
OPTIMAL  MULTI-CHANNEL MEMORY CONTROLLER S YSTEM BACKGROUND OF THE
INVENTION This invention relates generally to the field of uniform memory
access systems, more particularly to the area of multi-channel memory
access systems. In the past, computer systems have utilized an 10
arrangement where a multiple number of requestors accessed a memory through
a single memory channel.  As a result of these multiple requesters needing
to access the memory system through a single memory channel, the speed of
the process being run by the computer has not been optimal. Therefore, 15
there is a desire for a memory system that will allow a multiple number of
requestors to access the memory system simultaneously. For example, in the
area of computer graphics, application programs often utilize several
buffers in the 20    application program.  Each of these buffers, e.g., a
local buffer,  a frame buffer, and a texture buffer are required to perform
a graphics routine.  Each of these buffers is 



designated a location in the memory system. However, in prior systems, an
application could only access each buffer one at a 25  time.  To enhance
the performance  of  the  graphics application program, it would be
desirable if a memory system existed that would allow both or  all three
buffers to be accessed simultaneously. While one can envision that each
buffer could be stored in a separate memory system dedicated to that 30
particular buffer, it would be desirable if an application that normally
deals with one  buffer  could also access different buffers. Therefore, it
is desirable that a unified memory system to be able to access each
individual buffer should that be necessary. 35              In traditional
approaches, multi-channel memory systems have typically not provided for
unified memory architecture.  In fact, application programs  have been
expected to split the logical buffers of the application    



2 physically over the different memory channels of the memory system. This
reduces greatly the functionality of the system and may yield to subsequent
degradation of the memory performance if transfers within logical buffers
are required. 5   The physical size of each memory channel also fixes the
size of the logical buffers and their granularity. A system requiring a
large logical buffer, or a logical buffer with uncommon granularity, may
thus end up wasting a large amount of physical memory. 10             In
the past, memory systems requiring support for unified memory architecture
typically have made use of a single memory channel. However, the bandwidth
of a single channel memory system can be considered to be approximately N
times less than that of an N channel memory system (for a 15  given data
bus width). While an alternative solution to multi-channels might be to
increase the memory data bus width, this implies that accesses to memory
are essentially sequential and 



contiguous, which is not the case in most applications with 20  multiple
request sources. Therefore, current memory systems can be classified into
two categories. The first is a single channel unified memory system, with a
low bandwidth for a large pin count. The second is a multi-channel
non-unified memory system that 25  is functionally limited.  Therefore,
there is a desire for a flexible solution to this problem whereby an
application can dynamically make use of multiple channels while keeping a
fully unified memory architecture system. U.S. Patent 5,142,638 entitled
"Apparatus for 30  Sharing Memory in a Multiprocessor System" is directed
to a computer system that shares memory between multiple processors by
dividing the memory into a plurality of sections, subsections, and banks
and by providing a memory path between each processor and each section of
memory. Each processor has 35  an associated register in each subsection of
memory and each processor can make no more than one reference to a
subsection at a time. Each bank of memory requires two different data 



multiplexers - one for input and one for output.    3 SUMMARY OF THE
INVENTION The present invention provides a circuit for use in a Unified
Memory Architecture system, the circuit comprising 5  a memory of the
Unified Memory Architecture system; a plurality of requesting devices ; a
plurality of channel selectors capable of receiving a command from at least
one of said plurality of requesting devices for the Unified Memory
Architecture system; a first memory channel coupled to each of 10  said
channel selectors that can provide access to a first area of address space
of the memory; and at least one additional memory channel coupled to each
of said channel selectors, the or each additional memory channel being
capable of providing access to an additional address space of said memory,
wherein 15 the circuit is characterized by an arbiter capable of passing 



said command to a memory controller with a selector-tag for use when said
command is a read request to identify the channel selector that routed the
command to the memory channel; and wherein said arbiter, memory controller
and 20 memory channel used to pass said command are responsible for and
capable of transmitting data both to and from said memory. Similarly, a
method of operating the circuit is also provided by the invention. The
invention is advantageous in that a Universal Memory 25 Architecture System
can be implemented while allowing a plurality of requestors to access the
Universal Memory Architecture System. In this manner, the speed of the
memory system is enhanced, because the various requestors can access
different areas of the memory simultaneously rather than 30 serially. In
addition, application programs running on processors of the requestors can
optimize their performance by reallocating buffers used by the application
program to different memory channels. In this fashion, the information of
the buffers can be accessed simultaneously and the speed of 



35 the application program can be increased.    WO 99/34294
PCT/IB98/02138 4 BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a block
diagram presenting the general architecture of the invention. Fig. 2 shows
a block diagram of a 3-D rendering 5   engine utilizing the invention. Fig.
3 shows the internal logic of a selector for a write request block in a 3-D
rendering engine application, assuming two physical memory channels. Fig. 4
shows the internal logic of a selector for a 10   read request block in a
3-D rendering engine application, together with its return data path,
assuming two physical memory channels. Fig. 5 shows a possible interfacing
connection to 



provide proper operation of each of the channel arbiters and 15   memory
controllers for a 3-D rendering engine with two physical memory channels.
Fig. 6 shows a general overview of an application program coupled to a
universal memory architecture system. Fig. 7 shows an existing unified
memory architecture 20   system that utilizes a single memory channel.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT Referring now to the
drawings, and more particularly to Fig. 1, there is shown a multi-channel
unified memory 25    architecture system which comprises one embodiment of
the present invention. Fig. 1 shows several requests being linked to a
memory of the unified memory architecture system. As can be seen in Fig. 1,
the requests are interfaced with channel selectors (118). The channel
selector is coupled to different 30   arbiters (122) which in turn are
coupled to memory controllers (126). The memory controllers are coupled to
the individual memory channels (105) which permit access to the physical
address space of the memory itself. 



As can be seen in Fig. 6, an application (200) can 35   access memory (101)
via the memory channel (105).  By providing a memory of the unified memory
architecture system, a first area of address space (110) can be provided
through a first memory channel C1 as shown in Fig. 6. In addition,    WO
99/34294                                       PCT/IB98/02138 additional
areas of address space (114) can be provided such as memory channels C2,
C3, CM, as shown in Fig. 6. The unified memory architecture system (100)
allows the first -memory channel of the memory of the unified memory 5
architecture system to provide access to the first area of address space of
the memory and also provides at least one additional memory channel of the
memory of the unified memory architecture system such as C2, C3, and CM to
permit each respective memory channel to provide access to additional 10
address spaces of the memory.  It should be understood that a 



unified memory architecture system is intended to mean a memory system that
allows a plurality of requests to be made to the memory space of the memory
and which allows each requestor to access any region of that memory space.
15              In Fig. 1 a channel selector arrangement can be seen.  The
channel selectors can receive requests from individual requestors and route
those requests to the proper memory channel. As shown in Fig. 1 each
request can be coupled directly to its respective channel selector. The 20
channel selector (118) can then decode the request such as a read or write
command and route that request to the memory channel which provides access
to the address space required by the command. Fig. 1 shows several channel
selectors, with each channel selector being capable of receiving a command
for 25   the unified memory architecture system and also capable of routing
commands to the requested memory channel of the unified memory architecture
system. It should be understood that routing of a command does not
necessarily mean a direct connection to a memory channel as other circuit
elements may 



30   be required to interface the command to the memory channel. However,
routing is envisioned to mean that the received request is indirectly
coupled to the memory channel. In addition, it should be understood that
the use of the word "requested memory channel" is intended to mean the
memory 35   channel needed by a received command.  For example, if a write
command is received by a selector, the requested memory channel would be
the memory channel which permits access to the area of memory where data is
to be written to.    WO 99/34294
PCT/IB98/02138 6 In Fig. 1, each of the different selectors can be seen to
be coupled, e.g., electrically coupled, to several different arbiter
channels Cl, C2, CM-1, CM (122). Each arbiter can be associated with a
memory channel. For example, 5   arbiter channel C1 is associated with
memory controller and 



memory channel C1 in Fig. 1. Similarly, arbiter channel CM is associated
with memory controller CM. The arbiters are capable of prioritizing many
different commands intended for a memory channel. For example, the arbiter
for memory channel 10   C1 in Fig. 1 is capable of prioritizing several
different commands intended for that channel. The arbiters can serialize
the several different commands that they receive. The arbiters are also
capable of passing a command to a memory controller with a selector tag to
identify the channel 15   selector that routed the command to the memory
channel.  In this way, when the arbiter receives back from the memory
controller a read request, for example, the arbiter can identify which
selector it should pass the read information to. 20              The
arbiters are coupled to individual memory controllers 126 as shown in Fig.
1. Each memory controller can be associated with its own respective memory
channel (105). The memory controller can be capable of configuring the
command into a proper format for the specific type of 



25   memory being used in the system.  A memory controller can utilize a
memory controller buffer (130) as shown in Fig. 5. The memory controller
buffer can store the selector tag that identifies that channel selector
that routed the command to the memory channel. 30              One
embodiment of the invention can be visualized in the following scenario.
Assume that an application (200) requires a unified memory architecture
scheme such that each requestor to the memory needs access to the entire
memory (101), not just to a specific block of memory. Then assume 35   that
M physical memory channels for N request sources are being utilized. Also
assume that each requestor will primarily, but not solely, require access
to a single memory channel. Each requestor may also require access to other
Wo 99/34294                                       PCT/IB98/02138 7 



memory channels at any given time, and a path can be provided to fully
support this feature. A request might be a memory read or a memory write
access, for example. In the case of a memory write, data may flow from the
system to the memory. No 5   further path will typically be required.  For
memory reads, the read address and control will be flowing from the system
to the memory. However, a return path will typically be needed for the read
data. This may require two different architectures for the selectors, which
may be issuing read or 10   write requests.  In any case, data coherency
and ordering must be ensured. As shown in Fig. 1, the circuit arrangement
of the different blocks is such that each selector can interface to all the
memory arbiters. Each memory arbiter in its turn can interface with a
unique memory controller, which can 15   physically connect to a single
memory channel.  This network between all the selectors and all the
arbiters can provide for requests to access any of the channels, thus
implementing a fully unified memory architecture system. Should unified
memory architecture only be partially supported, some of these 



20   connecting paths may be removed to give a simpler and more cost
effective implementation. Because all the requestors can run and may issue
requests at any time, the system can be considered synchronous to a single
clock. A requestor might only assert one request 25   at a time.  Once this
request is generated, it can be routed to its individual request selector.
The request selector can hold an address table containing all the physical
addresses of the memory channel boundaries. By simply comparing the
incoming request address to each of the channel boundary 30   addresses,
the selector can determine to which channel the request is addressed. Since
the mapping of the different channels is non-overlapping and continuous,
one channel will be addressed by each request. Fig. 3 shows an example of a
write selector with two memory channels. An actual 35   implementation will
typically make use of a request FIFO, where the last stage of the FIFO can
be used for address comparison. This can lead to a fully pipelined,
one-clock throughput design. 



WO 99/34294                                       PCT/IB98/02138 once the
selector decodes the memory channel, it can forward the request to the
appropriate arbiter, together with the request address, control, and data
in the case of a write access. The arbiter can determine which request
should be 5   served according to a predetermined algorithm.  Since all
memory channels will be physically separated, they will be independent, and
the different arbiters can operate concurrently. An arbiter may potentially
serialize the different requests if more than one request is received for a
10   given channel.  However, if the requests are asserted to different
arbiters, all the requests may be served concurrently, taking full
advantage of the multi-channel memory system bandwidth. The arbiter may
signal back to a selector that a 15   request has been served, and pass the
winning request to its 



memory controller with a tag indicating the origin of the request. This tag
can be propagated along with the request through the memory controller to
identify the path to be taken by data that is returned, for example, in the
case of a memory 20   read.  For memory writes, the tag may be collapsed as
it will typically not be used later on. For memory reads, the memory
controller can buffer the read tag and send it back to the arbiter along
with the read data once it is received from the memory. Upon receiving the
returned data, the arbiter can 25   pass the information back to the
appropriate selector according to the request tag. A read request selector
example is shown in Fig. 4 for a two-channel memory system. A potential
problem with a multi-channel memory system resides in the possible
different 30   latencies of the multiple channels.  As such, the same
requestor might issue two read requests A, then B, to two different
channels, and have read request B served before read request A. In order to
ensure data ordering, each read selector can store in a FIFO a tag
identifying the channel 



35   being accessed.  As the reads are received from the different
channels, and knowing that each channel keeps data coherency, the receiving
part of the selector can accept the proper data accordingly, and refuse
return data from other channels until    WO 99/34294
PCT/IB98/02138 9 the correct channel identification tag is present. At this
point in time, the read data is available and can be returned to the
requestor in order. Fig. 4 presents an application example using two memory
channels, where the channel 5   identification FIFO is reduced to a 1-bit
wide FIFO. Additional control logic may be added to the architecture to
prevent potential Read-Before-Write or Write- Before-Read problems. Such
problems may occur when read and write requestors both attempt an access to
the same memory 10   location.  Depending on the arbiter algorithm, any of
the 



requests may be served first. In a typical system, the application program
will typically prevent this kind of event from happening. However, if there
is a need for securing these transactions, such a situation can be detected
by the 15   channel arbiter which can stall the appropriate requestor
according to the functional needs of the application. Another functionally
awkward situation might occur when different requestors of the same type
try to access the same memory location. This is important in the case of a
20   write-before-write process.  Here again, a solution can be implemented
at the application level, but also can be secured locally. Each arbiter can
do simple address analysis preventing two different write requestors from
accessing the same resource and blocking the resource for a particular 25
requestor according to functional specifications. Another embodiment of the
invention allows it to accomplish a dynamic reallocation of address space
during the run time of an application. This allows the efficiency of the
application to be optimized. As shown in Fig. 6, an 



30   application (200) can be interfaced with a unified memory architecture
system (100) and memory channels (105) can be utilized to access individual
areas of address space (110) and (114) of memory (101). The application
itself can allocate a first buffer of information of the application to a
first 35   memory channel so as to allow that first buffer of information
to be stored in the area of address space that is accessed through that
particular memory channel. Furthermore, a second memory channel (C2) can be
coupled between the application and    WO 99/34294
PCT/IB98/02138 10 the memory (101). Then, while the application is running,
the allocation of the first buffer of information can be revised such that
at least a portion of that first buffer of information is re-allocated to
the additional memory channel 5    (C2) or to more than one additional
memory channel. 



In another embodiment of the invention, a second buffer of information of
the application can be allocated to the memory of the unified memory
architecture system so as to allow the second buffer of information to be
stored in the 10   memory.  In this embodiment, the first buffer and the
second buffer can be re-allocated to the memory during the run time of the
application so as to alter the speed of the application. A means for
re-allocating, such as a software routine that assigns buffers to different
areas of address 15   space in a simple look-up table can be used.  The re-
allocation of the first buffer and the second buffer to different areas of
the memory can be utilized to increase the speed of the application. In
another embodiment of the invention, the first 20   memory channel can be
utilized to access the first area of address space of the memory while at
least one additional memory channel can concurrently be utilized to access
at least one additional area of address space of the memory. In addition,
additional memory channels might be utilized to 



25   address still more areas of address space of the memory. In another
scenario, in addition to the first buffer of information being stored in
the memory, a second memory channel can be provided to allow a second
buffer of information to be stored separately from the first buffer of 30
information in a second area of address space of the memory. This allows
the second buffer of information to be accessed at will without delay
should the first buffer of information be required simultaneously. In
another embodiment of the invention, a first 35   portion of a first buffer
of information of an application can be allocated to a first memory channel
so as to allow that first portion of the first buffer of information to be
stored in the first area of address space of the memory. Then a    WO
99/34294                                       PCT/IB98/02138 11 



second portion of the first buffer of information of the application can be
allocated to a second memory channel so as to allow that second portion of
the first buffer of information to be stored in a second area of address
space of 5   the memory.  Finally, at least a portion of a second buffer of
information of the application can be allocated to a second memory channel
so as to allow that portion of the second buffer of information to be
stored in the second area of address space of the memory. 10
These examples can be understood more readily through the following
examples. A typical application of the embodiments of the invention might
be a 3-D rendering engine, where memory is typically split into three main
buffers: Local Buffer (LB), Texture Buffer (TB), and Frame Buffer (FB). 15
The actual size and location of these three buffers might vary depending on
the high-level application, it might be changed on the fly. An application
might also require a frame buffer requestor to access a region in the local
buffer, or a frame buffer requestor to render into the texture buffer.
Normal 



20   operation of the rendering engine will typically utilize five
distinctive types of accesses: 1.  LBRD:  read accesses to the local buffer
2.  LBWR:  write accesses to the local buffer 3.  TXRD:  read accesses to
the texture buffer 25              4.   FBRD:  read accesses to the frame
buffer 5.   FBWR:  write accesses to the frame buffer Another key point in
applying the embodiments of the invention to a 3-D rendering engine is the
typical characteristic of locality of such a system. Under most 30   cases,
accesses to a single buffer will be localized within a limited region. A
typical example is the application of a texture, where a relatively small
texture will be accessed for a long period of time while stretching the
texture over a large polygon. Locality also refers to the fact that 35
operations in the texture, local and frame buffers are usually completely
independent. The system considered here can contain two physical memory
channels. Under normal operation, the high-level 



WO 99/34294                                       PCT/IB98/02138 12
application might allocate the different buffers among the two memory
channels such that the frame buffer resides in the lower channel, while the
local and texture buffers share the upper channel. Depending on the amount
of memory provided and 5   the required size of the different buffers, at
least the following three situations might arise: 1.   The system provides
a large amount of memory, and the required buffers are comparatively small.
2.   The system requires large logical buffers with 10   a relatively
limited memory budget. 3.   The system configuration has reasonable memory
and buffers of average size. Under situation (1), the cost of memory would
not be an issue and the system could be tuned for maximum performance. As
such, the high-level application 



15   could map the local and texture buffers into the upper memory channel,
while mapping the frame buffer alone in the lower channel. Using this
configuration, and knowing that 3-D operations in the local/texture and
frame buffers are independent, the system can take full advantage of the
dual 20   channel system.  The local/texture requests may be served
independently of the frame buffer requests, and a maximum performance can
be attained. In this manner, the frame buffer can be accessed concurrently
with a request to either the local or texture buffer. Note that even though
logically 25   mapped to different physical memory channels, each of the
requestors can still access any region of the unified memory architecture
system memory.  Therefore, a unified memory architecture scheme is still
fully supported. This can be especially important for offline downloading
of texture data 30   into memory.  This might be accomplished by a frame
buffer write block that is physically located in the texture buffer. This
configuration would typically lead to a high cost but high performing 3-D
rendering engine. An extreme 



implementation could make use of three different memory 35   channels, thus
reducing to null the overlap of requests between the texture, local and
frame buffers. In this fashion all three buffers, each stored in an address
space of a different memory channel, could be accessed concurrently.    WO
99/34294                                       PCT/IB98/02138 13 Therefore,
no delay would be incurred when the local and texture buffers were required
simultaneously. Under situation (2),  the cost of the memory could be
minimal.  The texture and local buffers may not, for example, 5   fit
within a single memory channel, and the high-level application would be
required to make the choice of splitting the texture buffer across an
address space of two memory channels. With this type of setup, and again,
taking into consideration the principle of localization of memory accesses 



10   in a typical rendering engine, the two channels may be effectively
used concurrently for a certain percentage of the requests. There will be,
however, a certain amount of requests that will be accessing simultaneously
the same channel. In this case, the arbiter will determine the winner 15
and one of the requestors will be stalled.  This will translate into a
reduction of the effective memory bandwidth, and eventually into poorer
performance of the rendering engine. This configuration provides a low
cost, but a lower performing 3-D rendering engine. An extreme case could be
20   defined when a single memory channel is implemented to serve all three
buffers. In such a case, the three simultaneous requests, one each for the
local, texture, and frame buffers, respectively, would lead to a delay
while one buffer is accessed at a time. 25              Situation (3)
represents an intermediate case between cases (1) and (2), where most of
the requests would be served by different channels but might overlap over
some periods of time. 



As can be seen from this discussion, the embodiments 30   of the invention
provide full support for a unified memory architecture system with a small
amount of additional logic while at the same time allowing simultaneous
access to the memory by different requestors. The actual board level
implementation, which is usually driven by performance and 35   cost
factors in a later stage of the design flow, can be tuned according to
those requirements. This gives a much wider degree of freedom to a system
designer and a greater versatility to a 3-D rendering engine. It allows on
the fly    14 memory allocation which can map the local, texture, and frame
buffers to a memory according to the requirements of an application running
on the system, e.g., resolution, level of detail, speed, etc. This is
essentially for 3-D applications 5   where the screen resolution (i.e.,
frame buffer size), level 



of details (texture buffer size) and supportive features (local buffer may
be disabled) may vary during run time. Finally, most current rendering
engines will be heavily pipelined because of the volatile nature of
graphics 10    data.  Latency is usually of little concern in a rendering
engine, but throughput defines the real performance of the system.  The
architecture embodied by this invention can be completely pipelined without
any difficulty and can fit most desirably in the design style and mode of
operation of 15    traditional 3-D rendering engines.    CLAIMS: 1
1.   A circuit for use in a Unified Memory 2  Architecture system, the
circuit comprising: 3        a)  a memory (101) of the Unified Memory
Architecture 4  system; 5        b)  a plurality of requesting devices
(R1..RN); 



6        c)  a plurality of channel selectors (118) capable of 7  receiving
a command from at least one of said plurality of 8  requesting devices for
the Unified Memory Architecture system; 9        d)  a first memory channel
(C1) coupled to each of said 10  channel selectors that can provide access
to a first area of 11  address space of the memory; and 12       e)  at
least one additional memory channel (CM) coupled 13  to each of said
channel selectors, the or each additional 14  memory channel being capable
of providing access to an 15  additional address space of said memory,
characterized by: 16       an arbiter (122) capable of passing said command
to a 17  memory controller (126) with a selector-tag for use when said 18
command is a read request to identify the channel selector 19  that routed
the command to the memory channel; and 20       wherein said arbiter,
memory controller and memory 21  channel used to pass said command are
responsible for and 22  capable of transmitting data both to and from said
memory. 23 24             2.   The circuit as described in claim 1 wherein 



25  said arbiter (122) prioritizes a plurality of commands 26  intended for
the first memory channel. 27 1             3.   The circuit as described in
claim 2 wherein the 2  arbiter (122) is capable of serializing the
plurality of 3  commands. 4 1             4.   The circuit as described in
claim 2 and further 2  comprising a memory controller (126) associated with
the first 3  memory channel (122).    1             5.   The circuit as
described in claim 4 and further 2  comprising a memory-controller-buffer
(130) to store the 3  selector-tag that identifies the channel selector
that routed 4 the command to the memory channel. 5 1             6.    The
circuit as described in claim 1 wherein 



2 each of the plurality of channel selectors is electrically 3 coupled to a
plurality of arbiters, each arbiter associated 4 with a corresponding
memory channel. 5 1             7.    The circuit as described in claim 6
and 2  further comprising a memory controller (126) associated with 3 the
arbiter (122). 4 8.  The circuit as described in claim 1 wherein at 6
least one of said requestors comprises a computer and further 7
comprising: 8        an application program (200) executed by said computer
9 wherein said application program is capable of allocating a 10  first
address space (110) of the first memory channel so as to 11  allow the
first address space to act as a first buffer (204); 12  and wherein said
application program is capable of revising 13  the allocation of the first
address space so that at least a 14 portion of the first buffer is
re-allocated to one of the 15  additional memory channels. 



16 1             9.  The circuit as described in claim 8 and further 2
comprising: 3        a plurality of buffers (204, 208) of the application 4
program (200) allocated to a plurality of address spaces of 5 said memory,
each address space having a size; and 6        a means for reallocating the
plurality of buffers of the 7 application program by redefining at least
one of said 8  buffers to have a different size. 9 1             10.  The
circuit  for use in a Unified Memory 2 Architecture system as described in
claim 8 wherein the    17 3 application program (200) is adapted to
allocate a first 4  portion of the first buffer in the first memory channel
and a 5 second portion of the first buffer in a second memory channel. 



6 1             11.  The circuit  for use in a Unified Memory 2
Architecture system as described in claim 10 wherein the 3 application
program (200) is adapted to allocate a portion of 4 a second buffer of
information of the application in the 5  second memory channel. 7 1
12.  A method of operating a Unified Memory 2 Architecture system
comprising: 3        a)  providing a memory (101) of the Unified Memory 4
Architecture system; 5        b)  providing a plurality of requesting
devices (R1..RN); 6        c)  providing a plurality of channel selectors
(118) 7  capable of receiving a command from at least one of said 8
plurality of requesting devices for the Unified Memory 9  Architecture
system; 10       d)  providing a first memory channel (C1) coupled to each
11  of said channel selectors to provide access to a first area of 12
address space of the memory; 



13       e)  providing at least one additional memory channel (CM) 14
coupled to each of said channel selectors, the or each 15  additional
memory channel capable of providing access to at 16  least one additional
area of address space of the memory; 17  characterized by: 18
providing an arbiter (122) capable of passing said 19  command to a memory
controller (126) with a selector tag for 20  use when said command is a
read command to identify the 21  channel selector that routed the command
to the memory 22  channel; and 23       transmitting data to and from said
memory by utilizing 24  said arbiter, memory controller and memory channel
that are 25  used to pass said command. 26 1             13. The method of
operating a Unified Memory    18 



2  Architecture system as described in claim 12 and further 3 comprising: 4
utilizing an arbiter (122) capable of prioritizing a 5 plurality of
commands intended for the first memory channel. 6 1             14.  The
method of operating a Unified Memory 2 Architecture system as described in
claim 13 and further 3 comprising: 4        receiving a plurality of
commands intended for the first 5 memory channel (105); and 6
utilizing the arbiter (122) to serialize the plurality of 7 commands. 8 1
15.   The method of operating a Unified Memory 2 Architecture system as
described in claim 12 and further 3 comprising: 4         utilizing a
plurality of channel selectors (R1..RN) to 5 receive a plurality of
commands directed to the Unified Memory 6 Architecture system; and 



7        routing the plurality of received commands to memory 8 channels
requested by the plurality of received commands. 9 1             16.  The
method of operating a Unified Memory 2 Architecture system as described in
claim 15 and further 3 comprising utilizing arbiters associated with the
memory 4 channels. 5 1             17.  The method of operating a Unified
Memory 2 Architecture system, as described in claim 11 wherein at least 3
one of said requestors comprises a computer and further 4 comprising: 5
executing an application program (200) with said 6 computer; 7
allocating a first buffer (204) to a first address space 8   (110); and 9
revising the allocation of the first buffer so that at 10 least a portion
of the first buffer is re-allocated to one of 11 the additional memory
channels. 



19 12 1             18.  The method of operating a Unified Memory 2
Architecture system as described in claim 17 and further 3 comprising: 4
allocating a second buffer (208) to a second address 5 space (114); 6
reallocating the first buffer and the second buffer 7 during run time of
the application. 8 1             19.  The method of operating a Unified
Memory 2 Architecture system as described in claim 18 and further 3
comprising: 4       utilizing the first memory channel to access the first
5 area of address space (110) of the memory while concurrently 6 utilizing
the at least one additional memory channel to access 



7 the at least one additional area of address space of the 8 memory. 9 1
20.  The method of operating a Unified Memory 2 Architecture system as
described in claim 17 and further 3 comprising: 4        allocating a first
buffer (204) to a first address space 5   (110); 6        allocating a
second buffer (208) to a second address 7 space (114) so as to allow the
second buffer (208) to be 8 stored separately from the first buffer (204)
in said second 9 address space (114) of the memory. 10 1             21.
The method of operating a Unified Memory 2 Architecture system as described
in claim 17 and further 3 comprising: 4       allocating a first portion of
a first buffer (204) to be 5 stored in a first address space of the memory
(110); and 6       allocating a second portion of the first buffer (204) of



7 information to be stored in a second area of address space 8   (114) of
the memory. 9    


