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Leo Deign Goals

• Completesingleboardsubsystemsolutionfor
complex3D graphicsapplications:mechanicalCAD,
bioCAD, scientificvisualization,animation,
entertainment,andvirtual reality

• Accelerationof 3D Z-bufferedrenderingprimitives:
shadedtriangles,antialiasedvectorsanddots,depthcueing

• Accelerationfor XII Windowingoperations
• 1280xl02476Hzdisplay,doublebuffered24-bit

colorwith 24-bit Z-bufTer,8-bit overlay
• Full stereovideosupport
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Examplerendering:"Traffic Jamto PointReyes"
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( Data Input )

Transtonnation

• Generic Clip Test

Face Determination

graphics Lighting

pipeline
Clip (if needed)

Perspective Divide

SaeenSpace
Conversion

SetUp for
Inaemental Render

Edge-Walk

Span-Interpolate

Z-Buffered Blend

VRAM Frame Buffer

Double Buffered MUX
Output Lookup Table

Digital to Analog
Conversion
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Floating-point
Intensive Functions
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Drawing

Intensive Functions
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Transform
etc. Unit•••Transform

etc. Unit

Generic parallel graphics pipeline implementation
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Transform
etc. Unit

Frame Buffer Memory

Video Output
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Draw Draw Draw Draw Draw
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LeoCmd Block Diagram

4.2.4

1

DMA : Bus Interfacel

SPARC •Reference IBucket BufferI BLIT
MMU ROP

FONTIFormat ConversionI

IVertex Buffer I
LeoFloat

Scoreboard
IOutput FormatterI

1 1
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LeoCmd Feature List

• SBusDMA master
• SBusmemorydevice
• Numericalformatconversionof input data
• Convertschainedgraphicsprimitivesto isolated

graphicsprimitives
• ParallelXl12D graphicsport: BLIT, ROP,FONT
• Subsystemcontroller,scoreboardsLeoFloatArray
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LeoFloat
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LeaFloat Function Units, Register Files, and Data Paths

Input from off-ehip

10 -131 PO -P31 RO -R31 00 -031
10'-131' P32-P63 R32-R63 00'_031'

P64-P91

FMUL 1-----.
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LeoFloat Execution

Inst Inst Register ALU Register
Fetch Decode Fetch Functions Store

/branch (1-11 clks)

Execute Pipeline

majorOP Dbus D A C-bus B-bus A-bus
(4-bits) (7-bits) S S (6-bits) (6-bits) (7-bits)

Typical micro instruction word fields

d = a*b+c;
Micro assembler syntax
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LeoFloat Features

• DoubleBufferedI/O registerfiles
• 288InternalRegisters
• ParallelIEEE FMul, FALU, l/X, IALU
• Special3D clip testinstructions
• Dozensof specializedConditioncodebits
• Dozensof specializedbranchinstructions
• Y-sort registerinstructionsre-ordersR registers
• Softwarepipelinescheduling
• 128K32-bit word externalmicrocodeSRAM
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The VRAM Bottleneck

(1)

E
F200K
(1)
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VRAM minimum
Z-buffer RGB
read/modify/write
cycle time (on page)

100 pixel triangle
theoretical
maximum
render rate per
second

90 91 92 93
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LeoDraw Features

• RendersTriangles
• Rendersaliasedandanti-aliasedlines

• Rendersaliasedandanti-aliaseddots
• Variablealphablend& screendoor transparency

• Per-pixeldepth-cueingof all 3D primitives
• 3D pick box, DMA pick support
• 2D BLIT, ROP,FONT, pixel support
• Very fastscreenclear,optimizedverticalscroll

• ControlsVRAM andDRAM

+Sun

LeoCross Features

• Multiple color look-up tables

• "Crossbar"channelswitching

• 32><32cursor

• Video Timing, VRAM shift control
• StereoandVirtual Realitydevicesupport
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Design Environment

Genisil8.1 for LeoCommand,LeoFloat,LeoDraw

.8J..l doublemetalonepoly CMOS

LSI lOOK masterslicefor LeoCross

25MHz targetfor Genisilchips,67MHz for LeoCross

Completehigh level simulatorwritten in C

Zycadgatelevel simulationfor individual chips&
wholesystem

3 of 4 chipscompletelyfunctionalfirst pass

Boardup andrendering3D imageswithin daysof
receiptof chips
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Ie Details

Chip #gates #transistors die size #pins
mils/side

LeoCmd 83K 294K 580 240

LeoFloat 80K 280K 575 160

LeoDraw 77K 270K 520 208

LeoCross 35K 460 .416
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The Leo board set: 5.7" x 6.7" x 0.6"
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Performance
TheLeosystemachieves:

• 310Kchained,un-lit, Gouraudshaded,Z-buffered
50 pixel depth-cued3D trianglespersecond

• 250Kisolated,lighted,Gouraudshaded,Z-buffered,
50 pixel depth-cued3D trianglespersecond

• 750Kchained,Z-buffer 10 pixel depth-cued3D
vectorspersecond

• 450K antialiased,isolated,Z-buffered,10 pixel
depth-cued3D vectorspersecond

• I.1M antialiaseddepth-cued3D dotspersecond
• 143K8x10rastercharacterspersecond

• under200nswindow cleartime

Note: all 3D performancebenchmarksareaveragedovermanydifferentorientationsof theprimitive.
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