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Description

TECHNICAL FIELD

[0001] The present invention relates to a technology
for reading data from a main memory at higher speed,
and more particularly to a technology for using a cache
memory for acceleration.

BACKGROUND

[0002] US-A-2002/0099912 discloses a memory sys-
tem which comprises a first cache memory of a high rank
close to a processor; a second cache memory or a main
memory device of a lower rank; a first table for storing a
line address when there is no line data in the first cache
memory at a time of making a transfer request for the
line data and the transfer request for the line data is made
to the second cache memory or the main memory device;
and means for comparing a line address registered in
the first table with a line address of a transfer destination
every time the transfer request is made.
[0003] US-A-2003/0093644 discloses a method for a
cache line replacement policy enhancement to avoid
memory page thrashing. The method comprises com-
paring a memory request address with cache tags to de-
termine if any cache entry can match the address.
[0004] US-A-2003/0218608 discloses a multimedia
processor for performing three dimensional graphics
processing in an integrated circuit.
[0005] US-B-6,629,188 discloses a cache memory ap-
paratus for graphics and other systems which includes
a cache memory having a first number of cache lines,
each cache line addressable by a cache line address; a
first plurality of storage elements coupled to a first ad-
dress bus; and a second plurality of storage elements
coupled to the first plurality of storage elements. The first
plurality of storage elements holds a second number of
cache line addresses, and the second plurality of storage
elements holds a third number of cache line addresses.
The apparatus further includes a prefetch manager which
passes an address stored in a memory as a result of a
cache miss to a memory controller for cache line update.
[0006] In recent years, processors have been im-
proved dramatically in the operating frequency. In con-
trast, dynamic random access memories (DRAMs) typi-
cally used as main memories have not been so much
improved in the operating frequency as the processors.
Taking advantage of the processor performances thus
requires some contrivance. The access times of the main
memories have been reduced by using the technique of
interposing a cache memory between a main memory
and a processor.
[0007] Nevertheless, even if the processor accesses
the cache for a designated address, the cache does not
always contain the desired data. In such cases, a cache
miss occurs to require a refill from the main memory.
When cache misses like this occur frequently, the cache

not only fails to contribute to acceleration but also causes
overhead.

DISCLOSURE OF THE INVENTION

[0008] The present invention has been achieved in
view of the foregoing problem. It is thus an object of the
present invention to provide an information processing
apparatus and an information processing method for re-
ducing cache misses for the sake of faster data read.
[0009] The invention provides an information process-
ing apparatus according to claim 1, an information
processing method according to claim 6 and a computer
program comprising instructions according to claim 10.
Preferred embodiments are specified by the dependent
claims.
[0010] One of the aspects is an information processing
apparatus representing background art and serving for
a better understanding of the present invention. This ap-
paratus comprises: a cache memory which stores part
of data in a main memory, the cache memory being used
commonly by a plurality of operating units; and a control
unit which controls a refill operation from the main mem-
ory to the cache memory in accordance with at a least
one cache miss from the plurality of operating units, so
as to suppress occurrence of thrashing in the cache
memory. Here, the "data" may cover texture data. The
"operating units" may cover texture units. The "thrashing"
may refer to a state where swap-in and swap-out of iden-
tical data occur intermittently between the main memory
and the cache memory.
[0011] Another aspect is also an information process-
ing apparatus representing background art and serving
for a better understanding of the present invention. This
apparatus comprises: a cache memory having a plurality
of ways for storing part of data in a main memory, the
cache memory being used commonly by a plurality of
operating units; a cache management unit which man-
ages cache tags and states of entry for the respective
ways; and a control unit which controls a refill operation
from the main memory to the cache memory and the
states of entry in accordance with a refill request from
the cache management unit, the refill request occurring
from at least one cache miss from the plurality of oper-
ating units.
[0012] The control unit may suppress occurrence of
the refill operation when the plurality of operating units
access an identical memory address with a predeter-
mined time difference. When the control unit receives a
plurality of refill requests to an identical memory address,
it may suspend the refill operation corresponding to the
refill request of the second henceforth. When the control
unit receives a plurality of refill requests to an identical
memory address, it may also suspend entry lock corre-
sponding to the refill request of the second henceforth.
Moreover, the control unit may accumulate a predeter-
mined number of refill requests occurring from cache
misses before performing the refill operation.
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[0013] Another aspect is also an information process-
ing apparatus representing background art and serving
for a better understanding of the present invention. This
apparatus comprises: a cache memory which stores part
of data in a main memory, the cache memory being used
commonly by a plurality of operating units; and a control
unit which controls a refill operation from the main mem-
ory to the cache memory in accordance with a plurality
of refill requests occurring from cache misses from the
plurality of operating units. Here, the control unit sets
entry lock corresponding to the refill request on the cache
memory after a lapse of a predetermined time since the
refill operation is started.
[0014] Still another aspect is also an information
processing apparatus representing background art and
serving for a better understanding of the present inven-
tion. This apparatus comprises: a cache memory which
stores part of data in a main memory, the cache memory
being used commonly by a plurality of operating units;
an intermediate buffer interposed between the main
memory and the cache memory; and a control unit which
controls a refill operation from the main memory to the
cache memory via the intermediate buffer in accordance
with a plurality of refill requests occurring from cache
misses of the plurality of operating units. Here, the control
unit sets entry lock corresponding to the refill request on
the cache memory when data to be passed to the cache
memory by the refill operation is stored into the interme-
diate buffer.
[0015] Still another aspect of the present invention is
also an information processing apparatus. This appara-
tus comprises: a cache memory which stores part of data
in a main memory, the cache memory being used com-
monly by a plurality of operating units; and a control unit
which controls a refill operation from the main memory
to the cache memory in accordance with a refill request
occurring from at least one cache miss from the plurality
of operating units, and predicts texture data to be used
by the plurality of operating units and controls a prefetch
operation from the main memory to the cache memory.
The cache memory includes an area to be refilled in ac-
cordance with the cache miss, and an area to be entry-
locked for a prefetch. Th5e control unit may switch the
two areas under a predetermined condition.
[0016] Still another aspect of the present invention is
also an information processing apparatus. This appara-
tus comprises: a cache memory which stores part of tex-
ture data stored in a main memory, the cache memory
being used commonly by operating units; and a control
unit which predicts texture data to be used by the oper-
ating units and prefetches a line containing the texture
data from the main memory to the cache memory. The
control unit may prefetch texture data necessary for a
start scene to be used by the operating units in performing
a predetermined program.
[0017] Still another aspect is an information processing
method representing background art and serving for a
better understanding of the present invention. This meth-

od comprises: arbitrating between a plurality of refill re-
quests occurring from cache misses from a plurality of
operating units accessing a cache memory, so as to sup-
press occurrence of thrashing in the cache memory; and
performing a refill from a main memory to the cache mem-
ory in accordance with an arbitrated refill request. The
aforementioned arbitration may suppress occurrence of
the refill when the plurality of operating units access an
identical memory address with a predetermined time dif-
ference. The occurrence of the refill may be suppressed
until a predetermined number of refill requests are accu-
mulated.
[0018] Still another aspect is an information processing
method representing background art and serving for a
better understanding of the present invention. This meth-
od comprises:

arbitrating between a plurality of refill requests oc-
curring from cache misses from a plurality of oper-
ating units accessing a cache memory; performing
a refill from a main memory to the cache memory in
accordance with an arbitrated refill request; and set-
ting entry locks corresponding to the refill requests
on the cache memory after a lapse of a predeter-
mined time since the refill is started.

[0019] Still another aspect of the present invention is
an information processing method. This method compris-
es: predicting texture data to be used by an operating
unit; and prefetching a line containing the predicted tex-
ture data from a main memory to a cache memory. In the
aforementioned prediction, texture data necessary for a
start scene to be used by the operating unit in performing
a predetermined program may be predicted as the data
to be prefetched.
[0020] Incidentally, any combinations of the foregoing
components, and the expressions of the present inven-
tion converted among methods, apparatuses, systems,
recording media, computer programs, and the like are
also intended to constitute applicable aspects of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Fig. 1 is a block diagram showing the configuration
of a
main memory and a GPU according to a first em-
bodiment representing background art;
Fig. 2 is a flowchart showing a first operation example
of the system according to the first embodiment;
Fig. 3 is a diagram showing how texture mapping is
carried out by a plurality of texture units;
Fig. 4 is a diagram showing the details of a secondary
texture cache and a secondary texture cache con-
troller;
Fig. 5 is a flowchart showing a second operation ex-
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ample of the system according to the first embodi-
ment;
Fig. 6 is a block diagram showing the configuration
of a
main memory and a GPU according to a second em-
bodiment representing background art;
Fig. 7 is a flowchart showing an operation example
of the system according to the second embodiment;
Fig. 8 is a block diagram showing the configuration
of a main memory, a main CPU, and a GPU accord-
ing to a third embodiment;
Fig. 9 is a flowchart showing a first operation example
of the system according to the third embodiment;
Fig. 10 is a diagram showing the details of a second-
ary texture cache and a secondary texture cache
controller in the operation example of Fig. 9;
Fig. 11 is a flowchart showing a first example of the
processing for predicting texture data;
Fig. 12 is a flowchart showing a second example of
the processing for predicting texture data; and
Fig. 13 is a flowchart showing an operation example
of the system according to a fourth embodiment.

DETAILED DESCRIPTION

[0022] Fig. 1 is a block diagram showing the configu-
ration of a main memory 10 and a graphics processing
unit (GPU) 100 according to a first embodiment. The main
memory 10 is the main memory of the system, and is
composed of a DRAM or the like. In the present embod-
iment, the main memory 10 chiefly contains texture data.
The GPU 100 is a semiconductor chip for carrying out
calculations and rendering necessary for three-dimen-
sional graphic display. The GPU 100 incorporates a plu-
rality of texture units 620 to 6n0 which correspond to a
plurality of not-shown shader units. The incorporation of
the plurality of units improves the rendering speed for the
sake of smoother scene transition and the like.
[0023] The texture units 620 to 6n0 have primary tex-
ture caches 622 to 6n2, respectively. The texture unit
620 receives parameter inputs for specifying texture data
from the not-shown shader unit, and designates an ad-
dress in the main memory space to request texture-con-
stituting texel data from the primary texture cache 622.
If the primary texture cache 622 hits with this request, it
passes the texel data to the texture unit 620. If it misses,
the primary texture cache 622 requests a secondary tex-
ture cache controller 500 to read the data from a second-
ary texture cache 400. Subsequently, the texture unit 620
stalls until the texel data of the corresponding address is
read from the secondary texture cache 400. The other
texture units operate in the same way.
[0024] The secondary texture cache controller 500
manages the texture data on the main memory 10, stored
in the secondary texture cache 400. The secondary tex-
ture cache controller 500 has cache tags. The cache tags
are intended to determine whether or not the secondary
texture cache 400 contains the pieces of texture data on

the main memory 10 corresponding to read requests from
the texture units 620 to 6n0. The cache tags are part of
addresses on the main memory 10. A cache hit occurs
if part of a read-requested address and a cache tag match
with each other. If no match, a cache miss occurs.
[0025] When the secondary texture cache 400 does
not contain the texture data under read requests from
the texture units 620 to 6n0, i.e., in the cases of a cache
miss, the secondary texture cache controller 500 issues
a refill request to a cache controlling CPU 200. The refill
request is intended to request that desired texture data
be transferred from the main memory 10 to the secondary
texture cache 400. If the secondary texture cache 400
contains the texture data under read requests from the
texture units 620 to 6n0, i.e., in the cases of a cache hit,
the texture data is transferred to the texture units 620 to
6n0.
[0026] The secondary texture cache controller 500 has
at least two or more ways. This makes it possible to pro-
vide ways both for prefetching and for refilling. Available
cache modes include direct mapping, N-way set associ-
ative, and full associative. When the N-way set associa-
tive is adopted, content addressable memories (CAMs)
may be used to perform matching comparisons in paral-
lel. When a suspension request is issued from the cache
controlling CPU 200, the secondary texture cache con-
troller 500 suspends the operation of the way requested.
In this state, the cache tag of that way can be rewritten
by the cache controlling CPU 200. The suspended state
is also entered when all the requests from the texture
units 620 to 6n0 turn out to be cache misses.
[0027] When an operation resume request is issued
from the cache controlling CPU 200, the operation of the
way requested is resumed. When the transfer of texture
data from the main memory 10 to the secondary texture
cache 400 completes during the suspended period, the
read request from the corresponding texture unit is re-
tried. The texture data is thus transferred to the texture
unit by a cache hit operation.
[0028] The secondary texture cache 400 is an area for
storing the texture data on the main memory 10 tempo-
rarily. The secondary texture cache 400 may be con-
structed on part of the area of an embedded dynamic
random access memory (EDRAM). Based on an instruc-
tion from the cache controlling CPU 200 to a DMA (direct
memory access) controller 300, the texture data on the
main memory 10 is DMA transferred to the secondary
texture cache 400. The texture data is transferred in units
of 16 bytes, 32 bytes, or the like which are called lines.
At the end of this transfer, the cache controlling CPU 200
rewrites the cache tag in the secondary texture cache
controller 500. When the texture units 620 to 6n0 issue
read requests for the texture data on the secondary tex-
ture cache 400, the secondary texture cache controller
500 transfers the corresponding texture data on the sec-
ondary texture cache 400 to the primary texture caches
622 to 6n2 automatically.
[0029] Under an instruction from the cache controlling
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CPU 200, the DMA controller 300 generates address sig-
nals and transfers the texture data from the main memory
10 to the secondary texture cache 400 without the me-
dium of the CPU.
[0030] The transfer between the main memory 10 and
the secondary texture cache 400 is not limited to a chip-
to-chip transfer, but may be a network-based transfer as
well. For example, the main memory 10 may be config-
ured on a server on the Internet, and the secondary tex-
ture cache 400 on a client.
[0031] The cache controlling CPU 200 arbitrates be-
tween a plurality of refill requests through the secondary
texture cache controller 500, and issues instructions to
the DMA controller 300. Here, the cache control is effect-
ed by running a cache controlling program on a not-
shown RAM.
[0032] Fig. 2 is a flowchart showing a first operation
example of the system according to the first embodiment.
Initially, the following description will be given on the as-
sumption that the secondary texture cache 400 has a 4-
way configuration in principle. A read request for texture
data that has caused a miss in the primary texture cache
622 reaches the secondary texture cache controller 500
from the texture unit 620. If the texture data is found in
the secondary texture cache 400, the secondary texture
cache controller 500 transfers the data to the primary
texture cache 622. If not, the secondary texture cache
controller 500 transmits a refill request to the cache con-
trolling CPU 200. Here, the data transfer operation to the
texture unit 620 that has originated the read request is
suspended. Besides, an ID number of the texture unit
620 that has originated the read request is delivered to
the cache controlling CPU 200.
[0033] In Fig. 2, the cache controlling CPU 200 accepts
a refill request for texture data from the secondary texture
cache controller 500 (S10). The cache controlling CPU
200 determines whether or not the address of the target
of this refill request matches with that of a refill request
accepted previously (S12). To be more specific, the two
addresses are collated. This determination process is
performed if the addresses of refill requests accepted
previously are registered. When the addresses are not
registered, i.e., when in an initial stage, the processing
skips to step S14.
[0034] In general, a plurality of refill requests rarely oc-
cur for an identical address. The present embodiment,
however, deals with the environment where such re-
quests can occur easily. For faster processing, the tex-
ture units 620 to 6n0 perform texture mapping in parallel.
The plurality of texture units 620 to 6n0 are provided with
the respective primary texture caches 622 to 6n2. For
the sake of bilinear, trilinear, and other filtering process-
es, requests from the texture units 620 to 6n0 often in-
clude ones for adjoining texels. Then, it is often the case
that the primary texture caches 622 to 6n2 of different
texture units 620 to 6n0 must retain information on mu-
tually-adjoining texel blocks overlappingly.
[0035] Fig. 3 shows how texture mapping is carried out

by the plurality of texture units 620 to 6n0. The plurality
of texture units 620 to 6n0 map textures into frame buffer
areas A to H which are divided and nested in 4 x 4 pixels
or so. The processing is performed in parallel, for exam-
ple, so that one texture unit 620 maps textures to an A
area 722 of the frame buffer, and another texture unit
640 to a B area 724 of the frame buffer. The portion shown
in dotted lines represents an object created by a plurality
of textures a to 1.
[0036] The texture unit 620 for mapping to the A area
722 of the frame buffer must read and map four pieces
of texture data b, d, e, and h, or 702, 704, 706, and 708,
from the primary texture cache 622 of its own. The texture
unit 640 for mapping to the B area 724 of the frame buffer
must read and map three pieces of texture data e, c, and
i, or 706, 710, and 712, from the primary texture cache
642 of its own. Here, the piece of texture data e, or 706,
is used by both the texture unit 620 and the texture unit
640. Consequently, read requests for the texture data of
the same address may reach the secondary texture
cache controller 500 from the plurality of texture units
620 and 640 with some difference in time. Besides, when
the secondary texture cache 400 is constructed on an
EDRAM, a high latency can occur in the DMA transfer
between the secondary texture cache 400 and the main
memory 10. This increases the possibility that a refill re-
quest for a certain address might reach the cache con-
trolling CPU 200 before the refill of the texture data of
the same address is completed. The more the texture
units 620 to 6n0 in number, the higher the possibility of
overlapping refill requests. Three or more refill requests
can even occur overlappingly.
[0037] Returning to Fig. 2, at step S12, if the address
does not match with the registered ones (N at S12), the
target address of the refill request is registered into a not-
shown register or the like in the cache controlling CPU
200 (S14). Next, the cache controlling CPU 200 deter-
mines the target address to be replaced by the DMA
transfer, i.e., the way to be replaced (S16). Various al-
gorithms are available for this determination. When one
single way of the secondary texture cache 400 can ac-
commodate most of the texture data, one of the ways
may be dedicated to the refill purpose. Otherwise, a FIFO
(First-In First-Out) memory or LRU (Least Recently
Used) memory may be used simply.
[0038] Next, the cache controlling CPU 200 locks entry
to the determined way (S18). Description will now be giv-
en of the method of locking entry to a way. Fig. 4 shows
the details of the secondary texture cache 400 and the
secondary texture cache controller 500. The secondary
texture cache 400 caches texture data way by way, in
units of lines. The secondary texture cache controller 500
manages the secondary texture cache 400 way by way.
The secondary texture cache controller 500 has valid
flags for the respective ways, and manages whether the
respective ways are valid or invalid. For example, when
the valid flags are made of 1-bit flag registers, it is possible
to establish such settings as 1 for valid and 0 for invalid.
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In a valid state, the corresponding ways in the secondary
texture cache 400 can be accessed from the texture units
620 to 6n0. In an invalid state, the accesses are locked
out. The valid flags are rewritten and controlled by the
cache controlling CPU 200.
[0039] The secondary texture cache controller 500 al-
so manages part of the addresses of the texture data in
the memory space of the main memory 10, cached in the
secondary texture cache 400, as the cache tags of the
respective ways. Then, the read-requested address and
the addresses in the cache tags are compared to deter-
mine whether a cache hit or a cache miss.
[0040] Returning to Fig. 2, the cache controlling CPU
200, having locked the way to be refilled, instructs the
DMA controller 300 that the texture data of the foregoing
registered address be DMA transferred from the main
memory 10 to the corresponding way of the secondary
texture cache 400 (S20). After the completion of the DMA
transfer, the cache controlling CPU 200 rewrites the cor-
responding cache tag of the secondary texture cache
controller 500 (S22). Then, the way is unlocked. The sec-
ondary texture cache controller 500 restarts the way, and
retries the read request to the texture unit 620 to 6n0
corresponding to the foregoing DMA transfer.
[0041] At step S12, if the target address matches with
any one of the registered addresses (Y at S12), the cur-
rent state of entry of the secondary texture cache 400 is
maintained without entry lock for securing a way for re-
filling (S24). The cache controlling CPU 200 links the ID
number of the texture unit 620 to 6n0 that has originated
the read request, with the already-issued DMA transfer
instruction having the matching address (S26). No DMA
transfer instruction will be issued in response to this read
request. When the secondary texture cache controller
500 restarts the refilled way, it also retries the read re-
quest from the texture unit 620 to 6n0 having the linked
ID number. Subsequently, the foregoing processing is
repeated until the rendering processing ends (Y at S28).
[0042] As above, according to the first operation ex-
ample, it is possible to prevent texture data of the same
address from being refilled overlappingly and the ways
from being locked more than necessary. Consequently,
the texture units 620 to 6n0 can read data from the sec-
ondary texture cache 400 without hindrance. Since un-
necessary refills are avoided, it is possible to suppress
the occurrence of thrashing in the secondary texture
cache 400.
[0043] Fig. 5 is a flowchart showing a second operation
example of the system according to the first embodiment.
Initially, the cache controlling CPU 200 accepts a refill
request from the secondary texture cache controller 500
(S30). The refill request is generated by the same proc-
ess as in the first operation example. Next, the cache
controlling CPU 200 increments a parameter REQ for
retaining the cumulative count of refill requests (S32). At
the same time, the address pertaining to the refill request
is registered to a not-shown register or the like (S34).
[0044] Next, whether or not the count retained in the

parameter REQ exceeds a predetermined threshold is
determined (S36). The optimum value for this predeter-
mined threshold depends on such factors as the number
of texture units 620 to 6n0 and the mode of scene tran-
sition. To be more specific, take a case where a plurality
of texture units 620 to 6n0 perform texture mapping on
a scene or an object. Some of the texture units 620 to
6n0 shall finish processing the scene or object, and start
issuing a read request to the secondary texture cache
400 in order to start the processing of the next scene or
object. At this point, the rest of the texture units 620 to
6n0 are still processing the current scene or object.
[0045] In this state, suppose that the cache controlling
CPU 200 issues a DMA transfer instruction to the DMA
controller 300 in accordance with a refill request corre-
sponding to the read request. Then, the texture data that
the rest of the texture units 620 to 6n0 are processing
may be expelled from the secondary texture cache 400.
If the texture data in process is expelled, a refill request
must be issued to the cache controlling CPU 200 again.
This puts the secondary texture cache 400 into a thrash-
ing state. The predetermined threshold is thus preferably
determined and set by tests or simulation as to how many
refill requests should be accumulated before texture data
for the next scene or object is refilled.
[0046] At step S36, if the count retained in the param-
eter REQ is lower than or equal to the predetermined
threshold (N at S36), the acceptance of refill requests is
continued without issuing the DMA transfer instruction
(S30). If the predetermined threshold is exceeded (Y at
S36), the cache controlling CPU 200 determines the tar-
get address to be replaced by the DMA transfer, i.e., the
way to be replaced (S38). The cache controlling CPU
200 then locks entry to the determined way (S40). After
the way to be refilled is locked, the cache controlling CPU
200 instructs the DMA controller 300 that the texture data
of the foregoing registered address be DMA transferred
from the main memory 10 to the corresponding way of
the secondary texture cache 400 (S42). After the com-
pletion of the DMA transfer, the cache controlling CPU
200 rewrites the corresponding cache tag of the second-
ary texture cache controller 500 (S42). Then, the way is
unblocked. The secondary texture cache controller 500
restarts the way, and retries the read request to the tex-
ture unit 620 to 6n0 corresponding to the foregoing DMA
transfer.
[0047] Next, the cache controlling CPU 200 initializes
the parameter REQ (S46). Subsequently, the foregoing
processing is repeated until the rendering processing
ends (Y at S48). In the foregoing processing, if refill re-
quests more than the number of refill ways concentrate
on an identical line, subsequent refill requests are re-
served to postpone the refill processing to the next time.
In this case, the texture units corresponding to the re-
served refill requests are suspended at the time of restart.
[0048] As above, the second operation example has
dealt with the case where some of the texture units 620
to 6n0 are to process the next scene or object, having
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finished the texture mapping on the,current scene or ob-
ject, while some are processing the current scene or ob-
ject. In this situation, the cache controlling CPU 200 can
schedule refills to suppress the occurrence of thrashing
in the secondary texture cache 400. In addition, the plu-
rality of texture units 620 to 6n0 for processing the next
scene or object can all start texture mapping simultane-
ously when the texture data intended for that processing
is refilled. That is, it is possible to suppress deviations at
the start of the texture mapping.
[0049] The present embodiment may also be applied
to graphic processing of a game program. For example,
in a technique of graphic processing of a game program,
the entire texture data is loaded on the main memory.
The game program transfers texture data to an area of
the EDRAM allocated for texture data in advance. Then,
the texture data is read from the EDRAM and used for
texture mapping by draw commands entered. This tech-
nique allows effective use of the limited EDRAM.
[0050] Nevertheless, this technique is predicated on
that the game program previously recognizes which part
of texture data in the main memory will be read by the
draw commands. Besides, in cases where the intended
texture data is too large to be accommodated in the tex-
ture data storing area of the EDRAM, it is also provided
that the texture data is divided and edited into EDRAM-
adaptable sizes at the development stage of the game
program.
[0051] In contract, according to the cache control of
the present embodiment, texture data can be rendered
without a drop in efficiency even if the part of the data to
be read is determined after the game program is run, as
is the case with font data. It is also unnecessary to tailor
the texture data to the size of the EDRAM at the devel-
opment stage of the game program.
[0052] Since the caches are controlled by software,
not by hardware, it is possible to exercise control with
minimum thrashing even in the case of accessing a main
memory lying outside the graphic chip with a high latency.
[0053] Fig. 6 is a block diagram showing the configu-
ration of a main memory 10 and a GPU 100 according
to a second embodiment. Fig. 6 shows a configuration
in which an intermediate buffer 350 is added to between
the DMA controller 300 and the secondary texture cache
400 of the configuration of Fig. 1. Since the components
other than the intermediate buffer 350 are the same as
in Fig. 1, description thereof will be omitted here. The
intermediate buffer 350 is a memory area which tempo-
rality stores texture data to be refilled from the main mem-
ory 10 to the secondary texture cache 400 by the DMA
controller 300. When the texture data is stored, the inter-
mediate buffer 350 issues a control signal for informing
the cache controlling CPU 200 of it. Then, at the same
time with or after a predetermined delay since the issu-
ance of the control signal, the intermediate buffer 350
outputs the stored texture data to the secondary texture
cache 400.
[0054] Fig. 7 is a flowchart showing an operation ex-

ample of the system according to the second embodi-
ment. The flowchart of Fig. 7 is basically the same as
that of Fig. 2. The following description will thus deal with
differences therebetween. Initially, the processing up to
step S16 is the same as described in Fig. 2. In Fig. 7, the
cache controlling CPU 200 determines the way to be re-
filled. Then, the cache controlling CPU 200 instructs the
DMA controller 300 that the texture data of the foregoing
registered address be DMA transferred from the main
memory 10 to the corresponding way of the secondary
texture cache 400, without locking entry to the way (S17).
[0055] Under this instruction, the DMA controller 300
sends out the texture data toward the secondary texture
cache 400. Consequently, the texture data is stored into
the intermediate buffer 350 which lies on the path. When
the texture data is stored, the intermediate buffer 350
issues a control signal for informing the cache controlling
CPU 200 of it. When the cache controlling CPU 200 re-
ceives this control signal (Y at S19), it locks entry to the
foregoing way to be refilled (S21). In other words, the
entry to the way will not be locked until this control signal
is received. The rest of the processing is the same as
described in Fig. 2.
[0056] As above, according to the second embodi-
ment, the entry to the way to be refilled will not be locked
until the texture data is stored into the intermediate buffer
350. Consequently, the texture units other than that re-
quiring the texture data can be given an entry time longer
than in the first embodiment. This allows an improved
cache hit rate, which can suppress the occurrence of
thrashing in the secondary texture cache 400. The
present embodiment is particularly effective when the
system between the main memory 10 and the secondary
texture cache 400 is long and has a high latency.
[0057] Fig. 8 is a block diagram showing the configu-
ration of a main memory 10, a main CPU 20, and a GPU
100 according to a third embodiment. Fig. 8 shows a
configuration in which a main CPU 20 is added to the
configuration of Fig. 1. Since the components other than
the main CPU 20 are the same as in Fig. 1, description
thereof will be omitted here. The main CPU 20 executes
a program such as a game program, and predicts next
texture data necessary for the texture units 620 to 6n0
in performing the texture mapping of the program. The
main CPU 20 generates a DMA transfer instruction for
prefetching this texture data from the main memory 10
to the secondary texture cache 400, and outputs it to the
cache controlling CPU 200. The cache controlling CPU
200 issues this DMA transfer instruction to the DMA con-
troller 300.
[0058] Fig. 9 is a flowchart showing a first operation
example of the system according to the third embodi-
ment. Initially, the cache controlling CPU 200 divides a
plurality of ways of the secondary texture cache 400 into
prefetch ways and refill ways (S50). Fig. 10 shows the
details of the secondary texture cache 400 and the sec-
ondary texture cache controller 500 in this operation ex-
ample. In Fig. 10, the first way and the second way out

11 12 



EP 1 769 364 B1

8

5

10

15

20

25

30

35

40

45

50

55

of the four ways are used as the refill ways. The third way
and the fourth way are the prefetch ways.
[0059] The refill ways are ways for issuing a refill re-
quest when a cache miss occurs from read requests from
the texture units 620 to 6n0 as described above. Entry
to these ways is locked during refill processing. In the
meantime, the prefetch ways are ways for reading texture
data required by the texture units 620 to 6n0 to the sec-
ondary texture cache 400 in advance based on the pre-
diction of the main CPU 20. The entry period and entry
lock period of the prefetch ways are set by the control of
the cache controlling CPU 200 irrespective of cache
misses.
[0060] Returning to Fig. 9, the main CPU 20 or the
cache controlling CPU 200 executes processing for pre-
dicting necessary texture data (S52). This prediction
processing will be detailed later. A DMA transfer instruc-
tion including the address of the texture data on the main
memory 10, determined by this prediction processing, is
issued to the DMA controller 300 (S54). Under this DMA
transfer instruction, a prefetch is performed on the
prefetch ways of the secondary texture cache 400. Here,
the valid flags of the prefetch ways are set at 0 for entry
lock.
[0061] Simultaneously with this processing, the refill
ways, the cache controlling CPU 200, and the DMA con-
troller 300 perform refill processing (S56). This refill
processing has been detailed in the first embodiment.
Incidentally, in Fig. 8, the intermediate buffer 350 de-
scribed in the second embodiment may be interposed
between the DMA controller 300 and the secondary tex-
ture cache 400. This can provide longer entry periods.
[0062] Next, the cache controlling CPU 200 deter-
mines whether the prefetch is completed or not (S58). If
the prefetch is completed (Y at S58), the cache controlling
CPU 200 rewrites the cache tags and the valid flags.
Rewriting a valid flag with "1" enables entry to that way.
[0063] The main CPU 20 or the cache controlling CPU
200 determines whether or not the condition for switching
the prefetch ways and the refill ways holds (S60). An
example of this switching condition is that a predeter-
mined period elapses since the completion of a prefetch.
Alternatively, the main CPU 20 may identify or predict a
scene transition, an object transition, or the like. The ways
may then be switched at timing determined by subtracting
the DMA transfer time from the time of the foregoing tran-
sition so as not to lock the entry to the ways more than
necessary. If the ways are switched too earlier than the
transition, prefetched texture data might sometimes be
expelled. An optimum condition may thus be determined
by tests or stimulations so as not to cause such thrashing.
[0064] If the switching condition holds (Y at S60), the
cache controlling CPU 200 switches the prefetch ways
and the refill ways (S62). Specifically, the valid flags of
the current refill ways are set at 0 for entry lock. Subse-
quently, the foregoing processing is repeated until the
rendering processing ends (Y at S64). Incidentally, while
this operation example has dealt with the operation of

switching the prefetch ways and refill ways, the ways may
be dedicated to their respective purposes.
[0065] Next, description will be given of the processing
mentioned at step S52, in which texture data for a
prefetch is predicted. Fig. 11 is a flowchart showing a
first example of the processing for predicting the texture
data. Initially, at a scene transition (Y at S70), the cache
controlling CPU 200 stores the texture data prefetched
at this time into a not-shown RAM or the like as a swap
history (S72).
[0066] When the cache controlling CPU 200 reaches
the estimated time of the scene transition (Y at S74), it
consults the foregoing swap history and determines the
texture data to be prefetched (S76). For example, when
texture data to be used at every scene transition is de-
tected, the texture data is determined to be the data to
be prefetched. This processing provides a technique for
learning and determining texture data to be prefetched.
Incidentally, object transitions and the like may also be
learned in the same manner.
[0067] The cache controlling CPU 200 may also record
a swap history of refills along with that of prefetches.
Learning refill swaps allows adaptive modification of the
threshold for determining the refill timing which has been
described in the second operation example of the first
embodiment. For example, it is possible to exercise such
control as increases the threshold to delay the refill timing
when refills for an identical address are repeated in a
short time, i.e., when in a thrashing state.
[0068] As above, according to the first example of the
prediction processing, the texture data to be prefetched
can be determined through learning control. This allows
precise prediction even when necessary texture data is
hard to determine by program decoding, such as when
objects to be rendered vary depending on user inputs.
[0069] Fig. 12 is a flowchart showing a second example
of the processing for predicting the texture data. The sec-
ond example is applicable to the cases of predicting tex-
ture data on the ground surface or the like. Initially, the
main CPU 20 acquires the direction of view, or the angle,
from a viewpoint which is established within the current
frame, and the speed of movement of the viewpoint from
the currently running program (S80). Based on these,
the CPU 20 predicts the direction of view from the view-
point in the next frame (S82). The CPU 20 determines
an object lying in this predicted direction of view (S84).
The CPU 20 also determines the distance between this
object and the viewpoint (S86). Once the distance is de-
termined, it is possible to determine the level of detail
(LOD) of the texture data necessary to render the object.
The texture data to be prefetched is determined thus
(S88).
[0070] As above according to the second example of
the prediction processing, it is possible to predict next
necessary texture data through the calculation of the pa-
rameters that indicate the current situation, without de-
coding the next program command to be executed.
[0071] Consequently, according to the third embodi-
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ment, it is possible to divide the secondary texture cache
400 into prefetch ways and refill ways, and use them in
a double-buffer fashion. This allows a reduction in refill
time.
[0072] Now, description will be given of a fourth em-
bodiment. The same system configuration as that shown
in Fig. 8 may be used for the fourth embodiment. More-
over, the fourth embodiment is also applicable even with
one single texture unit 620.
[0073] Fig. 13 is a flowchart showing an operation ex-
ample of the system according to the fourth embodiment.
Initially, before starting the execution of a program, the
main CPU 20 determines the texture data for rendering
a start scene. This is predicated on that which object is
to be rendered and what texture data of that object is
necessary are often known before starting rendering.
[0074] The cache controlling CPU 200 issues a DMA
transfer instruction including the address of the texture
data on the main memory 10, determined by the main
CPU 20, to the DMA controller 300 (S92). At the same
time, the cache controlling CPU 200 rewrites the cache
tag of the prefetched way (S94). Incidentally, the present
embodiment.is also applicable to operations after reset-
ting.
[0075] As above, according to the fourth embodiment,
it is possible to minimize cache misses at the beginning
of rendering, thereby allowing efficient use of the sec-
ondary texture cache 400.
[0076] Up to this point, the present invention has been
described in conjunction with the embodiments thereof.
It should be noted that the present invention is not limited
to these embodiments, and various modifications thereof
are also applicable as aspects of the present invention.
For example, the foregoing description has been dealt
with the cases where the secondary texture cache 400
is provided with four ways. In this respect, the number of
ways is not limited to four, but may be set arbitrarily. The
number of prefetch ways and the number of refill ways
may also be set freely. Ways dedicated to a prefetch or
a refill may be provided.
[0077] Moreover, the cache control of the present in-
vention is not limited to the application to the processing
of reading texture data by a plurality of texture units im-
plemented in a GPU. It is applicable to any configuration
in which a common cache memory is used by a plurality
of processors. The cache control of the present invention
is particularly effective when the system between the
main memory and the cache memory is long and thus
causes a high latency. For example, it is effective for such
configurations that the main memory of a server on the
Internet is accessed to read data to the cache memory
on a client.

INDUSTRIAL APPLICABILITY

[0078] The present invention may be applied to the
field of cache memory control.

Claims

1. An information processing apparatus (100)
comprising :

a cache memory (400) including a plurality of
ways for storing part of texture data stored in a
main memory (10), the cache memory (400) be-
ing used commonly by a plurality of operating
units (620, 640, 6n0); and
a control unit (20, 200) which controls a refill
operation from the main memory(10) to the
cache memory (400)in accordance with a refill
request occurring from at least one cache miss
from the plurality of operating units (620, 640,
6n0), wherein the cache memory (400) includes
a refill way for issuing a refill request when a
cache miss occurs from read requests from the
operating units (620, 640, 6n0),
characterized in that:
the control unit (20, 200) predicts the texture da-
ta to be used by the plurality of operating units
(620, 640, 6n0) and controls a prefetch opera-
tion from the main memory (10) to the cache
memory (400); and in that
the cache memory (400) includes a prefetch way
for reading texture data to be used by the plu-
rality of operating units (620, 640, 6n0) in ad-
vance, wherein the control unit (20, 200)
prefetches texture data to be used at every
scene transition by the operating units (620,
640, 6n0) in performing a predetermined pro-
gram;
and in that the control unit (20, 200) predicts
the texture data to be used by the plurality
of operating units (620, 640, 6n0) and
prefetches a line containing the texture data
from the main memory (10) to the prefetch
way.

2. The information processing apparatus (100) accord-
ing to claim 1, wherein the control unit (20,200)
switches the two ways when a predetermined period
elapses since the completion of a prefetch.

3. The information processing apparatus (100) accord-
ing to claim 1, wherein the control unit (20, 200)
switches the two ways at a timing which is deter-
mined based on a timing of scene transition or object
transition.

4. An information processing method comprising :

dividing a cache memory (400), including a plu-
rality of ways, which stores part of texture data
stored in a main memory (10), into a refill way
for issuing a refill request when a cache miss
occurs from read requests from a plurality of op-
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erating units (620, 640, 6n0) and
a prefetch way for reading texture data to be
used by the plurality of operating units (620, 640,
6n0) in advance wherein the texture data to
be used at every scene transition by the op-
erating units (620, 640, 6n0) in performing a
predetermined program is predicted as the
data to be prefetched, the cache memory (400)
being used commonly by the plurality of operat-
ing units (620, 640, 6n0);
reflling the refill way in accordance with a refill
request occurring from at least one cache miss
from the plurality of operating units (620, 640,
6n0)
predicting texture data to be used by an operat-
ing unit (620, 640, 6n0); and
prefetching a line containing the predicted tex-
ture data from a main memory (10) to the
prefetch way.

5. The information processing method according to
claim 4, further comprising switching the refill way
and the prefetch way when a predetermined period
elapses since the completion of a prefetch.

6. The information processing method according to
claim 4, further comprising switchihg the refill way
and the prefetch way when a predetermined period
elapses at a timing which is determined based on a
timing of scene transition or object transition.

7. A computer program comprising instructions adapt-
ed to perform all the steps of claim 4 when said pro-
gram is run on a computer.

Patentansprüche

1. Informationsverarbeitungsvorrichtung (100), die
Folgendes umfasst:

einen Cachespeicher (400) mit mehreren We-
gen zum Speichern eines Teils von Textur-Da-
ten, die in einem Hauptspeicher (10) gespei-
chert sind, wobei der Cachespeicher (400) üb-
licherweise durch mehrere Arbeitseinheiten
(620, 640, 6n0) verwendet wird; und
eine Steuereinheit (20, 200), die eine Auffüllo-
peration von dem Hauptspeicher (10) zum Ca-
chespeicher (400) gemäß einer Auffüllaufforde-
rung, die von mindestens einem Cache-Miss
von den mehreren Arbeitseinheiten (620, 640,
6n0) auftritt, steuert, wobei der Cachespeicher
(400) einen Auffüllweg enthält zum Ausgeben
einer Auffüllaufforderung, wenn ein Cache-Miss
von Leseaufforderungen von den Arbeitseinhei-
ten (620, 640, 6n0) auftritt,
dadurch gekennzeichnet, dass:

die Steuereinheit (20, 200) die durch die meh-
reren Arbeitseinheiten (620, 640, 6n0) zu ver-
wendenden Textur-Daten vorhersagt und eine
Prefetch-Operation vom Hauptspeicher (10)
zum Cachespeicher (400) steuert; und dass
der Cachespeicher (400) einen Prefetch-Weg
beinhaltet zum Lesen von durch die mehreren
Arbeitseinheiten (620, 640, 6n0) zu verwenden-
den Textur-Daten im Voraus, wobei die Steuer-
einheit (20, 200) bei jedem Szenenübergang
durch die Arbeitseinheiten (620, 640, 6n0) beim
Durchführen eines vorbestimmten Programms
zu verwendenden Textur-Daten vorausholt;
und dass die Steuereinheit (20, 200) die durch
die mehreren Arbeitseinheiten (620, 640, 6n0)
zu verwendenden Textur-Daten vorhersagt und
eine die Textur-Daten enthaltende Reihe im Vo-
raus vom Hauptspeicher (10) zum Prefetch-
Weg holt.

2. Informationsverarbeitungsvorrichtung (100) nach
Anspruch 1, wobei die Steuereinheit (20, 200) die
beiden Wege umschaltet, wenn eine vorbestimmte
Periode nach dem Abschluss eines Prefetch ver-
streicht.

3. Informationsverarbeitungsvorrichtung (100) nach
Anspruch 1, wobei die Steuereinheit (20, 200) die
beiden Wege mit einer Zeitsteuerung umschaltet,
die auf der Basis einer Zeitsteuerung eines Szenen-
übergangs oder eines Objektübergangs bestimmt
wird.

4. Informationsverarbeitungsverfahren, das Folgen-
des umfasst:

Unterteilen eines Cachespeichers (400), ein-
schließlich mehrerer Wege, der einen Teil von
Textur-Daten, die in einem Hauptspeicher (10)
gespeichert sind, speichert, in einen Auffüllweg
zum Ausgeben einer Auffüllaufforderung, wenn
ein Cache-Miss von Leseanforderungen von
mehreren Arbeitseinheiten (620, 640, 6n0) auf-
tritt, und einen Prefetch-Weg zum Lesen von
durch die mehreren Arbeitseinheiten (620, 640,
6n0) zu verwendenden Textur-Daten im Voraus,
wobei die bei jedem Szenenübergang durch die
Arbeitseinheiten (620, 640, 6n0) beim Durchfüh-
ren eines vorbestimmten Programms zu ver-
wendenden Textur-Daten als die im Voraus zu
holenden Daten vorhergesagt sind, wobei der
Cachespeicher (400) üblicherweise durch die
mehreren Arbeitseinheiten (620, 640, 6n0) ver-
wendet wird;
Auffüllen des Auffüllwegs gemäß einer Auf-
füllaufforderung, die von mindestens einem Ca-
che-Miss von den mehreren Arbeitseinheiten
(620, 640, 6n0) auftritt,
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Vorhersagen von durch eine Arbeitseinheit
(620, 640, 6n0) zu verwendenden Textur-Daten
und
im Voraus Holen einer Reihe, die die vorherge-
sagten Textur-Daten enthält, aus einem Haupt-
speicher (10) zum Prefetch-Weg.

5. Informationsverarbeitungsverfahren nach Anspruch
4, weiterhin umfassend das Umschalten des Auffüll-
wegs und des Prefetch-Wegs, wenn seit dem Ab-
schluss eines Prefetch eine vorbestimmte Periode
verstreicht.

6. Informationsverarbeitungsverfahren nach Anspruch
4, weiterhin umfassend das Umschalten des Auffüll-
wegs und des Prefetch-Wegs, wenn eine vorbe-
stimmte Periode mit einer Zeitsteuerung verstreicht,
die auf der Basis einer Zeitsteuerung eines Szenen-
übergangs oder eines Objektübergangs bestimmt
wird.

7. Computerprogramm, das Anweisungen umfasst, die
ausgelegt sind zum Durchführen aller Schritte von
Anspruch 4, wenn das Programm auf einem Com-
puter läuft.

Revendications

1. Appareil de traitement d’informations (100)
comprenant :

une mémoire cache (400) comportant une plu-
ralité de voies pour stocker une partie de don-
nées de texture stockées dans une mémoire
principale (10), la mémoire cache (400) étant
utilisée en commun par une pluralité d’unités
d’exploitation (620, 640, 6n0) ; et
une unité de commande (20, 200) qui comman-
de une opération de remplissage de la mémoire
principale (10) vers la mémoire cache (400) con-
formément à une demande de remplissage se
produisant à partir d’au moins une absence en
cache provenant de la pluralité d’unités d’exploi-
tation (620, 640, 6n0), dans lequel la mémoire
cache (400) comporte une voie de remplissage
destinée à délivrer une demande de remplissa-
ge lorsqu’une absence en cache se produit à
partir de demandes de lecture provenant des
unités d’exploitation (620, 640, 6n0),
caractérisé en ce que :

l’unité de commande (20, 200) prédit les
données de texture devant être utilisées par
la pluralité d’unités d’exploitation (620, 640,
6n0) et commande une opération de pré-
lecture de la mémoire principale (10) vers
la mémoire cache (400) ; et en ce que la

mémoire cache (400) comprend un moyen
de prélecture destiné à lire à l’avance des
données de texture devant être utilisées par
la pluralité d’unités d’exploitation (620, 640,
6n0), dans lequel l’unité de commande (20,
200) prélit des données de texture devant
être utilisées à chaque changement de scè-
ne par les unités d’exploitation (620, 640,
6n0) lors de l’exécution d’un programme
prédéterminé ;
et en ce que l’unité de commande (20, 200)
prédit les données de texture devant être
utilisées par la pluralité d’unités d’exploita-
tion (620, 640, 6n0) et
prélit une ligne contenant les données de
texture de la mémoire principale (10) vers
la voie de prélecture.

2. Appareil de traitement d’informations (100) selon la
revendication 1, dans lequel l’unité de commande
(20 200) commute les deux voies lorsqu’une période
prédéterminée s’est écoulée depuis l’achèvement
d’une prélecture.

3. Appareil de traitement d’informations (100) selon la
revendication 1, dans lequel l’unité de commande
(20, 200) commute les deux voies à un instant qui
est déterminé sur la base d’un instant de change-
ment de scène ou de changement d’objet.

4. Procédé de traitement d’informations consistant à :

diviser une mémoire cache (400), comportant
une pluralité de voies, qui stocke une partie de
données de texture stockées dans une mémoire
principale (10), dans une voie de remplissage
destinée à délivrer une demande de remplissa-
ge lorsqu’une absence en cache se produit à
partir de demandes de lecture provenant d’une
pluralité d’unités d’exploitation (620, 640, 6n0)
et une voie de prélecture destinée à lire à l’avan-
ce des données de texture devant être utilisées
par la pluralité d’unités d’exploitation (620, 640,
6n0), dans lequel les données de texture devant
être utilisées à chaque changement de scène
par les unités d’exploitation (620, 640, 6n0) lors
de l’exécution d’un programme prédéterminé
sont prédites en tant que données devant être
prélues, la mémoire cache (400) étant utilisée
en commun par la pluralité d’unités d’exploita-
tion (620, 640, 6n0) ;
remplir la voie de remplissage conformément à
une demande de remplissage se produisant à
partir d’au moins une absence en cache prove-
nant de la pluralité d’unités d’exploitation (620,
640, 6n0) ;
prédire des données de texture devant être uti-
lisées par une unité de commande (620, 640,
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6n0) ; et
prélire une ligne contenant les données de tex-
ture prédites d’une mémoire principale (10) vers
la voie de prélecture.

5. Procédé de traitement d’informations selon la reven-
dication 4, consistant en outre à commuter la voie
de remplissage et la voie de prélecture lorsqu’une
période prédéterminée s’est écoulée depuis l’achè-
vement d’une prélecture.

6. Procédé de traitement d’informations selon la reven-
dication 4, consistant en outre à commuter la voie
de remplissage et la voie de prélecture lorsqu’une
période prédéterminée s’est écoulée à un instant qui
est déterminé sur la base d’un instant de change-
ment de scène ou de changement d’objet.

7. Programme informatique comprenant des instruc-
tions conçues pour exécuter toutes les étapes de la
revendication 4 lorsque ledit programme est exécuté
sur un ordinateur.
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