GA2011 – XIV Generative Art Conference

Oday q. Abduqader
Omar Adil Sabah
Bisam Ehessan Alhafiz

Paper

Shape Reconstruction
Study of alternative typologies of shaps

Abstract:
All buildings are characterized by possessing a set of architectural
elements and details that are most important in giving the characteristic of
the architecture as a style, where these details and architectural elements
have configurations structurally different and this difference in structuralism
distinguishes the form of another where any architectural configuration is
characterized whether to indicate functional aspects or aesthetic formal
aspects that has privet and special style which is consistent with the
geographical or historical background to this style. This study will focus on
Topic: Architecture
one of the architectural configurations of the gates, by testing a sample of
Authors:
these architectural configurations from different time periods such as
Oday Q. abdulqader
Assyrian style gate, Romanian style gate and Babylonian style gate ... Etc.
University of Mosul CollHge as a sample for analyses. This study consist of three stages, the first one is
of engineering
the theoretical framework for analysis and the formation of gates in
Architectural dept.
general, the second stage is a test of the sample of gates by analyzing and
www.uomcoe.org
dismantling of components to the basic elements of form and then encoded
in digital form and make it a matrix , finally the last stage .It is the process
Bisam alhafiz
of restructuring elements (Re-forming elements) by using the probabilities
- University of Mosul
of the matrix to produce new patterns which has structural properties
similar to the original elements.

Omar Adil Sabah University of Mosul
References:
[1]
Brian
J.

Gilmore
,”Advances
in
design
automation”, ASME Design
Technical Conferences, 19th
Design
Automation
Conference,
Albuquerque,
New Mexico, September 1922, 1993
[2]
Williams, Kim,” Nexus
Network
Journal
9,1:
Architecture and Mathematics,
Volume 9, Kim Williams Books,
Turin.2007
[3] Erik K. Antonsson, Jonathan
Cagan,” Formal engineering

The original Shape

The main elements of the original Shape

The new Shape

dismantling of components

design synthesis”
Cambridge University Press,
USA, 2001.

Contact:
odaychalabi@gmail.com
bisam75@gmail.com
omaradils@yahoo.com

Keywords:
gates , matrix , architectural elements, Shape Reconstruction,
Topology .

Page 1

page # 358

14h Generative Art Conference GA2011

Shape reconstruction
( A structural study of the architectural element as a single entity to find
design alternatives)
Mr. Oday Alchalabi, MSc in Architecture design
Department of Architecture, Mosul University, Mosul, Iraq
www.generativeshape.com
e-mail: odaychalabi@gmail.com
Mr. Bisam Ehssan Alhafiz , Msc in architecture technology
Department of Architecture, Mosul University, Mosul, Iraq
Mr.Omer Adel Sabah , MSc in Architecture design
Department of Architecture, Mosul University, Mosul, Iraq

Abstract
All buildings are characterized by possessing a set of architectural elements and
details that are most important in giving the characteristic of the architecture as a
style, where these details and architectural elements have configurations structurally
different and this difference in structuralism distinguishes the form of another where
any architectural configuration is characterized whether to indicate functional
aspects or aesthetic formal aspects that has privet and special style which is
consistent with the geographical or historical background to this style. This study will
focus on one of the architectural configurations that have a great variety of elements
and architectural details like gates as a case study, by testing a sample of these
architectural configurations (gates ) from different time periods such as Assyrian
style gate, Romanian style gate and Babylonian style gate ... Etc. as a sample for
analyses. This study consist of three stages, the first one is the theoretical
framework for analysis and the formation of gates in general, the second stage is a
test of the sample of gates by analyzing and dismantling of components to the basic
elements of form and then encoded in digital form and make it a matrix , finally the
last stage .It is the process of restructuring elements (Re-forming elements) by using
the probabilities of the matrix to produce new patterns which has structural
properties similar to the original elements.

1. Introduction
The architectural legacy of the various civilizations is considered an
important factor which left its features on the shape of buildings, historical and
archaeological cities all over the world. These cities are still examples for the
originality and architectural identity of a certain city or region; such as Babylon,
Khursibad and Hatra in Iraq and Rome in Italy. So, designers must make use of this
heritage in away that fulfill the aesthetic function of the architectural work and
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achieves a privacy that is connected with the architectural legacy of any area in
order to reveal the historical depth of that architectural work.
In this research, focus will be on the simulation of the nature, which is dealing
with the geometrical shapes and disassembling them into their primary elements and
then reconstructing these elements relying on the same disassembling mechanism
for the primary shape in a way which preserves the same spirit and influence of the
original shape which is considered a reference for the new shape.

2. Statement of the problem
There are many cities in the world have historically models reflect
the architectural authenticity and identity even some city named according to the
name of important historical landmark in it, like Mosul city (Alhadba city) in Iraq
where the name of the city (Alhadba) come from minaret at important mosque in the
same city as well as Hamburg city in Germany where it took its name from the first
building was found in that region.
At present, and according to the globalization many architectural design
directions appeared which led at times to efface the identity of historical and
architectural characteristics of this type of cities therefore we need to find mechanize
that help the architects and designer to create new shape compatible with the
original shape or style.
From all the above the problem of the research evolves out of:
1.Non-clarity of the mechanism adopted in disassembling and reconstructing the
shape to obtain new forms compatible with original shape
2. The limited use of algebraic mathematical formation as a one of shape grammar
techniques in the mechanism of the design new shapes.
3. Research about shape reconstruction abounds, but the study algebraic
mathematical formation to find design alternatives are scarce.

3. The Purpose of the study
The research aims to find mechanism in disassembling and reconstructing the
shape to obtain new forms attuned with the original shape and style , the models
which is created can be used as details or part shape to design new buildings.

4. Objective of the research
The objectives of the research are:
1.To understand the mechanism of disassembling and reconstructing the
shape
2.To identify the factors which contribute to a create new shape with wellmatched with the original shape.
3.To find a matrix of shapes, through which several model that can be
designed depending on one shape.
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4.To analyse the effects of using matrix to create a new shape compatible
with the original shape.

5. Hypothesis of the research
The hypothesis of the research was employed represented by the possibility of
design depending on the mechanism of construction and disassembling to find new
models and thus reaching the objective of the research.

6. Previous studies
Several studies indicated the importance of studying shape disassembling into
its original constructional elements, as it is easy for the designer to use these
elements to construct new shapes that belong to the same generation. And this is
considered one of the shape construction methods. The work in this research was
divided into three parts and as shown in the structure of the research:

Le Corbusier, in his philosophy of design [1], mentioned that there are three
techniques for the architectural design process. They are:
1- The technique of utility buildings: The building is considered successful if it
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performed its function perfectly, just in the case of a machine. So the building is
considered successful if it functions well. For example, the house for him was
merely a place (machine) for living [1].
2- The common architecture mode: This idea is derived from the duplex idea,
which was derived from the Islamic architecture in the middle ages (as Charles
Edward says).
3- Contrast with the nature: That is done through the tendency to the humanmade geometrical shapes and making use of them in the process of design[1].
Moreover, some studies indicated that the mechanism of the geometrical
shape formation is done in accordance with a mathematical equation of formation
and that is accomplished through the use of some algebraic methods for analyzing
images, as shown by Xiu Wu Huang in his research entitled:[2] where the
mechanism of constructing and disassembling the shape is similar to a mathematical
equation.
In accordance with the algebraic analysis of images, any shape carries a
code or a mathematical equation that stands for it,[2] and when changing the values
or the elements of this equation, then we have a different shape.
For example:
5 = 3 + 2 …………………….….….……. (1)
where the reconstruction of several equations from this becomes:
5 = 3 + 2……………………..…………. (the original equation)
5 - 2 = 3…………………….……………. (1)
3 - 5 = 2……………………............……. (2)
But when using another relationship or other numbers to find the same solution, then
this means another design and as the following:
5=1+1+3
An example for that, in terms of formation (Figure-1):[researcher]

(Figure-1) the element of equation shape .[researcher]
But study [3], indicated the formalistic configurations as a relation between one
shape with another shape and the relationship of the shape with the whole, and as
follows(Figure -2):
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(Figure-2) the relation among parts shape to create the compact form.[researcher]

Another study [4] indicated that the architectural formation is similar to the
language sentences as there is a relationship between a letter and another to form a
word, and a relationship between a word and another to form a term,[5] and several
words and terms to form a meaningful sentence and relations can be altered but
giving the same meaning.

7. Conclusion from previous studies and discovering the problem
Previous studies focused on the method of disassembling and reconstructing
the shape in general. So, some variables – from the previous studies - were
identified and a theoretical framework was built up, just as will be shown in the
consequent part of the research. After reviewing the previous studies the research
problem emerged, which is represented by (the small number of studies which
identified the main items of the production process in order to produce design
alternative which are related to a formal reference). Based on that, the objective of
the study was identified: (finding a mechanism to produce design alternative that
depend on a formal reference and the relationships of this reference). For the
purpose of making the study more objective the relevant research variables were
included in a matrix in order to produce the alternatives, as in the case in the
beginning of the research.

8.The items of the research
After reviewing the previous studies focus will be on several items related to
the methodology of the research and that can be made use of in the practical study
in order to apply the matrix, and as follows:
8.1 Disassembling the shape
A- Compound shape (main element).
B- Secondary shape (secondary element)
C- Single shape (an element).
Any formation consists of three basic elements (main, secondary and single), where
the basic shape represents the original formation[6]
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(figure -3) Create form by using object and compact shape [researcher].

Element+element = Secondary shape or Secondary shape + element = main shape
The elements (from 1 to 10) and the secondary shapes ( from A to Z) will be
coded in order to be used easily in the matrix of shapes that will be designed to
explore new alternatives which are identical or not identical to the original shape
before analysis in terms of structural and architectural style relationships.
A shape may involve more than 10 elements and it can also include several
secondary shapes, as the mechanism of the shape disassembling.
8.2- Relationships between shapes
Each architectural construct includes several geometrical relationships,
through which styles and affiliations can be distinguished. And this study deals with
shape morphology, correlations and topological sequence[7], as follows:
A- Sequential relationship:
In this case, elements overlap in the form of a connected series and as the
following equation. And this series can by in two types[8]; horizontal and the vertical.

(figure -4) Create form by using object and compact shape .
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B- Formational relationship:
In this relationship, elements correlate with each other.

9. Making a matrix of the shape
In this phase, a matrix will be designed which includes the shapes potential to
form the design alternatives, consisting of elements and secondary shapes which
are derived from the original shape. The matrix includes the horizontal row which
involves the individual elements of the shape and these can be numbered as shown
in the first part of the research in addition to the columns that include the secondary
elements .
When we multiply the matrix, we have more than one multiplication process in
accordance with the shape we want to find,[6] where the first square of the column
can be multiplied by the second square of the row and as follows:
An example for that is the following shape:

Raw
column

(figure -5) Example of the matrix.

The multiplication process can be identified through the relations that have
been mentioned in the first part of the research, so the resultant shape will not be
very much different from the original one, because – in this example particularly –
there is no rotation of the shape. The resultant shape depends on the determinants
of the relationship and the mechanism of multiplication used to find design
alternative.

page # 365

14h Generative Art Conference GA2011

10.The practical study
In this study the practical study consist of the mechanism of disassembling the
original shape to three components: compound shape, secondary shape, and single
shape as a figure below:
The main shape

Compound shape

Secondary shape

Single shape

(figure -6) The disassembling of the main shape to three components.

11.Selecting the samples and applying the practical study
Historical gates were chosen and analyzed depending on the items submitted by
the theoretical framework in the geometrical method using the computer program
Auto Cad and applying the questionnaire form which was designed for the
measurement process. These gates are:
1- Ishtar Gate.

(figure-7) Nirgal gate in Mosul City North of Iraq.
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2- Khoursibad gate.
3- Hatr gate. The Sun City , Located to the west of Iraq and to the south-west of
the city of Mosul, a distance of 110 km. And away from the ancient city of
Ashur 71 km (figure-9).[9]

(figure -8) Hatr city , south Mosul City in Iraq.

4- Ashurian gate.

(figure-9) Nirgal gate in Mosul City North of Iraq.

Because the results of analysis were tremendous, one sample only was selected
(Khoursibad gate) to be included within the research and as in the following shape:

(Figure -10) The design alternatives that resulted from the original shape

page # 367

14h Generative Art Conference GA2011

(Figure -11) Using of alternatives for design new project

12. Results of the practical study
After analyzing the gates and obtaining the elements and secondary shapes,
a matrix was applied in order to find the design alternatives represented by either the
design of a new gate with architectural style that is similar to the original shape but
with different structural formation or architectural formations that might be used as
detailed elements like doors or windows… etc. and as shown in table above.
After comparing the resultant shapes of gates with the original, it was found
that the new gate accomplished 20% of structural congruence in terms of the style
and 75% in terms of the architectural style, which included a group of secondary
shapes included within the original shape. Also the sequential relations have a great
importance in the congruence of the new shape with the original matrix and with a
percentage of 77% and several statistical percentages concerning this study can be
found, but the most important ratios is the congruence in the sequence of the
elements.

13.Conclusions:
The type of gates is functional, formal and simple and it has many and diverse
architectural elements due to the architectural styles. The results showed that the
process of gate parts reconstruction depends on the design purpose of this process
(gate, details, mass ….). the small percentage of the congruence is an evidence of
using these alternatives was for designing a gate. For the higher ration of
alternatives used as a elaborative elements or others due to the desire of the
designer. And this way of finding the design alternatives that ensure that the design
will be the same as desired.

page # 368

14h Generative Art Conference GA2011

14.Refrences
[1] Pintti ,riotio , “Theories of Architectural Synthesis”, Arteology, research of
products and professions,2007.
[2] Huang, Xiu wu, chery kolak , ludia sharman & fred E Szabo, "From Form to
Content: Using Shape Grammars for Image Visualization "Concordia
University ,The 9th Internayional conference on Information Visualisation ,P3-6,
Montreal, Canada,2005.
[3] Schulz , Cheistian Norberg , “ The Architecture Of Unity “ , The Agakhan
program for Islamic world , Cambridge , MA – 1986 .
[4] Flemming, V., “ The role of Shape grammars in the analysis and creation of
designs “ in Kalay Y.E.(ed.) computability of designs , John Wiley ,New York,
United state ,1987.
[5] Ching, F.D.K., “Architecture: Form, space and Order”,Van Nostrand Reinhold
company, NEWYORK, USA, 1979.
[6] Chase, S,C., “Modeling Designs with shape Algebras and Formal Logic“ ,
Ph.D. Dissertation, University of California , United State,P36-37, 1996.
[7] Salingaros , Nikos , “ Hierarchical Cooperation In Architecture , And The
Mathematical Necessity For Ornament “ , Journal of Architectural and
Planning Research , Volume (17) , Posted by permission . Locke Science
publishing company , P282-285– 2000 .
[8] Suveg ,Ildiko & Gorge Vosselman,” Automatic 3D building reconstructions”
Delft University of Technology ,proceedings of SPIE conference , Vol.
4661,Netherlands, P59-60, 2002
[9] Rashed, Abdulwahab,” Civilization of Mesopotamia” AlMADA LTD. For
publishing and distribution, Baghdad, 2003.

page # 369

