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Figure 3: Four IGPs with their descriptions of varying geometric complexity.
4. The Metamorphosis

4.1 PARAMETRIC DESCRIPTION AND GEOMETRY
METAMORPHOSIS

The parametric model we use in this paper depends on the previous
description of the geometry. In this part we will introduce the
metamorphosis method that allows the designer to explore the design space
of the geometry without interrupting the symmetry, the rhythm, or the flow
of the pattern (i.e. the characteristic of the IGP).

Metamorphosis refers to the exploration space and the explored form in
relation to time. Adding time to thexploration process makes it possible for
the designer to explore the state of the geometry at a specific point in time.
Each new state of the form is called a “key shaj@larevic, 2004) The
key shape represents quantitative properties of the geometry that can be
described as a shape code.

4.2 THE MOTION RULES

Changing the magnitude of the distance will change the geometry. The
proposed description makes it easy to preserve the symmetry of the
geometry. However, moving some points might interrupt the flow of the
pattern; thus, we need to define rules for moving the points.

Points that lie, in the original geometry, on the outer boundaries of the
fundamental unit are not allowed to move because moving such points
interrupts the flow of the pattern. The rest of the points are free points, i.e.
can move toward and against the centre of the polygon. However, all the
points are not allowed to leave the fundamental unit.
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The process starts by populating all the distances with a value of zero.
Then one point is increased in distance value at a time until each reaches the
limits* of the fundamental unit. If there is more than one free point, then the
second point should increased one step’ only, and the value of the previous
point decreased until it reaches the origin. This process repeated until it
covers all possible outcomes.

4.3 RESULTS

This section presents two examples. The first example is a six-fold star in a
hexagon repeat unit. This star has only one free point (i.e. point that is
allowed to move). Thus, the limits of the metamorphosis of the geometry are
0 and 10 (Figure 4).

The second example illustrates the case in which there are two free points.
The limits of the first point are 0 and 10 while the limits of the second point
are 0 and 8.6. Different possible combinations of numbers within those
limits are presented in a sequenced manner in Figure 5. You can follow the
arrows in the figure to follow the metamorphosis of the geometry. However,
another way to look at the figure is from top to bottom or vice-versa. In this
case you will see another possible sequence of exploration.

As Figure 5 illustrates, the more points that are allowed to move, the
longer the metamorphosis process takes and the more variations are resulted.

5. Conclusion

The metamorphosis process of the geometry helps to uncover all possible
designs within the motion limits of the points. It can be operated to preserve
the common characteristics of Islamic geometric patterns (i.e. symmetry,
rhythm, and flow). In this paper, we discussed what is necessary to initiate
the process of the metamorphosis: pattern analysis, geometric description,
and rules of motion.
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Figure 4: The metamorphosis of the six-fold star.

An accurate and robust description system is vital. Such a system
provides the information needed not only to initiate the metamorphosis of
the geometry, but also to document the resulted variations. This is essential
in determining whether there is a traditional geometry with the same
description or if there is another geometry that has the same description, but
it is the result of a different exploration process. The second example
presented in this paper explored the design space of the geometry found in
Shibam-Kawkaban, Yemen. By initiating the process of the metamorphosis,
this geometry was transformed into other geometries found in Madrasa-
Mausoleum of Sultan Qala'un, Cairo, Mosque of Sultan Hassan, Cairo, and
Agra Fort, Agra.
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Figure 5: Example of the metamorphosis of two free points.

The description system provides a great amount of numerical data. This
allows the identification of the most frequently occurring points, lines,
angles, or any combination of these in traditional IGPs. Having such data
about an IGP in particular, and any design style in general, helps to better
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understand the language of design style by mathematically identifying the
most frequently occurring properties.

This study is a part of a larger one that aims to answer the question of
what constitutes the quality of an Islamic geometric pattern. When it comes
to the design of the IGP, literature provides general, yet valuable, guidelines;
however, the interpretation of it is still a highly subjective process. Having
such a descriptive method helps to statistically identify the most commonly
occurring characteristics in traditional patterns, which can be later used as a
constraint that refines the results and produces new variations that hold the
authentic quality of the IGP.

Endnotes

1. Sayed Abas defined the Islamic patterns as patterns that have Arabic calligraphy,
patterns created between 900 AD and 1500 AD by Muslims or non-Muslims in
societies in which the commonly practiced religion was Islam, or patterns derived
from traditional patterns (Abas et al. 1995, 7).

2. The units used in the example represent increments of unit on a Cartesian coordinate
system. In the program the author built, pixels were used.

3. The authors developed the program using processing programming language. The
program reads the code from a text file and produces visual images.

4. Limits can be found for each point using the Pythagorean Theorem.

5. Steps are in relation to time. Steps could be 0.1 units or anything specified for the
exploration process.
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