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Abstract—The purpose of this paper is to propose a new
way to solving clustering problems, which combines
membrane computing with a k-nearest based algorithm
inspired by chameleon algorithm. The new algorithm is
defined as PKNBA, which can obtain the k-nearest graphs,
complete the partition of subgraph through communication
rules, evolution rules, dissolution rules and division rules in
P system with active membranes. The whole process of
PKNBA algorithm is shown by a 10 points test data set,
which indicates the feasibility and less time consuming of
the algorithm. All the processes are conducted in
membranes. Cluster results via the famous iris and wine
data set verify that the proposed PKNBA algorithm can
cluster data set more accurate than k-means algorithm. The
influences of parameters to the algorithm are illustrated
also. The PKNBA provides an alternative for traditional
computing.

Index Terms—Xk-nearest graph, subgraph partition, P
systems, active membrane, membrane division, PKNBA
algorithm

I. INTRODUCTION

Membrane computing is a new branch of natural
computing which is initiated by Paun at the end of
1998[1]. It abstracts computing models from the
functioning of living cells, just like DNA computing
coming from gene, particle swarm optimization from
biomes, etc. Membrane computing deals with distributed
and parallel computing models, processing multisets of
symbol objects in a localized manner. Evolution rules and
evolving objects are encapsulated into compartments
defined by membranes. The communications between
compartments and with the environment play an
important role in the processes.

The advantage of these methods is the huge inherent
parallelism. It has drawn great attention from the
scientific community so far. The obtained computing
systems proved to be so powerful that it is equivalent
with Turing machines[2] even when using restricted
combinations of features, and also computationally
efficient. From now on, a number of applications were
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reported in several areas: biology, bio-medicine,
linguistics, computer graphics, economics, approximate
optimization, cryptography, etc [3].

The various types of membrane systems are known as
P systems after Gheorghe Paun who first conceived the
model. Membrane division is inspired from cell division
well known in biology. P system with active membrane
has the ability to do cell division by rules, which is a
method to reduce time into line. So far, P system with
active membrane is used for solving basis hard problems,
typically NP-complete problems in polynomial (often,
linear) time. Details can be found in [4,5,6]. Recently,
PSPACE-complete problems were also attacked in this
way (see [7]).

Clustering plays an essential and indispensable role in
data mining. Although several methods are available in
these areas [8], these algorithms exhibit polynomial or
exponential complexity when the number of clusters is
unknown and the data set is huge. It makes problems
more challenging. Chameleon algorithm is a hierarchal
clustering algorithm, which can find any shaped and high
quality clusters compared with some famous clustering
algorithm as BIRCH and DBSCAN [9].

Although membrane computing and cluster analysis
receive much attention and rapid developed, there are rare
combination of these two important research areas.
Monica Cardona [10] presented an idea of using
membrane computing to do the hierarchical clustering,
where data are set into 0, 1 form, n + 1 membrane are
used. Xiyu Liu [11] proposed a kind of P system on
simplicial complexes to solve a grid based clustering
problem.

Inspired by the researches above, this paper focuses on
the joint study of membrane computing with cluster
analysis. We use the k-nearest based clustering algorithm
which is motivated by Chameleon algorithm. Then, we
use membrane to conduct the whole process of
computation, which can obtain the k-nearest graphs by
evolution rules and communication rules, complete the
partition of subgraph, output the final clustering result
through communication rules, dissolution rules and
division rules. A 10 points example is used to indicate the
feasibility of the provided algorithm.Iris and wine
benchmark data set demonstrates the algorithm’s
accuracy. The influence of parameters k and t is also
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illustrated.

II P SYSTEMS WITH ACTIVE MEMBRANES

A P system with active membranes (of degree
M >1) is a construct of the form[12][13]:

[I=(0,E.H,u,w,,...,0,,¢,,....6,,R.i,)

where O is the alphabet of objects. E = {0, . . . , n-1}
withn>1 is the set of electrical charges (polarizations).
M 1s a membrane structure with m membranes, labelled

with elements of H, where H is a finite set of labels for
membranes. @,,...,@,, are strings over O indicating the
multisets of objects at the beginning present in the m
regions of u . e,..,6, are the polarizations at the

beginning assigned to the membranes 1, ..., m. Ris a

finite set of rules of the following forms:
(a) evolution rules: [a —> V],

forheH ,icE,ac0O,veO*

(b) communication rules : &[], — [b]]

forheH ,i,jeE, a,beO

(c) communication rules: [a], —[]'b
forheH ,i,jeE, a,beO

(d) membrane dissolution rules: [a]‘h —b

forheH ,i,jeE, a,beO

(e) division rules: a[], — [b])[c]

forheH ,i,j,keE, ab,ceO

Rule (a) is rewriting rule used in parallel in the region
of membrane h, provided that the polarization of the
membrane is i. (b) and (¢) are communication rules,
where (b) sends an object into a membrane, possibly
changes the polarization of the membrane from i to j. On
the contrary, (c) sends an object out of a membrane,
possibly changes the polarization of the membrane also.
(d) is dissolution rule, which is a special rule in P system
with active membrane, allowing membrane’s dissolution
in reaction with an object. (¢) is used for membrane
division, in reaction with an object, the membrane is
divided into two membranes with the same label,
possibly of different polarizations. The object specified in
the rule is replaced in the two new membranes by
possibly new objects, and the remaining objects are
duplicated.

A P system is called stable if, even if some rules are
still applicable, their application does not change the
string/object content of the membrane structure, nor the
membrane structure itself.

It gives priority to rules in communication P system,
for {R,,..R, } in membrane i in [14]. There is the priority
that R, > R, >,...> R, , which means if R,,..R, can be
used all, R, will work firstly, then, R,,R;,...R

in
i(n-1) »

R,, will be used at last.
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To expand the use of membrane computing, here we
combine priority of rules with P system with active
membranes.

III K-NEAREST BASED CLUSTERING ALGORITHM BY P
SYSTEMS WITH ACTIVE MEMBRANES

A. K-nearest Based Clustering Algorithm

Chameleon algorithm is a hierarchal clustering
algorithm that aims to find the k-nearest graph [8]. This
algorithm has several advantages compared with other
hierarchal algorithms, such as robust clustering (using
links) and clustering (using representatives) algorithms.
The Chameleon algorithm uses the relative
interconnection RI (Ci, Cj) and the relative closeness RC

(C,C) of each cluster (C, C) to determine their
] 1 J

similarity
RI(C;,C)) =[EC ¢, [/(1/2| EC; | +]EC, |)s (M

RC(C,.C)) =S¢, . /(Sec, xICi [/1C [+]C; D)
@

+Sec, X1 G G [+1C5 D)

Inspired by Chameleon algorithm[15], the k-nearest
graph is used in this study to implement several
components of the proposed model. The basic idea for
spatial data clustering is to find the k-nearest neighbor
graph for every data, cut edges with lengths beyond the
threshold from the graph, and cluster patterns in the same
subgraph.

To make data set being clustered suit for k-nearest
based Algorithm. At first, we need to do some
preparation for data. We define that data set is a k
dimension set § with n elements. Those n elements are
the individuals who will be clustered. We use matrix to
denote them[16]:

Wll W12 W13 Wlk

W = W2l W22 W23 W2k

Wnl Wn2 Wn3 Wnk

Where W; is the value of the j-th variable of the
individual i.

Besides, similarity is very important in grouping data,
thus establishing criteria to measure similarities of the
data is necessary. Evidently, the clustering that can be
obtained depends on the chosen similarity function. This
function, called similarity, contains various measuring
methods which are defined below.

Definition 2:

A distance between any two individual over the k

dimension set &={W,W,,..,W,} is calculated

by
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2 2 2

Dij Z\/(an _le) +(W,, _sz) to + (W, _ij)
(3)

Hence the distance of the k dimension set ¢ is shown

as a n*n matrix D, to adapt the calculation, we use D’ to

show distances between data, which is distances after
take integer of D.

[0 D, Dy « « Diny Dy D,
0 Dy .. .. Dy, Dy D',
D': ' 1
0 D (n-2)(n-1) D (n-2)n
0 D'(n—l)n
— O -
Definition 3:
A similarity S over the k dimension set
o0 ={W,,W,,...W, } always can be defined as the distance

between two individuals. Those elements which have a
short distance are more similar than that with a long one.
Therefore, here we use distance to denote similarity
among individuals.

S(W;,W,)=D;,S is symmetric as D, that is:

1) ’
S(W, 7Wj) = S(Wj W), S(W;, W) = S(\NPW;) =0
The k-nearest based algorithm use membrane
structure as Fig.3.2, it put all similarities of each data i
into membrane 1 ,through evolution rules and
communication rules between membrane n+1 and
membrane i, it find k-nearest graphs for every data i .In
membrane i , rewriting rules divide the k-nearest graphs
into subgraphs by threshold t given before calculation and
obtain the clustering results. Finally, membrane i send the
clustering result of every data i into output membrane
n+1 through dissolution rules. The final result is read out
from the membrane produced by division rules .The
process of k-nearest based algorithm is as follows:
Begin
Initialize the membrane structure;
Execute communication rules between n+1 and
membrane [ in parallel
w1
while (w <k ) do
Execute evolution rules in membrane i in parallel
W w+1
End
Execute communication rules between n+1 and
membrane 1 in parallel
for z=1,z<t,z++
Execute rewriting rules in membrane I in parallel
End
Execute communication rules between n+1 and
membrane i in parallel
Execute dissolution rules in membranel
Execute division rule in n+1
Output objects from membrane i,

End
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B. P System Design for K-nearest Based Algorithm

The purpose of this paper is to obtain the cluster result
of a k dimension set § of n different individuals by P
Systems with active membrane. P Systems with active
membrane design for k-nearest based algorithm(PKNBA)
as is Fig.3.1 a tuple:

‘000 ©

n+l

f
\
\

Figure 1. membrane structure of P Systems with active
membrane design for K-nearest based algorithm

[1=(0,E.H,u,w,,....,0, ,,,...

sWmo

7ema Raio)

n+l

final status of membrane structure of PKNBA

Figure 2.

,where

(HO= {aij, Aj ,Bij,s,h,u,v,w,x,y,z} ,
1<i<nl<j<ni#j

2)E={0,1,2}

3) H={0,1,2,...,n}

(4) /u = [[]1[]2[]3""5[]i 5"':[]n]n+1

(5) @ ={a;" [1<i<nl<j<ni=j}
a)n+| = {u5 y}

(6) e,=e,...e, =0;
en+l = 0

(M R:

ull = [v1i;

[via," — v A W]

WY — x(i:

yll =[]

[ A% —z29B" ]

[Z' —>s];

d

d d. ~d
[Z"A'—>2" Bij”]} ~[z' > ]!



JOURNAL OF SOFTWARE, VOL. 9, NO. 3, MARCH 2014

( dij =t);

[s]; = h[I}:

[Bijdij ].2 - Bijdij 5

[BijdIJ BjidJI - BijdIJ ]gn;
[B,,"/B,, ™ ..B, " uxyh]’,, —
[B,"'B,,*..B," I, [uxyh?,,

®)1,= []:Hl will output the clustering result as Fig.3.2
In the initial configuration, all polarizations of
membranes are 0, rule U[]' —[V]’ is activated firstly

since ‘v’ is initialized object in membrane n+1, ‘v’ is sent
into membrane i continuously in parallel, which stands
for every point. When the number of ‘v’ reaches the
minimum number of distance d;j in every membrane i,

aijd"' will change into Ajd" and one ‘w’ is produced by
. d:  d di A d

the action of rule [v'a;” ->V"'A" W]’  (every

their rule

.These

there are k ‘w’

membrane does not activate

dy, d di A o .
[vV'a;" >V A" w]’ simultaneously)

processes will go on working until
obtained and [W*]" — X[] will be switched on, the
polarization of membrane i changes into 1 from O,
u[]’ = [V]’ can not work any more. Here we obtain k-

nearest graph of each points in every membrane 1.

Then, the mission is to cut k-nearest graph into

subgraph and get the clustering result. Y[] —[Z]!

. will
work in polarization 1 and one ‘z’ is put into membrane i,
the strategy of our algorithm is to erase those distances
which are beyond threshold t, it can be transformed into

getting those distances within threshold t. Thus,

d. d.. d- d. . . .
[z"A" > 7'B;" I is used to receive satisfied
. d . .
distances B until the number of z’ arrive at t,

[2' > S]} is activated and ‘z’ is transformed into ‘s’, it is

worth to say that when d;=t is achieve,

d

oAl d. ~d )
(2" j'J -z’ Bij” ]: - [Zt - S]: ,which means

[Zdij Ajd” — 2% Bijdij ] takes precedence over [2' — S]; ,

then, [S] — h[]’ changes polarization of membrane i

from 1 to 2, ‘s’ into ‘h’. Y[]| —[z] will lose its
power .So far the clustering results is obtained.
The last step is to read out objects, all objects Bij are

. d:. d-
sent out from membrane i by [Bij I ]|2 — Bij " and

membrane i is dissolved. Meanwhile, membrane division
rule is used in membrane n+l1,

[B, " uxyh]’., —[B;" I, [uxyhl,

makes all the objects we need together into the output

1

membrane [],,, .

Data not appearing in membrane1i,are
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considered as outlines or can be put in a single cluster.
The whole process of P-k-nearest algorithm is done.

C. An Overview of Computations

4l il
*
3 * i
* o+

2 +* * 4
*

1L 4

0 + 4

1 ¥ J

25 4

3l J

4 * 1

5 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

5 4 3 2 1 o 1 2 3 4 5

Figure 4. 10 points test data set
E — I

-
Q00 Q|
N S/

Figure 3. membrane structure for 10 points data set

In this subsection, we will show a simple example with
ten data to certify the efficiency of our algorithm. Data
set is shown in Fig.3.3 and the membrane structure is
shown in Fig.3.4. K is 5, threshold t is 2.

The W' of the matrix which stands for information of
data is:

W {—4 -3 2 -15 0125 33 3.5}

-4 3 2 35 -1 0 25 25 2 15

Y

\ |
\

YA

Figure 5. final status of membrane structure for 10 noints data set

The distances between the ten individuals are as
follows:
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P Systems with active membrane design for K-nearest
Based Algorithm for the ten data points is :

0 =(O,E.H,u,0,,...,0,,,€,,....6,,,R,1,)
,where
(1HO= {aij, Aj ,Bij,s,h,u,v,w,x,y,z} , where aij,A"- B
are shown in Table.
(2)E={0,1,2}
3) H={0,1,2,..,11}
(4) o =[[1L05 00,0605 Os o[ 1y
(5) w,,...,m,, are exhibited in Table.
oy = {u,y}
(6) e,=e,=e,=e,=e,=e,=¢c,=e,=¢,=€, =0;
e, =0
(7 io=[1,
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Fioure 6. final clusterine result of 10 noints test data set

Rules execution processes are show in Table.3.1,
according with rules actions, objects in membrane 1,

2,...10 ,11 and i, are changed as seen in Table.3.2.

Fig.3.5 opened up the final status of membrane structure,
Fig.3.6 obtains final results.

TABLE 3.1
THE PROCESS OF RULES EXECUTION OF PKNBA ALGORITHM OF 10 POINTS TEST DATA SET

Membrane | Rules

1 U[]? - [V]? B U[]? - [V]? B U[]? - [V]? B U[]? g [V]? B U[]? g [V]? B [V5a155 - AlSSVSW]? b U[]? - [V]? B
[V'a,” — AVw] | [v®a,” — ASVw]) , ull = [v] , [Via,” = A,v'w] , ull = [v]
Vi, — A VWYL W' T — X(1, YT = [2]3,[2° — ], [s] — h[l;

2 ully >[IVl » vay,, > Aw, , ully = [Vl , [via,” = ASVWE L, ully = [V, ully > [vD;
ully > [vl , [Va, = ASVw] , [Va, — AW, ulls = [V, [Vt — Avew])
W - X1, , Y —[z]; , [ZA; > 2By, , VI, — (2], . [°A > °B,}L, L [22 >,
[sl, > h[];.[B, 15 > By.[B,’]; = B,

3 U[]g _>[V](3) B [Va32 - AJZVW](; B U[]g _>[V](3) B [V2a342 - A342V2W](3) B U[]g _>[V](3) B U[]g _>[V](3) B
Vit — AJviw]) L [via,t — AViwWD Ul > vD L [Vay, = AW, (WL - X[
yiI; > [zl » [ZA, > 2B, 1y , VI, =z . [22A7 > 2°BjL , [22 —>s]y , [s > h]
[B32 ]§ - B32 ’[B342 ]§ - B342

4 ufls —>[v1; , ull; —>[V]2 L [Via,” = ASVW L [Via,t — ASVAWEG ] —>[V]3 L ully > vl
v'a,t — A viwl, | [via,t = A VW L Ul [V, [V, = ASVWE L W] = x(,
yll, = (2], . vl =20, . [2°A - 2°By’], L [22A,° > 7By, L [22 - sy L [s], = hll;
|:B422 ]421 - B422 ’[B432 ]421 - B432
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5 ulls > VIS [vass = AgwIs L uls > VIS, ully > VIS, ulls > [V, [v'ag® — AV,

[\/48‘574 - A574V4W](5) o [V43.594 - A594V4W](5) > [V4a5104 - A5104V4W]2 > [WS](S) - X[]; B y[]ls _>[Z];
[zA, — B, 15, [27 — s],.[S]; — h[];,[Bs I: — By,

-

6 ulls = [V1g . [Vags = Agvwig, ully = Vg, ulls > V1. [Via,” —> A VW Ve’ — Ag'vwg,
[V'ay — AV WL, [V'ag," — Ay VIWIG, IW T = X[y, YIIs — (2] ,[2A — 2B 1 ,[2° —> s],
[sTs = N[l [Bys 16 — Bgs

7 ull; > VI3, [Vay, = AWy, [Vag, — AW, [Vay,, = AW, ull; > [V, uly —>[vl;
Va, > ASVWE Ll >V L Vat > ANWE L WX vl -2
[ZA78 - ZB78]{/ s [ZA79 - ZB79:|17 s [ZA710 - ZB710]; s [22 - S]17 s [5]17 - h[]? s [B78 ]3 - B78 s

[B79]3 - B79 ’[B710]$ - B710

8 ulls = VI » [Vag, = AgwWwIg |, [Vay, — AW, [vag,, = AW, ully - [V, ully > [VE;
[Vay = AW, ully > VI, ully > VI [Viay” > APV WL W — X, vl — (2]
[ZA; — ZBS7];§ s [2Ay = ZBS9];§ s [2A — Zleo];; > [22 - S]; > [S];; - h[]§ > [Bs7]§ - B .
[Bso]s - 889’[8810]§ — By

9 ufly = [Vl » [vay, = Awwg |, [Vag, — AW, [vay,, = A v, ully =[], ully > [Vl

[Vay,’ = ASVWEL U — VI Ve, > AW, [T, — X, YT, — (2, [2A, — 28,,1),
[2A = 2By]y .+ [2Ay = By . [22 >s], . [sh—>hE . [B,E - B, . [B,J B, .
[B910]§ - B910

10 u[]?O - [V]?O H [Va107 - A107VW]?O > [VaIOS - AOSWV]?O s [Va109 - AIOQVW]?O H u[]?O - [V]?O s u[]?O - [V]?O
? [V3a1063 - A1063V3W]?0 H u[]?O _>[V]?0 ’ |:V4a‘1054 - A‘l054v4w]?0 ’ [W5 ]?O - X[]}O > y[]}O _>[Z]}O ?
[ZA107 - ZBIO7]:0 H [ZAIOS - ZBIOS]}O ’ [ZA109 - ZB109 ]}0 ’ [22 - S]}O H [s]}O - h[]120 > [BIO7 ]120 d BlO7 s
[8108]120 - BIO8 ’[BIO9 ]120 - BIO9

11 [B23 B32 - BZ3 ]?1 > |:BZ42 B422 - B242 ]?l > [B34ZB432 - B432 ]?1 4 [BS6BGS - BSG ]?1 4 [B78 BS7 - B78]?1 4
[B7‘)B‘)7 - B79]?l > [B7IOBIO7 - B710]?1 4 [889 B‘)S - BSQ ]?1 > [BSIOBIOS - BSIO]?I > [BQlOBIO‘) - BQIO]?I >
[823 B242 B342 BSG B78 B79 B710 B89 B810 B910uxyh]?l - [823 B242 B342 BS6 B78 B79 B710 BS9 BSIO B910 ]} 1 [uxyh]lzl

TABLE 3.2
OBJECTS CHANGES OF PKNBA ALGORITHM OF 10 POINTS TEST DATA SET
membrane | Initial status K-nearest graph Final status
1 a'127’a'136’a‘l48’a155’a'166’a'179’a'1810’a‘l99’a'1109 A‘lssﬂ A36’ A66’ A127’ A148
2 IS R S I S M I WP A A AL A ALS
3 a316’a32’a342’a3549a364na375aa3859a3959a3106 A32, A342, A354; A364, A375
4 a4189 a4229 a432 > a455 > a4647 a47“, a485 > a495 > a4105 A422 5 A432 ) A455 P A464 5 A474
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5 aSIS’a'SZS’a'5?>4’a545’a'56’a'574’a585’a594’a5104 A5343 A563 A5743 A5943 AS]O4

6 a616’a625’a‘634’a644’a‘65’a673’a683’a693’a6103 A@, '%73, &83, A(,93a A6103

7 IR P M IR E I A A A AL AL

8 asllo’a826aa835vax45=asssva%}saswaswaslo Ag35,A363a A\waA\gg,Aglo

9 a919’a926’a935’a945’a954’a963’a97’a‘)8’a910 A;547 A9637 A)77A)87 A?lO

10 a1019’ a1027 ’ a1036 ’ a1045 > a1054’ a1Of>3 > 8197584085849 A054, A%S 5 A07 5 Aog ) Aog

11 y,u sta Bsea B787 B79a B7105

BS9 H BSIO s B910 s B242 s B342

IV EXPERIMENTS AND DISCUSSION

In this section, we present some examples to illustrate
the performance of our algorithm. Then we will show that
our technique gives clusters more naturally.

A Example One

k-nearest based algorithm by P system with active
membrane proposed in this study was applied to two UCI
data set Iris and Wine. Information of these two data set
are as Table below.

The iris data set is one of the most popular data set.

TABLELI

INFORMATION OF IRIS AND WINE DATA SET

Dataset | number | dimension group
Iris 150 4 3
Wine 178 13 3
TABLE 2.
CLUSTERING CORRECT RATE OF IRIS
algorithm | Cluster 1 | Cluster | Cluster | Correct
2 3 rate
PKNBA | 15:50 6:50 0:50 86.0%
k-means | 12:50 8:50 6:50 82.7%

This data set should be divided into three clusters.

TABLE 3.
CLUSTERING CORRECT RATE OF WINE
algorithm | Cluster 1 | Cluster | Cluster Correct
2 3 rate
PKNBA | 0:59 11:71 10:48 88.8%
k-means | 22:59 36:71 4:48 64.0%

©2014 ACADEMY PUBLISHER

However, it is famous for its difficulty on clustering
because the data in this set are alternative and do not have
any obvious bounds. It has three classification: iris-
virginica, iris-versicolor and iris-setosa

The wine data set was derived from three different
grape wines in Italy, including 178 records.

Each grape wine comprises 13 dimensions of wine
properties.

The data set was divided into three groups with the
number of setosa, versicolour, and virginica are59,48,71.

Wine and iris data were used to verify the feasibility
and validity of the proposed algorithm [17]. The correct
rate of iris and wine clustering by k-means is 82.7% and
64.0% in Table.4.2 and 4.3. It is obvious that the
proposed algorithm is more useful and correct.

B Example two

Next, we will show an simple example to certify the
influence of parameters k and t in our algorithm. Data set
is shown in Fig.4.1

10f + A
* *
8 + + 4
* *
6 * + + B
+ +
4t * 1
N
2 * * * + o
+
0 + A
. . . . .
0 2 4 6 8 10 12
Figure 7. a 20 points data set
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Figure 10. clustering results with t=4
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Figure 13. clustering results with k=1
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Figure 14. clustering results with k=2 and 3
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Fig4.2~4.5 and Fig.4.6 indicate the influence of
threshold t to the clustering results. At the beginning, t
increasing leads to the reduction of group numbers. when
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t arrives at 4, group number maintains in 1 and does not
change any more.

Fig.4.7~4.9 and Fig.4.10 demonstrate the influence of
k to the clustering results. Firstly, k increasing leads to
the reduction of group numbers as well as t. when k
arrives at 4, group number maintains in 1 and does not
change any longer.

We can see that the effect of t is greater than k.

P-Lingua is a programming language for membrane
computing which aims to be a standard to define P
systems. One of its main features is to remain as close as
possible to the formal notation used in the literature to
define P systems. P-Lingua is also the name of a software
package that includes several built-in simulators for each
supported model as well as the needed compilers to
simulate P-Lingua programs[18]. Our experiments can be
implemented by P-Lingua 2.0 in Win7, 32bits, core
i3,eclipse 4.2.

C Analysis of PKNBA Algorithm

TABLE 4
TIME COMPLEXITY OF P-CHAMELEON ALGORITHM
data specific status Time complexity
best k O(m)
worst n+kn O(n)
common | g+6n O(n)

It is shown by table above, the best time complexity of
PKNBA algorithm is O(n) and the worst time complexity
is also O(n). Finding k-nearest graph consume g(k<g<n),
subgraph partition uses 0n steps , where 0 is approximate
to every data’s division steps.

Hence, we can conclude that the time complexity of
the k-nearest based algorithm by P system with active
membrane is O(n), which reduce the time complexity in
some degree.

V CONCLUSION

A new strategy for the clustering algorithm using
membrane computing is proposed in this paper. The P
system with active membrane is used to implement
clustering. All the processes are conducted in membranes.
The whole process of the proposed k-nearest based
clustering algorithm is shown by a 10 points test data set.
Cluster result via the famous Iris and Wine data set
verifies that the proposed algorithm can cluster data set
more accurate than k-means algorithm. 20 points data set
also illustrates the changes obtained from the chosen
values of k and threshold t assignment.

Although the process of the proposed algorithm is
provided and a number of instances to prove



JOURNAL OF SOFTWARE, VOL. 9, NO. 3, MARCH 2014

its feasibility are presented, there are also many works
needed to do for further study. The proposed algorithm
can also solve spatial data. However, it does not illustrate
this aspect clearly. In the future, we will continue
researching the use of membrane computing techniques
to cluster three-dimensional or spatial data.
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