
Why a SmartFrameBuffer?

DECStation5000/200dumbcolor framebuffer was
quitesuccessful,but...

• Byte writes will becomeread/modify/writes.

• TURBOchannelhas1/3 bandwidthof VRAM
(33 vs.·100megabytes/second).

• 2D performanceof complexaccelerators(can)
exceedcfb.
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DesignGoals

How to getthere:

• Simple:minimize developmenttime.

• Cheap:usea small gatearraywith few pins.

• Make full memorybandwidthavailable.

• Usefull-word writes,avoid reads.

• No operationtakeslongerthana bustimeout.

Explicit goals:

• Time to market

• Cost

• Perfonnance
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FrameBuffer Mode

Justlike dumbcfb, but...
• Hardwareplanemask

• 16 Booleanfunctions
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BusandMemoryInterfaces

32 bits 64 bits

ICPUt f ＮｾＮ f ·IVideoRAMI
TURBOchannel

Sib accessto VRAM:

• 64 bit pathto memory.

• 80nsec.to reador write VRAM in pagemode.

• 240nsec.to reador write new pagein VRAM.

CPUaccessto sfb:

• 120osec.to write (unlesssfb stallsfor time).

• Lots of nsec.to read.
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TransparentStippleMode

Forsolid fill, usea dataword of all l's.

Use0 bits at left andright edgesof span.

Ctb
Solid 10xl0 (kobj/sec) 88
Solid fill (Mbyte/sec) 22
Stipple lOx I0 (kobj/sec) 34
Stipplefill (Mbyte/sec) 11
PolyText6x13 (kchar/sec) 101
PolyTextTRIO (kchar/sec)107

Transparentstippleexpands32 databits to pixels:

• 0 meansdo nothing

• 1meansusethe foregroundpixel

PhilosophyBehindOtherModes

Benefits:

• Reducebustransactionsby 8x to 16x,increase
bandwidthby 4x to 8x.

• Allow small-scaleparallelism.

• Useexistingctb codeastemplatefor sfb code.

Write 32 bits of datato sfb, which interpretsthedata
accordingto thecurrentmode:

• Eachbit specifieswhathappensto onepixel.

• Destinationaddressis an8-byte-alignedpointer
into screenmemory.

A SmartFrameBuffer 24 July 1991 7of 13 A SmarlFrameBuffer 24July 1991 8 of 13



Cfb Sfb ax CRX Cfb Sfb ax CRX
Stipple lOx10 (kobj/sec) 31 96-129 150 136 Screento screen(Mbyte/sec) 5 32 18 40
Stipplefill (Mbyte/sec) 21 85 98 69 Main to screen(Mbyte/sec) 10 12 9 31
ImageText6x13 (kchar/sec)114 225-335 78 257 Screento main (Mbyte/sec) 6 6 4 5
ImageTextTR10(kchar/sec)70 161-230 89 320 Main to main (Mbyte/sec) 11 11 11 25
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OpaqueStippleMode

Opaquestippleexpands32 databits to pixels:
• 0 meansusethe backgroundpixel

• 1meansusethe foregroundpixel
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For left andright edges,write 32 bits to thepixel
maskregister,thenwrite 32 databits. Pixel mask
resetsto all l' s afteruse.

Copy Mode

Usespairsof 32-bit datawordsto copyup to 32
pixels:

• Readthepixels specifiedby first dataword into
theon-chipbuffer.

• Shift by -8 to +7 pixels to align to destination.

• Write thepixels specifiedby theseconddata
word backto the screen.

May alsotransferdatabetweenmainmemoryand
screenmemoryby usingdirectTURBOchannelaccess
to on-chipbuffer.
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Configurations

Pixel depths

• 8 bits/pixel: 256entrycolormap

• 16 bits/pixel: 4/4/4ROB or 512-entrycolormap,
3 overlayplanes

• 32 bits/pixel: 8/8/8 ROB or 512-entrycolormap,
3 overlayplanes

Monitor configurations

• 1600x1280@76,72Hz.

• 1280x1024@ 76, 72,66 Hz.

• 1024x864 @ 66, 60 Hz.

• 1024x768 @ 72,66,60 Hz.
1111

Line Mode

• Initialize with usualBresenhamparameters.

• Write 16 bits of datato paint 16 pixels.

• Transparentstipplefor solid anddashedlines;
opaquestipplefor double-dashedlines.

• Needn'treloadstartaddressfor connectedlines.
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Cfb Sfb OX CRX
10-pixelsegments(kline/sec)134 248-460 157 648
to-pixel dashseg(kline/sec) 70 102-286 47 318
10-pixelpolylines(kline/sec)161 298-582 226 911
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Conclusions

• Memory bandwidthis usuallythe limiting
factor to 2-D graphicsperformance.

• A simplesmartframebuffer increases
bandwidthovera dumbframebuffer, and
increasessmall-scaleparallelism.

• Softwaredoesyucky control flow usingcfb-
basedalgorithms.

• Perfonnanceis comparableto muchmore
complexaccelerators.

• Sfb canbeextendedfor cheap3-D, imaging,
andhigherperformance.
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