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ABSTRACT

The amount and complexity of data navigated during the
design process is growing exponentially. Yet, notation
conventions in architecture fail to record our design
systems or models and default to documenting just the
singular output they produce. The scientific community,
particularly those dealing with “big data” computational
models, has been wrestling with multivariate information
visualization for quite some time. By studying the
challenges and solutions to big data visualization,
architects can re-invent drawing conventions to include
meta-notation — a notation to describe the design and
its underlying system of variables and constraints.
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Three versions of Case
Study House #8: The
author's re-imagined
house #8 optimizes
structure and mass to
preserve existing trees
and maximize ocean
views.

Case Study House #8 V3
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The amount and complexity of data
navigated during the design process is
growing exponentially. Yet, notation
conventions in architecture fail to record
our design systems or models and default
to documenting just the singular output
they produce. The scientific community,
particularly those dealing with “big
data” computational models, have been
wrestling with multivariate information
visualization for quite some time. By
studying the challenges and solutions to
big data visualization, architects can re-
invent drawing conventions to include
meta-notation—notation to describe
the design and its underlying system of
variables and constraints.

I recently partnered with Dr. Shayn
Pierce-Cottler to guide a team of
architects and biomedical engineers
in addressing problems with big data
representation. Our research intention
was the revision of scientific graph
and chart formats that were failing
as effective communication tools,
particularly when large amounts of data
were involved in an experiment. This
project inspired a series of discussions
with other biomedical researchers on
the critical communication challenge

they face using computational models

LANDSCAPE ARCHITECTURE FRONTIERS / VIEWS & CRITICISMS

and large quantities of data. Although
communication of results is important,
perhaps more critical is communication
of the model used to generate them.
Only by understanding key variables and
processes embedded in their algorithms,
would fellow researchers be capable of
evaluating results. These issues have clear
parallels to architectural design, given
the prominence of complex architectural
models used to weave opportunities and
constraints into a resulting form, and

prompted the following research.

1 Lag-Time: Learning Lessons from
the Printing Press

The integration of complex technical
processes in design, construction, and
analysis of architecture has become
commonplace. From construction
coordinated by associative models to
dynamically responsive building systems,
robotic and 3D printed digital fabrication,
performance optimization, sensing and
analytics, our ability to coordinate big
data and communicate the algorithms
managing that data has never been more
critical. However, the development of
new forms of drawing and notation in

architecture is significantly lagging behind
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our nimble adaptation of new technology.
We are not communicating our data
systems effectively, primarily because the
subject of architectural drawings is still
the object rather than the rules and data
that produce it.

This gap between advancing
technology and stagnant forms of output
is comparable to a phenomenon that
occurred during the early use of the
printing press. According to Elizabeth
Eisenstein and later summarized by
Bruno Latour, there was a “puzzling
phenomenon of a lag time between the
introduction of a printing press and the
beginning of exact realistic pictures.

At first, the press is used simply to
reproduce herbaries, anatomical plates,
maps, and cosmologies that are centuries
old and that will be deemed inaccurate
much later.”!" It took time for the

form of visualization to catch up with
the capacity of the technology. Latour
goes on to summarize what Eisenstein
“shows again and again... that before
the advent of print, every possible
intellectual feat had been achieved —
organized skepticism, scientific method,
refutation, data collection, theory making
— everything had been tried and in

all disciplines: geography, cosmology,



medicine, economics, and so on. But each
achievement stayed local and temporary
just because there was no way to move
their results elsewhere and to bring in

those of others.”!"

2 The Problem for Architecture

In contemporary architecture,
we are occupying a similar lag-time
gap. We are exploring, analyzing, and
building increasingly sophisticated and
performative systems, but our visual
output is still focused primarily on
literal documentation of material and
dimension or on the visionary image.
The design intelligence achievements of
any project are remaining largely local

and temporary. This prevents effective
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knowledge transfer in the discipline

while also causing translation problems
during construction or renovation.
Many assume that digital tools
promise to eliminate all ambiguity from
the process of translation from drawing
to building through direct design to
fabrication and BIM modeling. And
it quickly follows that low-cost mass-
customization is the way of the future.
However, in practice, we experience a
different reality. Communication with
fabricators and engineers upfront is
an important part of the development
of any advanced technology. This
communication typically relies upon
2-dimensional drawings and sketches as
a way to quickly transmit ideas, design

desires, and performance limitations.

As the design solidifies in the form of
3D models, construction documents,
and 2D fabrication drawings, much
of intelligence of the system — a
balance between spatial and material
performance — is invisibly absorbed
into a singular output. At the back-
end, contractors and subcontractors
are making translation decisions
during fabrication, assembly, and / or
installation. Yet without access to the
original system of design considerations,
that translation occurs without full
access to the issues at stake.

Let us imagine an alternative.
What if a set of “Design Development”
drawings actually recorded the process
or model producing a particular design?

These meta-drawings would need to
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5. Truss Variations and
Panel Utilization Detail,
Case Study House #8
V3.

6. Relationship between
house structure and
views onsite, Case
Study House #8 V3.

document key considerations in the
design process. What is the spatial or
visual intention? What are the key
material considerations that might push
back — height limitations to affordable
glass panels, span to depth ratio, or fire
code setbacks? If we could reconstruct
the paramount variables and constraints,
imagine the improved communication
across design and construction teams.
Imagine the ability of students and
practitioners to access the intelligence

and challenges of any design precedent.

3 Drawing the Model: Techniques
in Multivariate Information
Visualization

Referencing Francois Dagognet,
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Latour claims that “no scientific

discipline exists without first inventing a

visual and written language which allows

it to break with its confusing past.”"”! We
are not alone in our quest to reinvent

a new visual language to communicate

a new landscape of data systems.
Particularly among those wrestling

with big data models in the sciences,

it is becoming increasingly important

to communicate multiple iterations of
output and the multi-variable systems
that produce them.

Multi-variable systems across
disciplines face a similar set of
challenges (Fig. 1) including lack of data
hierarchy, overplotting (managing the
scale and density of information), and

disordered axes.” The techniques used
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to address these issues, range from data

simplification / reduction algorithms
to dynamic user interfaces allowing for
multiple, adjustable combinations of
variables.”!

There are also widely used traditional
visualization techniques in the sciences,
such as parallel coordinates, that can
provide useful starting points for
experimentation in architectural meta-
notation. Dating back to 1885 when it
first appeared in scientific literature in
the context of Nomography, parallel
coordinates maps data samples as lines
traversing parallel axis of variables."!
This basic premise has been successfully
tested at higher dimensions, " and
the method, applied either to simple or
complex sets of data, allows researchers

O~ ©Jeana Ripple and Tom Bliska



to trace the influence of variables

across a field of parameters. Further, by
swapping the order of parallel axis, one
can recognize trends or eliminate trivial

variables.

4 Translation: A Case Study Approach

To begin testing this potential,
I worked with a research assistant
to reinvent drawing conventions
for a parametric analysis system.
Improvisational music scores and
computational model visualizations were
used as inspiration to record the logic,
performance, and evolution of a design
system.

The parametric system developed by
the student was a reinterpretation of the
original unbuilt Eames case study house,
first published in 1945 as case study
house #8 in Arts and Architecture. "
The house was eventually redesigned to
preserve the open site and existing trees.
The new house allegedly used the same
structural material as the original version,
a claim that has been the subject of
much doubt due to their vastly different
structural characteristics. ! Nonetheless,
operating in this context the student
designed a bridge residence, interpreting
the original to use structural material
efficiently, maximize preservation of
existing trees and take greater advantage
of site lines toward the nearby Pacific
coast (Fig. 2).

044

The drawing that documents the
design considerations in this project
(Fig. 3) ties a series of design iterations
to their performance parameters, while
documenting their relationship to
the site and view-lines. Using parallel
coordinates, a series of primary structural
trusses are chartedaccording to material
efficiency and design priorities (Fig. 4).
The axes are offset so that desirable
parameters are high on the page, and
undesirable parameters are low. For
examples, ideally the cubic feet of steel
would be limited while the square
footage of ocean views is maximized.

Documentation of the resulting
building — the most desirable
compromise between design and
performance variables — records a
range of acceptable variations in truss
configurations. It highlights the highly
stressed panels in each iteration (Fig. 5)
the relationship with view obstructions
(trees) on-site (Fig. 6), and conflicts in
siting decisions between building mass
and existing trees (Fig. 7).

The project suggests methods of
drawing and annotation to emphasize
architectural priorities, the evolution of
design processes, and the behavior of a
design system.

5 Toward Improvisation

Contemporary data systems in design

allow for more precision, demand faster

production of options, enable direct
design to fabrication, and include legally
binding models and documents. Within
this new landscape of design processes,
we should have greater opportunities to
successfully improvise and adjust, while
effectively communicating the elegance of
our solutions. This translation will only
be possible if we expand our conventions
of notation to record the data of design
systems most effectively. LAF
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