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A Note on Scope and Report History 

This report concentrates on so-called “classical computing” systems made up of commercial, off 
the shelf (COTS) machines, as this technology continues to underpin the bulk of present 
technical supercomputing used for large-scale scientific and industrial investigations. While 
other important growing trends, such as big data analytics, cloud, social networks, and mobile 
computing, are potential technical and societal game-changers of the future, those topics are 
beyond the scope of this report. 

In order to compile this assessment, an interagency working group formed and conducted two 
months of research, holding weekly teleconferences to agree upon content, length, and focus. 
The working group was composed of a mix of Intelligence Community country area and science 
and technology analysts, High Performance Computing (HPC) technical subject matter experts, 
and national security and defense leaders.   

The working group subsequently sponsored a three-day summit in early April 2012, with both 
unclassified and classified sessions, to review the state of HPC and technical supercomputing in 
the United States and the rest of the world, and to formulate recommendations for the report. The 
summit included US Government and HPC industry representatives. Their collective analysis 
and input is reflected in this assessment.   
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Executive Summary 

Currently, the United States is the world leader in high performance computing (HPC), as 
measured by the size and diversity of its advanced computing human and technical resources. 
This leadership position is longstanding and responsible for introducing many of the most 
significant innovations in the development and use of HPC systems and applications codes. The 
United States’ preeminent role in HPC use and innovation is and will increasingly be challenged 
by an array of domestic and international forces that are collectively reshaping the landscape of 
advanced computing.    

In an information technology-driven world, HPC and its component technologies are the 
lynchpin for modern national security and economic competitiveness. Acquiring and developing 
advanced computing capabilities is essential for the complex war-fighting systems and 
sophisticated industrial base from which we can compete globally. Innovation and sustainment in 
HPC has long depended on interactions among human and technical resources and the dynamics 
among public and private stakeholders. The unfolding of a global HPC environment is ushering 
in an era in which all major US-based HPC companies must now also focus on growing their 
foreign markets and competing with HPC aspirant countries, which often employ a different mix 
of incentives and investments toward future HPC innovation.   

The United States leads over all other countries in HPC by many measures, such as the number 
and diversity of key application codes, installed computing platforms, and a trained workforce to 
both deliver and use these computing systems. The United States is at risk of losing its leading 
position in HPC use and innovation and having its advanced computing intellectual capital and 
corporate knowledge move offshore. Such losses will hinder the United States ability to lead 
technological innovation in the information technology arena, and possibly allow other countries 
to deny the United States access to the top-end components needed to build the world-class HPC 
systems on which it now relies.  

Beyond technical considerations knowledge, skill, and talent are critical enablers for advanced 
computing use and innovation. Human Resources in Science and Technology (HRS&T) is a 
measure of the talent pool available to undertake the use and application of advanced computing 
and other technologies. Historically the United States has been a leader in the training and 
sustainment of a strong and dynamic HRS&T talent pool in HPC use and application. This 
critical enabler toward HPC leadership is presently declining. A significant portion of the current 
US HPC workforce will be retiring over the next decade. At the same time, the United States’ 
ability to train and attract top scientific and engineering talent from around the world is waning, 
along with declines in domestic science, technology, engineering, and mathematics (STEM) 
educational performance. The United States still possesses a key advantage over other countries 
in the cultivation of innovative ‘out-of-the-box’ thinking and entrepreneurship within its higher 
education system. 
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In order to retain US leadership and US knowledge of how to most effectively apply HPC, we 
make the following observations and recommendations: 
 

• To remain the world’s HPC leader, educating the next generation of American HRS&T to 
develop, use, and innovate by and through advanced computing resources is essential.   

• Long-term partnerships with HPC component and system providers is needed in order to 
meet highly demanding national computational requirements and to ensure a robust and 
financially sound US HPC sector. 

• The United States relies on HPC to maintain its nuclear stockpile and a growing array of 
advanced conventional weapons systems. HPC systems and their uses have become 
mainstream across all facets of the United States advanced industrial sector. HPC 
provides the basis from which many of tomorrow’s most profound scientific 
breakthroughs will arise.  

• Foreign and domestic forces are reshaping a global HPC environment in which various 
countries are jockeying for HPC leadership as US Government investments in advanced 
computing decline.   

• Current and emerging capabilities in HPC and the economic and national security impact 
of those capabilities are difficult to estimate. They depend on complex interactions 
among human and technical resources as well as with the larger global HPC environment.  

• The next generation of supercomputing system at the exascale level, if it is to be 
effectively applied, involves probable revolutionary changes in power management and 
memory utilization that are beyond the grasp of a simple scaling up of today’s 
capabilities.   

Additional findings and recommendations are contained in the conclusion to this report.  

Several nations are focused on building exascale systems. The United States possesses enough 
knowledge to attain exascale-capable machines by 2018.  However, constructing a usable 
machine at this scale and being able to push to systems beyond exascale requires significant 
investment. Technological constraints are an additional challenge. The rise of China as a country 
aspiring to a leadership position in HPC use and innovation is indicative of the changing global 
HPC environment confronting US HPC stakeholders in which the pursuit of exascale will unfold.   
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billion FLOPS) may be reached by 2018. At such exascale speeds, computing levels will be 
approximately 1,000 times more powerful than any HPC that exists today. Technical constraints 
towards realizing such processing capabilities are significant and will be discussed later.  

The Emergence of a Globalized HPC Environment  

One central theme of HPC development that has emerged dramatically over the past decade is 
the ease with which any country, firm, or research facility can assemble and run an HPC center.  
HPC technology is widely available through COTS procurements and open-source codes that 
virtually any organization can obtain. Innovation in contemporary HPC commodity parts is now 
largely driven by worldwide public demand for faster, smaller, and more accessible electronics 
such as laptops, smart phones, tablets, and gaming systems. In response to this demand, private 
sector innovation has yielded dramatic improvements in computer processor speeds, memory 
speed and size, packaging, and software.  
 
In a global HPC environment performance rankings are often championed by individual country 
achievements, such as obtaining a place in the widely circulated Top500 rankings. Yet other 
important contributing elements such as supply chain flow, component manufacture, and 
commerce have few or no international boundaries. Most western HPC companies produce their 
components in aspiring HPC nations, especially in Asia, which are keen to begin producing their 
own indigenous HPCs and software while developing domestic expertise and technology. 
Increasingly, within any single nation, HPCs are not viewed nor used as a single stand-alone 
resource but instead are being integrated into a larger advanced computing infrastructure that 
includes a dedicated national high-speed network that shares HPC capability across a wide range 
of research groups, or with similar smaller and cheaper grid or cloud environments. 
 
Figure II. Top 10 Systems and Highest Rank by Country in the Top500 List, 14 June 2012: 

 

Despite the prominence of the Top500 list, estimating current and future HPC capabilities and 
trends is complex and transcends a simple measure of the peak FLOPS performance of any one 
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In the government-sponsored basic and applied science arenas, the National Oceanic and 
Atmospheric Administration (NOAA) uses HPC to build environmental and climate models. The 

 the biology and life science 

ent fuel storage. High fidelity calculations with 

HPC is used on a global basis for many of the same applications as in the United States, 
ther leader countries as defined in this assessment. The following provides a 

500 list 

ota’s use of HPC to 

sorts 

National Air and Space Administration (NASA) is a significant user of HPC for spacecraft 
design and aerodynamic modeling, supernova explosion modeling, and studying the creation of 
the early universe and galaxy formation. The National Science Foundation (NSF) sponsors a 
great deal of academic HPC–based research in the United States.   

HPC has evolved into a “third leg of science,” in addition to theory and experimentation, and is 
integral to leading edge research in all other scientific fields. In
fields, which have grown exponentially in the last couple of decades, genome research, DNA 
sequencing, and anti-virus capabilities exploration are all big data problems that benefit 
tremendously from large HPC resources.  

In the energy sector, detailed modeling of nuclear reactions is critical to the safety and design of 
modern nuclear power plants and sp
computational models, such as Monte Carlo Neutral Particle (MCNP), require significant 
computer memory and calculation speed. With the cost of developing a nuclear power plant 
increasing, using HPC brings significant cost savings.  

Other Nations 

particularly by o
survey of HPC current and future use in various leading, aspirant, and outlier countries.   
 
Japan has long been a leader in HPC use and innovation. While the Japanese HPC market was hit 
hard in 2008 by the global recession, Japan was until recently number one on the Top
with its RIKEN-Fujitsu K supercomputer. Currently natural disaster prevention and 
environmental and life science technologies have arguably the most influence on Japanese HPC 
usage, notably in the wake of the massive 2011 tsunami and earthquake. K is also being 
employed by Japanese academic and government users for drug manufacturing, materials 
science, energy efficiency studies, astronomical studies, and other areas.  
 
As with other leading HPC nations, Japan uses HPC for numerous industrial applications. 
Examples include automobile manufacturing applications such as Toy
support vehicle shape optimization to reduce 
aerodynamic drag and improve gas mileage.   

The European Union uses HPC for automotive 
industry simulation and modeling and for other 
applications used by HPC leader nations. 
Likewise, European countries use HPC for all 
of scientific research similar to that noted in the 
United States and Japan. Europe is a world HPC 
lead user in weather and climate research, 
biosciences, and physics to industrial applications 
such as automotive and aerospace design 
engineering.  

“It still needs another decade before China-
made chips meet the needs of the domestic 
market. Hopefully after two decades, we will be 
able to sell out China-made CPUs to the US just 
like we are selling clothes and shoes.”  

‐ Hu Weiwu, Chief Designer of the 
Godson microprocessor series, March 
5, 2011, addressing the Chinese 
National People’s Conference.  
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III. Estimates of the Current and Future Effects of HPC on Economic Growth and 
National Security  

Adv nges 
that ent, 
leaders w n their cutting-edge positions in HPC innovation, utilization, and 

gh technology. US vendors currently enjoy leadership in the majority of 
this market, but the rise of aspirants and diminished US Government support may erode US 

l weapons capabilities. The nuclear weapons stockpile stewardship 
mission remains a national security driver for advancement in HPC. Moving toward predictive 

through simulations, observations, or 
experiments 

ernment national security driver for HPC advancement is cyber defense. As 
niques to mask malicious cyber activities, the use 

of HPC in cyber defense applications will become critical. 

n world economy. US capabilities in 
PC have helped to retain American industrial leadership in some key competitive industries. In 

anced computing capabilities continue to generate profound and often unanticipated cha
 span the modern economic and national security spheres. In a global HPC environm

ill strive to maintai
market share, HPC aspirants will continue to benefit from a global HPC environment and 
potentially leapfrog and gain market share while striving to develop indigenous capabilities. 
Outliers will likely remain fast followers of HPC technologies, leveraging computational 
resources where possible, often with a narrow military and defense focus. Overall, worldwide 
HPC advances at the high-end of manufacturing will likely continue to yield enormous benefits 
to those societies best able to leverage them and maximize the use of those applications in their 
industrial processes.     

The advanced computing and HPC enabling sub-component sector is a growing segment of 
international trade in hi

market leadership over time. For example, the Japanese plan to promote the use of the K 
supercomputer for resource development in the medical technology field to win 200B Yen worth 
of international orders.   

In the national security arena, the United States relies on supercomputing for its most advanced 
nuclear and conventiona

capability provides the confidence required to replace aging components in nuclear weapons, 
ensuring the safety, security, and reliability of the nuclear deterrent without the need for 
underground testing. HPC advancement to useable exascale capabilities is critically important to 
provide researchers and engineers an understanding of: 

• Multiphysics of complicated systems under extreme conditions  
• Massive amounts of data generated either 

• Simulations for multiscale phenomena 

Another key US Gov
US adversaries move to more sophisticated tech

 
HPC applications have become a ubiquitous force in the financial, manufacturing, and 
biomedical sectors among other components of the moder
H
aerospace, for instance, Boeing successfully applied high-end computational fluid dynamics 
(CFD) simulations to the design of the 787. By integrating wind tunnel experimentation with 
computer simulation, the company was able to realize greatly reduced design-cycle time and 
increased data fidelity in early development phases. The illustrations on the next page compare 
HPC applications between Boeing’s 787 and previous generations of aircraft, showing a vast 
increase in the use of HPC. 
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igure IV: Boeing’s Use of HPC 
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While the United States remains clearly the largest investor in HPC- nolo
systems, an analysis of international trends in such investment indicates that US investment 
levels are s r de  co e rest of the world nve

a e go to e  to
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The level of current and planned funding a country is devoting to HPC use and innovation is a 
ready indicator for that country’s potential leadership in the global advanced computing 
environment.  

 
Figure VII: 2011 Investment by Country
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pability of scientific computing coupled with advances in 
computer modeling and sim rld in the commercial 
and de ce, efficiency, manufacturing 

ollowing 
recomm

might capture intellectual property rights and possibly control global HPC R&D, patents, and 
supply chains.  
 
The growing global availability and ca

ulation are creating opportunities around the wo
fense sectors for substantial gains in end-use performan

costs, and product turn-around time. To retain dominance in HPC, we make the f
endations for the US drive toward exascale and beyond:  

As a nation, the United States has pioneered the greatest uses and innovations in advanced 
computing, making it the current world leader in this field. Domestic and international forces 
have developed that will challenge the United States flagship role in HPC uses and innovation.  

 
UNCLASSIFIED//FOR OFFICIAL USE ONLY 

(b)(3), (b)(5)

Approved for release by ODNI on 11/28/2023 
FOIA case DF-2023-00287



UNCLASSIFIED//FOR OFFICIAL USE ONLY 

 

22 
 

UNCLASSIFIED//FOR OFFICIAL USE ONLY 

benefit from the opportunities arising from a new global HPC environment. US 
fforts are needed to ensure we do not lose our technological, economic, and competitive edge in 

 

 

China and other countries are employing complex mixes of public and private HPC R&D 
funding as they 
e
HPC. The United States should advance HPC technologies addressing both human and technical 
factors in order to maintain its leadership in advanced computing. 
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