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How do programmers think 
about user interfaces? 

What tools and techniques 
do they use to create user 
interfaces?
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Topics
Model-view-controller paradigm 

Direct manipulation 

User interface toolkits 

Building interfaces with ControlP5



Model-View-Controller 
(MVC)
A standard paradigm for describing the 
components of an interactive program.



Model: the underlying object or data 
being manipulated by the program. 

View: the means by which the model is 
communicated to the user. 

Controller: the means by which the user 
is able to manipulate the model.
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<?xml version="1.0" encoding="utf-8"?>
<!-- Generator: Adobe Illustrator 18.1.1, SVG Export Plug-In . SVG Version: 6.00 Build 0)  -->
<!DOCTYPE svg PUBLIC "-//W3C//DTD SVG 1.0//EN" "http://www.w3.org/TR/2001/REC-SVG-20010904/DTD/svg10.dtd">
<svg version="1.0" id="Layer_1" xmlns="http://www.w3.org/2000/svg" xmlns:xlink="http://www.w3.org/1999/xlink" x="0px" y="0px"

 width="960px" height="560px" viewBox="0 0 960 560" style="enable-background:new 0 0 960 560;" xml:space="preserve">
<rect x="248.6" y="96.9" style="fill:#FFFFFF;" width="435.5" height="254"/>
<rect x="362.5" y="271.2" style="fill:#FFFFFF;stroke:#000000;stroke-miterlimit:10;" width="137.1" height="66.9"/>
<text transform="matrix(1 0 0 1 385.5725 311.3098)" style="font-family:'Gotham-Bold'; font-size:24;">MODEL</text>
<rect x="259.9" y="107.5" style="fill:#FFFFFF;stroke:#000000;stroke-miterlimit:10;" width="125" height="66.9"/>
<text transform="matrix(1 0 0 1 287.795 147.6002)" style="font-family:'Gotham-Bold'; font-size:24;">VIEW</text>
<rect x="464.8" y="107.5" style="fill:#FFFFFF;stroke:#000000;stroke-miterlimit:10;" width="208.3" height="66.9"/>
<text transform="matrix(1 0 0 1 482.1842 147.6002)" style="font-family:'Gotham-Bold'; font-size:24;">CONTROLLER</text>
<g>

<g>
<line style="fill:none;stroke:#000000;stroke-miterlimit:10;" x1="339.1" y1="185" x2="419.5" y2="265.5"/>
<g>

<polygon points="334.1,180 338.2,189.9 339.4,185.3 344,184.1 "/>
</g>

</g>
</g>
<g>

<g>
<line style="fill:none;stroke:#000000;stroke-miterlimit:10;" x1="458" y1="261.7" x2="555.8" y2="180"/>
<g>

<polygon points="452.6,266.3 462.9,263 458.4,261.4 457.6,256.8 "/>
</g>

</g>
</g>
</svg>



color the_colour; 

void setup() 
{ 
  size( 200, 200 ); 
} 

void draw() 
{ 
  background( the_colour ); 
} 

void mouseMoved() 
{ 
  float r = map( mouseX, 0, width, 0, 255 ); 
  float g = map( mouseY, 0, height, 0, 255 ); 
  the_colour = color( r, g, 0 ); 
}
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color the_colour; 

void setup() 
{ 
  size( 200, 200 ); 
} 

void draw() 
{ 
  background( the_colour ); 
} 

void mouseMoved() 
{ 
  float r = map( mouseX, 0, width, 0, 255 ); 
  float g = map( mouseY, 0, height, 0, 255 ); 
  the_colour = color( r, g, 0 ); 
}
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Direct Manipulation
The controller is coupled to the view (or 
equal to the view) 

Interaction is continuous and incremental.





Cloudlands: VR Minigolf





Handles



Hit Testing
Every on-screen element that can be 
manipulated needs a hit test—a way to 
determine if the mouse is over that 
element.



ellipse( cx, cy, 2 * rad, 2 * rad );

Draw a circle with centre (cx, cy) and 
radius rad.



ellipse( cx, cy, 2 * rad, 2 * rad );

if ( dist( mouseX, mouseY, cx, cy ) <= rad ) {
  ...
}

Hit test for the same circle.



ellipse( cx, cy, 2 * rad, 2 * rad );

if ( dist( mouseX, mouseY, cx, cy ) <= rad ) {
  ...
}

rect( ax, ay, w, w );

if ( (mouseX >= ax) && (mouseX <= (ax+w))
  && (mouseY >= ay) && (mouseY <= (ay+w)) ) {
  ...
}



Direct Manipulation 
and classes
class InteractiveThingy 
{ 
  // Fields (i.e., part of the Model) 
   
  void drawSelf() 
  {  
    // Draw this object in the sketch (View) 
  } 
   
  boolean hitTest( float x, float y ) 
  { 
    // Is point (x,y) inside this object? (Controller) 
  } 
}



boolean active; 

void mousePressed() 
{ 
  float d = dist( cx, cy, mouseX, mouseY ); 
  if ( d < rad ) { 
    active = true; 
  } 
} 

void mouseDragged() 
{ 
  if ( active ) { 
    cx = mouseX; 
    cy = mouseY; 
  } 
} 

void mouseReleased() 
{ 
  active = false; 
}

Handling events
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Are we dragging the circle?
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boolean active; 

void mousePressed() 
{ 
  float d = dist( cx, cy, mouseX, mouseY ); 
  if ( d < rad ) { 
    active = true; 
  } 
} 

void mouseDragged() 
{ 
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    cx = mouseX; 
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Handling events
Are we dragging the circle?

Hit test

Controller updates the model



boolean active; 

void mousePressed() 
{ 
  float d = dist( cx, cy, mouseX, mouseY ); 
  if ( d < rad ) { 
    active = true; 
  } 
} 

void mouseDragged() 
{ 
  if ( active ) { 
    cx += mouseX - pmouseX; 
    cy += mouseY - pmouseY; 
  } 
} 

void mouseReleased() 
{ 
  active = false; 
}

Handling events



If we have an interface with multiple elements, we 
need a way to keep track of which one was hit.
boolean circle_active = false; 
boolean square_active = false; 

void draw() 
{ 
  drawCircle( ... ); 
  drawSquare( ... ); 
} 

void mousePressed() 
{ 
  circle_active = false; 
  square_active = false; 

  if( hitTestCircle( ... ) ) { 
    circle_active = true; 
  } else if( hitTestSquare( ... ) ) { 
    square_active = true; 
  } 
}



If we have an interface with multiple elements, we 
need a way to keep track of which one was hit.
boolean circle_active = false; 
boolean square_active = false; 

void draw() 
{ 
  drawSquare( ... ); 
  drawCircle( ... ); 
} 

void mousePressed() 
{ 
  circle_active = false; 
  square_active = false; 

  if( hitTestCircle( ... ) ) { 
    circle_active = true; 
  } else if( hitTestSquare( ... ) ) { 
    square_active = true; 
  } 
}



If we have an interface with multiple elements, we 
need a way to keep track of which one was hit.
Circle[] some_circles; 
int active = -1; 

void draw() 
{ 
  for( int idx = 0; idx < some_circles.length; ++idx ) { 
    drawCircle( some_circles[idx] ); 
  } 
} 

void mousePressed() 
{ 
  active = -1; 
  for( int idx = some_circles.length - 1; idx >= 0; --idx ) { 
    if( hitTest( some_circles[idx] ) ) { 
      active = idx; 
      return; 
    } 
  } 
}



Small handles



Small handles



Complex shapes
How can we hit test a 
shape with a complicated 
boundary?



Proxy geometry



Selection buffer



Direct manipulation 
notes
Shift objects using mouseX-pmouseX and 
mouseY-pmouseY, don’t “teleport” them. 

Draw objects from back-to-front, hit test 
them from front-to-back. 

Make hit test region usable, regardless of 
how it’s drawn.



Toolkits
Some interactions are so canonical that it 
makes sense to invent standardized 
“widgets” to handle them. 

Perform an action: Button 
Set a continuous value: Slider 
Enter text: Text field 

Classes and objects are perfect for this!



GTK



iOS



ControlP5



import controlP5.*; 

ControlP5 ui; 

void setup() 
{ 
  size( 500, 500 ); 
   
  ui = new ControlP5( this ); 
}

Minimal ControlP5
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import controlP5.*; 

ControlP5 ui; 

void setup() 
{ 
  size( 500, 500 ); 
   
  ui = new ControlP5( this ); 
}

Minimal ControlP5
Import directive

Global “factory object”

Initialize the library, “build 
the factory”



import controlP5.*; 

ControlP5 ui; 

void setup() 
{ 
  size( 500, 500 ); 
   
  ui = new ControlP5( this ); 
  ui.addButton( "Hello!" ); 
} 

void draw() 
{}

Minimal ControlP5



import controlP5.*; 

ControlP5 ui; 

void setup() 
{ 
  size( 500, 500 ); 
   
  ui = new ControlP5( this ); 
  ui.addButton( "Hello!" ); 
} 

void draw() 
{}

Minimal ControlP5

Add a widget



void setup() 
{ 
  size( 500, 500 ); 
   
  ui = new ControlP5( this ); 
   
  Button hello = ui.addButton( "Hello!" ); 
  hello.setPosition( 200, 200 ); 
  hello.setSize( 120, 60 ); 
}



void setup() 
{ 
  size( 500, 500 ); 
   
  ui = new ControlP5( this ); 
   
  Button hello = ui.addButton( "Hello!" ); 
  hello.setPosition( 200, 200 ); 
  hello.setSize( 120, 60 ); 
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Hold on to an object that 
represents the button



void setup() 
{ 
  size( 500, 500 ); 
   
  ui = new ControlP5( this ); 
   
  Button hello = ui.addButton( "Hello!" ); 
  hello.setPosition( 200, 200 ); 
  hello.setSize( 120, 60 ); 
}

Set some of the button’s properties



void setup() 
{ 
  size( 500, 500 ); 
   
  ui = new ControlP5( this ); 
   
  Button hello = ui.addButton( "Hello!" ) 
    .setPosition( 200, 200 ); 
    .setSize( 120, 60 ); 
}



class Point 
{ 
  float x; 
  float y; 
   
  Point( float xIn, float yIn ) { 
    x = xIn; 
    y = yIn; 
  } 
   
  Point setX( float xIn ) { 
    x = xIn; 
    return this; 
  } 
}



void setup() 
{ 
  size( 500, 500 ); 
   
  ui = new ControlP5( this ); 
  ui.setFont( createFont( "Gotham-Bold", 24 ) ); 
   
  Button hello = ui.addButton( "Hello!" ) 
    .setPosition( 200, 200 ); 
    .setSize( 120, 60 ); 
}



Handling UI events
How do we discover when a button was 
pressed, and what can we do when that 
happens? 

ControlP5 defines a new hook, 
controlEvent().



void setup() 
{ 
  size( 500, 500 ); 
   
  ui = new ControlP5( this ); 
  ui.setFont( createFont( "Gotham-Bold", 24 ) ); 
   
  Button hello = ui.addButton( "Hello!" ) 
    .setPosition( 200, 200 ); 
    .setSize( 120, 60 ); 
} 

void controlEvent( ControlEvent ce ) 
{ 
  println( "Something happened!" ); 
}



void setup() 
{ 
  size( 500, 500 ); 
   
  ui = new ControlP5( this ); 
  ui.setFont( createFont( "Gotham-Bold", 24 ) ); 
   
  Button hello = ui.addButton( "Hello!" ) 
    .setPosition( 200, 200 ); 
    .setSize( 120, 60 ); 
} 

void controlEvent( ControlEvent ce ) 
{ 
  println( "Something happened!" ); 
}

Name of the hook



void setup() 
{ 
  size( 500, 500 ); 
   
  ui = new ControlP5( this ); 
  ui.setFont( createFont( "Gotham-Bold", 24 ) ); 
   
  Button hello = ui.addButton( "Hello!" ) 
    .setPosition( 200, 200 ); 
    .setSize( 120, 60 ); 
} 

void controlEvent( ControlEvent ce ) 
{ 
  println( "Something happened!" ); 
}

Information about the event



import controlP5.*; 

ControlP5 ui; 

Button b1; 
Button b2; 

void setup() 
{ 
  size( 500, 500 ); 
   
  ui = new ControlP5( this ); 
   
  b1 = ui.addButton( "One" ); 
  b2 = ui.addButton( "Two" ); 
}

void draw() 
{} 

void controlEvent( ControlEvent ce ) 
{ 
  if( ce.isFrom( b1 ) ) { 
    println( "One" ); 
  } else if( ce.isFrom( b2 ) ) { 
    println( "Two" ); 
  } 
}







Direct manipulation and a 
toolkit can co-exist in one 
interface.



Kinect

NASA / Jet propulsion laboratory



Eye tracking



Myo Armband

Thalmic Labs



On-world interfaces


