ANTI ALI ASI NG USI NG MULTI PLE DI SPLAY HEADS OF A GRAPHI CS PROCESSOR

CROSS- REFERENCES TO RELATED APPLI CATIONS 5 [0001] This application clains
the benefit of U S. Provisional Application No. 60/747,154, filed May 12,
2006, entitled "Antialiasing Using Miultiple D splay Heads of a G aphics
Processor,"” and of commonl y-assi gned co-pending U S. Patent Application No.
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head in %gf)ﬁrigqgcétf?)ng Hit OVRed 1€ himba st pixels making up the final (e.g., displayed or
stored) image. For instance, an image might be sampled at twice or four times the number of
pixels. Various types of oversampling are known in the art, including supersampling, in
20  which each sampling location is treated as a separate pixel, and multisampling, in which a
single color value is computed for each primitive that covers at least part of the pixel, but

coverage of the pixel by the primitive is determined at multiple locations.

[0005] An antialiasing (AA) filter blends the multiple samples per pixel to determine a
single color value. Conventionally, AA filters are applied either within the rendering pipeline
25  that generates pixels and stores them to a frame buffer or within the display pipeline that

reads pixels from the frame buffer and delivers them to a display device.

BRIEF SUMMARY OF THE INVENTION
[0006] Embodiments of the present invention provide systems and methods for exploiting

30 multiple display heads of a single graphics processor to perform antialiasing and other



pi xel selection logic in the master display head can blend the two pixels
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circuit. In other embodiments, at least a portion of the pixel transfer path is external to the

integrated circuit. For instance, the pixel transfer path may include a removable connector.

[0009] According to another aspect of the present invention, a graphics subsystem includes
a graphics adapter having a pixel output connector and a pixel input connector. A graphics
25  processor, which may be mounted on the graphics adapter, has a pixel output port
communicably coupled to the pixel output connector and a pixel input port communicably
coupled to the pixel input connector. The graphics subsystem also includes a removable
connector unit adapted to connect the pixel output connector of the graphics adapter to the

pixel input connector of the graphics adapter.

30 [0010] According to still another aspect of the present invention, a method of generating an
image includes rendering a first set of input pixels and a second set of input pixels for the

image using a rendering pipeline of a graphics processor. A first rendering operation used to



operations may differ with respect to a sanpling pattern applied to each

pi xel or with respect to a viewport offset of the inage being rendered.
The first set of input pixels is delivered to a 5 first display head of the
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GPU usabl e in enbodi nents of the present invention; 20 [0015] FIG 4Ais a

bl ock di blgndashtogeneraje apeli foutpybpitelsem with two GPUs according to an

enbodi ment of the present invention; [0016] FIG 4B is a block diagramof a
GPU ghowj0og 1] whélfodlphayg deasittd desdutiption tdgethar with slicedccsipamsyinpodrhwitigs afill on
according to an enbodi ment of the present_ invention; [0017] FIGS. 5A-5C

i || ust r aPteVidgahettergindsistanding of thepiagire andsadyantagesfitheresenbmvepon. 25 present

invention; [0018] FIG 6 illustrates a graphics adapter inplenented as a
printed circuit card and configured with an external pixel transfer path

according to an enbodi t_af | i,an. .and [0019] FIG 7 is
a block diagram of a @%W?PmlﬁﬁiéﬁﬁFﬁhﬁmmir path according to
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met hbds prgsenéipedian;ng nul tipl e di spl ay heads of a single graphics
processor to performantialiasing and other 5 processing tasks. In one
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usable in an embodiment of the present invention;

[0014] FIGS. 3A and 3B are block diagrams of pixel selection logic in a display head of a

GPU usable in embodiments of the present invention;

20 [0015] FIG. 4A is a block diagram of a graphics subsystem with two GPUs according to an

embodiment of the present invention;

[0016] FIG. 4B is a block diagram of a GPU showing two display heads coupled in a

master/slave configuration according to an embodiment of the present invention;

[0017] FIGS. 5A-5C illustrate sampling patterns usable in some embodiments of the

25  present invention;

[0018] FIG. 6 illustrates a graphics adapter implemented as a printed circuit card and
configured with an external pixel transfer path according to an embodiment of the present

invention; and

[0019] FIG. 7 is a block diagram of a GPU with an internal pixel transfer path according to

30  an embodiment of the present invention.



coupled to each other in a master/slave configuration via a pixel transfer
path. The "master" display head receives pixels fromthe "slave" display
head in addition to its own pixels, and pixel selection logic in the

master display head can blend the two pixels or select either one to the
exclusion of the other. If the two pixels correspond to different sanpling

| ocations in the 10 $SERAIUFREOBESCREPTION O HE XeVENTION AA-filtered pixel.
System Overvi eme00211 FIG 1 is a block diagramof a conputer system 100
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via a bus or other communication path 113. A system disk 114 is also connected to I/O
bridge 107. A switch 116 provides connections between I/O bridge 107 and other
components such as a network adapter 118 and various add-in cards 120, 121. Other
components (not explicitly shown), including USB or other port connections, CD drives,

25  DVD drives, and the like, may also be connected to I/O bridge 107. Communication paths
among the various components may be implemented using protocols such as PCI (Peripheral
Component Interconnect), PCI Express (PCI-E), AGP (Accelerated Graphics Port),
HyperTransport, or any other bus or point-to-point protocol(s), and connections between

different devices may use different protocols as is known in the art.

30 [0022] Graphics subsystem 112 includes a number N (one or more) of graphics processing
units (GPUs) 122. (Herein, multiple instances of like objects are denoted with reference
numbers identifying the object and parenthetical numbers identifying the instance where

needed.) Each GPU 122 has an associated graphics memory 124. GPUs 122 and graphics



one or nore expansion cards or other adapters that can be inserted into and
renmoved from5 expansion slots (e.g., PCl-E slots) in system 100. Any
nunber N of GPUs 122 may be used. [0023] Each GPU 122 naybe configured to
performvarious tasks related to generating pixel data (also referred to
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which selects between its internal pixel and the external pixel from the slave, then forwards
the selected pixel to another GPU, and so on until the ultimate master GPU (i.e., the GPU

connected to a monitor) delivers the final selected pixels to a display device.

[0025] In some embodiments, GPUs 122 can be interconnected with each other in such a
25  way that any GPU 122 can be slaved to any other GPU 122 by adjusting configuration
settings of the GPUs 122 without any alteration of the physical connections. For instance,

GPUs 122 can be connected in a unidirectional or bidirectional ring topology.

[0026] Various distributed rendering modes can be supported. For instance, in split-frame

rendering, different GPUs 122 are assigned to render different portions of the same image; in
30 alternate frame rendering, different GPUs 122 are assigned to render different images in a

sequence of images to be displayed. A particular distributed rendering mode is not critical to

the present invention.



GPUs 122 blends internal and external pixels rather than selecting either
pi xel to the exclusion of the other. Were the internal and external
pi xel s represent the sanme inmage with 5 different sanpling |ocations, the
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chip. The particul ar ¢ onents shown herein are
P 122.p GPU 122 reads t%g%ommand stream from t{w command buffer and executes commands

asynchronously with operation of CPU 102. The commands may include conventional
rendering commands for generating images as well as general-purpose computation
commands that enable applications executing on CPU 102 to leverage the computational

25  power of GPU 122 for data processing that may be unrelated to image generation.

[0030] It will be appreciated that the system shown herein is illustrative and that variations
and modifications are possible. The interconnection topology, including the number and
arrangement of bridges, may be modified as desired. For instance, in some embodiments,
system memory 104 is connected to CPU 102 directly rather than through a bridge, and other
30 devices communicate with system memory 104 via memory bridge 105 and CPU 102. In
other alternative topologies, graphics subsystem 112 is connected to I/O bridge 107 rather
than to memory bridge 105. In still other embodiments, /O bridge 107 and memory bridge



optional; for instance, any nunber of add-in cards or peripheral devices

m ght be supported. In sone enbodinents, switch 116 is elimnated, and

net wor k adapter 118 and add-in cards 120, 121 connect directly to 1/0
bridge 107. 5 [0031] The connection GPU,és) 122 to the rest of system 100
may al sd UBdnighihedgtesated lgwr@l%&iﬁs%wn?ﬁ? partigrlanereroneyls shawn hereipgre

| Pl ement &g ASfoP HRtdbe, TRy RuRBAAFIPh chlis 0difiphbtal GRS il tbe SASboPRd.
inserteg)tpi n?o’ gxpansi%’n gﬁ%ts of syét%msl%lgg Pn gt(lfiyr e%%ﬁi rereﬁ[%bs, a GPU

i s i nt ednatmd embodinentsgveitahhilip iswlithinateld yandoretvagrs adaptehl 18saindeddiirycdrds dge 105
or 1/O0 hrigdge 107. .10 [00 Eac U may be provided with any amount of

| ocal ng?rBh sCOHB%ﬂVFctFYﬁeﬁ@P%@e%ﬁ ocal nmenory, and may use |ocal nenory
and system nmenory in any conbination. For instance, in a unified nmenory

ar chist ed003ld (TUnxoneedtiodiofi&RU(s)N@2de theoattod syptem hDQ may atsobe wadedsilpe i s
provi ded, and sgrre or al kﬂ.&ogxﬁ%hel%’w use s tem rrermr%etexcl usively or

al nost  EREFSFEIROIYENS, SapRIS SR Fre R TP Bi 40° BETPH BHFAYU T nt o a bus
bridge Gl larddthatlcay béfderds iﬁtﬂxg%ﬁﬁl&abpstM. hin @t RRBHdiRtERts( €- 0.
PCI -E) connecting the GPU to the Dbridge chip and system nmenory. }00 31 In
addi t i ore GRPusingggnaerd omy siaglgebipswich a bhebridaesaich ap megrory brndgealiderr /'O
incorporbat ed j]nto a variety of devices, including general purpose conputer
syst ens, f\?‘#&é% ‘game consol es and ot her special purpose conputer systens,
DVD pl ayers, handhel d devi ces such as nobile 20 phones or personal digital

assilét a?/{ﬂ@%Z]anEﬁcgd}%ﬁmamb@mwi@Pdi\miﬁh pyl ey pf kopalgsephicsirograry, plading j s a
bl ock di gﬁ} Q ' ' . ti th
pr ggent Inl%%\[;en I fé‘h"?y’%“fylﬁ‘l‘)adgﬁg g&%@?& H %@P’%‘#ﬂ%ﬁﬁ%@?g‘ﬁffwg tﬂ)(rh'eg(l(}?r edef or

sone erihaaicepntasunified emprryesetiteciuny/@mMNAY embodiheh 2o idsdiastedipiaphieous| y
configured to pe usable .in 5 such stem [0035] In particular, as
shown i MEPRLY @ylcwrwéed, ﬁeé Seres Olaalﬁ?i%fs Usatse §xe%4% eOBy sa?lfﬁ%cly 902
coupl ed i i i i 244 ed to
i spl ay Yol F2BRKLy, M BMRSRoAhont] SEPRImE) BElghRaghind Su e O
out dét pwprevidties2idBscrete nlap wdthrephigh-gpded|bus (¢. guPChE) tannzdting thd GPUatodhanal og
out put ports 212, Zl?t" GPU 122 al so has 30 two mul ti purpose i nput/out put
(MO p € shipand sx3tes MeMOLYy 214b ("M O B") that are configurable for
various purposes, including communication with another GPU or with 7

anot her [843dr nlaladditignt GPUs embedyinmisppéta ! the presemOBrenting npydl ivgogpasated

coupl ed ihf ao\}gri%%;[ of devices, including general purpose computer systems, video game consoles

and other special purpose computer systems, DVD players, handheld devices such as mobile

20  phones or personal digital assistants, and so on.

GPU with Multiple Display Heads
[0034] FIG. 2 is a block diagram of a pixel output path in a GPU 122 usable to practice the

present invention. Although a multi-GPU graphics system is not required for some
embodiments of the present invention, GPU 122 is advantageously configured to be usable in

25  such asystem.

[0035] In particular, as shown in FIG. 2, GPU 122 includes a display (or scanout) pipeline
202 coupled to a memory interface 204. Display pipeline 202 is also coupled to display
heads 206a ("head A") and 206b ("head B"). GPU 122 has multiple output ports 210-213,
including digital output ports 210, 211, and analog output ports 212, 213. GPU 122 also has
30  two multipurpose input/output (MIO) ports 214a ("MIO A") and 214b ("MIO B") that are

configurable for various purposes, including communication with another GPU or with



ports 210-213 and M O ports 214a, 214b via a crossbar 220. [00361 Menory
interface 204 is coupled to a nenory (not shown in FIG 2), e.g., graphics
menory 124 of FIG 1, that stores pixel data generated by GPU 122. Display

pi peline 202 5 comunicates with nmenory interface 204 to access the stored
pi xel datnetheppxigmaldigitaldevice. Diplaydierds26a apd 200k atgicaghneorpted teputRBY or bot h

of displ 3%6%3%%%(?&&& 2148 N9%ia %gﬁ‘ﬁﬂh{'ﬁﬁ s, display pipeline 202 may
perf ormvarious processing operations on e pi xel data before delivering
it to di y ads 206 b, and pi xel dat de tlne di spl ay . head
2065 m olID38H MG ROe e 201 drsedsied o ek 1y o). G B RS: ned
for di sphay Repd qufléoﬁt%haﬂs[br él'd‘a{& geHér&?eH Iﬁ’U FTQ@VD%& &ins pbRY

2

pi pel i ne 202 for processi ng el 1very i spl ay head a may be the
sane \as emdiditgeswith freorory imaerfacx an4 timcaeqsrtba/stded pixgl datg pDisplaymipadinene 202

for process d del ry t hed20b Th art cul ar

conf Pgurgq}l ‘iﬁlﬂ% rg?hedg §?}:dﬁg’% HE‘?inﬁZ?g%ét %ann AE'é r§64 i s not
criti cal edh@difABntB! BRI pipEUR 0D ik g&%m%ﬁ@ﬁ@ﬂrb%sﬂ@%ﬁérh@&ﬂs% thegng@I' tted.
15 [00371 Digital output ports 21 211 maybe of generally conventi onal

desi gn ada!la hﬁyre defigénirgsit tol display Beadh 20632 A6H, ynd hixepdataedestinedifor displagitheadn t o a
digital ut . st andard.. ,For one i nen orts
o0 11 bR R oF Propetst HETFESim o 2T tF PRt Foncgtisrd gy f or
a stpndag@bbDVh adddtion, iptel Yhid @eovidddab H?s@l%%' PREEHAE QDD For pr&emlhgaada/dehaa@h@g -

output ports 212, 213 can be of general ['y conventional design and may
i ncl ude, display head 296gmax|bettlee samel Qﬁg)r different tfeom themixsl datn@rqva)dedﬁy d@nl@b’og vi deo

o AN S T L 8, A P gl

di gital efdisnal lﬁlgelmttzmtan@(ﬁ{e&r&)ry $ntEGice QO i walcritical tithe pwseﬁtaﬂvemlanamﬁl on.
[00381 MO A port 214a and MO B port 214b can be configured as out put

ports thadetenﬂqd\ftescrzsloaﬂ&@mt@dta produced by either of display heads 206a,
206b onto output lines of GPU 122. MO A port 214a and MO B port 214b can
al solbe (0047 ghigithl astputguuts 2005219 rhinabe afedeneratly cenxentiowl dasiigtedmddaayﬁt to

di spl ay head A 206 206b. | mbodi
port 21 4R oA A BRLE Waek g8 AB P Py EBLPVGU BN ( her
| Nput  PREGNGS, iPehe UMM ER] dach I{“ﬁoﬁsoﬂfo' I Rig1eHets TMIS3 ﬁ”r@ﬂiﬁox@ 14a and MO

B port 214b maybe 30 determ ned during Systemstartup or dynam cally
modi fi edl\/hmnumdn]bldi@rmtlmb%gmlmgh@rwmémﬂ lbﬁéb@hgltaiﬁhdﬁbhltqrfagc)anwe@ct@ach M O

port may ude cont r.ol i r that.stores a val. S ing the
Port conrfd: mufbe i Fort A 21 Saen B b gy cBn Pl S EEFE AP o
SYStEM include, e.g., a digital to analog converter conforming to any analog video standard,
numerous examples of which are known in the art. It will be appreciated that the presence,
absence, number, or nature of particular digital or analog output ports is not critical to the

present invention.

[0038] MIO A port 214a and MIO B port 214b can be configured as output ports that drive
25  pixel data produced by either of display heads 206a, 206b onto output lines of GPU 122.
MIO A port 214a and MIO B port 214b can also be configured as input ports that deliver
external pixel data to display head A 206a or display head B 206b. In some embodiments,
MIO A port 214a and MIO B 214b are each independently configurable as either an input
port or an output port. The configuration of MIO A port 214a and MIO B port 214b may be
30 determined during system startup or dynamically modified at various times during system

operation. For instance, each MIO port may include a control register that stores a value



startup or at other tinmes as desired. [0039] Head A 206a and head B 206b
are each coupled to output ports 210-213, as well as to MO ports 214a,
214b via crossbar 220. In this enbodi ment, crossbar 220 is configurable 5

to support y connection from head A 206a to any one of ports 210-213,
214a, oﬁp%clg'ﬁ’gatgﬁp?%‘:%‘i fravrationedidsd 9""% b%WygﬁWrE@Hﬁ%ﬁFlr%StF?%ﬁYﬂ%d B 206b

to any 214a, or 214b that is not currently connected
%%‘?%18 é)ath&tBér tHThA %liésirzeg

to head y Crossb For instance, GPU 122 can sinmultaneously

dri f he 206b diff ,
via any 100891 o chigh A Shsad Ba0ib aczhoh CoplSamiamt i SOk b Us
212, 10 @44 polstuRA Y Glaorolh 2582 1 s ahbBdihanca ok g ¥ Coitigiiitt. €0 a

nonitor via one of tput ports 210-213 and to another GPU via O A port
214a5or td&/Bl@pBrtmytcommtmn fromdad A ZQGSﬁQﬁIQEGH,C diperto21B:3th 2dfa, eblrémtagndheads

206a, 2 be t d t t.
C00a01" Wb SnpaapesustzuBoos st confion o Feadf pn Bty 5% efBweTbla: Poat &

from anot|hg rorQ'T'% thhPis @bt @&éﬁt@%am@efédwh&éamow@}t &obder ZRC oy afdtapbeel data
into display heads 206a, 206b. Each GPU 122 al so has pi xel selection Iogl o

(descri KeRlU he? gw)Slmnlt@mbslm dep¢ pixelhdntalfrondgads 2006812060 te bvedifferent " ext er nal "

pi xel recei.ved from one Q. ports 214 i,nt er.nal

Fecel ved Tt foek Ao eisP B @8 am0 21 o st RSB nors BAE ™

i nt gonal213ndAltenittreRa G XBl Gan sZfulkdHeddsly Jhﬁnves REls S DRGhiISNS onofRughar 220

is configured at system startPpr i n other odi nments, crossbar 220 is
has

dynani cdlorty 2¢@@13 gagd tersnethes @ Mlﬁ)eA@Qﬁﬂéé% P%O&Ppl’bél%cﬂaﬁ@@@ duri ng
system f.lgur a com ng
o el cargufet 3 ofb RSP e sy MeiAck el PGS HoE iR PGS
heads 20G&oupbport. [ 00421 FIG 3A is a block diagram of pixel selection

| ogic 300 in display head 206a of a 25 GPU 122 according to an enbodi nent

of the gb@ﬁﬁgtw@}{)@ﬂ&tﬁﬁ 14p da% a¥s% ﬂ%ecoﬁﬁgﬁé%goﬁgge&{ﬁ&el (ﬂ'tasl% S'tﬁé%n%oeb

may hav ection’ 0|co sim sorree |nrents
eachl5di sxfICﬁsthl@achna(ﬁcﬁeqmﬁﬁﬁ:batefthe(iébbﬂélﬂpihdsia'tatistoa!/wplqry heatls 2@ﬂae2(D6bon | ogi c

300. [00Q43 el ecti.on j ¢ 300 i ves. an.int I i xel._on a first
bath 30398 R FEASR FSpier oo ereide i bt nbiedsefn o H o
2 (or i m3pesetah i dXedhay %Qe@bw&?fr&ﬁrotne%iﬂlﬁb pots B4, '291415%91"ﬁﬁerﬁ£1"' nput
port, pixel selection Ioglc 300 al so receives an external pixel on a
second paxd r@gived fropituayn Tisplag pipstinaP0%iox elcomhipatioreof the enteradl apilxel are
each proeg(geggl%gxe}o a pi xel conbiner

20 [0041] Insome embodiments, crossbar 220 is configured at system startup; in other
embodiments, crossbar 220 is dynamically configurable, so that the connections can be
changed during system operation. Crossbar 220 may also be configurable to couple incoming

pixel data received at one of MIO ports 214a, 214b to either of display heads 206a, 206b.

[0042] FIG. 3A is a block diagram of pixel selection logic 300 in display head 206a of a

25  GPU 122 according to an embodiment of the present invention. It is to be understood that
display head 206b may have pixel selection logic of similar design. In some embodiments,
each display head 206a, 206b of GPU 122 has its own pixel selection logic 300.

[0043) Pixel selection logic 300 receives an internal pixel on a first path 302 from display
pipeline 202 of FIG. 2. When MIO A port 214a of FIG. 2 (or in some embodiments, MIO B

30 port 214b) is configured as an input port, piXel selection logic 300 also receives an external
pixel on a second path 304.



circuit 306, which blends the external pixel and the internal pixel to
produce a bl ended pixel. Pixel conbiner circuit 306 may be i npl enent ed,
e.g., using conventional arithnetic logic circuits. In one enbodi nent,

pi xel comhiper. circuit, 306 incl udes first division circuit. 308 5 that

G v ces WRAAT T Fibh) 230 o ustiBEne aiis b PSSR AE R SPEBRE (o .
1, 2} 4, ciedu@t-306, @hich BEAUS tHeexfekial Bixte] bGthé RRémadsitel tdBrodiéed Mlehdadipill.
(after dividing) to the external pixel to produce a sum pixel; a selection
circuit Bixel nes sirewt 30Gpmpybe mplpacitad.cx hiausing soavertivmak arghmetigdogicxel i n
response _.to. ontrol, siagnal .(RPSEL1) > and. ecqnd divisi.on. cikcul 14
that " arorQid FRO et eonpisy SRy R A R B b sor
(€e.9.5 ltha?diviRieSthk intBFaVpifelnty onkQf b hambesst dandidate dplisursieds pi ek, @f);anpat h
316. [00451 The external pixel on path 304 and the bl ended pixel on path
316 are #plditsargindittdo shat gddsebe inmnalipixal (aftes dyiding)fo theexigmelipxdier). In
response C Qly.si (PSE | i I ts either
the int e?llr?g?&pal S)% Ee{f I,S&%’lhg S%Péglr%eccllr %ﬁ@e Eh%g%e??c%ge@ég‘%?éeﬁrthgFHt%)rlnglé&}xég}rlgﬁlgeI ivery

to an ousumipixphbinltespdfsd tbatcoapolntgiab (ASELQ);amdbaecchd@ivitioklctecui?3 141thaf 00461
The PSELI. and PSEL2? signals are_ advanta eousl¥ enerated by control |ogic
aq

(not  ex@ivides theyseleptsdmixel by anasof anmkes aT owngdidatq diviseryde.gnth odhiseh POViding s
contygl .%h@%s%ltag\lgibﬁ!?ﬁd%%i?(e cﬁxé)ﬁatﬂgﬁ‘é”al | y conventional design, is
ol i

responsive to contr ormation generated by a graphics driver program

executin 102 of FIG 1. Simlar control infor ion may al so be
used to H9ARH f_.j‘? HBB’&P%‘P( Bikelgn Hﬁ%(}‘* e ﬁépé@dgzwlémgzat ag%p@éw#gwémng
candi dat VA L VS (o i : e Uit ably
el ght o Asao SHUGEIR (e A Ihiiiplent) S b B ool b R PP echih 7y

wi t h accessiittid Stshlectp etbarihe intcamdl ipged, th blended rakd] cortthe exterphlapireltforsui t abl e
control

accor ai iAo gBEHALLBEh GO TDE TR OF PREBEAY B4 Pogi o | o 11ed. [0047]

FIG 3B is a block diagramof pixel selection |ogic 350 according to an
al t ethat [0046] 2Fhe FBEH1 pehPSBE2 sigealpawadrantagepusly igoreratpd ke condegl dagi¢ Gyt | ogi ¢

advant aganierty HedhlinBinih bbb, RRRRE el S S Corlioh o, miSetly ' ©

pi xel s. B gfgensrallgebnv@ntibdidesigh s fegsisive$o adhtio irfofadtiopigédrated b af i r st
path 352 fromdisplay pipeline 202 of FIG 2. The internal pixel is
pr opagat 8@pRigs griysr eS8 eheuing o6 U 1R ol ASprilar contag] ipformatian ey ed as

an i nput oot i | i: Iy 30 j 1.8 | pixel
on & SectRabuedlEiniohhah ot b koBhel 366 o3 RERNAL R EhEldR
comb2mer di3Es8rs faOdily Bivhd]ircRitx 808, Godrtn predu@SBsuitabllyiweeshted@verape domeparandar
external a ;;ll)égtliosrf. ro(s)c\:/ Islghencpin%he? ellr(ta Q/?t%%ccess to the present teachings will be able to

implement suitable control logic for generating PSEL and pixel combiner control signals;

accordingly, a detailed description of the control logic is omitted.

[0047] FIG. 3B is a block diagram of pixel selection logic 350 according to an alternative
25  embodiment of the present invention. Pixel selection logic 350 is generally similar to pixel
selection logic 300 of FIG. 3A but is advantageously designed with the capability to blend
gamma-corrected pixels. Pixel selection logic 350 receives an internal pixel on a first path
352 from display pipeline 202 of FIG. 2. The internal pixel is propagated to a pixel combiner
358. When MIO A port 214a is configured as an input port, pixel selection logic 350 also
30 receives an external pixel on a second path 354. The external pixel is also propagated to

pixel combiner 358.

10



pi xel as a result on signal path 360. Pixel conbiner 358 may include a
division circuit simlar to division circuit 306 of FIG 3A and/or an
adder simlar to adder circuit 308 of FIG 3A. In addition (or instead),

Cor oot QPR drset ottt A% PR CBB L g Bh g bt AR RS,

game C@ixead 4 fRult 8 kighilpath 368 Piddl UeSbiner 35810AY InchRiRla dEsibe cirdflﬂit sn\Mliul
produce a linear intensi t’\;sresponse in a display_ device

conver t ithgivisign siecuit3Qp @EFEG {34 md/qrgn add@rmﬂ@rrfp agder cirgpit ﬁ%pfg%lﬁ dAspr ay

e 50 pdbfin CITAAM, k] BRBIRE % o) Rofro it RIGuS T bISHRACMRL 10" Y
equati ororrdfledpikels tekeRied bnpatBe832 knd3 54. X4 ik kdowh Egthebit, gdid 9drravfiene P/ and

PJ represent gamma-corrected pixels supﬁlled on_paths 352 and 354. Those
ski | | ed adpstspexchvalugs toja qoadwg?ﬁ széletﬂpﬁétm grodycea Bwadé%tela%tyaespemeaﬁ Re

0Pr oX| IRELNGRE G B OB RN B AR 5 QA0 R0 GSPEhickRMHy vou! ¢

require. ins ion 1'S1on
i mpl errera%elde@%ebaohstﬁlhl #ib grolind b.owb bls, ﬁirﬁ&&@c@@ﬂb@&h@hﬁ%ﬁmp 204 her 15
appr oxi mations may be ‘substituted. [0050] Referring again to FIG 3B, a

sel ect i gamma-¢darpeced eutpR6pixell.écarelse ¢onepuitadt usingzthe pquagion: on pat h 352, the
external pixel on path 354, and the bl ended pixel on path 360. hi response
to pi xel sel ection signalp {(PGEbY 1 yosridl tipl exer 362 s ctys one
of ggese candi dat e pixels {%r §%I|tg?ﬁfgﬁgnquyght path 364 tha? § nects
to crossbar 220 of FIG 2. Qutput path 20 364 may include a second division

circuit (B8] kb %Pnﬁr}dﬁer@ar?ﬁema&an%a eerpgetgdanxels Fwﬂlﬁd an pathy$52nd, 3544 | n
an al terﬂ%,&_é[ é@le?;m%’é AR {fk%l&%}%@d? r&%{ 'a?lla%é&{t le %ﬂdl gmu&{’ué se

shown in are use e out put pixe I'VIiSIo
circuit sifylentwydearp Ithmardn{mfmg én eiahtere&ﬂcwndldsredlmret i(Bor mthﬁaepinebt@hcatﬂlher

sel ection cjrcui gur tions 0, be 0

enbodi meft élwﬁs?&éx 1 Eiihbe Wenleragyed gﬂebﬁvﬁwta “eﬁﬁoobeo%@r dffuilier 25

ganyg- cq&g ghggmmbﬁgk%egmﬁmgﬂaganna corrected (linear) pixels, with sinple
e

addition Ing used when the pixels are not gamma corrected. The

confi gur advanta establis b cs. driver. during
2 5et U B ok St Sgun IEPIE ¥, o RRip Pt J eS8 S RurErAL 5L ha
gamre- ComRetd 59, fhelckRiFal pixRl &Pbatﬁggib“ahﬁ@he B1EndRa Pixed 0R PahIBBOL 1 regibhsORMR
correcti on may be applied after final pixel selection. 11 Distributed

Ant i al i agiixe) stls¢ting shgniat (AHEL) GelostipromBltiplezpr B a2sklasts qre@f thresoandidatex el
R A L T s S e e M i T

20 364 may include a second division circuit 366, which may be similar to division circuit 314

of FIG. 3A. In an alternative embodiment, two selection multiplexers, similar to those shown
in FIG. 3A, are used to select the output pixel, and division circuit 366 may be placed before

the second selection multiplexer. Other selection circuit configurations may also be used.

[0051] In some embodiments, pixel combiner 350 is configurable to operate on either

25  gamma-corrected pixels or non-gamma-corrected (linear) pixels, with simple addition being
used when the pixels are not gamma corrected. The configuration is advantageously
established by the graphics driver during a setup operation (e.g., at system startup). Itis to be
understood that gamma-corrected filters are not required; in some embodiments, any gamma

correction may be applied after final pixel selection.

11



GPUs 122. FIG4A is a sinplified block diagram of a graphics subsystem 400
having two 5 GPUs 122(0) and 122(1) in a nmaster/sl ave readout
configuration. (For clarity, only the active ports and display heads are
shown; in this exar Ie onIy one dlslay head per GPU is in use.) A slave
GPU 122( gted; Antialipg pineMultinle@BUs onf i gured as an output port, while a

t 2 L 1 t t.
MO A po(ﬁ%léf’@) ?F'Ié?p}” e Rt S B G B BToRG 350Rpu "
pi xel s Relvadtt d‘ohﬁl\ylufsz{méffo‘ﬂaaﬂﬁnlﬁ?éﬂ drdd(idding Qperétibnriﬁ%ts%temdt}ﬂ&%(&)mor[:0053]

Head A 206a(1l) of slave GPU 122(1) forwards pixels P;| provided b%/ di spl ay
pi pel i n€CPER122. TG4 isasimplifiedblogk dwaau@%graphlﬁ%wsy%ew@ having W0214a( 1).

mstor QPSR nd RN TR s G FREabREMIaR R, YR o I GHBERe T |
head A 26680 dlsplaydabaﬁakemumln il thiy exafhple30fllyGhe ﬁfsplalyrmacameamﬂ isaihxed.)
sel ection | ogic 300 of i operates to select internal pixels P,o from

di spl ay siger CGAY b@é()d)as é)tf” A @ortEdad p qrfiguredasan o4tpup paid| hilsg master

ori gi nat 0}

P 0sp01) CRopari A AELAMaR a2 Geh kgl o ENEy P R Mt R L2 P
GPU 122(duplddito MiOsAphle 2$éd(@);1aﬂdwmgmtm1t pRklsar,) tat fovafro@Dslavet GRIY 1p2(1) to i n

t hi s case di %}}ﬁ tput port 210(0). It will be appreciated that head A
206 i%%b) could be configured to deliver pixel data to MO B

port 214b(0) (not explicitly shown in FIG 2C), which could be connected to
an MO d@ﬂ&]of Haadhﬂt)da(@)%f d22:GPY Hé2¢1hford1a(d§lpi><bi’.52PmpwvtﬂedFmamlistphiya mast er

chai n. 2900028000 ot sRv PRETRE A a5t iRds MR Bort PRERE SXuht sine on,
GPUs 1224 0)idpy122( s 0081 BPRBO RpoR 28K6) GahAer IR0 134, Seich

anti al i asi ng (AA) In this node, each 122 renders the sane imge,

wi t h sonforwards @mem@wls tn despbayéwafhg\ WbatefreheadrA 20660), nixel ssbactiomtagic such t hat

Y L T

30 vi ewpﬁr@ﬂehspwyrmﬂ)ﬁmwgtm) bemdgéi GRU 1fzg(r0)téxeerhmlmo,bagmaﬁlﬁg,eﬁntdlmays mal |
of fsets in the boundaries of th i mges. Alternatively, where

t he sarrmlp?lgleﬁ&gat) Pb#avg ERPn 22(1; %ﬂum%e £2 Pazdnff’qzbimb% Y addjtion giieuithe
graphi csyghriver), each GPU 122 might be configured to use the same set of
Vi ewi ng par arreters but a d| fferent sanpling location within each pixel.

[ 0056] Ieﬁ@é‘ﬁ %ga aster (tjlbﬁ 13530? d&lversp tlhé %(lelgctep(i) pixels n?P},,Z)t t%ragal pi xel s

Pto rec
20  output port, in this case digital output port 210(0). It will be appreciated that head A 206a(0)

of GPU 122(0) could be configured to deliver pixel data to MIO B port 214b(0) (not
explicitly shown in FIG.2C), which could be connected to an MIO port of a third GPU 122;
the third GPU 122 would then be a master to GPU 122(0). Thus, any number of GPUs 122

may be connected in a daisy chain.

25  [0055] In accordance with an embodiment of the present invention, GPUs 122(0) and
122(1) can be used in an externally distributed antialiasing (AA) mode. In this mode, each
GPU 122 renders the same image, with some variation in a viewing parameter or sampling
parameter such that the sampling locations used by GPU 122(0) are different from the
sampling locations used by GPU 122(1). For example, slightly different viewports or

30  viewplane normals might be defined for the two GPUs 122, creating small offsets in the pixel

boundaries of the two images. Alternatively, where the sampling location within a pixel is
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pi xel selection logic 300(0) in display head 206a(0) of GPU 122(0)
correspond to different 5 sanpling |locations for the sane pixel of the
final image. Averaging the internal and external pixels provides

il 1 pl Bl €l By RGPl B0 (e UBBReERERhGRa e 1B, ica by

adder cigafidistt d08ewingdradticvdrsb@tn différett samplifig IctagsWithivleach piReldi vi de t he
sel ected pixel sumby 2, so that the final pixel is Pi"or = (Po, + Pin)/2.

In this er X L lect.d j il . . : ilter.
10057] 1 PSSlGLIn PEEFLuRE 6 HoBl bR Gat iR, SRR pRC P Bisivt b L1 o
i n ot herpixelisstectidaiogid 306(0) & displayrbet@d206a(05 bGP 2200 esrrespondiccdifforsat of t he
i nternal pixel or the external ‘%fxel is . selected to the excLu5| on of the
ot herd. THEHAE {qcatipns fos e same prxelipf the fay dmage. ohverpging Hedntemakandsexiqrgal

di stri but; I : i fe 5

renderi %&%ls \B !ﬁgvg%%?&%ggg?gﬁtsﬁé% t%lﬁgﬂgfg%&fo gjélr(r)é' I(i)\}r%} %fﬁ‘gg&gﬁf’%g%%%%si ve
frames, maaltiplexemditO is cenfenast totselettitke pixelssant Pj; rvnpiosided by laﬂda_ercircMhm& nor e

th t Us 122, ar. [ , hj. d f tjali b
e e B i £ LS ok e S0 5 8 b SO B S o
chai n usjing it P}?,WEEGCB C1H.y8, Mﬁ?is@nﬁﬁfér,gﬁlrb@l %19&%1?0%9{9?}@%&@%&@? hx AU in

t he dai sy chai’m can blend its own internal pixe an external pixel

r ecelivedfilfarom 20 an upstream GPU usi ng appropriate wei ghting factors.

[0055] It wll be appreciated that the display heads, pixel selection

| ogic, ads7i stishfld 86 nowdd iR erpasi IQQGD)QE&?22(@F&nwoederbp€fa@ed' ihloukrati ve and
that variations and nodifications are possible. For exanple, the division
ci r cui t sdistaibeted sehdeongmodes, insiyging modiisvn gthish dmg of therfatetnal pinglasthof di screte

divisors, .ln.other e inents, the di,visliongircu i upport .a 25
o gor rentesBn e s GRS RR Spintetf of st i bl 2 Reip SR 2,0 ha
a broad #iothgeped ficsdftheadisteibhited réddlsﬁlgg B08a R ghevisstivp Al ffepeht AW erare t he
division circuits may be placed at different 1|ocations fromthose

deschdi begndesingdifferspicportiens ol theesems iraga qrsiilderert speepsie Fapenandisdot i ed.  For
i nst anc VAR | £ CUl i b t Lxel. path in
addi 11 onleaed Pt nSidonl Filther Enfle 3t iRl (I BIH PR RS s

parti cul ldpghardegicgof aitiabinsing casheawhievead. CForeuampRléhymaynter sOGBYs iD2icdn teed .
Those skilled. in the art will_ recogniz hat circuit el ement or

conbi nat FBRCHPY 14 i chaingtue e T%Becéﬁﬁgﬂbeg%g %HI?BPF%@F OgéP%E‘t‘ ng anpng
the int espglin le@lisy dhbia & bRLAMS _o%&ﬁdemaﬁgﬂelawﬁk e0EREmaRliX8 el Yioth from
both the internal and external pixel may be used as a selection circuit.

[ 00621 Aan upstrelarh &iP31 wsingapppopreite weightmgsfagioreral |y t o any representati on of
a col or val ue

[0058] It will be appreciated that the display heads, pixel selection logic, and distributed

AA operations described herein are illustrative and that variations and modifications are
possible. For example, the division circuits referred to herein support division by a small
number of discrete divisors. In other embodiments, the division circuits might support a

25  larger number of divisors (including arbitrarily selected divisors) so that a broad range of
antialiasing filters can be supported. Further, the division circuits may be placed at different
locations from those described herein, and the number of division circuits may be modified.
For instance, a division circuit might be placed on the external pixel path in addition to or

instead of the internal pixe] path.

30 [0059] The particular configuration of selection circuit 318 may also be modified. Those

skilled in the art will recognize that any circuit element or combination of circuit elements
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sanpl ed at sone location within an inmage, or to a conbination of such

val ues (e.g., as 5 produced by addition circuit 308 of FIG 3). Rendering
pi pelines in the GPUs generate pixels at a noninal resol ution (where
resol ution

er t or
ont - notbebfEiet eutdlab i seRetgkmtte P el dhudiife sTRHRLay L aSTs phEA
enbodi nmepixsl derivbé fidinsivtashelhteslal aifl d&eérﬁﬂrpmsel afy beeeetesh detdctibh Eirduig Or
down-filtering to transformthe nomnal resolution to the display

,r,ifogﬁ;' B@,ﬁ(’ﬁodsqggdll}erzge I';gpal' ré?&s gne%l@ tB%E/? ﬁ%@nﬁh&%@é’ cchg ?ueher ein as

erein 1s solel nvenl ence’ o escri ption. I's to be

under st osdinplbdiat samyg lMaGopaﬁﬂnrcmnh@e Qe e coHablinhtion afrsmclotxﬂaes (! gQ aport, and
ei ther display head can. drive either MO part when that port is confj gur ed

as ar ouPMPCEﬁ&waddrtwnwavrﬁ%ofs%lﬁ-?b 3tﬂ&§ldﬁa9g pipelinggdn Hsr@P By 2eneinds Plf‘ﬁlén t wo
M O portg angdhahl IR Sh%%sotlﬂ bFf@% tg'tﬁéét@fbé?%@gﬁrels]ié tl{quqggi)k fich

general , “any port "or por that enabl e one comuni cat e
wth annﬁ g or Gitght maycdincidswith #s: rédoitppordfshd displapdévice IhBemp embediments,

invention. J.n sone  enbodi nments e O ports are_also reconfigurable for
pur posesq&%’aytma m@@ﬁ#arwscaarymaé prrwﬂl eafRg( B VeRiering th BERP Yo 0. For
i nst ancendﬁlnﬁl M6 {Osthgg{\g/pllgeréggmlbgured to communicate with various

ext ernal devi ces su encoders or the like; in sone 20 enbodi nents,

DY {41 Sl A% B Sl ) AESaChbBL el Pk AL nghek oRignoar o
of each Mr%nmrénce f GREEHTBNN 9is W BOuRI et N §SanG AR Bort bin @@&ﬁﬂtﬂt&ﬁm at

system startup, the adapter notifies the systemas to the configuration of
its MO p@)r@ther MO poticandenitheridispa beadtcnredwcelthsoMIQ ety when thatqtogicied wi t h
dedi cat e or oIt} ofls Ca fr S,

di spl ay g %Ied h’% Py pfenc ddm?‘ é grap slr(r:1a E‘S@E‘%"ggqo r%‘iv eé&aﬁ)?wé

acconpl i Mlelbd@té aﬁd/%yﬁ‘lbmrsfe{vﬂﬂhamt\ﬁo dioplhy tedded to conmmunicate with all of
the graphics processors In sone enbodi nents, the systemsetup unit is

i npl

| oL BEOAa) 1A RS B BRI BR B G 3R B

sui t abl eamghﬂsrtGPw nly beivegl ayO pondbionasdtion thefprasentinaeioand esm80 sof t war e
conponen

as a systems 14 Internally Distributed
o nehelsaaahe M Cuprts s oo et A2 HPIE s Shroas o B thAcbopp et
| nvent | ofitidi6ttNBPO! AR DRAESFordRRice2ABMRS pealFBcd Be coupl ed

to each other in a master/slave configuration. this configuration, GPU
122 can pemfionieateiwithevanabb gxtdingk davings suth as AVt éncpders nythedikaginsomel

20  embodiments, DVO (Intel Corporation's Digital Video Output Interface) or other standards
for video output can be supported. In some embodiments, the configuration of each MIO
port is determined when a graphics adapter is assembled; at system startup, the adapter
notifies the system as to the configuration of its MIO ports. In other embodiments, the MIO
ports may be replaced with dedicated input or output ports.

25 [0063] Configuration of /O ports, display heads, and other aspects of a graphics subsystem
may be accomplished by a system setup unit configured to communicate with all of the
graphics processors. In some embodiments, the system setup unit is implemented in a
graphics driver program that executes on a CPU of a system that includes a multi-processor
graphics subsystem. Any other suitable agent, including any combination of hardware and/or

30  software components, may be used as a system setup unit.
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5 selection logic 300 in the display head (e.g., head A 206a) that is
operating as the master. [0065] FIG 4 is a block diagramof a GPU 122
showi ng di spl ay head 206a coupled to display head 206b in a master/sl ave

configuratio ca di(lil 0. an enbodi nent of the present invention. It is
to be u#@@mm%ﬁb—% 8 a f FIG 4 may be identical to GPU 122 of
FIG 2; [D(%JI' G afeor@itc¥ ﬁilheana&ﬁuouﬁnér{t@fﬂﬁrﬁriseﬁtriﬁvezﬁ@mhe anslaigplagrAE 220 is

not shown. 10 Display pipeline 202 in FIG is shown as havi ng two

par al | el20683206b € onelGE | 129 npiypel donpledto eghmthenin &mastel/slavereonfigwretion. tlo

i sl oy WERrBERRIoro Lt 1 e bl RE LBy ahm 60 0¥ BBl G ° °°
general |sglec@iMogirt3003@ thedRspl Hhead (¢lg EB&A ATBY6) €hat RUpefitingds the nkBtel.0or m
vari ous pixel processing operations; the two display pipelines 402a, 402b

may perf t i [ I ty J ired.
o066] PR ek 3355 BREL Aashifoff ob B2 b ER yPRIRM 205 o 0"V o
port 214fspddy hdabl @06t fokdteris?ae cBhAgiratidrodtsbdingtatah edBOdibieanst the prepéntel s
produced by di SP| head B 206b from M O B port 214b to M O A port 214a;

a
M O A pdRyeniong td%‘e%i Reamdersiped hat 6P 132 ofddE: ¢ aray beddentispl taWE b of 206a of
GPU 122.4R xe a g L opl b 0 suitable
si gnal tFrlghg’flérﬁlg}é%’ﬁgrln%%%g?&gjga@gEﬁ%alg%gb‘gg’sagg?%%g?é())\{/gv%()?% " Fromthe
per dpecthigplapbipdlisgl(@yinidads & showa as hivinpiwepaaliet eaitioas] disiay pipslieady head

B 206b are indistinguishable from pixels received. froma djfferent GPU.
Thus, f&02ﬁ,n%bl%é@3versm1§3$ tostisnlay hesd 2108@aegé@@laerIWIIg%Bé;QZhe\&lerclAg‘étyw can

be operat; : !;a&ta an; DLXel B a v pi xel
(PA) or %ﬁ%%o?dﬁéﬁ%romdﬁgg% %g%gfﬂ%ae}ll%geﬁt“g%anal ! p?%e@fd%g%)h H2¢5rH fg?%%dl ating

f r om heawnZ2io64l, design.candleecitimdy pé x@ifiguraslad pdrfomomarpiug pixel pracesitgPB by pi xel
combi ner circuit, 308. .. (Pixels.PB e "external." to display head A 206a in
hes oAt e iy RafinepA0se 05 ERbp e ot SRR O o af ool oy
head sA Zfifferchtopdiatidhavs Bbdebi ne A 402a.) [0068] In this configuration, GPU
122 is usable to perform"internally distributed" AA, 30 with the two

di splay Qhpsli 02 02h s lyin le v t r l,ended by

pi xel S@P@(ﬁt i ]gﬁél%lﬁ?rgz Z@)Ols F%upggdgﬁ?laaayﬁﬁgla%iﬁﬁﬁag{l Hﬁ(?i t%g@pa ipgﬁf%lga ?tgnderi ng
pi pel i nahé sbe GRPI 1221 Pixel tramdarbatiof00Edsfe22pik €18 fRxdscddwy disprgeiseadB 1066 sane

scene, with sone variation in a viewn 15 paraneter or sanpling paraneter

such t harora PGB perti2Adb fobaPidnert dbta MIGH ARE 2l de delivistsdhe aixels ifeeqivasent
f _ it . . )
nor o 0 IS ead RL0BE BFPE: 1727 HUL hnlttl SN S0y BUBAILTCRE LEIELATE

pi x&l0 baouitalsie sxgpalafankfeetechwiques; examples are described below.

[0067] From the perspective of display head A 206a, the pixels received from display head
B 206b are indistinguishable from pixels received from a different GPU. Thus, for instance,
pixel selection logic 300 in display head A 206a can be operated to select, as an output pixel,
any one of an "internal" pixel (P,) originating from head A206a, an "external" pixel (Pg)

25  originating from head B 206b, or a blended pixel created from pixels P4 and P by pixel
combiner circuit 308. (Pixels Py are "external” to display head A 206a in the sense that,
unlike pixels P4, pixels Py are not provided to display head A 206a by display pipeline A
402a.)

[0068] In this configuration, GPU 122 is usable to perform "internally distributed" AA,
30  with the two display pipelines 402a, 402b supplying sample values that are blended by pixel
selection logic 300 in display head A 206. In operation, a rendering pipeline (not explicitly

shown) of GPU 122 renders two images of the same scene, with some variation in a viewing
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images. Alternatively, where the sanpling location within a pixel is
configurable (e.g., by 5 the graphics driver), each imge m ght be
generated using the sanme set of view ng paranmeters but a different

R L T L T R L
buf f er cﬁf‘feré&ﬁfmﬁreaémotﬁw fFRE §x JﬂQ%hgﬂf& BrréRat ﬁawp&@s (brmi’év@;ﬂﬁfétrﬁﬂmhl@ any

menory devi ce or devices, including on-chip nenorz U 122, ?raphlcs
menory Xoighthe @fmﬁ@rforstbstveonnmn@rcyeam@glsmall Fff@ts im;t theelttmndlmsre theftiver s

maybe | ocat ed deyi ffer nt esi red.
[0070] ekt BrdeRE VBerrdBE riblfie fifer bifind R e Hlep PR @i,
per f gr Mehy @apMes dri P CRESInHge A gktdel g@ﬂ&at(ewﬁmﬁﬁl tHERMmR R etSf vieval B Barabedérs
conventional nature) on the pixels, and forwards the resulting pixels PB

to di sp|bazyaHé&aerssgmabnglgp@tmnayltfn@a@phwlmab has pixel 15 selection |ogic
300 that operates to select pixels PB; those pixels are forwarded to MO B

port 2J6669]i aOns o5thbadnd2d u(nﬁ@és 1§fstaie'ti¢1i1§|fm1n%fb®\ffer 1A $04Gvhife)the Bihselss PB are
transferred_ via pixel rt 214a of the sanme GPU 122,

whi ch f Sfaked 2 fraae pptfe "SB"F4|§6t Sr%ﬁ?eswf&ys Aﬁ*@ééﬂ@f@éanay[mmemweﬁapm | el
th thi | 20
but rer A0y BRI d8Rce Bt AR, BUBG L -y RER6 AR A obphicd Ml ™

gendal |1)24(and/‘06§j’zstmaiemdﬂ§iﬂ04 ef Flan 11 the two Xame bulied rhay belbcited inghe esnd ti ng
pi xels PAto spl ay ad A 206a. D| spl ay pipeline B 402b, display head B
206b, aﬁHeIB?WéﬂeV’thﬁﬁélf G%QFYIC%G’G s¥iedadvant ageously configured with
appropriate timng so that pixel values PA and PB corresponding to the sane
screen {00H] aPsphiglpipedine B Wbub@ssiams frdnnrﬁa(ne byffer B406 perfeamevarionsk cycl e)

t | _sel ect | 300 qf head A 206 072] . W't hi
oi ol o GRETHERE epereiis (488 maicha o eebRRLT TSt alags) woihe Fokis Ao P
nul tipl %ﬁfar@slt%esr&luﬁﬁ{gﬁ)lié]§P§Wlﬁﬁl%yeﬂlead@ﬁb@' \D@pl@ﬁh@aunzzmdb mad pixdj Vi des the

sum by 2; thus, the bl ended pixel Fath 316 is the average of pixels PA
and 1PB. snlflcttlcbrplomcéoosha 0§éllaéf@tt@ setlﬁépv@ seftui hsppixels aﬁ-’sfoahar o1 Bxpoirt

Pf aar | a he Ilvesth . i 30.an out put
port (eglﬁ8 Cdf)%s L?Z(O ex}5’ormt el‘;le{%g%lxmags are ans*erraﬁ)gf?lpé@eqdew ce.
[0073] IfattsdonubodMie A:wre@hzttamf&hetbaﬁat(ﬂw 1 b W}ﬁ'ﬂdﬁ)ﬁvﬁt@s fHepitdlne; ufdisghly 122
renders each frame twice, the maxinumframe rate for GPU 122 when

oper at i rhj’ d A 2098 i nt er nal | y 16 distributed AA nbde described herein is
generally lower than the nmaxi rumfrane rate when operating in a non-AA
node. | r{08Tife Ergasadleiroithshis bperafiorm displagtpipelioe At 2i6a reads pixellftom frame

20  buffer A, performs various processing operations (which may be of a generally conventional
nature) on the pixels, and forwards the resulting pixels P, to display head A 206a. Display
pipeline B 402b, display head B 206b, and pixel transfer path 400 are advantageously
configured with appropriate timing so that pixel values P4 and Pp corresponding to the same
screen pixel are delivered at the same time (e.g., in the same clock cycle) to pixel selection

25  logic 300 of display head A 206a.

[0072] Within pixel combiner circuit 308, addition circuit 310 adds pixels P4 and Pp,

multiplexer 312 selects the sum pixel, and division circuit 314 divides the sum by 2; thus, the

blended pixel on path 316 is the average of pixels P, and Pg. Multiplexer 318 selects the

blended pixel as an output pixel Ppy. Display head A 206a delivers the output pixel Py to
30  an output port (e.g., digital output port 210) for transmission to a display device.

[0073] It should be noted that because the rendering pipeline of GPU 122 renders each

frame twice, the maximum frame rate for GPU 122 when operating in the internally
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distributed AA node is approximtely half the franme rate for the non-AA
node. For real-tine aninmation, as long as the franme rate for the
internally distributed AA node is 5 around 30 franes per second (or

hi gher) ,didtHButb@ AUCHhb@NddsbritiddeH¥eein Al @néaBy ldvidr kifinGhe MaxinR@t frifmefdtalvhed f ect
on the snoot hness of the animation. Further, the inmage quality produced in

a non- ARpattiag it 4 nogddemads. yinisemie smbedimeats, thedgaerate| ot hisgpstadlzd i n an

internall.y . distributed AA nnde; inter |y distributed.AA trades off
2"t eaucditEpdrE A RIS PRty bt e dRTRo! s N LA RE ERDLI 67l 0 be
not ed t hadl-tfeumafidigas Dhigak fafndititdor tHantenaRy ddtrbutedi A mhdadtied AA node
described herein are conparable to frame rates obtai nabl e using

convént iasvnd 3RAranesdien segard (or aigher), the reduetionini frameyaterhan litths aigiopi pel i ne

d/ the. di sql : ; ; : ‘ . L !
2ot KRB AL LS80SR e on BTN B R
i mage, hnh nohiAA mddeiwill gesaatpt sloper thah ¥rdge qlaligyessdused M dnangetallgunber  of
sanpl es 15 per pixel general Iy f;\l so .decr eases f@m& rate relative to non- AA
modes i IHBHEh A Pere] thispiniarually iatgButeh A Fafes pll Idrdiceg Pamens e

renderi fifl d es is managed in the rendering pipeline, throughput
of a GP %vllfé F’n %‘%{qeﬁgggl y distributed AA nay be conparable to throughput of

a GPU wi onvent i onal . AA. 07 H gher-order AA filters | sq be

pit e DOEAT o RAEHS? b pd Toh Fhomaup ieth s whn d FORI S frDuted

si ngl e- pi RehddR@ieqiMbeld RERINAE Eé(mﬁidra‘:ﬁlé {PHARE rAR JodlihAN RShORBNAtiARSAAl N One
enbodi nent, display pipeline A 402a and dlsEIay pi pel i ne B 402b each

i ncl ude techniquies € g. ofilteragrin tte rerEBNg pigliheadiotthedisplay pipeling hwasingtehat

i mpl ' | AA fil Mb ifical Ly, for. h i
of "t e 1oy CoRBrtp B At sitdis CPLasBEE RGP SRl polias B, of os
a nunbera dthdl€irBage, But WittPhuRiple Qbdpes patpiREll PrédeSitie 4 Rager Ahimbér STREMPRS 25 per

pi xel , e.g., using conventional supersanpling and/or nultisanpling
t ecHAi qurss pixvhgenceallislseslegrgpse famgapts redativsrto pae-AApigdesdn exehasgedri n fr ane

buffer A Lle f g i f. are
atored PRl aer el TR R R v ErsAgRl ab B Bs ifaacif BT P
sanpl es readeriag pipefing ehrolipigpiit bf aGRUowithi &iterAally di¥ttibutad dissphaye porppdrale 402a,
a first fil ter-ong—b&canout, (FOS) module (not explicitly shown in 30 FIG 4)
i npl enerip $hrgpghit ofwe GPPrwth copveniinabAthe N sanpl es to produce a single

col or value per pixel. The color value determ ned by the FOS nodule is
suppl i ed00Tds sHighyr-arideeA Affilterhmny also be espleme)ted, and iseghl fdterhmay eapRiBGa as a

P XS Ptk 88 il Tyt i SR BB 23R EEEHRS bl N Sanl es
. embodiment, display pipeline A 402a and display pipeline B 402b each include a
filter-on-scanout (FOS) module (not explicitly shown) that implements an internal Nx AA
filter. More specifically, for each version of the image that is rendered, the rendering pipeline
in GPU 122 generates a number N (e.g., 2, 4 or any other number larger than 1) of samples
25  per pixel, e.g., using conventional supersampling and/or multisampling techniques. The

samples for one version of the image are stored in frame buffer A 404, while the samples for

the other version of the image are stored in frame buffer B 406.

[0076] Display pipeline 402a receives all N samples for each pixel from frame buffer A.
Within display pipeline 402a, a first filter-on-scanout (FOS) module (not explicitly shown in

30 FIG. 4) implements an Nx AA filter, blending the N samples to produce a single color value
per pixel. The color value determined by the FOS module is supplied (possibly after further
processing) to display head A 206a as a pixel Py.
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buffer B 406. Wthin display pipeline 402b, a second FOS nodul e (al so not
explicitly shown in FIG 4) inplenents an Nx AA filter, blending the N
sanples to determne a single color value per pixel. The color val ue
determ npd7Py Sheil&BCeRMlaF PpelBEYORD rieseited PRI N SnAIBOHS bah)pixe] &ohPfrarhelr t her
processi ngf) to di 3&/[ ay head B 206b as a pixel Pp. [0078] Thus, the pixels
PA and P &itte dWHhinglishyapipglinedd2cogcendd QY poduledalse aet axplisitly shayrn each

be filte ~PI c I i . as I l'ing
poi nt s aagr ¢ Byluhbay b MG BARLE S V8RR SRR G HDse "Usea
t o popul edlee Heraivel bTHE eslor Blvddeterfimddi by thgseaondNKOB8Andduld i@ suppliee gedssitliys pl ay
pi pe 402a, 402b with the internally 10 distributed AA filter technique
descrd be@%@%@rﬂ’%ﬁﬁﬂ%ﬂ)ﬁ%dﬁp@zm B20%h 3stapixeldyy  nstance, if the FOS
nodul e in each display pipe 402a, 402b provides a 4x AA filter, then GPU
122 can [0078)i dbugxheMixelf BQER] PApdntdddyl digspldyGEpesstilh and402b\rdspedtieeliyng
algorithmis not critica o the present. .inventjion, and conventiqnal

modul es SRS §6ﬁﬁ?rﬁ15@vwla%ﬁ% ayy éaqveﬁe%}eeilwagyA%ﬁag@aﬁaeéamph@ RRIBEr i pt i on
has beenus%ﬁ‘t%b@@.\latle Bra R VR ROBU B HoB coih e Wi tHRE ULRS0 pBpitlhee Rafé tRERE! | nes
402a and 402b apply i1dentical filter algorithns so that t%e resulting final
i mage i sBrdb, catgpeingentVxohAilier n each display pipet40i@a,i4fdyevithshpmbeealbed by a

partjcul ar _di spla i peljne. . Furthe NX dilteri an be .perfor.ped
bar 167 Pl 2K sRlebErnidie asietiedho Yol f Dl DR SRR B BEEIRaL i ve
enbodi Mefhe FOYmOAuIE i ERRIANG1Y fIhY 4028, ARbIRENEE Mt RAMlieR@her’@PUGRIREA NY

pi pel ine of GPU 122 using conventional techniques. [0080] In sone

enbodi meprogidet8keA8anpl i ng points used to populate different franme buffers
are selected such that no two sanpling points coincide. For exanple, FIG
SA i | | usfo0a9es Agparti@iard’'OS mophle g ARAfi k&g abgpitinds L@ catipdlXethep&entThe pi xel
is sanpled four tinmes, at Jocations 501-504 (indicated b ircles) within

c
the pi xeinveptjan, anbeqnyvenpfignabmadulgs ar}d@d%ﬁrxélan@mam'besléﬁwwgrd%@lmtm dappl i ed
to pjxel : L 1+5.4S : 1 11 1 ndi cat ed
by " ansadap i Bk ar TR e Bim b Ce FOS SR T WpT AP MA e
enbodi me#d2a gnidX¥eRb dpylg identi€al ditter dgbrithms Ao 40 tHegeqpbtiveyy firtad tnageiingott he gri d
sanmpling.,pattern of .FIG 5A while pixel data in fra uffer. B. 406 is

Gener at SAUTELIGY Op Rich Vsiok e O EP N BICRC DAY FBRYCUR: Rk BEEie Fos
modul e i pufie PR APHRG D cﬁﬁ%@ﬁfeﬂféﬁr?eﬁ%aﬁﬂﬁirﬁﬂe fBsde seABMRISn YRL&ES F6r01- 504)
to a single value PA, while the FOS nodule in display pipe B 402b filters

t he four instanpd, én oud altesnatiBe embadinents Nax A hidferng aiight bpperfemed|withen thet i on
0915, 300 L& depla, bad, 2068, bl s e PA and P8 as descr  bec

abo

[0080] In some embodiments, the sampling points used to populate different frame buffers
are selected such that no two sampling points coincide. For example, FIG. 5A illustrates a
"grid" sampling pattern applied to a pixel 500. The pixel is sampled four times, at locations
501-504 (indicated by circles) within the pixel. FIG. 5B illustrates a "rotated grid" sampling
25  pattern applied to pixel 500. The pixel is sampled four times, locations 511-514 (indicated by

diamonds), which are different from locations 501-504.

[0081] In one embodiment, pixel data in frame buffer A 404 is generated using the grid
sampling pattern of FIG. 5A while pixel data in frame buffer B 406 is generated using the
rotated grid sampling pattern of FIG. 5B. The FOS module in display pipe A 402a filters the
30 four sample values (501-504) to a single value P4, while the FOS module in display pipe B
4020 filters the four sample values (511-514) to a single value Pp. Pixel selection logic 300
in display head 206a blends the values P, and Py as described above to obtain a final pixel
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val ue that corresponds to an average over all eight sanples. This procedure
provides the sane antialiasing power as a single rendering process that
sanpl es each pixel with the eight-point pattern illustrated in FIG 5C

[ 0082] ot hds cBfte@RREEH!AlaSEhak OBt er | id? bhEL | hilhhisbddubtibBliabpk echni que

descri bed herein iIs illustrative an at” vari ations and nodifications
ar e posshinkentidmsing pevanases simEerenderizgprodess tirat keapléesegaeh pixehwitetwct |y t wo

di spl ay heads,  each ich j able of driving at nost one output
port; c aagﬁ??'%m%ﬁgtsgﬂfh@%?ay heads are used for internally
distributed antialiasing, GPU 122 can deliver at nost one pixel streamto
t he di sdP@82]delymdlebe pppreduatod that theantomallyrdistributed A sechnigsedesciibeddieréinn may

be inpple ted.in GPU t hat has 10 | east . ispla nd

v ¢ 2b1 &~ PItEtelethed Do SiracsF ind Moo RS pleY €0 BB AL 2B e ¢ han
two di splesotiveeadiin hdldexidtly Ganispieals, eadhesfaidtyis dhsdbld dfdrethpMniRel can
al so supply independent pixel streanms to two or nore display devices.

Addi t i orfaieloptpuhperteconspguertiy wher both displaydsadsase used fpniptamadlyslistiiputedhy be

possi bl Moy n | of &h S. . di s . (h a

mast er/ galnglgléa%lg% ?;gbcﬁ)azi cre\lgtdglt“fegra Eﬁg?t Onggﬁgg}éeaﬁgq%zm%@%?%#e@he GPU. 15

[ 0083] Hiswrer, en(Bolindedds @xhélpsdnt bfenti@r @hynbéiasplémentdd 12 49 G thaolids aof

whi ch are used  for_ internal distributed AA. In this enbodi ment, neither
headOa_ dowhbviodislanheads 26 aritabls iee! selogtioatpac aad KOs eV isre e SFY bes any

ot her GRU. ar, di.spl I ' .

i 1 on B SR PP, U AP Thn SHRRATERAN] disk TN T IS, 1o

al | ows augplydndeptadenepiethstrepn & tsvoanrdnare didplay XevisesatA dditona Hypewhdrerthe 20

al l ow ng. interconnectivity wth other Us in conbinatiopn wth internally
distri e AT Bin %ﬁilﬁ?léy hemérlénﬁyggp?%w@camct ﬁ%OEﬂlsé’ﬁ{S,dlﬁ &Y port
m ght  beySaNGLAHESH a@fasitl/slall H&i(s)f@ﬁatin tot ArtH&! ihMfEdse e KA PRI ePbBE &P OM

anot her GPU to display head B 206b or as an output port to deliver pixels

roduce di a 206a .t o .anot her, GRU _ Th ther. GRPU in such an
Erodd: D3 oREGY. GG o2 P R RAR By oo P e PR T AT R a1y
di stri buopmhtdvally2disttiblite@ A A10in thiseibodin@ns fnefthdrabsl AQ084hortheadBl 2gbof pi xel
transfer path inplenentations according to enbodi nents of the present

i nvent i oMoulil bp usable aser mesterrdr skaie topanyidther (FAE endisplpebgad. dmethes xel transfer

pat h may, . I rl [ " trlf‘l‘?) . 98 I .l lustrates
a gr aphieélgo% gﬁ%ﬁ%gﬂ%ﬁg@im&aﬁgﬁgég&gasl a pﬁ: ntoég%m rc%?%ts ggﬁa‘gendél

conf i gur@drating lncls tiex bRowabngpotelo recedvesiivels pal dend pixelsdit tig shde dimegnbodi ment
of the present, inventjon. . hi ¢cs adapter 600 it% i npl enented as an

G a
ex p%@si cﬂ%lO(‘YéngjlnEFé?%e‘élvﬁtﬁ’i‘ﬁ‘if}b@B@i GRYs in combination with internally distributed AA.
For example, where a third MIO port is present, that port might be configured as an input port

to deliver external pixels from another GPU to display head B 206b or as an output port to
deliver pixels produced by display head A 206a to another GPU. The other GPU in such an
embodiment might or might not be configured to perform its own internally distributed AA

25 filtering.

Pixel Transfer Path

[0084] Examples of pixel transfer path implementations according to embodiments of the
present invention will now be described. As will become clear, the pixel transfer path may be

external or internal to the GPU.

30 [0085] FIG. 6 illustrates a graphics adapter 600 implemented as a printed circuit card and
configured with an external pixel transfer path according to an embodiment of the present

invention. Graphics adapter 600 is implemented as an expansion card using a printed circuit
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19 board (PCB) 602 that confornms to PCl-E or another interconnection
standard. GPU 122 is nounted on PCB 602 and electrically coupled to a
system connector 604 via wire traces (not shown) on PCB 602. System

connect OpoBPPIB) seshanedfohas REPCDE oF hiffhdr Mitbrcant¥etiofEst@XdadSGPO 12298 (or
any ot her type of exeg)anm on slot), enabling comunication between GPU 5

122 and mhentedgn PeB &)2xndslecticaly sauplinddo elsysiem spanastar 606 visfwirg @aces (natPU 122

is also ,electri upled t i,spla t. connector via wire
races (HEMTIRARER b ARREGsh &t Atk 3P ua RN I i CIASS AR

advant agepdasiyn slot(el afly btbeioippe of exhhsi drbdlot),whpblingdfinsunichlion bethkep GPanal og
out put ports 212, 213 of GPU 122 (see FIG iments, PCB

2). | nbod

602 rhay p¥ornddhe rest ef %@W@ﬁvﬁwémlmwy@emﬂ)@@%%@Sgbﬁee@?@dg% ixdépl ed to a
diff - 1S i 0086
pce 602 reneieBhisd ¥ FitpRYchbutcdinidot o SRR B bFpPod ped 0021 e
of i denédx dbisplag baiput Ednaphidrosoas gdvaangemstyaoupled o cawiatigital botpM ford port
214a of CGPU 122 via wire traces 616 while graphics edge connector 614b
connect s2t®b2M & Balng QuipHperta £ LRl of SBUNZE (5ertd Gy A dasomegmbedianentsy aphi cs
edge conpeglgph n@a}r oviﬁ%fdﬁltipie 8@@%%8&&@&% hotsis %éé,réa&i?‘&oui;ﬁed%g diE&GEani cal

e I'nterconnect

connection to a nova evice. In sone enbodi nents,
gr apHl csomdgeuguh perds Dils2 Bl 4ais&ndw Idthearte of i dentical configuration,
allowing themto be wused interchangeably. [0087] G aphics adapter 600 in

one embogjogsNt PCH dﬁsd'lﬂﬂﬁéiucflé%rtwbl%?aﬂhfbs‘éhgéédnhbﬁt&‘é 615£ 5986 IWHCSYSREE | N
which two or nore GPUs cooperate to performdifferent portions of a 20

r ender i niglentagsk dese Horaphiceedgervayndstor Opéa eanadsts 0 MIO A pord2 ¥l oftiGRY 422 node

in which each GPU ders a different I f an i i an

't of nac BhonER Eor EE T RIG ool il et sr R @Reb T REPUQE piRA L gfoRy
sequence] B vin KagafacePs 19, "Eah @dphick bdieesbnaddtdred 148,56 128 i EHEiguled fored&dti@i

t hese nodes, one GPU (the nmaster) receives pixels fromanother GPU (the

sl avl) , anfdmeghiagispl epanection ¢ma resvebleanteicanagebdoiea dp seppgjenbpdistestsa pi xel
for disp : ' Ve -on..qdif . Qr I; ters 600
are adva%?é@%%ﬁgﬁﬁﬁégﬁﬁgg?gﬁ“gﬁéﬁg%g%%%?%@gghgﬁgﬁﬁﬁ%ggg3@5“@%Hﬁgc g%s 6l1l4a,
614b usi agdantstehargdeblelyi nt er connecti on device. [0088] In an enbodi nent of
the present invention, a renovable interconnection device 620 is

construc [@@7]’;‘” gifréﬂm%aﬁt%&d i'ﬂ%he bhb&dheRC8 Gg% %neﬁrf&p@eql% dr%ffﬂ)%te%&%“ nectors

6l14a and 614 t he sanme graphi cs adapter , as shown in F 6.

| nt er conreaderingystems 62 Whichriwb er nere)GPUa cBeperitdtvoper foa| differentporBswiah wire
trac$ printed alo

recet¥i nfFPECTHEB Eglcbfﬁgsééfgg : 225’? \émpérgtfr ’eef':ge' p@%%pﬁéﬁ?%ﬁ&@%gﬁ?%agf;pm cs
edge GPU renders a different part of an image, in an alternate-frame mode in which each GPU
renders different images in a sequence of images, or in a distributed antialiasing mode. In
each of these modes, one GPU (the master) receives pixels from another GPU (the slave), and
pixel selection logic 300 in the master GPU selects a pixel for display as described above.

25  GPUs on different graphics adapters 600 are advantageously connected via respective

graphics edge connectors 614a, 614b using a suitable interconnection device.

[0088] In an embodiment of the present invention, a removable interconnection device 620
is constructed and shaped such that it can connect graphics edge connectors 614a and 614b of
the same graphics adapter 600, as shown in FIG. 6. Interconnect device 620 can be, e.g., a

30 ribbon cable or a PCB with wire traces printed along its length, with receptacles at either end
for receiving a graphics edge connector 614a, 614b, allowing the two graphics edge

connectors 614a, 614b to be connected to each other.
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connectors 614a, 614b to be connected to each other. 20 [0089] In this
enbodi nent, interconnection device 620 exploits the timng characteristics
of the distributed-rendering systen1supported by graphics adapter 600 to

establis [ : in a
distri bupg ggfelr?g%l}si %\%@(@%ﬁ g1 E%Iéc{bpé%&log Ia[%‘%é% W% tggﬁ%g{%&%ag%éﬁnm% B port
214b of GRbe dRgitutedarenddritgAysiem tsugrmrtel/ b gBiphas tajlapdér @0EPEbtablsh agixkl f f er ent

graphi cs,  ad haracterj stic transfer tine, sultln mthe
Ponot he B et SRCELE 05 MEIBE B dnd e erdoisen i BuU e A

the two ﬁ%@ér%ﬁl frorﬁ‘MM’?B goﬁ%l%‘%f 6becn ke MI@)WQ?BR RéMIG EF0) olfﬁtﬁﬁﬁs
etc.) that may be included along any segnent of the transfer path. In

di stri butneddrf&mdmgrapglcspéap@ané@ﬂbas 4 bleraatarseit eangdér tphg etswitingdiom thee di spl ay

head of h | di d f t t GPU i
oot nolsEtR P Ge Sates il b e D e st @met ey e BEGieet fe 5P APty and
mast er GRUyal hd éf@/ e?éctrbﬁi% c@h@@ﬁéﬁ‘!’s (F*Fméj léléhers hﬁc ?Tﬁﬁf 1%5{ @Mcﬁfde& Hf@)ﬁg amyially

the sane time (e.g., during the sane clock cyc B{}g ong ‘as
i nt er consrgotenbef the Whestergath. dndmtm@e@endmgms@hgms, thertean, t@ﬁpm@s Bt of a

Chel ol velneidpRbiiad Be a8t EOTNIETH Ho R aD M e i G i aF il o 5

si gnpd s tavrddnided sishrthat 2B pix¥ls tflond the shde G@Uraeﬁtméswmmj arFive 8t the ARpRFENt at i on
of internall y di stributed AA using an external interconnection device

requi r eshepd df theampsier GRYd iat st@a@nt&ﬂy thesamedpup G, rringrihespms deckeyeld). 600
that was originally designed for distributed rendering. [0091] It will be

appr eci aj8gdo} hals lonpeasghtafionsctian dpties 620aprdvided £franRisdn thhe thaichdgshat of
descri bed herel n are jllustrative and that vari ations and rmdlflcatl ns are
possi bl e2 diHduiRy-iepdgsiog intatrgpRectigh devign Bet connectiifisrcpt GRUstthe piselizpnstcer s

and 1 nt egﬁgrﬂ%&&éd fRYdoRA TR Y 61@&911%1%‘3 gnﬁ fvgmen eﬂ@}l‘@aﬁﬂﬂﬂf&esc“ bed

her ei n, any cormuni cation protocol transferring
dat albet eaeset tinihgo dFtus, imfplHSDfation ob nﬁemalt}edwtabumé Adrbonlg anewtt(;rnal

i nt erconn ctl on device 620.m ght be i CB 60

o1 no. v PETEOReaon A B fatmeBagh e tions SCPZeir 8 s bt rone
control @@(Yﬂﬁ@v%ai&h@nallyﬁieﬁ@ﬁ&i’ﬁpHf%trltﬂfﬂa%ndéhng driver-controlled swtch)
are advantageously used to enable or disable data transfers frompath 618

to path r VI [ noted that in sone
enbodi meﬁfug lf h(y‘ﬁ seealﬁ’%ec’c?fed tﬁ%i& %rﬁ%a?‘%lﬂgrs |n(1,t8rc8%c§?n S?H%Crs ext er nal
connect i aescHBéIRREIN avilIWE1iRO il Bthaf virfatomadiE niddifichtiess fetpossifle atkonmat i cal |y
enable internally distributed AA, As descri bed above, the gperation of
pi xe?0  shape, layout, and material composition of the adapters and interconnection devices may be

modified from those shown and described herein, and any communication protocol may be

implemented for transferring data between MIO ports.

[0092] In one alternative embodiment, interconnection device 620 might be implemented
as part of PCB 602, e.g., using wire traces to connect path 618 to path 616. In this

25  embodiment, control devices (e.g., a removable jumper or a driver-controlled switch) are
advantageously used to enable or disable data transfers from path 618 to path 616 or vice

versa.

[0093] It should also be noted that in some embodiments the presence of interconnection

device 620 or other external connection between two MIO ports of the same GPU does not
30  automatically enable internally distributed AA. As described above, the operation of pixel

selection logic 300 determines whether internally distributed AA is performed; operation of

pixel selection logic 300 is controlled via the graphics driver.
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selection |l ogic 300 determ nes whether internally distributed AAis
performed; operation of pixel selection logic 300 is controlled via the
graphics driver. 21 [0094] In another alternative enbodi nent, the pixel

transfer gm&f; P SEbtfR hltAMR MY Mim T She Eﬁef @&sféé\Patﬁ R fok iﬂ@%ﬁl@lil% the GPU.
FIG 7 is a block diagramof a GPU 700 according to one such erbodi nent of
t he pr esdistributedeid ioilt GRbinAbe GPYJ. gJdbe7as 4 Ylosk diagem ¢fta GPU 7DR2cafrdinElt&. 4,

and li ke reference nunbers have been.use identify corres '

componentis Si6h SREPEEERY BB S0Pt ef Udab et Sl B SR st o1
path CONARTY BEH Rk REEHEk nBAbEs hdZbkh udisR! ié%ti'i'ﬁé&r&?&%% dnpRerist er nal
pi xel input path 704 of display head A 206a. [0095] In this enbodi nent,

t he @i xeUnlikaaBUeli22paPl 100chaludss an igerinelpikelirapsiet patle cennecting amdutpysipether )

Fecel oot oMY kg st d B rhctel pRE Rpe a1 S iops AR I 21

via crossbar 220. The 10 selected pixel is provided to the external pixel
i nput pat0995h4 Iwthisénshuidimerricthd pixebt@mier pphoodpdese sslectieomuniniets.. 206 oper at es

in response. to r.ol, si gnal at . explici.tl h The contral signa
cont + gur Bortipiskef TORTA: 18 B gt B pulel Rt R dobieh9G R0 Byl 20

t hat GDUor?QBaﬂhSm@ﬂ‘ﬁﬁxﬂbﬂxeﬂﬁ“thélMIOt@h,&J.%MDS& porp 0t £4 vdAremebe 2200 The sel ect
the pixel on path 708 in the event that display head A 206a of GPU 700 is
oper H} i ngplestedspinelds providgd imibe geternpbpigpiinputta fidésplayihgad A 2089 be
generated in response to conmands i ssued by the graphics driver, enabling
a user ([0096ppiSeleatioroumittE6eIpereds)in tapaitand & cottralisipabll (Roti expBeitiakhywn).
distributed AA thrqugh_an appraopriate software interface without having to
access t hBe ginirohpigaal canfiges sslectiopamt 794 tosglegs 'ge peehon rath 7Hain theeyant s

enbodi ne V4 di; I i ircuit
700y et OPECTR0(P GpcriiR Sty BRARMRAIR Iaddd andh ot B pCA LD [ 1

pi xel s f 7@8indhe pYeay thatdidplBy REEMA ReGcdt GRU §60 iswperiting as & mASSr tai anbthiche sane

o Pl e BTt S ST R ot S O S oy
head B 2@Gh.ratifibHhs Ly (&%ﬁli%ﬁtigﬁ@@vél@&ﬂ@%ﬁ@dl@@ﬁ&iséﬁe intedIRAisthib@edPU i s

in a distributed rendering node or an‘internally distributed AA node. 25
[ 0098] AAA thranghan appeptiate seftwdre intprfade, withiout bavirgyioiactesg thewniaphicesat i ons to

t he GPU, hglr es not require use of any of the GPU s 1/0O ports. Thus, for
i nst ance, |§bel‘ ay head A 206a of GPU 700 can be slaved to a display head

in another GPU, or display head B 206b of GPU 700 can_ be master to a
di spl ay HWAd] i At shavidthemotedithatin fhis eplpodmmentepath {744 Erem disphast hesd i 2Q0bde nal | y

distgh b u{h%dsel%@tiérl J:i}c%{tiﬁg 'may include FIFOs, latches, and other timing control devices so that
pixels from display head B 206b reach selection circuit 706 with the same timing as would
pixels arriving from an external GPU in a distributed rendering mode. Where this is the case,
the operational timing of display head B 206b and display head A 206a is independent of
whether the GPU is in a distributed rendering mode or an internally distributed AA mode.

25 [0098] An internal pixel transfer path, while requiring modifications to the GPU, does not
require use of any of the GPU's 1/O ports. Thus, for instance, display head A 206a of GPU
700 can be slaved to a display head in another GPU, or display head B 206b of GPU 700 can
be master to a display head in another GPU while GPU 700 continues to perform internally
distributed AA filtering.

30 [0099] It will be appreciated that the internal pixel transfer path described herein is

illustrative and that variations and modifications are possible. For instance, a "reverse" pixel
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30 [0099] It wll be appreciated that the internal pixel transfer path

described herein is iIIustrative and that variations and nodifications are

possi bl e. For instance, "reverse" pixel 22 transfer path (from display

head A 206afedr Patli(BIANs al A28U8A o Hispiay hBsl BRO)ARn Bk pradidid ion to the

pat h shown. Further enbodi ments [0100] As descri bed above, enbodi nents of

t he pr esalditianrty gret patinshomavi de dlstrlbuted 5 antialiasing techniques for

mul ti-GPU systens as well as a single GPU with the capability of wusing

readout meghPédysimemd conponents generally associated with distributed

renderia% across multiple GPUs to generate AA-filtered i mages. Via a

sui t abl el0gp@phie de&&rlb%babovr: rﬂl@osim@ts @fﬁh@msm enventflorapromdp ﬂtsmbuaftdel y

configure le |nternal £

o apht csTiBEME RO ERES B tERy Rt Sa bRt SRR VRSPt 10 ¢ ne

program mﬁ@eﬂeﬁdou\/\fbehﬁqﬁésemﬂ lcOfbEBnRY LM brd Ry aﬁécm!eﬂtvﬁﬂlrtﬁéthbutéd sdndedmy ed AA as

descri bed herein can be used to increase &g doubl e) the AA resol ution.
134 §

[0101] \esress mubdple GPAlsttp gpnanefe Adelilergd i geageﬁe Wabbﬂ@iﬁlﬂcst%w@bem fic

enbodi ne l r n

nmodi fica ?e?)fr?gé)gfﬁ gn%lcg)ésegl gnhﬂbﬁ&o&ﬁ teqi% céu hed (?llg(?%%:ﬁélﬁa tﬁg&fbrl\%g%{r?%ﬁ has been
descri bedistibtifed nef erang graphicéprolgrdn, eégalﬂgesstdfﬁwmﬁr(bt gk thercb&tpreedediinspl ay
heads of a single GPU or between display heads of multiple GPUs descri bed

her éith iy pmer«m deelf. (Wheredhe pregam l]?fe‘iléQSj Ay inderaally %mha&efi@e‘\ andrsenbednt
di stribufed,th) B@ﬁéeﬂ% GfARabE (e % iy )ﬁh%pf’;( sBruBiber €0 anagl yphs. As i s

known in the art a stereo a overlays a eft-eye VI ew and a

ri ght-ey [ scene roduce._a.single i ma dlfferent
Coror £ el etiondas heatssariond Saddeshektdp Sheciad B &

pi xel's; {iQHed 1H$ﬁ@d?9@111 ﬁe@@gﬂiie&ﬁ&t ﬁﬁﬁrdﬂs’ﬁ%d‘%ﬁéﬁ%n@ﬁefpbiﬁtﬁé eforhdthhced T ed pass
filter while the left-eye pixels are filtered using a bl ue/ green-pass

filter. dbhouglothe inwentigypbastbeen descebmbwmln redérenestto Pt etmng,ltimdosphn&ye and

[ hons, o Sestoay Bantd feat€iuk g Sgle RIPP o e Feendifbidi oAl B it fe CAGEARARAO L O

to the npéfgqn%elgadﬁﬂagérmsappears as a double image with distorted 25
colors. To view the inage properly, a viewer dons special glasses vvlth a

left len aty fild I t
Tt ORI bl Rt e AbantBiEthe ARSI BBl oudRd o
Referri n@agtypﬁé G\s ﬂ;/knoam lige thdeit, D gtefriopahdlineh ¢venlaysh mmayeaiﬁe\mld dAZ{t&yemaybe
used to generate a right-eye view of a SFene whi |l e aﬁrenderl ngi pi peline
(not shoViRY obf sespgtq pradyge a single image. Typically, different color filters are applied to the

20 left-eye pixels and the right-eye pixels; for instance, the right-eye pixels may be filtered with

a red-pass filter while the left-eye pixels are filtered using a blue/green-pass filter. Dueto a
viewport or viewpoint offset between the left-eye and right-eye views, the left-eye pixel and
right-eye pixel corresponding to the same point in the scene are in different places in the
anaglyph. Thus, to the naked eye, an anaglyph appears as a double image with distorted

25  colors. To view the image properly, a viewer dons special glasses with a left lens that filters
out the colors used for right-eye pixels and a right lens that filters out the colors used for

left-eye pixels.

[0103] Referring to FIG. 4A, a rendering pipeline (not shown) of GPU 122(0) may be used
to generate a right-eye view of a scene while a rendering pipeline (not shown) of GPU 122(1)
30  generates a left-eye view of the same scene. Known techniques may be used to determine

rendering parameters for the right-eye and left-eye views.
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30 generates a left-eye view of the sane scene. Known techni ques may be
used to determ ne rendering paraneters for the right-eye and | eft-eye
views. 23 [01041 The right-eye pixels P11 and | eft-eye pixels P;o are

advant agpeos| YTﬁ@h %}ﬁt ef(yb eIed, andelbmwé pixBlstHfark BGRAGRIENR1Y QIGtEfilkdred,
pi pel i nes of 0) and 122(1) or in respective display plpellnes

202(0) aﬂﬁlezmztbq;espmﬁwgr@demmpﬁlms of GPWe(122@) and 1 B(bpardn Féspectivsi ng

0 Lt LG50 2090 4 R n BRI B e ¥l o

green andistbrldtlﬁedggﬁﬁﬁ)l’hﬁﬂbﬁlewamrh&hﬁdaentssImglhtad’ybylxdlﬂah-b%fﬂtefhdxeg§ bgan be
filtered by reducing the green and bl ue conponents to zero | eaving t he
red Sonpaesng theaed ereppnenigeaste and denvingythe giegrprd iye corppongatsiupaltered;t o

di spl I
1o MG Q%é?)"f‘%"a‘%m# el %f%ig?gﬁiﬁ#%e&%% g3 25 5 '
port 214a{ddpaviihg Gebdleb2fdnentDingldred. head 206a(0) thus receives the
right-eye pixels as external pixels. [01061 Left-eye pixels P;o are

del 1 ver efh1b8) IRy (iRAM P OAREAAN AR b BBRYRLalh SRb1) bf GPOOULA), De Not ed

t hat , use o et ween t wports or |emp0|nt used to
gener at eDisply head)p6(g)yferveards pieéls £pyte MiOeportQdda@ pdrichi dudiversfthersyas and

ri ght-eye pi els cesse xel_sel ecti | ogi.c 300 are pixels
RRADREH ARl ﬁé%?&&%}ﬁ fi(g}remsplﬁy 5@4@&98’9 S PSS e ng
left- eyengﬁqwgbgghE@ﬁgwgh¥ﬁxasrepresent different locations in the scene.
101071 I n"oné enbodi nent di splay head 206a(0) includes pixel selection

374 aro BOPW < Etede mapls A itbieu S Spley Piuaal )3 e el £49b 5 Sheh T he

| ef t - eyepdhoted thit, Beiisk 61 tﬁél bff@d BetRicktheRidwioRts RE QRMGBInGs $3édte Berielat@theON
path 310 that, as a result of the earlier color filtering, has the red

corrponenltlglﬁfeyp laed lelﬁefryp-vew porxesporghiels kefiecylané righideygmaxats nr@mmdebﬁ ®eof the

ri ghteey I . exer sel ronlpath
510, 1S el S BRI BRent B SRR RE REh R SR M dfenle 505
as the owrmspormmgelbﬁ-e&%ﬁlﬁﬂ;gﬁtrbyebh@ts repaaeaht difetaht locations ih e ®efe. prior to

pi xel selection logic 300 are not used. 25 For exanple, selection

mul tiple D7) 51 310 d;?mﬁbg)duﬁgrﬁ dfsgray%a O@%&Qde%?%l La@éuom@ é@b@ﬁf' on can

be contr Ied I ndependent r eac r component. In on suc
enbodi neFlG.3. Fed mbnatmg amﬂgiypﬁlh akasion l:ﬁctrias%)éanﬂ §] ﬂ@mtgfbodi éet todedot € divsonent s

of left-e P,o.f 02, ctlon pIe er 316
passes. ¢t bulidiie cirail 1Bl b terdrvd r e iy eat Bl R Rh e T
gr eegp copRrengpath 910 hhghd a R¥Et BE theleadtier J016r filRSMb! hds$héfed QH&:BHﬁen@ bk@k 0”
left-eye pixel and the blue and green components of the right-eye pixel. Selection
multiplexer 312 selects the sum pixel from path 310, and selection multiplexer 316 selects the

blended pixel on path 315 as the output pixel.

[0108] In other embodiments, color filters prior to pixel selection logic 300 are not used.

25  For example, selection multiplexers 312 and/or 316 can be configured such that the selection
can be controlled independently for each color component. In one such embodiment,
selection multiplexer 312 passes through all color components of left-eye pixel P;y from path
302, while selection multiplexer 316 passes through the red component of left-eye pixel P;
and the blue and green components of right-eye pixel P;;. The result is an output pixel on

30  path 318 that has the red component of the left-eye pixel and the blue and green components
of the right-eye pixel.
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30 path 318 that has the red conponent of the left-eye pixel and the blue
and green conponents of the right-eye pixel. 24 [0109] Those skilled in
the art will appreciate that nore than two GPUs can be used for anagl yph

renderi ng109]n RRo<BIPALH Teih ai‘i'iv&ih_af)ﬂ’ééiaﬁ?ﬁ@ n{dte than thb GPAR) canbeRsddis can be

used to generate the right-eye view while the other two GPUs are used to
gener at eanaplyph edndering; elmanembotineent with ERuWGRieneer gt Kkt Batvo GPBwcaabe enpl oy

distributed,antialiasing 5 technigues escribed above to inmprqve the
mge. quises 1R R 8% e e et BFe er s I BREE s at ERIER: ender o
usi ng i néyeriew .| Vhéﬂiv&iGPbyE@féraftingte%H Vigw cafeinployi didribted hrftiali4dtag t he
rendering pipeline (not shown) of GPU 122 can generate both views, storing
t he I%f tteginéques esdesaribedaaheve ter improvk thetmageauplitylef theanaglysly i n frame buffer
B (or vice versa). Display pipeline B 402b and di spl ay head B 206b deliver
the righpieyje Plered Madifpliscadiabplbayerderd vling@hermally disktusedRitetinig] € di spl ay

pi peline A 402a delivers the |left-eye pixels to display head A 206a as

pi xel s Phefemringde EHp AB. Hasigndermggipelige (aat shayrmi o &P B 082 ¢am genergte bofl} ends t he
pi xel s ' C I 011 ' i id tering
o ai so B et ich BRI ARES) it bk ol it Bitrlr's

f ade- out (or oice des8)0| vieplay-pipelimsB d402eand displiyehdadtBe206b dejiveli thé riplidyedixehse,
frame buffer 15 store an imgge, that is fadiéﬁga(? t while frane puffer

B ma . .
A sti®h estoéiﬁﬁﬁl%‘élj‘éé{ naltoaiag Prglsifipgviile. diswlay RiBeliness veis thedgfisypeiesos
adj ust s i i tha;Ri r f¥ ] frame
buf f er Btromg%ﬂ é?Ih}g%lat ezewigr?ggg%]fs%ml rgg ay%h%‘érzgg} ’Jﬁﬁégﬁ%ﬁﬁ&gﬁ]ocgﬁg}ge to full
i nt ensi tYendsithepikble apprageately t6 pexdecdthe heaglyphi ades to zero intensity. (If
the image in frame buffer Bis a solid color field, the effect is a

fade-in;[o1f1t NBistMRA& fikerinpaaR aRYbE BfedAo igtneRats Aahéltigthl 6FEAS such R fRAEfECt 1S
a fade-out.) The snpothness of the transition depends in part on the

nunber ofadetont er difitolvee i fphinsthnge:dn thydnterally distitmtgrcase drap yiffee B maymbi ner

308 js cagpabhle of ..formyr Leh d s tter of desj hojce. .Miltiple
crus! S ¢ ROERndrRks poCG AR iU tefrebal sk af SR G RHERE M ebe”a
sim | ar ekh&aine, piRdllcdmbliner 309 hdjasts tieheldiiventighs WE thelpids frbinatime wiffeeat S can
be achi eved using distributed 25 filteri n% in conbination with a | ookup

tabl e i nenddEaneihEpr By sntatithe amagesiran dume tvtiend gindually incaease tayulhead of ten
| nel UdeS;nfnkBPRH. 1R Mnkad Adtank MY BaA0R0 LBLSHRRINDI(f%he IEREGRRRRE! ! ON TO

a colorintensity appropriate for a display~“device er ent
val ues clauffdp® ik aadlidicolot field }the effend ksupfatiein; éf thatmbge in dtaamdedfef Adsm kolide t o

time, Fade oyt r. fade in) can be achieved by .reducing.(or increasing)

the <bl 0?0?‘?%&‘&?&%?93 Bfackerfuty égmpﬁnﬁﬁé)fﬁ%t&%ﬁﬂwaﬂeseqd? PR e ans
number of different weighted averages of pixels P, and Pp pixel combiner 308 is capable of
forming, which is a matter of design choice. Multiple GPUs with externally distributed

filtering can also be used to achieve a similar effect.

[0112] In another embodiment, such transitiona1 effects can be achieved using distributed
25 filtering in combination with a lookup table in each display head. As is known in the art, a
display head often includes a lookup table that converts the internal pixel representation to a
color intensity value appropriate for a display device, and different values can be loaded into
the lookup table can be reloaded from time to time. Fade out (or fade in) can be achieved by
reducing (or increasing) the color intensity of the values in the lookup table from one frame
30  tothenext. Thus, to dissolve from an image in frame buffer B to an image in frame buffer A,

conventional fade-out lookup tables could be applied in display head B while conventional

25



30 to the next. Thus, to dissolve froman image in franme buffer B to an
image in frame buffer A, conventional fade-out |ookup tables could be
applied in display head B while conventional 25 fade-in |ookup tables are
appl i ed f,8e ¢ BBk tabREGreAppRbdEl digMIPAE . 308l WBHEheF 9P iWBEIdIBRbideWRe | MBgES
wi th constant (e.qg., equalps) wel ght's to create the dissolve effect. 101131

| n ot hertwenbogéserth sonspnk €.g.1 equal foeei ghtetovoeeate e dpsalye hfeds of t he same GPU
is wused to inplenent display features that do not involve bl ending. For

I nst ancejp1p3xein dthéeiddimént) Plave inskroRivastn RRPHS Heads drahdismeb GpUgontrol  an
LCD overdrive (also referred to in the art as "LCD feed-forward" or

" r esponsesed itavnp empd displdydpatulerTia) Yo hotisvolea blepding s Frmigsiandenpixpldrangfer | an

LD S e A R RO R AELR b B SR AP 1

i nt ensi t YL@ geedFopadrll" 11 réspendditirheEspnsesatidat (WERD))ifectidas Ak edkiti inthensi ty
and the previous intensity. 10 [01141 To inplenment an LCD overdrive

f unct i onart,fap D prrednegan Reanadefie ragpenyl fegersif Bresignglsdsivingthe aixgls\are adigstedani | e
frame bu r e f ' [H1s:To) ' . livers
the pr evﬁéﬁsﬁ%eié?{% B%gés?ﬁ{n }agioél ppgéé’s#gggé‘x} an y&%(ﬁﬁag%%lﬂ@%g%f@ﬁ%%of

di spl ay bémwash the davired @ewdnkehgtyrand theopreviopsingensity.over dri ve val ue based on

t he new value and the previous value, e.g., using conventional techniques
for Mo 25 ; i i L L utRr Ri &8l f bet ween
di spl ay #?éy(}s 0 Hg%%ﬁ{%%ﬁtg?ggagg%@g&%ﬁgenerf;étr?‘neéﬁbgtg;sr%g%isﬁgei mages.
For i nstpirele of § newmrimbgef White Bamapuffer® stores pixets of afppeviews image.| Pisplaydgad t 0 be

overlaid_on part of an inmage stored in fr buffer A_.D ay ,head B
del i ver sBAGHYE gLPe PEFIRHSPIX Valiugi)ﬁoefi)jsmaeval&ai?faﬂﬂpwi@m@%@@% Pﬁﬂlsplazji ¢ 300

i n di spl geadheésh it Rak l&_td&ﬁn;'hﬂé%G@érdﬁ@%ﬁlet%mth%e&%l&\éﬁ&hfév region,

where the external piXxel is selected. 20 [01161 Thus, although the

i nvent i opreviass vdes egaasingivedvenitivhalrtechpmuts foo cappuetifg an Letoveidneeasignali t wi | |
be appreciated that the invention is intended to cover all nodifications

and Bxjui [jpal st 8 pikdl idaRsfeiisetweaPdspthy héads HPA GOV dagl alloderiBed BB gWidfatingS
CLAIMED |S: 1 1. A graphics processing device conprising: 2 a first display
head confaepesieimagegeheriastancs, frame pulien B may spstain pix¢leforian everdaydpraggto 3 head

bei na_di it hi $ . P C q
colnf ?gu:%éggkt?eggggﬁl ratﬁg@géegﬁgd%g&?gg#%%ﬁﬁ%qé' Pﬁsﬁ ecgggdd e@,‘%‘?ﬁ’b’%ﬁ"’? head
bei ng di sirels addigplapheadt Aeand piad seleadndogic B00 in difidapheadrdsdécspthayntéraald

i ncl udi ng; . ) L
gixel except in the overlay region, where the external pixel is selected.

20  [0116] Thus, although the invention has been described with respect to specific
| embodiments, it will be appreciated that the invention is intended to cover all modifications

and equivalents within the scope of the following claims.
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6 a first input path configured to receive an external pixel; 7 a second

i nput path configured to receive an internal pixel; 8 a pixel conbiner
coupled to the first input path and the second input 9 path and confi gured
t o bl endyther ex¢eaAMNEDAKXel and the internal pixel to generate a 10

bl ended pixel; and 11 a selection circuit configured to select one of the
external pixel, the 12 internal pixel, or the blended pixel as a second
out pdt pi xel; and 113 a #pgiephic prapessiag dgwice careprisizgir abl e to del i ver the

of tRe setond. ai opay M el bt BBt SR uhl L LGN 250

by tBbe fliead being fispogedinithxsart incegetédsirait; pi xel . 1 2. The graphi cs processing
device of claim 1l wherein the pixel _transfer 2 path is disposed within the
i ntedrated circui taseqond disphay hyad genfigured tg eenants g saeand Qutnyt pixeh tha seceider ei n
at | easty; e of i xel. f - j 1.arn t: .

i nt egr atdé l@ﬂﬁe&aﬂiﬁﬁ n gflsg.gseﬁl@ﬂgfrl g’%ﬁ?lrgé% %gggfgglgﬁ%ég‘ségg%ﬁgﬁ% ﬂ%:aldéﬁ%ﬁ(gﬁ%her ein
the pi xel transfer 2 pdirk ihpalpathasnfiguredrovizbdiee aoentandlgixell 5. The
graphi cs processing device of claim1 further conprising: 2 ? first display
pi pel’i ne configured t o 3gesRmddpRit Rathicortigyeg to recaive uintrEal pelit he 3 first

pi xele to the first displ : L 1 i figured
to ggnerate a second p{& e elgﬁﬂg?gpﬁglpfegg?%gﬁgﬂgﬂg C%ﬁ%ld%?i%}:bt?féin?ﬁtg second
di spPay head.path $d cohBgyedhblesd the extessl pigeldmditheintdmal Ipagehtosgehenatereer
congrising: 6%7 2 a.rgnd ring pipeline configured to generate first and
secdld versi (a5 PXeEapd ane ™t 0 be displayed, the first and second versions
bei ng different from eaghleefidifirdult cBhfigiRelo seltcOBR JTRTNSEdmalDiNdIGREI N t he
first display pipeline is configured to generate the first pixel based 6
on tlRe first ivtermi pinelppr thablendedpixelidsa ssendroatnit pixehyngi peline is

f.i d h Lxel b h [ f
Che Prame. and ¢ nd 1885 dersnedl ramie bl pds e ofie! AfpREolhE A ©

confiqgurdehliyhdae i@ te firftenilt pagied (i seedndatispliiehead castothauth BEst phtped pixdl 7. A
met hod of generating an imge, the nethod conprising: 2 rendering a first
set 18f iippreeived Refhe Tapldnputpethasdheetterael nixglut pi xel s for the

1 2. The graphics processing device of claim 1 wherein the pixel transfer

2 path is disposed within the integrated circuit.

1 3. The graphics processing device of claim 1 wherein at least a portion of

2 the pixel transfer path is external to the integrated circuit.

1 4. The graphics processing device of claim 3 wherein the pixel transfer

path includes a removable connector.

S. The graphics processing device of claim 1 further comprising:
a first display pipeline configured to generate a first pixel and to deliver the
first pixel to the first display head; and

a second display pipeline configured to generate a second pixel and to deliver

wn A W N -

the second pixel to the second display head.

1 6. The graphics processing device of claim 5 further comprising:
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3 image using a rendering pipeline of a graphics processor, wherein a first
rendering operation 4 used to render the first set of input pixels differs
in at |east one respect froma second 5 rendering operation used to render
the skcond set of an@deripgpdletine Cortiguradead igagerhtbdirftiand secatl vefsionspit pi xel s
to a first display he(s of thgajgraphl cs . 7 proce ;f}or; 8 deILverlng t he
secondl s&emsito ppgisplaypd.dhe fipsh and secerdhversiranbeine didicgens fropygach other ypatileast
proc gso& 13?9 &ellverl ng the first set of input pixels fromthe first

di spl ay hea RS the second 11 di splay head; and 12 in the second display
head, 5bl endi ng cor m&&rmmmertysmmﬂh)splpélmdlecénﬁg:trecbtetgenérateltBe ﬁrsppixepbaeedls
and the second set of g}gﬂé pi xels to (genera,te a set of b|ended pixels;

in the seeddigh vpiay oh Biedrane theserony ﬂéabbplp?lﬁee is icprfigured toggenprgisithe er s
froms15 I F he
second dlsésclgﬁdy){?ea , g?tt Sééaglzc?ver% f ﬂ%l ende p| xekfg%mg}ecﬁgrlg%% ngenteit of
out pu pidisplag.hedd B.coAfidineflt@ayel bxe stk lended pipehphihe se@@ndoagmopixebnpri sing: 2 a
first input path configured to propagate a first pixel generated by a first

3 graphics processor; CORf ppagate a
secong pi xel genergt ed %y a b gfcl:%ﬁg'tggagg%ﬁ% ég{é;%{rl%fége{%o QIS@%a pi xel

combi per coupl ed t Rplidigld firSt set A ut@ﬂifeﬁ aﬂ&dséé&ﬁd%&%@[}ﬁmt RIS fR@Aen and 7
confi gur ‘?rqaée%sm eNdndera fpiﬂeﬁﬁe ot & r(s E‘so?%ﬁ Enﬁi‘s@k‘en Exi fafibf 2

bl endgd p r@@ndthgﬁ?s §&o? P x@l‘sﬁﬁ“fé P@ﬁéﬁ?@ﬁ: JcPfr&ﬂ a&6lon@ne Of the
'ﬁgj Wnerg 7’1|

f| rst pi as an out put pixel.
he)§gr(1§rpl) se§a§(r6§§e%c§{8)r$ oc%ﬂt g(lgcr%n € display head further 2

i_nC! udes: 3 a divi aa%nﬁgﬂ@lﬂritsmﬁﬂ}ﬂyﬁﬁaswamsva ay RadRiF alRdedhrisxel by a
divi ser. ,28dr;10. The graphics processor of claim8 Werein the pi xel

conbi ner |ncludes 2 adivision circuit configured to divide the first

pi xel gby a divi Sord&fvbﬂﬁgﬂﬁsEﬂoﬁﬂ@étwlr?Jbﬁpliélﬁﬁ)ta Rc@idxdtplaikad bethsecond
pi xel 9 1 glabhicd PRcB@RNI Cs processor cl aim 8 wherein the pixel conbiner
is 2 confl gured to generate the bl ended pixel by adding the first pixel
and tlbe second pi xédlivering the first set of input pixels from the first display head to the second

11  display head; and

12 in the second display head, blending corresponding pixels of the first set of
13 input pixels and the second set of input pixels to generate a set of blended pixels;

14 in the second display head, selecting one of the first set of input pixels from
15  the first display head, the second set of input pixels from the second display head, or the set
16  of blended pixels to generate a set of output pixels.

8. A display head for a graphics processor comprising:

a first input path configured to propagate a first pixel generated by a first
graphics processor;

a second input path configured to propagate a second pixel generated by a
second graphics processor;

a pixel combiner coupled to the first input path and the second input path and
configured to blend the first pixel and the second pixel to generate a blended pixel; and

a selection circuit configured to select one of the first pixel, the second pixel,

O 00 ~3 O W h~h W D -

or the blended pixel as an output pixel.

1 9. The graphics processor of claim 8 wherein the display head further
2 includes:

3 a division circuit configured to divide the blended pixel by a divisor.
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1 12. The graphics processor of claim8 wherein the first pixel and the 2
second pi xel are ganmma-corrected pixels and wherein the pixel conbiner is
configured to 3 generate the bl ended pixel by conputing a ganma-corrected
blend of the first pixel and the 4 second pixel. 1 13. A nethod of
generhting an i magd0. t hdhegrapbigs praepssorpielainpd imbareén thagixel fombinesiacludés

i nput, pixel.s for.the | e usin first. hi,cs 3 .progesseor ;.4 rendering
a ‘sechna 28atisig cirtfeonliEE s Hifocthe R pie! BLR e puBLR PTG he £t

pr ocessohixelhed thieRedoddpeel.i ve rendering operations perfornmed by the first
and second 6 graphics processors differ in at |east one respect; 7
delivering the first set of input pixels and the second set of input pixels
to a 18 first displldy hdhegraphics prasesspr phelaig 8 pihateimihg @ixeh pembinggis
correspondi | xe j . - I second
et of i AghPEtgBl Eiehefle hOBIhAL Ty hing Rl sy ikeLloihe st RBELS°FPTE,

di spl ay head, selecting one of the first set of input pixels fromthe 12
firstidi splay head,12t he Thegmuptics etocessor opelhinp8 xdlkefeid thefiritipixed andtwt di spl ay
head, or the set of 13 blended pixels to generate a first set of output

pi xel 3. 3econd pixel are gamma-corrected pixels and wheréin the pixel combiner is configured to
3 generate the blended pixel by computing a gamma-corrected blend of the first pixel and the

4  second pixel.

1 13. A method of generating an image, the method comprising:

2 rendering a first set of input pixels for the image using a first graphics
3 processor;

4 rendering a second set of input pixels for the image using a second graphics
5  processor, wherein respective rendering operations performed by the first and second

6  graphics processors differ in at least one respect;
7
8

delivering the first set of input pixels and the second set of input pixels to a
first display head;

9 in the first display head, blending corresponding pixels of the first set of input
10  pixels and the second set of input pixels to generate a set of blended pixels;

11 in the first display head, selecting one of the first set of input pixels from the
12 first display head, the second set of input pixels from the second display head, or the set of
13 blended pixels to generate a first set of output pixels.

29





