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PROCESSI1VG ORDERED DATA REQUESTS TU A ilIEitIOR1' BACI~CROU11) OF THE
INVE\TIO\ I~ 11:1.1 nI~ THE INVENTION This invention relates generally to
the field of data proc~ssiil~ systems, and) more E~,rro.:uiarly, to methods
and apparatus tr processing ordered data ~cquests to a memory.
I)I~.~('IZ11''1'IOV OF THE RELA'ff:l) .ART The demand for quicker and more;
powerful personal computers has Icd to many ~~~Ir~~loeical advances in the
computer industry includinb the d~~~Ic~pment of faster ii~;;n~urics.
Historically, the performance of a personal computer has been linked to the
~E~~~ci of accesses to the memory to retrieve data manipulated by
instructions and to r~tn~ve 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 nl~rnor<~ known as "cache memory"
~as developed. :1 cache memory is relatively small and operates at hi;her
speed than a main m~ril~rv due to either a more direct coupling to the
processor or hardware adaptations. ~( he cache memory stores the most
recently utilized data blocl.s SU~h 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 II1C 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 relatively 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 I~IIVIYIINNNN   Z 9 ~UL 2002
O 00I267-1? PCT/US99124362 m: mon~. Then, the cache memon~ sends the
requested data to the data requester and .r".;, rite r,trreved data in the
cache memory itself. The secondan memory may be a w ~ : I'.::i110r~' or
another cache memos . i.e., a mufti-level cache mumow. The retrieval of
..... ::,~rti the secondary memory I, often a much slower operatin lost
cache memorica Iris c t~~ c~ subsystems, a "cacli~ tae arr a~ '~ and a
"each a data ,:r r-,r., " The cache tai; array stores entries for secondary
mcmoy addresses associated . rtlr rata array entries. 'The addresws are
used to determine lrethcr a data request will r~,ult tn a cache memory hit.
The carlt~ data array stores an~i delivers data in response to .r.r:.:
r::~luests. In mufti-level cache m~rnories each cache data ctn;l has a
corresponding, I.:-~ array . I'Ipellnes have further impruw~l the
performance of prumssurv by performing prucessin; in parallel and in
stakes. :1s opposed to serial processtn~~ where all the stakes ~.onplet~
the processing of one instruction before bcginnin~ the processing of the
nem lil~trllCtlOn, a pipelined device overlaps the stakes by proccssin~~
different instructions at the same time. 'rhe effective processing speed of
each instnr~tion remains unchanged, but t!~u throughput for instruction
processing is increased) because several instructions rnay hc: processed by
different individual pipeline stabes in parallel. Since data requests arc
r;:y,U~~lly rnadc to memories) pipcltncd data-request parts can speed up
the: processing ut rata r~yuests. Figure 1 A is a timing diagram for nvo
serial data requests to a cache memory havin~~ a pipelined data-request
port. The pipeline has four stages) i.e.) a latency of four. and one data
request can start at each clock cycle, i.e., a bandwidth of one per clock.
The first acrid second requests are received at t = 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. . z   2 9
JUL 2002 'O 00l267-t2 PC'TNS9912436? Data requests can be either "ordered"
or `'unordered." Orderin, dictates the sequential order in which mutually
ordered requests should be completed by the f~ard~are. One example of an
ordcrin`; relation imposes that an earlier issued request, a ~ . tile l
first request of Figure 1 A, be completed before a later issued rcq uest,
e.g.) the second r~~lu~5t of Figure IA. Other ordering relations exist,
e.g., sitnultanc:ousl~~ issued data c ~yu~,ts may be ordered with the order
of a program. In the following, "curlier" ordered c~~,~raoons are defined
to be operations that should complete before "later" ordered u~crations.
"Earlier" and `'later" are not limited to program ordering. If two requests
arz ~:oordcred," hardware may complete the two requests in anv order. The
ordering of data r~clucsts can slow processing of data re~luests by a
pipelined c~tcii~ m~mon~. Figures 1B is a timing diagram that illustrates
why proc:;asin ordered data requests may be problematic. The first and
second data requests are respective earlier un;~ later ordered requests to
the cache memory of Figure 1 r1. which are received at t = 0 and t = 1,
respectively. In Figure 1 B, 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 1 C
shows one method for avoiding data retrievals that violate the ordering
relationship. Issuance of the second or later ordered data request is
delayed until t = 3, i.e., until after the hitlmiss 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. 3   2 9 JUL 2002 'O
OOI?6742 PCTIUS99IZ4362 i~tulti-porting may further increase the speed of a
memory by enabling the nI'W esSln~? of several data requests dunn, each
clock cycle. Figure ?.-~ is a timing diagram t~,~r a ~ioubltd pipelined
data-request port of four stages in a cacltr memory. Two data ,~~1:~;:st~
can be received in each clock cycle. Thus. the dottbl~ci ~l,rt,r-tc~lucst
port may ~:..~ui~l~ the throughput for data requcat~. i.e., the bandwidth
i; ww prr clock. Cache r:~,:~nc~r<~ hits and misses arc known at the third
stage, i.e., a la~~) of three clock pulses, a lad, that can lead to
problems with processing ordered data requests FiEure 2B is a timing
diagram illustrating one problem 'ith pTOCesslnc ordered r~y;m,ts in the
doubled pipelined data-request port of Fi~:utc '_'-\ 'I h;: lirst and
second aura requests are serially ordered, i.c.. the first data request i;
tl:~ earlier request. At t = rt is dc;termincd that the first data r;
;quc;st will re,~istc:r a caelt~ ttletllUt'y miss. The SCCOnd data request
registers a cache memory hit and can cot~ipl~t~ at t = 3, i.e., oefore the
~~trlter first request, because the first data request needs a slo' data
retrieval from ~~con~laty memory to complete. Ordc;red data requests cannot
he processed by such a method in a multi-ported memory) because a later
ordered instruction may complete bvforc 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 pipelincd data-request port of Figure 2A. In respot~s;; 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 pipclinin;, because some of the
flushed requests may not be ordered. The present invention is directed to
overcoming, or at (cast reducing the effects of. one or more of the
problems set forth above. 4   2 9 JUL 2002 w0 00/267.t2 PCT/US99/24362 ~L~
11 ~I..~RY OF THE INVE\TION In one aspect of the present invention, a
method is pro~~rdcd far requesting data c~rorn a memory. The method
includes issuing a plurality of dat.r r~qmsts to a data ~ _~~m>t port for
the memory. The plurality of data requests rncluci~s at least two ordered
~!~:;~r rc~luests. The method includes determining if an earlier one of
tf~c ordered data r:~lmsts corresponds to a miss in the memory, and
convcrtrn~; a later one of the ordered ,lets requests to a pre fetch in
response to the earlier one of the ordered data requests m>rr~sponding to a
miss in the m~rnorv. In another aspect of the present invention, an
apparatus rs provided. Tlte ~r~E~:rratus includes a memory itavin~_ at
least one pipclincd I~,~rt t~c~r rcc~rvrtt~~ 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 tiic data requests corresponds to a miss in the
memory. IiItIFF I)ESCRII'TION OF TFIC DRAWINGS Other objects and advantages
of the invention will become apparent upon reading the following detailed
description and upon reference to the drawings tn which: Figure lA 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 1 B is a time line illustrating a problem with sequentially
processing two "ordered" data requests in the pipelined data-request port
of Figure 1 A; Figure 1 C is a time line illustrating one prior art method
of processing "ordered'' data requests in the prior art cache memory of
Figure 1 A;   l 9 JUL ZOOZ 'O 00!?67.t2 



PCT/US99l2436? Figure 2A is a time line illustrating the progress of two
data requests in a doubted ~rl~:lrn~d data-request port of a prior art
cache memory; E~r~~ure ?B is a time line illustratrng a problem with
procrssin; two "ordered" data r~:ru:st> in the prior art cache mvmow of
Figure 2A; E~ figure 2C is a time line illustrating how flushes may h~
;.n~hlo~~~d to process r~E;:r~d data requests in the prior art cache memory
of Figure ?:\; Figure 3A is a block diagram of an embodiment ol' an
apparatus fur processing c~r~lcred data requests; l~ r~surc 3B is a
timeline illustrating methods for pruc~~~rr~~.: later data requests in
r~sE~onsc to a memory miss of an carlrcr ordered data rcques:: Figure ~A is
flowchart illusoating one embodiment ~,t~a meaftud for processrn~= c>rdercd
data requests to the memory of Figure 3A; F figure 4B is a flowchart
illustrating a specific embodim~r~t of the method of Fi~~rr~4~l; Figure 5
is a flo~~'chart illustrating an alternate embodiment of a method of
processing ordered data requests to the memory of Figure 3;\; 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, ho~ever, 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.   2 9 JUL 2002 O
00; 267.l'_ PCT/US99I24362 



nETAILEn DESCRIPTION OF SPECIFIC EMBODIME\TS Illustrative embodiments of
the invention are described below. In the interest of I.:-;n , not all
features of an actual irnplementation are described in 1111S
SpeCLtlCatloll. It w :,u~,:ourse be appreciated that in the development of
anv such actual embodiment. I;~:Ia::ruus implementation-specific decisions
must be made to aclilwe the developers' ~;~~cltio goals) such as compliance
with system-related and business-related constraints. ~~.Irlc:rr w111 vary
from one implementation to another. Moreover, it will be appreciated th,a
,uch a development effort might be complex and time-consuming, but would
I:_v ~r thct~ss be a routine undertaking, for those of ordinary skill in
the art havlne the h~;i:fit of this disclosure. 1'i~~ure 3A shows an
embodiment of the present invcntlon. ~~~t~icl~ includes a processor 100
having an execution unit 10~) a pipelined data-request port I 10. control
lu~mc 11 ~, 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, ttl~ control lo~~ic 1 l0 may
reside) in some alternative embodiments, in the pipelined datarcducst port
1 10. The pipelined data-request port 110 may be a multiple data-request
port for the cache memory 120. The execution unit l05 is capable of issuing
multiple ordered data requests to the cache memory 120 during one clock
cycle. The execution unit 10~ 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   2 9 JUL 2002 ~1'O 00/267.t2
PCT/US99I24362 request. ordered with respect to the other ordered request,
will re~_ister a cache memory mugs. In other words, the control lo~mc 11 ~
in the embodiment of Fl~ure 3 converts a suh~c,~ucnt ordered data request
into a prefetch in the event of a cache memon~ "rniss'~ t~~r a11 earlier
ordered data request. Still refcrrin~ to Figure 3:~. ,I prefetch retrieves
the ro~Iuosto~l data from a ~.:~anclar;v memory (not shown) and stores the
retrieved data in the primary memory. ~.~~ , the cache memory l20, without
t~orivarding the data to the ori~,innl data requester, ~.~;., the execution
unit 10~. In some embodiments, data reduests are only converted to
~r~t~tcires, as described above, If tire data request to be con~~crtc~i la
itself dcaermined to he a cache memory miss. Still referring to Figure 3a,
th:; cache memory 1?0 m,n irav a a rnultlplc pipefined data-request port
capable of accepting multiple data requests durili~~ cacti clock cycle.
I~lrs, the execution unit 10~ may issue a plurality of ordered data
requests to the plpolined port 110 during each clod: cycle. For example,
the execution unit 10~ 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 pipclined 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 illustratCd execution unit 10~. 'Thus) the pipelined port
1 l0 ma~~ receive ordered and unordered data requests concurrently. The
illustrated embodiment provides for returnin' 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   Z 9 JUL ZOOZ 'O
00I267-l2 PCT/US99/24362 



from the same execution unit, e.g., the execution unit 10~ of Figure 3A.
The plurality of data requests can be issued in one or several clock
cycles, and ma~~ include unordered data r~~;tlests. At block 210, the
pipelincd port 110 determines whether an earlier one of tE c,rd~r~d data
requests is a memory hlt. i.e., whether the data requested is in the
mcmo>1~ 1 ~~ ~ :fit block 215, the control lo~~ic 1 I ~ converts a later
one of the ordered data requests t~~ .l pretctch if the earlier one of the
ordered data requests has bucIl determined to be a ca~ti~ memory miss. In
some embodiments, all data requests. ordered later with respect t,~ tf;e
data request determined to be a cache memory miss) are converted to
prefeteies. .\t bmcl. ?20, the pipelined port 1 10 performs the earlier
one; and a later om of the nrd~red data requests to the mcmoy I?0 in
response to the earlier o~w of the ordered data rpu~sts having been
determined to be a memory hit at block ? I l) Referring to Figures 3A and
4A, a later data request is not converted to a prcfetch 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 IlIISS 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 10~ to a
prefetch in some embodiments. Nevertheless, data re:qucsts from different
execution units may be mutually ordered in other embodiments. Flgure 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 convened 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 23S 9   2 9 JUL 2002 ~1 O
00/Z67.12 PC'r/US99/24362 can improve the efficiency of the processor 100
of Figure 3 A because a prefetch is ;:~~ les; for data requests re;istering
a cache memory hit. l i:e method 2~0 of Fi~,urz 5 is a specific embodiment
of the method of Figure 4A. ~',ia;.~ Q00) 210, 215, and 220 hay c already
been described in relation to Fi~,ure 4A. '~ _~~::oonally at block 2-15,
the pip~Un~~l port 1 l0 completes data rc:yue,ts that arc m;ar~i~rcd with
respect to the earlrer ordered request determined to be a cache memory .fit
block ?S0, the later ones of 111e ordered data rc;qucsts arc reissued in
response to ~;,~,:pletion of the earlier ordered request previously
determined t~~ be a mcmon.- miss at I~!a,.l~ ~' 10 'rhe later ordered data
requests include the request converud to a prefetch at f~lck ? 15 and also
possibly other ordered requests, e.g., tliisl:c~! r~~lucsts at block ?35 of
I yur~ -4f3. The later ordered requcst~ have to be rcissueci, h~c~ru~e thrv
have nol yet 5upplicd the requested data to the; data requesters) e.g., the
execution unit l05. The nmthods of Figure 4A and 5 are repeated each time
the execution unit 105 issues ordered ~fa;a requests to the pipelined port
1 10. Etefcrring to Figures 4A, q13, and 5) the various embodtrncnts may
improve the hand~~~idth and decrease the latency of a cache memory 12C)
First) ordered data requests ac ~ speculatively issued without delaying
until earlier ordered requests complete. Second, ~f-un earlier ordered
request registers a cache memory miss) later speculatively issued urdercd
requests are converted into prefetches. The conversions to pref~tches
reduce latencies when convened 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 4.A) 4B, and
5 enable a memory to receive ordered data requests without the delay used
by the pipclined port of Figure 1 C 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. t0   2 9 JUL 2002 WO 00/267.i2
PCTIUS99/24362 If the first ordered data request is a miss in the cache
memory l20 of Figure 3A, then in accordance with the methods of Figures 4A,
4B, and ~ one or more of the r~r~~ir~in~; later ordered data requests could
be converted to prefetches by the pipelined por t I 1 U and the control
logic I 1 ~. The cache memory pipeline may be Hushed, and both tim ur
~l~red requests that were converted. and the ordered requests that were
flushed may t~~ r~ isaucd by either the ehecution unit t 0~ or the
pipelincd port I 1 U itself: 



The methods 190 and 22~ of Ficure 4A and 4B C311 be illustrated by the time
line of~ Fi~~urc 3B. For illustrative purposes only, each clock cycle of
pipelined port described i~_, f~ ~~r~r;~ 3B represents a different stake of
a four-sta<~e, dual-ported pipeline in which the memory hit or miss status
is determined at the third staje ~f'hu first and second data r::~trr~~ts
are received by the pipclined ports at t = 0) and the tfr:i and fourth data
requests arc received at t = 1. In the illustrated example, the status of
the first data reciucst, an ordered request, is determined to be a miss at
t = ?. In response to the memory miss of the first data request, the
pipelined port converts tt later pending requests, which are ordered with
respect to the first request, to prcfetches and allows the other pending
requests, which are unordered with respect to the first request) to
complete. Some embodiments flush all ordered requests, which arc (:Down to
be memory hits and later than the first request, instead of converting,
because prefctchcs 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 mcmory,~ 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 requests are flushed from the pipeline when they are ordered wish
respect to the first data request and then re-issued in response to
completion of the first request. Other embodiments convert a11 ordered
requests in earlier pipeline stages to prefetches. e.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   2 9 JUL 2002 1 U 00~'=67.i3 PCT/US9912d362 - ~' Th~
invention is also intended to cover other embodiments for converting later
oni;:rcd dzta requests to prefetches, whvctt could be constructed by an
ordinary person in tl ;,: ,rrt. lia~~in~, the present disclosure.  ithout
undue experimentat~o~i f inure 6 depicts another embodiment having a
three-Icvel hipclincd cache memory .~n.m~~;;turo. The processor IOU
inclu~lm an execution unit s(?1, a tirst Imel cache r;~_~;mw , L0, Q02, a
second level cacti;; memory, Ll, ~0~, a cac:hc Illt;ltlUl'V' controller ~
10 i,~r tli~ l .l cache memory 50~, a control logic 515, and a bus
controller ~ 17. The bus ,:~~r~trul lur ~ 17 is coupled to a memor~~
controller Q40 of the main momory ~~0 through a r;rrrt side bus 570. The
processor s(l0 is coupled to a thirc! I~v~l cache memory, L'_', ~7i ccr a
bactaid~ bus 5S0. The third lc~~el cache memory ~7~ is r~~rclont on a cachC
die ~S~, ,r:n thus resides off the die for the prucrssor Q00. :1s shown in
Figure 6, the L 1 memory cache memory control Irr ~ I 0 comprises the:
control logic ~1~ for the pipelined request ports that implement the
~mthods illustrated in l~ r ~~ur~s -1:1, 4I3, and ~. Using t(ic method of
the present in~~cntr~~r~. the L 1 cache memory controller ~ l0 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
~ 1 U) ~ 1 ~ convert a later pendrng ordered data request to the L l cache
memory ~0~ to a prcfetch of data from the L? cache memory ~7~ in response
to determining that an earl~cr ordered data request is a miss in the L 1
cache memory 50~. The control logics 115, ~l~ of Figures 3 and 6) used to
implement the methods illustrated in Figures 4A) 4B, and 5 can be
constructed by those skilled in art having the benefit of this disclosure.
The control logic 115, 51 S 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 5l0, this is not necessary
to the practice of the invention. It may be possible to reduce the cache
memory latency of ordered data requests by implementing similar control
logic elsewhere in a data processing system, e.g., 12   2 9 JUL 2002 'O
00/267.t? PCTNS99I24362 for ordered data requests to any combination of the
LO) Ll. and L2 cache memories 502, 10. ~ 7~. The present invention for
reducing latency and increasing bandwidth for e~r~l~l~d data requests is
applicable to any memory architecture and is not lrmited to the ,:~:::i;~
memory architectures of Figure: 3 and 6. l~i~,urc 7 illustrates an
embodiment of a data processln~; s~~5tent 40U for ordered I;r~;rrcrry
requests from two e~cccutrun units 410, 430. A processor -l0~ includes the
first ~:,: ution unit 410) a pipclined data-r< quest port 41 ~, and a
rt~erliory =1'' i. 'I-he pipelined t~~l:l~st port 41~ handles data requests
to the memory 4?~. Both the first and second wcutron units 410, 430 can
issue dwu requests to the rrrenwrv -1'_'> via tim pipelined r~qllust port
41 i. The data requests from each of the eXtclIllUll ll(llt~ -1 ! 0, 430
are ordered ~th r~sp~ct to themselves. 1n s~m~ embodiments the data
r~cl~lr,t~ f~rc~n~ the first 



e~cecution unit 410 are unordered with respect to the data re~luests from
the second ~~,:cution unit 430. In some embodiments) the first and sccon~
~~ecution units 410, 430 h~lon~ to the same processor 405. In other
embodiments, the second execution unit 430 is a separate processor. The
pipelincd data-request port 4 I ~ rnay process a plurality of data requests
in which a portion of the requests are ordered and a portion of the
requests arc unordered. Still referring to Figure 7, the pipelined request
port -11 J prUCc;sses data requests according to the methods illustrated in
Figures 4A and 4I3. f'rcf~tchc:s generated in response to ordered data
requests, which are misses in the memory 4?~, retrieve data from a
secondary memory 43S. The pipelined port 415 transmits prefctch requests to
the secondary memory 435 via a bus 440 and retrieves prefetched data via
the bus 440 to be stored in the memory 425. In some embodiments, the bus
4-10 is a system bus that also transmits signals between other hardware
structures (not shown). Prefetches to the secondary memory 43~ may be
slower than data requests to the memory 42S in part due to the slow speed
of transactions over the bus 440 and in part due to the slower speed of 13
WO 00/267.t= 2 9 JUL 2002 PCT/US99/24362 tiic secondary memory 43~. In some
embodiments, the secondary memory 43~ may be ~.n ~tf-processor 40~ memory
while the memory 4?~ may b~ an internal cache memory . ~f~lle particular
embodiments disclosed above are illustratiyc onl~~, as the invention n;,:y
be modified and practiced in drttcrcnt but equivalent manners apparent to
those ~ii~c! rn the art havinc the benefit of the teachings herein.
l~tinlt~ni~c~re, no limitations .r: .: mt~nded to the details of
construction or design herein show n, utlter than as described i tli~
claims below. It is therefore cyrdent that the particular entldimcnts
disclosed ~:f~~,~~e: may be altered or modified anti all such variations
arc: consrdrrcd within the scope .m,! ,mru of the invention. Accordm~~ly,
the protection sou~~ht herein is as scL forth in t!~~ claims below. 14
R~P~ACEMENTSHEET 0 52J~1N ~~ Q2002 y WHAT IS CLAIMED: 1. A method
comprising: issuing a plurality of data requests to a data request port for
a first 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 first memory; converting a later one
of the ordered data requests to a prefetch in response to the earlier one
of the ordered data requests cornesponding to a miss in the first memory;
converting other ordered data requests to prefetches in response to the
earlier one 



of the ordered data requests corresponding to a nvss in the first memory)
the other ordered data requests being later than the earlier one of the
ordered data requests; and 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 first memory, and the portion of the ordered
data requests being issued to the port later than the later one of the
ordered data requests. 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. 15   REPLACEP~9JEUNT
SHEET 2 95JUL 200 2 3. The method of claim 1) further comprising: reissuing
a portion of the ordered data requests to the first memory, the portion of
the ordered data requests having been converted to prefetches. 4. The
method of claim I, wherein the act of converting the later one of the
ordered data requests 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. 5. The method of claim 1,
wherein the act of converting the later one of the ordered data requests is
performed in response to the later one of the ordered data requests
corresponding to a first memory miss. 6. 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. 7. The method of claim 1, further comprising completing
an unordered one of the data requests in response to the earlier one of the
ordered data requests corresponding to a miss in the first memory. 8. A
machine readable medium having stored thereon data representing sequences
of instructions that, when executed by a processor, cause the processor to
perform operations comprising: issuing a plurality of data requests to a
data request port for a first memory, the plurality of data requests
including at least two ordered data requests; 16   REPLACEM~EN~T SHcET
JfJL' determining if an earlier one of the ordered data requests
corresponds to a miss in the first memory; converting a later one of the
ordered data requests to a prefetch in response to the earlier one of the
ordered data requests cornesponding to a miss in the first memory;
converting other ordered data requests to prefetches in response to the
earlier one of the ordered data requests corresponding to a miss in the
first memory) the other ordered data requests being later than the earlier
one of the ordered data requests; and 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 first memory, and the portion
of the ordered data requests being issued to the port later than the later
one of the ordered data requests. 



9. The medium of claim 8 , 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. I 10. The medium of claim 8 , wherein the
sequences of instructions further comprise i instructions that, when
executed by the processor, cause the processor to perform operations
comprising: reissuing a portion of the ordered data requests to the fast
memory) the portion of the ordered data requests having been converted to
prefetches. 17   REPLP~~~~N ~ 002t 2 9 JUL 2002 11. The medium of claim 8 ,
wherein the sequences of instructions for converting cause the processor to
perform the act of converting the later one of the ordered data requests 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. 12. The medium of claim 8 , wherein the sequences of instructions
for converting cause the processor to perform the act of converting the
later one of the ordered data requests in response to the later one of the
ordered data requests corresponding to a first memory miss. 13. The medium
of claim 8 , wherein the sequences of instructions further comprise
instructions that) when executed by the processor, cause the processor to
perform operations 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. ' 14. The medium of claim 8 , wherein the sequences
of instructions further comprise instructions that, when executed by the
processor, cause the processor to perform operations comprising completing
an unordered one of the data requests in response to an earlier one of the
ordered data requests corresponding to a miss in the first memory. 



I 15. The method of claim 1, wherein the earlier one of the ordered data
requests must be completed prior to completion of the later one of the
ordered data requests. i I 16. The medium of claim 8 , wherein the earlier
one of the ordered data requests must be completed prior to completion of
the later one of the ordered data requests. 18
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