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Abstract. Algorithms Design for pattern formation is an interesting science and 
many investigations are done about it. In this paper, a novel pattern formation 
method using asynchronous cellular automata for generating square Kufic pat-
terns is explored. Square Kufic is a kind of script that is used in many Islamic 
architecture buildings. In our new method, cellular automata rules causing a 
specified kind of pattern are manually extracted. The implementation results 
show this fact by using some special patterns in replicators.  
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1   Introduction 

Cellular automata are dynamical systems such that the current state of each cell is 
determined by its neighborhood state at the previous time step. We consider in this 
paper an interactive particle system modeled by a cellular automaton having two kinds 
of cells, occupied and empty cells.  

The main contribution of this paper is using asynchronous cellular automata to gen-
erate script patterns. These particular patterns are used in cultural heritage. Square 
Kufic patterns are based on grids and the best way for implementing such patterns is a 
grid based method like cellular automata [1]. Using cellular automata has several bene-
fits. For instance, it is simple because it is based on square grids like the forming ele-
ments of square Kufic script. Also it is scalable and flexible.    

The rest of the paper is organized as follows. Section 2, describes the basic notions 
of asynchronous two dimensional cellular automata. Section 3, provides the rule set 
for generating some patterns. Experimental results appear in section 4. The paper is 
concluded in section 5. 

2   Asynchronous Cellular Automata 

In general, it has been found that the asynchronous cellular automata evolve much 
differently from their synchronous counterparts [2]. There are various methods to  
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update cells asynchronously and these fall into two distinct categories, step-driven and 
time-driven. In this paper, we use the latter method. 

This paper uses extended Moore neighborhood in its simplest form. It simply han-
dles joint and disjoint letters. In some literatures the beginning letters of the direction 
names are used to refer neighbor cells. For example "C" points to the internal cell and 
"NE" refers to the northeast cell. We extend this method of naming to refer to the cells 
in an easy understanding way [3]. For instance, "NEE" refers to the northeast east cell, 
which means one hop to north and then two hops toward east direction.  

Next section explains about transition rules for generating square Kufic patterns.  

3   Rule Extraction 

Each cell’s state is assumed to take an integer equal either to nil or unity. The nil state 
denotes an empty cell having white color, and the other state is one occupied by a 
particle having black color.  

Figure1 (a) and (b) show two architectural buildings contain two models of "Allah" 
pattern.  

 

 

Fig. 1. (a) Model 1 of "Allah" pattern tiling from the Tughlugh Temur Mausoleum of Xinjiang.  
(b) Model 2 of "Allah" pattern tiling from the Imam Mosque of Isfahan.  

First of all, the patterns have to decompose in to their constructing letters. Then, the 
transition rules set for each letter must be extracted manually. After that, the cellular 
automata can produce the whole of each pattern asynchronously.  
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In each rule if all the mentioned cells are black, then the rule is true, and it causes 
an effect in cellular automata at the next time step. Otherwise, if even one of the men-
tioned cells isn’t black, then the rule is false which causes no effect on the cellular 
grid.  

Figure 2 demonstrates the asynchronous process for generating patterns respec-
tively. 

 

 

Fig. 2. (a) Generating process for model 1 of "Allah" pattern. (b) Generating process for model 
2 of "Allah" pattern. 

Consequently, it is possible to provide a flexible algorithm for generating these pat-
terns. Reused rules can make the algorithm shorter and simpler too [4].  

In this step, we define a transition function ϕ  that operates on the rules with xor 

“ ⊕ ” operation. 
 

ii
n

n RRRR 121 ],...,,[ =⊕=ϕ                                                             (1) 
 

Relation (1) describes that all rules Ri should be xor ( ⊕ ) with each other to intro-
duce the correct results. Note that for each letter, some functions ϕ  with different Ris 
are existing.This Algorithm is the determination of each transition that is a mapping 
from a neighborhood pattern to anther neighborhood pattern. We at first set all of the 
transitions to be “inactive”: Any patterns of neighborhood are not changed by the up-
date. In the following we will replace some inactive transitions with “active” ones that 
change the pattern of neighborhood by the update [5]. Note that, for the simplicity 
sake, in this section we were considering only a few set rules. 

The next section demonstrates some results that are obtained using above algo-
rithm. 

4   Results 

The results of our algorithms which are implemented in Visual C++ environment using 
OpenGL library are illustrated as follows. An example of executing on model 1 of 
"Allah" pattern is illustrated in figure 3 (a). In figure 6 (b), the execution of relation on 
model 2 of this pattern is shown. Result of executing relation on model 1 of "Allah" 
pattern is illustrated in figure 3 (c). In figure 3 (d), the execution on model 2 of this 
pattern is demonstrated.  
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Fig. 3. (a) Applying on model 1 of "Allah" pattern after 40 steps. (b) Applying on model 2 of 
"Allah" pattern after 24 steps. (c) Applying on model 2 of "Allah" pattern after 24 steps.  
(d) Applying on model 1 of "Allah" pattern after 24 steps. 

5   Conclusion 

Using asynchronous cellular automata leads to efficient implementation of the algo-
rithm. Because transition rules become active in a limited time steps, the algorithm is 
very simple. Also, various patterns can be generated without any rule confliction. 
Moreover, common parts in each letter will be formed by using the same rules. A 
comparison between this paper algorithm and other algorithms may be expected, but 
no other method was investigated before. Therefore, this is the first algorithm for gen-
erating square Kufic patterns by asynchronous CA.  

The Square Kufic script is a good instance in calligraphy which provides different 
versions of writing holly words. As this script is based on a square grid, the proposed 
algorithm not only provides the simplicity and flexibility for generating these patterns 
but also has the power for controlling complexity and possibility of extending the 
functionality of the rules. Examples of Square Kufic script can be found in cultural 
heritage and old literatures. Also it is so popular in modern architectures, handicrafts, 
decorations and art. One of our future works is designing more complex patterns and 
searching about making use of geometrical transformations in cellular automata.  
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