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The first words I wrote in my thesis were the first words I deleted: a
history of parametric architecture told from the beginning. The time
before Grasshopper, before Samuel Geisberg’s Parametric
Technology Corporation and Ivan Sutherland’s Sketchpad, before the
invention of the computer, and the birth of Gaudí. I assumed that I
needed to cover these developments to give context to my work. But
ultimately this wasn’t necessary, I could present my argument
without going into two centuries of history. So I deleted this
chapter. Now that I have finished my thesis, it seems appropriate to
revive the beginning. A five-thousand word B-side. Hopefully others
find more use for this history than I did. And for all the Spanish
speakers out there: Version en español.

Parametric Origins
The term parametric originates in mathematics, but there is debate
as to when designers initially began using the word. David Gerber
(2007, 73), in his doctoral thesis Parametric Practice, credits Maurice
Ruiter for first using the term in a paper from 1988 entitled
Parametric Design [1]. 1988 was also the year Parametric Technology
Corporation (founded by mathematician Samuel Geisberg in 1985)
released the first commercially successful parametric modelling
software, Pro/ENGINEER (Weisberg 2008, 16.5). But Robert Stiles
(2006) argues that the real provenance of parametric was a few
decades earlier, in the 1940s’ writings of architect Luigi Moretti
(Bucci and Mulazzani 2000, 21).

A model of stadium
N by Luigi Moretti.
Exhibited at the 1960
Parametric
Architecture
exhibition at the
Twelfth Milan
Triennial. The stadium
derives from a
parametric model
consisting of nineteen
parameters (Bucci
and Mulazzani 2000,
114).

Moretti (1971, 207) wrote extensively about “parametric

architecture,” which he defines as the study of architecture systems

with the goal of “defining the relationships between the dimensions
dependent upon the various parameters.” Moretti uses the design of
a stadium as an example, explaining how the stadium’s form can
derive from nineteen parameters concerning things like viewing
angles and the economic cost of concrete (Moretti 1971, 207).

Versions of a parametric stadium designed by Moretti were
presented as part of his Parametric Architecture exhibition at the

Twelfth Milan Triennial in 1960 (Bucci and Mulazzani 2000, 114). In
the five years following the exhibition, between 1960 and 1965,

Moretti designed the Watergate Complex, which is “believed to be
the first major construction job to make significant use of
computers” (Livingston 2002). The Watergate Complex is now

better known for the wiretapping scandal that took place there, and
Moretti is “scarcely discussed” (Stiles 2006, 15) – even by the many
architects who today use computers to create parametric models in
the manner Moretti helped pioneer.

The plans for stadium
version M and N
showing the “equidesirability” curves
(Bucci and Mulazzani
2000, 114).

M

oretti did not fear obscurity as much as he feared the
incorrect use of mathematical terms like parametric. He

wrote to his friend Roisecco that “inaccuracy [regarding
mathematical terms] is, in truth, scarier than the ignorance before

[when architects knew of neither the terms nor Moretti]” (Moretti
1971, 206). Parametric has a long history in mathematics. The earliest
examples I can find of parametric being used to describe threedimensional models comes almost one hundred years before
Moretti’s writings. One example is James Dana’s 1837 paper On the

Drawing of Figures of Crystals (other examples from the period

include: Leslie 1821; Earnshaw 1839) [2]. In the paper, Dana explains
the general steps for drawing a range of crystals and provisions for
variations using language laced with parameters, variables, and
ratios. For instance, in step eighteen, Dana tells the reader to
inscribe a parametric plane on a prism:

If the plane to be introduced were 4P2 the parametric ratio of which is
4:2:1, we should in the same manner mark off 4 parts of e, 2 of ē and 1
of ë.
Dana 1837, 42

In this quote, Dana is describing the parametric relationship
between three parameters of the plane (4:2:1) and the respective
division of lines e, ē, and ë. The rest of the twenty-page paper

possesses similar statements that explain how various parameters
filter through long equations to affect the drawing of assorted

crystals. Dana’s crystal equations resemble those that would be used
by architects 175 years later to develop parametric models of
architecture – architecture that has a “crystalline
splendour” according to Moretti (1957, 184).

Instances of James
Dana’s crystal
drawings showing the
impact of changing
the edge chamfer
ratio (Dana 1837,
43).

Parametric is given no particular significance in Dana’s writing.
Dana does not describe his drawings as parametric, nor does he
claim, as Schumacher (2009a, 15) later would, that designing with

parametric equations “justifies the enunciation of a new style in the
sense of an epochal phenomenon.” Instead, Dana uses parametric in
its original mathematical sense, a word given no more emphasis
than other technical terms like parallel, intersection, and plane.

When used by Dana in 1837, or by mathematicians today, parametric
signifies what the Concise Encyclopedia of Mathematics calls a “set of
equations that express a set of quantities as explicit functions of a
number of independent variables, known as ‘parameters’”
(Weisstein 2003, 2150) [3]. This definition sets forth two critical
criteria:

1. A parametric equation expresses “a set of quantities” with a
number of parameters [4].

2. The outcomes (the set of quantities) are related to the
parameters through “explicit functions” [5]. This is an
important point of contention in later definitions since some
contemporary architects suggest that correlations constitute
parametric relationships.

An example of a parametric equation is the formulae that define a
catenary curve:

These two formulae meet the criterion of a parametric equation.
Firstly, they express a set of quantities (in this case an x quantity and
a y quantity) in terms of a number of parameters (a, which controls

the shape of the curve; and t, which controls where along the curve
the point occurs). Secondly, the outcomes (x & y) are related to the

parameters (a & t) through explicit functions (there is no ambiguity
in the relationships between these variables). This technical

mathematical definition is the origin of the term parametric: a set of
quantities expressed as an explicit function of a number of
parameters.

Analogue Parametric: Gaudí
Aside from Dana’s parametric crystal drawings in 1837, there are

many other cases of early ninetieth-century science entangled with
the mathematics of parametric representations. An example from
the period includes Sir John Leslie (1821, 390), in his book on

geometric analysis, proving the self-similarity of catenary curves

using “parametric circles”. Another example is Samuel Earnshaw
(1839, 102), who wrote about “hyperbolic parametric surfaces”

deformed by lines of force in a paper that gave rise to Earnshaw’s
theorem. These examples of expressing geometry with parametric

equations are two of many from the period, a period well before
Antoni Gaudí first began designing architecture with parametric
catenary curves and parametric hyperbolic paraboloids at the end of
the ninetieth century.

It is impossible to know whether Gaudí was directly influenced by
the various scientists and mathematicians who had earlier used
parametric equations to define geometry. Mark Burry (2007a, 11),
the current executive architect of Gaudí’s Sagrada Família, says
there is “virtually nothing written by Gaudí himself about the
motivations, theories and practice that pushed him to stretch the
limits”. It is known that Gaudí’s university curriculum included,
among other things, “advanced mathematics, general physics,

natural science, and descriptive geometry” (Català 2007, 81). Gaudí’s
deep understanding of mathematics underlies his architecture,

especially his later architecture, which almost exclusively consists of
mathematical ruled surfaces – helicoids, paraboloids, and
hyperboloids – parametrically associated together with ruled lines,
booleans, ratios, and catenary arches (J. Burry and M. Burry 2010,
35-39; M. Burry 2011, 144). Whether or not Gaudí knew of the earlier
work defining geometry with parametric equations, Gaudí certainly
employed models underpinned by parametric equations when
designing architecture.

The use of parametric equations can be seen in many aspects of

Gaudí’s architecture but is perhaps best illustrated by his use of the
hanging chain model (M. Burry 2011, 152-70). The hanging chain
model originates from Robert Hooke’s (1675, 31) anagram

“abcccddeeeeefggiiiiiiiiillmmmmnnnnooprrsssttttttuuuuuuuuu”,
which unscrambled and translated from Latin reads “as hangs the

flexible line, so but inverted will stand the rigid arch” (Heyman 1995,
7). Gaudí used this principle to design the Colònia Güell Chapel by
creating an inverted model of the chapel using strings weighed

down with birdshot (M. Burry 2007b). Because of Hooke’s principle,
the strings would always settle into a shape that, when inverted,

would stand in pure compression. The hanging chain model has all
the components of a parametric equation. There are a set of
independent parameters (string length, anchor point location,

birdshot weight) and there are a set of outcomes (the various vertex
locations of points on the strings) that derive from the parameters
using explicit functions (in this case Newtons laws of motion). By

modifying the independent parameters of this parametric model,
Gaudí could generate versions of the Colònia Güell Chapel and be

assured the resulting structure would stand in pure compression.

Hooke’s (1675, 31)
anagram of the
hanging chain model.
At the time,
anagrams were a
common way to claim
the first publication
of an idea before the
results were ready to
publish.

Inside Gaudí’s
hanging model for the
Colònia Güell. Via.

Compared to the earlier use of parametric equations by scientists
and mathematicians, the critical innovation of Gaudí’s hanging

chain model is that it automatically computes the parametric
outcomes. Rather than manually calculating the outputs from the

catenary curve’s parametric formula, Gaudí could automatically
derive the shape of catenary curves through the force of gravity
acting on strings. This method of analogue computing was enlarged
by Frei Otto to include, amongst other things, minimal surfaces
derived from soap films and minimal paths found through wool
dipped in liquid.

Otto (1996) calls designing with these models form finding, which is a
phrase that foregrounds the exploratory nature of parametric
modelling. In Gaudí’s case, the hanging chain model facilitates
exploration of form both by constraining Gaudí to structurally

sound shapes and by automatically deriving these shapes whenever
Gaudí modifies the parameters of the model. This forms an essential
component of the parametric modelling dogma for architects,
namely the utility of parametric models lies in the exploration of

outcomes. The original mathematical definition of parametric

remains unmodified, these analogue parametric models all have a
set of quantities expressed as an explicit function of a number of
independent parameters, however this is complemented by a
utilitarian emphasis on exploring the possibilities offered by the
model.

Sketchpad

T

he digitisation of computation facilitated calculations not
possible with Gaudí and Otto’s analogue parametric models. In

much the same way Gaudí and Otto used physical laws to speed up
the calculation of select parametric equations, Ivan Sutherland
sought to use computers to speed up the calculation of any

parametric equation. Sutherland (1963, 8) wanted to create a system
that enabled “a man and a computer to converse” (8). At a time when
computers ran in batch mode, and when programming felt like

“writing letters” (Sutherland 1963, 8), the concept of an interactive
digital model was a bold vision. Sutherland harnessed the

computational power of the TX-2 computer to create Sketchpad, the
first interactive computer-aided design program. Using a light pen, a
designer could draw lines and arcs, which could then be related to
one another with what Sutherland (1963, 18) called atomic
constraints. Sutherland never used the word parametric in his

writing, but the atomic constraints have all the essential properties
of a parametric equation: each constraint has a set of outcomes

expressed as an explicit function of a number of independent
parameters. Unlike with Gaudí and Otto’s models, these parametric
equations are not bound to physical laws, so they can compute
relationships like parallel, orthogonal, and coincident.

Sutherland’s (1963,
‘Appendix A’)
diagram of six of the
seventeen atomic
constraints in
Sketchpad. Each
constraint has a set of
input variables and an
explanation of the
explicit functions that
transform the
variables into the
desired outputs.

Sketchpad offered a new way to explore parametric equations. As

with Gaudí and Otto’s models, designers could explore variations by
modifying parameters and having Sketchpad automatically
recalculate and redraw the geometry. But in Sketchpad designers

were also free to modify the relationships of the model, which would
also cause the recalculation and redrawing of geometry. Thus the

architect’s control of Sketchpad, as with most parametric modelling
software, is not only through the parameters of the model but also
through the model’s underlying relationships.

The Computer Age
In the froth of invention surfaced by the electronic computer, no one
– not even Sutherland – realised the impact parametric design would
have on architectural practice over the next fifty years. The 1960s
and 1970s were an optimistic period in computing and Sutherland’s
vision of computers replicating drafting tables was almost
pessimistic compared to his contemporaries’ bullish calls for:
automated architects (Whitehead and Elders 1964; Cross 1977),

designed aided by evolution (Frazer 1995 [with projects from 1966]),
self-replicating geometry and cellular automata (Neumann 1951),
computer-aided design (Coons 1963 [Sutherland’s supervisor];

Mitchell 1977), shape grammars (Stiny and Gips, 1972) and Bézier

curves (independently developed by Casteljau in 1959 and by Bézier
in 1962 [Böhm, Farin, and Kahmann 1984, 6]).

Itek’s Electronic
Drafting Machine
(above) and sample
drawing (below). The
setup cost
US$500,000 per
seat in 1962 –
approximately
equivalent to US$3.5
million in 2012
(Weisberg 2008, ch.
6.6).

M

uch of this innovation failed to take root in architectural

practices. Early commercial systems like Itek’s Electronic
Drafting Machine cost the equivalent of US$3.5 million per seat
when they were released in 1962, which was a cost bearable only by

select automotive and aeronautical companies (Weisberg 2008,
chap. 6). Twenty years later, in August 1982, a time when computers

were becoming affordable enough for some people to own a personal
computer, AutoCAD was released and quickly rose to dominate the
fledgling computer-aided design industry (Weisberg 2008, chap. 8).
Gone were the curves, the artificial intelligence, and the selfreplicating geometries, which were replaced in AutoCAD with

commands enabling the designer to explicitly draft twodimensional lines on screen using a keyboard rather than a pen.
Eighteen versions later, in AutoCAD2010, parametric functionality

was introduced (forty-three years after Sketchpad) and pronounced
in the press release, “a groundbreaking new capability” (Autodesk

2009). Sometimes it takes a while to realise the impact concepts like
parametric design will have on practice.
AutoCAD2010’s groundbreaking new parametric modelling

features were present in software decades ago. In 1985, the former
mathematics professor Samuel Geisberg founded Parametric
Technology Corporation. They shipped what would become the first
commercially successful parametric software, Pro/ENGINEER, in
1988. Like with Sketchpad, users could associate parts of the

Pro/ENGINEER geometry together using various parametric
equations. Unlike Sketchpad, the geometry was three-dimensional
rather than two-dimensional and changes could propagate over

many different drawings created by many different users. During an
interview with Industry Week in 1993, Geisberg succinctly expressed
the original motivations of Pro/ENGINEER and captured, to a large
extent, the motivations of parametric modelling:

The goal is to create a system that would be flexible enough to

encourage the engineer to easily consider a variety of designs. And
the cost of making design changes ought to be as close to zero as

possible. In addition, the traditional CAD/CAM software of the time
unrealistically restricted low-cost changes to only the very front end
of the design-engineering process.
Geisberg quoted in: Teresko 1993, 28

Geisberg makes two salient points. The first is that parametric

modelling should enable designers to explore “a variety of designs”
(Teresko 1993, 28). This is made possible in Pro/ENGINEER both
through the manipulation of parameters and through the

manipulation of the model’s underlying relationships. His second

point is that parametric models allow choices to be made later in the
design process, a point I will return to later in this chapter since
deferred decisions continue to be an alluring possibility of
parametric modelling.

Guggenheim in
CATIA. Via.

I

n 1993 Dassault Systèmes incorporated many of Pro/ENGINEER’s

parametric features into CATIA v4 (Weisberg 2008, 13:32). At the
time, Gehry Partners was employing Rick Smith, a CATIA expert
originally from the aerospace industry, to help realise geometrically
challenging architecture projects like the Barcelona Fish (1991) and

the Guggenheim Museum in Bilbao (1993-97). This work forms the
basis of Gehry Partners’ sister company, Gehry Technology

(incorporated in 2001), which went on to release the parametric
modelling software Digital Project in 2004. Digital Project takes
CATIAv5 and wraps it with tools tailored to architects, in particular
architects trying to rationalise geometry as characteristically
complicated as Gehry’s own. Much of Digital Project relies on
CATIAv5’s parametric engine, an engine that enables architects to

revise the parameters and equations defining their geometry in
much the same way engineers have been doing with Pro/ENGINEER.
By the time Digital Project was released in 2004, most architects had
begrudgingly replaced their drawing boards with personal
computers. Only a handful of architecture firms were producing

geometry intricate enough to warrant using Digital Project, with the
vast majority instead using computers simply to draft and
coordinate drawing sets. While some architects stuck to AutoCAD
and its numerous competitors, others chose to adopt specialist
building modelling software like Revit and ArchiCAD.

Revit Technology Corporation was founded by former Parametric

Technology Corporation developers who aspired to create the “first
parametric building modeler for architects and building design

professionals” (RTC 2000a). Before being acquired by Autodesk in
2002, the Revit website used to greet visitors with a fairly oblique
definition of parametric:

Revit homepage as of
10 May 2000. Via.

In essence, the authors of Revit define parametric as an object based
on parametric equations that the designer can adjust for particular
circumstances. In later versions of the website, they explain how a
designer might adjust the pitch of the roof and how Revit “in turn,

will ‘revit’ (or revise instantly) all plans, elevations, sections,

schedules, dimensions and other elements” (RTC 2001). While Revit
and its ilk undoubtedly use parametric equations for these
automatic revisions, unlike fully-fledged parametric modelling
software such as Pro/ENGINEER, CATIA, or even Sketchpad, the

parametric relationships of Revit are hidden behind the interface.
The focus is on using parametric models rather than creating them.
After Revit was acquired by AutoDesk, the rhetoric around
parametric modelling ceased and they coined (some say
appropriated) the name Building Information Modelling (BIM) to

denote their brand of design (Weisberg 2008, 8:47). In doing so, they
distinguished BIM from parametric modelling by emphasising the
management of information (parameters), as opposed to the

management of the parametric model itself. Therefore, while the
majority of architecture firms may never use overtly parametric

software like Digital Project or Pro/ENGINEER, most – often without
even considering it – use parametric equations in some capacity to
model their buildings.
Parametric modelling has also made its way into projects through
the scripting interfaces of software packages. Scripting interfaces

allow designers to write code to automate parts of the software. The

developers of software like AutoCAD, even back in 1982 realised that
including a scripting interface allowed them to “avoid lots of custom
coding and application specific stuff [they would] otherwise get

asked for” (Walker 1994, 115). Ten years later, in 1992, when Mark

Burry (2011, 28-29) wanted to model hyperbolas parametrically for
the Sagrada Família, rather than ask Autodesk to include a
hyperbola function in AutoCAD, he used the AutoCAD scripting
interface to develop his own. Burry’s script had three input

parameters: an origin point, a minimum point, and an asymptote
point. These parameters feed through a number of explicit

equations (written in AutoLISP code) to output a hyperbola. The
script, with its input parameters, explicit functions, and outputs, is
an archetypal embodiment of the mathematical definition of
parametric. Ipek Dino (2012, 210) has argued scripts are inherently
parametric, noting that “parametric systems are principally based

on algorithmic principles” since “an algorithm takes one value or a
set of values as input, executes a series of computational steps that

transform the input, and finally produces one value or a set of values
as output”. Thus the scripting interfaces accessible in most software
packages are innately predisposed to creating parametric models.

First version of
Explicit History, later
known as
Grasshopper. Via.

Textual scripting interfaces have not developed significantly since
the early days of AutoCAD. Instead, the past decade has seen the

emergence of a new type of scripting interface, the visual interface.
Visual programming involves representing programs not as text but
rather as diagrams. Two notable precedents from the 1990s include
MAX/MSP, which is popular with musicians, and Sage (later

Houdini), which is popular with visual effects artists. Architects got

their first visual-scripting language when Robert Aish, then working
for Bentley Systems, started quietly beta testing Generative
Components with select architecture firms in 2003. Robert McNeel
& Associates, after trying unsuccessfully to license Generative

Components, assigned developer David Rutten to make their own

version (Tedeschi 2010, 28). Released in 2007 as Explicit History,
Rutten later dubbed his visual scripting interface Grasshopper. Both
Grasshopper and Generative Components are based around graphs
(a mathematical name for a type of flowchart) that map the flow of

relations from parameters, through user-defined functions, usually

concluding with the generation of geometry. Changes to parameters
or the model’s relationships cause the changes to propagate through
the explicit functions to automatically redraw the geometry. As
such, they are yet another way to create a parametric model.

Conclusion
Only in the last decade has parametric modelling gone from being a
mathematical method employed by Gaudí, Otto, Sutherland, and
some engineers, to being a regular part of architectural practice.
While in mathematics parametric signifies a set of quantities
expressed as an explicit function of a number of independent

parameters, in architecture the term parametric is often
accompanied by a utilitarian need to explore the possibilities of the

model. This exploration is facilitated both through the modification
of model parameters and through the modification of model
relationships. In the present day, parametric modelling is no longer

the exclusive domain of overtly parametric tools like CATIA and

Pro/ENGINEER. Instead, parametric equations quietly drive many

BIM tools, they manifest in textual scripting languages, and they are
exposed by graph-based visual scripting interfaces. Parametric
modelling is present, in some form, on most contemporary
architecture projects. It is this rapid expansion in the application of
parametric modelling that has understandably led to some
confusion over its meaning.

Endnotes
[1] Gerber claims Ruiter’s paper was published in Advances in
Computer Graphics III (1988). When I looked at this book, none of the
papers were titled Parametric Design and none of the papers were
written by Ruiter (he was the editor not writer). As best I can tell,

there never was a paper titled Parametric Design produced in 1988.
The first reference I can find to Ruiter’s supposed paper is in the

bibliography of Javier Monedero’s 1997 paper, Parametric Design: A
Review and Some Experiences. It is unclear why Monedero included

the seemingly incorrect citation since he never made reference to it

in the text of his paper. As an aside: the word parametric does appear
four times in Advances in Computer Graphics III – on pages 34, 218,

224, & 269 – which indicates that the use of parametric in relation to
design was not novel at the time.
[2] By searching for parametric in Google Ngrams

(http://books.google.com/ngrams/) I was able to find the earliest

occurrences of parametric from the collection of books that Google

has scanned. Google has scanned only a limited collection of books
so there may be even earlier examples that were not returned in
these searches. Nevertheless, Dana’s writings in 1837 significantly
predate any claims I have found in various histories of parametric
design as to the first use of the term parametric in relation to
drawing.

[3] This definition is consistent with definitions in other
mathematical dictionaries and encyclopedias. I have chosen to cite
from the Concise Encyclopedia of Mathematics as the editor, Eric
Weisstein (who is also the chief editor of Wolfram Mathworld) is
considered an authoritative source.

[4] Parameter can have a number of meanings, even when used by
mathematicians. The grammarian James Kilpatrick (1984, 211-12)

quotes a letter he received from R. E. Shipley: “With no apparent
rationale, nor even a hint of reasonable extension of its use in
mathematics, parameter has been manifestly bastardized, or worse
yet, wordnapped into having meanings of consideration, factor,
variable, influence, interaction, amount, measurement, quantity,
quality, property, cause, effect, modification, alteration,

computation etc., etc. The word has come to be endowed with

‘multi-ambiguous non-specificity’.” In the Concise Encyclopedia of

Mathematics (Weisstein 2003, 2150), the term parameter used in the
context of a parametric equation means an “independent variable.”
That is, a variable whose value does not depend on any other part of
the equation (the prefix para- being Greek for beside or subsidiary).
[5] An explicit function is a function whose output value is given
explicitly in terms of independent variables. For example, the

equation x∙x + y∙y = 1 is the implicit function for a circle. The
function is implicit since the outputs (x and y) are defined in terms
of one another. To make the function explicit, x and y have been
defined in terms of an independent variable. Thus, the explicit

function of a circle becomes: x = cos(t), y = sin(t). By a similar token,

saying that ‘x is roughly twice as large as t’ is not an explicit function
since there is ambiguity regarding the exact relationship between
the variables t and x (the relationship is non-explicit).
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Great text and very informative! The parts about Moretti and Dana are

completely new to me. I love your writing style and I appreciate all the
comments on how the term ‘parametric’ can be defined, or has changed
through its use or has been hijacked, depending on how you look at it.
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