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Al approaches to architectural design g

We shape our tools, and thereafter our tools shape us.
— Marshall McLuhan

We are advancing toward the technological singularity of
natural and human history, at which superintelligence far
surpasses all human intelligence. Such an explosion of in-
telligence is uncontrollable and irreversible, resulting in
unforeseeable consequences for human civilization. Hence,
people need to reconfigure themselves as Al technology
evolves and embed cultural memory and human values into
everyday spaces. We may live in a built world capable of
gracefully evolving beyond direct human control while
retaining the richness, diversity, and care that define
humanity.

Machine intelligence begins to involve many aspects of
our daily life rather than merely providing a handful of
software and algorithms. A former professor at XJTLU once
mentioned that his daughter immediately scrolled the
screen of a traditional TV (like she often did to her iPad)
when she faced with a TV for the first time. The develop-
ment of information technology—especially Al—had shif-
ted our cognition so dramatically that we did not even
notice it. The Mechanical Turk, a fraudulent chess-playing
machine constructed in 1770, has amazed, defeated, and
fooled even the most intelligent individuals; however, it is
granted for everyone nowadays that no human genius can
defeat any computer in any well-defined games. The
celebrated HBO drama series, Westworld (2016), depicted
the androids that were far too “fantasy” for me at the time;
however, less than 10 years later, my mother seriously
asked me to buy her a kind android, influenced by propa-
ganda driven by Al and robotics enterprises such as Unitree.

Based on the discipline of architectural design,
this special issue—"Al Approaches to Architectural
Design”—presents state-of-the-art Al approaches to archi-
tectural design and the latest reflections on the
relationship between human cognition and the built envi-
ronment. The computational approaches prior to 2015
mainly stemmed from optimization (e.g., genetic algo-
rithms), rule-based systems, and “classical” generative
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systems (e.g., shape grammar). They unintentionally
inherited a Cartesian dichotomy between the human mind
and the world. The rise of deep learning and foundation
models over the past decade has reshaped the landscape of
design thinking and digital tools. Engaging and learning the
world, instead of symbolic modelling, has become the focus
of cutting-edge research. Architects may then define
themselves through the mirror of Al. Architectural design,
once formulated as a “wicked problem,” is undoubtedly a
very complex task. The GAN model, graph neural network,
diffusion models, and transformers have tackled the design
problem in unprecedented ways. The scope of Al-driven
approaches is also extended to construction intelligence,
embodied cognition, and knowledge mining, among many
other applications. Nonetheless, understanding and
manipulating high-level concepts of architecture based on
data remains a work in progress.

Architecture has always been a conversation between
imagination and matter. Historically, the dialogue was
mediated by hand drawing and scale models, and later by
CAD, BIM, and parametric scripting. Each tool not only
brought fluency and insights but also quietly reinforced the
established ontology and moral overtone. The past decade
has changed the way of that conversation. Deep neural
networks do not search within the system we built for
them; instead, they learn with us from empirical observa-
tions, discovering latent patterns in various architectural
representations. In doing so, Al is dissolving the old di-
chotomy between symbol (mathematical modeling) and
experience. Design is becoming less of a “wicked problem”
to be solved and more of a shared field of perception in
which human and machine continually recalibrate each
other.

Classical generative and rule-based systems treated the
building as a special case within a self-sufficient system
with explicit goals. Emerging diffusion models and trans-
former models reverse the flow: they grow provisional
worlds from partial cues—an ambiguous sketch, a spoken
paragraph, or a point cloud from a drone scan. The archi-
tects no longer control but curate an evolving population of
possible realities—pruning, grafting, and reseeding in cy-
cles that echo the iterative nature of design itself.
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Architectural knowledge—once encoded in plans, eleva-
tions, and written codes—now also lives in high-
dimensional latent spaces.

Al’s generative capabilities are awe-inspiring, but its
true potential lies in harmonizing innovation with archi-
tectural expertise and traditions. Emerging frameworks
demonstrate how domain knowledge—such as human con-
ditions or morphological constraints—can be embedded
into Al systems to ensure that outputs adhere to functional
and aesthetic principles. This synergy is critical for appli-
cations ranging from structural design to sustainable urban
planning, in which algorithmic outputs must align with
material realities and cultural contexts.

This issue invites architects and researchers to
reimagine their role in an Al-augmented ecosystem. By
embracing tools that enhance efficiency without eclipsing
creativity, the discipline of architectural design can pioneer
a new ethos of co-creation—one where technology am-
plifies human potential while respecting the irreducible
complexity of design. This collection of nine papers show-
cases cutting-edge applications of Al in architectural
design, spanning generative modeling, form-finding, and
human—Al collaboration. The mathematician and polymath
Prof. Salingaros connects Alexander’s 15 fundamental
properties to “living geometry,” arguing for Al’s role in
restoring human-centered spatial qualities in studio design.
Li and Xu from Tsinghua University propose a deep learning
framework for converting sketches to 3D models, inte-
grating architectural domain knowledge for iterative
refinement. The diffusion-based method developed by Hao
Zheng at the City University of Hong Kong leverages LoRA
models to generate 3D forms from morphological heat
maps. Guo and colleagues propose a dual-aspect evaluation
method for pix2pix plan generation, balancing adherence
to design principles with vectorization quality. Meng and
colleagues introduce a graph-based Al approach for
modular skeletal frameworks, exemplified by bamboo
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houses. A research team at Isik University explores Al’s role
in design education, highlighting Midjourney’s potential for
conceptual ideation with ethical concerns. The ArchiWeb
platform developed by Mo and Li at Southeast University
offers a unified, web-based infrastructure for early-stage
Al-driven architectural design, promoting knowledge
sharing and sustainable practice. Johanes and Huang at
EPFL measure floor plan typicality using isovist latent rep-
resentations, bypassing semantic labels. Finally, Zeng and
colleagues use multi-source big data and machine learning
to unravel nonlinear relationships between built environ-
ment factors and housing prices, offering insights for policy
intervention in China’s real estate market.

Thanks to the contributors from worldwide, this special
issue on Al spans a wide spectrum of generative design,
evaluation, platforms, pedagogy, and market analytics.
Collectively, these studies demonstrate Al’s transformative
potential in enhancing creativity, efficiency, and sustain-
ability in architecture, while casting a new light on the role
of domain-specific adaptations and ethical considerations.

Despite progress of Al approaches to architectural
design, challenges persist. First, high-level architectural
concepts—such as spatial narrative or contextual harmo-
ny—remain elusive to purely data-driven methods. More-
over, the “wicked” nature of design problems demands
hybrid approaches that integrate human complexity with
machine intelligence. Finally, future research needs to
address ethical concerns (e.g., authorship and bias), scal-
ability across typologies, and the development of unified
platforms to streamline Al’s incorporation into workflows.
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