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What is the Exascale Computing Project (ECP)?

ECP is an accelerated research and development project
funded by the US Department of Energy (DOE) to ensure
all necessary pieces are in place to deliver the nation’s
first, capable, exascale ecosystem, including mission
critical applications, an integrated software stack, and
advanced computer system engineering and hardware
components.
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ECP by the Numbers
A seven-year, $1.7 B R&D effort that launched in 2016

7
YEARS
$1.7B

6
CORE DOE
LABS

3
TECHNICAL
FOCUS
AREAS

Six core DOE National Laboratories: Argonne, Lawrence
Berkeley, Lawrence Livermore, Los Alamos, Oak Ridge, Sandia
• Staff from most of the 17 DOE national laboratories take part
in the project

Three technical focus areas (Application Development,
Software Technology, Hardware and Integration)
supported by project management expertise in the
ECP Project Office

100
R&D TEAMS
1000
RESEARCHERS

ECP
Project
Office

More than 100 top-notch R&D teams
Hundreds of consequential milestones delivered on
schedule and within budget since project inception
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Department of Energy (DOE) Roadmap to Exascale Systems
An impressive, productive lineup of accelerated node systems supporting DOE’s mission
Pre-Exascale Systems [Aggregate Linpack (Rmax) = 323 PF!]
2012

2016

2018

Titan (9)

IBM BG/Q

Aurora
ANL

ANL

Intel/Cray

Cray/Intel KNL

NERSC-9
Perlmutter

LBNL

IBM BG/Q

TBD

Theta (24)

LBNL

Cray/Intel Xeon/KNL

LLNL

ORNL

IBM/NVIDIA

Cori (12)

Sequoia (10)

2021-2023

ORNL

Cray/AMD/NVIDIA

ANL

2020

Summit (1)

ORNL

Mira (21)

First U.S. Exascale Systems

Trinity (6)
LANL/SNL
Cray/Intel Xeon/KNL

Cray/AMD/NVIDIA

LLNL

Sierra (2)
LLNL
IBM/NVIDIA

TBD

LANL/SNL
TBD
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The three technical areas in ECP have the necessary components
to meet national goals
Performant mission and science applications @ scale
Foster application
development

Application Development (AD)
Develop and enhance the predictive
capability of applications critical to
the DOE

Ease
of use

Diverse
architectures

HPC
leadership

Software
Technology (ST)

Hardware
and Integration (HI)

Produce expanded and vertically
integrated software stack to achieve
full potential of exascale computing

Integrated delivery of ECP
products on targeted systems at
leading DOE computing facilities

E4s.io

25 applications ranging from
national security, to energy, earth
systems, economic security,
materials, and data

80+ unique software
products spanning
programming models
and run times, math
libraries, data and
visualization

6 vendors supported
by PathForward
focused on memory,
node, connectivity
advancements;
deployment to facilities
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ECP applications target national problems
National security Energy security
Stockpile
stewardship

Turbine wind plant
efficiency

Next-generation
electromagnetics
simulation of
hostile
environment and
virtual flight testing
for hypersonic reentry vehicles

High-efficiency,
low-emission
combustion
engine and gas
turbine design
Materials design
for extreme
environments of
nuclear fission
and fusion
reactors
Design and
commercialization
of Small Modular
Reactors
Subsurface use
for carbon
capture, petroleum
extraction, waste
disposal
Scale-up of clean
fossil fuel
combustion

Economic security Scientific discovery
Additive
manufacturing
of qualifiable
metal parts

Find, predict,
and control
materials and
properties

Reliable and
efficient planning
of the power grid

Cosmological
probe of the
standard model of
particle physics

Seismic hazard
risk assessment
Urban planning

Validate
fundamental laws
of nature
Demystify origin of
chemical elements
Light sourceenabled analysis
of protein and
molecular
structure and
design
Whole-device
model of
magnetically
confined fusion
plasmas

Earth system

Health care

Accurate regional
impact
assessments in
Earth system
models

Accelerate
and translate
cancer research

Stress-resistant
crop analysis and
catalytic
conversion
of biomassderived alcohols
Metagenomics
for analysis of
biogeochemical
cycles, climate
change,
environmental
remediation

Biofuel catalyst
design
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Data reduction is needed for extreme scale visualization and
analysis
Mega
10^6
Image

Giga
Tera
Peta
Exa
10^9
10^12
10^15
10^18
Storage & Operations / Operations Operations /
network
data size
/ data size
data size

Data reduction is required – what is the effect?

Measure, Characterize, Evaluate
• During in situ we can analysis all simulation data
• Measure the quality of reduced data representations
• Quality depends on the tasks that will be performed
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ECP Software Technology Data and Visualization projects provide
an integrated workflow
Apps

In situ
Infrastructure

In situ
Algorithms

Output/Artifacts

Post
Processing

ALPINE
ASCENT

New
Algorithms

VisIt
Libsim

Traditional
Algorithms

ParaView
Catalyst

Compression

Cinema

ParaView

Traditional
Output

VisIt

…

…

ZFP

VTK-m
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Algorithm 1: Topological analysis identifies appropriate
parameters for in situ visualization of simulation results
ECP ALPINE

Gunther H. Weber, Oliver Rübel, Hamish Carr, Burlen Loring

)

Equally spaced isovalues

Problem:
• Compute power growing faster than I/O
bandwidth; requires running visualization
in situ to reduce I/O
• Need to determine visualization parameters
(e.g., isovalues) without user interaction

Isovalues obtained by topological analysis

Approach:
New algorithms for topologic analysis at scale;
identify most relevant isosurfaces
Impact:
Isosurface extraction one of the most common
visualization techniques for scalar data;
benefits many ECP applications
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Algorithm 2: In Situ Time Step Particle Sampling with Entropy
Changes
•

Storing all time steps into disks are prohibitive due to I/O bottleneck

•

Intelligent algorithms are essential for identifying key time steps for storage reduction

•

Proposed solution:
•

Track and compare the information content of particle distributions at each time step

•

If the distribution changes sufficiently compared to previous key time step, store the current time step

•

Use information-theoretic Entropy as a measure of information content for the particle location distribution:
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In Situ Time Step
Sampling for MFIX
•

In situ entropy-based
time step selection
applied to Multiphase
Energy simulation
MFIX-Exa

•

The use case
simulates particles
falling and interacting
in an hourglass

•

Result shows
superiority of the
proposed scheme over
regular time step
sampling

Entropy-based selection

Regular selection
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Exploratory Algorithms: Understanding and measuring the effects of
sampling
Algorithm
description:
1. Randomly
sample data
2. Convert to
density field
3. Run connected
components on
“max(density) –
density”
Measure the size
and shape of
bubbles from 100%
sampled to X%
sampled data
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Algorithm 4: Rotation Invariant Pattern Detection
•Reduce data to areas of interest to:
– overcome the I/O bottleneck
– aid visualization and analysis
•Available rotation invariant vtk filters for:
– 2D and 3D
– scalar, vector, and matrix data
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Rotation Invariant Pattern Detection
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Rotation Invariant Pattern Detection
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Cinema
• Approach: Visualize all results needed while simulation data is

Cartesian
product

in memory

– Operators, camera positions/angles, simulation and algorithmic

parameters

• Result: Database of images
– Pixel accurate results when compared to post-processing

rendering of the same data

Θ
φ

• Properties of this solution:
– Sampling of visualization result image output space
– Visualization/rendering as sampling/data reduction operator
– Note we can evaluate and optimize this finite set of image outputs

• Cinemascience.org
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Cinema

Xray strength, impact
speed, material properties
(sparse entries)

Can
scientists
provide their
scientific
data as a
spreadsheet
with inputs
and outputs?
Yes!

Asteroid size, speed,
Burst height
(full Cartesian product)

Problem encompasses input parameters, outputs features and
relationships between them…
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VTK-m Delivering Portable Performance of Visualization
Algorithms Across ECP Processors
• Development is accelerated by VTK-m’s write

once, run everywhere

– Data parallel programming abstraction

• Ray tracing performance in VTK-m is within a

factor of 2 of highly optimized, processorspecific implementations developed by Intel
and NVIDIA [Moreland, et al., 2016]

• Particle advection in VTK-m performs better

than code specifically developed for CUDA
processors [Pugmire, et al. 2018]
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ZFP

is a compressed multidimensional array primitive

• Fixed-length compressed blocks enable fine-grained read & write
– C++ compressed-array classes hide complexity of compression & caching from user
– User specifies per-array storage footprint in bits/value
– Inspired by fixed-rate texture compression methods widely adopted in graphics hardware, but has been
tailored to the high dynamic range and precision demands of scientific applications
– Based on a new, lifted, orthogonal block transform and embedded coding, allowing each per-block bit stream
to be truncated at any point if desired, thus facilitating bit rate selection using a single compression scheme
• Absolute and relative

supported for offline storage, sequential access

• Fast, hardware friendly, and parallelizable:

on NVIDIA Volta

: ADIOS, CEED, Conduit, E4S, HDF5, Intel IPP, TTK, VTK-m, …
virtual array

compressed blocks

application
software cache

dirty block
bit index

uncompressed data

Prepared by LLNL under Contract DE-AC52-07NA27344.
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boosts available memory, I/O bandwidth, offline storage, and
accuracy per stored bit in numerical computations
ZFP

Compressed, pre-computed wavefunctions
reduce memory footprint in QMCPACK code

10x compression of simulation state in
GENE fusion code with acceptable loss

Inline compression boosts solution
accuracy by 40x over IEEE in CEED code
energy conservation error

2E-06

uncompressed (32 bits/value)

ZFP

(1 bit/value)

1E-06

0E+00

IEEE

4x in-memory reduction of EOS tables

Posits

zfp

10–1,000x I/O compression enables new
science through higher-fidelity analysis

Prepared by LLNL under Contract DE-AC52-07NA27344.
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This is truly an exciting time in the evolution of US computational
science, and ECP is fortunate to be play a role
• We have a fantastic assemblage of talent
• We enjoy great stakeholder support and are one of DOE’s highest priorities
• We are focused on ushering in a new era of computational science for the Nation (not just on

exascale computing)

• We are working with our DOE HPC Facility partners to ensure our technologies are available,

used, and useful well beyond ECP’s closure

• Our new software and application capabilities are being deployed to the latest DOE

supercomputers, where they will enable solutions to our Nation’s most challenging problems in
science, energy, national security, economic competitiveness, and own health and well being:
– Energy, Fresh Water, Adequate Food, Climate Change, Pollution, Disease, Poverty, Safety & Security,

Population Growth, Infrastructure, Education

• This is a singular moment in history and we relish the opportunity it presents
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END
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