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_ Abstract- A computing model called Fuzzy abstract rewrit-
ing system on multisets, close to reality is recently designed by
introducing fuzziness on computation [2]. As an extension of
this model a device Fuzzy Artificial cell system with proteins on
membrane is developed for which the structure is analyzed on
its parameters. The proposed model can be (further) monitored
to the case of living organisms.
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1. Introduction

Formal languages study the structure of the words and the re-
Jationship among the languages. A fuzzy formal language is
a formal language where each word has a degree of member-
ship to the language. Multisets are really useful structures
as interesting models of computations are built upon them.
Membrane computing is a model of computation that is built
around the notion of multiset rewriting rules. More specifi-
cally, it is a computational paradigm that was inspired by the
way of cells live and function [5]. A P system is a concep-
tual computational device whose functionality is based on an
abstraction of the cell. It consists of porous of membranes
that are populated with multisets of objects which are usual-
ly materialized as strings of symbols. In addition, there are
cules that are used to change the configuration of the systen.

" Fuzzification of P system is a quict rcasonable develop-
ment. Rigid mathematical models employed in biology arc
not completely adequate for the interpretation of biological
information. This fact has led to-the adoption of fuzzy model-
s and methodologics. Also it has becn shown that I? systems
with fuzzy multiset rewriting rules arc cquivalent to fuzzy
Turing machines. An orthogonal approach to the fuzei-

fication of both multisets and hybrid sets are presented by
Apostolos Syropoulos [9]. Y. Suzuki and H. Tanaka liave in-
troduced the multiset rewriting system, "Abstract rewriting
System on multisets” (ARMS). Baged on this system, they
have developed a molecular computing model called Arti-
ficial Cell System which consists of a mulliset of symbols,
a set of rewriting rules and membranes [7,8]. These corte-
spond to a class of P systems which is a parallel molecular
computing model proposed by Gh. Paun and is based on
the processing of multisets of objects in cell-like membrane
structures [5].

P systems with proteins on membranes are inspired close-
ly switching protein channels. The maximdl parallelism way
wf processing different species of molecules in the membrane
structure is not very close to reality. A mode) that is limiting

-the parallelism through the modeling of the trans-membrane

proteins (protein channels) observed in nature. P system
with proteins on membranes is introduced and the power of
the system is examined. [4, 6]

Following chemical reactions, the possible mechanism
was proposed for the kinetics of the sulfoxidation reactions,
mimiking biological systems by A. M. L. Jayaseeli and Ra-
jagopal [3]. Recently, the computational studies of the above
mentioned work, based on membrane computing is proposed
and Kinetic ARMS in Artificial Cell System with hierarchi-
cally structurable membrane (KACSH)[1] is developed.

Fuzzy ARMS called as FARMS with [uzzy multiset
rewriting rules and fuzzy data viewed as a computation-
al device is introduced[2]. The above mechanism of Ar-
tificial Cell System with hierarchically structurable mem-
brane is developed with fuzzy multisel gvolution rules with
fuzzy data. In this paper we have introduced a new system
called [ACS P(Fuzzy ARMS in Artificial Cell System with
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pruteins on membranes) and its behaviour is studied. We be-
lieve that the new system would be of use in the modeling of
living organismes.

II. Preliminaries

We first recall the basic structural ingredients of the comput-
ing device.

A. P System with Fuzzy Data [9]

A P system with fuzzy data is a construct

Hep = (0, g WD, ™, Ry, ooy Binyin, A)
where

« (O is an alphabet (i.e., a set of distinct entities) whose
elements are called objects;

» ‘i is the membrane structure of degree m = 1: mem-
branes are injectivelly labeled with succeeding natural
numbers starting with one;

cwli O = Ny xI,1 <i < m are functions that
represent multi-fuzzy sets over O associated with each
region i; Np is the set of all natural numbers including
0,7 €[0,1];

» Ri 1 < i< mare finite sets of multiset rewriting rules
(called evolution rules) over 0. An evolution rule is
of the form u —» v,u € O* and v'€ Of,p Where
Orar = OxTAR,TAR = {here,out} U {ing)|l <
j < m}. The effect of each rule is the removal of the
clements of the left-hand side of each rule from the cur-
rent compartment and the introduction of the elements
of right-hand side to the desi enated compartments;

o ip € {1,2,...,m} is the label of an elementary mem-
brane (i.e., a membrane that does not contain any other
membrane), called the output membrane;

« )\ € [0, 1] is a threshold parameter, which i used in the
final estimativn of the compulational result.

B. P System with Fuzzy Multiset Rewriting Rules [9]

A P system with fuzzy multiset rewriting rules and crisp da-
ta is just an ordinary P system that has, in addition, a cer-
responding fuzzy set for each set R, of multiset rewriting.
A P system with fuzzy multiset rewriting rules will com-
pute a number to some degree. Clearly, such systems must
also obey the so called maximal parallelism principle, that
is the rules should be selected in such a way that only opti-
mal output will be yielded. Thus, P systems with fuzzy data
differ fundamental from P systems with probabilistic rewril-
ing rules in that there is no bias in the sclection of the rules.

When a P system with fuzzy multisct rewriling rules halts,
the result of the computation W some degree 15 equal to the
cardinality of the multiset contained in the vutput compart-
ment. Clearly, it is also necessary Lo know how to compute
the truth degree that is associated with the computational re-
sult. ; .

C. ARMS (Abstract Rewriting System on Mudltisets) (7]

ARM S is like a chemical solution in which molecules Aoat-
ing on it can interact with each other according to reaction
rules. Technically, a chemical solution is a finite multiset of
elements denoted by A% = {a,b, ., }: these elements corre-
spond to molecules. Reaction rules that act on the molecules
are specified in ARMS by rewriting rules. In fact, this system
can be thought of as an underling algorithmic chemistry [1].

Let A be an alphabet whose ¢lements are called objects.
the-alphabet itself is called a set of objects. A multiset over-
a set of objects A is a mapping M : A — Np. The number
M(a) fora € Ais the multiplicity of object a in the multiset
M. We do not accept here an infinite multiplicity. We denote
by A# the set of all multisets over A including the emply
multiset ¢ defined by ¢(a) = O foralla € A. A multiset
rewriting rule (evolution rule) over the set A of objects is a
pair (M, M>) of elements in A#( which can be represented
as a-rewriting rule w; — ws for two strings wy ,wa € A#
such that M,,, = M, and My, = Ms3). We use Lo represent
such a rule in the form My — M3

An abstract rewriting system on multisets (ARMS) is a -
pair I' = (4, (R, p)) where A is a set of objects; R is a finite
set of multiset evolution rules over A; p is a partial order
relation over R specifying a priority relation among rules of
R. With respect to an ARMS T, we can define over A#
a relation: (=): for M. M € A% we write M = M iff
M = (M —(MyUs-UMg))U (MU -U'M,) for some
M; - M, € Rl <i < kk > 1,and there is no rule
M, — M. € R such that M, C (M — (M;,U... U My)):
At most oné of the multisets M;, 1 < i < k, may be empty.
With respect to an ARM S I' = (A, R) we can dcfine various |
types of multisets: A multiset M € A# jg dead il there 15 no
M’ € A¥ such that M = M’ This is equivalent w the fact
that there is no rule M; — My € R such that M; C© M. A
multiset M € A# is initial il there is no M € A% such that
M = M.

In ARMS. all the reaction rules are applied in parallel.
In every step, all the rules are applied Lo all vbjeets in every
membrane that can be applied. 1f there are more than one
applicable rule that can be applied to an ubject then one rule
is selected randomly. ' '

D. Fuzzy ARMS [2]

Recently we have proposed a computing device that based
on Abstract Rewriting systems on multisets closely related o
P system with fuzzy multiset rewriting rules and fuzzy data
which is called as FARMS.

1) Definition

A Fuzzy ARMS (FARMS) is a quintuple

= J{A! (R, ,U].J._ #}
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where
» A is aset of objects,
« R is a finite set of multiset Tewriting rules over A,

« pis a partial order relation over R, specifying a priority
relation among the rules of R,

+ J = {r;/j = 1ton,n=cardinality of R}
i.e. the number of multiset rewriling rules over A,

J — [0, 1] is the membership function in R such

.l
that u(r;) =14,1 € [0,1].

In FARM S, reaction rules are applied in parallel. When
there are more than one app]icabie rules then one rule is se-
lected randomly.

A Fuzzy. ARMS %nerates a Fuzzy ARMS language
L(FARMS) as follows. An object ¢ € A" is said to be
in L{FARMS) iff it is derivable from any object 5 € A
and the grade of membership fip(parms) (%) is greater than
0, where

) max min k
prrarms)(T) = P E R L<i<i p(rs)

where o € A* and n is the number of different derivatives
that 2 has in FARMS, I, is the length of the k" derivative
chain, rf‘ denotes the label of the it multiset rewriting rule
used in the k™™ derivative chain, £ = 1,2, ..., k-

" Clearly, m,(FA,qMS){:r) = Strength of the strongest
derivative chain for S to z forall & € A*.

2) Example
Consider the Fuzzy ARMS

I'={A (R,p). J n}

where

A= {a.b,c.d [}

Bo— { Ty
Tal

J={r; € R[j =12},

a™, f = b™.¢™  with u(r;) =038
e™.d—a™, ™ with u(re) = 0.5

i1 J — 1 is the membership function s.t.
wir;) =i1 € [0, 1},

p= ¢

into the multiset {a,b,c} with p{ra)

Chandra et al.

We do not assume priority arnung the rules {r; and ro}t. In
FARMS, reaction rules are applied in parallel. When there
are more than one appliicable rules, then one rule is selected
randomly. Let us take {a™. f.d : m > 1} as an initial state.

If m = 1, the rule vy is applied in parallel and {a. [, d}
is transformed in to {b,¢,d} with p{r;) = 0.8. Since 7y
cannot be applied on this multiset, 5 is applied. resulting
= (1.5, As there is
no rule that can transform the multiset further, the system
is in a dead state. Thus the grade of membership value

prrarms)(a, bye)is
max min
8,05} =05

(mkgn) (1gx~gek){0 J}l !
1fm =2, the rule r, is applied in parallel and {a, q, f,d}
is transformed in to {b, b. ¢, . d} with u(ry) = 0.8, Since 1
cannot be applied on this multiset, 7o is applied, resulting in-
to the multiset {a,a,b,b, ¢, c} with p(rz) = 0.5. As before,
there is no rule that can transform the multiset further. So,
the system is in a dead state. Thus the grade of membership
value pr(rarms)(@,a,0,b,c,c) is

maL e
(1 <k< n) [(1 S Ek) {038, 05}j| =

proceeding like this, we obtain the language as

L(FARMS) = {a",b",c¢"/n > 1} with

prrarms)(a™,b*.c") = 0.5.

E. Kinetic Studies of the Sulfoxidation reactions

Establishing model compounds enhances the study of en-
zymic intermediates. Therefore over the part three decades
biomimetic approaches towards mimicking the catalytic role -
of these enzymes on the oxygenation reaction have been fo-
cused [3]. A. M. L Jayaseeli et al. established an eco-friendly
redox system which serve as peroxidase model by opting hy-
drogen peroxide as oxygen source for the iron(J11)—salen
catalysed oxidation of sulfides and sulfoxides. The progress
of the reaction was followed using [/ V-visible spectro pho-
tometric techniques. Michaleis-Menton behaviour was ob-
served when the rate of the reaction followed kinetically.
Taking into consideration of the substituents effect of com-
plexes as well as substrates, the ratés of the-reactions are tab-
ulated and a suitable mechanism was proposed.

F Computing with Proteins on membranes [6]

A kind of model on P systems with membranes is con-
sidered where the main information to process is encoded
in the multisets from the regions of F, system, but these
objects evolve under the control of a bounded number of
proteins placed on membranes.  Also, the rules used arc
very restrictive: move objects across membranes under the
control of membrane proteins, changing or not the objects
dnd/or the proteins during these operations, The reason
for considering both extensions was that in biology, many
reactions taking place in the compartments of living cells
are controlled /catalysed by the proteins embedded in the
membranes bilayer. In the I systems two types of abjects,
proteins and usual objects are used: the former arc placed on
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the membranes, the latler are placed in the regions delimited
by membranes. .The lact that a protein p on a membrane
(with label) i is written in the form lip| ;- Both theregions
of a membrane structure and the membranes can contain
multisets of objects and of proteins, respectively.  The
following type of rules are ‘ntroduced in [4] where a,b.¢c,d
are objects, pisa protein, and i is a label (cp means change
protein).

Type Rule Effect

modify an object,
but not move

lep [splal: — ip ]!b]_-i
alspll, — blip 1ls

move an object,
but not modify

{w!rl]i = ﬂ[-&?a I
aliplli = lip lali

2ep

modify and
move one object

3cp [iplali — bli?f IE
alipll: = lip )i
a[.;p.H)],- — blyp'|aj; interchange two objects

aliplpls = el 1d;

dep

interchange and
modify two objests

bep

An intermediate case can be that of changing proteins from
pto jand back (like in the case of bistable catalysts). Rules
with such flip-flop proteins are denoted by nf f,n=1, 2.3,
4,5, :

1) P System with Proteins on Membranes

A system with Proteins on membranes (in the sequel sim-
ply P system, if not stated otherwise) is a systeml of the form,

r={0,Ppw/fz, W 2my By Ry y R, to}

where

. 71 is the degree of the system (the number of mem-
brancs)

» () is the set of objects
. P is the set of proteins (with O N P=¢)
« [ is the membran¢ structure

« w; are the (strings representing the) multisets of ubjects
present in the m regions of y

« = are the multisets of proteing present on the mem-
branes of

. E C O is the set of objects present in the environment -
{ in an arbirarily large pumber of copies each)

« R; are finite sel of rules associated with the m mem-
branes ol

. ig € {1,2.-+ .m} isthe label of the cutput membrane.

Reaction rules are applied in the following manner: In
gach step, a maximal multiset of rules is used, that is, no
rule is applicable to the objects and the proteins which re-
main unused by the chosen multiset. At each step we have
the condition that each object and each protein can be in-
volved in the application of at most one rule, but the mem-
branes are not considered as involved in the rule applications
except the division rules, hence the same membrane can ap-
pear in any number of rules of types 1-5 at the same Lme.
By halting computation we understand a sequence of config-
urations that ends with a halting configuration (there is no -
rule that can be applied considering the objects and proteins
present at that moment in the system). Witha halting compu-
tation we associate a result, in the form of the multiplicity of
objects present in region ip at the moment when the system
halts. We denote by N (I1) the set of numbers computed in
this way by a given system 1. We denote in the usual way
by NOPm(pror; list of types of rules) the family of sets of
numbers N (IT) generated by systems with at most m mem-
branes using rules as specified in the [isf of rvpes of rules,
and with at most T proteins present on a membrane. When .
parameters m or 7 are not bounded, we use xasa subscript.

[IL. Fuzzy Artificial Cell System with Proteins
on Membranes

We now introduce a mechanism of Artificial Cell System
with Proteins on Membranes having fuzzy multiset evolution
rules and fuzzy data. ' '

A. Definition

A Fuzzy ACS with Proleins un membranes FACSFP is a
construct,

[ = {0, Popany fzyee - il 2 B (Bpop)i o -}
where

. m is the degree ol the system ( the number ol mem- .
branes )

. () is the set of objects
. P is the set of proteins (withQ 1 P =)

» o is the membrane structure
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« iu; are the (strings representing the) multisets ol ubjects
present in the e regions of p where1 = Llom

e oz are the multiset of proteins (biological Catalysts)
present pn the membranes of pwherei = ltom

. Eis the set of objects present in the environment {inan
arbitarily large number of copies each)

« R, is a set of Fuzzy multiset evolution rules
overd,p=ltomofp

« pis the partial order relation over R,

eiy € {1,2,---,m} is the elementary membrane
(output)

o J={By € Ry/p=1,....mq2 1%
g = cardinality of Ry

ww : J — [0,1] is the membership function s.t.
w(Rypq) = 1.1 € [0.1].

The rules are used in the non-deterministic maximally
parallel way:

The same rules are applied to every membrane. There are
no rules specific to a membrane. All the rules are applied in
parallel. In every step, all the rules are applied to all object-
s in every membrane that can be applied. If there are more
than one applicable rule that can be applied to an object and
protein then one rule is selected randomly. If a membrane
dissolves, then all the objects in its region are left free in
the region immediately above it. All objects and proteins
not specified in a rule and which do not evolve are passed
unchanged to the next step. At gach step we have the con-
dition that each object and each protein can be involved in
the application of at most one rule, but the membranes are
not considered as involved in the rule applications except the
division rules, hence the same membranes can appear in any
number of rules at the same time.

By halling computation we understand a sequence of con-
figurations that ends with a halting configuration ( there is no
rule that can be applied considéring the objects and proteins
present at that moment in the system). With a halting compu-
tation we associate a result in the form of the multiplicity of
objects present in region 1y al the moment when the system
halts.

A Fuzzy ACS with proteins on membranes generates a
language L(FACSP) as follows: An object = € (O which
is present in the region iy at the moment when the system
halts is said to be in L(F'ACSP) iff it is derivable from any
object § € O and the grade of membership wr(racse) (@)
is greater than 0, where

maxr AT

S B = [ ok I
wirars() (l <k< n) Kl <i< ik)“(R‘}‘

Chandra et al.

where z € O* and 7 is the number of dillerent derivatives
that = has in FACSP, Ix is the length of the k" derivative
chain, R¥ denotes the label of the 1*" multiset evolution rule
used in the k" derivative chain, ¢ = 1,2, .. kg
Clearly, Wi (FACSP) (z) = Strength of the strongest deriva-
tive chain for §to z forallz € O*.

We denote mn the usual way by
L pacsp,, (proy, list of types of rules) the family of
languages L(FACSP) gencrated by systems Il with
at most m membranes, using rules as specified in the
list of types af rule and with at most 7 proteins present on a
membrane. When parameters m or v are not bounded, we

use = as a subscript

B. FACSP in Oxidarion of Sulfides
1) Process A:

We describe the formation of intermediate between complex
and the oxidant. .

(@), Z+ X(F3)X — X(F40)X: -
X(F40)X + Y-RSR' — X(F3)X +Y-RSOR'

H %
/ /-c—‘€‘ "—‘“ﬂﬁ\ /—\?.h“:‘- -
o 4 3 Ok 1O
o
H
Hydrogen Feilll} Salen . Fe\V) Ouo Salen
Feroxide Cempley Cuoaplexs
L XiFNN NiFamX
CHs o CHa
N\ / A N/
u S 5 e 5 ¢
N / “Fel, A
3 ‘@}w@»ﬂ}a o-dxt
o :
y ¥
FeilV] Oso Sales Phenyi Methl Follif) Salenn  Ploenyt Methy
Camples Sy lfide (‘nu_phr Salloyide
N{E4OIN Y-RSR” X(FON Y-RS0OR"
B~Colls . R=CH

A simple abstract reaction scheme is followed.

Case ] : X =H X

Following convention is used to do the compulation.

= = L,Y = OCH1 — AM‘Y = C}]; = Jr\".
Y=F=PY=Cl=QY=Br=UY = NO; =V,
Now (a) will have the [ollowing reaction rules

|. Z+ H(F3)H — H(F40)H;
H(FAO)H + L-RSR' — H{F3)H + L-RSOR’

2. Z+ H{F3)H — H(F40)H;
H(F40}H + M-RSR' — H(F3)H + M-RSOR

7« H(F3)H — H(FA0)H;
H(F40)H + N-RSR' - H(F3)H + N-RSOR’

L



. Z + H(F3)H —» H({"4O)H;
H(FAO)H + P-RSK' — H(F3)H + P-RSOR'

. Z+ H(F3)H - H(F40)H,;
H(F4O)H + Q-RSR' — H(F3)H + Q-RSOR'

7+ H(F3)H — H(FAO)H,
H(F4O)H + U-RSR' — H(F3)H + U-RSOR’

. 74+ H(F3)H — H(F40O)H,;
H(PAO)H + V-RSR — H(F3)H + V-RSOR

2) BEHAVIOUR OF FACSP - A:
Case-1 Consider the FACSP

r= (O‘P»Il-‘wllen%"z/%‘ Es(Rpsp]|i0=J?w}

where

O=AZ A B8L B =T

P={A,B},

wy, ws are the multisets of objects present in the regions
1,2 0f p,wy = {Z,5,1=1.. L Thwe = {0},

2y, 7o are the multisets of proteins present on the mem-
branes 1.2 0f g, 71 = (A1}, 22 = {e},

E={¢}

R, is a finite set of Fuzzy multiset evolution rules over
A;p=1.2

p=¢,
ip = 2 is the output membrane,

J={Rpy € Rp/lp=1,2.q=110T}.
q = cardinality of Rp.

wrd = I‘U‘ l‘ is the membership function s.t.
w(Rypy) = 4,2 € [0, 1] where

5 mazx min .
wiracsp) (@) = (1 £ hic n) KL <i< u)”mh}

and z € O°

R, = {1, R} consists the following cvolution rules.
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Ry LAZy = l_lf?iqﬁ’;_-lf
1 BIS1)1 — LA [z [Pl

with LAJ(H“) = 0.0025

Rz {_1}11|Z]1 — [1Blely;
1BIS:h = LAl [z [Relh

withw(Ryg) = 0.01

Ris: LAz — [ Blel:
[1B|Ss]t —= 1Al [z |Pskh

withea Rys) = 0.0059
Riy: [AilZh - LBlghy
Ry ==X [1B|Sa]x - [141] [z |Pale)r

with w(Ri) = ©0.0016

Ry5: [1A1|2]: - 1 Bla]:; '
[1B|Ss]1 = [1A1] [2 |Pslzh
Ri: [z - [1Blél;
(BISshy — LAl [z [Pslh
Ri7: 51A1|Z]‘=. =¥ r:iﬂ(ﬁ]]; )
[1B187]; - L4l b |P=h
with w( R, ) = 0.00027.
L
Ry =¢.

In its initial configuration, the system contatins -2 mem-
branes with 8 objects (Z,8;,4 = 1,..,7) and a biological
protein A; on membrane 1. Tt has two steps. In the first step,
any one of the 7 rules is selected randomly. Let the rule iy,
be applied. Then the protein Aj is changed into B. In the |
second step, the protein change back from B to Ay and the
object S evolved into P, and move to membrane 2. Since
there is no rule that can transform the object in membrane 2
further, the process halts. The resulting object in the output
membrane 2 is Pp. £

mazr min

2 k<<n L 1<i<h (0.[][}25} — (0.0025:

wrracse)(F1) = 00025

Ryl
ot »,
& 5s 1 3
5 : 1. s,
Se .l‘.’!‘ki./:ti o [ Elel 55 o - .
_— — 5
8IS — Lt iAkh S 83
g P | < E s, 5 —
S‘r, E q:. _54 ¥ i mi‘_ 3 ek
ac’ = ivcn? _.’{ = st i
FACSP -A
Similar process will be done when other rules are applied.
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As a result, we have

0.0025 if i=1

0.01 if* =72

0.00650 if i=3

wiracsp)(P) =4 00016 if 2= 4
0.0011 it i=5

0.0009 i i=6

0.00027 it i=7

Hence L(FACSP) = {F;/i=1t0 7}

We obtain different languages with corresponding mem-
bership values for different complexes (A i=1107).

We denote by L(F ACSP)(proi; 7f fp) the family of lan-
guages L(FACSP) generated by [ with atmost 2 mem-
branes using rules as specified in the 7f fp rules and with

atmost one protein.
C. FACSP in Oxidation of Sulfoxides

1) Process B:

First, we describe the formation of intermediate between
complex and the oxidant.

(@). Z 4+ X(F3)X = X(F40)X;
X(F40)X + Y-RSOR' = X(F3)X +Y-RSO:R’

A N\
/ 8 /‘ Ji rl‘?\.\ ja_ "v \““\
=o' O O R s tad A S
E o
H .
Hyilrogen Fe{lIT) Salen Fe(fV) Oxo Salen
Pergxide Complex Comphex
z NFRIX X(FAIX
.o ) o o
i Va m »{F‘/
"?“."‘ ; /=-\,_T&,.‘<==\
¥ ¥
el Oto Salen Pheayl Methyl FelIl Salen Phemyd Methyl
Cemples Sulfaxide Comples Sulfend
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A simple abstract reaction scheme is followed.
Case ] : X = H

Following convention is used to do the computation.
Y=H=LY=0CHy=M,Y=CHz= N,
Y=F=PY=Cl=QY=Br=U.

Now (a) will have the following reaction rules

\. Z+ H(F3)H — H(F40)H;
H(F40)H + L-RSOR' — H(F3)H + L-RSO: R’

2. 7+ H(F3)H — H(F40)H:
H(F40)H + M-RSOR’' — H(F3)H + M-RSO:F

3. 7+ H(F3)H — H(FF40)H;
H(F10)H + N-RSOR’ — H(F3)H  N-RSO: [
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4. Z + H(F3)H — H(F40)H; '
H(FAO)H + P-RSOR' — H(F3)H + P-RSO3R’

5. 7+ H(F3)H — H(FA0)H;
H(F40)H + Q-RSOR' = H(F3)H + Q-RS0: R

6. 7+ H(F3)H — H(F40)H;
H(F40)H + U-RSOR' — H(F3)H + [/-RSOsR’

2) BEHAVIOUR OF FACSP - B:
Case-1 Consider the FACSP

I = (0, P, p.wi/21,W2/ 22, E,(Ryp, p) io.J,w)
where

o 0= § 2 Ay BSO; By = bz B}

. P={A,B},

« 7, are the multisets ol objects present in the regions
1.20f p,wy = 12,8051 = 1,....6}w= {o}

« zy, 2 are the multisets of proteins present on the mem-
branes 1,2 of i, 2y = {41}, 22 = {6},

» E={¢}

+ Ry is a finite set of Fuzzy multiset evolution rules over
Ap=1,2

« ip = 2 is the output membrane,
w2 o,

e JJ={Ryg € Rpfp=1.2.0= 110G},
q = cardinality of Rp. :

v w:J — |0,1] is the membership function s.L.
w(Rpy) = 1.1 € [0,1], where

T main

f - i = ! i .k.-l
wrFacsP) (%) (1 ek n) Kl ci< EJ (R! )_.

andw € o

Ry = {Ra, Ra} consists the following evolution rules.
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Ry - [14:112]1 — [1B[¢]1; 1
LBISO:r — LAl [ [Pl
Wbl = 0.00017
Ris 1A1lZ]a =5 [1Bl¢l;
LBISO:i — LAl [ P2l
with w(Byz) = 0.00028
Ryy: [1A1]Z]x — L Bl¢1;
: = LA 2 |Blzh
with w(Ris) = 0.00022
RHi= .
2 R]_.-; 3 IlAl Z]l —* [1B|¢E1;
1BISOsly — LAl [2 [ Palzha
with M(R]A) = 0.00013
Rys: 1A4:1|Z]1 — [1Bld)1;
(BISOs)y — [1Ail 2 |Ps)2h
Rig:  L4lZly - [1B|¢]1:
[1B|SOsli — L4l [2 |Psl2]1
with ':AJ(R]_G} = 0.00011.
Ra=¢

FACSP-B

The computation is done as in FACSP - A. As aresult, we

gel

0.00017 if '; ==l
0.00028 if i=2
e 0.00022 if i=3
WL(F‘AUSP}tPi) = 0.00013 if i=4
0.00012 if 1=5
0.00011 if i=6

Hence L(FACSP) = { P /i = 110 6}.

Similarly, we obtain dlifercnl languages with correspond-
ing membership values for different complexes (A= 1to

6).

We denate by L(FACSP)(proy; 6f fp) the family of lan-
guages L(FACSI?) generated by I' with atmost 2 men-
branes using rules as specitied in the G f fp rules and with

atmost one protein.

IV. Conclusion

A new membrane computing model FFACSPF (Fuzzy ARM-
S in Artificial Cell System with Proteins on membranes)
have been proposed. It is a preliminary research work on
P systems with proteins on membranes. It is wurth exam-
ining the proposed system in the modeling of lwmg organ-
isms. It remains to explore the properties and applications |
of Fuzzy ARM S in Artificial cell system with proteins on
membranes.
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