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Gramaticas dej}{:J{in L]

e gramaticas de
transformacao

Sara Eloy

Shape grammar uses rules that
applied step-by-step to existing shapes
will generate a language of designs or
describe an existing one

A—-B

Vocabulary (shapes)

[ ]

Spatial relations

Shape rule
’ E
New Design = [Design - t (A)] + t (B)]

Spatial transformations
Boolean operations
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Procedure for defining the entasis of a column
(Palladio)

T‘r.e columns h order ought to be form'd in fuch a manner, that
the diameter o humn may be fmaller than at the
bottom, with fwelling n the middle
As to the manner of making the fwellng in the middle. we have no
more to fhew from VITRUVIUS but his bare promife; which is the
reajfon that moft wniters duffer from one another upon that fubject.
The method I ufe in making the profile of the fwellings is tlus; I divide
T and leave the lower part
f wha ly the edge of a

And although

method than am neverthelefs confirned m my opimio

Signor PIETRO C/ NEO was fo well pleafed wl old hum of it
i hus Treanfe of Architecture, with which he has

s left directly

Shape rules

(initia r ‘ (final stage)
-y ‘
RULE k ‘

erivation

h benn
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Corpus of solutions

&)

SHAPE GRAMMARS CREATES / DEFINES A LANGUAGE OF DESIGN

deborah benros
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Parametric rules

X = X+b(X)
(1, y1) — (X1, ¥1) + (Xz, y2) + (X3, Ys) + (Xs, ya)
(x4, y1) — (X1, y1) + (x1+b, y1) + (x++b, yi+h) + (x, y++h)

X —b(X)+n.b(X)
(X1, y1) = (X1, y0) +0Cs, y'0) + (X2, y'2) + (X5, y) + (X, y'9)
(x1, y1) — (X1, y1) + (x+b, y1) + (x++b, yi+h) + (xi, yi+h)




Analytical grammars

make it possible to understand existing
languages

Original grammars

enable new design languages to be
created
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Analytical grammars

make it possible to understand existing ice ray, chinese lattice design, George Stiny

languages palladian villas grammar, George Stiny and

William Mitchell

+ frank lloyd wright's prairie houses grammar,
Koning and Eisenberg

+ chinese architecture grammar, Andrew Li
Original grammars

enable new design languages to be
created + digital thonet, Mario Barros

gramatica da malagueira, José Pinto Duarte

ADEGGI#IUL ISTARSIUL \ E GRAMATICAS DE TRANSFORM y E-IUL/ADETTHIUL]




ice rays, chinese lattice designs_ George Stiny
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derivation of an ice-ray design
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palladian villas grammar _ George Stiny and William Mitchell

2 exterior wall 3 room layout 4 realignment

LA
BN
& 2

5 enfrances & exterior ornament

real or fake?
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malagueira grammar _ José Pinto Duarte
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digital thonet _ Mario Barros
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Analytical grammars

make it possible to understand existing
languages

Original grammars

enable new design languages to be
created

ADEGGI#IUL ISTAR®IUL

color grammar _ Terry Knight

ADEGLI®IUL ISTARSIUL

color grammar, Terry Knight
city maker, Jose Beirao

“rabo-de-bacalhau” transformation grammar,
Sara Eloy
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city maker_ José Beirdo
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transformation grammar _ Sara Eloy
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Analytical grammars

make it possible to understand existing
languages

Original grammars

enable new design languages to be
created

Grammar interpreters interpreters ...
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Gedit _ Tapia 1996

Mules  Help
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3D shaper _ Wang and Duarte 1998
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shaper 2D _ McGill 2001

¢ Shaper 2D
s e

o]

Spatial Resation 1
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Analytical grammars

make it possible to understand existing
languages

Original grammars

enable new design languages to be + color grammar, Terry Knight
created ) )
+ city maker, Joseé Beirao

“rabo-de-bacalhau” transformation grammar,

Sara Eloy
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rehabilitation methodology

knowledge data F: _ - rehabilitation methodology
base

functional housing family % functional programme . funcfional programme
requirements for the dwelling e A

ADEGLISIUL ISTARSIUL
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tation methodolog

["existing dwelling |
1 i description |
domestic agroups

functional housing | family % functional programme .. _> functional programm
o for the dwelling
| dapte

requirements 1 ”

| pack of ICAT | adapted dwelling :
{ functions functions  ada description |

general methodology specific methodology
general principles of rehabilitation
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rehabilitation methodology

adapted dwelling
desaription
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(specific) transformation grammar

(specific) transformation grammar

vith
floor plan

¥ba hs

nhs
nhs  nhs
i
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(specific) transformation grammar

_ Assignment rules
_ Permuting rules
_ Rules to divide rooms or

eliminate/reduce wall openings
(adding walls)

_ Rules to connect or enlarge
rooms (eliminating walls)

Rules for changing the stage in
the derivation

_ Rules for preparing the floor plan

_ Rules for integrating ICAT
elements

SDE FORMAE G

floar plan

[
—_

o ~N h W AWM= O
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floor plan

spatial void

Rules -1.1

Creation of a compound

representation

ADEGGI#IUL ISTAR®IUL

floar plan

spatial void

graphs

Rules -1.2

00 =~ Y N AWM= O

E FORMA E GRAM!/

o ~N h W AWM= O

AMATICAS DE TRANSFORM,
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floor plan

spatial void

graphs

Rules -1.3

weights
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floar plan

spatial void

graphs

Rules -1.4

tion of lab

ADEGLI®IUL ISTARSIUL

Insertion of weigh

00 =~ Y N AWM= O

DE FORMA E GR

o ~N h W AWM= O
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r plan

floo

spatial void

graphs

Rules 0.1

gnment of
kitchen for s
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r plan

flog

spatial void

graphs

iment of hall
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r plan

floo

spatial void

graphs

r plan

flog

spatial void

graphs

Rules 2.1b

ssignment of double
Jedroom

Rules 2.3b

gnment of s
bedroom

DE FORMA E GR

JULIADETTIUL)

18



floor plan

spatial void

graphs

Rules 2.6

weights

[nhs*ynhs _ hi
be.d be.s?

ignment of main

bathroom

floar plan

spatial void

graphs

Rules 2.7a

E FORMA E GRAM!/

Attribution of new

bathroom pla
weight (t

ADEGGISIUL ISTARSIUL

nent

aandb)

AN,

ATICAS DE TRANSFORM,
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floor plan

spatial void

graphs

Rules 2.8b

ignment of second
te bathroom

weights

E FORMA E GRAM!/

floar plan

be.s1 bap

spatial void

graphs

Rules 7.4b

Changing a room’
dimension (enlarging or
reducing) by mov

wall
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floor plan

spatial void

graphs

weights

Rules 2.16a
Erasing t

bathroom

weight (type a and b)

ADEGGI®IUL ISTAR®IUL  Grama E FORMA E GRAM!

floor plan

spatial void

graphs

be.s1|[ e

Rules 2.5

Permuting bedroom
assignment due to area
riteria

AMATICAS DE TRANSFORM,
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r plan

floo

be.sf|bapl

spatial void

graphs

Rules 3.1a

]
E
(=]

=
=
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be.si|| el d

Rules 3.2b

ignment of dining
room
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r plan

floo

spatial void

graphs

fisolated

]
E
(=]

=
=
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be.s1) el di

Rules 3.11

ignment of guest
bathroom
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r plan

floo

be.s1) bl di

Tap |

spatial void

be.s2

w
=
=9
fa)

r plan

flog

be.s b di

spatial void

graphs

Rules 4.1

Assignment of private
corridors

ADEGGISIUL ISTARBIUL

JULIADETTIUL)
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r plan

floo

be.s1) bl di

Lcasd
Ty ] co.pi
be.d

spatial void

graphs

Rules 4.2

f corridors

weights
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be.s1 el di
i
copl
be.d

bap¥

be.s2

Rules 7.3b

Rerr of a room
area to
circulation
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r plan

floo

be.s1)|tap di

Yeond
T pX mp]
be.d

spatial void

be.s2

graphs

Rules 5.1

isolated
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be.s1) el di

Feond
tes? L copl
be.d
be.s2

rtoa
lar wall)
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r plan

floo

be.s1| k2 di

Feopd
e T oo pl

be.d

spatial void

be.s2

graphs

]
E
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=
=
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be.s1 el di

“wpd
copl
be.d

bap¥

be.s2

Rules 4.2

Assignment of social
corridor
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r plan

floo

be.s1|=el di

.
=57 o pl
be.d

spatial void

be.s?

graphs

Rules 7.1i

partially eliminating
walls on both s
pening)

ADEGGISIUL ISTARSIUL

be.s1)| el di

{oosd
bapd | ca.p ].
be.d
be.s2
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r plan

floo

spatial void

'
—_

graphs

Rules 8.1a

Allocating of water
ctors

= W B WM =D

ADEGGI®IUL ISTARSIUL R DE FORMAE GR

r plan

flog

spatial void

[
—_

graphs

Rules 8.1b

Allocating of smoke
detectors

= N N & WM = O

ADEGGI®IUL ISTARBIUL cr FORMA E

AS DE TRANSFOI
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r plan

floo

spatial void

graphs

Rules 8.1¢

Allocati emperature

detectors

ADEGGISIUL ISTARSIUL  or

r plan

flog

spatial void

graphs

Rules 8.1d

Allocating of gas

ADEGGISIUL ISTARBIUL  cr

'
—_

= W B WM =D

DE FORMA E GR

[
—_

= N N & WM = O

FORMAE

AS DE TRANSFOI
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floor plan

spatial void

graphs

weights

floar plan

spatial void

graphs

|
—_

Rules 8.1d

Allocating of movement
detectors (for the hall
and corridors with door
to the ior)

e = T & o T S LI K P

DE FORMA E GR

[
—_

Rules 8.10a1

Allocating of interfa
control panel

-~ D W s W= O

\ E GRAMATICAS DE TRANSFORM,
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Shape Grammar | Advantages

_ Optimization

_ Systemization

_ Generative power

_ Diversity

_ Capture design language

_ Structured formulation that allows
computer implementation

_Reduction of design errors

ADEGGI®IUL ISTARBIUL  GRAMATICAS DE FORMA E GRAMATICAS DE TRANSFORMAGAO | sara eloy [ISCTE-IULADETTHIUL]

Gramaticas dej{J4 !
e gramaticas de
transformacao

Sara Eloy

sara.eloy@iscte.pt
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a ferramenta shell para
gramaticas de forma
GSG

Joaquim Reis

Dept. Ciéncias e Tecnologias de Informagao
ISCTE-IUL/ADETTI-IUL
Lisboa, Portugal

GFTU - Gramaticas de Forma para Transformacao Urbana,
21 de Abril de 2014, ADETTI / ISTAR-IUL, ISCTE-IUL

plan

shape grammars & examples
shape emergence & maximal shapes
computation with shapes

the GSG project

» computational architecture

= shape operations & examples & testing
» shape representation & main classes

= shape ioe & interface

work in progress & future work

GFPTU 21-Abr-2014 Joaquim Reis ADETTI/ISTAR-IUL, ISCTE-IUL




shape grammars

(Stiny & Gips 1972) (Stiny 1980)

Shape Grammars (SG) describe recursive computations with shapes
SGs are visual

Can be used to represent styles

Based on production rules

<shape-to-match> —— <substitution-shape>

%—/ %—/
pre-condition action

elements of a SG:

vocabulary of shapes, e.g., points, lines, 2D, 3D shapes (may include
dimensions, colors)

rules of the grammar
initial shape

GFPTU 21-Abr-2014 Joaquim Reis ADETTI/ISTAR-IUL, ISCTE-IUL

example
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example
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example
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example
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example

(with shape emergence ?)
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example

(with shape emergence ?)
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example

(with shape emergence ?)
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example

(with shape emergence ?)
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example

(with shape emergence ?)
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example

with shape emergence
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example

with shape emergence
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example

with shape emergence
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example

with shape emergence
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example

with shape emergence
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example

with shape emergence
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example

with shape emergence
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example

with shape emergence
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example

with shape emergence
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example

with shape emergence

~
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example

with shape emergence
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example

with shape emergence
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shape emergence

(a closer look)

shape emergence

(a closer look)

BRI

B
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shape emergence

(a closer look)
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shape emergence

(a closer look)
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shape emergence

(a closer look)

recognized as
(embedded)
lines
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shape emergence

(a closer look)
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shape emergence

(a closer look)
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maximal shape

(Stiny & Gips 1972) (Stiny 1980)

maximal shape representation - a finite set of shape elements

(points, lines, planes, solids, ...) that are maximal in combination with
each other (i.e., with no overlap).

= each particular shape has a unigue maximal representation

= maximal representation accomodates for shape emergence

shape elements are maximal and each represents an infinite number
of smaller possible elements contained in them

= a maximal line represents an infinite set of points and lines

= a maximal plane represents an infinite set of points, lines and planes

= a maximal solid represents an infinite set of points, lines, planes and solids

algebras  for maximal shapes define shape operations: (shape
union), (shape difference), (shape intersection) and (sub-shape)

GFPTU 21-Abr-2014 Joaquim Reis ADETTI/ISTAR-IUL, ISCTE-IUL




mechanics of

shape computation

with rules

A B
applicable to C if: T(A) C
after application C’ is: (C T(A)) T(B)

C - a design, or composition
T - a geometric transformation (rotation, translation, scale, mirror)

GFPTU 21-Abr-2014 Joaquim Reis ADETTI/ISTAR-IUL, ISCTE-IUL

GSG

generic Shape grammars
(Reis 2011, 2011)

= a tool for building computational systems to support work in

design,
architecture
art

based on shape grammars

intelligent rule-based systems
interfaces
computational geometry

for past work see papers (Reis 2006-2013)

GFPTU 21-Abr-2014 Joaquim Reis ADETTI/ISTAR-IUL, ISCTE-IUL




GSG architecture
4

programatic visual
shape & rule shape & rule
input/output/edition input/output/edition visual
SG interpreter SG interpreter

symbolic / api

interface

I'bS inference engine geom
symbolic reasoning
with shapes & spatial relations
shapes & SG rules

shape operations (<+,—,-
maximal shape reduction
shape transformations
spatial relations

ct:
apes & SG rules
atial relations

GFPTU 21-Abr-2014 Joaquim Reis ADETTI/ISTAR-IUL, ISCTE-IUL

shape operations

programatic
shape & rule shape & rule
input/output/edition input/output/edition
SG interpreter SG interpreter

interface

rbs inference engine
symbolic reasoning
with shapes & spatial relations

apes & SG rules

p!
atial relations spatial relations

GFPTU 21-Abr-2014 Joaquim Reis ADETTI/ISTAR-IUL, ISCTE-IUL




non-maximal shape algebras
Ui,

= non-maximal shape operations
+ (union, sum)
- (difference, subtraction)
* (intersection, multiplication)
< (sub-shape, inclusion)

= shapes are sets of lines
= no potential for shape emergence
= examples with shapes with co-linear lines

GFPTU 21-Abr-2014 Joaquim Reis ADETTI/ISTAR-IUL, ISCTE-IUL

non-maximal shape operations

example with (colinear) non-maximal lines, union

~

~
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non-maximal shape operations

example with (colinear) non-maximal lines, union

_|_
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non-maximal shape operations

example with (colinear) non-maximal lines, union

//
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non-maximal shape operations

example with (colinear) non-maximal lines, union

~
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non-maximal shape operations

example with (colinear) non-maximal lines, union
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non-maximal shape operations

example with (colinear) non-maximal lines, union

7~
~

~
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non-maximal shape operations

example with (colinear) non-maximal lines, union

~
~
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non-maximal shape operations

example with (colinear) non-maximal lines, union

_|_

~

~
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non-maximal shape operations

example with (colinear) non-maximal lines, union

~
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non-maximal shape operations

example with (colinear) non-maximal lines, union

~
~
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non-maximal shape operations

example with (colinear) non-maximal lines, union

1
~

~

GFPTU 21-Abr-2014 Joaquim Reis ADETTI/ISTAR-IUL, ISCTE-IUL




non-maximal shape operations

example with (colinear) non-maximal lines, union

~
~
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