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Summary

The purpose of the SciDAC Visualization and Analytics Center for Enabling
Technologies (VACET) focused on leveraging scientific visualization and
analytics software technology as an enabling technology for increasing scientific
productivity and insight. The vision for VACET was to adapt, extend, create
(when necessary) and deploy visualization and data understanding technologies
for our science stakeholders. UC Davis was a significant part of this effort,
working directly with science stake-holders to motivate the discovery and creation
of new visualization and analytics technologies, which are addressed by our
team.

This document reports the accomplishments of the UC Davis component of
VACET. In short, we have developed significant advances in the visualization of
flow, the application of statistical methods to visualization, the integration of
visualization methods into problem-solving methodologies for science, and the
parallelization of these methods. The grant supported several graduate students,
postdocs, professional researchers and undergraduates, a number of which have
taken positions at the National Laboratories.

State-of-the-art computational science simulations generate large-scale vector
field datasets. Visualization and analysis are key aspects of obtaining insight into
these datasets and represent an important challenge. The VACET Center
enabled the discovery and development of a number of innovative visualization
and analysis techniques at UC Davis that, because of our collaborative methods
with national laboratory researchers and our science stakeholders, could not
have been accomplished otherwise.



Personnel

The UC Davis component of the SciDAC Il Visualization and Analytic Center for
Enabling Technologies (VACET) has supported a number of faculty, postdoc and
student researchers over the course of the grant. Notably, the project supported

Kenneth I. Joy, a faculty member in the Computer Science Department
and the VACET/UC Dauvis site PI, through summer salary.

Christoph Garth, postdoc, now a faculty member at Kaiserslautern
University in Germany. Garth won the 2011 UC Davis award for the
outstanding postdoc at the University.

Eduard Deines, postdoc, how working for cd-Adapco in Austin TX
Harald Obermaier, postdoc, now working for Apple

Hank Childs, serving a shared position between UC Davis and Lawrence
Berkeley National Laboratory. Now a faculty member at the University of
Oregon and researcher at Lawrence Berkeley National Laboratory. Hank
has subsequently won a DoE Career Award.

Harinan Krishnan, graduate student. Now working at Lawrence Berkeley
National Laboratory.

David Camp, graduate student. Now working at Lawrence Berkeley
National Laboratory

Kevin Bensema, graduate student. Graduating June, 2016. Working
summers with Pacific Northwest National Laboratory

Jennifer Chandler, graduate student. Jennifer was also supported through
an NSF Fellowship.

luri Prilepov, graduate student. luri received his Master's Degree in 2013
and is currently working at Google.

Alex Agranovsky, graduate student

Luke Gosink, graduate student. Received a Ph.D. in 2009 and now works
for Pacific Northwest National Laboratory



Projects

Streamlines

This effort has accomplished the initial goal of implementing and deploying a
parallel capable streamline infrastructure with several different user definable
parallelization strategies. This work resulted in several publications and was
implemented through a new advection-based method that was inserted into the
Vislt visualization package. We implemented a streamline integration method for
block-structured AMR data, developed new methods for pathline, pathsurface,
stream surface, time surface, and streak surface methods. All of these methods
were integrated into Vislt and is now available to researchers throughout the
National Laboratories.

Parallelization

We completed design and implementation of several hybrid parallelization
algorithms focused on advection-based visualization algorithms, being the first
group to attempt to integrate these methods into a large-scale parallel
environment. We have also developed new methods that focus on using
interpolation of short streamlines/pathlines as a replacement for the time-
consuming advection methods necessary in current techniques. These methods
look very promising.

Lagrangian Techniques

The mathematical interpretation of integral curves as the solutions of ordinary
differential equations coincides with that of massless point particles that are
advected along the vector field. The Lagrangian view examines the evolution
from the point of view of an observer attached to a particle moving with the vector
field. While both approaches are technically on equal footing, the Lagrangian
perspective allows a more natural and intuitive description and analysis of the
overall behavior. We have developed integral-curve methods that support
Lagrangian techniques and have adapted them to parallel systems.

Multi-temporal Visualization of Scalar and Vector Fields

A significant contribution of VACET
researchers is the development of methods
beyond that of the “streamline” to those of
“‘integral curves”, which can be used for a
base to enable a number of vector-field
visualization methods. These methods
include the generation of path lines, streak
lines, and time lines, as well as their surface R
equivalents, path surfaces, streak surfaces Figure 1: Multi-temporal

and time surfaces. We were able to expand visualization with a flow example
these methods to show the end user summary statistics over time. These multi-
temporal techniques will be very valuable in ensemble methods.




Material Interfaces

Many important classes of computer simulations of physical phenomena require
support for “materials,” i.e. discrete regions of space with different physical
properties. For example, a simulation of tidal waves needs to partition space into
water and air, and a simulation of an automobile accident must model glass,
metal, and rubber. We have developed new methods of determine boundaries in
materials, given data sets based upon “volume fractions.”

These are difficult problems as there are multiple “correct” solutions and many
criteria for a good reconstruction: Does it honor the volume fractions? Does it
place materials from neighboring cells next to each other? Does it create large
discontinuities? Although simulations reconstruct interfaces themselves, their
primary concern is advecting materials through the mesh correctly, not
visualization and analysis. Their reconstructions often lead to inaccurate analysis
and poor aesthetics.

Statistical Methods

We have been working with researchers from Lawrence Berkeley National
Laboratory and Pacific Northwest National Laboratory to develop new methods of
visualization based upon statistics quantities. These methods have been used to
develop methods for visualizing correlations between variables in multi-
dimensional data analysis methods, and to assist the analysis of ensemble
methods.
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