PROCESSING ORDERED DATA REQUESTS TO A MEMORY
BACKGROUND OF THE INVENTION

This invention relates generally to the field of data processing systems, and, more

{particularly, to methods and apparatus for processing ordered data requests to a memory.

‘JESCRIPTION OF THERELATED ART
The demand for quicker and more powerful personal computers has led to many
“technological advances in the computer industry including the development of faster
‘themories. Historically, the performance of a personal computer has been linked to the
speed of accesses to the memory to retrieve data manipulated by instructions and to
*yetrieve data coding for the instructions themselves. The performance of high speed
“processors was hindered by slow data access times. To expedite data accesses, a fast
“femory known as “cache memory” was developed.
A cache memory is relatively small and operates at higher speed than a main
“memory due to either a more direct coupling to the processor or hardware adaptations.
The cache memory stores the most recently utilized data blocks such that accessing these
blocks is faster than accessing the main memory
The use of cache memories ordinarily enables the processor to reduce the number
of wait periods associated with retrieving data from memory. When the data requester
issues a request for data, the cache memory determines whether the data is present in the
cache memory. When the data is present in the cache memory, a situation referred to as a
cache memory “hit” occurs, and the data is forwarded to the data requester with a
‘telatively small wait. When the data is not present in the cache memory, a situation
referred to as a cache memory “miss” occurs, and the cache memory performs several

“operations. First, the cache memory retrieves the requested data from a secondary
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memory. Then, the cache memory sends the requested data to the data requester and
stores the retrieved data in the cache memory itself. The secondary memory may be a
main memory or another cache memory, i.e., amulti-level cache memory. The retrieval of
data from the secondary memory is often a much slower operation.

Most cache memories have two subsystems, a “cache tag array” and a “cache data
array.” The cache tag array stores entries for secondary memory addresses associated
with data array entries. The addresses are used to determine whether a data request will
result in a cache memory hit. The cache data array stores and delivers data in response to
data requests. In multi-level cache memories each cache data array has a corresponding
tag array .

Pipelines have further improved the performance of processors by performing
processing in parallel and in stages. As opposed to serial processing where all the stages
complete the processing of one instruction before beginning the processing of the next
instruction, a pipelined device overlaps the stages by processing different inst'rﬁctions at
the same time. The effective processing speed of each instruction remains unchanged, but
the throughput for instruction processing is increased, because several instructions may
be processed by different individual pipeline stages in parallel. Since data requests are
repeatedly made to memories, pipelined data-request parts can speed up the processing
of data requests.

Figure 1A is a timing diagram for two serial data requests to a cache memory
having a pipelined data-request port. The pipeline has four stages, i.c., a latency of four,
and one data request can start at each clock cycle, i.e., a bandwidth of one per clock. The
first and second requests are received att =0 and at t = 1, respectively. In the illustrated
pipelined data-request port, the hit or miss status of a data request becomes known in the
third stage. Thus, there is a lag of three clock cycles between the time at which the port
starts to process a data request and the time at which it is known that the request can be
completed without a slow data retrieval from a secondary memory.
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Data requests can {aé either “ordered” or “unordered.” Ordering dictates the
sequetitial order in which mutually ordered requests should be completed by the
hardware. Oneexample of an ordering relation imposes that an earlier issued request, e.g..
the first request of Figure 1A, be completed before a later issued request, e.g., the second
request of Figure 1A. Other ordering relations exist, e.g., simultaneously issued data
requests may be ordered with the order of a program. In the following, “earlier” ordered
operations are defined to be operations that should complete before “later” ordered
operations. “Eatlier” and “later” are not limited to program ordering. If two requests are
“unordered,” hardware may complete the two requests in any order. The ordering of data
requests can slow processing of data requests by a pipelined cache memory.

Figures 1B is a timing diagram that illustrates why processing ordered data

‘requests may be problematic, The first and second data requests are respective earlier
and later ordered requests to the cache memory of Figure 1A, which are received att =10
and t = 1, respectively. In Figure 1B, the first request results in a cache memory miss.

~ The first request completes in more than four cycles, because the requested data must be

retrieved from a slow secondary memory in a cache memory miss. On the other hand, the

second request completes in four cycles, because the second data request results in a
cache memory hit. Thus, serially issuing ordered data requests can result in retrievals that
violate ordering relations in situations of cache memory misses.

Figure 1C shows one method for avoiding data retrievals that violate the ordeting
relationship. Issuance of the second or later ordered data request is delayed until t =3,
i.e., until after the hit/miss status of the first request is known. In the illustrated
pipelined cache memory, the second request waits three clock cycles until the hit/miss
status of the first request is determined. The need to wait for the status of earlier
requests reduces the speed for processing ordered data requests, i.e., increases the

latency, and lessens the advantages of pipelining.
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Multi-porting may further increase the speed of 2 memory by enabling the
processing of several data requests during each clock cycle. Figure 2A is a timing diagram
for a doubled pipelined data-request port of four stages in a cache memory. Two data
requests can be received in each clock cycle. Thus, the doubled data-request port may
double the throughput for data requests, i.c., the bandwidth is two per clock. Cache
memory hits and misses are known at the third stage, i.e., a lag, of three clock pulses, a lag
that can lead to problems with processing ordered data requests.

Figure 2B is a timing diagram illustrating one problem with processing ordered
requests in the doubled pipelined data-request pori of Figure 2A. The first and second
data requests are sérially ordered, i.e., the first data request is the earlier request. Att=
2, it is determined that the first data request will register a cache memory miss. The
second data request registers a cache memory hit and can complete at t = 3, i.e., before the
earlier first request, because the first data request needs a slow data retrieval from
secondary memory to complete. Ordered data requests cannot be processed by such a
method in a multi-ported memory, because a later ordered instruction may complete
before an earlier request due to a cache memory miss.

The time line of Figure 2C illustrates a method of processing ordered requests in
the doubled pipelined data-request port of Figure 2A. In response to a cache memory
miss for the earlier ordered data request, i.e., the first data request, all pending requests in
the pipeline are flushed. The flushing eliminates ordering violations. But, the flushing
also reduces the speed of the memory and the advantages of pipelining, because some of
the flushed requests may not be ordered.

The present invention is directed to overcoming, or at least reducing the effects of,

one or more of the problems set forth above.
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S RY OF THE INVENTION

In one aspect of the present invention, a method is provided for requesting data
from a memory. The method includes issuing a plurality of data requests to a data
request port for the memory. The plurality of data requests includes at least two ordered
datarequests. The method includes determining if an earlier one of the ordered data
requests corresponds to 2 miss in the memory, and converting a later one of the ordered
data requests to a prefetch in response to the earlier one of the ordered data requests
corresponding to a miss in the memory.

In another aspect of the present invention, an apparatus is provided. The
apparatus includes a memory having at least one pipelined port for receiving data
requests. The port is adapted to determine whether an earlier ordered one of the data
requests corresponds to a miss in the memory. The port converts a later ordered one of
the data requests to a prefetch in response to determining that the earlier ordered one of

the data requests corresponds to a miss in the memory.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become apparent upon reading
the following detailed description and upon reference to the drawings in which:

Figure 1A is a time line illustrating the progress of two sequentially received data
requests in a pipelined data-request port of a prior art cache memory;

Figures 1B is a time line illustrating a problem with sequentially processing two
“ordered” data requests in the pipelined data-request port of Figure 1A;

Figure 1C is a time line illustrating one prior art method of processing “ordered”

data requests in the prior art cache memory of Figure 1A;
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Figure 2A is a time line illustrating the progress of two data requests in a doubled
pipelined data-request port of a prior art cache memory;

Figure 2B is a time line illustrating a problem with processing two “ordered” data
requests in the prior art cache memory of Figure 2A;

Figure 2C is a time line illustrating how flushes may be employed to process
ordered data requests in the prior art cache memory of Figure 2A;

Figure 3A is a block diagram of an embodiment of an apparatus for processing
ordered data requests;

Figure 3B is a timeline illustrating methods for processing later data requests in
response to a memory miss of an earlier ordered data request;

Figure 4A is flowchart illustrating one embodiment of a method for processing
ordered data requests to the memory of Figure 3A;

Figure 4B is a flowchart illustrating a specific embodiment of the method of
Figure4A;

Figure 5 is a flowchart illustrating an alternate embodiment of a method of
processing ordered data requests to the memory of Figure 3A;

Figure 6 is a block diagram of an embodiment of an apparatus for processing

-ordered data requests to a multi-level cache memory system; and

Figure 7 is a block diagram of an embodiment for processing ordered data requests
from several execution units.

While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof have been shown by way of example in the drawings and
are herein described in detail. It should be understood, however, that the description
herein of specific embodiments is not intended to limit the invention to the particular
forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined

by the appended claims.
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DETAILED DESCRIFIION OF SPECIFIC EMBODIMENTS

Illustrative embodiments of the invention are described below. In the interest of
clarity, not all features of an actual implementation are described in this specification. It
will of course be appreciated that in the development of any such actual embodiment.
numerous implementation-specific decisions must be made to achieve the developers'
specific goals, such as compliance with system-related and business-related constraints.
which will vary from one implementation to another. Moreover, it will be appreciated
that such a development effort might be complex and time-consuming, but would
nevertheless be a routine undertaking for those of ordinary skill in the art having the
benefit of this disclosure.

Figure 3A shows an embodiment of the present invention, which includes a
processor 100 having an execution unit 105, a pipelined data-request port 110, control
logic 115, and a memory 120. Though the memory 120 of the embodiment of Figure 3A
is a cache memory, alternative embodiments may employ other types of memory.
Although the invention is not limited to cache memories, the memory 120 and the
corresponding port 110 may be hereinafter illustrated as a cache memory and a pipelined
port having a cache tag array, respectively. Furthermore, although not shown in Figure 3,
the control logic 110 may reside, in some alternative embodiments, in the pipelined data-
request port 110. The pipelined data-request port 110 may be a multiple data-request
port for the cache memory 120.

The execution unit 105 is capable of issuing multiple ordered data requests to the
cache memory 120 during one clock cycle. The execution unit 105 expects each ordered
data request to complete in the order originally issued to the pipelined port 110. The
cache memory 120 may also receive data requests from other execution units (not
shown). The other data requests may not be ordered with respect to the data requests
from the execution unit 105. The control logic 115 is capable of converting an ordered
data request into a prefetch if the pipelined port 110 determines that an earlier data

7
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request, ordered with respect to the other ordered request, will register a cache memory
miss. In other words, the control logic 115 in the embodiment of Figure 3 converts a
subsequent ordered data request into a prefetch in the event of a cache memory *miss”
for an earlier ordered data request.

Still referring to Figure 3A, a prefetch retrieves the requested data froma
secondary memory (not shbwn) and stores the rétrieved data in the primary memory,
e.g., the cache memory 120, without forwarding the data to the original data requester,
e.g., the execution unit 105. In some embodiments, data requests are only converted to
prefetches, as described above, if the data request to be converted is itself determined to
be a cache memory miss.

Still referring to Figure 3A, the cache memory 120 may have a multiple pipelined
data-request port capable of accepting multiple data requests during each clock cycle.
Thus, the execution unit 105 may issue a plurality of ordered data requests to the
pipelined port 110 during each clock cycle. For example, the execution unit 105 may
issue a plurality of ordered data requests during a first clock cycle and then issue another
plurality of ordered data requests during a second clock cycle. The pipelined data-request
port 110 may also receive data requests from other execution units (not shown). The
other data requests may or may not be ordered with respect to the data requests from the
illustrated execution unit 105. Thus, the pipelined port 110 may receive ordered and
unordered data requests concurrently. The illustrated embodiment provides for returning
the requested information to the execution unit 105 in the order issued, regardless of
whether a cache memory “hit” or “miss” occurs while processing the data request.

Figure 4A depicts an embodiment of a method 190 for processing data requests,
e.g., requests to the memory 120 of Figure 3A, wherein some of the data requests are
ordered with respect to each other. At block 200, a plurality of data requests are issued
to the memory 120. The plurality of data requests includes at least two data requests
that are ordered with respect to each other. For example, the two data requests may be

8
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from the same execution unit, e.g., the execution unit 105 of Figure 3A. The plurality of
data requests can be issued in one or several clock cycles, and may include unordered data
requests. At block 210, the pipelined port 110 determines whether an earlier one of the
ordered data requests is a memory hit, i.e., whether the data requested is in the memory
120. Atblock 215, the control logic 115 converts a later one of the ordered data requests
to a prefetch if the earlier one of the ordered data requests has been determined to be a
cache memory miss. In some embodiments, all data requests, ordered later with respect
to the data request determined to be a cache memory miss, are converted to prefetches.
At block 220, the pipelined port 110 performs the earlier one and a later one of the
ordered data requests to the memory 120 in response to the earlier one of the ordered data
requests having been determined to be a memory hit at block 210.

Referring to Figures 3A and 4A, a later data request is not converted to a prefetch
in response to the cache memory miss of an earlier data request, which is unordered with
respect to the later data request. For example, a cache memory miss for a data request by
a second execution unit (not shown in Figure 3), does not lead to the conversion of a data
request by the execution unit 105 to a prefetch in some embodiments. Nevertheless, data
requests from different execution units may be mutually ordered in other embodiments.

Figure 4B illustrates a specific embodiment 225 of the method of Figure 4A,
wherein a later ordered data request, which itself is determined to be a cache memory hit,
is not be converted to a prefetch. Blocks 200, 210, 215 and 220 have already been
described in relation to Figure 4A. At block 230, the pipelined data-request port 110
determines whether a later one of the ordered data requests is a cache memory hit. At
block 235, the pipelined data-request port 110 flushes the later one of the ordered data
requests in response to determining that the later one of the ordered data requests are
cache memory hit, i.e., without converting these later ordered requests to a prefetches.
Blocks 230 and 235 are performed on an individual request basis and may be performed
separately for different later ones of the ordered data requests. The flush of block 235

9
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can improve the efﬁciency of the processor 100 of Figure 3A because a prefetch is
useless for data requests registering a cache memory hit.

The method 240 of Figure 5 is a specific embodiment of the method of Figure 4A.
Blocks 200, 210, 215, and 220 have already been described in relation to Figure 4A.
Additionally at block 245, the pipelined port 110 completes data requests that are
unordered with respect to the earlier ordered request determined to be a cache memory
miss. At block 250, the later ones of the ordered data requests are reissued in response to
completion of the earlier ordered request previously determined to be a memory miss at
block 210. The later ordered data requests include the request converted to a prefetch at
block 215 and also possibly other ordered requests, e.g., flushed requests at block 235 of
Figure 4B. The later ordered requests have to be reissued, because they have not yet
supplied the requested data to the data requesters, e.g., the execution unit 105. The
methods of Figure 4A and 5 are repeated each time the execution unit 105 issues ordered
data requests to the pipelined port-110.

Referring to Figures 4A, 4B, and 5, the various embodiments may improve the
bandwidth and decrease the latency of a cache memory 120. First, ordered data requests
are speculatively issued without delaying until earlier ordered requests complete. Second,
if an earlier ordered request registers a cache memory miss, later speculatively issued
ordered requests are converted into prefetches. The conversions to prefetches reduce
latencies when converted data requests are later reissued. Third, if a later data request is
not ordered with respect to an earlier data request, the later data request is not flushed in
response to the earlier data request registering a memory miss. The methods of Figures
4A, 4B, and 5 enable 2 memory to receive ordered data requests without the delay used
by the pipelined port of Figure 1C and to avoid out-of-order completions in a manner less

adverse to bandwidth and latency than the flushing used by the pipelined port of Figure
2C.

10
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If the first ordered data request is a miss in the cache memory 120 of Figure 3A.
then in accordance with the methods of Figures 4A, 4B, and 5, one or more of the
remaining later ordered data requests could be converted to prefetches by the pipelined
port 110 and the control logic 115. The cache memory pipeline may be flushed, and both
the ordered requests that were converted, and the ordered requests that were flushed may
be reissued by either the execution unit 105 or the pipelined port 110 itself.

The methods 190 and 225 of Figure 4A and 4B can be illustrated by the time line
of Figure 3B. For illustrative purposes only, each clock cycle of pipelined port described
by Figure 3B represents a different stage of a four-stage, dual-ported pipeline in which
the memory hit or miss status is determined at the third stage. The first and second data
requests are received by the pipelined ports at t = 0, and the third and fourth data
requests are received at t= 1. In the illustrated example, the status of the first data
request, an ordered request, is determined to be a miss at t =2. In response to the
memory miss of the first data request, the pipelined port converts the later pending
requests, which are ordered with respect to the first request, to prefetches and allows the
other pending requests, which are unordered with respect to the first request, to
complete. Some embodiments flush all ordered requests, which are known to be memory
hits and later than the first request, instead of converting, because prefetches are not
useful for such data requests--the request data is already in the memory. One
embodiment may convert only the second data request to a prefetch , because the
memory hit or miss status of the yet later third and fourth requests is unknown when the
first request is determined to be a memory miss at t = 2. In this embodiment the third
and fourth requesfs are flushed from the pipeline when they are ordered with respect to
the first data request and then re-issued in response to completion of the first request.
Other embodiments convert all ordered requests in earlier pipeline stages to prefetches,
€.g., the third and fourth requests, because the memory hit or miss status of such requests
is unknown when the miss status of the earlier ordered request, e.g., the first request, at t

11
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= 2. The invention is also intended to cover other embodiments for converting later
ordered data requests to prefetches, which could be constructed by an ordinary person in
the art, having the present disclosure, without undue experimentation.

Figure 6 depicts another embodiment having a three-level pipelined cache memory
architecture. The processor 500 includes an execution unit 501, a first level cache
memory, LO, 502, a second level cache memory, L1, 505, a cache memory controller 510
for the L1 cache memory 505, a control logic 515, and a bus controller 517. The bus
controller 517 is coupled to a memory controller 540 of the rhain memory 550 through a
front side bus 570. The processor 500 is coupled to a third level cache memory, L2, 575
over a backside bus 580. The third level cache memory 575 is resident on a cache die 585,
and thus resides off the die for the processor 500.

As shown in Figure 6, the L1 memory cache memory controller 510 comprises the
control logic 515 for the pip_elined request ports that implement the methods illustrated in
Figures 4A, 4B, and 5. Using the method of the present invention, the L1 cache memory
controller 510 is capable of receiving and processing a plurality of ordered data requests
substantially simultaneously, i.e., without having to wait for an earlier ordered request to
complete. The cache memory controller and control logic 510, 515 convert a later
pend.ing ordered data request to the L1 cache memory 505 to a prefetch of data from the
L2 cache memory 575 in response to determining that an earlier ordered data request is a
miss in the L1 cache memory 505.

The control logics 115, 515 of Figures 3 and 6, used to implement the methods
illustrated in Figures 4A, 4B, and S can be constructed by those skilled in art having the
benefit of this disclosure. The control logic 115, 515 may be implemented as hardware or
software. In addition, although the control logic 515 in the particular embodiment of
Figure 6 resides in the cache memory controller 510, this is not necessary to the practice
of the invention. It may be possible o reduce the cache memory latency of ordered data
requests by implementing similar control logic elsewhere in a data processing system, e.g.,

12
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for ordered data requests to any combination of the LO, L1, and L2 cache memories 502,
510, 575. The present invention for reducing latency and increasing bandwidth for
ordered data requests is applicable to any memory architecture and is not limited to the
cache memory architectures of Figure 3 and 6.

Figure 7 illustrates an embodiment of a data processing system 400 for ordered
memory requests from two execution units 410, 430. A processor 405 includes the first
execution unit 410, a pipelined data-request port 415, and a memory 425. The pipelined
request port 415 handles data requests to the memory 425. Both the first and second
execution units 410, 430 can issue data requests to the memory 425 via the pipelined
request port 415. The data requests from each of the execution units 410, 430 are ordered
with respect to themselves. In some embodiments the data requests from the first
execution unit 410 are unordered with respect to the data requests from the second
execution unit 430. In some embodiments, the first and second execution units 410, 430
belong to the same processor 405. In other embodiments, the second execution unit 430
is a separate processor. The pipelined data-request port 415 may process a plurality of
data requests in which a portion of the requests are ordered and a portion of the requests
are unordered.

Still referring to Figure 7, the pipelined request port 415 processes data requests
according to the methods illustrated in Figures 4A and 4B. Prefetches generated in
response to ordered data requests, which are misses in the memory 425, retrieve data
from a secondary memory 435. The pipelined port 415 transmits prefetch requests to
the secondary memory 435 via a bus 440 and retrieves prefeiched data via the bus 440 to
be stored in the memory 425. In some embodiments, the bus 440 is a system bus that
also transmits signals between other hardware structures (not shown). Prefetches to the
secondary memory 435 may be slower than data requests to the memory 425 in part due

to the slow speed of transactions over the bus 440 and in part due to the slower speed of
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the secondary memory 435. In some embodiments, the secondary memory 435 may be
an off-processor 405 memory while the memory 425 may be an internal cache memory.
The particular embodiments disclosed above are illustrative only, as the invention
may be modified and practiced in different but equivalent manners apparent to those
skilled in the art having the benefit of the teachings herein. Furthermore, no limitations
are intended to the details of construction or design herein shown, other than as described
in the claims below. It is therefore evident that the particular embodiments disclosed
above may be altered or modified and all such variations are considered within the scope

and spirit of the invention. Accordingly, the protection sought herein is as set forth in

the claims below.
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CLAIMS

WHAT IS CLAINED:

1. A method for requesting data from a memory, comprising:

issuing a plurality of data requests to a data request port for the memory.
the plurality of data requests including at least two ordered data requests;

determining if an earlier one of the ordered data requests corresponds to a
miss in the memory; and

converting a later one of the ordered data requests to a prefetch in

response to the earlier one of the ordered data requests corresponding to a miss in

the memory.

2. The method of claim 1, wherein the earlier and the later ones of the ordered
data requests are earlier and later with respect to an ordering relationship for data

requests.

3. The method of claim 1, further comprising:
converting other ordered data requests to prefetches in response to the
eatlier one of the ordered data requests corresponding to a miss in the memory,

the other ordered data requests being later than the earlier one of the ordered data

requests.
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4, The method of claim 3, further comprising:
reissuing a portion of the ordered data requests to the memory, the portion

of the ordered data requests having been converted to prefetches.

5. The method of claim 3, further comprising flushing a portion of the
ordered data requests from the port in response to the earlier one of the ordered data
requests corresponding to a miss in the memory and the portion of the ordered data

requests being issued to the port later than the later one of the ordered data requests.

6. The method of claim 1, wherein the act of converting is performed if the
later one of the ordered data requests is received by the data request port in the same

clock cycle as the earlier one of the ordered data requests.

7. The method of claim 1, wherein the act of converting is performed in

response to the later one of the ordered data requests corresponding to a memory miss. °

8. The method of claim 1, further comprising issuing the earlier and the later
ones of the data requests from a data requester adapted to receive requested data in the

order of issuance.

9. The method of claim 1, further comprising completing an unordered one of
the data requests in response to the unordered one of the data requests pending in the

port at the start of the act of converting.
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10.  An apparatus, comprising:

a memory hgving at least one port for receiving data requests, the port
being adapted to determine whether an earlier ordered one of the data requests
corresponds to a miss in the memory and to convert a later ordered one of the
data requests to a prefetch in response to determining that the earlier ordered one

of the data requests corresponds to a miss in memory.

11.  The apparatus of claim 10, wherein the port is a pipelined port having at

least two stages.

12.  The apparatus of claim 11, further comprising an execution unit to issue a

portion of the data requests to the pipelined port.

13.  The apparatus of claim 12, wherein the execution unit is adapted to issue
ordered data requests, the pipelined port adapted to retrieve requested data in the order

issued.

14.  The apparatus of claim 12, further comprising a second execution unit to

issue data requests to the pipelined port.

15.  The apparatus of claim 14, wherein the pipelined port is adapted to return
requested data to a requesting execution unit in the order said requesting execution unit

requested data.

16.  The apparatus of claim 12, wherein said execution unit is adapted to
reissue the later ordered one of the data requests in response the memory converting the

later one of the ordered data requests into a prefetch.

17
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17.  The apparatus of claim 12, further comprising a second memory being
coupled to the other memory, said prefetch being a data request to said second memory

from the other memory.

18.  The apparatus of claim 17, further comprising a system bus, the second

memory being coupled to the other memory by the system bus.

19.  The apparatus of claim 17, wherein the pipelined port is adapted to
perform prefetches by requesting data from the second memory and storing the requested

data to the other memory.

20.  The apparatus of claim 19, wherein the secondary and the other memories

are second-level and first-level cache memories, respectively.
21.  The apparatus of claim 12, wherein the memory is a cache memory.

22.  The apparatus of claim 11, wherein the pipelined port is adapted to

receive multiple data requests in one clock cycle.

23.  The apparatus of claim 11, further comprising a secondary memory
coupled to the pipelined port, and wherein the pipelined port is adapted to retrieve data
from the secondary memory in response to a miss in the other memory for the earlier
ordered one of the data requests and to reissue the later ordered one of the data requests
in response to retrieving data for the earlier ordered one of the data requests from the

secondary memory.
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24. A data processing system, comptising.: —
— UL

L
%

a processor, comprising:

a second memory having a pipelined port, the pipelined port to
receive data requests, to determine whether an earlier ordered one of the
data requests corresponds to a miss in the second memory and to convert
a later ordered one of the data requests to a prefetch request to the first
memory in response to the earlier ordered one of the data requests
corresponding to a miss in the second memory; and

an execution unit to issue data requests to the pipelined port.

25.  The data processing system of claim 24, further comprising a second

execution unit to issue data requests to the pipelined port.

26.  The data processing system of claim 25, wherein the pipelined port is
adapted to complete a plurality of retrievals of data corresponding to a plurality of data
requests from a requesting execution unit in the issuance order of the plurality of data

requests by said requesting execution unit.

27.  The data processing system of claim 24, wherein said execution unit is
adapted to reissue the later ordered one of the data requests in response to the port

converting the later ordered one of the data requests to a prefetch.
28.  The data processing system of claim 24, to convert the later ordered one of

the data requests to a prefetch request to the first memory in response to both the earlier

and the later ordered ones of the data requests being misses in the second memory.
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29. The data processing system of claim 24, wherein the second and the other

memories are first-level and second-level cache memories, respectively.

30.  The data processing system of claim 24, wherein the pipelined port is
adapted to complete an unordered one of the data requests in response to determining
that an earlier ordered one of the data requests corresponds to a miss in the second

memory and that the unordered one of the data requests is pending in the pipelined port.
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