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i unambiguous topics due to weaknesses in scientific fields or lack of technical facilities
i for implementation. Given the technical and scientific developments in recent decades,
ﬁthe possibility of such an inherent approach is not far from the mind. The emergence of
inew theories and computing methods derived from biological systems over the past few
i decades has made it possible to deepen the principles and rules of the form production
i process. The main question is: how can biological growth and formation patterns be used
gto methodize the process of producing architectural forms? The main purpose of this
{article is to investigate the modeling and growth processes in biological phenomena to
i be used in the methodization of the form production process in architecture. One of the
patterns in the growth process of biological phenomena is the differential growth pattern.

ETHODS: The research method in the present research is descriptive-analytical,

and data collection includes library studies and documents. First, the theoretical
§and practical backgrounds of computing inspired by biological principles and their
i evolutionary evolution were examined. Then, using a simulation research method with
ia logical reasoning strategy, different growth patterns were formed. Finally, during the
i process, the production of the architectural form was tested and examined. In a simulation
gexperiment, a model of the growth pattern was presented in the production of computer
iforms. In the analytical part of the present study, considering the importance of the role
i of algorithmic thinking in modeling the growth process and the formation of biological
i phenomena for the computational production of an architectural form, a logical reasoning
éstrategy was established to provide a logical thinking system for realizing a relationship
i between biological realities in the growth process. It has been used to form a general
i conceptual framework in order to describe the subject and formulate growth guidelines
i using the abstract values of producing architectural form.

INDINGS: This research started with the classification and analysis of theories in the

field of computing inspired by biological processes, according to the time hierarchy
%of their occurrence, then continued with the introduction of new computing methods
{inspired by biological principles. Finally, this research was completed using such theories
iand methods in the production of the digital form. The result is evidence of the historical
iand evolutionary course of such an approach from theory to practice. For more clarity,
:§theories, methods, and manufacturing processes are presented below with an evolution
itimeline, which is a new step in this field of research. Achieving the ability to simulate
i computational theories demonstrates the possibility of modeling growth processes and
i the formation of biological phenomena in the process of producing an architectural form
falong a path called computing. In this process, the growth algorithm is programmed
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?within the software environment and then equated. So that all the parameters affecting
i the formation and growth of the organism are identified and entered into the algorithm,
iand then the virtual growth process takes place. The result of such an algorithm is the
i application of the construction method of these organisms to architectural projects and
i the use of the characteristics of that organism to increase the efficiency of space. In this
process, architecture can inherit the qualities that the process of natural products has
i given to the organism and imitate them in their appearance and form, as well as in their
i function and behavior..

ONCLUSION: The form of the process is first generated in the virtual environment

by entering various environmental parameters as well as various growth patterns.
Then, if it responds to the mentioned environmental conditions and parameters, it will be
i placed in the path of digital manufacturing and built physically. As a result, the presence
i of such forms in the not-too-distant future in urban environments and architecture is still
i being determined. Therefore, the direction of research is more in the field of opinion.
Nevertheless, attempts have been made in the field of architecture to create a new design
logic based on the path of growth patterns. Naturally, this research is the beginning of
i further research in areas such as biology and algorithms. Subsequent researchers can
i examine and test other natural patterns, with a wider range of variables, in the algorithmic
i process, and step into the development of the research literature. The main result is that
%algorithmic simulation of growth patterns and the formation of biological phenomena
i through the computer channel can effectively create new methods for the architectural
i form production process.

: HIGHLIGHTS:

i~ By using algorithms to simulate the growth patterns of biological phenomena on a
computer, new ways of making architectural forms can be found.

i - By using a set of rules in the form of code, it is possible to produce an architectural form
i in a self-organizing process.

i - Forms are generated in cyberspace with various environmental parameters and patterns.
If it responds to the conditions, it will be on the path of digital manufacturing.
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Fig. 13. Ultraviolet rays of 54 spikelets at different
stages of growth (Hensel, Menges & Weinstock, 2013, 5)
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Fig. 17. Growth process of the architectural form generated based on the differential growth algorithm in the third
experiment

Fig. 18. Hypothetical exhibition booth form from the differential growth process of simulation experiments
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Table 1. Timeline of computer design and construction of a biology-inspired architectural form from 1940 to 1990

1940s 1950s 1950s 1960s 1960s 1970s 1970s 1980s 1980s 1990s
Theory Artificial Neural Network Bionic L-system Meme(tic) Swarm Intelligence
Warren McCulloch, Jack E. Steele Aristid Lindenmayer Richard Dawkings Gerado Beni, Jing wang

Walter Pitts 1958 1968 1976 1989

1943 Biomimetics Genetic Algorithm Fractal Theory A-Life
Cellular automata Otto Schmitt Evolutionary Benoit Mandelbrot Christopher Langton

Von Neumann 1950 Computation 1975 1986

John Holland Allometry and
1960 Architecture Form
Ranko Bon
1972
Fabrication
Computational

Form Generation

Form

There had not been overcome practical methods during these years

Table 2. Timeline of computer design and construction of biology-inspired architectural form from 2011 to 2019

1990 2000 2000 2019
Theory Biomimicry The application of the former theories in subsequent sections is noticeable
Jenine Benyus
1997
Fabrication There has not been organized methods EMERGENT/Tom Wiscombe
Michael Rosenman and John Dennis Dollens Prototype I-111 2009
Computational Form Gero 2005 Dragonfly 2007
Generation 1996 Genre 8 Jenny Sabin and Peter Llord Jones, Lab Studio
Fractal Geometry in Una-May O'Reilly, Martin 2008
Architecture & Design Hemberg, Peter Testa Neri Oxman Materilecology
Carl Bovill 2001 2007
1996 Chris Bosse, Digital Origami, Entry Paradise
Induction Design Pavilion 2007
Makoto Watanabe Matsys/ Andrew Kudless C-Wall
1995 2006
Evolutionary Design Honeycomb Wall
John Frazer 2006
1995 Emergent Technologies and Design
Form Eugene Tsui 1999 Federation Square Lab Michael Hensel, Achim Menges 2006

Greg Lynn 1995

Architecture Studio 2002
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Fig. 19. Logic governing the differential growth algorithm in the process of producing the architectural form of the
third experiment

14. Fractal Theory
15. Felix Hausdorff
16. Benoit B. Mandelbrot
17. Self-Similar
18. Michael Hensel
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20. Michael Weinstock
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