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Korean Prime Minister Kim Hwang-Sik:

“Convinced that green energy is the key to sustainable growth, Korea
has actively taken to pursuing various green R&D development
initiatives in areas such as Fusion Energy.”

11 October 2010 - Opening Ceremony of the 23 International
Atomic Energy Agency (IAEA) Fusion Energy Conference
Daejon, Korea

“Notwithstanding the looming energy crisis, the high
potential of Fusion Energy provides humanity with a silver
lining.

Fusion Energy is a source of green energy which is harmless
to the environment and a source of hope for all humanity.”



Fusion Energy: Burning plasmas are self-heated
and self-organized systems
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Progress in Magnetic Fusion Research
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ITER Goal: Demonsftration of the Scientific and
Technological Feasibility of Fusion Power

 ITER is a dramatic next-step for Fusion:

ITER

-- Today: 10 MW(th) for 1 second with gain ~1
-- ITER: 500 MW(th) for >400 seconds with gain >10

» Many of the technologies used in ITER will be the
same as those required in a power plant but
additional R&D will be needed

-- “DEMO”: 2500 MW(th) continuous with gain >25,
in a device of similar size and field as ITER

* Higher power density

* Efficient continuous operation

e Strong R&D programs are required to support ITER
and leverage its results.
-- Experiments, theory, computation, and technology that
support, supplement and benefit from ITER




Magnetically confined plasmas
in a tokamak are complex
and demand integrated analysis
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Integrated predictive models must span

huge range of spatial & temporal scales
-- major challenges to theory and simulation

Overlap in scales often means
strong (simplified) ordering
Is not possible

Needed to effectively harvest
insights from ITER and to plan
for DEMO

Effective simulations

at the petascale (107 floating point
operations per second) and beyond
are required to address grand
challenges in plasma science
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Computational Science, Exascale Computing & Leadership in
Science & Technology

* Future will require certification of 10000 ,
complex engineered systems and —-us
analysis of climate mitigation alternatives | P
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- Clean and efficient combustion in TOP500
advanced engines

Pre-eminence in 21st Century science, technology, & engineering requires leadership in
computational science and high performance computing => exascale applications & technology

























U.S. Leadership Computing Facility (LCF) Resource Capability
e.g., @ Oak Ridge National Laboratory LCF - “OLCF”

Increased over 750-fold in last 5 years & fusion science applications have been among
the largest and most effective consumers

Hardware scaled from single-core Scaling applications and system software is the biggest

through dual-core to quad-core and | challenge
dual-socket , 12-core SMP nodes

Cray XT5 Systems
12-core, dual-socket SMP

2000+ TF and 1000 TF

Cray XT3
Dual-Core
54 TF

2009




Domain Applications (e.g., FES) Must be Prepared to Exploit Local
Concurrency to Take Advantage of Coming Hybrid
Supercomputing Systems
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Future HPC Interests very likely include preparing for
Hybrid Architectures

General Purpose GPUs, Floating Point Accelerators, etc.

 Large GPU-based systems springing up everywhere
— NSF Track 2D in negotiation with Georgia Tech/ORNL
— Japan: “Tsubame” at Tokyo Institute of Technology
— “Orbit” ORNL 100 TF NVIDIA testbed
— 0Oil and gas industry deploying large clusters

* Features for computing on GPUs
— Added high-performance 64-bit arithmetic
— Critical for a large system
— Larger memories
— Dual copy engines for simultaneous execution and copy
— Development of CUDA and recently announced work with PGl on
Fortran CUDA

- Large and ﬂrowing pool of people

who know how to program accelerators -
and who will develop tools 300+ accelerated applications listed on
— Every laptop has a processor and GPU NVIDIA’s web site:

» Macintosh, PC, Linux ports of CUDA available

— Most computer science programs now teach GPU programm http:/lwww.nvidia.com/object/

cuda home.html




Current PIC development:
with Exascale Challenges in mind

Explore different algorithms to improve data locality on many-core
architecture, including GPUs

— Sort particles according to position on the grid

— Various atomic update methods on GPUs: fixed point, mixed precision,
full double precision

— Use texture memory on GPU to store field for particles push

— Replace expensive replication of local grid data for thread parallelism by
atomics and locking mechanisms

OpenMP tasking to overlap computation and communication in shift routine

Continue to implement high performance ADIOS /O calls for data output
(also looking at staging...)

One-sided communication with co-array Fortran (for Cray XE6 Gemini
network)



Co-Design Teams: Building Applications for the Exascale

® US DoE-ASCR is currently promoting this approach
Code Project Focus

Science Code
~ Driver Architecture

Enabling
Methods

Science
| Delivery

System
| Architecture

Integration Framework
Build and Testing Environment

Model Development

Programming Model
Resilience

Discretization
Solution Algorithms

Apps Micro-kernels
Performance Models

Requirements
Challenge Problems

_ , Verification Kernel Simulators
Physics Component 1 Performance/Acceleration . . ) Assessment
_ » Solution Adaptivity Node Architecture _
Physics Component 2 Scalability e _ Data Analytics
_ , : Sensitivity Network Architecture T
Physics Component N Dynamic Parallelism _ Visualization
_ _ e uQ I/0 Architecture
Coupled Multi-physics Task/Data Distribution L _ _ Data Management
o Optimization Runtime Architecture _
Validation SQA . . Steering & Workflow
. Up-scaling Methods Power Efficiency
Documentation . )
o Time Acceleration
Math Libraries
I/0

FSP expected to include a co-design component & will work with ASCR and FES to

share lessons learned and best practices with other co-design science teams within
DoE.




U. S. Energy Undersecretary Steven Koonin:
3 November 2009 — American Physical Society Meeting, Atlanta,Georgia

“Validated predictive simulation capability is key to advancing fusion science
towards energy”

“Our confidence in validated simulation [close integration of theory,
modeling, simulations, and experiments] has to take a major step up

* moving from description to prediction
* use simulation to explore regimes beyond current experimental capabilities
* Fusion Simulation Program (FSP) is a start along this path.”

U.S. Energy Secretary Steven Chu:
27 September 2010 - “All Hands Meeting” at the
Princeton Plasma Physics Laboratory, Princeton, NJ

“The world’s energy challenge requires a strong continued commitment to plasma and fusion
science.”

“Progress in fusion has to be grounded in validated predictive understanding: the DoE is
clearly interested in your planning and progress for a strong Fusion Simulation Program
(FSP).”



Future Challenges and Opportunities

(1) Energy goal in FES application domain is to increase availability of clean abundant energy by
first moving to a burning plasma experiment -- the multi-billion dollar /TER facility located in
France & involving the collaboration of 7 governments representing over half of world’s
population
-- ITER targets 500 MW for 400 seconds with gain > 10 to demonstrate fechnical

feasibility of fusion energy & DEMO (demonstration power plant) will target 2500
MW with gain of 25

(2) HPC goal is to harness increasing (“Moore’s law) power to ensure timely progress on the
scientific grand challenges in FES as described in DoE-SC report on “Scientific Grand
Challenges: Fusion Energy Sciences and Computing at the Extreme Scale.”

(3) Interdisciplinary computational sciences goal is to leverage advances/”’lessons learned” for
example from successful U.S. DoE national cross-disciplinary SciDAC Program.
-- impact and heighten the visibility of interdisciplinary research alliances

*** In the FES area, the mission of the FSP (Fusion Simulation Program) is to accelerate
progress in delivering reliable predictive capabilities -- benefiting significantly from access to
HPC resources — from petascale to exascale & beyond -- together with a vigorous verification,
validation, & uncertainty quantification program






