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CAAD
10 years
100 experiments
6 spin  offs

the next LEVEL
institute for applied virtuality 
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serious
story telling

Ludger Hovestadt

ETH Zürich 
Departement Architecture DARCH

Institute for Technology in Architecture ITA
Computer Aided Architectural Design CAAD

digitalSTROM alliance
laboratory for applied virtuality
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the APOLLO 
story 1969
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the GOOGLE 
story 2009
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270

Applied Virtuality

an international, as well as an interdisciplinary discourse on the questions we 
have formulated. With our backgrounds, we can formulate a specific viewpoint: 
We want to confidently open up new channels of communication and find an 
international audience for our ideas.
 
Well, those were the first eight years of my professorship at the ETH in Zurich.  
I hope that we have piqued your interest. We are looking forward to the next 
eight years and to the new, open fields of investigation spreading out before us!
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fritz haller
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manier
&manie

bruno schindler

Gustav René Hocke : Die 
Welt als Labyrinth, Manier 
und Manie in der 
europäischen Kunst, 1957
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d. libeskind, st. gallen, 2005
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This tree-like supporting structure by the architect 
Dominique Perrault for a metrostation in Naples could 
not be stabilized using manual methods.

The sequence shows the improving stability of a tree-
like supporting structure using a genetic algorithm.  
In the original design (top left), elements at the edge 
of the node-column supporting structure (shown in 
white) deflected unacceptably under load (shown in 
yellow). The result (below right) shows that with only a 
minimum displacement of the nodes (in other words,  
by hardly changing the design) deflection over a span 
of 50 m was lowered to acceptable limits.

Diese baumartige Tragstruktur des Architekten  
Dominique Perrault für eine Metrostation in Neapel  
ist mit manuellen Methoden nicht zu stabilisieren.

Die Sequenz zeigt die Verbesserung der Stabilität 
einer baumartigen Tragstruktur durch einen evolutio- 
nären Algorithmus. Beim ursprünglichen Design  
(oben links) bewegten sich die Elemente des Knoten-
Stab-Tragewerkes (weiß dargestellt) am Rand unter 
Last (gelb dargestellt) unzulässig stark. Das Ergebnis 
(unten rechts) zeigt, dass nur durch das minimale 
Verschieben der Knoten, d.h. bei fast gleichem Design 
(weiß), die Bewegung unter Last bei einer Spannweite 
von 50 Metern unter das erforderliche Maß reduziert 
werden konnte.
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d’archy wentworth thompson
über wachstum und form, 1917
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d. libeskind, st. gallen, 2005
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void setup () {
//kontext
  size (800, 800);
  background(240);
  smooth ();
  
  int d = 4;
  color c = color (0, 0, 0);
  scale(2);
  translate (200, 350);
  rotate (-PI/2);
  hLine (100, 8, d, c);
  translate (0, 50);
  hLine (80, 7, d, c);
  translate (0, -100);
  hLine (60, 6, d, c);
  redraw();
}

void hLine (float l, int i, int d, color c) {
  pushMatrix();
  strokeWeight(d);
  l=l;
  run (l);
  translate (l, 0);
  pushMatrix();
  float verzweig = 1.3 + random(.4);
  rotate (random(PI/4));
  if (i > 0) hLine (l/verzweig, i-1, d/2, c);
  popMatrix();
  rotate (-random(PI/4));
  if (i > 0) hLine (l/verzweig, i-1, d/2, c);
  popMatrix();
}

void run (float x) {
  line (0, 0, x, 0);
}

EVERY
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Der wachsenden gesellschaftlichen Komplexität entspricht eine reiche Palette 
von parametrischen Entwurfstechniken ...
In der jüngeren Avantgarde-Architektur hat sich mit dem „Parametrismus“ eine 
global wirksame Tendenz herausgebildet, die in Anlehnung an Philip Johnsons 
Branding der architektonischen Moderne als der neue „International Style“ der 
zeitgenössischen Architektur begriffen werden könnte. 
Seine Protagonisten sehen mit der neuen Hochphase systematischer 
Innovationen eine wirkliche Nach-Moderne heraufziehen. Der Stil wurzelt in 
digitalen Animationstechniken; seine neuesten Verfeinerungen basieren auf 
hochentwickelten parametrischen Entwurfssystemen und Scripting-Techniken. 
Nach einer fünfzehnjährigen Inkubationszeit wird nun der 
Hegemonialanspruch des Parametrismus sichtbar. Der neue Stil beansprucht 
Anwendbarkeit auf allen Entwurfsebenen, von der Innenarchitektur bis hin 
zur groß angelegten Stadtplanung ...
Die Ästhetik des Parametrismus ist gekennzeichnet durch die Eleganz 
geordneter Komplexität und den Eindruck nahtloser Fluidität – Eigenschaften, 
die auch in natürlichen Systemen vorkommen. [Patrik Schumacher (AA London, Zaha Hadid 
Architects) Parametricism  -  A New Global Style for Architecture and Urban Design, 2009]
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another simple story about 
EVERY 

geometry
6.2. MORE BUILDING RECONSTRUCTIONS 71

p1: facade(orientation)

↔ orientation == front

"−→ [(z,9,2,6,1,6,1r,1,9,2) floor(0) | ledge | ||(3)

floor(1) | ledge | ||(3) floor(1) | ledge | ||(3)

floor(2) | ledge ]

p2: floor(ft)

↔ ft == 2

"−→ [(x,0.7,1r,2.5,3.6,2.5,1r,0.7) wall | ||(3) tile(3) |

tile(1) | tile(2) | tile(1) | ||(3) tile(3) | wall ]

p3: floor(ft)

↔ ft == 1

"−→ [(x,0.7,1r,2.5,3.6,2.5,1r,0.7) wall | ||(3) tile(3) |

tile(1) | tile(1) | tile(1) | ||(3) tile(3) | wall ]

p4: floor(ft)

↔ ft == 0

"−→ [(x,0.7,1r,2.5,3.6,2.5,1r,0.7) wall | ||(3) entry |

entry | entry | entry | ||(3) entry | wall ]

p5: tile(n)

"−→ [(y,0.8,2,1r) | wall | win(n) | wall ]

p6: win(n)

↔ n == 1

"−→ S(1r,0.4,1r) [(x,0.7,1r,0.7) wall | I("window") | wall ]

p7: win(n)

↔ n == 2

"−→ S(1r,0.4,1r) [(x,0.9,1r,0.9) wall | ||(1.3) I("window")

| wall ]

p8: win(n)

↔ n == 3

"−→ S(1r,0.4,1r) [(x,0.7,1r,0.7) wall | ||(0.8) I("window")

| wall ]

p9: entry

"−→ S(1r,1,1r) T(0,-0.5,0) [(x,0.9,1r,0.9) | wall |

I("door") | wall ]

p10: ledge

"−→ S(1r,1,1r) T(0,-1,0) I("ledge")

p11: wall

"−→ I("quad")

Grammar 6.1: Excerpt of the Candler Building Grammar.

70 CHAPTER 6. RESULTS & EXAMPLES

Figure 6.4: The Candler building in Atlanta, Georgia.

which were "at all times under the charge of a thoroughly competent engineer";
a barbershop; and what were said to be the "finest baths in America," located
in the first basement of the building. Duplicate air-cooling and electric systems
were installed to reduce the chance of a total systems failure, and a building-wide
"vacuum air-cleaning device" was installed. The triangular building had entrances
on all three sides; the largest and most elaborate of these was on the Houston
Street side and provided access to the Central Bank and Trust Corporation, which
Candler organized in 1906 to occupy the lobby floor of his new skyscraper. [4]

The production rules (see below) for the front facade will be used as an illustration
for facade modeling. The first rule p1 splits the building into ledges (ledges) and
floors (floor(x)). The decomposition into floors is possible for most facades (see
section 3 for decomposition considerations). The floors are further broken down into
elements we call tiles (rules p2 - p4). Subsequent rules split the tiles horizontally
into wall and window elements (p5) and split window elements vertically in different
sizes (p6 - p8). The rules for entry (p9), ledge (p10) and wall (p11) complete the
design.

The Candler Building was chosen as an example for its shape, and its representation
as a typical company’s headquarter building, with a high recognition factor.
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the GAP and the phantastic vector
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Flock flock;

void setup() {
  size(1024,307);
  colorMode(RGB,255,255,255,100);
  flock = new Flock();

  // Add an initial set of boids into the system
  for (int i = 0; i < 300; i++) {
    flock.addBoid(new Boid(new Vector3D(width/2,height/2),2.0f,0.05f));
  }
  smooth();
}

void draw() {

  background(100);
  flock.run();
}

// Add a new boid into the System
void mousePressed() {
  flock.addBoid(new Boid(new Vector3D(mouseX,mouseY),2.0f,0.05f));
}

class Flock {
  ArrayList boids; // An arraylist for all the boids

  Flock() {
    boids = new ArrayList(); // Initialize the arraylist
  }

  void run() {
    for (int i = 0; i < boids.size(); i++) {
      Boid b = (Boid) boids.get(i);  
      b.run(boids);  // Passing the entire list of boids to each boid individually
    }
  }

  void addBoid(Boid b) {
    boids.add(b);
  }

}

class Boid {

  Vector3D loc;
  Vector3D vel;
  Vector3D acc;
  float r;
  float maxforce;    // Maximum steering force
  float maxspeed;    // Maximum speed

  Boid(Vector3D l, float ms, float mf) {
    acc = new Vector3D(0,0);
    vel = new Vector3D(random(-1,1),random(-1,1));
    loc = l.copy();
    r = 2.0f;
    maxspeed = ms;
    maxforce = mf;
  }
  
  void run(ArrayList boids) {
    flock(boids);
    update();
    borders();
    render();
  }

  // We accumulate a new acceleration each time based on three rules
  void flock(ArrayList boids) {
    Vector3D sep = separate(boids);   // Separation
    Vector3D ali = align(boids);      // Alignment
    Vector3D coh = cohesion(boids);   // Cohesion
    // Arbitrarily weight these forces
    sep.mult(2.0f);
    ali.mult(1.0f);
    coh.mult(1.0f);
    // Add the force vectors to acceleration
    acc.add(sep);
    acc.add(ali);
    acc.add(coh);
  }
  
  // Method to update location
  void update() {
    // Update velocity
    vel.add(acc);
    // Limit speed
    vel.limit(maxspeed);
    loc.add(vel);
    // Reset accelertion to 0 each cycle
    acc.setXYZ(0,0,0);
  }

  void seek(Vector3D target) {
    acc.add(steer(target,false));
  }
 
  void arrive(Vector3D target) {
    acc.add(steer(target,true));
  }

  // A method that calculates a steering vector towards a target
  // Takes a second argument, if true, it slows down as it approaches the target
  Vector3D steer(Vector3D target, boolean slowdown) {
    Vector3D steer;  // The steering vector
    Vector3D desired = target.sub(target,loc);  // A vector pointing from the location to the target
    float d = desired.magnitude(); // Distance from the target is the magnitude of the vector
    // If the distance is greater than 0, calc steering (otherwise return zero vector)
    if (d > 0) {
      // Normalize desired
      desired.normalize();
      // Two options for desired vector magnitude (1 -- based on distance, 2 -- maxspeed)
      if ((slowdown) && (d < 100.0f)) desired.mult(maxspeed*(d/100.0f)); // This damping is somewhat arbitrary
      else desired.mult(maxspeed);
      // Steering = Desired minus Velocity
      steer = target.sub(desired,vel);
      steer.limit(maxforce);  // Limit to maximum steering force
    } else {
      steer = new Vector3D(0,0);
    }
    return steer;
  }
  
  void render() {
    // Draw a triangle rotated in the direction of velocity
    float theta = vel.heading2D() + radians(90);
    fill(200);
    stroke(255);
    pushMatrix();
    translate(loc.x,loc.y);
    rotate(theta);
    beginShape(TRIANGLES);
    vertex(0, -r*2);
    vertex(-r, r*2);
    vertex(r, r*2);
    endShape();
    popMatrix();
  }
  
  // Wraparound
  void borders() {
    if (loc.x < -r) loc.x = width+r;
    if (loc.y < -r) loc.y = height+r;
    if (loc.x > width+r) loc.x = -r;
    if (loc.y > height+r) loc.y = -r;
  }

  // Separation
  // Method checks for nearby boids and steers away
  Vector3D separate (ArrayList boids) {
    float desiredseparation = 25.0f;
    Vector3D sum = new Vector3D(0,0,0);
    int count = 0;
    // For every boid in the system, check if it's too close
    for (int i = 0 ; i < boids.size(); i++) {
      Boid other = (Boid) boids.get(i);
      float d = loc.distance(loc,other.loc);
      // If the distance is greater than 0 and less than an arbitrary amount (0 when you are yourself)
      if ((d > 0) && (d < desiredseparation)) {
        // Calculate vector pointing away from neighbor
        Vector3D diff = loc.sub(loc,other.loc);
        diff.normalize();
        diff.div(d);        // Weight by distance
        sum.add(diff);
        count++;            // Keep track of how many
      }
    }
    // Average -- divide by how many
    if (count > 0) {
      sum.div((float)count);
    }
    return sum;
  }
  
  // Alignment
  // For every nearby boid in the system, calculate the average velocity
  Vector3D align (ArrayList boids) {
    float neighbordist = 50.0f;
    Vector3D sum = new Vector3D(0,0,0);
    int count = 0;
    for (int i = 0 ; i < boids.size(); i++) {
      Boid other = (Boid) boids.get(i);
      float d = loc.distance(loc,other.loc);
      if ((d > 0) && (d < neighbordist)) {
        sum.add(other.vel);
        count++;
      }
    }
    if (count > 0) {
      sum.div((float)count);
      sum.limit(maxforce);
    }
    return sum;
  }

  // Cohesion
  // For the average location (i.e. center) of all nearby boids, calculate steering vector towards that location
  Vector3D cohesion (ArrayList boids) {
    float neighbordist = 50.0f;
    Vector3D sum = new Vector3D(0,0,0);   // Start with empty vector to accumulate all locations
    int count = 0;
    for (int i = 0 ; i < boids.size(); i++) {
      Boid other = (Boid) boids.get(i);
      float d = loc.distance(loc,other.loc);
      if ((d > 0) && (d < neighbordist)) {
        sum.add(other.loc); // Add location
        count++;
      }
    }
    if (count > 0) {
      sum.div((float)count);
      return steer(sum,false);  // Steer towards the location
    }
    return sum;
  }
}

// Simple Vector3D Class 

static class Vector3D {
  float x;
  float y;
  float z;

  Vector3D(float x_, float y_, float z_) {
    x = x_; y = y_; z = z_;
  }

  Vector3D(float x_, float y_) {
    x = x_; y = y_; z = 0f;
  }
  
  Vector3D() {
    x = 0f; y = 0f; z = 0f;
  }

  void setX(float x_) {
    x = x_;
  }

  void setY(float y_) {
    y = y_;
  }

  void setZ(float z_) {
    z = z_;
  }
  
  void setXY(float x_, float y_) {
    x = x_;
    y = y_;
  }
  
  void setXYZ(float x_, float y_, float z_) {
    x = x_;
    y = y_;
    z = z_;
  }

  void setXYZ(Vector3D v) {
    x = v.x;
    y = v.y;
    z = v.z;
  }
  
  float magnitude() {
    return (float) Math.sqrt(x*x + y*y + z*z);
  }

  Vector3D copy() {
    return new Vector3D(x,y,z);
  }

  Vector3D copy(Vector3D v) {
    return new Vector3D(v.x, v.y,v.z);
  }
  
  void add(Vector3D v) {
    x += v.x;
    y += v.y;
    z += v.z;
  }

  void sub(Vector3D v) {
    x -= v.x;
    y -= v.y;
    z -= v.z;
  }

  void mult(float n) {
    x *= n;
    y *= n;
    z *= n;
  }

  void div(float n) {
    x /= n;
    y /= n;
    z /= n;
  }

  void normalize() {
    float m = magnitude();
    if (m > 0) {
       div(m);
    }
  }

  void limit(float max) {
    if (magnitude() > max) {
      normalize();
      mult(max);
    }
  }

  float heading2D() {
    float angle = (float) Math.atan2(-y, x);
    return -1*angle;
  }

  Vector3D add(Vector3D v1, Vector3D v2) {
    Vector3D v = new Vector3D(v1.x + v2.x,v1.y + v2.y, v1.z + v2.z);
    return v;
  }

  Vector3D sub(Vector3D v1, Vector3D v2) {
    Vector3D v = new Vector3D(v1.x - v2.x,v1.y - v2.y,v1.z - v2.z);
    return v;
  }

  Vector3D div(Vector3D v1, float n) {
    Vector3D v = new Vector3D(v1.x/n,v1.y/n,v1.z/n);
    return v;
  }

  Vector3D mult(Vector3D v1, float n) {
    Vector3D v = new Vector3D(v1.x*n,v1.y*n,v1.z*n);
    return v;
  }

  float distance (Vector3D v1, Vector3D v2) {
    float dx = v1.x - v2.x;
    float dy = v1.y - v2.y;
    float dz = v1.z - v2.z;
    return (float) Math.sqrt(dx*dx + dy*dy + dz*dz);
  }

}
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Frei Otto / München
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CRYSTAL : 
undirected 
quantitative growth
FLORA : excentric 
quantitative growth
FAUNA : concentric 
qualitative growth

growth
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pure SYMBOLICS
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STROM is the potential of energy
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mobile phone

good stories 

5 out of 7 bn in 10 years
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photovoltaic

good stories 

160'000 km2 are enough
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