Math. Appl. 3 (2014), 17-31
DOI: 10.13164/ma.2014.02

MM ATHEMATICS

OR 1o

FAPpuc

SHUFFLE ON ARRAY LANGUAGES GENERATED BY ARRAY
GRAMMARS

D.K. SHEENA CHRISTY, VEDHANAYAGAM MASILAMANI,
DURAIRAJ GNANARAJ THOMAS, ATULYA K. NAGAR
AND ROBINSON THAMBURAJ

Abstract. Motivated by the studies done by G. Siromoney et al. (1973) and Alexan-
dru Mateescu et al. (1998) we examine the language theoretic results related to shuf-
fle on trajectories by making use of Siromoney array grammars such as (R : R)AG,
(R : CFAG, (CF : R)AG, (CF : CF)AG, (CS : R)AG, (CS : CS)AG and
(CF : CS)AG which are more powerful than the Siromoney matrix grammars (1972)
and are used to make digital pictures.

1. INTRODUCTION

There have been several studies on generation of languages of finite words [2]. One
such tool for the generation of languages is found to be the shuffle on trajectories
[5]. The shuffle on trajectories is based on the parallel composition. This operation
is introduced using a uniform method based on the notion of trajectory.

A trajectory is a segment of a line in a two dimensional XY plane. The line
can change its direction only at points with non negative integer coordinates.
A trajectory defines how to skip from a word to another word during the shuffle
operation. Languages consisting of trajectories are either regular or context free
string languages considered in [5].

The generation of two-dimensional arrays by theoretical models [2,4, 6,8-10]
describes a wide variety of interesting classes of pictures. To develop the study
on parallel contextual array grammars, the shuffle operation on finite arrays with
trajectories has been introduced [3]. Based on the studies of rewriting rules on
various Siromoney matrix grammars [8], the shuffle on trajectories on finite and
infinite rectangular array languages has been done in [1]. The closure properties
for different classes of Siromoney matrix languages with respect to shuffle on tra-
jectories and the comparison of its generative power with other array grammars
have been made in [1].

In formal language theory new families of languages are introduced by chang-
ing the type of rewriting rules. Furthermore in order to obtain richer families
restrictions are imposed on the use of production rules in well known families of
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grammars. Several such studies are available in the literature [7]. In [9] Siromoney
et al. have given the generalized notion of rewriting rules in string grammars to
array rewriting rules for matrix grammars. These rules are either regular, context
free or context sensitive in nature but the use of production rules is restricted by
the condition of row and column concatenation. As an application, Siromoney ar-
ray grammars generate interesting kolam patterns [10,11] and it can be noted that
Siromoney matrix languages are particular cases of Siromoney array languages [9].

In this paper we continue the study of the shuffle on trajectories as a tool for
obtaining various finite array languages generated by Siromoney array grammars
[9] such as (R : R)AG, (R: CF)AG, (CF : R)AG, (CF : CF)AG, (CS : R)AG,
(CS : CS)AG and (CF : CS)AG. We further examine the language theoretic
results related to Ll Lo where L1 and Lo can be taken from different or same
families of array languages and T is either a regular language or a context-free
language.

2. BASIC DEFINITIONS

In this section we first review some of the basic definitions from [1,9].

Definition 2.1. Let 3 be a finite alphabet of symbols. A picture A over X is
a rectangular m X n array of elements of the form

Am1 . Amn
A = = [aij]an .
ail N A1n
The set of all pictures or arrays over X is denoted by ¥**. A picture language or
an array language over ¥ is a subset of ¥X**.
Definition 2.2. Let A = [a;],,.,
tion A(DB of A and B is defined only when m = n and is given by

and B = [ay],,,,- The column concatena-

aAml1 - -- Amp bnl e bnq
AQDB =
a1 e Q1p b11 N blq

Similarly, the row concatenation AGB of A and B is defined only when p = ¢ and
is given by

bnl bnq
b b
A@B — 11 1q
Am1 Amp
a1 e Q1p

The empty array is denoted by A. We have AQP = PQA = P and
AO P =PO A=P for any P € ¥**.

We use @ to denote either () or ©. Also when there is no ambiguity and the
meaning is clear then the operator & is left out.
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Definition 2.3. The column shuffle operation on two arrays P and @) denoted
by PLLI°Q is defined recursively as

PLISQ = (AD X)L (B Y))
=AQ (X (BQY)) U BQO (ADQ X)LUY)
where P=A DX and Q=B QY, P,Q € ¥**, A is the first column of P and B
is the first column of ). The operation is defined only when the number of rows

in P and the number of rows in @) are equal. If A is empty then X = P. Similarly
if B is empty then Y = Q. Also PLLIA = ALLI°P = P.

Example 2.4. Let P = A () X where A = “ X = Z and @ =B QY

b’
c d
where B = , Y = . Now
d c
c b, . .cd b cd c¢c b d c db
XLU(B(DY)*LLLU d c{a d ¢c’d a ¢c’d c a}’
c Ja b cd a c b d a c dd
ACD(XLU(BCDY)_{I) a d ¢’ b d a ¢’ b d ¢ a}’
v a b .d _[a b d a d b da b
(AQ X)Wy = b aLLl c _{b a ¢c’b ¢ a’c b a}’
evn_Jca bd ¢c adb ¢ dad
BCD((ACDX)LUY)_{CZ b a c’d b c a’d ¢ b a}'
Therefore
en_Ja b cd a c b d acdbd ca b d
PLUQ_{Z) a d ¢’b da c’”b dc a’db a c’
c a d b ¢ d a b
d b ¢c a’d ¢ b a |’

Definition 2.5. The row shuffle operation on two arrays P and @) denoted by
PLLI"Q is defined recursively as

PLI"Q = ((AQX)LW"(BEY))
= AQ(XLW"(BQY)) U BO((AQX)LW"Y)
where P = A©X and Q = BOY, P,Q € ¥**, A is the first row of P and B is

the first row of ). The operation is defined only when the number of columns in
P and the number of columns in @ are equal. Also PLLI"A = ALLI"P = P.

Definition 2.6. Let Vi = {r,u}, Vo = {{,d} be the sets of versors in the
plane. ¢, u and d stand for the left, right, up and down directions respectively.
A trajectory is an element ¢t € Vi* U V5.

Let |P|. denote the number of columns in the array P, |P|, denote the number
of rows in the array P. If w is a finite string, then |w|, denotes the number of
occurrences of a in w.

Definition 2.7. Let ¥ be a finite alphabet, t € Vi*, v € {r,u} and P,Q € X**.
The column shuffle of P with @) on the trajectory vt, denoted by PLLIS, Q is
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recursively defined as follows. If P = ADX and Q = BQY where A, B, X|Y €
3** A and B are the first columns of P and @ respectively, then

i@ (a0 0N = (RN I

If P=A, then

1) ifo=r

AL, (BQY) = .

w (BOY) {B(D(Au_ng) if v =u
If Q@ = A, then

(A QXA = A OELEA) ifo=r A a = JA A
1) ifv=u ¢ otherwise.

The row shuffle of P with @ on the trajectory vt, v € {£,d}, t € V' is defined
in a similar way with r,u replaced by ¢,d and () catenation is replaced by ©
catenation. Also if |P|. # |t|, or |Qlc # |t|s then PLISQ = ¢. Similarly if
[Pl # [tle or |Qr # [t|a then PLLITQ = ¢.

If T is a set of trajectories, i.e., 7' C Vi* U V5", then PLLIZQ) = U PLEQ,

teTNVy
PurQ= |J PufQand PuirQ=| |J Pug|u| |J PuiQ
teTNVy teTNVy teTNVy

The above operation is extended to array languages over X. If Ly, Lo C X**
then

LiurLy, = | PurQ= | U Puge|u| U rPuwie

PeLy, PeLy, teTNVy teTNVy
QeLy QELy
Example 2.8. Let P,Q and R € ¥**. If
a a a b b b c ¢ ¢
P=a a a, Q= b b b and R= ¢ ¢ c,
a a a b b b c ¢ c
then
a a a
a b b a b a 2 2 2
PUQ= a b b a b a, where t=ru*rurand PR =
c ¢ c
a b b a b a
c ¢ c
a a a

where t = ¢d>¢d¢.

Definition 2.9. Let G = (V, I, P, S) be an array (rewriting) grammar (AG),
where V = V;UV5, V; a finite set of non-terminals, V5 a finite set of intermediates,
1, a finite set of terminals, P = P UP,U P53, P; the finite set of non-terminal rules,
P, the finite set of intermediate rules and Ps the finite set of terminal rules. S € V3
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is the start symbol, P, is a finite set of ordered pairs (u,v), u,v € (V; U Va)T or
u,v € (‘/1 U ‘/2)+

Py is context-sensitive (CS) if there is a (u,v) in Py such that v = ujs1v; and
v = ujav; where s1 € Vi, ug, vy, are all in (Vi UV,)T or all in (Vi UV,) . Py is
called context-free (CF) if every (u,v) in Py is such that v € V; and v in (V;UV2) ™"
or (V41 UVs2)4 and regular (R) if w € V; and v of the form U@V, U in V; and V
in Vo or U in V5 and V in V;.

P, is a set or ordered pairs (u,v), u and v in (Vo U{z1,22,...,2,})" or v and v
in (VaU{z1,22,...,2p})4; T1,%2,...,2, in ITT have the same number of rows in
the first case and same number of columns in the second case; i.e., the finite set of
intermediate rules involve only intermediates and a finite number of fixed arrays in
IT*. Further P, is such that each intermediate in V5 generates either a language
(called intermediate matrix language) whose terminals are a finite number of arrays
with the same number of rows or the transpose of such a language. P is called
CS, CF or R depending on whether the intermediate matrix languages generated
are CS, CF or R.

Ps5 the finite set of terminal rules is ordered pairs (u,v), v € (V4 UV2) and v in
It

Remark 2.10. The transpose of a language L is

ail ‘e Am1 ail e A1in
Y=< .0 .0 | . .. .. €L

QA1n “ee Amn, am1 e Amn,

Remark 2.11. I** denotes the set of all horizontal sequences of rectangular
arrays from I and IT+ = [** — {¢}, where € is the empty array. I, denotes the set
of all vertical sequences of rectangular arrays from I and I, = L. — {e}. Also
() =(2) Qa, ()41 = (); O 2 where x € ITF.

Definition 2.12. An array grammar (AG) is called (CS : CS)AG if the non-
terminal rules are CS and at least one intermediate language is CS.

An array grammar is (C'S : CF)AG if the non-terminal rules are CS and none
of the intermediate language is CS. A grammar is called (C'S : R)AG if the non-
terminal rules are CS and all the intermediate languages are regular. Similarly for
all the other six, viz., (CF : CS)AG, (CF : CF)AG, (CF : R)AG, (R : CS)AG,
(R:CF)AG, (R: R)AG.

Definition 2.13. If A is an intermediate, the intermediate matrix language
generated by A is My = {X/A =* X € {x1,20,...,2p}", z1,22,...,2, €

It and 21,z2,...,7, have same number of rows} or My = {X/A =* X €
{z1,22,...,2p}4, T1,22,...,2p € I™T and z1,79,...,7, have same number of
columns}.

Definition 2.14. M = {X/S =¢ X, X in I} is a (context sensitive : con-
text sensitive) array language ((C'S : CS)AL) if there exists a (CS : CS)AG G
such that M = M(G). Similarly for the remaining eight families.

Notation. We write @« =p [ when a rule in P; or P, or Ps is used in the
derivation. The reflexive, transitive closure of = is denoted by =*.
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3. REsuLTS

In this section we give the existince results for the array languages such as (R :
R)AL, (CF :CF)AL, (CF : R)AL, (CF : CS)AL and (CS : CS)AL.

Theorem 3.1. There exist two languages Ly and Ly in (R : R)AL and (CF :
CF)AL and T is a regular language such that L = LilLrLy is a (CF : CF)AL.

Proof. Let L1 = {L token of all sizes with fixed proportion} be a (R : R)AL
generated by L1 = L(G1), G = (V,I,P;,S1) where V = V3 U Vo, Vi = {51},
Vo ={A1,B1}, I ={X,-}, PL = P11UP;3UP3, with Pi; = {S1 = (41651)DB1},
Py be the set of intermediate rules given by L4, and Lp,,

Plg{Slai X} La = {X ()'|n>1}, LBl{('))(” |n21}.

The language thus generated is

X . .
X .
Ll = X . . PIRIEIR)
X X X X
Let us consider a (CF : CF)AL, Ly, which is the language
X X X X
X X X X - X X
X - X X X X - X
X - X -, S X -, ’
X X X . X X X
X X X X X X
X X X X

Lo is generated by the following (CF : CF)AG, Gy = (Va,I, Py, S2) with V4
VU V”, V' = {53754,;32}, V" = {AQ,BQ}, I = {X,} and S, € V' and P, =
P'U P"UP" where P = {Sy — ((A2 © S3) O B2) O ((S+ © As) O Bo),
S3 = (A2 ©53) @ Bz, Sa — (54 © A2) O Ba},

X
pr— S3 — - , Sy = -
X X

P”:LA2—{<:>n/n21} and Lp, = iz: /n>1

Now the shuffling of L; and Lo over the trajectory Tc = {r"u™/n,m > 1},
which results in a (CF : CF)AL with the language being of the form

and

X - . . . . X X X
X X - X
L=Llr Ly=¢ X X - X .
X - .- . . . X . X
X X X X X X X X
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is a (CF : CF)AL generated by the following (CF : CF)AG, G3 = (V3,1, P3,S5)
where VE), = ‘/31 @] ‘/32 with V31 = {51,32,53,54,55}, ‘/32 = {Al,Bl,AQ,Bg} and
P3 = P31 U P33 U P33 where P31 = {55 — 5 <D SQ, ST — (A1 @ Sl) @ By,
Sy — S3 CD S4, S3 — (AQ @Sg) CD BQ, Sy — (54 @Ag) CD BQ},

Lay={X ()"/n>1}; Lp, = (%1 n>1
P3y = n (X)n and
LA2{(:) /nZl}; LBQ{ . /nzl}
X - . X
ng{SlﬁX T e }
X X X X X

Theorem 3.2. There exist two languages Ly and Ly in (CF : R)AL and T
a CFL such that L = LWy Lo is a (CF : R)AL.

Proof. Let Ly = { shape I of all sizes with fixed proportion }, i.e.,
X X X X
A G

X -

A G
X X X X
be a (CF : R)AL generated by the following (CF : R)AG, G, = (V',I,P',S)
where V! = VU Vo, Vi = {5,851}, Vo = {A,B,C,D}, I = {X,-} and P’ =
PLUP,UP; where P, = {S—) (B @Sl @B) @A(D (B @Sl @B), S —

L, =

)

b b

X X
X X

Ly= {(X)Qn+1/n > 1}
. X X X Ly ={(X)"/n>1}
Ps={S— - -,S= - X . 3}, P= A"
’ T X X X P Le=4ql.) =1

Lp ={(")2n+1/n > 1}

Let us consider another (C'F : R)AL, Ly = { the token L of odd sizes and fixed

proportion }, generated by a (CF : R)AG, Gy = (V',1,P’,S") where V' = V; UV4,

I={X,.},) P=PUP,UPswithPL={8—>AO0(AOS) D B) D B},
PO La={X ()'/n=1}

P={S§ =X - -t. B={ [0

X X X Lp=1x /n=1

Let us consider the trajectory T' as CFL, To = {r"u"/n > 1}.

Now the shuffling of L; and Lo over the trajectory T is a (CF' : R)AL given by

X X X X
L=Lilp Ly=¢ - X - X - -,
X X X X X X
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X X X X X X

X - - X - . . .
X - X -
X - - X

X X X X X X X X X X
which can be generated by the following (CF : R)AG, G" = (V" I, P",S") where

V" =ViuVy, Vi = {51,82,83,5"}, Vo = {A1,B:1,C1, D1, Ey, Fi}, I = {X,-},
PN:P1UP2UP3WheI'e

P ={8"— 5 (8355 —(BOSOB) DA Q (B O©S ©By),
S3— A1 O (B1 © (53 O F1) © By),
S1— (81 ©C1) O D1, 83— (83 © F1) ©Ch},

Py La, ={(X)2nt1/n > 1}, Lp, = {(X)"/n > 1},

Lclz{(:>n/n>1}, ={()ang1/n > 1},

Lg, ={(- )*"/n>1}, Lp ={ () n>1} and

P3= SH—>

b b
@
1
R
1

X X
X -
X X

X
X
0

Theorem 3.3. There exist two languages Ly and Ly in (CF : CS)AL and T
a regular language such that L = LiWrLo, is a (CF : CS)AL.

Proof. Let us consider a (CF : CS)AL Ly, a set of matrices of the form

Sl

SISV
>

SIS RIS SIS

SIS

Ly

I
TR
b e B e

which is generated by the (CF : CS)AG, G, = (V', I, P',S") where V! =V, U Vs,
Vi={5,5} Va={A4,B},I ={X, -} and P’ = P, U P, U P5 where

P={=>BDMAOS) OB S —»BDAOS) ] B}
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N N (NS

P3: S1_>X X s P2: .
. . X"
X X Lp = ()//”21

Let us consider another (CF : CS)AL Lo, a set of matrix of the form

Ly

Il
QA=W e =
RIS ESESESES
QB

QO QDW= X
SESIC R RS RSES
SESIC R SRS ESES
QO Qe e
QAQ QMW m DN -

QO
QQ QMWW W e~

and Lo is generated by (CF : CS)AG, Go = (V" I', P",S") where V' =V, UV,
with Vi = {S”, 8o}, Vo = {C", D'}, I' = {A,B,C, X} and §” € V}.

The production rule P” consists of P = P, U P, U P3, where P, = {S" —
CODO%) DC,. 5= QWD OsS)OC,

(A)n
X
44 Lov = (B%/%21
X X b
P3— SQ—>B B s PQZ (C)
X X Xn X\ "
X X

Consider a regular trajectory Te = {(ru)™/n > 1}. Then

X A X X X A
X A X X X A
X X X - X
X B X A A X B
L=Lillrla=qx p X X X B
X B B - X
X C X X X C
X C c cC X C
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X
X

C X

b b b b b - b e
(SR NGT=HuviveRlvoll= i N N
O bty 0 3 e b B e e

SISV
O 5t 3 i B B B B B B

SIS
QO e i e e
SIS IS CE I SRR
A ™ W m e

is also a (CF : CS)AL being generated by the following (CF : CS)AG, G =
(V,I,P,S) where V. =V UV, Vi = {S}, Vo ={R,J}, I = {A,B,C,-, X} and
P=P UP,UP;where L={S— R QD (JOS) D R},

oxX\"
LJ: - X /n>1
- X
P (X 4, |
- X
(X O),
X A X X X A
X A X X X A
- X X X - X
P = S—>X B X A A X B
X B X X X B
- X B B - X
X C X X X C
X C C cC X C

O

Theorem 3.4. There exist two languages L1 and Ly in (CS : CS)AL and
a context free trajectory T such that L = Ly W Lo is a (CS : CS)AL.

Proof. Let us consider a (C'S : CS)AL L; consisting of pictures of the form

X X X X
X . X X X
X X X X X X X X
XX x o XX XX :’XXXXXX

generated by the following (C'S : CS)AG, G1 = (V4,1, P1,S) where Vi = V11 UVio,
Vin = {8}, Via = {41, B1,Ch}, I = {, X}, Pr = P11 UP2UPi3, Piu ={S —
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A1 @S@Bl @Cl,(Cl @Bl)%(Bl @Cl),S—>A},

Prs — {LAl - {<X>n/n > 1} Lo, — {“{))/n > 1} Loy = {(Jsn/n > 1}} 7

Py5 = ¢. Let us consider another (C'S : CS)AL, Ly consisting of a set of pictures
of the form

X X X X

X X X X - .
X X X

X X X X X X X X
X X X).(XX’X X X X X X X

generated by the following (C'S : CS)AG, Gy = (Va, I, Py, S) where Vo = Vo1 UVaa,
Vor = {8}, Vag = {A2,B2,Co}, I = {-, X}, Po = Poy U Py UPa3, Poy = {5 —
A2 (D S’ (D B2 (D CQ,(OQ (D Bg) — (BQ <D CQ),S — A},

Py = {LAz ={()an/n>1},Lp, = {(i(;jn/n 2 1} Lo, = {((X;)n/” 2 1}} )

Py3 = ¢. Let us consider a trajectory T = {r"u™/n > 1}. Then the shuffle of L,
and Ly over T¢ is given by

L= LlLUTCLQ

S G .. X X X X . .
=<X X - - X X X X X X X X X X

which is generated by the following (C'S : CS)AG Gs = (V3,1,Ps,S) where
Vi = V31U Vag, Va1 = {5, 8',5"}, Vag = VigU Voo, I = {-, X'}, P3 = P31 UP3UPs3,
P31 = P11 UPy U{S" = S (DS}, Pso = PiaU Pay, Pag = ¢. O

Theorem 3.5. There exist two languages Ly in (CS : CS)AL and Ly in (CS :
R)AL and a context free trajectory T such that L = Ly Wy Lo is a (CS : CS)AL.

Proof. Let Ly be the same (CS : CS)AL (first language) as considered in
Theorem 3.4 that can be generated by the same (CS : CS)AG.
Let us consider a (C'S : R)AL Ly consisting of pictures of the form

a a b
a a b

a a b a b b
c ¢ d
L2:CCd’Cdd’ccd’
eefeffeef
e e f

generated by the following (C'S : R)AG, Gy = (Va, I’, Py, S’) where Vo = Vo UVas,
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Vor = {8}, Vaz = {A2,B2,Co}, I' = {a,b,c,de, f}, Po = Po1 U Py U Po3,
Py ={S8" = A O8" OBy ©Cs(Cy @ Ba) = (Ba ©C), 8 = A}, Py =
{La, = {a"b™/m,n > 1},Lp, = {"d™/m,n > 1}, Lo, = {e"f™/m,n > 1}},
Po3 = ¢.

Let us consider the trajectory Tc = {r"u™/n > 1}. Then, the shuffle of L; and
Lo over T¢ is given by

L= Ll‘—l—’TCL2

X - a a b

- X - a a b Xabb)'(ﬁ ‘;‘CLZ
=< X X c ¢ d, X X c d d, yen

e e f . effXX c ¢ d

e e f

e e f

and is generated by the following (CS : CS)AG G = (V,I",P,S”) where
V= (‘/1 U{S”}), 1" = IUI/, P=PUP,UP;, P, =P1UPy U{S” — S @ S/},
Py = PioU Po, Ps = ¢. O]

4. APPLICATION TO KOLAM PATTERN GENERATION

“Kolam” refers to decorative artwork drawn on the floor with the kolam drawing
generally starting with a certain number pattern of points and curly lines going
around these points. A classification of kolam patterns based on their generation
by different array grammars was considered by Siromoney et al. [10]. The approach
for generation of kolam patterns adopts the technique referred to as Narasimhan’s
method of kolam generation (Siromoney et al., 1974). The kolam patterns are
coded as rectangular arrays of symbols. The array languages generated by array
grammars with shuffle operation on finite arrays over trajectories have strong
connection with kolam patterns. As an illustration, we consider the following
example [10].

Example 4.1. Let us consider a language L in (R : R)AL and T a context-free
regular language such that LiLUir Ly is a (CF : R)AL.

Let Ly be the set of kolam patterns generated by the following (R : R)AG,
G = (V,I,P,S) where V. = Vi UV,, I = {v/,0,Y,B. 0, A, B} (B stands for
blank), V7 = {S}, Vo ={E,F}, P=P UP, with P, ={S — (S Q E) © F},

SURSVRSvIevIRee ey
ST W®
«a0T D
«aPDmw
ESPbOww
SCHAAS ]
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S
v
—_

Lp=

3

> 0O pO<eb g w

~_
S
Y%
—_
—

AR
B B\U A m m
LB B A O(v v
v O Y v\A O

The set of instructions is:

<
Sy
>

g
<
S
v
u—
—

y

<

(
(2) Join a 7 dot to the nearest 57 dot.
(3) Join a ¢ dot to the nearest OJ dot.
(4) Join a O dot to the nearest A dot.
(5) Join a A dot to the nearest B dot.
(6) Join a M dot to the nearest ¢ dot.
A member of L; is given in Figure 1. Let us consider a context free trajectory

Figure 1. A kolam pattern.

Te = {r"u™/n > 1}. Now the shuffling of L; over the trajectory T results
in a (CF : R)AL and can be generated by the following (CF : R)AG, Gy =
(V,I,P,S),V=V/uW),I={y,0,V,B 0O A B} (B stands for blank and in the
figures drawn the corresponding entry is left blank), V{ = {S,5,}, Vo = {E, F'},
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P =
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P{ U Py where P{ = {S — (51 (D 51),51 = (S Q E) © F}. One generated

member of this pattern is given in Figure 2.

Figure 2. Extended kolam pattern.

5. CONCLUSION

The class of grammars with array rewriting rules is a powerful tool to describe
interesting pictures. In this paper we combine the array languages generated by
array grammars with shuffle operation on finite arrays over trajectories and study
the picture generation of various classes of Siromoney array languages such as (R :
R)AG, (R : CF)AG, (CF : R)AG, (CF : CF)AG, (CS : R)AG, (CS : CS)AG
and (CF : CS)AG. These languages have strong connection with kolam patterns.
Our future interest is to associate the shuffle on trajectories with array automata
and tiling patterns.
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