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Collaborations Grow as Problems Become
More Complex; Systems and Data Sizes, too!

TRENDS IN SCIENCE




Three tech trends

made this possible:
e |pnstrumentation
e HPC

 Data Science

\  They are intricately

Precisely 100 years ago, Einstein predicted
gravitational waves. Feb 11, 2016 their historic
discovery was announced!




2 Black Hole Collision: Changing Culture of Science
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Community Einstein Toolkit
“Einstein Toolkit : open

software for astrophysics to
enable new science, —
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LIGO Scientific Collaborationg.w

« 1004 Authors on the
breakthrough paper...

 How do they collaborate?

 They have a data sharing
agreement and services to
suppor them




Gravitational Wave Astronhysics

Interplay between Simulation and E° riment |
odels & Simulation
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[ News Flash!

o Sept 14, 2016,
_ Announced Last Month:
- Gravitational waves and
black holes discovered!




“...that simple chirp, which rose to the note of middle C before abruptly
stopping, seems destined to take its place among the great sound bites
of science, ranking with

"NY Times
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https://www.loc.gov/exhibits/treasures/trr002.html
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http://www.nytimes.com/learning/general/onthisday/big/1004.html
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But HPC is only part of greater ecosystem!

BREAKTHROUGH HPC SYSTEMS
SUPPORT BREAKTHROUGH
SCIENCE




Cray XE6/XK7 - 276 Cabinets

XE6 Compute Nodes - 5,688 Blades — 22,640 Nodes — T o
362,240 FP (bulldozer) Cores — 724,480 Integer Cores ! !
4 GB per FP core

Blue Waters Computmg System

Aggregate Memory — 1.6 PB
13.2 Peak PF 10/40/100 Gb

Ethernet Switch "

External Servers

100 GB/sec
120+ Gb/sec
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Spectra Logic: 300 usable PB_ SQdais




re

w

d

100M atoms! AIDS Virus, Chromatophore

Schulten, UIUC

UNDERSTANDING MATERIALS
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Starry Night
Turbulence in Fluids

= N & “When | die and go to heaven
54 0 s g there are two matters on which |
hope for enlightenment. One is
guantum electrodynamics, and
the other Is the turbulent motion
of fluids. And about the former |

Vincent van ogh, 1889 am rather optimistic.” Horace
Lamb, 1932...

e Turbulent flow via direct numerical simulation (DNS)
just possible on modern Petascale systems

e 100PF+ would allow complete engine simulation with
turbulence

xaflop would allow complete airplane simulation!
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Half of the Blue Waters
Projects Require
Connection to Real-
World Data...

Real World Science and Engineering Require
Integration of Compute and Data

FUTURE DIRECTIONS




The Growth of Data

“I'm still

The
FOURTH
PARADIGM

DaTa-INTENSIVE ScIENTIFIC Discg

Data Tsunami

EDITED B (=10

But I'm your new
baby big
brothe

With millions of

r...
A DrOCessors...
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Data-enabled Transformation of
Science

How can | publish,
discover, verify data
Ay Inthis new world? _

| o DES (now)
Astronomy 1500- 2000: Sloan Digital Sky Survey . 200GB/night
 Single scientist looks 2000+ « PBin decade
through telescope * Record data for decade | SST (6 years)
 Record KB of data in (40TB)  Record data for
notebook e Serve to entire world decade

« Require reproducibility ~ * Thousands of scientists « SDSS/night!
work “together” e 200 PB/decaa




Integrating it all: Multi-Messenger Astronomy...

Astronomy c. 2020!

- New era: seeing events
as they occur

- Here now

- ALMA, EVLA

. |ce Cube neutrinos
- On horizon
.« 20-30m optical?
. LSST
- aLIGO, Indigo
SKA = exabytes communicate by

ulations integrate sharing data,
software...

knowledge...




Scenarios like this in all fields...
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National Academy Reports...

“Convergence [is] a culture shift for academic
organizations that are traditionally organized
around discipline-based departments....”

“...most difficult problems do not respect
disciplinary boundaries...convergent science,
[integrates] insights and approaches from many
fields...barriers to convergent science...

Convergence
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Modern Research & Education Ecosystem
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Fundamental Problems with this

e Itis piecemeal...
e Itis not integrated...
e It’s chaotic: Pieces come and go...

e Big instrument projects ka

o Can't depend on any :
« Therefore they “ro What is needed are long term
planning horizons before

construction! Can this be done?

* But with currentrrf’t;ﬁq/\y\/
 We are (presuma’ sting money.~.

 Itis harder to support the way science is moving, towards
convergence...

e Its expensive: nee

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




Science-driven

Cyberinfrastructure

Long-term planning & investment in national computing and data Cl by the National Science Foundation

Home Current Drafts and Contributions Get Involved Participants

Participants

Steering Committee

The efforts of developing this concept are guided by a steering committee consisting of:

Dan Atkins

W.K. Kellogg Professor of Community Information
Professor of Electrical Engineering and Computer Science
College of Engineering, University of Michigan

Alan Blatecky




Interdisciplinary Research and Education

DATA AS ENABLER FOR
COLLABORATIVE WORK




Materials Innovation

Grand Challenge Communities

GRAND CHALLENGE COMMUNITY -
° Combining approaches iNn a Materials Innovation Platform
"
%

digital world
visualization \

e Theory and computation é
 Instrumentation Access correlations

 Data and informatics
V‘

o Cyberinfrastructure
o Software centers
data mining ‘ r;r?£ga#;?;gg

e Data services + Instrumen
o Computing
e Policy \
* Open data will accelerate
dlscovery, enhance | Workforce
isciplinarity, speed . SRV
jalization ‘




“Long Talil’” vs Big Data:

Advanced Photon Source Upgrade
Hiahly integrated computlng/data services it ANL

\ Q,
Different from LHC:
1020 h serve many disciplines,
require highly integrated
1 computing facility
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Materials Data Facility
Chicago, NIST, NCSA, ...

We aim to make it simple for materials
datasets and resources to be ...

ldentified
Described
Curated
Verifiable
Accessible

Published

and

SRD

/ Ref Data\

/ Resource Data\\

Preserved
/ Published Results \

Discovered

Searched
Browsed
Shared
Recommended

Accessed
Source:

lan Foste

Publishable Results

Derived Data

Working Data




Building Grand Challenge Communities around
Data

NSF BIG DATA HUBS




Alaska & Hawaii are part of the West region
US Territories can participate in any region LD PEREE NORTHEAST

|\/| | DWEST zg Otrgianlzatlons 193 Personnel
e 99 Institutions

9 States
&
: .|l g
'l
()

lowa State (co-R

. University
HPC Center

. Non-profit

‘ Government
Industry

86 Personnel
47 Organizations

BD Hubs

ate affiliations of individuals named
aRabhers and/or task leads.

SOUTH*

116 Personnel
95 Organizations
15 States + DC

*South points indicate Senior Personne




Other

University & A R TTIT
o e regator R
Project Repositories ggrvices L
. e UIUC * Purdue * Indiana DataCite * ADS
Discipline-specific UTexas * UC Boulder e

Federations
IPlant « DataOne
Virtual Observatory
SEAD + ICPSR

LIGO = SDSS = LSST
Helmholtz

NDS
Repository

\ The National
DATA SERVICE

National Data Service Workshop
October 19-21, 2015

Publishers
Science * Nature

[N (== . NDS Services
PLOS * APS search

transfer
link

Supercomputing
centers and other
storage services
NCSA * TACC
Globus On-line
Datascope

The National Data Service Consortium fourth plenary meeting will be
in San Diego, October 19-21 and limited space is still available!

Researchers, educators, students communicate by

sharing data...this is central to enabling everything
above! Services needed to make it work!




Summary

e Major paradigm and culture shifts:
research is changing dramatically

« Complex problems require collaborations
at new scales

« Computing and data capabilities growing
unprecedented rate

« Major infrastructure projects are highly

computing & data intensive N\ (=) &)

 Data services are needed to support @\%w /@

A comprehensive, integrated approach “‘f@—“ m;m
would better serve science, reduce costs  §& 3

Ing supports int’l cooperatio
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