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I know one thing, that | know nothing

Socrates
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Architecture and Computer Science

Et ut litteratus sit, peritus graphidos, eruditus
geometria, historias complures noverit, musicam
scierit, medicinae non sit ignarus, eruditus computare

Marcus Vitruvius Pollio

An architect must be:
® a3 good writer
a skilful draftsman

versed in geometry
acquainted with history

L J
L J
® amusician
e not ignorant of the sciences
.

versed in computation
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Architecture needs Computer Science

How do we teach Computer Science to Architects?

e Geometry
e Algorithms
® Programming Language



Geometry - Rectangular Coordinates

Pl = +xyz(P07 A.Z’) Ayu Az)



Geometry - Cylindrical Coordinates
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Geometry - Cylindrical Coordinates

e
‘m

Vs €[0,...,
step(cyl(ri, Ay - 5, Ay - 5),
cyl(re, Ay - 8, Ap - 8))

n]

=] 5
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Geometry - Spherical Coordinates

i ™
cone(sph(1. 9,1), *1 " xy2(0,0,0))

=] F = = £ DA



Geometry - Primitives




Geometry - Primitives

egq(p,ro,r1,h) =

arc(p, 7,0, —m)U

arc(+.(p,ro — r2), 72,0, @)U
arc(+x(p,r2 — ro), r2, 0 — M, @)U
arc(+y(p, (ro —r1)sina),r, a,m — 2a)

1=
h—’l‘o—’l“l

rg — 11 COS v
1—cosa

a=2tan™

o =
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Algorithms

Thf

hy

column(p, hg, 7o, hes Toe, Pay la) =
frustrum(p, h s, 7pf, 7pe)U
Frustrum(+:(p, A s), hes Toe, la/2)U
box(+.(p, hy + he), ha,la)



Algorithms

Tbf

hy

Crassitudo columnarum erit
duorum modulorum, altitudo cum
capitulo Xllll. Capituli crassitudo
unius moduli, latitudo duorum et
moduli sextae partis. Crassitudo
capituli dividatur in partes tres, e
quibus una plinthus cum cymatio
fiat, altera echinus cum anulis,
tertia hypotrachelion.

Vitruvius



Algorithms

Tbf

hy

hf = 13be
2

hc = grbf
1

ha = grbf
13

la = Frbf



Algorithms

5

hy

column(p, hg, 7, hes Toe, Pay la) =
frustrum(p, h s, 7pf, The)U
Frustrum(+.(p, hs), he, roes la/2)U
box(+.(p, hf + he), ha, la)



Algorithms

5

hy

column(p, kg, o5, e, Toes Pas la) =

Frustrum(p, by, 7if, The)U
Frustrum(+.(p, hs), he, roes la/2)U

boX(+.(p, ki + he)s has la)

doricColumn(p, 7,7, )

column(p, 13ryf, 73,

2

3

Tbfs Thes

1

3

Tbfs

13

6

Thf)
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Programming Languages

Most languages have the same computational power



Programming Languages

Most languages have the same computational power

but they differin
clarity

learning curve
paradigms
execution speed
productivity

expressive power



Programming Languages - Clarity

Visual Basic

Function ConicSpiralPoints(Length,N)
Dim points()
ReDim points(N-1)
Dim t, i
For i=0 To N-1
t=i*Length/N
points(i)=Pt (t*Cos(5*t) ,t*Sin(5*t),t)
Next
ConicSpiralPoints=points
End Function



Programming Languages - Clarity

Haskell

conicSpiralPoints length n =
[(t*x(cos 5%t), t*(sin 5*%t), t) |
t <- [ixlength/n | i <- [0..n]]]



Programming Languages - Choices

® |t must be simple
e It must be expressive
e It must be usable with a CAD application



Programming Languages - Choices

® |t must be simple
e It must be expressive
e It must be usable with a CAD application

ArchiCad
e GDL

AutoCAD
e Visual Basic
o C++
e AutolLisp

Rhino

e RhinoScript
e Grasshopper
e Python
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Alan Kay
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Programming Languages - My Choice

Lisp isn't a language, it's a building material.

Alan Kay

Lisp made me aware that software could be close to
executable mathematics.

Peter Deutsch

Lisp is worth learning for the profound enlightenment
experience you will have when you finally get it; that
experience will make you a better programmer for the
rest of your days, even if you never actually use Lisp
itself a lot

Eric S. Raymond
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Course Outline

Syntax & Semantics
Recursion

State & Randomness
Lists

Solid Geometry

Higher Order Functions

Parametrics



Syntax & Semantics

(defun cross (p rb rt c)

(cone-frustrum

p rb (+x p ¢c) rt)
(cone-frustrum

p rb (+y p ¢) rt)
(cone-frustrum

p rb (+z p c) rt)
(cone-frustrum

prb (+x p (- ¢)) rt)
(cone-frustrum

prb (+y p (- ¢)) rt)
(cone-frustrum

p rb (+z p (- ¢)) rt))

u]
8]
I
i
it




Recursion

(defun colonnade (p h v n)
(if (=n 0)
nil
(progn
(column p h)
(colonnade (+c p v) h v (- n 1)))))



Recursion

(defun colonnade (p h v n)
(if (=n 0)

nil
(progn

(column p h)

(colonnade (+c p v) h v (- n 1)))))

1L

DA



Recursion




Recursion

(defun menger (p 1 n)
(if (=n 0)

(cube p 1)
(progn

(setq 1 (/ 1 3.0))
(foreach i (enum 0 2 1)

(foreach j (enum 0 2 1)
(foreach k (enum 0 2 1)

(menger

(if (or (=1 j 1) (=ik 1) (=jk 1))
nil

(#xyz p (* 1 1) (x j 1) (* k 1))
1

(- n 1)))))))))




State & Randomness

(defun random-direction ()
(sph 1
(* (random-[] 0 4) pi/2)
(* (random-[] 0 4) pi/2)))



State & Randomness

(defun random-direction ()
(sph 1

(* (random-[] 0 4) pi/2)
(* (random-[] 0 4) pi/2)))




State & Randomness
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State & Randomness

Gaussian Distribution

fla,y) = e (G5

9y

Foe (k)2
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Lists

Curves from Points

(defun sinusoidal-arc-points (p r a ¢ fi dfi n)
(if (=n 0)
(list)
(cons (+pol p (+ r (x a (sin (x c £i)))) fi)
(sinusoidal-arc-points p r a ¢ (+ fi dfi) dfi (- n 1)))))



Lists

Curves from Points

(defun sinusoidal-arc-points (p r a ¢ fi dfi n)
(if (=n 0)
(list)
(cons (+pol p (+ r (x a (sin (x c £i)))) fi)
(sinusoidal-arc-points p r a ¢ (+ fi dfi) dfi (- n 1)))))

(defun sinusoide-circular-arc (p ri re c n)
(sinusoidal-arc-points
p (/ (+ ri re) 2.0) (/ (- re ri) 2.0)
c 0 (/ 2%pi n) n))



Lists

Trusses

bo,o . bo,1

a, - a
0,0 N 0,2

Y AN N4
N\

Co,0 = Q1,0 A‘y Z \ Co,2 = Q1,2

7

C1,0 = 42,0 C1,1 = Q2,1 C1,2 = Q22




Lists

Trusses

a bo,o . bo,1
P AN
\V

/// /A‘
o0 = a1,0 A'CM

,2

/4 s
C1,0 = a2,0 c1,1 = az,;1 C1,2 = Q2,2
((apo0 a1 a2 ... Gon—1 Gon)
(boo bo1 bo2 ... bon—1)
(a0 a1 a2 ... Glp-1 Aip)

(Cm,O Cm,1 Cm2 --- Cmn—1 Cm,n))
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Solid Geometry

Region Algebra
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Solid Geometry

Region Algebra

RUZ=2UR=R
RUU=UUR=U
RUR=R
RNo=0NR=0
RNU=UNR=R
RNR=R
R\o=R
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Solid Geometry
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Solid Geometry

Operations

e Regular polygon
e Region

e Sweep
e Rotation
e Scale

e Intersection



Solid Geometry

Q>



Solid Geometry

Operations

® Sphere
Subtraction
Section
Translation
Reflection
Duplication
Rotation

Scale

=] 5 = = E ¢



Solid Geometry

Mathematical Functions

y(z) = asin(wz + ¢)




Solid Geometry

Possible Variations

(defun building (...)

(balcony ...)
.2

(defun balcony (...)
. (x a (sin (+ (* omega x) phi))) ...)



Solid Geometry

Impossible Variations

y(z) = la+b(x = c)|



Solid Geometry

Impossible Variations

y(x) = ae "% sin(cx)



Solid Geometry

Impossible Variations

y(x) = max(yo, Min(y1, asin(wz + ¢)))



Solid Geometry

Impossible Variations

(defun building (...)

(balcony ...)
o)



Solid Geometry

Impossible Variations

(defun building (... balcony ...)

(balcony ...)
o)
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Definition
A function that receives or returns functions
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Definition
A function that receives or returns functions
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Definition
A function that receives or returns functions
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Higher Order Functions

Definition
A function that receives or returns functions

Example
“~ ... _Jo, ifm >mn
i:sz(Z) B {33m + > i1 f(i), otherwise.
d flz+A) - fl@)

—f(z) = f'(z) = Dy f(z) = lim

dx Ap—0 A,



Parametric Curves

Catenary

X
y = a cosh =
a



Parametric Curves

Catenary

T
y =acosh ™
a




Parametric Curves

Catenary

X
y = acosh =
a
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Parametric Surfaces

Mobius Strip

(defun moebius-strip (u0 ul m vO vl n)
(parametric-surface

(lambda (u v)
(cyl (+ 1 (x v (cos (/ u 2.0))))
u

(x v (sin (/ u 2.0)))))
u0 ul m vO vl n))



Parametric Surfaces
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Mobius Strip




Parametric Surfaces

Tesselations
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Parametric Surfaces

Tesselations
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Parametric Surfaces

Tesselations
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Parametric Surfaces

Tesselations
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Parametric Surfaces

Tesselations
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Tesselations
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Parametric Surfaces

Tesselations
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Tesselations




Parametric Surfaces

Tesselations
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Parametric Surfaces

Tesselations

DA



Parametric Surfaces

Tesselations




Parametric Surfaces

Tesselations
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Parametric Surfaces

Tesselations

NSNS




Teaching

Evaluation

e Project
e Exam
e Mini tests



Teaching - Exam

Instituto Superior Téenico anc

aed

Programagio e Computacio
para Arquitectura - 2010/2011

Segundo Exame - 31/02/2011




Teaching - Exam




Teaching - Exam




Teaching - Exam
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Teaching - Project

Projecto de
Programagao e Computagao para Arquitectura
Turning Torso

14 de Feversio de 2008

1 Introdugio
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Practice

Different Goals

e Automation
e Generative Design
® Research

Common Needs

e CAD Application
e Programming Language



Practice

Alternatives

e ArchiCad
e GDL

e AutoCAD
e Visual Basic
o C++
e AutolLisp

e Rhino
e RhinoScript
e Grasshopper
e Python

® Microstation

e VBA
o C++
e Java



Practice

Alternatives

e ArchiCad
e GDL

e AutoCAD
e Visual Basic
o C++

e Autoli .
TR Incompatible

e Rhino
e RhinoScript
e Grasshopper
e Python

® Microstation

e VBA
o C++
e Java



Rosetta

Check Syntax Q, Debug @ Macro Stepper #'§ Run £ Stop @
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G Programming
m Environment

rr) p))))

e Editor
e Debugger
e Listener




Rosetta - Multiple Back-Ends

£ pokt- DrRacket [ £ Untited -

Hel File Edit

Pkt (Gefine . ytox Q, Debug @ M

#lang T

Determine language from source . 6042 5 WOefault Snap _ Ortho




Rosetta - Multiple Back-Ends

) pric - DiRacket

Fle Edit Lenguage
prkt> (define ) . oStepper #'§ Run £

Determine language from source .




Rosetta - Multiple Front-Ends

AutoCAD Architecture 20112 STUDENT VERSIONJE Dravingl g QL I =N e |

m Home _nsert _Annotate _Render _Solids _ Surface
Debug @ CheckSyntax Q. Run £ z 2 | Em
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Rosetta - Portability

) arabicys - DiRacket

File Edit View Lenguage JavaScript Insett Tabs Help
arabicjs .

Debug @ CheckSyrtax & Run £ Stop @

require ('ro
require ('"
backend ('

var myRules =

function interp

(str, p, rho, phi, dphi, r) {
for {

gth(); i++)

0l (p, rho, phi);

evaluate (move (p, sphere(r)))
evaluate 1 rPp(r, p0, pl));

interpretLSystem(new String(
eatApplyRules (myRules
ro, 1, 0, Math.PI/3,

JavaScript

File Edit Vie

lsystemkt~ (defne..) v

#lang racket
(provide

(define ru

(define r

(define (
(string
(map

Determine language from source v

Help

Check Syntax Q Debug @ Macro Stepps

(string
(string




Rosetta - Portability

0 arabicjs - DrRacket

s Hel
Debug @ Che x Run £ Stop @

rho, phi);




Rosetta - Interactiveness

€ cone-cross.id - DrRad STUDENT VERSIONR Drawingl dwg

Solids _Surface _Parametric

Language _Racket e Home _Insert _ Annotate _Render
v (define..)v Q. De Macro Stepper #§ Run & Stop 2

ket

rmine language from source v




Rosetta - Cross-CAD Applications
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Rosetta - Cross-CAD Applications

(backend "rhino")




Rosetta - Cross-CAD Applications

152 Uniited - Rhin

DEESTXDO~03

Perspective

(backend "rhino")

(define surf

(get-object "Select surface"))

DA



Rosetta - Cross-CAD Applications

Perspective

EESTXDO~N L

(backend "rhino")

(define surf

(get-object "Select surface"))

(backend "autocad")




Rosetta - Cross-CAD Applications

152 Uniited - Rhin

DEESTXDO~03

Perspective

(backend "rhino")

(define surf

(get-object "Select surface"))

(backend "autocad")

(truss-from-surface surf)

DA



Rosetta - Cross-CAD Applications

spective
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Rosetta - Cross-CAD Applications

Perspective

DeE85XD0-~ds
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true sense of the term... if he can't see at least ten
years ahead don't call him an architect

Frank Lloyd Wright
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Conclusion

The architect must be a prophet... a prophet in the
true sense of the term... if he can't see at least ten
years ahead don't call him an architect

Frank Lloyd Wright

Programming will be a fundamental tool for Architecture

Thank You

Questions?
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