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SPEC builds on previous collaborations"

•  The Los Alamos/Sandia Alliance for Computing at the 
Extreme Scale (ACES) 
§ ACES is deploying the Cielo Petascale capability 

platform for ASC 

•  The Oak Ridge/Sandia Institute for advanced 
Architectures and Algorithms (IAA) 
§  IAA led to an ASCR CS/math institute, early funding for 

co-design activities 

•  The Oak Ridge/Los Alamos Hybrid Multicore Consortium 
(HMC) 
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SPEC has been very been very active 
since its inception"

 
•  Initial meeting at SOS14 in March, 2010 
•  Weekly Tri-lab telecons 
•  Four way NDAs signed with 7 companies 
•  MOU signed by laboratory directors – November, 2010 

•  Co-directors are Jeff Nichols, Andy White and Sudip 
Dosanjh 

•  Numerous meetings with potential industry partners 
•  >30 meetings with computer companies (dozens of SPEC-

industry telecons as well) 
•  Defining a SPEC technology roadmap that will advance the HPC 

ecosystem 
•  SPEC co-design effort on climate modeling 
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Elements of SPECʼs Strategy"

•  Create viable Exascale industry partnerships that advance 
the HPC ecosystem 

•  Build a broad coalition of support 
•  Identify cross-cutting issues  and technologies (e.g., 

memory, silicon-photonics, programming models, file 
systems) 

•  Use competition to identify the best technical solutions 
•  Develop mechanisms to enable co-design (includes 

technical and IP considerations) 
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SPEC-industry discussion points include:"

•  Pre-Exascale systems must be representative of the Exascale systems 
•  Programming continuity (i.e., no revolutionary programming change 

between pre-Exascale and Exascale systems) 
•  Constraints 

§  1 EF 
•  Specify a performance goal for targeted DOE applications (e.g., an 

average with a minimum) 
§  Power must be <20 MW 
§  >64 PB of memory (may be multiple levels) 
§  Mean time between job interrupts on the order of a day 
§  System cost < $200M 
§  R&D cost < ?? 

•  Co-design methodology and IP 
•  Performance portability across different systems through a common 

programming model and architectural abstraction 
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A few technical observations from our 
discussions… 
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Intel News Release

Intel Unveils New Product Plans
for High-Performance Computing

Intel® Many Integrated Core Chips to Extend
Intel's Role in Accelerating Science and
Discovery

NEWS HIGHLIGHTS

The first product codenamed "Knights Corner" will
target Intel's 22nm process and use Moore's Law
to scale to more than 50 Intel cores.

Intel® Xeon® processors and Intel® Many
Integrated Core architecture-based products to
share common tools, software algorithms and
programming techniques.

Products build upon Intel's history of many-core
related research including Intel's "Larrabee"
program and Single-chip Cloud Computer.

The share of the TOP500 list that features Intel
processors grows to 408 systems, nearly 82
percent.

 
SANTA CLARA, Calif. and HAMBURG, Germany, May
31, 2010 - During the International Supercomputing
Conference (ISC), Intel Corporation announced plans
to deliver new products based on the Intel® Many
Integrated Core (MIC) architecture that will create
platforms running at trillions of calculations per
second, while also retaining the benefits of standard
Intel processors.

Targeting high-performance computing segments
such as exploration, scientific research and financial
or climate simulation, the first product, codenamed
"Knights Corner," will be made on Intel's 22-
nanometer manufacturing (nm) process – using
transistor structures as small as 22 billionths of a
meter – and will use Moore's Law to scale to more
than 50 Intel processing cores on a single chip. While
the vast majority of workloads will still run best on
award-winning Intel® Xeon® processors, Intel® MIC
architecture will help accelerate select highly parallel
applications.

Industry design and development kits codenamed
"Knights Ferry" are currently shipping to select
developers, and beginning in the second half of
2010, Intel will expand the program to deliver an
extensive range of developer tools for Intel MIC
architecture. Common Intel software tools and
optimization techniques between Intel MIC
architecture and Intel Xeon processors will support
diverse programming models that will place
unprecedented performance in the hands of
scientists, researchers and engineers, allowing them
to increase their pace of discovery and preserve their
existing software investments. The Intel® MIC
architecture is derived from several Intel projects,
including "Larrabee" and such Intel Labs research
projects as the Single-chip Cloud Computer.

"The CERN openlab team was able to migrate a
complex C++ parallel benchmark to the Intel MIC
software development platform in just a few days,"
said Sverre Jarp, CTO of CERN openlab. "The familiar
hardware programming model allowed us to get the
software running much faster than expected."

"Intel's Xeon processors, and now our new Intel®
Many Integrated Core architecture products, will
further push the boundaries of science and discovery
as Intel accelerates solutions to some of humanity's
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NVIDIA Announces "Project Denver" to Build Custom CPU Cores
Based on ARM Architecture, Targeting Personal Computers to
Supercomputers

Printer-friendly version

NVIDIA Licenses ARM Architecture to Build Next-Generation Processors That Add a CPU to the GPU 

LAS VEGAS, NV -- (Marketwire) -- 01/05/2011 -- CES 2011 -- NVIDIA announced today that it plans to build high-
performance ARM® based CPU cores, designed to support future products ranging from personal computers and
servers to workstations and supercomputers.

Known under the internal codename "Project Denver," this initiative features an NVIDIA® CPU running the ARM
instruction set, which will be fully integrated on the same chip as the NVIDIA GPU.

This new processor stems from a strategic partnership, also announced today, in which NVIDIA has obtained rights to
develop its own high performance CPU cores based on ARM's future processor architecture. In addition, NVIDIA
licensed ARM's current Cortex™-A15 processor for its future-generation Tegra® mobile processors.

"ARM is the fastest-growing CPU architecture in history," said Jen-Hsun Huang, president and chief executive officer
of NVIDIA. "This marks the beginning of the Internet Everywhere era, where every device provides instant access to
the Internet, using advanced CPU cores and rich operating systems. 

"ARM's pervasiveness and open business model make it the perfect architecture for this new era. With Project
Denver, we are designing a high-performing ARM CPU core in combination with our massively parallel GPU cores to
create a new class of processor," he said.

Warren East, ARM chief executive officer said, "NVIDIA is a key partner for ARM and this announcement shows the
potential that partnership enables. With this architecture license, NVIDIA will be at the forefront of next generation
SoC design, enabling the Internet Everywhere era to become a reality."

About NVIDIA
NVIDIA (NASDAQ: NVDA) awakened the world to the power of computer graphics when it invented the GPU in 1999.
Since then, it has consistently set new standards in visual computing with breathtaking, interactive graphics available
on devices ranging from tablets and portable media players to notebooks and workstations. NVIDIA's expertise in
programmable GPUs has led to breakthroughs in parallel processing which make supercomputing inexpensive and
widely accessible. The Company holds more than 1,600 patents worldwide, including ones covering designs and
insights that are essential to modern computing. For more information, see www.nvidia.com.

Certain statements in this press release including, but not limited to statements as to: NVIDIA's plans, efforts and
initiatives; the Internet Everywhere era; the effect and impact of the partnership between NVIDIA and ARM; the
impact that the ARM architecture license to NVIDIA will have on NVIDIA and the Internet Everywhere era; and the
effects of the company's patents on modern computing are forward-looking statements that are subject to risks and
uncertainties that could cause results to be materially different than expectations. Important factors that could
cause actual results to differ materially include: a change in NVIDIA's plans, efforts and initiatives; any termination
of the license agreement between ARM and NVIDIA; global economic conditions; our reliance on third parties to
manufacture, assemble, package and test our products; the impact of technological development and competition;
development of faster or more efficient technology; design, manufacturing or software defects; changes in consumer
preferences or demands; changes in industry standards and interfaces; unexpected loss of performance of our
products or technologies when integrated into systems; as well as other factors detailed from time to time in the
reports NVIDIA files with the Securities and Exchange Commission, or SEC, including its Form 10-Q for the fiscal
period ended October 31, 2010. Copies of reports filed with the SEC are posted on the company's website and are
available from NVIDIA without charge. These forward-looking statements are not guarantees of future performance
and speak only as of the date hereof, and, except as required by law, NVIDIA disclaims any obligation to update
these forward-looking statements to reflect future events or circumstances.

© 2011 NVIDIA Corporation. All rights reserved. NVIDIA, the NVIDIA logo, and Tegra are trademarks and/or registered
trademarks of NVIDIA Corporation in the U.S. and/or other countries. Other company and product names may be
trademarks of the respective companies with which they are associated. Features, pricing, availability, and
specifications are subject to change without notice. 

ARM, AMBA and ARM Powered are registered trademarks of ARM Limited. Cortex, MPCore and Mali are trademarks of
ARM Limited. All other brands or product names are the property of their respective holders. "ARM" is used to
represent ARM Holdings plc; its operating company ARM Limited; and the regional subsidiaries ARM Inc.; ARM KK;
ARM Korea Limited.; ARM Taiwan Limited; ARM France SAS; ARM Consulting (Shanghai) Co. Ltd.; ARM Germany GmbH;
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Heterogeneous multicore nodes are 
in our future 
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Later this decade  
a 10 TF Node might be:"

•  CPU cores -- 10 
•  GPU 

§  Cores – 1000 
§  Threads – 100/core 

•  Fast integrated memory 
§  Capacity – 100GB 
§  Bandwidth – 1-2 TB/s 

•  DRAM 
§  Capacity – 300 GB 
§  Bandwidth – 100 GB/s 

•  Interconnect 
§  ~100 GB/s 

•  Applications will need to manage locality and parallelism to achieve any 
reasonable level of performance 

•  Not clear if mobile devices will require dependability (correctness and 
reliability) 
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Performance Projections - 20MW  

Heavyweight Lightweight Heterogeneous 

Meeting the 20 MW power goal will be a 
challenge"

45nm 24nm 15nm 9nm 
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We need to reduce the pJs required to move a 
bit and applications will need to manage 

locality"
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Memory dominated now 
FLOPS can be overprovisioned"

•  Most of DOE’s Applications (e.g., climate, fusion, shock physics, …) 
spend most of their instructions accessing memory or doing integer 
computations, not floating point 

•  Additionally, most integer computations are computing memory Addresses 
•  Advanced development efforts are focused on accelerating memory 

subsystem performance for both scientific and informatics applications 



Science Partnership for 
Extreme-scale Computing 

Execution 
Model 

High level 
microprocessor 

and memory 
design 

Microprocessor 
and memory 

design 
System 

Architecture 
Software 

Architecture 

It is urgent to begin soon  
for co-design to have an impact 

~ 6 yrs 
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Determine the benefit of Xn architectural choices that 
 have a given cost (Si area, energy, R&D) 

We will need data to make decisions 
at key points in the design process 
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SPEC will work with industry partners, 
codesign teams and HQ to make decisions"

Application 1 Application 2 Application 3 Application 4 Application 5 Application 6 

14 

Is there a weighting? A minimum?"
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We have the potential to influence many 
elements of an Exascale system"

• Elements we might influence 
§ Cores/node, threads/core, scheduling width/thread 
§ Memory capacity and bandwidth 
§ Logic in memory subsystem (improve effective 

bandwidth) 
§  Interconnect performance 
§ Dependability 

• However, we must understand and leverage industry 
roadmaps 


