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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 mosgumausoleums, and shrines. Soafehese patterns, called girih tilings, first appeared

in the 13" Century AD. Recent investigationshowthese medieval tilingsontain symmetries similar tiose found iraperiodic

Parose tilingsfirst investigated inthe West in the 19¥ 6 s .  infrigweng discoveries maguggest that the mathematical
undeastanding of these artisans wasch deeper than originally thought.

Connectiondike these, madacrosshe centuriesprovide a wonderful opportunity for studemdsdiscoverthe beauty of Islamic
architecture in a mathematical and historical confEixis papedescribeseveralgeometric constructions féslamic tilings for
use in the classroomong withprojects involving girih tiles. Pen questionsobservatnsg and conjecturegised inseminars
across the United Arab Emiratage describeihcludingwhat themedieval artisans may have knows well as how girih tiles
might have beensed as tools in the actual constructiomgicate patterns.

1. Islamic Tilings and Traditional Strapwork

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

that appear on architecture atild walkways as well as patterns on fabdee [4. This highly stylized

form of at 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
fistrapwork methodd wher e cir créandovaslapping Rtticesatofers ar e
a more intricate symmetric pattern (Figure 1). The Alhambra Paseee[§, the 18" Century Moorish
architectural wnderin Granada, Spain contains many excellent examples of these Islamic constructions
(Figure 2).
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Figure 1: Strapwork Metho&howing Construction from Circles Figure 2: Alhambra Tiling
to Lines to Stars to Overl aj Photoby R. Tennant
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The vast majority of these intricate patterns repeat in a periodic mannerfafidiving 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 tas the twedimensional crystallographic groups.

Fiure 3: AIambra Tilingi Radial Figure 4: Alhabra iIingT iic
SymmetryPhotoby R. Tennant by TranslationsPhotoby R. Tennant

Although many of the patterns fourmwh Islamic architecturean be constructed using periodic
methods like strapwork with straightedge and compses, [5],there are humerous examples which
appear to be nonperiodimd contain symmetries which may require additional construtgimiques.
The tilings belowfrom 15" Century Turkey (Figure)sand from 17 Century India (Figure 6jjlustrate
decagonal (tepoint) symmetry which in modern times has been discovered in-guyasal structures.
Recent discoveriedy physicist Peter Lu of Harvard Universityuggesthat the medieval artisans who
created these patterns had a deeper understanding of getirartoyiginally thought, see][2
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Figure5:Sul t anés Lodgaepsquet Figure6: Mausoke um o f {Daéutainma
in Busra, Turkey (1424 AD Agra, India (1622 AD)
Photo by W. B. Denn see [3 Photo by M.W. Meistesee [3

2. Nonperiodic and Aperiodic Tilings

Patterns that do not repeat idigear direction are called nonperiodic. Theirtg by Heinz Voderberg
(Figure 3 f r om t Hibeits 4 t9p& Of GpEral gymmetry. The pattern referred to by its spifix
tiles (Hgure § has a selbimilar fractal quality as each sphinx may be dissected into four smaller
sphinxes.
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Figure 7: VoderbergSpiral Tiling

I n t he

197060s,
rearrangeda be periodic. An example of thisy p e
and corsisted of two rhombuses (Figu9. The gluing instructionsf o r
determined by arcs which forennonperiodic pattern (Figure YL &lthough this pattern is notepiodic, it
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Figure 8: Sphinx Tilingi Expands by Four
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is highly structured and contains qupstriodic fivefold rotational symmetry.

Figure 9: Penrose Rhombs

Aperiodic symmetry has been incorporated into the design of modern architéttioney Hall
(Figures 11-12) atthe Royal Melbourne Institute of TechnologyMIT) wasc onst ruct ed

utilizng sy mmetry

the hall into the surrounding Y€ entury Melbourne neighborhood has won sevaretitectural awards

for this modern structure.

Figure 11: RMIT Storey Hall
Melbourne, Australia
Photo by Tim Griffith
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Figure 10: Penrose Aperiodic Tiling
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Figure 12 Interior Auditoriumi RMIT Storey Hall

Melbourne, Australia

Photo fronmwww.ar-m.com.au/
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