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CHAPTER 7 gL

7.1. SUMMARY

This thesis started by exploring the application of nature in current architectural design,
resulting in a set of design approaches, levels and principles as presented in chapter two. Then
a general definitions to the chosen digital approach “evolutionary architecture” is presented
with a general knowledge of the evolutionary strategies, uses and algorithmic systems
applying it ,following this in chapter 4 a deep presentation to the generative genetic and bio-
digital evolutionary approach is presented with its generative design process, strategies and at
the end the biological evolutionary design principles are highlighted to be used with the case
studies, Computational design and morphogenesis are then discussed in chapter five, through
Introducing correlates morphogenesis with evolutionary architecture, a theoretical and
methodological framework is presented for this approach, outlining its main characteristics.

The same biological principles discussed in chapter four are stated again within the context of
computational design, and serve as analysis criteria for case studies to evaluate the outcome of
the presented design approach. Case studies in chapter five and application in chapter 6
demonstrated the huge potential of integrating biological evolutionary genetic principles with
current computation, analysis, algorithmic and simulation software. As part 1 of chapter 6
present the imitating evolutionary design software’s used to apply generative genetic and bio-
digital evolutionary concepts through highlighting several used programs, plugins and soft
wares in this branch, part 2 of chapter 6 presents Galapagos (Rhino script plugin) as a
generative genetic tool for evolutionary genetic design, which is a possible implications of
such a future design approach in morphogenetic computational and regenerative architectural
design, it acts as a form finding and generating tool or it can be said “ As a Digital

Evolutionaﬁ Desiin Tool”.

This thesis is an investigation into evolutionary genetic and bio-digital design approach and
presents the development of a design method based on biological principles that are applied
and correlated with morphogenetic and evolutionary computational design.

Architecture and biology at first glance do not appear to be so different both are materially
and organizationally based, both are concerned with morphology and structuring. Both are
wound together by multiple simultaneous systems and drives, and probably most important
for us, both are constructed out of parts operating as collectives. Recent bio-theories on
complex adaptive systems and especially the phenomena of emergence have begun to open up
territory that architecture can no longer ignore if it is to have any relevance, and indeed
resilience, in the future.

A truly generative bio-digital and genetic approach to architectural design requires the
development of novel design methods that integrate both the modeling of behavior and the
constraints of materialization processes, in addition to environmental factors and influences.
This requires an understanding in natural and computational sense of form, material and
structure not as separate elements, but rather as complex interrelations that are embedded in
and explored through integral computational design processes. This genetic and bio-digital
approach aims for a more integral design approach to correlate object, environment and
subject into a synergetic dynamic relationship.

Nature‘s design process utilizes a number of feedback systems to direct the growth and
formation of an organism based on the internal and external forces acting on and within it. All
systems are continually updated and act in concert with each other to provide optimum
functionality at all levels of development. If this is applied to architecture, then it becomes
possible to develop buildings that are strongly related to and affected by their surrounding
environment, and are much more advanced in terms of environmental and sustainable
performance.
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7.3. BENEFITS

Through this research, it can be presented that this study helps in:

- Resolving challenges that have often already been resolved in biologic and nature
using computational genetic algorithms through incorporating concepts and
techniques, such as growth or adaptation that have parallels in nature.

- Showing the possibility of linking and applying biological, natural, algorithmic and
genetic principles in evolutionary morphogenetic computational design, developing a
generative natural architecture and applying new evolutionary computational design
tools in architectural design.

- Adopting the mission of investigating the evolutionary methodologies in architecture
design process lighting the shade of fundamental form generating processes in
architecture

- Proposing a genetic representation in a form of DNA-like code-script. Then, it can be
subject to development and evolutionary processes in response to the user and the
environment through Galapagos and other software’s and plugins.

- Achieving in the built environment the symbiotic behavior and metabolic balance
found in the natural environment. Consequently, it operates like an organism in a
direct analogy of morphogenetic and evolutionary computational design with the
underlying process of nature as shown by John Frazer 1995.

Evolutionary architecture is the best to solve the research problem as it was believed
that:
e Reasonl: Evolution is a good, general-purpose problem solver.
o Reason2: Evolutionary algorithms (EAs) have been used successfully in every type cf
evolutionary design solving and generating lots ¢ f successful design forms.
o Reason3: Evolution and the human design process share many similar characteristics.
o Reasond: The most succes:ful designs known to mankind were created by natural
evolution, the inspiration for evolutionary algorithms and bio digital genetic design.

Through this application we can say the main benefits of the researcher case study solving the
research problems are:

I- A Smart and energy saving forms were formed after a morphogenetic computational
optimization, which depends on the form location and the given environmental details.
Form details and genetic material distribution affects the model design to get the
optimal friendly design for an optimization simulation.

2- A Genetic material properties where simulated on a computational model to be used in
getting a better shaded, energy saving and ventilated forms.

3- Reaching the best design solution with many options without losing designers effort
and time within the use of a new morphogenetic computational digital designing tool.

4- To explore the potential of algorithms, bio digital and genetic-digital characters and
being used in evolutionary design through Rhino script and Galapagos.

5- To identify how morphogenetic computational evolutionary architecture through
genetics and algorithms can affect the future of architecture and develop a toolkit for
the production of site-specific per formative buildings, envelopes, skins, and helping
designers in getting the best choices through their designing process outputs.(as an
evolutionary design tool).
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7.4. CRITICISM

Two critical concerns are related to the research presented in this thesis.

The first i1s complexity and variety of problems facing the designers now days which
made scripting and optimization hardly applied, requiring dozens of plugins and steps
to solve a certain issue, this make the process somehow complex and need to be
modified or being more simple to be solved.

The second criticism, which is frequently voiced, is that the approach introduced here
relies heavily on very specific knowledge, skills and tools. The question 1s whether
architectural education and practice needs serious rethinking and repositioning. With
this also comes the necessity of re-skilling and re-tooling. When seen in this context it
may become more evident why first-principle knowledge in physics, computation and
engineering 1s indispensible as a first step.

7.5. ARCHITECT’S ROLE

The changes in the design process and the role of designer are one of the most important
implications of the utilization of generative genetic evolutionary design. Since GAs are used
during the conceptual design phase. Evolutionary simulations replace the traditional design
processes and the designer in a sense 1s neutralized and marginalized. Lots of people said that
designers will be neglected as technology reaches its top, the truth is that in this process
architect’s role can’t be neglected because:

1-

2-

3-
4-

5-

architects are responsible for choosing the nature principle and the applied concept,
also the generative system where the process will go through

He 1s the only input for the evolutionary system whom translate the needed
dimensions and criteria on a computational tool

The main role of the designer is to be the judge of aesthetic fitness.

He plays and important role in collecting the complex data and information from all
the technicians in a computational algorithmic tool to optimize, solve and find a
generative solution or form.

The result generated model needs lots of work to be finalized where the architect
continue to work with this final model more over.

7.6. FUTURE RESEARCH AND RECOMMENDATIONS

The presented projects in this thesis are all still within the context of research and
exploration. It would be important for future research projects to fully implement such
design approach within the context of actual building projects, with all its associate
complex special and functional requirements.

Another important line of research is the application of such a design approach on an
urban scale. This was outlined by Professor Michael Weinstock, who explains that we
should recognize architectural constructions not as singular and fixed bodies, but as
complex energy and material systems that have a finite lifespan exist as part of the
environment of other active systems. He continues to elaborate: A metabolic model
abstracted from bio-digital natural systems can be developed to enhance the
performance of individual buildings so that their metabolic systems are responsive to
their internal and external environment.

Groups or clusters of environmentally intelligent buildings can be interlinked with
systems for material and energy flows, organized to generate oxygen, sequester
carbon, fix nitrogen, collect and purify water, acquire solar, ground source and wind
energy, and respond intelligently to the dynamical changes in local weather systems.
As energy plays a critical role in all biological scales, from the cell to the ecosystem,
so energy flows and metabolic systems for buildings and cities with central adaptation
of contemporary urban culture to climate change.
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APPENDIX 1: RHINOCEROS - (RHINO SCRIPT)

Since its first release in 1998, Rhinoceros, or Rhino, has become one of the standard 3D
modeling tools for designers and architects. Rhino provides the tools to accurately model and
document your designs ready for rendering, animation, drafting, engineering, analysis, and
manufacturing or construction. Rhino can create, edit, analyze, document, render, animate,
and translate NURBS curves, surfaces, and solids with no limits on complexity, degree, or
size. Rhino also supports polygon meshes and point clouds.

Also, any geometry created in Rhino can be exported to laser cutters, milling machines or 3D
printers, and this is really what makes Rhino different from general 3D modeling tools based
in polygons, where you can create great images, but without manufacturing precision.

Rhino’s open architecture allows using also Rhino as a development platform: a C++ SDK
and a series of scripting methods (Rhino Script) allow programmers of any level of expertise
customize and automate Rhino and extend its capabilities. Today, there are dozens of
commercial plug-ins for Rhino for nesting, terrain creation, parametric architecture, genetic
architecture, evolutionary design generation, rendering, animation, CAM, subdivision, etc.
some of these plugins will be introduced in the following lines.

GRASSHOPPER

Grasshopper is generative modeling plug-inn for Rhinoceros. It uses a graphical algorithm
editor and is integrated with Rhino’s 3-D modeling tools. It doesn't require knowledge of
programming or scripting, but still allows designers to build form generators from the simple
to complicated complex forms. Rhino-Grasshopper is a very powerful parametric modeling
tool as it is designed with a basic history feature build-in. The non-intrusive command is
layered around the workflow that allows for the designer to automatically update of certain
modeling steps. The behavior of the different history stages cannot be adjusted. For example,
there is only one chance to set the properties of a history based Loft. Once the surface exists,
the only way to change the Loft settings is to recreate the surface. This will break all
downstream history records and is potentially an extremely expensive limitation. It 1s also
impossible to add or replace curves from a history loft. The grasshopper tackles some of these
1ssues, but at a great expense. It is no longer possible to record it transparently; the history tree
has to be specifically constructed by the user. One of its advantages is that Grasshopper
requires no knowledge of programming or scripting, but still allows designers to build form
generators from the simple to the awe-inspiring.

GALAPAGOS (SINGLE OPTIMIZATION PLUGIN)

Galapagos in Grasshopper 1s becoming more feasible to apply complex problems associated
with the built environment which copies biological and genetic concepts. To achieve this we
must look at how the architectural problem can be code as a ‘genetic algorithm’ Once we
have accomplished an evolutional result the computer can be used not as a design aid in the
usual manor but to its full capacity as an evolutionary solver and generative force.

Galapagos icon, interface modifier and generation screen
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CONTINUE REST OF GALAPAGOS INTERFACE, EXPLAINING EACH SPACE IN

THE GALAPAGOS INTERFACE:
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Lowest Fitness Value
Obtained

Optimization chart

Highest Fitness Value

Optimal Value

The best value found so far

Obtained

Highest % of cases ____ ||

Average

Lowest % of cases

One Generation

Display Optians

Adds extra mutants to
this generation (more
random cases)

Recall the sliders
values of the selected
genome into
grasshopper

LD -

112937

s CECID |9
v CCEED
am (IO

34.605
81.369
41005
84,486
79.094
74773

MW WY -

Genomes

Spatial representation of
genomes in particular
generation. The more dense
means the values range is
smaller and the more loose
means the range is bigger.
Not sure what the red Xs are
but probably the mutants.

Genome parameters Display
In this case three parameters
(sliders)

Lo J| conat |

Genomes [ Fitness Values
Shows all genomes in
particular generation
ordered from best {up) to
worst (down)
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GECO (PLATE FORM BETWEEN GRASSHOPPER AND ECOTECT)

Making use of Grasshopper, it was developed a new interface named GECO, which offers a
direct link between Rhino/Grasshopper models and Ecotect. The Plug-in allows you to export
complex geometries very quickly, evaluate your design in Ecotect and access the
performances data, to import the results as feedback to Grasshopper. This could be done as
single process or loop to improve performance and the design of a building in the context of
its environment. The single results of the process could be saved inside Rhino in the vertices
of the analysis mesh to store data for later use inside different design approaches.

Generative  Medeling

Energy

Optimization

G E C O

The design of GECO plugin in rhino and there connection bullets between grasshopper and
ecotect
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Appendix 2: Cairo Best Generation Genotypes:
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Generation - (Cairo)
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41 Generation - (Cairo)
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Aswan Best Generation Genotypes:

4 Generation - (Aswan)

= OLKCT MTREIES. WTTRELTRS
LA Ry

-

o g ae m———

113



APPENDIX

8 Generation - (Aswan)
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Alexandria Best Generation Genotypes:
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44 Generation - (Alexandria)
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47 Generation - (Alexandria)
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