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Supple Depends on Weights

Container factor weight:
Tab Pane factor weight:
Popup factor weight:
Spinner for integers factor weight:
Spinner (domain size) factorweight:

Spinner for non-integers factor weight: 60
Slider factor weight: 45@4«481
Progress bar factor weight: 0.0
Checkbox factor weight: 2 Q<0
Radio button factor weight: 0.5
Horizontal radio button factor weight: 1000 =
Radio button (>=4 values) factor weight: 0.0
Radio button (>=8 values) factor weight: 14.2857

Radio button for booleans factor weigtit: 14.2857



RIA

MLS #2302472 Briarc]iﬂ" Manor
4 Bathrm; 3.1
gl Bedrm: 4
L Price: $845000
Tax: $15751 n\
izpe N
]s:fts'lZP. ].Dﬁﬂ ‘ Bﬁarc‘iﬁma“ﬂr MLS #2218155
ize; 5000.0s5q.00 Batl 1 50
MLS #2218155 & Bedrm: 6
E@ ___ Rathrm: 5.2 : Heat; HYDRO AIR
= Bedrm: 6 A/C; CENTRALAIR
- Price; 32550000 Fuel: GAS
Tax $40281 Year: 1997
LotSize: 0.92 ac Sewer; PUBLIC
Size: 7240.0sq.t Water: MUNICIPAL
Levels; 3
: : Siding: BRICK
<}-Phelps Memorial Hospital Roofs ASPLIALT
MLS #2212449 Style;: COLONIAL
: Bathrm; 3.0 ]
" Bedrm: 5 U1 Speech: Show houses near Phelps Memorial Hospital
Price: $699000 . :
Tax $10700 R1 Speech: | found 3 houses near Phelps Memorial Hospital
LotSize; 0.44ac Graphics: Display (a)
Size: 4000.0sq.it _ _
7 \ U2 Speech: Tell me more about it

Gesture: Point to the house on the right

R2 Speech: Here are the attributes of this 6-bedroom home.
Tarrytown Graphics: Display (b)




R(d, U) = >< K(d, U) +>< I(d, U)
Fy(d) = XR(d,xf)
i

sim(d, r:{,) =1 —|S€ﬁmﬁﬁcDiSI(df, a})l

r(d) = >< F(d) +>< F,(d) +>< Fy(d)

D(d, m) =|S(d, m|x|C(d, m)

compatibility(M) = %yyilcampaﬁbﬁffy(mﬁ mj)l
N-=%=
i

O, (d, m) =| imporz‘aﬁce(d)lx b(d, m)

[Zhou +, UIST'04; IUI'05]



BusyBody
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[Horvitz +, CSCW'04]



BusyBody

C(1)

ECI=) p(l, |E)

Needs to be elicited

from the user for every

interruptability state [
l

[Horvitz +, CSCW'04]
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Arnauld: A Tool for
Prife‘{ence Elicitation
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Arnauld: A Tool for
Prife‘{ence Elicitation
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Benefits

— By factor of 2-3x
— Learned weights out-perform hand-tuned

— Individual preferences
— Multiple uses



Our Contributions

Implemented Arnauld system for preference elicitation

— Applicable to most optimization-based HCI applications
— Implemented on SUPPLE

Based on two interaction methods for eliciting
preferences

Developed a fast machine learning algorithm that
learns the best set of weights from user feedback

— Enables interactive elicitation

Investigated two query generation algorithms
— Keep the elicitation sessions short



Outline

2 Elicitation techniques

— Example critiquing

— Active elicitation
» User responses - constraints
* Learning from user responses
* Generating queries

« Results & Conclusions




Example Critiquing
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Via Customization Facilities

M

~Stereo

8 Power \ialiuma 4 o | el X-Bass

Rerender
Spinner Widget Change Appearance »
"M Legal values ComboBox Remove Element

-Horizontal Slider Widget Copy Elements Mode

_C -Vertical Slider Widget Moxe e mentikioce
Any Radio Button Undo Customizations
-Vertical Radio Button Y
-Horizontal Radio Button :)

_ Any Full Width List
-List (5) Widget :)
. -List(10) Widget

-List (20) Widget
-Exact length List (0) Widget I




Result of Customization

Provides Training Example!
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Example Critiquing
= Exploits natural interaction
= Occuring during process of customizing interface
o Effective when cost function is almost correct
But...

¢ Can be tedious during early stages of parameter
learning process

¢ Requires customization support to be provided by
the Ul system (e.g. RIA, SUPPLE, etc.)



Active Elicitation

In general, how do you prefer Level to be displayed?

Option A Option B
Level
Level 7 B |7 eve
Your choice:
) Option A () Neither %) Option B
: -
C Submit y




Active Elicitation
Ul in Two Parts

In general, how do you prefer Level to be displayed?

Option A Option B
— Level
Level 7 |»f
- O
Your choice:
() Option A ) Neither ) Option B
( Submit

Structure provided by ARNAULD

2\
Vi



Active Elicitation
Ul in Two Parts

In general, how do you prefer Level to be displayed? |

Option A Option B
Level 7 B rev‘“
Your choice:
() Option A Neither Option B

Submit

C

A\

Content provided by the interface system for
which we are learning weights




Active Elicitation

@ Convenient during early stages of parameter
learning process

= Binary comparison queries easy for user

> Doesn’t require any additional support from Ul
system, for which parameters are generated

But

¢ Doesn’t allow designer to direct learning process

% Choice of Best Question is Tricky



Limitations of Isolated Feedback

Both examples so far provided feedback of the form

“All else being equal, | prefer sliders to combo boxes”

Level 7 B kel

< 6

But what if using a better widget in one place
Makes another part of the interface crummy?!



In isolation, sliders are preferred
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Situated Feedback
with Active Elicitation

In general, how do you prefer Classroom to be displayed?
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Situated Feedback
with Example Critiquing

Look and Feel 3
Features »
Cost Calculation ’be—{ CD  Tuner ‘_
Measurements
Show previous rendenng
Shortcuts » Show current rendering
Size Presets ¢ Currentrendering is better
Trace » Previous rendering is better

Target Devices  » Show RenderedUi Properties Window

Example Ul Specs » gnaple Reference Ul
P TQUit Set Current Ul as Reference
< Save Current Reference Ul As ...

C Load Saved Reference Ul
- - .
v Freeze re-rendering on resize

( ®Normal balance
~_| X-Bass ~ Favor primitive widgets
Favor navigation




Summary of Elicitation Interactions
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User responses -2 constraints
* Learning from user responses

* Generating queries

* Results & Conclusions



Turning User Responses Into
Constraints

All systems studied had linearly decomposable cost
functions; these can be expressed as:

K

cost(interface) = 2 uk‘lfk (interfacej
=1 \

A “factor’ reflecting
presence, absence
or intensity of some
interface property




From User Responses to Constraints

Level 7 B < Fevel

@

cost( “' " ) =cost( —o— )

.f‘combo_box =1 f;‘lider =1

JfCOmbO_bOX _ for _number = 1 f horizontal _slider = 1
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Outline

Learning from user responses
» (Generating queries
* Results & Conclusions



Learning Algorithm

K K

Z u, f, (interface,) 22 u, f, (interface,)

Satisfying a maximum number of constraints
And by the greatest amount



Our Approach

Essentially a linear Support Vector Machine

K K
Z u, f, (interface,) —Z u, f, (interface,) = margin + slack,
1 1



Our Approach

Use a max-margin approach

Essentially a linear Support Vector Machine
Shared margin by

Ref It fraints: which all constraints
erormuiate constraints. are satisfied

K K
Z u, f, (interface,) —2 u, f, (interface,) z‘margin\+ lack,

Per-constraint slack that
accommodates

unsatisfiable constraints



Learning as Optimization

margin — E slack,

[

K K
Z u, f, (interface,) —Z u, f, (interface,) = margin + slack,
1 1



Learning as Optimization
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Generating queries
* Results & Conclusions



Generating Queries

* Important part of Active Elicitation
—Like game of 20 questions, order is key

» Optimality is intractable

* Introducing two heuristic methods
—Searching " space of weights
» General method: applies to all opt-based Ul

—Search space of semantic differences
 Faster
» Requires tighter integration with the Ul appl’'ctn



Generating Queries

* Why is it important?
—Like game of 20 questions, order is key
» Optimality is intractable

* Introducing two heuristic methods

— Searching " space of weights
* General method: applies to all opt-based Ul



Visualizing the search
thru " space of weights

A binary preference
question -

the space




Answering Question Creates Region

TN

Preferred
Region -




Midway thru the Q/A Process...

What is the best
(greedy)

question for
cleaving?




Good Heuristics for Cleaving
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Results & Conclusions




Informal User Study

— Two Supple developers

— Two “sophisticated users”
* |.e. programmers w/o Supple experience

— Hand-coding took 2-3x longer
— Resulting function “wrong” 35% of the time!

— Got robust cost function in 10-15 minutes
— All said Arnauld much easier & more accurate



Ratio of Learned Function to Ideal
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Sensitivity to Noise

2.6 T I T I
Weight-based query generation; input error with p=0.1

Outcome-based query generation; input error with p=0.1 =========
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Related Work

— Outcome, vs. ’
pBest + (1-p)Worst =

r as percentage of stde

— [Chajewska,
ICML’01] §

— Too slow for m
Interactive use

1 L I P R N WA | 1 1 1 T R R R | 1 I T TR S N B |
000 10000 100000 14+
npmber of samples

1 second 40 seconds

(large error) (too slow)




Conclusions
Arnauld

— Applicable to most optimization-based HCI applications
— Saves developers time
— Creates better weights

two interaction methods
— Example Critiquing
— Active Elicitation
— Investigated two query generation algorithms

machine learning algorithm
— Learns good weights from user feedback
— Fast enough for interactive elicitation



