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BRI DGE CONTROLLER BACKGROUND OF THE I NVENTION 5 [0001] The present
invention relates to the field of conputer graphics. Many conputer graphic
i mges are WMEHOEYWOE] mat hematical |y nodel i ng t he int er aBET/HR2085/014973ht wi t h
a three dinensional scene froma given viewpoint. This process, called
rendering, generates a two- dinensional imge of the scene fromthe given

vi ewpoi nt, andy i -worl d scene.
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real -time conputer graphics, hag~g onputer systens with graphics
processi ng subsystens adapted to%gmggﬁggglg the renderi ng process have
beconme wi despread. In these conputer systens, the rendering process is
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Tr adi t i orphbiograph bea féaldwarld seddeer chi ps i npl ementing core logic functions of

the conputer systemare |ocated on a single circuit board, referred to as a
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scene. From these high level operations, the CPU generates a set of rendering commands and

data defining the desired rendered image or images. For example, rendering commands and
data can define scene geometry, lighting, shading, texturing, motion, and/or camera
parameters for a scene. The graphics processing subsystem creates one or more rendered

20  images from the set of rendering commands and data.

[0003] Traditionally, the CPU and other chips implementing core logic functions of the
computer system are located on a single circuit board, referred to as a motherboard. The
graphics processing subsystem is located on a separate circuit board that is connected with
the motherboard via an expansion slot interface. More recently, the graphics processing
25  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

30 computers or other mobile computing applications.



[ 00041 Typically, integrated graphics processi ng subsystens have | ower
performance than graphics processi ng subsystens | ocated on separate circuit
boards, due_to a nunber of factors. First, the physical size of the
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graphics processing subsystem is connected with the expansion slot or port, the integrated

graphics processing subsystem is disabled and the auxiliary graphics processing subsystem

performs the graphics operations for the computer system.

[0007] However, including an expansion slot or port for replacing an integrated graphics

25  processing subsystem requires a graphics bus bridge circuit for alternately routing data to the
integrated graphics processing subsystem or an additional graphics 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

30 board traces. These additional costs associated with a graphics bus bridge circuit spoil many

of the advantages of integrated graphics processing subsystems.



WO 2005/ 106697 PCT/ US2005/ 014072 [0008] It is therefore desirable for a
systemto enabl e upgrades to integrated graphics processing subsystens

wi t hout addi ng expensive conponents to the conmputer system It is further
desirable t 2Q°F(£06§%75t em of upgradi ng integrated graphi ®ETHSHOSLDTG
subsystens be adaptable to a variety of different types of conputer
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20  operating in data forwarding mode, receives the display information and uses it to control a

display device.

[0010] In an embodiment, a computer system includes a central processing unit, a computer
core logic controller, an integrated graphics subsystem, a graphics connector, and a data
communications bus. The computer core logic controller is adapted to coordinate
25 communications over a data communications bus. The integrated graphics subsystern is
adapted to generate display data in response to a set of rendering information. The graphics

connector is adapted to communicate 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
30 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



and the graphics connector, and a third bus connection adapted to

communi cate information 3 WD 2005/106697 PCT/ US2005/ 014072 fromthe

gr aphi cs connector to the conputer core logic controller. The integrated
graphics sW309%8¢697ncl udes a nornmal operation node adapCeaStows/cwozuni cate
information to the conputer core logic via the second bus connection and
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subsyst efthe daga faygariing mogetn wspanseto hatredpvatof 2 loonback perdifram ghesgraphicancl udes

a display deyicen C i inte t i St em,. .The
i spi oy Sebiesr; ToERERREL Shig" blel<dTo Bincel & P BRY beiRe AR WL B idl
gr aphocs basibansitivm M fuetherpenitaidiment, the tipbadkarardiiscidapred noHeld o fetiombegr at ed
graphi cs sugs stemis adapted . to receive displa dzta[;ta fromtpe auxjliary

gr aphi cs & %t%é:f’&‘ﬁ“{ﬂm&t’? B o 2 BRtiRER i Valei pficatngs theopPsapfierp! pRdsmben on oF
THE DRAWghRick Qibkgdtenh g poRidaNdfitR\dath bdmiaBnidRfms bREMaybt B prabRicaiReRt fige t he
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mode, the integrated graphics subsystem is adapted to receive display data from the auxiliary

graphics subsystem via the data communications bus.

20
BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The invention will be described with reference to the drawings, in which:

Figure 1 is a block diagram of a computer system suitable for practicing an embodiment of

the invention;

25  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



4 WD 2005/ 106697 PCT/ US2005/ 014072 Figures 4A and 4B illustrate a conputer
system enpl oying an integrated graphics processing subsystem or an

auxi liary graphics processi ng subsystem accordi ng to anot her enbodi nent of
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opti onal | y an operati ng system In an enbodinent, CPU 105 is actually
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stores app Icatio s an data use by the CPU rage 115 provides
non- vgl atile storage for applications and data and may include fixed disk
drive renovabl e di sk drives, flash nenory devices, and CD-ROM DVD- ROM

or other optical 15 stmmgg@msemﬂw‘oFmﬂMNwleO conmuni cat e user
inputs fromone or nore users to the conputer sa/stem 100 and rray i ncl ude
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data buses include |SA PC, PCl, PCl-Express, and ransport data

buses. [ @erelsl. Mgmapnhl (ssteres applicationsamd; daty Eﬁrtqﬁerbwbﬁ &Y & mﬁtqmgfa B bus
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subsystem nay be integrate conput er system not herboard or on a
separ at e rmmhlntdlskodmd:s,f flashdhemarny deemabdﬁMQMcDé’d)—RWMhon tbtbcrcqptpalt er
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(e.g., athe donipatehyjsteni )1 00284 nfagrinclade keybodpdsy ahcejqé;auélm; t@Rh Reeensg hnddér an

out put i mage., Pixel data capn be 30 provided to di sd% ay nenory 140 directly
fromt herrgpppfmgs Netwark inferizeg §,25 ﬁgws pemputer system 100 to cornmumcate with other

computer systems via an electronic communications network, and may include wired or
wireless communication over local area networks and wide area networks such as the

20 Internet. The components of computer system 100, including CPU 105, memory 110, data
storage 115, user input devices 120, and network interface 125, are connected via one or
more data buses 160. Examples of data buses include ISA, PCI, AGP, PCI, PCI-Express, and
HyperTransport data buses.

[0016] A graphics subsystem 130 is further connected with data bus 160 and the
25  components of the computer system 100. The graphics subsystem 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
30 provided to display memory 140 directly from the CPU 105. Altematively, 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



provi des the GPU 135 with data and/or conmands defining the desired output

i mges, from which the GPU 135 generates the pixel data of one or nore

out put inmages. The data and/or 5 WO 2005/106697 PCT/ US2005/014072 comrands
defini ng t hYQRIEP7out put i mages is stored in additi onBET/HEMWBYY4WA5. I n an
embodi ment, the GPU 135 generates pixel data for output inmages from
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gr aphi cs coprocessor 165. Gaphics processing coprocessor 5 and addi ti onal
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conj unct ilédcanprovideRe dispytdevice 150 witheo asdlyg graligitad signpl. xel data f or
different portions of an output image, 20 or to sinultaneously generate

pi xel dafgo1Bpr nlh ffﬁxﬁfe?@ﬁxb@&ih{éﬁt griﬁ%%mcbﬁl@rkuﬂw B0 includds dRE bF fore
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di spl ay neno E){JMO and additional menory
with GPU 135 to simultaneously generate pixel data for different portions of an output image,

20 or to simultaneously generate pixel data for different output images. In an embodiment,
graphics coprocessor 165 performs rendering related tasks such as geometry transformation,
shader computations, and backface culling operations for GPU 135 and/or additional GPUs
155.

[0019] Additional GPUs 155 can be located on the same circuit board as GPU 135 and
25  sharing a connection with GPU 135 to data bus 160, or can be located on additional 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
30 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.



145, or can share nenories 140 and 145 wth GPU 135. In an enbodi nent, the
graphi cs 30 coprocessor 165 is integrated with the conputer system chi pset
(not shown), such as with the Northbridge or Southbridge chip used to
control the HRRWSHIEIM60. 6 WO 2005/ 106697 PCTI US2005/ 01AFTAS20SOROT2 Fi gur es
2A and 2B illustrate a conputer system enploying an integrated graphics
processi (0020} b igitren2 Arand 2 Bailbustrate nycogipateh s yssenp eopEyiggn sudgsated graphicsor di ng
to an enbodi nent of the inventi.on. Fi e 2A illust S a _conpputer system
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connections between the Northbridge and the graphics processing subsystem, for

20 communicating data to the graphics processing subsystem, and inbound data bus connections
between the graphics processing subsystem and the Northbridge, for communicating data
from the graphics processing subsystem to the Northbridge. However, computer system 200,
in an embodiment of the invention, includes an inbound data bus connection 225 between the
integrated graphics subsystem 215 and a graphics connector 230. Graphics connector 230 is

25  adapted to connect with an auxiliary graphics subsystem, which can be used in place of the
integrated graphics subsystem 215. Graphics connector 230 also includes an inbound data

bus connection 240 to the Northbridge 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
30  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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data forwardi ng node, the integrated graphics subsystem 215 rebroadcasts

dat azpecegossfl Wi the auxiliary graphics subsystem 255 in place, data, including rendering
commands and data, are communicated from the CPU 205, through the Northbridge 210,
through outbound data bus connection 220 to the integrated graphics subsystem 215. With
the auxiliary graphics subsystem 255 connected, an embodiment of computer system 200
configures integrated graphics subsystem 215 to operate in a data forwarding mode. While in
25 data forwarding mode, the integrated graphics subsystem 215 rebroadcasts data received via
outbound data bus connection 220 to the auxiliary graphics subsystem 255 via inbound data
bus connection 225. In this manner, using the data forwarding mode of the integrated
graphics subsystem 215, data is communicated from the CPU 205 to the auxiliary graphics
subsystem 255. Data is communicated from the auxiliary graphics subsystem 255 back to the

30 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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20 integrated graphics subsystem 215 to operate specific features, for example switching

between normal and data forwarding modes of 6peration, or, as discussed below, receiving

display information used to control an integrated display.

{0029] In another embodiment, the computer system 200 automatically detects the removal
of the loopback card 235 and the subsequent connection of the auxiliary graphics subsystem
25 255, and vice-versa. In this embodiment, the data bus connections 220, 225, and 240 all
include one or more “"presence detect" connections. For example, the PCI-Express data bus
specification includes a presence detect connection, normally set to a high voltage value.
When an auxiliary graphics subsystem 255 is connected with graphics connector 230, the
presence detect connection is set to a different value, indicating that a new device is
30 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



of the | oopback card 235 and the subsequent connection of the auxiliary
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gr aphi cs subsystem 215, such as addresS space an evice drivers, are

i nitializagiliary graphics subsystem 255 are deallocated, and the appropriate resources for the

20 integrated graphics subsystem 215, such as address space and device drivers, are initialized.

[0032] When adding an auxiliary graphics subsystem to a desktop computer system, the
display device can often be connected via an ‘external cable directly into a port on the
auxiliary display device. However, in some types of computer systems, a display device is
fixed connected with an integrated graphics subsystem. For example, in notebook computers
25 and mobile devices, the display device is integrated with the computer system and the
connection between the display device and computer system cannot be manually
disconnected from the integrated graphics subsystem and reconnected with the auxiliary

graphics subsystem.

[0033] In computer systems with integrated display devices, an embodiment of the
30 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
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[0037] When an auxiliary graphics subsystem 345 is attached to graphics connector 340,

20 the integrated graphics subsystem 315 is switched to a data forwarding mode so that the

Northbridge 310 can communicate with the auxiliary grapbics subsystem 345. However, the

display device 325 remains connected with the integrated graphics subsystem 315 via display

connection 330.

[0038] To allow the auxiliary graphics subsystem 345 to display images on the display
25  device 325, an embodiment of auxiliary graphics subsystem 345 sends a duplicate request 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.
30 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.
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20 the integrated graphics subsystem 315 is switched to a data forwarding
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connection 410 to the integrated Z%r a]S)hi CS processi ng subsystem 4 )
20  subsystem 415 via bus connection 420. ed graphics subsystem 415 is

ata from the integrat
communicated with the Northbridge 405 is a similar fashion. To compensate for transit
delays introduced in communicating the second portion of data, an embodiment of the
Northbridge 405 and the integrated graphics subsystem 415 both delay the first portion of
data communicated over bus connection 410, thereby ensuring that the first and second

25  portions of data remain synchronized.

[0042] Figure 4B illustrates computer system 400 with an auxiliary graphics subsystem 455
attached. Auxiliary graphics subsystem 455 is attached to graphics connector 425 in place of
the loopback card 430. In this configuration, the integrated graphics subsystem 415 operates
in a data forwarding mode, as described above. Data is communicated from the Northbridge
30 405 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



The second portion of data fromthe Northbridge 405 travels via bus
connection 435 to the graphics connector 425, through the | oopback card
430, and then to the integrated graphics 20 subsystem 415 via bus connection
420. Data fr'8f05do66xt egr at ed graphi cs subsystem 415 i s PEIRRIMSOMOBY Wi t h
the Northbridge 405 is a simlar fashion. To conpensate for transit del ays
i nt r oduc egtaphicsc subsystem amay guse hdigisal com dnaleg tsyssems ffor forwarding edatro diome bus of  t he

Nort hbrid 4 t i gr aphi cs subsystem 415 both del ay the
first poﬁ%ﬁ%ﬁgg?i?gélggégﬁ%%%§%% ed over bus connection 410, thereby

ensuring th the first and secon 5 porti.qons data .renmai n synchroni zed.
[ 0042] gi l@ﬁ‘?ﬁ 4%“‘1 sef 905?%%0%‘%%%@%? ﬁ'\d&%@‘%\xf%‘f?ﬁsdwa glﬁ%&‘ﬁ“ﬂ 1On 88X phi s
subsyst e%4§e5auxma&9§ghgﬁiics Q\kl?&%térﬂ r4f35 Q{r&m}i DataSdis Yisd fIXiIfhe gfa?hi@{f, sudshedn t O

gr aphi cs connect or n ace o he "l oopback card 430 nthis

conf i dur a45508  commeunigatesgyith dhie Horthbrides 403bisyas similan fhigser It aw embpdimentat a
: rt e ' : .
Nor ¢ nbr 1 2R 38 S6E e A8 (AP BN Shics bslotn SEUR del/iHle S0 bifign of

por t i ons. dafheorhiimusicatpdraven bus cantetion 435, dherbbyp easutimgnthat thenfirdil @nd eecohé

i ntegrated graphi.cs pracessing.sybsystem 415. The integrated graphics
processi r‘i{j"'g‘tf’é&?ﬁtéﬁ&ﬂ‘ilgsi“ﬁbﬁ’%fz@gi rects the first portion over bus
connection 420 to the auxiliary graphics subsystem 455. As di scussed above,
t he int egi0844dd Thi® WEEPOS5pIYEEs 72 FOTEWS2ULing 1 npgradesq ta ghiegetedu geapbice m may

use djgital of S far. £0 j.n r ST i.on 410
o buld cnrestind 1Ry iR pRling Seblsle ChunBhys " A W et B BRELIRE

Nor t hbri dgeuidb the congpsensystednu AlthoughathisiimwentiGibhastbeeh Hizcussed Witlarefereicapdi Cs
subsystem 455 directly. ta fromthe auxil.i raphi cs subsystem 5.455 is
commni oIS EPRITE VR BV aran reabplib o efeling ¥ B ifeeratsd

enbodi mendompbRért NEF 1ad@emplier aystethhn Gncliidihg | Aldio ToRiPBhéifts HABS YsthRthidRipnHOL h
del ay the second portion of data conmunicated over bus connection 435,

t her eby €95WeNeNSs-t hEe inyentiqn: Bas hepn diseussrd Withr XePRast tofsperifie exemples and
synchysoni di&%@s“ﬂeréﬂgi SoWBVEE M He G afd! P ?u&nﬁé{ﬁé edﬂdelg‘%bnlektﬁgti%o Yrages to
integrated graphics 10 proces’sing subsystens W t hdut addi ng expénsive
conponentigsventioh Abusjthteascdpesofithie idgentign isad be detesnined sdlely byiputlaimssy st em

Al t hough this invention has been discussed with reference to conputer
graphi cs subsystens, the invention is applicable to upgrading any type of
integrated conponent of a conputer system including audi o conponents and
comuni cati ons conponents. The invention has been di scussed with respect to
speci fic exanpl es and
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15 enbodi nents thereof; however, these are nerely illustrative, and not
restrictive, of the invention. Thus, the scope of the invention is to be
determ ned sol ela/ g/ the clains. 13 WD 2005/ 106697 PCT/ US20051 014072 \WHAT
| S CLAI MED | %0 28054106687 conput er system conprising: 2 a cefftVEi200/%4¥d%si ng
unit; 3 a conputer core logic controller adapted to coordinate

conmuni ca I DiISlat a conmuni cati ons bus; 5 an integrated graphics
subsystem adapted to generate di splay data in response 6 to a set of

rendering information; 7 r adapted to communi cate with an
auxi | i !'Jtry gr aphi cs ? su s g;[%[’el? %&en?g&ﬁ&% nmuni cati ons bus connected with

the computer core I@gemratpﬂmbéﬁingemt 10 and including a first bus connection
adapted to communicate a set o renderhngﬁil nformation 11 from.the conputer

core |dgic control | BFOMBUELROTS leglsgoairellsr a&fﬂ‘lﬁ%%°°§ﬂl‘ﬁ§?§f”@ﬁ’hun§a%‘é’é8r‘iﬁf "’ous 12

connecli oQatadahnesiciidns 8UNi cate i nformati on between the integrated
graphi cs subsystem 13 and the graphics connector, and a third bus
connecfi on adapted ewintegmiedhgephies ubsysiemeadaptad tolgenratsrdismiay dptaiphespanse

connector o |l ogic controller; 15 wherein the integrated
gr aphi %:s su se@fgﬁr%qﬁgtﬁérégﬂ%ﬁhor mal operation mode 16 adapted to

communicate i nf or mah igeaphice cornectooajapted to amreudicay with bmatdibarg @aphids bus
connec&ion 17 and the third bus connection, and also includes a data
f or war iné“br%n’adapt ed to 18 conmunicate a set of rendering information

received via the fi aaataleaﬁnﬁ@rwﬁcﬁislbqycwnwe&wlthah%cah%udet 83t 16 AdRtr6er
subsystem via the second bus connection. . The co@rrggt er systemof claim

1, whébei and meluiilngegirmbeslcm@mn@dame@@b@yﬂmtematesa sgtiefgerd¢ring Hémmape in the
data f 1P ""?1%%' tHe.gccHP ter' cgrerlgéggﬁhﬁ%lltepto tn%m'fe%@ef%%@;l?saw?s& 9129 Qcac%hd o d from

t he graphlcs conn er-s whéerein the
| oopbazk camdction aaebmt e»cborr&nmmamnfmnancmh&mnmuinmg&tad(gnmmlsmbsymmh t he

third gusc nectjon. 1 4, T(gﬁw_ ut er %/tsteg] ntthe

| oopba © EEaPhigs pRrBgeton, apdia U3 CIBFEtogadapted We?OH’&i‘E“Célf Fﬁ“%é&"i ons bus

t oba Y9! t &R tHAbdphitdEbnBedtdrite theRmplifee B6:E 16pic codtrdllerauxi | i ary graphics

subs St em
y 15 wherein the integrated graphics subsystem includes a normal operation mode

16  adapted to communicate information to the computer core logic via the second bus connection

17 and the third bus connection, and also includes a data forwarding mode adapted to

18 communicate a set of rendering information received via the first bus connection with an

19 auxiliary graphics subsystem via the second bus connection.

1 2. The computer system of claim 1, wherein the integrated graphics
2  subsystem is adapted to operate in the data forwarding mode in response to the removal of a

3  loopback card from the graphics connector.

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

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

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

3 anauxiliary graphics subsystem.

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

3 graphics connector and an auxiliary graphics subsystem.
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1 5. The conputer systemof claim4, wherein the portion of the data 2
communi cations bus is a presence detect line adapted to indicate a
connection b 3 graphics connector and an auxil | raphi ¢s
subsyst em 1?%%\%8%%/9106697 PCTI US2005/ 014072 1 6. The kgﬁ%’ﬁg’ﬁ&é@@tem of
claim1l1, further conprising a display device 2 connected with the integrated
gr aphi cs subsystem and adapted to receive display data fromthe 3.

i ntegrhted graphi cs6subsyhe ermputergpigeraiofclaihi.| furthss spmprisipg p displar depdeca

f or war gli ngJIRAEy with helifie a??g)hw; LGS and SHBRYSS RS JRPBPHAD fof thecei ve
di spl ay data ro‘an tﬁlg laug{afei ry gr %g%ycs sau%sygtem Vi al theglgpgata

comuni catnitegnsedgraphids snbsystee; conput er system of claim 1, wherein the data

comunj cati ons bus is a,PCl - ress bus.. 1 8.. A graphic rocessi.-ng unit
adapt €t to be incl ulBEeHVEHe P%% a{?gﬁ(ﬂ% f&%ﬁ?‘}f‘%?%gﬁgg??fegﬁaﬁteo gr%lpshécérrput er
systeny counsystsh Didaeditol recesie digflay dutsfrean trenkiliary drapieecd sabsysadaghdd t o
receive a set of rendering 4 information froma first data bus connecti on;
and 5 & se¥BRYMBERISALONE PEbnnect i on interface adapted to communi cate
information 6 with a conputer systemvia a second data bus connection; 7
whereip the graphi cg proriRssipited Bistenh BEUMAES whhefein the daRARdMuGaBbR bugn 8
adapted to generate display data in response to a set of rendering

i nfornati ova PGRBxpessdsdnd 9 node of operation adapted to forward a set of
rendering information received via the first 10 data bus connection
interface to an auxgliar I I i ond 11
dat a bﬁs connecti oné'i nt e)r(fggar g{%@?&%e&gn gﬁg'r%gghi cs%?ﬁl%ﬁ%gnzmnﬁﬁg claim 8,
wher ei 2 t gmphjicapibsysten® oHa ooreputenrsystem; comprsingdes an anal og connecti on bet ween
the first data bus cgn tion interfa t.h an

conneéi on interf acaeﬁrsgﬁagab - Oﬁé& ‘rﬁ%“?é‘gﬂ’g%iﬁ ﬂg%ct%lﬁééna élztsggtgg%et%glg 4 to
transfer afforadndibn Gownd fidgdats b@mhnéctiphi,emdnt i ng rendering i nformati on and
received via the 5 first _data bus connecti 2 interface tp the.second data

0
bus cohnection int &t §e5end dafa s conpectign ierface adapirdde spmpunifate IBforaptign, g,
whereig t %:%E;Elh&?sﬁte?d%%%%&d?lﬁddﬁiﬂus%leb{%s a digital connection between

the first data s connection Int erfaqe 3 _a_nd f he second data b.us connecti on
interface, and wherwehereiniike griaphicsprocessingunit imoludes afiespmede oboperation

8 adapted to generate display data in response to a set of rendering information, and a second

9 mode of operation adapted to forward a set of rendering information received via the first
10  data bus connection interface to an auxiliary graphics processing subsystem via the second

11  data bus connection interface.

1 9. The graphics processing unit of claim 8, wherein the graphics

2  processing unit includes an analog connection between the first data bus connection interface

3  and the second data bus connection interface, and wherein the analog connection is adapted

4 to transfer an analog voltage signal representing rendering information and received via the

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

1 10.  The graphics processing unit of claim 8, wherein the graphics

2  processing unit includes a digital connection between the first data bus connection interface

3 and the second data bus connection interface, and wherein the digital connection is adapted to
4  interpret an analog voltage signal representing rendering information and received via the

5  first data bus connection interface into a digital signal and to convert the digital signal into an
6 analog voltage signal to be output from the second data bus connection interface.

15



4 interpret an anal og vol tage signal representing rendering infornmation and
received via the 5 first data bus connection interface into a digital signal
and to conver igital signal into an 6 analog volta i be
output fromt %E@glé%h%l data bus connection interface. 15 3@@%@%’6&%97
PCT1US2005/ 014072 1 11. The graphics processing unit of claim@8, further

i ncluding a display 2 connection interface, agapte Q, CO i cate di spl ay
informition to a didpi ay T&‘é@fa@ %CS‘RXPQ?Sél“ﬁ,unlt:?gaEﬁg%ﬁ@?d%ngﬁ ISpaY second
node of ORGHLALLIGM intet A& AapRBtESOnRhAHERSHidflayp Mifdrmaton@dadi§flay @evibe] WhRtine
display information froman auxiliary graphics subsystemvia the first data
bus 53comieletpentingindne secend modef oppratiep, shstaramhigsmesrssssingunitinpdaptid te) ai m 8,
further, adapted.t | L - LSk PR Akl Oihid Rust he second
mode of oﬁ%“ggtei%bsﬁg’?' ﬁr%}e@%g’hseﬂ %g?gggikﬁgﬁlg@gg’gﬁnmng%ro%the Conput er

syst ems whenktiod inerfacsemand i s i ssued in response to an 4 auxiliary
graphi cs subsystem bei ng connected with the conputer system 1 13. The

gr aphi ¢s processing, unitof claim12 wher.eip,.t.h nd_i.s,, 2 ¢ i cated
T aTthd 1 Pret data b cOfivarmpRerhiafessife BT afeits, TG an S o G RO
processi ngndiivist mede 6 operitided to the 8scohd molle o£pEramia in fespchsé eedéivingaed to the
graphi cs processing unit in the formof a sideband signal. 1 15. The

gr aphi 8s sewawsd fiag the rempitersysiew Whergindherommpnd isissued ifesroBsdAd™ 2 data
bus copnegti.an i : §s@ & Y EEFitPHS chib &kl S, 1 16. A conputer
core | ggi gahiélgﬁrg'rgg%qﬁé{s, G%??r%ﬁnl s?lﬁggc:o%&g Tl rlgt 8atg bu§&€eor’mecti on interface
adapted to send a set of rendering 3 information via a first data_bus
connectlion to an i nidgr aTeaigrgphiptprocessing yyis pbelpimpkd wherein hesaaumsad i bus
connectjion interf . ' ' j.on via a 5 second data bus
connecti ot COHA céféggla\?\tnﬂgﬁﬁgga%g‘ﬁ%?‘%@ﬁ@ﬁ%@%ﬁﬁc}%&dg' wherein the conputer core
| ogic controller is adapted to detect a connection 7 between the graphics
connectlor and an aut#l i aThe graplibs processing ysit efiglaiantl, iwhereds fervommandisend 8 a
commang to the inteqgrated graphics.subsystemindjcati.ng,that, the integrated
gr aphi 25 gogl{fﬁlggfgﬁegg? @‘ﬁ&ﬁa}p lcng%ﬁ?SH‘gt‘H’éMg&er?BfmPt‘hﬂg?l?aﬁs S188br mation to the
auxiliary graphics 10 subsystemvia a third data bus connection between the
i ntegrated graphi cs1Subsyhé gphkicsprobesing iinig b Higlhincs, wimneir tieofirst dhdkdcondhe

conputer core logic controller of aim 16,. further .adapted to send
P 2 data%us ccgmect?onnmte aces are PCﬂSxpress us interfaces. P

16. A computer core logic controller, comprising:

a first data bus connection interface adapted to send a set of rendering
information via a first data bus connection to an integrated graphics subsystem; and

a second data bus connection interface adapted to receive information via a
second data bus connection connected with a graphics connector;

wherein the computer core logic controller is adapted to detect a connection
between the graphics connector and an auxiliary graphics subsystem, and in response, to send

a command to the integrated graphics subsystem indicating that the integrated graphics

W 00 NN O »n W N~

subsystem should forward the set of rendering information to the auxiliary graphics

—
[en]

subsystem via a third data bus connection between the integrated graphics subsystem and the

—t
fom—y

graphics connector.

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

2 the command to the integrated graphics subsystem via a sideband signal.
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2 the command to the integrated graphics subsystemvia a sideband signal. 16
WO 2005/ 106697 PCTI US2005/ 014072 1 18. The conputer core logic controller
of claim 16, wherein the first and 2 second data bus connection interfaces
are PCl - Expr Q20330664 t er f aces. 1 19. The computer core | B§TUSA85O1B12 er of
claim16, further adapted to 2 detect the connection between the graphics
connector and an auxiliary graphics subsystemby 3 detecting a change in a
vol t agd val ue recei V8d byhe rempwernere l@gicaonualler ofieleion lawhemithefustand 4 a
portion of ) i change in a vol tage
val ue ir}s isﬁH}@eﬁa %ng%%QM%%%§ &%(?ngq%%%gggﬁergagg% fromthe graphics
connector. 1 20. The conputer core logic controller of claim16, wherein the
second 1 2 data bus dénnedhe computtrenofealogicicentaalkepbfclaitol 6, dorther adiptédtonat i on

froman in ted gr i CS subsy.stem via a,second data.bus connection
when 8% oigk e EanttRe heRrradbE HanHies hhec:d 35 PR e oS AREDY The
conput & CApteRtih®8chang® it 4 dltage valhie foéived Hsbthe Wrohe Hita biecsimeativh in@rfi@tioh bus
connection interface is adapted to receive information froman auxiliary

dap
graphi és  apastion9iihescgnadaa Beunmeciar.avisirin B characiin A VRKess wrede itated v
gr aphi Gs mymléfﬂosma@e&&%mm@gﬁ BicOEBlGS connector. 1 22. The

conput er l ogic controller of claiml16, further adapted to 2 receive
di splay information froman auxiliary graphics subsystemvia the second data

bus 3 lconnection i RPer f 388 cemputerrospiegigicratsaller phdaim o veierdimthgsaeandon to an
i nt t s, Lol Beifel - o3
|t ort oo, ot 8 Rofictich RIBRKS Sl Bive iRl Pl o EABRERA BOBs |

conput &r sAbgystem Viagisecood data bui$ emnedtioparhien afloapbeckndardiils conmeregsvitgthani t . 17 .

4  graphics connector.

21. The computer core logic controller of claim 16, wherein the second
data bus connection interface is adapted to receive information from an auxiliary graphics

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

HOW N =

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

HOW N =

subsystem via the first data bus connection interface.

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

2 core logic controller is part of a central processing umit.
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