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‘ My roles at DOE

In many ways, it still looks like this...

» Chief Scientist of the DOE (not the Director of SC)
e Enable cross disciplinary ideas and research to flourish
» Define and enable science programs that

 Knit the department together and

» Lead to novel energy research efforts
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America’s energy challenges
Security of Supply

US Oil Production and Foreign Oil Imports
(thousands of barrels per day)
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US Energy flows (~ 100 Ej annually)
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Energy technologies change slowly

US energy supply since 1850
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‘ Why is energy different?

S Ubiquity Consider economic,
political, and social dimensions

Scale

Large capital and access to
existing infrastructure are required

reqUIreS a .__'_wa =

full-chain §
effort

Interoperability
Transformation will take a long time
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Energy relevant computation

Novel divide & conquer approach to
solve DFT by reducing O(n3) to O(n)

Design of new materials
for solar cells, Wang et al., SC08

Dipole moment
Air Temperature Anomaly, Units: °C CaICUIated On 2633

—

) atom quantum rod

_— 3 Simulations show
deglaciation during
the Bglling-Allergd,
Earth’s most recent
period of natural
global warming.
Featured in the July
T 17 issue of the journal

Ice Sheet, Units: m Science
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‘ Computing for Nuclear Energy

Reactor & Separabion
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Figure 1. Multi-scale challenge.
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‘ Science, tools, and algorithms
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‘ Computation as a tool in science

Ask a good question
O
Develop a model = Computation - Think (1) and try again
b

Test through Lab and Integral experiments

Verification & Validation
(Doing the right problem; doing the problem right)

- -
Model and Model or computation
computation work fails or partially fails
- O

sleeliisesliis] - Successful Program:

1) Guides experiments

2) Quantifies uncertainties

3) Yields solutions/insights

4) Eliminates tunable parameters

Required Ingredients:

1) Theorists

2) Computational Scientists
3) Experimentalists

4) Applied Mathematicians
5) Computer Scientists
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Tools have changed rapidly: power

CDC 7600s at Lrvermore

These were our supercomputers in
the 1970’s and 1980’s

1986:

X-MP/48 ~220 Mflop sustained
120-150kW (depending on model)
$40M for computer+disks (FY09%$)

NNSA:
Roadrunner at 1.105 PF (LINPACK)
LANL; 2.5 MW

iﬁ"ﬁﬁliﬁﬂ“iﬁg *“i!ii_ Factor 5x106 in speed

Factor of 18 in power

SC/ASCR:
Jaguar at 1.059 PF (LINPACK)
ORNL; 6.9 MW

'"""u. U.5. DEPARTMENT OF



Family Tree of Recent Top Computing Architectures

Architecture
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‘ Algorithms and models also yield

solutions
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Exascale challenges going forward

Scientific justification
o How will Exascale help to solve important problems?
o Not all important problems are extreme scale

Breakthroughs hardware and software
o Power consumption; memory bandwidth; communications; ...
o New algorithms: such as O(n) methods; usability

Building interdisciplinary communities

o Integrate the domain knowledge of theorists, experimentalists
(lab and integral), computational and computer scientists,
and applied mathematicians

o Collaborating with NNSA
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Questions/Comments?




