
WO 2005/066763 PCT/US2004/043650 GRAPHICS MEMORY
SWITCH Field Of The Invention [0001] The present
invention pertains to the field of semiconductor
devices.  More particularly, this invention pertains
to the field of using a graphics memory  switch to
provide a graphics device access to system memory.
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 (PC[) 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 1 



WO 2005/066763 PCT/US2004/043650 graphics memory
addresses. There is no actual memory behind the
graphics  memory space, but the graphics address
remapping table and associated  translation circuitry
provides access to actual system memory pages that may
be  scattered throughout the system memory. [0004]
Graphics memory bandwidth requirements continue to
increase, and faster  interconnect technologies are
being developed to keep ahead of the growing
requirements. One such interconnect technology is
based on the PCI Express  specification (PCI Express
Base Specification, revision 1.0a). It would be
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. 2 WO 2005/066763 PCT/US2004/043650 [0009]
Figure 4 is a block diagram of a graphics memory
switch including a  closer look at a graphics random
access memory translator. [0010] Figure 5 is a block
diagram of a graphics memory switch that includes a
virtual PCI-PCI bridge. [0011] Figure 6 is a block
diagram of several graphics components coupled to a
root complex through a graphics memory switch. [0012]
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. 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 3 WO 2005/066763 PCT/US2004/043650
addresses to physical memory addresses involves only a
graphics memory switch  and a graphics memory page
table, and no system page tables are required.
Another way to look at the conversion of virtual
graphics addresses to physical  system memory
addresses is to see the conversion as including
converting  physical graphics addresses (contiguous,
non-existent) to physical system memory  addresses
(non-contiguous, existent). [00151 Figure 1 is a block
diagram of one embodiment of a computer system 100
including a graphics memory switch 130. The system 100
includes a processor  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 maybe any of a wide variety of computer system
components, including hard disk drives, optical
storage devices, communications  devices, etc. 



100161 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. 100171 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 4 WO 2005/066763
PCT/US2004/043650 interconnect, which for this example
embodiment is a PCI Express interconnect  125. The GM
switch 130 is further coupled to the root complex 140
via another  point-to-point interconnect, which for
this example embodiment is a PCI Express  Link 135.
[0018] The graphics device 120 may be a component
soldered to a motherboard,  or may be located on a
graphics card, or may be integrated into a larger
component. 10019] 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.  100211
Figure 2 is a block diagram of the GM switch 130. The
GM switch  includes a GRAM translator 132 and a
graphics memory page (GMP) table 134.  The GMP Table
134 is loaded with physical addresses under software
control 5 WO 2005/066763 PCT/US2004/043650 (device
driver, operating system, etc.). The GRAM translator
132 receives virtual  graphics memory addresses over
the PCI Express link 125. The GRAM translator  132
uses the virtual addresses to access the GMP table
134. The GRAM translator 132 generates physical
addresses which are delivered to the root device  140
via the PCI Express link 135. [0022] The GMP table 134
is an address translation table. As previously
mentioned, the GMP table 134 holds the addresses of
the physical memory  allocated by the operating
system. The size of the table 134 may depend on the
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 input is 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 6 WO
2005/066763 PCT/US2004/043650 shown; addresses X, X+1,
and X+2. The translator 132 takes the virtual graphics
address X and converts it into an index to the GMP
Table 134. The address at the  specified GMP Table
entry gives the actual physical address of the page of
memory that the operating system has allocated. For
this example, only three  entries of the GMP Table 134
are shown; entries A, B, and C. The addresses  stored
in the A, B, and C entries correspond to regions A, B,
and C of the system  memory 150. For this example, the
virtual address "X" provides an index to the  C entry
of the GMP Table 134. The GMP Table 134 delivers the
physical address  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 7 WO 2005/066763
PCT/US2004/043650 implementations can be used for
managing the GMP Table and for allocating and
releasing GRAM pages. In AGP, this driver is often
referred to as the GART  (graphics address remapping
table) driver. Being able to reuse the existing GART
drivers may ease the transition from AGP to PCI
Express. [0026] A video device driver may request N
number of GRAM pages to the  operating system. The GMP
Table driver may allocate these pages in the memory
and populate the GMP Table 134. The video driver will
reserve the pages it  needs to use for a particular
application. The graphics device's view of the  



GRAM will be starting from the GRAM Base address and
extending 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 5 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 8 WO 2005/066763
PCT/115211114/11436511 comply with the AGP
specification so that no change in existing software
is  necessary. [00281 Figure 6 is a block diagram of
one example embodiment of several  graphics components
610, 620, and 630 coupled to a root complex 630
through a  graphics memory switch 620. A configuration
of this type can provide a system  that allows
multiple graphics devices. Each of the graphics
devices may or may  



not support multiple displays. A single driver can be
loaded when the operating  system encounters the
virtual PCI-PCI bridge 628 that connects to the root
complex 630. The multiple 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. 100291 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. [00301 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. 9 WO 2005/066763 PCT/US2004/043650
[00311 In the foregoing specification the invention
has been described with  reference to specific
exemplary embodiments thereof. It will, however, be
evident that various modifications and changes may be
made thereto without  departing from the broader
spirit and scope of the invention as set forth in the
appended claims. The specification and drawings are,
accordingly, to be regarded  



in an illustrative rather than in a restrictive sense.
100321 Reference in the specification to "an
embodiment," "one embodiment,"  "some embodiments," or
"other embodiments" means that a particular feature,
structure, or characteristic described in connection
with the embodiments is  included in at least some
embodiments, but not necessarily all embodiments, of
the invention. The various appearances of"an
embodiment," "one embodiment,"  or "some embodiments"
are not necessarily all referring to the same
embodiments. 10 WO 2005/066763 PCT/US2004/043650
CLAIMS What is claimed is: 1. An apparatus,
comprising: an input to receive a virtual graphics
memory address over a point-to- point, packet-based
interconnect; 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.
11 WO 2005/066763 PCT/US2004/043650 6. The apparatus
of claim 5, further comprising an output to deliver
the  physical address to a root complex device over a
second point-to-point, packet  based interconnect. 7.
The apparatus of claim 1, further comprising a root
complex function  to receive the physical address and
to deliver the physical address to a memory
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 WO 2005/066763
PCT/US2004/043650 11. The apparatus of claim 10, the
graphics memory page table to store a plurality of
physical addresses that are allocated by an operating
system. 12. The apparatus of claim 11, the graphics
memory 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 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 WO 2005/066763
PCT/US2004/043650 



15. The system of claim 14, the graphics address
translator including a graphics memory page table. 16.
The system of claim 15, wherein the first and second
point-to-point, packet based interconnects 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 WO 2005/066763
PCT/US2004/043650 a memory controller hub including a
graphics memory switch device to receive a virtual
graphics  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
WO 2005/066763 PCT/US2004/043650 22. The system of
claim 21, wherein the point-to-point, packet based
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. 16 




