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Off-line to on-line to real-time …

[Courtesy of Crow/Hanrahan/Akeley]
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[Courtesy of Naga Govindaraju]

GPU

CPU

Motivation: Computational Power

GPU
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Semiconductor Scaling Rates
From Digital Systems Engineering, WJ Dally and JW Poulton

31.28Aggregate off-chip bandwidth

101.07DRAM latency [courtesy Junji Ogawa]

71.11750Pins per package

1.31.71Capability (grids / gate delay)

(5)0.87150 psGate Delay

1.751.491 BMoore’s Law (grids on a die)**

Years to Double 
(Half)

Yearly 
Factor

Current 
ValueParameter

** Ignores multi-layer metal, 8 layers in 2001
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Hardware Considerations
“Memory wall”

Caching and recomputation vs. communication
Continued migration of functionality onto GPU

Higher-level graphics functionality
Physics & simulation
GPGPU?

Size of design teams
Intel design teams increase in size 40% / generation
Validation for increasingly complex designs

Power …
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[Courtesy Bob Colwell]

Power Considerations
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Architecture/Microarchitecture
Current programming model:

MIMD or SIMD for vertex processing?
SIMD for fragment processing?

Can we share units between the stages?
To what will the instruction sets converge?
Are these the only stages that will be 
programmable?
How will the CPU interact with the GPU?
How can we extend to multiple GPUs and 
multiple CPUs?
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Generalized Graphics Pipeline?
Application

Command

Per-Surface

Tessellation

Per-Vertex

Primitive Assembly

Per-Primitive

Rasterization

Per-Fragment

Image Composition?

Per-Pixel

Display

Per-
Texel

Texture 
Memory

Pixel 
Ops

Object Space

Image Space

Texture Spaces

FB

[From Akeley and Hanrahan, Real-Time Graphics Architectures]
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Future GPUs?
Programmable stages 
operate on primitives 
(“process”)

Fragment, vertex programs
Hardwired or 
programmable stages 
“convert” one kind of 
primitive to another

Rasterization, composite
Could define own pipelines!

Reyes, raytracing …

Process

StreamStream
of Yof Y

Stream of XStream of X

Convert
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GPGPU Algorithms
Much to be done!

New/optimized stream algorithms
New features of graphics hardware

Move from kernels to applications
Scientific computation
Simulation (game physics?) + visualization
What will be first “killer app” on GPUs?

Ask for new features …
… but don’t lose what gives the GPU high 
performance
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Tools and Programming Models
CPU programmers have it easy!

Straightforward programming model
Many languages
Great compilers
Debuggers
Profiling and performance tools
Multi-CPU libraries and applications

GPU: Long way to go
Vendors working hard to provide these (but targeted primarily at
games)
Active academic research

Brook is a great start, but domain specific languages and 
other design philosophies are needed
People who need these tools should help design them!
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What should we map to GPUs?
Problems with high compute requirements
Problems with regular structure
Problems with predictable communication needs
Problems that require interaction with the graphics 
system

Other domains: biology, statistics, chemistry, finance …

Enormous opportunity at frontiers of applications, 
software, and hardware!
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For more information …
Course web page: 
http://www.gpgpu.org/vis2004/
GPGPU home: http://www.gpgpu.org/ 
• Mark Harris, UNC/NVIDIA
• Research, forums, developer

tools, …
GPU Gems (Addison-Wesley)
• Vol 1: 2004; Vol 2: 2005

Conferences: Siggraph, Graphics Hardware, 
GP2

• Course notes: Siggraph ‘04, IEEE Visualization ‘04



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


