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CO-CHAIRMEN’S INTRODUCTION



America finds itself at a unique crossroads, shaped by dra-
matic shifts in the nature of competition. With technology,
talent and capital now available globally, we can no longer
compete effectively on traditional cost and quality terms.
Simply doing things the way we have always done them
will not be enough to sustain leadership in the global mar-
ket place. In the 21st century, it is innovation—the ability
to create new value—that will confer a competitive advan-
tage. Few technologies hold more promise for accelerating
innovation than High Performance Computing (HPC).

In the Council’s 2004 Study of U.S. Industrial HPC Users,
nearly 100 percent of the respondents indicated that they
considered HPC to be indispensable to their organizations.
These companies stated that they would not exist as viable
businesses and could not compete effectively without HPC
tools. At the same time, these users identified a grow-

ing gap between the production quality, HPC application
software that is needed and the software that is available.
Some firms are highly dependent on legacy codes that are
difficult to replace. Also, organizations in the private sector
often are unable to scale their code to the capabilities of
their hardware. As a result, productivity and competitive-
ness are stymied as both cutting edge innovations are
stalled and users struggle to expand HPC usage by embed-
ding it into their work processes.

Q== __

David E. Shaw
Chairman
D.E. Shaw & Co., Inc.

In order to better understand the reasons why this gap has
emerged, the Council on Competitiveness and the Ohio
Supercomputer Center co-hosted a day-long workshop: Ac-
celerating Innovation For Competitive Advantage: The Need
For HPC Application Software Solutions. Participants exam-
ined the effectiveness of current HPC application software
business models, as well as technical and resource barri-

ers preventing the production of more usable application
software. In a collaborative atmosphere, they outlined a
roadmap of actions independent software vendors, univer-
sities, and government research establishments can take
individually and collectively to address these barriers and
ensure that our country has the application software needed
to solve our most competitively important problems.

If the United States is going to continue to lead the world

in significant new discoveries, new businesses and new
industries, we need the breakthrough insights that emerge
through the use of HPC. This will require significant advances
in application software that will make HPC usable by more
companies. Success is critical if we are going to harness fully
America’s innovation capacity for future economic growth.

K 7 Stolb 7

Karen A. Holbrook
President
The Ohio State University
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EXECUTIVE SUMMARY

High Performance Computing (HPC) has become essential
to accelerating innovation and assisting companies in the
creation of new inventions, better designs, and more reli-
able products, processes and services at lower costs.

Solving industry’s complex problems requires not only the
most advanced hardware, but also sophisticated applica-
tion software. Unfortunately, a variety of market forces and
technical challenges in recent years have caused software
developers to turn their focus away from creating new and
innovative HPC applications. As a result, the need for applica-
tion software and middleware has become a pacing item in
the private sector’s ability to harness the full potential of HPC.

On July 14, 2005, the Council on Competitiveness and the
Ohio Supercomputer Center, with support from the Depart-
ment of Energy’s Office of Science, co-sponsored a daylong
workshop to examine the reasons behind the current lack
of production quality HPC application software. Workshop
participants included HPC users, Independent Software
Vendors (ISVs), university researchers, hardware vendors,
and government scientists and engineers. They noted that
the HPC market remains a niche within a much larger com-
mercial computing market, inhibiting the development of
the HPC application software that industry needs to achieve
competitive advantage. For example:

- The small size of the market discourages development
of new application software;

- The traditional ISV business model, which charges a li-
cense fee per processor in the system, is perpetuating the
niche market;

- Because many ISVs qualify as small businesses, they often
cannot afford to support multiple HPC platforms or to
acquire large-scale parallel systems to test new software;

- A shortage of skilled talent also is holding back HPC soft-
ware development.

Technical barriers are also slowing the development of
advanced application software. Participants noted that:

- Software from the research community often is not ad-
equate for industry’s needs;

- In addition, some open source license models inhibit com-
mercialization of HPC research software;

« Legacy code requirements and hardware limitations are
stalling software development;

- Current HPC software needs better interfaces so that it can
be integrated into the business workflow.

The workshop participants strongly agreed that a vibrant,
growing HPC market is the best long-term guarantee that
production quality HPC application software will be avail-
able. They also concurred that wider usage and adoption of



HPC is key to future economic growth and the nation’s ability
to maintain its leadership position in the global marketplace.

The challenge that emerged during the workshop discus-
sion was how best to stimulate HPC market growth, given
the diverse and divergent needs of the current and poten-
tial HPC user community.

- The market can grow deeper if it becomes more valu-
able to current users. Greater depth can be achieved
through the development of intuitive user interfaces for
non-expert users; support of comprehensive design and
engineering through integrated models that simultane-
ously compute the various processes that determine the
solution to a problem; updating legacy codes and scalable
applications to solve more complex problems on larger
parallel computers; and developing new models and algo-
rithms that are more comprehensive and accurate.

- The HPC market can grow broader with the inclusion
of new users in emerging fields such as bioinformatics,
which will require new data intensive applications and
more intuitive user interfaces to aid the new user to set
up a problem and interpret the results. New software
licensing models that encourage new users to try HPC
without risking large amounts of money or time would
also help to broaden the market.

- The HPC market can evolve by encouraging ISVs to de-
velop different business models around their software
products that increase their value to users and help to
extend the market beyond its current state.

The workshop also recognized that the HPC ISVs are col-
lectively at a transition stage or inflection point, where
their future will consist of either watching their markets
decline, or seizing opportunities for transitions that grow
the market.

By the conclusion of the workshop, a number of rec-
ommendations for both the public and private sectors
emerged, that could help stimulate growth in the HPC
market and overcome the barriers preventing development
of advanced HPC application software.

Recommendations for ISVs:

- ISVs and user companies should partner to conduct experi-
ments to test the business value of HPC.

« HPC ISVs, in consultation with their customers, should
consider alternate business models in order to increase
revenue and financial stability and encourage HPC market
growth.

« HPC ISVs should make their priority the development of
easy-to-use interfaces so that HPC applications can be
integrated into organizational workflows.

Recommendations for Universities:

- The nation’s universities should increase their educational
programs in computational science at the undergraduate
and graduate levels to meet the need for skilled technical
workers.

- The university and laboratory research communities
should enhance their understanding of ISV needs and
requirements so that they can leverage their own soft-
ware research and education agendas to assist ISVs where
appropriate.

Recommendations for the Federal Government:

- The government should modify its research support
practices to provide sustained (multi-year) funding for
research teams to develop mature research codes and
algorithms and should encourage commercialization of
suitable codes.

- The federal government should revise its H-1B visa
continuity of employment requirements, so that I1SVs can
attract the talent they need.

- The federal government should carefully monitor foreign
acquisitions of key 1SVs.

- Where open source HPC research codes are being devel-
oped, terms of government grants and contracts should
more seriously consider BSD model licenses, to enable ISVs
to build commercial products on the codes without jeopar-
dizing the ISVs’ privately created intellectual property.

Implementing these recommendations entails consider-
able risk to the ISVs, the users, the research community, the
government, and investors. However, failure to take action
may inhibit competitive advances by U.S. companies and
place them in jeopardy should other countries or companies
capitalize on the potential of HPC first.
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WORKSHOP REPORT



High Performance Computing Is
Critical To U.S. Competitiveness

High Performance Computing (HPC) is critical to increasing
the competitiveness of American businesses because it accel-
erates the innovation process. It is innovation—the ability to
create new value—that will provide a competitive advantage
for American companies in the 21st century. In today’s com-
petitive global market, HPC has become essential to acceler-
ating the innovation of those things most important to our
everyday lives, such as energy production and conservation,
automobile and airplane safety, weather and climate predic-
tion, national security, financial services, and healthcare. HPC
assists companies in creating new inventions and products;
in designing better, more reliable products, processes, and
services; in minimizing the time to build engineering proto-
types; and in streamlining production processes and reducing
production costs. Along with theory and experimentation,
modeling and simulation with HPC has become the third leg
of science, and the path to competitive advantage.

In the Council’s 2004 Study of U.S. Industrial HPC Users’,
nearly 100 percent of the respondents indicated that they
considered HPC to be indispensable to their organizations.
These companies stated that they would not exist as viable
businesses and could not compete effectively without HPC
tools. In addition, the No. 1 reason given in the survey for
purchasing high-end computers was their ability to run very
large and complex computational problems, which compa-
nies need to solve in order to have a competitive edge.

Unfortunately, the HPC market for hardware and produc-
tion quality software occupies only a small niche within the
much larger commercial computing market, and sales often
do not generate sufficient revenue to support the research
and development needed for advanced software develop-
ment. Further, because it is a niche market, it must compete
for entrepreneurs, investment capital, and technical skills
with market segments that promise faster growth and rich-
er rewards. In addition, the niche HPC market itself is fur-
ther segmented between very experienced users exploiting
the most powerful systems and a much larger set of newer
users that employ smaller systems. The differing needs of
these users could affect the pace of market growth.

* The peak of the HPC market, where the most powerful

Everyday Things

The Procter & Gamble Company is responsible for
producing “everyday solutions.” They manufacture
the things that people use every day, such as toilet
paper, diapers, coffee, potato chips, cosmetics, de-
odorant, laundry detergent, shampoo, and dog food.
What do these products have to do with HPC? More
than you think.

For example, predicting how to comb tangled hair,
or whether a Tide® bottle will break if it falls from
the top of a washing machine, requires solving com-
plicated physics and chemistry problems. The only
way to solve these problems is by creating accurate
models and simulations of these interactions using
HPC. “The problems,” stated Thomas Lange, Direc-
tor of Corporate R&D Modeling & Simulation for The
Procter & Gamble Company, “are high deformation,
high contact, non-Newtonian, elastic, plastic, visco-
elastic, viscoplastic. Everything is nonlinear. Every-
thing is very difficult.”

Unfortunately, the type of problems that Procter &
Gamble and similar companies are trying to solve
requires sophisticated models and advanced appli-
cations, which do not currently exist. Without ad-
vances in HPC application software, explained Mr.
Lange, “products don’t get better...your antiperspi-
rant won't work well, it will hurt when you shave,
clothes won’t be as clean, diapers will leak, and
things will cost more than they should.”

systems are used, is comprised of both a highly experi-
enced research community along with long-time, highly
experienced industrial users. These users want more
advanced software that can scale and address their most
complex problems, such as stochastic modeling. Many of
the industrial users are dependent on legacy code provided
by 1SVs that must be updated to take advantage of today’s
highly parallel hardware systems. While a few codes have
been modified to run on hundreds or thousands of proces-
sors, pricing models often make it prohibitively expensive
to run problems at this scale. In many cases, though, the

1 See Council on Competitiveness Study of U.S. Industrial HPC Users, available at www.compete.org/hpc.
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application software must be rewritten from scratch to
take advantage of current hardware systems. The cost to
completely rewrite this legacy code or develop the new
code that these users want is significantly more than
most ISVs can afford. This segment of the niche HPC mar-
ket is small and has been shrinking, according to market
research from IDC. As a result, it cannot generate the
returns I1SVs need to justify investment. Participants also
worried that if it continues to decline, so will the innova-
tive breakthroughs that can only occur through advanced
computation on the most powerful systems, and that are
needed to successfully compete in the global market. It is
these breakthroughs that drive innovation and productiv-
ity in the larger market base.

“We’re hoping to work at two tiers: at the bottom,
to increase awareness and simplify usability for
[everyday] people... and then again at the top,
where you have relationships with national labs
and universities.”

— Wood Lotz, CEO, Absoft

Below the peak of the HPC market is a much larger set

of newer users. Many of the new users in this segment
often prefer that ISVs focus on adding new features, such
as easier user interfaces and better visualization tools to
existing software, instead of investing limited research
and development dollars to enhance scalability across
tens, hundreds or thousands of processors. For the most
part, they are using systems with less than 32 CPUs - far
less than is currently available in the market. (The excep-
tions are those firms who came into existence because

of the availability of HPC systems and whose problems
are “embarrassingly parallel,” such as the computer
generated animation industry. They are using thousands
of processors.) While this segment of the HPC market is
growing substantially, according to market research from
IDC, participants were concerned that the user base is not
“moving up” and advancing in its use of more powerful
systems. While users may be solving yesterday’s problems
faster with HPC, they will not be able to solve tomorrow’s
more difficult problems that drive competitive growth

Accelerating Innovation for Competitive Advantage: The Need for HPC Application Software Solutions

unless they continually apply more advanced systems.
Although this segment of the HPC market is growing, it
is only a portion of a niche market, and does not attract
large and sustained ISV investment.

* Finally, on the outside of the HPC market are the “never
evers” who may not even be aware of the contribution
that HPC can make to their competitiveness, or who find
HPC too expensive and too difficult to use.

As a result of its small size and user fragmentation, the

HPC market has produced insufficient development funding
to create the more capable HPC application software tools
that research has shown to be feasible. This in turn has
hampered the ability of companies to achieve competitive
advantage through faster, better, cheaper products and ser-
vices that are developed and produced through the aid of
HPC. Finally, the resultant limits on the ability of the United
States to turn scientific strength into competitive high-value
products hamper the growth of our economy, creation of
high-paying jobs, and the continually rising standard of
living.

Surveys commissioned by the Council on Competitiveness?
indicate that the weakness of current HPC applications
software is a particular bottleneck to more aggressive use
of HPC by U.S. corporations. Accordingly, on July 14, 2005,
the Council on Competitiveness and the Ohio Supercomputer
Center, with support from the Department of Energy’s Office
of Science, hosted a daylong workshop to further examine
the current lack of the production quality HPC applications
software that users need. By bringing together HPC users,
independent software vendors, university researchers, hard-
ware vendors, and government scientists and engineers, the
Council sought both to identify the current barriers to the
creation of this HPC software and specific ways to overcome
them. This meeting was the first opportunity for many of
these stakeholders to come together and discuss the chal-
lenges facing corporate HPC users as well as the HPC soft-
ware industry that creates much of the application software.

The workshop was divided into four sessions. The first ses-
sion laid out the general business model for industrial ap-
plications software, including the middleware that supports
it. The second and third sessions explored the technical
and resource barriers limiting progress in developing more

See Council on Competitiveness Study of U.S. Industrial HPC Users and Council on Competitiveness Study of ISVs Serving the High Performance Computing Market available at

www.compete.org/hpc; See Appendix (page 27) for Executive Summary of the ISV Study.



advanced HPC solutions. The final session addressed the
opportunities for progress, drawing on the conclusions from
the preceding panels. This summary report reflects the
major themes and specific recommendations that emerged
during the workshop.

Users Need More Capable HPC Appli-
cation Software

Solving industry’s complex problems requires not only the
most advanced hardware, but also sophisticated application
software. Historically, users have had various options for
obtaining application software. The university and national
laboratory research communities have been pioneers in
pushing the limits of HPC through the development of nov-
el research codes and algorithms used to address advanced
scientific research and mission-critical problems. The ISVs
have commercialized some of this research software for the
broader industry user community. ISVs also have developed
unique application software and middleware for the HPC
user market. Finally, some companies choose to develop
strategic HPC application software in-house so that they are
not reliant on third-party software that also is available to
their competitors.

“Over the years, we've viewed hardware as
an enabler, and the breakthroughs come from
application software that can leverage the
latest hardware.”

— Stan Posey, HPC Industry and Business Develop-
ment, Silicon Graphics, Inc.

Unfortunately, a variety of market forces and technical chal-
lenges in recent years have caused the ISVs to pull away
from creating new and innovative HPC applications, and
other developmental paths cannot satisfy the market need.
As a result, the need for application software and middle-
ware has become a pacing item in the private sector’s abil-
ity to harness the full potential of HPC. Without the neces-
sary application software, American companies are losing
their ability to aggressively use HPC to solve their most
challenging problems, and are potentially ceding leadership
in the global marketplace.

Repeatedly, the corporate HPC users at the workshop
expressed frustration at not having the tools and applica-
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tions they need. They are looking for application software
with easy to use interfaces that can be placed directly into
the hands of their engineers, designers, and analysts; and
software that will allow better analysis and/or augment

or replace traditional testing and evaluation processes. The
more experienced users would like software that will run
stochastic models to test out the many variables that affect
a problem instead of testing the effect of a single variable.

What Is Stochastic Modeling?

In the real world the variables that determine the
answer to a problem - such as temperature, pres-
sure, materials properties, etc. - can have a range of
possible values. This is one reason why a real world
problem can have a range of answers. But a single
run of a computer model assigns a single, exact val-
ue to each variable and delivers a single answer.

To match real world situations, many runs of the
model are required. For each run, the modeler
changes the values of the variables so that all runs
taken together map out the expected range of the
variable. The answers produced by the runs then
map out the range of expected answers.

For example, in chemical reactions the temperature
usually affects the results strongly, yet it cant be
controlled precisely. If the nominal temperature is
90° F, the modeler might make ten runs with the
temperature set at 89.5, 89.6, 89.7, ...90.4 and plot
the difference in the predicted reaction products to
give the chemist a sense of the real world answer.

The word stochastic comes from the Greek word
stokhastikos, meaning pertaining to chance. Sto-
chastic modeling attempts to deal with chance in
this fashion.

For example, the physics and chemistry involved in mak-
ing consumer products and consumer products packag-
ing better and less costly is very complicated, and would
benefit from models that take into account the complexi-
ties and uncertainties of real-life manufacturing and use
(see Everyday Things on page 9). Unfortunately, most HPC
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applications run models that solve idealized and simplified
problems. To get realistic answers, these models have to be
run many times, spanning the range of each variable that is
expected to actually occur. In other words, the models must
be stochastic.

Thomas Lange, Director of Corporate R&D Modeling &
Simulation for The Procter & Gamble Company, explained
the importance of stochastic modeling to his company: “To
get in and really understand the physics, you have to do

it stochastically. And this gets to be a massive problem. To
get realistic answers, we've got to run [the problem] lots
of times, varying all the variables. If I could do a thousand
case runs and fully characterize the variability map, I could
go back to my experimenters and say, ‘Not only have |
done the one case, | have modeled this entire variability
space. And this is not only the average response that you
should expect when you do the experiment. Here is the
distribution of the errors.” Then the believability of that par-
ticular piece of advice goes up by about a factor of ten.”

Unfortunately, many 1SVs have turned their focus away from
improving the capability of HPC software and are focusing
instead on the desktop computing markets, which are ex-
periencing larger growth and where they can expect to see
a better return on investment. Still others only can afford to
make minor changes to existing application codes, rather
than create novel applications and solutions. As a result, in
many cases, the software that is available is outdated and
cannot scale to the level needed to solve many industry
problems. In other cases, the applications that companies
require simply do not exist.

Barriers to Providing HPC Software
That Users Need

To better understand why U.S businesses are having dif-
ficulty obtaining the production quality application software
they need, workshop panelists discussed the pressures
affecting both users and software developers. They echoed
and often magnified the findings from the Council on Com-
petitiveness Study of I1SVs Serving the High Performance
Computing Market* and the comments made during the
afternoon software panel at the Council’s HPC Users Confer-
ence’. Multiple themes emerged, and key barriers were
identified, which help to explain why the current HPC soft-

ware enterprise is not improving existing HPC software or
creating new applications at the pace the market desires.
These themes include market-based as well as technical
issues that are highlighted in the following sections.

Market and Resource Barriers

A variety of market and resource barriers are retarding
development of scalable, production quality application
software

*The Niche HPC Market Discourages Development of
Third Party HPC Application Software

Despite the rise in global competition and the need for
HPC to help accelerate innovation and increase productiv-
ity, HPC remains a niche market with much smaller rev-
enue opportunities than the larger commercial computing
market. This lowers the research and development capital
available to develop next generation HPC application soft-
ware and lessens the opportunity for ISVs to obtain inves-
tor funding. It also heightens the risk that some I1SVs may
be bought-out, which could restrict or eliminate access to
their software for U.S. commercial and national security
organizations that depend on it.

“We can’t say ‘niche’ often enough. I think this com-
munity sometimes misunderstands what a niche
is...0ur challenge is further exacerbated by the fact
that this is a very small market, with a multiplic-
ity of requirements that are disproportionate to its
size.”

— Chris Doehlert, President & CEO, Etnus LLC

As for-profit companies, many of which are public and
subject to quarterly earnings reporting requirements, the
ISVs often must pursue the broader commercial comput-
ing market with its larger revenue opportunity. In addi-
tion, according to the Council’s 2005 Study of ISVs Serving
the High Performance Computing Market, more than a
third of the ISVs that responded qualify as small business-
es, earning less than $5 million annually. Even if these
companies were to invest 10 percent of their revenue in
research and development, this would be sufficient to add
only a few new features to already existing HPC applica-
tions. Fundamental rewrites of application software or the

3 See Appendix (page 27) for Executive Summary of the Study. See Council on Competitiveness Study of the ISVs Serving the High Performance Computing Market, available at

www.compete.org/hpc.

4 See Conference Report from the 2nd Annual HPC Users Conference, available at www.compete.org/hpc.



creation of new software require far more capital than is
available.

The niche status of the HPC market also reduces the po-
tential for outside investor funding for the ISVs that serve
the HPC community, eliminating another possible source
of research and development resources. “Right now, if
you want to glaze over the eyes of a venture capitalist,
mention that you're gong to do a software play in HPC,”
warned Scott Metcalf, President and CEO of PathScale, Inc.
“You'll put them to sleep instantly - if they don't actually
just physically throw you out of the room.”

Additionally, unlike software developers who serve the
broad commercial computing market and can keep their
prices low by amortizing their research and development
costs across a large user base, the 1SVs that serve the HPC
market do not have a correspondingly large customer

set against which they can amortize their expenses. As a
result, the ISVs must shoulder the cost of a major soft-
ware redesign or spread it across a small user community,
significantly increasing the price of the HPC application
software. According to Chris Doehlert, President & CEO of
Etnus LLC, these pressures are felt particularly by the inde-
pendent software tools vendors, who create “niche tools
for a subset of customers within this niche market.”

Another potential consequence of the niche HPC market
and the correspondingly small size of the ISVs could be
the exposure of the ISVs to potential buy-outs by either
domestic or foreign entities who might remove the soft-
ware from the market for their own proprietary use. This
loss of knowledge would weaken our HPC infrastructure,
compromising U.S industrial and military advantage. Mr.
Doehlert reminded the workshop participants “your great-
est security against that is acting in ways that allow me
to keep making a viable and faster growing business....
Don't just fund research - purchase the products that you
really need at fair prices.”

An opportunity may be emerging to grow the HPC user
base dramatically and increase the revenue available to
advance application development: There is a “tsunami”
of data output that is expanding the need for HPC among
current users as well as potential new users. New sensors
are capturing huge volumes of data that must be pro-
cessed, analyzed and managed. The oil and gas industry
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“It’s a matter of how you cast competition...small,
private companies [worth] five or ten million dol-
lars are eminently acquirable without constraint
by anybody in the world. | can’t stop that, so |
have to exist with it.”

—David Turek, Vice President, Deep Computing, IBM

for example, anticipates a thousand-fold increase in
sensors. In addition, the cost of data storage has fallen,
leading to larger data repositories that can be used for
more in-depth analysis and better simulations. New
information-driven applications could take advantage of
advanced networking as well as distributed computing,
and could represent a significant potential market for HPC.
“Data increasing by three orders of magnitude in the next
ten years, and then some other means of doing some-
thing with the data, those things are going to dominate
traditional simulation, just dominate it,” predicted Dr.
Donald Paul, Vice President and Chief Technology Officer
of Chevron Corporation.

“Huge data-intense problems are going to
change the balance of hardware and software
architectures.”

— Dr. William Camp, Director, Computation,
Computers, Information and Mathematics,
Sandia National Laboratories

Traditional ISV Business Models are Perpetuating the
Niche Market

In today’s market, 1SVs typically sell unlimited annual-use
licenses, but often on a per-user or per-processor basis.
Users often find that they cannot afford the additional
software licensing fees that accrue when they want to
run their problems over more CPUs. This discourages
them from running larger, more complex problems on
their current systems or from adding additional CPUs. As a
result, users don't exploit the applications to the desired
and needed degree. Mr. Lange explained that the cur-
rent ISV business practice of pricing per CPU is preventing
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Procter & Gamble from running the stochastic models his
firm needs to understand better the science underpin-
ning their products. “My main reason [for not running
stochastic models] is | can’t afford the license cost that it
takes to run that many cases. The pricing model doesn't
match my current computing hardware environment right
now. When | pay per processor, that doesn’t get it done. |
understand that we're in transition. And so there isn't any
animosity on my part. But the reality is the pricing model
does not allow me to use [our HPC system] to the degree
| would like.”

In addition, annual license fees can be prohibitively
expensive for the small and mid-sized companies that
dominate the U.S business landscape - the same compa-
nies that represent the potential growth market for HPC.
Most cannot afford HPC systems and software, nor do
they want do deal with the complexity. Many only want
access to HPC systems and software on a periodic basis
for exploratory and/or intermittent use. In addition, they
often need access to expertise. “Small and medium sized
companies can't hire the really expensive people and
can't afford the upfront costs,” observed Paul Bemis, Vice
President of Marketing at Fluent Inc. “They’re what we
call ‘never evers’. They've never ever used the software
before, so they have no proof point that it’s going to
improve productivity. This has to change.” The current ISV
business model of selling annual software licenses does
not meet the needs of this untapped market. “We need
to figure out a way to deliver [HP(] cost effectively in a
pay-as-you-go model that allows them to experiment
with it as small, up-front investments.” said Mr. Bemis.

“The analogy is you’re going to rent a car for the
weekend. You go to Hertz...and they say, sorry, all
we offer are annual leases. But you only need the
car for the weekend. Sorry, they say again, all we
offer are annual leases. That is the ISV community
today. It needs to change. We need to be asking,
‘How much do you need and how long do you
need it?””

— Paul Bemis, Vice President Marketing, Fluent Inc.

An interesting service model has evolved in the oil and
gas industry that may provide an analog. This industry

is dominated by small, independent businesses that are
the primary producers of oil and gas in this country. These
small companies rely on service firms to perform their
complex seismic computations and reservoir simulations.
The service firms, populated with experienced engineers
and scientists, have bundled their knowledge of the
industry, their technical knowledge to both create and
use HPC software, and access to HPC systems and created
very profitable consulting businesses. This business model
produces much higher margins than software develop-
ment alone because it delivers what the small oil and gas
companies really want: access to industry expertise and
advanced HPC tools in order to make decisions, without
having to invest in the underlying technology. In addi-
tion to enhancing ISV revenue potential, it permits even
the smallest oil and gas company to match the technical
sophistication of a larger competitor.

Many ISVs Cannot Afford to Acquire Needed Parallel
Systems or Support Multiple HPC Platforms

The small size of many ISVs severely limits their ability

to acquire even a single large parallel system, much less
several systems from different vendors. Yet this access is
essential for developing codes that will run on large sys-
tems and for testing codes on different vendor systems.

Hardware vendors that once donated machines to ISVs for
software development, testing and support can no longer
afford to do so because of declining profit margins. In-
stead, ISVs must now set aside significant funds to acquire
them. This capital expenditure comes at a price. Even the
largest ISV may be forced to choose between purchasing
hardware or hiring the people they need to tackle the
next software development challenge.

“We’re not used to setting aside millions of dollars
a year to build HPC systems. We would rather go
hire the next Ph.D. to extend the reach of Virtual
Product Development and address the scalability
requirements of our solutions.”

— Dr. Reza Sadeghi, Vice President, Enterprise
Computing, MSC.Software Corporation




In addition, limited funds make it difficult for many ISVs
to support multiple computer platforms. They therefore
tend to focus on the cluster segment of the HPC market
because the decreasing price of processors has driven
many HPC users to this particular architecture. Some users
expressed concern that alternate platforms that may be
better suited for some problems are being ignored.

“I think the fundamental problem is that we’re all
driven to using the cheapest system, which today
is some variant of a PC-cluster ...ISVs have to sup-
port that. And that makes it almost impossible for
them also to design for a better system.”

— Dr. Robert Lucas, Computational Sciences Division
Director, University of Southern California Infor-
mation Sciences Institute

A shortage of Skilled Talent Is Holding Back HPC Soft-
ware Development

All of the software development communities repre-
sented at the workshop - national laboratories, universi-
ties, 1SVs, hardware developers, and users - are in need
of more skilled workers. However, a close examination of
the current education pipeline presents a troubling picture
regarding the availability of next-generation scientists
and engineers. American-born students are choosing

to pursue computational science and engineering less
frequently than in the past. The research institutions face
an added challenge in that the development time of HPC
application codes may exceed the length of time that a
graduate student spends at their facility.

“The people we need to architect these codes are
unique individuals - they have to understand the
science domain, computational science, computer
science, and then figure out how to make these
big applications run on a parallel computer and
to scale.”

— John Morrison, Division Leader for Computing,
Communications & Networking, Los Alamos
National Laboratory
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Recently, foreign-born students who have obtained
degrees in science and engineering disciplines at U.S.
universities have begun returning to their home countries
after graduation. Stricter visa requirements enacted since
9-11 have made it more difficult for those foreign-born
students who want to stay. Because H-1B visa applicants
must maintain continuity of employment for two years
with the same employer, small and medium sized ISV
companies are finding that these students would rather
work for larger, more stable corporations. This situation is
creating a shortage of skilled talent that is holding back
both the development of HPC applications and the use of
HPC. Further complicating the issue for the laboratories
and industries that do sensitive work for the government
is the requirement that the workers must be American
citizens and cleared for top-secret access. The scarcity of
available talent, particularly when limited to American-
born workers, significantly hampers both the develop-
ment and adoption of HPC application software.

On a positive note, trends in desktop computing may
bring new talent to bear on this problem. Multi-core
processors - technology that allows multiple processors

to work together on a single chip—already are finding
their way to the desktop computers of many workers, and
could stimulate development of more parallel software.
Multi-core processors provide significant benefits to indus-
try, including shorter communication paths and improved
memory bandwidth. As this technology proliferates in

the future, every desktop computer is likely to become a
parallel computer. The broader commercial software de-
velopment community will be forced to address the same
challenge that the HPC community has struggled with for
years: creating applications that work in a parallel envi-
ronment. This should bring extraordinary energy, money
and talent to the software development process, resulting
in new tools and new solutions for HPC users, too.

Technical Barriers

In addition to market and resource barriers, HPC users and
software developers also face a number of technical barri-
ers that are impeding development of more advanced HPC
application software and middleware.
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* software from the Research Community is Not Ade-

quate for Industry’s Needs

While national laboratories and universities spend hun-
dreds of millions of dollars every year on fundamental
HPC software research, it tends to be mission focused and
difficult to use in a corporate production environment.
Research software typically is developed by Ph.D.s for
use by highly experienced researchers who are willing
to put in extraordinary time and effort to make it work.
Research organizations do not develop their applica-
tions with industry’s needs in mind. Unfortunately, the
exchange between national labs, the corporate user
community and the ISVs is not as robust as it could be,
resulting in many missed opportunities to transition soft-
ware from the research community to commercial use.

“I believe there are literally thousands of new appli-
cations out there that do things that the current ISV
applications aren’t yet capable of. Yet, it appears
to be extremely difficult on both sides to move
those applications into the ISV community.”

— Dr. William Camp, Director, Computation,
Computers, Information and Mathematics,
Sandia National Laboratories

Further compounding the problem is a shrinking fed-
eral budget that has reduced the amount of govern-
ment funding available to support joint programs be-
tween national labs and the 1SVs. Such programs could
translate research software onto the desktop for an
operational environment within industry. However it is
unlikely that the laboratories will reallocate significant
portions of their budgets to focus on these kinds of
joint endeavors. They could be criticized for misspend-
ing funds since there is an assumption that they have
been given “just enough” to fulfill their missions.

Additionally, research software developed within the
universities is often an abstraction of a real problem,
and may be licensed as open source. Therefore, it has
not been subjected to the rigorous testing demanded by
industry, and may not allow for proprietary extensions to
the code that companies require. Consequently, the soft-

“Start digging as to where these software pack-
ages came from, an awful lot of them have their
roots in government-funded development that was
commercialized. [But] one of the things in my view
that is institutionally different now than it was 30
years ago or even 20 years ago - the amount of
resources going into those kinds of activities has
been steadily drying up.”

— Dr. Phillip Colella, Senior Staff Scientist,
Lawrence Berkeley National Laboratory

ware developed by these research organizations, while
providing an important foundation for commercial soft-
ware, is often inadequate for immediate use by industry.

Some Open Source License Models Inhibit Commercial-
ization of HPC Research Software

Much of today’s ISV HPC software has been derived
from prior research codes, and it is important to pre-
serve this software commercialization path. Most HPC
research codes are produced by the national laborato-
ries or universities and licensed as open source, i.e., the
source code is freely available and may be copied or
altered. However, several participants stated that the
terms of some open source license models discourage
software developers from improving and commercializ-
ing these codes, thereby hindering software innovation.

For example, the General Public License (GPL) requires
that derivative works also bear the GPL designation, so
they automatically become open source as well. This
makes ISVs and other software developers reluctant to
invest in development, because they cannot keep their
improvements proprietary or derive competitive advan-
tage from them. David Turek, Vice President of Deep Com-
puting at IBM, shared the frustration of many software
developers: “It’s very difficult when we make major in-
vestments to try to produce differentiated technology, and
somebody says to me ‘Really nice. Now can you put it on
everybody else’s platform in the world and make it cheap
or free?” What we have to do given this circumstance is to
work with other platform vendors on new business mod-
els that satisfy the needs of the end users while also mak-



ing our own technology investments economically viable.”

On the other hand, the Berkeley Software Distribution
(BSD) license allows developers to incorporate the open
source code into derivative works that are not open
source, thereby allowing the derivative works to become
proprietary. The participants believed that most success-
ful HPC software that has transitioned from government

/"1

When I look at the successful packages that have
come out [of the national labs], they all came out
with a BSD type of open source license.”

— Al Geist, Corporate Fellow, Oak Ridge National
Laboratory

and universities to industry bore BSD type open source
licenses. The software developers then created their
own version of the applications but were not required
to give away their derivative intellectual property.

It should be noted that companies who modify GPL-li-
censed code for internal use only are not affected by the
requirement to make derivative works open-source; it
only applies when the code is distributed to third parties.
Also, despite the limitations of the GPL license, a number
of ISVs are building businesses based on GPL code. The
ISVs are making money providing expert services to users
of the codes. However, it should be noted that these 1SVs
are not in the HPC market.

Many workshop participants expressed general skepticism
about the overall appropriateness of open source to HPC
applications software and middleware. They noted that
open source means “community-supported” or “unsup-
ported” depending on the size of the market for the code.
Mr. Doehlert pointed out again that HPC is still a niche
market and that support could be limited. “You take a
niche market - in my case, for tools. You're going to boil it
down to nothing. And there’s not going to be somebody
who can support it...Open source needs to be applied
where it makes sense and the scale could make sense.”

Users also pointed out that companies need some entity
to guarantee that the software “works”, and that open

source does not result in “industrial strength” application
software entering the market... “something that I would
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trust my checkbook against,” said Mr. Lange. Dr. Paul con-
curred, noting that users in a production environment in
particular are leery of open source applications and would
only use them as long as “somebody with a big balance
sheet is between them and the source.”

Legacy Code Requirements and Hardware Limitations
are Stalling Software Development

For many ISVs, the requirement to maintain and add
features to legacy codes is tying up limited development
dollars that could be spent updating old code for greater
parallelism or creating new applications. While some
software vendors do have applications that can scale to
hundreds or even a thousand processors, end users often
are reluctant to switch from their legacy codes. Changing
the way the problem is run might change the results. For
example, some companies that use established applica-
tions, like MSC.Software Corporation’s structural dynamics
code NASTRAN, want to be able to re-run a model from
30 years ago and achieve identical results. Re-coding
legacy calculations to achieve greater parallelism can
change the answers by several percent. Consistency in
results is often more important than improved perfor-
mance. “I believe the industry needs to strongly consider
modeling the real world. Modeling the real world requires
that we enhance our software platforms and that our cus-
tomers change how they perform Virtual Build, Test and
Review,” said Dr. Reza Sadeghi, Vice President, Enterprise
Computing for MSC.Software Corporation. “Most industries
are very comfortable with the way they have done things
and will not easily change” because they are afraid the
answer may change.

“Legacy code does put a huge burden on us for
backward compatibility.”

— Wood Lotz, CEO, Absoft

Hardware limitations also are slowing down development
of advanced applications. The communications band-
width—the maximum rate at which data can be trans-
mitted—of PC clusters is limited, making it impossible to
scale many applications beyond a few processors, and
discouraging ISVs from developing parallel software. Also,
data intensive computing is rising rapidly and for these
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applications, data communications may be as important
as the speed of the processor.

Limitations in memory bandwidth, input/output (1/0),
and even network bandwidth also are slowing user
demand for parallel software and therefore reducing the
business rationale for ISVs to invest heavily in advanced
applications. “People are smart,” said Dr. Robert Lucas,
Computational Sciences Division Director, University of
Southern California Information Sciences Institute. “They
know which parts of their code are bottlenecks, and they
decide, ‘It’s just not profitable [to parallelize]. I can’t ben-
efit if | am memory bandwidth-limited or 1/0 bandwidth-
limited or perhaps network bandwidth-limited.” ...People
do these calculations. Theyre fundamental.”

Bandwidth Matters

For many codes, the limit on data transfer rates,
called bandwidth, determines the execution time
of the problem - the processors are mostly idle
waiting for data. Limited bandwidth creates bottle-
necks in (1) moving data between processor and
local memory, (2) moving data to other processors
or memory within the computer, (3) moving data
to/from external storage (called 1/0), and (4) mov-
ing data through external networks. Each of these
paths has a different bandwidth, determined by the
computer designer. Achieving high bandwidth is
expensive and difficult, so there are cost pressures
towards lower bandwidth. Scaling up codes to use
more processors tends to expose bandwidth limita-
tions - an important reason why many codes do not
scale well.

Fields such as bioinformatics, pharmaceuticals, and aero-
space are driving the need for new solutions in the area
of bandwidth. Generating these solutions is becoming
essential in a world where the individual user can create
terabytes of data. Ultimately, it may force changes in both
hardware and software architecture.

* Current HPC Software Needs Better Interfaces
So That It Can Be Integrated Into The Business Work-
flow

Businesses can increase dramatically the value of their
HPC systems when usage is expanded beyond the Ph.D.
researchers and integrated into the workflow of the
organization. (Workflow practices denote the organiza-
tions, processes, and sequencing that companies use to
design, engineer, produce, and support their products and
services; workflow practices are derived from internal
factors, such as time-to-market or location of facilities,
and external factors, such as requlations.) This means

that HPC applications and tools must be distributed at the
desktop to the “non-experts,” i.e., the designers, engi-
neers, analysts and others more directly involved in the
production of an organization’s product or service. The key
to putting HPC applications and tools into the hands of the
non-Ph.D.s at the desktop is better user interfaces that are
easy to operate.

“How do you get applications into the hands of
people who are not going to be the experts? That
raises the general question of, how do you set
the balance between functionality and interfaces?
And when does one trump the other? I think a lot
of people might say that the application with the
best interface will win almost every time because
of the fit into the workflow.”

— Dr. Donald Paul, Vice President and Chief
Technology Officer, Chevron Corporation

Integration of HPC into workflow practices becomes even
more important as competitive pressures drive compa-
nies to shorten product cycles. For example, American
car manufacturers recently have driven their design and
manufacturing cycle for new cars from more than four
years to less than two years, largely in response to global
competition. Particularly in high-technology businesses,
most of the profits flow to the new products that first
satisfy customer needs. As little as a six-month delay in
product introduction may allow competitors to take mar-
ket share and force substantial cuts in profit margins.



In this environment, even one day’s delay in setting up
and running a HPC problem can significantly impact the
workflow. Yet, because of the primitive user interfaces in
use today, it can take longer to set up a problem than to
run it, particularly as the number of processors increases.
When users are under time-to-market pressures, they

will only run smaller problems whose solutions may not
provide the needed competitive boost. As Stan Posey of
Silicon Graphics, Inc., said: “I talk to a lot of engineers...
I'm always asking the same question: ‘Why won’t you

run your computational fluid dynamics (CFD) job to 100
processors?’ Part of the response | get is that ‘It doesn’t
do me any good to get an instantaneous response in my
solver when I'm still building the next mesh.” More invest-
ment is still needed in automatic mesh generation to help
the business case for highly parallel CFD in practice.”

The difficulty in producing a good user interface is of-
ten underestimated. Many of the workshop participants
suggested that the competencies and cultures of people
who develop effective human-digital interfaces are quite
different from the people who develop the underlying sci-
ence of the application. “We underestimate how difficult
it is to produce a user interface that is good,” said Mr.
Lange. “The best user interfaces that we use in our world
for statistics and for discrete event simulations were
actually written by people who were not engineers, who
were not scientists, and were not users originally. They
were artists and entertainment people...more game-like
in their orientations.”

“If I were an ISV, the first thing | would do if | were
going to bring out a first product is make sure that |
had my application interface characteristics well-
defined so it could plug into any user interface that
a client may have already installed locally,”

— Dr. George Michaels, Associate Laboratory Direc-
tor, Computational and Information Sciences Di-
rectorate, Pacific Northwest National Laboratory
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Into The Field

The oil and gas industry was an early adopter of high-
performance computing, using it to conduct critical
reservoir simulations. In the early days, these tools
were extremely expensive, complex and difficult to
use and consequently, companies like Chevron Cor-
poration placed them in the hands of the company’s
top researchers.

However, as computing became faster, cheaper and
easier to use, Chevron began to look for a way to
make these tools available to the thousands of en-
gineers who were out in the field everyday. By arm-
ing these engineers with advanced, user-friendly
HPC applications, Chevron has been able to increase
its productivity and competitiveness. In the process,
Chevron also has created a new constituency of us-
ers that demand this technology to do their jobs.

Perhaps more importantly, because of their “on the
ground” insight into the search for oil and gas, these
users are providing Chevron’s research and software
development teams with new ideas and data to
build more advanced, accurate, and sophisticated
reservoir models. According to Dr. Donald Paul, Vice
President and Chief Technology Officer for Chevron,
“When we distributed [HPC tools] to every field en-
gineer, we got ideas for research we would have
never come up with. We would absolutely never
have seen them because the people in the field say
‘Yes, this is the most sophisticated model that you
could ever have of a reservoir. Unfortunately, it's not
actually a real one.” And that feedback provides in-
sights that no research group will ever have.”

Integrating HPC applications into workflows through bet-
ter user interfaces is key to expanding the market for HPC.
“Many of the companies that you want to interact with
already have workflow systems put in place to help them
manage their activities,” pointed out Dr. George Michaels,

Associate Laboratory Director, Computational and Informa-
tion Sciences Directorate, Pacific Northwest National Labo-
ratory (PNNL). “And so you want to be able to plug into
the back side of that the same way that people figure out
how to plug into Microsoft Office or a Web browser-based
workflow management system.”
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PNNL did just that when the William R. Wiley Environ-
mental Molecular Sciences Laboratory (EMSL) integrated
its entire workflow into the Molecular Science Software
Suite (MS3). MS3 includes NWCHEM, a computational
chemistry package that is designed to run on high per-
formance parallel supercomputers. NWCHEM and all of
its modeling and simulation tools have now been down-
loaded and installed at more than 1,500 different sites
nationwide, which has expanded the market for and
application space in computational chemistry. More ap-
plications are being developed that will use this common
problem solving environment. As noted above, the more
the HPC market grows, the more incentive the ISVs will
have to create the application software that users want
and need.

Recommendations

By the conclusion of the Software Workshop, participants
agreed that a vibrant, growing HPC market is the best
long-term quarantee that production quality HPC applica-
tion software will be available. Participants also agreed that
wider usage of HPC is key to future economic growth and
the nation’s ability to maintain a preeminent position in the
global marketplace. However, they noted that the differing
needs within the HPC user community could affect the pace
of market growth.

Workshop participants suggested the following recommen-
dations, to help stimulate long term HPC market growth
through near-term accomplishments. Some recommenda-
tions are directed to the private sector, and some to the
public sector. Recommendations directed to the public sec-
tor are not meant to supplant mission critical, national se-
curity requirements. Rather, it is hoped that in the process
of meeting its mission critical objectives, public sector work
can be leveraged to assist the private sector and provide an
additional lift to U.S. competitiveness.

Recommendations for ISVs

In order to encourage parallel processing and the use of
more sophisticated HPC applications, the ISV industry may
need to consider changes to the pricing arrangements in
their existing business model, or possibly a paradigm shift
to a service-based model, providing the users with soft-
ware, expertise and access to the appropriate hardware.
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ISVs and user companies should partner to conduct
experiments to test the business value of HPC. Partici-
pants felt very strongly that the HPC community should
come together to run experiments that would demonstrate
to current and potential users the business benefits of using
HPC, and also help ISVs to explore different pricing models
in a controlled environment. These experiments should be
built around resolving specific challenges and should con-
sider including the following features:

* Alternative ISV software licensing terms and pricing
models to encourage scaling and stochastic runs without
incurring excessive cost for the user;

* Large industrial projects with goals of substantial cost-
savings and shortening of time-to-market;

* Substantial computer time on large, suitably configured
systems at modest cost.

If ISVs do not have larger parallel computers, hardware
vendors or research supercomputer centers should be en-
couraged to participate. In addition, federal agencies such
as the Department of Energy - through its Innovative and
Novel Computational Impact on Theory and Experiment
(INCITE) program - and the National Science Foundation
should provide computer resources through their com-
puter centers if needed.

Such experiments will help to mitigate some of the cur-
rent risks and uncertainty for ISVs and HPC users by:

Testing the elasticity of different license-pricing models;

Demonstrating to current users the business value of scal-
ing problems to run on larger systems;

Lowering the barrier to entry for new users by allowing
them to try out HPC at reasonable prices and with the as-
sistance of experts.

Both hardware and software vendors and private and
public users will benefit from such partnerships.

HPC ISVs, in consultation with their customers, should
consider alternate business models in order to increase
revenue and financial stability and encourage HPC mar-
ket growth. The fundamental expansion of the market for
HPC is not only important to the ISV community but also
as a driver for national economic development. Therefore,
new business models must be developed to push this ex-



pansion and deliver HPC applications to a new group of us-
ers. In order to encourage parallel processing and the use
of more advanced HPC applications, the ISV industry may
need to consider changes to their existing pricing models,
or possibly a paradigm shift to a service-based business
model, providing the users with software, expertise, and
access to the appropriate hardware.

“We shouldn’t underestimate the value to the ISV
if you can make a service model work, because
what the ISV is doing over time is accreting a
disproportionate share of the intellectual capital,
two-legged capital. Pretty soon, the ISV has a
pool of talent that’s connected to the technol-
ogy...they know how it’s used. They know what
problems count. They know what the solutions
are worth. That collection of knowledge reaches
some critical point and you really have something
else you can sell.”

— Dr. Donald Paul, Vice President and Chief
Technology Officer, Chevron Corporation

A service-oriented model would allow ISVs to combine
their code development with technical support and offer a
higher value technical services business that would apply
HPC to industry’s problems. These services would include
running and interpreting the client’s codes, and working
with the client’s engineers, designers, or analysts to apply
the results to improve products and processes. This model
has been successfully applied to seismic analysis and res-
ervoir management in the oil and gas industry.

Another potential business model could be a pricing
mechanism that allows users to pay for periodic usage at
a reasonable rate. Alternatively, a hybrid pricing mecha-
nism offering users a mix of annual licenses with surge
capacity, pay-as-you-go usage could meet the needs of
some users. These models would encourage new users
to test HPC, and current users to run larger problems with
more CPUs. After the workshop, Fluent announced a new
pay-as-you-go software program that permits users to set
up computational fluid dynamics problems on their desk-
top and run them remotely on Fluent’s HPC system. Fluent
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then returns the solution to the user at a very low price
point. In the end, the market will decide which models
can be sustained and which cannot.

HPC ISVs should make their priority the development
of easy-to-use interfaces so that HPC applications

can be integrated into organizational workflows. The
workshop emphasized that for HPC to be widely accepted,
it must be usable by engineers or analysts who are not
highly-trained computational scientists, and must fit into
existing workflow practices. Because a good user interface
is critical to the broad adoption of HPC applications by
non-experts, ISVs should consider reaching into the design
community for help in creating effective human digital
interfaces; in effect, outsourcing this part of the develop-
ment process to those better “wired” for it. In addition,

it was suggested that the ISVs begin their design process
by defining interface characteristics up front, allowing the
applications to be delivered as plug-and-play, thereby
broadening the market. To match workflow practices,

ISVs should make it as easy as possible to link together
different codes or code modules. This would allow de-
signers, engineers and analysts to integrate their work
without having to reformulate data or write special data
translators in moving from one stage of the analysis to
the next. ISVs also should work closely with their cus-
tomers, seeking early feedback so that they can refine
their ideas and products to better meet market needs.

“The availability of easy-to-use, shrink-wrapped
HPC software will lead to profound gains in com-
merce, industrial productivity, scientific discovery,
and greater national security.”

— Dr. Stanley Ahalt, Executive Director, Ohio Super-
computer Center

Recommendations for Universities

The nation’s universities play a key role in developing our
future workforce, and computational scientists will be
highly sought after in the innovation economy. Yet only a
few universities have modified their organization or cur-
riculum to provide integrated education in computational
science.
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Universities should increase their educational pro-
grams in computational science at the undergradu-
ate and graduate levels to meet the needs for skilled
technical workers. The Council on Competitiveness 2004
Survey of Industrial HPC Users revealed that industry is
unable to hire the skilled workers trained in the use of
HPC applications that they need. ISVs have expressed
similar concerns, citing their difficulty in hiring skilled
workers to develop and support their codes and next
generation application development. Programs such as
the U.S. Department of Energy Computational Science
Graduate Fellowship are dependent on the universities
to provide quality education, but only a few universi-
ties offer comprehensive curricula in computational
science, and even fewer have departments or schools
organized around computational science. The President’s
Information Technology Advisory Committee has recom-
mended that “universities and the federal government’s
research and development agencies must make coor-
dinated, fundamental, structural changes that affirm

the integral role of computational science in address-
ing the 21st century’s most important problems.”

The university and laboratory research communities
should enhance their understanding of ISV needs
and requirements so that they can leverage their
own software research and education agendas to
assist ISV needs where appropriate. The workshop
participants were strongly in favor of creating new
mechanisms that facilitate knowledge exchange between
the research community and the ISVs. Increasing com-
munication opportunities will help to facilitate technol-
ogy and information transfer in both directions, allowing
the national laboratories to transition their software

to the 1SVs for broad application and the ISVs to com-
municate their research needs to the labs for possible

“The government budgets aren’t big enough to do
it alone. The industry is under ever more com-
petitive global pressures. The start-up companies
can’t find the venture capital to invest in this
space and so partnerships, to me, seem to be the
only viable way out.”

— Scott Metcalf, President and CEO, PathScale, Inc.
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future research projects. In addition, new communica-
tions mechanisms could provide new partnership and
research and development opportunities. As a first step
toward accomplishing this goal, private sector organiza-
tions should sponsor periodic technical meetings aimed
at fostering better communication of needs and research
advancements among ISVs, users, government labora-
tories, and university-based researchers. These should:

* Be organized around specific technical themes;

* Include some meetings that feature emerging areas
such as data-intensive computing;

* Provide face-to-face exchange of needs and research
advancements;

+ Offer ways to develop follow-on partnerships to realize
opportunities.

Recommendations for Government

The government, through its policies and procurement
practices, has the opportunity to stimulate software
development and leverage its investment and expertise
in HPC software research and development for national
competitive gain.

/I//I

n each of these cases [where software made
the transition from research to production quality
HPC applications] there was a long term invest-
ment by the government to give these packages
a chanced to mature.”

— Al Geist, Corporate Fellow, Oak Ridge National
Laboratory

The government should modify its research support
practices to provide sustained (multi-year) funding
for research teams to develop mature research codes
and algorithms and should encourage commercial-
ization of suitable codes. Many of today’s most suc-
cessful ISV codes have grown out of government-funded
research or engineering codes. Long-term government
research investments gave these application packages
time to mature, and government policies encouraged
their developers to transfer the applications to the private
sector. However, in recent years, this mode of technol-

5 See Report to the President on Computational Science: Ensuring America’s Competitiveness http://www.nitrd.gov/pitac/reports /20050609 _computational /computational.pdf.



ogy transfer seems to have declined. There appear to

be at least two reasons for this. In basic and academic
research, constrained funding and increasing difficulty of
code development have made it difficult to bring codes to
a maturity level that would interest ISVs to commercialize
them. In more applied research, government codes are
being brought to great capability and maturity, but their
transfer is inhibited by national security restraints on re-
leasing codes and failure to encourage code developers to
move into the ISV community through government grants
for start-ups, technology transfer leaves of absence and
innovative contracting mechanisms.

The federal government should revise its H-1B visa
continuity of employment requirements so that ISVs
can attract the talent they need. Currently, the holder of
an H-1B visa must remain with a single employer for two
years. Yet the workloads in small or medium-sized busi-
nesses fluctuate more rapidly than in larger businesses,
making it difficult for small companies to guarantee this
length of continued employment, or foreign workers to
accept employment under an H-1B visa. This makes it par-
ticularly difficult for 1SVs, many of which are small firms,
to tap into the talent pool of H-1B visa holders. Given the
critical need for more production quality HPC applications
software, the value of the H-1B program would be in-
creased by allowing holders to move between companies
as long as they have not been terminated for cause, in-
stead of requiring them to maintain continuity of employ-
ment for two years with a single employer. This will make
it more attractive to work for a small start-up company or
small ISV, even though it may not be as stable as a larger,
established company.

The federal government should carefully monitor
foreign acquisitions of key ISVs. Even though most

ISVs have small sales and capitalization, their codes may
be indispensable to U.S. industry and national security.
Should a foreign entity decide to purchase any of these
ISVs and remove their software from the market, the
public and private sectors potentially could be denied
codes that they use to solve even their most basic prob-
lems. The Committee on Foreign Investment in the United
States (CFIUS) has responsibility within the government
for monitoring sales of companies to foreign-controlled
entities, determining any national security implications,
and recommending appropriate government action. CFIUS

23

or a similar entity should begin to monitor sales of key
ISVs.

Where open source HPC research codes are being
developed, terms of government grants and contracts
should more seriously consider BSD model licenses, to
enable ISVs to build commercial products on the codes
without jeopardizing the ISVs’ privately created intel-
lectual property. In the past, research codes have been
transferred successfully from the government laboratories
and universities to industrial use in HPC applications. For
the most part, these were released with a BSD-type open
source license. This allowed commercial users and ISVs

to develop their own version of the applications without
having to “give-away” their intellectual property. Work-
shop participants stated that recent trends towards licens-
ing research codes under the GPL designation (see pages
16-17 for discussion) may inhibit the flow of research
codes into commercial products and urged that this not
happen without careful consideration.

“I don't think that it’s always the case that
blindly following open source is necessarily in
the country’s best interest in terms of building a
competitive structure. And | say that as a mem-
ber of the Free Software Foundation, who makes
a lot of money off of both BSD and GPL code. I'm
an insider, but I'm still going to throw rocks at it
because it’s not always in our national interest.”

— Scott Metcalf, President and CEO, PathScale, Inc.

The government and its contractors, including universities
and laboratories, need to recognize when to stop fund-
ing internal development of research software at the end
of its research purpose. At that point the funders should
“declare success” and transition the software to com-
mercial or community supported open source status. It's
not uncommon for institutions that pioneered software
to continue to invest in it well beyond the time that their
codes are unique and warrant locally funded develop-
ment. This is an inefficient use of government research
funds, and it takes away potential sales from ISVs that
are struggling to survive and grow in what are often very
small markets.
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Conclusion

The workshop confirmed the importance of HPC to U.S. pro-
ductivity and competitiveness as an aid to design, engineer-
ing, and analysis of products, processes, and services. It also
reinforced the fact that HPC is a small niche market within
the much larger computer market with tough competition
for investment capital, skilled workers, and market size.

Despite its potential to accelerate innovation and increase
productivity, the workshop concluded that HPC is not mak-
ing the contributions that it could due to technical and
resource barriers, thereby limiting U.S. competitive ad-
vances. Corporate HPC mostly depends on ISVs to supply
critical software, yet the ISVs are typically small and finan-
cially fragile. As a result, many of them have been slow to
scale up their codes to take advantage of modern parallel
computers, slow to introduce easier-to-use interfaces for
non-expert users, and slow to match corporate workflow
needs by offering integrated suites of codes. Instead, their
limited funds often are spent on maintaining legacy codes
and making small improvements demanded by customers.
Under investor pressure to grow their revenue, some ISVs
are moving away from the HPC market to pursue the much
larger commercial market, with its higher potential for
financial returns.

Corporate HPC users have been slow to demand or exploit
scalable parallel code, in part due to the difficulty of us-
ing current software. They need better interfaces so that
they can expand usage beyond their Ph.D. researchers and
integrate HPC into their business workflow for enhanced
productivity. Some corporate practices, however, such as
demanding ongoing support for legacy problems, usurp
limited ISV research and development funds and constrain
ISV innovation.

Although the government-funded research community has
made great strides in scaling up research codes, few of its
advances have appeared in corporate HPC software. This is
partly because research codes are developed for and used
by highly trained scientists with little thought for the pri-
vate sector’s needs. Also, these codes are usually developed
to solve very limited idealized problems and are poorly
matched to corporate needs for software that is easy to
use, suitable for real-world problems, and includes robust
error-handling routines. In addition, there are no ready
mechanisms for the research community, ISVs, and corpo-

rate users to share needs, advances, and opportunities in
ways that would encourage the flow of models, algorithms
and code from the research community into software that
meets corporate needs.

All segments of the HPC community - corporate users, ISVs,
and researchers - are hampered by a lack of skilled work-
ers. This lack results from curriculum gaps in university edu-
cation, greater allure of other segments of the IT industry,
falling enrollments in math and science courses generally,
and increasing immigration barriers faced by foreign stu-
dents and skilled IT workers.

The workshop offers recommendations to the private sector,
to universities and the research community, and to gov-
ernment, all aimed at overcoming the identified barriers
and improving the value of HPC. These recommendations
include partnering agreements that would mitigate the risk
of trying new business models, mechanisms to broaden
and deepen the use of HPC, educational improvements,
and adjustments that would encourage the flow of research
advances into corporate HPC.

“By leveraging the investment and expertise of
both the public and private sectors, we can har-
ness the innovative capacity of the high-perfor-
mance computing community and lift our country
to a new level of competitive advantage.”

— Dr. Stanley Ahalt, Executive Director, Ohio
Supercomputer Center

Implementing these recommendations entails consider-
able risk to the ISVs, the users, the research community,

the government, and investors, but failure to take action
may inhibit competitive advances by U.S. companies and
place them in jeopardy should other countries or companies
capitalize on the potential of HPC first.

Conversely, by leveraging HPC to solve complex prob-
lems, America can unleash a new era of innovation-driven
growth, creating new industries and markets, fueling
wealth creation and profits, and generating high-value,
higher-paying jobs that will raise the standard of living for
all citizens.
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WORKSHOP AGENDA

Accelerating Innovation for Competitive Advantage: The Need for HPC Application Software Solutions, July 14, 2005

8:00 a.m. Registration and Breakfast

8:30 a.m. Opening Remarks and Setting the Stage
« Introduction: Suzy Tichenor, Vice President and Director, High Productivity Computing Project, Council on Competitiveness
« Opening Remarks: Deborah L. Wince-Smith, President, Council on Competitiveness

- Setting the Stage: Dr. Stanley Ahalt, Executive Director, Ohio Supercomputer Center and Workshop Chair

9:00 a.m. Session 1: Effectiveness of Current HPC Application Software Business Model/s
Moderator: Dr. Donald Paul, Vice President and Chief Technology Officer, Chevron Corporation

Panelists:

- Chris Doehlert, President & CEO, Etnus LLC

- Thomas Lange, Director, Corporate R&D Modeling & Simulation, The Procter & Gamble Company

- Dr. George Michaels, Associate Laboratory Director, Computational and Information Sciences Directorate, Pacific Northwest
National Laboratory

10:00 a.m. Session 2: Technical Barriers to Progress
Moderator: Dr. William Camp, Director, Computation, Computers, Information and Mathematics, Sandia National Laboratories

Panelists:

- Wood Lotz, CEQ, Absoft

- Dr. Robert Lucas, Computational Sciences Division Director, University of Southern California Information Sciences Institute
- Stan Posey, HPC Industry and Business Development, Silicon Graphics, Inc.

- Dr. Reza Sadeghi, Vice President, Enterprise Computing, MSC.Software Corporation

11:00 a.m. Break

11:30 a.m. Session 3: Resource Barriers to Progress
Moderator: Dr. Phillip Colella, Senior Staff Scientist, Lawrence Berkeley National Laboratory

Panelists:

- Scott Metcalf, President and CEO, PathScale, Inc.

- John Morrison, Division Leader, Computing, Communications & Networking, Los Alamos National Laboratory
- David Turek, Vice President, Deep Computing, IBM

12:30 p.m. Lunch

1:30 p.m. Session 4: Opportunities for Progress
Moderator: Dr. Stanley Ahalt, Executive Director, Ohio Supercomputer Center and Workshop Chair

Panelists:

- Paul Bemis, Vice President Marketing, Fluent Inc.

- Al Geist, Corporate Fellow, Oak Ridge National Laboratory

- Wood Lotz, CEQ, Absoft

- Dr. Donald Paul, Vice President and Chief Technology Officer, Chevron Corporation

3:00 p.m. Summary and Path Forward:
Dr. Stanley Ahalt, Executive Director, Ohio Supercomputer Center and Workshop Chair

3:30 p.m. Adjourn
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Study of ISVs Serving the High Performance Computing Market: The Need for Better Application Software

This study is the first independent, extensive assessment of the landscape and
market dynamics surrounding Independent Software Vendors (ISVs) that serve
high performance computing (HPC) users.” An important impetus for undertaking
this study was the July 2004 “Council on Competitiveness Study of U.S. Industrial
HPC Users,” sponsored by the Defense Advanced Research Projects Agency (DAR-
PA). The study found, among other things, that 97 percent of the U.S. businesses
surveyed could not exist, or could not compete effectively, without the use of high
performance computing (HPC). This study and the Council’s yearly HPC Users Con-
ference identified application software issues as a significant barrier preventing
more aggressive use of HPC across the private sector.

To meet their HPC needs, American businesses—and key areas of the U.S. Govern-
ment and the scientific research community—rely on a diverse range of commer-
cially available software from ISVs. A serious gap exists between the needs of HPC
users and the capabilities of 1SV applications. High-end HPC users want to exploit
the problem-solving power of contemporary HPC computer servers with hundreds,
thousands or (soon) tens of thousands of processors for competitive advantage,
yet few ISV applications today “scale” beyond 100 processors and many of the
most-used ones scale to only a few processors in practice.

It is important to understand that the ISV organizations are not at fault here. The
business model for HPC-specific application software has all but evaporated in the
last decade. As for-profit companies (in most cases), they focus their software de-
velopment primarily on the much larger and more lucrative technical computing
markets for desktop systems (workstations, PCs, Macs) and smaller servers. IDC
market research shows that the HPC portion of the technical server market often
represents less than five percent of their overall revenues, and in some cases this
figure is less than one percent. Even if they could afford this investment, the mo-
tivation for major rewrites is generally inadequate because the HPC market is too
small to reward this investment. For business reasons, the needs of HPC users are
often an important but secondary concern.

For U.S. industries that need to out-compete their non-U.S. competitors by out-
computing them, the limited scalability of today’s application software can pres-
ent a major barrier. In practice, it means that large, complex, competitively im-
portant problems, such as those encountered in designing new cars and airplanes
and pharmaceuticals, or increasing the yield from oil reservoirs often cannot be
solved today in reasonable timeframes. While yesterday’s problems may run fast-
er, companies find it difficult to solve the new, cutting edge problems that will
propel them to the head of the competitiveness pack. In effect, they are standing
still. And standing still is falling behind.

1 See Council on Competitiveness Study of the ISVs Serving the High Performance Computing Market, available at www.compete.org/hpc.

A serious gap exists between
the needs of HPC users and the
capabilities of ISV applications.

The business model for HPC-spe-
cific application software has

all but evaporated in the last
decade.

For U.S. industries that need

to out-compete their non-U.S.
competitors by out-computing
them, the limited scalability of
today’s application software can
present a major barrier.
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ISVs typically cannot afford to
spend the time and money that
would be needed to rewrite
their application software.

Few ISV applications today can
take advantage of more than
128 processors.

Key Findings

The business model for HPC-specific application software has all but
evaporated in the last decade

As for-profit companies (in most cases), ISV organizations focus their software de-
velopment primarily on the much larger technical computing markets for desktop
systems (workstations, PCs, Macs) and small servers. The technical HPC computing
market often represents less than five percent of their overall revenues, and in
some cases this figure is less than one percent. Software development is expen-
sive and labor-intensive, and most ISVs are small to medium sized companies.
Even when business in their mainstream markets is doing well, I1SVs typically can-
not afford to spend the time and money that would be needed to rewrite their
application software to meet the more-demanding requirements of the small
market of HPC users. For business reasons, the needs of HPC users are often an
important but secondary concern. Given the shape of their markets - high-volume
and revenues from sales to smaller technical systems, relatively low revenue from
the high end part of the technical computing pyramid - the return on investment
for developing highly scalable codes for HPC users usually does not justify the
expenditures or risks.

“We have customers asking for this, so it should be a priority. But we need money
and then a person dedicated to this task, plus bigger hardware to develop and
test our applications on.”

“We just have too much to do. We would need more time in the day to address
the needs of HPC users.”

ISV applications are important for improving and maintaining U.S.
business competitiveness, but they can exploit only a fraction of the
available problem-solving power of today’s high-performance com-
puters (HPC).

Contemporary HPC computer servers can be equipped with hundreds, thousands
or (soon) tens of thousands of powerful processors, yet few ISV applications to-
day can take advantage of more than 128 processors. Some of the important
applications for the automotive and aerospace industries cannot currently scale
beyond 1-4 processors. Advanced computational tools play a major role in U.S.
industrial competitiveness by assisting companies in bringing new and/or more
capable products to market more quickly than their competitors around the world.
Although scalable computer architectures such as clusters have allowed US and
other companies to amass “mind boggling” amounts of raw computation power
within their budgets, large classes of application programs have not been able to
take significant advantage of this power. Increasing the scalability of ISV applica-
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tions could enable industries that rely on HPC to improve product success, quality
and time-to-market substantially, but in many cases this would require ISV orga-
nizations to rethink and fundamentally rewrite their software.

“Many ISV codes don’t scale beyond 32 or 64 processors, sometimes fewer, at
a time when the largest HPC systems have 1,000 or even 10,000 processors.
In fact, in the area of structural analysis, many of the widely used applications
barely scale to eight processors. This severely limits the size of the problem that
can be addressed within a reasonable amount of time.”

“Better algorithms need to be developed to scale applications for HPC users.”

“As biological data volumes continue to escalate, researchers need more capable
ways of exploring, analyzing and annotating this data.”

For many applications, the ISVs know how to improve scalability
but have no plans to do so.

Changes in market dynamics, especially the adoption of clusters, have allowed
most ISVs to grow revenue with only normal feature enhancements (“technol-
ogy updates”). Even if an ISV had the resources for a major rewrite, the ISV might
choose to spend that R&D money on other projects, rather than on increasing
scalability for a small part of the total market.

When the task is scaling to hundreds of processors, I1SVs representing about 37%
of codes that could be scaled have no plans to upgrade the scalability of their
products. This figure increases to 44% when the goal is scaling to thousands of
processors, and to 60% for tens of thousands of processors.

IDC has found from other research in the HPC sector that the underlying problems
ISV applications address vary greatly in complexity, and for this reason it is easier
to scale up some applications than others. ISV applications that are able to scale
today to large numbers of processors in many cases do so because the underlying
problems they address are relatively easy to parallelize (“embarrassingly paral-
lel”). Some of the most complex and consequential problems are far more difficult
to scale to large numbers of processors.

“We already have enough creativity. What we need to do this is more time and
human resources.”

“We have made some significant strides in modifying our application for HPC, but
we can't justify investing more.”

“We need to see a business need from our customers.”

“Show me the business case.”

“We have made some significant
strides in modifying our applica-
tion for HPC, but we can’t justify
investing more.”
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Most ISVs need to pursue profit-
able growth and can ill afford
investments of time or money
that are unlikely to contribute to
this goal.

The open-source community is not now, nor has it been a signifi-
cant source of new application software for HPC

The vast majority of ISV applications (88%) are supplied by for-profit businesses
or come from universities (7-8%). Only about 3 percent of the applications are
“open source” codes. Note that most open source software is middleware and not
application software.

Most of the applications (73%) were developed by the ISV organizations them-
selves, although one out of every four (24%) was born in a national laboratory or
university. Only 3 percent of the applications are based on open source software.
(See Figure 1.)

Original Source of ISV Application

17.0% University

7.5% National Lab

2.8% Open Community

72.6% In-house
Developed

FIGURE 1 Source: IDC, 2005
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The majority of the ISV applications (88%) are supplied by for-profit businesses.
By contrast, only 7-8 percent come from universities, and an even smaller num-
ber (3%) are open-source codes. (See Figure 2.) This preponderance of for-profit
applications means that most ISVs need to pursue profitable growth and can ill
afford investments of time or money that are unlikely to contribute to this goal.

Percentage of Applications by Type of Ownership

Not-for-profit Company 1.9%
University 7.7%
National Lab 1.0%
Other 1.0%
For Profit Company 88.5%

FIGURE 2 Source: IDC, 2005

There is a lack of readiness for petascale systems

Three-quarters (74%) of the ISV applications are “legacy applications” that are
more than five years old, and seven out of eight (87%) are at least three years
old. Fewer than half (46%) of the ISV applications scale even to hundreds of
processors today, and 40% of the applications have no immediate plans to scale
to this level. Very few codes scale to thousands of processors today or are being
aimed at this level of scalability. If current development timeframes continue, the
majority of ISV codes will not be able to take full advantage of petascale systems
until three to five years after they are introduced.

“To keep up with HPC hardware, there need to be better software developer tools.”
“We would need to extend into additional programming languages.”

“We’d have to take a whole new approach to our software code.”

If current development time-
frames continue, the majority
of ISV codes will not be able to
take full advantage of petascale
systems until three to five years
after they are introduced.



32 Accelerating Innovation for Competitive Advantage: The Need for HPC Application Software Solutions

EXECUTIVE SUMMARY

Study of ISVs Serving the High Performance Computing Market: The Need for Better Application Software

Market forces alone will not address this problem and need to be
supplemented with external funding and expertise

Historically, HPC hardware vendors operated on large margins and invested substan-
tial human and financial resources in collaborating with application ISVs to improve
the performance of application software on their HPC hardware products. In today’s
commoditized, lower-margin market for HPC hardware, neither HPC hardware ven-
dors nor the ISV organizations themselves can afford to make major new R&D invest-
ments to fundamentally rewrite application software to take advantage of highly
scalable systems. Market forces alone will not address the gap between HPC users’
needs and ISV application software capabilities. Market forces need to be supple-
mented with external funding support and expertise to improvethe scalability of
ISV software that is needed for improving the competitiveness of U.S. businesses.

Overall annual sales revenues (all products and services) of organizations offering
ISV applications show a bifurcated pattern, with strong representation (29%) in
the $1-5 million range and in the $50 million and up realm. (See Table 1.) Few ISV
applications (3%) are associated with organizations in the $25-50 million range.

Number of ISV Applications and Companies
by Total Company Revenue

Companies Applications

Total Company Number Percent Number Percent
Revenue

Under $1M 6 11.1% 9 8.2%
$1M to $5M 10 18.5% 27 24.5%
$5M to S10M 7 13.0% 11 10.0%
$10M to $25M 5 9.3% 10 9.1%
$25M to $50M 3 5.6% 3 2.7%
Over $50M 11 20.4% 32 29.1%
No response 12 22.2% 18 16.4%
Total 54 100% 110 100%

TABLE 1 Source: IDC, 2005
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Most technical 1SVs lack the funding and/or the business case to provide funda-
mental rewrites of their codes. Technical server markets are very small relative
to most commercial software market segments, and the capability computing
segment is only a small portion of that. For example, a “hot” computer game can
generate $250 million of revenue, whereas a large technical ISV only earns about
$50 million of revenue per year across all products. Furthermore, over a third of
the 1SVs that provided total revenue figures qualify as small businesses, earning
less than $5 million a year. Even if an ISV invests the industry average of 10 per-
cent of revenue in R&D, this amount is usually only sufficient to add selected fea-
tures and cover testing and certification on a large number of different computers.
Revenue for fundamental rewrites is generally not available.

“It would be great to have a stable five-year funding horizon to meet these HPC
requirements.”

“It’s about time and money. To scale up for HPC, we’d need to reduce the risks.”

Most ISV organizations would be willing to partner with outside
parties to accelerate progress

Five out of six (83%) of the respondents said they would be open to develop-
ing partnerships with other organizations, and when the “maybe” responses are
added in, the percentage climbs to 98%. The preferred partners were other code
developers (25%), government labs (25%) and universities (22%). (See Table 2.)

Partners ISVs Selected as Potentially Most Useful, by Application

Number of Applications Percent of

Overall Responses

Partner Type for Which the Partner
Would Be Useful

gg\]/gocpoed ri o1 25.200
Government labs 60 24.8%
Universities 53 21.9%
Buyers 43 17.8%
Investors 25 10.3%
Total: 242 100%

TABLE 2 Source: IDC, 2005 Note: Multiple responses permitted.

Revenue for fundamental re-
writes is generally not available.
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“We need access to the newest
hardware platforms, to ma-
chines with 10,000 processors.”

In past studies, respondents have sometimes indicated resistance to the idea of
collaborating with the U.S. Government, believing that government collaborations
may impose unwanted conditions and requirements (“strings”). In sharp contrast
to this history, all 104 ISV respondents were open to the possibility of working
with the government, and 93 of them (89%) gave a definite yes. (See Figure 3.)

Willingness to Collaborate with U.S. Government, by Application

0.0% No
10.6% Maybe
89.4% Yes

FIGURE 3 Source:

“There needs to be stronger cooperation between HPC software, hardware and
code developers.”

“We’d also need more field research and input from user community.”

“We need long term access to large systems with 10,000 plus processors, and we
can’t afford them.”

“We need access to the newest hardware platforms, to machines with 10,000
processors.”

“We need technical expertise and access to more experts in our field.”
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