Gramaticas da Forma
(implementagoes)

Rodrigo Correia

Faculdade de Arquitectura

Dezembro2012



PROGRAMA

Gramatica Formulacao



PROGRAMA + DESIGNA

Gramatica Formulacao Gramatica Projecto



PROGRAMA + DESIGNA = MALAGUEIRA

Gramatica Formulacao Gramatica Projecto Gramatica Discursiva



Gramatica Discursiva

Operative viewpoint

Program Programming Design Designing Design H
(@)

Description | =

grammar )

L

-> -> —-> -> <

Shape g

§®)

grammar ]

data grammar brief grammar solution =




Gramatica Discursiva

@

PROGRAMA

|:> Programa |:>
habitacional

DESIGNA

> Modelo 3D



Gramatica Discursiva

|:> Programa |:>
habitacional
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PROGRAMA

front elevation facing East (user)
a2 < o2 - < ?orientationr, ?orientation, ?orientations, ?orientationr >
+ < East, South, West, North >,
13 < a3 - function (?orientationy, 7orientation, Zorientations, ?orientation)
+ function (east, west, south, north)
?orientation:, ?orientation, ?orientations, ?orientation,
€ {nil, south, west, north, east, southwest, southeast, northwest, northeast}
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PROGRAMA

gll: front elevation facing East (user)

(defrule gll:solar-orientation-4

;3 lnterface side
2changed <- (changed solar-orientation "Front facing East"™)
;3 Jjess side
?s0 <- (solar-orientation (front 2) (left 2} (back 2) (right 2))
H
*fraont <- (space (mame "front”) {(id 2} (weight 2)
{function %?fn-front) (users %2} (capacity %?) (articulation %2} (quality %?) (spaciousness %))
?left <- (space (name “"left") (id 2} (weight 2}
{(function %¥fn-left) (users %?) (capacity %?) (articulation %?) (quality %?) (spaciousness %))
?back <- (space (name “"back”) (id 2} (weight 2}
{function $2fn-back) (users %2) (capacity %$?) (articulation %2} (quality %2} (spaciousness %2})
right ¢- (space (mame "right") (id ?) (weight ?)
(function $?fn-right) (users %2} (capacity %?) (articulation %2} (quality %?) (spaciousness %))
=2
;3 interface side
{retract ?changed) ; retract only when all done
;3 Jess side
(modify 2so (front east) (left south) (back west) (right north)})
H
(modify 2Front (function (created (complement$ ?*solar-orientation-list* &2fn-front) east)))
(modify 2left (function (created (complementd ?*solar-orientation-list* &2fn-left) southl))
(modify 2back (function (created (complementd ?*solar-orientation-list* &2fn-back) west)))

(modify 2right (function (created (complement$® ?*solar-orientation-list* $2Fn-right) north))})
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PROGRAMA

PAHPA Programmer.

Urban Context

Solar Orientation

Conkext |Typ0|0gy | Iarpholagy: | SEatialiy | Topalagy | Aesthetics | Eights | iniha =+ wiewy |

Houses on both sides and back

Led L

Front facing South
Front Facing West
Front facing Morth

Front facing Southwest
Front Facing Maorthwest
Front Facing Mortheast
Front facing Southeast

Spaciousness (available and used areas)

Current

nor-useful inkerior exteriar gross
jo j141 Jeas J164.5 Free
inhabitable interior exterior useful
jo jo o o used
Ai Ao (dwelling) Au | Ag
actual ririnum actual rinirnum
P 77 ; ;
Zost
space type cosk [ m2 current cost
Elf po
Cuaaliby

I[minimum]




PROGRAMA

PAHPA Programmer.

Cortext Typology I Morphologyl SEatialiy | Topalagy | Aesthetics | Eights | iniha =+ wiewy |

o )

= )

™ Custom i+ Type
Lser Gender Age
| =]
Lser Lser Share
= )
Bedrooms Users Quality

E =lis

Spaciousness (available and used areas)

nion-useful

Vl r' iurn VI
minimum

medium

maxirmum

interiar exkeriar gross
jo j141 Jeas J164.5 Free
inhabitable interior exterior useful
jo jo o o used
Ai Ao (dwelling) Au | Ag
actual ririnum actual rinirnum
P b7 r r
Zost
space type cosk [ m2 current cost
Elf po
Cuaaliby

Current

I[medium]
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PROGRAMA

PAHPA Programmer.

Eantext | Tiypnl oy | Morpholoay. Spatiality | Topologyl Aesthetics | Yieinhts | iniha =+ wiewy |

Cwelling capacity

Current spaces I j D_elI

Weight I - l

Space capacity
Walue Weight

IZapacity I LI I LI
Arbiculation I LI I j
SRACOUSTESS I ;I I ;I

WidER Height fitea

Spaciousness (available and used areas)

nor-useful inkerior exteriar gross

jo j75.9 |+ frLe Free

inhabitable interior exterior useful

j+7 Jes.1 le7 s bz used
Ai Ao (dwelling) Au | Ag

actual ririnum actual rinirnum

|0.5078 jn.77 | I

Zost
space type cosk [ m2 current cost

=IF [ze07o.0

Cuaaliby

Current |2.3556 {maximurn)




PROGRAMA

PAHPA Programmer.

Eantext | Tiypnl oy | Iarpholagy: | Spatialty Topology I nestheticsl Yieinhts | iniha =+ wiewy |

Rooms

Y - |  Relation ieisht
| = = [
! = =

Spaciousness (available and used areas)

nor-useful inkerior exteriar gross

jo j75.9 |+ frLe Free

inhabitable interior exterior useful

j+7 Jes.1 le7 s bz used
Ai Ao (dwelling) Au | Ag

actual ririnum actual rinirnum

|0.5078 jn.77 | I

Zost
space type cosk [ m2 current cost

=IF [ze07o.0

Cuaaliby

Current I2.4863 {maximurn)




PROGRAMA

PAHPA Programmer.

Conbext | Typaloy. | Morphalagy: | SHatiality | Topalogy. | festhetics WWeights I info + wvigw |

Function

R - | [0

Spatiality

Capacity

= [ <]

Articulation
o =]

Spaciausness

fan ]

Topology
S0 =
Besthetics
S0 =
Spaciousness (available and used areas)
nor-useful inkerior exteriar gross
jo j75.9 |+ frLe Free
inhabitable interior exterior useful
j+7 Jes.1 le7 s bz used
Ai Ao (dwelling) Au | Ag
actual ririnum actual rinirnum
|0.5078 jn.77 | I
Zost
space type cosk [ m2 current cost
=IF [ze07o.0
Cuaaliby

Current

I2.4863 {maximurn)




PROGRAMA

PAHPA Programmer.

Eantext | Tiypnl oy | Iarpholagy: | SEatialiy | Topalagy | Aestietics | Yeights  info + view

PAHPA Programming Grammmar Interpreter

(PAHPA Programmer ¥2.3)

Copyright & IST and Jose P, Duarte, 2004, All rights reserved,

Info About PAHPA Programmer, .. |

Credits, ., |

View Design Brief. .. Save Design Brief. .. |
Reset |

Exit |

Spaciousness (available and used areas)

nor-useful inkerior exteriar gross

jo j75.9 |+ frLe Free

inhabitable interior exterior useful

j+7 Jes.1 le7 s bz used
Ai Ao (dwelling) Au | Ag

actual ririnum actual rinirnum

|0.5078 jn.77 | I

Zost
space type cosk [ m2 current cost

=IF [ze07o.0

Cuaaliby

Current I2.4863 {maximurn)




PROGRAMA

& PAHPA Programmer.

info + wigw |

Eantext | Tiypnl oy | Iarpholagy: | SEatialiy | Topalagy | Aesthetics | Yieinhts

PAHPA Progr
[

Copyright & I5T and

Yiew Design

Spaciousness {available and used area

Design Brief:

CONTEXT

lat:
urkban context:
solar orientation:

TYPOLOGYT

customization:
users nuwber: 3

house gquality: minimwum
MORPHOLOGY
vard location: front

floors number: 2
halconies has: no

nion-useful interior
jo j75.9 SPATIALITY
inhabitable LN,
I‘W IE‘5'1 zone: yard
Ai ) Au {dwelling) space: yard, aresa=i7.5 mi
actual ririnum
ID.SD?IS IEI.?? Zone: Service
space: global storage 1, articulation=inc
Cost space:! house clothing storage 1, articuls
space bype o space: kitchen, area=4.5 m2
LII- space: laundry, articulation=included, =
space: informal dining, capacity=3, artic
5 space: pantry, articulation=included, are
Cuaaliby
Current zone: living

tType

I3

width=1Z2 m, length=12 m, =
Houses on hoth sides and &
Front facing West

| 2
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* |Interpretador de gramaticas da forma



DESIGNA

* Interpretador de gramaticas de forma

— Formas: Representacao + Criacao e Modificacao

— Regras: Representacao + Aplicacao e Controlo

— CAD
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Shape rules
interpreter

|
>| 3D modeler H—> Exporter > Design
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Representacao
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Formas

V4

e4 e3

V1l QG (O V3

el e2

V2



Topologia

V4

e4 e3

V1l QG (O V3

el e2

V2
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Geometria

XYZ

V4

V2 P XYZ

e3

e2

O V3 P XYZ




Rotulos

XYZ d v1 C

Esquerda Direita




Formas

Criacao e Modificacao



Formas

create_center_vertex(h)




Formas

g f : 7
£ X,
(a) (b) (c) (d) (e)

(f)



Formas

[define (create-cube)
[let®* (({p (new-polvhedron))
(h (make-tetrahedron p

(mew—podint 1.0 0.0 0.0}
(mew—podint 0.0 0.0 1.0}
[mew—podint 0.0 0.0 0.0}
(mew—podint 0.0 1.0 0.0)}))

(g (halfedge-next [(halfedge-opposite (halfedge-next h)) )} )

[zplit—-edge p (halfedge-next h))
[eplit—-edge p (halfedge-next g))
(zplit—-=dge p Og)

(halfedge—-set-point [(halfedge-next h) (new-point 1.0 0.0 1.0}%)
(hal fedge-=set—-point (halfedge-next g} ([(new-point 0.0 1.0 1.0))
(halfedge—-set—-point [(halfedge-opposite g} [(new-point 1.0 1.0 0.0%)

[(let* ((f (split-facet p
(halfedge-next qg)
(halfedge—-next (halfedge-next
(e (split-edge p £)))
(halfedge-set-point e [(new-point 1.0 1.0 1.0%)
[eplit-facet p e [(halfedge-next [(halfedge-next £)))

Bl

(halfedge-next g)))))

(a)
(k)
(c)

(d)
()
(£)



Regras

Representacao



Regras

Regra gramatica da forma: 12 =>
d onded=6oud=7




Regras

Regra gramatica da forma: 12 =>
d onded=6oud=7
8
d=7
Operador DESIGNA: 12
8 Al




Regras

R5: Locate inside/outside zones on the first floor
back back
left right left . right
use2
. —
1
L] yd
usel
u_context(front)=street u_context(front)=street
o1 <— o
olg €<— 08

a9<— a9, V a1, ag= frontyard A o = true
= usel = outside1 A use2 = inside1 A ya=6.00 A @in = @use2 A 8ou = Auset
Y a1, o= frontyard A o = false
= usel = outside1 A use2 = inside1 A ya=7.00 A @in = @use2 A 8ou = Auset
o1 = < street, ?use, street, ?use >, V 2use A as = backyard , V a9
= usel =inside1 A use2 = outside1 A ya = 7.00 A @in = @uset A @ou = Ause2
o1 = < street, ?use, street, 2use >, V 7use A as = backyard , a.e = true
= usel = outside1 A use2 = inside1 A ya = 6.00 A @in = @uset A @ou = Ause2
o1 = < street, ?use, street, 2use >, V ?use A ais = backyard , o= false
= usel = outside! A use2 = inside1 A ya=5.00 A @in = Quse1 A 8ou = Ause2
S13¢— 813 - <[(f1, idn, B, ((x#1, yn1, z1), dx1, dyn, dze1, ap] >
+<[(use1, idn, &, ((X#1, Y11, Z#1), dxet, dysr - (dxe - ya + 2 - 0.10), dzsr, dxea - dysr - (Flay - ya + 2 - 0.10)],
[(use2, max (id) + 1, &, (X1, Y11 + yd, Z#1), dxn1, dyst - ya, dzst, dxer . dysr - ya] >
3154 815 + < available, (flax - 0.20, ain, - (@in+ flax - 0.20), - flax - 0.20), - Au/ Ag + Au- flax - 0.20 / Ag >
3174 817 - <[ids, idospace, adjacent] , ?space e {front, left, back, right}
+ < [idinsidet, id2tett, adjacent],
[id insidet, idright, adjacent],
[idoutsidet, id2iett, adjacent],
[idoutsidet, id2right, adjacent],
[idin3|de1, id?space1, adjacent]
[idoutside1, id?spacez, adjacent]
as = frontyard = ?spacer = back A ?space = front
as = backyard = ?space1 = front A ?space; = back
820 — 820 + < [wall, max(id) + 1, (inside, outside), ((x#, ya - 0.10, zf1), dxs1, 0.20, dzs1, dxs1 - dzn)] >
824 <— 824 + wall_cost (dx - dzs1, unit_cost (wall, 0.20, material))
azs<— a5+ < [R4, 0] >



Regras

s house -> list of houses (new)

[define

(rule:locate—-inside-outside h)

¢ polvhedron facet house-—-extra -»> list of houses (new)
(define (locate-inside-outside p £ &)
(let* ((p2 (house-floor-2 h))

[(f2 [car (filter-facets-4-label p2 "£2)})))

rsr ROLE 5

(list (cond ((and is-fronmtyard has-balconies)

.
r

(gen h

(new-house (intr-2-front p £ 5 "out "use)
(new-floor-2 (intr-2-front p2 £2
e))

{[and i=-backyard ha=s-balconies)

(new-house {intr-2Z2-front p £ 7 'in "out)
(new—-floor-2 (intr-Z2-fromt p2 £2
e))

(i=-backyard

(new-house {intr-2-fromt p £ & "in 'out)
(new-floor-2 (intr-2-front p2 f£2
e))

(iz—frontyard

(new-house (intr-2-front p £ & "out "use)
(new—-floor-2 (intr-Z2-fromt p2 £2
e}}id))

'fl locate-inside—-out=ide))

'ouat

'in

'in

'out

'inm} )

'out) )

"out) )

'in})
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Aplicacao & Controlo



Operador DESIGNA:




Procura em profundidade



Procura em largura



Gramatica 3D

c=f center + f normal * d

facet f 3 new facets, f1, 2, f3



Gramatica 3D

Procura em profundidade



Gramatica 3D

Q $ W
initial shape d=0.5 d=0.3 d=0.1

(tetrahedon)

Procura em largura



Gramatica 3D

h

initial shape
(tetrahedon)




Gramatica 3D

a

initial shape
(cube)




Exemplos



Ice-ray
AN - AL DI
e DB




Ice-ray
(1) (2)
N- AL L\
(3) (4)
AN -

I e -2 5. Drawingldwg [y 1, 0 s & 2 signin - B - @T = B B
T . — . — - —— - e

 Home Inset Annotate Layout Parametric View Manage Output Plug-ins  Online ExpressTools  (=)+

Mavigate 20| Views | Visual Styles = | Model Viewports | Palettes  User Interface » |

|=lTepliConceptual]

WA o RN Layoutl f Layout?2 f

a2, 26326 0000 [ &[]0 < i e[ IE O k] [ o] == R B B ) ol



Ice-ray
AN - A D
N DB

I e -2 5. Drawingldwg [y 1, 0 s & 2 signin - K B - @'_ =
T . — . — - —— - e

 Home Inset Annotate Layout Parametric View Manage Output Plug-ins  Online ExpressTools  (=)+

Mavigate 20| Views | Visual Styles = | Model Viewports | Palettes  User Interface » |

|=lTepliConceptual]

WA o RN Layoutl f Layout?2 f

a2, 26326 0000 [ &[]0 < i e[ IE O k] [ o] == R B B ) ol



Ice-ray
AN - AL DI
N DB

!] Ozae -2 w Drawingldwg [y 5o op o0 o Q Sign In - O B - @’_ =
b fle o[ View  Incen arral ool Dira CHrmension Ml D ararmetri Windo Fupres
Home Inset Annotate Layout Parametric View Manage Output Plug-ins  Online ExpressTools (v

Mavigate 20| Views | Visual Styles = | Model Viewports | Palettes  User Interface » |

|=lTopliConceptual]

= Type a command

WA W LR Layout] ) Layoud2 . |
|| 120452 203203, 0000  [[EEE[e]0]0] < [ii[=]EE 0] en=0 o] (= =] TR W A | 3 el A [l Y (] .




Ice-ray
AN - AL DI
N DB

!] Ozae -2 w Drawingldwg [y 5o op o0 o Q Sign In - O B - @’_ =
b fle o[ View  Incen arral ool Dira CHrmension Ml D ararmetri Windo Fupres
Home Inset Annotate Layout Parametric View Manage Output Plug-ins  Online ExpressTools (v

Mavigate 20| Views | Visual Styles = | Model Viewports | Palettes  User Interface » |

|=lTopliConceptual]

WA o RN Layoutl f Layout?2 f

Do azo.om  BEEREOD<EREEEE (TR = T 2 R ) o o w



Ice-ray
AN - AL DI
N DB

!] Ozae -2 w Drawingldwg [y 5o op o0 o Q Sign In - O B - @’_ =
b fle o[ View  Incen arral ool Dira CHrmension Ml D ararmetri Windo Fupres
Home Inset Annotate Layout Parametric View Manage Output Plug-ins  Online ExpressTools (v

Mavigate 20| Views | Visual Styles = | Model Viewports | Palettes  User Interface » |

|=lTopliConceptual]

WA o RN Layoutl f Layout?2 f

Do azo.om  BEEREOD<EREEEE (TR = T 2 R ) o o w



Malagueira



Malagueira

HOUSE
describes
Layout
composes
Patio Living Sleeping Service
has has has
Living room Bedroom Kitchen
Claset Bathroom Pantry
Laundry

House

Layout

Zones

Spaces
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Malagueira

house ->» list of houses (new)
(define (rule:locate-patio h)
; polyhedron facet house-extra -> list of houses (new)
{define (locate-patio p £ e)
{let* ((a (if is—fromtyard default:patio—area-frontyard default:patioc—area-backyard} )
{1 {length-f f})
{d {(f a 1}}

(p2 (house-floor-2 h))
(f2 (car (filter-facets-4-label pZ2 'out))))
s+ RULE 10
(if i=-backyard
{let ((co (filter—-facets-4-label p 'co)))
{(if (numll? co) ; a backyard corridor was already located?
;s backyard corridor still to be locate...
(if (or (and has-house-in-right
has-house-in-left)
{and has-street-in-right
has—-street-in-left))
{list [(new-house (intr-Z2-right p £ d 'use 'patio)
(new-floor-2 (intr-Z2-right p2 £2 d 'use 'empty))
e)
(new-hous=se (intr-Z2-left p £ 4 'patio 'use)
(new—-floor-2 (intr-Z2-left p2 £2 d 'empty 'use))
e}
{list (if has-house-in-right
(new-hous=se (intr-Z2-right p £ d 'use 'patio)
(new-floor-2 (intr-Z-right p2 f2 d 'us=se 'emnpty))
e)
(new-hou=se (intr-2Z2-left p £ d 'patio 'use)
(new-floor-2 (intr-Z-left p2 £f2 d 'empty '"'use))
e}l})d
;s backyard corridor located...
{list (if (has-something? (car co) right) ; is there anything at right of corridor?
(new-hou=se (intr-2Z2-left p £ d 'patio 'use)
[(new-floor-2 (intr-Z-left p2 £f2 d 'empty '"'use))
e)
[new-hous=se (intr-Z2-right p £ d 'use 'patio)



Malagueira

; house ->» list of houses (new)
(define (rule:locate-remaining-zones h)
; polvhedron facet house-extra -» list of houses (new)

(define (locate-remaining-zones p £ e)
s+ BOLE 12 & 13
{let* ({f1 (filter-facets-—4-1label p 'use)})
{z {car e)) ; zones are ordered by decreasing area
{e {rest e)})
{az (zome—-area =) )
{1 (length-f £})
(w (width-f I))
(p2 (house-floor-2 h)))
{if (> (length e} {(length f£1))
{let ((f2 (car (filter-facets-4-label p2 "in))))
s+ there are more zones than facets...
(li=st (mew-house (intr-Z-right p £ (/ az 1) 'use z)
(new-floor-2 (intr-2-right p2 £2 (/ az 1) 'use 'use))
e)
(mew-house (intr-2-left p £ (/ az 1) z 'use)
(mew-floor-2 (intr-2-right p2 £2 (f az 1} 'use 'use))
e)))
;: there are less (or equal mumber)} zones than facets...
(if (>= (* w 1} a=z)
(list [(new-house (assign-label p £ =)
n2
e))
null})))
;s only apply operator if mo 'in or 'out exists
(let* ((pl (house-floor-1 h)))
(if (and (mmll? (filter-facets-4-label pl 'in))
(mull? (filter-facets-4-label pl 'out)))
{gen h '"use locate-remaining-zones)
null}))
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AutoCAD 2013 C\Users\User\Desktop\house.dxf |ﬂ| & Untitled - Rhinoceras (Evaluation) - [Perspective] |ﬂ|
‘File  Edit View  Insert Format  Tools Draw  Dimension Modify | File Edit View Curve 5urface S5olid Mesh Dimension Transform Tools Analyze Render
Parametric  Window  Help  Express Help
Drag a window to zoom ( All Dynamic Extents Factor In Qut Selected Target 1To1) e =
:Command: !_g": P v

£

NeEdSTX DOt P00 2 CH=w 6w §

Shte RGO ID G -

DEAS S SBHOHEITQ >

CPlane x7.43 y-215 z0.00 W Default Snmap Orthe




Malagueira




Malagueira

Desenho vazio



Malagueira

Introduzir laje



Malagueira

Subir paredes e 12 divisao



Malagueira

Localizar corredor para patio traseiro



Malagueira

Localizar restantes areas funcionais



Malagueira

Ny

Localizar espacos



Malagueira

Ny,

Introduzir pormenores



Obrigado

Perguntas?



