...= Agn = ... = An—l n},

1<i<j<k<n
Tomi2 1 S = A{V; NV, # AU
VinV;N Vi # Aij # A # A U
.U
ViAVan Ve ..NVy=Ap# Ay # .. # Ay,
£ Agy # Agy F o Ay £ Ags # Ags £ F Ay £
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Tonts @ Xo — X3
Tomta : SX3 — (T,1)
Tonts @ X3 — (F, 1){3}

In (n + 3)"¢ step the vertices in the power set present along with SX3 in the
second compartment will represent all cliques.The maximum number of ver-
tices present in the power set represent the maximum clique. In (n+ 4)™ step
a T will be send to the first comparment.

If all the vertices are isolated vertices ,then there is no clique.In that case in
(n +5)™" step an F is transferred to compartment 1.

In the final step the answer is sent to the enviornment from the comparment

C1 using the rules ri1,r12.

3 Illustration

& ()
<

Figure 1:
Consider the above graph and taking the rules as same as in section 2.2

and 2.4

According to the given graph R,, the membrane division rule in both cases
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can be written as

7’2’1 : [S‘/lAQ], [SAQ]
2,2 : [SV1V2A3],[SV1A3],[SV2A3], [5A3]
2,3 : [SV1V2V3A4]7[SV1V2A4]7[SV1V3A4],[SV1A4],[SV2V3A4],[SV2A4],[SV3A4],[SA4]

ro.4 : [SVAIVaAV3VL A5 [SVIVLR V3 A5 [SVIVR VL A5, [SVIVR A5, [SVIVEVE A5 [SVI V5 A,
[S‘/l‘/;lAE)];[S‘/lAS]7[S%V%‘/ZLAE)])[S‘/Z%)AS]?[S‘/QWAS] 7[5‘/2/45]7 [S‘/SVZLA5]7[S‘/3A5]7
[SV;lAf)]a[SAS]

o5 [SVIVaVaViVs Agl, [SViVRVaViAgl, [SViVaVaVs Agl, [SViVaVa Agl, [SViVaViV5 Ag),
[SVIVaV, Ag), [SVIVaVs Ag), [SViV2 Agl, [SVIVEVAVE Agl, [SVIV3Vi A, [SViV3 V5 Ag),
[SViV3Agl, [SViVAV5 A, [SViVAAe], [SVI V5 Agl, [SV1Ae], [SVaVaVaVs Agl,
[SVaVaViAgl, [SVaV3Vs A, [SVaVaAel, [SVaVaVs Agl, [SVaViAsl, [SV2Vs Agl,
[SVaAg), [SV3VaV5 Agl, [SVaVaAs), [SVaV5 A, [SV3Ae], [SVaVsAg),

[SViAg], [SV5Ae], [S As)

rag : [SVIVBVaViVaVeXy], [SViVaVaVaVsXy], [SViVaVaVaVeXy], [SViVaVaViX ),
[SViVaVaVaVe Xal, [SVAVAVRVE X1, [SVAVaVaVe Xy, [SVAVAVAX ], [SVAVRVAVAVs X1,
[SViVaViVaXa], [SVVAVAVs Xi), [SVAVRVAX Y], [SVAVaVEVeXa], [SVAVRVA X,
[SViVaVeXa), [SVAVRX4], [SVAVAVAV5 Ve Xa, [SVAVAVs Xa ), [SVAVAVAVe X ],
[SVIVAVAX, ), [SVAVVAVE X, [SVAVaV X, [SVAVAVE X, ], [SVAVX ),
[SViVAVaVeXa], [SVAVAVA XL, [SVAVAVe X, [SVAVAXL], [SVAVaVe X,
(SViVA X1, [SVAVeXa], [SVAX1], [SVaVaVaVsVeXa, [SVaVaVaVs Xy,
[SVaVaVaVeXy], [SVaVaVaXi], [SVaVaVsVeXy, [SVaVaVsXi], [SVaVaVeX],
[SVRVA X, [SVaViVEVeXy], [SVaVaVs Xa), [SVaVaVeXl, [SVaViXy),
[SVaVaVaXal, [SVaVaXu], [SVaVeXa], [SVaXi], [SVaVaVsVeXul, [SVaVaVaXil,
[SVaVaVaXa), [SVaVaXu], [SVaVaVe Xal, [SVaV X1, [SVaVeX ], [SVAX,),
[SVAVAVs X1), [SVAVEX 1], [SVAVe X, [SVaXa), [SVaVeXa], [SVX 4], [SVeX], [SX]
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Hence we get 2° subsets

The rewriting rules for both problems can be considered seperately.

CliqueProblem — Rewriting rules
ro7 : [SVIVaXo], [SVIVEX,], [SVaVEXs], [SVaVEXs], [SVaViXs), [SVAVs X, [SVaVe Xy,
[SViVaVsXal, [SV3ViV5Xo]
In the above step X is transformed to X,, where the edges that forms the
complete subgraphs.

r9s 0 S — Ain all other elements in 756 that are not in ro 7

ro9 ¢ [SViVaXs], [SVIV5XG], [SVaV5 X3, [SVaVaXa], [SVaV5X5], [SVaV5 X5, [SVAVe X3,
[SVIVaVs X3], [SV3VaV5 X5
In the above step X, is transformed into X3. This is applicable for elements

that contains X . These represents cliques

Here n = 6 , in (n + 3)" step , that is in the 9'h step, we get all cliques.
Here the maximum cliques are

[V1VaVs] and [VaV, V3]

That is they are the sets {V7, V5, V5} and
{V3, Vi, Vs}

IndependentSet Problem — Rewriting rules

In R, the rules upto ry ¢ are as same as in click problem.

ro7 o All X are transformed to X,
ros : Every vertices that are end points of the same edges vanishes when we
apply the rule ryg.
r9,9 : All vertices which do not forms an edge remains, which is an independent

set
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From our example we get the independent set of vertices as

Vi, {Vab AVa b AVah Vs b AV} {Vi, Va} {Vi, VaH{Vi, Ve H{Va, Va H{Va, VaH{Va, Ve H{ V3, Vs }{ V5, Vs}
{1, Vs, V) {Va, Va, Vs }
The maximal independent sets are {V;, V3, Vi} {Va, V3, Vs}

In the 9 steps we get the answer

4 Conclusion

In this paper we have generated a polynomial time solution for both indepen-

dent set problem and the clique problem. Both solutions are linear
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