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Abstract: This paper describes how a row primary approach can be used in the design of iterated layouts. This approach 
can also be used to construct fractal patterns and CSS-only backgrounds. A fractal movie effect is documented.  . 

 
1  Introduction 
 

In a recent article (1), we presented a row primary approach for the design of Web pages using HTML 
markup and Cascading Style Sheets (CSS). Emphasis was given to the replacement of table-based 
layout with CSS tableless design. As mentioned in that work while this is not a new thing, the main 
difference between our approach with traditional solutions is that ours is purely algorithmic and based 
on fractal theory.  
 
Furthermore, in a follow up article (2) we demonstrated that arbitrarily replacing table-based layouts 
with CSS tableless design not necessarily produces table-equivalent layouts (2). In that second work 
we explained how Web design might impact the way search engines and screen readers process 
documents and parse their content. It was demonstrated that arbitrary design can lead to a user-
machine relevance perception mismatch.  
 
While our row primary approach tends to minimize some of these drawbacks, its recursive nature 
makes the coding process a formidable task. In order to automate design, we developed a tool: the 
Fractal CSS Design Studio (FCDS). Interacting with this tool prompted us to modify its source code to 
accomplish other tasks:  
 

a. Design of self-similar Web page layouts. 
b. Creation of fractals from Web page layouts. 
c. Generation of classic fractals. 

 
This article describes our experience with a new version of the tool, named FCDS 2. Experimental 
results, limitations, and drawbacks are discussed. An intriguing effect, herein referred to as a fractal 
movie effect, is reported. To the best of our knowledge, this effect has not been documented before. 
The construction of CSS-only backgrounds is also demonstrated. 
 
In the following discussion, emphasis is given to the generation of fractals from two-column layouts. 
The design of fractals from 3-column layouts and creation of classic fractals as found in the literature 
are described in upcoming articles (7, 8). 
 
The paper is organized as follows. In section 2 we briefly describe our tool. The experimental 
procedure is presented in section 3. Results are presented in section 4 and discussed in section 5. 
Possible applications are discussed in section 6. Finally, in section 7 we draw some conclusions. 
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2  Setup 
 
The FCDS has been tested with the Internet Explorer and Firefox browsers. Figure 1 depicts the 
current user‟s interface. It consists of input fields, a selection menu, two buttons, and a preview area. 
We are currently testing other versions of this interface, which allow user to input meta data and 
additional style information. In the future, we plan to integrate the interface to a Web mining tool so 
that Web layouts from online documents can be scrapped and iterated. 
 
The input fields allow users to customize the initial operating conditions. The selection menu lets 
users select a gallery which is then loaded in the Preview area. Two of these galleries are presented 
in Section 4. A gallery is just a set of pretested operating conditions and iterated layouts. Users can 
preview the initial conditions and examine how modifying the initial conditions change the iterated 
pattern or expected attractor.  
 

 
 

Figure 1. Interface of FCDS version 2. 

 
3  Procedure 

 
To generate a pattern, users must enter the initial conditions or use default values (dv). This include 
entering the height (h, in %; hdv = 100%), width (w, in %; wdv = 50%), padding (p, in em; pdv = 0 em), 
and number of iterations (n; ndv = 0). Default values are restored by clicking the Reset button.  
 
In a two-column layout, w is the width of the left column and 100 – w is the width of the right column. 
Thus, w = 50% gives two columns of equal width. Defining w for other types of layouts (e.g., a three-
column layout) will be addressed in upcoming articles of this series. 
 
After specifying the initial conditions, users can generate a pattern as an XHTML document by 
pressing the „Enter‟ key or clicking the Design button. The document can then be saved or its source 
code modified at will. Clicking the browser back button returns users to the interface.  
 
The CSS instructions that go with the iterated layout are coded in the head of the document. Users 
can move these to an external .css file and reference these through a link tag (<link … />). 



4  Results 
 
4.1  Iteration of 2-Column Layouts of same width 
 
Table 1 shows the source code of a two-column layout in XHTML 1.1 Strict format. Strings in red are 
user-defined information.  
 

<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.1//EN" "http://www.w3.org/TR/xhtml11/DTD/xhtml11.dtd"> 
<html xmlns="http://www.w3.org/1999/xhtml" xml:lang="en-US"> 
<head><title>Two-column layout design</title> 

<meta http-equiv="content-type" content="text/html; charset=utf-8" /> 
<meta name="keywords" content="two-column, layout,design" /> 
<meta name="description" content="A typical two-column layout design." /> 

<style type="text/css"> 
html,body{font-size:100%;height:100%;margin:0em;padding:0em;} 
div{height:100%;} 
div.wrapper0{height:100%;padding:0em;} 
div.left0{float:left;background:#000;width:50%;} 
div.right0{float:right;background:#fcc;width:50%;} 

</style></head><body> 
<div class="left0"><div></div></div><div class="right0"><div></div></div> 
</body></html> 

 
Table 1. Source code of a 2-column layout. 

 
As mentioned in Reference 1, charset information should be specified with the <?xml version="1.0" 

encoding="utf-8"?> tag. For backward compatibility with old browsers, the <meta http-equiv="content-type" 

content="text/html; charset=utf-8" /> tag serves the same purpose. To properly render the patterns, we 
slave division heights to the browser viewport by setting the body height property to 100% and then 
assigning a default height of 100% to all divisions.  
 
The 2-column layout is iterated by recursively placing on each of its columns a reduced copy of the 
layout. This is accomplish by iterating the markup between the <body>…</body> tags which results 
in a larger markup of emptied div elements.  Figure 2 depicts a partial view of the new markup after 
eight iterations (n = 8). The actual markup is by far many times larger. 
 

 
 

Figure 2. Partial view of an iterated markup. 
 



Depending on the user-defined parameters (h, w, and p), different patterns can be rendered from this 
new markup. Figure 2 shows some of these patterns. These have been arbitrarily named and 
collectively called Gallery 1.  
 

Conditions n = 0 n = 1 n = 4 n = 8 

 (a) 
 

h = 100 % 
w = 50 % 
p = 0 em  

ά.ƭŀŎƪy & Pinkyέ 
 

ά¢ǿƛƴǎέ 
 

ά{ǘǊƛǇǎέ 
 

ά/ŀǊǇŜǘέ 

 (b) 
 

h = 90 % 
w = 50 % 
p = 0 em 

 
 
 

like above 

 
άaƛǊǊƻǊŜŘ [έ 

 
ά{ǘŀƛǊŎŀǎŜǎέ 

 
άCƻǊǊŜǎǘέ 

 (c) 
 

h = 100 % 
w = 50 % 

p = 0.5 em 

 
 
 

like above 

 
ά!ƭƳƻǎǘ ¢ǿƛƴǎέ 

 
ά.ƭƛƴŘǎέ 

 
ά.ƭƛƴŘǎ нέ 

 (d) 
 

h = 90 % 
w = 50 % 

p = 0.5 em 

 
 

like above 

 
ά!ƭƳƻǎǘ aƛǊǊƻǊŜŘ [έ 

 
ά{ǘŀƛǊǎ ϧ .ƭƛƴŘǎέ 

 
ά{ǘŀƛǊǎ ϧ .ƭƛƴŘǎ нέ 

 
Figure 3. Gallery 1. 

 

Although, their heights are not all set to 100%, initially (when n = 0) all patterns will look of same 
height since the browser viewport height is used. Note from Figure 3 that the Carpet and Blinds 2 
patterns are fractals while the Forrest and Stairs & Blinds 2 patterns are multifractals (1). The later is 
the result of changing all initial conditions; i.e., heights, widths, and paddings. This confirms that 
anisotropic scaling (different scaling factors in different directions) can lead to multifractal growth. The 
following links display these patterns: 
 
¶ Carpet      http://www.miislita.com/fcds/gallery-1/carpet.html 

¶ Blinds 2     http://www.miislita.com/fcds/gallery-1/blinds-2.html 

¶ Forrest     http://www.miislita.com/fcds/gallery-1/forrest.html 

¶ Stairs & Blinds   http://www.miislita.com/fcds/gallery-1/stairs-blinds-2.html 

 
In these examples, instead of expressly declaring the iterated markup in the source code of the 
documents we call it from an external .js file with the following code: 
 

var markup = „/* iterated markup goes here * /„; 
document.getElementById(„container‟).innerHTML=markup;  

 

which dynamically writes the markup to an empty division container (<div id=”container”></div>). This 
offers several advantages. First, the iterated markup is unobtrusive and isolated from the rest of the 
main markup of the document. Second, it will not trick a search engine into believing that is parsing a 
bogus or spam document full of emptied block-level elements. Third, once in the browser‟s cache, the 

http://www.miislita.com/fcds/gallery-1/carpet.html
http://www.miislita.com/fcds/gallery-1/blinds-2.html
http://www.miislita.com/fcds/gallery-1/forrest.html
http://www.miislita.com/fcds/gallery-1/stairs-blinds-2.html


same iterated markup can be reused to render multiple patterns, which is done by modifying the CSS 
instructions.  
 
To insure that the main content of the document loads first, the iterated markup is called by placing a 
script tag at the bottom of the HTML document and before the </body> tag. Scripting the iterated 
markup as herein described is entirely optional. The drawback of doing this is that users with 
JavaScript disabled will not be able to see the patterns. We chose to do this to demonstrate that Web 
pages can be decorated with CSS-only iterated layouts without affecting document relevancy.  

 
4.2  Iteration of 2-Column Layouts of different width 
 
In this section we present the result of modifying the widths of the previous iterated markup.  
 
In this case we arbitrarily set w = 20% so that the width ratio of the columns is 20:80. Since this is the 
well-known Pareto‟s ratio, we refer to the initial pattern at n = 0 as Pareto. We also refer to the new 
set of patterns as Gallery 2. Figure 4 displays these new patterns. 
 

Conditions n = 0 n = 1 n = 4 n = 8 

 
(a) 

h = 100 % 
w = 20 % 
p = 0 em 

 
άtŀǊŜǘƻέ 

 
ά.ŀǊǎέ 

 
άBarcƻŘŜǎέ 

 
άBarcƻŘŜǎ нέ 

 
(b) 

h = 90 % 
w = 20 % 
p = 0 em 

 
 
 

like above 

 
ά¦ƴŜǾŜƴ [έ 

 
άHeaven {ǘŀƛǊǎέ 

 
άHeaven {ǘŀƛǊǎ нέ 

 
(c) 

h = 100 % 
w = 20 % 

p = 0.5 em 

 
 
 

like above 

 
ά.ǊƻƪŜƴ .ŀǊέ 

 
άBroken .ƭƛƴŘǎέ 

 
άBroken .ƭƛƴŘǎ нέ 

 
(d) 

h = 90 % 
w = 20 % 

p = 0.5 em 

 
 

like above 

 
ά!ƭƳƻǎǘ ¦ƴŜǾŜƴ [έ 

 
άaƛȄŜŘ {ǘŀƛǊǎέ 

 
άaƛȄŜŘ {ǘŀƛǊǎ нέ 

 
Figure 4. Gallery 2.   

 

Overall, the patterns describe vertical shapes, with some resembling barcodes. Again, note the result 
of scaling widths and heights. To view these patterns visit the following links: 
 
¶ Barcodes 2    http://www.miislita.com/fcds/gallery-2/barcodes-2.html 

¶ Heaven‟s Stairs 2  http://www.miislita.com/fcds/gallery-2/heaven-stairs-2.html  

¶ Broken Blinds 2   http://www.miislita.com/fcds/gallery-2/broken-blinds-2.html 

¶ Mixed Stairs 2   http://www.miislita.com/fcds/gallery-2/mixed-stairs-2.html 

 
 

http://www.miislita.com/fcds/gallery-2/barcodes-2.html
http://www.miislita.com/fcds/gallery-2/heaven-stairs-2.html
http://www.miislita.com/fcds/gallery-2/broken-blinds-2.html
http://www.miislita.com/fcds/gallery-2/mixed-stairs-2.html


4.3  The Fractal Movie Effect 
 
We now report on an interesting effect (artifact?) that occurs when some of the patterns shown in 
Figures 3 and 4 are resized. We refer to this as a fractal movie effect. You will see why. 
 
When we resize a pattern by slowly resizing a browser window with the computer mouse, some 
divisions are rendered as collapsing or reemerging. As a result of this, a current pattern undergoes 
morphological transitions. This occurs in a synchronized fashion, resembles a memory effect, and 
causes specific patterns to „raise and shine through length scales‟. Figure 5 illustrates this effect. 
 

Pattern Screen Shot 1 Screen Shot 2 Screen Shot 3 

Carpet 

   

Forrest 

 
 

 

Barcodes 2 

   
 

Figure 5. Morphological transitions after resizing several patterns. 

 
The figure shows screenshots taken after resizing several patterns. Depending on the amount of 
shrinking or stretching applied, different patterns emerge. We have written a script that continuously 
does the resizing, producing the movies. Online demos are available at: 
 
¶ Carpet Fractal Movie   http://www.miislita.com/fcds/demos/carpet-fractal-movie.html  

¶ Forrest Fractal Movie   http://www.miislita.com/fcds/demos/forrest-fractal-movie.html 

¶ Barcodes 2 Fractal Movie  http://www.miislita.com/fcds/demos/barcodes-2-fractal-movie.html 

 
Disclaimer: View these movies at your own risk, keeping in mind that in some users:  

 
(a) Dynamic animations and flashing colors can trigger episodes of epilepsy. 
(b) Staring at recursive movements can have an hypnotic effect.  

 
If you are not sure about watching the movies, please do not visit these links. 

 
To view these demos, CSS and JavaScript must be enabled.  In these examples, instead of resizing 
the browser window we resized the division containing the layout. 
 
Not all patterns lead to a fractal movie effect, though. In general, the effect is not observed with 
compact patterns like the Blinds 2, and Stairs & Blinds 2 patterns nor is observed in the solid sections 
of a pattern. The effect disappears when a pattern is converted into an image or when non-resizable 
units are used. 
 

http://www.miislita.com/fcds/demos/carpet-fractal-movie.html
http://www.miislita.com/fcds/demos/forrest-fractal-movie.html
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What causes this effect? Why it is observed in some patterns but not in others, or in some sections of 
a pattern? Why it is not observed with images? In order to answer these questions we need to 
consider two different arguments:  
 

1. limitations imposed by the browser. 
2. Fractal Geometry principles.  

5  Discussion 

5.1  Limitations imposed by the browser 

The smallest unit of a picture which can be controlled and rendered on a computer screen is the pixel. 
This means that a browser must translate relative size units like ems and % into integer values of 
pixels, if necessary by rounding up or down. As noted by John Resig, this causes “sub-pixel problems 
in CSS” (3).  

In addition and as mentioned in Reference 1, we need to keep in mind that on most browsers, the 
default medium size text is 16 pixels which are rendered as 1 em unit when the body font-size 
property is set to 100%. This setting, which is the one used in our CSS instructions, forces the 
browser to render 0.0625 em units as 1 pixel. As a result of this, when we resize a pattern any em 
value that ends below this mark and that cannot be rounded up to 1 pixel will not be resolved at all.  

By contrast when we resize a pattern, em values above this mark and that end up close to one 
another will be rounded up or down to a given pixel value. This explains why upon resizing a pattern 
some division elements are rendered as either recombined or collapsed. Although reasonable, this 
explanation is not enough. 

5.1  Fractal Geometry Principles 

Resizing a regular Euclidean shape is not the same as resizing a self-similar shape. In a fractal 
structure, constituent particles of a given class of attributes (e.g., size, color, etc) are distributed 
following a power law. Any transformation like shrinking or stretching applied to a self-similar structure 
will also be transmitted across all length scales following a power law.  

To illustrate, consider a division element with its height and width properties set using the following 
CSS rule: 
 

div{height:90%;width:80%;}  

 
Assume we make two additional copies of this division and nest them in a parent-child way like this: 
 
<div>...<div>…<div>…</div> </div> </div> 

 
Evidently the actual heights (h‟) and widths (w‟) of k nested divisions will follow a power law, like this: 
  

nested divisions height width 
1 0.90 or 90.0% 0.80 or 80.0% 
2 0.81 = 0.90*0.90 or 81.0% 0.80*0.80 = 0.64 or 64.0% 
3 0.729 = 0.90*0.90*0.90 or 72.9% 0.80*0.80*0.80 = 0.512 or 51.2% 
k h‟ = h 

k
 w‟ = w 

k
 

 



We refer to this as parental scaling which is observed whenever we use %, em, and other types of 
resizable units. 

So, we have a combination of factors:  

(a) Browser resolution limitations. 
(b) Parental scaling governed by a power law. 
(c) The use of resizable dimension units. 

This combination of factors is in our opinion responsible for the fractal movie effect, provoking specific 
patterns to „raise and shine through length scales‟.  Thus, when we modify a pattern by either resizing 
its height or width, the browser will render those divisions whose dimensions remain greater than the 
minimum threshold value. More likely such surviving divisions will be found in the compact sections of 
a pattern as these are the larger ones, relative to a given length scale. This might explain why the 
effect is not evident or present at all in compact patterns or in their compact sections. 

If upon resizing a pattern along a given direction all divisions survive, we should not observe the 
fractal movie effect. We should not observe the effect with images either, even if these are 
screenshots of fractal layouts. Thus, when we resize an image of a shape (fractal or not), no parental 
scaling is involved and no fractal movie will be observed as we are applying the same amount of 
resizing to constituting pixels. 

 
6  Possible Applications 
 

Iterated fractal layouts are a great alternative to the design of menus, grid arrays (tables), and art-like 
shapes like backgrounds, logos, and avatars. Depending on the amount of nested layouts, however, 
the final rendering might be achieved at the cost of file size. If this is an issue, the pattern or a small 
section of it can be converted into a background image. Depending on the degree of stretching or 
shrinking, a given iterated layout can lead to the creation of background images of different textures. 
The images themselves will not exhibit parental scaling. 
 
Finally, by declaring the initial conditions as randomly selected values, different patterns can be auto-
generated from a given markup. This allows one to discover new patterns and conditions or, once 
randomly discovered, modify these at will using recursion-based color coding techniques. 
 
Illustrative examples are provided at the following links: 
 

¶ Menus & Grids    http://www.miislita.com/fcds/demos/menus-grids.html 

¶ Background Images   http://www.miislita.com/fcds/demos/background-images.html 

¶ CSS-only Backgrounds  http://www.miislita.com/fcds/demos/css-only-backgrounds.html  

¶ Random Patterns   http://www.miislita.com/fcds/demos/random-patterns.html  

 
Another possible application for fractal layouts and fractal movies is in the area of Information 
Security. For example, barcode-like patterns or cross sections of these can be mapped to encryption 
signatures or passwords. A fractal movie can also be used as a steganographic technique. For 
instance, upon proper resizing, divisions can be rendered as revealing hidden messages. 

From the optimization standpoint (4), fractal layouts can be used to assess how fast a given loop or 
browser resizes self-similar layouts. At the time of writing our experience is that with:  

¶ Windows 7, Firefox runs fractal movies about four times as faster as Internet Explorer.  

¶ Windows Vista, Firefox runs fractal movies about twice as faster as Internet Explorer.  

http://www.miislita.com/fcds/demos/menus-grids.html
http://www.miislita.com/fcds/demos/background-images.html
http://www.miislita.com/fcds/demos/css-only-backgrounds.html
http://www.miislita.com/fcds/demos/random-patterns.html


So far Firefox produces flashier effects than Internet Explorer. However, this browser seems to stop 
working when a window running a fractal movie and that has not been maximized is repositioned. 
Pressing the Windows Key (that's the one with the Windows icon) reactivates the browser. This minor 
drawback is not observed with Internet Explorer. It can be avoided by simply maximizing the browser 
window before running a fractal movie.  

Finally, we would like to mention that the interactive nature of the FCDS tool makes it an attractive 
vehicle for researching and teaching fractal geometry principles. 
 

7  Conclusion 
 
In this work we have presented some basic experiments on fractal layouts. A tool for automating the 
process was described. A movie-like effect was also reported and explained. To better understand 
this effect, a script was written and online demonstrations were provided. Results and drawbacks 
were also discussed. An entire sub-site about iterated layout patterns and fractal geometry resources 
has been written and is now available from Mi Islita.com (http://www.miislita.com).  
 
All patterns herein discussed were generated using few numbers of iterations. We have experienced 
that as the number of iterations is increased the browser eventually tends to run slow, freeze, or 
crash completely. We are currently testing several looping techniques (4) and with the canvas tag (5) 
introduced in HTML5. Our goal is to minimize some of these limitations. At the time of writing Internet 
Explorer does not seem to support the canvas tag. A plugin is available (6), though.  
 
The creation of fractals from 3-column layouts and how to produce classic fractals with our row 
primary approach are discussed in the next two articles of this series (7, 8). To conclude, Fractal 
Geometry provides new opportunities for conducting research at the intersection of programming, 
design, and security. 
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