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Beyond Form and Structure:
Al and Generative Designin AEC

When computer-aided design (CAD) went mainstream in the 1980s, it simply replaced the act of manual drafting;
it did not actually “aid” the design of buildings. Now, with advances in local computing power, 3D graphics, and an
acceptance of a 3D modeling paradigm, we are finally at a point where CAD can live up to its name.

Artificial intelligence (Al) and generative design are two key technologies now taking CAD way beyond the
capabilities of its 1980s predecessors. Rather than using the computer to document designs, it is the computer
itself that is doing the heavy lifting, generating hundreds or thousands of design options that all meet predefined
goals. The designer then chooses the ones that best meet the project’s objectives, then refines them to create the
best functional solutions. In contrast, with a traditional design workflow, time and cost constraints often lead to
playing it safe and following what's been done before.

But this means the optimal design may never even be explored. The benefits to the industry can be huge. Al and
generative design can improve quality, reduce waste, and lower costs across the industry. These technologies can
also de-risk the design and fabrication of complex buildings by giving architecture, engineering, and construction
(AEC) firms much more certainty that project and client demands will be met and delivered on time.
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The Generative
Challenge

Without generative design, many of the iconic, free-
flowing buildings of the twenty-first century would not
have been cost-effective to design and build. Some
would even have been impossible to envision or
communicate to fabricators. It was Robert McNeel &
Associates’ Rhino® Grasshopper® that helped global
architecture firm Gensler resolve the split-parabolic
curve of the Shanghai Tower. Buro Happold's engineering
team used the same algorithmic modeling software to
rapidly generate design alternatives for the complex
gridshell roof of Singapore’s Jewel Changi Airport.

It is only through custom scripts efficiently generating
many alternative building forms that incredibly complex
buildings like these have been able to be realized. Such
is the complexity of the geometry, that modeling each
scenario manually either wouldn't be possible or the
project team would be limited to developing one or two
options. For each iteration, powerful PCs are needed to
handle the regeneration of surfaces and elementsina
model that results from every change to the underlying
control points.

While early applications of generative design focused
largely on form and structure, the focus is now shifting
to other design goals and project-specific metrics.
Generative design technology is being used to optimize
for multiple, often competing criteria, such as cost,
performance, sociological and environmental metrics,
or simply how to make the best use of space within

a building.

Autodesk, for example, used generative design to planits
new office space in Toronto, taking into account several
differing goals, including work styles, location
preferences, daylight, and outside views.
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Generative design software is extremely powerful
because it can be fully customized to help solve many
different design challenges. In the past, this has been
one of the barriers to wider adoption, particularly for
smaller AEC firms. However, 2023 has been a real tipping
point. Autodesk’s efforts to democratize the technology
may yet pay off. Building on the foundations of Project
Refinery, Autodesk introduced Generative Design for
Revit® in 2020, allowing users to select a templated
design study, define goals, and then use the
computational power of a high-performance PC to
return a range of options.

Itis important to note that generative design does not do
all of the work for the designer. While the software can
generate hundreds or thousands of design alternatives
and structure the data to help organize and prioritize
each one, only the designer can decide which ones are
important and worth refining further. The intention is not
to replace the human with a computer, but to free up a
designer’s time for more strategic work.
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The Future of Al

Computers are now starting to take a more prominent
role. Al will offer the AEC industry a huge number of hew
possibilities at nearly every stage in the lifecycle of a
building or infrastructure.

With the massive surge in Al, more and more software
developers are exploring its potential. As stated in an
Architizer review of the 15 top Al tools for architects,

“the Al revolution is not knocking at our door; it has
already stepped in, taken off its hat, and is ready to get
to work.” Al is having a big impact at the feasibility or
early stages of design, where it can be used to maximize
site usage, residential capacity, daylighting, or access
to premium views.

Architects are also using Al to all but eliminate redundant
tasks, such as checking whether a building meets local
codes. It can also be used to optimize construction
scheduling and management or give construction
planners advanced warnings of project delays.

TestFit is an Al-enhanced site feasibility study and
building configuration software. The designer creates
a site boundary, and the software uses a proprietary
algorithm to generate a building given the

user’s specifications.

Z by HP for Al

Al is also being applied to visual computing to bring
game-changing technology to construction sites for
health and safety, materials tracing, and inspection
using un-tagged non-digital images or video. This will
bring the digital model and the analog construction
process together in closer harmony, enabling further
processes such as digital twins and all the benefits that
big data brings.

While it took decades for the industry to move from
drawing board and pencil to digital 2D drawings on
personal computers, the move to 3D modeling has been
rapid within the leading design practices. By creating a
digital prototype, the industry is now open to the benefits
of next-generation design technology.

Onone hand, there are generative design tools

that enable designers to advance the architectural
vocabulary of modern buildings through the

creation of complex forms. On the other, there are

Al assistants and expert agents analyzing and advising
everywhere. This could be from the early design brief, all
the way through to the lifecycle of a building, where data
from smart sensors is continually analyzed so
environments can be optimized and failures predicted.
We are finally in the era of true computer-aided design.

Al applications require high-performance compute technology optimized for software applications like Autodesk
Revit, Graphisoft® Archicad®, and Epic Games’ Twinmotion® and Unreal® Engine. With high-frequency processing
power, professional graphics cards, and large memory configurations—Z by HP laptop and desktop workstation
solutions are designed and tested to accelerate Al workflows.

Learn more at hp.com/aec

Learn More

' Architizer, “15 Top Al Tools for Architects and Designers,” accessed January 30, 2024, https://architizer.com/blog/practice/tools/top-ai-tools-for-architects-and-designers/

Rhino and Grasshopper are registered trademarks of Robert McNeel & Associates. Autodesk and Revit are registered trademarks or trademarks of Autodesk, Inc., and/or its subsidiaries
and/or affiliates in the USA and/or other countries. GRAPHISOFT and Archicad are registered trademarks of GRAPHISOFT SE. Twinmotion and Unreal are registered trademarks of Epic

Games, Inc.

© Copyright 2024 HP Development Company, L.P. The information contained herein is subject to change without notice. The only warranties for HP products and services are set forth in
the express warranty statements accompanying such products and services. Nothing herein should be construed as constituting an additional warranty. HP shall not be liable for

technical or editorial errors or omissions contained herein.

4AA8-3623ENUS, February 2024

y 4

Beyond Form and Structure

PAGE 3


https://architizer.com/blog/practice/tools/top-ai-tools-for-architects-and-designers/
https://www.hp.com/us-en/workstations/industries/architecture.html?jumpid=va_d6813fxvmu

