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Thor oughbr ed Technology

! Ar chit ectur e has evolved over  15 year s
– ’99 FUZION1 -  Fir st  Pr oduct

• Evolut ionar y single/ mult i  chip solut ion
– ‘97 Pixel Flow

• 8 bit  ALU, Sub pixel composit ion netw or k
– ’91 Pixel Planes 5  

• 1 bit  ALU, Mult iple r egions connected via cr ossbar
– ’86 Pixel Planes 4

• 1 bit  ALU, ful l  512x512 pr ocessor  instant iat ion
– ‘82 Logic Enhanced Memor y Patent s fi led

• Assignees: UNC (Univer sit y of Nor th Car ol ina)

! Unique patented por t fo l io
– 30+ addit ional patent s fi led(Ar chit ectur e+Algor it hms)

– Mor e in pr ocess
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Ar chit ectur e -  System
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Ar chit ectur e -  System EPU

! Gener ic 32bit  EPU (ARC CPU)
– Embedded Pr ocessor  Unit  (Synthesised)

– Data and inst r uct ion caches

! Tight ly coupled EPU to SIMD Cor e
– Low  latency mult it asking OS (EOS)

– Except ion cont r o l

– Memor y managem ent

– Host  pr otocol management

– High qualit y r eal t ime emulat ion of VGA
• Uses SIMD Cor e

– Spar e pr ocessing cycles on EPU for
applicat ion extensions
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Ar chit ectur e -  Cor e
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Ar chit ectur e -  Blocks
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Ar chit ectur e -  LEE

! Replaces int er polat ion
– Evaluates Ax + By + C dir ect ly at  ever y PE

! Dr aw ing t r iangles
– Evaluate edge equat ions

! Z- buffer ing, Gour aud shad ing
– All l inear  in scr een space, e.g. Z = Ax + By + C

! Per spect ive- cor r ect  t extur ing
– Textur e coor dinates = Ax + By + C

! LEE acceler ates al l  r aster izat ion oper at ions
– Also can be used for  data dist r ibut ion funct ions
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Ar chit ectur e -  PE
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Char acter ist ics – Key point s

! PE usage efficiency
– Algor it hmic

! PE data flow  efficiency
– Ar chit ectur al

! I / O Latency efficiency
– Data dr iven inst r uct ion issue cont r o l

! Mult it hr eading
– Cont r o l unit s int er act  via semaphor e s

! Enough PE data w or kspace
– 2K Bytes DRAM

– Mor e complex PE
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Char acter ist ics -  Sil icon

! >500mm 2

! 35 Wat t s
– For ced Air

! 1036 Pins
– HPBGA
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Ar chit ectur e -  Compute number s

! 1.5 Ter aOPS (1.5x1012) 8 bit  mult ipl ies and adds
– LEE + PE

– 12K bit  data- path (8x1536)

! 600 Gigabytes/ sec on chip DRAM bandw idth
– 50k bit  w ide data- bus (32x1536)

! 1.2 Ter abytes/ sec PE r egist er  fi le data bandw idth

! 1.2 Ter abytes/ sec int er  PE data bandw idth

! >3 GigaFlops (IEEE compat ible)
– Can be faster  w it h custom for mat

! 7 GMACs (16x16)

! 150M 3D Tr ansfor mat ions/ sec

! 50M Tr is/ sec
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Gr aphics Applicat ions

! High qualit y, st andar d OpenGL

– 100% compliant  v1.2

! High qualit y, st andar d Dir ect  3D
– 100% compliant  Dir ectX 7

! High qualit y, st andar d 2D w indow s
– 100% GDI+ compliant

– Full  256 ROP acceler at ion

– Full  l ine & t ext  acceler at ion w it h t r anspar ency

– Sophist icated 2D fi l t er ing and scal ing

! High qualit y, high r esolut ion  MPEG II

! Softw ar e is ult imate futur e- pr oofing
– Radical extendibil it y

– Completely w eb r evision cont r o l led
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SIMD OpenGL

! 100% OpenGL v1.2
– Region based

– Efficient  Bin sor t

– Bin memor y management

– Efficient  w it h small t r iangles

– Blending and t extur ing is maximally efficient

! Standar d extensions
– Fr agment  l ight ing (per  pixel shade)

– Light  t extur es

– Ver tex co- or dinate fr ames and nor mal
per t ur bat ion

– Mult i- sample AA

– Mult i t extur e and shadow  maps
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SIMD OpenGL
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SIMD OpenGL

! Unbounded API extensions
– Customisable pipel ine for  l ib funct ion mix- match

– New  pr im it ive t ypes (Cur ved sur faces)

– User  pr ogr amm able shader s

! Mult iple alpha blended under lay & over lay planes

! In field del iver y of API enhancements
– WWW

! Opt ional fast / highest - qualit y ant i- al iasing

! Opt ional geomet r ical pr ocessing

! Scaleable softw ar e design
– Wil l  oper ate on lar ger / sm aller  SIMD ar r ays
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Sil icon Schedule

! Tapeout  Expected by Oct . ’99

! Fir st  Sil icon ear ly December
– UMC/ USIC .25 µ eDRAM Fab

! Fir st  Boar ds Q1 00

! Full System Qualificat ion and

opt im ized OpenGL & Dir ect3D in Q2 00
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Futur e – Gr aphics
! Advanced API acceler at ion

– Fahr enheit  low  level (w hen available)
! Advanced Ant i- Al iasing

– Ext r emely high r esolut ion cover age sampling
! Advanced 3D effect s

– Depth of field, mot ion blur , custom shader s, ..
! Advanced shading

– Tor r ance Spar r ow  micr o- facet  modell ing
! Advanced t extur ing

– Image based r ender ing (t extur e w it h Z)
! Advanced geomet r y

– Funct ion (par t icles) or  map dr iven
! Volumet r ic visualizat ion
! 2D w it hin a 3D desktop - natur al next  st ep

– Readable t ext  in per spect ive
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Futur e -  Sil icon

! Lar ger  and faster  SIMD ar r ays

! Smaller  and cheaper  SIMD ar r ays

! PE extensions

! Mult i- chip implementat ions

! Tar get  Mar ket  Var iat ions
– Cor e IP l icensable

– Thir d par t y IP int egr at ion
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Futur e -  Softw ar e Development  Kit
! SDK availabil it y

– Libr ar y of softw ar e modules
• 2D, 3D (Gems), Imaging, Numer ical et c.

– EPU C Compiler
• EOS extensions

– Simulator s
• PC Far m acceler at ion

– Assembler s

– Debugger s
• Hier ar chical view s of PE r egist er / memor y

– Per for mance monit or s
• har dw ar e assisted

! SIMD C++ scheduled for  ’00
– Syntax extensions

– Explicit  Mult i- t hr eading
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Futur e -  Applicat ions

! Widening applicat ion space
– Advanced Signal, 2D Image and Video pr ocessing

– Advanced mot ion detect ion for  video compr ession

– Fast  fuzzy data sear ch/ convolut io n (DNA
sequencing)

– Machine vision

– Ar t ificial neur al netw or ks

– Encr ypt ion/ Decr ypt ion/ Compr e ssion/ Decompr essi
on

! Can make use of instal led gr aphics har dw ar e
– CAD acceler at ion

– PC Far m super - comput ing
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Conclusion

! Open funct ionalit y and r e- use of softw ar e
– Real applicat ions, r eal mar ket s
– Per for mance compar es w it h har dw ir ed funct ions
– Mar ket  scope lar ger  t han 3D gr aphics
– Softw ar e w il l  por t  r apidly t o  fut ur e gener at ions

! Roadmap into futur e, beyond 0.13u t echnologies
– Ver ificat ion t ask massively simplified w it h r epl icat ion
– Highly r egular  custom sil icon layout

• Deep sub- micr on design bar r ier  so lut ion
– 5k man/ gate/ day pr o duct ivit y (fr om gr ound zer o)

• Higher  on next  gener at ions
– Highly par al lel embedded t est  (Using EPU)

! Redundancy for  yield management
– Cost  r educt ion on lar ge die


