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training an ML model

building a dashboard

How do we make . o as easy as search?
identifying patterns

data cleaning

Y
Insight Discovery

So, what's so great about search?
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Low-code is an application development method that elevates coding from textual to
visual. Rather than a technical coding environment, low-code operates in a model-driven,
drag-and-drop interface.
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Key Design Principles from Search

1. Imprecision tolerated

— fuzziness, incompleteness, inaccuracies, ...

2. Human in a dialog with automation
— both doing what they do best

3. Multiple specitication modalities

— examples, keyword search, interactions/selection



Adapting the Design Principles for Data Work

How do we make

training an ML model
building a dashboard
identifying patterns
data cleaning

as easy as search?

« What input specifications does the system support?

ow does t
ow does t
ow does t

ne system engage in a dialog with the user?
ne system deal with imprecision (aka many matches)?

ne system return results in an interactive manner?



Case Study: Visual Query Systems

From Sketching to Natural Language: Expressive Visual
Querying for Accelerating Insight. CACM, 2022

ShapeSearch: A Flexible and Efficient System for Shape-based
Exploration of Trendlines. SIGMOD 2020 [Best Paper Award]

You can't always sketch what you want: Understanding
Sensemaking in Visual Query Systems. VIS 2019

Effortless Visual Data Exploration with Zenvisage: An Interactive
and Expressive Visual Analytics System. VLDB 2017



Analysts often
have a need to
search for patterns
in a set of line
charts

Often too many
charts to look at!
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Concrete Example: Astronomy
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Why not use Visual Query Systems?

Most Similar
N
o
"~ N

TimeSearcher [Hochheiser & Shneiderman 2004] TimeSketch [Eichmann & Zgraggen 2015] Least Simi Ia r
QuerySketch [Wattenberg 2001] SketchQuery [Correll & Gleicher 2016]
QueryLines [Ryall et al. 2005] Zenvisage [Siddiqui et al 2017]

SoftSelect [Holz & Feiner 2009] Qetch [Mannino & Abouzied 2018]
Google Correlate [Mohebbi 2011]

However, none of this prior work has seen adoption!

Can we develop a “useful” visual query system?



Start of
material
science
collaboration

scatterplot view

R
10 ° :-.Q,'-';:.',.'i'\'_’ ',...-7._.:':..,{ e
a1 . AN AR
-12

2.0 -1.5 -1.0

consider x-range option

Start of ZV++
Development

Start of
astronomy
collaboration

DARK ENERGY
SURVEY

dynamic
class creation

Start of genetics
collaboration

Minimum
Similarity cutoff

constraints
filtering

query by
pattern loading

ﬂ / \\h /‘x I
3 month Y 6 month

TL

display similarity score

query by input equations

@® Material Science
@ Astronomy

@ Genetics

o388888388
\

aaaaaaaaaa

9 month
custom KMeans
cluster size

‘e

ol

O 1
1 year

| ]

I |

1 year &
3 month
disable original dynamic class Data Export
sketch query aggregation table '
error bars, flip y axis bl
auto_mag by mjd57000
220
222
224
-450 -400 -350
objid_cycle_band: 368162439:1 [R] (0.288)

Year-long design with battery scientists, astronomers,
and genomics researchers

14



zen \;éege (i JO

Dataset ©

real_estate

Pattern ©

Category ©
city

X-axis
month

Y-axis

soldpricepersqft

Error Attribute

none

For more details on
zenvisage’ novel design
and how it works at
scale, see our paper!

“

“

“

«~

“

- Similarity ©@ Cluster Size ©@ Data Smoothing @ Options ©
ZQLTable|[zaLseipt| 00000 | T e TS TEESTEENNLL TR
- ® Euclidean Distance |5 | None + @ Consider x-range
198 ) Segmentation ' Show original sketch
197 O DTW Number of Results Smoothing Constant: 0.5 [ Show scatterplot
.” \‘~~\\ ) -
S ~ - MVIP 50 ( ' p Show Bar Chart
104 [/ Reverse y-axis
: Aggregate ©@ Similarity Cutoff @ Filter Constraint @ )
: ) - Input Equation @
NN © Sum 0.3 state='"CA' Suomit
TR g 0 @ Average y=sin(x) add
// “———— ] © None
1 2 3 4 5 [ 7 ] 10 1 12
Results L Representative patterns ., Outliers .+
soldpricepersa® by month soldpricepersg® by month soldpricepersa® by month soldpricepersg® by month
260
218 :g e 168
218 250 168
214 ‘;: 205 167
212 b 240
2 4 8 a 10 12 2 4 8 a 0 12 2 4 & a 10 12 2 4 8 a 10 12
city: Paso Robles (0.43) city: Chico (0.39) South Lake Tahece (86 more like this) Eureka
soldpricepersa® by month soldpricepersg® by month soldpricepersa® by month soldpricepersg® by month
154
152 148 :: m
1% 148 192 10
148 144 190 108
2 4 8 a 10 12 2 4 8 a 0 12 2 4 8 a 10 12 2 4 8 a 10 12
city: North Highlands (0.354) city: Murrieta (0.348) El Dorado Hills (86 more like this) Desert Hot Springs
soldpricepersa® by month soldpricepersg® by month soldpricepersa® by month soldpricepersa® by month
o 130 500 1495
2 = = s
220 128 480 1480
gﬁ 27 470 1475
480
2 4 8 a 10 12 2 4 8 a 0 12 2 4 & a 10 12 2 4 8 a 10 12
city: Upland (0.335) city: Fresno (0.325) Sunnyvale (62 more like this) Cathedral City
soldpricepersa® by month soldpricepersa® by month soldpricepersg® by month
310 1010 215
1005
. e 210
%95 205
300 %90 200
2 'l & a 10 12 2 'l & a 10 12 2 4 8 a 10 12
city: Morgan Hill (0.309) Adelanto (16 more like this) La Quinta
soldpricepersq® by month soldpricepersg® by month
120 500
18 400
N\
——— " .
2 'l 8 a 10 12 2 4 8 a 10 12

Visalia (9 more like this)

Watsonville




One Key Takeaway: Recommendations Kickstart Queries
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Unaddressed Needs in Visual Query Systems

I~~~ position duration  intensity
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Approximate search

Partial (ambiguous) specitication

“I just want to match the “| don’t want to provide a precise

shape, not the values specification — just key features"

AND AT LEAST

CONCAT
OR

NOT BETWEEN

Arbitrary combination of patterns

“l want to be able to mix and match characteristics” ’



ShapeSearch: The Next Geparatian MOS

“Products whose sales have

Show me trendlines that are first increasing and then going down

been decreasing in the last
three months”

X”Stocks that peaked in 201 9”/

|

Correction Panel

. oot B
NLP Magic o [E2T3 CONCAT # + —
[see paperl] o =Y up s -

o (] down ' -

Submit correction

Keyword search for trendlines, with a panel showing the
underlying system interpretation for validation (regex)
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Fun with Algorithms: Scoring Patterns

Decreasing, then increasing
and then decreasing  +
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>

Aggregate N®-1 possible approximations
(N = trend line length, K = no. of patterns)

20

Bottom-up algorithm: see paper!



No one modality dom

Study Findings

inates!

Keyword search dominates for:

e seguence-based patterns

* sub-patterns
* multiple constraints

=>» Supporting imprecision helps!

Sketching dominates for:

* precise pattern mat
« complex patterns

ching

21



Case Study: Revisiting the Key Design Principles

1. Imprecision tolerated
— sketch + keyword search offered valuable no-code ways to query vis

2. Human in a dialog with automation
— important to support constructive dialog
— kickstart with recommendations
— confirm/validate when unclear
— support multiple user workflows (three processes)

3. Multiple specification modalities
— sketch, drag-and-drop, keyword search, ...

See Dixin’s talk later today! 22



Now to simply apply it to the rest of data work!

training an ML model
building a dashboard
identifying patterns
data cleaning

How do we make as easy as search?

1. Imprecision tolerated
2. Human in a dialog with automation

3. Multiple specitication modalities

23
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Why Now?

Thanks to large pretrained models, we can now better

— Interpret imprecise input [

But it's still challenging to use these in practice!

foo
one
one
one
two
two
two

— Synthesize data work programs automatically < Synthesis >

— Understand unstructured data (PDFs, images, videos, ...)

bar

N> >

baz

oOouUphsWNER

Z00

10
11
12

Unstructured
data

# replace all cells that have 2 with 10
df.replace(2, 10)

# replace all cells that have 2 with 10 and all cells that have two with ten
pf.replace({'foo': {'one': 'ten', 'two': 'twenty'}, 'baz': {2: 10}}, inplace=True)

No way for users to verify/guide/correct system output

See Sam and Justin’s talks later today! 24



Why Now (2)

Impressive performance on

understanding unstructured data

However, mistakes still abound —

and are hard to fix.

mistake }
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See Hellina and Rachel’s talks later today!
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Why Now? (3

Playground Load a preset... Save

(&)

Extract names of people from this text:

"Rishi Sunak (/'r1f1 'su:naek/;[1] born 12 May 1980)[2] is a British politician who has served as Prime Minister of the United Kingdom and Leader of the Conservative Party since 25
October 2022. He was Chancellor of the Exchequer from 2020 to 2022 and Chief Secretary to the Treasury from 2019 to 2020.[3] He has been a member of Parliament (MP) for
Richmond (Yorks) since 2015. Sunak was born in Southampton to parents of Indian descent who migrated to Britain from East Africa in the 1960s.[4][5][6] He was educated at
Winchester College, earned a degree in philosophy, politics and economics (PPE) at Lincoln College, Oxford, and an MBA from Stanford University in California as a Fulbright
Scholar. While at Stanford, he met his future wife Akshata Murty, the daughter of N. R. Narayana Murthy, the Indian billionaire businessman and co-founder of Infosys. Sunak
and Murty are the 222nd richest people in Britain, with a combined fortune of £730m as of 2022.[7] After graduating, Sunak worked for Goldman Sachs and later as a partner at
the hedge fund firms the Children's Investment Fund Management and Theleme Partners. His grandfathers were born in Punjab province, British India, and migrated from East
Africa with their families to the UK in the 1960s.[19] His paternal grandfather, Ramdas Sunak, was from Gujranwala (present-day Pakistan) and moved to Nairobi in 1935 to work
as a clerk, where he was joined by his wife Suhag Rani Sunak from Delhi in 1937.[20][21] His maternal grandfather, Raghubir Sain Berry MBE, worked in Tanganyika as a tax
official, and had an arrangedq marriage with 16-year-old Tanganyika-born Sraksha, pvith whom he had three children, and the family moved to the UK in 1966, funded by Sraksha
selling her wedding jewellery.[22] In the UK, Raghubir Berry joined the Inland Revenue, and as a collector, was appointed a Member of the Order of the British Empire (MBE) in
the 1988 Birthday Honours list.[23][24][25][26]"

Answer:

.............................................................

505

Q
©)
4
&

Ex -

See Shreya talk later today! 2



Why Now? (4)

If we are to make insight discovery as easy as search, such design
principles are key, while meeting interactivity requirements at scale.

1. Imprecision tolerated
2. Human in a dialog with automation

3. Multiple specitication modalities

27



