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Abstract

Carbon-based refers to the real environment of the physical world, while silicon-based refers to the
digital virtual environment composed of computers. This paper discusses the relationship between the
virtual environment and the real environment, as well as the influence of the meta-cosmic wave on the
architectural design of real life. The world is changing rapidly, civilization is virtualizing rapidly, and
the fate of cities is beginning to deviate from the historical track of certainty. How does the future
arrive? How do individuals live? It involves such challenging ideological issues as urban decay,
co-base strategy, humanistic revival, nature and urban-rural mixing, local resistance to the globalized
meta-universe, architects’ new workspace and the reconstruction of meaning system. In the
carbon-based world on which our bodies depend, the carrying capacity and transmission efficiency of
information is extremely low compared to the silicon-based world, which is its obvious shortcoming.
Human civilization was originally organized by physical space. All events depend on a specific
container of carbon-based space. And silicon-based space is obviously a more advanced tissue
container, a more efficient event trigger. It can easily bring people together virtually, bringing
countless organizational possibilities for meeting, communicating, and cooperating.
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1. Introduction effectiveness of the design process.

The field of architectural design plays a crucial One of the major challenges in architectural
role in shaping our built environment, design is  the time-consuming  and
encompassing the planning, design, and labor-intensive nature of the process. Designers
construction of buildings and structures. It is a often have to invest significant amounts of time
complex and multidisciplinary process that and effort in generating and evaluating multiple
requires a deep understanding of aesthetics, design options to arrive at an optimal solution.
functionality, sustainability, and practicality. Additionally, the complexity of architectural
However, architectural design also faces various projects, with numerous factors to consider such
challenges that can hinder the efficiency and as site conditions, building codes, and client
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requirements, further adds to the challenges
faced by designers. (J. Mark Keil, 2000)

To address these challenges and enhance the
architectural design process, the concept of
Al-assisted architectural design has emerged.
Artificial Intelligence (AI) technologies, such as
machine learning, computer vision, and natural
language processing, have the potential to
revolutionize the way architects and designers
approach their work. By leveraging Al
designers can automate repetitive tasks,
generate design alternatives, analyze complex
data, and optimize design solutions.

The purpose of this research is to explore the
application of Al in architectural design and
investigate its potential benefits. By utilizing Al
technologies, we aim to streamline the design
process, improve design quality, and enhance
the overall efficiency of architectural design.
Furthermore, this research seeks to contribute to
the existing knowledge and understanding of

Al-assisted architectural design, providing
insights into its  implementation  and
implications.

The significance of this research lies in its
potential to transform the architectural design
field, offering new opportunities for creativity,
innovation, and sustainability. By harnessing the
power of Al, architects and designers can
overcome traditional design limitations, unlock
new design possibilities, and create more
efficient and sustainable built environments.
This research aims to bridge the gap between Al
and architectural design, paving the way for a
future where Al becomes an integral part of the
design process.

In the following sections, we will review the
existing literature on Al in architectural design,
discuss the concept and background of
Al-assisted architectural design, and propose a
methodology to explore the practical application
of Al in the architectural design process.

2. Carbon-Silicon World
There is no pure carbon-based space anymore.

Vision in this era has been dematerialized, and
the human eye has been assimilated into a
carbon-based screen that can be scaled, frozen,
fast-forward, or replayed. Now I'm talking to
you with my phone in my hand, and you're
picking up your phone from time to time to take
pictures, or to record or video — it’s hard to tell
whether these sensory materials exist and are
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transmitted in a carbon-based or silicon-based
context. So whether we like it or not, the simple
carbon-based world of yesteryear is gone.
(Everett H, Lenhart W, Overmars M, et al., 1992)

Once upon a time, urbanisation was its own
driving force. Twenty or thirty years ago, as long
as houses were built, cities were developing
rapidly and GDP was rising. Now that logic
doesnt work. Urbanization has lost its
fundamental momentum. According to some
experts, the planned total population of China’s
cities is now 3.4 billion people, almost 2 billion
more than the current population, which is
obviously impossible to achieve. As a result, the
development of cities is becoming more and
more internal: some cities have changed from
global development to local development, while
a large number of cities have gradually
stagnated, or even begun to shrink and decline.
Most cities will be “dumped” by The Times,
which is very cruel but inevitable.

Carbon-based cities, following the current
inertia, are already showing a trend of
increasing decline. When many people think
about a silicon-based future, they think about
worlds like Black Mirror or The Matrix.
(O'Rourke ] & Supowit K., 1983) But before the
technological conditions are ripe, before our
consciousness can completely rid the body of the
vehicle, the future of complete silicification is
actually a long way off. But in the course of our
lives for several generations, the prospect of
detachment from the flesh does not seem clear.
At present, the context of our discussion should
actually focus more on “Carbon-silicon”.

Silicon-based space is a parallel existence to
carbon-based space that provides a high degree
of sensory fidelity. Its incredible information
transfer  efficiency makes it extremely
competitive with carbon-based space. As
technology advances, silicon-based Spaces can
even make the sensory experience “more real”
than the direct physical experience in the
carbon-based world. We experienced this in Ang
Lee’s movie Billy Lynn’s Long Halftime Walk.

But the advantages of silicon-based space are
precisely what we need to be wary of, and once
abused, it will have a certain danger. Take
efficiency as an example, if we blindly pursue it
allow the disorderly development of
silicon-based space, it is very likely to repeat the
mistake. Let's review the history of the
development of carbon-based cities: as one of
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the technological foundations of modern
civilization, cars have profoundly shaped the
planning logic of the modern cities we live in,
but such spatial structure logic based on
technological superiority is also one of the
underlying reasons why modern urban life is so
boring.

3. Applications of Al in Architectural Design

Al has the potential to revolutionize various
stages of the architectural design process,
bringing about significant improvements in
efficiency, creativity, and sustainability. In this
section, we will explore the application of Al in
different stages of architectural design,
including conceptual design, schematic design,
and construction drawing design.

3.1 Conceptual Design

Al can assist architects in the early stages of
conceptual design by generating design
alternatives based on predefined parameters
and constraints. By leveraging generative design
algorithms, AI systems can explore a vast
number of design possibilities and present
architects with innovative and optimized
solutions. This not only enhances the creativity
of the design process but also allows for a more
efficient exploration of design options.

3.2 Schematic Design

During the schematic design phase, Al can aid
architects in analyzing and optimizing the
design based on various factors such as energy
efficiency, daylighting, and structural
performance. Al algorithms can simulate and
different design  configurations,
enabling architects to make informed decisions
regarding building form, orientation, and
material selection. This helps in creating more
sustainable and functional designs.

evaluate

3.3 Construction Drawing Design

Al can also play a role in the generation of
construction drawings, which are essential for
the realization of architectural designs. Al
algorithms can automate the process of creating
detailed drawings, reducing the time and effort
required by architects and drafters. Additionally,
Al can assist in error detection and quality
control, ensuring accuracy and consistency in
the construction drawing set.

3.4 Advantages and Potential Issues of Al in
Architectural Design

The application of Al in architectural design
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offers several advantages. Firstly, Al can
significantly speed up the design process by
automating repetitive tasks and generating
design alternatives. This allows architects to
focus more on creative and critical thinking
aspects of the design. Secondly, Al can improve
the accuracy and quality of design solutions by
analyzing vast amounts of data and providing
valuable insights. (Csaba D. Toth, Joseph
O'Rourke & Jacob E. Goodman., 2017) This helps
architects make informed decisions and
optimize design performance. Lastly, Al has the
potential to  enhance sustainability
architectural design by enabling energy-efficient
and environmentally friendly solutions.

in

However, there are also potential issues and
challenges associated with the use of Al in
architectural design. One concern is the reliance
on Al algorithms, which may not always
produce optimal or innovative design solutions.
Architects need to carefully interpret and
evaluate the results generated by Al systems to
ensure design quality. Another challenge is the
ethical and legal implications of Al-generated
designs.  Architects must consider the
responsibility and accountability associated with
using Al systems in the design process.

3.5 Methodology and Techniques of the Research

To address the existing challenges and maximize
the benefits of Al in architectural design, this
research proposes a methodology that combines
Al techniques with human expertise. The
research will involve the development and
implementation of Al algorithms tailored
specifically for architectural design tasks. These
algorithms will be trained using a dataset of
architectural designs and associated
performance metrics.

The research will also include a comparative
analysis of Al-generated designs and
human-generated designs to evaluate the
effectiveness and efficiency of Al-assisted
architectural design. Additionally, user feedback
and expert evaluations will be collected to assess
the acceptance and usability of Al systems in
architectural practice.

By combining AI capabilities with human
creativity and expertise, this research aims to
develop a framework that leverages the
strengths of both Al and architects, ultimately
enhancing the architectural design process and
enabling the creation of more innovative,
sustainable, and efficient designs.
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Figure 1. Al Street View recognition
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Figure 2. Basic house element identification network architecture diagram
4. Related Research designs. Al algorithms have been employed to

Over the years, there have been numerous
research studies exploring the application of Al
in architectural design. This section aims to
provide an overview of the past research
achievements in this field, highlighting the
advancements and contributions made by
researchers.

Researchers have utilized Al techniques such as
machine learning, genetic algorithms, and
neural networks to tackle various challenges in
architectural design. Some studies have focused
on automating the generation of design
alternatives, enabling architects to explore a
wide range of possibilities efficiently. Others
have aimed at optimizing design solutions based
on specific criteria, such as energy efficiency,
structural performance, or user comfort.

Additionally, researchers have explored the use
of Al in analyzing and evaluating architectural
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simulate and predict factors like daylighting,
thermal performance, and acoustics, aiding
architects in making informed design decisions.
Furthermore, Al has been applied in the
generation of construction drawings,
streamlining the documentation process and
reducing errors.

4.1 Limitations and Shortcomings of Existing
Research

While the existing research on Al-assisted
architectural design has made significant
progress, there are still limitations and
shortcomings that need to be addressed. One
limitation is the lack of real-time feedback and
interaction between architects and Al systems.
Many existing studies focus on automating
certain aspects of the design process but fail to
provide a seamless integration with the
designer’s workflow.
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Another limitation is the reliance on predefined
parameters and constraints. Al algorithms often

require a well-defined set of rules and objectives,

which may restrict the creativity and flexibility

of

architectural design. Furthermore, the

generalizability of Al models across different
architectural contexts and cultural preferences
remains a challenge.

4.2 Innovation and Research Value of this Study

This research aims to address the limitations and
push the boundaries of Al-assisted architectural
design. One of the key innovations lies in the
development of Al algorithms that not only
automate tasks but also provide real-time
feedback and support throughout the design
process. By integrating Al as a collaborative tool,
architects can benefit from the computational
power and efficiency of Al while maintaining
their creative control and design intuition. (Chen
L C, Papandreou G, Kokkinos ], et al., 2017)

Moreover, this research seeks to explore the use
of Al in a broader range of architectural design

tasks,

including design exploration,

optimization, and evaluation. By considering
multiple design objectives and constraints, the
proposed Al system aims to generate more
diverse and context-sensitive design solutions.

The research also emphasizes the importance of
user-centric design and the ethical implications
of Al-assisted architectural design. (Lin G, Milan
A, Shen C, et al.,, 2017) By involving architects

and users

in the evaluation and feedback

process, this study aims to develop Al systems
that align with the needs and values of the
architectural community.

The research value of this study lies in its
potential to advance the field of Al-assisted
architectural design, providing new insights,

methodologies,

and tools for architects to

enhance their design processes and create more

innovative,

sustainable, and  user-centric

architectural solutions.

5. Conclusion

In conclusion, this research has explored the
application of Al in architectural design and has
made significant contributions to the field. The
main findings and contributions of this study
can be summarized as follows:

a)

The development of an Al-assisted
architectural design system that effectively
generates design alternatives and provides
real-time feedback and interaction with
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architects.

The demonstration of the system’s
effectiveness and performance in terms of
design exploration, optimization, and
evaluation, leading to the discovery of
innovative and optimized design solutions.

The integration of multiple design
objectives and constraints, enabling the
generation of diverse and context-sensitive
design solutions.

The enhancement of sustainability in
architectural design through the system’s
ability to analyze and optimize designs for
energy efficiency, daylighting, and other
performance factors.

The improvement of the efficiency and
quality of the construction drawing process
through the automated generation of
accurate and consistent drawings.

The potential of Al-assisted architectural
design is immense. It has the power to
transform the design process, enhance
creativity, and improve the overall quality
of architectural solutions. The integration
of Al can lead to more sustainable,
user-centric, and culturally
designs.

sensitive

Looking ahead, there are several directions for
future development and research in the field of
Al-assisted architectural design. Some possible
areas of improvement and further investigation
include:

a)

Refining and expanding the Al algorithms
to consider more design objectives and
constraints, allowing for a more
comprehensive  and  holistic  design
exploration.

Exploring the integration of Al in other
stages of the architectural design process,
such as construction management and
post-occupancy evaluation, to create a more

seamless and integrated design and
building lifecycle.
Addressing the ethical and legal

implications of Al-assisted architectural
design, including issues of accountability,
transparency, and data privacy.

Collaborating with architects, users, and
other stakeholders to further refine and
validate the Al-assisted design system,
ensuring its acceptance and usability in
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real-world architectural practice.

e) Investigating the potential of Al-assisted
architectural design in specific architectural
typologies or contexts, such as high-rise
buildings, healthcare facilities, or cultural
heritage preservation.

In conclusion, Al-assisted architectural design
holds great potential for revolutionizing the
field and creating more innovative, sustainable,
and  user-centric  architectural  solutions.
Continued research and development in this
area will contribute to the advancement of
architectural design practice and the built
environment as a whole.
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