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Hot Chips and the Incomplete
Job of Exploiting Them

ERIK R. ALTMAN
Thomas J. Watson Research Center

.......Welcome to the March/April

issue of IEEE Micro. As has been the

case for decades, we devote this

issue to a set of articles describing

the top presentations from the most

recent Hot Chips conference. Hot

Chips continues to introduce many

exciting and novel chips, making the

task of selecting papers for this issue

both a challenge and a feast of riches.

Guest Editors Christos Kozyrakis and

Rumi Zahir have done an excellent job

of recruiting and selecting papers, and

I hope that you will enjoy them and

learn a lot.

Beyond chips, people often talk

about better integrating the software-

hardware stack so as to realize per-

formance, efficiency, and energy

improvements. Indeed, such ideas

have been bandied about for decades,

and there are a few successes to

show for it, such as RISC-era and resul-

tant closer coupling of compiler and

architecture, eventually even for non-

RISC architectures. There have been

attempts at other cross-stack optimiza-

tions, such as network processors

and the TCP/IP stack or GPUs and the

various languages and APIs—such as

OpenGL, CUDA, and OpenCL—that

have been developed for their efficient

exploitation.

Another example is IBM’s Netezza

appliance and its optimization of hard-

ware (disk and FPGA) and software

for data warehousing. However, as the

latter two examples suggest, successes

seem to rely more on specialized and

deep knowledge of the software appli-

cation and the hardware than on more

general principles that could be broadly

applied.

Why are such general principles so

hard to develop and deploy? Obvious

and much-remarked culprits are modu-

larity and isolation, including the con-

cept of instruction-set architecture

(ISA). While these concepts are good

for portability of code, speeding devel-

opment, enhancing security, and provid-

ing flexible mix-and-match components,

they make it difficult to customize

specific combinations of hardware and

software to improve performance.

A decade ago, managed runtimes,

such as the JVM (Java Virtual Ma-

chine), were seen as playing a major

role to solve these problems. Such

runtimes can see the entire software

stack and its dynamic deployment.

They can also transparently generate

optimized code for specific underlying

microarchitectures and ISAs, yielding

the proverb, ‘‘write once, run any-

where.’’ This slogan has been achieved

in significant measure for functionality—

but not for performance. Deep call

stacks, huge code volumes, and

complex intermixings yield a large

and exponential set of code paths, and

consequently an intractable problem for

automatic analyses to determine optimi-

zations across an entire stack: too

much memory and too much time are

needed.

The problem only grows harder as

more concurrency is added, and harder

still as system variations accrue: from

cache and memory hierarchies to

SSD to storage topology to network

topology. At the automated-analyses

level (for example, at the compiler or

JVM), the values for many of these

quantities are unknown and thus

intractable.

Given this situation, what can we

do as microarchitects? Some beginning

steps might involve standardization

akin to the introduction of ISAs—that

is, broaden, standardize, and harden

the set of information provided to

others, from performance counters, to

sampling of the processor/thread

state to code line numbers, function

names, and module names. Such infor-

mation exists in bits and pieces but

generally is not portable across genera-

tions of hardware and software, so it is

used only sporadically, not generally.

We might also reconcile ourselves to

walking before we run, and more specif-

ically to providing information in a seam-

less and easy way to experts so that

they can understand problems and

tweak code and system parameters

and microarchitecture. As happened his-

torically with compiler optimizations, the

best of the resulting approaches can

then be regularized and codified into au-

tomatic transformations.
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Deeper changes may also be ap-

propriate. Traditional information and

techniques are almost entirely seman-

tics agnostic—that is, analysis and

transformation make no use of the

underlying function, and no distinction

is made between sorting and matrix

multiplication. The top n algorithms

might be named. Function calls could

then be tagged with the n algorithms

with which they are associated, or

they could be tagged with ‘‘other’’ if

none of the n algorithms apply. This

tagging information could then be

passed to the processor via the ISA

or otherwise. If such information were

tracked at the microarchitecture level,

then at any point in the code, auto-

matic tools, programmers, and perfor-

mance analysts could understand the

range of activities in progress and

catch inefficiencies, such as a set of

code that does a full sort after every

insert operation, instead of one sort

after a set of insert operations is

completed.

Other techniques are undoubtedly

possible as well, and I hope that

the microarchitecture community can

lead the way in providing standards and

information that will indeed let a broad

class of workloads be optimized across

the stack.

Happy reading!

Erik R. Altman

Editor in Chief

IEEE Micro

Erik R. Altman is the manager of the

Dynamic Optimization Group at the

Thomas J. Watson Research Center.

Contact him at ealtman@us.ibm.com.

[3B2-9] mmi2013020004.3d 14/3/013 12:7 Page 5

....................................................................

MARCH/APRIL 2013 5



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        36
        36
        36
        36
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12.002400
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


