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Abstract. Alberti’s ”De re aedificatoria” is considered one of the most influential treatises
of architecture. Historic approaches aimed at tracing such an influence on European
architecture have relied mainly on documental sources. The extent of such an influence,
however, remains elusive. The research described in this paper is part of a larger project
aimed at using the computational framework provided by shape grammars to determine the
extension of such an influence on the architecture of the Portuguese empire in the counterreform period. The idea is to translate the treatise into a shape grammar and then determine
the transformations required for the grammar to account for the generation of the buildings
designed and built in this geographic region. The paper presents a grammar for the Albertian
column system, focusing on the Doric order. Subsequent work will be concerned with
identifying the transformations of this grammar in the Portuguese context.
Keywords. Alberti; generative design; shape grammars; transformations in design, design
automation

GENERAL
The research described in this paper is part of a
larger project, called ”Digital Alberti,” which is aimed
at understanding the cultural impact of Alberti’s
treatise on Portuguese classical architecture using a
computational approach. The initial motivation for
the project was the recent publication of the first
known translation of the treatise into Portuguese
from Latin by M. Kruger and A. E. Santo (2011). The
specific goals of the project are twofold: first, to determine the influence of the treatise on architecture
in the Counter-reform period in Portugal and second
to use digital media to enable a contemporary interpretation of the treatise.
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Based on documental sources that reveal links
between Portuguese architects and Alberti’s work,
some historians have pointed out that such an influence was real, but none was able to determine its
extent so far. Our idea is to shed some light on this
discussion by translating the treatise into a shape
grammar (Stiny and Gips, 1972) and then trace the
influence of Alberti’s work by determining to which
extent the grammar can account for the generation
of Portuguese classical buildings. This approach follows the transformations in design framework proposed by Knight, (Knight, 1983) according to which
the transformation of one style into another can be

explained by changes of the grammar underlying the
first style into the grammar of the second one. Grammars are thus proposed as a complementary tool to
be used by architectural historians to test hypotheses
raised after documental sources. The project foresees
the development of grammars encoding the rules for
designing the column system and rules for designing
buildings, namely churches. The paper presents an excerpt of a preliminary version of the grammar for the
column system, focusing on the Doric order, briefly
describes the computer implementation of the grammar using Rhino and Grasshopper after being converted into a parametric design system, and presents
some digital and physical models produced from the
output of the program using rapid prototyping. These
models will be included in an exhibition that is expected to be produced at the end of the project.

METHODOLOGY
Alberti’s treatise can be thought of as a set of algorithms that explain how to design buildings

according to Alberti’s interpretation of the canons
of classical architecture. Our aim is to translate such
algorithms into a shape grammar using a procedure
similar to the one followed by Li (2002) in the study
of the Yingzao Fashi, a 12th century Chinese treatise of architecture, then into a parametric design
system, and finally into a computer program. This
procedure encompasses the following four tasks:
decoding the treatise, inferring the grammar, implementing the grammar, and generation of digital and
physical models, which are described below.

DECODING THE TREATISE
”De re aedificatoria ” is a text without illustrations. Alberti says that he decided not to illustrate the treatise
to avoid misinterpretation and construction errors.
In our opinion, this also might have been due to the
generative nature of the treatise. In fact, it describes
a system of rules, rather than models of solutions. Because Alberti lacked a visual way of representing such
rules, he chose not to provide any visual illustrations

Figure 1
The four steps taken to understand and decode the treatise:
systematizing the text (top
left), creating 2D drawings
(top right), making 3D digital
models (bottom left), and producing physical models using
rapid prototyping.
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that might have led readers to think that he was
proposing rigid models. (Book VII, Chapters 7 and 9)
Nevertheless, illustrations have been made by several authors over the centuries, the most important of
all are probably those by Moroli and Guzzon (1994).
Although, our argument is that shape grammars
provide the visual apparatus that Alberti lacked to
describe the generative nature of his system of rules,
our first task in the development of a grammar for the
treatise was to produce graphic representations from
our own reading and interpretation of the treatise.

This task is illustrated in Fig. 1 and it aimed at gaining
a deep understanding of the algorithms described
in the treatise by systematizing the text, developing
2D drawings and 3D models of the column system
according to its rules, and then producing physical
models using rapid prototyping.

INFERRING THE GRAMMAR
This task aimed at gaining a deeper insight into the
structure of Alberti’s treatise and, consequently,
of the described rule system in order to capture it
Figure 2
Diagram summarizing the
structure of the column system and its articulation with
the structure of the temples
as described in the treatise.
(Book VI, 13; VII, 9) D means
column’s diameter.
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into a shape grammar. It encompassed three steps.
The first step was to create a diagram capturing the
order in which Alberti describes the formal structure of the column system; (Fig. 2) the second was
to zoom in and extract the rules for defining the
proportions of its various parts; (Table 1) and the
third step was to draw the shape grammar rules.
(Fig. 3-4) The rules for designing the colonnade, the
“proto” column system, and detailing the shaft are
described in ”De re aedificatoria”’s Book 6, Chapter
XIII; the rules for detailing the base, capital, and entablature of the four column systems -- Doric, Ionic,
Corinthian, and Composite -- are provided in Book
7, Chapter VII to IX.
The column system, Alberti’s expression to designate what Vitruvius and most authors called “classical order,” is at one time the structural and formal
skeleton of the building. It may be found in any of
the parts that composed of the buildings -- for instance, in the temples it may be found in the cell, the
chapels, or in the portico -- and it may be embedded
in the walls or detached from them. In any case, they
are organized into colonnades, which may be of five
different types, depending on the spacing between
columns, called intercolumn and, therefore, on the
balance between the number of columns and the
dimension of the intercolumn. This dimension is a
proportion of the columns diameter (D) and may
vary from 3/2D in compact colonnades to 27/8D in
extended ones.
At the beginning of Book VII, Chapter 7, Alberti
says that all various the moldings in the columns
system result from compositions of a vocabulary
formed by the letters “L”, “C”, “S”, and inverted “S”. He
then goes on to describe rules for how to compose
the various column systems. One would expect these
rules to be defined from such a vocabulary. However,
this is not the case, as his description proceeds mainly in a top down fashion without reaching such a basic vocabulary, which is never mentioned again. As
a result, his rules are far more rigid than one would
expect. This compositional rigidity exists both in the
relative order of components in the column and in

their dimensions, which are all proportional to the
diameter of the column as shown in Table I, just for
the column system, the shaft, and the base due to
space limitations.
The column system is formed by the entablature and the column. Each of these parts is formed
by three smaller parts, which in turn are formed by
other smaller parts, and so on. However, Alberti describes the entablature and the column in different
ways. The entablature is described in a bottom-up
fashion by the successive addition of components,
whereas the column is described in a top-down one
by the recursive decomposition of bigger elements.
The column is, thus, formed by the base, the shaft,
and the capital. Note that Alberti also uses the term
column to designate what most authors call the
shaft but we decided to use shaft to avoid confusion
between the two cases. The Doric base is formed by
the plinth, the lower torus, the scotia, and the upper
torus. Finally, the scotia is formed by the lower fillet,
the channel, and the upper fillet.
The shape grammar
In accordance with the illustrations that were developed for the treatise by several authors over the
centuries, including Morolli, the grammar was developed as a parallel grammar encompassing four
views: plan, section, elevation, and axonometric. The
first three of these views are developed in the Cartesian product of the algebras U12 and V02, and the
fourth in the Cartesian product of the algebras U13,
U33 and V03.
The definition of the column system grammar
faced an important difficulty related to the interdependency of parameters. As mentioned in the
previous section, the intercolumn is a multiple of
the column’s diameter but so is its height. So, the
problem became one of deciding how to start the
generation. Should it start from the plan or from
the elevation? The current version of the grammar
was developed to start from the plan, after rules for
designing the colonnade have defined the location
of the each column. However, the ultimate goal is
Shape Studies - eCAADe 29
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Table 1
The proportions of the different parts that compose a
Doric column system and
their assignment to rules.

Protocolumn
Rule 1

Rule 2

Rule 3

H entablature = 2D
H column = 8D
W colonnade = (2n-1)
Wic + 2nD
W intercolumn = Wic
Wic Є {3/2D, 2D, 9/4D,
3D, 27/8D }

H capital = 1/2D or 3/4D || W capital = D
W column = W
imoscape = D

H shaft = 7D || W shaft = D
H base = 1/2D ||W base = D

Shaft
Rule 4

Rule 5

Rule 6

H proto upper (collar + fillet + recess) = 5/27D
H proto shaft = 7D –
(5/27D + 1/8D)

H proto lower (recess +
fillet):3 = 1/8D * 1/3 =
1/12D

1P = lower fillet || H lower fillet = 1/24D || W lower fillet = D
2P = lower recess
H lower recess = 1/24D * 2
= 1/12D

W lower recess = D - 1/9D = 8/9D
r = H lower fillet = 1/24D
α = 360°/4

Rule 7

Rule 8

Rule 9

Rule 10

H proto upper collar =
2/3 * 1/12D’ = 1/18D’=
1/18 * 8/9D = 4/81D

W upper collar = D’ + 1/18D’ * 1/2 = 19/18D’ = 19/18 * 8/9D = 152/162D = 76/81D

H upper fillet = 1/3 * 1/12D’ = 1/36D’= 1/36*8/9D =2/81D || W proto upper collar = W sumoscape = D’ = 8/9D
H proto upper recess = 3/2 * 1/12D’ = 1/8D’ = 1/8 *
8/9D = 8/72D = 1/9D

W upper recess = 7/8D’= 7/8 * 8/9D = 7/9D
H [belly, sumoscape recess] = 3D
H [imoscape recess, belly] = 4D W belly =
8/9D

Doric Base

Base
Hb = 1/2D

Rule 11

Rule 12

Rule 13

Rule 14

Hb :3 =
1/2D * 1/3
= 1/6D

2P = rem1
Hr1 =
2* 1/6D
= 1/3D

Hr1:4
=
1/3D * 1/4
= 1/12D

1P = upper torus || Hut = 1/12D || Wut = D +1/12D*1/2 +1/12D *1/8 =
13/96D

Wb= D

3P = rem2
Hr2 =
3* 1/12D
= 1/4D

Rule 15

Hr2:2 =
1/4D * 1/2
= 1/8D

Rule 16

1P = scotia
Hs = 1/8D
Ws
(*)=
[Wfi, Wfs] =
= [D + x –
D/64,
D + 5/192D]

Rule 17

Hs:7P
=
1/8D * 1/7
= 1/56D

1P=
upper
fillet
Huf = 1/56D
5P = canal
Hc = 5* 1/56D
1P = lower
fillet
Hlf = 1/56D

1P = lower torus || Hlt= 1/8D || Wlt = D + x
1P = plinth || Hp = 1/6D || Wp = D + x, 1/2D >= x >= 1/3D
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to encompass both cases, so that the columns system can be designed depending on existing length
or height site constraints.
Due to space restrictions, we show only the
rules for generating the Doric “proto” column from
the colonnade (Rules 1-3, Fig. 3) and the rules for
generating the Doric base from the procolumn
(Rules 11-17, Fig. 4). Rule 1 generates guidelines for
the design of the colonnade, dividing the column
system into entablature and column. As mentioned
above, Alberti describes porticos with different
intercolumns and specifies when each should be
applied, depending on programmatic requirements. This rule places labeled points along the
portico line on the plan, and vertical dashed lines
in the section and elevation, representing the axes

of columns. The labeled points indicate the type
of portico from which the diameter of the column
can be obtained. Then Rule 2 applies to create a
cylindrical “proto” column around the axis. Rule 3
divides the proto column into “proto” base, shaft,
and capital. The following rules divide each of these
components recursively until the basic elements of
the column are obtained. In each successive subdivision, specific rules of proportion set in the treatise and shown in Table I determine the height and
length of each element. Rules 4-10, not shown in
this paper, define the shaft. Rule 5, nevertheless is
worth mentioning as it defines the imoscape, the
lower diameter D of the column’s shaft, which is the
independent variable from which all the other variable values of the column system are inferred.

Figure 3
Rules for generating the column system: Doric colonnade
and protocolumn.
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Figure 4
Rules for generating the column system: Doric base.
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Figure 4 (continued)

Shape Studies - eCAADe 29

795

Figure 5
Derivation of a Doric base
according to the grammar.
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Rules 11-17 define the base. Rule 11 divides
the “proto” base into three equal parts. Rule 12
makes the plinth out of the lower of such parts. Rule
13, divides the two remaining parts into four equal
parts. Rule 14 will turn the upper part into the upper torus. Rule 15 will divide the remaining three
parts into two parts. Rule 16 will turn the lower of
these parts into the upper torus and the upper one
into the scotia. Finally, Rule 17 will divide the scotia
into seven parts; the upper part will become the
upper fillet, the five middle ones the canal, and the
lower one the lower fillet. Rules Eme, Eme ma, and
Ema erase the labes and terminate the derivation.
Figure 5 shows the derivation of a Doric base after
these rules. Rules 19-40, also not shown, detail the
capital and the entablature.

INPLEMENTING THE GRAMMAR
This task was aimed at writing the computer
program encoding the grammar after converting it into a parametric design system. This conversion was straightforward because the grammar is a parametric set grammar. The computer
implementation was developed using Rhino and
Grasshopper. This implementation permitted us
to test the adequacy and accuracy of the grammar in conveying Alberti’s rule system. It also
permits one to explore the system in the generation of classical elements. And it takes advantage
of its parametric capabilities to permit one to
generate such elements according to Alberti or
Vitruvius’ system of proportions by selecting appropriate parameter value ranges. In doing so,
the implementation highlights the similarities
and differences between Alberti’s and Vitruvius’
rule systems. In addition, it permits one to disrespect both canonic proportions by unrestricting
the parameter value ranges, thereby allowing for
a more creative and contemporary exploration of
the rule system.
Rules for generating the column system: Doric
base. Rules Eme, Eme ma, and Ema erase labels and
terminate the derivation.

GENERATING DIGITAL AND PHYSICAL
MODELS
The last task in the methodology consists in the
production of digital models using the computer
program and then making drawings and physical
models from such models using plotting, rapid prototyping, and ultimately digital fabrication. Different
techniques have been tested to produce physical
models including additive techniques like FDM and
3D Print, and subtractive techniques like laser cutting and CNC Milling. This completed the process of
translating the treatise from its original text format
into physical artifacts, thereby gaining a deep understanding of Alberti’s rules.

CONCLUSION
This paper describes the methodology that is being
used in the translation of Alberti’s ”De re aedificatoria” into a shape grammar and it presents part of this
grammar, namely the one that corresponds to the
interpretation of the Doric column system, focusing
on the base. One of the goals of this study is to find
whether the buildings produced by Alberti`s ”De re
aedificatoria” are just a composition of different scaled
elements, as strict proportion rules seem to suggest,
or whether it defines a more complex system. In the
text, Alberti suggests that is possible to develop combinations of systems and orders; this means that the
user is motivated to use them in a more complex way
than the one defined by Vitruvios in ”De Architectura.”
Alberti`s concinnitas, that is, quantity, proportion, and
location (Kruger 2011) may have the key to understand this issue. The way the elements are described
and organized in the treatise may suggest that Alberti
was showing that the column system may be generated in a combinatory way. The grammar developed
so far is inconclusive regarding this issue. The study
of Alberti’s built works, the next research phase, may
shed some light on this issue. The other goal of the
study is to use the grammar to determine to which extent Alberti’s work influenced the architecture of the
Portuguese empire in the Counter-reform period, the
subsequent research phase.
Shape Studies - eCAADe 29
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