os Alamos Computer Science
ymposium (LACSS)

LANL is delighted welcome you to the
Los Alamos Computer Science Symposium

Motivation for the Symposium:

— serve as a premier international event showcasing research and
development in high-performance computing

foster collaborations between national labs, academia and industry in
the HPC arena

promote computer science research that will advance HPC programs at
LANL and elsewhere

encourage a strong focus on HPC in the academic computer science
community
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= Nuclear weapons program
 Support for enhanced Predictive/C

= Open science
* Reliable and rich capability base fo
* Enabling new science and mission

= Institutional computing

* Supporting scientific innovation anc
development

* Partnership with DOE-SC and ASC

= Investing in the future
 Centers/Institutes: CAAUS, IS&T..
* Exascale planning! (Joint DOE-SC
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gh performance computing systems
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enter for Advanced Architectures and
sable Supercomputing (CAAUS)

fThe focal point for R&D in High-Performance
‘Computing at the Lab

:Tasked to design the next generation architectures
‘that maximize the performance and productivity of
‘important national security applications

‘the Lab with those in the community

Specific thrust areas: performance of systems and
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“The Century of Complexity”
(Systems of connected functional scales
space time; Emergent functions)

Enabled by huge advances in Data,
Simulation, Nonlinear Science...

Fluid Turbulence
? Origins, Measures, Consequences ?

Current Density

z
v
- -

Shocked Metals
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solating complicated phenomena to
them necessary, but not sufficient

energy & complex matter

homeland .
environment

security
NOS &I disease
. g8 e SXLUenme spread,;
0OTaErs: JNasHEM ONditions. vaccination....
LY DCT, 1UGlEdl;

Quantitative tools for decision makers/risk :
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iputer and computational sciences

Tomorrow

Support national security mission
Nuclear weapons
Materials-radiation interactions in
extremes (MaRIE)

Energy and climate impact
e o o

Prepare for revolutionary technology
Advanced architectures
New programming models
Resilient computing systems
Exascale << file systems
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Information Science & Technology is the Infrastructure for

Connecting the Dots In Science & Co-Designing National Assets
Finding the Dots S - Understandlng the Dots

> Payoffs for

Sheer Volug Advanced Mathematics and  Providing Pr

Cimate, % Algorithms Understa
Now: 20-40 Tera

»Requires high-performance *Produce hydrogen-b:

Qyears: 510 Pe computers = Stabilize carbon diox

k M " b“- -Huge dimensional space =Clean and dispose tc

lglow 10(1 “ =Combinatorial challenge :
ks

»Complicated by noisy data
# i\i\
. Bt 4 Raymond L. Orbach, DOE Undersecretary for Science
“+ Los Alamos Ralelcs 2006 AAAS Annual Meeting
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:security applications

I- lying IS&T to Accelerate Predictive Capability

IS&T developments
are needed to
identify “significant”
events in real time
and extract
information-rich
data for statistical
interrogation,
anomaly detection,
and classification.

Molecular dynamics
simulation of phase
transformations in
shocked metal

IS&T provides the framework to efficiently
integrate information from experiment and
theory, & accelerate model development
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IS&T for Global multi-bandpass
coverage of the cosmos

eSpace situational awareness impacts
(Advanced IS&T is the driver for both science
and intelligence work)

*Building the information science infrastructure
for intelligence community applications

L ANL leadership autonomous robotic
telescope networks

*LANL has proven the capability of autonomous
systems being able to detect, track, and

analyze LEO satellites
*Optical and radio systems working together wi
advanced IS&T and technology can discover,
analyze, and characterize astronomical event
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Los Alamos is a leader in information
science, digital libraries, and informatics

* Defining and implementing ERYNPRREIS depictin Journal usage traffic
- o international information at LANL e j
o = " architecture standards

* 4= and protocols

. Understanding the social
dynamics of scientific and

scholarly communication

e # * Testing, developing, and
"W supporting collaborative

tools and environments for

I I i Johan Bollen and Herbert Van de Sompel. Mapping the structure
Informatlon SyntheSIS of science through usage. Scientometrics, 69(2), 2006.
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y Climate Impacts Project (ECI) —Multi-Lab

Jncertair Systems Modeling Infrastructure Modeling fo
Climate Treaty support
solutions

LANI._!G]‘scientists v LANL ECI scientists LANL ECI scientists can
contributc. participate in developing develop and apply Decision

AP rough estin some of the most advanced
I-%tﬁiqltles designing ) .. v Support Systems

new msiruments to
\;neasure GHGs and using
dmo design the
of new
mstrumehts
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art Grid: a National Grand Challenge
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upled Complex systems: the need for system-level predictions
Iti-scale Geo-Spatial Temporal Models

ulation Dynamics, Environment and Water, Energy, Health,
gacities, Agriculture, Radicalization dynamics, Political Instabilites

A Snapshot of Global Demographic Trends

. & I - _—
¢ X

S Europe and Japan will
; % [lace the most immediate,
impact of aging.

The infectious disease
burden will aggravate other Urban growth and
demographic problems in stresses will be
2 the developing world. parlicularly great in
Environmental Tl developing counlries,
degradation will o especially in Asia.
increase in countries < v
that have already i
experienced some of Some of the world’s @S fig -
the world’s wors! poorest and mos! &
environmental politically unstable Jakarta™
problems. countries will have the

largest populations.

Aging

@» Environmental
issues

e Global migration could
Health concerns g be a partial solution to
other demographic
imbalances.

@  Megacity
4~ Migration .
Youth bulge
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IS&T provides the frame-work to efficiently
integrate information from experiment and
theory, and accelerate model developmen

Capabilities

— Quantum Information Science

— Inference/Learning/Prediction
— Data Intensive Supercomputing
— Synthetic Cognition
Application Areas

— Predicting Materials Performance
— Energy — Climate

— Situational Awareness
* Space SA
* Wide area persistent surveillance
* Cyber SA
* Bio SA
-+ Structural Health Monitoring
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Visualization and Analysis of Massive
(Streaming) Data

= Exploring “Middle Ways” between numerically-intensive and
data-intensive supercomputing
* Need for interactive scientific visualization of massive (HPC) data

= Developing novel ways to use emerging computer hardware to enable real-
time visualization and analysis of massive streaming datasets
* Use active storage and networks
* Examples: situational awareness, cyber, space, infrastructure . . .

= Will enable a system that provides real-time:
* Processing (correlation) of incoming measurements
* Analysis of correlated data to identify events of interest and their storage
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Information Science and Technology

at LANL

Building toward a data-rich
-~ predictive capability

e
1

Modeling Data Intensive

and Science/Knowledge
Simulation Management
Capability Capability

Data Intensive
Science/Knowledge

. Management
Modeling Capability
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Breakthrough
IST Research
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Improved Predictive
Capability

Modeling
and
Simulation
Capability

Data Intensive
Science/Knowlec
Management
Capability

Breakthroug
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