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CEDMAV

Center for Extreme Data

Management, Analysis, and Visualization

« 10 Faculty + scientists,
developers, students, ...

* Primary partners:
UU, PNNL, LLNL

* Other partnerships:
NSA, INL, ANL, ....
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What is Big Data?

Big Data is like teenage sex:
everyone Talks About It,
nobody really knows how to do It,
everyone thinks everyone else is doing it,
so everyone claims they are doing it ....
(Dan Ariely)

.... eventually everyone will do it!
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Are Global Warming Trends

Assocliated to Human Activities?

Simulation of Temperature Change at the Surface and
Zonally-Averaged Throughout the Atmosphere (1900-2100)

Results from the multi-model CMIP ensemble
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Can Devastating Material Failures Such as
Earthguakes Travel at Supersonic Speed?

« Understanding the strength of new materials is critical
In creating structures as small as microprocessors,
buildings, or airplanes that withstand real-world forces




Change the World of Fuels and Engines to
Increase Efficiency and Reduce Pollution

* Fuel streams are rapidly evolvmg
— Heavy hydrocarbons !
* Oil sands
* Oil shale
* Coal

— New renewable fuel sources

° Ethanol \%{Q (((((((( r} ] |
* Biodiesel ),

*New engine technologies:
* Direct Injection (DI)

 Homogeneous Charge
Compression Ignition (HCCI)

* Low-temperature combustion S

* Mixed modes of combustion >
‘gdllute high-pressure, low-temp.)

CEDMA
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Can We Explain the Origin and
the Evolution of the Universe?

"'

Hydrogen nucleus Hydrogen atam Protogalaxy

S =2

s

Helium nucleus Helium atom
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300,000 yrs.
10,000°C

d Time 10-43 sec. 10-32 sec. 15 billion yrs.

-200°C

1013°C 108°C

Temperalure

The cosmos

goes through
a superfast
“inflation,"”
expanding from
the size of an
atom to that aofa

X ,-grape(rul! ina

1027°C

Post-inflation;
the universe

dea seething.
ot soup of

electrons,

q arks and

other
particles

10-56 sec, 3 min. l

A rapidly
cooling
¢Osmos permits

gquarks to
clump into
otons and

Still too hot

to form into
atoms, charged
electrons and
protons prevent
light from
shining: the
universe is a
superhot fog

Electrons

combine with

protons and

neulrons to form

atoms, mostly
hydrogen and
helium. Light
can finally
shine

1 billion yrs. \

Gravity makes

hydrogen and
helium gas
coa e to form
the giant clouds
that will become
galaxies; smaller
clumps of gas
collapse to form
the first stars

[
-

wether under
sravily, the first
die and spc

II“l entually
form into new

stare and planets
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NOTE: The numbers in cosmalagy are 5o great 2nd Hio pumbers in subateslc physics are 20 sl that it
s offen necessary {o expeess them in expenential form. Ten multiplled by tsalf, or 100, & written a5 102,
One thousand is written 38 103, Similarly, one-tenth is 10 1, and one-trndredth is 10-2,

dj’h UNIV(R,STTY Paciﬂc Northwest




Can We Develop a New Healthcare
Process that is Fully Personalized

Chromosome
Telomere

Centromere

Human cell

Mitechondria :
Nucleus - \
Endoplasmic reticulum O )

Golgi apparatus -

Cell membrane

= DNA (double helix)

Sugar phosphate backbone

Adenine
Guanine

Nucleotides —

Cytosine
_Thymme virtualmedicalcentre.com

CEDMAV
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Intermezzo to talk
about a convicted felon
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Galileo Galilel

Jailed In
Apr 12, 1633
because

"gravely suspect
of heresy*“

The case was

' quickly reviewed
by the Catholic
Church

Receilved excuses

1564-1642 in 1992

CEDMAV N
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Galileo Galilel Led the Modern
Revolution of the “Scientific Method”

Make observations <
Propose a hypothesis \\

Design and perform an
experiment to test the hypothesis

Analyze your data to determine whether
to accept or reject the hypothesis

If necessary, iterate J
(propose and test a new hypothesis)

i : ~7
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Galileo Galilel Led the Modern
Revolution of the “Scientific Method”

Make observations <
Propose a hypothesis \\

Design and perform a repetible
experiment to test the hypothesis

Analyze your data to determine whether
to accept or reject the hypothesis

If necessary, iterate J
(propose and test a new hypothesis)

i T .




Galileo Galilel Led the Modern
Revolution of the “Scientific Method”

e <ﬂ\

repetible
ypothesis

' Invention of the ate | J
i Telescope
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Galileo Galilel Led the Modern
Revolution of the “Scientific Method”

Make observations <
Propose a hypothesis of theoretical model\\

Design and perform a repetible
experiment to test the hypothesis

Analyze your data to determine whether
to accept or reject the hypothesis

If necessary, iterate J
(propose and test a new hypothesis)
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Galileo Galilel Led the Modern
Revolution of the “Scientific Method”

Make observations <

Propose a hypothesis of theoretical modeﬁ\

L
\
AN

model description

Development of formal,




New Data Collection and Processing
Resources Challenged This Model

Large Synoptic Survey Telescope

Large
Synoptic
Survey
Telescope
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he LEST wit castore & erger aves of 0 aren of B thy Srfost bond chary Ot gaered wil be wsed fif mvestigation of dart satier, of which mest of
e sty wilh eoh mage Pt exiling raughly %0 tme Dt ° m.’“"": e umivivie & Conponed, 2nd Garl energy & Myslereus forde Mook aing
towdope erpomiaon of uvverie. Wi | st Oh QoW

B0 Yow Galaaes Champ Sagetier 40T LI [N A Cumpt
Over S 0 GOV P LGN RO KTRITENG e

. Shadying 4 el iage, o
Trom gabenies bebnd chumgt of dark muer [0 be definctied and Galoried M

.0 winy 30 S choaly of S matler 000311 atbarie.
W MOndoring @ mien SPereeTee. 5 Bedire 1l of eeie ganien.
LEST ana will 3¢ w30d 30 monlar mtvement of Sbincti i Suf Sckir sytlem,
3k it pobentady Msardous reat (o asleesiés o odjacts i Kaper dell,
Beysed Neptorw s oBL

Dark matter, dark energy

NOu! oF 1 onivprne 300AT 13 30 COMpORAd o matter a0d MGy we Caat e

O Peatare 2 congonents of I iavisle comat -
9 umsaen Sarce ariving dpantion of enkene 21 I l
esipnce it indeesnd Som L1 PR Gatand stars e
LT dway 1N tpecied.

' 23% tasx aTIER

4% Caltuiet 1 %00 (5t 25 ay ogeter £ By only

s 4 3 10 e GO0 1t They
s, plaens, Bt Ontan Sy abtly mone matta 190 we 3

epaacic gan ¢  Selact < IN5 aneaen maleriel I caled ek matiec

Sortr LUST Cop., St Inbaray. MALA, Schmace Raqurine POl Lovtare, Sary Retoing / The Register

Pascucci-18 W//h url'ﬂ«gw Pacific Northwest
i BTUTAH NATIONAL LABORATORY

MAV




New Data Collection and Processing
Resources Challenged This Model

« PayPal’s Data Volumes

10 million+ logins / day

13 million financial transactions / day

300 variables calculated per event for some
models.

~4 Billion inserts / day

~8 Billion selects / day

Pascucci-19 W//h url'f{«gw Pacific Northwest
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New Data Collection and Processing
Resources Challenged This Model

Earth
System
Grid

2000 2100 Celder 2000 2100 Calder
8°F

14.5°C

Tens of
Petabytes

of climate

ﬁme 2061/12 ' Time 2099/12
d ata Year 1880 2000 amier Year 1880 200 2100 CoMer ammer

CEDMAV
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New Data Collection and Processing
Resources Challenged This Model

Google

Advanced Search
Freferences
Language Tools

Google Search | I'm Feeling Lucky |

2013 2,161,530,000,000 5,922,000,000

2012 1,8/73,910,000,000 5,134,000,000

2011 1,722,071,000,000 4,717,000,000

2010 1,324,670,000,000 3,627,000,000

2009 953,700,000,000 2,610,000,000

2008 637,200,000,000 1,745,000,000

2007 438,000,000,000 1,200,000,000

2000 22,000,000,000 60,000,000

1998 3,600,000 9,800 -

Pascuccl-21 DNV e Pacific Northwest



New Data Collection and Processing
Resources Challenged This Model

e 1St paradigm,
empirical science

« 2" paradigm, model
based theoretical science

CEDMAV
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New Data Collection and Processing
Resources Challenged This Model

CEDMAV

1st paradigm,
empirical science

2"d paradigm, model
based theoretical science

3rd paradigm, computational
science (simulations) PARADIGCM

DATA-INTENSIVE SCIENTIFIC DISCOVERY

4t paradigm, data driven

investigation (eScience) :

Pascucci-24 _S.‘@j;/’é uﬁj{;%w Pacific Northwest.



The True Revolution is In the New
Challenges that We Can Try to Tackle

Milky Way crashes into Andromeda system.
Can we test Empirically multiple scenarios?

In four billion years
Pascucci-25 %}h ”"E{.’%" ”""’i‘"""\{"&n”?’/‘
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The True Revolution is In the New
Challenges that We Can Try to Tackle

Global warming expectation
Can we test Empirically multiple scenarios?
Global Warming Predictions

2070-2100 Prediction
vs. 1960-1990 _4
Average o

Based on HadCM3

0 1 2 3 4 ﬁ 5 6 7 8
Temperature Increase (°C)
Predict the outcome in 2010




The True Revolution is In the New
Challenges that We Can Try to Tackle

Evolution of the stock market
Can we test Empirically multiple scenarios?

— Ryszed 3000
s |5 rowths 0 Top vintages

Value of investments in 10 years

CEDMAV ——
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The True Revolution is In the New
Challenges that We Can Try to Tackle

Predicting 100 year aging effects on “new” elements
Can we test Empirically multiple scenarios?

Plutonium discovered in 1940

CEDMAV
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Would you go to space with a vehicle that has
been developed only based on simulations?

« Ariane 5's first flight (Flight 501) on 4 June 1996
« $370 million in 37 seconds

« Software bug
CEDMAV . u ~7"
| i Pascucci- 29 .S.'@E UNVESSITY Pacific Northwest



How Would You Maintain an Arsenal of
nuclear Bombs that are not tested?

Comprehensive Test-Ban Treaty (CTBT)
United Nations General Assembly on 10 Sept. 1996

Is the nuclear arsenal aging properly or is it
becoming dangerous and ineffective?

CEDMAV
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How Would You Maintain an Arsenal of
nuclear Bombs that are not tested?

Is the nuclear arsenal aging properly or is it
becoming dangerous and ineffective?
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Unprecedented Evolution of High
Performance Computing Resources

wav No 1. system in June 1993C

SR 7D e,
CCCCCCCC j UNIVERSITY Pacific Northwest
et o UTAH NATIONAL LABORATCRY




Unprecedented Evolution of High
Performance Computing Resources

=

l
!
“ll.‘l
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T
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Num. Wind Tunnel: National Aerospace Laboratory of Japan
No. 1 system in November 1993 and November 1994
CEDMAV
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Unprecedented Evolution of High
Performance Computing Resources

Intel XP/S 140 Paragon: Sandia National Labs
ceomay No. 1 system in June 1994

%.4'
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Unprecedented Evolution of High

Performance Computing Resources
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Unprecedented Evolution of High
Performance Computing Resources

CEDMAV
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Unprecedented Evolution of High
Performance Computing Resources

ASCI Red: Sandia National Laboratory
No. 1 system from June 1997 to June 2000
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Unprecedented Evolution of High
Performance Computing Resources

R S S S S— S S

The Earth Simulator
ceouny No. 1 from June 2002 to June 2004




Unprecedented Evolution of High
Performance Computing Resources

BIueGene/L LLNL

ouav No 1 from November 2004 to November 2007 o
cccccccc SRS 58 e




Unprecedented Evolution of High
Performance Computing Resources

Roadrunner: Los Alamos National Laboratory
wav No. 1 from June 2008 to June 2009 _

p .




Unprecedented Evolution of High
Performance Computing Resources

[ -

Jaguar: Oak ridge National Laboratory

ceomay ~ NO. 1 from November 2009 to June 2010
s  Ppascucd SEAS &S



Unprecedented Evolution of High
Performance Computing Resources

Tianhe-1A: National SC in Tianjin
ceouny No. 1 in November 2010

Pascucci-
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Unprecedented Evolution of High
Performance Computing Resources




CEDh

Unprecedented Evolution of High
Performance Computing Resources

Performance (GFlopfs)

1,000,000,000

100,000,000

10,000,000

1,000,000

100,000

10,000

1,000

100

10

1

0.1

[

1995 2000

B #500 Sum
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The Fundamental Paradigm
Shift of eScience

 The data is the driver of the investigations

 Having the data does not guarantee to have the
right questions and answers

 NOT having the data guarantees that you CANNOT
develop the right questions and answers

« Machine learning, data analysis, mining,
exploration and visualization are critical activities
to knowledge discovery.

CEDMAV
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High Performance Data Movements for Real-Time
Access to Large Scale Experimental Data

« Experiment run at Advance Photon Source at ANL
e Scientists located at PNNL

'M&.‘:dmwn detois -pe % ¥ [MRE: Reicll anshyss ar % | ERWivons sorcepro - % ) A3 PNNL experiment - G0 x \ )
« C f { hitps://maps.google.com Q o+ P[EO =
@ BuldBot: VO (0 proposals (L reviews  Z0 WiriTocks @ SIGGRAPH Infor... B IST Austria: Cam hittp e s, \ f i € Computer Sdenc... uiv @d pref ¥EdtingAnalysang .. » £ Other bookmarks

ekl X

+Valerio Search

Ima Maps Play

Google = : m—— NETTE |

Get directions My places ™ co | v : XX e g e o R G R

Argonne National Laboratory

1atea by Valeno F 1

aborate

‘gonne Matonal Lab

Explore making custom maps in an interactive al A
. Pacific
— PNNL experiment Northwest
Viss Viewsr TGN

Montana e

The Manipulator Tool

Rotate + Pan + Scale

MW iy 1M E

hwest

CRATOR'Y

. 4 U e
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High Performance Data Movements for Real-Time
Access to Large Scale Simulation Data

Data streams that allow merging
multiple datasets in real time

Time interpolation of and concurrent
visualization of climate data
ensembles defined on different time
scales

Server side and client side
computation of statistical functions
such as median, average, standard

deviation, ....... Standard Deviation and Average of ten climate models

e () S

B | Visus Viewer

_File Edit View Bookmarks

| modelview
| GlobalTime
& palette
HH IPCC_cl_ncar_ccsm3_blend
| modelview
| fieldname
| time
=", Slice extractor
| modelview
| nlevels
d Apply palette
| modelview
7 Build texture
| modelview
- ‘/ Slice render
| modelview

ol %7
j UNIVERSITY Pacific Northwest
b o UTAH NATIONAL LABORATCR

Pascucci-51



6.4 TB of raw data

|

wieid
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SC12/13 Demonstration of data
streaming analytics and visualization

File Edit View Favorites Tools Help
Qsack + ) [ Osearch [ Foders [y
Address |23 K:\visus_3D_demo v &co
. o 5 | BORG-DEMO-DVD
File and Folder Tasks A B0bral us

&) Publish this file to the Web
(2 E-mail this file
s Print this file

*K Delete this file

run_ds_terget_7.bat
MS-DOS Batch File

Date Modified: Thursday, January
31, 2008, 2:36 PM

Live demonstration from
Argonne National Laboratory
to Supercomputing exhibit floor

Size: 116 bytes

©

cepmaCores available
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Massive Precomputations Can Avoid
the Need for Real Time Processing

= Problem: Need accurate automated phone guotes in
100ms. They couldn’t do these calculations nearly fast
enough on the fly.

= Solution: Each weekend, use a new HPC cluster to pre-
calculate quotes for every American adult and household

(60 hour run time)




The Fundamental Paradigm
Shift of eScience

Development and curation of massive data
collections from simulations and sensing will be
crucial to any scientific progress

Need to develop scientific knowledge and actionable
Information that cannot be tested empirically

Uncertainty Quantification

Verification and Validation

CEDMAV
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Assessing the Uncertainty in Fuel Design
For New Clean Burning Devices

Exploration of high
dimensional space

of possible
“configurations.”

High )

Perfoﬂrmance
Combustion  / ‘

10 dimensional Pt(_)or
landscape ombustion

CEDMAV to be avoided




Topological Analysis of the Space of
Composite Materials of a Given Class

- Features in experimental data | Palladium ¢Pd%
show unexpected structures «r==—"— — o
and are used to plan future «=. . . . : : Tin sn%
experiments. P T — . —t
Stakeholder: A. Karim, PNNL. ._ _ _ . - |\/|o|ybdenumwao%

3284.03

Value: 2082.42

Input std: 4.70 | ™r (7] am .
Density: 0.0000 - "= " - - - _+.

0.00 .

Tungsten we%

0.26
. 0.26 3284.03
Desired_Product
7. ="
£
0.28 3284.03
0.12 undesired_Product
i
S I ra—
0.26 )
* i 082, Carbon_in_Solid
F |
o0 o = 0.00 o - . = -
0 4

CEDMAV
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Rethinking Multi-Scale Representation
of Massive Data Models

* Multi-resolution representations are insufficient to
deal with big data:
— Data preprocessing is typically too long
— Wavelet-like averaging looses information
— Data analysis results often do not represent well
Important trends (e.g. multi-modal distributions)

 New data “abstractions” are needed for Big Data

Multi-resolution ‘

dr** <ii:
% W s o

} — — FLOWERS
Abstractlon | |

CEDMAV ——
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Rethinking Multi-Scale Representation
of Massive Data Models

CEDMAV
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../../../../demo/all_demos/3_porous_demo.bat
../../../../demo/all_demos/3_porous_demo.bat

Topological Analysis of Massive
Combustion Simulations

8 00 Spaghetti Tracking

Non-premixed DNS
combustion (J. Chen, SNL):
Analysis of the time
evolution of extinction and
reignition regions for the

_%/%

design of better fuels S — —
oA /—/ :
| : N .

L d
-
-
»

tim:e

Feature Parameters....

RUICELLIGE 15.0000000 Local Range: 0.1-20.8021
[T 1.0000000 [ Local Range: 1-150
VT 1.0000000 £ 4 Local Range: 1-1093

Graph Parameters....

FocusTimeste p 8 L ]
LimitAroundFocus 4 [ ]

GEGITEE 256.0000000 Show Valence Two Nodes @
DisBetNodes JRl-Raelooi] Show Nodes Without Edges @
DisBetTimesteps O] Set Equal Spacing @
EUGERLTESTILE (0.7500000 Set Equal Spacing In Center @

Pascucci-60 60 §£’fﬂh “""’!" Pacific Northwest
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Topology Has Been Successful for Analysis
and Visualization of Massive Scientific Data

o G ¢ g
L R .*\v‘)\ 'V.u.{;/_f« p A_ €A )\
Maﬁ_ rials ér,yalygs Mc@cular Analysis
" (simulated) . (simulated) ¢ ¢

m\’* Lo &
o ©

0O

al SISy Cosmy |
(simulated) "ﬂ;jtljlate'd

CEDMAV | o | = .
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Running Efficiently Big Data
Computations is a Big Data Problem

 Massive logs

« Complex Memory Hierarchies

« Complex and Diverse Interconnects
— 3D, 4D, 5D tori
— Fat tree

« Complex I/O pathways

« Cost of Power Dominated by Data Movements

CED?AAV



Running Efficiently Big Data
Computations Is a Big Data Problem

« Growing Community involving Performance
analysis and vis community
— Workshop at last IEEE VIS
— Dagstuhl Perspective Workshop
— Workshop at SC14 Conference

Y

(f ritei,
o'o'viowﬂa’ HAEA
A' 'tr/h s '-.WI .0’
A

CEDMAV
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Large Team Requiring Multi-disciplinary
and Multi-institutional Collaboration

* Challenging collaborations among:
— Government laboratories
— Industry
— Academia
* Close collaborations with domain scientists

requiring to cross language and cultural
barriers:

— New education needed

CEDMAV
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The Big Gift of Big Data

CEDMAV

A great opportunity to achieve new scientific
discoveries and engineering innovations

A great opportunity for the Computer Science
community to become a central player in the
development modern science

A great challenge for all communities to become
strongly engaged in interdisciplinary collaboration

A great opportunity for our community to become
the data generation, processing and exploration
“telescope” of modern science and engineering

Pascucci-65 % UQ{LHW Pacific Northwest
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The Big Gift of Big Data

JIT, PJruvesaliiy aliu C)\lJIUIClLIUII‘
“telescope” of modern science and engineering

CEDMAV o
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END
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