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This application claims the benefit of U.S.
Provisional Application No. 60/068,839, filed December 24,
1997.
10 This invention relates generally to the field of
uniform memory access systems, more particularly to the area

of multi-channel memory access systenms.
In the past, computer systems have utilized an

arrangement where a multiﬁle number of requestors accessed a

15 memory through a single memory channel. As a result of these
multiple requestors 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,
there is a desire for a memory system that will allow a

20 multiple number of requestors to access the memory system

simultaneocusly. ' '

o For example, in the area of computer graphlcs,

appllcatlon programs often utilize several buffers in the

application program. Each of these buffers, e.g., a local

25 buffer, a frame buffer, and a texture buffer are reéuired 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
time. To enhance the performance of the graphics application

30 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
particular buffer, it would be desirable if an application

35 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.
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and may yield to subsequent degradation of the memory
performance if transfers within logical buffers are required, -
The physical size of each memory channel also fixes the size

10 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.

In the past, memory systems requiring support for

15 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
given data bus width).

20 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
multiple request sources.

25 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
is functionally limited. Therefore, there is a desire for a

30 flexible solution to this problem whereby an application can
dynamically make use of multiple channels while keeping a
fully unified memory architecture systenm.

SUMMARY OF THE INVENTION
35 The present invention provides embodiments that
overcome the problems and satisfy the needs that are not met
by prior memory systems. In one embodiment of the invention,
the unified memory system can be divided into several memory
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same time.

In another embodiment of the invention an

10 application can modify the logical sizes of the buffers
utilized in the application program. By modifying the buffers
during the application program itself, the application program
can dynamically improve or even optimize its performance. One
embodiment of the invention .allows the buffers to be changed

15 to different memory channels so that the buffers can be
accessed simultaneously and thus the speed of the application
program can be increased. '

Hence, it is an object of one embodiment of the
invention to provide a unified memory architecture system that

20 can utilize more than one memory channel.

An object of another embodiment of the invention is
to pfévide a system that allows the allocation of buffers of
an application program to be'redistributed in a memory system -
during the implementation of the application program itself.

25 It is an object of one embodiment of the invention
to provide a system that allows the performance of an
application program to be modified by permitting the
allocation of buffers across more than one memory channel.

other objects and advantages of the invention will

30 become apparent from a consideration of the following detailed
description taken in conjunction with the accompanying
drawings wherein certain examples of practicing the
embodiments are illustrated. Howe%er, it is to be understood
that the invention is not limited to the details disclosed but

35 includes all such variations and modifications as fall within
the spirit of the invention and the scope of the appended

claims. -
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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 DESCRIPTIOCN 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. PFig. 1 shows several requests being linked
to a memory of the unified memory architecture systeﬁ. 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 Cl1 as_shown in Fig. 6. In addition,
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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 reguests 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 regquest 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.




said command to a nmenory controller with a selector-tag for use when said
command is a read request to identify the channel selector that routed the
comand to y channel; and wherein said arbiter, ne Q! | er
and 20 menory C é%%gl used to pass said cgnnand are responsigiéu?or and .
capable of transmtting data both to and Tromsaid nmenory. Simlarly, a

method of ‘operating tfip gig.C4l,! datnAb20tREOM #PE-OXe! 061 LORPL! Ol HO°
i nvention is advantagéous 7i'n"that a Universa nory FEhrfecture System
can be i nplesmsntkal behidaupdiedonieng-a FLEFErACHLeY Fednbedortotseverals t he

Uni ver sal  Npiirar-Nic rtled @ndnsbe® ch) thi sciaineey thgrppecgaeh the

menory system s enhanced,- because theggarlous-req estors can access

different it 93t BRASSPCLAMaA NAtBugl PeParkerRepanl so Ee¥ | eXaplen
addi tisn, apfittert iHarRelgrand s’ aasbedatadpwiehshencref coRErsETRESAIRI S can

o ogr am t o AT AT 6 Rafadral | nSERLLaF Sy $RB5ERE FrFameb Pliie "
t he buf f er ;assoe ied-eat oxidde thegiorryl consvodlgradM. t NEhe parbibérs are
capable of prioritizing many different commands intended for a
memory channel. For example, the arbiter for memory channel

10 €1 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 reguest sources are
being utilized. Also assume that each requestor will
primarily, but not solely, require access to a single memory
channel. Each reguestor may alsoc require access to other
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a block diagramof a 3-Drendering 5 engine utilizing the invention. Fig.
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connecti on yguory 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'cdntroller, 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.
l Because all the requestors can run and may issue .
= © i reguésts at any time, the system can be considered synchronous
to a single clock. A reguestor 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 regquest 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.



provi de proper operation of each of the channel arbiters and 15 menory
controllers for..a 3-D rendering engine with two physical "menory channels.

Fig. 6 showswaagpmyal overview of an application program coppirgfogid213
uni versal menory architecture system Figg 7 shows an existing unified

menory architecture 20 systemthat utilizes a single nenory channel.
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concurrently. An arblter 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 systenm bandwidih.
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 reguest
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 ﬁé 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 reguests A, then B, to two
different channels, and have read request B served before read
request A. In order to ensure data ordering, each reﬁd
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



As can be seen in Fig. 6, an application (200) can 35 access nenory (101)
via the nenory channel (105). By providing a nenory of the unified nmenory
architecturavey®iesm a first area of address space (110) canPEBIRASHII3ed
through a first nmenory channel Cl as shown in Fig. 6. In addition, WO
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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 reguestor
according to the functional needs of the application.

Another functionally awkward situation might occur
when different reguestors 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
locaily. 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 menmory 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
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and whi ch alygwssgagh requestor to access any region of that ;pRamdy,sRace.
15 In Fig. 1 a channel selecior arrangenent can e seen. The
channel selectors can receive requests fromindividual requestors and route
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el enents MB¥he 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. 1In
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



30 be required to interface the conmand to the nenory channel. However,
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coupled to tvweswrmuaery channel. In addition, it should be undecTABRSP213Bat
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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 typicélly 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. IBRD: read accesses to the local buffer
2. ~ LBWK: 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 embodiménts 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
conpletely independent.

The system considered here can contain two physical
memory channels. Under normal operation, the high-level



menory channel Cl1 in Fig. 1. Simlarly, arbiter channel CMis associ ated
with menory controller CM The arbiters are capable of prioritizing many
di fferent cowoassieed nt ended for a nenory channel. For exanpl BCT/IB98/02U38i t er
for menmory channel 10 Cl in Fig. 1 is qapable of prioritizing several -
di fferent conmmands intended for that channel. The arbiters can serialize
t he sever alapp¥ifcarteiiin acgienad lokatet thg ddé€Eevent Tharpebst smondrehal swo

bl f ' .t h. t to -
Cdonti £yt An afbr YR Bl eRaREREY e QRL Burflr CLLgi eI LARE O 1O
channel .  I¥eweri shannelwhahidiee thebiloenlr avdi vextunekbuf Sers hehaxetlye
control I er g, e%ﬁl%é{a‘%ﬂirés.t , JePen@{RGP LS/ thEeaﬁgagh&g%fCﬁ&mbﬂf%féVi%% Ctha

selector it ass the read 1 Afornati on

arbit efs ardeggmugead sit® Aldlhe Adfbryerbnbubfesss aboleassheh® in Fig. |

1. Each nendyGPitd @Hre GituBeiasgoftighedawibB:its own respective nenory
channel (105). The nenory contraoll-er _can Bchgpgble of conflggrln t he
ct

command into a propert<for FYFLERPLRXE pEgGfamount S 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 averade 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
perférmance 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'B-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 cbannel, could be accessed concurrently.



25 menory being used in the system A nenory controller can utilize a
menory controller buffer (130) as shown in Fig. 5. The nenory controller
buf fer can swore/s3ieisd sel ector tag that identifies that channaCTaBbse188
that routed the conmand to the nenory chayel. 30 One
enbodi nent of the invention can be visualized in the foll ow ng scenari o.
Assune t hatrieer&fdte £ ahod Gle 1330 Gou R Wd eindurttud iwb@nTeie M odadhiahact ure

schenme such_that each_requestor to the nory. .needs _gccess to the entire

remory (L0I5SXREES | RFEEEE e AT R AU RIS I ren assume 35 that

M physi cal nenory cheabmids siruadiaguEst, dde cestacd Hbiengemorlyi ced1dAbeo

assune thaty, gaph, { equsd e{\‘él:l%pa[ﬂd@dééfn Hife iy m%? Aot ff%%“b&%mg‘i‘éess

to'a single newopg channel " Each requestor may also require”access to 6t her

W 99/ 84294£it within a single memory channel, and ph® hegdrJzved 7
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 effeétive 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 bﬁt 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
whilg at the same time allowing simultaneous access to the
nemory 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



menory channels at any given tine, and a path can be provided to fully
support this feature. A request mght be a nenory read or a nenory wite
access, for In the case of a nenory wite, data nay t
systemto tﬁ@éﬁ@Bk§§ No 5 further path will typically be reqU|ré%
menory reads, the read address and contrdf will be flomnng fromthe syst
to the ne e Pa y eded f er
data. Thi gﬁ%‘?&g\éﬁ'ﬁ?@aﬁ%{l %nghen%ﬁ cih Y'ﬁ%ﬂ#%tsif o‘? & Selt %‘fo%rsq"mh
may be i ssiuffersaticop PEMOr¥y ﬁ?@o?-’@ém%st—% the remyivemantsiaf avher ency
and orderi e@m&t%nemmﬁg 08 £heVByifef] Ge.d,, LAGEIUCL], AdRND

of the different blocks is such_that, K each self%¥; can I nterface to al
X

menory arbidle&aé—lrEﬁEﬁeFFenﬁFﬁ -ar Bhigris epsent #&PY rih faprligations

uni ques WE”WI@O&hl’eOISbQéan\ABEQBlﬁﬁﬂoﬂ5(l @hysma&é YoeerEYe G i 4 &) a]?é\ﬂﬂ e
menory channel Thi s ne t he. sel ectors and all

t
arbiters c&F FeSRidSE ﬁ&?%ﬁﬁeg?% ?5 %%%%Esa%%ys‘&p‘?’#e“fﬁ]aﬁﬁﬂﬁ‘?eﬁ hus
i npl enent i (Goeafllubluyffer hagdberabsybhedhihay vy Sistiong “wrowiatni fi ed

memory architecture @ilyyRg, PRLLEALLYrSHPPRLAEL 130 T dindd'S581 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.

It is thought that the apparatuses and methods of
the embodiments of the present invention and its attendant
advantages can be understood from the foregoing description,
and it will be apparent that various changes may be made in

20 the form, construction, and arrangement of the parts thereof
without departing from the spirit and scope of the invention
or saerificing its material advantages, the form hereinbefore
described being merely a preferred or exemplary embodiment
thereof.
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20 connecting paths may be renoved to give a sinpler and nore cost

ef fective inplenentation. Because all the requestors can run and may issue
requests at vemgy34e9e, the system can be considered synchr onoBSTARPSE2BENg| e
cl ock. A requestor m ght only assert oneiseque : atime. Once this

request is generated, it can be routed to its mmuﬂﬂ(ﬂ%t sel ector.
he physi cal

The requeswHa®l gst cLACMEDNTBd an address tabl el

addresses of the nmenory channel boundaries. By sinply conparing the
i ncom ng request address to each of the channel boundary 30 addr esses,
the sdl ector can det@rmi nd FérﬁHiEhfﬁﬁaﬂﬁ%I1¥h%'ngﬁkﬁﬁ NemeENr essed. Si nce

the Wﬁdop' nﬂr&ix#@%tﬁk%‘; Qirgﬂbrét?BﬁﬁéebirbﬁlﬂO@o giﬁnﬁ and conti nuous, .
one channel wi e addreésse g shows an ex e of a
wite %el ector @t hat RE"RENOPY %h%aﬁ’éféle‘g\nﬁ%? ite %rg% will
typical |y nmake pyeaoffizstememotryFthéhnebes? the hemdrgtafetind Uik f4dbO can
be us for,_address arison ' I . ful | pel i ned, .
one- clPock EahgﬁfggggFgﬁfg sy;@éﬁ £R8: ggg ﬁ§6@iée Aéﬁé%é“%o a(¥1rst

6 area of address space of the memory; and

c) at least one additional memory channel of the memory
of the Unified Memory Architecture system, each additional
memory channel being capable of providing access to an

additional address space of the memory.

-

0 0~

1

[ ]

2. The circuit as described in claim 1 and further
comprising:
- a channel selector capable of receiving a command for the
Unified Memory Architecture system and routing the command to
a requested memory channel of the Unified Memory Architecture

A ;W

system,

3. The circuit as described in claim 2 and further
comprising an arbiter associated with the first memory
-- channel, the arbiter capable of prioritizing a plurality of
commands intended for the first memory channel.

TR R

4. The circuit as described in claim'3 wherein the

N

arbiter is capable of serializing the plurality of cémmands.

5. The circuit as described in claim 3 wherein the
arbiter is capable of passing the command to a memory
controller with a selector-tag to identify the channel
selector that routed the command to the memory channel.

B W N e

6. The circuit as described in claim 3 and further
2 comprising a memory controller associated with the first
memory channel.
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\s/\fa)l 22{ gfzggcodes the nmenory channu!""lml,u"””m, gc;rfmlaB?gggtzagBtgntcﬁet e

appropri at e wobehglss together with t he r%qdbsf alidress, cont pgirassndizat a
in the case of a wite access. The arbitefgcan determ ne which request
shoul d be 5 served according to a predeterm ned algorithm Since al

{rﬁrro(rjyf1]g:hannfl S \éw:ItI be phwﬁéC@ixfi-éuﬂﬂhﬁ aieeshrﬁﬂmAiw H&a?ﬁi im%aemithgrﬁnd
e | eren arpryters can operate cC curr.e . n-ar ol may .potenti ally
bori ol Pro t HOmBFLpLRE e PoROREr T Ll b o, £ aode Tne EIBRYER or
10 giBven thgntkht idenktifies ithd eharamie Hel artoratdhertt eduteddithieer ent

arbiters, a . requ concurrently,. taking ful
5o oPoThafa B8 B0 iy IR BE

advant age o nory system bandwi dth. The arbiter may :
signal back to a selector that a 15 request has been served, and pass the

Wi nning request to itg, The circuit as described in claim 1 and further
2 comprising a plurality of channel selectors, each channel
selector capable of receiving a command for the Unified Memory'

Architecture system and routing the command to a requested

n S~ W

memory channel of the Unified Memory Architecture system.

9. The circuit as described in claim 8 wherein
each of the pluralitf'of selectors is electrically coupled to
a plurality of arbiters, each arbiter associated with a
corresponding memory channel.

B W N

10. The circuit as described in claim 9 and
further comprising a memory controller associated with the

w N =

arbiter.

_ 11. A method of utilizing a Unified Memory
Architectﬁre system, the method comprising:

a) providing a memory of the Unified Memory Architecture
system;

b) providing a first memory channel of the memory of the
Unified Memory Architecture system capable of providing access
to a first area of address space of the memory; ’

c) providing at least one additional memory channel of

W 0 N o 0 b W N

the memory of the Unified Memory Architecture system, each
additional memory channel capable of providing access to at
least one additional area of address space of the memory.

| el
= o

12, The method of utilizing a Unified Memory
Architecture system as described in claim 11 and further
comprising:

utilizing a channel selector to receive a command for
the Unified Memory Architecture system; and

U oh W
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nmenory controller with a tag |ndmﬂmmﬂlﬂnﬁllwumn of the request. This tag
can be propagated along with theld | Mithe nenory controller to

i dentify thewp®ol34299 be taken by data that' i § returned, for BCATBPHI213% t he
case of a nenory 20 read. For nmenory wi7tes, the tag may be col | apsed- as
it wll typically not be used |ater on. For nenory reads, the nenory
controkl er can hnéteing hehe comimany divd as evegharty lvhanned. triegusestiiede byatdvey

W th tge reggmggﬁg once it is received fromthe nenory. Upon receiving the
returned datra, e arbiter can 25 pass the information back to the
appropriate selector according to the request tag. A read request selector

exanpl ¢ is shown in Ry, 4riomeéeriow-chariiali Y UPMEA nti al
problemw th a pulti-channel neq¥3¥ S %éﬁgLnesi e§‘in t he possible

i fferdnt SBEChiBeGHAFE SYFCTRAIqs FdThamalain A2 angh foafbeZane
requesgor ng rissng:two read requests A then B, to two different
channel s, and havg, [ ead request served.hef aore read.request A _.ln_qrder to
ensure*data or de‘?ﬁ‘l{ﬁ'zje%% H* e%ﬁ]b’?ceﬁrec agz'rak’(t:lae’n ost? gféqr&t&%g%aapgg a11¢

i dent i Byi ngof heomhamds| intended for the first memory channel. '

14. The method of utilizing a Unified Memory
Architecture system as described in claim 13 and further
comprising: _

receiving a plurality of commands intended for the first
memory channel; and
utilizing the arbiter to serialize the plurality of

S U W N

commands.

15. The method of utilizing a Unified Memory
Architecture system as described in claim 13 and further
comprising:

passing the command to a memory controller with a
"seleétor—tag to identify the channel selector that routed the

N O AW N

command to the memory channel.

16. The method of utilizing a Unified Memory
Architecture system as described in claim 13 and further
comprising utilizing a memory controller associated 'with the

- W ON R

first memory channel.

17. The method of utilizing a Unified Memory
Architecture system as described in claim 1 and further
comprising:

utilizing a plurality of channel selectors to receive a
plurality of commands directed to the Unified Memory
Architecture system; and

routing the plurality of received commands to memory

channels requested by the plurality of received commands.
[

o N W N e
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35 bei ng accessed. ived fromthe different

channel s, and know ng that Ellm ﬁmum”mﬂps data coherency, the receiving
part of the can accept the *ordper data accordingly, papgpdsihisge
return data‘?scg 02?{16 channel s unti | V¥) 99/ 34294

PCT/ | B98/ 02138 9 the correct channel idertdfication tag is present. At this
point kn tinme, the re d | 4 | gl b n t he
requestor in order. FfﬁgI Z&"%’?e"z&&?s adratpe‘ig:p |caq‘{§(r;rsil ?)?é‘%%& glglmhgytvm menory.
channeRs, wheckitécteharsysten as deaqriked iion Rep 13 eadufurthera 1-bit

wi de FRFO éaﬂ, SO0 { Pind Qoo tBPs BRRidedadOwike fhehhbRekyre to

pr event potent f&gﬁg eforez%Mlte or Wite- . BeforelRead proble%g Such
probl efts na?h%B%ﬁismhen read and wite requestors both attenpt an access to:

t he sane nenory 10 | ocation. Depending on the arbiter algorithm any of
the 1 19. A method of utilizing a Unified Memory

2 Architecture system, the method comprising: '

3 a) providing a memory for the Unified Memory

4 Architecture system;

5 k) providing a first memory channel of the memory of the

6 Unified Memory Architecture systenm, the first memory channel

7 providing access to a_first area of address space of the

8 memory; _

9 c) providing at least one additional memory channel,
10 each additional memory channel providing access to additional
11 individual areas of address space of the memory;

12 d) allocating a first buffer of information of an

13 application to the first memory channel so as to allow the

14 first buffer of information to be stored in the first area of
15 address space of the memory; and

16 .e) revising the allocation of the first buffer of

17 information so that at least a portion of the first buffer of
18 information is re-allocated to one of the additional memory
19 channels.

1 20. The method of utilizing a Unified Memory

2 Architecture system as described in claim 19 and further

3 comprising:

4 allocating a second buffer of information of the

5 application to the memory of the Unified Memory Architecture

6 system so as to allow the second buffer of information to be

7 stored in the memory; and

8 reallocating the first buffer and the second buffer to

9 the memory during run time of the application so as to alter
10 the speed of the application.

-
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requests may be served first. Lmllﬂjmﬂﬂmﬁulﬁﬂu’em the application program
will typically prevent this ki y happeni ng. However, if there
is a need fowOo®eR498Nng these transactions, such a situation F&T/1B88/dI%ct ed
by the 15 channel arbiter which can stal$ the appropriate requestor
according to the functional needs of the application. ‘Another functionally
awkwar d situation m gkt.ocThe meéthodlidf ertehliziowestinistisfd Meneane t ype
try to,acce I | e D4 S:d S r | 1%&& se of a
20 wzite-%%?%%%‘?mﬁqf% océé(%sg %ﬁ%‘%ﬁ%ﬁ}j’so utzltt'j(’;)lnr}"h"c(.ianr?E e |ér?pal enent ed
at t he3appl ¢enpybeingvincreaging skhe Arerd b kel arpddidatiamch arbiter can
do sinple address analysis preventing two different wite requestors from

accessing the sanme resource and hl ogki the. resource for a particular 25
requesttor accordi ng t%zfunﬁ?&%ﬁ’%‘%e%p%é&t’rm R eh T¥ent of the

i nvent pon aht-eMstetthpe aseoteth isd desiynied ireadlaiontiomnd MAdRAS Space
during,the run tine of an application. This allows the efficiency of the
applicgtionc?ﬂpﬁésbﬁgrnized. As shown in Fig. 6, an

4 utilizing the first memory channel to access the first

area of address space of the memory while concurrently
utilizing the at least one additional memory channel to access
the at least one additional area of address space of the

W 3 o6

memory.

23. The method of utilizing a Unified Memory
Architecture system as described in claim 19 and further
comprising:

allocating a first buffer of information of an
application to the first memory channel so as to allow the
first buffer of information to be stored in the first area of
address space of the memory;

allocating a second buffer of information of the

O W N, bW N R

application to a second memofy channel so as to allow the

[
o

second buffer of information to be stored separately from the

=t
[

first buffer of information in a second area of address space
of the memory.

=
N

24. The method of utilizing a Unified Mehory
Architecture system as described in claim 19 and further
comprising:

allocating a first portion of a first buffer of
information of an application to the first memory channel so
as to allow the first portion of the first buffer of
information to be stored in the first area of address space of
tﬁe memory; and

W 0 < A O o~ W N

allocating a second portion of the first buffer of

[
o

information of an application to a second memory channel so as
to allow the second portion of the first buffer of information
to be stored in a second area of address space of the memory.

B
N o+
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30 application (200) can be i unified nmenory architecture
system (100) and nenory channel iﬂ m ﬁmmmt"ﬂlll lized to access individual
areas of addwessszgmwace (110) and *(1i4)" of* nénofy (101). The apphkssatizen

itself can allocate a first buffer of infggmation of the application to a
first 35 menory channel so as to allow that first buffer of information

to be gtored in the apga Oi'hédﬂémsd@%ii'ﬁ é@(ﬁiﬁ?ﬂ% that
parti cul ar nenDr channel urther econ nenory channel C2) can be.
coupl ed betﬁﬁﬁﬁl RETURE F¥S ?%na% scr

PCT/ | B38/ OZéBﬁpiQsﬁhg a&mocatiﬂ@lat ﬂasaest; av\/rpdmtitd:re oAl |swunm bu¥ fendifng,

t he al |l ocati, ILLS . ' e re uch that
at leadt a 6%?9 ﬁggg n ﬁg {"P séﬁ{)lu %teif&gc{we (r)}'rglib sen}o c?’(?i'&fa d5Po
the additioasl tnea@ﬂ-ywchaﬁnpbr'sion qtzt)he)rsqqpnd)rtmﬁﬁm odn é.refcbatimiaitdoal to
menory &Lhanggl gtored in the second area of address space of the memory.

1 26. An apparatus for use in a Unified Memory

2 Architecture system, the apparatus comprising:

3 a) a memory of the Unified Memory Architecture system;

4 b} a first memory channel of the memory of the Unified

5 Memory Architecture system that can provide access to a first

6 area of address space‘of the memory;

7 c) at least one additional memory channel of the memory

8 of the Unified Memory Architecture system, each additional

9 memory channel being capable of providing access to an
10 additional address space of the memory;
11 d) an application program capable of allodating a first
12 buffer of information of the application to the first memory
13 channel so as to allow the first buffer of information to be

14 stored in the first area of address space of the memory, said

15 application program also capable of revising the allocation of
16 the first buffer of information so that at least a portion of
17 the first buffer of information of the application program is
18 re-allocated to one of the additional memory channels.

1 27. The apparatus for use in a Unified Memory

2 Architecture system as described in claim 26 and@ further

3 comprising:

4 a plurality of buffers of the application program; and

5 a means for reallocating the plurality of buffers in the

6 nenory during the run time of the application program so as to

7 change the speed of the application program. .

28. The apparatus for use in a Unified Memory
Architecture system as described in claim 26 wherein the
application program is adapted to allocate a first portion of
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I n anot her enbodi nent of the inv buffer of information of
the application can be all ocat edﬁmmmullﬁuﬂﬂm the unified nmenory

ar chi t ect ur voegsagyM SO as to al | olv the "'selontl Buffer of i nfopaEnEssnzsse be
stored in the 10 nenory. In this enbodijnent, the first buffer and the
second buffer can be re-allocated to the nmenory during the run tinme of the
appl : f@ti ORcHD ﬁ&*éﬁo it fir ]E:he treadreft &d&mﬁ&@pkﬁhaahbgngn? Eeaa&ohgr iy

resall gcating,, .suc a software uti.ne that assigns buffers to different
areas of a(ﬁﬁ&a"s’soﬁboé%s‘}facéqs\ﬁm’a&ué | 47 §oRETS R, RO © B@ H‘?é The re-
allocation of the first buffer and the second buffer to different areas of
the nmepory can be utiJd zeqduwto GhLe ed..0 I n.

anot her enbodi nent ofi%hedﬁhnve%#)l onqz%t%htf%? %Q-,% 36‘ fa hﬁﬁf§&8 h’%ﬁ%}é& can be
utilized t Aretibacture fsyshemasa @rsca'd&eésénsﬁééémoﬂst ﬁbemsnrar thehil e at

| east gne %iié_&@imﬂw@f&m@@aa%@ac%cwu%hu Bepdi-thbredst @ access
at | east one "additional area of addréss space the nmenory. I n additiaqgn,

addi ti®nal SRSRNY, RERR I Aniermsdien of; &e éppllcatlon in the second
5 memnory channel.
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scenari o,
t he nenory,
buf fer of i

nore areas of address space of the nenory.
I nformati on being stored in

menory channel can be provided to allo
n to be stored separately fromthe firsrﬁgﬁﬁéggﬂg¥ 30

o the first buffer of

| n anot her

information in a second area of address space of the menory. This allows

t he second buffer of
should the first buffer

information to bev@c

i nformati on
a first 35

of

cessed at wll
be required sinmultaneously.

w t hout del ay
I n

anot her
of

so as to allow that first portion of the first buffer of
stored in the first area of address space of the nenory.

enbodi nrent of the invention,

portion of a first buffer

i nformati on of an application can be allocated to a first nenory channel
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second portion of the first buffer of information of the application can be
allocated to a second nenory channel so as to allow that second portion of
the first buwpdessads i nformation to be stored in a second ar eRCEABRWALEs s
space of 5 the nenory. Finally, at |least a portion of a second buffer- of
I nformati on of the application can be glio0cated to a second nenory channel
so as to allow that portion qi_tlhe sec buf fer [Inf ormation to be
stored in the second areaff laddress space of thejnmedory. 10

These exanpl es can be undarstjd®d nore readily thr @h the follow ng

exanpl es. A typical applicatildajof the enbodi nent$ Bff the invention m ght
be a 3-D rendering engine, wyegg nenory is typicalfhyjisplit into three nain
buffers: Local Buffer (LB), Textjure Buffer (TB), &nd|Frame Buffer (FB). 15 °
The actual size and |ocationldE jthese three buffel < ght vary dependi ng on
t he high-1level application, i t2 i ght be changed oh €He fly. An application
m ght also require a frame byifger requestor to ac @g a region in the | ocal
buffer, or a frane buffer redupgdtor to render int He texture buffer.
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20 operation of the rendering engine will typically utilize five
distinctive types of accesses: 1. LBRD: read accesses to the |ocal buffer

2. LBWR  wybbez@sgesses to the local buffer 3. TXRD  reage-pfifp ﬁ,ﬁﬁﬁ
the texture buffer 25 _ 4. FBRD: read accesses to t rame
buf fer 5. FBWR: wite accesses to the frame buffer Another key point in

appl yi ng the enbodi nents of the inventﬁ%ﬁ'to a 3-D rendering engine is the
typi cal characteristic of locality of such a system Under nost 30 cases,
accesses to a single buffer will be localized within a limted region. A
typical exanple is the application of a texture, where a relatively snal
texture will be accessed for a long period of tinme while stretching the
texture over a |l arge polygon. Locality also refers to the fact that 35
operations in the texture, local and frame buffers are usually conmpletely
i ndependent. The system consi dered here can contaln two physical nenory

channel s. Under nornal operation, -‘5he hi gh-tevel 28
‘U< -t SU
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WD 99/ 34294 PCT/ 1 B98/ 02138 12
application mght allocate the different buffers anong the two nenory
channél s suc¥o 843294 he franme buffer resides in the | ower cha”RGBiBIsERIBe t he
| ocal and texture buffers share the upper channel. Dependi ng on the anount
of menory provided and 5 the reqU|red4 ze of the different buffers, at

| east the following three situations m g{m arise: 1. The system provi des
a large amount of nenory, and the required buffers are conparatively small.
2. The systemrequires large |logical buffers with 10 a relatively
limted menory budget. 3. The system configuration has reasonabl e nenory
and buffers of average size. Under situation (1), the cost of nenory would
not be ap.issue _and the system could be tuned for naxinmum performance. As

such, t hphygienl eysift %rb&é""{o_”_
ADDRESS

COMPARISON
BLOCK

FIFO

= channel 1 RdAddr
RAAddr —e= ———— channe! 2 RdAddr

N
RACir| —=i NJ-—-—-— channel 1 RdCirl

——— channel 1 RdCtr!

1-bit wide FIFO
holding the sequential
- S o : - : channel flag

channel 1 return data

requested return datq —— 2

channel 2 return data

FIG. 4
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15 could map the local and texture buffers into the upper nenory channel,
whi |l e mapping the frane buffer alone in the | ower channel. Using this

confi gurati Qg ogdashgknowi ng that 3-D operations in the | ocal /deansos/e1snd
frame buffers are independent, the systemcan take full advantage of the
dual 20 channel system The |ocal/texture requests may be served

I ndependently of the frane buffer requ s, and a maxi mum perfornmance can
be attained. In this manner, the franme buffer can be accessed concurrently
with a request to either the local or texture buffer. Note that even though
| ogi cally 25 mapped to different physical nmenory channels, each of the
requestors can still access any region of the unified nenory architecture

system nmenory. Therefore, a unified nmenory architecture sch is still

fully supported. This can be especially inportant for offli ownl oadi ng

of texture data 30 | n~e—ee-y——7hi s m ght be ac a frame
i squbykeircal fy | ocated in the teReMPRY buflfer. This

buf fer V\,Lﬂvg bl ock t hat
confi gur nt ufml cednnel e@t {o a high cost but ¢angmoblerf qrni ng 3-D
renderin WRgﬂ L —A—e

treme channe| Ct
LBWR ctr] ——e
LBWR data 130

FBWR req — =]
FBWR addr ———
FBWR ctr] ——y .

FBWR data request

LBRD req — | read/write flag

LBRD oddr ————e]

LBRD ctrl —— winner ID tag .
LBRD data ——] %‘gﬂ%ﬁ;'
LERD valid ——o oddress interface
TXRD req — . write data

TXRD addr ——

TXRD ctrl ———=f read ID tag

TXRD datg ———

TXRD valid ~e—m0o read valid

FBRD req — o read data

FBRD addr ———f
FBRD ctr] —
FBRD dotq ———yj
FBRD valid =——oi
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I mpl enentation could nmake use of three different nenory 35 channels, thus
reducing to null the overlap of requests between the texture,

frame bufferWO%R4Phis fashion all three buffers, each storef#ﬁﬁggﬁozz%dress
space of a different nenory channel, could be accessed concurrently.

99/ 34294 6/7 PCT/ 1 B98/ 02138 13 Therefore,
no delay would be incurred when the |ocal and texture buffers were required
si mul t aneously. Under situation (2), the cost of the nenory could be
mnimal. The texture and |ocal buffers may not, for exanple, 5 fit
within a single nenory channel, and the high-1evel application would be
required to nake the choice of splitting the texture buffer across an
address space of two nenory channels. Wth this type of setup, and again,
taki ng i nto comsrterattTon—tfrerprrmcTptre of~—tovatrzatTonrof-nemory accesses
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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 anount of requests that will be accessiqﬁﬂgﬁgy&ﬁgpeously
the sane cNemPE4294 n this case, the arbiter will determ ne w nner 15
and one of the requestors wll be stalled. This will translate into a
reduction of the effective nenory ban th, and eventually into poorer
performance of the rendering engine. is configuration provides a | ow _
cost, but a |ower performng 3-D rendering engine. An extrene case could be
20 defined when a single nmenory channel is inplenented to serve all three
buffers. In such a case, the three sinultaneous requests, one each for the
| ocal, texture, and frame buffers, respectively, would | ead to a del ay
while one buffer is accessed at a tinme. 25 Situation (3)
represents an internedi ate case between cases (1) and (2), where nost of
the requests would be served by different channels but m ght overl ap over
sonme periods of tine.

REQUESTOR 1
REQUESTOR 2 k

ARBITRATOR Single channel
REQUESTOR 3 / Memory system

REQUESTOR N

FIG. 7
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As can be seen fromthis discussion, the enbodi nents 30 of the invention
provide full support for a unified nenory architecture systemwith a snal
amount of additional logic while at the: sane tine al'l.owi ng sjnul t aneous:
access to the nenory by different requestors. The actual hboard:level

i mpl ement ation, which is usually driven by:performnce and.35., cost -
factors in a later stage of the design flo can be tuned according to

t hose requirenents. This gives a nuch wi der degree of freedomto a system
designer and a greater versatility to a 3-D rendering engine. It allows on
the fly 14 men@BPTEMAGC MUDTIWOHANNED MEMORE CONINROLEBERUISYSEEM frame
buffers to a nenory according to the requirenents of an application running
on the system e.g., resolution, |level of detail, speed, etc. This is
essentially for 3-D applicati onBAGKGROENEr F tTHE JAWaNTIeoNsol ution (i.e.,

frame buffeg size), |eve
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 requestors 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

ki 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. 1In fact, application programs have been
expected to split the logical buffers of the application

AMENDED SHEET



of details (texture buffer size) and supportive features (local buffer may
be disabled) may vary during run tinme. Finally, nost current rendering

engi nes,wi || be heavily pipelined because. of the volatlle nature (o] A
graphics 10 data. Latency is usually of! I|ttIe coneern in a renderlng
engi ne, but throughput defines the real’ perfornance-of t he: syst.em | The
architecture enbodied by this |nvent|on can be conpl etely pipelined wthout

an dlfflculty S [ n the des st and node of
op>e1r ation of 1 &B’t %g%gl %%e rfref% %{F Ny &g ﬁggng&s (‘;{ fE: mgmoTy
1. . Acircuit #Yﬁtqmse Thig teiyGesd oweablty the;ﬁu@nt@e@@lnhy'§¢stéﬁ1sysuan

circuit conpri sdifymay yield t&)subbedRBBEYdéddiiHatabnt 88 4 Head-Yerory

devi ces
?Eghléﬁﬁture 4'pé%@%éﬂ§hcg if trané%%rs wELHréﬂfoégcaE gg%%&?%'a@% 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.
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6 . ¢c) aplurality of channel selectors (118) capable of 7 receiving
a command fromat |east one of said pIurallty of 8 requestlng devi ces for

the Unified Menory Architecture system .9 ©d) ‘a flrst menory’ channel
(Cl) coupled to each of said 10 channel selectors that can prdvude access
to a first area of 11 address space of 'the nennry;'and 12 0. e)..

| east one additional nenory channel (CM coupled 13 to each of sai d
channel selectors, the or each additional 14 nenory channel being capabl e
of providing access to an 15 additional address space of said nenory,
characterized by: 16 an ar BPMMARY 12 THEaPEBENTISN passi ng sai d connand

to a 17 menmory control l@fe Eke8in i&&c&%keﬁw&l&@a@ o %&reﬁﬁ"\f@vﬂ
command is a rea | sel egtor that routed

to identj t he channe
t he command t ot 8lﬁbq?f£§§f“}ﬂ‘fé(n EfF 1%%% system Teelcl’rr§8iLH %?‘tﬁrtlesrmg
nmenory cont¥ ol Rememoty mehtihy Emlfghadhebrwsedcmitqnnn;esaydtennnnnd are

responsible fopiapgh 22, rapabLeseingd ranamett L ng ghat:a1804hokocghthdir om sai d

it as described’in claim1l wherein
menmory. 23 24 selectors cap%ble I erééé!ﬁing 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

e

Architecture System. 1In 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. 1In this fashion, the information
of the buffers can be accessed simultaneously and the speed of

35 the application program can be increased.
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25 said arbiter (122) prioritizes a plurality of commands 26 intended for

the first nmenory channel. 27 1 ' ,3. ,The circuit as descrlbed I n
claim2 wherein the 2 arbiter (122) is capable of serlaI|2|ng the. '
plurality of 3 conmands. 4 1 ;4. : Thecircuit as.descrti.bed.in

claim?2 and further 2 conprising a nenDrylgontroIIer (126) -associ at.ed .with
the first 3 nenory channel (122). 1 5. The t as
described in claim4 and further 2 conprising a’ﬂﬁﬁﬁ??~66—-£LLgu+buffer
(130) to store the 3 selector-tag that identifies m‘\“\““ﬁmﬁm‘*ﬂ“ct or

that routed 4 the command to the nenory channel.
circuit as desgkhbgd.in claim1l wherein

The

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 (R1l..RN);

6 ¢} 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;
y 9 'd) a first memory channel (Cl) 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.

24 2. The circuit as described in claim 1 wherein
25 sald 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 c¢laim 2 and further
2 comprising a memory controller (126) associlated with the first
3 memory channel (122}.
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2 each of the plurality of channel selectors is electrically 3 coupled to a
plurality of arbiters, each arbiter associated 4 with a corresponding
menory _channel. 5 1 The' circuit ras describéd in.ctaim6

7.
and 2 further conprising a megory controller ;(126): associated with. 3 the
arbiter (122). 4 rl . mTBI WE’; deScri'pgd in claim1l-wherein at 6 -
| east -one of said N Al Tt ses a conputer and further 7

- .. * [ L . . .
conprising: 8 ah application program (200) executed by said conputer
9 wherein 4aid application programis capable of allocating a 10 first

address space (110) of 6he fThestcivembryagdanalibed &8 ¢laill 4 ahdiofwtther

first addrgss spans sifqagt méfoyJdohstobd f &hur204) 1342 tanRdowher i n said

application programis capg%%e,of revLS|ng}3 the _allocation of the first
e SO AITRE 5091 BRRY IepR1forE i U SPAPRBL £ P RCTHRET FRRT  Kouted

addr ess spdc
re-all ocat ed ttheonremofintihec 1the adddiokyonladnmednory channel s.

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
g 3 the arbiter {122).
4
5 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 apparatus for use in a Unified Memory
2 Architecture system as described in claim 8 wherein the

- ced THIS SHFET HAS BEEN
This Sheet Has Been Replace REPLACED

IR
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16 1 . 9. Thecircuit as described in claim8 and further 2
| Si of buffers (204, 208) of the application 4

conprising: 3 a pluralit

program (200) all ﬂuﬁﬂ“! ﬂu QE I|ty of address:spaces-of ‘5 said ienory,
each address spa ll »and 6 . a neans for real l-ocating. the
plurality of buffers f‘the 7 application pyogran1by redefi ning at .| east’
one of said 8 buffers to have a dlfferent si ze. 10. The

cl aim 8 whér ei ada
al Locate a4fi rmrmonp@ift 25 @frstthéuff?étllb ﬁlrﬁt tIRRINCE YT §baﬁ%ﬁbra}tmbﬁannel

and a 5 segondsg¥yrd @Brefoh her funkesti By fRIf flet @nS&CHNHATE MR r ¢ hadtglel
6

circuit fgr uzz'e%]{]lr&a%l éég% l}ﬁbr{gg? éAr cc{y %cdtt %O?J@I%a%@ as ggfrl bed in

1 11. The apparatus 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,
6
-
1 12. A method of operating a Unified Memory
_ 2 Architecture system comprising:
} 3 a) providing a memory (101l) of the Unified Memory
4 Architecture system;
5 b} providing a plurality of requesting devices (R1l..RN):
6 ¢) 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
8 BArchitecture system;
10 d} providing a first memory channel (Cl) 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
7 16 least one additional area of address space of the memory;
17 characterized by:
18 providing an arbiter (122} capable of passing said
13 command to a memory controller {(126) with a selector tag for
2¢ 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.
2€

fur

13. The method of operating a Unified Memory

THIS SHEET HAS' ssﬂ
This Sheet Has Been Replaced REPLACED
LT ot ST




6 1 — —tT—The circuit for use in a Unified Menory 2

Archi t ect ur e m mwm Hed in claim:10 wherein the 3 application
program (200) ﬂmm E | ocate a: portlon of /4 :a second buffer of
i-nformati on of *hé a pllcatlon in the 5 s-econd mehory channgai 7 1

12. A nethod of operating a Unified NErmrM 2 Architecture system - :
conprising: 3 a) providing a nenory (101) of the Unified Menory 4

Archi tecture ﬁygecﬁure sy3téy asPROYLAI NG npé%gfﬂ'fbyaﬁ fﬁf%ﬁgy' ng

devi ces (Rf providing a plurality of annel sel ectors
(118) 7 cépatﬁ%“ﬁﬁlsﬁéael ving a command fromat |east one of said 8
plurality @f requesitingztieyiaearbatet helddi chpdbMemft wriorfrthideet ure

system 10 oyl s Br 0¥1 dirdhidtsf LESLadRIOLY. chanasled( Glhocoupladeho each

11 of sai | ectors to provide access to a first
address sp&ce of the nenory;
1 14, The method of operating a Unified Memory

Architecture system as described in claim 13 and further
comprising:

receiving a plurality of commands intended for the first
memory channel (105); and

utilizing the arbiter (122} to serialize the plurality of
commands .

15. The method of operating a Unified Memory
Architecture system as described in claim 12 and further
comprising:

utilizing a plurality of channel selectors {R1..RN} to
receive a plurality of commands directed to the Unified Memory
Architecture system; and

routing the plurality of received commands to memory
channels requested by the plurality of received commands.

16. The method of operating a Unified Memory
Architecture system as described in claim 15 and further
comprising utilizing arbiters associated with the memory
channels.

17. The method of operating a Unified Memory
Architecture system, as described in claim 11 wherein at least
one of said requestors comprises a computer and further
comprising:

executing an application program (200) with said
computer;

allocating a first buffer (204) to a first address space
(110); and

revising the allocation of the first buffer so that at
least a portion of the first buffer is re-allocated to one of
the additional memory channels.
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area of addres

coUpIed to ea
menory. channe

sel ectars,: the or each 15, additional
di ng access-to ‘at’ 16 ! Ieast one' addi ti onal
spacé-o the nenory; 17 oharacterlzed by, 18

i one additional nenory channel (CM 14

providing an arbiter (122) capable of passjgng Said 19 command to a nenDry
controller (126) with a selector tag for 20 use when said command is a

read co d to identify the 21 channel selector that routed the comand
to the nenory 22 channel and 23 transnlttlandapa to and from said
memory by #tilizing 24 1%ai Fher BRERPS S rAPeFatsng rdl It igddMABABY y channe
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allocating a second buffer (208) to a second address
space (114);

reallocating the first buffer and the second buffer
during run time of the application.

19. The method of operating a Unified Memory
Architecture system as described in claim 18 and further
comprising:

utilizing the first memory channel to access the first
area of address space (110} of the memory while concurrently
utilizing the at least one additional memory channel to access
the at least one additional area of address space of the
memory.

20. The method of operating a Unified Memory
Architecture system as described in claim 17 and further
comprising:

allocating a first buffer (204) to a first address space
(110} ;

allocating a second buffer (208) to a second address
space (l14) so as to allow the second buffer (208) to be
stored separately from the first buffer (204) in said second
address space {114) of the memory.

21, The method of operating a Unified Memory
Architecture system as described in c¢laim 17 and further
comprising:

allocating a first portion of a first buffer (204) to be
stored in a first address space of the memory {110); and

allocating a second portion of the first buffer (204) of
information to be stored in a second area of address space
{114) of the memory.
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2" Architecture systemas described in claim12 and further 3 conprising: 4

utilizing amarbiter(122) capabl e of prlorltlzmg a5 pl urallty of

comanes |nten the first menory.¢hahnel,. 6:1: reo . The.
net hod of oper§ !5 -‘ ﬂ’m\/lermry 2. Ar chi tect'ur e’ system as: descrl bed in
claim 13 and fieteh ng: 4 ° zorecelvlngaplurailty of ..
conmmands i nt ended for t ir'st 5 nenory channel (105); and 6
utilizing the arbiter (122) to serialize the pIuraIity of 7 commands. 8 1
15. The nmet hod of operati i.ed _Menor 2 Arc ct S stem as

' P g ?t“f‘l Qé‘c’goﬁﬁr PRY 2 “Oniff CEt"f} ¥ng a

described in claim 12 a
plurality of2 chanwéttecstetrectswsere Ris, dRNFriled 1rne@é|a\m al ping furtheof

commands di r£ctgfptOs e aUNbld €rhdVRFON ¥a bt A JYt@chUs e SYSIRHd Bidfer

4 {208) of information of the application so as to allow the

5 portion of the second buffer of information to be stored in
6 the second area of address space (114) of the memory.

ARIEWLTT S



7 . - routing the plurality of received commands to nenory SephACEMENT SHEET
requested by the plurality of received commands. 9 1 16. he

met hod of operating a Unified Menory 24Architecture 'system as d 'r{"
claim15 and further 3 conp[ising utilizing arbiters associate égiﬂﬂjﬁhé
menor y ReTOEYnRdi kocat jon which can pap tige 19¢eHod TOHOE& atd i fied

MEmDI Y 1R sl HEStHNEa Sy ST efbc8sadasCicdbed sl kehdidBnkhitheieidh at | east 3

one of said requestors conprises a Conputer and further 4 conprising: 5
execut iapp ldrcadpipin camwingr 69 Bie( SYSEeN t I8 -gai,d e sedmiuiasy,;, fevel of
Fevi s e o TR orCot | CRaLP| RSl ST e e o T i lendtl
ofs t he wherst the fecresnreesblutarad (tic eone fofamk] hifif eatidi idenal Leredr y
channelosf details (texture buffer size) and supportive features
(local buffer may be disabled) méy 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 rengering
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.
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19 12-1- . The nethod of oper at giw Aa;;@'ﬁ BF’&»"ME mory ZREPLACEMENT SHI

Architecture ribed inclaiml cqnprising: 4
allocating a gzzfeﬁras_desg_zﬁgy_to a secon ddress 5 spage|(114); 6
real | ocating thd] lﬁ””ﬁ” m””"F t he, secon u2f2dUL 2088 ig jrun tine of

t he application, 19 he nmgt hod of operatilng a Unified
Menmory 2 Architecture systen1as descrlbed ip claim18 and tfunther 3
conptising: 4 utilizing the first nme less the first
5 arga of addresssspacenéldDicoft the Jmmmsyuhile pé_plr&%rren I% %hggl l'i zi ng

the at |east ,one addltlonal menory channel to acc
2 comprising & memory-controller-buffer (130) LQ store the

selector-tag that identifies the channel selector that routed
the command to the memory channel.

6. The circuit as described in claim 1 wherein
each of the plurality of channel selectors is electrically
coupled to a plurality of arbiters, each arbiter associated
with a corresponding memory channel.

further comprising a memory controller (126) associated with
the arbiter (122).

3
q
3
1
2
3
4
5
1 7. The circuit as described in claim 6 and
2
3
4
3 8. The circuit as described in claim 1 wherein at
] least one of said requestors comprises 2 computer and further
7 comprising:
8 an application program (200} executed by said computer
9 wherein said application program is capable of allocatlng a
10 first address space (170) 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

g. The circuit as described in claim 8 and further
comprising: .

a plurality of buffers (204, 208) of the application
prograh {200) allocated to a plurality of addrass spaces of
said memory, each address space having a siza; and

" a means for reallocating the plurality of buffers of the

~N M WV e W N e

application program by redefining at least one of said

buffers to have a different size.

10. The circuit for use in a Unified Memory

N P o o

Architecture system as described ia claim 8 wherein the



7 therat | east one&jaditional area of address—space—of—the—8 ne

202 .The nmethod of operating a Unified M e sygﬁ% ((;@MENT SHEET
described in claim17 and further 3 corrpr Ffﬁﬂmlmﬂmﬂmﬂm ocatl ng a first
buffer (204) to a first address spacelb s =*allocating a

second buffer (208) to a second address 7 space (114) so as to allow the
second bappeicél08) poodreanB (ﬁmnedssa@ap@é@lgbfammdahg fal Fst-spuffer (204)

in saJd Sec nd 9 ?dggess S c _g114 o{ t he, nenotéEF 21.

The net h68* g fro §e2rﬁﬁﬁﬁnq §r€h§9§?énﬁa§ aescri bed

in clai mséioaddpbutidsmroﬂ tdr;a’rmlrstngufﬂer in a aldcomal mBGlody fbfx%nﬁprt i on of

a flrét buffer (204) to be 5 stored in a first address space of the nenory

(110); and 6 al l ocating a second portlon of the first buffer (204) of
11. The clrcuit ; for use in a Unified Memory

-

Architecture system as described in claim 10 wherein the
application program (200} is adapted to allocate a portion of
a second buffer of information of the application in the

sacond memory channel.
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12. A method of operating 2 Unified Memory

Architecture system comprising:

a} providing a memory (10}) of the Unified Memory
Architecture system;

b) providing a plurality of requesting devices (R1..RN);

c) providing a plurality of channel selectors {118)
capable of receiving a command from at least one of said

o =~ M o e N

plurality of requesting devices for the Unified Memory

w

Architecture system;

i0 d) providing a first memory channel (CL1}) 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-addgess space of the memory;

17 characterized by:

8 providing an arbiter (122} capable of passing said

1% 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 éelector 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

23 used to pass said command.

1 13. The method of operating a Unified Memory



7 information to be stored in a second area of address space;
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