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Overview

Amid today’s challenges of constrained power budgets and
rapidly changing processor and system architecture
designs, this project aims to study a unified data-driven
approach for programming applications and in situ
analysis and visualization. Our studies are driven by the
needs of common operations as well as those of three
application areas.

Themes Addressed

This project focuses on studying the impact of the following,
in the context of a unified data-driven approach:

Supporting effective in situ data management, analysis,
and visualization.

Providing a foundation for building efficient and effective
workflow management.

Enabling an interactive in situ user environment on the
underlying runtime software design.

Understanding the impact on existing applications,
infrastructures and tools.

Mission Problems

Constrained power budgets for supercomputing.
Increased quantities of data generated by scientific
computing.

Limits on placement and movement of data due to
performance and energy constraints at extreme scale.
Programming scientific applications and data analysis
and visualization amid rapidly changing processor and
system architecture designs.

Collaborations

Application areas of combustion, climate and cosmology,
with scientists located at Sandia, Los Alamos and
Argonne.

ExaCT Co-Design Center.

Industry partners from DOE FastForward and
DesignForward activities (AMD and NVIDIA).

Two by invitation workshops that will include the external
community.
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Legion: Data-Aware Programming Model

Legion S3D Heptane Performance
This project is based on the Legion
Programming Model and Runtime
System.
(http:/legion.stanford.edu).

o 1.73X - 285 faster between 1024 and 8192 nodes.

Legion has scaled to over 8,000 nodes Loy s
with a new implementation of the S3D T
combustion code on Titan at OLCF.

Legion Programming Model

Data is described
logically at a high

level.
Legion runtime Tasks are functions
manages data layout that take logical data
and copying. regions as input.
oo Analysis and
erformance is Fmed) Legion runtime
managed via mapper Appllcatlon determines data and
tasks. Data task dependencies.
Logical data regions Tasks scheduled to
mapped to physical run in parallel yet
regions dynamically. ensure correctness.
Legion supports data

and task parallelism.
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Unifying Applications and Analytics
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- The diagrams (left and above) show that task parallelism
ol provided by the Legion programming model may improve
the performance of the visualization pipeline.
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Implementing Analysis and Visualization Algorithms Using Legion

Data and Execution Model
Abstractions for VTK

Ray Tracing

Understand the impact on image
generation through ray tracing as

Explore the impact on VTK'’s existing
algorithms and execution models
(e.g . push and pull).

both a rendering and analysis
infrastructure.

Image courtesy of Kitware.

Image courtesy of Chuck Hansen.

Color mapped isocontour of wind velocity produced

The above ray-traced image is the magnetic
with VTK inside DV3D inside of UVCDAT.

reversal of a stellar-like object.

Data Transformations

Assess the impact on topological
and statistical data transformation
techniques that reduce data while

maintaining properties of interest for

exploratory post-processing,
analysis and archival storage.
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Image courtesy of Janine Bennett et. al.

Merge trees represent the merging of contours
as a function is lowered through its range.
Merge trees are segmented by thresholding.

Sublinear and Streaming
Techniques

Assess how sublinear and streaming
techniques can be deployed to provide
efficient, adaptive, data-driven control-
flow mechanisms in a unified
framework. These methods access a
tiny fraction of the domain, while
quantifying the uncertainty introduced
due to using only a sample of the data.
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Sublinear variants of expensive diagnostics can be used
to determine the frequency at which 1/0 and analysis
should be performed in situ.
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Co-Design Applications
And Architectures

Combustion

We are focused on several in
situ analytics and visualization
tools used to identify regions
where a flame is extinguishing
or auto-igniting. These will all
utilize the Legion-based
implementation of S3D.

Atright: Millions of particles in this
combustion simulation track autoignition in
alifted et flame.

Image courtesy Jacqueline Chen . al.

Cosmology

The visualization of large datasets
generated by cosmology simulations
(sometimes more than a trillion particles) at
| full resolution poses a major challenge.
We will focus on integrating data-driven in
situ halo-finding capabilities and other
filters into HACC, an N-body cosmology
code designed for extreme scaling.

Image courtesy Patick McCormick et.al.

Dark energy is a hypothetical form of energy that permeates all of space and accelerates
the expansion of the niverse. Halos are dark matter clumps in which gas condensation,
star formation and galaxy formation occur.

Climate

In an effort to understand ocean heat uptake, sea level rise and
the ocean’s role in global heat transport, climate scientists use
Lagrangian tracers as an important diagnostic tool. We will work
with climate scientists on analyzing large numbers of tracers
within the Model for Prediction Across Scales (MPAS) ocean
model.

Lagrangian tracers in the
ocean simulation mimic  eon 13566 Floats
real-lfe Argo Floats, a | oM
global array {3,000y 14
free-driting profilng

floats that measure the ;|
temperature and salinity

of the upper 2000m of ¢
the ocean and provide
much of the below-
surface data for the
current ocean state. The
above image is of Argo
float coverage in 2013

Image courtesy International Argo Project.

Architecture Co-Design

Our primary hardware interests are in tracking features related to
the memory hierarchy, including storage systems: processor-in-
memory (PIM) and non-volatile memory (NVRAM) configurations
and their algorithmic and programmability aspects.
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