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PO NT- TO- PO NT BUS BRI DA NG W THOUT ABRI DGE CONTROLLER
BACKGROUND OF THE | NVENTI ON [ 0001] The present

WO pwsnodeon relates to the field of conputer grBEhUSH05/014072
Many conputer graphic inmages are created by
mat hematically nodeling the interaction of light with
a three dinensional scene froma given viewoint. This
prROINT-TQAFHPINERES BRIDGING WETHOW Ui ABRIDAE
i mge of the scene fromthe given viewpoint, and is
anal ogous to taking Bé?b a real-world
scene. [0002] As the demand for conputer graphics, and
in particular for real-tinme conmputer graphics, has

i ncreased, co ' f | processi ng
subsyst ens adggﬁégk?gﬁzgﬁe %?%ﬁ%ngv eh?ghdering

[0001]P" DE€ pfesbiaViav R AR aésORSHhE Rlld of Roinpate geaptidest eMany computer
_systens, the rendering process,is dbvlded het wee

graphi B e sregieddnamagirsbedlyceedsing the deeestion of fight with a three
dimen AR5 SO TR SN i, s v

dimensowed iamgel eff ehaisoenry fivhe theogiven omgwpuonit, @nd iarmlalogous to taking a
collision of objects in a given scene. Fromthese high

Phowgr@hé?fadﬁ@r‘é{?‘ilgﬁ%ﬁnet he CPU generates a set of rendering
commands and data defining the desired rendered i nage

[0002]or Ak rtheelsmafidrfoexampliter graphiesy iand i qranéeidar Enmdrealatizie computer

.can define scene geonefry, Lighting, shadin
eraphif e M B ih B o AR g Y ppstpms adapted to
accele@fLd the rERGerBipARDESS hRVOBQDHINGidSsHISaS t BNthedec@imBfut@ ¥ stems, the
or nmore rendered images fromthe set of rendering ) )
renderipgrivaerss individest betweenempuieystacasial PYposh sertral papressing unit
ot chi ' [ e |lQgi upet | ehi
P hfitiecPeBict TRRPRRE HIBHIARE, P IR L0e ol e
operatiofif,educh thst detédniAingDEhb gFdstidnd motioa, gndpbllsRnpobobesisng a given

subsystem.i s | ocated, on a segﬁrate circuit bqar.d t hat
scene. | romigharechigh lxet 9perationsadhin & Hogingrafss seho S@ﬁaﬁ%%ﬁ’mmands and

data d&irgﬁ tat &%{5@& ?egldé{%ﬁn{ag& 60 ithabes ! BEr S ARME CRndéiREESRMshds and
subsystem has been intégrated I nto the notherboard,

data caht Hefincascoer geahetay,c lightingypsheding i tagtudoge nhadigng and/or camera
functi ons of e conputer system or . as qgg or_ nore dered

paramelgrs Aoh Acoghe o e LA OPTORENEIE, SUERTSER cFofasoRf Pingiops, Eendere

imageg{r&mh&&t B RGRISEA P GoMRRYSRAMaN. t h the not her boar d
al  ows conputer nmanufacturers to provide conplete,

I t t t . 4.t I .
0003, e O Py B s BBy AR S8 BAR lons of e
compuefSfySiehr artU6Batd® of0f SIRSRKCIRANTHHae, Tebreattbess aplithegboard. The

cconputing applications.[0004] Typically, integrated .
graphigsy pISRPSSIEpTUbEEStEN g laaisdyant & peparaly siCwhdPadethrbisRoRBRcted with

the m(t)tngr%oard via an expansion slot interface. More recently, the graphics processing

subsystem has been integrated into the motherboard, either as part of a chip implementing
core logic functions of the computer system or as one or more separate graphics and/or
memory chips. Integrating the graphics processing subsystem with the motherboard allows
computer manufacturers to provide complete, low-cost computer systems. It also enables
computer manufacturers to produce physically compact computer systems, such as notebook

computers or other mobile computing applications.
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graphi cs processing subsystens | ocated on separate
circuit boards, due to a nunber of factors. First, the
w@bysite@b7 si ze of the integrated graphics procRESEUSN05/014072
subsystemis limted to the avail able space on the
, it !
10004] (PRSP egrd O rdbfcs nrBlcos SuGATRIAARY 10 S fopance than
graphi@npronéssolg subgpstymaacdieblon feparatyr ajpbuit boardsy due dasa number of

Second, power cons tion and heat dissipatign are. .. .
factorsgigb b PRSIHE S8 o DA R ROPRES SR E P apHLE i limited t
the avRlBELHRHCE DrSHRSYSIHRoar€SPEfd alayylinitt the RlowsiI&aty ¥f the graphics

conpact conputer systens. Additionally, as integrated )
procesgngphipc or phpsessiiray walsassthenameind ot MEMOT Y, A @y graphics

be part of |ow cost conputer y . .
operatigfy o trand i el PRt ool HREBHRon B83hare diffcatrtp deat vith
in inte@fdOFAFHIELprocR] subeyRiethS respouitiyswith phyfsisallye cérmapact computer

up%‘rdad_e the integrated graphics processi ng subsystem
systemp.n Addisionaliy s ietesratagsgraphios RrorepsiNg PBDEFeMS ahR AEEN Hiterdsd to be

t,ave f e e. r adi i.n . .
pt o 5 L o PRARKSRARES ol VBN, Al SRS ocsin
subsystefPgg fortiagce. As t heir nane belies, many integrated

gr aphi cs processing subsystens are literally

PNy Skt YowdbeOTREY Ackfle | @Bt Apihge MRE hRkQRAES Sbphibe i
[0005102%%&[}*?@%} soyst em %3{ cg%ntg,t ggéetlar%m)ved %ﬁ% up%trd%ded processing
subsysteint fotheirr epipatsrngystetns teritiprevenpar foembuecer of, toTétee o obsolescence.

ei ther inpossible or too costprohibitive tQ. be an -
Howevg Mgt AR ORI TOR 0PSO BT e abb s il of Bmpossible. As
their nhine! DS BihLiREIBl LrafiRs PlocElin MbsysiandraidBIcRAB! physically
] along with an integrated graphics processing
incorparatsd yistae the wdrerbened exfpthia stommpuédr otysiesn, uags enot fpe removed and
C ter system.uses. the ;i r,at [ C .
wparadi SRR REEEYA Bt Wb EhFRAT L & Bl TBpnosgbte or too cost
prohibitiveeebs i gffediive k6lueiohi s connected with the expansion
slot or port, the integrated graphics processing
[0006]S YRR % RETle! s%lt%io?@ﬁlcﬁﬂe?ﬁ? ek sf?:?‘]lxélét' &gﬁﬁrgéﬁﬁm fmdtherboard along
proocessi ng subsystem pertor the graphics operations
with afi dutegrhied quaghiteprosysingnsubpp097.) Woewrether expansomdiohds wmused, the
expansi on sl ot .or Oé‘t fog. repl aci .ng an i nt egrat ed o
compufst NPk UisF e dBieaiiel BEPLICS ATPaR g by Stk pr Ve auxiliary
eraphidy t@%sﬁgrﬁﬁb)‘stefrﬁ lis BbiRkRAl Wit thObfgaRSiod 3 A drOdif)€he integrated
I ntegrated graphics processing subsystem or an )
graphiacptotéssing| subsystem s dpselled sndl e swiliyytgraphies progptsingssubsystem

P bugs bridge circuit .i p&0 ex&ens%\/e and conpli cated
periorp G &h QSOReEﬂ?‘é’BﬁFCE HEERPFGE B rcuit i ncreases the

cost of the notherboard due to a substantjal inpcrease )
[0007]i nHowevasoinsiuding gn ekpansioncdeteon pajt €or replacigg-am infggrased graphics

chi ins. and the diffi J I: r ' [ '
s P B i LA A DB e e
integra@ddo@bipliss Praseddingt@iBsitdng Yt bn S@ditibnai@pyphics processing subsystem. A

graphics bus bridge circuit is an expensive and complicated component. A graphics bus

bridge circuit increases the cost of the motherboard due to a substantial increase in the
complexity of the core logic, the quantity of chip pins, and the difficulties in arranging circuit
board traces. These additional costs associated with a graphics bus bridge circuit spoil many

of the advantages of integrated graphics processing subsystems.
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of the advantages of integrated graphics processing
subsystens.[0008] It is therefore desirable for a
W@ YBERmMD enabl e upgrades to integrated graphP€CBUS2005/014072
processi ng subsystens w t hout addi ng expensive
[0008] CAFRO MR Rre AedifaBleC HIFPAsPdternVR! @iilbld ipgradésutd @tegrated graphics
desirable that the system of upgrading integrated .
processitsmphisysiens gidoul sding prnposizasomporgipioathecompuler system. It is

valr.i differe t . :
forthr SR o oty e e Sl Y Lol o ESimg hftoms be
adaptabl@ueavardsty bNdilffectas types bNédgFadiegsgmaphi cs subsystem

and a graphics connector for attaching either an

auxi liary graphics subsystemor a | oopback card. A

first bus connection comuni cates data fromthe

conput er sysBRBIEF SUMIARY €t BEHEANYEWHINS subsyst em

Wth | Qopb di , d | s f. h
I NE S RN T
graphic3YeohREBi Ror AdGHERD '_tltélr'san%ﬁﬂ%g)@ oPiphic¥RaPsyisteen 8HAI1bdpbavk card.

graphi cs subsystemis attached to the %raphi Cs )
A firstcbum ectrection epiraminieptashdath osphatbk eampiter pestimtiegihgt atpgrated

.graphics s yst em operat es.,in f i .
sranti R S LSRR i B Rl SR MR e
subsystefi Bibkadoetle GbaiPhict SysieraSHiS laedBcundbud €orfriectién. DWEhen the auxiliary

_connection. The integrated graphics subsyst&g t hen
graphidsguiystem dmetiaohpd ta tisogtaphiss pnraetors Ephisieths loopback card, the

‘ nent. - lia anhi ot
s AR BB P e EPRLEmEHERLSOR i v
communfcats3ndu i theeintbgtated poiphichaubsystehi aiaythg rfapthbussconnection.  The
e SRS e COPYLET YLl . LUELRSLe connton

i ' / Bhi @ lsBSHNABIR WoRhection i
o i SIS Sy S TR LB TRt
used topematinicté dadaframf thewaxdliavy greplécs selsysigms badketo the computer

di spl informgtion and uses it to control a displa .
system el & SUrt1op PP AImEnkr e A B EePhis SHpioan Cofiilbigles display
informAt¥ BHES 18 BENEIMute’ 9PR&R]I NAhENinkegrted OfAYHIEY saBy8tem, when

logic controller, an integrated graphics subsystem a
operating aipHate Soradiog traade, taedivas the displayninfpmeaitanos ysgs it torgentrol a
displa c({%npzut er core logic controller is adapted to

1SP1AYLSSIGl nat e communi cations over a data communi cations
bus. The int e%rat ed Ugr aphi cs, suhsystem s adaPt ed.to

[0010] g e mbodiment A/ compuier SysieBsipelydes 3 genirabpiocgising unit, a computer

; . i . e G .

core B 1L ME i SABAEGD FEAPRES Spdion, and s

commuidasipaé elg]s. [ ODHel cottipated at@re ¢ bigiei doatrbilemss bagepied to coordinate

connected with the conputer core_]ogic controll.er and .

commynieAigRR Ve # iR CURBURIGAIRIE TN 1&%%8%%%5 oRhitnPlygem s

adapte(? to> génef’é{te '&%gfi?rdafhgin' x@ﬁ;@n@%d 98etfJroBA dehif o GRIFRHASSn. CPR& graphics
ogrc contr e ﬁ

er tot I ntegrated graphi cs subsystem
connectordeadaptediusommunicate with an auxiliary graphics subsystem.

[0011] The data communications bus is connected with the computer core logic controller
and includes a first bus connection adapted to communicate a set of rendering information
from the computer core logic controller to the integrated graphics subsystem, a second bus
connection adapted to communicate information between the integrated graphic subsystem

and the graphics connector, and a third bus connection adapted to communicate information
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connection adapted to communi cate information between

the integrated graphic subsystem and the graphics
w@omseedsoT , and a third bus connecti on adapt edP€DUS2005/014072

conmuni cate i nformati onfromthe graphics connector to

from thk %?a;ﬁm%hﬁéct&% ¢hd &&hpﬁu&%ﬁlﬁé 1BhicRontrdé. ITheG@teptatsd graphics
graphi cs subsystemincludes a normal operatjon node

subsystamapclgdest a)anraimpﬁr@tmDempdﬁ alapted to somamunipateigfgimatien to the

a the econd us C e
compuglTe il it sdof BEF entch HRIRE gD PR el oo
include§a datadfd apirathet riodeitapied Q@&&nﬂxuﬁﬁhte@f set eN@adérig mformatlon
information received via the first bus connection with

received yiailigifirstdug commestion with ap ayxiliany grrphichRIbSEHR Y14 ihE Second bus

nection. [0012] In another enbodi nent, the
connect;c?r%1

egrat ed graphics subsystemis adapted to operate | n

(0012] - 17 SBBIRE RMBRREIH G PHEBTBIPA SR CORRBLES 1 AARERA to Sperate in
the dath %’r%%lhg G ll'%lsreﬁ%%’%ﬁ'pgxteQeﬁBUﬂeﬁa idapbagkcond fﬁ)‘l‘@ the graphics

connecton W t bus connection. In a further
connectirh Qi feopback bard livadaptedito canukok ﬁxeasdexptdebhstqonh@ﬂt@nav ith the third

rtion_of t a .conmu atio
bus coffigetiut] Hur diFerg RRTaERe e oo otp pfafsd B B gortion of
the da@u&ﬁﬂxﬁhﬁﬁhuﬁﬂsp%st l‘cpﬁ Wltalsbovathiad andicufiie Nthe adbsemse bﬂ&n auxiliary
a presence detect line adapted to indicate a

graphics csnheetstearro i\ pertigp e thendaty p@;pmugg;aa@mﬁfi@@tr@@y h¢d Prgsence detect line
s A SRS TR\ Sbelo o e i

subsys@gyi ce connected with the integrated graphics
subsystem The display device is adapted to receive
[0013]d|]§1p & 2dohe: TdBalh& WMEXo Sl rgg}%@?ﬁ Cﬁcﬁﬁ%%ﬁ%ay device
operating I n data forwardi ng ‘node,
connectek’lt \egh dhemtagpratphigrphiossalygsem. i §h@daptaefdiet/m‘erle edipied to receive

play data from.the auxiliar 2 CS _Subsyst la .
display; ik i, (o AT A SRR D Pt il fprarding
mode, A g@&d @Qﬁlﬁ s ﬁﬁ%yétélﬁ@@ﬁd@ibd’ﬂo'rbcé@@ @i@[ﬁﬁff dh@droth tHe auxiliary

referénce To the drawings, in which: Figure 1is a

graphldslsubéysthrmgnaah@ ddta aommupwtammsly@t em suitable for
practicing an enbodi nent of the invention; Figures 2A
and 2B il ust rate a conputer system enpl oyi ng an
i nt egrated Ehl CS: processi n subs&peem Qr an

auxiliary g lb’i?éfé@Nr@ JUBEDPRANINES or di ng to
(0014) RO WinYe 4 §nﬂeﬁ‘<§?ﬁ{ fegé}ené% I WSadnidds UV ALES

an aUXI ary rocessin syst em

i n conjunction wth anlnte rat ed hi cs dlspla .
Figure del’&lac‘éljoﬁlé e G £ GORPUSHEBHPREHIEE IPHBIFfig/BA P ghEbodiment of

the invB§H. gures 4A and 4B illustrate a conputer system
enp Oyl ng an integrated graphics processing

Figures 2A and 2B illustrate a computer system employing an integrated graphics processing
subsystem or an auxiliary graphics processing subsystem according to an embodiment of the

invention;

Figure 3 illustrates the use of an auxiliary graphics processing subsystem in conjunction with

an integrated graphics display device according to an embodiment of the invention; and



10

15

20

25

30

subsystem or an auxiliary graphics processing
subsystem accordi ng to anot her enbodi nent of the
WO pwenodeon. I n the draw ngs, identical referenkP€r/US2005/014072
a%nbers i ndi cate |i ke conponents. DETAI LED DESCRI PTI ON
iguresdA dhd4B ol sySteftéfplbying # i bRghRrREpRcessi
Figs a conput gbr{ﬂs}{%%;%ﬁ{@% Ssygtggpaspayirg%rsoﬁgﬁ?%g%ﬁpgﬁ?e?,gp Seme
subsysteindercangarliary gsaihics preeessingsubsygtern peasding ttamnothey embodiment
.other digital device, suitable for practicing an
Ofthe"é‘fPSg‘aﬁ"rrent of the invention. Con‘putgr systemgloo
i ncludes a central processing unit (CPU) 105 for
In the drayrinen ddensiceligfesensp prmbensilphsata HEC 6PMPYFAES y an
operating system In an enbodi nent, CPU 105 is
actual |y several separate central processing units

operating_in paralle I icati
and dat &P AILED EbRIEEN of e sRSER RN 751 Ges
NGHsWelat i, t r ' i a
o0s) KO A 968 ¥ coRRBLL S DPGN G AT,
video ghireslonsmepeysaaeldigial, assin@dniCor Ry dini@l fevipe, shitahlp dor practicing
opti cal ot age,.devices. . Us ' . devi . )
o e TGS T SRR SHeF e oo i
(CPU) 9051} @finifid ls6fwaf0aplidatiBi¥ dndCoptithali@yanosdistingTs@eem. In an

joysticks, touch screens, and/or mcrophones. Network
embodirensr €BUe 10255 artually sevmpluseppraty sertial 1pygcgssing units operating 1n

co ni c ith_other. co e '
paraleb IR 6 Sinin PO MRERES Y BLlP S BPRCHOR  Stomaee 115
providédl %&Wdﬁﬁtil&s&&hﬁ ﬁor‘-‘apﬁmmioﬁﬁtahg rlacy eid hagahciadedixed disk drives,
net wor ks, and W de area networks such.as_ghe _lLnternet. .
removableedigl Wipiyps rilash aneraenflvises sy chrEed. P&Eﬁ-ﬁ@%‘)@hﬂ optical
storagei(%g%cegﬁggéryiné%t?q?vﬂ,% §2§ Lo ARichuset! grgrg]ltsi RO lond &Y Nt users to

net Interface 125, are nected via one
the congputérmsystedal @0 bub ey Ifdudekaybphes, miced ptyatidkss tasich seteemte and/or

. | SA, PCl, AGP, PC - EX , d T .
microohsuts Sisbelk ey 4 B sy DTS oRRER T otver
compufeP RP&EHS d/iMah Ne16@Echi P USmARRicaNsnd AewoAIPACRIay Rtludbevired or

conputer system 100. The graphics subsystem nay be

wireless ntognutieationi bert lesalc arep Lnasvorkg sansinvwign [#EgabBeivPIlsy seh as the

arate circpit baard fi A I
tmteref, T8 2p@hSugii, SF hermRORL Gelert T00 upholp BT 0k, memory 110, data
storageSHIBS WsbeMpdBAevitd UIE2nd r@0A@i ferfaco deS shregeannitted via one or
GPU) 135 and graphics nmenory. G aphics nenor
more ditadlusrsed0a Examplesyof dateduyesinglude .I%‘g»,P%L AGHE ({yiu?%ﬁ)ipfess: and

sed f.o toring pixel data for each pixel of an
Hypeﬂgﬁ?sgﬁfu{a%ugégﬁi xel data can be provided to display

menory 140 directly fromthe CPU 105.. Alternatjvel
[0016] Gty SBhigH WPBELR hE ) VoA oeatHla Vi g BmiRgand the

compoxq&{tg OF B9 cbRGulPSIstt 168 PHE laPRRE SubshEBM may be integrated with the

computer system motherboard or on a separate circuit board fixedly or removably connected
with the computer system. The graphics subsystem 130 includes a graphics processing unit
(GPU) 135 and graphics memory. Graphics memory includes a display memory 140 (e.g., a
frame buffer) used for storing pixel data for each pixel of an output image. Pixel data can be
provided to display memory 140 directly from the CPU 105. Alternatively, CPU 105
provides the GPU 135 with data and/or commands defining the desired output images, from

which the GPU 135 generates the pixel data of one or more output images. The data and/or
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whi ch the GPU 135 generates the pixel data of one or
nore out put i mages. The data and/ orcommands defi ning

wo b@sdesdT ed out put images is stored in additiPCHEUS2005/014072
menory 145. In an enbodinent, the GPU 135 generates

commaﬂﬂé( ﬁéﬁﬂﬁé Fhd QEsiRML RHput! IRPES 1sf §teradr inatRliticithl GREMEHASIS. In an
data defining the geometry, |ighting,_ shading,

embodtrmnt uhé¢ GPU lﬂft gmratmmxglr data fsoutnyh imAgsSfemrgpdesing commands
and a8 P, A ot eBia) "G RO gy bR TaRor camera

paramelek® foAdicbife. shared with the CPU 105. AI ternatively,
di splay nmenory 140 and/or additional menory 145 is one

(0017] °"In 'm@%fni i T%EI . fggfaé/ r{?&%\’l'étg %ﬂdfo? %d&lﬁ%nﬁxrﬁ&ﬂ&yv F45 are part

use o gr aphi cs
of menﬁdtib qy6 taadnisl frgabewithdhe ﬁ]PIUy 1@fut Altematvelyl disiplay niapnorsii40 and/or

ge fromdisplay nenory 218 and.di s di
sastiony g s b PO 45 20 Bl AU, Olh 2R v o
the gragfucgk %ﬁé(&nrlgov"ﬂiéﬁ%aﬁ[ﬂﬂ&% %ét&ﬁ 180 ﬁeﬁ@ﬂ’:@ﬂ?f oh@u& _[plxel data for

I ng

romthe co er system 100, inclu
an lmagmmmlaﬂammemnw mmmsmamn Cﬁ)@ﬁi@‘ﬂd@rlc% V&4 eHiSPbU device 150
t.h
is any e&c? ;q%\égqqa r?afl (ﬁsl?lwgg? \ylflﬁl? éné)gp? on, me ggﬁﬁa:ﬁalaogg&l from the
compuf¥ 3PNR S 00/ iR6RARIgNOR TUDEYS bREInd 34hd OLEDd¢iSplape Obmputee system
additional GPUs 155, simlar to GPU 135.. I n an even

100 caii providsrthedisplay device 150 apthi aagnplog os digiiadsighdlsyst em 130
i ncl udes a graphi cs coprocessor 165. G aphics

[0018] prIﬁCaeﬁﬁﬂhBﬂelﬁB@dlﬁfeﬁﬁfg@iplﬂ&%raMSmQ dubsysteal 18PuwclddeS oaeer more
E'edto operate in parallel wth. 135,
addltlopala BUsf iﬁ:wlmalsr taddPYi bival lopels WS%%@HE’% MOB!%F graphics

proceséjilii‘én‘e’sut;fryste%J irgc'g?cﬁtgz 2 %rgﬁﬂlése@ b&Go£ ABBNASraphics processing

'ar to I"onal Us 155 can operate in
CoOprocessoy Lﬁﬁatndcmldmomhl GPUS 1135 atecadspted te eperetesh pagdiebwith 5PU 135, or

i 1o P | St PR e e s o

rendenﬂg B AR YGRilar 8 GPUSNBON (BiEnal GIPRRN I5ScQPefhe i6 &dnjunction
performs rendering related tasks such as geonetry

with GPUa1r3§ fto smltaomust)hg@matc pixpldasa foydiffergnicpastiend efcam output image,

erati ns f GP d ut® 0
or to <ttt TB eRbrnfd Pisnhieierion iR oRbu ey OO g PhBodiment,
graphléssadﬁﬁrdé)eﬁs@kl 165 l@@ﬁbﬂnﬁﬁen@ﬁhglﬁ}ﬁtw&sﬁdﬁwdhw @oﬂmmye:&tnlsfmmatlon
GPU 135 to data bus 160, or can_be | ocat
shader ggupeiagiang, a6f hagkiace sulling opejatiens & ORG dﬁéc%'@zorvadgﬁmal GPUs
155 data bus 160. Additional GPUs 155 can al so be
" integrated into the sane nodul e or chip package as GPU

(001915 i iBaRali G |SSrmoRybe BERER oR 1 sOME ey teriy 9 DRy 135 and
shannggg %%ghé\%l %ﬁ@g@g@?tolﬁ% RQ{E ng?&r%aﬁ{b% IP%HPJE] bﬁ;adlagignal circuit
boards separately connected with data bus 160. Additional GPUs 155 can also be integrated
into the same module or chip package as GPU 135.  Additional GPUs 155 can have their
own display and additional memory, similar to display memory 140 and additional memory
145, or can share memories 140 and 145 with GPU 135. In an embodiment, the graphics
coprocessor 165 is integrated with the computer system chipset (not shown), such as with the

Northbridge or Southbridge chip used to control the data bus 160.
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coprocessor 165 is integrated with the conputer system
chi pset (not shown), such as with the Northbridge or
w@oushisdtdge chip used to control the data busPCT/US2005/014072
160.[0020] Figures 2A and 2B illustrate a conputer
[0020] 2 SY& %\f‘rgg SRAY B! ﬂhﬁ'&a fend %%gﬁt%{j stk RhiploRh O @R ShfeBfhted graphics
stemor an aUXI iary graphics processing
procesmgosybstyetmam oardi augiltaoy agrapghibo iroeessing f subpysterpyvegeprding to an

entod o Ao TR S PR AP o Ry 205 o

EleRO8 coRhdRted1RitN NorghBtiagd bisip 218 . vidNdsatalbusi208e Northbridge
theconhﬁi’tér@?lo |rrp(): | enent s lcore OgI% fuﬁctl orl13 of .the s

chip 21@omplmmntsggag¢ km@@l@cth)mfam eRPWOT YSISE ZQQ; including coordinating

conmnGRATHRL 80 B B T AR S MG, e

Northbﬁ&@s’iﬁm ﬁlagibbﬂl Spatatd €lflp Jr teprated Wiﬁe tKBFCPUOEIS GOompititer system
tem 200 incl ude an |ntegrated gr aphi

ics,sub
200 incdeds awnéegrwp@@rm BPRPTOS |5y BRI S ETARBIG ugsystem 215

includeg egi%rgg Ty ag@@?gfo%gssﬂ[lgg&ﬁ@hgQ)gggféatsl@/ cr%g%ove h}tﬁﬁ@é i¥mory. As

discussgd abdWe; shepgraphiss prgessidns yutisgsted 14,5, Whuqihmmcompmsc joge or more
one or, nore discr, t%gchl ps, is jntegrated with t

discrote Gpt ST B PoEHUA SHSE T b g Rp e integrated
graphu%Iort E%s?&lﬁlasﬂgsxgé PP bos, taﬂ@ e Wrdbrid@d b 10Ngre all located on the

ge 210 are all’located on the notherboard of
motherbbad ob tipuoepusy sydgem200. [ 0021] The int egrat ed
graphi cs subsystem 215 is connected with the

[0021] ’\'OfﬁehiBEég%&i grlthlcél@ﬁstS}@t@ﬁﬁztfhi% GORhEREBwithithe Nodhbﬂdge 210, and
I n an enbodi nent, the data bus is a 16 bit

hence aha@&psrwé,svlaax datpy bgs A ap sohdaertathy dafasb %Soﬁn%é%\n bejrwide PCI-
Expres§%6ta %uslag t q%otu dg Hé Colufecad 32659 %%95& I&prcbggrgmlcate data

egra gra I'CS processing subsystem 2
from NoRfB2d geX10ue Nt grackd doashiey rbedssing yulesysteynp2 ial |y
i ncl ude both outbound data bus connecti ons between the

[0022] hbé&r[@ﬁﬁ@r?&? ﬁﬂéj ﬁﬂaﬁlt&{tﬁ%p' gﬁ’a I?C §RLA0 SothsYulRhdf @hta bus

oRMuNI ca data to t CS processing
connecsiuhs yisdteegn ahel Nubihbridgelatmd bthe guphisst iporrssding wedsystem,  for

e R A VS A M B
betwee Wgéyg%ﬁ;ﬂﬁ% st BrobORinOsIPbH A tHeVIRMEbridze R @fmﬁaﬁﬁib@tﬁﬁg data

enbodi ment of the invention, includes an
from thergmpmcls mamsmg sub&wtwc td the mbnég%HQme, sompyengystm 200,

10 SR BRI A PR 4Dl BV ARDER i Pherve e

mtegra?édxgrla[blﬁéév’sﬂﬁf’s@&h Q3 5 U SYEhFHIts M@hﬁl@&‘toﬁm b&raphéd domnector 230 is
pl ace of the integrated graphics subsystem 215.

adapte@t«apcmmt wishmecustliapggraphiss suheisteabsviieh FabBamaedily place of the
mtegragq'}:is gap anse gtiribys F g%st O N8id¥e, ‘n!ﬁ?&bldﬁfo 2%9 m&lgggss%}‘n WhS0nd data

¢s'S sys émis not being use
bus cohRABRACA0 Rahe Nd3hbtigge 210.
[0023] When an auxiliary graphics subsystem is not being used, a loopback card 235 is
attached to the graphics connector 230. Loopback card 230 connects the inbound data bus
connections 225 and 240 together. In an embodiment, loopback Card 235 is a small circuit
board with passive circuit traces for connecting the data lines of the inbound data bus

connection 225 with their appropriate counterparts of inbound data bus connection 240. With
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attached to the graphics connector 230. Loopback card
230 connects the inbound data bus connections 225 and
wQidstiagetr her. 1 n an enbodi nent, | oopback car dP@BES1085/614072
small circuit board with passive circuit traces for
loopbaldORBRE b5 8 %Sttt H{Eegr gfncE N&nhB&6HPY s d@iA cOMBination of the
connection 225 wth thei ppropriate counterparts of
inbound ndedal riohsdedranebtirnsc 22 and | 249 mmew folmino e ptracetsaraturn3path for

commBGIIRE dBfa Homytng iedthER Brhis CRORGER 2R 0 teSertpsidee 210 As

this emBB&indh® of aeqbdswaclt 84rin235 GPAPABIR direhii cBmPahdhtfi@kdds very little to
communi cating data fromthe integrated graphics

the costeirpyeplexiipaihe gompetenpystobZ@@ige 210 As this
enbodi nent of the | oopback card 235 is a passive
[0024] ci B’xgwﬂetzB: nhpeaentompiteraddenvEiywith tah Ia&xﬂlar}t gmpmosmubsystem 255
| exity of the conputer system 200. g024

connecteg .Thml@pp%scaeb%%@ews%mmeoerw?\qul §connector
230, 3@3@% é ce léﬁ?ﬁgt%% | ghfég’ Qﬁl?sg dt@?rr 259% éoﬂﬁ@&@&khpﬁ[ 8mbodiment,

cusse I enov om t he graphics
graphicsocunmettor 2380magnree am ekpasipinasiet adaptedito | doanget gwilp Rincauxiliary

.Subsystem i S onnect ed. In an e
EraphicS GRVEIOR. 555 9P beh 2 G HAS SFP-CHE(CIiel sty o The auxiliary
graphiés QBESten 055 nRY b8 léﬁéﬂtbcﬁfoyﬁtgﬁfﬁ‘iﬂﬁ'tﬁéca%lé B$ M@t&?ﬁ&ﬁl%_?_rzstem 200, for

I"ocat’ed on one or nore separate circuit boar
examplaunideskioy cgmppter epplicationss be Mtﬂﬁaeh’alysllde ontsids: the compaier system

200 m‘é’kgaﬂ)b/peﬁql?lﬁméz ?3:( %{? ! Eﬁﬁ%?\@ cbag |co§1£ mozror(r)lgbﬁe applications. The

ux111af'5] grapmia Qlbéysemi e At isd enbiied GampPLhsiicsyEneso2230 difectly, for
i'ts own housing, for exanple in notebook con]guter or

examplegtsi 4 ercaptpbcpagétad@nﬁ@d torAE WA { iggaphicgrogpRpcter difbyy e dpym of an
5 Q C C

expansg)% 515[(??6)1; b/? % cﬁgl% 4 &héﬁdaéﬂé‘%ﬁgﬁpm& ?dag)g%fpgi &g{ngtgtgxglth the graphics

connecfdrt23w ih Inhmfoamgrfaaghug,s;oclcan,rmt, or offizd elentrtchbcdmmtoof Thnauxiliary
xpansion _slot, or via a cable or oth%{ | ectr]

C
Eraphis HRESSD 288 ot T G SR CORRSCHiGng PERgH S EGrHBEEE bpnnector 230
for suﬂ%ﬁgnt' pavietCorl e Mafily &cﬂd@%seﬁ:ﬁﬁé&%w&@ﬁﬁ I%Or ot her

ectrical connector. The auxi l'irary grap ics subsystem

00251255462 P, 45 B BT 8, B G R AR S

commanB$ Iaud Qlafh, SR6 IbALRMRANR ﬁéMEYCPI[I%]tthgm thd ®lorthbridge 210,
auxi l'iary graphics subsystem 255 in place, data,

througli auibauid gatadngeonnestion r?r%ﬁrtq dheyinfegrated graphics subsystem 215. With

e oSO B SE3L255 EUAARR, o WA E1°oL 5 e 20

configirBd RgEgRited gBiphids lsﬁﬁsgfﬁﬂéﬁﬁm @ropaddte inW dd1a Fhievasdig riodey While in
graphi cs subsystem 255 connected, an_enbodi nent of

data fow&rémgemé«ysthe itomyated granhinsraubsysiane g A reoyican |dé‘§i received via
outbou@@ %ﬁ%sgu%@g%%lgctpgrﬁﬁet #E aﬁ)ﬁgﬁydg? 1530 %ﬂ%ﬂ%S bound data

|ng no e I'n grap ICS

bus cofhdérdivat 218.21h thibmaatkeastiagdat adatemmedinglraombbmhm thtegrated
data bus connection 220 to the au d arX ? Blh CS
graphics gybystam2i85daia &s porpBYRE2dtisom the CPU 20 e auxiliary graphics

subsystem 255. Data is communicated from the auxiliary graphics subsystem 255 back to the

Northbridge 210, and on to the CPU 205 if necessary, via inbound data bus connection 240.

[0026] The data forwarding mode of the integrated graphics subsystem 215 can be

implemented in a number of different ways. The integrated graphics subsystem 215 receives
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bus connection 225. In this manner, using the data
forwardi ng node of the integrated graphics subsystem
wWQ1i®s1daba i s communi cated fromthe CPU 205 t oP€T1€S2005/014072
auxi | i ary graphics subsystem 255. Data is conmuni cat ed
I taS YRS ction 226. In an
anslog NBRRe B g R B R B e
embodivieat, ﬁhb cmrugraied graphicscanbaygstern GH 52 4then| operalingT e dakst Forwarding

e, AR b o G20 5P B o
data bu-gth%nh&;tﬁﬁr 2i£d By adfeéiieSthe SHEbAiid2ddta bR @loyifcrioal 229 with the

tage signals ' representing digital data via outbound
inbound dstadowreonéation 220, therpnalogeraliege menels reervadnebgythpwe data bus

CS Su 1
comec 57 38) % P RH! ST PRI Bl PHRLAOPRLS S48 ity oot
subsystemS2 POORELESCERD (HAQ atn@logcmmagé sighhle ahﬁe:onmém)lﬂlmln diab adigital data.
bus connection 225. ¥ connectjng the outboungl5 Q%cnopmﬂqu

[0027] bUs ap R @mbczchmew e inkarateth HFRBICH AN YBIGE

C 5.
o s SHRRETNE BeFE AL EERLOR 1 40 SR By sttt
outbouhd) dasd rtahs dahaedoion 220rto etstdoansgﬂ)hﬁgngsd]gﬁdatataauadubs alhe digital data

valucs Gy P EOICRAIEEIGHI CONOE PO TR TR DT o BHIH pinbound data

bus coﬁr%eaﬁxll 208, @Eﬁﬁh %’aﬁﬂ@@ digstbm 245 réo@lv%g rtBés@thnalog voltage

graphi cs su system , When operating in data

signalsf genoatedi by throtgsgratad eraphidsysubeysicm 24 Stang eamaPiy them into digital
vol tage signals received fromthe outbound data bus

data. connection 220 to its corresponding digital data

val ues. The digital data val ues _are then cqonverted
[0028] ba&¢gar¢i@ss afavrgherotheagatas fyiarding anofie ofppis defegigtedngraphics
d dat
subsyst& %ses 2 Lfgllg %ﬁalﬁg ggg%[r)fgggxleé égaloyc‘l @agﬁigt{ gﬁ\y/g T cggxénumcatmg
data fﬁinﬂ n@bswﬁﬁsﬁagsectlby td hiae i mixéliprat echphicaphitegstsmb2§§t emfurther
215 and converts theminto di |taI dat a.

embodm@m@ﬁé%@g@fedvﬁéphfé% SyhEsterR 12 ST TANGTHICHE [dﬁd)ﬁ‘%ffecﬁwgd analog
I I
voltagé Qfgﬁgl rﬁl@% b da ﬁgﬁgg?/fgll?é“dggl g%t@as vﬁlgﬁe&‘ Ay (BERASEH by the
mtegracadn'gwphmat subgydaha2 Iy don ctmeatchadenlﬁpl ﬂag'elr@l ofor cexahwle switching
auxi | i raphi cs subs a furth
betweed AP e SHEHaNT R RgESGRS Oy Rartiol: QbisyHoumed el dgoeivins

ARRIAtiSn 8kdd Bfcohhsl maaREMEM ARahpy Vol tage signals
dlSplaS{:ln to allgrllta dgtoa vanues The gﬂgjiat al data values are

[0029]09336\19 658 ”r]rgenft, h {zrgtgu rs?egrggﬁ(z lztﬂg%y ?ﬁlﬁml&élés {1 removal

of the RRPYRKCAR® QHE'an@lﬁd: apbanbay d@'&hécbti’@ dfatle Suﬂhagpgﬁpihms) pybsystem
or, as discussed below, receiving disp Ia% i nf or nat.i on

255, and ercpet@r@onlrr diis gmbpainesyt.othe dlath By eqnnepysot2l, p25, and 240 all
mcludcgglfx) ! her CaI rgéﬁ{g Eth ofi RORULE F&y ?}Ea‘ﬁ??lgotge PCI—Express data bus

e renova | oopback "card
spec1ﬁ3&iﬁmaﬁxdhtﬁbﬁ asm’emel eﬂ@tecc otvaectiorymonfatip esetitix al hiigl woltage value.

When %gaa?lgilfa?y Sglrja%%}/csst seurl;]system 255 is connected with graphics connector 230, the
presence detect connection is set to a different value, indicating that a new device is
connected with the graphics connector 230. For example, the auxiliary graphics subsystem
may ground the presence detect connection. In an embodiment, the auxiliary graphics
subsystem 255 may be connected with the computer system 200 while the system 200 is

running. Additionally, the auxiliary graphics subsystem 255 may be connected to the
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255, and vice-versa. In this enbodi nent, the data bus
connections 220, 225, and 240 all include one or nore
w0 proésenge detect” connections. For exanpl e, tPEI/US2005/014072

PCl - Express data bus specification includes a presence

compu%?%?ﬁ&mcmn@ﬁﬂé &Ns o'FPraHE'tllré’ a&ﬁﬁat&cgrﬁ)mésﬁﬁb\é%t&ﬁ%S will then be
Wien an auxilrary graphi c3 subsystem 255 is

detecteddhme@ctt ¢ichentht kogpaishsystent aphesdumed 280, the presence

detect connection is set to a different val ue,

[0030]i NG ebbi@ that cRarR8Vind€el GSluk Soft dien rdsebenidttiet Bennection, the
gr aphi cs connector 230. For exanple, theg auxiljary

Northbgndgpm@ sigayb &3 deaenpaier gysema op H‘éat grausiliay graphics Lubsystem 25
conn n €

has becfi osn)?/lg{tgc?h E)Sées 06}1 ,btg? ggﬂrqﬁﬁt@{ sey(ﬁ ﬁ#??ﬂé’b%{%&’vﬂoﬁp s $o initialize

the ausilike l’@rﬁﬂﬂcWﬁub@ystdme 2355t @rch 269 dllecatingn |adgress space and loading
Additionally, the auxiliary g lg‘mcs su stem gh r}/

approppigtec geviee tdityero theditapalivert h%ﬁg |gstiyety he ntegrated

|
gt PSR LR ) g o
be commuhicateddwith. theO2B80fiark ngmplipossbsysema 25hande am emhedlment the

f the presence det ect connection, the . .
Northlet PO RS 1 e DGR BRIt Yy ERGHssipe a sideband
signal "Widn @ AWXaHA Yt GPBIESsteMb S L8 Nbetrecteds [®6/MId a potential
connected. Inresponse, the conputer system 200
commpeedtionsasondhicl. ous task to initialize the auxiliary
graphi cs subsystem 255, such as allocating address

[0031]SPACSInARE Jrocsds Ny pepforapd iviticd eV hwdlishyi gle,phl.cs subsystem 255 is
Addi tionally, the Northbri %ge 210 instr

removechprdyreplasgd g‘f‘ﬁpﬁ ilqapbaeeard t2ém oL %N?%h‘?rggateaw fetocnp ghange in
the présgﬁé%aﬁgce&gcogﬁg@t cl%g' ﬁﬁv&ﬁﬁgltﬁ@oﬁﬁ@ au§ﬂ g& S;ﬁlbsas&)@%tgﬁ 255 has

conmuni cat e e auxtliar rap stem
been rémbved Andnreplatumid mmmoppbfmk Mdtirﬁbn dltgare@l)ﬁse the Northbridge 210

G B L 8 e at .0 g8 b SUBSNSIS t a
forwargfn%pﬂb&é of %Eéﬁéﬁ%ﬁmgrﬁﬁtlbﬁall‘}ro Eﬁ)?‘é?@r@tm Q ﬁ&lﬂ' fés@urces used by the

enti al muni cati ons conf | A simlar
auxrhapy @ragshicsi subsgstémr ﬂﬁj avm dnaltdtretedu }m(ll |th¢ )apgmplmec gesources for the

mtegraéeéf @X%%srgu%ggst%\% fl(‘ee <%ngi d¥ vi ) (ﬁnjeps? %%?ﬁ%lahzed

presence det ect connectl ons, | ndi cating that th
[0032]auWhen addingr ampinsdasugepkice zssemat paeskiop ﬁemateaﬁ}ﬂstem the

dlspla*@%rlﬁ%“ eée?lhg | ngﬁ Gke Qfad?]rg%;—ite dl dafRPale&t hhﬁ@ a port on the

r uc rated gra
auxrhx«.xgjcl Bﬁ;}éﬁl@/&mv?cb5 Howere! at Sbmdltypé§oflcmﬂplter Sﬁtdm&r atdigplay device is
a

ta forwarding node of operation. Addr tional l
fixed copaeated wgheygrﬂeerait‘@sﬁaph}e%&@wﬂ%y Ph eX%%BJPr ma%&eboo% computers

and m%[)ﬁg rHeQ&ef Uﬁ’éy&%&%é C@rlg ﬂ?e%ﬁté’d: @Jrﬁldt Lrl‘t%r system and the

propriate res ort e I nteg rate gra hics
connecsld)hS)b&tveamZﬂ‘ie diselhy ade\adad rzelsls csp@u@raﬂyistdev cegnot be manually
drivers, are.initi %I i zed. 00321 V\he addi n
S

discongeatyd ity T ApRBALSIsEIRYET SHPUSTE GBS RPEPTERQUYL the auxiliary
graphisy sb§Brerh N€

[0033] In computer systems with integrated display devices, an embodiment of the
invention communicates display information from the auxiliary graphics subsystem to the

integrated display via the integrated graphics subsystem. Figure 3 illustrates the use of an

10
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di spl ay device can often be connected via an externa
cable directly into a port on the auxiliary display

waelewsaae9However, in sone types of conputer SyRBCEDS2005014072
di splay device is fixed connected with an integrated

auxilialg{]%‘%ﬁ%i%g Pg&g&‘(&%g@‘sy{ %B g)%%gﬁlngﬁo QitAOAERR %%g :Egitﬂ)gﬁéssdisplay

evi evice 1S |

device Wedoidihf & @pembédimenysittheriraeatidie connecti on bet ween
- the display device and conputer system cannot be

[0034] gﬁ[ﬁg@el yllﬁfsﬁ%@? %% tefr h@()‘ 1%{6 VR &l ﬁﬁe@ra%ﬁhdlﬁﬂay 325. For

stem an recon cte aUX|I|ary grap I CS
clarity,suhbs@BUemd @meeabmpnnmmmmm is \psewaons diavhingnheger heand omitted.
[ an enbodi t he inventi

di spi
NorthbEgReNY PRI 8y PEHT BERROTSOR FHoTERLCABIATT 4109, including

coordirBkiRR RbSnubisi¥ad B&een HIECPDIRGIAH]Re @fa‘pmo@}prwe@sm@ Subsystem.
I ntegrated graphics subsystem Figure 3 illustra

[0035] t Ehainteguitedigraphics isabsysigmabidi s sopnestaswith gh@sblsgtybm%ﬁ 210, and

ence G ATTESR TN 508 TobBTRRLREREBIPLEP AR ks

data blisoo%ﬂ ofibBur® data bhg!sbiiddkcion 32008 udapted Styst@nmafidate data from
havi ng an integrated display 325. For, clarit

Northbgdge o8 Hirtoc dnfpeiatedt SraMdesn PI“PP%?‘@% DSy P ﬁastﬁg{}@r to the
b
e S (AL BEAESS BTG o fedo e

integratedo gfﬂphatcllfrgces@mgumbeydtemnsmes \adsen commteawmomb@nmd data bus
t.he aphi cs pr.ocessin tem. [ 0035] The
ComecFlﬁ{‘%g}Sa%”é‘cﬁ Qraé‘ﬂﬁile‘épt?ﬁ%%rgtt%ﬁ%@@ﬁ%e %@nnect ed with

the Northbridge 210, and hence the CPU, via a data
[0036] bulsitegratedhgraphice dilbsystem 3 Heisddsoacdmnected withy 6 displayvdegise 325 via

ot SR 530 DR S 2 BB CARIFE R Yo

mtegra%’eh g&ﬁnbmlﬁﬁzﬁéﬁ% 19" AiCE AP 6RE BF REbré lﬂﬂﬁﬁg&t&lﬁ %ﬁu Display
Simlar to t nbodi nents di scussed above,

data sentixpl thardispjmaghvies Xohmpytamin englpssendigiteh éorm "and the display
connec&18ﬂ§g§at edoegirt%Pelabo% 59 ?ésé%nﬁgct%ﬁbsyﬁ em 315 is al so

Vi a oun us connecti ons 335 and 350

and a | oopback card to Northbridge 31 0036
[0037]) nVegn afexgrRED ma@@cw&é%tegh%g i o emiss capnector 340,
c |
e iR Rsigtc D oo Pc%%%‘?&é“@?&*s‘g‘;%"ﬁi?z
Northbtidgedi heari caramuaiceld itla iz awsilzgbgmphicssdisystamd345 However, the

PN U RN ERE T

bgistgl form and the display connection 330 nay be a
conneq I xed or renovabl e connection. [0037] Wen an

oussi S 36 RS SRR SRR 3 BRI on e st
device?%i,féﬁ?%rﬁ%&r%@nﬂ of a%%dlia@ﬁgﬁipﬁl@s sutdadtamfas wandl N@upiRde BQuest for
all display memory accesses to the Northbridge 310 via inbound data bus connection 350.
The Northbridge 310 repeats the display memory request over the outbound data bus
connection 320 to integrated graphics subsystem 315. The integrated graphics subsystem 315
interprets the display memory request and updates a copy of the display memory accordingly.
The copy of the display memory is accessible to the integrated graphics subsystem 315. The
integrated graphics subsystem 315 then uses the information stored in the copy of the display
memory to create display data for the display device 325.

11
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Nort hbri dge 310 can communicate wth the auxiliary

graphi cs subsystem 345. However, the display device
w@2®snemwsal ns connected with the integrated grapdi/ts2005/014072

subsystem 315 vi a di splay connection 330. [0038] To

[0039]. al E"‘lgﬁ‘feg g tg[??e(hlh '1ﬁﬁs?fra at §g§fng)§te§ légéé‘xﬁte‘?ﬁﬁlgﬂlﬁgta% ﬂtegﬁdtéﬂ/ graphics

es on y d an enbodi nment
processﬂmg( |shlnsg/sgengmapﬂn|auxllmqbg§a$hwm1ﬁd®sseg dubsystenp lapeudiag to another

B R~

an lnteg dphits| @es@% ?érﬁ 418€ardl §pér@ph16€9 amnecfoeqrmsst In this
ver € out ound ata us connection 320 to

embodlrmré,githatd@tjl lgxsap plgntouimeyBtscensadiony 40 apd 497 atfien example, a 16

bit w1d% é%tf’eé‘f X ﬁ(ﬁ a%(gf,ﬁ(g] %\9%% bgg%ﬁec{ef é%%hgct tﬁgp:ﬁauépér?e%e%@ “Y0 and 435

are eacB®F-AidbtieHaY conhiB&idi8 R}pale bheurdispdsy torambfrymi the Northbridge 405.
accessible to the integrated graphl cS subsystem 315.

[0040] Th!éus ﬁ@%ﬁﬁ‘?%d%ﬁ%ﬁ%ﬂ@%?& Y s iy infraratgd e‘:’éaﬁbh‘@ subsystem
415. nfogf)g%{k gagd 95 1@%8h{f%{:tt{lg \xfft‘ﬁp%r gltucg REnfced 2Y5 TRRR A auxiliary

i spla r th I splay device
graphlé%&b&ﬁﬂ&ﬁ]ls labgpa. eSI‘héAoaplﬁhch Baid I43@tbmlges hus: om;mftcaon 435 to bus

t
e TR o S ST 15,
discusseH % $E et'ﬁb@@&&'é&k Rekdt BPRAY IR 2 PARGRH SRt %ar&h%y bridging bus

I'nvention. nput er system i ncl udes a Northbridge 405
conneouonm d3$ emidv@ﬂh tl@nsecmda busicehegiiop KB ds gpmiastash wih the integrated

graphlgnsblgé?qttpgﬁnﬁéll 5ﬂ“8g%g?r tﬁptﬁflf §rse§%r?c%no ?]?pba?:lg Wgarkc)iléﬁot Bhss connections
410 ane Q@S' %‘ﬁﬁ 2BSmAIR Bl 43® ddtPburioanPimegrated Graphics\Wublgstem 415.
us is divided into two 8 bit w de connections.

oo EERT L SHR L 08 A g i

travelilyp tHrbigt B@ecdiBctidi0fDlo Bigsintgraeat giaphicd f[ﬂoctessmg subsystem 415.
connected directly with the integrated
The seseskpetiomof t8ta o by BieitbEdps 4ISgayels O p@egtiom 435 to the

r i
ot AL, 2480405, A°RHO82 3 ot i Wégrgr
subsyseanaes tvta)lﬁuséb&ﬁndscmohu@Oc dbate cﬁtonoﬂlem&gramd giaphiss subsystem 415 is

connect e t he rat ed. gra ¢S subsystem
comm QLB M B B B P oS L G o wans
delays Piﬂ&éalyc%dcmf s&hﬁmﬂfe@ﬁxﬁg tRY s@ohd WtHoR W EANNAE eniHadiddR of the
420, the second bus connection 435 is ‘connect ed

Northbmdgh 40hearidnthe gntggratedggraphice subsysieys4 Birbathsdelay ghet fiwst portion of

data c%ﬁ?@g&%&gé\%i CZ%OE‘IH&%I?I? gmktgelae%ﬂp{h%ﬁnnggﬁ% tthe ﬁrgt and second
pommﬂqif@ag%mtamst ehroftzedr at ed graphi cs subsystem 415.
41] Data fromthe Northbridge 405 is d|V|ded|nto

o B RS e sf] 68030 SRy BB R GRS Rom 455
attachddl Qﬁl@;ﬁﬁar@%o@lﬁ)&mt) Stedl 455 TetasbabDiodrpstritd cmmneétodéiﬁm place of

the loqf@rggcnl; éﬁ?{el HéOr tIrP tbhrlsl, goneﬁgflga?:lotn,r t%\éelllt%grvalte% g?rgghlgso Qu es%tler(r)l 415 operates
in a data forwarding mode, as described above. Data is communicated from the Northbridge
405 to the auxiliary graphics subsystem 455 into two portions. The first portion travels
through bus connection 410 to the integrated graphics processing subsystem 415. The
integrated graphics processing subsystem 415 then redirects the first portion over bus

connection 420 to the auxiliary graphics subsystem 455. As discussed above, the integrated

12
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15

graphi cs connector 425, through the | oopback card 430,
and then to the integrated graphics subsystem 415 via
whemsaempect i on 420. Data fromthe integrated PCEHPRI005014072
subsystem 415 is communi cated with the Northbridge 405
graphid_SSSlﬁ)S§étgﬂnl #ayf ashuikal 0 SRMERSALAs T OF foreadidg dethafiém bus
i ntroduced in commni cating the second portion of
connectlan 410 mbessodeehontd20f t he Nort hbri dge 405 and the
i nt egrated graphi cs subsystem 415 both delay the first
[0043] POTHd B0 péléiba of G RIT e Nbrihbeidgpues aandle ¢labus cdirkction 435
thereby ensuring that the first and second,portiq&s 0
to the awiliary @rmphics syhsieand Yedirectiyoldata frorg theauliany grapiycssygsystem
is GOMIR - | %14 biiar Y5 @RON.CY bodiment,
455 i SRR SURTA R MAGE s | LAl OB 3 i
Northbéidpe 465 ahtl alehaukiliary graphivs cabgystme d6 b bott2delay thel secendoportion of
t he | pophack card 430..1n,this configuration,, t
data cqAFERicAed dOYFF APHi w%*&gyﬁ{; herehy &Bgflmgeéhaf‘ ﬁh%l}ﬁgt gpd second
portion%g&"&@{a%ﬁginﬁgauoﬁ§ﬁﬁesCr' bed above. Data is

nmuni cat e romthe Northbridge 405 to the auxiliary
gr.aphi cs subsystem 455 into t ortions. The.fi .
100441 DGR o veRU ROV o g IYHES. COTIER "BAATD o ipiiited graphics
proceséiﬂ% Qb @fsRehI WAHRBHC 8ddIhP CRP&IsRE SethpdfneMbvthSas R bus bridging
I ntegrated graphics processing subsystem 415 then
circuity todhe eemputehsystany. shlt ithis lexeakion has besmrisoupssd Withgefegence to
he auxiliar r aphi.c ' .
compul G b M B RS rRE R BEOT, uhSadl B 86 o egrate
compofiéfli bl a Qonguddrogysters! emtuding Aulivacahpmenat and ramrbursications
connection 410 to bus connection 420. %0043l ng i d
composetts nd T ho ieYesHoB hag Jpegnt disrHssade f5BPFLdgeSRAgHIC examples an
I ' tLan t; UXhd | ioti
embodhHF Rerthf ITEETHBE' WPmddly VG A R Mestrctve, of the
inventiatix Thig the gropp bf the isvwentiys istmbé S5termined solety bythedlamsh
the ‘Northbridge 405 is a simlar fashion. In an
enbodi nment, Northbridge 405 and the auxiliary graphics
subsystem 455 both delay the second portion of data
communi cat ed over bus connection 435, thereby ensuring
that the first and second portions of data renain
synchroni zed. [0044] This invention provides a system
enabl i ng upgrades to integrated graphics processing
subsystens w t hout addi ng expensi ve conponents such as
data bus bridging circuits to the conputer system
Al t hough this invention has been discussed with
reference to conputer graphics subsystens, the
invention is applicable to upgradi ng any type of
i nt egrated conponent of a conmputer system i ncluding
audi o conmponents and conmuni cati ons conponents. The
i nvention has been discussed with respect to specific
exanpl es and enbodi nents thereof; however, these are
merely illustrative, and not restrictive, of the

\J
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i nvention. Thus, the scope of the invention is to be
determ ned solely by the clainms. WHAT IS CLAIMED IS: L

WO2@6msPEr Ssystem conprising: a central proceB&I/N§005/014072
unit; a conputer core logic controller adapted to

WHA%?S)C@\M fl@mmuni cations over a data communi cations

S; an | rated graphi cs subsystem adapted to
generate display data in response to a set of
renderli.ng iAftompater systenacgmppdings connect or adapted to
conmunj cate, Wwth an ayxiliary graphics subsystem a
data ¢o ﬁ%%rgi’?sﬁ’ﬁ@uﬂﬂs connected with the conputer
cor e | n@ingputdtotPlokR coatdllértdhptdil Bcddriiina@tcoRiSunications over a
connection adapted to communi cate a set of rendering

data COHRYHARIONS hus;r om t he conputer core |ogic controller to

e e |
connect T ARE R BT ST NALER o rRERR el don n povonse

to a set dfeehderiagimoadatiraphi ¢ subsystem and the graphics
connector, .and a third bus connection adapted to .
conmurf FaRhICS ¢ATBEsaE 2daRtedite FOTARINKREKItE an agkilia gsaphics
subsysteflff conmputer core logic controller; wherein the
I nt'egrat ed graphi cs subsystem includes a nor nal
oper atd data couieuadaidredus oommated wittathe compotematiedogit gontroller
via the sec

. the co er core.l ogic nd bhus cannecti.on ..
and inclfing R QO ISCHRL RIS ROMEHIGH LT HE PN Ginferuption
from tHeWoWRuttirRerd 1BER RHROl&do R iﬁtégfﬂﬁéﬂ &8 lﬁcﬁaﬁ)@%st&ﬁ, a second bus

renderi ndg) information received via the first bus

connection adaptédio apimrhurzicate indpiniation bgivegehithe integnatod graphig subsystem
t he second bus ceonnectjon. 2. .The .co ter _system.o .

and the AP RES N0 ARORNER hi¥iopBrostbt BT 8 SmBliBlef B iflognation

from tiRARAIIEEE doAnER6Y RitBe bompiier @haé Bgidéokalolielg mode in
response to the renoval of a |oopback card fromthe

gr aphiveherein fciategrated graphiss suhsptiearinaydssanasmat pparation mode

e i . | i .
adaptof QELRY AR, L AGRABRE B3 <SIrip AR el DB IR
connection dhethedhipdibes caystiton, afid alkaimiwies aidetadbrwirimg mode adapted to

| popback card i.s adapted to hold.a_paortion of the data
comm et of r%%&n%gl pignatiop seqenysd whﬁg{rﬁmseawwgov ﬁ"é{h an

auxilia@b%g &s QlbsfleAWH theRbdbnd HRPROGRcEHPSYSt em 5. The
o) t cl

er system of aim4, wherein the portion of the

dat a
2. The computer system of claim 1, wherein the integrated graphics

subsystem is adapted to operate in the data forwarding mode in response to the removal of a

loopback card from the graphics connector.

3. The computer system of claim 2, wherein the loopback card is adapted

to connect the second bus connection with the third bus connection.

4. The computer system of claim 3, wherein the loopback card is adapted
to hold a portion of the data communications bus to a voltage value indicating the absence of

an auxiliary graphics subsystem.

5. The computer system of claim 4, wherein the portion of the data
communications bus is a presence detect line adapted to indicate a connection between the

graphics connector and an auxiliary graphics subsystem.

14
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communi cations bus is a presence detect |ine adapted
to indicate a connection between the graphics

w@oemwagetsoT and an auxiliary graphics subsyst enP@I/UI10e5/014072
conputer systemof claiml1, further conprising a
di spl ay device connected with the integrated graphics
subsygt em } HES! iRt di bevice
i nt egrg'at ed@?ﬁ%ﬁ?%ﬁgﬁﬁﬁgfﬁwaﬁgr ein, V\%}%I%_E{ 8Ptk

connectepavitit tha integratd geaphims\sabsyisten andcdapted éo reseivgdigpday data from

. raphi cs, .subsystemis adapted to receive display data
thexnt%%%jgrﬁéu %Y%"r% graphi cs subsystemvia the data

COMURjHeAdih, Mileperatifg id Dia EaRELIRE nioye! B8ibgraledighaphics
wherein the data communi cations bus is a PCl-Express,
subsystomss adapte] tgreqeinecdispiandas Sonytha anxiligRygrariics Sibpystem via the

data col ncl li'l%,ldnsi [ an i ntegrated graphics subsystem of a
alac E’(B‘?‘}‘B‘uct er s?/stem conprising: a first data bus

connection interface adapted to receive a set of
renderi ng iThé @onmuicd Bysteno ot elaiit 1 swheteinahddata communications bus
. connectjion; and a second data bus connection interface
is a PCEE#PReatbYSo comuni cate information with a conputer
systemvia a second data bus connection; wherein the
graphigcs p ng%?ﬁi'c@ ?ro‘é@ésing' Uit dddped @ bé insludeB e a®integrated
operation adapted to generate display data in response
graphics subsystem effa qosnuerisyisieinnéunprfitgn, and a second node
of operat, adapt ed .t o.f.oraar : j .
't or AdEPO BEQRYBE R 1 Bt eled B eeRtih E 00 Bierne

informatinefdra @ dir§tQladibidlbshhéotibl; gidaphi cs processing
subsystemvi a t he second data bus connection

i nt er paeeondglatarhiis cgnagaHPB dNtBICALaRtRY L sArmYpicgiedpiopmpgation
. wh ' ' j unit i ncludes an
with 2 JRFHEL b 4 BRAGT RLASRBAAPAUE, © NS
conne&thetdin tht geaplaesepracedsinh @nt éwdunits ddirst hode of operation
connection interface, and wherei.n the ane%~

] | og ..
adaptedigrirBERISHORISY dRfAi FEAPUTE {3 A AL Ferdain M RrgIAfigp: ke second
i i g irEflleti 1tN refvdBaE tetlst

mode oo e e
data bus ecredtiominterfass te omaedliinygraphicspreasssing subsystemgyia fiei seeond

processing unit of claim8, wherein the graphics
datab“ﬁFB‘E‘?%?‘hgﬁ‘?f?ﬁcF‘ includes a digital connection between

the first data bus connection interface and the second

data lus comheeeighidy prodeesihg it odeldimBewkersintthe gelipfics al

connection is adapted to_interpret an anal og volt age,
processingnit inchdesamenalogcquaneiian el eanriae HEN N8t biR qoRRecEPY Berface
and thevéegor}dhc?ata bus connection interface, and wherein the analog connection is adapted
to transfer an analog voltage signal representing rendering information and received via the

first data bus connection interface to the second data bus connection interface.

10.  The graphics processing unit of claim 8, wherein the graphics
processing unit includes a digital connection between the first data bus connection interface
and the second data bus connection interface, and wherein the digital connection is adapted to
interpret an analog voltage signal representing rendering information and received via the
first data bus connection interface into a digital signal and to convert the digital signal into an

analog voltage signal to be output from the second data bus connection interface.
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first data bus connection interface into a digital
signal and to convert the digital signal into an
wW@e@bogp6ydl t age signal to be output fromthe sePCDORR005/014072

data bus connection interface.11l. The graphics

processing unit of claim8, further including a

di'spl gy, CONREGlpARs pRIRLAC i PIPRAEHS | ArthOMURRR Rlisplay

di splay infor lon'to a display device, wherein,
connectidm interfase rddpterttoi contninenisae displaproafermygemapiaghisplahdevice,

.gr I CS_processin nit.is adapted to.recejive d
whereif 1B & ETERERT s rd Shepha e riGigoitahy ot ¥
adapted RS eédiVSdisplay thibiatiolTARE bih MikiliaryQriAees subdystehl @ia the first data

graphi cs FFOCGSSIng unit of claim8, further adapted
bus commgctyan mighitage.om t he first node of operation to the
second node of operation in response to receiving a
commang frgm.t . rel flch £
o added e ERBpER PR SHing ¥ SN, Bl HapRATTRAAGh from

the firsS108¢ 6f @Ferdtivintg tieosroet modebf dperdtipndn mgspdade toyededring a
13. The graphics processing unit of claim12, V\her?ci)gn

commang &rogp HFEABPHEST E¥HINY batpiadhe sompARd 1 (FLPd dutesPas
auxiliar‘épr#}?ﬂﬁg%sc%ﬁ)g)%%rﬁgéiﬁ%@ﬁ%cteﬁ%vith-lﬁ% OfPRRk Sstihocessi ng

ereln the command i s” conmmuni cat ed
to the graphics processing unit in the formof a

si debdd siTearaphis pratessige apih oEelaim d2.oxksrpig theremeend is

clLaim 8 rein the first. and.second data bus
Comm‘lf‘b“r?#ﬁc‘f‘? %ﬁttdélntq‘ busompanigaton gt r(r:fg%eé bus i nterfaces.

16. A conputer core logic controller, conprising: a
first dat a Thiegradiesgebiessing ohieof elain 42 aphardintthe s@enchand is

set of rendering information via a fira% dat a bys
commugngngfrslcieithmgrephighpPiopessipeamadn &feafgﬁp@§ ag 99‘%‘{ Bf%and a
second data bus connection interface adapted to

recei vg inf 198 prb@s@ng GRRBH AL 8, WHSreR OB ER4tiadd second
connegﬁed @?%Eﬁé grébhigsn%onnec%or; mhergin t he

data bus coqmection iderdaceo gied (elirpreds|bes itterfaggapt ed t o detect a
connecti on between the graphics connector and an

auxi liary aphi cs subsyste nd j .esponse, to send
a comtand %c THRULET G i(}/ % %’roglﬁﬂ Fé‘glpéglglgy stem
i ndi catfirgOdadBds donBedtivhaftehetadapRiho cshdsdides v 6 tedttering

) should forward the set of renderi gg information to the
information Vip afipstglatedivs cenaestioy £ aminiegated exphigs guisysisps an

connect sieggndbﬁaﬁé’\@momgcti ﬂtiﬁtgffséee#lﬁg{ea RO LSS ive YRRV LG via a
and t e graphics connector. . conputer core
secondldagi tuseonhdctibh eonmkted|veitima ghphics codrectoadapt ed t o send

the command to the integrated graphics supsystemvia a.

si debdWReran fgompiterppe ’@8%?;5‘19(‘%9 gfd? éiqpé?f o @w? gngption
betweeBthe éﬁbmcslgonn\é@t%f ghdart Aifidrd $tapAd subsystem, and in response, to send
a command to the integrated graphics subsystem indicating that the integrated graphics
subsystem should forward the set of rendering information to the auxiliary graphics
subsystem via a third data bus connection between the integrated graphics subsystem and the

graphics connector.

17.  The computer core logic controller of claim 16, further adapted to send

the command to the integrated graphics subsystem via a sideband signal.
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second data bus connection interfaces are PCl-Express
bus interfaces. 19. The conputer core logic controller
w@tooshedont 16, further adapted to detect the coPCEUE10051014072
bet ween the graphi cs connector and an auxiliary
gr aphi cs subsystem by detecting a change in a voltage
val ue jgcei YRbdipuidtR oo RGBS Reri 2 1A£0 B WheRin the first and
interface on a portion of "the second data bus
secondodatmbiest Gopnectighdnteffaces laee RGkRyeressbus intsifaease val ue i s
initiated by the renoval of a | oopback card fromthe
gr aphi copnecto C e |
dontrofTer D arafusseEare RaE SRABHHSTERETS B gdapred v
detect RIVdAHEIHONA befvieRh ilRcgraplficacapbadr il areasilvey ighiphidystibgystem by
froman integrated graphics subsystemvia a second.
detectipg g £hpras I8 gviolags WIS Heerved by Hisisaeend dgfabyscoppeilon inigriace on

a porti% ghthtelggcc%g@ L) C?Hrﬁégl%,qg%e’rgiﬁ thel g QT @&Eag%gz%ﬁle is initiated

ICc contr er o I'm wherel n"t he second dat a
by the bersoab nfie ddapback car frbactbe gmphitapomubcton. r ecei ve
information froman auxiliary graphics subsystemvia a

second, dat a.,bus connection. whe n AN r aphi cs

subsystm | DGR R el nBofr it Bdiefgie eond
data bisZconhERioRGRRHLEY is 68dted RItEei fPMESRatiBh fidn &1 BitePrded graphics

further adapted to receive display information from an

subsystamx Viaj aegegongt dgihbesconnpiipatveian g lgopbask sarddp gornectedpyith the
.connect.ion interface and to comuni cate the display
g“thﬁﬁQ§Pﬁ§?$on to an integrated graphics subsystem via
the first data bus connection interface. 23. The
conput . coTke ¢cdgputeraond logic cntrofleradf@iaim1i®, whiseirethe second

the conputer core logic contro]ler i. art of ) .
data bwpg}qpogrig@gggq i§ @dgﬁqlaq to recetlve {nformaltlgn om an auxaxhary graphics

subsystem via a second data bus connection when an auxiliary graphics subsystem is

connected with the graphics connector.

22.  The computer core logic controller of claim 16, further adapted to
receive display information from an auxiliary graphics subsystem via the second data bus
connection interface and to communicate the display information to an integrated graphics

subsystem via the first data bus connection interface.

23.  The computer core logic controller of claim 16, wherein the computer

core logic controller is part of a central processing unit.
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