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Abstract 
 

Tiling Theory studies how one might cover the plane with various shapes. Medieval Islamic artisans developed intricate 

geometric tilings to decorate their mosques, mausoleums, and shrines. Some of these patterns, called girih tilings, first appeared 

in the 12th Century AD. Recent investigations show these medieval tilings contain symmetries similar to those found in aperiodic 

Penrose tilings first investigated in the West in the 1970ôs. These intriguing discoveries may suggest that the mathematical 

understanding of these artisans was much deeper than originally thought. 

 

Connections like these, made across the centuries, provide a wonderful opportunity for students to discover the beauty of Islamic 

architecture in a mathematical and historical context. This paper describes several geometric constructions for Islamic tilings for 

use in the classroom along with projects involving girih tiles. Open questions, observations, and conjectures raised in seminars 

across the United Arab Emirates are described including what the medieval artisans may have known as well as how girih tiles 

might have been used as tools in the actual construction of intricate patterns. 

 

 

1. Islamic Tilings and Traditional Strapwork  
 

The Islamic world has a rich heritage of incorporating geometry in the construction of intricate designs 

that appear on architecture and tile walkways as well as patterns on fabric, see [4]. This highly stylized 

form of art has evolved over the centuries from simple designs to fairly complex geometry involving a 

high degree of mathematical symmetry. Many of these complex designs can be constructed using a 

ñstrapwork methodò where circles and squares are transformed into stars and overlapping lattices to form 

a more intricate symmetric pattern (Figure 1). The Alhambra Palace, see [6], the 15
th
 Century Moorish 

architectural wonder in Granada, Spain contains many excellent examples of these Islamic constructions 

(Figure 2). 

 

 
Figure 1: Strapwork Method Showing Construction from Circles  

to Lines to Stars to Overlapping Lattices, Geometerôs Sketchpad 

 
Figure 2: Alhambra Tiling, 

 Photo by R. Tennant 
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The vast majority of these intricate patterns repeat in a periodic manner as the following two tilings 

from the Alhambra illustrate. Some patterns eminate from a central point and maintain periodic symmetry 

on radial axes (Figure 3). Other patterns repeat perfectly in two linearly independent directions (Figure 4) 

and are referred to as the two-dimensional crystallographic groups. 

 

 
Figure 3: Alhambra Tiling ï Radial  

Symmetry, Photo by R. Tennant 

 
Figure 4: Alhambra Tiling ï Periodic  

by Translations, Photo by R. Tennant 

 

Although many of the patterns found on Islamic architecture can be constructed using periodic 

methods like strapwork with straightedge and compass, see [5], there are numerous examples which 

appear to be nonperiodic and contain symmetries which may require additional construction techniques. 

The tilings below from 15
th
 Century Turkey (Figure 5) and from 17

th
 Century India (Figure 6) illustrate 

decagonal (ten-point) symmetry which in modern times has been discovered in quasi-crystal structures. 

Recent discoveries, by physicist Peter Lu of Harvard University, suggest that the medieval artisans who 

created these patterns had a deeper understanding of geometry than originally thought, see [2]. 

 

 
Figure 5: Sultanôs Lodge,  Ottoman Green Mosque 

in Busra, Turkey (1424 AD),  

Photo by W. B. Denny, see [3]  

 
Figure 6: Mausoleum of Iôtimad al-Daula in 

Agra, India (1622 AD),  

Photo by M.W. Meister, see [3]  

 

 

2. Nonperiodic and Aperiodic Tilings 
 

Patterns that do not repeat in a linear direction are called nonperiodic. The tiling by Heinz Voderberg 

(Figure 7) from the 1930ôs exhibits a type of spiral symmetry. The pattern referred to by its sphinx-like 

tiles (Figure 8) has a self-similar fractal quality as each sphinx may be dissected into four smaller 

sphinxes.   
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Figure 7: Voderberg Spiral Tiling 

 
Figure 8: Sphinx Tiling ï Expands by Four 

 

In the 1970ôs, new tilings were discovered that not only were nonperiodic but could not be 

rearranged to be periodic. An example of this type of ñaperiodicò tiling was discovered by Roger Penrose 

and consisted of two rhombuses (Figure 9). The gluing instructions for these ñPenrose rhombsò were 

determined by arcs which form a nonperiodic pattern (Figure 10). Although this pattern is not periodic, it 

is highly structured and contains quasi-periodic five-fold rotational symmetry. 

 

 
Figure 9: Penrose Rhombs 

 
Figure 10: Penrose Aperiodic Tiling 

 

Aperiodic symmetry has been incorporated into the design of modern architecture. Storey Hall 

(Figures 11-12) at the Royal Melbourne Institute of Technology (RMIT) was constructed in the 1990ôs 

utilizing symmetry based on Penroseôs aperiodic rhombs. The innovative design and creative blending of 

the hall into the surrounding 19
th
 Century Melbourne neighborhood has won several architectural awards 

for this modern structure. 

 

 
Figure 11: RMIT Storey Hall, 

Melbourne, Australia,  

Photo by Tim Griffith 

 
Figure 12: Interior Auditorium ï RMIT Storey Hall 

Melbourne, Australia, 

Photo from www.a-r-m.com.au/ 


