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ABOUT THE COVER IMAGES:
STIRRED TANK REACTORS are commonly
used in the pharmaceutical, bioprocessing and
chemical industries to mix chemicals and create
products such as drugs, fertilizers and plastics.
The product yield depends on how well the
reagents are mixed, so understanding the fluid
dynamics in the tank is critical for controlling thorough mixing. Such understanding can be gained via numerical
simulation of the flow — a prime example of the value of scientific supercomputing for commercial industry. In the
visualization on the front cover, depicting a view looking down into a tank from the top, reagents are being mixed
using an impeller with blades pitched at a 45-degree angle, rotating at a prescribed speed, and located at about
one third from the bottom of the tank. The tank also contains four baffles around its wall that break up the fluid
flow, improving mixing. Colored ribbons represent stream lines that also encode curvature and torsion of the fluid,
so appear two-dimensional; they originate from a region of high pressure close to the impeller, showing the fluid’s
instantaneous motion throughout the volume, which spirals downward because of the orientation of the impeller
blades. The visualization on the back cover shows a view of the impeller blades and the impeller-jet stream looking
up from the bottom of the tank. Streamlines show that the downward-directed impeller-jet stream originating
from the pitched-blade impellers are turned up as they reach the lower dish-bottomed surface. Such impeller-jets
set up the macro flow patterns in the tank, and their effectiveness in churning the fluid in the tank is partly responsible for the mixing. In both visualizations, a Large Eddy Simulation is used with 5 million nodes in a multi-block
body-fitted grid to model the geometry of the tank. Calculations were done on the 50.7 Teraflop QueenBee TeraGrid
compute cluster in Baton Rouge, LA, which is on the LONI-grid (see www.loni.org). Results are shown for a single
time step out of the 5,200 time steps that represent nearly 50 revolutions of the impeller.

THE RESEARCHERS (left to right) are Marcel Ritter, DI (diploma engineer, roughly equivalent to an M.Sc.),
project assistant, Unit for Hydraulic Engineering, University of Innsbruck; Farid Harhad, Ph.D. student, Computer
Science, Louisiana State University (LSU); Somnath Roy, Ph.D. student, Mechanical Engineering, LSU; and
Sumanta Acharya, Professor, Mechanical Engineering, LSU. Visualization Consultant: Werner Benger, Ph.D., Center
for Computation & Technology, LSU, who adds that it is important to note that “we had to develop all the software
for the scientific visualization, which gives it a unique representation different from off-the-shelf software packages.”
© Copyright 2011, Coalition for Academic Scientific Computation
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HUMAN CRANIAL ARTERIAL NETWORK includes 65 arteries
accounting for every artery in the brain larger than 1 millimeter in diameter.
Using color and scale to show magnitude, the visualization depicts the flow
of blood in the Circle of Willis, a pattern of redundant circulation that
maintains the brain's blood supply if a part of the circle or a supply artery
becomes restricted or blocked.
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EXPLODING SUPERMASSIVE STARS may be a missing link in our
understanding of structure formation in the early universe. Observational
evidence reveals that supermassive black holes — millions to billions times
more massive than our sun — reside at the center of almost every galaxy,
including the ancient bright quasars that existed already when the universe
was only a billion years old. Astrophysicists struggle to explain how such
supermassive black holes could form so early in the universe. Some theoretical models suggest they could originate from supermassive stars — stars
of 10,000+ solar masses — that collapse to black holes. Such supermassive
black holes then accrue more matter and merge along with the merger of
their host galaxies until they reach the observed sizes. All previous stellar
evolution models suggested that primordial stars over 300 solar masses
would simply die as black holes. Surprisingly, however, supercomputing
simulations revealed that supermassive stars of around 55,000 solar
masses also can explode as supernovae. While the star burns helium in
its core, the star becomes dynamically unstable because of an effect from
general relativity. This triggers a rapid collapse of the star and ignites
explosive thermonuclear burning. The star explodes so violently that no
black hole at all is left behind. This visualization is a slice through the
interior of a supermassive star of 55,500 solar masses along the axis of
symmetry. It shows the inner helium core in which nuclear burning is
converting helium to oxygen and powers various fluid instabilities (swirling
lines). This “snapshot” from the simulation shows one moment a day
after the onset of the explosion, when the radius of the outer circle would
be slightly larger than that of the orbit of Earth around the sun.
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The Coalition for Academic Scientific Computation (CASC)
encourages the use of advanced computing technologies to accelerate
scientific discovery, to support regional economic growth through
science and technology, and to fuel the nation’s technological
leadership. Our members are committed to developing a highly
skilled 21st-century workforce to ensure national competitiveness
and global security and improve our quality of life.

A PROUD HISTORY
An educational 501(c)(3) nonprofit organization, CASC was
founded in 1989 when information technology, high-performance
computing, and the Internet were coming of age. CASC members
have contributed much in designing our nation's cyberinfrastructure — the broad collection of computing systems, data acquisition
and storage systems, and visualization environments, linked by
high-speed networks and supported by expert professionals.

“New technologies allow researchers to work
in large collaborations and address problems that
a few decades ago would have been considered
intractable...”
Developing a Coherent Cyberinfrastructure from Local Campus to National
Facilities: Challenges and Strategies. A Workshop Report and Recommendations.
EDUCAUSE Campus Cyberinfrastructure Working Group
and Coalition for Academic Scientific Computation. February 2009

In the 1960s, the National Science Foundation (NSF) funded the
first computing centers on several university campuses. Early major
and sustained investments by the Department of Energy (DOE) and
the Defense Advanced Research Projects Agency (DARPA) fostered
the development of pivotal network and computing capabilities.
The pioneering work of the two agencies continues today with the
DOE’s Advanced Scientific Computing Research (ASCR) program
and DARPA’s High Productivity Computing Systems program.
Two decades later, NSF took a bold leap, funding the Supercomputer Centers program which operated from 1985 to 1997.
Those centers not only pioneered the design of both advanced
computing hardware and software, they also advanced the frontiers
of network infrastructure. Their efforts led to groundbreaking
collaborative grid projects such as today’s Extreme Science and
Engineering Discovery Environment (XSEDE) — which brings
together leadership-class resources and expertise at 12 CASC
member sites — and the Open Science Grid. The resulting
cyberinfrastructure is one of our most important national assets.

A PROMISING FUTURE
Today, CASC has 66 members in 33 states and the District of
Columbia. CASC members — all at the forefront of research and
development — include many of the nation’s leading research
universities, high-performance computing centers, and institutionpartnered federal laboratories.
CASC has several major roles. It provides an expert resource for
the Executive Office of the President, the U.S. Congress, and federal
agencies, as well as state and local government bodies. It facilitates the
exchange of information among the academic scientific research,
computation and communication communities. It also disseminates
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UNDERSTANDING AIR FLOW INSIDE AIRCRAFT ENGINES can help
engineers quiet vibrations, increase lifetime, and improve fuel efficiency. Aircraft engines
rely on a thermal cycle that combusts fuel with air under high pressure. The compressor
rotor, part of which is shown here, is an annulus (ring) of blades that rotates about
the engine’s axis to compress air before adding it to the fuel for combustion. Aircraft
engine rotors often work at the transonic regime: part of the flow is subsonic (slower
than the speed of sound) and a part of the flow is supersonic (faster than the speed
of sound). Detached Eddy Simulation of air-pressure contours around a transonic
full-annulus rotor reveals that tornado-type vortices (blue lines) form at the tips of
the rotor blades, generated by the large pressure difference on the two sides of the
rotor blades tips. The tip vortices induce potentially harmful non-synchronous vibration
within the blades. The goal of such a high-fidelity simulation is first to understand the
fundamental physics of the vibrations, and then figure out how to design rotors to
avoid them. The colors shown represent pressure contours.
3-D MODELING OF PROTEIN STRUCTURES helps scientists understand their
functions at the molecular level, to deduce a structure’s role in human health and
disease, and to develop drugs. This image shows different predicted structures
of a protein that is the product of a gene of the organism E. coli (scientific name
Escherichia coli), a commonly occurring bacterium inside intestines of mammals.
Although many strains (variants) of the bacterium are harmless, some can cause food
poisoning. This protein contains both helices and sheets, important three-dimensional
(3-D) structures found in proteins. This image was computed from data in the Protein
Data Bank, a worldwide repository of digital information about the 3-D structures of
large biological molecules found in all organisms.
MOUSE MAMMARY TUMOR VIRUS (MMTV) promoter sequence illustrates how
DNA sequence affects the structure of chromatin. Chromatin is a protein-DNA complex
that folds the familiar Watson-Crick double helix into a highly compact state. Such
compaction is required to fit an entire genome into a cell nucleus. For human cells, 2
meters of DNA must be packed into a cell nucleus that is less than 10 micrometers in
diameter (200,000 times shorter). The folding and compacting also affects which
genes are accessible and which are hidden. In the image, a small tube represents DNA
and the large spheres represent histones (proteins) that wrap segments of DNA into
super-helices. It is unknown whether chromatin has a regular structure, as pictured, but
histones are the primary determinant of chromatin folding. Bending enhances chromatin
looping and gene expression. A regular placement of histones on the MMTV promoter
DNA sequence produces a compact, regular chromatin fiber that is also bent (as shown).
The hormone response mechanism in humans functions like the MMTV to regulate a
range of physiologic processes ranging from growth and sexual development to stress
response. Dysfunction of the hormone response mechanism is associated with cancer.

information about the value of high-performance computing
and advanced communications technologies to industry and
educational institutions.
Our members are dedicated to advancing our nation’s endeavors
in research and education. For more than two decades, CASC
members have enabled detailed computer simulations, advanced
data analyses, and supported breakthrough discoveries. The highperformance computers, massive data storage facilities, visualization
environments, analytical instruments, software, and expertise at our
centers are proven national resources, giving U.S. scientists
opportunities to make great strides in understanding their fields.
CASC is dedicated to advocating the use of the most advanced
computing technologies to accelerate scientific discovery for
economic success, global competitiveness and a higher standard
of living. This brochure highlights the impact of CASC member
organizations in analyzing some of the world’s most challenging
scientific and engineering problems — from modeling earthquakes
to understanding blood flow to the brain, from visualizing the
causes of hereditary deafness to analyzing efficient flight.
We invite you to explore detailed descriptions of each CASC
member’s contributions to discovery, innovation, and learning at:
www.casc.org/members.html.

SIMULATION OF A SMALL EARTHQUAKE IN GREECE in the region of
Thessaloniki models how the vibrations might disperse throughout the countryside.
The earthquake source is 5 kilometers beneath the center of a soft soil valley that traps
and amplifies waves (purple and red). Weaker waves (green and yellow) radiate from
the valley onto the rock surroundings. The simulation reveals that structures within
the valley will experience much stronger shaking than those on rock, and, therefore,
that special provisions must be taken in their design. The color scale represents the
velocity of ground displacement in the south-north component of motion.
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High-performance computing has
revolutionized the way engineering and
science are done. It enables researchers to
explore theoretical models of phenomena
that are either too dangerous, too vast, too
tiny, too expensive, or simply impossible
for laboratory experimentation.
Advanced computing allows the
unprecedented modeling of systems so
complex they were long regarded as
intractable: global climate models, multinational flows of energy and money,
prediction of weather and natural disasters,
manufacturing processes, genetic diseases,
drug design, and cosmology.
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Moreover, computational science allows
researchers to examine the interplay of
physical processes that cross disciplinary
boundaries. Interdisciplinary collaborations
draw from all scientific disciplines and at
all size scales, from designing nanoscale
materials to simulating star formation
measured in light-years and megaparsecs.
Computational science and engineering
address research challenges that cross
traditional boundaries and are essential
to daily life. This technology is now
indispensable to our nation’s welfare,
competitiveness, and standing in the
international scientific community.

“Advances in NIT [networking and information
technology] accelerate the pace of discovery in
nearly all other fields.”
Designing a Digital Future: Federally Funded Research and
Development in Networking and Information Technology.
Report to the President and Congress.
Executive Office of the President. President’s Council of Advisors
on Science and Technology (PCAST). December 2010

STRANDS OF DNA contain genetic coding that will bond with another strand having
a unique sequence of complementary genes. Thus, in theory, a material coated with a
layer of specific DNA will seek out and bond with its complementary counterpart. That
concept, known as DNA-assisted self-assembly, has long been a focus of research in
biomedicine and materials science because of widespread potential applications. DNA
segments that are too short, however, often fail to self-assemble, while segments that
are too long often lead to the creation of deformed materials. Now, molecular dynamics
simulation of DNA strands predict an optimum length of DNA strands for self-assembly.
The image shows a simulation snapshot of DNA strands with optimum length colored
in bright red. One potential application is the development of biosensors capable
of detection of target genes responsible for diseases in agriculture, in the food industry
and in the environment.
ACCURATE MODELING OF EARTH’S CLIMATE is one of the biggest challenges
being addressed by high-performance computing. One source of error in existing climate
models is the simulation of clouds. As supercomputers become increasingly powerful,
researchers can increase the grid resolution from 200 kilometers down to 2 kilometers,
more accurately resolving clouds in simulations. For mathematical reasons, a square
latitude-longitude grid forces supercomputer codes to use unacceptably small time
steps, which in turn makes simulations hard to run in a reasonable amount of time.
Thus, grids with hexagonal or other shapes of elements must be used. The simulation
illustrates the Jablonowski test case running on an icosahedral grid (the Jablonowski
test case is widely used for debugging and evaluating the characteristics of many climate
models). The contours at the top of the globe represent different levels of vorticity
(rotation) in the atmosphere.
SIMULATIONS OF A MAJOR EARTHQUAKE can be used to evaluate earthquake
early warning planning systems, and help engineers, emergency response teams, and
geophysicists better understand seismic hazards. This visualization shows instantaneous
ground motions for a hypothetical magnitude 8 earthquake along the San Andreas
Fault, using an accurate 3-D model of Southern California’s complex geology. The
image shows the rupture about 21 seconds after it started in Central California,
propagating south on the San Andreas Fault. The rupture will continue for nearly 2
minutes, passing Riverside, Palm Springs, and Indio before stopping south of Bombay
Beach. The M8 simulation shows ground motion magnitude as a height field, where
strongest motion is depicted as white and weakest as red. The image shows a mach
cone — a cone-like distribution of strong ground motions at the leading edge of the
rupture (far right) where the forward velocity of the earthquake rupture exceeds the
propagation speed of seismic waves in the Earth. Mach cones in air are known to cause
sonic booms; seismic simulations suggest that Mach cones from earthquakes could
cause a kind of solid boom, a low frequency jolt from a passing Mach cone.
3-D GASEOUS “WISP” is constructed from a procedural algorithm that is widely
used in computer-generated movie special effects to represent clouds, water splashes,
smoke, and explosions. It also has applications in the scientific visualization of simulations of combustion, auroras, interstellar nebulae, galaxy collisions, and other scientific
phenomena. The density of the wisp is generated in a multilevel mapping process that
displaces points in space to new positions. The color represents the location in space
where the displaced point originated, and so tracks the evolution of the wisp’s shape.
Generating this wisp required more than 30 GB of memory and nearly one day of
compute time. A typical smoke effect in a movie contains thousands of such wisps.
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Many disciplines in engineering and
science are becoming increasingly datadriven. From the bottom of the oceans to
the vacuum of outer space, we are collecting
massive volumes of digital data, and interpreting them via visualization, data mining,
and modeling — sometimes even in real
time. More detailed data lead, in turn, to
new and better models and hypotheses,
accelerating discovery and innovation.
But the sheer volume of data is daunting
for both research and industry. In some
fields, such as computational astronomy, the
inflow of data from telescopes and sensors
is taxing the limits of networks. There are
also fundamental challenges in managing
and archiving results flowing from largescale simulations, such as those for modeling
the Earth’s climate. Uppermost in many
scientists’ minds are concerns about the
archival storage of bits and bytes — both
raw data from sensors and results from
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computation — in a manner that protects
its electronic integrity. Another significant
challenge is offering long-term access to
future generations of researchers: some
classes of data (such as global weather
records and human genomic sequences)
not only will be of value in perpetuity, but
even increase in value as the record becomes
more complete over time.
Taking full advantage of the potential
offered by massive data sets requires both
new tools and new infrastructure. CASC
members have taken the lead in the
assessment of options and innovative
solutions for all aspects of massive data
sets: whether collecting, collating, analyzing, preserving, or making them available
for reuse at future times for currently
unanticipated needs. In so doing, CASC
members are transforming the ways
scientists and industrial partners can
collaborate in pioneering research.

“[A]ccess to information tomorrow depends
on preservation actions taken today... the scale
of digital creation is far outpacing the capacity
to store the data.”
Sustainable Economics for a Digital Planet: Ensuring Long-Term Access
to Digital Information. Final Report of the Blue Ribbon Task Force
on Sustainable Digital Preservation and Access.
February 2010

AUTOMATIC FACIAL RECOGNITION that uses 3-D scans of a person's face to create a
unique representation (biometric signature) that describes the facial anatomy and details more
accurately than 2-D photographs. Face recognition is one research area in biometrics, a field where
physiological human characteristics (e.g., iris, fingertips, face, voice) are captured by sensors and
used for identity management. In the URxD system developed at the University of Houston,
optical scanners acquire shape measurements of a face in three dimensions, representing the
face by points in space. The figure depicts a wireframe view of the grid (left), two middle poses
with a surface view only, and a textured view (right) of a model fitted to the specific data of an
individual. Visualizations such as this one help researchers evaluate how faithfully the fitted
model represents the 3-D data. The URxD software for automatic face recognition works even
for facial data from faces with different facial expressions, different head poses, or with facial
hair or glasses; it can also distinguish between identical twins.
CONSTRUCTING 3-D VOLUMES FROM 2-D SLICES of data is a challenge increasingly
encountered in molecular, astronomical, and medical applications. The code of the University of
Notre Dame’s VisArray scientific visualization framework was recently expanded to digitize in 3-D
an insect collection that was being destroyed by physical handling of the samples. Computerized
tomography (CT) scans gave a stack of two-dimensional images slicing through a beetle
specimen (upper left). The expanded code included the capabilities to recreate a 3-D volume
from the stack of images, identify the surface of the beetle, and generate a 3-D cloud of points
from the scan data so that a photographic image could be used to texture the outer surface. The
result is an interactive 3-D recreation of the insect, which allows researchers to view its external
characteristics in photo-realistic detail (lower right), and also to explore its internal features
(including eggs in the abdomen of this female), all without damaging the sample. Such
non-destructive 3-D reconstruction has applications not only in biology, but also in
architecture and archaeology in the interests of historic preservation.
ATOMIC-LEVEL UNDERSTANDING OF CRYSTAL CERAMICS could lead to lowerpower electronic devices, such as those necessary for ultra-high data storage. This magnetic
material whose north and south poles can be reversed with an electric field may be one such
candidate. Predicted and discovered by two Cornell University theorists, the material is a crystalline
layered ceramic called perovskite (chemical formula Ca3Mn 2 O7); large blue spheres
represent calcium atoms, green spheres represent manganese, and red spheres represent oxygen.
It is multiferroic, meaning it responds both to electric and magnetic fields — something quite rare.
The Cornell discovery suggests it may be possible to introduce multiferroic order into different
materials; it also lends insight into the possibility of discovering the best materials to make
low-power electronics at room temperature.
UNDERSTANDING THE COMPOSITION OF A DIGITAL ARCHIVE is fundamental to
planning for long-term preservation of and access to public records. Two images show how a visual
analytics program reveals different features in a testbed collection of about 1 million files within
the National Archives and Records Administration (NARA). In both images, each square represents
a directory with files, with larger squares representing a greater number of files. The left image
indicates types of file formats in the collection: web pages (green), images (blue), PDF documents
(coral), video files (light blue) word-processing documents (red), and unidentified format (black).
The color pattern implies that the collection shown is primarily
web pages with images. The right image indicates how
files in the collection are organized: by similar naming
(green), in sequential order (orange), by date (brown),
and by geographical location (bordeaux or maroon). The
color pattern reveals almost all the directories in the collection
have similar organizational criteria. Understanding the ways
a collection is organized allows users to access it efficiently,
to interpret its contents with precision, and to manage and
preserve it throughout its lifecycle.
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High-performance computing is one of
America’s greatest competitive strengths.
“Engineering innovation in almost every
discipline has been revolutionized through
the use of virtual models to replace the
construction and testing of expensive
prototypes,” noted the final report of the
National Science Foundation’s Task Force on
Grand Challenges of the Advisory Committee
for Cyberinfrastructure in March 2011.
Visualization, simulations, and data
analysis have become the principal means of
understanding vast data sets in engineering as
well as science. These methods are altering
how materials and components are designed,
developed, and used in industry and medicine. As evidenced by the examples in this
section, high-performance computing is
transforming the way aircraft turbines

and deep-ocean oil-drilling platforms are
designed. It is also inspiring concepts for
devices not yet invented, such as insect-sized
aerial vehicles. Federal and state investments
in high-performance computing have
created a national fabric to ignite innovation,
create rapid and systematic advancements
in research and industry, and strengthen
the economy.
Many CASC members collaborate with
industry, offering a portion of their systems
and services for research and development.
They provide advanced modeling and
simulation resources, hardware, training,
software and expertise to commercial clients,
allowing them to meet their economic and
competitiveness needs by improving the
time, quality and cost of product and
service development.

“The future ability of the United States to innovate and invent new products
and industries, provide high quality jobs to its citizens, and ensure national
security depends upon how well we support innovation and the development
and use of advanced technologies for our manufacturing sector.”
Report to the President on Ensuring American Leadership in Advanced Manufacturing.
Executive Office of the President. President’s Council of Advisors on Science and Technology (PCAST). June 2011.
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MODELING VIBRATIONS IN OFF-SHORE OIL PLATFORMS induced by ocean
turbulence may help prevent deep-sea oil pipeline disasters. Underwater ocean currents
trigger periodic vortices (eddy currents) around risers, the vertical oil pipelines extending
from the floating platforms to the seafloor. Vortex shedding (the swirling flow of fluid)
transfers energy from the fluid to the risers and the platform’s supporting members,
leading to high-amplitude vibrations that can trigger mechanical fatigue and failure of
the structure. New computational methods and supercomputer codes being developed
by a research team analyze the structural integrity of deep sea risers following extreme
storm events, to model the cause of failure of the deep sea oil pipelines in the Gulf of
Mexico in 2010. The sequence of images shows 3-D fluid-structure interaction and
turbulence around cylinders that are both oscillating (three left panels with dots) and
rigid (four right panels). The colors in the stream lines indicate the instantaneous
velocity of the fluid; the colors within the fluid swirling around the white cylinders
represent the varying pressure inside the fluid.
SURFACES EXTREMELY DIFFICULT TO WET are important for developing better
waterproof textiles, non-stick surfaces, paints, adhesives, and coatings. Molecular
dynamics simulations conducted on two supercomputers to examine the spreading
and surface mobility of water nanodroplets revealed a surprise: surface roughness
(bumpiness) on the nanoscale (billionths of a meter) renders any surface more
hydrophobic — a trend opposite to observations of rough surfaces at larger scales. At the
upper left, a water droplet (hydrogen atoms are white, oxygen atoms are red) is shown
spreading out on a smooth hydrophilic (water-loving) surface (gray). But making the
same hydrophilic (gray) surface corrugated (lower left), the surprise is that it becomes
hydrophobic (meaning that the contact angle of the water drop is more than 90
degrees). Moreover, the simulations revealed that a smooth hydrophobic (water-hating)
surface (blue, upper right) can be made superhydrophobic by making the surface
bumpy on the nanoscale (lower right), achieving a contact angle of 180 degrees.
Atomic scale patterning offers a powerful way to tune hydrophobicity without altering
the chemistry of surface atoms.
SIMULATION OF BIOMINERALIZATION — nature’s ability to form complex
structures by binding organic materials to inorganic materials — may lead to the design
of composite materials and devices for such applications as bone replacement, sensing
systems, efficient energy generation, and treatment of diseases. The visualization shows
a neutrally charged peptide (a small protein) and water positioned near the first layer
of gold atoms (mirror image in pink); the mirror image keeps the metal interior free
of electric fields.
MODELING FLIGHT OF A DESERT LOCUST is allowing scientists to explore the
potential of developing similar aerodynamics technology for micro air vehicles (MAVs).
As the locust flaps its wings, it generates unsteady patterns of airflow. Vorticity (rotating
airflow) plays an important role in the insect’s aerodynamics, including the lift and
thrust it generates to fly, maneuver, and avoid collisions in large swarms. The picture
shows the supercomputer modeling of a desert locust during straight and level flight;
colors show the magnitude of the vorticity, with magnitude increasing from black to
blue to white to yellow. The hindwings are in the up position and the forewings are in
the middle position. Such computer modeling is challenging because of the computational accuracy attained: each wing-flapping cycle is represented by 275 time steps,
and the cyclic wing motion and deformation are extracted from video recordings of an
actual locust in a wind tunnel.
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Our nation’s capacity to innovate hinges
on retaining a skilled workforce, continually
refreshed by students who gain expertise in
science, technology, engineering and mathematics (STEM). As noted by the U.S.
Department of Commerce in July 2011, “the
STEM workforce has an outsized impact
on a nation’s competitiveness, economic
growth, and overall standard of living.”
Furthermore, the
advent of data-intensive
science demands that
future researchers and
data managers possess
unique skills. “Not
only do all students
need to be trained to
utilize open data, but
individuals need to be
formally educated as
‘data scientists’,”
observed the 2011
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National Science Foundation report,
Changing the Conduct of Science in the
Information Age. “A new cohort of computational scientists who can manage the
integration of data sets from disparate
sources is essential.”
The outreach programs of many CASC
members are intended to inspire students’
curiosity from the earliest ages. From
robotic competitions to
environmental field trips,
from particle physics
master classes to summer
institutes for science
teachers at research laboratories, our members are
encouraging the young
minds of tomorrow to
become fascinated by the
universe, by science, and
by computational problem-solving.

“Research shows how important it is for
children to have exciting experiences in STEM early
on, in elementary and middle school, to capture their
interest and spark a lifelong passion.”
Prepare and Inspire: K–12 Education in Science, Technology, Engineering,
and Math (STEM) for America’s Future. Report to the President.
Executive Office of the President. President’s Council of Advisors
on Science and Technology (PCAST). September 2010.

STUDENTS USE HAND-HELD METEOROLOGICAL SENSORS to measure
temperature, humidity and wind during a visit to Belvoir Elementary School in Pitt County,
NC, by educators from RENCI’s East Carolina Engagement Center. The engagement center,
one of the regional engagement centers established by the Renaissance Computing Institute
(RENCI) at the University of North Carolina at Chapel Hill, is based at East Carolina
University in Greenville.
MARS ROVER CELEBRATION 2011 organized by the Texas Learning & Computation
Center was the largest in its nine-year history, attracting more than 600 children from 109
elementary and middle school classrooms. Events included a competition in several categories
of student-built model Mars Rovers, campus tours and demonstrations by computer science,
engineering, and physics faculty, plus other hands-on activities — all intended to stimulate
young students’ interest in science, technology, engineering, and mathematics. For example, at
the university’s Smart Materials and Structures Laboratory, elementary school children learned
that shape-memory alloys can change their shape upon heating, and magneto-rheological
fluids can turn almost solid when exposed to a magnetic field. Here, kids manipulating the
controls of a “smart vibration platform” are shown discovering that the two types of materials
can work together to control resonant vibrations of a model building.
MIDDLE-SCHOOL GIRLS AT BATTELLE DARBY CREEK were tasked with testing the
creek’s water quality and examining the chemical properties of its ecosystem to determine the
overall health of the stream. They then compared their data with the results of tests conducted
by the Ohio Environmental Protection Agency in previous years to see how the creek has
changed over time. The field trip was part of the Young Women’s Summer Institute (YWSI),
a week-long program sponsored by the Ohio Supercomputer Center to help middle-school
girls in Ohio to develop an interest in STEM subjects by allowing them to work on practical,
interesting scientific problems using the latest computer technology.
SUMMER ACADEMY IN COMPUTATIONAL SCIENCE AND ENGINEERING taught
sophisticated computer modeling and simulation skills to 40 Ohio high school students and 10
teachers, to promote the widespread adoption of computational science as crucial to America’s
scientific leadership and economic competitiveness. The Ohio Supercomputer Center’s Ralph
Regula School of Computational Science staff led the academy, collaborating with professors
from the College of Engineering at The Ohio State University and University of Akron. Here,
a senior lecturer with the OSU Engineering Education Innovation Center mentors a high school
student, who subsequently became an engineering major at OSU.
LOOKING STRAIGHT UP INTO A FORMING TORNADO is a single frame from a
popular animation created for stereo projection across a 52-foot diameter planetarium dome
at the Imiloa Astronomy Center in Hilo, Hawaii. Shown is a snapshot generated from
numerical data from a tornadic thunderstorm simulation; it represents swirling clouds in a
supercell storm system (one that includes a rotating updraft and generates the most violent
tornados). The view is of the developing funnel from the ground up, covering an area 7.5
kilometers across with a resolution of 25 meters; arrowed tubes show wind flow direction
and speed (more red for higher speed). The animation, designed to immerse a general audience
in the thunderstorm visualization, was one of several used to showcase the planetarium’s 3-D
stereo projection visualization capabilities and to excite students about science.
HANDS-ON PARTICLE PHYSICS MASTER CLASS allows high school students to
discover the wonders of subatomic particle physics. The program, organized at Technische
Universität Dresden in the framework of the European Particle Physics Outreach Group
(EPPOG), holds classes in more than 110 locations in 23 countries with over 6,000
participants. This image shows a student in the Multimedia Interactive Classroom of the
Texas Learning & Computation Center of the University of Houston. This student is using
software to analyze a 3-D particle physics event from CERN’s Large Hadron Collider to
calculate an estimated value based on what he learned in the morning’s session. Any
student whose estimate is closest to the actual value is awarded a prize.
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Data-intensive science and engineering
pioneers new understanding, from the nanoscale to the cosmological scale. The “data
tsunami” is also driving the need to develop
revolutionary new computational techniques.
For the last half of the 20th century,
computational speed (measured in floating
point operations per second, or “flops”)
doubled about every 18 months, in an
exponential trend widely known as “Moore’s
law.” Processor clock speeds have grown
ever faster, allowing greater throughput of
calculations and overall computational
capacity.
But shortly after the dawn of the
21st century, clock speed reached a
plateau, as we reached important physical
limits at the atomic scale. Since then,
computational speed has continued to
increase by harnessing ever-greater
numbers of processors to work in parallel.
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Now, data-intensive computing clearly
will require not only innovative technologies
(such as the use of flash memory instead of
rotating disc storage) but also imaginative
new computer architectures (emphasizing
parallel processing and ultrafast communications over new types of networks).
Ingenious solutions are needed to
address such physical basics as power
consumption and heat dissipation. A new
infrastructure model is needed for ubiquitous, dependable high-performance
computing to enhance our capabilities for
managing and interpreting the data — in
order to keep accelerating discovery and
innovation.
CASC members are at the forefront of
those institutions that are inventing new
hardware, software, and methods to
support research in all fields of science
for the decades to come.

“[U]ninterrupted exponential growth in computing throughout the lifetimes of most people has resulted
in the expectation that such phenomenal progress, often called Moore’s law, will continue well into the
future. ...[But t]he essential engine that made that exponential growth possible is now in considerable
danger. Thermal-power challenges and increasingly expensive energy demands pose threats to the
historical rate of increase in processor performance.”
The Future of Computing Performance: Game Over or Next Level?
National Academies Press. 2011

STATISTICS OF TROPICAL CYCLONES AND HURRICANES may change as a result
of climate change. In this high resolution supercomputer simulation, researchers are
studying how well one leading atmosphere model can reproduce observed tropical cyclone
statistics. The field of swirling white clouds in this image represents the total integrated
water vapor in the vertical storm columns. The structure and location of the simulated
storms is realistic, with the strongest storms rating as Category 5 on the Sapphir-Simpson
scale. Moreover, the storms are generated spontaneously from the model's simulated
weather conditions long after the memory of the initial conditions has been forgotten,
enabling analysis of the statistics of tropical cyclones in future warmer climates.
DEATH OF A MASSIVE STAR in a supernova explosion was modeled by astrophysicists
working with supercomputers at two national facilities. The outer blue translucent surface
is the shock wave from the explosion, which contains a turbulent region of ejected material
that follows the shock wave and fills most of the expanding volume. The small inner
sphere represents a newly formed neutron star only a few tens of kilometers across: a
remnant of the original star, now with a density 100 million times greater than that
of our Sun's core. The simulation results presented here use a fully 3-D supercomputer
model, which required about 2 million CPU-hours.
COMPLEX GEOMETRY OF PARTIALLY MOLTEN ROCK among small grains in the
Earth's mantle (molten region of the Earth below the crust) is key to the structure of the
mantle, because the presence of melt weakens rock and slows seismic waves. The effects
of melt in small amounts depend principally on its distribution in and around crystalline
grains of rock: disconnected patches of melt have little effect, but interconnected layers
profoundly affect the physical properties of rock. Supercomputer modeling reveals for the
first time that melt effectively lubricates boundaries between grains, reducing friction.
Moreover, grains continually shift as neighboring grains shrink or grow, so melt tends to form
complex shapes among the grains — a finding that contradicts the more simplified generally
accepted model. This image of 3-D melt geometry within partially molten upper mantle
rock, reconstructed from 25 2-D high-resolution electron-microscope images, reveals how
“sheets” of molten rock (red) form among the boundaries of small (33 micrometers) grains.
FLAWS PRODUCED IN A CRYSTAL when it is deformed reveal details about the
material’s strength. Nickel aluminide (Ni3Al) is a metal superalloy: a crystalline material
with properties of both a ceramic and a metal, used when structural strength is needed at
exceedingly high temperatures, such as in turbines. The superalloy has a hardness defined
as how resistant it is to deformation. To test its hardness, researchers use nanoindentation,
a process analogous to testing the hardness of a bar of chocolate by pressing into it with the
tip of a toothpick. In nanoindentation, the toothpick-like indenter is nanometers across;
its force is measured exactly, along with the shape of the indentation left in the sample.
Molecular dynamics simulations on a supercomputer then connect experimental measurements to movements of atoms. In this image, the indenter (unseen) has poked up through
the bottom plane like a pyramid, dislocating atoms of the perfect crystal of Ni3Al. The
resulting defects are visualized here in a clay-like mass to emphasize their connection to
the indenter; crosses of the waffle-cookie pattern mark exact positions of individual atoms.
GRAPHENE NANORIBBONS may be a promising alternative to the silicon
semiconductors used in today’s computers. Given the possibility of such a huge potential
commercial payoff, researchers are using supercomputer modeling to understand the
structure and properties of this material. Graphene is basically a sheet of carbon atoms
a single atom thick. The modeling revealed that flat graphene ribbons only nanometers
wide should develop certain valuable magnetic states along their edges. Intriguingly, these
magnetic states are ones that would be expected if the graphene ribbons had been curved
into a Moebius strip — a surface with only one side, produced by giving a ribbon a half
twist before joining its ends. In this visualization, two Moebius strips (mesh structure)
connect two electron clouds (pillow-like structures), which are responsible for creating
the magnetic states.
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Humans are innately visual creatures,
with half our brains devoted to processing
information through our eyes. Thus, it’s
only logical that the same computationally
intensive techniques that we so enjoy
watching in three-dimensional blockbuster
movies are now extending far beyond the
entertainment industry. Visual techniques
are enhancing methods of designing new
materials, molecule by molecule, to make
manufactured products lighter, stronger,
safer, more effective, and less expensive.
Visualizations are helping researchers
understand and interpret intricate natural
phenomena on vast scales, such as modeling complex global patterns in weather
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and climate, even modeling the way
matter in the early universe coalesced
into the first galaxies after the Big Bang.
On microscopic or “nanoscopic” scales,
visualizations are revealing the nature of
molecular bonds and allowing materials
scientists to manipulate individual atoms
to tailor-make exotic materials.
In addition, CASC members are at the
forefront of physical and medical research,
using advanced computational resources
and high-bandwidth networks to expand
our knowledge, to increase collaboration,
and to improve the design and delivery
of products and the implementation of
personalized health care.

“...[M]ajor game-changing advances in the
biomedical sciences, drug development will not
occur on a short time-scale without the extreme
use of supercomputing.”
GNS Healthcare President and CEO Colin Hill, quoted in
High Performance Computing Case Study: Bringing the Power of HPC
to Drug Discovery and the Delivery of “Smarter” Health Care.
Council on Competitiveness. June 2011

DRAMATIC NEW VISUALIZATION OF HURRICANE KATRINA is part of a
full-dome planetarium show called “Dynamic Earth” being developed for general
audiences by several institutions. Hurricane Katrina was the first of two violent 2005
hurricanes in fast succession that devastated much of New Orleans and the Mississippi
coastline. “Dynamic Earth” will use visualizations based on satellite monitoring data
and advanced supercomputer simulations to explore the workings of the Earth's climate,
following a trail of energy that flows from the sun into the atmosphere, oceans, and
the biosphere. This frame is from a striking animation of the 36-hour period when the
hurricane was gaining energy over the warm waters of the Gulf of Mexico and heading
for New Orleans, showing how the monster storm system developed. Volume-rendered
clouds show abundant moisture, while trajectories trace strong winds.
MODELING THE HYDRODYNAMICS OF LAKE MICHIGAN provides insight
into the still little understood complex circulation and
mixing patterns within the Great Lakes, the largest surface
fresh water system in the world. A researcher is simulating
the hydrodynamics of Lake Michigan using data from many
sources, including measurements his lab collects with an
autonomous robotic mini submarine. The results are
revealing details about ecological processes, such as the
transport of fish larvae by currents and the impact on
their distribution and survival rates, and the flow of
pollutants from urban and agricultural runoff into rivers
feeding the lake. Shown is a collage that figuratively
represents layers of spatial knowledge about Lake Michigan.
The satellite view in the upper left represents a global view
of the land surface. The simulation results at the lower
right represent mappings of the interior of the lake, where
the different colors indicate specific characteristics such as
water temperature and lake currents.
THE BIG BOARD is a tool for map-based collaborative
decision support and situational awareness for emergency
management in severe weather in North Carolina. Users
create a virtual "conference room" with a base map of a
target geographical area that can be shared with and annotated by critical personnel
at multiple physical locations. Overlays that show weather information can be added
to the map. In this image, the overlay shows important temperature thresholds:
near-freezing surface temperatures, below-freezing surface temperatures, and surface
temperatures low enough to freeze roads despite road salt or brine pre-treatment. The
Big Board was rolled out in fall 2011 as a continuation of the successful NC-FIRST
program. NC-FIRST, a weather data portal used in all 100 North Carolina counties,
was introduced to school decision-makers in 2011 to help them make informed school
closing decisions during a particularly harsh winter.
BEST MOLECULAR CONFIGURATION FOR A DRUG to block a protein that
can cause excessive inflammation, which might lead to breast or prostate cancer, was
identified by a supercomputer that searched thousands of molecular combinations. In
this electrostatic representation, red indicates negative charge, blue indicates positive
charge, and white indicates hydrophobic (water-avoiding). The small protein molecule
Interleukin-6 (IL-6) is shown as a ribbon. The two larger yellow ellipses indicate the
two binding “hot spots” between IL-6 and GP130, another protein that binds to IL-6,
causing cancer. The drug is the gray-red ball-and-stick model in the center.
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High Performance Computing
Collaboratory (HPC2)
Mississippi State University
Mississippi State, Mississippi
Indiana University
Bloomington, Indiana
Institute for Digital Research
and Education
University of California Los Angeles
Los Angeles, California

Purdue University
West Lafayette, Indiana
Renaissance Computing Institute
University of North Carolina
Chapel Hill, North Carolina
San Diego Supercomputer Center
University of California, San Diego
La Jolla, California
Scientific Computation
Research Center (SCOREC)
Rensselaer Polytechnic Institute
Troy, New York

Advanced Research Computing (ARC)
Virginia Tech
Blacksburg, Virginia

Center for Computational Sciences
University of Kentucky
Lexington, Kentucky

Lawrence Berkeley National Laboratory
Berkeley, California

Advanced Scientific Computation
Center (ASCC)
Northeastern University
Boston, Massachusetts

Center for High Performance
Computing
University of Utah
Salt Lake City, Utah

Maui High Performance
Computing Center
University of Hawaii
Honolulu, Hawaii

Texas A&M University Institute
for Scientific Computation
College Station, Texas

Alliance for Computational
Science and Engineering
University of Virginia
Charlottesville, Virginia

Center for Research Computing
University of Notre Dame
Notre Dame, Indiana

National Center for
Atmospheric Research (NCAR)
Boulder, Colorado

Clemson Computing and
Information Technology (CCIT)
Clemson, South Carolina

Texas Advanced Computing
Center (TACC)
The University of Texas at Austin
Austin, Texas

National Center for Supercomputing
Applications (NCSA)
University of Illinois Urbana-Champaign
Champaign, Illinois

Arctic Region Supercomputing
Center (ARSC)
Fairbanks, Alaska
Arkansas High Performance
Computing Center
University of Arkansas
Fayetteville, Arkansas

Computation Institute
University of Chicago
& Argonne National Laboratory
Chicago, Illinois

ASU Advanced Computing Center
Arizona State University
Tempe, Arizona

Core Facility in Advanced
Research Computing
Case Western Reserve University
Cleveland, Ohio

Boston University Center
for Computational Science
Boston, Massachusetts

Core Research Computing Facility
Columbia University
New York, New York

Center for Advanced Computing
University of Michigan
Ann Arbor, Michigan

Cornell University Center
for Advanced Computing
Ithaca, New York

Center for Advanced
Computing Research
California Institute of Technology
Pasadena, California
Center for Advanced
Research Computing
University of New Mexico
Albuquerque, New Mexico
Center for Computation
& Technology (CCT)
Louisiana State University
Baton Rouge, Louisiana
Center for Computationally
Assisted Science & Technology
North Dakota State University
Fargo, North Dakota
Center for Computational Research
University at Buffalo
Buffalo, New York
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Ken Kennedy Institute for
Information Technology (K2I)
Rice University
Houston, Texas

Princeton University
Princeton, New Jersey

CUNY High Performance Computing
The City University of New York
Staten Island, New York
Florida State University Department
of Scientific Computing
Tallahassee, Florida
Georgetown University's Advanced
Research Computing (ARC)
Washington, D.C.
Georgia Institute of Technology
Atlanta, Georgia
High Performance Computing Center
Michigan State University
East Lansing, Michigan
High Performance Computing Center
Texas Tech University
Lubbock, Texas

National Institute for
Computational Sciences (NICS)
University of Tennessee
Knoxville, Tennessee
National Supercomputing Center for
Energy and the Environment (NSCEE)
University of Nevada
Las Vegas, Nevada
New York University
New York, New York
Northwestern University
Evanston, Illinois
Oak Ridge National Laboratory
Center for Computational Sciences
Oak Ridge, Tennessee
Ohio Supercomputer Center (OSC)
The Ohio State University
Columbus, Ohio
OU Supercomputing
Center for Education and Research
University of Oklahoma
Norman, Oklahoma
Pacific Northwest
National Laboratory (PNNL)
Richland, Washington
Pennsylvania State University
University Park, Pennsylvania
Pittsburgh Supercomputing Center
Carnegie Mellon University/
University of Pittsburgh
Pittsburgh, Pennsylvania

Stanford University
Stanford, California

Texas Learning and
Computation Center (TLC2)
University of Houston
Houston, Texas
The George Washington Institute
for Massively Parallel Applications
George Washington University
Washington, D.C.
University of Colorado at Boulder
Boulder, Colorado
University of Florida
Gainesville, Florida
University of Iowa
Iowa City, Iowa
University of Louisville
Louisville, Kentucky
University of Maryland
College Park, Maryland
University of Miami
Miami, Florida
University of Nebraska
Omaha, Nebraska
University of South Florida
Research Computing
Tampa, Florida
University of Southern California
Information Sciences Institute
Marina del Rey, California
University of Wisconsin-Milwaukee
Milwaukee, Wisconsin
Yale University
New Haven, Connecticut

“[L]arge data sets can drive myriad
new and unexpected opportunities.”
Final Report. Task Force on Data and Visualization.
Advisory Committee for Cyberinfrastructure. National Science Foundation. March 2011

IMAGE CREDITS
Contents
1 HUMAN CRANIAL ARTERIAL NETWORK: Researchers: Leopold Grinberg and George Karniadakis, Brown University; Tomer Anor and Joseph Madsen from
Children's Hospital, Harvard Medical School; and David O'Neal, Kent Eschenberg, and Nathan Stone at the Pittsburgh Supercomputing Center (PSC). Visualization:
Greg Foss, using a customized version of ParaView software running on the visualization cluster at PSC.
2 EXPLODING SUPERMASSIVE STAR: Researchers: Ken Chen and Alexander Heger of the University of Minnesota (UMN), Brian Crosby, Michigan State University
(MSU), Ann Almgren and John Bell of the Lawrence Berkeley National Laboratory (LBNL), and Stan Woosley of the University of California, Santa Cruz (UCSC).
Simulation was done on Itasca at the Minnesota Supercomputing Institute.

About CASC
1 UNDERSTANDING AIR FLOW INSIDE AIRCRAFT ENGINES: Researchers: Gecheng Zha , Xiangying Chen, and Hongsik Im. Simulation was done using Pegasus
at the Center for Computational Sciences at University of Miami and the Department of Defense’s High Performance Computing Modernization Program (HPCMP),
Arctic Region Supercomputing Center (ARSC) supercomputer centers in Alaska.
2 3-D MODELING OF PROTEIN STRUCTURES: Researchers: Andrew J. Hanson, Indiana University. Visualization: Sidharth Thakur at the Renaissance Computing
Institute (RENCI) at the University of North Carolina-Chapel Hill. The Protein Data Bank is managed by Rutgers, the State University of New Jersey, Department
of Chemistry and Chemical Biology; San Diego Supercomputer Center (SDSC); and Skaggs School of Pharmacy and Pharmaceutical Sciences, University of
California, San Diego (UCSD).
3 MOUSE MAMMARY TUMOR VIRUS: Researchers: Thomas C. Bishop and Rajib Mukherjee, Chemistry and Physics at Louisiana Tech University, Rich Stolz
(formerly at Tulane), Shantenu Jha (now at Rutgers University), and Abhinav Thota, Center for Computation and Technology at Louisiana State University (LSU),
and Hideki Fujioka, LONI Institute at Tulane University. Visualization: Bishop, using the Interactive Chromatin Modeling Web Server.
4 SIMULATION OF A SMALL EARTHQUAKE IN GREECE: Researchers: Jacobo Bielak, Ricardo Taborda, Haydar Karaoglu, Carnegie Mellon University (CMU).
Visualization was performed by Greg Foss, PSC using BigBen to run Hercules, the earthquake simulator developed by the Quake Group at CMU. Using 1,024
processors, it took 5 hours and 37 minutes to simulate 30 seconds of ground motion.
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Revolutionizing Research
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1 STRANDS OF DNA: Researchers: Abhishek Singh and Yaroslava G. Yingling, North Carolina State University (NCSU), using multiple molecular dynamics
simulations performed on the IBM Blade Linux Cluster at the NCSU High Performance Computing Center, with dual Xeon compute nodes with quad-core Intel
Xeon Processors, 2-3 Gb per core distributed memory, dual gigabit Ethernet interconnects.
2 ACCURATE MODELING OF EARTH’S CLIMATE: Data were provided by Dave Randall, Celal Konor, and Ross Heikes at Colorado State University (CSU). Joint
work with Karen Schuchardt, Bruce Palmer, Annette Koontz and Jeff Daily of Pacific Northwest National Laboratory (PNNL). Visualization by Prabhat at LBNL,
and run on Franklin at the National Energy Research Scientific Computing Center (NERSC) of the U.S. Department of Energy (DOE).
3 SIMULATIONS OF A MAJOR EARTHQUAKE: Research team led by Thomas H. Jordan, director of the Southern California Earthquake Center (SCEC); researchers:
Yifeng Cui, Kwangyoon Lee, and Jun Zhou at SDSC, UCSD; Kim B. Olsen, Daniel Roten, and Steven M. Day at San Diego State University (SDSU); Patrick Small, Geoffrey
Ely, and Philip Maechling of the University of Southern California (USC); Dhabaleswar K. Panda at The Ohio State University (OSU); and John Levesque at Cray
Inc. Visualization: Amit Chourasia, SDSC, UCSD; simulation run on the Cray XT5 Jaguar supercomputer, Oak Ridge Leadership Computing Facility, Oak Ridge
National Laboratory (ORNL).
4 3-D GASEOUS “WISP”: Researcher: Jerry Tessendorf, Professor of Visual Computing, Clemson University. Visualization by Tessendorf using the Palmetto
Cluster at Clemson University.

Solving Data Challenges
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STRUCTURE OF A PROTEIN IMPORTANT IN SOUND PERCEPTION has
now been resolved at the atomic level, which allows researchers to use molecular
dynamics simulations to understand the protein’s mechanics and its function in hearing
and deafness. When hair cells of the inner ear are moved by sound vibrations, filaments
called "tip links" tighten to pull open ion channels, generating electrical signals that
are sent to the brain. The tip link is made of two protein molecules called cadherins:
cadherin-23 and protocadherin-15. Simulations of cadherin-23 revealed that it is stiff
in the presence of calcium, but weak without it. Mutations of either cadherin can
cause hereditary deafness. One such mutation alters calcium binding to the cadherin23 protein, reducing its mechanical strength so that it is more likely to unravel with
loud noise. Cadherins are characterized by having a series of bead-like repeats extending
outside the cell to grasp other cadherins; for instance cadherin-23 contains 27 such
repeats. Shown here is the calcium-bound linker region between the first and second
repeat, during a simulation in which the protein is stretched from both ends. Cyan is
the cadherin-23 protein backbone structure; yellow are important cadherin-23 amino
acids that bind calcium; red and dark blue are the oxygen and nitrogen atoms of these
amino acids; green spheres are the calcium ions.
EVOLUTION OF A CONTRAIL IN THE WAKE OF AN AIRCRAFT is modeled
by a Large Eddy Simulation (LES) run on a supercomputer. Under certain atmospheric
conditions, airplanes produce condensation trails, or contrails, which are manmade ice
clouds. Exhaust products also can induce the formation of cirrus clouds where clouds
might not have formed otherwise, affecting climate by changing the atmosphere’s
radiative balance (balance of energy absorbed or emitted). The LES models the formation
and development of contrails, simulating both fluid dynamics and ice microphysics.
The result is a data set that provides 3-D fields of ice size and spatial distribution that
allows the calculation of radiative properties of the contrail. One dramatic feature of
the development of contrails is the effect of the airplane wake on how the contrail
spreads. The aerodynamics of flight that produce lift also create pairs of strong,
counter-rotating vortices. The images shown here depict the evolution of the vortex
cores (opaque red and blue surfaces) and the distribution of jet exhaust material
(transparent green/blue surface) that forms the contrail. At 65 simulation seconds, the
vortices are well defined and parallel to the flight direction; at 120 simulation seconds,
a loop has formed and is beginning to expand horizontally parallel to the aircraft’s
wings. Even after the vortices are gone, their effect can be seen in the periodic, puffy
pattern characteristic of thick contrails.

1 AUTOMATIC FACIAL RECOGNITION: Researchers: Ioannis A. Kakadiaris (Lead) and the UHCBL Biometrics Team, University of Houston (UH) Computational
Biomedicine Laboratory (CBL). Visualization: CBL and TLC2, done on the Xanadu cluster at the UH Texas Learning and Computation Center (TLC2) 160 nodes with
two AMD Opteron 2354 processors and 8GB RAM. There are 10 GPU nodes with two Intel Xeon E5520 processors, 12GB RAM, and two nvidia GeForce GTX 295
cards, each with 2 GPUs.
2 CONSTRUCTING 3-D VOLUMES FROM 2-D SLICES: VisArray Developers: Christopher Sweet, James Sweet. Visualization: Kristina Davis, Center for Research
Computing, University of Notre Dame. Beetle data courtesy of: Matt Leevy, Director Biological Imaging, Notre Dame Integrated Imaging Facility, University of
Notre Dame. Calculations performed on a small GPGPU cluster.
3 ATOMIC-LEVEL UNDERSTANDING OF CRYSTAL CERAMICS: Researchers: Nicole A. Benedek and Craig J. Fennie, School of Applied and Engineering Physics,
Cornell University. Visualization:, Nicole A. Benedek, computed on the Cornell Center for Advanced Computing (CAC)-maintained high-performance computing cluster.
4 UNDERSTANDING THE COMPOSITION OF A DIGITAL ARCHIVE: Researchers: Weijia Xu, Maria Esteva, Suyog Dutt Jain, Varun Jain, Texas Advanced Computing
Center (TACC), University of Texas at Austin. Visualization: Suyog Dutt Jain and Varun Jain, using Longhorn at TACC.

Connecting With Industry
1 MODELING VIBRATIONS IN OFF-SHORE OIL PLATFORMS: Researchers: Arif Masud and Ramon Calderer, Department of Civil and Environmental Engineering,
University of Illinois at Urbana-Champaign. Visualization: Mark Van Moer, National Center for Supercomputing Applications (NCSA) Advanced Applications Support
visualization team at the University of Illinois, using ParaView, a parallel renderer, with custom VTK scripts, using Abe at NCSA and Ranger at TACC.
2 SURFACES EXTREMELY DIFFICULT TO WET: Researchers: Alenka Luzar, Dusan Bratko, Shobhit Kudesia, Jihang Wang and Chris Daub, Virginia Commonwealth
University. Visualizations: Alenka Luzar, using Purdue University’s Steele supercomputer and the now-retired Mercury supercomputer of the NCSA.
3 SIMULATION OF BIOMINERALIZATION: Researcher: Hendrik Heinz, University of Akron. Visualization conducted on the "Glenn" IBM 1350 Opteron cluster at
the Ohio Supercomputer Center (OSC).
4 MODELING FLIGHT OF A DESERT LOCUST: Researchers: Kenji Takizawa, Waseda University; Bradley Henicke, Anthony Puntel, Timothy Spielman, and Tayfun
E. Tezduyar, Rice University. Visualization: same team, using BlueBioU at Rice University.

Preparing Tomorrow’s Workforce
1 STUDENTS USE HAND-HELD METEOROLOGICAL SENSORS: Michelle Covi, RENCI's East Carolina Engagement Center, East Carolina University.
2 MARS ROVER CELEBRATION 2011: Spencer Dean, TLC2, University of Houston.
3 MIDDLE-SCHOOL GIRLS AT BATTELLE DARBY CREEK: Ohio Supercomputer Center.
4 SUMMER ACADEMY IN COMPUTATIONAL SCIENCE AND ENGINEERING: Ohio Supercomputer Center.
5 LOOKING STRAIGHT UP INTO A FORMING TORNADO: Researcher: Ming Xue, Center for Analysis and Prediction of Storms, University of Oklahoma, using
Lemieux, the first US open-access research supercomputer capable of a trillion computations per second, at PSC. Visualization: Greg Foss, PSC.
6 HANDS-ON PARTICLE PHYSICS MASTER CLASS: Spencer Dean, photographer/videographer, TLC2, University of Houston.

Pioneering Knowledge
1 STATISTICS OF TROPICAL CYCLONES AND HURRICANES: Researcher and simulation: Michael Wehner, LBNL. Visualization: Prabhat, LBNL, using the finite volume
version of the Community Atmosphere Model (CAM5.1) by the National Center for Atmospheric Research (NCAR). The simulation was run on Hopper, a Cray XE6 at DOE NERSC.
2 DEATH OF A MASSIVE STAR: Researchers: Adam Burrows and Jason Nordhaus, Department of Astrophysical Sciences, Princeton University. Visualization:
Michael Chupa, Princeton Institute for Computational Science and Engineering, using the VisIt scientific visualization package from a simulation using the hydro
code CASTRO, calculated on the Cray supercomputer Franklin at DOE NERSC.
3 COMPLEX GEOMETRY OF PARTIALLY MOLTEN ROCK: Researchers (all at Boston University): Gordana Garapic and Ulrich Faul, Department of Earth Science,
and Erik Brisson, Scientific Computing and Visualization. Computation and Visualization performed on Boston University’s SCF Linux Cluster.
4 FLAWS PRODUCED IN A CRYSTAL: Researchers: Richard Seymour, Anne Hemeryck, Ken-ichi Nomura, Rajiv K. Kalia, Aiichiro Nakano, and Priya Vashishta,
Collaboratory for Advanced Computing and Simulations, USC. Visualization: Ken-ichi Nomura; this simulation of 5 million atoms was run on the HPCC cluster at USC.
5 GRAPHENE NANORIBBONS: Researchers: William Lester, Jr., and Dmitry Zubarev, University of California, Berkeley. Visualization: Prabhat, Lawrence
Berkeley National Laboratory, using Franklin at DOE NERSC.

Innovating Applications
1 DRAMATIC NEW VISUALIZATION OF HURRICANE KATRINA: Researchers: A team led by Wei Wang, Earth System Laboratory at NCAR in Boulder, Colorado,
ran the mathematical model on the Bluefire supercomputer at NCAR, which yielded terabytes of data. Visualization: Advanced Visualization Laboratory (AVL),
NCSA, visualized, choreographed, and rendered the data on the AVL’s Linux visualization cluster and the Illinois Abe Cluster.
2 MODELING THE HYDRODYNAMICS OF LAKE MICHIGAN: Researcher: Cary Troy and Sultan Ahmed, School of Civil Engineering, Purdue University. Visualization:
David Braun, Leif Delgass, George Takahashi, Jacob Brown, and Mica Bowers, using the Coates cluster (local Purdue community cluster) resource for the
simulation, and the Rossman cluster (local Purdue community cluster) for down-sampling the data and interpolation.
3 THE BIG BOARD: Researchers: Jefferson Heard, Sidharth Thakur, Jessica Losego, and Ken Galluppi, University of North Carolina. In addition to the National
Digital Forecast Database (NDFD) and Sea, Lake and Overland Surges from Hurricanes (SLOSH) models calculated by the National Weather Service (NWS), the Big
Board includes our RENCI’s Advanced Circulation Model (ADCIRC) storm-surge model, which is computed on an hourly basis on RENCI's Blueridge Supercomputer.
RENCI will also be using data from the North Carolina Flood Plain Mapping project, much of which is also computed on Blueridge. Visualization: Jeff Heard.
4 BEST MOLECULAR CONFIGURATION FOR A DRUG: Researcher: Chenglong Li, Division of Medicinal Chemistry and Pharmacognosy, College of Pharmacy,
OSU. Visualization: Chenglong Li, using the IBM Opteron 1350 "Glenn" cluster at OSC.

CASC Members
1 STRUCTURE OF PROTEIN IMPORTANT IN SOUND: Researchers: (all at Harvard University) David P. Corey and Marcos Sotomayor, Department of Neurobiology, Harvard
Medical School, Rachelle Gaudet and Wilhelm A. Weihofen, Department of Molecular and Cellular Biology. Visualization: Sotomayor, using NCSA’s Abe and TACC’s Ranger.
2 EVOLUTION OF A CONTRAIL IN THE WAKE OF AN AIRCRAFT: Researchers: Alexander D. Naiman and Sanjiva K. Lele, Department of Aeronautics and
Astronautics, Stanford University. Computation: Naiman, using NCSA’s recently-retired Abe and LONI QueenBee, and visualization on local resources at Stanford.
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