International Research Journal of Pure Algebra-7(4), 2017, 537-541
@ Available online through www.rjpa.info issn 2248-9037

OPERATING PROPERTIES OF FRACTAL ALGEBRAIC LANGUAGE SYSTEM
SHUO LIU*, LI WANG, YINPING XIN AND XIAOHUA CHEN

Department of Mathematics,
Longgqgiao College of Lanzhou University of Finance and Economics, Lanzhou, China.

(Received On: 23-03-17; Revised & Accepted On: 14-04-17)

ABSTRACT

According to the algebraic properties of regular expressions, the regular expression is introduced into the fractal
algebraic language system, enhance the functionality of fractal algebraic language system, by defining the algebraic
language system of various operations, to realize some fractal graphics attractor of the relationship between the known
L system and IFS algebraic language system constructed on the basis of more fractal graph, simulate the more realistic
nature of the object.
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1. INTRODUCTION

L system and IFS is to produce two different methods of fractal graphics, a lot of research on domestic and foreign
scholars in the field of this system, the theory and application aspects have rapid development. L system essential
public string rewriting system, have strict to describe the fractal structure of plant morphological structure is very
refined. IFS has strict self-similarity, mainly using the affine transformation fractal figure. Fractal language algebra
system based on the grammatical forms of L system in the regular expression is introduced into the classification model,
the IFS and L system unified symbol, in IFS, L system in construction and extension method for generating fractal
figure of algebraic representation. Under the new system by defining addition, direct product, composite products, and
similar operations, after the fractal graph and computing is discussed to get the relationship between the fractal graph of
the attractor. The algebraic system of various operations in image processing and neural network model has certain
significance.

2. BASIC THEORY

2.1 L-System

A DOL system[1-2] is an ordered tripleG =<V, , P >, whereV expressed the alphabet, @is a non-empty string,

referred to as the "axiom", P expressed the set of rewrite rules, using a—— Xexpressed & as P "precursors”, X for
P "successor". Guiding stipulate, for each a €V there are at least a non-empty string X, leta — X, if a certain
precursor @ €V has not explicitly given X, assuming identical transformation a — a.

2.2 Iterative function system (IFS)

Iterative function system [3-4] is by definition a group of contractive mappings {Wn X > X}Lin complete metric
space (X,d) and the corresponding compression factor {S, }", Represented as the IFS: {X;w }, and the

compression attractor is
N
s = max{s, },
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Theorem 1: Let{X; ®@,,i =1,2,---, N}is with compression factor S of iteration function system, the transformation

W :H(X)—> H(X),set

N
W (B) = J, (B),VB € H(X)
i=1
is complete space (H (X),h(d)) with compression attractor S of compression mapping, now
h(W (A),W (B)) <sh(A, B),VA,B € H(X)
the only fixed point P € H (X) satisfies

P=w(P)=Jo(P)

andP = |jmW "(B),VB e H(X ). Theset P € H(X)is called the attractor of IFS. In general, the IFS attractor

n—o

is fractal.

2.3 Focuses on the definition of system of language and grammar

Language is a quad algebra systemG = (V,Z,P,S), TheV is a finite set argument; X for the finite set of symbols,

known as the alphabet; P is to generate rules tables (or production), each rule is composed of rules lvalue and rvalue;
S is to string.

The middle of the argument is continuously recursion, get the final result in the middle of the process.

The alphabet is made up of common characters and special characters. Ordinary characters can be said a transformation

or a collection of graphics; Special characters, including "*", "+", "[", etc.

Rules are usually expressed ina — S, a € > " called | value rules is called matching patterns, pe Y "is referred to
as the rules right value is also called the replacement model. In a group with the same left type
a— pa—>fy,a— B, simplerecord fora — S, | 5, | -+ | B, can be used.

Axiom is a string, general can define one or more of the axiom.

According to the differences in production, the language of algebraic system expressed in the form of a regular
expression equations (the difference is that a regular expression equation using the equals sign "=" and production with

arrow " —>"), and according to grammar rules have the following production [5].

production X — ax | X,, ais a number of elements sum, where

n
a=>Ya,a e 2={w, 0, 0}

k=1

we write "' = "instead of" — ", that is became a regular expression equation. The solution of equation is X = a*xo. If

2 formed by compression mapping, the corresponding IFS attractor is one of the biggest a*x0 .

n
Similarly, production X —>ax+b|Xx,, a= Zak ,a, € Y= {w,,0,,---,®,} . Using homogeneous
k=1

01
X —> aX | X, , The solution of equationisX =a" X,

coordinates, letx = (X 1)7, a= ( j , X, =(X, 1T, You can write for production

The simple type based on this kind of production should be L-system and the shape of the IFS. X — ax | Xo»

n

a= Zak \Whenn =1, afor single element, equivalent of L system and transform the IFS; Whenn > 1, ais the
k=1

multiple elements addition, forming regular IFS. When L system can restore production are direction, can use the "+"
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will L-system to produce type has nothing to do with all of the argument with type into a sequence of linear systems.
Production X — ax +b | X, if D is a graphic, this production corresponding to the belt coherent set IFS (usually

with simulated coherent set of plant, to select the initial set of the same as the coherent set, that is b = Xo)-

In this paper, language algebra system is only context-free linear system.

3. DEFINITION AND OPERATING PROPERTIES

Definition 1[6]: L, ={@,,n =12,---,N,}and L, ={§j ,n=12--- N,}is the language of algebraic system on
the compression factor for X,, Y, compression mapping, Aand B defined as
Ll + L2 :{wi’é:j!i :112!'“’ N11 J :1’21"'1 Np_}

The compressibility factor is X = max{X,, Y,}.

Definition 2: According to the definition 1, the composite product is defined as
Ll ° L2 ={a)|é:Jll =1121'”! va j =1121"'; Nz}

The Attractor is X = X,Y,, In particular, N of L, composite product of shorthand for L,", L, relative to L," to write
1
L
Definition 3: According to the definition 1, their direct product is defined as
Lo®L, ={w¢; &m,i=12,---,N;, j=12,---,N,}
the attractor is X = X, Y,

Proposition 1: SetL,, L,, L;are fractal graphics algebraic language system, About the algebra system addition, direct
product, composite product has the following properties:

@O L+L =L +L;

2 L®L =L,®L;

@) Ll +L)=(L®L)+(L ®Ly);

4) L+L+L,=(L+L)+L, =L +(L, +L;);
6 LOL®L=(L®L,)®L, =L ®(L,®L,);
(6) LoL,=L,oL, Ifandonlyif L, =L,;

(1) (L+L)eLy=(L L) +(L, o Ly);

8 Lio(L,+L)=(LoL,)+(L oL;).

Example 1: A complete metric space (H(R?),h(Euclidean)) , there are two algebraic language system

L ={w,,0, 0;,0,},L, ={5,$,,5:}

Two different arithmetic of fractal sets fractal structure as shown in figure
X—>ax|x,, acloL, L ={o, 0, 0,0}, L, ={,%.&},

Lo L, ={wé, @&, 0.85,0,8,, 0,8, 0,83, 0,8, 0,8, 0,85, 0,8,,0,6,, 0,83}

L, oL, ={6@,,8,0,,8,05,8,0,,5,0,,5,0,,8,0;,5,0,,5,0,,5,0, 65,0, ,5;,0,}

L ®L, ={&&, 0.5, 0,83, 0,8,,0,8, 0,85, 038, 0,55, 0,85, 0,8, 0,85, 0,55, 8,0,,§,0,,8,04, &0,
$,0,,6,0,,8,05,5,0, ,5,0,, 530, 5305, 53,0, }

L +L, ={o, 0, 0;,0,,8,5,,8}
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The solution of equation is X =a" X,. If @ = L, o L, fractal figure as shown in figure (c).Ifa L, o L, fractal

figure as shown in figure (d), ifa < L, ® L,, fractal figure as shown in figure (e), ifa < L, + L,, fractal figure as
shown in figure(f).
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Figure-1: Comparing the fractal sets

Obviously, compound operation generally does not meet the exchange law, and image have obvious differences, but
shows the characteristics of the corresponding. L, in the former, the overall shape is close to fractal sets L;. L, in the

former, the overall shape is close to fractal sets L, . Fractal sets L; &® L, contained in the fractal set L, o L, and
L,oL,. L +L, is three operations in one of the most complex, Fractal setsL,,L,,L,oL,,L,oL,,L, ®L,is
the subset of fractal sets L, + L, .

Example 2: L and L, are two figure with coherent set of iteration function system, the graph (c) (d) is iterative cubic

fractal of L, o L,and L, o L, . We can define a number of iterative function systems with condensed sets, through the
iteration can be more realistic simulation of the nature of the trees.
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Figure-2: Interacting fractal tree

4. CONCLUSION

This paper explores the addition, direct product and complex product operation of fractal algebraic language system,
obtains the relationship between the new system and the attractor, constructs more fractal graphs intuitively, and
realizes the simulation of the objects in nature. Production for other non-linear type is still under further study, due to
limited space, not much in this introduction. The non - linear type has some reference and inspiration for the future
simulation of more complex fractal.
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