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Brawny vs. Wimpy Cores

FAWN: A Fast Array
Df Wimpy Nodes

arwi ndersan, Jasan Frankdin, Michas] Kaminsky, Armar Phami shayee, Lawre

Abswact

This paper presenis a st oy of winepy modes —FAWH—

an approadh for achicving low power data-intensive data

cenmter omiputing. FAWN couples bw-poser proossars

o smeall st umis o f local Hash sorage, balinging conspa-

tation and 10 cupabilities. FAWN optindses for per node .

enagy effciency to emable effidet, massivwly parallel he: poveeT TeguiTed r|-r

ataess o data. hat still the s
The key coniributins of this paper are the principles of

the FAWN approach and the deign and impl ensentation of

FAWN-KV—a conslstent, replicaied, highly avadlable, and

high-performeance key-value siorape sysiem builon o FAVN

Prointype. Dur design ceniers ammad purely bog- stoacmned

datasares that provide the basis for high perfomuance on

flash siorage, as wel ax for replication and conssency

ohimined using chain replication on a consstant hashing

ring. D evaluaton densons trates that FAWN chstes can

handle roughly 350 keywlue gueries per foule of enagy—

v and s o f g mde neore than a disk-based system. L rdaya FAWH n

Slower but energy efficient “wimpy” cores only win for general workloads if andh
their single-core speed is reasonably close to that of mid-range “brawny” LNTRODUCTION | =
cores. le dat-inensive ap

t Google, we've been long-term proponents of multicore architectures and thre
computing. In warehouse-scale ems! throughput is more important than single-threaded peak
performance, because no single processor can handle the full workload. In addition, maximizing single-
threaded performance ts power through larger die areas (for example, for larger reorder buﬂer
branch predictors) and higher clock frequencies. Multicore 'uchlleutmes ar

tems because they provide 'unplt parallelism in the request stream

over petabyte data sets.
\Nc L.]ﬂ.f\f\]t'\' multi ms as brawny vstems, whose single-core performance is fairly high, or

ore performance is low. The latter are more power efficient. Typically, . tional disk . - | s we andy a fully in-ander iraversal
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Leadership Building Blocks for Micro Servers

2010 2011 2012 2013
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First “Centerton” live demo
with sub-9W power / node:

Intel® Centerton Micro Server
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1 Node consists of Centerton SoC, 4GB memory, SATA controller, GbE controller, VRs & BMC
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Legal Disclaimer

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL® PRODUCTS. NO LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS

GRANTED BY THIS DOCUMENT. EXCEPT AS PROVIDED IN INTEL'S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, INTEL ASSUMES NO LIABILITY WHATSOEVER, AND INTEL DISCLAIMS ANY EXPRESS OR

IMPLIED WARRANTY, RELATING TO SALE AND/OR USE OF INTEL® PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT

OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT. INTEL PRODUCTS ARE NOT INTENDED FOR USE IN MEDICAL, LIFE SAVING, OR LIFE SUSTAINING APPLICATIONS.

Intel may make changes to specifications and product descriptions at any time, without notice.

All products, dates, and figures specified are preliminary based on current expectations, and are subject to change without notice.

Intel, processors, chipsets, and desktop boards may contain design defects or errors known as errata, which may cause the product to deviate from published specifications. Current characterized errata are

available on request.

Any code names featured are used internally within Intel to identify products that are in development and not yet publicly announced for release. Customers, licensees and other third parties are not authorized by

Intel to use code names in advertising, promotion or marketing of any product or services and any such use of Intel’s internal code names is at the sole risk of the user.

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific

computer systems, components, software, operations and functions. Any change to any of those factors may cause the results to vary. You should consult other information and performance tests to assist you

in fully evaluating your contemplated purchases, including the performance of that product when combined with other products. For more information go to

Intel, Intel Inside, the Intel logo, Centrino, Centrino Inside, Intel Core, Intel Atom and Pentium are trademarks of Intel Corporation in the United States and other countries.

Material in this presentation is intended as product positioning and not approved end user messaging.

This document contains information on products in the design phase of development.

Intel processor numbers are not a measure of performance. Processor numbers differentiate features within each processor family, not across different processor families. Click for details

Hyper-Threading Technology requires a computer system with a processor supporting HT Technology and an HT Technology-enabled chipset, BIOS and operating system. Performance will vary depending on the specific hardware
and software you use. For more information including details on which processors support HT Technology, see

Intel® Turbo Boost Technology requires a PC with a processor with Intel Turbo Boost Technology capability. Intel Turbo Boost Technology performance varies depending on hardware, software and overall system
configuration. Check with your PC manufacturer on whether your system delivers Intel Turbo Boost Technology. For more information, see .

No computer system can provide absolute security under all conditions. Intel® Trusted Execution Technology (Intel® TXT) requires a computer system with Intel® Virtualization Technology, an Intel TXT-enabled processor, chipset,
BIOS, authenticated Code Modules and an Intel TXT-compatible measured launched environment (MLE). The MLE could consist of a virtual machine monitor, an OS or an application. In addition, Intel TXT requires the system to
contain a TPM v1.2,as defined by the Trusted Computing Group and specific software for some uses. For more information, see

The original equipment manufacturer must provide TPM functionality, which requires a TPM-supported BIOS. TPM functionality must be initialized and may not be available in all countries.

Roadmap not reflective of exact launch granularity and timing - please refer to ILU guidance

Intel® Virtualization Technology requires a computer system with an enabled Intel® processor, BIOS, virtual machine monitor (VMM). Functionality, performance or other benefits will vary depending on hardware and software
configurations. Software applications may not be compatible with all operating systems. Consult your PC manufacturer. For more information, visit

Intel® AES-NI requires a computer system with an AES-NI enabled processor, as well as non-Intel software to execute the instructions in the correct sequence. AES-NI is available on select Intel® processors. For availability, consult
Your reseller or system manufacturer. For more information, see

Intel product plans in this presentation do not constitute Intel plan of record product roadmaps. Please contact your Intel representative to obtain Intel’s current plan of record product roadmaps.

*Other names and brands may be claimed as the property of others. Copyright © 2012 Intel Corporation.
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http://www.intel.com/info/hyperthreading
http://www.intel.com/info/hyperthreading
http://www.intel.com/info/hyperthreading
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Legal Information: Performance

Performance tests and ratings are measured using specific computer systems and/or components and reflect the approximate performance of Intel products as measured
by those tests. Any difference in system hardware or software design or configuration may affect actual performance. Buyers should consult other sources of
information to evaluate the performance of systems or components they are considering purchasing. For more information on performance tests and on the performance
of Intel products, Go to: http://www.intel.com/performance/resources/benchmark_limitations.htm.

Intel does not control or audit the design or implementation of third party benchmarks or Web sites referenced in this document. Intel encourages all of its customers to
visit the referenced Web sites or others where similar performance benchmarks are reported and confirm whether the referenced benchmarks are accurate and reflect
performance of systems available for purchase.

Relative performance is calculated by assigning a baseline value of 1.0 to one benchmark result, and then dividing the actual benchmark result for the baseline platform
into each of the specific benchmark results of each of the other platforms, and assigning them a relative performance number that correlates with the performance
improvements reported.

SPEC, SPECint, SPECfp, SPECrate. SPECpower, SPECjAppServer, SPECjEnterprise, SPECjbb, SPECompM, SPECompL, and SPEC MPI are trademarks of the Standard
Performance Evaluation Corporation. See http://www.spec.org for more information.

TPC Benchmark is a trademark of the Transaction Processing Council. See http://www.tpc.org for more information.
SAP and SAP NetWeaver are the registered trademarks of SAP AG in Germany and in several other countries. See http://www.sap.com/benchmark for more information.

INFORMATION IN THIS DOCUMENT IS PROVIDED “AS IS”. NO LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS
GRANTED BY THIS DOCUMENT. INTEL ASSUMES NO LIABILITY WHATSOEVER AND INTEL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO THIS
INFORMATION INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT,
COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

Performance tests and ratings are measured using specific computer systems and/or components and reflect the approximate performance of Intel products as measured
by those tests. Any difference in system hardware or software design or configuration may affect actual performance. Buyers should consult other sources of information
to evaluate the performance of systems or components they are considering purchasing. For more information on performance tests and on the performance of Intel
products, reference www.intel.com/software/products.

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and
MobileMark, are measured using specific computer systems, components, software, operations and functions. Any change to any of those factors may cause the results to
vary. You should consult other information and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that
product when combined with other products.



