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- interfaces are defined by: 

- appearance (relatively easy) 

- behavior (relatively difficult) 

- reaction to user input (& other events) 

- controls usability & accessibility 

- sum of interactive behaviors
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interactive behaviors
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TinderMailbox

interactive behaviors
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a natural model for defining 
interactive behaviors
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Google Maps

interactive behaviors



- reactive in nature 

- react to user events, timer 
events, etc. 

- execution order (control flow) 
depends on external inputs
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gui programming



- most common paradigm for defining 
interactive behaviors 

- specify what actions to take in 
reaction to events with callbacks
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event-callback



function mmove() { 
// … 

}

on mouse move:

function mdown() { 
// … 

}

on mouse down:

function mup() { 
// … 

}

on mouse up:

function dblclick() { 
// … 

}

on double click:

event-callback
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function mmove() { 
// … 

}

function mdown() { 
// … 

}

function mup() { 
// … 

}

function dblclick() { 
// … 

}

event-callback

isEnabled
isActive
isMoving

state variables:



- leads to error-prone code 

- behaviors involve many 
callbacks 

- complex control flow for 
behaviors

13 [Letondal 2010, Myers 1991]

event-callback
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Xcode



Cats
Dogs
Squirrels
Llamas

Select your favorite:
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Cats
Dogs
Squirrels
Llamas

Select your favorite:
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a natural model for defining 
interactive behaviors
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a natural model for defining 
interactive behaviors

combines states and constraints



19 [SY Park 2008, Ozenc 2010]

principles: 

- human-centric 

- guided by: 

- non-programmers’ 
descriptions of behaviors 

- workshops with interaction 
designers

a natural model for defining 
interactive behaviors
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- “when the toolbar is docked, it is 
displayed above the workspace” 

- “when the toolbar is being 
dragged, it follows the mouse”
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- “when the toolbar is docked, it is 
displayed above the workspace” 

- “when the toolbar is being 
dragged, it follows the mouse”



constraint
a relationship that is declared once and 
automatically maintained
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A abFormat Font Size

constraint
a relationship that is declared once and 
automatically maintained 

“the toolbar is displayed above the workspace”



constraint
a relationship that is declared once and 
automatically maintained 

“the toolbar is displayed above the workspace” 

toolbar.x <= workspace.x 
toolbar.y <= workspace.y - toolbar.height
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constraint
a relationship that is declared once and 
automatically maintained 

can produce clearer code by reducing the 
burden of maintaining relationships 

…but not expressive enough for many 
nuanced behaviors



26 [Meyerovich, 2009, angularjs.org]

constraint
a relationship that is declared once and 
automatically maintained 

libraries for imperative (“traditional”) 
languages 

e.g. FlapJax, Angular 

used for data bindings and specifying layout



27

- “when the toolbar is docked, it is 
displayed above the workspace” 

- “when the toolbar is being 
dragged, it follows the mouse”
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- “when the toolbar is docked, it is 
displayed above the workspace” 

- “when the toolbar is being 
dragged, it follows the mouse”



state
the status of an interface at a 
given moment, often controls 
appearance & behavior

29 [Letondal 2010, Samek 2003]



state machines
track an interface’s state & when it 
transitions between states 
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state machines
track an interface’s state & when it 
transitions between states 
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not_underlined

U

(clicking adds 
underline)

state machines
track an interface’s state & when it 
transitions between states 
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not_underlined

U

(clicking adds 
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state machines
track an interface’s state & when it 
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U
not_underlined

U
underlined

(clicking adds 
underline)

(remove underline 
when clicked)

state machines
track an interface’s state & when it 
transitions between states 
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state machines
track an interface’s state & when it 
transitions between states 

U
not_underlined

U
underlined

(clicking adds 
underline)

(remove underline 
when clicked)
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underlined

U
disabled

(remove underline 
when clicked)

(do nothing 
 when clicked)

U

state machines
track an interface’s state & when it 
transitions between states 

U
not_underlined

(clicking adds 
underline)



state machines
track an interface’s state & when it 
transitions between states 
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state machines
track an interface’s state & when it 
transitions between states 
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state machines
track an interface’s state & when it 
transitions between states 
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disabled
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click

click



state machines
track an interface’s state & when it 
transitions between states 
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U
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U
disabled

U
clickno selection

clicktext selected



state
- GUIs are state-oriented 

- appearance & behavior 

- libraries for imperative 
languages (C, Java, JavaScript, 
etc.) 

- e.g. SwingStates, SproutCore

41

[Letondal 2010, Samek 2003, 
Apperat 2008, sproutcore.com]
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constraint
state- “when the toolbar is docked, it is 

displayed above the workspace” 

- “when the toolbar is being 
dragged, it follows the mouse”
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- “when the toolbar is docked, it is 
displayed above the workspace” 

- “when the toolbar is being 
dragged, it follows the mouse”

when		 (state) 
then	 	 (constraints)

constraint
state



thesis statement
development tools combining 
constraints with state can express 
many nuanced interactive behaviors 
more clearly than event-callback code



outline
- ConstraintJS (JavaScript library) 

- InterState (interactive editor) 

- user evaluation 

- multi-touch primitives 

- conclusion

45 [Oney UIST 2012, Oney UIST 2014]



[Oney UIST 2012]

- integrates constraints & states 
on Web 

- integrates with HTML & CSS 
syntaxes 

- efficient implementation

46http://cjs.from.so/

ConstraintJS Contributions

http://cjs.from.so/
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constraint types
one-way: a<=b+1 

solves for a 

multi-way: a<=>b+1 

solves for a or b 
uses hierarchy (difficult to 
control)

54 [Vander Zanden 1994]



idle dragging
mousedown

55

mouseup
fsm =

state machine (for every point)
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 view_x = cjs(fsm, { 
                        idle: 
                        model_x,      dragging: 
                                      cjs.mouse.x 
}); 

model_x = cjs(fsm, { 
                init: 
                datum.x,              dragging: 
                                      view_x 
});

fsm = idle dragging
mousedown

mouseup
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asynchronous values
- indeterminate wait before return 

- can greatly increase complexity 
of imperative code 

- control timing 

- propagation of values

62
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asynchronous values

pending

resolved

rejected

timeout

retry

su
cc

ess

re
fre

sh

error
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pending:  "loading.gif" 

Keith Malcom

pending

resolved

rejected

timeout

retry

su
cc
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re
fre

sh

error

asynchronous values



pending:  "loading.gif", 
rejected: "error.gif" 
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Keith Malcom
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pending:  "loading.gif", 
rejected: "error.gif"  , 
resolved: {{ picture }}

67
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asynchronous values



 1 friends = cjs.async(fb_request("/me/friends")); 
 2 pics    = friends.map(function(friend) { 
 3               return cjs.async(fb_request( "/" + friend.id 
 4                                                + "/picture")); 
 5           }); 
 6 
 7 //... 
 8 
 9 {{#diagram friends.state}} 
10    {{#state pending }} Loading friends... 
11    {{#state rejected}} Error 
12    {{#state resolved}} 
13       {{#each friends friend i}} 
14          {{#diagram pics[i].state}} 
15             {{#state pending }} <img src = "loading.gif" /> 
16             {{#state resolved}} <img src = "{{pics[i]}}" />  
17             {{#state rejected}} <img src = "error.gif"   /> 
18          {{/diagram}} 
19          {{friend.name}} 
20       {{/each}} 
21 {{/diagram}} 
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 1 friends = cjs.async(fb_request("/me/friends")); 
 2 pics    = friends.map(function(friend) { 
 3               return cjs.async(fb_request("/" + friend.id 
 4                                               + “/picture")); 
 5           }); 
 6 
 7 // Reviewer’s code below:
  8 load_friends = (selector) ->  
  9      people = $(selector).text("Loading friends...")  
 10      FB.api "/me/friends", (answer) ->  
 11         if friends=answer.data  
 12            for friend in friends  
 13               people.append $("<div>#{friend.name}</div>")  
 14                     .prepend(img=$('<img/>'))  
 15               img.attr "src", "loading.gif"  
 16               FB.api "/#{friend.id}/picture", (answer) ->  
 17                  if picture=answer.data  
 18                     img.attr "src", picture  
 19                  else  
 20                     img.attr "src", "error.gif"  
 21         else  
 22            friends.text("Error")
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http://cjs.from.so/

http://cjs.from.so/
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CHI & UIST Interactive Web Programs



[Chang UIST 2014, Chang CHI 2015]

80

Gneiss (by Kerry Chang)



InterState

- visual notation and live editor 

- expressive and understandable

[Oney UIST 2014]81
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Computational Model 

- clear & concise 

- states & constraints 

InterState Contributions



Computational Model 

- clear & concise 

- states & constraints 

Visual Notation 

- suits computational 
model 

- states & constraints 
in grid

83

InterState Contributions
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var isDragLocked = false,  
    mm_listener  = function(mm_event) {  
        draggable.attr({ x: mm_ev.x, y: mm_ev.y }); 
    }, 
    mu_listener  = function(mu_event) {  
        removeEventListener("mousemove", mm_listener); 
        removeEventListener("mouseup",   mu_listener); 
    }; 
 
draggable.mousedown(function(md_ev) {  
    draggable.attr({ x: md_ev.x, y: md_ev.y }); 
    addEventListener("mousemove", mm_listener); 
    addEventListener("mouseup",   mu_listener); 
}).dblclick(function(md_event) {  
    if(isDragLocked) {  
        removeEventListener("mousemove", mm_listener); 
    } else {  
        addEventListener   ("mousemove", mm_listener); 
    } 
    isDragLocked = !isDragLocked; 
});

85



var isDragLocked = false,  
    mm_listener  = function(mm_event) {  
        draggable.attr({ x: mm_ev.x, y: mm_ev.y }); 
    }, 
    mu_listener  = function(mu_event) {  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    }; 
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    addEventListener("mousemove", mm_listener); 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}).dblclick(function(md_event) {  
    if(isDragLocked) {  
        removeEventListener("mousemove", mm_listener); 
    } else {  
        addEventListener   ("mousemove", mm_listener); 
    } 
    isDragLocked = !isDragLocked; 
});
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var isDragLocked = false,  
    mm_listener  = function(mm_event) {  
        draggable.attr({ x: mm_ev.x, y: mm_ev.y }); 
    }, 
    mu_listener  = function(mu_event) {  
        removeEventListener("mousemove", mm_listener); 
        removeEventListener("mouseup",   mu_listener); 
    }; 
 
draggable.mousedown(function(md_ev) {  
    draggable.attr({ x: md_ev.x, y: md_ev.y }); 
    addEventListener("mousemove", mm_listener); 
    addEventListener("mouseup",   mu_listener); 
}).dblclick(function(md_event) {  
    if(isDragLocked) {  
        removeEventListener("mousemove", mm_listener); 
    } else {  
        addEventListener   ("mousemove", mm_listener); 
    } 
    isDragLocked = !isDragLocked; 
});
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var isDragLocked = false,  
    mm_listener  = function(mm_event) {  
        draggable.attr({ x: mm_ev.x, y: mm_ev.y }); 
    }, 
    mu_listener  = function(mu_event) {  
        removeEventListener("mousemove", mm_listener); 
        removeEventListener("mouseup",   mu_listener); 
    }; 
 
draggable.mousedown(function(md_ev) {  
    draggable.attr({ x: md_ev.x, y: md_ev.y }); 
    addEventListener("mousemove", mm_listener); 
    addEventListener("mouseup",   mu_listener); 
}).dblclick(function(md_event) {  
    if(isDragLocked) {  
        removeEventListener("mousemove", mm_listener); 
    } else {  
        addEventListener   ("mousemove", mm_listener); 
    } 
    isDragLocked = !isDragLocked; 
});
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var isDragLocked = false,     
    mm_listener  = function(mm_ev) { 
        draggable.attr({ x: mm_ev.x, y: mm_ev.y }); 
    }, 
    mu_listener  = function(mu_event) {              
        if(!isDragLocked) {  
            removeEventListener("mousemove", mm_listener); 
            removeEventListener("mouseup",   mu_listener); 
        }  
    }; 
draggable.mousedown(function(md_ev) { 
    draggable.attr({ x: md_ev.x, y: md_ev.y }); 
    if(!isDragLocked) {  
        addEventListener("mousemove", mm_listener); 
        addEventListener("mouseup",   mu_listener); 
    }  
}).dblclick(function(md_event) { 
    if(!isDragLocked) { 
      removeEventListener("mousemove", mm_listener); 
    } else { 
     addEventListener("mousemove", mm_listener);  
        isDragLocked = !isDragLocked; 
    }            
}).click(function(c_event) {  
    if(isDragLocked) {  
        removeEventListener("mousemove", mm_listener); 
        isDragLocked = !isDragLocked; 
    } 
}); 

+ 
+

+++++

--

+ 
+
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var isDragLocked = false,  
    mm_listener  = function(mm_event) {  
        draggable.attr({ x: mm_ev.x, y: mm_ev.y }); 
    }, 
    mu_listener  = function(mu_event) {  
        removeEventListener("mousemove", mm_listener); 
        removeEventListener("mouseup",   mu_listener); 
    }; 
 
draggable.mousedown(function(md_ev) {  
    draggable.attr({ x: md_ev.x, y: md_ev.y }); 
    addEventListener("mousemove", mm_listener); 
    addEventListener("mouseup",   mu_listener); 
}).dblclick(function(md_event) {  
    if(isDragLocked) {  
        removeEventListener("mousemove", mm_listener); 
    } else {  
        addEventListener   ("mousemove", mm_listener); 
    } 
    isDragLocked = !isDragLocked; 
});
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var isDragLocked = false, 
    mm_listener  = function(mm_event) { 
        draggable.attr({ x: mm_ev.x, y: mm_ev.y }); 
    }, 
    mu_listener  = function(mu_event) { 
        removeEventListener("mousemove", mm_listener); 
        removeEventListener("mouseup",   mu_listener); 
    draggable.attr({ fill: “black" }); 
    }; 
 
draggable.mousedown(function(md_ev) { 
    draggable.attr({ x: md_ev.x, y: md_ev.y }); 
    addEventListener("mousemove", mm_listener); 
    addEventListener("mouseup",   mu_listener); 
  draggable.attr({ fill: “blue" }); 
}).dblclick(function(md_event) { 
    if(isDragLocked) { 
        removeEventListener("mousemove", mm_listener); 
    } else { 
        addEventListener   ("mousemove", mm_listener); 
    draggable.attr({ fill: “navy" }); 
    } 
    isDragLocked = !isDragLocked; 
}); 
draggable.attr({ fill: “black" }); 
setInitialValues(draggable);
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var isDragLocked = false,  
    mm_listener  = function(mm_event) {  
        draggable.attr({ x: mm_ev.x, y: mm_ev.y }); 
    }, 
    mu_listener  = function(mu_event) {  
        removeEventListener("mousemove", mm_listener); 
        removeEventListener("mouseup",   mu_listener); 
    draggable.attr({ fill: “black" }); 
    }; 
 
draggable.mousedown(function(md_ev) {  
    draggable.attr({ x: md_ev.x, y: md_ev.y }); 
    addEventListener("mousemove", mm_listener); 
    addEventListener("mouseup",   mu_listener); 
  draggable.attr({ fill: “blue" }); 
}).dblclick(function(md_event) {  
    if(isDragLocked) {  
        removeEventListener("mousemove", mm_listener); 
    } else {  
        addEventListener   ("mousemove", mm_listener); 
    draggable.attr({ fill: “navy" }); 
    } 
    isDragLocked = !isDragLocked; 
}); 
draggable.attr({ fill: “black" }); 
setInitialValues(draggable);
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Computational Model 

- clear & concise 

- states & constraints 

Visual Notation 

- suits computational 
model 

- states & constraints 
in grid

Live Editor 

- current states/values 

- immediate effects
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InterState Contributions
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Live Editor 

- current states/values 

- immediate effects 

Behavior Re-use 

- inheritance 
mechanism 

- template re-use
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Computational Model 

- clear & concise 

- states & constraints 

Visual Notation 

- suits computational 
model 

- states & constraints 
in grid

Live Editor 

- current states/values 

- immediate effects 

Behavior Re-use 

- inheritance 
mechanism 

- template re-use
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InterState Contributions
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user evaluation
- hypothesis: easier to understand/modify 

InterState code than event-callback code 

- 20 participants 

-  (some programming experience)
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drag lock* image carousel**
0

10

20

30

40

time taken 
(minutes)

JavaScript
InterState

p < .01** 
p < .05  *

smaller is better
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JavaScript InterState



multi-touch
- larger state space for gestures 

- delay between events and 
recognition 

- richer gesture features 

- expectations of directness
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touch clusters

num_fingers = 2



touch clusters
- descriptive touch events 

- developers specify number of 
fingers, where pressed, etc 

- outputs: location, scale, rotation

136



resolving conflicts

- optional delay & priority for 
events 

- touch clusters can determine 
whether other clusters can use 
same touches
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three-finger 
cluster fires

three single-touch 
clusters fire

resolving conflicts
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greedy

resolving conflicts
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delay: 100ms

resolving conflicts
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crossing events
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crossing events



InterState + touch
- descriptive touch events 

- natural constraints on finger 
properties 

- manage conflicts between 
touchscreen gestures 

- mechanisms for event abstraction
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a one-finger swipe 
from the bottom brings 

up the brush menu

a two-finger swipe 
from the bottom brings 

up the color menu
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output InterState editor
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120 180

150

tap the widget to invoke
the numeric keyboard

slide the widget left or right 
to fine-tune the value 
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output
InterState editor
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the user presses two 
fingers down

the user taps on the 
right side to redo

the user taps on the 
left side to undo
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contributions
- constraint model integrating state 

- library for developers (ConstraintJS) 

- visual notation of constraint model 

- live editor for visual notation 

- primitives for inheritance & templating 

- evaluation of model, primitives & visual 
notation 

- multi-touch development primitives
174
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 1 friends = cjs.async(fb_request("/me/friends")); 
 2 pics    = friends.map(function(friend) { 
 3               return cjs.async(fb_request( "/" + friend.id 
 4                                                + "/picture")); 
 5           }); 
 6 
 7 //... 
 8 
 9 {{#diagram friends.state}} 
10    {{#state pending }} Loading friends... 
11    {{#state rejected}} Error 
12    {{#state resolved}} 
13       {{#each friends friend i}} 
14          {{#diagram pics[i].state}} 
15             {{#state pending }} <img src = "loading.gif" /> 
16             {{#state resolved}} <img src = "{{pics[i]}}" />  
17             {{#state rejected}} <img src = "error.gif"   /> 
18          {{/diagram}} 
19          {{friend.name}} 
20       {{/each}} 
21 {{/diagram}} 

ConstraintJS 
http://cjs.from.so

InterState 
http://interstate.from.so
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