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Abstract. This paper presents a parametric approach toward studying
the characteristics of the Islamic geometric patterns (IGP). The
presented computational system utilizes a parametric description of
the geometry to initiate the process of metamorphosis exploration and
to document the generated variations. The study found that changing
the parameters in the description produces new variations that have a
wide range of qualitative and quantitative properties; some match
exactly the properties of traditionally existed geometries.
Keywords. Parametric Design; Metamorphosis; shape-code; keyshape; Islamic Geometric Pattern.

1. Introduction
The process of description and referencing is vital to parametric design. This
is not only because the designer needs to understand the parts and internal
relationships of the form (Woodbury, 2010); but also because parametric
design covers a wide range of shape variations and possible scenarios that all
fall within the same style (Barrios Hernandez, 2006). The new design
versions may have common features or share similar qualities, but they are
still different from each other quantitatively.
William Mitchell (1990) emphasized the importance of a labelling system
for distinguishing a form from its surrounding space on the one hand, and
the different parts of the form itself on the other hand. Labelling makes
forms recognizable, referable, and describable. Correct labelling requires
understanding the theory of the form in question. George Stingy (1985)
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discussed the importance of understanding the language of a style in order to
develop a design in that particular style.
In the case of Islamic Geometric Ts (IGP)1, scholars like Craig Kaplan
(2004), Ahmad Aljamali (2003), and Ali Izadi (2010) have explored the
design space of IGP visually by building parametric models. However, it is
only visually possible to distinguish between the geometries. The question
now is: Can we design a method for exploring new designs with a greater
confidence than what visual models can offer?
The answer proposed in this paper is a system based on a numerical
description that would allow to compare the resulted variations. Additionally,
it would be possible to set up a systematic procedure for exploring all
possible combinations in a systematic manner.
Haresh Lalvani (2003) developed the shape code, or morph code, which
is a representation that holds all the information and rules necessary to
construct a distinct geometry. It is represented by a string of numbers that
define a particular geometry. Lalvani proposed a pattern code for Islamicpatterns. Although the notations it uses are short, Lalvani’s pattern code
requires all the cell units to be divided and notated based on symmetry
groups. Different cell units have different internal divisions. Without having
these cell units, which together act like a coordinate system, the notations
cannot be interpreted. Division of the cell units results in fewer variations
and does not consider the existence of a design from one division to the next.
To address this shortcoming, instead of requiring a grid to use as its
coordinate system, the proposed method requires nothing more than the
Cartesian coordinate system to explore all possible designs fully. It does this
while retaining from Lalvani’s method the use of a code to distinguish the
variations and manipulate the geometry.
In the next sections, we will first present our analysis of the pattern, then
develop a description of the geometry, and finally define the rules of the
motion and present a parametric description for exploring the metamorphosis
of the geometry.
2. The Analysis of the Form
2.1 THE PATTERN
Islamic geometric pattern shows four recognizable characteristics: symmetry,
interlacing, unboundedness, and flow (Abas et al., 1995). It normally
consisted of a repeated unit, which is the polygon that holds the base
geometry, and a repetition structure that is the product of systematically
repeating the seed unit to fill the space (El-Said et al., 1993). The polygon
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of the repeat unit can be square, pentagon, hexagon, or the multiplication of
those. The shape of the polygon control the type of the repetition structure.
2.2 THE GEOMETRY
Within the repeat units, symmetries occur as the repeat units are
populated by smaller units used to fill the repeat units. To build an efficient
numeric description, we must identify the smaller possible geometric motifs
within the polygon that cannot be identified with symmetry. This can be
done by:
1.

Finding the Cell Unit: Obtained by dividing the polygon into zones, with
the understanding that the number of zones should be equal to the number of
sides of the polygon of the repeat unit (Figure 1).
2. Finding the Fundamental Unit: Obtained by measuring the minimum
geometry that has zero bilateral symmetry with an axis passing through the
center of the original polygon (Figure 1).
3. Decomposing the Geometry: Obtained by identifying the point of
intersection of the motif’s lines and the intersection of the motif’s lines with
the boundaries of the fundamental unit.

3. The Description of the Shape Code
Shape code aims to provide the minimal amount of information needed to
produce a meaningful series of numbers that refers to a particular Islamic
geometry and makes reconstruction using this series possible.
The method we propose uses the Cartesian coordinate system. The centre
of the polygon, which includes the pivot point of the cell units and the
fundamental unit, should be centred in the origin of the coordinate system
(Figure 1).
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Figure 1: Analysis of the geometry.

The description starts with defining the geometry within the fundamental
units by defining the points that construct the lines of the geometry. Since
the geometry consists of instances of fundamental units, only one needs to be
described; however, an indicator of the number of instances is also required.
Consider the geometry in Figure 2; it can be created using the following
shape code2:
6: ½ : (2.8,5),(0,10)
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Figure 2: Six-fold star in a hexagon repeat unit.

The number six refers to the number of the sides in the polygon. However,
since only half of the cell unit is needed to be able to fully construct the
geometry, rather than rewriting the locations of the mirrored half, we refer to
it using the ½ after the colon. The rest of the code represents the points and
the lines. Points are indicated by the parentheses; each set of two points
represents a line. A new line can be introduced by using a dash immediately
following the last point of the previous line. This notation was used by the
authors to build a program3 that could read the numerical description to
construct the geometry. It is also possible to construct the geometry
manually using the notation.
The values that construct the points (i.e. x and y) are not mutually exclusive.
They are relational relative to each other. Changing the value of one changes
the value of the others. This is due to the system of symmetry that is used in
the Islamic patterns and its requirement that the point move toward or away
from the centre of the polygon to be preserved. For instance, in the previous
example x = 2.8 and y = 5; if we decrease the value of x to 0.75, y
automatically reduces to 1.2. Therefore, an alternative and more convenient
description can be made based on the relative directions and distances of the
points. For instance, the previous description can be substituted by the
following:
6: ½ : (90,10),(60,5.7)
Six again refers to the number of the sides and ½ refers to the size of the
fundamental unit. However, 90 and 60 refer to the degrees of the respective
angles in which the points are located, and 10 and 5.7 refer to the points’
respective distance from the origin.
In this paper, we use this second method in describing the geometry since
it allows us direct control of the point in a specific direction (i.e. we do not
need to change one point and calculate the other; instead, we need only to
change the magnitude of the distance). Figure 3 shows additional examples
of this second method.
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Figure 3: Four IGPs with their descriptions of varying geometric complexity.

4. The Metamorphosis
4.1
PARAMETRIC
METAMORPHOSIS

DESCRIPTION

AND

GEOMETRY

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 the exploration 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 shape” (Kolarevic, 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
limits4 of the fundamental unit. If there is more than one free point, then the
second point should increased one step5 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 MadrasaMausoleum 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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