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DARK SILICON

......In the past decade, the semiconduc-
tor industry has encountered turbulent times
precipitated by a tectonic shift in processor
design metrics: before, we focused primarily
on frequency and area; now, we focus almost
exclusively on power and energy. This shift
has transformed our industry and the entire
digital design stack. It has determined the
features in our chip design tools, driven
new architectures for our transistors, made
obsolete entire circuit families, shrunk our
pipelines, and mutated our instruction sets
and programming models.

Although this arsenal of techniques has
dampened the power wall, only in the past
few years have we come to a widespread un-
derstanding of the source of these power
problems. As we advance toward the final
nodes of Moore’s law, we can now estimate
power’s inexorable impact on scaling, and
use it to moderate our expectations of the fu-
ture fruits of Moore’s law. This utilization
wall1 will force us to use only a small fraction
of available chip area at full frequency at any
one time. The remaining area that must re-
main unclocked, or underclocked, has become
known as ‘‘dark silicon.’’2 This utilization wall
is getting exponentially worse with each pro-
cess generation.

Although the utilization wall is indeed a
dark message for semiconductor scaling,
several researchers have started to examine
approaches that put dark silicon to work.
This is the focus of this special issue. We
briefly introduce each of the issue’s articles
below, and describe how each augments the
discourse in this important space. We
apologize in advance to the authors for
being less articulate than they in describing
their work.

In ‘‘A Landscape of the New Dark Silicon
Design Regime,’’ Michael B. Taylor surveys
the emerging dark silicon research area. His
article starts with a derivation of the utiliza-
tion wall, revisits the impact of dark silicon
on multicore, and describes what has become
known as the ‘‘four horsemen’’�four key
approaches that researchers are examining to
address the problems and opportunities pre-
sented by dark silicon. The four horsemen,
in order, are: first, shrinking chips to main-
tain high duty cycles; second, using dim op-
eration modes to explicitly manage the duty
cycles of a chip; third, exploiting specializa-
tion to reduce capacitance per function; and
fourth, making use of new, post-MOSFET
devices. All four options are entertained in
this issue. Beyond the four horsemen, the ar-
ticle presents several near-term evolutionary
design principles for dark silicon, and shows
how the human brain provides some fresh
ideas for more revolutionary approaches for
putting dark silicon to better use.

‘‘Utilizing Dark Silicon to Save Energy
with Computational Sprinting’’ by Arun
Raghavan et al. looks at dim silicon, the sec-
ond horseman. The authors propose to ex-
ploit the thermal capacitance of materials,
allowing chips to exceed their power budget
for brief bursts until the chip reaches its peak
operating on-chip temperatures. This allows
the chip to ‘‘sprint’’ ahead for latency-bound
tasks. Interestingly, they discovered that al-
though this approach burns more energy in
the short term, it can save energy in the
long term for ‘‘race-to-idle’’ computations.

Nathaniel Pinckney and his team from
the University of Michigan also examine
dim silicon. In ‘‘Limits of Parallelism and
Boosting in Dim Silicon,’’ they propose the
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use of more cores than could ordinarily be
powered at nominal voltages; instead, they re-
duce the voltages to levels near the threshold
voltage to reduce energy, and then paralleliza-
tion to recoup performance used by the low-
ered voltage. They examine the impact of
Amdahl overheads, including sublinear
speedups, leakage, and memory and intercon-
nect energy. They also examine the benefits
of boosted, higher-voltage operation that tar-
gets performance-limiting serial regions.

The fourth article, ‘‘Implications of the
Power Wall: Dim Cores and Reconfigurable
Logic,’’ examines the third horseman, spe-
cialization. Authors Liang Wang and Kevin
Skadron show approaches for modeling
trade-offs between the use of accelerators
and reconfigurable logic. Among the article’s
several contributions, they present a model
that suggests that, for workloads with ideal
parallelism and a collection of diverse tasks,
reconfigurable logic beats accelerators be-
cause the reconfigurable logic can be reused
across many tasks, offering a higher mean
speedup.

In the final article, ‘‘Steep-Slope Devices:
From Dark to Dim Silicon,’’ Karthik
Swaminathan et al. focus on the fourth
horseman, looking at the incorporation of
tunnel field-effect transistors (TFETs) into
the computational stack. TFETs are a
post-MOSFET device that enables sub-
threshold slopes below 60 mV/decade,
greatly reducing leakage. Although TFETs
offer reduced voltage and energy levels,
they do not provide as good performance
as MOSFETs at higher voltages. As a result,
the authors propose a heterogeneous multi-
core chip that includes both MOSFET-
and TFET-based cores.

A lthough silicon chips of the future are
getting darker, this new design regime

has created exciting times for researchers
and practitioners alike. We trust that you
will agree that these articles shine a bright

light on the possibilities for exploiting dark
silicon in the future. MICRO
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.............................................................

SEPTEMBER/OCTOBER 2013 7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


