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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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a natural model for defining
Interactive behaviors
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gul programming

- reactive 1n nature

- react to user events, timer
events, etc.

- execution order (control flow)
depends on external inputs



event-callback

- most common paradigm for defining
Interactive behaviors

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

- leads to code

- behaviors involve

- for
behaviors

13 [Letondal 2010, Myers 1991]
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Select your favorite:

~Squirrels
' Llamas
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Select your favorite:

~Squirrels
' Llamas
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a natural model for defining
Interactive behaviors
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a natural model for defining
INnteractive behaviors

combines states and constraints
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a natural model for defining
interactive behaviors

principles:
- human-centric
- guided by:

- non-programmers’
descriptions of behaviors

- workshops with interaction
designers

19 [SY Park 2008, Ozenc 2010]



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

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

20



- "when the toolbar is dockeq, i1t 1s
displayed above the workspace”

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

21



constraint

a relationship that is declared once and
automatically maintained
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constraint

a relationship that is declared once and
automatically maintained

“the toolbar is displayed above the workspace”
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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

24



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

25



constraint

a relationship that is declared once and
automatically maintained

ibraries for imperative (“traditional”)
anguages

e.g. FlapJax, Angular
used for data bindings and specifying layout

L [Meyerovich, 2009, angularjs.org]



- "when the toolbar is dockeq, i1t 1s
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, 1t follows the mouse”

28



state

the status of an interface at a

d

o

ven moment, often controls

hpearance o behavior

29

[Letondal 2010, Samek 2003]



state machines

track an interface’s state & when 1t
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

not_underlined

(clicking adds
underline)
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state machines

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

not_underlined
(clicking adds

underline)

7
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state machines

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

not_underlined underlined
(clicking adds (remove underline

underline) when clicked)
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state machines

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

not_underlined underlined

(clicking adds (remove underline
underline) when clicked)
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state machines

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

disabled not_underlined underlined
(do nothing (clicking adds (remove underline

when clicked) underline) when clicked)
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state machines

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

disabled not_underlined underlined
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state machines

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

. . i .

disabled not_underlined underlined

38



state machines

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

click
click

disabled not_underlined undermed
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state machines

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

nose lection click
text selected click

disabled not_underlined undermed

40



state

- GUIs are state-oriented
- appearance d behavior

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

- e.g. SwingsStates, SproutCore

[Letondal 2010, Samek 2003,

= Apperat 2008, sproutcore.com]



- "when the toolbar is docked, 1t is
| £ M state
displayed above the workspace mconstraint

- "when the toolbar is being
dragged, 1t follows the mouse”
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- "when the toolbar is docked, 1t is
| £ M state
displayed above the workspace mconstraint

- "when the toolbar is being
dragged, 1t follows the mouse”

when (state)
fhen (constraints)

43



thesis statement

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



outline

- Constraint]S (JavaScript library)
- InterState (interactive editor)

- user evaluation

- multi-touch primitives

- conclusion

45 [Oney UIST 2012, Oney UIST 2014]



Constraint]S Contributions

- Integrates constraints o states
on Web

- integrates with HTML & CS55
syntaxes

- efhicient implementation

http://cjs.from.so/ 46 [Oney UIST 2012]


http://cjs.from.so/

http://cjs.from.so/
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constraint types

one-way: a<=b+1
solves for a
multi-way: a<=>b+1

solves foraorb
uses hierarchy (difficult to
control)

54 [Vander Zanden 1994]



~ mouseup
fsm = H idle ~ dragging

mousedown

state machine (for every point)
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' mouseup
fsm = o - idle " dragging
 mousedown
view X = cjs(fsm, {
idle:
model X, dragging:
CjsS.mouse.X
s
model X = cjs(fsm, {
init:
datum.x, dragging:
view_X
Iy ke

56



. ~__mouseup )
fsm = ® - idle dragging
~ mousedown
view_ X = cjs(fsm
)
model x = cjs(fsm
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' _mouseup

fsm = G el " dragging
 mousedown
view X = cjs(fsm, {
idle:
model X, dragging:
CjsS.mouse.X
1)
model x = cjs(fsm, {
init:
datum.x, dragging:
view_ X
ik
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( mouseup .
fsm = & - idle | dragging
L mousedown
view_x = cjs(fsm, {
idle:
model X, dragging:

CjsS.mouse.X

1) /\

model Xx

cjs(fsm, {

init:

datum.x, dragging:
view X

})s
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mouseup |
fsm : " dragging

" mousedown

view X

dragging:
CjsS.mouse.X

model_x <§}7

dragging:
view X
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asynchronous values

- Indeterminate wait before return

- can greatly increase complexity
of iImperative code

- control timing

- propagation of values

62



Loading friends...




asynchronous values
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asynchronous values

/
\: Keith Malcom

pending: "loading.gif"
{pending}




asynchronous values

Q Keith Malcom

pending: "loading.gif",
: "error.gif"



asynchronous values

{resolved}

Mgl Keith Malcom

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

67



1 friends = cjs.async(fb_request("/me/friends"));

2 pilcs = friends.map(function(friend) {

3 cjs.async(fb_request( "/" + friend.id

4 + " /picture"));
5 });

6

Taey i

8

9 {{#diagram friends.state}}

10 {{#state pending }} Loading friends...
a1l {{#state rejected}} Error

2 {{#state resolved}}

113 {{#each friends friend i}}

14 {{#diagram pics[i].state}}

15 {{#state pending }} <img = "loading.gif" />
16 {{#state resolved}} <img = "{{pics[i]}}" />
17 {{#state rejected}} <img = "error.gif" />
18 {{/diagram}}

19 {{friend.name}}

20 {{/each}}

21 {{/diagram}}



cjs.async(fb _request("/me/friends"));
friends.map(function(friend) {

3 cjs.async(fb_request( "/" + friend.id

4 + " /picture"));
5 });

1 friends
2 plcs



cjs.async(fb_request("/me/friends"));

cjs.async(fb_request( "/" + friend.id
+ "/picture"));



9 {{#diagram friends.state}}

10
11
12
13
14
15
16
17
18
162,
20

{{#state pending }} Loading friends...

{{#state rejected}} Error

{{#state resolved}}

{{#each friends friend i}}
{{#diagram pics[i].state}}

{{#state pending }} <img
{{#state resolved}} <img
{{#state rejected}} <img

{{/diagram}}
{{friend.name}}

{{/each}}

21 {{/diagram}}

"loading.gif" />
{{ptes[i]}}" />

"error.gif"

/>



1 friends = cjs.async(fb_request("/me/friends"));

10 {{#state pending }} Loading friends...



o b WN

13

152,
A

pics

= friends.map(function(friend) {
cjs.async(fb_request( "/" + friend.id
+ "/picture"));
});

{{#each friends friend i}}

{{friend.name}}
{{/each}}



15

162,

{{#state pending }} <img

{{friend.name}}

/
\: Keith Malcom

= "loading.gif" />



16

162,

{{#state resolved}} <img

{{friend.name}}

i a: .
~ ,‘;‘ Keith Malcom

= "{{pics[i]}}" />



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 1)

6

7 |/ Reviewer’s code below:

8 load_friends = (selector) ->

9 people = $(selector).text("Loading friends...")

10 FB.ap1 "/me/friends"”, (answer) ->

11 1f 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.api1 "/#{friend.id}/picture”, (answer) ->
17 1f 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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ci3.from.s0

CONSTRAINT

ConstraintdS is 2

CLEANER CODE LIGHTWEIGHT SIMPLE SYNTAX

ConstraintJS enatles constraints Constraint. S is emall (abaust 10<0) _onstrant_Z's AP is verv

rery

eltionskips that ars « B anc worke well witk earadseandirc

© Download v0.9.6 once & autcmatcally mairtained. avascript libra dynamis hancleb:
eC COnalraiNis Ganmase lerolates
writing dvnamic apps essier

. Tutanal

Examples: Live Handlebars Templates

Constrain)$ ircluces e Herdlebars-/ike termplat ng syntax. Unlike Handletars templates, these termplates are five —DOM nodes are craatec
maved, and removed dynamicel'y withou: mod fving other paga elements. See the AP| decumentation ‘or mora deteils

Code (Templated HTML & JavaScripl) Output

Name:

<label>Name:</label>
<lnput class="torr-centrol’ type="text” C)s-out="name’
placeholders'Enter your name' />

friend

) . ) Hello, friend!
<h2>Hello, {{name||'friend'}}'!</h3> ‘
<h4>1 am {{\libName}}r</ha~ | am ConstraintdS v0.9.6

cjs.createTenplatelexl_code, {libName: cjs}+); // use template above

http://cjs.from.so/
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InterState

- visual notation and live editor

- expressive and understandable

81 [Oney UIST 2014]



InterState Contributions

Computational Model
- clear  concise

- states & constraints



InterState Contributions

Computational Model
- clear O concise
- states & constraints
Visual Notation

- suits computational
model

- states O constraints
in grid

33



mousedown to drag, double click to lock

384



var 1isDraglLocked false,
mm_listener function(mm event) {

draggable.attr({ x: mm_ev.x, y: mm_ev.y });

by

mu_listener = function(mu_event) {
removeEventListener('"mousemove'", mm_listener);
removeEventListener("mouseup", mu_Llistener);

rs

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_Llistener);

} else {
addEventListener ("mousemove", mm_listener);
¥

isDragLocked = !'isDraglLocked;

r);
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var 1isDraglLocked false,
mm_listener function(mm_event) {
draggable.attr({ x: mm_ev.x, y: mm_ev.y });

by

mu_listener = function(mu_event) {
removeEventListener('"mousemove'", mm_listener);
removeEventListener("mouseup", mu_listener);

rs

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 = !'isDraglLocked;

r);
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var 1isDraglLocked false,
mm_listener function(mm_event) {
draggable.attr({ x: mm_ev.x, y: mm_ev.y });

by

mu_listener = function(mu_event) {
removeEventListener('"mousemove'", mm_listener);
removeEventListener("mouseup", mu_listener);

rs

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 = !'isDraglLocked;

r);
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mouse.dblclick
mouse.up

mouse.dblclick(this) »
Copies: mouse.down(this)

o—>
Add Field no_drag drag drag_lock

prototypes (div) | dom.div |
X 313 0 | mouse . X mouse . X

y 763 0
fill 'black’

mouse.y mouse.y
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mouse.dblclick
mouse.up

mouse.dblclick(this) »
mouse.down(this) >

Copies:
o—
Add Field no_drag—l drag drag_lock

prototypes (div) | dom.div |

X 313 mouse. X mouse. X
y /63 mouse.y mouse.y

fill 'black’
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mouse.dblclick
maouse.up

- mouse.dblclick(this) »

Copies: mouse.down(this)»-

no_drag— drag drag_lock

Add Field

prototypes (div) | dom.div |
X 313 mouse. X mouse. X

y /63 mouse.y mouse.y
fill 'black’
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mouse.dblclick
mouse.up

mouse.dblclick(this) »
Copies: mouse.down(this)

o—>
Add Field no_drag—l drag drag_lock

prototypes | dom.div |
X mouse. X mouse. X
mouse.y mouse.y

y
fill

fields
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state machine

mouse.dblclick
mouse.up

mouse.dblclick(this) »
Copies: mouse.down(this)

Add Field no_drag drag drag_lock

prototypes (div) | dom.div |
X 313 0 mouse. X mouse. X

y /63 0 mouse.y mouse.y
fill 'black’
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var 1isDraglLocked false,
mm_listener function(mm_event) {
draggable.attr({ x: mm_ev.x, y: mm_ev.y });

by

mu_listener = function(mu_event) {
removeEventListener("mousemove", mm_listener);
removeEventListener("mouseup", mu_listener);

de s

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 = !'isDraglLocked;

e
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var 1sDraglLocked false,
mm_listener function(mm_ev) {
draggable.attr({ x: mm_ev.x, y: mm_ev.y });

fir
mu_listener = function(mu_event) {

+ if(!isDragLocked) {
removeEventListener("mousemove", mm_listener);
removeEventListener("mouseup", mu_Llistener);

+ }

I12;

draggable.mousedown(function(md_ev) {
draggable.attr({ x: md_ev.x, y: md_ev.y });

+ if(!isDragLocked) {
addEventListener("mousemove", mm_listener);
addEventListener("mouseup", mu_Llistener);

}
+ }).dblclick(function(md_event) {

if('isDragLocked) A

1 T i
7 - ]

—J—else{
addEventListener("mousemove", mm_listener);
isDragLocked = !'isDraglLocked;
s

}).click(function(c_event) {
if(isDragLocked) A
removeEventListener("mousemove", mm_listener);
isDragLocked = !'isDraglLocked;
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state machine

mouse.dblclick
mouse.up

mouse.dblclick(this) »
Copies: mouse.down(this)

Add Field no_drag drag drag_lock

prototypes (div) | dom.div |
X 313 0 mouse. X mouse. X

y /63 0 mouse.y mouse.y
fill 'black’
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mouse.dblclick:
mouse.up

mouse.dblclick(this) »
mouse.down(this) >

Copies:
o—>
Add Field no_drag—l drag drag_lock

prototypes (div) | dom.div |

X 313 0
y 763 0

fill ;Ejack’

mouse. X mouse. X
mouse.y mouse.y

96



mouse.click
mouse.up

mouse.dblclick(this) »
Copies: mouse.down(this) #
o—

e no_drag drag drag_lock
prototypes (div) | dom.div |
X 313 0

0

mouse.y mouse.y

y
fill

l mouse. X mouse. X
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mouse.dblclick(this) »
Copies: mouse.down(this) #
o—

Add Field nO_d rag drag d rag_|OCk
prototypes (div) | dom.div |
X 313 0
y /63 0
fill 'black’

mouse. X mouse. X
mouse.y mouse.y
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mouse.dblclick(this) »
Copies: mouse.down(this) #
o—

Add Field nO_d rag drag drag_IOCk.
prototypes (div) | dom.div |
X 313 0
y /63 0
fill 'black’

mouse. X mouse. X
mouse.y mouse.y
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mouse.up ]

mouse.dblclick(this)
Copies: mouse.down(this) f I
no_drag—| L d rag—— drag_lock

Add Field
prototypes (div) _
X 313 mouse. X mouse. X

y 763 | mouse.y mouse.y
fill 'black’

constraints
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mouse.up |

mouse.dblclick(this) +
mouse.down(this) *

Copies:
—I | drag " aamdrag_lock

Add Field no_drag

prototypes (div) | dom.div |
X 313 0 mouse. X mouse. X
y 763 0 mouse.y mouse.y

fill 'black’

101



var 1isDraglLocked false,
mm_listener function(mm_event) {
draggable.attr({ x: mm_ev.x, y: mm_ev.y });

i

mu_listener = function(mu_event) {
removeEventListener("mousemove", mm_listener);
removeEventListener("mouseup", mu_listener);

i

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_Llistener);
} else {
addEventListener ("mousemove", mm_listener);
I3

isDragLocked = !'isDraglLocked;

});
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var 1sDraglLocked false,
mm_listener function(mm event) {
draggable.attr({ x: mm_ev.x, y: mm_ev.y });

i
mu_listener = function(mu_event) {
removeEventListener('"mousemove", mm_listener);
removeEventListener("mouseup", mu_listener);
draggable.attr({ fill: “black" });
i

draggable.mousedown(function(md_ev) A
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 A
addEventListener ("mousemove'", mm_listener);
draggable.attr({ fill: “navy" });

u
’
[
’

i

isDragLocked = !'isDraglLocked;

1)
draggable.attr({ fill: “black" });
setInitialValues(draggable);
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var isDraglLocked = false,
mm_listener function(mm_event) {
draggable.attr({ x: mm_ev.x, y: mm_ev.y });

e
mu_listener = function(mu event) {
removeEventListener('"mousemove', mm_listener);
removeEventListener("mouseup", mu_listener);
draggable.attr({ fill: “black" });
i

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" });
s
isDragLocked = !isDraglLocked;
1)
draggable.attr({ fill: “black" });
setInitialValues(draggable);
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mouse.click
mouse.up

mouse.dblclick(this) »
Copies: mouse.down(this) »
o—
Add Field no_drag drag drag_lock
prototypes (div) | dom.div |
X 313 0 mouse. X mouse. X
/63 0 mouse.y mouse.y

y
fill 'black’
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mouse.dblclick(this) +
Copies: mouse.down(this) * |
— B |
Add Field no_drag L drag—— : —-drag_lock—
prototypes (div) | dom.div |
X 313 0
/63 0

mouse . X mouse . X
mouse.y mouse.y

y
fill
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Copies:| mouse.down(this) *
: - ._> i
Add Field no_drag drag drag_lock
prototypes (div) | dom.div | |
X 313 0
763 0

’ | mouse. X mouse. X

y D ( | mouse.vV mouse.y
fill | | 'blue’
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mouse.dblclick(this)-

mouse.down(this) | |
| no_d rag—| - drag drag_lock

Add Field ‘
prototypes (div) | dom.div | ,
X 313 0 mouse. X | mouse. X
)

y 763 D C . mouse.y | mouse.y
fill _ _ 'blue’ 'navy’
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mouse.dblclick(this)
Copies: mouse.down(this) = | .
O—

Add Field no_drag iclFag ~drag_lock—

prototypes (div) | dom.div |
X 313 %) mouse. X mouse. X
0

y /63 mouse.y mouse.y
fill | _ 'blue’ 'navy’
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<«mouse.up | |

mouse.dblclick(this)

Copies: od mouse.down(this) \
; —I drag drag_lock

Add Field no_drag

prototypes (div) | dom.div | |
X 313 0 ' | mouse . X mouse . X

y 763 0 mouse.y | mouse.y
fill 'black’ | 'blue’ 'navy’
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mouse.dblclick(this) »
Copies: mouse.down(this) »

o—>
Add Field no_dragJ drag drag_lock

prototypes (div) | dom.div |
X 90
y 0
fill

mouse.y mouse.y

mouse. X mouse. X
'blue’ "navy’
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InterState Contributions

Computational Model
- clear & concise
- states & constraints
Visual Notation

- suits computational
model

- states & constraints
in grid

112

Live Editor
- current states/values

- immediate effects
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4 Undo Redo =»

Add Field

fill
width

recta

|svg.rectand

onl'dblclick’, this)
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on{"'mousedown’, this)
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/ on{'dblclick’, this)
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InterState Contributions

Computational Model Live Editor
- clear @ concise - current states/values
- states & constraints - Immediate effects
Visual Notation Behavior Re-use
- suits computational - Inheritance
model mechanism
- states & constraints - template re-use

in grid
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e N A InterState Editor

MOLSE DrototLy] :
paper | > mm Add Field
SVE stance_

do draggable ProLloLly

[ } <"'>...
\;Il

Ol

Find




> - - ’
on('dblclick’, this)
—
on{*'mousedown’, this)
- - . a\

onl'click
. .7 - -—

on('mouseup’)

Adc Field no_drag drag

7 ‘dragg | draggable |




® 0O 0O InterState Editor

g3 on('click')
® e \ / on('mouseup')
Add Field no_drag drag
protokfypus (dragg | draggable |
opacity L[ | 1.0 |




® 0O 0O InterState Editor

4+ Undo Redo -

on
find

emit
draggable

on('dblclick’, this)

on{'mousedown’, this)

2

/ on('click')
® ¢ \ / on('mouseup')
Add Field no_drag drag

prototypes (dragg | draggable | {Cell: Math.max(troph.x, mouse.x-width/2)
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InterState Contributions

Computational Model Live Editor
- clear O concise - current states/values
- states & constraints - Immediate effects
Visual Notation Behavior Re-use
- suits computational - Inheritance
model mechanism
- states & constraints - template re-use

in grid
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InterState Runtine

193

Name Artist Duration
Smooth Aun (Terrifying Night) Admirglocb77 3:21
+ Add playlist Entranced Beauty the Beauty Carosone 3:39

Tattco (Catiy Flowers Edit) CoffeeEurope 3:30
Mad Dirty Naked CScul 3:22
FoedForwarg (DuckBack Mix) Duckett 2:52
Wake up Kiss Hansatom 3:.11
CScul Or ental Express JeffSpead(d 3.3€
Surrender One Project 3:52
Made from Com COnly Meth 3:44

Add Fleld
scng_info
button
player
svg
dem
physics
on
Tind
emit
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InterState Fditor
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Copies:

Add Field

prototypes
X

y
fill

(rectal|svg.rectangd

10 | 10
10 | 10
'Grey' | 'Grey’
true
null
'default’
1.0
1.0

150
100
false
300
"linear’
false

‘rectangle’
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rectl
Copies: |:|

Add Field &

prototypes (rectal|svg.rectang
X 10 | 10
y 10 | 10
fill 'Grey' | 'Grey’
true
null
"default’

1.0
1.0

Y
‘none’
1.0
1
150
100
false
300
"linear’
false

tal'rectangle’
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rectl
Copies:
Add Field e

prototypes (rectal|svg.rectangd
X 10 | 10

y 10 | 10 |
fill Grevl| 'Grey’ |
show

clip_rect

cursor
fill_opacity
opaclity

7
stroke
stroke_dasharray
stroke_opacity
stroke_width
transform

width

height
animated_properties
animation_duration
animation_easing
debugDraw

shape
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Copies:
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X
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user evaluation

- hypothesis: easier to understand/modity
InterState code than event-callback code

- 20 participants

- (some programming experience)
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drag lock

Image carousel

mousedown to drag, double click to lock
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Image carousel

drag lock
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drag lock Image carousel
B S CoEt L
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40
30 ;

time taken 20

(minutes)
10 ‘
O

—

B

drag lock™ Image carousel™™
JavaScript ool Lt

smaller 1s better
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var ms_until_advance;
window.setInterval(function ()

ms_until_advance = 5000 - ¢

if (diff <= 0) {
set_selected_index((se
reset_timer();

JavaScript
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Fill

next_thumb
last_advance
ms_until_advance
auto_advance_delay

y
X

InterState

(thumb




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
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resolving conflicts

- optional delay & priority for
events

- touch clusters can determine
whether other clusters can use
same touches
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resolving conflicts

4 Yis

three-finger three single-touch
cluster fires clusters fire



resolving conflicts

&

greedy



resolving conflicts

4 Wb

elay: 100ms




crossing events

NN
" e,

Copies:

Add Field

prototypes (cross |touchEvent |
touchCluster (touch |touchEvent |
path (cross |crossingLin
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crossing events

‘-lll..
. ..

Copies:

Add Field

prototypes (cross |touchEvent |

touchCluster (touch |touchEvent |
path (cross |crossingLin

142



InterState + touch

- descriptive touch events

- natural constraints on finger
properties

- manage conflicts between
touchscreen gestures

- mechanisms for event abstraction

143
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a one-finger swipe a two-finger swipe
from the bottom brings  from the bottom brings
up the brush menu up the color menu
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Add Field ®
( ) |Isvz.rectang

| 0 |

lpaper.heigh

Ipaper.widtH

| 15¢ ]
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Add Field ®

nrototypes (line) | svg.line
fromX @

toX paper.widtk
fromY oneFinger.4
toY fromY
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Add Field @ ——  hidden

(group) | sve.group |

) I

colorsPancl
colorsPanel

an._+80

<onekirgar.unsztished ana2kin, .. tarty-50»

DNEFINger™

® -

tHide
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tShow

<—oneFinger.unsatishieds
<onefngar

drogg ng

|

sh:v.trc

lpaper .heigh




Add Field ®

arototypes (line) | svg.line
fromX @

toX paper.widtk
fromY oneFinger.4
toY fromY
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<twOFINge s.y>twoFingers.s1any+5..0
<:wofing..atsfied twaoFi..arty 50» —twoF ngers.unsatisfied~
_t.vaireers» ®»> tHice tShow <twoF ngers
Add Field o — hidden dragging showing
prototypes  (group | svg.group |
width Ipaper.width
height h_ct|‘|k274/7‘

X 9
y paper _heigh
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Copies:

Add Field

prototypes
numFingers

(touch |

Copies:

Add Field

prototypes
numFingers
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(touch |

touch
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slide the widget left or right
ﬁ 7 tofine-tune the value |-

tap the widget to invoke
the numeric keyboard
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Useé Low Sesolusicn irages (ImgJurn)

nk Imgur Images

nis to Fetch

l’" Jary

4

Satlincs
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lettline
Copies:
Add Field ®
prototypes (line) | svg.line |

fromX -10 [touchEvent |
toX -10 | fromx |
fromY 185 | handle.y |
toY 215 |handle.y+hd
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Copies:
Add Field

prototypes (line) | svg.line |
fromX 19 |touchEvent .|
toX undefi toX 4
fromY 185 |LleftLine.f

toY 215 [leftLine. td
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Copies:

Add Field

prototypes (cross [touchEvent |
touchCluster (touch touchEvenEJ
path (cross |crossingli
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InterState editor

atouchFEvant.unsat sl ad
~louchk,. atisficc
touckEvert» crossEvent» :iTECJ:{lOOgQ
Add Field @ . fingerDown slidingMode

Useé Low Sesoluticn Irages (Img.urn

Dacplink Imgur Images
rototypes (group | SVE.Eroup |
animateX

originalX | 300 |
textYOffset

offset

|
I

X , | or
I
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v
maxQf fset |
crosstvent

crossinglines
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nandle
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touchEvent
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the user presses two

fingers down
the user taps on the

left side toundo ,~ —

the user taps on the
~ ~ right side to redo

-~
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Add Field O

prototypes (touch | touch
greedy true | true
numFingers 2 | 2
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Copies:
Add Field
prototypes
X
y
width
heig

(recta |svg.rectang
-300 |twoFingers.
-10@ |twoFingers.

300 300 |
200 200
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Copies

Add Field
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(recta |svg.rectang
-900 |twoFingers |
-10@ |lundoRectangd







Add Field @— idle
currentStep
: undoRectangle
redcRectangle
redcTouch

JndeTouch

twoF ingers &6




Copies:
Add Field
prototypes
X
y
width
heig
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200 200
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Copies

Add Field
prototypes

(recta |svg.rectang
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-10@ |lundoRectangd




Copies: Copies:

Add Field Add Field ®

prototypes (recta lsvg.regtangl prototypes (recta |svg.rectangd
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y -10enjtwoFingers.|y -10@ |undoRectang
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creative tool integration
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contributions

- constraint model integrating state

- library for developers (Constraint]S)

- visual notation of constraint model

- live editor for visual notation

- primitives for inheritance & templating

- evaluation of model, primitives & visual
notation

- multi-touch development primitives
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1 friends = cjs.async(fb_request("/me/friends"));

2 pics = friends.map(function(friend) {

3 cjs.async(fb_request( "/" + friend.id

4 + "/picture"));
5 s

6

gk,

8

9 {{#diagram friends.state}}

10 {{#state pending }} Loading friends...

il {{#state rejected}} Error ouse.click

12 {{#state resolved}} ‘ﬂwxjgngdmmmmy>

13 {{#each friends friend i}} Copies: mouse.down(this)

14 {{#diagram pics[i].state}} > o drag—] drag drag_lock

15 {{#state pending }} <img = "loading.gif" /> Add Field .

16 {{#state resolved}} <img = "{{pics[i]}}" /> Emnoumes (div) |dm%dlv| = . .
17 {{#state rejected}} <img = "error.gif" /> y 0 y mouse. y mouse. y
18 {{/diagram}} fill 'black’ "blue’ 'navy’
19 {{friend.name}} .

20 {{/each}}
21 {{/diagram}}

ConstraintJS InterState
http://cjs.from.so http://interstate.from.so

Stephen Oney / Expressing Interactivity with States and Constraints
http://from.so
soney@umich.edu
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