Provenance for Interactive Visualizations

Fotis Psallidas Eugene Wu
otis@cs.columbia.edu ewu@cs.columbia.edu

B aikea

barchar —_ B,
Q1

o G

|

sclection

sean @ Top-10Project Jon Queres

sel Rank | Mappn SoinTrse
lmeitem woing
—— i o throccton yes, ) -+ movie_info]
Lt | © CprSrwente v | St Loty Lpahay Loy Unembee ooy Lennsodpe | dbonur .
Pidca year range:

Tt = [ove_efo]movie_a = el 18

Cotuma Seons TowlScore  foodes) Modgest) g
1938 2000

asse2 s

2 ' 2
Picca month range: coszm
n b

Row Evalvaton Hisory 0
Shewrg 1108 012421 sntres

255

sory

Ot o scon sty 078041+ 162085 - 15209 - 20515 - 28575 - 35852
st name. firstname  midle_name lie_1_siret_sdross. T

i o). tproductionyoan, ) - e
pu— ¢
&
10G344065  15A7HGOEET (2010130000291

st info)
] = [cos o movie_id = it
R
AGUADILLA SR PR CaRR 2 KN GENERAL SRAC m!ﬂ:"r‘mm & Golumn Score Total Scora #nodssl))  Aedges(s] height(s)
‘Actions: Arvitats TOTG! o s a3 2 ' 2

Row Eveluodon Hiswry 0122
ISING 2769642 2012070000580 AGUADILLE :

F B
10G344065  1SSTSGOEET 2010123000029

ory
AGUADILLAPR PR CARRZ KM GENERAL PRAC

- — b Sams
[ramaton —parrater
Jrainson

CQ ool row coreistory 7804 ~ 1,826 — 1 82096 = 2 0615 — 26515 — 320035
oee o5
‘Aetions: Anmtate T Orgial T2HET

conpany_sameame), Uleosicion yem), - movie_companies
e

o)
i) = e coevparies] move 4 = e it




Provenance Primer

Fine-Grained Provenance
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Provenance Primer

Fine-Grained Provenance
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Airports
name state

a, LGA NY
a, JFK NY
az IAH TX
Flights

from delay

f, LGA| 30

f, LGA| 40

f; |JFK| 60

f, [IAH| 60
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from delay state
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LGA 40 NY
JFK 50 NY
1AH 60 TX
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Provenance Primer

Fine-Grained Provenance
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{f,} = backward_trace({o,} Flights)

state

avg(delay)

TX

60




Airports

Flights

from delay

f, [IAH

60

&5 COLUMBIA | ENGINEERING

TN The Fu Foundation School of Engineering and Applied Science

Provenance Primer

Fine-Grained Provenance
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Airports

name state

a, | LGA [ NY

a, | JFK | NY

a; | IAH | TX

Flights
from delay
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Provenance Primer

Fine-Grained Provenance

from delay state
LGA 30 NY
LGA 40 NY
JFK 50 NY
1AH 60 TX

state avg(delay)
NY 40
TX 60




Provenance Primer

Fine-Grained Provenance

« Navigation of the input-output connections

* Provenance consuming queries
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Goal of this talk

How to use fine-grained provenance
to express core interactive application functionality

Why though?
O (Expressivity) Logic over provenance is expressed declaratively
O (Performance) Provenance management systems are becoming *fast*

See [Smoke, VLDB18] or pass by our demo on Wednesday/Thursday

#Flights by Unique Carrier Select Method: | Lazy | BT | [0 Cube
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Connections

Core interaction logic with provenance
 Selections

 Logic over selections
* Multi-view linking
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Interactive Selections

Goal: Get subset of inputs that correspond to selected visual outputs

Example: Find the airports that operate at the selected states

airports—_

flights—

N— e
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Interactive Selections

Goal: Get subset of inputs that correspond to selected visual outputs

Example: Find the airports that operate at the selected states

airports” = backwar'd_tr'ace(-,air'por'ts)

airports

flights
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Logic over Selections

Goal: Express application logic over the selected inputs

Example: Find the #airports that operate at the selected states

SQL ( 54 airports operate
in this area
__ [2/(
airports
flights—
N — e
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Multi-View linking

Goal: Look at the relationships between different views

Example: Show the distribution of #flights per carrier only for selected states

backward _trace( ,flights)

‘ +

airports

flight

<
®
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airlines View V,

—lp

selective_refresh(V2, flights )

Carrier
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Provenance for Interactive Visualizations

Interactive Selections

* |tem selection
. Group selection backward_trace(..)

« Range selection
* Generalized selections

Logic over Selections

« Tooltips SQL(backward_trace(..))
* Details-On-Demand
* Semantic Zooming

Multi-View Linking

* Linked Brushing selective_refresh(backward_trace(..))
 Crossfilter B
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What next?

Traditionally provenance systems have been at the core of several applications
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What next?

Traditionally provenance systems have been at the core of several applications

Diagnostics Scheduling

I Network I Resource I

>
C

o
=
-
Q@

| oo Tt T T TT T T [ [ Tttt T i :_ """"""""""" :
}  Interactive i . Interactive |, Multi-Application | | Intgractlve 1 What-if :
1 . . . Pl re i1 . . ] Uery i .. \ 1
»  Visualizations 1 Data Profiling Linking il e i 1+ Provisioning
: ‘) { 1 Specification 1! :
| 1 :_ """""""""" 1 :' """""""" [ 2 [ 1
: Query i) Why-not L lterative i1 VizWorkflow | Interactive |
. Explanations {:  Analytcs i}  Analytcs i: Debugging i DataCleaning
i o !l Visualizaton i . . i1 o
) Interaction i ML 0 : 0 Interaction i1 Application |
i Debuggin {} Interpretability {j Deconstruction {3 g omple || Design Search |
: 99ng 4y TMEIPTEEBIY 1 and Restyling 11 DY =XamPe 1 Besld i
FTTTTTTTET T s T T FTTTTTTTET T s T T FTTTTTTTET T s T E T e T

1
1
Collaborative |
Communication i

1

i E Replication and
11 Reproducibility

&5 COLUMBIA | ENGINEERING

TN The Fu Foundation School of Engineering and Applied Science



Multi-Application Linking

« Many applications are built over the same database (esp. in enterprises)
« Extend multi-view linking to multi-application linking
« Powerful for: connecting data across apps, reuse app logic

Search App

KIAlY[AK]

HOUSTON

2:50-5:60 DL33
IAH, TX

3:50-6:60 UA22
IAH, TX
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Multi-Application Linking

« Many applications are built over the same database (esp. in enterprises)
« Extend multi-view linking to multi-application linking
« Powerful for: connecting data across apps, reuse app logic

Search App Data Store Vis App
Average
K|A[Y[A K| Departure Delay
HOUSTON 60 minutes
~/ airports™ ™\

2:50-5:60 DL33

AR, T 5 airlines V, \ .

3:50-6:60 UA22 . °®

IAH, TX flights oo
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Takeaway

Interaction Logic as Provenance

U

Declarative wins &
Holistic optimization

2:%
&% COLUMBIA | ENGINEERING
TN The Fu Foundation School of Engineering and Applied Science



&5 COLUMBIA | ENGINEERING

TN The Fu Foundation School of Engineering and Applied Science

Thank You
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