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Siromoney Array Grammar.

This paper is an extension work of James et al [4]. We show that well-known families of
Siromoney Array Languages (CF:CF)AL [3] and (CS:CS)AL [3] have non-empty
intersection with L(PCAIPS) obtained by abating the deletion rules of PCAIDPS.
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. INTRODUCTION

The study of picture languages has gained
momentum from 1970. Since then the study has
encompassed problems pertaining to pattern
recognition and image processing. There has been
an extensive study in the literature related to picture
languages that are generated by array grammars or
recognized by array automata. A picture or an array
over a finite setV, called an alphabet, is a
rectangular arrangement of elements over V in a
two-dimensional plane. In [1], a non-isometric
variety of an array grammar model has been
introduced to generate rectangular arrays of
symbols, called as the 2-dimensional right-linear
grammar. This two-dimensional grammar involves
two phases, with the first horizontal phase
generating strings of symbols, called intermediate
symbols using regular or context-free or context-
sensitive grammar rules and in the final phase, for
every intermediate symbol, corresponding right-
linear grammar rules are applied simultaneously,
generating strings consisting of terminal symbols of
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same length in the vertical direction, thereby
generating a rectangular array.

Due to the limitation of the two-dimensional
Siromoney matrix grammars in generating certain
picture languages and the complex patterns found in
kolam, a traditional and popular art in India,
Siromoney et al have introduced array models called
Siromoney array grammars (SAG) in [3]. SAG
generalised the idea of rewriting rules of 1-
dimensional grammars to 2-dimensional grammars
by extending the concatenation (row and column
concatenations) of strings to arrays. Henceforth
several types of array grammars of non-isometric
and isometric varieties with various applications
have been introduced in the literature.

GeorghePaun has introduced a P system (membrane
system) [2], by simulating the working of a cell and
its contents inside membranes, evolving in parallel.
Membrane structure prescribes initial configuration
of a P system with each membrane consisting of
objects and evolution rules. A computation of P
system begins from a start state and comes to a halt

when there are no further rules to be applied. Based
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on the array insertion and deletion operations, a new
P system model called parallel contextual array
insertion deletion P system (PCAIDPS) was
introduced in [4]. This paper is an extension of the
work done by James et al in [5] and we prove that
(CF:CF)AL [3] and (CS:CS)AL [3] have non-empty
intersection with L(PCAIPS) [4] obtained from
PCAIDPS by abating the deletion rules.

I1. PRELIMINARIES

We now recollect few notions of insertion deletion P
systems with an illustration. For further details of
the P system we refer to [4].

Let a finite alphabet be denoted by V and the set of
all words over ¥V encompassing the null word A be
denoted by V*. Vt =V \{A}. For weV* and
a € V,the number of occurrences of a in w is
denoted by |w|,. An array is an arrangement of
finite number of elements from V in rows and
columns and is written in  short as
A=la;] Va;€V,i=12,.m and j =
1,2,..n. The set of all arrays over V is denoted by
V** which also includes the empty array A having
neither rows or columns. V*t =V* —{A}. An
array of dimension 1 x n is nothing but a word of

length n (and vice versa). The column catenation of
ap a1p

two matrices A= : ] and B =
A1 Gy

by; - blq
: is defined only when m = n, and is
bnl bnq
given by ADB =
a1 aip  bny by,
: : P , which IS
m1 Amp bnl bnq

achieved by juxtaposing A and B along their
columns. In the same way, row catenation of Aand
B, is defined when p = qgand is given by A© B =
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rdi a1p
am1 amp
. The empty array performs the
by o by pty array p
| bpy - by |

role of unit element for both column and row
catenation of arrays of arbitrary dimensions.

Definition 1:A Parallel contextual array insertion P
system (PCAIPS) IS a construct
M=

(V,T, 1, C,R,(My, 1), ..., (My, I), ok, @, i), Where,
— Vis finite non-empty set called alphabet set;

— T(c V) is the set of output alphabets;

with ‘b’

— uis  the structure of membrane

membranes or regions;
— C c V™ is a finite set of column array contexts;
— R < VV*™"is a finite set of row array contexts;

— M; c V*is a finite axiom set corresponding to the
region i;

— @l (V**,V**) > Care  mappings  performing
parallel contextual column insertion operations
with choice;

— @t (V**,V*™) > Rare mappings performing

parallel contextual row insertion operations with

choice;
; u; .

-L=0 (or) {<{‘Pc(Ai'Bi) = [ui+1] e
_Z, 2, ...,772—1; a

3 al-j v Qik-1) =
Where A; = [a(i+1)j a(i+1)(k—1)]' .

Aig - Aiq-1) i
<j< =

[a(i+1)k a(i+1)(z—1)]'1 <j<k<l<n+1 (o)

1<j<k<l<n+1,ac€{here out,in,} and
u; and u; 1 are of size 1 xp with p>1. (or)

{({QD#(CL,EL) = [uiui+1] = 1, 2, e, — 1}, a)}
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Where C; =

aji  Qji+1) l
: )

a(k—l)ia(k—l')(i+1)

Aki Ak (i+1)
: : ,1<j<k<l<m+1 (or)
Aq-1iaA1-1)(i+1)
1<j<k<l<m+1,a€ {here, out,in,} and

u; and u; .1 are of size p x 1 withp > 1.

With respect to II, the direct derivation is a binary
relation = on V** defined as X =; Y where X,
YeV*™ ifand only if, X=X, 6A6BOX, ,
Y = X,QAQI,OBDX, (or) X; OAOB O X,,Y =
X;QAQI.OBDX, for someX;, X,, X3, X, € V** and
1., I, are the corresponding contexts inserted rows
and columns.

A computation of this P system begins with the
initial configuration consisting of the membrane
structure with h membranes with labels 1,2, ..., h.
The skin membrane with label 1 is the outermost
membrane acting as the output membrane. The
system performs a step by step computation based
on the row or column insertion rules ;. At the end of
each computation, the resulting array is sent to the
membrane  based on the choice  of
a € {here,out,in;}. If the choice of a is ‘here’ the
resultant array is left in the same membrane. If the
choice of a is ‘out’, then the resultant array is
pushed to the next outer membrane. If the choice of
a is ‘in,’, then the resultant array is moved to the
membrane with label ¢t. If there are no further rules
to be applied then the resultant array obtained after
the last computation is either in the skin membrane
or in any other membrane and the system halts. If
the resultant array is in the skin membrane then it
belongs to the language generated by this P system.
The set of all arrays with symbols over T produced
by the PCAIPS is denoted by PCAIP(IT) or L(II).

The class of all array languages generated by
PCAIPS with at most h membranes is denoted by
PCAIPS,,.
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I11. FABRICATION OF THE COMPOSITE

Siromoney et al [3] have defined nine generative
models to generate pictures using array grammars
with array rewriting rules and have established a
hierarchy between classes of pictures. The
derivation rules started with the start symbol S and
applying non-terminal rules without any restriction
till all the non-terminals are replaced by making use
of parenthesis, if necessary as the row and column
catenation operator @ € {©, D} is not associative,
and then all the intermediate symbols are to be
replaced with the corresponding matrix languages
subject to the rules of row and column catenation
operator ©.

An array grammar (AG) is called (a:B)AG if the
non-terminal rules are from « and at least one
intermediate  language is B, where a,f €
{CS, CF, R}, where CS (CF, R) stands for the class of
Context Sensitive (Context Free and Regular)
languages in that order. Of these nine classes,
(CF:CF) and (CS:CS) are two important classes of
grammars which we consider for our paper.

By considering only the insertion operation of
PCAIDPS[4], we get PCAIPS and prove that
L(PCAIPS) N (CF:CF)AL # ®, and L(PCAIPS) N
(CS:CS)AL # @. This study is interesting since
James et al [4] have given an example to show that
L(PCAIPS)N (R:R)AL # @ but not examined
further connection with Siromoney Array Grammars
there.
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Theorem 1.L(PCAIPSs) N (CF: CF)AL # Q.

Proof. Consider the array language L, € (CF: CF)AL given in example 2.6 of [3], namely, {N,/n > 1} isa

u n
set of matrices such that N, = M,,OM, M, ,; = (X; © M,)DY;,M; = ¢, Ly, ={(:) n > 1}, and
[ ]
(),
Ly, ={ ¢ n> 1} and is given by
(m),
( HE ¢ ¢ ¢ ¢ ¢ ¢ &
HE ¢ ¢ ¢ ¢ & HE ¢ ¢ ¢ ¢ ¢ ¢ =
" ¢ ¢ = E ¢ ¢ ¢ ¢ &= E E ¢ ¢ ¢ ¢ 1 &=
E ¢ ¢ = E E ¢ ¢ B = E E ¢ ¢ ¢ ¢ 1 =
{¢ E m ¢, ¢ E ¢ ¢ ® ¢, ¢ B E ¢ ¢ B B ¢, ...
E ¢ ¢ n E ¢ B B ¢ nm E ¢ B ¢ ¢ B ¢
E B E H E E ¢ ¢ m = E B é¢ B B ¢ B ®m
E B E E E = E B E ¢ ¢ B B ®m
\ mE = m m E m mm /

Where, each array in the language L is of the form YOZ where Z is the mirror image of Y.

We now configure a P system to accept the above language as follows:
(V,T, 1, C,R,(My, 1), ..., (M5, I5), o, 9k, 1) such that L(IT) = L;,where p =

Consider the P system Il =
[1[2[3]3]2]1) [al5)5]a)is M2 =

My = Ms = ¢; M3 = IE E E EIL 1 is the output membrane; ={[:][:][:]}R=
s u u
{[:I]»[ii]r[I:_}:hw
o= {({oel al =[] ot [y al = [e] 0 [3 6 = [l ot [ ] = (2]} ims)}:
= {(fot (2ol = Q] e [ 2] = ot [0 2] = (a1 e [3 3] = [Q1} o)
L={(foir2,mm) =2 :],q);'[u,-o]:[”:],q);'[u,n =[ ] P41, mm] =

s EEyrill,x m=9499 outWhereacout, in3.

= {({pi[m m,2 2] = [2 2]}, 0ut)}.
A sample computation is given below:

X —is the (row or column) context inserted

13319
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E ¢ ¢ = E ¢ ¢ 1 = E ¢ ¢ m =

LI A L 2 L I S A AL T S
Mi>¢ m m ¢=,""¢ m m ¢ m(or)¢ m m ¢ m=>"

E ¢ ¢ = E ¢ ¢ 1 = E ¢ ¢ m =

E B B = E B E E = E B = E ¢
E = ¢ ¢ = = E E ¢ ¢ = nm E m ¢ ¢ m =
¢ = ¢ ¢ = ¢ B ¢ ¢ = ¢ ¢ = ¢ ¢ &
= ¢ m m ¢ m(or)m ¢ m m ¢ mor)m ¢ m m ¢ u(or)
E = ¢ ¢ = = E E ¢ ¢ = nm E m ¢ ¢ m =
E B E E B N ¢ B B B B = E = B = ¢

E ¢ ¢ ¢ ¢ & E ¢ ¢ ¢ ¢ =
" E ¢ ¢ = = E ¢ ¢ ¢ ¢ & E ¢ ¢ ¢ ¢ &=
¢ B ¢ ¢ 1 ¢ E E ¢ ¢ B =m E E ¢ ¢ B =&
6 mom ¢ E= 0 w6 6m e w6 e om e
E m ¢ ¢ m = " ¢ B E ¢ = E ¢ B m ¢ =
¢ m m m m ¢ "E E ¢ ¢ m nm E = ¢ ¢ m =
E B B E E H E E B E E H
The structure of the P system is given by
My
M., M,
M; Ms

Theorem 2.L(PCAIPSs) N (CF: CF)AL + @.

Proof. Consider the language L, € (CS: CS)AL given in 2.10 of [3]. Pictures generated by L,

¢ ¢ B B ¢ ¢

¢ ¢ B B ¢ ¢

) ‘.’IIIIQO
aregwenbyll#,-. Eom e e

M A AP IR

*® ¢ ¢ ¢ ¢

We construct a P system to accept the language L, as follows: Consider
M= V,T,u,C,R,(My, 1), ..., Ms,I5), o}, 9, 1) where  p = [1[2[3]15]2]1, [als]s]ali; Mz = My = Mg =

¢;M1=M3={: : :};1istheoutputmembrane.
c={s 2Mls S alle SLI SLIT
RN A TR R AR
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12={({<pc"[:’:]=[:]"”5 ] [ |t o 0 m} ins)}

s={({oely 2l =10 aletlaal=la dhetlaal=[a alele-o=[¢ &ol4s
:[o o]} )}

L={({oilm w0 #1=[6 o], oilm &,6 ¢1=[s o] 0i[6 ¢ ¢ o=
9099, ourwherea€out, i73.

Is = {({oil6 = m -]—[’ | oile o.m =[: :],<p£[l e oml=[p 2] eilm em e
-|= il .0 1=[3 3]}.out))
Clearly, L(IT) = L,. A sample computation is given below:
X —is the (row or column) context inserted.
¢m e e me e s e mmee CEEEe
Miy»m m ¢="m m ¢ = 'm 1 m m ¢ 0:>f}°i‘ ¢+ 6 ¢ o
¢ ¢ 0 ¢ ¢ ¢ 0 ¢ ¢ ¢ ¢ ¢ * 4 6 6 0 ¢
¢ ¢ B B ¢ ¢ ¢ ¢ 1 B ¢
¢ ¢ B B ¢ ¢ ¢ ¢ 1 B ¢
co,@ ®H H H ¢ ¢ _E E E EH ¢ ¢
‘ m m EmEE ¢ ¢ E ER EHE EH &G
¢ ¢ ¢ 4 0 ¢ ¢ 0 0 ¢ 0
® ¢ ¢ 4 0 0 ¢ 0 4 ¢ 0
The structure p of the P system is given by
Ml
M, M,
M, My
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