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DESIREDFUNCTIONALITY

o Fast2D GraphicalUserInterface(GUI)

o Digital videodecompressionsupport

o Efficient 3D graphics
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PROJECTSTRATEGY

o Cost/performanceoptimizationthroughtheuseof

system-leveldesign(CPUhardware/Graphicshardware

trade-offs)

o Performanceoptimizationby pushingthelimits of available

technology

o Costoptimizationthroughtheuseofahigh level of

integration
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COST/PERFORMANCE
OPTIMIZATION

(CPU/GraphicsTrade-otts)

1. Canthefunctionbeperformedmoreefficiently in theCPU?

2. Is theCPUenhancementinexpensive?

3. Is thereasignificant p'erformanceadvantageby puttingthe
function in theCPU?
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GUIFEATURES

CPU(Hummingbird):

o Fastmemory-+ graphicspath(blockcopyto I/O space)

o Fastregister-+ graphicspath(pipelinedI/O store)

Qraphics(Artist):

o Vector,rectangle,FB BitBlt, text, cursorHW

oBit/pixel FB accessmode,VRAM blockwrite

o Booleanrasteroperations

o Two look-uptables
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DIGITAL VIDEO DECOMPRESSION
FEATURES

CPU (Hummingbird):

o Specialimageprocessinginstructions

o Fastregister--+ graphicspath

Qrgp.hics(Artist}:

o Colorspaceconversionhardware

o Colorcompressioninto theframebuffer
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IMAGE DECOMPRESSIONPIPELINE
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COLORCOMPRESSION/
DECOMPRESSIONQUALITY

24 planes 8 planesdithered
8 planeswith

ColorCompression
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3D GRAPHICSFEATURES

CPU(Hummingbird):

o Transformations,clipping (polygonsandvectors)

o Lighting, Z buffering,pixel color interpolation(polygons)

Qrnphics(Artist):

o Vectorrasterizerhardware

o Colorcompressioninto theframebuffer
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4.1.6

MAXIMIZING PERFORMANCE

o Fasthyperpagemode:37.5nsec

o Utilizing advancedVRAM features

o Pixel blockwrite speed:850MPixels/sec(constant-color)
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GRAPHICSSYSTEMPERFORMANCE

Largerectanglefill (pixels/sec) 850M

Vectors/sec(10-pixelrandom) 2.1 M

lOx 10rectangles/sec 1.7M

Text (6 X 13 characters/sec) 1M

FB Bit BLT (unalignedpixls) 47M
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COLORCOMPRESSION/
DECOMPRESSIONQUALITY

24 planes 8 planesdithered
8 planeswith

ColorCompression
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3D GRAPHICSFEATURES

CPU(Hummingbird):

o Transformations,clipping (polygonsandvectors)

o Lighting, Z buffering,pixel color interpolation(polygons)

.Qraphics(Artist):

o Vectorrasterizerhardware

o Colorcompressioninto theframebuffer
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4.1.6

MAXIMIZING PERFORMANCE

o Fasthyperpagemode:37.5nsec

o Utilizing advancedVRAM features

o Pixel blockwrite speed:850MPixels/sec(constant-color)
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GRAPHICSSYSTEMPERFORMANCE

Largerectanglefill (pixels/sec) 850M

Vectors/sec(10-pixelrandom) 2.1 M

lOx 10rectangles/sec 1.7M

Text (6 X 13 characters/sec) 1M

FB Bit BLT (unalignedpix/s) 47M
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•
HIGH LEVELS OF INTEGRATION

o Built-in DAC connectsdirectly to a monitor

o Built-in programmablePLL eliminatesa crystalandallows

flexibility to changeresolutions

o JTAG port andmultiple internalsignaturegenerators

o Mixed custom/standardcell design
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ARTIST FACTS
Numberof Transistors 525,000
Equivalentgates 313,000

(108,000without RAM)
Die size(Stepsize) 9.7 X 12.1mm
Package 208-pinmetalOFp,or

240MQFPwith flat panelout

Metal layers 3 (aluminum)

Leff 0.61 ｾｭ (nFETs)
0.66 ｾｭ (pFETs)

Frequencyof operation. 40 - 80 MHz (GUI/RAM ctl)
25 - 135MHz (videocontrol)

Power 3.5W (worstcase)
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ARTIST DIE PHOTOGRAPH
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SUMMARY

By usinga system-leveldesignapproachand high levels of in-
tegration,a powerful yet inexpensiveworkstationgraphicssys-
tem hasbeenbuilt. This systemaccelerates2D aUI functions,
digital imagedecompression,and3D graphics.
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