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ABSTRACT
Algorithmic Design (AD) is a novel approach to architectural design
based on the creation of form through algorithms. The inherent flex-
ibility of AD encourages the exploration of a wider design space, the
automation of design tasks, and design optimization, considerably
reducing project costs. Nevertheless, current AD uses representa-
tion methods that radically differ from those used in architectural
practice. This creates a barrier to the adoption of AD, thus, lim-
iting the potential benefits. We propose to address this problem
by coupling AD with complementary representation methods that
are adequate for designing complex architectural projects and by
supporting their synchronization in a dedicated design tool.

CCS CONCEPTS
• Applied computing→ Computer-aided design; Interactive
learning environments; • Software and its engineering →
General programming languages; • Human-centered computing
→ User interface design; Virtual reality.
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1 ALGORITHMIC DESIGN
In the last few decades the architectural practice as been changing at
an unprecedented rate [10]. One such change is Algorithmic Design
(AD), a design method that defines the creation of architectural
designs through algorithms [2]. Using AD, the architect does not
create the building’s digital model directly, but instead, creates the
program that creates the model [17].

The inherent flexibility of AD not only encourages architects
to explore a wider design space, but also supports the automation
of design tasks, eases the integration of changes in later stages,
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Figure 1: Variations of theANLmodel produced by changing
selected parameters in the code.

and promotes design optimization, thus, motivating the creation of
more sustainable buildings [15]. Figure 1 presents an example of
an AD process for the case of the Astana National Library (ANL)
project, a rather complex form that would be almost impossible to
model using traditional design methods.

Despite the numerous advantages of AD, it relies on representa-
tion methods that radically differ from the ones currently used in
the architectural practice. In order for architecture to truly bene-
fit from AD, it is necessary to bind these different representation
methods, closing the existing comprehension gap between the code
and its behavior.

2 REPRESENTATIONAL AD
The Representational Algorithmic Design (ReAD) proposal aims to
make AD more akin to the design process employed by architects,
by removing the three main difficulties these practitioners find in
the programming task: (1) the steep learning curve; (2) the difficulty
in comprehending the program’s structure and behavior; and (3)
the unfamiliar interaction mechanisms.

2.1 Hybrid Programming
Given the graphical nature of this profession, visual programming
environments [1] have become very popular in architecture. How-
ever, in most cases, as programs grow in complexity, they become
hard to understand and navigate [6]. On the other hand, and de-
spite being less visually attractive, the Textual Programming (TP)
paradigm offers more scalability and portability [12, 14].

Our first strategy explored a hybrid programming paradigm,
casting the advantages of the visual approach, while guaranteeing
the scalability of TP. Our initial experiments [3] found that the
system is most appealing for users already proficient in visual

217

https://doi.org/10.1145/3397537.3398478
https://doi.org/10.1145/3397537.3398478


<Programming’20> Companion, March 23–26, 2020, Porto, Portugal R. Castelo-Branco

Figure 2: Live Coding in Virtual Reality.

programming who wish to transition to TP. However, as complexity
increases, we find that those who can, prefer to rely entirely on TP
since the visual features noticeably hinder performance.

2.2 Program Visualization
AD programs translate into 3D models and, regardless of one’s pro-
gramming abilities, it is always hard to relate textual descriptions
to the 3D entities they generate with no further aid. Many Program
Comprehension (PC) strategies that help developers understand
complex software pieces [16] are inadequate for AD programs, since
a program developed to describe an architectural design requires
visual comprehension mechanisms [7, 13].

Our second strategy focuses on program visualization, i.e., the
use of graphical representations to illustrate or explain programs
[14]. Specifically, we propose integrating, within the program, the
drawings architects produce when designing, and relating the an-
notations in them with identifiers in the program. We also plan
on supporting traceability [13], i.e., establishing relationships be-
tween code pieces and model parts, and immediate feedback, i.e.,
quickly re-computing the model after changing the program, allow-
ing designers to easily understand the program’s behavior. Since
architectural models tend to be computationally heavy, we are
exploring game engines as a fast visualization alternative [4, 11].

2.3 Interaction Mechanisms
Modern digital design tools typically entail a mouse-based manipu-
lation of geometry using a flat and unnatural visualization [9]. This
explains why architectural design processes still heavily rely on
the production of physical models [8]. The flexible nature of AD
makes it impossible for architects to produce physical models for
every instance of the design space. However, the farfetched design
method presented by AD, combined with the design complexity it
allows, demands better visualization mechanisms.

To that regard, ReAD’s third strategy proposes the integration
of Virtual Reality (VR) technology in the design process, for a more
tactile interaction with models, along with scale control up to real
size. Furthermore, in the context of AD, we can not only use VR for
model visualization, but we can also transform the design process in
VR into a real-time and interactive one, allowing architects to code

their designs while immersed in them (see figure 2). Our preliminary
research on this topic can be found in [4, 5].

3 CONCLUSION
The goal of this research is to provide architects with the methods
and tools they need to fully benefit from AD. For that, we propose
coupling AD with representation, visualization, and interaction
mechanisms that appeal to architects and that are adequate for
designing complex architectural projects. We expect ReAD to make
AD not only an advanced architectonic representation method that
allows for a flexible and comprehensible design exploration, but
also a more accessible design process, allowing the industry to
benefit from AD’s potential for promoting synergy between design
creativity and design optimization.
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