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Announcements

Quiz after lecture today — pencils!



Previously

Al vs. |A

Direct manipulation vs. Agents

Mixed-Inrtiative interaction



Human and machine should
collaborate, but over what
substrate!




Agency plus Automation

[Heer 2019]

O [Shared representation]

Q A medium that both human and machine
can read, write, and modity
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Autocorrect

User intention — | he user wants to spell a word correctly

User input — [ he user has typed a word that might contain typos
Machine output — [ he machine suggests the correct spelling

Shared representation — he word typed by the user




Designing
shared representation

|. The shared representation can directly be in the same format as
the user Input and machine output




ShadowDraw

Lee 201 1]

User study drawings




Image Analogies

'Hertzmann 2001 |

User input

Machine output



Designing
shared representation

|. The shared representation can directly be in the same format as
the user Input and machine output




What if the input and the
output are not in the same
format!




Data VWrangler

Heer 2019

Translate Drop Merge Wrap Delete Promote Fold Pivot Transpose

# Year Abc extract # Population #

Reported crime in Alabama Alabama

2004 4525375
2005 4548327
2006 4599030
2007 4627851
2008 4661900
Reported crime in Alaska

2004 657755

1
2
3
4
5
6
7
8
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2005 663253

-
o

2006 670053

[
-

2007 683478

-
N

2008 686293

-
w

Reported crime in Arizona

-
-

2004 5739879

-
wn

2005 5953007

-
N

2006 6166318

-
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2007 6338755

-
@

2008 6500180

-
o

Reported crime in Arkansas Arkansas
20 2004 2750000
ROWS: 306

User input



Data VWrangler

Heer 2019

» Split Cut Extract Edit

Transform Suggestions

Extract from Year between positions 18,
25

Extract from Year on 'Alabama’

Extract from Year after 'in '

Cut from Year between positions 18, 25

Transform Script

* Split data repeatedly on newline into
rows

Split data repeatedly on "tab’
Delete empty rows
Promote row 2 to header

Delete rows where Year contains 'Year'

Machine output



Data VWrangler

[Heer 2019]

User intention — [ he user wants to transform data
User input — Data frame + selection

Machine output — [ he machine suggests potential
transformations

Shared representation — A DSL of data transformations



Designing
shared representation

|. The shared representation can directly be in the same format as
the user Input and the machine output

2. The shared representation can be an intermediate layer between
the user input and the machine output when |.1s not feasible
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VPEval

Cho 2023]
“three dogs in the image” BERLLT PV T

Visual Program

countEval(img, “dog”, “==3")




VPEval

Cho 2023]

“three dogs in the image”
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Program as
shared representation

Encodes action space — Common set of actions a user can
perform and the machine can search over

User understandable and editable — User can look at the
program to reason about the output

Machine executable — Unambiguous, formal, directly executable
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ViperGPT

[Menon 202 3]

Query: how many muffins can each kid have for it to be fair?

Input Image:

22



ViperGPT

‘Menon 2023]

Query: how many muffins can each kid have for it to be fair?

Code Generation

Input Image:

execute command(image) str:
image patch  ImagePatch(image)
muffin patches 1image patch.find("muffin")

n muffins Llen(muffin patches)

kid patches 1image patch.find("kid")

n kids len(kid patches)

result str(n muffins n_kids )
result

|
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ViperGPT

‘Menon 2023]

Query: how many muffins can each kid have for it to be fair?

Code Generation

Input Image:

execute command(image) str:
image patch  ImagePatch(image)
muffin patches 1image patch.find("muffin")

n muffins len(muffin patches)

kid patches 1image patch.find("kid")

n kids len(kid patches)

result str(n muffins n kids )
result

|
2
3
4
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Image as program

'Holland 2018, Medium|

circle.svg — 5-things-landing

o0
l:’;\ ™ circle.svg ® © @ £ M - O SVGPreview x

L
1 <svg width="300" height="200">

<CirC1€ CX="150" Cy="100" r=n¢)n I

2
/O 3 </svg>
4

10

Pmaster* O ©0AO0 ¢Burke [2Share Ln2,Col35 Spaces:2 UTF-8 LF SVG @



https://medium.com/free-code-camp/things-you-need-to-know-about-working-with-svg-in-vs-code-63be593444dd

Animation as program

' Gannon 2017, CodePen]

SVG Day and Night X 4 Ask Gen
25 codepen.io/chrisgannon/pen/GJpyrb kg pep @ fo f & ) @ \ @ ‘ )
s oo B et v Gsue W N
HTML & v CSS & v JS 8 v
class="container" url(https://fonts.googleapis.com/css? var Lns="http://www.w3.0rg/2000/svg"
class="nightDaySVG" version="1.1" family=Raleway:700); var =
xmlns="http://www.w3.0rqg/2000/svg" html{ document. ('.container');
xmlns:xlink="http://www.w3.0rg/1999/x1ink" : 'Raleway', sans-serif; var nigl =
xmlns:a="http://ns.adobe.com/AdobeSVGViewerExtensi } document. ('.nightDaySVG');
ons/3.0/" body{ var sun = document. (=< TN
x="0px" y="0px" width="400px" height="600px" o var = document. ('.moon');
viewBox="0 0 400 600" enable-background="new 0 0 :hidden; var ligl = document. ('.lights');
400 600" xml:space="preserve" } var = document. (e E)
body, html { var = document. ('.satDish');
id="night" : g var =
gradientUnits="userSpaceOnUse" x1="199.6667" - - document. ('.starContainer');
y1="71.434" x2="199.6667" y2="517.3639" : 0; var K =
offset="0" stvle='"ston-colar:#222B33" : 0: document. ('.frameMask'):

Console Assets Comments 3 Keys Add to Collection X Fork Embed Export Share



LogoMotion

Liu 2025]

-

— ——

CARDINALS

STATIC LOGO IMAGE

€— Group —
<img alt="Simple blue
mountain silhouette
graphic.”
id="DXJ" src="{url}"
style="position: absolute;
width: 113.0px; height:
54.6px; left: 55.3%; top:
44 ,1%; z-index: 6; "/

<img alt="Simplified light
blue mountain silhouette."”

1d="KXR"
src="{url}" style="position:
absolute; width: 113.0px;
height: 54.6px; left:
22.7%; top: 44.1%; z-index:
2; "/

HTML from

For the animation of the
primary element, the
silhouette of the person skiing
you could create a motion...

VLM
IMPLEMENT —

var timeline = anime.timeline({ easing:
'easeQutExpo’,

}); // Begin by animating the background element which
is the sky

timeline.add({ targets: '#WQO',
}); // Animate the mountains to 'rise' up
timeline.add({ targets: ["#DXJ', '#KXR'],

// Stagger the start times of
animations for individual targets }, ); // Overlap
with the previous animation // Slide in the horizontal
lines

timeline.add({ targets: ['#MVX', '#OFQ'],

', ); // Animate the text
"CARDINALS"

timeline.add({ targets: '#CZF',
);
timeline.add({ s "HISNT',
easing: 'easeOutExpo’,

);

timeline.add({ targets: "HOWE',

easing: 'easeOutCubic' },
easing: 'easeOutCubic' },




Formal representation of
natural language

Natural language 1s ambiguous, underspecified, and hard for
machines to reason over directly.

L ong-standing approach In linguistics and Al: represent meaning as
logical expressions with variables, predicates, and quantifiers.

"A red ball I1s on the table." = 3Ix. ball(x) A red(x) A on(x, table)

28



Instructions to Actions

|Artzi and Zettlemoyer 201 3]

(a) chair
Ax.chair(x)
(b) hall
Ax.hall(x)
(c) the chair
vx.chair(x)
(d) you

You
(e) blue hall
Ax.hall(xz) A blue(x)
(f) chair 1n the 1ntersection
Ax.chair(x) A
intersect(ty.junction(y), x)
(g) in front of you
Ax.in_front_of(you, x)

29



Instructions to Actions

|Artzi and Zettlemoyer 201 3]

move forward twice to the chair
Aa.move(a) A dir(a, forward) A len(a,2) A
to(a, tx.chair(x))
at the corner turn lett to face the blue hall
Aa.pre(a, vz.corner(x)) A turn(a) A dir(a, left) N

post(a, front(you, tx.blue(x) A hall(x)))
move to the chair in the third intersection
Aa.move(a) A to(a, tx.sofa(x)) N
intersect(order(Ay.junction(y), frontdist, 3), x)

30



MoVer

'Ma and Agrawala 2025]
-

The orange circle translates

above the rectangular shape.
In the meantime, the letter H
rotates 90 degrees clockwise.

LLM

3




MoVer

'Ma and Agrawala 2025]

The orange circle translates
above the rectangular shape.
In the meantime, the letter H l I I

—_ -

rotates 90 degrees clockwise. -

0, = lo.clr(o,"orange")ashp(o,"circle")
0, = 10.shp(o,"rectangle"”)
03 = 10.id(0,"H")

m, = im.type(m,"trn")Aagt(m,o,)Apost(m,top(o4,0,))
m2 = im.type(m,"rot") nagt(m,o,) Adir(m,"cw")Amag(m,90)

while(ms,m2) .




MoVer

'Ma and Agrawala 2025]

The orange circle translates LLM
above the rectangular shape.

In the meantime, the letter H Il
rotates 90 degrees clockwise. -

0, = 10.¢/r(0,"orange") Ash b(o,"circle" oV
0p = 10.50p(0, rectangle. Executigneéngine
03 = 10.iq(0,"H")

m, = im.fype(m, trn")Agc

M2 = Im.[ype(m, 'rot") Adc

=1l

while mi+,Mo IEI 33



MoVer

'Ma and Agrawala 2025]

The orange circle translates
above the rectangular shape.

In the meantime, the letter H [ II

—_—m—-s-wm MM

rotates 90 degrees clockwise. -

0, = 10.¢/r(0,"orange") Ash b(o,"circle" oV
0, = 10.50p(0,"rectangle" over

. Execution Engine
O3 = 10.1d(0

m, = im.fype(m, trn")Agc
M2 = Im.[ype(m, 'rot") Adc

while mi+,Mo

si(m,10[l(04,0)) |-
§(m,90)

I(m,0,)ADPEC

34
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MoVer

'Ma and Agrawala 2025]

The orange circle translates LLM
above the rectangular shape.

In the meantime, the letter H
rotates 90 degrees clockwise.

35




Designing
shared representation

|. The shared representation can directly be in the same format as
the user Input and the machine output

2. The shared representation can be an intermediate layer between
the user input and the machine output when |.1s not feasible

36



How can we help humans
to more efficiently interpret
these intermediate layers!?



Sketch-n-Sketch

Hempel 2019

e }x Sketch-n-Sketch  File  Code Tools  View  Options Output Tools

Current file: Untitled * Context: Program Built-In Tools

(0]
© Undo Clean Up ko m k Cursor

1 equiTriPt [x3, y3] [x2, y2] = C;RE Point or Offset
[ X2 + x3 + sgrt 3! * (y2 - y3))/ 2!, (y2 + y3 - sqrt 3! * (x2 - x3)) / 2!] d

Polygon User-Defined Tools
User-Defined Tools

o . .
o ° equitript 5 equiTriPt

oneThirdPt [x3, y3] [x, y] =
[ x/ 1.5'+ x3 /3!,y /1.5 +y3/ 3!]

point = [39, 314]
point2 = [490, 301]

o) . O
Q oneThirdbt Q, oneThirdPt

makeKochPts depth point point2 =

let oneThirdPt2 = oneThirdPt point point2 in

let oneThirdPt3 = oneThirdPt point2 point in

let equiTriPt2 = equiTriPt oneThirdPt3 oneThirdPt2 in

if depth < 2 then

[point, oneThirdPt3, equiTriPt2, oneThirdPt2]

else
18 let makeKochPts2 = makeKochPts (depth - 1) point oneThirdPt3 in
19 let makeKochPts3 = makeKochPts (depth - 1) oneThirdPt3 equiTriPt2 in
20 let makeKochPts4 = makeKochPts (depth - 1) equiTriPt2 oneThirdPt2 in
21 let makeKochPts5 = makeKochPts (depth - 1) oneThirdPt2 point2 in
22 concat [makeKochPts2, makeKochPts3, makeKochPts4, makeKochPts5]
23
24 depth = 3{1-5}
25
26 topPts = makeKochPts depth point point2
27
28 botCorner = equiTriPt point2 point
29
30 rightPts = makeKochPts depth point2 botCorner
31
32 leftPts = makeKochPts depth botCorner point
33
34 snowflakePts = concat [topPts, rightPts, leftPts]
35 nPointsSepBy
36 polygonl =
37 let pts = snowflakePts in - nHorizontalPointsSepBy
38 let [color, strokeColor, strokeWidth] = [124, 360, _2] in
39 polygon color strokeColor strokeWidth pts ©  nVerticalPointsSepBy
40
41 svg (concat [ ' pointsBetweenSepBy

42 [polygonl] o
43 1D midpoint

B ER000. .

vec2DPlus

vec2DLength

circle

ring

ellipse

rect

square

line

rectByCenter

squareByCenter

, NPointsOnCircle

(o]

:'o.

nPointsOnSegment




PN\  Sketch-n-Sketch

Current file: Untitled *

C Redo

1 svg (concat [
& 1)

File

Clean Up

Examples

Sketch-n-Sketch

[Hempel 2019]

Code Tools

Output Tools View Options

Context: Program

Built-In Tools

k Cursor
O

MY Point or Offset

* Polygon

User-Defined Tools
Standard Library Tools

vec2DPlus
o]

o vec2DLength

. circle

O ring
. ellipse

" rect

p—y

£

(.3 square

\ line

. rectByCenter
._‘ squareByCenter

(o]
o “ o NPointsOnCircle

OO nPointsOnSegment

39



Designing
shared representation

|. The shared representation can directly be in the same format as
the user Input and the machine output.

2. The shared representation can be an intermediate layer between
the user input and the machine output when |.1s not feasible.

3. The shared representation can be desighed to improve
readability for the user while maintaining interpretability for the
machine.

40



DynaVis

Varthilingam 2024

Increase the x-axis text size to 20 and rotate the

.__ ow would you like to mo d "y he chart? q Widgets

labels by 60 degree countclockwise

X-Axis Label Editor I}
X-Axis FontSize:[20 ~ ©

X-Axis Rotation Angle: e @smm—

DynaVis automatically synthesizes
a widget for the edits

Alice gives a natural
language command to
edit the chart

Jan 2000 Jan 2004 Jan 2008
date




DynaVis

Varthilingam 2024

X-Axis Label Editor

X Axis Label Size:

<div class="widget">
<label for="xAxisSize">X Axl1s Label Size:</label>

<itnput type="range" 1d="xAxi1sSi1ze" name="xAxisSize"

min="2" max="80" step="1" value="14">
</div>

function callback(event, spec) {
if(spec.encoding.x.axis) {
spec.encoding.x.axis.labelFontSize

} else {
spec.encoding.x.axis = {"labelFontSize": event.target.value};

}

return spec;

event.target.value;

42



VibeAnimation

"Ma 2026]

Source animations Motion concept specs Motion concept function Automated instance reconstruction
Concept description twinkle(elem, tl, startTime, //required § frame 001 frame 030 frame 060
A "twinkle" concept expansion, dimness, frequency) S
where an element 2 * *
expands and dims Function control panel =

S
Concept parameters ,§
. expansion (...) :
- dimness (...) — Mismatch
. frequency (...) .5 frame 001 frame 030 frame 060
C
- N b *
vy
) ¢ S
1)
+ &

expansion expansion ikl 4.0. din8 5 7 "
dimness dimness winkle(..., exp=4.0, dim=0.5, freq=1.0)
frequency frequency

Design gallery Automated parameter behavior verification

Concept description

A "wing flap"where an —> * *

element rotates around ‘

a pivot point

Conﬂcep;parar(ne)ters expansion 2.8 expansion 3.8 expansion 1.5
- flapRange (... : : :

. pivot (... ; wingFlap(elem, t1, startTime, //required dimness 8.5 dinness  B.7 dimness 0.3
- speed (...) flapRange, pivot, speed) frequency 4.8 frequency 1.8 frequency 1.8

Motion concept specification Motion concept function generation Motion concept function verification




VibeAnimation

"Ma 2026]

Motion concept function

twinkle(elem, tl, startTime, //required
expansion, dimness, frequency)

Function control panel

)

expansion == expansion ewsmmm—()
dimness e dimness =0
frequency () frequency =0

Design gallery

wingFlap(elem, t1, startTime, //required
flapRange, pivot, speed)

T — S —
Motion concept function generation




"Ma 2026]

ANIMATION CREATION

Static SVG scenes

Select a SVG file

Library functions

twinkle_0418_abs_iter_0.]js

Alll, 1x ad

Function parameters 2>

SVG default

The static SVG file being animated
startTime 0

Absolute start time on the timeline.
fillColor #FFF9BO

Highlight fill color at the peak of the
twinkle.

VibeAnimation

0418_fig_twinkle.json

v Function parameters

VG default v

The static SVG file being animated

startTime 0

Absolute start time on the timeline.

fillColor #FFF9BO

Highlight fill color at the peak of the twinkle.

opacity 1 [

Peak opacity reached at mid-cycle before returning to the element's
original opacity.

> Design gallery [SVGs|Params]

New chat name

0.67/0.70 4Jr

rotation -244.8 [

Relative rotation in degrees added at the twinkle peak, then reversed
back to the starting orientation.

scale 0.477 @

Multiplicative peak scale factor applied to the element's current scale
before returning to its starting size.

twinkleDuration 0.7 @

Total duration in seconds for the full out-and-back twinkle cycle.

45



|. I he shared re

Summary

bresentation can directly be in the same format as

the user Input and the machine output.

2. The shared re

bresentation can be an intermediate layer between

the user input and the machine output when |.1s not feasible.

- Programs are often being used as the intermediate layer

3. 1 he shared re

bresentation can be designed to Improve

readability for the user while maintaining interpretability for the

machine.
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