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ABSTRACT�
The conventional view holds that girih (geometric star-and-polygon) patterns in medieval 
Islamic architecture were conceived by their designers as a network of zigzagging lines, and 
drafted directly with a straightedge and a compass. I will describe recent findings that, by 1200 
C.E., a conceptual breakthrough occurred in which girih patterns were reconceived as 
tessellations of a special set of equilateral polygons (girih tiles) decorated with lines. These girih 
tiles enabled the creation of increasingly complex periodic girih patterns, and by the 15th 
century, the tessellation approach was combined with self-similar transformations to construct 
nearly-perfect quasicrystalline patterns. Quasicrystal patterns have remarkable properties: they 
do not repeat periodically, and have special symmetry---and were not understood in the West 
until the 1970s. I will discuss some of the properties of Islamic quasicrystalline tilings, and their 
relation to the Penrose tiling, perhaps the best known quasicrystal pattern. ` �
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and measuring their degree of perfection. Also,
analogous girih tiles may exist for other non-
crystallographic symmetries, and similar dotted

tile outlines for nondecagonal patterns appear in
the Topkapi scroll. Finally, although our analysis
shows that complex decagonal tilings were being

made by 1200 C.E., exactly when the shift from
the direct strapwork to the girih-tile paradigm
first occurred is an open question, as is the
identity of the designers of these complex
Islamic patterns, whose geometrical sophistica-
tion led the medieval world.
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Fig. 3. Girih-tile subdivision found in the decagonal girih pattern on a spandrel from the Darb-i
Imam shrine, Isfahan, Iran (1453 C.E.). (A) Photograph of the right half of the spandrel. (B)
Reconstruction of the smaller-scale pattern using girih tiles where the blue-line decoration in Fig.
1F has been filled in with solid color. (C) Reconstruction of the larger-scale thick line pattern with
larger girih tiles, overlaid on the building photograph. (D and E) Graphical depiction of the
subdivision rules transforming the large bowtie (D) and decagon (E) girih-tile pattern into the small
girih-tile pattern on tilings from the Darb-i Imam shrine and Friday Mosque of Isfahan.
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Supplementary Figure S7A Portal from the Darb-i Imam Shrine at Isfahan, Iran (1453 AD). (left) Photograph, and reconstructions of the (upper right) large and (lower 
right) small girih patterns using the girih tiles of Fig. 1F. The tiling can be subdivided in the same way (Figs. 3D-3E) as the Darb-i Imam pattern in Figs. 3A-3C. Photograph 
courtesy of K. Dudley and M. Elliff.


