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(57) ABSTRACT 

Apparatus and methods are provided for allowing tWo 
graphics controllers to cooperate on a single screen and for 
modifying the AGP protocol to provide symmetric capabili 
ties for both AGP targets and AGP masters. According to one 
embodiment of the present invention tWo graphics control 
lers may cooperate as one virtual graphics controller. A ?rst 
graphics controller renders a ?rst subset of pixels of a 
display to a local memory of the ?rst graphics controller. A 
second graphics controller renders a second subset of pixels 
of the display to a local memory of the second graphics 
controller. Then, after both the ?rst graphics controller and 
the second graphics controller have completed their respec 
tive rendering, merging the content of the local memory of 
the ?rst graphics controller and the content of the local 
memory of the second graphics controller. 
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UPGRADING AN INTEGRATED GRAPHICS 
SUBSYSTEM 

COPYRIGHT NOTICE 

[0001] Contained herein is material that is subject to 
copyright protection. The copyright oWner has no objection 
to the facsimile reproduction of the patent disclosure by any 
person as it appears in the Patent and Trademark Office 
patent ?les or records, but otherWise reserves all rights to the 
copyright Whatsoever. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates generally to graphics sub 
systems in personal computers. More particularly, the inven 
tion relates to an upgrade solution for an integrated graphics 
controller and various Accelerated Graphics Port (AGP) 
protocol modi?cations to provide symmetric capabilities to 
both AGP targets and AGP masters. 

[0004] 2. Description of the Related Art 

[0005] All modem personal computers (PCs) contain a 
graphics subsystem. Through the years, this subsystem has 
increased in sophistication to the point that 2D acceleration, 
3D acceleration, and video functions are considered stan 
dard in all PCs. The usage model of a 3D graphics controller 
exhibits a very asymmetric traf?c pattern. The processor 
tends to deliver commands to the graphics controller by 
Writing directly to it or by Writing command buffers in 
memory. While the command traf?c may be a fairly large 
amount of traf?c in an absolute sense, it is a small percentage 
of the total traf?c betWeen the core logic chipset and the 
graphics controller. Most of the traf?c is a result of the 
graphics controller initiating access to and interfacing With 
main memory. Typically, the graphics controller is reading 
from main memory. For example, the graphics controller 
may access texture information directly from main memory 
or sWap in the next chunk of geometry. In order to keep the 
complexity of the de?nition doWn, the Accelerated Graphics 
Port (AGP) speci?cation de?nes a “port” capable of sup 
porting only tWo active device, an initiator (or master) and 
a target, having asymmetric capabilities. 

[0006] While traditionally, in order to preserve ?exibility, 
the graphics controller has been implemented as a discreet 
component, it has been found that integrating the graphics 
controller With the North Bridge of the core logic chipset can 
produce solutions With better price/performance ratios. Such 
integration, hoWever, removes ?exibility in the selection of 
the graphics subsystem. Since motherboard and system 
vendors commonly use the graphics subsystem as an area to 
differentiate their systems and the graphics subsystem is one 
of the most rapidly changing areas Within PCs, it is impor 
tant to retain an upgrade path for any graphics subsystem 
design. 
[0007] In a system employing Accelerated Graphics Port 
(AGP) enabled devices, as illustrated in FIG. 1A, upgrading 
the graphics subsystem presently requires a system’s exist 
ing graphics controller to be disabled in favor of an upgraded 
graphics controller residing on an add-in card. The system of 
FIG. 1A includes a chipset 110 that acts as the target of AGP 
requests from motherboard graphics 130. The chipset 110 
and motherboard graphics 130 communicate by Way of an 
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AGP bus 111. Also coupled to the AGP bus 111 is an AGP 
connector 120. The AGP connector 120 provides an upgrade 
path for the motherboard graphics 130 by alloWing instal 
lation of an expansion card. HoWever, because the AGP 
protocol Was developed Without the concept of a three load 
bus, only tWo devices, an AGP master and an AGP target, 
may be enabled at a time. 

[0008] Consequently, as illustrated in FIG. 1B, When an 
AGP expansion card 140 is installed, it replaces the existing 
AGP graphics controller 130 Which must be disabled and 
therefore becomes dormant. In a system employing an 
integrated graphics controller, such an upgrade mechanism 
Would result in a signi?cant Waste of resources as the 
integrated graphics controller may easily represent over a 
million gates. 

BRIEF SUMMARY OF THE INVENTION 

[0009] According to one embodiment of the present inven 
tion tWo graphics controllers may cooperate as one virtual 
graphics controller. A ?rst graphics controller renders a ?rst 
subset of pixels of a display to a local memory of the ?rst 
graphics controller. A second graphics controller renders a 
second subset of pixels of the display to a local memory of 
the second graphics controller. Then, after both the ?rst 
graphics controller and the second graphics controller have 
completed their respective rendering, merging the content of 
the local memory of the ?rst graphics controller and the 
content of the local memory of the second graphics control 
ler. 

[0010] Other features and advantages of the invention Will 
be apparent from the accompanying draWings and from the 
detailed description. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0011] The present invention is illustrated by Way of 
example, and not by Way of limitation, in the ?gures of the 
accompanying draWings and in Which like reference numer 
als refer to similar elements and in Which: 

[0012] FIG. 1A is a block diagram of an AGP enabled 
graphics subsystem. 

[0013] FIG. 1B illustrates a prior approach for upgrading 
the graphics subsystem of FIG. 1A. 

[0014] FIG. 2 is a block diagram of a system utiliZing an 
integrated graphics chipset according to one embodiment of 
the present invention. 

[0015] FIG. 3A conceptually illustrates tWo graphics con 
trollers cooperating on a single screen according to one 
embodiment of the present invention. 

[0016] FIGS. 3B-3E conceptually illustrate other Ways of 
dividing the screen according to alternative embodiments of 
the present invention. 

[0017] FIG. 4 is a How diagram illustrating virtual graph 
ics controller processing according to one embodiment of 
the present invention. 

[0018] FIG. 5 is a How diagram illustrating virtual graph 
ics controller processing according to another embodiment 
of the present invention. 
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[0019] FIG. 6 is a How diagram illustrating chunking 
processing according to one embodiment of the present 
invention. 

[0020] FIG. 7 is a simpli?ed block diagram that illustrates 
current Accelerated Graphics Port (AGP) signaling. 

[0021] FIG. 8 is a block diagram that illustrates modi? 
cations to the signaling of FIG. 7 to implement symmetrical 
AGP according to one embodiment of the present invention. 

[0022] FIG. 9 is a block diagram illustrating an AGP 
device architecture and data How among the relevant com 
ponents according to one embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] Apparatus and methods are provided for alloWing 
tWo graphics controllers to cooperate on a single screen and 
for modifying the AGP protocol to provide symmetric 
capabilities for both AGP targets and AGP masters. Broadly 
stated, embodiments of the present invention seek to provide 
a technique for providing an efficient upgrade path for an 
integrated graphics subsystem of a PC-compatible system. 
For example, according to one embodiment, an AGP bus 
may have tWo devices attached to it: (1) a core logic device 
having an integrated graphics subsystem, and (2) a card slot 
in Which an upgrade graphics controller add-in card may be 
installed. Rather than disabling the embedded graphics 
controller When the upgrade graphics controller is present, 
the tWo graphics controllers can cooperate. In one embodi 
ment, the invention enables the design of high performance 
graphics systems that distributes graphics Workload With 
minimal enhancements to the AGP protocol. For example, 
the tWo graphics controllers may transfer data betWeen each 
other using modi?ed AGP signaling Which enables symmet 
ric capabilities for both AGP targets and AGP masters. 

[0024] In the folloWing description, for the purposes of 
explanation, numerous speci?c details are set forth in order 
to provide a thorough understanding of the present inven 
tion. It Will be apparent, hoWever, to one skilled in the art 
that the present invention may be practiced Without some of 
these speci?c details. In other instances, Well-knoWn struc 
tures and devices are shoWn in block diagram form. 

[0025] The present invention includes various steps, 
Which Will be described beloW. The steps of the present 
invention may be performed by hardWare components or 
may be embodied in machine-executable instructions, Which 
may be used to cause a general-purpose or special-purpose 
processor or logic circuits programmed With the instructions 
to perform the steps. Alternatively, the steps may be per 
formed by a combination of hardWare and softWare. 

[0026] Importantly, While embodiments of the present 
invention Will be described With reference to the Accelerated 
Hub Architecture upon Which the Intel® 810 chipset is 
based, the method and apparatus described herein are 
equally applicable to other types of chipset partitioning, 
such as integration of graphics cores into the traditional 
chipset north bridge (INTEL is a trademark or registered 
trademark of Intel Corporation of Santa Clara, Calif.). 

[0027] Additionally, for convenience, embodiments of the 
present invention Will be described With reference to spatial 
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partitioning, e.g., tWo graphics controllers doing the same 
type of Work but on different portions of a frame buffer. 
HoWever, the present invention is equally applicable to other 
types of partitioning, such as factional partitioning in Which 
the controllers split the front and back of the graphics 
pipeline. For example, one graphics controller, e.g., the 
integrated graphics controller, may perform the geometry 
stage of the graphics pipeline and the other graphics con 
troller, e.g., the external device may perform setup and 
rendering. Alternatively, the controllers may cooperate to 
pre-compute an intermediate result, such as calculating the 
resulting color for one texture of a multi-textured triangle. 
Of course, various other factional partitioning approaches 
may be employed. 

[0028] Finally, for clarity, embodiments of the present 
invention are described With reference to the use of tWo 
cooperating graphics controllers. It is contemplated, hoW 
ever, that multiple graphics controllers may be employed by 
coupling each to a common connection fabric. 

[0029] Terminology 
[0030] Before describing an exemplary environment in 
Which various embodiments of the present invention may be 
implemented, some terms that Will be used throughout this 
application Will brie?y be de?ned. 

[0031] “Accelerated Graphics Port” (AGP) is a high 
performance bus speci?cation, as described in the Acceler 
atea' Graphics Port Interface Speci?cation, Revision 2.0, 
May 4, 1998 and subsequent revisions thereto, that is 
designed for fast, high-quality display of 3D graphics and 
video images. 

[0032] The term “master” generally refers to the initiator 
of AGP transactions to transfer data to or from main 
memory. AGP contemplates the graphics controller acting as 
the master of AGP transactions. That is, the graphics con 
troller issues transaction requests and the core logic later 
initiates the corresponding data transaction. 

[0033] The term “target” generally refers to the AGP 
device, e.g., the core logic, that services the request of the 
master. 

[0034] The term “virtual Wire function” generally refers to 
replacing something that had previously been signaled 
explicitly With a command type on a shared bus. For 
example, virtual Wire functions can be used to assert and 
deassert signals Without affecting state machine operation as 
the only difference is the signal is received as a result of a 
command decode rather than a buffer receiving and syn 
chroniZing a pin. 

[0035] The term “chunking” generally refers to a mecha 
nism used to take advantage of 2D locality to optimiZe page 
hits Whereby a graphics controller operates on a rectangular 
portion of the screen representing a portion of multiple 
scanlines. Because it is very likely that adjacent pixels Will 
need the same texture values, chunking can achieve better 
performance than simple-mindedly operating on a single 
scanline at a time. 

[0036] 
[0037] FIG. 2 is a block diagram of a system utiliZing an 
integrated graphics chipset 220 according to one embodi 
ment of the present invention. The architecture depicted 

Integrated AGP Architecture OvervieW 
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includes a processor 210, an AGP device 230, and a memory 
240. The chipset 220 is coupled to the AGP device 230, the 
processor 210, and the memory 240 through an AGP bus 
221, a processor bus 222, and a memory bus 223, respec 
tively. The chipset 220 may represent a traditional chipset 
north bridge having an integrated graphics core. HoWever, 
preferably, the chipset 220 has an architecture similar to that 
of the Intel 810 chipset Which includes a memory controller 
(not shoWn) With built-in graphics technology (integrated 
AGP) and is based on the Accelerated Hub Architecture. The 
Accelerated Hub Architecture is capable of providing each 
critical multimedia subsystem With a direct link to the 
chipset 220. For example, in addition to the interfaces 
discussed above, the chipset 220 may also include direct 
interfaces for IDE (Intelligent Drive Electronics or Inte 
grated Drive Electronics), audio, modem, and USB sub 
systems. 

[0038] Virtual Graphics Controller OvervieW 

[0039] According to embodiments of the present inven 
tion, rather than disabling an existing AGP graphics con 
troller When an AGP expansion card is installed as illustrated 
in FIG. 1B, a mechanism is provided for alloWing the 
integrated AGP graphics controller and the upgrade graphics 
controller to cooperate as one virtual graphics controller. 
Advantageously, in this manner, a signi?cant amount of 
resources may be conserved. 

[0040] At any rate, in order to keep the complexity of the 
virtual graphics controller environment doWn, preferably a 
single driver With minor enhancements is used to command 
the integrated graphics product, the discreet graphics prod 
uct, and the performance enhanced system that includes both 
controllers. Additionally, the description herein assumes that 
both controllers have compatible command sets, thereby 
alloWing the driver to lay doWn a single command list 
comprising commands from a common command set that 
the controllers independently process. Advantageously, in 
this manner, the driver can lay doWn commands Without 
caring Which of the graphics controllers is going to execute 
the command. It is not necessary that each controller under 
stand all commands understood by the other; hoWever, 
preferably there exists a reasonably siZed subset of com 
mands that can be processed by both controllers. 

[0041] In alternative embodiments, the driver may deal 
With each graphics controller on an individual basis. For 
example, the driver may divide the commands among the 
tWo or more cooperating graphics controllers by laying 
doWn tWo different command lists, for example. HoWever, 
this approach is thought to reduce performance since too 
much time Would be spent in the driver making these 
decisions. 

[0042] Referring noW to FIG. 3A, the cooperation of tWo 
graphics controllers as a virtual graphics controller 350 Will 
noW be described. According to this conceptual illustration, 
the virtual graphics controller 350 includes a primary graph 
ics controller 310 and a secondary graphics controller 320 
that update the contents of a frame buffer 330. The frame 
buffer 330 is a portion of memory from Which the screen is 
rendered. As such, the frame buffer 330 contains a complete 
bit-mapped image representation of What is to be displayed 
on the monitor 340. For example, the frame buffer 330 
includes information regarding the color to paint each pixel 
of the screen. The location of the frame buffer 330 has 
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changed over time and is not a primary concern. According 
to one embodiment, the frame buffer 330 may be stored in 
memory local to the primary graphics controller 310. HoW 
ever, in alternative embodiments, the frame buffer 330 may 
be represented as a portion of main memory 240. Preferably, 
the frame buffer 330 implements a multiple buffering 
scheme. For example, the frame buffer 330 may includes a 
front buffer from Which the screen is updated and a back 
buffer to Which the graphics controllers 310 and 320 Write 
While the front buffer is being displayed. When the display 
update is complete, then the front buffer becomes the back 
buffer, the back buffer becomes the front buffer, and the 
process continues. In alternative embodiments, more than 
one back buffer may be employed in Which case a queue of 
back buffers may be provided thereby alloWing the graphics 
controllers 310 and 320 to render one or more frames ahead 
of the currently displayed frame. 

[0043] In this example, division of Work betWeen the 
controllers 310 and 320 has been accomplished by assigning 
portions, e. g., chunks, of the frame buffer 330 to the graphics 
controllers 310 and 320 according to a checker board 
pattern. Speci?cally, responsibility for rendering of the dark 
rectangular regions of the frame buffer 330 has been allo 
cated to the primary graphics controller 310 and responsi 
bility for the White regions has been assigned to the sec 
ondary graphics controller 320. Various other allocations of 
the frame buffer 330 may be employed to coordinate the 
processing of the graphics controllers 310 and 320. For 
example, FIGS. 3B-3E conceptually illustrate other Ways of 
dividing the screen according to alternative embodiments of 
the present invention. According to FIG. 3B, one of the 
graphics controllers is responsible for the upper portion of 
the screen and the other updates the portion of the frame 
buffer 330 corresponding to the loWer portion of the screen. 
In the example of FIG. 3C, alternating horiZontal stripes 
comprising one or more horiZontal scanlines have been 
assigned to the controllers 310 and 320. FIG. 3D depicts an 
allocation in Which one controller updates the portion of the 
frame buffer 330 corresponding to the right-hand portion of 
the screen and the other is responsible for the left-hand 
portion of the screen. Finally, FIG. 3D represents an assign 
ment Whereby alternating vertical stripes are handled by the 
controllers. 

[0044] Importantly, these examples are not intended to be 
exhaustive or limiting on the invention, rather they are 
intended merely to illustrate a sampling of the many possible 
Ways of physically allocating portions of a single screen 
betWeen tWo cooperating graphics controllers 310 and 320. 

[0045] Various tradeoffs should be kept in mind When 
deciding upon a Way to partition the screen. While ?ner 
granularity Will result in better load balancing, smaller strips 
may require more overhead. For example, if texture aver 
aging is to be performed along the strip boundaries, then 
overhead in terms of retrieving texture information Will be 
high because both graphics controllers Will need to access 
the same texture information. Therefore, generally speaking, 
smaller strips are desirable for load balancing, While larger 
strips are preferable if the goal is to avoid overlap of things 
like texture load. 

[0046] Virtual Graphics Controller Processing 

[0047] FIG. 4 is a How diagram illustrating virtual graph 
ics controller processing according to one embodiment of 
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the present invention. In one embodiment, the steps 
described below may be performed under the control of a 
programmed processor. HoWever, in alternative embodi 
ments, the steps may be fully or partially implemented by 
any programmable or hardcoded logic, such as Field Pro 
grammable Gate Arrays (FPGAs), TTL logic, or Application 
Speci?c Integrated Circuits (ASICs), for eXample. Brie?y, in 
this eXample, one controller is initialiZed as the primary 
displayer, the other is established as the secondary displayer, 
and each controller renders to a local memory. When both of 
the controllers have completed processing the commands 
associated With their portion of the screen, the secondary 
displayer merges the information from its local memory into 
the local memory of the primary displayer and primary 
displayer displays the resulting complete bit-mapped image 
on the screen. 

[0048] At step 410, initialiZation is performed. For 
eXample, the screen partitioning, e.g., strip allocations, may 
be established by the driver. Additionally, the graphics 
controllers may each receive an indication from the driver 
that another graphics controller Will be sharing the Work 
load. Finally, each of the graphics controllers may be 
assigned primary or secondary responsibility for certain 
functions, such as display, synchroniZation, acknoWledge 
ment, etc. 

[0049] At step 420, each graphics controller renders the 
piXels it has been assigned to its local memory. It should 
become apparent that half the time the data the graphics 
controller 310 needs for rendering must be read from 
graphics controller 320 and vice versa. For eXample, a 
bit-block transfer (bitblt) to move a rectangle from one 
portion of the screen to another in Which piXels from Where 
the rectangle started are in the portion of the frame buffer 
330 controlled by graphics controller 320 and piXels Where 
the rectangle is to be moved are in the portion of the frame 
buffer 330 controlled by graphics controller 310 Will require 
data to be transferred from graphics controller 320 to 
graphics controller 310. An approach for determining Which 
graphics controller is responsible for initiating the informa 
tion transfer and updates involving such piXels moving from 
a portion of the screen being managed by one controller to 
a portion of the screen allocated to the other is described 
beloW. 

[0050] At step 430, the graphics controllers are synchro 
niZed to assure both graphics controllers have completed 
rendering prior to performing the merge operation. Advan 
tageously, this alloWs graphics controllers of differing 
speeds and/or spatial partitions resulting in disproportionate 
loads to be accommodated. Exemplary control and synchro 
niZation mechanisms for coordinating the processing of tWo 
or more cooperating graphics controllers are described 
beloW. 

[0051] At step 440, the graphics controller that has been 
designated as the secondary displayer merges the contents of 
its local memory into the local memory of the primary 
displayer by initiating a Write transaction. 

[0052] Finally, at step 450, the primary displayer updates 
the display. 

[0053] FIG. 5 is a flow diagram illustrating virtual graph 
ics controller processing according to another embodiment 
of the present invention. Brie?y, in this eXample, no merging 
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is performed. Rather, the primary displayer device knoWs 
What the display map looks like and When it needs to display 
a raster line that eXists locally on the other graphics con 
troller, it simply reads it from the other graphics controller. 
In such a situation, symmetrical AGP capabilities become 
desirable as both graphics controllers are performing ren 
dering and Will each inevitably need to read from the other 
to accomplish their rendering. Modi?ed signaling to accom 
plish symmetrical AGP is described beloW. 

[0054] At step 510, initialiZation of the graphics control 
lers is performed. As described above, initialiZation may 
include, spatial partitioning of the screen and designation as 
the primary or secondary controller responsible for various 
tasks, such as displaying, synchroniZation, and/or acknoWl 
edgement, e.g., strip allocations, may be established by the 
driver. 

[0055] At step 520, each graphics controller renders 
locally. At step 530, the graphics controllers are synchro 
niZed. 

[0056] Then, display processing begins at step 540 Where 
a determination is made regarding the location of the neXt 
raster line. This determination may be made With reference 
to the display map provided to the primary displayer during 
initialiZation. At any rate, if the neXt raster line is located in 
the memory of the secondary displayer, then processing 
continues With step 550. HoWever, if the current raster line 
is located in the primary displayer, then processing proceeds 
to step 560. 

[0057] At step 550, the primary displayer reads the neXt 
raster line from the secondary displayer. Subsequently, con 
trol ?oWs to step 560. 

[0058] At step 560, if more raster lines need to be pro 
cessed, then processing loops back up to step 540; other 
Wise, processing continues to step 570. 

[0059] Regardless of the location of the raster lines pre 
viously during step 540, at step 570, the all the raster data is 
noW local to the primary displayer and the primary displayer 
can update the display. 

[0060] Destination Dominant Rendering Approach 

[0061] An approach for determining Which graphics con 
troller is responsible for updates involving a piXel that 
moves from a portion of the screen being managed by one 
controller to a portion of the screen allocated to the other 
Will noW be described. For example, as described above, in 
the case of a bit-block transfer (bitblt), piXels in one graphics 
controller’s area of responsibility may end up in the other 
graphics controller’s portion of the screen. In such a situa 
tion, source information needed to perform rendering pro 
cessing by the graphics controller to Which the destination 
piXels are assigned resides in the other controller. In one 
embodiment, a destination dominant approach may be 
employed to determine Which controller is responsible for 
rendering such a piXel. According to the destination domi 
nant rendering approach, Whichever controller has the des 
tination piXel local to it for rendering is responsible for the 
move, e.g., responsible for reading the information for 
updating the piXel from the other. Importantly, in such 
situations, it may be helpful to maintain local scratch pads 
in Which a copy of the needed information from the other 
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graphics controller may be read and stored before it is 
overwritten by the other graphics controller’s rendering 
processing. 

[0062] Chunking 

[0063] FIG. 6 is a flow diagram illustrating chunking 
processing according to one embodiment of the present 
invention. Previous embodiments have focused on spatial 
partitioning; hoWever, better load balancing may be 
achieved by the chunking technique that Will noW be 
described. Brie?y, rather than assigning a predetermined 
portion of the frame buffer to each of the graphics controllers 
310 and 320, each graphics controller 310 and 320 may 
independently pull a group of commands associated With a 
chunk from a common pool at its oWn rate. Advantageously, 
in this manner, the faster of the graphics controllers 310 and 
320 Will necessarily and appropriately perform more Work. 

[0064] At step 605, the driver creates command lists for 
each chunk. Each graphics controller 310 and 320 is 
assigned an initial chunk at step 610. Then, the graphics 
controllers 310 and 320 essentially begin to independently 
process chunks at their oWn pace. 

[0065] At step 615, the graphics controller processes the 
neXt command from the list associated With its assigned 
chunk. 

[0066] At step 620, if the command is the ?nal one for the 
chunk, then processing continues With step 625. OtherWise, 
processing loops back to step 615. 

[0067] At step 625, if the graphics controller is the sec 
ondary graphics controller, then processing continues With 
step 630. OtherWise, if the graphics controller is the primary 
graphics controller, then processing proceeds to step 635. 

[0068] At step 630, the secondary graphics controller 
merges the content of its local memory into that of the 
primary graphics controller. After step 630, processing con 
tinues With step 635. 

[0069] At step 635, the graphics controller determines if 
any more chunks are available for processing. If not, pro 
cessing branches to step 645. If there are more chunks 
available in the common pool of chunks, then processing 
proceeds to step 640. 

[0070] At step 640, the graphics controller is assigned the 
neXt chunk from the common pool and processing loops 
back to step 615. 

[0071] At step 645, the graphics controllers 310 and 320 
are synchroniZed according to one of the techniques 
described beloW and processing continues With step 650. 

[0072] Finally, at step 650, after the graphics controllers 
310 and 320 have been synchroniZed, the primary displayer 
causes the display to be updated With the contents of its local 
memory. 

[0073] In the Worst case, When the ?rst graphics controller 
is ?nished, e.g., all chunks have been exhausted from the 
common pool, it Will be only a portion of a chunk ahead of 
the other thereby minimiZing the Wait time for the ?rst 
?nisher. 
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[0074] Current AGP Signaling 

[0075] FIG. 7 is a simpli?ed block diagram that illustrates 
current Accelerated Graphics Port (AGP) signaling betWeen 
an AGP master 720 and an AGP target 730. The signals 
depicted in this eXample include: an Address/Data bus 
710, a sideband address (SBA) port 711, a grant (GNT#) 
signal 712, a status (ST) bus 713, a Write buffer full (WBF#) 
signal 714, a system error (SERR#) signal 715, a bus request 
(REQ#) signal 716, a pipeline (PIPE#) signal 717, an 
initiator ready (IRDY#) signal 718, and a target ready 
(TRDY#) signal 719. 
[0076] The Address/Data bus 710 is the physical 
data conduit betWeen the master 720 and the target 730 
during data transactions. The master 720 sources Write data 
on the AD bus 710 for Write data transactions; and the target 
730 sources read data on the AD bus 710 for read data 
transactions. As a multiplexed address/data bus, the AD bus 
710 may be used to transfer both request information as Well 
as data. HoWever, When requests are issued over the side 
band address port (SBA) 711, the AD bus 710 may be used 
solely for the transfer of data betWeen the master 720 and the 
target 730. 

[0077] The sideband address (SBA) port 711 may be used 
by the AGP master 720 to issue transaction requests to the 
AGP target 730 rather than issuing transaction requests over 
the AD bus 710 and C/BE bus (not shoWn). Either PIPE#717 
and the AD bus 710 and C/BE bus are used to issue 
transaction requests, or the SBA 711. Therefore, if a master 
720 implements the SBA 711, there is no need to implement 
the PIPE# mechanism. 

[0078] The grant (GNT#) signal 712 is asserted by the 
AGP target 730 to indicate the grant of oWnership to the 
AGP master 720 of the bus(ses) over Which transaction 
requests are issued, e.g., the PIPE# bus 717, the AD bus 710 
and the C/BE bus or the SBA bus 711. 

[0079] The status (ST) bus 713 is used by the AGP target 
to indicate the reason for the grant of transaction bus 
oWnership to the AGP master 720. 

[0080] The Write buffer full (WBF#) signal 714 is an 
optional signal that may be used as an output by the master 
720 to inhibit fast Write transactions. 

[0081] The system error (SERR#) signal 715 is an optional 
signal used to indicate the detection of an address phase 
parity error, or some other critical error. 

[0082] The bus request (REQ#) signal 716 is asserted by 
the AGP master 720 to request oWnership of the AD bus 710 
and the C/BE bus so the AGP master 720 can issue one or 
more transaction requests to the target 730. 

[0083] The pipeline (PIPE#) signal 717 is only used by the 
AGP master 720 When the AD bus 710 and the C/BE bus are 
used to issue transaction requests. The PIPE# signal 717 
indicates the AD bus 710 and the C/BE bus contain a valid 
address and command. 

[0084] The initiator ready (IRDY#) signal 718 is asserted 
by the AGP master 720 to indicate that it is ready for a data 
transaction. In a Write data transaction, IRDY#718 asserted 
indicates that the master 720 is ready to provide data to the 
target. In a read data transaction, IRDY#718 asserted indi 
cates that the master 720 is ready to accept data from the 
target 730. 
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[0085] The target ready (TRDY#) signal 719 is asserted by 
the AGP target 730 to indicate that it is ready for a data 
transaction. In a Write data transaction, TRDY#719 asserted 
indicates the target 730 is ready to accept data from the 
master 720. In a read data transaction, TRDY#719 asserted 
indicates the target 730 is ready to provide data to the master 
720. 

[0086] Modi?ed Signaling for Symmetrical AGP 
[0087] FIG. 8 is a block diagram that illustrates modi? 
cations to the signaling of FIG. 7 to implement symmetrical 
AGP according to one embodiment of the present invention. 
Although, according to this embodiment, an AGP target 830 
is given initiator capabilities and an AGP master 820 is 
alloWed to act as a target thereby letting each have the role 
of the other, for purposes of this discussion, the integrated 
graphics controller and the upgrade graphics controller Will 
continue to be referred to as the target and the master, 
respectively, in accordance With AGP convention. 

[0088] In this eXample, the folloWing signals are depicted: 
an Address/Data bus 810, a sideband address (SBA) 
port 811, a grant (GNT#) signal 812, a status (ST) bus 813, 
a master SBA request (MSBA_REQ) signal 821, a target 
SBA request (TSBA_REQ) signal 831, a master grant 
request (MGNT_REQ) signal 822, a target grant request 
(TGNT_REQ) signal 832, an initiator ready (IRDY#) signal 
818, and a target ready (TRDY#) signal 819. Importantly, 
With the eXception of the MSBA_REQ signal 821, the 
TSBA_REQ signal 831, the MGNT_REQ signal 822, and 
the TGNT_REQ signal 832, all the signals are noW bidirec 
tional thereby facilitating symmetric AGP capabilities. 
[0089] As illustrated by various eXamples above, it is 
sometimes desirable to alloW either graphics controller 310 
and 320 to initiate AGP commands to be serviced by the 
other device. This requires that the integrated graphics 
controller (target) have a means of gaining control of the 
SBA port 811 together With their associated strobes to 
transmit commands. Also, the upgrade graphics controller 
(master) must be able to gain control of GNT# signal 812 
and the ST bus 813 that together are used to initiate the data 
transfers that complete a previously received AGP com 
mand. Therefore, the SBA port 811 and the combination of 
the GNT# signal 812 and the ST bus 813 form tWo resources 
that need to be arbitrated. 

[0090] Preferably, to maXimiZe performance, the SBAport 
811 and the combination of the GNT# signal 812 and the ST 
bus 813 should be arbitrated independently thereby alloWing 
a device to schedule the completion of an AGP command by 
the assertion of the GNT# signal 812 While simultaneously 
delivering a neW AGP command to the other device. Alter 
natively, an assumption could be made that the SBAport 811 
and both the GNT# signal 812 and the ST bus 813 point in 
the same direction. HoWever, this Would have the effect of 
inhibiting the concurrent completion scheduling and deliv 
ery of a neW AGP command to the other device as discussed 
above thereby providing a lesser performance embodiment. 

[0091] With regard to the AD bus 810, the C/BE bus, the 
IRDY# signal 818, and the TRDY# signal 819, the grants 
determines What kind of transaction is happening on the AD 
bus 810 neXt, e.g., direction of the data ?oW, What transac 
tion type is being completed, etc. Therefore, these signals 
may be scheduled based on the state of the ST bus 813 When 
the GNT# signal 812 is asserted and the subsequent data 
How control. 
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[0092] According to one embodiment, the REQ# signal 
716 and the WBF# signal 714, referred to in this eXample as 
the MSBA_REQ signal 821 and the TSBA_REQ signal 831, 
are used as a request pair for the SBA port 811. In addition, 
the PIPE# signal 717 and the SERR# signal 715, referred to 
in this eXample as the MGNT_REQ signal 822 and the 
TGNT_REQ signal 832, are used as a request pair for both 
the GNT# signal 812 and the ST bus 813. 

[0093] While one or more other signals may be used in 
place of one or more of the REQ# signal 716, the WBF# 
signal 714, the PIPE# signal 717, and the SERR# signal 715 
for purposes of gaining access to the SBA port 811 and 
GNT#/ST, a brief justi?cation for these choices Will noW be 
provided. 

[0094] The AGP speci?cation alloWs the AGP target 830 
to deliver fast Writes to the AGP master 820 using a modi?ed 
PCI protocol. This is not required if the AGP target 830 can 
acquire mastership. In this case, AGP Write commands can 
be used for high bandWidth data transfer. Consequently, this 
removes the need for the WBF# signal 714. 

[0095] From the discussion above With respect to FIG. 7, 
it should be apparent that the PIPE# signal 717 and the SBA 
port 711 are tWo different mechanisms/syntaXes to commu 
nicate essentially the same thing, e.g., the same set of 
commands. That is, there is nothing of signi?cance that can 
be accomplished With the PIPE# signal 717 that couldn’t be 
implemented With the SBAport 711. Since the SBA port 711 
is higher performance and the PIPE# signal 717 and the SBA 
port 711 are relatively equivalent, the PIPE# signal 717 is no 
longer needed as a delivery mechanism. 

[0096] A reserved AGP command opcode may be used to 
implement a virtual Wire function. Virtual Wires can be used 
to implement the SERR# signal 715 and the PCI REQ# 
signal 716. Therefore, there is no need for these signals. 

[0097] Advantageously, by using eXisting AGP pins for 
arbitrating the tWo resources, symmetric AGP may be imple 
mented on a standard AGP connector. In alternative embodi 
ments, hoWever, a motherboard doWn device may be used or 
a neW connector type may be employed thereby alloWing 
other pins than those speci?ed above to be employed for 
arbitration. 

[0098] AGP Device Architecture 

[0099] FIG. 9 is a block diagram illustrating an architec 
ture of an AGP device 1000 representing an AGP master or 
an AGP target according to one embodiment of the present 
invention. In the embodiment depicted, the AGP device 900 
includes ?ve bus interfaces: a transaction request interface 
905, a transaction request arbitration interface 920, a data 
transaction interface 930, a data transaction initiation inter 
face 945, and a data transaction initiation arbitration inter 
face 950. 

[0100] The transaction request arbitration interface 920 is 
coupled to the request pair for the SBA port 811, i.e., the 
MSBA_REQ signal 821 and the TSBA_REQ signal 831. In 
this eXample, arbitration is distributed betWeen a request 
arbiter 925 of the AGP device 900 and a request arbiter on 
the other graphics controller. Preferably, both arbiters imple 
ment a common round-robin arbitration scheme. According 
to this embodiment, the request arbiter 925 asserts the 
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MSBA_REQ signal 821 on behalf of the AGP device 900 if 
any commands are present in the outbound transaction 
request queue 915. 

[0101] The transaction request interface 905 is coupled to 
the SBA port 811 for transmitting and receiving commands 
to/from the other graphics controller. Commands received 
from the other graphics controller are enqueued on the 
inbound transaction request queue 910 to await subsequent 
processing. If one or more commands reside in the outbound 
transaction request queue 915, then the command at the front 
of the queue is transmitted to the other graphics controller 
upon receiving an indication from the request arbiter 925 
that the AGP device 900 has been granted access to the SBA 
port 811. 

[0102] The data transaction initiation arbitration interface 
950 is coupled to the request pair for the GNT# signal 812 
and the ST bus 813, i.e., the MGNT_REQ signal 822 and the 
TGNT_REQ signal 832. As above, in this example, arbitra 
tion is distributed between a data transaction arbiter 955 of 
the AGP device 900 and a corresponding arbiter on the other 
graphics controller. Preferably, both arbiters implement a 
common round-robin arbitration scheme. According to this 
embodiment, the data transaction arbiter 955 asserts the 
MGNT_REQ signal 822 on behalf of the AGP device 900 in 
response to the processing of a previously enqueued write 
command on the inbound transaction request queue 910 
indicating that the other device has requested to initiate a 
write transaction to the AGP device 900. Subsequently, if the 
AGP device 900 is granted access to the GNT#812 signal, 
the data transaction initiation arbiter asserts the GNT#812 
signal on behalf of the AGP device 900 and transmits a status 
value indicating the AGP device 900 is ready for the other 
device to provide the for the previously enqueued write 
command. 

[0103] The data transaction initiation interface 945 is 
coupled to the GNT# signal 812 and the ST bus 813 for 
transmitting and receiving grants to/from the other device. If 
the grant indicates the other device is ready to receive data 
corresponding to a write command previously transmitted 
by the AGP device 900 to the other device, then the data 
transaction initiation interface causes the write data queue to 
source data onto the AD bus 810. 

[0104] The data transaction interface 930 is coupled to the 
AD bus 810 for transmitting and receiving data to/from the 
other graphics controller. Data received from the other 
graphics controller is temporarily stored in the read data 
return queue 935 to await subsequent processing by the AGP 
device 900. 

[0105] Graphics Controller Synchronization 

[0106] While for the most part the driver treats the com 
bination of graphics controllers 310 and 320 as one virtual 
device, as indicated above, it is sometimes necessary for the 
driver to know if the graphics engines have processed the 
command list to a given point or cause the graphics engines 
to become synchroniZed at a given point. 

[0107] According to one embodiment, to cause a synchro 
niZation point, the driver can drop two commands, e.g., 
ACK1 and ACK2. Each graphics controller will process the 
synchroniZation command directed to it and will ignore the 
synchroniZation command directed to the other graphics 
controller. Alternatively, at initialiZation time, one graphics 
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controller can be set up to be primarily responsible for 
acknowledgement. According to this scenario, when the 
primary controller encounters the synchroniZation point in 
the command list, then based upon acknowledgement status 
from the secondary controller, the primary controller can act 
on behalf of both devices. For example, the primary may 
acknowledge on behalf of both devices after both have 
passed the synchroniZation point. Advantageously, in this 
manner, after initialiZation, the driver can simply treat the 
virtual graphics controller as a single device. 

[0108] According to one embodiment, two different types 
of acknowledgements may be employed, a synchroniZation 
type and an update type. For the synchroniZation type of 
acknowledgement, the graphics controller serving as the 
primary acknowledgement agent not only needs to acknowl 
edge on behalf of both devices, but has to release the 
secondary device. For the update type of acknowledgement, 
the primary acknowledgement agent need not wait for the 
other. Importantly, because one graphics controller may 
encounter multiple acknowledgements in the command list 
before the other, it may be useful for the primary acknowl 
edgement agent to queue ACK information, such as the 
acknowledgement along with an indication regarding what 
action to take and indication regarding which of the graphics 
controllers 310 and 320 is ahead. 

[0109] In the foregoing speci?cation, the invention has 
been described with reference to speci?c embodiments 
thereof. It will, however, be evident that various modi?ca 
tions and changes may be made thereto without departing 
from the broader spirit and scope of the invention. The 
speci?cation and drawings are, accordingly, to be regarded 
in an illustrative rather than a restrictive sense. 

1-18. (Cancelled) 
19. An apparatus comprising: 

an integrated graphics controller to render a ?rst subset of 
pixels; and 

a second graphics controller coupled with the integrated 
graphics controller, the second graphics controller to 
render a second subset of pixels, wherein the second 
graphics controller is not integrated with the chipset. 

20. The apparatus of claim 19, wherein the integrated 
graphics controller includes a local memory to which the 
integrated graphics controller renders the ?rst subset of 
pixels. 

21. The apparatus of claim 20, wherein the second graph 
ics controller includes a local memory to which the second 
graphics controller renders the second subset of pixels. 

22. The apparatus of claim 19, wherein the integrated 
graphics controller comprises logic to read the rendered 
second subset of pixels from the local memory of the second 
graphics controller. 

23. The apparatus of claim 19, wherein the second graph 
ics controller comprises logic to read the rendered ?rst 
subset of pixels from the local memory of the integrated 
graphics controller. 



US 2004/0196289 A1 

24. The apparatus of claim 19, wherein the integrated 
graphics controller comprises logic to Write the rendered 
?rst subset of piXels into the local memory of the second 
graphics controller. 

25. The apparatus of claim 19, Wherein the second graph 
ics controller comprises logic to Write the rendered second 
subset of piXels into the local memory of the integrated 
graphics controller. 

26. The apparatus of claim 19, Wherein the ?rst subset and 
the second subset comprise mutually exclusive subsets. 

27. The apparatus of claim 19, Wherein the second graph 
ics controller comprises an upgrade graphics controller. 

28. The apparatus of claim 19, Wherein the second graph 
ics controller comprises a non-integrated graphics controller. 

29. The apparatus of claim 19, Wherein the second graph 
ics controller comprises a graphics controller residing on an 
add-in card. 
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30. An apparatus comprising: 

a core logic graphics controller; 

a graphics controller residing on an add-in card coupled 
With the core logic graphics controller; and 

logic to alloW the core logic graphics controller and the 
graphics controller residing on the add-in card to coop 
eratively render. 

31. The apparatus of claim 30, Wherein the logic com 
prises a driver. 

32. The apparatus of claim 30, Wherein the core logic 
graphics controller and the graphics controller residing on 
the add-in card are coupled via an Accelerated Graphics Port 
bus. 


