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Abstract 
 

Most important outcome of Iterated Function System is Collage Theorem. In 
this consequence, IFS is designed in D-metric space . Finally Collage theorem 
is established in D-metric space structure.   
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1.  INTRODUCTION 

In 1981, Hutchinson [4] introduced the formal definition of iterated function 
systems (IFS) and shortly after him Barnsley & Demko [5,6,7], introduced iterated 
function systems. These methods are useful tools to build fractals and other 
similar sets. Barnsley et al, 1986[8] stated their inverse problem: given an object, 
and an iterated function system that represents that object within a given degree of 
accuracy. The collage theorem provided the first stepping stone toward solving the 
inverse problem. It states that a lazy tiling of an object out of smaller self-replicas 
yields a significantly more accurate IFS representation. Although the collage 
theorem relaxed the accuracy of self-similar tiling needed for reasonable fractal  
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modeling, the harder problem of forming an object out of smaller self-replicas 
remained unsolved. Fractal geometry provides a basis for modeling the infinite 
detail found in nature Mandel-brot, 1982[1]. Fractal methods are quite popular in 
the modeling of natural phenomena in computer graphics, engineer sciences, 
physics, and so forth. 
 

In 1992, Dhage[2] introduced a generalization of metric space which is called 
generalized metric space or D-metric space on the lines of ordinary metric space, 
and proved the existence of unique fixed point of a self map satisfying a 
contractive condition. D-metric, we mean  the perimeter of a triangle. It may be 
noted that for every ordinary metric space there exists a D-metric space, however, 
the converse may not be true. In this sense D-metric space is the generalization of 
the ordinary meric space.  Rhoades[3]generalized  Dhage’s contractive condition 
and obtained some fixed point theorems. 

 
In this paper, our object is to difine D-Iterated function system in order to 

formulate the collage theorem in D-metric space. It is important to mention that 
the concept of  D-metric has more geometrical relevance in the context of fractal. 

 
2. D-METRIC SPACE 

Before proving our results, we first give some basic definitions and theorems 
concerning Iterated Function System and D-metric space.   

Definition 2.1: In his paper Dhage [2] introduced a generalized metric space or D-
metric space as follows. Let  is called a D- metric space if it 
satisfies the following properties: 

(i)  for each  with equality if and only if 
 

(ii) (symmetry), 
(iii)  for each  

Definition 2.2:[2] A sequence  of points of a D-metric space  converges to a 
point if for an arbitrary , there exists positive integer such that for 
all  

Definition 2.3:[2]  A sequence  of  points of a D-metric space  is a cauchy 
sequence if for an arbitrary , here exists a positive integer  such that 

 

 

Definition 2.4:[2] D-metric space  is complete if Cauchy sequence  in   
converges in . 
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Definition 2.5:[2] A set is said to be bounded if there exist a constant 
, such that for all   and the constant is called a D-

bound of S. 

Definition 2.6:[2] Let   denotes a complete D-metric space and T be a mapping 
from into itself. Then T  is called a contraction mapping if there is a constant 

 such that  

 

 for each The constant  is called contractivity factor for T. 

Definition 2.7:[2] Let  be a complete D-metric space and denotes the 
space whose points are the compact subsets of   , other than the empty set. Let 

and 

 . Then  

(i) Distance from the point a to the set B is defined as 
 

(ii) Distance from the set A to set B is defined as 

 

(iii) Hausdorff distance between set A to set B is defined as 
 

Then the function is the D-metric defined on the space  

Note: Through out this paper the notation u  means the maximum and  
denotes the minimum of pair of real numbers u and v. 

 We know that Banach contraction principle is used in theory of IFS. 
Banach Contraction Principle infact, not only ensure unique fixed point in 
complete metric space but also provides a constructive method to calculate it. 
With intention to study  IFS in D-metric space, the validity of Banach Contraction 
Principle in D-metric space is required. It is already proved as below: 

 Theorem 2.1[2]: Let  be a contraction mapping with contractivity 
factor ‘α’, on a complete D-metric space . Then T possesses exactly one fixed 
point      and more over for any point , the sequence 

converges to . That is ,for 
each . 

3. Iterated function system on D- metric space 
 
           To establish IFS in D-Metric space we need to prove following lemmas. 
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Lemma 3.1 : Let  be a contraction mapping on the D-metric space  
with contractivity factor  , then  defined by 

    , for every   

is a contraction mapping on  with contractivity factor . 

Proof: Let A,B,C  , let us define 

 

 Where  

 Define     

Then, 

 

Similarly, 

  & 

 

Hence,  

 

  

  

Lemma 3.2 : Let be a D-metric space. Let be a mappings 
on  Let the contractivity factor for be denoted by   for  each n. 
Define   

W:  by 

                        

             for each  B  

Then W is a contraction mapping with contractivity factor 

  

Proof:    Let A,B,C  

We have 
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Using the property of housdorff metric space we obtain, 

 

                                            

This completes the proof. 

 

4.   D-Iterated Function System 

Definition 4.1 : A D- iterated function system consists of a D-complete metric 
space together with a finite set of contraction mapping  with 
contractivity factor  

for n=1,2,3,……….N. 

The notation for the IFS just introduced is  and its 
contractivity factor is  

             Let  be an IFS with contractivity factor . Then 
the transformation W, defined by for  is a 
contraction mapping on the complete D-metric space 

 That is 

                                       

By Banach contraction principle it has the unique fixed point  called 
the attractor of the IFS given by 

                                                        

 for any  where denotes the n-th iteration of W. 

Following Lemma is required in mathematical formulation of Collage theorem. 

 Lemma4.3: Let  be a contraction mapping on a complete D-
metric space  with contractivity factor α and let  be the fixed point of T. 
Then  

 for all . 
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Now we are in a position to formulate Collage theorem in D-Metric space as 
below: 

Theorem 4.2: Let  be a complete D-metric space. Let  be given. 
Choose an D-IFS with contractivity factor  such that 

                                                     

for some hen,                                             

                                           , 

Where A is the attractor of the D-IFS.  

Proof:- 
 

                                                  

         

From which on taking the limit as  we obtain 

 

 
5.    CONCLUSION 

 We therefore assert that collage theorem [8] which was true in metric 
space remains unchanged in D-metric setting (richergeometric structure). 
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