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Background of the Invention

[0002] The rapid and efficient transfer of information between a graphics device
and system memory has been and will continue to be one of the most challenging
tasks faced by computer system component designers. Through the years,
different interface protocols have been used to accomplish these transfers.
Several years ago, the Peripheral Component Interconnect (PCI) bus was a
commonly used implementation to couple graphics devices to memory
controllers. As graphics memory bandwidth requirements increased, the
Accelerated Graphics Port (AGP) specification was created and adopted by a
large segment of the computer industry.

[0003] One of the main advantages of the AGP implementations is the ability of
the graphics device to view a large, contiguous graphics memory space where
multi-megabyte textures, bitmaps, and graphics commands are stored. A graphics

address remapping table is used to generate addresses to system memory from
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remappi ng table and associated translation circuitry

provi des access to actual system nenory pages that nmay

be scattered throughout the system nenory. [0004]
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desirable to provide a large, contiguous, graphics memory space for use with
these emerging interconnect technologies.

Brief Description of the Drawings

[0005] The invention will be understood more fully from the detailed description
given below and from the accompanying drawings of embodiments of the
invention which, however, should not be taken to limit the invention to the
specific embodiments described, but are for explanation and understanding only.
[0006] Figure 1 is a block diagram of one embodiment of a computer system
including a graphics memory switch.

[0007] Figure 2 is a block diagram of a graphics memory switch including a
graphics random access memory translator and a graphics memory page table.
[0008] Figure 3 is a block diagram demonstrating a conversion from a virtual

graphics memory address to a physical system memory address.
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switch including a closer ook at a graphics random
access nenory translator. [0010] Figure 5 is a block
di agram of a graphics nenory switch that includes a
virtual PC -PCl bridge. [0011] Figure 6 is a block

di agram of several graphics conponents coupled to a
root conplex through a graphics nmenory switch. [0012]
Figure 7 is a flow diagram of one enbodi nent of a
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a point-to-point, packet based interconnect.

Detailed Description

[0013] In general, a graphics device delivers a virtual graphics address to a
graphics memory switch that includes a graphics random access memory
translator and a graphics memory page table. The virtual graphics memory
address is delivered to the graphics memory switch via a point-to-point, packet
based interconnect. The graphics memory switch generates a physical system
memory address and delivers the physical address to a root complex. The
physical system memory address is delivered to the root complex via a point-to-
point, packet based interconnect.

[0014] For the embodiments described herein, virtual graphics addresses are
defined as graphics addresses that are physical, but where no real physical

memory exists at these addresses. In other words, converting virtual graphics
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graphics nenory switch and a graphics nenory page
tabl e, and no system page tables are required.
Anot her way to | ook at the conversion of virtua
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110 coupled to a root complex 140. The root complex 140 includes a memory
controller (not shown) to provide communication with a system memory 150.
The root complex 140 is further coupled to a switch 160. The switch 160 is
coupled to an endpoint device 170 via an interconnect 165. The switch 160 is
also coupled to an endpoint device 180 via an interconnect 163. The endpoint
devices 170 and 180 may be any of a wide variety of computer system
components, including hard disk drives, optical storage devices, communications
devices, etc.

[0016] For this example embodiment, the links 163 and 165 adhere to the PCI
Express specification. The root complex 140 and the switch 160 also comply
with the PCI Express specification.

[0017] The system 100 further includes a graphics device 120 that is coupled to a

graphics memory (GM) switch 130 via a point-to-point, packet based



100161 For this exanple enbodi nent, the links 163 and
165 adhere to the PCl Express specification. The root
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PCl Express specification. 100171 The system 100
further includes a graphics device 120 that is coupl ed
to a graphics nenory (GW) switch 130 via a
poi nt-to-point, packet based 4 WO 2005/ 066763
PCT/ US2004/ 043650 i nterconnect, which for this exanple
enbodi nent is a PCl Express interconnect 125. The GM
switch 130 is further coupled to the root conplex 140
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[0019] Although the system 100 is shown with the graphics device 120, the GM

switch 130, and the root complex 140 as separate devices, other embodiments are
possible where the GM switch 130 is integrated into one device along with the
root complex 140. Yet other embodiments are possible where the graphics device
120, the GM switch 130, and the root complex 140 are integrated into a single
device.

[0020] For the system 100, a contiguous memory called graphics random access
memory (GRAM) is allocated in system address space. However, there is no real
memory behind the GRAM. The GRAM is seen by the graphics device 120 as a
large, contiguous memory space. An operating system will allocate the GRAM as
pages scattered all over the system memory 150, wherever it can find space.
[0021] Figure 2 is a block diagram of the GM switch 130. The GM switch
includes a GRAM translator 132 and a graphics memory page ((\EMP) table 134.

The GMP Table 134 is loaded with physical addresses under software control
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all ocate the GRAM as pages scattered all over the

system nenory 150, wherever it can find space. 100211

Figure 2 is a block diagramof the GMswitch 130. The

GMswitch includes a CRAM transl ator 132 and a

graphi cs nenory page (GW) table 134. The GW Tabl e

134 is | oaded with physical addresses under software
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1024)/ (4* 1024) entries * 4 bytes per entry = 2Mytes.
Akllogategby the epeovingrasien. 1Hw size of iesgabler] 3¢ may dep tethe
enbodi nent as being integrated

size of the GRAM. For example, if the GRAM is 2GB, using 32-bit addresses for

the pages and 4kbytes per page, the GMP Table 134 will be
(2*¥1024*1024*1024)/(4*1024) entries * 4 bytes per entry = 2Mbytes. Although
the GMP Table 134 is shown in this example embodiment as being integrated
into the GM switch 130, other embodiments are possible where the GMP Table is
located in memory separate from but local to the GM switch 130 or in system
memory 150.

[0023] Figure 3 is a block diagram demonstrating a conversion from a virtual
graphics memory address to a physical system memory address. The input to the
GRAM translator 132 arrives over the PCI Express link 125. The inputis a
GRAM address “X” that the graphics device 120 needs to access. The GRAM
space exists outside the system memory range. The GRAM space begins at an

address denoted as GRAM Base. Several address locations in GRAM space are
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menory 150. [0023] Figure 3 is a block diagram
denonstrating a conversion froma virtual graphics
menory address to a physical system nenory address.

The input to the GRAMtranslator 132 arrives over the
PCl Express link 125. The input is a GCRAM address "X'
that the graphics device 120 needs to access. The GRAM
space exi sts outside the system nenory range. The GRAM
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from the C entry to the root complex 140, which allows access to region C of the
system memory.
[0024] Figure 4 is a block diagram of the GM switch 130 including a closer look
at the GRAM Translator 132. As described above, a virtual graphics address “X”
arrives from the graphics device. The GRAM translator 132 receives the address
and uses the portion of the virtual address that denotes a page number to form an
index into the GMP Table 134. The GRAM Translator 132 generates the index
by subtracting the GRAM Base address from the address “X”. The physical
address stored at the entry C of the GMP table 134 is combined with the portion
of the virtual address that indicates an offset into the page. The resulting address
is delivered to the root complex 140 via the PCI Express link 135.

[0025] The overall functioning environment of the GRAM Translator may be

such that the same operating system drivers that are used for AGP



[0024] Figure 4 is a block diagramof the GM sw tch
130 including a closer |ook at the GRAM Transl at or
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"X' arrives fromthe graphics device. The GRAM
transl ator 132 receives the address and uses the
portion of the virtual address that denotes a page
nunber to forman index into the GW Table 134. The
GRAM Transl ator 132 generates the index by
subtracting the GRAM Base address fromthe address
"X'. The physical address stored at the entry C of
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reserve the pages it needs to use for a particular
ajRANvillde. staieg ffomahe GR AN \Base addressaind @ktehdlidg as far as is
required. When the graphics device 120 needs to use the GRAM, it will issue a
transaction for an address with the GRAM range. The GRAM translator 132,
after checking to be sure that the request is within an appropriate range, will
calculate an index into the GMP Table 134 and picks up an address of the actual
page in the system memory 150. This address is sent over the PCI Express link
135 to the root complex 140 so that the system memory 150 can be accessed.
[0027] Figure S is a block diagram of a graphics memory switch that includes a
virtual PCI-PCI bridge 136. When the PCI-PCI bridge 136 is encountered by an
operating system during enumeration, an appropriate driver (perhaps a GART
driver) is loaded. The GM switch 130 also includes a configuration space 138

which includes registers which are used for setting up the GMP Table for proper

operation during runtime. The registers in the configuration space 138 may
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t hrough a graphics rrermr\é switch 620. A configur ation
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mul ti pl e graphi cs devices. Each of the graphics
devinpkx 638y The multyple graphics devices 610, 620, and 630 can each have the

same contiguous view of GRAM space and can share the information stored in
GRAM space.

[0029] The graphics drivers 610, 620, and 630 are coupled to the virtual PCI-PCI
bridge 628 via virtual PCI-PCI bridges 622, 624, and 626, respectively.

[0030] Figure 7 is a flow diagram of one embodiment of a method for generating
a physical memory address from a virtual graphics memory address received over
a point-to-point, packet based interconnect. At block 710, a virtual graphics
memory address is received from a graphics device over a point-to-point, packet
based interconnect. A physical memory address is generated using a graphics
memory translator at block 720. Then, at block 730, the physical memory address

is delivered to a root complex device.
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CGRAM space. 100291 The graphics drivers 610, 620, and
630 are coupled to the virtual PCl-PCl bridge 628 via
virtual PClI-PCl bridges 622, 624, and 626,
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included in at least some embodiments, but not necessarily all embodiments, of
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the invention. The various appearances of “an embodiment,” “one embodiment,
or “some embodiments” are not necessarily all referring to the same

embodiments.
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inan illustrative rather than in a restrictive sense.
100321 Reference in the specification to "an
wepdssaoareht , " "one enbodi nent," "sone enbodi NRET/FS2004043650
"ot her enbodi mnents" neans that a particular feature,
structure, or characteristic described in connection
with the enbodinents is included in at |east sone
enbodi nents, but not necessarily all enbodi nents, of
the invention. The various appearances of"an
enbodi nent," "one enbodi nent," or "sonme enbodi nents”
are not necessarily all referring to the sane
enmbodi nents. 10 WD 2005/ 0667 @3 Alfd/ US2004/ 043650
CLAIMS What is clained is: 17 An appar at us,
c artiisscilzg; eddd) input to receive a virtual graphics
menory address over a point-to- point, packet-based
i nterconnect; and a graphics address translator to
receive the virtual graphics nenory address and to
generate a physical nenory address. 2. The apparatus
of cl ailmAh apphmtugy egphpressngaddr ess transl at or i ncl udi ng
a graphics nenory page table. 3. The apparatus of
cl ai m 2y ifpaetotecdtié £ SiriRNEHYhiBSBembADAdrdsS oSdral fid-to-
plurality of physical addresses that are allocated by

aBoﬁB%ﬁ&Eét—%ﬁseﬁXﬁ{e%nect; and

a graphics address translator to receive the virtual graphics memory

address and to generate a physical memory address.

2. The apparatus of claim 1, the graphics address translator including a

graphics memory page table.

3. The apparatus of claim 2, the graphics memory page table to store a

plurality of physical addresses that are allocated by an operating system.

4. The apparatus of claim 3, the graphics memory page table including a

plurality of entries, each of the entries to store 32-bit addresses.

5. The apparatus of claim 4, wherein the point-to-point, packet based

interconnect adheres to a PCI Express specification.
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4. The apparatus of claim 3, the graphics nenory page

table including a plurality of entries, each of the
W@pises63 o store 32-bit addresses. 5. The appRCEURI043043650

claim4, wherein the point-to-point, packet based

i nterconnect adheres to a PCl Express specification.

11 WD 2005/ 066763 PCT/ US2004/ 043650 6. The appar at us

of claimb5, further conprising an output to deliver

the physical address to a root conpl ex device over a

second point-to-point, packet based interconnect. 7.

The apparatus of claim1, further conprising a root

conpl ex ¢ uriztappiratul @f ERAER 5V RirthBEcdMhprHinEadn sl &S deldRel the
to deliver the physical address to a nenory
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address transl ator to access an external "graphics
menory, page table. 9. An apparatus, conprising: a

gr APFFAIBLEEERIESI | er to generate a virtual graphics
menory address; a graphics address translator to
receive the virtual graphics nmenory address and to
generate a physical nenory address; and an output to

del i ver 7 Mehepipparatislof 8lh @ sfurther onipyingCOrtpt eomplex figktion
over a point-to-point, packet based interconnect. 10.

The, g%%@ﬁre%%‘ﬁ?l@%aﬂdg}%k nd foHR19EARD bﬁ}%l&g HfisStoa memory

transl at or In

controller.

8. The apparatus of claim 1, the graphics address translator to access an

external graphics memory page table.

9. An apparatus, comprising:

a graphics controller to generate a virtual graphics memory address;

a graphics address translator to receive the virtual graphics memory
address and to generate a physical memory address; and

an output to deliver the physical address to a root complex device over a

point-to-point, packet based interconnect.

10. The apparatus of claim 9, the graphics address translator including a

graphics memory page table.

12



graphi cs nenory page table. 12 WO 2005/ 066763

PCT/ US2004/ 043650 11. The apparatus of claim 10, the
WQe®Wphéades nenory page table to store a pl ural iRGT/G$2004/043650

physi cal addresses that are all ocated by an operating

system 12. The apparatus of claim 11, the graphics

menory page table including a plurality of entries,

each of the entries to store 32-bit addresses. 13. The

apparatus of claim 12, wherein the point-to-point,

packet based interconnect adheres to a PCl Express

specification. 14. A system conprising: a graphics

devi ce; 13. gheRPp&stuEBIEIAYN SOVthE Era?l@ﬂéé fiRmloBy pAELABI€to%store a

virtual graphics nenory address fromthe graphics

deyj ¥olVi 1 ' -0l 0ty C -
LR ficd e R, Bt g oAl AR SRR e,
i ncluding a graphics nenory translator to receive the
virtual graphics nenory address and to generate a

physi cal nenory address; and a root conplex device to

r ecei ve 12hdhglapparatat ohelainy |1,4bkigrepkics memorhpage datdp hnicbxling
menory switch device over a second point-to-point,
packtiraifsf@ntries] etk oNthe ehtried o 36222051 LHfilbatoes.

PCT/ US2004/ 043650
13. The apparatus of claim 12, wherein the point-to-point, packet based

interconnect adheres to a PCI Express specification.

14. A system, comprising:

a graphics device;

a graphics memory switch device to receive a virtual graphics memory
address from the graphics device over a first point-to-point, packet-based
interconnect, the graphics memory switch device including a graphics memory
translator to receive the virtual graphics memory address and to generate a
physical memory address; and

a root complex device to receive the physical memory address from the
graphics memory switch device over a second point-to-point, packet based

interconnect.

13



15. The system of claim 14, the graphics address
translator including a graphics nenory page table. 16.
wWabkwseesstem of claim 15, wherein the first andPGETR004/043650
poi nt -t o- poi nt, packet based interconnects adhere to a
PCl Express specification. 17. A system conprising: a

gr aphi cs device, including a graphics nenory switch
device that includes a graphics nenory translator to
receive a virtual graphics nenory address and to
generate a physical nmenory address; and a root conpl ex
device to receive the physical nmenory address fromthe

gr aphi c§5 MEAREYstNbE SlBint €41 'tﬁ@gﬁt{_}%s @d&é&s@ﬁaﬂﬂ%@ﬁicﬂfdm a
packet based interconnect. he systemof claim1

t he agh%g g&}rgg?%eetg%t ranslator including a graphics

The system of claim 18, wherein
the poi nt-to-poi nt, packet based interconnect adheres
to a PCl Express specification. 20. A system
conprising: a graphics device; and 14 WO 2005/ 066763
PCT/ US2004Tbd 8B:H6n af cleimoi 3, vdendin diel fenst dndisecond poditsig-paint,
graphics nenory switch device to receive a virtual

gr pRdMeEBasedBiBrcHnnects adhere to a PCI Express specification.

17. A system, comprising:

a graphics device, including a graphics memory switch device that
includes a graphics memory translator to receive a virtual graphics memory
address and to generate a physical memory address; and

a root complex device to receive the physical memory address from the

graphics memory switch device over a point-to-point, packet based interconnect.

18. The system of claim 17, the graphics address translator including a

graphics memory page table.

19. The system of claim 18, wherein the point-to-point, packet based

interconnect adheres to a PCI Express specification.

20. A system, comprising:

a graphics device; and

14



address fromthe graphics device over a

poi nt-to-point, packet based interconnect, the
WQr@pheds3 nenory switch device including a grgriUg204/043650

menory translator to receive the virtual graphics

menory address and to generate a physical nenory

address, a nenory controller, and a root conpl ex

device to receive the physical nenory address from

the graphics nenory switch device and to deliver the

physi cal nenory address to the nenory controller. 21.

The system of claim 20, the graphics addr ess

transl ahﬁ{erﬁdggbéiﬁfdlﬁrﬁutgfn@ﬁﬁi menory page table. 15

WO 2005/ 0667 PCT/ US2004/ 043650 22. The system of
claim 21, whe 0
i nter Connect glrcgé% %h @%egé’srecgﬁgéc lftg%%?%mcs
23. A nethod, conprising:
memory
address from the graphics device over a point-to-point,
packet-

based interconnect, the graphics memory switch device
including a
graphics memory translator to receive the virtual graphics
memory
address and to generate a physical memory address,
a memory controller, and
a root complex device to receive the physical memory address
from the
graphics memory switch device and to deliver the physical
memory

address to the memory controller.

21. The system of claim 20, the graphics address translator including a

graphics memory page table.

15



receiving a virtual graphics nmenory address froma
graphi cs device over a point-to-point, packet based
WO posoedsmhect ; generating a physical nmenory adRitEES2004/043650

usi ng a graphics nmenory translator; and delivering the
physi cal nenory address to a root conpl ex device. 24.

The nethod of claim 23, wherein receiving a virtua
graphics nenory address from a graphics device over a
poi nt -t o- poi nt, packet based interconnect includes
receiving a virtual graphics nmenory address froma
graphi cs device over a point-to-point, packet based

| nt er copnegye Eﬁ?%n 3608IES 1, Whefeilf Hle FtRLBSDint, packet based

speci fication.

interconnect adheres to a PCI Express specification.

23. A method, comprising:

receiving a virtual graphics memory address from a graphics device over a
point-to-point, packet based interconnect;

generating a physical memory address using a graphics memory translator;
and

delivering the physical memory address to a root complex device.

24. The method of claim 23, wherein receiving a virtual graphics memory
address from a graphics device over a point-to-point, packet based interconnect
includes receiving a virtual graphics memory address from a graphics device over
a point-to-point, packet based interconnect that adheres to a PCI Express

specification.
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