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.

11/ 383,048, filed é@&ﬁfs tltledmestrlbui&j)éﬁ%lé%lsgﬁi:n in a
Mul ti processor F)Xide‘\ Lde DISP 02] The
present invention relates in raphics, and in particul ar
to antialiasing of inmage dat gﬁg&ﬁélé& fﬁﬁéﬁ%&liy heads of a graphics
processor. [0003] As is known in the art, conputer-generated inmages are
susceptible to various visual artifacts resulti ng fromthe finite sanpling
resolution used in c 5@?1I¥@F¢I@3Nb%§gﬁ)§]%i%f A%XORI% di screte col or

sanpl es (pixels). generally re erre o as "aliasing," 15
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so on. [0004| reduce al %:éo;s ng,. color . is often "oversanpl ed
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types of fileéManid, 2006,anétlkd tistribtutddéentialiasing hich Mlﬂﬂgosespaerpsbics Sgstem’ 20

whi ch each sanpling location is treated as a separate pixel, and

mul tisanpling, in which a §A@E@@W0E$%W§E§@%W ed for each primtive
e pl xe

that covers at |east part of coverage of the pixel by the
pri mi0 ve[0D82]deThe prased imentmhmlptleeui gematal Gnompjud@Esiphics, amd inglartasilargo ( AA)

filter blends the | ti esa i xel to.determne a single color
val ve.  CovEREBha Tipee At R EaR ST g Rctisilay fads B § Riebhiis PRCESORe  endor i ng
pi peline 25 that generates pixels and stores themto a frame buffer or
Wi t hi n t hi9083]s pAays kiqyen inthe aﬁaccormma@tsgepbmdsimg@mar@ hmcﬁptaﬂetcbmoas visnal
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Embod; nert sk ergifs Buhe ARYe Kralireieia Yot nr e

expl oi ti ngray3fF dikdté BbIST %ﬁ]ﬂb%lf@@d Sublh afdifitd) geerdll piiféred tB ra@ CARmSHg," O
performantialiasing and ot | processing tasks. I'n one embodi nent, two

di spl iy hl@alademg@ﬁ@sgwwlabms@grm&é@smwaulerp@ttﬁurpﬂ aed soomach other in a
master/slave configuration via a pixel transfer path. The "master” display
head recejooes] piTsetduckniimihgeolslioyien 'bveRhmpledgdd. isamplédiat & aGmber dft s own

i xel s, and . . .
P sampling locations that exceeds the number of 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 or
select either one to 5 the exclusion of the other. If the tw pixels
correspond to different sanpling locations in the sanme imge, the bl ended
pixel is an AA-filtered pixel. [0007] According to one aspect of the present
i nvent i oprocassifigtakisc In pne embsdingnt] ewd désplayriehddefthasdme glaphlics ptoayssbead, a
second dlspI%¥ head, .and a pi xel tran?fer- path. The first dlﬁplq head is
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the pi xel transfer path may 1 nclude a renpovabl e connector. 0009] According

to anot hefirstdpputpatfconfigursd ¢e easeivien entermh pixgl; girsamﬁdclgplstmﬂy@llé'lﬂqufii(:tbudes a

raphi cs _adapter. ha 0
donhect ofemEgRindmA Biksl o e BBl Lot iR S0 st ARy Bh A5 ciehBinaipnytcs
adapt er, phsind cBhfi@ire®td Hluhd th@rekteﬁmITMI gabihy isrewal ?idelttﬁ geh@ateiadgbndedt put
connector and a pi xel input port conmunicably cou& ed to the pixel input

connét oiplxeirr@edgrsa\@ﬁwsmsqyﬁs%@@#ﬁeélt%wl@%enﬁafetélegx &b sl dhe g o, uni t
adapt ed %P%h%%”&%%& O;Jr%?asfé ﬁbn%&@ﬁ{%‘x‘an tp%Eel ?J%ééﬁreo%a%fspcﬁgc ﬂr%l%er to the

pi xel input ‘connec 'ng to still
anot her dslpwas theofirst eppirpse ffom theairbt chgplaﬁhmuhmé frkt ppnieyati bfl@le aecondnmage
includes rendering a first set of input pixel g and_a second set of input
pi xel s f gisplaydiead pychdhatdhe frsh optpHbixelg rf‘p%”déﬂ dheofirshingppath é%ﬂ\srezsae&%or
first re ing operation used to 2 render the first set of input pixels
differs in at |east one respect froma second rendering operation used to
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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

gr aphi cs processor, and the second set of input pixels is delivered to a

second drapkathe Tadenst ihpt pixapdifiess inrapaswne respbe ffoni atsecmid rofderingut pi xel s
is further delivered fromthe first display head to the second display
head. | nOopHatiappssAdo mngder ke speond set QfdP?‘B?ﬁ@iﬁiifWgnfﬁ?B@l thedworenderingst set of
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of a p|xe outp t pat I CS processing unit e in an
enbodi nedtlivfed fnempheﬁfsmthsphyémad rthe 5@0nd Hisplaghead Alncthel saﬁnamspmydrekd

di agrans of pix selection_logic_in a displ head of a_ . GPU usable in
enbodi meRPEEHPN H%PB‘F ke ﬁm%ﬁpfmwt Qlefelﬁeegé]e sefend sehof Wyt BKeIS RIedi agr am

of a grapp,g& & g teEM Mok But Us according to an enbodi nent of the
pr esent |nvent| 0016%%FI l(lib Eigis a bl ock diagram of a GPU show ng two

dis d in ter/ | ave configuration accor
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FIG 6 |PI ustrates a graphics adapter inpl eman%ed as a printed circuit card

and configured with an external pixel transfer path according to an
enbodi nent of the present invention; and [0019] FIG 7 is a block diagram

of a GPU with an internaBREXBESOREPTIEN GRTHEDRAMWINGS to 30 an enbodi nent
of the present invention. 3 DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0020]

Embodi meti®2bf Hlfel iy @blonk diagiaanef deompuien systesyascerdingiocnrambiedisertof the

expl opti nag, | t] di spl ay heads of a single graphics processor to perform
ant i g.%l a8| ﬁ%rgg ngf)ﬁer 5 processing tasks. In one enbodi nent, two displ ay
heads of the sane 8raph| CS processor are

[0013] FIG. 2 is a block diagram of a pixel output path in a graphics processing unit (GPU)

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 nmaster
di spl ay 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 sane inmage, the bl ended ﬁjxel is an AA-filtered pixel. System

Overvi ew [0021] FIG | DETAILEDJRRSERBYFON OF THE BMYENIION st em 100 accordl ng
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connecti g em@zeﬁ%%es 25 DVD drives, and the like, may al so be connected

to 1/0 br nmuni cati on pat hs anong the various conponents may be
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known in the art G aphi cs” subsystem 112 i ncl udes a ‘nunber N (one
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20  monitor) operating under control of a graphics subsystem 112 coupled to memory bridge 105
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. 100231 Each GPU 122 may be configured to perform
various tasks related to generating pixel data (also referred to herein as

" pi xel s" IndnfidHes dRapliyde ithlén o) kigg disig daldr idée amg‘r%d ciEMEt @188 RTX¢tyas1 04
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t di d b
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122 w t hout any alteration of the si cal connections. For instance, GPUs
122 ¢an belowonrhectuspirtipartanight efi m@bt n@tr’ml copnedigddioraguenitntar ta anvghar Y d)ély
[0026] Various distributed rendering nodes can be supported. For instance,

in split{602Ne Forepeatibmdin adiiftfibuted terldBibg fdde R GIES (¢ ediptpurzee?d
different portions of the same image; in 30 alternate frane ren

di f f er entadgmtzgeeysty sondigused ‘Qrﬂ?h"?fcﬁcﬁléﬂ?ééwt aixelsdp apethprgBEdeign GPE ééiﬁgﬁce of
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critical resen I nven ance W
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"external |y distributed" AA node. |n this npde, pixel selection logic in the
20  chain" fashion, such that a slave GPU 122 delivers its pixels to an intermediate GPU 122,
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 pixels
represent the sanme inmage with 5 different sanpling |ocations, the result of
bl endi ng the pixels corresponds to an AA resolve operation (also referred

t o her ei p002F] ardnAécdrddrce m)ith dmerﬂlﬁmbmehanﬁehe/\pfekbnanﬁ/thn &liodiazeqt algd  t he
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i 11 ud?rat 2% maybg configurgbleita opesats in anyohibhaiabeveariashes medespossi bl e. The
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and ot hefogingt)g 8%%?3'&%1%5 Rfhes S ¥StAN CAMBYRGTE InedEiaplar 4P Vi 1924888t v bri dge

105 and gg)to ﬂﬁs % lsfaﬁﬁﬂ%?b‘#@ iﬁ%%ﬁ%%mb%ﬁﬁéﬁt&%&ﬁy?%%h%‘a]l12 Is

connecte rat t han menory bri til
ot her en‘stneﬁmmﬁctcﬁnmavm fbr G(B@Jel 2209 aaumdmmnhingffeb,rwhigbma@ bb(iﬁ systghmdmsory

N e9h At 8, ashidk memany 1A oPanothes sPiage 16¢htin a2 SBBIET0 borPERYN 3 %hE 'db " ©

122. GPU 122 reads the command stream from the 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, I/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 I/0O
bridge 107. 5 [00311 The connection of GPU(s) 122 to the rest of system 100
may al so1b®mightibednteftatedsintoe single dhipe Mhs pagicaphicompsystseyhodhzherein argpl ement ed
as one or nore expansion, or _add- cards that can he inserted into
expansi oRP4Y sf%msgag}%% &py megbern of aéEﬂ’éParé?rﬁbﬂ?ﬂ?é‘ﬁf devigesapight ke suppagedit ed on

a single 1{358 a%ﬁaeﬁféssxﬁ'id da® is §1'1'§1g1 ge?l t%oﬁ{éd‘l fer W? 119%(: ({Qcapd’s' dge

107. 10 GPU may e provi any anount o gr aphi cs
menory, |121(¢Ilad|cngnecndlrécmk;'ab It bmdge, 1 (Bnd may use |l ocal nmenory and system
nmenory in any conbination. For instance, in a unified nenory architecture

(UMA) 5 eg?ﬂﬁ'ﬂre Mithe dOAn&lEiBh SREP (8 BRI GRe re@%ﬂ&é{eﬁel‘()'o%'ay AsPbOViriad ;nand some

or all he GPUs use system nenory exclusively or al'nost exclusively. In
UMA enbosome ambodieneGBUgrapkicheystem é 42 a;tlamlermmedaam dpmatg expgdnsionlér or

provi ded a dis te chi i t.h a hi eed .bus nnectlng
Phe. GPU P imeetdp fiag e Eherioinapemanmany ! Toua 308 i alies hines

embodyi ng GRPRGhRgRted J}?a Elhgl%%ﬁi Wiy Q'Bhb BRdER Yuddas MEREB YR8 05 bP1/O a

vari ety of devices, includihg general purpose conmputer Systens, video gane

consol es bridgell Bt her speci al purpose conputer systens, DVD players, handheld
devi ces such as nobile 20 phones or personal digital assistants, and so on.

GPU w t hddal) i aeh BiFsPay bEeasisdddORRK dnyadfourd oif Socal Plapkiks dieagwrmaﬁdl A agpi xel

output path in a GPU 122 usable to practice the present invention. t hough
a nulti- @P@cg} @smoas a8g s1ag Ak B)Cﬁbmem@qsumdewsmmmgmﬁé/ ingly sginbinationoFor he

pr esent tn 122 dv a ure e _usable in 25
such a sy‘%S ?66"3@% erﬁ% talr%‘u e@mtte g?ﬁﬁgv\%ﬁ%g %15% 'ncl udes a

di spl ay (rf&mﬁry dedud js ppoaeed, agd s&ﬁa oﬁélU@f 10 Gwmsmssraém mm@wfeaems&@@ or
Di spl ay pi peline 202 is also coupled to disp Iaé heads 206a ("head A') and
206b (" hakepsgeyclusiyaly.1 boUNHES emhedipents, & (Ph{imap be irfegrated intg a bus beidgelchip

di 2
al S0\ has SHRYHEEE, pBisticle ot il aBARRE B PO Sufding %3%"‘?’%2
214b (" Mofdg¥ ¢hip had s;&teﬁnmeﬁmfrygurabl e for various purposes, including
communi cation with another GPU or with 7 another external digital device.

D splay hqds 47984806 GPELeRbEdAE pelyRY Bff friseRtinRlition may be incorporated
into a variety 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 a system.

[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. [0036] 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. D splay
pi peline 202 5 comuni cates with nmenory interface 204 to access the stored

pi xel datagothB} epérayl dipies|device. Displaidaie2Goatdnd 206k ate heh @otsled®td figputor bot h
of display heads 206a, 206b. In sone _enbodinents, display pipeline 202 may
per f or m PAFP 81&2p? sedMIOmprispddatdIdhyivnciondap?3@l  data before del i vering

it to display heads 206a, 206b, and pi xel data destined for display head
206a m ghjools] nVighiorniatertiee P04 tsapIbddo ﬁfnearnwryl(lyotfshom@m Kb, 2at.a., gesphicsed
for display head 10 206b. In addition, pixel data provided to dlspla

pi pel i ne MaBORY de4 of EMaskithay stones Rié?lld?éar%ﬁnf?@tedchys@) ylzﬁeéaslﬁ%ﬁlpﬁh‘)’ﬁ t he

Same 3s %m&iAJnfn&'EeE'l%lt o Fnté?f cQ%fqg%gtgf’edt x&I SR 8 U?IQ#I Bffelife 202

for processing an rver parti
confi gur 202 dalivea$ theipsxd] altapo peha:rrw bBﬂQofahsblayelnmdyZ%ﬁ, éOtﬁlachl e 1 s not
iti and. a detailed description is onmtted.

t | t h t
({zrs' [ 6837]6"%051%% esegm ﬁ%en ' I’?PY PPTIPTRENFTIBES BOCEEHgOReTAions AR Bisthi¥tlal
desi gn angi"Yore 'dem it fi4filEPhd8bosP by, arntiz, &ﬁ% g&h ddatRdtdr ag@wﬁggdt 0 a

digital output standar For *~ I'nstance, I n one I ment, each ports
210, 211 21064Dhegl’ﬁmrm1glntl3$t bd paesssed dIffethl’)i ﬁtrmmandDidﬁtheiesathteiddbr &spjlapheady) for

a standar, V tal Video In ce connect Simlarl nal o
out pab paiot istdidhrs el 438 P sl e Ay BT AR PO RSP B A ABIVELY o0
i nl ude, ot hcad 908 bl 1 AR of ARYEREH Iork MK AR ARLIRY VI deo

standard, numerous exahpl es of are known in the art
appr eci atpimklink 202 fdreprpeessing erd dela/l@s3et®cxb$plawh¢adr2,06br Thepartisulof ccpnsﬁguramuar

digital or 4an rts is cri.ti.cal present i nventi

00381 MOEIRD B IpiRs Y5 ARE Tietsos lfitacs 2 i bl P RE T b eBFR b por ¢
t hat dri wejetadled Besc@intidaisomitreduced by either of display heads 206a, 206b
onto output lines of GPU 122. MO A port 214a and MO B port 214b can al so

be copfi [ d X n I.xel .t spl ay
nead A 20007, ielBfhotiioh 31 ot et M€l peREB Bt R ah By D1 22
and MO E‘naa@doc@uﬁs ﬁﬁchloufﬁ;le}&e;bldelrttaltaftoca@nfdxﬁubabhgtaa%uqiut fandaad. FdSlpUt port
or an output port. The configuration of O A port 214a and M Q B port 214b

may be 30NEICEr e ETRAAImRRL.SHch @ﬁ?@iSa%ltOuﬁl ’oﬁnldymaw dMPS (hpapitioad at
'hcl ude AEERAR P RGeS APy Banalsy | ISR gRC P e kR oY
conf i gur diidacly,andlog ongut pedtai2] 272Y3 ban be of gemerally coheentiegalstesignaind snast em
20  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 nent, crossbar 220 is configurable 5 to
support any connection from head A 206a to any one of ports 210-213, 214a,

or 214b apétifyingsthepbit 20edEishtyors e hewanlieaRaigckiinen fo werdeac Bsyfeh to any
one of ports 210-213, 214a, or 214b that is not currently connected to head

A 206a bytaHpespathertinesasdesisetk ance, GPU 122 can sinul taneously drive
pi xel data from heads 206a, 206b to two different nonitors (e.g., via any
two of dij@039%| eadphPOfrartdshead B 2(25b1araadﬁ1moup]redlt@gunputpnns 2;1@F21§ 2 Rell 29

via one & VG 21eriidb st eband b Tnemuetints rRbM A PO or
M O Bsporf su’plo%ﬁ an&@oﬁ&gﬁ?n ﬁ@ﬁ%ﬁ"éﬁﬂ%z’l() 16 aRY OHQBP ] ﬂ'@ﬁﬁ%lh‘f%ollgf@%ﬁlo 206b

maybe idl e, not Ivering pixels to” any utput por t
ports 214<aslnﬁﬂ14be<ma}y sapp@t ey combetiur fean thead BAOGY ¢o mikede agtoats2d 6d1anot her

GP 2 dt te t I t o displ
eads 208445 268b (e BROERUNy PSGHRe Nk &1 IRE R ag) For MEGerboa
bel ow) | GRA¢H E’drﬁd@ﬂnﬁ}{m%ﬁgy%%éflxg?ﬁ’% glté)ﬁl ﬁ&h@@%aﬁ%&%} t‘%ﬂﬁ?fereﬂt xel

received fromone of MO pofts 2 I nt ér nal pi xel received
fromi ts nooaitoth (S1gl,aya miypata ofali@it output aommlﬂtﬂ Rht andlondnajdgeoutpateportal13nd

t 0 nb b 20 . i fi d
ot oyBF e ATk erpiinvehy gt 22 eumH o LY SR E bl B 3cmptyia fhecopptt ©
confi gur 3b}te2168:011% Bad totdal%ttfémmphbwm APOrPEI 4aCH MURH foer 1128, 3 SéReN
operation. Crossbar 220 may al so be conf®%urabl e to couple incom ng pixel

dat a recénsiangesniononebeth oiGplayhesds206a, 20bbanayt loe e, rer, noff deliiverngyyixble 4els
206a, 206h. p@%k FIG 3A is a block diagramof pixel selection |ogic 300
in dlsplg ygg 4 a of a 25 GPU 122 according to an enbodi nent of the
present invention. is to be understood that display head 206b may have
pi xel sell@Q40] oer(agprés 3t4as P it ean alwoshegpnfigired dpiecstitsauxehdatadtom apetheramsp| ay

head §O 6 G%%bl 2 fan@t%@éﬁ%unﬁtgte the re%me(? Pf&%i d%g knefg h'sgﬂlp{ h%gtltl ?0206500 043

Pi er sel ectl on €l vés an €ér na I'Ts ath 302
from di saaly GPpl pzc‘ﬂ alftehz&q)iixcﬂfselléd:t(én lBgc\anMa&be‘}owpfrt eaEﬁd&ptﬁfy IEthZO& (or in

sonme enbodi nent B port is configured as an_input port. pixel
sel ecti oROPRH ¥ ?@een aﬁr’%ﬂ?eegﬁ%gﬁge@ﬁ%ﬁmrﬁaﬁ Mﬁ?ie@rts oiftaa2bihy ﬂfjlnﬁﬁfxﬂ 304. 9

[00441 T Ieﬁie‘é;cgfv@&"froﬁi #EowRARplaY ipdhn€R02! orRl SHlbifln AL MiRRAYRI €d 10 a

pi xel co
external pixels.

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 conbiner circuit 306 includes a first division circuit 308 5 that

di vi des t{0@44] ntEremtterpabpékel lapd theeintwinad pixehirercadf popaglitethtosa pikel atténdre. g. ,
1, 2, 4, etc a ncirc 0, that adds the infern pi xel (after
di vi di ng)C“P‘b‘t%@l% V\B‘;}flggl ‘15 tBF)‘?é fery p"‘ﬁf@'&”&?% inferaghpixel th|pr0(£\10géf%&1ppq)ﬁlng rcuit
312 that pael %8&51&?&1\‘@1%‘366%ayﬂéﬁﬁﬂ%eﬂe dgaﬁ@né BShveRtithaP hrifimdiiR 16ESPONSe
to a control signal (PSEL1); and a second division circuit 314 that- divides
t he sel e@treuitqmlnehe blylbodlmfmt paxeh gombmep tiraanilodatledel a/ﬁssbdsns(wn gircuit13082,
etc.) n 10 .the result asab e ath36 100451 The
oxt ef fal (G SLOS e Sl hy i ot B rarHER LR ol P 8 s aeh sliasdni e
to a selsagiioRRirehif $H) thaBddis (e Sitorndl fﬁsuél tdﬂ%‘rﬁiﬂ%ﬁq ﬂorthé 8RBARAPHixkLoa contr ol

signal (PSEL2), selection circuit 3 el ects e| er the internal pixel,
t he bl endmtiq@ﬁn@um naxel} hgeleotioacirabit pl X that sedects bitvieerethy mt@mhpm@tmthpath 320

t hat connects to crossbar 220 Fl 5 [.00461 The. PSEL1 PSEL 2

i gnal o ARE tie dhFeaBRRed p SGand cisbalnsirt Sty ehng Bt R i G
shown) i RiiisstheVel @iz o b BN IR B AR S divisBis(eGONt DObtc) qs}b@ldmghl ch
may be of generally conventional design, is responsive to control

i nf od frat itemregdhas ablendashpizel ograapath 856.dri ver program executing on CPU 102 of
FIG 1. Simlar control information may also be used to control operation
of pixel [6@4Bpi NEHe e&@&nalgmgal ontpmhsmmwm@blanm&anﬂi shttt 8128 ePirasented $o & Or
division circuits 308 14 to Produce a suitably weighted average for a

par ti cul &electigsngitcadil8 ie- TR lBIeKeN o In Teppanse toxd 90rm rigaald@SELLD selsetiqfy esent
t eachi ng t ' nerating
pSeL and it SEARH: Buf o FRRETBCL 1 bR EH, e LS b6 AF

descri pt idelivaf téd hreowtput pavh 32@thaccimiectsid tressbaf ODUGFIL. G 3B is a bl ock

di agram of pi xel selection Iogic 350 according to an alternative 25
enbogk menpody ¢ 1R 216hnt 38080 1 RRerhRE1bS c3rlol 18 rally
S|n1Iar rio‘g{]xe ct|o 300 E@ IléQO &ﬁg m%% a vaﬁ?%ge%%gﬂg

desi gned ewplllchtly bimwxapmkilsb]atyyleadJZMae nd somarembodomenss ttiad cpliltmillsgic Rihielh may

sel ection I receives an internal, pixel .a. first 52 from

i spt ay D st Bos P ara IS Ten ISP R4S ISP En AR B o pi el
combi ner gradhdes d%@ﬁpﬂ?;@n&ﬁéﬁﬁng’-éﬁ@ﬂﬁlm}f RIGU1 e@uﬁﬁax%ntrﬂpl‘ﬂ?orﬁﬁﬁén nfdiyx el
selectlon Ioglc 350 al'so 30 receives an external pixel on a second pafh 354.

The ext eralsalbepisgdto dostral @pﬁr@impsfgmfé@ombmepﬁ%le gombielesting BR10ng Qarndidma 1

E: )e(ﬁégco \Iflgloerg for5(18v1(s:19)1q%1r&% S § (ﬁ? 14 %0 Igrgguce ansqntgl))(ltyev{lquhteg Ia\)/(ﬁg'!lésé fopg%\éll'tl%uﬂlg a
application. Those skilled in the art with access 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), pixel
conbi ner 358 may include arithnetic logic for blending gamma 5 corrected

pi xel s r {HEBY e dixsl cpmbiner 359 cembingbihe imternakardrntemalipix¢ls paevidingarhdended

correction , adj ust ixel, val .0 .a non-|i,near scale that .wl.l rodyce a
onear 1 Reh &Y SRIEeRsEgH noflt 465 giSeialRiics 388 Hay 158u8e § ARk sirel PRMES o
val ue P t®diRrsidndircait GO0 8NG. . afd76r arf Mddef silmilk &PAdEr cifl@Ni 308Sof RIGE3 A0St ant
y is around 2.0 to 2.5.) In one such enbodi ment, for ~ 2.2

gama- copdditior(pronstendd. Rixsl epmbmer 3 5% Mgy indvdn arsbmets h)éiq for bl@é}digzgig@mmaio Poy =
4 Piy+ +H Pl v 14, 0 - P - t
o oo PRI Pdts el cfialii 52 bha 5 3ROARE: NG ERThY oIl AFREGR T |

art w || adjasio@ihiel @alhéato alpn-linepr svdledtst il FodRietaditlear MpdsY rd¥pbdhselin BSi Ng
si npl er hardware than conputing an exact resurlt woul d require. (For
i nst ance displaytdepice.cag.i bnconyadingiapiselonlusy” p Ralar peonsigt eréimrdypied display

hifts. It will I b iated that oth 5 i mat | b
oL, ) oblclh st BTG B bee G R BB KT 20 o P
recel Vesg%xgﬁgleag)h%&%&'ougiﬁ%(gigtekﬁog 8%?&%‘c<§ﬁﬁute& B§nEMle¥qiaioP! xel on path 354,

and the p1 xel n response"to ‘a pilxel selection signal
(PSEL), selection nultiplexer 362 selects one of these candidate pixels for
del i ¥&r to an output path 364t PcdiectsioPePbssbar 220 of FI GEe.D

Qut put path 20 364 nmay include a second division circuit 366, which may be
simlar {6049 vivitiep PE hiid B} rep#dsént gdmifih-CorrdAed pikeBRupplied dnapatives Serdaadisaent ,
two selection nultiplexers, simlar to those shown in FIG 3A are used to
sel ect t Aowpkplad ipithecart wilheecognizesthehEei Irpravidesabacesptable apprximathsrusing  t he

second s J i pl . i i i j auratii. nay
S0, SLB AR Bt RSB, BLORY, s AL ARSTR
confi gur aid @ivisforopes aircbOinplethbgted 25big stiitta) dowileelse e pppretiatedithat other

non- gamma- corrected (linear). pixels, with sinple addition being used when

t he g?xeF‘Epra?”@lar‘i‘@PS @@W?ﬁsﬂléﬁ“l“é@i-ed. The configuration is advantageously
established by the graphics driver during a setup operation (e.g., at system
st art up) [0050] i Refaribg againde FEG.GR] atsekertigamubtiptexer 862 edteivies theristearabpinel

required; in.s enbodi nent s, an correcti.on may b pplied after
inal pi REPALSECR SRl PCLoR PRYOdA e Pieadrr ek hae €| Biresheptilo
[ 0052] CBYixke? gel@cftio'ﬁ's%na?(PME{LI), Riethibn %ﬁhﬁ;ﬁ&ié? R Q8kéts 3R o Lhef coBHidaR! €cti on
l ogic 350 is advantageously usable for a distributed antialiasing operation
in a syspeelsviot deliventooan ouspws path 364 that connects to crossbar 220 of FIG. 2. Output path
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). It is to be
understood that gafnma—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 master/slave readout configuration.
(For clarity, only the active ports and display heads are shown; in this
exanple, only one display head per GPUis in use.) A slave GPU 122(1) has
its MO Bigabuted MwialidsimpUbing MadpledGRBIds out put port, whil e a master GPU

21401 100920 0,630 022 87Kl et et By 15 Al Angalasiesdioploas 5t "Lo
flowfr 0%%@&%0@? Jebd fok atd@stnﬂ&emia%sﬁﬁlaﬂp&%@&@)n a iﬁ%ﬁhtﬁ%@l o%n%@@a( 1)

of slave GP forwards pixels Pil provided by di'splay pipeline 202(1)
of sl ave GBI 11222(E[§3 s isoutipptifipd kiokk diagravh Of Agraphics Sabbaettm 400 Haping tpioxel s

Pat f 1 MO A 2140 f .t U 122(0

whi chS T STk B O IR0 &5 § ot B e R A ok ladiad oo B8 Apeye
pi xel “sel,gat hadispay ﬁeé’eﬁ aBO8HoWn; (rPfhid &W%nﬁorﬁ'&f@laﬁﬁéaﬁ%f EPU QGh Gse3P0 of
FIG 3) operates to select internal pixels P10~ fromdi'splay pipeline 202(0)

of mast eA €y GRPY(IAR(1)dws és NVAIO pipeel 2 4p0) configyiredhad argoutputdiostp while apngstdri ne

202(1) of ) P10 + P i, ed addi.tion
cirou ¢ Gra PAa bk I e S BRD <shrRise af Sed pbvo LR 4

sel ect ed cpiipq @dﬁ)MR)AgértQMa%O) allowin tgﬂil!ﬁpt@?fxtels P td flow s Sladlé GPIAI 229v) Ut
port 210(0). It will be appreciated that head A 206a(0) of GPU 122(0) coul d
be coffi guasted GPY KAOher pixel data to MO B port 214b(0) (not explicitly
shown in FI G 2C), which could be connected to an MO port of a third GPU
122;  t hgoos3] r d18WA 284a(1ok stavielGPU h22@ ) tastalds pigel P ptadd&) by dibplay any
nunber of GPUs 122 may be connected in a daisy chain. 25 0055 I'n

accor dan®ielipg RO%d) @%@)‘tﬁ %th@fl)taﬁ@u‘fb’%@éﬁlﬁ to M ineH, 21éaily. )nxghd

122(1) ca, ggrg;@@%&%@qggre%é 6&%3; Ié'p? %'Ezgﬁ) S‘P&%ﬁlex' é‘?bﬁ%zfd}f%ﬁﬂd?- In

this node/ ren ers t sone varration in a

Vi ewi ng Fﬁam:mstthe poclelssaklmplaygmeaqbwmﬁfa((ﬁr [is heddl A RAGa(Oh @isdngibitivg lbgicat i ons

used by (0) are dlfferent from.the ling |ocations used

122( i? %J(Oi féncesq it sgrechanelagig00 of 53@35) PROTEIES &) e&ﬁ%\‘rﬁﬁ?‘&ﬁ@‘ﬁ%? Fel s

m ght be t f xel
boundar i eﬁg)%i) lgﬁﬁYB$%h?%%j(2§0ﬁR%§%€@nggllgg@,é){?f\ﬁn gﬁ J(ﬂsésa,%a(ﬁ%u?ar%@ Ht(l)ggsp ]%g

wi t hi n appekiet 20X 11ef davef GRUr1AB( 19, ¢resums, (elgy Aidhe Pgy) aydplied bgtraiddigion ciredich GPU
122 m'ghtéoge configured to use the sane set of view ng paranmeters but a

differen anpling location within each pixel. [00561 In a distributed AA

node, the external pixels POl and internal pixels P10 received by
[0054] Head A 206a(0) of master GPU 122(0) delivers the selected pixels (Pfinqs) to an

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
i mge. Averaging the internal and external pixels provides antialiasing at
twice the display resolution. Mre specificall sel ection multiplexer 310

i s confi gonfegiratde éwp.eby thetgsapiiissedrivennedeb IGRE; 1@§ prighti igendnfigurad tienseche cui t

308, and di vi si.on cir nf i vi de.t he sel ected pixel
aum by 2 B SR PR Fifhineny & ARG ABink Roctlith SRpltB B T &
manner, plxel selection | ogic 300 can |n%genent a 2x AA 10 filter, [00571

| t shoul 00581 ndﬂ@dh&tnb*ete@@smmzom exjpiapa 2@11)" caawlate@tal Bé‘eb*p%@@@@éle by ot her

distrib t.h I
oi el or PPtk TR e T8 1o diG L HLARRRE S LBULIAD Ao Bind HIHES " e
partisgul amnpla{gelobatmns \forl the skepepidtel afithé firaldpage. fAOéraQiﬁlgttlﬁH?mtﬁrﬁdl fahd ek thal

rendering, nDde e.g.,. whether different GPUs 122 are 15 rendering different
por ti ons PBf Stm@wgawtlrahm grtwagerthe display Jepobtiog; WMorespesificallynseledionot

et rﬁtﬁtq}}gﬁ“h ri3 6 e inf g{l}’e?’}g 'ﬁ@gct tﬁéjéﬁ(glesrum pher P,ggﬁaﬁdédgb%f@%\épcﬁ%o%ﬂ are

present, ralta can’’be I eve or exanple, any
nunber Ohn@ﬂ’ildﬁldrﬂéir@arﬁlbes carfipuesi tedivide Ehed;ﬂlestjed@h&ﬂ Burt diyr2g sé that thespact i ve
MO A and MO B ports thereof, and each., GPU in the daisy chain can bl end
its own Pmeé}sFParhazp.(ﬁeﬁﬁm)(% Inthismanngg pixs] ﬁ@FCtP@d@glﬁéQOF%H’\l@leSW adsfieam
GPU ygi ng@ppropriate weighting factors. [0058] It will be appreciated that
t he di splay heads, pixel selection logic, and distributed AA operations

descri be ei.n ar illustrat atigns, and ifications are
poss! b o {063 ° dRstfsfebe nofed i PEDs 220 a1 0L Fan s BrorbrLineEibpor

di vi si on dt%Ynlﬁltédﬁ%hhend%L{H@&és &Elu‘éirﬁ;%@&e% n‘i“vdh'i&%x% of lt}'Ile Rt %(E‘P@Fith@E”t s, the
division circuits mght support a 25 | arger number of d|V|sors glncludlng

ar bi t r ar exigmabpixel igdeldeted gmths)exslgsmh af the dthesadhe aagieulet selegttonayillaleperyl

filters ca be s. Furt t he di vi sio rc | aced at

1 or onon st RREr e Sttt pai ik STt St R R TR PG i on
Circyst s réil¥riRE difRedrt ipBHlions bPthelshmb AR, ordiMéréhtSHueesive Edinles,nd s ndte pl aced
on the externa l%lxel path in addition to or instead of t he inter nal pi xel

path. 30r¢loGeoio thperesentinvantian. Ewrthargwhereingre dandepdelVoh e pesent3a 8 nmay
al so be rg?x'e“i ¢e (%fh a%?gll?s?rké% éanef)% acellegul:]d3 T ex%pie 51‘12‘%? ef%'%f Hﬁ}s acl%ﬁ;l/)r cuit

el ement 0 rcult enents contro

sel ect i ngomsord uﬁ Beaispichain akingitetespdciiee BHOeA nad W0<3|port§ﬂii:ra)fbdrﬁlrﬁield pi xel
derived from both the internal and external pjixel nmay be used as a sel ection
ci rcui t . CHloebe daisy glain cablendhits gwa intemal plnxélr with a@éﬁémél pixek igeeiygd from

reprsg entaﬁ‘tubﬁféaﬁlf GPUClglr&r ap\ﬁ?dplﬂl%te weighting factors.

[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 pixel 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 inage, or to a conbination of such val ues
(e.g., as 5 produced by addition circuit 308 of FIG 3). Rendering pipelines
in the GPUs generate pixels at a nom nal resolution (where resolution
refers to the nunber of pixels in the inmge), which mght or m ght not
coi nci de capable @fhe)ntrelalahlmtseloﬁir@‘ am¢neg the erayl nixelj the extemad pixel,enthedilendnd s,

the displa BE ee u iltering,or wnfllterlngto
1 anst of AchBer g Pol 86 Mo TR e i oy 84 630%Nmp B 1 e

| abel i ng of I\/IOports and di spl ay heads herein as "A" and "B" herein is

sol el y flef}604 o yenscd Aeecina "gexstt riefﬁr$ generally toany sensesentatien of asdlot Malteany M O

Rortcan HERRANIESHEchon A 1ELe P PR LRI FLEIRY liRLAY fead can

drive elt con red port. In

addi t5on pMedEG’deddfﬁyn tinediusis cmme; ). Re&wefing baiehhe@,Qn tid @U@rgbﬁerataq,émS nor e
or fewer than two di splay heads. 15 [00621 In general, any port or ports

that enasf @ ngmimagmsokugiop éwmrmr%sahélomrsz%rs tgdhenyinbes of shslsiathamagehyvineh used
as 1/0 pog t&rq'? g[a?r?&t B fﬁ%?gl} 1dt{2)\‘1%’fttﬁe°5is%1%2d§\8§’§ SRR ent§ he
al SO UI‘ a er

MO ports are reco ur poses an comuni ca

with anOttﬂiw(lllsﬁ’jdplpaﬁne’lpérﬁﬂnﬂbﬁyﬁeed%dl‘upl-ﬁlﬁdrﬂllgaﬁ dotvhefi1MriDgpo trhAsfomn tH?:e
configured to, communicate wth varl ous external devices such as TV encoders
or the | inREunal gesebytionso thefiglanesselatiomyo (1 ntel Corporation's Digital Video
Qut put Interface) or other standards for video output can be supported. In
sone 1eénb @Gt nt Bhe labedingatMuparts anl béplaabdaddi/heinpsrtA"iand I8t derdimasdolden a
gr aphi cs .adapt er. ssenpbl.ed; _at s adapt notifies the
System ad wnm@e%ﬂ? SR Gt (4 Bt g ey MR Rt B b eotieried € ho
M O por tay BB RO S, %ﬁ@@ltmrtdfgp%me%awﬁdhwwheaaMl@lﬁawvhapfhfaﬁ oreR [00631
Conf i guratl on of I/0 ports, display heads, and ot her ‘aspects of a graphics

subsyst erpniigyedes aicawpyt fosthdd al:lghtlan syt @ﬂlkemauplm]rudte nowebi fawes thandwo

comuni ¢ with all of t i CS,.pr,0C ors. In sone enbodi nents, the
system sz‘?ﬁ%l’%'iﬁ ?n%((gm?Fﬁloéﬁ%‘%%ég% o dlg‘a?%l fi°Cs driver programthat executes
on a CPU of a systemthat includes a nulti-processor graphics subsystem
Any &8 hed0@AZit dblgsnergbpny PP el pelithidgabenablesyisi GRIY toepremunigptgwined dataayidy 30

sof tware t nternally
B st 1 butBee T o Tyl JEofo BeRteh AR AP Bon 3o hENE of the
present iembedinets, thid 1 IOWorts el RyrebeetifirablOfer pugdés atherahsn a?hinﬂlalzauffey be

coupled tg _each other in a master/slave configuration
confi gur dtithoanothepGPLh 2s agted sbpY & rFAringiance e P&%P@ﬁ‘iaﬁ&@é@“ﬁwe‘ﬁ fQtering

using pi )&ghlmumcate with various external devices such as TV encoders or the like; in some
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
configuration according to an enbodi nent of the present invention. It is to
be under dntenully hxstrithtied A3@iabdsit G 4 may be identical to GPU 122 of FIG 2;

in FIG ly the active I/ O ports ar hown, and crossbar 22Q i ot
shown. 100068 pliaearaaice fa AR el of (FEPErsh A Ru s gt P paPep e
sect i ons 2084, 2PEBY T BAPEPUNE 2AnayBldoupldd t6 RadEdth¥ah s ikl staveRofifi SiRhidon. hgad
206a, and display pipeline B 402b, which delivers Elxels to di Splay head

206b. Di $lvb ggnfigupatiang e UAl 22024 peridrR "uthaliedistehoted b A Aofilteranpeysing pixel
ti |.. desi gn, f per f or. i i xel
rocedsi AgecfaPRR o0 heriSulaPRadF e fed ALhBRbR BShr B e PRIt or i ¢ ne

sane operations or 15 different operations, as desi red.EA{OOGG] M O B port
214b is d0QAS edF1Gyas ablockdiagramnte 6P hhashompang disply tea HYarcopnled tof  t he

same GPU P t f h - r | xe r ce Lspl ay
nead 5 2008 eat ARIHE et SRl bo BRREPRT sSHAn Bl SRRIFRYTH R bR

del i ver s ifiveatipn XRliStol Be undestoodthattGPdil SpbaFIthelataybe (Heati &l tBPULLR. ofPi xel
transferépath 400 may be inplenented using any 20 suitable signal transfer
t echni quéds. BuakEGed onbethgastiys bedpors pisshopood crasshan 229ds pat deae: i ve of

di sphay : FXgksar ' - L LSl ay:heads. . ar
Py A T e e S B L S D

i nst ance 402giwieth ddlverst pinels koodisglaBhéad 206d) syl displdepigelne® @02t avhitieddpersat ed
to sel ect, ?s an out put Bigel, any 6gne of an "internal" pi Fel gPA)

ori gi nat PR stispiaaRead28eh:, Displayaupdings fr404n ad B(‘tﬂégww & REEsnsERIY om
head B 2 : LX)l ioxel s i xel
conbi nerQ(Q:?\Fegg??ﬁggggﬂ’?&%quegfﬂs(ﬁ%%gr%gﬁ' )g{:({er aeFfpﬁtﬁova Hﬁépﬁgg ﬂﬁg%egéflg\gZOGa in

t he senseptttdons; thenthiokBspaxgipsliiRd 40pa,¥eRs nfaB rerferm dhe pnevwipdedionpodi spl ay
head A 206a by di spl a i,peline A 402a.) [0068] In this configuration, GPU
122 12 uéﬁ?TSXHOQeﬁ@PP%PRQQ%IW@er nal |y distributed" AA, 30 with the two

di spl ay pi pelines 402a, 402b supplying sanple values that are bl ended by

pi xel  sd0eas]i IO Bgpart 3bth iis goeplepivaaa pixgbiransfey Gath| 40009V 3Qi/oport 314aefder i ng

Cetne, it APtz Pihsh TR L g0 o s REPE e 4 SERRD b BRGRCT e,

such t hatfrdnhRI1©BPbH 2Y4b ECRIONW ?oﬂ! Segia; IO hsort 20tal EHYES ti Sixelditfré@iwat from
each ot her. For example, slight di fferent vi e\g&orts or viewpl ane nornmal s
m ght be tedisplagdeadbA 2062 of WF l%%ef’gzwldfa@aﬁer pyh 4Re maydrerigplamented ysinganye|

bou ngér i %ﬁitzﬁ)fle gig:?altttye\ﬂsfer techniques; 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 (P4) originating from head A206a, an "external" pixel (P5)

25  originating from head B 206b, or a blended pixel created from pixels P, and P by pixel
combiner circuit 308. (Pixels P are "external" to display head A 206a in the sense that,
unlike pixels P4, pixels Pp 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 inmage m ght be generated
using the sane set of viewi ng paraneters but a different sanpling |ocation
wi thin each pi xel . [00691 One of the rendered images is stored in a frame
buf f er " piradderwhsdreplinpepaviineter sieh tisdt oicedniphing 1dcatdomrs e ff@rthé Bvo #fpes breane

buffers A 404 and B 406 may, be i Ie. ed. jn apy nenory deyice or deV| ces,
i ncl udi ndf] ger‘i Oﬁ"ﬁ%‘ﬁ‘d}ﬂ}err oEptym ngﬁibp&a t?ée“t‘rﬁ’r?&ﬂ%?“iﬁr YSWPARGMEFMAy st em

menory 1%%19fbe'ﬂe§ne forttltihet&d"ﬁ’hd(g%éré?eam’lggﬁﬁﬁ o'f@é{ pdethk: 6Gurldaritd6r @'EWO

menory devPce or different devicés as desired. p ay plpe Ine B
402b r eadsagssx dlerfativetyf where thei$dngling ld@6ion p\ethlim)a pscel/arqonﬁgural;ﬂlecéags biyng

operalo i.ch may. be of eral | oventl nal nature) on the pixels,
oha" % or B e ot B FRL el S ey R S Bt SbEkw s efrableRond 8
206b haSbQﬂ%@ilffeﬂéu%hﬁ (glaeatlda%mn?r%’cﬂﬁlﬁél operates to sel ect pixels PB
those pixels are forwar O B port 214b VI a crossbar 220 (not

epr|C|t o] Pi xel.s PB aretra d e ath 400
Co M O AP *Shestyhé fnote iEhiSis 9B TNA iR B9 ) el s anfl

di spl ay s@eatinA ZaRebuff80BL]406N FRahdbl fdrs W 402 dntill§4(§63§i'é§lbb Qﬂpleﬂieﬁﬁzhﬁﬂ

pi peline A 206a reads pixels fromframe 20 buffer A, perforns various

processi Aly msaray Heviee ¢udevidesiagludiag on- callg@n@pa{ llnﬁl'élé A¢ergrapiried memaryur e) on

L B2 B Lo S RS S P RS0 o

are advameagﬁgaus-lqyeop@lﬂffef@uae\dcwatstaegma[opr| ate t| mng so that pi er val ues
PA and PB corresponding to the sane screen pixel are delivered at the sane

ti . i . . . f
i pl ay” F0479) A DigRa? BEBGS PAUPEYPAE kel Rt Han R ARt M, B RELREY o
ci (rj c gl t gﬂdhe@d@opﬁr?ﬁiﬁ Sf\l?lglch mgayFtBi of argahénagy emetnﬁdﬁal aehm@tosll thdﬂglxglsmarm Tel

i vision cui i vides the su us ended pi xel on
Sgt h 316 9@61{4%41%@%&@5 P&}felspﬁl)li([ﬂ dgsngw bied %@M@Pw bsadt B@?éb Bet Ritls ¢ he
bl enged Qéléfﬂon"ﬁ 21004 Shertcs 8 sdifdt gﬁéels B %Ims@}{nx}@:fsaaﬁie ﬁ)r%)gﬁﬁdqg MI¥EB $o ?j_hhe or

out put pi xe to 30 an out put digital output port
transmi sQil‘éinvm@r@sUars?@De(yotcte&‘phcldy shoer 8] FI]G 43 hBixel$ Ryeare oteferrdiatia lpe(ehuse t he

deri i pel i f GPY 122 d i th
rate for DeBUR 3ol thpch AR R R AR WA e e PRBt oo APl
descri begehieA®ioBal S generally | ower than the nmaxi mum franme rate when

operating in a non-AA node. In sonme enbodi ments, the frane rate for this

| nt er nal I[l¥071] In parallel with this operation, display pipeline A 206a reads pixels from 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 P, and Py 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 P4 and Pp. Multiplexer 318 selects the

blended pixel as an output pixel Ppy,,. Display head A 206a delivers the output pixel Ppyq to
30  anoutput 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 animation, as long as the franme rate for the internally
distributed AA node is 5 around 30 franes per second (or higher), the
reduction in frane rate has little or no detrinental effect on the

snoot hnedsstratfuteds Aampdaddsonbedrhertings generndlyilowgrethaputiieintaxipnodivarsdraté when

non- AA nmode Wil |l generally,be | ower th ual it duced oan

ot er nal PYerating it PEEAA MAS oSO a Ry R 8 ForLt AU SUeRAlY  ades o 1
a reducedistitii® AAtBodds appiodlifitelyRAIRhEIHAME kate frQhd A AIA mbdehpsd d al so be
noted that franme rates obFal nabl e using the internally distributed AA node

descri bededindims animptéons garpmgalte frame ragrfor the ateratydistabuted ) mpdeamvent i onal

bi pel § nop <t 08 lpet tasbfi® (Khubitph R PRSI Rk AN RIr b i e The™

GPU s 1 edegimengal @ffealdnrtﬁe bRoGRNES T Ehe airfhtigl. Furflieg ehe lmatgeghﬁlhylﬁﬂddc&i e
sanpl es per pixel. Processi n%i:yl?larger nunber of sampl es 15 per pi xel

gener al | yn angirAdemoda sall sepaally balower maatlm@&e quplifioprofcadon es intamellkhange f or

| mor oved AR AR e (RORRTLAR ARAGNILDL LERISE ] Au0la AL dBgSS S

managed in erlng pi pe ernaIIy
di stri buhgtheAtndap@yubktyconparable to throughput of a GPU with conventi onal
AA. [0075] Hi gher-order AA filters nay al so be inplenmented, and such filters

gﬁ%’l ‘i’?’paidoﬁ QIQSI%%EHJélQ@Béf Rhte@that .glﬁgll)g atld Dthin e ?‘?}éi‘“ ﬁn{ei%higy%g{&gg {ejjbut ed

I ng operations n one I ment, pi peli a and
di spl ay mﬁpﬁiqdadeﬁnbe&belem:dre compardbleao ﬁfaﬂetretes olutamabulnmsmgcﬁﬁﬁ)ntmaim (not
explicit Ie?/ shown ments an i.n

that jm A filter. Mire
speci fi cAfohauey SoufDlerle ChhTebder PG SdRRT C@Pﬂaéfrme‘%@&) i hsinglender i ng
pi pel i ne Grt EBbchAdn 008 Lalhessidgle WHReFaqbinéh8 GPUE refldBingAielHel6 ofbhier

| arger than 1) of sanples 25 per pixel, e.g., using conventi onal
super sanplsingde imrageobut with g Hipfd sang)letmh pltheErocéEIsneg adangpt menbeyof samepleer si on
of t infra buffe 404,

t le the. | th
ot herS vePer Graenengy fitasBoisr e Segtnt HaHTSRB AGPOBS SOEROB BT i pt ay
pi pel i ne jfBrAred ﬁﬁ@gchﬁﬁh%J |Dé}$eﬁ ﬂ’?'oﬁ?nomhe ecrabrifg $edual frﬁggefs i PiiBndpell iietheA

W thin display pipeline irst filter-on-scanout (FOS) nodul e (not

expl i ci t irgnderingnipehine, :da.rouglmut af GRS with tnternakly fistribated Afanay b eomftanaple he N
sanpl es Eg&%r O%q‘ﬁcg(ﬁ%sét’ﬂg”ﬁﬁ‘ goqwgﬁmn ye per pi xel . The col or val ue

det er m ned I's supplied (possibly after further

pr ocessi n&@y to display head_ A 206a as a_pixel PA 17 [0Q77] Siml arI
di spl ay p9Qali fighererdeed d;filtsss may aNO@&#ﬁPl@glep@ﬁ @aicwclbf J(télls A3 YORHIP P&ﬁe

20  combination of single-pipeline and internally distributed antialiasing operations. In one
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 P,.
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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 ned by the second FOS nodule is supplied (possibly 5 after further
processi 18077 o Sinslatlsydikgay pipeROGH0Zbsreceipisadll N REnpleOr 8hchipinel, frathdrapiexel s PA

P11 or ot PBIEERA0RY SFAUSR oRplBuBPQing 020 Y eyl TS Halily alsoreb explfa 06 o nt

used to pEPh af)§mblcatEatLAH A A4 bRAAG thERISMADEE 1O niiRO8 SingREDIGO
popul ate frame 'buffer B 406, conbining an Nx AAfilter in each™display pipe

402a, 402blusipehpixkle Thet@ieralalue deferoiimsdrtiyizhe eetondFOS| medulé esctuppliedpdssidyi bed

above_resylts in a (2/) filter, instance, if the FOS nodule in
Soon 8l e Rehiorabssne o b 8 SORF i o ¢ hen GRU 122 can
provide 8x AA. [00791 A particular FOS nodule or AA filtering algorithmis
not criti[eeu8]t ol liusethepesdnl s andhFeprodueed byrdispdanpipet 4@aaind #O i respeanietly,

al gorithns may .be.used.. ordingly, a detai.led 5. descri ption. has. heen
or 1t ed THHOEHHE TEBHPRER O o kel unses &7 Lexs B e edoitsa and
402b apphyed @e¥puladd frihk befferdA 304 idb MIBcsifcildHith e ru@&ﬂt'ogjogﬁﬂafé figthe bom&e 1 s
not dependent on which version of the imge is processe y a particul ar

di spl ay B 4, combiniggan NeAA Kiktenin earh display gipsad92bet3brith thedntemelly er in t he

( o - / : . ood, Noc
an 00 7 AP PE AN BES T Eormitle as R MRS vars T B3R aZp B, AR o EPTREBR. o 12
usi ng coRyERbS dMsuld MCABK ﬂié?ﬁly PR3, 4025968 d&HPIA KBS, theRSPRAIME ddnd

points used to populate different frame buffers are selected such that no
two sanplpremidpdx Ass coi nci de. For exanple, FIG 5A illustrates a "grid"
sanpling pattern applied to a pixel 500. The pixel is sanpled four tines, at

| ocat i ong0078Q1- & QdrticundiFOst madlly of AACT R&Ingvdl gdH thmti§ Rotirtiehl tofhépreSdnt
illustrates a "rotated grid" sanpling 25 pattern applied to pixel 500. The
pi xel i s iBRipeandsopventieaal medtey andrpdeasithms may be yeed: A esgrdipelyd defaitess ) |

whi chcar e Laeat i W od; ' pi xel
datallsn r gdnr@ftlgﬁﬁ ? %atr)éek%kltggsmg%%r ate ug?tﬁéggﬁée)éﬁ&dﬂ &gggp@?%ﬁég t’e ern of
FI G 5A woR4 end40aH appdyt mentical fitteral porithers sBthbd thel resulmefindl éstagesismgt t he
rotated grid sanpling pattern of FIG, 5B. The FOS npdul e ip display pipe A
402a fil P@ld@weorswhwbdﬁrswtge %?@é%pww@bny pegicylag disglay pinglige PA, whi | e

t he FOS Fna /i . i i : : v es
(511, sray e N WAL ARERY cfth BEpfortitfieaiicl bk il cAMpBRPRRY T |
206a bl ennsaricheinwalk alsrmBévaedbdimast, de kA ifitedngbigle be pedbtna¢dwahiithal pi xel

1
8 20  rendering pipeline of GPU 122 using conventional techniques.

[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 S00. 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
402b filters the four sample values (511-514) to a single value Pg. Pixel selection logic 300

in display head 206a blends the values P4 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] It will be appreciated that the internally distributed AA technique
descr i bedahertlst gorréspogds fol anstverge veeratlceightaamples.i Thispnecedut prodiés that i ons

are possible. For instance, GPy 122 as descrjbed herein has exacgtly two
di spl ay HEBEEIAiasRERO NG FLhSTPEle SaleBiE PECet e AgPLES RluRIXSIoREN Bt put por t
consequelg{éhy_pomEﬂté;m]thsqgl@gli@w@eids are used for internally distributed
antialiasing, GPU 122 can deliver at nost one pixel streamto the display

i any . cRPPRa R oERRREG TR il e bR P XA R s g R

sel ecti oRs {lRGirativanad th4OvaRitichs all giodifidagoks ik PassibléIOF& ih&iadte! GPUNI 2nsay
heads, the GPU can support i nternal |%@SI stributed AA and can also supply

i ndependdascribes preit hasgxactlydwordispdey besde edtlsof wilyich esapalkle ofdeivingahaiosty

where the_ GPU has, nore th t ispl.a eads, it .he ssi bl.e. .t
connect " 3nF ool R GRlee el P BhAR A0S ae e B il G BT isindel, o,
chai n t o ahtidliddig, GRTT E25RAnideRvéAt RR¥EIneGfixd] BRedatd the AidpQYGRYickw)t her, GPU
122 as described herein has two MO ports, both of which are used for

i nt er nal Hewgiver, embadisepntsrof the presers inieptien medibe implemeated he ary APROhat st head

B 20 b . t [1.5) Qv 0 er [ ~displ ay
head %I n\i\%?Ltg‘?o (ﬂseﬁlnggg%aﬁéﬁﬁg ?mfﬁﬁge @é’ﬂ%ﬁ%?l a@éltcaaﬁgiq%q gélljgﬁ‘ W%léﬁg? ?gt%?ast he

M O port sndrayhdaawe displayizadgithe \GP AR stifyirt iatenoilly disiabyted A A snd @@eilsee pi xel s
and send pixels at the sane tine, 20 allow . ng interconnectivity wth other

GPUs in &eprly inderendent pinel stieamp i twe ¢fiaereidiiplayglexices. Additianalhypwdieradhere a

third M I : r£& m i [P rt
to del i ver LptbShERG dishiafhedlt il P poRE R EA S n 0P ARMIRD . a1
out put pbeidsttogethikelin damaspriskive dpispdhaiech fuytheli inplease the Ad\ poveéra theoGRUOL her
GPU. The other GPU in such an enbodi ment mi ght or m ght not be configured

o pesf ongRgsys of, R 180 Ly ddicabdd R4LiR Badivo RROMok S5dingr whickGle Jdeansf er
t ff‘}ﬁ B 'tﬁf ih{&ﬁﬁéﬂé%lmef%& RickGle dde@ns’

Path [ 00 es of pixel transfer pat ntations according to
enbodi nedosintendllyalistpbatsé A .i Ivtbistembodinndnt, meitheltead @s20Gabed headsB 206b becone

clear, the pjxel ansfer path may be ext al .or inte | to the GPU. 30
[0085] FIEUIEDT peahlets ammestd o i a0 Bo g playbeibrPaiels a pr i nt ed
circuit Ga{hddaRéhts, 8RGPOWSAhWe bldiBBn A NIRD Pérts & the MID porefRdy RRkRnaccor di ng
to an enbodi ment of the présent invention. G aphics adapter 600 is
i mpl enentoperatisg mode dph ado whorapalt wseegvapipels and sendipixels at the same time,
20  allowing interconnectivity with other GPUs 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
connector 604 is designed to be inserted into a PCl-E expansion slot (or any
ot her t ypean! (PER) 602 itha cehfoths teeP@BLE iongnatbeniotercwané¢diontséndesdn @RW125is122 and

the rest of 0 er . syst such as.system 100 of FI 1.. GRU 122 js al so
el ectri cé??‘ﬁp?‘idg%npgg ({08 %38& cally §HPY toc?ogHﬁtg’E‘tcé’_r“n%‘ﬁ%r FVigNiee tﬁcﬁ%’é‘é’t(not
shown) oRKEER) ofPEB dO2S By S¥mUShREorCeVAN e 8s98ncd A6 bk stV PMAFPOYLH Y coupl ed
to one of digital output Borts 210, 211 or anal og output ports 212, 213 of

GPU 122 (espanskinGlotApr arynothentepeobexpansen sot), epadiigDcommynigatoan bitweerd GPpl e

di spl ut .connegtors 606, each coupled to.a differ one of out put
Cor s 541 943088 SRR sy aR it Mol HbL LRy (Rl (oo
graphi cs f&afcaf9RBesIE@ISa Bikfiay ofiphbeoniBiteNo G@Via RErfacet ARMLhGA) FHESEEN.

G aphi cs edge connector 614a connects to MO A port 214a of GPU 122 via

Wi re tradé. ®iplahoutputgoapentersd08dsadwatageaist capld toona et digitaloutp@pBripor t

112 2L TR PR 1S LT IS ot

renovabl eAmber fRHPESHISRMItPEe dikpla$ 6HRUESIAAEIIRBOE, cach cadbled fo £diFRrent
connectors 6l14a and 614b are of identical configuration, allowing themto be

used 10nt @ne lohagpubparts 310687} agsdpavadn st er 600 i n one enmbodi ment is
designed for use in distributed rendering systens in which two or nore GPUs

cooper at §0085]pPePEBGOR disbfifdledds tRoghdphits edfe eonndBtorsedide) 6 149, whfck.cadUe bf
systens may be operated, e.g., in a split-frame node in which each GPU
renders ddenticaledesign. SHpphies edgg cpprggtor 6l da egnnsets &9 NHOA PeeRd 4aebHEPUnl 2Rhi ch
each GPU . e j [ I IRGRS j

distri butvé%%g}gﬁag?s?dalg i ‘ﬁ%@%ﬁ%@ﬁ&eggg%%oﬁ %ﬁﬁgggm%%t ets, on% pébgl(q P?}’(E,Gr%]st er)
recei ves 1p2x6d wirt tracesadi@t Bach @Rphick kégestoamedtor Glrld, 6 BibXie cosfidueed foprldergat 300

in the master GPU sel ects a pixel for display as described above. 25 GPUs on
di f f 4P entangmgshanical ganpacEpR t%@tﬁ%@%d%f?@&@%éa@rly&c@rﬁqg&e@%wnae%s pective

gr aphi cs gﬂ@?ces%ga@&ﬁ&%r@é an@ 54 Hl%idngé?iti%éﬂicbﬂﬁgﬁraii&’i,\e;nggférie}{getﬁ&h%‘ pgevi ce.

[ 0088] | di mrent of the present 1nvention, reno
i nt er connsed intercltmgeabdy.620 is constructed and shaped such that it can
connect graphics edge connectors 614a and 614b of the sanme graphi cs adapter

600, as gbh i @_ra?h@s aBaptérB00if 8RO EGboAIRNLER dBGEn&P R B8 in®idributdd 30 ri bbon
cable or '@ PCB wth wire traces printed along itTs length, wth receptacles
at ei t herremteting Systemegewhich gwa ogmaphGEYs sdgerade tmpafom dffdrent pdrtibps ef 4 owi ng
the L2¥)VD %I?({%rr]ilng%asﬁq Qch systems may be operated, e.g., in a split-frame mode in which each

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 system supported by graphics adapter 600 to
establish a pixel transfer path 400 (FIG 4). Mre specifically, in a

di st ri but[@@B9] eldehis embodimidnglinttdoongctiandiexiet 62¢ expleitethe piatihg thapaatdrisGes port

214b of GRU 122 . O A t MO B t f UbS di ff t
L o G e Ayt b oGt BB Fhe TH SeBRo] Er T
I engt hs Qfan¥fef Fath 486 ESICP Il? AW ﬁfecﬁﬂe@llfﬁﬁi a ldREribu BFeRAEHRLlond Mﬂaﬁ?g,?dg%igge”

the two adapters, as well as any el ectronic conponents (Fl FGs,

etc.) t hatansfeypdik fioncMIQdR pait 3idp afGPUslgdrean MIO Alpert(oaNEOdB pprl f a GRU

di stributed r.endering .operati the transfer of. pixels fro t di spl ay
nead S ohe SREE et ELRdnler8PT prid S B ity ety brom e

advant agegipsayof WA rE@sed b N h&doSEI anldAé inkdtEortedted evide R deR eh Sty flaptRks, and
master GPU arrive at the display head of the master GPU at substantially

t he samne as weH a§ @ny electdonit ngmporents(inbt @3, datkhesyest-¢ hat nag be dfcluded) abong any

i nt erconnecti gn.devi ce.620.,pr,ovi transm ssion tie _matchi.n t of a
st s ovganseg e S P p s ShOTHEE PR Oud R RhE B Plels oreue,
the pi xelthd dighlay Béad dFahdsipvOGPUAH ttm/dilgmayeh@aqmm @&teldEPUGE aBARta@BoUHEN S
signals to MO A port 214a with the 15 correct timng. Thus, inplenmentation

of i A0er wadidinatidsuch that 8¢ pixels Fomhe plavs C8ad mastar K5I arrevstat the displace
i ' Pficati GPU 122 d d, 600 that
S i b0 2B SRR B B PGB g g 1

appreci ated that the graphics adapters and interconnection devices

descri bed00f ei As long a5 tersonnectigideyier @APprovides atrarsayssontimg matehing thehef ar e
possi bl e. k ] | . and
ot or con St RAne hielnecARIR hpFont AR RTeLE Cr Ol 0500 RRNEES
herei n, aath mroyidedbynimercatneatiopdoticaca0 daliyeidgignallpd dMIENAgdrtf X1ra twithrthéer ri ng
data between M Q ports. .[0092] In one alternative enbodi nent,

i nt el @ onSEEESSHNIAGY TRES, émplemegistion of intsinal hedisteluted A yping gn ewemabo2, e. g.
using wr : : : i ggp‘o iment
cont rol d@\e/{c%glg&?gh géﬁgg@g{r{g%g%{hééﬁﬁnr%ﬁlﬁg%%ggﬁ? \C/}EFIJ %:jgnq?ra(%?fi s‘%hftirg h) are
advant ag®00shat was edginalle debigeeddor dissbloted reiadeaingr ansfers from path 618 to
path 616 or vice versa. [0093] It should also be noted that in sone

embodi menpgo1 het Ml@ﬁ@ﬁﬁﬁe&ﬁteﬂ%a@&l&%ﬂlﬁﬁ&é MptefeIdGRteRARnQHioRdRGIceE X er nal
connection between two MO ports of the same GPU does not 30 autonatically
enabl e i nlesaribatl hyredti are rlilustrative aal thatsvagietions dnd dnedibeations e popsiblst iTha of pi xel

20  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 [00941 In another alternative enbodi nent, the pixel
transfer path used for internally distributed AAis built within the GPU.
FIG 7 i40694) oalandihegaleemaiveantodint@0, the pixeliragfdr pathorsed $orahteemdblydi nent  of

and 11 ko Drbitee AL Rlnckinidde SRUE TR 3 ¥ RicRiifary St Gt 1 frengline to *
conponentsse secHéthbdEmE Y rIRZpreSERYinkeRtidd) c@v@%oa@géﬂ&ﬂy@mm twetpynanster

path connecting an output path 702 of display head B 206b to an external
pi xel i nguE. paand likggelsfende spinhers havribesn 2084t id¢HTY §Prresponding cempounkntent , t he

i xel .t f [ | ect. i it . l.tipl 706
Phat Sel qonbcisaiady PR /P indodeS s 851 B eSret v apniiitivk B PR piBer ved
on a pat lyZ Q8 dfspRFHRAE BHO6H 6 alvbAleRA pikel iﬁ?lﬁ-pat}M(ﬂ d¥ B4y Kehdan 2962 Crossbar
220. The 10 selected pixel is provided to the external pi'xel input path 704

of di spl a 206a. .. [00961 Sel ecti.on unit 706 oper.ates.in response to a
Controf JVaaF i eBainhati e eiRE 5t bt obind oo ERIRARRLKFer for oc

sel ect i oRnulfplexdPG06 thas Sdl€E béth@erDihk Pixed frofadibpldPReddB Rbeb MyEnpixel fRadivéPU
700 is operati ininternally distributed AA node and to sel ect the pixel

on path onc;@ath]n%mowwfﬁ 1Qipepb .y e Apory8ada fviagmopspan23ls Biser at i ng
t _ gy : i
22 pdfos AT al8L U TR OB ok AUPTEL RRRANEIREL ',

application devel oper) tao enable or disable internally distrjbuted AA

t hrough dA0%prRsiestiondind J0pRRemtes iR Bsspanse toa cARIR! siemgl (gt explisibeshownhe

gr aphi cs r t . t - I i pat h
702" om THe ST fench iR’ RBALY) i Fod ] Bfkel il o Buch DTSRy B2
FI FCs, | ahatisid) 76d1ik qpietetingtin intergaltyodistributedeVA aerleind tdisdlect pheqgsikel dnrpath

di spl ay head 206b reach selection circuit 706 with the sane timpg as
woul d ~ piR&I18 therqviey tﬁ@t sl Bead et |Glt§b@09.lﬁ%pemt%@ﬁaa@aé&rﬂ%mﬂwng mode.

Wher st NicpirS ThisGofi#SFsignal sy BRSEAAABH 1dsbetisBdo AimifhSR oA FerBBiRs and
di spl zsay head A {Zgoé)a ;és %nr?dep‘e/ndgﬁt rof V\Le{)hesr the GPU ils ien g‘ﬁal tPtlgbfjt ed
r ender i ngirived enablingra usat @r application develdper)ed eAddbleoddisalils ift@noldyl didtribiuteder nal
pi xel transfer path, while reguiri nodi.f.ications to the GPU, . .does not
Pequl re dus (pullig e oamistestint IR oS R AT 6 RS T o pi oy head
A 206a ofpatRlhre. 700 can be sl aved to a display head in another GPU, or

di spl ay head B 206b of GPU 700 can be master to a display head in another

GPU whi | o8 RAGATHE NSRS ula? PRl QEEBAiAES! Pith b2 sdhPli bRy hesh B%okb L er no-
20  the selection circuit 706 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 I/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 100991 It will be appreciated that the internal pixel transfer path
described herein is illustrative and that variations and nodifications are
possi bl e. For instance, a "reverse" pixel 22 transfer path (from display
head A 206a to display head B 206b) m ght be provided in addition to the
pat h showransfeupath éfrommispdayniesat A P@kA0 disphaydesd Bi 468) alight e peomidet] iment s  of

t he preserc’lé. lnventio rovide distributed 5 antialiasing techniques for

mul ti - GPRISYIOPdp e Ao s 5 single GPU with the capability of using
readout techniques and conponents generally associated with distributed

r ender i ndfurther esmbodimentspl e GPUs to generate AA-filtered images. Via a

sui tabl e hics ,dri.ve interface, .an.gnd user. of an approprj at el

Sont i gur LG &2 essritied ahoyestaidiieaty BF g orsy it Lorion erRadedstRpteg)

gr aphiscs anfiSIgHsRIY tesRURIes FRSHRUIBLGPU RyAdiné &Y whiRaKa binglaGPY vAtPhe dgshbiity b9 t he
programitsel f. Were the program provides AA, internally distributed AA as

descri bedsinggeaiont teghnipecsiand gomponents geneswlly asspciatefowish distnthwsedyandesing ut i on.

[0101] While the.in ion _has been.described with r ect. 1o specific
bod merdpiess BREPIEPTs G R JERCEATRRAEE Sfhdul e Ehhisl a50E

nmodi f i catihtefficelbf eRDEsekr BF &n agp@6pridiely 206Rgure AGPUdgIk1dch & énaBRThicpalljas been
described with reference to AA filtering, the coupling 15 between display

heads of distgbyed AAdopany grghige erpeem greardisesefshe A Avar dagk) therepiprayadasrinbed

her ei i r I i odi nrnt,,

di st rllﬁbtrjr? Pé%gr?) ?i éei ﬁ?érllpg %gl%ggg\ﬁr?grﬁ grjogéi]r?(séfé‘ amf’gﬁg %nggfslﬁggndéég/fﬁp%g.d%%sn |eEs1 known
i n the artereimcat vy @ed dhagteapd (e addudley tie A &frésobptionyi ew and a right-eye view
of a scene to produce a single inmage. Typically, different color filters are

applied t e . - - Qi | - ixel s 1 f i ce,
oD 1 ondBue SOubBi U e bR ALY Bt il e
| ef t - eye skilbedliss theeragt will feesgnilzetthatmyunserdisunddifiesionp asepdssiblee (For iseante a

Vi ewpor t vi ewpoi nt of fset between the | eft-eye and right-eye views, the
left-eye ﬂﬁ_ﬁ%&h tBhinveptignpasdipen _ﬁ?%ee QiR selpisRes %ﬂéﬂf%@gs’%ﬁéowm in the
scengsar %et»&beﬂ'dfin‘l‘—Jsﬁ%d%@acﬁﬁglh GHENS: bRad AiBflay BEUS of hiuIfif1e dPUERsGRd an
anagl yph appears as a double inmage wth distorted 25 colors. To view the

i mage pr desaih maydewselvarothiveayspeci al gl asses with a left lens that filters
out the colors used for right-eye pixels and a right lens that filters out

the col orfg104edinfde altb@btiveNBbRiithehtS distribliebdl] filkefn@chh BE ubQ tb'geherdR stédeo
rendering pipeline (not shown) of GPU 122(0) naybe used to generate a

ri ght - ey eneglyphsofAsis koews imfic|agt, a stexaochmngliyph pivgstdys adeft-ape vichowd)a rght-epe)

122(1) view of a scene to produce 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. Due to 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 determne rendering paraneters for the right-eye and |eft-eye views. 23
101041 The right-eye pixels Pil and |left-eye pixels Pi0 are advant ageously
color-filtered, either in the respective rendering pipelines of GPUs 122(0)
and 122( 19104 |1ﬁh€rre§1pwﬁlpw@lslﬂvslp11&ﬁ qyremql-‘nésa@@ﬂ&@)tamslz@m@)ﬁltererd one
enbodi nent

eC|f| t een, .and bl ue
col or corﬂ)BﬁrFellH ereﬁ’ tveé?’éle P&E‘lpg 6’@9‘} ﬁzg(ﬁ) ﬁlgﬁgqorﬂyregpércgaﬁm ng the
red corrpquﬁmy ﬁlﬁelﬁﬁﬁQO@('O?iah&QM(m}J ﬁqhﬁe@ﬁ%@ﬂm@éﬁ@ PikdlRoleR TPREIfed using! t er ed;
simlarly, i xels can be filtered by reduci ng the green and bl ue

conpone ntd$SttnGt wdr g eelamid blg\dohy compoReIds. c@@bbmlxdﬁ gin be Blered.0@5hy

Ri ght —eye pi xel are del.ivered  t;o di spl ay hea 206a of 22(1
i apl 3y Hediri ke K anr b RSty B B st ARl ufte il ey 22
del i ver s sirhﬂziﬂy,«?éﬁ -eyépiRels ehs b Aiterell ® %c@ci‘hgﬁﬁé greaﬁéﬂd Ql)ue%m%hérik%(&}o

D spl ay head 206a§l t hus receives t ri ght-eye pixels as external pixels.
[01061 Lendleaymgd Qé@(%colﬂiwnalﬂtéméhﬁrﬁéered to di spl ay head 206a(0) as internal
pi xel s. It should be noted that, because of the offset between the

Vi ewpor t J0005] Vi Righoeyd sixels &4 atr@dgﬁueea*dabaldpl@ head gh206ay19 ATPU ¢22(1pye Vi ews,
corresponding left-eye and right-eye pixels processed by the 15 pi xel

sel ect i ofPisRgY bea\gbzp%)efom ardy lealﬁ ie MKYA nogicilidad, Whichdelivgiatheypas f r ane;

i n geper d g i fferent
| ocatPondiels PreloaRO X APl By i sion Shiepfirthegl 260 GBS BR50E

i ncl udes rtghx-eye ﬁﬂbB@Ebﬂﬁ&rﬂaDgix@lsSOO of FIG 3. For generating anagl yphs,
division circuits 306 and 314 are both set to select a divisor of 1.

Adi 1 on 1610610 Lor808: AAES e bl ok neRl Q0609) &4 b iRl Elnid

produce 310 a res |er co
filterinde rim&si thitebesausecafithookfset beﬁwem the Viewportsyw vpn:wmhntamsled toezehérate thad
exer 312 sel ects

reen co nents of .the ri ht-e e Sel eqt
Uhe. sum pIERERYS sshlepaf v SPoblitE e R e il eyt el s by thg
bl ended pjixdlscledtidAbBic3bb a?esplkglﬁ aPhk Bbﬂle Ricifbn 1r1[tgég§§glm Rihe rln%gﬁé}‘ﬁil'onent S,

color filters prior To pixel selection |ogic 300 are not used
exanpl e, cosksgonding lefideye phdnightys pixelangpreserd different lpentionsin thesemiesuch t hat
the selection can be controlled independently for each col or conponent. In

one such | enb;?dl IRESHe emboeinét dRplayHehd Qb&x@rlna&aemﬁg%éle&mpwg& Folofcol or
conponent s | eft-eye pixel PIO frompath 302, while selection nultiplexer

316 passd3Gehrigenemning anpgbmhpohvnionsiropits 306eapd 3Jihae¢ bathget taseleetraedibisoe and
green compQnent fidH cifdufiosUds Rl téi-efe pixel PEalEiMtleyt il POYS BHiduBL X §lmON

20  pixel on path 310 that, as a result of the earlier color filtering, has the red component of the
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 Py from path
302, while selection multiplexer 316 passes through the red component of left-eye pixel Py
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
rendering. In an enbodinent with four GPUs (e.g., FIG4B), two GPUs can be
used to ¢eH¥ atBrhastekitledjht theys willeppiehiateghatimeoretthar twoGP CPLan be esedded t o

te the left- i T t . ti i I
i St 1 busBeE el 1 f 25 cbeimeeaisor/IEF [ eaP Bp 0L b i e he
i mage quakéd ¥ %&Be&fé&h@ﬁ%ﬂﬂ-é%hxi_ev{/ QhlRltheJbthéaWoAHPOY ¥RRhEed BNgchk e e 1éfeNder ed
using internally distributed filtering. Referrl;](?_to FI G 4B, the rendering
1

pi pel i ne eyawiews HdwrtyvodsP GPgenepatingeaclywiawrcan smpbayndistyibuted antialiasingg t he

| eft-eye,viewin fra uffer, A and the.right-eye view in frame buffer B

Cor v e Shapnelas J S b SE (o B S SRt a o b et 5051 el tver ¢ he
right -eyed)i xels 10 to display head A 206a_as pixels PR while display

pi pel i ne [N 102 Sterep ianeg! ¥phstean jabsp e agndepadusing integnadlyhstatyutad Slifertng206a as

pi xel s P S Y d . P j E 3 | ends t he
pi xel s a@ﬁ %)rglrlg %ﬂ @:(3 4tg]oﬁ%rr8@tije§%%tm&g)rélg%qt§%(%@hﬂ‘§iq€[?q6§ sc%?eg%ntf% aet?ig?ti‘ﬁl tering
can al so vixavsysiefing thedefeyairw indfmhd bufftrlA &id e tighsendview ih &dereibaffer B
fade-out, or dissolve. For instance, in the internal léqldi stributed case,

frame bufeeviceversd) Displavopipeline B Aideanddisplpgheaddd Aok deliven theaight-gnerisalst er A

stor an_ | j ' i AL - : 40P [ 3

i udl s naRPaF HERER 208 sEPOE Pt aio AREMLIRTR 408 UBl ORI IR LYRels
buf f er Bto 8Bplahatad AQObwagpixklsam fin divplay bkddA 2869 sidelaohbinen G0 gBles 30 frill
intensit%ﬁwgi le the image. in frame buffer I? fades to zero intensity. (If the
i mage i nolsngpghe nixgls apprepriately te pradyeethegpaglyRl-d, the effect is a fade-in; if
the image in frame buffer Ais a solid 20 color, the effect is a fade-out.)
The snoot{bhidds Distribedtfiltniag tchwalsdbp esdlstoigengratettransitiha effeatyisech of fade-frf, er ent

i ght ed .of pixels PA d .PB pi xel 1bi 308 i I f
AT e L NN N G VTR ) A NG
di st 115 DULRRe af deRhitds FRMALI MR ARGy ACHARY S inBloThhill RGP 101121

i
I n anot her enbodiment, such transitional effects can be achieved using
di st ri buteach fr@ge,frikdl epinbiper A0E adibits theirdlativé whights| of dhapixelafiom frame boffedAspl ay

head. As is_.kno in_the.a .a_displ e ften includes okup table
that " condll FeRAtanehBernu be iBred iR aBina Silfes R EERADGRHER T BEITY Varue
appropri aftendig wiileths Rhase il Sdnfecoufn @ flildsft6zert indeabite S(ICHAB ilggd dagRsk | Nt o
the | ookup table can be reloaded fromtime to tinme. Fade out (or fade in)
can be admffevBds pyolidesderciald, thoeffeah iy fde-inj)if thedmags rframe Bwierdy isof solide
val usg ' Lo orr],ethé gﬂgclf Bs & ﬁllale-%ui.f %e%ﬂl%o[}{n%&eof the transition depends in part on the
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 transitional 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  to the next. 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
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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
applied in display head A Pixel conbiner 308 woul d conbine the two inmages
Wi t h condhdenin 16ekup. tablesiuel appliel @hdispliyheadeat Rixehenthisad08ev@fld ecibing@el 3] | n
ot her enbodi nents, pixel transfer between display,heads of the same GPU is
used to itWRIBALSTWith costapt (e Gral “fer‘éﬁs BoCreE th@rﬂ}%ﬁpﬁ@ etgf)eéhdi ng. For

i nstance, pixel transfer 5 between display heads can be used to control an
LCD over 0133 (lalclerresfbedineghts, pixeh tramsderdretween displiy hieadd of thewame'GRIY is

"response tine c ensatjon' (RT function. IS own in the art, an
LD sor edrebRmROTh Pl estn i 4 faF iRV RiShdingn doE e puiiel s enel s
are agj UyeRfkbendimyf feal®cdnbd Ustl® Bl ah NCPREYerivd (AR0FERIEE T AN hAtagNSI ty
and in part on the difference between the desired new intensity and the

previ ous "Lelefesdfgrward)' ¢gr0'tesppnsEdimerpimpamsaticani (RTO)ofuaetibri. vAs fsdmownon thef r ane
buffer A can used to stor i xels of a _new.i .while frame buifer B
Stor s pitkers LR Sismstn B ot e Post i e P e kS arradunsBi
pi xel valgs fhMedd SahRbabRBH pArt cAtHe Bésti@l ne@ThieRfy 38n Phrt Shhé differdigad A
can be configured to conpute an overdrive val ue based on the new val ue and
the prebebvgenthe desired ngw intgrdityqnd dhe/previogmiitenséghni ques for conputing an
LCD overdrive signal. 15 [0115] A pixel transfer between display heads of a
GPU gan qbert| beToifgslemerit MENED b bridgive ERUAOR, frfiné PRGASA ciDbe hdedttabees franme
buffer B may contain pixels for an overlay image to be overlaid on part of
an i mage Péxaby elp neyw fmageaviyle frame huffes B siorss pivaltiofs previoye isagey isplgy headel s
to displ n i ty. 11C, L i . | ects
the 1 nt e haftFags e pRAfb pbfel yBERER Gl Ao A ety OB ARG IRF 00
i s sel ecthead A26n[beLdhfigurbditn comhpiuie by bvdrbgvéd valenbased ohalse eevaldesed theed wit h
respect to specific enbodinments, it will be appreciated that the invention
i s i nt endEVIO BHee F-Lalupingsan Yendignaldedniqyiss far computiag pr LD pyesdniveesigtabpe of
the followng claims. 26 WHAT IS CLAIMED IS: 1 |I. A graphics processing
devi dé cqbpry]si Agixe? trandferrtstwekinsdibayy hesdd of o (AL canedsd e gred dopgencmtihgr st
out put pixel, the first display. 3 head being dj sposed within an.integrated
ci'rbul ¢ chmgosteghset Lo i RHenERe ARG S U BREs oA RN BT
pi xel, the 3e488%n (ﬁrtﬁ’if%ﬂ|iﬁﬂ%é1§§x@_dl?&‘ﬁﬁ&e%%@ﬁ?d)i%lhiﬂhéhdt@ﬁelﬁ&'@r@@&éﬁa?d
circuit, the second display head including:

pixels to display head A, and pixel selection logic 300 in display head A selects the internal

pixel 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
to blend the external pixel and the internal pixel to generate a 10 bl ended
pi xel ; anWHAT & €eAIMEDB:circuit configured to sel ect one of the external

pi xel, the 12 internal pixel, or the blended pixel as a second out put

pi xel 1 and 13 a pi Xf| tz&nsf r patchl3 Scr?nf(j“guer abl e.Stno_deI iver the first output
pixel Yfromthe first 14 &RHEPHETIS SWRCYIHE nput path of the second

di spl @y head such thfist 8idpla¥ hesd contilghted 16 ig¥@irate 3 FirbtoutRl iegdhdiirst GRplayr st
i nput path as the external pixel. 1 2. The graphics processing device of

cl ai m31 ised beingdispognidyithip ag irfegrated Zirgditth i s di sposed within the integrated
circuijt. 1 3. The I €S Dr SSi i of _.cl al [ el I a
portidn of 2 the i eeridfigRlay BERELIRHEf Bataf o 30l R Bl Moo ERRL T
1 4. TFhe dspipphhead teimpchsmisedwitBin the imégratedicirtidt, \Weveednt dibslaphesl intlnaimgf er 2
path includes a renovabl e connector. 1 5. The graphics processing device of
claimdl further conpri sihiest mpyt path senfigused tayreesiiysean ederadliixgured to

generate a first pixel i ng fi LSk Pl X first

di spl 2y head; and 4 a sg%%ﬁég%?lglﬁi %@ﬁ f)(?p |eziet0cf(£)%§‘|/eg%ﬁr(1§£fn§agpg%§erate a
secon@ pi xel and to del iapikel onibigersoaplad tcptihk dirsttigput pethsad andsedosdinput head.
1 6. The graphics pyocessi evice of claim5 further copprising: 27 2 a
rendei ng pi petatthel m%igatfrf]gagkad&%@%tap@ Rixel ¢pd Hednlesrad Rikel i BeNETREe & a 3
framgot o be di fhejtdhg first and second versions being different from
each 8t her in @%‘%z’ste’ 4%one respect, 5 wherein the first display pipeline
i s cdifigured to gener atesddvtion icirsdit ponfigurddas selectnenf thesextérnatpixedythe on of

the frame, the second displ jReline is configured to generate the 7
secorld pi xel Ha@éf&f?sweﬁmﬁﬁgegﬁg%ﬁm%?%swn@ RBPPERIXEL aadd t he sel ecti on

circyist in the secongixelGraikfphbak ctaﬁﬁghrhae@&aélwfh%chr&pmﬁ&hwel Fof Mkehsed
pi xel as the second output pixel. 1 7. A nethod of generating an inage, the
met hdd caligplashead:to therfamdiaputmptiao the secopd dispfayihepdi sughi thasitbe firstlontpsepiseld set
of iq%ut .Qi xel s fbor tpe . .

iS récéived by the first input path as the external pixel.

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.

5. 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 AW =

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

t he second set of input pixels; 6 delivering the first set of input pixels
to a fArst display heeadeyig pipelingreppfigered tq gpresete fisyand seepafjvesians@fahe

second, se | i %€ - e

or ocessor b AR AElR i FaSEEGIL SO B B SbliEenoR o R hfiBas

di spl aly hamdedpect,he second 11 display head; and 12 in the second display
head, bl endi ng corresponding pixels of the first set of 13 input, pixels and
the sécond set of iWpereinghgarst displayarieslineds gonfiguregrto ggnerate the fest pixel based

di spl { r.o r | SKOE i i h
conti o e s F0 BB PRUE RafleESERnd IR blfe € Syl o M R
proc es7ts 0 gsef)&chpiseéldﬁsdi d)rgtbﬂtse@ﬁlﬁrvem ofyhe éldniegarni’ Kh_paglatta)rira\Tcg_ﬁﬁﬁdﬂ d]dﬂelﬁ@ﬂ(ljd
generated, by a .second graphjcs_processor; pi xel. conbi ner coupled to
the fidr stdisMipubeadds ponfrapredite S§|§ebﬁha bifwsgf pi¥st # tﬁﬁaecovd O8I B¥ekd to bl end
the first pixel and the second pixel to generate a bl ended pixel; and 8 a

sel ecjion circuit cpnfi gmﬁah&pofsgén%&tﬁngas ifhgd, MR thihdl chingﬁEin the second
pi xel , 9 or the blended pixel as an output prxel. 1 9. Th grgphlcs
proce@sor of cl ai mi@nddrenge frst et oflinppl paxelsead afsacandeset of2nputglixele for the a

di vision circui.t cog%%gure%ﬁ%g dgvidehthe bl ende ixelfbgﬁﬁ divisor., 28 1
10. e gPYSRAYLE AFEIIsEEEPIRSnG PLF a8 BFSeornEn By Ré FISLRBIsiNe qReEitioges 2
a di vigsi Ofke§ td feHlidr tRO Rkt SSTGnHR plleld HffefsNE af lehsilonBirésBbctBord adbddndor prior
to blending the first 3 pixel ‘and the second pixel. 1 11. The graphics

pr ocessorrepderigigaipera@ionfysediorrendes thy seebndsatbf imppt pigels2 configured to generate

t he bl ended pixel by.adding the first pixel and.the.second pjxel. .1 12. The
gr aphi’cs processor %eflwg?% %e 1r§\5hs§t %flﬁp{?tl‘%x?lf ﬁ)s? fipst ggpfaagga&aq ﬁté’ﬁ WS pi xel
are ggmeproedsk@ct ed pi xel s and wherein the pixel conbiner is configured to 3

generate the bl ended pixel by conputing a ganma-corrected blend of the first
pi xel 8&nd the delivering the second set of input pixels to a second display head of the

9  graphics processor;
10 delivering 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 output pixels.

[am—y

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 0 ~1 N W s WD

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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4 second pixel. 1 13. A nethod of generating an inmage, the nethod
conprising: 2 rendering a first set of input pixels for the inmage using a
first graphics 3 processor; 4 rendering a second set of input pixels for
the i mage using a second graphics 5 processor, wherein respective rendering
operations performed by _the first and second 6 q{aphics_proce sors differ in
at | ehst one respecét: 7THEBrapEISS REPGEROT P%?lé‘cm §aynegsn thegixel combiner ipedudes e
secon S . . 1 nA . i . i . di | . : i . i

i spl By Acabio PR Qlriglasd dRigAnk i pifll 55 Ay RiEor o bidndilg uid St

pi xel3 aptket el thesaodd pedel.of i nput pixels to generate a first set of output
pi xel s. 29

1 11.  The graphics processor of claim 8 wherein the pixel combiner is

2 configured to generate the blended pixel by adding the first pixel and the second pixel.

1 12.  The graphics processor of claim 8 wherein the first pixel and the

2 second pixel are gamma-corrected pixels and wherein 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 delivering the first set of input pixels and the second set of input pixels to a

8 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 first set of output pixels.
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