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X = Math.random();

if (x < 0.5)
y = true;

else
Y

false;

SDecl
Seq

Update
Var: “window 0 (0)
String: dummyAddress
Undef

Update
Var: “window 0 (0)
String: Arguments
Undef

ToObj
Scratch: 0

Binop: acc
Var: “window 0 (0)
String: Math
New
Scratch: 1
Var: ~argumentsVar 11 (11)
Var: ~dummyAddressVar 13 (13)

14180
14170
13130
13100
13110
13120
13170
13140
13150
13160
13220
13180
13210
13190
13200
13260
13230
13240
13250

OO



@ Reset Untwist Help

[ Choose File | No file chosen

-ocn"::

-
she.
vet®

00.."::'-000--0.'.

[ Choose File | No file chosen ( Choose a store value 4)

1 decl t'0 = undef, ‘dummy’'2 = undef, ‘arrayVar'3 = ‘window'0 r*» “Array", ‘fu:
2 scratch (&) in ID: 76
3 ("window'0). ("dummyAddress") = undef ID: 69
4 (‘window'0). ("Arguments") = undef ID: 69
5 (‘window'0). ("CObject™) = undef ID: 69
6 ("window'0). ("btop") = undef ID: 69
7 ("window'0). ("foo“) = undef ID: 69
8 (‘window'0).("fact") = undef ID: 69
9 ("window'0). ("£fail") = undef ID: 69
10 scratch_0 = newfun (1.0) ID: 71
11 ("self 14, arguments) => ID: 71
12 decl n = arguments rc2 "0" in ID: 714
13 scratch (11) in ID: 71
14 :RETURN: : ID: 71
15 if typeof n r=1 "string" r&&" false ID: 70:
16 scratch 0 = n r%» 0.0 ID: 70
17 else ID: 70
18 if isprim n ID: 70
19 scratch_1 = tonum n ID: 70
20 else ID: 70
21 scratch_2 = new ‘argumentsVar'll( dummyAddressVar’
22 merge ID:
23 (scratch_2).("0") = n ID: 70
24 (scratch_2). ("length") = 1.0 ID: 70
25 scratch_ T = ‘numberVar 8( window'0, scratch_ 2)ID.
26 merge D: 70
27 merge ID 70
28 scratch_0 = scratch_1 r&-» ID: 70
29 merge ID: 70
30 if tobool scratch 0 ID: 71
31 jmp :RETURN: T.0 ID: 70

| Variable | Address | Value |

169860 | DAddr:Set(Address(-3)) |
|arguments 169870 | DAddr:Set(Address(71921)) |
|2 |DAddr:Ser(Address(-3)) |

*dummyAddressVar' 13 69190 | DAddr:Set(Address(-177)) |

“argumentsVar1l 69170 | DAddr:Set(Address(-29)) |

*numberVar'8 169140 | DAddr:Set(Address(-26)) |




Imprecise
(1 CFA)

Precise
(5 CFA)

("window 0).("fact") = undef
("window ' 0). ("fail") = undef
scratch 0 = newfun (1.0)
("self 14, arguments) =>
decl n = arguments r*1 "0" in
scratch (l11l) in
:RETURN: :
if typeof n r=1 "string" r&&- false
scratch 0 = n r%> 0.0

else
if isprim n
scratch_1 = tonum n
else
scratch_2 = new ‘argumentsVar 1l ( dummyAdd:
merge
(scratch_2).("0") = n
(scratch 2).("length") = 1.0
scratch_T = “numberVar &( window'0, scratct
merge
merge
scratch_0 = scratch_1 r<- 0.0
merge

if tobool scratch 0
jmp :RETURN: T.0

else
if isprim n
scratch_3 = tonum n
else
scratch_4 = new "argumentsVar 1ll( dummyAdd:
merge
Sscratcs-é) : s::?“) ‘-L!'E T A



Future Work

Visual Context of Program
Improve/Augment User’s Mental Model

Develop Creative/Robust Code
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Big Data

Volume
Velocity

Variety



4 Big Data Borat W Follow
; @BigDataBorat

#BigData2014Predictions #1: Falling #bigdata hype

force 3 Vs model to be reduced to 2 Vs model.
"Variety" temporary loan to 3-D Printing
2:07 PM- 1 Jan 2014

12 RETWEETS 4 FAVORITES




"High variety is what keeps
me up at night"

- Some data scientist

"Variety, not volume, is the greatest big data
challenge'
- Ben Plummer, www.datawatch.com

"Variety is the hardest V in telecom’
- www.ontology.com



Variety of system + data + workload

High Variety Data Management




Every database system
paper...

Runtime

| your system

our system




Every database system
paper...

Runtime
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QrMy"a Editor  Que

Write your code here, perhaps starting from one of the examples at the right. 5 Examples Datasets Query Plan Results
OppData = scan(all_opp_v3); Visualization of the logical and optimized physical query plan.
VctData = scan(all_vct);

OppWithPop = select opp.*, vct.pop Code parsed as Relational Algebra ¢

from OppData as opp,
VctData as vct
where opp.Cruise = vct.Cruise . A . q
and opp.Day = vct.Day Relat;onal algebra converted and optimized into a Myria
and opp.File Id = vct.File Id Physical Plan
and opp.Cell_Id = vct.Cell_ Id;

Fragment 3

PlanktonCount = select Cruise, count(*) as Phytoplankton
from OppWithPop
where pop != "beads" and pop != "noise"
and fsc_small > 10000;

store(PlanktonCount, public:demo:PlanktonCount); ' '

T Apply|Coll_I3=810,Cruise~S11.Day-812 Fin_d-813) ] T Apply(Cruse~81,Day=82 File_id=33,Col_id~85) ]
» Execute the Query ‘ -.,_‘
.4

T SrutteProducenhi$0,$3,82,51)) ] T ShufMeProdecenn($3 52 51 50), ]

<>

Query Language Myrial

/ Developer Options

Profile Query

Profiling will make the query run a little bit slower but allows you to examine exactly how the
query was executed. 5

ShutteProducerhi S0

Myria - Big Data analytics as a cloud service

MyriaStore(public:demo:PlanktonCount) [MyriaApply(Cr
uise=$0@,Phytoplankton=$1) [MyriaGroupBy($0; SUM($1))
[MyriaShuffleConsumer [MyriaShuffleProducer(h($@)) [M

‘riaG rouﬂB‘(wi COUNTALL) [M‘riasimmet ricHashJoin(((



) Myria Editor Queries

Query 36907 visualization of physical query

sution

This page shows a visualization of how query 36907 was executed. On the left, you can see the physical query plan consisting of
operators that are grouped in fragments. Click on a fragment to explore what happened inside a fragment and on a connection between

fragments to explore the network communication.

Physical Query Plan:
Fragment 1 Fragmen 2
T Scan|public:achec: Twitterk) ] T Scar{pudic:adnoc: TwitierK) ]
A ¥

) ] T SnuttieProducer(h(S0)) ]

oProducerni$t])
Y T
O 3 / 2
Fragment
O Q
4 y.d

T| SymmetricHazh oin((§1 = $2); $0.51.53) \J

Overview ' Operators inside fragment 0

Query time contribution collapse

O ©
Store(public:adhoc: TwoHopsInTwitter) App’ Symr ShuffleCoff Shuf
87 % 1%!4% 7% 1%
I

Detailed execution

200 sec 400 sec .600 sec .B0O sec 01 sec 01.200 sec 01.400 sec 01.600 sec 01.800 sec

QuiViz - Query visualization in distributed

systems




Better systems for data visualization

e i e T

e Scalable Systems for data visualization
recommendation (Ham)

e Multi table profiling

e \isualization aware optimization

e User sessions to predict queries

TTTTe B 7777/ -7 TTTTLL\\ e F Oy =




Arvind Satyanarayan



Declarative Interaction Design for
Data Visualization

Arvind Satyanarayan Kanit Wongsuphasawat Jeffrey Heer

@arvindsatya @kanitw @jeffrey_heer




























An Interaction Grammar B

mousedown ! lmouseup.

brush _start brush _end

Event Streams Capture and compose input events

Scale Inversions Lift interactions to the data domain

Predicates Define interactive selections

\
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
:
|
Signals To build reactive expressions I
|
|
|
|
|
|
|
|

Production Rules  Predicate chain to manipulate visual encodings

Interactors “File-format” for reusable interactions







e 60 6 ) uwdata/vega at v2 X \
« C | @ GitHub, Inc. [US] | https://github.com/uwdata/vega/tree /v2 xw A O O &7 ‘,G

O This repository Explore Gist Blog Help "ﬂ arvind +- [ & [ Tg

uwdata / vega ® Watch ~ A Star 0  YYFork 232

forked from trifacta/vega

A visualization grammar. http://trifacta.github.com/vega
<> Code
277
Pull Requests

Your recently pushed branches:
Wiki

v2

Poranch:v2~ | vega/+ ; Pulse

Graphs

Moving vega2 development to a public repo
Settings
f'a arvind latest commit 5fb@525c6d @- g

src Moving vega2 development to a public repo 19 seconds ago
test Moving vega2 development to a public repo 19 seconds ago @_

B .gitignore added webstorm cfg directory to .gitignore 2 years ago You can clone with HTTPS, SSH,
or Subversion. ®

B .npmignore Add npmignore. 2 years ago
[« Clone in Desktop

| Https://github.c:om/uwdata/vega/tree/vZ




Current Work

1. What is the optimal implementation?
Vega. http://trifacta.github.io/vega/
Arasu et al. Stream: The Stanford Data Stream Management System. 2004.

2. Interaction by Demonstration?

Satyanarayan & Heer. Lyra: A Interactive Visualization Design Environment. EuroVis 2014.
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Declarative Interaction Design for

Data Visualization
https://github.com/uwdata/vega/tree/v2

Arvind Satyanarayan Kanit Wongsuphasawat Jeffrey Heer

@arvindsatya @kanitw @jeffrey_heer




Allison Smith



Allison Smith (post-doc, eScience Institute, UW)

Scientific disciplines: Ecophysiology and Oceanography

Data sources: Multi-dimensional environmental data from

ships, autonomous sensors, sat

ellites, etc.

Applications: Forecasting the effects of climate change and

verifying ecosystem models

Analysis tools: R, Python, NOAA Ferret, NCAR Command

Language, AWK, sed, etc.

Residents of the Mesopelagic Zone

Scattering Intensity

2010-11-20 2010-11-21 2010-11-22




Kanit “Ham"” Wongsuphasawat



Faceted Viz Import Data ~ Explore Favorite @) Options & Send Feedback
[ BirdStrike Showing 42 Charts  Group By None ~ LLAEEDNED Airport: Name = SUM(Number of Strikes) ' & Effect: Amount of damage | |
LERELD Resst Qg Effect: Amount of damage

: Airport: Name
Airport: Name [ None ATLANTA INTL [
= Effect: Amount of dam... Minor ATLANTIC CITY INTL [
SUM (Number of Strikes) Medium AUSTIN-BERGSTROM INTL [
I substantil BALTIMORE wASH INTL [N
= Aircraft: Airline/Operator M Destroyed BARKSDALE AIR FORCE BA. ]
= Aircraft: Make/Model CHARLESTON AFB/INTL AR.. [N
veaR (Fiight Date) CHARLOTTEDOUGLAS INTL. |
st Location: FAA Region cHicAGo mipwAY INTL ARP.. [
- CcHICAGO 0'HARE INTL ARPT I
ChEnEES CINCINNATUNORTHERN KE.. |
< When: Phase of flight CLEVELAND-HOPKINS INTL ... |
= When: Time of day pALLAsiForRT worTH INTL .. [N
= Wildlife: Size DENVER INTL AIRPORT [
= Wildlife: Species DeTROIT METRO WAYNE co.. [N
# sUM(Cost: Repair) X EPPLEY ARFIELO I
FORT LAUDERDALEHOLLY.. [N
# suM(Cost: Total §) SUM(Cost: Repar) @ GEORGE BUSH INTERCONTL.. |
# SUM(Speed (IAS) in k... ) GREATER PITTsBURGH |
HonoruLu INTL ARPT NI
Chart Types Reset HousTon-HoesY |G
iNDIANAPoLIS INTL [
O % 9% Map JOHN F KENNEDY INTL [
KANsAs ciTy INTL [
?/W\, Line LAGUARDIA NY [N
= 3 é LAMBERT-ST Louis INTL [N
= ar
f— SUM(Speed (1AS) in knots) © SUM(Cost: Total §) © LL;HG‘LEN'?::I __
B Sty Los ANGEeLES INTL [
F2™ Toxt LouisviLLe INTL ARPT [
= mewpris INTL. [
g 0 400 600 1400 0
 Share  Remember my changes v  Edit fudl (O + Download

Accelerating Data Analysis wit

Visual

ization Recommendations

anit "Ham"” Wongsuphasawat

with Anushka Anand, Jock Mackinlay, Jeffrey Heer,
Zening Qu, Dominik Moritz, and Jeff Snyder
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* picture is represen
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Gagatay Demiralp

Former Postdoc with Jeff Heer
Research Staff Member at IBM T. J. Watson
Worried NYT Reader*



FOUNDATIONS

What is a good visualization?

Can we automatically generate & evaluate good visualizations?
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DOMAIN TOOLS perceptual kernels

How can we interactively explore thousands of genomes?

How can we analyze eye movements to debug visual design?
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