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Jaguar: World’s most powerful computer 
Designed for science from the ground up 

Peak performance 1.645 petaflops 
System memory 362 terabytes 
Disk space 10.7 petabytes 
Disk bandwidth 200+ gigabytes/second 

  Just 41 days after assembly, the 150K-core Jaguar/XT5 system: 
  Beat the previous #1 Top500 performance with an application running 

over 18 hours on the entire system 
  Had two real applications running over 1 PF 

  DCA++ (1.35 PF): high temperature superconductivity 
  LSMS-WL (1.05 PF): thermodynamics of magnetic nanoparticles 



Jaguar’s Cray XT5 Nodes 
Designed for science 
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16 GB  
DDR2-800 memory 

6.4 GB/sec direct connect 
HyperTransport 

Cray 
SeaStar2+ 

Interconnect 

25.6 GB/sec direct 
connect memory 

•  Powerful node  
improves scalability 

•  Large shared memory 
•  OpenMP Support 
•  Low latency, High 

bandwidth interconnect 
•  Upgradable processor, 

memory, and interconnect 

GFLOPS 73.6 
Memory (GB) 16 
Cores 8 
SeaStar2+ 1 



System 
1382 TF 
300 TB 

25x32x16 

200x 

Rack 
7.06 TF 
1.54 TB 

1x4x16 

24x 

Building the Cray XT5 System 
Blade 

294 GF 
64 GB 

1x2x2 

4x 

Node 
73.6 GF 
16 GB 

1x1x1 



HPC Challenge Awards 
•  HPC Challenge awards are given out annually at the Supercomputing 

conference 
•  Awards in four categories, result published for two others;  

tests many aspects of the computer’s performance and balance 

•  Must submit results for all benchmarks to be considered 

•  Unfortunately, ORNL team only had two days on the machine to get the 
results.  Got a better G-FFT number (5.804)  the next day. ORNL submitted 
only baseline (unoptimized) results. 
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ORNL 902 ORNL 330 ANL 5.08 ANL 103 ORNL 1,257 SNL 4,994 

LLNL 259 LLNL 160 SNL 2.87 LLNL 35.5 ANL 362 LLNL 4,666 

ANL 191 ANL 130 ORNL 2.77↑ SNL 33.6 LLNL 162 LLNL 2,626 



Three of six GB finalist ran on Jaguar 

Jaguar/XT5 Enabled Gordon Bell Prize Awards 

•  A team led by ORNL’s Thomas Schulthess 
received the prestigious 2008 Association  
for Computing Machinery (ACM)  
Gordon Bell Prize at SC08 

•  For attaining fastest performance ever in a 
scientific supercomputing application 

•  Simulation of superconductors achieved 1.352 
petaflops on ORNL’s Cray XT Jaguar 
supercomputer 

•  By modifying the algorithms and software 
design of the DCA++ code, the team  
was able to boost its performance tenfold 

Gordon Bell Finalists 
  DCA++               ORNL 
  LS3DF                LBNL 
  SPECFEM3D     SDSC 
•  RHEA                 TACC 
•  SPaSM               LANL 
•  VPIC                   LANL 



Science Applications Scaled Early on Jaguar/XT5 

Science 
Area  Code  Contact  Cores  Total 

Performance  Notes 

Materials  DCA++  Schulthess  150,144  1.3 PF*  Gordon Bell 
Winner 

Materials  LSMS  Eisenbach  149,580  1.05 PF 

Seismology  SPECFEM3D  Carrington  149,784  165 TF  Gordon Bell 
Finalist 

Weather  WRF  Michalakes  150,000  50 TF 

Climate  POP  Jones  18,000  20 sim yrs/ 
CPU day 

Combustion  S3D  Chen  144,000  83 TF 

Fusion  GTC  PPPL  102,000  20 billion  
Particles / sec 

Materials  LS3DF  Lin-Wang 
Wang  147,456  442 TF  Gordon Bell 

Winner 

Chemistry  NWChem  Apra  96,000  480 TF 

Chemistry  MADNESS  Harrison  140,000  550+ TF 



Center-wide File System 

•  “Spider” provides a shared, parallel  
file system for all systems 

–  Based on Lustre file system 

•  Demonstrated bandwidth of over 200 GB/s  
•  Over 10 PB of RAID-6 Capacity 

–  13,440    1-TB SATA Drives 

•  192 Storage servers  
–  3 TB of memory 

•  Available from all systems via our  
high-performance scalable I/O network 

–  Over 3,000 InfiniBand ports 
–  Over 3 miles of cables 
–  Scales as storage grows 

•  Undergoing friendly user checkout with  
deployment expected in summer 2009 



We are Deploying a Center-Wide File System 
Current I/O Infrastructure 

Planned I/O Infrastructure 



Everest 
Powerwall Remote 

Visualization 
Cluster 

End-to-End 
Cluster 

Application 
Development 

Cluster Data Archive 
25 PB 

Completing the Simulation Environment to 
meet the science requirements 

XT5 

XT4 
Spider 

Login 

Scalable I/O Network (SION) 
4x DDR Infiniband Backplane Network 



Pushing Back the Frontiers of Science  
Petascale Early Science Projects Tackle National/Global Problems 
•  Goals of the transition to operations (“T2O”) period 

–  Embrace key science user community 
–  Deliver early breakthrough & impactful science 
–  Harden the system for production 
–  We will execute a T2O period for every new system deployed 

•  22 PF T2O projects currently on system  
–  All have made the case that they need a PF resource to achieve their goals 
–  Scientists hail from universities, national laboratories, government agencies, 

private industry (164 users to date) 
•  ANL, SNL, LANL, LLNL, ORNL, PNNL, LBNL, PPPL, NCAR, NOAA/GFDL, NASA, … 

–  ~6 month period (01/12/09 – 08/02/09) 
–  Expecting >7 PB of data to be generated 
–  Total of 566.5M core-hours allocated (117.5M core-hours utilized to date) 

•  Twice the INCITE 2008 allocation: Jaguar/XT5 can deliver 3.6M hours daily 
                                        http://www.nccs.gov/leadership-science/petascale-early-science/ 

Jaguar/XT5 



Jaguar/XT5 Transition to Operations 
Petascale early science project allocations by domain 



Pushing Back the Frontiers of Science  

Petascale Early Science Projects Tackle National/Global Problems 

•   Energy for environmental sustainability 
–  Climate change: carbon sequestration, weather event impacts on global climate, decadal climate 

predictive skill in aerosol forcing, global climate at unprecedented resolution 
–  Bioenergy: recalcitrance in cellulosic ethanol 
–  Solar: non-equilibrium semiconductor alloys 
–  Energy storage: charge storage and transfer in nano-structured supercapacitors 
–  Energy transmission: role of inhomogeneities in high-T superconducting cuprates 
–  Combustion: stabilizing diesel jet flames for increased efficiency & decreased emissions 
–  Fusion: ITER design, optimization, and operation 
–  Nuclear energy: fully-resolved reactor core neutron state 

•   Materials and nanoscience 
–  Structure of nanowires, nanorods, & strongly correlated materials (magnets) 

•   Fundamental science 
–  Astrophysics: decipher core-collapse supernovae & black hole mergers 
–  Chemistry: elucidate water structure in biological & aqueous-phase systems 
–  Nuclear physics: probe the anomalously long lifetime of Carbon-14 
–  Turbulence: dispersion relative to air quality modeling and bioterrorism 



Science 
Domain Project Codes 

Astrophysics 

A Three-Dimensional Model of SN1987A 
PI: Tony Mezzacappa, ORNL Chimera 

Frontier simulations of black hole 
mergers 
PI: Jim van Meter, NASA/GFSC 

Hahndol 

Biology 
Cellulosic Ethanol: A Simulation Model of 
Lignocellulosic Biomass Deconstruction   
PI: Jeremy Smith, University of TN 

Gromacs 
LAMMPS 

Chemistry 

CNP - Chemical Nanoscience at the 
PetaScale 
PI: Robert Harrison, UT/ORNL 

NWChem 
MADNESS 

Quantum Monte Carlo Calculation of the 
energetic, thermodynamics, and 
structure of water and ice 
PI: David Ceperly, University of Illinois 

QMCPACK 

The free energy of transfer of hydronium 
from bulk to interface: A comprehensive 
first principles study 
PI: Chris Mundy, PNNL 

CP2K 
CPMD 

Climate 

Explorations of High Impact Weather 
Events in an Ultra-High Resolution 
Configuration of the NASA GEOS Cubed 
Sphere Global Climate Model 
PI: Max Suarez, NASA/GMAO 

GEOS-5 

Tests of Decadal Predictive Skill using 
the Community Climate System Model 
PI: Kate Evans, ORNL 

CCSM 

Coupled High-Resolution Modeling of the 
Earth System 
PI: Venkatramani Balaji, NOAA 

CM 

Combustion 
Direct Numerical Simulation of Diesel Jet 
Flame Stabilization at High Pressure 
PI: Jackie Chen, SNL 

S3D 

Science 
Domain Project Codes 

Fusion 

Steady-State Gyrokinetic Transport Code 
(SSGKT), an SAP to the FACETS project 
PI: Jeff Candy, General Atomics 

TGYRO 
GYRO 

Global Gyrokinetic Turbulence 
Simulations of National Spherical Torus 
Experiment 
PI: Weixing Wang, PPPL 

GTS 

Gyrokinetic Particle Simulation of 
Transport Barrier Dynamics in Fusion 
Plasmas 
PI: Zhihong Lin, Univ. of California - Irvine 

GTC 
XGC 

Geoscience Modeling Reactive Flows in Porous Media 
PI: Peter Lichtner, LANL PFLOTRAN 

Materials 
Science 

Investigations of the Hubbard Model with 
Disorder 
PI: Thomas Schulthess, ETH/ORNL 

DCA++ 
LSMS-WL 

Charge Patching Method for electronic 
structures and charge transports of 
organic and organic/inorganic mixed 
nanostructures 
PI: Lin-Wang Wang, LBNL 

LS3DF 

Petascale Simulation of Strongly-
Correlated Electron Systems Using the 
Multi-Scale Many-Body Formalism 
PI: Mark Jarrell, University of Cincinnati 

MSMB 

Nuclear 
Energy 

Denovo, A Scalable HPC Transport Code 
for Multi-Scale Nuclear Energy 
Applications 
PI: Tom Evans, ORNL 

Denovo 

Scalable Simulation of Neutron Transport 
in Fast Reactor Cores 
PI: Denish Kaushik, ANL 

UNIC 

Nuclear 
Physics Ab Initio Structure of Carbon-14 

PI: David Dean, ORNL MFDn 

Jaguar/XT5 Petascale Early Science Projects 
A programmable system: many applications are executing science 



Science 
Domain Project 

Apps 
Scale 
to Date 
(cores) 

Astrophysics 

A Three-Dimensional Model of SN1987A 
PI: Tony Mezzacappa, ORNL 131,072 

Frontier simulations of black hole mergers 
PI: Jim van Meter, NASA/GFSC 36,000 

Biology 
Cellulosic Ethanol: A Simulation Model of 
Lignocellulosic Biomass Deconstruction   
PI: Jeremy Smith, University of TN 

45,056 

Chemistry 

CNP - Chemical Nanoscience at the 
PetaScale 
PI: Robert Harrison, UT/ORNL 

136,240 

Quantum Monte Carlo Calculation of the 
energetic, thermodynamics, and structure 
of water and ice 
PI: David Ceperly, University of Illinois 

65,536 

The free energy of transfer of hydronium 
from bulk to interface: A comprehensive 
first principles study 
PI: Chris Mundy, PNNL 

11,264 

Climate 

Explorations of High Impact Weather 
Events in an Ultra-High Resolution 
Configuration of the NASA GEOS Cubed 
Sphere Global Climate Model 
PI: Max Suarez, NASA/GMAO 

60,000 

Tests of Decadal Predictive Skill using the 
Community Climate System Model 
PI: Kate Evans, ORNL 

80,000 

Coupled High-Resolution Modeling of the 
Earth System 
PI: Venkatramani Balaji, NOAA 

60,000 

Combustion 
Direct Numerical Simulation of Diesel Jet 
Flame Stabilization at High Pressure 
PI: Jackie Chen, SNL 

144,000 

Science 
Domain Project 

Apps 
Scale 
to Date 
(cores) 

Fusion 

Steady-State Gyrokinetic Transport Code 
(SSGKT), an SAP to the FACETS project 
PI: Jeff Candy, General Atomics 

20,480 

Global Gyrokinetic Turbulence Simulations 
of National Spherical Torus Experiment 
PI: Weixing Wang, PPPL 

131,072 

Gyrokinetic Particle Simulation of 
Transport Barrier Dynamics in Fusion 
Plasmas 
PI: Zhihong Lin, Univ. of California - Irvine 

102,400 

Geoscience Modeling Reactive Flows in Porous Media 
PI: Peter Lichtner, LANL 131,072 

Materials 
Science 

Investigations of the Hubbard Model with 
Disorder 
PI: Thomas Schulthess, ETH/ORNL 

147,464 

Charge Patching Method for electronic 
structures and charge transports of 
organic and organic/inorganic mixed 
nanostructures 
PI: Lin-Wang Wang, LBNL 

8,640 

Petascale Simulation of Strongly-
Correlated Electron Systems Using the 
Multi-Scale Many-Body Formalism 
PI: Mark Jarrell, University of Cincinnati 

14,096 

Nuclear 
Energy 

Denovo, A Scalable HPC Transport Code 
for Multi-Scale Nuclear Energy 
Applications 
PI: Tom Evans, ORNL 

40,000 

Scalable Simulation of Neutron Transport 
in Fast Reactor Cores 
PI: Denish Kaushik, ANL 

136,576 

Nuclear 
Physics Ab Initio Structure of Carbon-14 

PI: David Dean, ORNL 148,792 

Jaguar/XT5 Petascale Early Science Projects 
All have already had successful large simulations 



Jaguar/XT5 Job Size Distribution 
Early Science Applications: First 3 Months 
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57% of utilization with jobs > 30K cores 
32% of utilization with jobs > 45K cores 
18% of utilization with jobs > 90K cores 



Climate Change Science at the Petascale 
A groundbreaking multi-agency collaboration 
•  Tests of decadal predictive skill using the community 

climate system model 
–  A series of ten high-resolution, three-decade climate simulations from 

1978 to present, focusing on the climate’s response to volcanic 
eruptions 

–  What is quantified degree of regional predictive skill available from 
high-res sims? 

•  High impact weather events in an ultra high resolution 
configuration 

–  Undertake two high-resolution 10-year Atmospheric Model 
Intercomparison Project simulations and compare with coarser 
climate resolutions 

–  What is the impact of weather events on climate variability (and vice 
versa?). Provide a capability for dynamical regional downscaling of 
climate change predictions 

•  Coupled High-Resolution Modeling of the Earth System 
–  Use CM 2.5 to perform century simulations to look at scientific issues 

associated with becoming able to resolve mesoscale features in the 
atmospheric and ocean circulations, and its implications for 
understanding of forced and natural variability of the climate system.  

PI: Kate Evans, ORNL 

NASA GEOS‐5 cubed sphere 
global climate model 

PI: Max Suarez, NASA/GMAO 

PI: V. Balaji, NOAA/GFDL 



In Silico Design of Novel Energy Storage Devices 
Chemical nanoscience at the petascale 

“We finally have a true leadership computer that enables us to run calculations impossible 
anywhere else in the world.  The huge memory and raw compute power of 
Jaguar combine to transform the scale of computational chemistry.  

Now that we have NWChem and MADNESS running robustly at the petascale, 
we are unleashing a flood of chemistry calculations that will produce insights 
into energy storage, catalysis, and functionalized nano-scale systems.” 

PI: Robert Harrison, ORNL 

Investigate the storage & flow of energy 
in nano-structured systems 

 Focus on energy storage mechanisms in carbon tube super-
capacitors and the physical and chemical processes that limit 
their storage capacity, useful lifetime, peak power output, and 
other performance characteristics 

 Critical simulation elements 
• charge/species separation 
• change in solvent structure & properties (dielectric) that 
occur with voltage 
• confinement of the solvated ions in the nanoscale tubes 

 MADNESS app: At-scale time-dependent ab initio dynamics 
of the nanoscale solvent structure 

 NWChem app: At-scale studies of electron transport and 
vibrational and geometry dependence of response properties 
(polarization) 



Electronic structure & charge 
transport of nanostructures 
Driving up the photovoltaic efficiency of multi-band solar cell 
materials 

PI: Lin-Wang Wang, LBNL 

 The theoretical photovoltaic efficiency of single band 
material is 30% 

 With an intermediate state, the photovoltaic 
efficiency could be 60%. 

 Focus on ZnTe:O Alloys 

 Questions to address 
 What is the best picture to describe the alloy 
states? anti-crossing band, v.s. impurity band.  
 Up to what impurity concentration does the 
impurity state have a band gap with the ZnTe 
conduction band? 
 What do the impurity states look like? 
 Oscillator strength between the impurity states 
and valence state, and conduction band states? 

 Challenges 
 Large number of atoms. (> 3400); large lattice 
mismatch; band gap problem 

 Use novel LS3DF application with Gordon Bell winning 
fragmentation algorithm for O(n) scalability 



Nuclear Energy Petascale Applications 
Toward space- & energy-resolved neutron transport in 
modern reactor cores 
Denovo: a fully-consistent multi-step approach 
to high-fidelity nuclear reactor simulations 

UNIC: Scalable simulation of neutron transport 
in fast reactor cores 

PI: Tom Evans, ORNL PI: Dinesh Kausik, ANL 

 A novel multi-level phase space decomposition 
algorithm is being implemented in Denovo that 
could overcome a fundamental wavefront scaling 
limitation 
 Goal: unprecedented resolution in neutron 
energy, resolution, and space for a GE/Hitachi 
Simplified BWR 

Full-facility PWR Status 

S24 quadrature 
P3 scattering 
27 energy groups 
1.05B cells 

Near linear strong 
scaling from 20K 
to 40K cores 

 Provide reactor analysts the ability to remove as 
many approximations as possible in their numerical 
modeling of nuclear reactors 
 Goal: transparently transition from existing 
homogenization approaches to less egregious ones 
with the ultimate goal of no spatial homogenization 
and a detailed resolution of the energy domain 

PHENIX Reactor End-of-Life 
Experiments 

128 angles (even-parity solution) 
P3 scattering 
32 energy groups 
0.83M prism elements 
4.0M vertices 

>95% weak scaling up to 131K 
cores 



The next steps in 
superconductivity research 

  Work with neutron scattering experiments to 
verify predictions on pairing mechanism. 

  Investigate role of inhomogeneities on pairing 
mechanisms and transition temperature - 
petascale computing problem! 

  Develop materials specific extensions to the 
Hubbard model in order to understand 
variations of transition temperatures - develop 
materials design tool. 

Recent accomplishments: 
✓ Established existence of superconducting state in 
the Hubbard model (Phys. Rev. Lett. 2005) 
✓ Establish and understand nature of pairing 
mechanism (Phys. Rev. Lett. 2006) 
✓ Predict experimentally verifiable relations between 
transition temperature and pairing glue (Phys. Rev. B 
2007, Phys. Rev. Lett. submitted) 

PI: Thomas Schulthess, CSCS/ETH 

This project will use the world’s fastest scientific computing application to investigate 
Cooper pairs—the electron pairings that turn materials into superconductors—with the 
goal of understanding why they develop at different temperatures in different materials. 
The eventual goal is to  develop superconductors that do not require cooling. 



Direct numerical simulation of 
underlying physics of diesel jet flame 
stabilization at high pressure 

A massively parallel direct numerical 
simulation of combustion in a low-
temperature, high pressure environment 
sheds light on how jet flames ignite and 
become stable in diesel environments and 
accelerates the development of predictive 
models for clean and efficient combustion of 
new transportation fuels. 

combustion 

PI: Jackie Chen, SNL 

  DNS of non-premixed ethylene jet flame 
issuing into a co-flow of hot reaction products 
to look at influence of heated co-flow air 
temperature on stabilization mechanism and 
lift-off height 

  Running preparatory cases for n-heptane lifted 
jet flame to determine final grid resolution and 
run parameters 

  Testing a new vectorized form of the n-heptane 
mechanism and working on scaling issues.  



Cellulosic ethanol: A simulation 
model of lignocellulosic biomass 
deconstruction 

This project, a massive molecular-
level simulation of the woody plant 
material used to produce ethanol, 
promises to reveal the factors that 
complicate the conversion of fibrous 
cellulose into fermentable glucose. In 
doing so, it will open the door to more 
efficient and less costly production of 
this relatively clean, renewable fuel. 

biology 

PI: Jeremy Smith, UT/ORNL 



Petascale Computing of Carbon-14: 
explaining the origin of the elements and nuclear reaction theory 

Energetic Neutron 

Cosmic Radiation 

Biosphere absorbs 14C 

Neutron capture  
by 14N 

Reacts with oxygen  
to form CO2 

Due to its long  
half-life, 14C has 

been used in dating 
organic materials, 

up to 60,000  
years old,  
since the  

1950’s. 

Beta Decays: 14C  14N + p + e- + ne    

~ 1013 non-zero 
matrix elements 

  320 TB of 
memory 

=
Basis 

Dimension  
~ 15 Billion 

   ~ 500 
iterations 

PI: David Dean, ORNL 



Core-Collapse Supernovae 
A 3D Model of SN1987A 
•  Stars that produce supernovae cover a range in 

masses and rotation rates, thus a large number 
of simulations are required to understand the 
panoply of supernovae 

•  Science plan is tiered 
–  Large number of 2D (<1K core) runs to 

explore this parameter space. 
–  Smaller number of moderate resolution 3D 

models (10-30K cores) to explore how 3D 
differs from 2D. 

–  Small number of high resolution 3D runs 
(100K+ cores) to study how resolution 
impacts 3D convective behavior. 

–  Add physics (better transport and bigger 
network) while using threading to cutdown 
(or maintain) runtime 

•  Supernova models require months to run! 

PI: Tony Mezzacapa, ORNL 



Propensity of an excess proton for the air-water 
interface: a first-principles molecular dynamics 
simulation study 

Goal of this project: prediction of the free propensity of an excess proton 
for air-water interface using free energy calculations based on accurate 
“first-principles” (electronic structure-based) MD simulations 

Details of the computational model: 
  1 H3O+ ion and 216 H2O (H3O+ conc. ~ 0.25 M) 
  3D periodic boundary conditions 
  Born-Oppenheimer MD (Quickstep/CP2K); t = 0.5 fs 
  Electronic structure: DFT with BLYP XC functional 
  Grimme dispersion correction 
  Valence e– only; Goedecker-Teter-Hutter pseudopotentials 
  TZV2P basis set augmented by PW expanded to 280 Ry 
  NVT ensemble at T = 300 K 

15 Å 

35 Å 

15 Å 

35 Å 

Christopher J. Mundy (PNNL) & Douglas J. Tobias (UC Irvine) 

“Microscopic perspective” (simulation, 
spectroscopy): H3O+ adsorbs, OH– is 
repelled, water surface is acidic 

OH– 

H3O+ 

Background:  

  Acid-base reactions at aqueous interfaces are important in a multitude 
of chemical, biological, and environmental systems; determination of the 
intrinsic acidity/basicity of the air-water interface is a subject of great 
fundamental importance 

  Currently, the acidity/basicity of the air-water interface is being hotly 
debated 

  On the one hand, spectroscopic measurements and MD simulations 
based on empirical force fields imply that the water surface is acidic, 
while electrokinetic measurements imply that it is basic 

Buch et al., Proc. Natl. Acad. Sci. USA (2007) 



Scalable Applications 
Accelerating Development & Readiness 
•  Automated diagnostics 

–  Drivers: performance analysis, application verification, S/W debugging, H/W-fault detection and 
correction, failure prediction and avoidance, system tuning, and requirements analysis 

•  Hardware latency* 
–  Won’t see improvement nearly as much as flop rate, parallelism, B/W in coming years 
–  Can S/W strategies mitigate high H/W latencies?  

•  Hierarchical algorithms* 
–  Applications will require algorithms aware of the system hierarchy (compute/memory) 
–  In addition to hybrid data parallelism, and file-based checkpointing, algorithms may need to include 

dynamic decisions between recomputing and storing, fine-scale task-data hybrid parallelism, and in-
memory checkpointing 

•  Parallel programming models* 
–  Improved programming models needed to allow developer to identify an arbitrary number of levels of 

parallelism and map them onto hardware hierarchies at runtime 
–  Models continue to be coupled into larger models, driving the need for arbitrary hierarchies of task and 

data parallelism 



Scalable Applications 
Accelerating Development & Readiness 
•  Solver technology and innovative solution techniques* 

–  Global communication operations across 106-8 processors will be prohibitively expensive, solvers will 
have to eliminate global communication where feasible and mitigate its effects where it cannot be 
avoided. Research on more effective local preconditioners will become a very high priority 

–  If increases in memory B/W continue to lag the number of cores added to each socket, further research 
needed into ways to effectively trade flops for memory loads/stores 

•  Accelerated time integration* 
–  Are we ignoring the time dimension along which to exploit parallelism? (Ex: climate) 

•  Model coupling* 
–  Coupled models require effective methods to implement, verify, and validate the couplings, which can 

occur across wide spatial and temporal scales. The coupling requirements drive the need for robust 
methods for downscaling, upscaling, and coupled nonlinear solving 

–  Evaluation of the accuracy and importance of couplings drives the need for methods for validation, 
uncertainty analysis, and sensitivity analysis of these complex models 

•  Maintaining current libraries 
–  Reliance of current HPC applications on libraries will grow 
–  Libraries must perform as HPC systems grow in parallelism and complexity 



Questions? 

•  Doug Kothe (kothe@ornl.gov) 


