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PREFETCHI NG DATA I N A COVPUTER SYSTEM BACKGROUND OF

THE INVENTION 5 Field of the invention [0001] The 13/03/2007

PO HVention is related to the field of cdifpuyEP3027716
systens, and nore particularly, to prefetching data
fromnmenory | ocations. Description of the Related Art

[ 0002] Pref j hpi, qu [ ' nt ed
[ processa e IR Ia i & ContPTRE Sk BFFRE"D, 2
processor are prefetched before it 1s actually
utilized by the_ processor s _core executl on unit (EU).
As a result of @EAdhGROUND QFIH Q2

available to the EU at the rel atlvely hi gher dat a
rates of the processor's internal bus. A hardware
prefetch engine (HWP) in a processor normally
Rielébéthehigsentibe data required by the EU. Since the
prefetched data and instructions (data) are avail abl e

[péanever e phldediSnveRfst fs?§1ai‘eﬁ to H{&f&ﬁ shd u@rﬁ" @?s’té}hé iénd more

|rrproves t he processor s overal per or man

gﬁ%ﬁg to HJref@{cE{nEtdﬁﬂlﬂogn hl%n{ogyio%gt!fo}}sed | ncor rectly,

npai r cessor or systens
perforrrance In order to pref etch data and/ or
instructions, = e.g., fromexternal nenory, the
Dexter.nal pry. bys is used. Hence, prefetching may

of the external nenory bus, thus

reduci ng the effective bandwi dth_of 20 the_ external
00%bry busrefatpling stadesimeue sommanmdy tmplemanted yrspesegredlata and
may be stored in cache nenory that is close to the
instaeiess opquited bF eprerdshedarefpiéfeichethsfomit isiapiuelly eileded byfthe
cache nenory may be used. However, due to the limted

piceRonf chibexeatbe ufie (BUY , APs el @hpﬂ&ﬂatch@rfg, A@Vrefetched data is
data/instructions nay overwite previously-fetched

I k
T BTt i SRR

hzﬂ"ﬁ\g&%sﬁgfetchaorﬁgﬁg t(f-ﬂ}V?P) %S Ereoceslsgre ncq%}/aﬂy pré%]etglfles tfe c%ga requlre_d by

the EU. Since the prefetched data and instructions (data) are available whenever the EU

requires it, prefetching generally improves the processor’s overall performance.

[0003] However, if prefetching is implemented inoorrectly, prefetching may

impair a processor or system’s performance. In order to prefetch data and/or instructions,
e.g., from external memory, the external memory bus is used. Hence, prefetching may
occupy the resources of the external memory bus, thus reducing the effective bandwidth of
the external memory bus. The data/instructions that are prefetched may be stored in cache

memory that is close to the processor(s). For added efficiency, multiple levels of cache

_ memory may be used. However, due to the limited size of the cache memory, prefetching

- of new data/instructions may overwrite previously-fefched data/instructions that are still

13
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exanple, if a cache line consists of 32 bytes, and if

a mss occurs in the cache, then 32 bytes at a tine

may be prefetched fromexternal nenory and stored in 13/03/2007
R 2087 I f nultiple misses occur in the saRETHESEHG/027716

line, the HAWP may prefetch the sane entire cache 5

line multiple tines. This nethod of prefetching is

ndant I; icient. BRI EE SUMVARY OF T
NS (B80S LS ansn e rashe T foavihe Erefoiened: e
e.-understood by referring to 10 the follow ng
eg%égfr%i iheicg eiwa °8’&Sé%m§4?y'?ﬂ§% drdihiaFss eqeurs imthe aagles then 32
bfor illustration. In the draw ngs: Figure 1 shows a
pics@ke s grayrhedrelaichust o exisinal meoimpy e steryd fretie cache. If
according to one enbodi nent of the invention. Figure
HEIEMQWESSQS o¢cunindheaspmanedchaling, lthd I WTehas plehectOB8 kahé Oftire cache
of a filter circuit, 15 according to one enbodi nment
liné ntultiplé timest Tiddmefbiod WF BredorsiaYs: rBdldagyy i aRAGLLhat
illustrates the servicing of queue entries 1 n an
i nput queue, according to one enbodi nent of the
i nvention. Figures 4A, 4B show a fl ow di agram t hat
illustrates the assigning of detectors for cache
m sses and the dynam ¢ adjusting of the w ndow size,
according to hadl 0 inventi
Figure 5 shomggggﬁ W8 !
al l ocating detectors for L2 cache m sses, according
to one enbodi nent of the invention. Figure 6 shows a
&' ter circuit, according to one enbodi nent of the
[0PORlent i onYariops embodimea pF MONPEN6R BREAS Iinderstood by referring to
PCT/ US2003/ 027716 Figure 7 shows a nonitor to allocate
thejélowting desaritionand dpawsipanin gdiedviaEOhatird BW foSilleGiration, Tn the
according to one enbodi nent of the invention. DETAILED
drDESERI PTION 5 [0006) Described is a nmethod and
apparatus to process instructions in a processor

Figure 1 shows a block diagram of a portion of a computer system, according to

one embodiment of the invention.

Figure 2 shows a flow diagram that illustrates the operation of a filter circuit,

according to one embodiment of the invention.
| Figure 3 shows a flow diagram that illustrates the servicing of queue entries in an
input queue, according to one embodiment of the invention.

Figures 4A, 4B show a flow diagram that illustrates the assigning of detectors for
cache misses and the dynamic adjusting of the window size, according to one embodiment
of the invention.

Figure 5 shows a flow diagram that illustrates allobating detectors for 1.2 cache
misses, according to one embodiment of the invention, |

Figure 6 shows a filter circuit, according fo one embodiment of the invention.
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using a filter circuit. In addition, the nmethod and
apparatus nmay dynam cally adjust a detector w ndow

dependi ng on the nunber of entries for the bus. In th&3/03/2007

FWPI28W%RYS7 descri ption, nunerous specific det aiRCI/E3e0/027716
as logic inplenentations, opcodes, neans to 10 specify
operands, types and interrelationships of system

conmpgnent and | ogi.c rtitionin r, i j :
chor e shica padi to RGPl Blio sRERHRULor window
under st andi ng of the present invention. It will be
SigpFarERNg ihertesrehodiment R Ehedrveifiginary skill in the

art that the present invention nmay be practiced

wi t hout these specific details. In other instances,

wel | - known architectures, control structures, gate

level circuits, full DEBILEMDESCHPIUON on sequences
and techni ques, etc., have not been shown to avoid
unnecessarily obscuring an understandi ng of the

description. Those of ordinary skill in the art, wth
08, ope SHSPFRER AL AT bbb ARSs bR Bbroccor

experjmentation. [ 000 Ref erences in the . .
oGBS e e PO oD s s Ris Ay adfust &
20 "an exanpl e enmbodi ment", etc., indicate tg%t Hhe_
dederserdvindow depssdmemwdheraymbeef erfaenfor fhgrkusc dn Hie following
feature, structure, or characteristic, but every
desothsihnnmnherogy speocificriet:és swnhias Jogic malerdentatimnspepopdes,imgans to
feature, structure, or characteristic. Mreover, such
spleb arls & andNBeAsIEAsiships besBtdn fgnpdnchiparsidogic
ﬂe%nb%gmnt. urther, when aﬁppart)igcul ar I?eature,
. ). £ u o | |

P ot Ornre Bl ShAGIRt R Kl B JRRES plabtle fgrogeh

13/ 03/.2007.., WO 200: 4/ 025457 PCT/ US2003/0 2 7 7
widErsgd ek e Rrﬁ%engﬁ’é’ﬁﬁ“b"&g i G arpagns poureh Fioa® gl PRtnasy
to affect such feature, structure, or _ char cterigt{iig ls. I
skilh inclp At dhat Ehe RRPSCRL Y o SRAYRS RTRGHCSd WHBPHJResg SPyfyc detatls. fn
explicitly described. [0008] In the following
otlesustirpes, evelldodwol acliecturdsecangohsiricouesy g@t@'ie@g gircuits, full
"connected", along with derivatives such as
sof@FMRtheabh ¥elukn€R WAl edhnigRashetc Y 88 not bedn shvomul td abad
understood that these terns are not intended as

u@%ﬂ%@é%ﬂ{:&ﬁﬁﬁ@&?uﬂie&?@ﬁin@tﬁ@&emﬁﬁioﬁa MidoSalbAérdinary skill in the

s, ""tonnecte e used to indicate that

_ ar%, With e 1RIuGeq descriptions, will be able to implement appropriate functionality

without undue experimentation.

[0007] References in the specification to “one embodiment”, “an embodiment”,

“an example embodiment”, etc., indicate that the embodiment described may include a

particular feature, structure, or characteristic, but every embodiment may not necessarily
include the particular feature, structure, or characteristic. Moreover, such phrases are not
necessarily referring to the same embodiment. Further, when a particular feature,

structure, or characteristic is described in connection with an embodiment, it is submitted
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el enents are in direct physical or electrical contact
wi th each other. However, "coupled" may also nean .
that two or nore elements are not in direct contact 13/03/2007
wWMO208HEA4Gt her, but yet still co-operate or i RCBUABN3/027716

wi th each other. 10 [0009] Parts of the description

are presented using term nol ogy commonly enpl oyed by

t hose s in the art to convey the_subs ce of
thah il W%EWL? gmavlﬁ%%eso foRe pllad M the i o affct S%@%ﬁ“ﬁaﬂ‘@m@ or
of the description are presented in terms of
cb@g@tﬁmﬂﬁgn@ c(pjmef:mmdh othiar ebplimbgs whelber ¢rowt efplicitly described.
programm ng instructions. As well understood by those
[&108] | ed ©ImthtHeliawihg dédsaporonrly ddime e tdrine ficdupled” ahwd
formof electrical, magnetic, or optical signals 15

“CRaktE’, Aond Wlfﬂlgieﬁb&fﬁg sudhra% r"‘@(ﬁrﬁﬁlﬁﬁi@aﬁ»@ﬁ@i@%” n@fyte used. It

ot herwi se nani pul at ed through, for instance,
}gJu?cPBé ﬁl%%st&o(ﬁrﬁ]&qﬁ&te%ergx}s 4&9&9&?&1@8% Syrbn w#,&l s a0 gther.
I agram of a portion a conputer accor

one e Odl of the inv ,ntlo t he,.enb dlme
e b e rbga?%s 1°°rmﬁsﬁe ELtay b vas t ALl iR et o b more
execut| on unlt (EU). 160 coupled to LI cache 105, which
elementy ays in diree thslp@ror zbcmCﬂ&ﬁntacthGh elicker| Heavever, “coupled”
requests resulting fromcache m sses fromLlI cache 105
mapyishacan tiptitwo nt mofe didreentcare ool in dike coAtactetik ehchrodher, but yet
request is a request for a block of data and/or

sting-opeedte ONtdraARiPdabh BBBRry or from another |evel of
cache nenory. In one enbodinent Li cache 105 is an

[oppéer nal SRR, cféscﬁptronrg‘f edentddHs B ¢ gﬂhﬂﬁ@lﬁg? Eork2Bhty

but™ ot her enbodi ne se ot her |gu at | ons

Q.0 ternal r ocess 100 13/.03/ 2007 , .
i Gl oA %é‘fﬁtﬁs"fb*ﬁé’f)g"%’ 158 St s S ydhen skilled
and out put queue 125 may include control circuitry and
by At of the deegaiion arepfgested ip femsdi ABcTasperformed
m sses from EU 160. [0011] In one enbodi ment of the
thjowgh thei axacuticnefipeegrasingg insituctinne rAs wplllindpigoed byt Biose skilled
through filter circuit 110 are read requests. These

in HeOUE SiicBe BPatatichs cB@t &fleShd RmddtRctreal, REbhtR, bﬂ%{ﬁlcapé’lgnals
both (data/instructions) to be uti l'i zed by EU 160. The

caﬁﬁﬁgof Wﬁ%&d%}gféﬂ%ﬁ Cﬁnﬁ%&i H%d%éfrvﬁgéjﬁl%ﬁﬁ%ﬁ{eﬁ ouah for

which data is e rea e addresses nmay be su

mgt&ce, electrical components.

[0010] Figure 1 is a block diagram of a portion of a computer system, according to

- one embodiment of the inventioﬁ. In the embodiment 1llustrated in Figure 1, processor

100 includes execution unit (EU) 160 coupled to L1 cache 105, which is coupled to filter
circuit 110. Cache line requests resulting from cache misses from L1 cache 105 may be

input into filter circuit 110. A cache line request is a request for a block of data and/or

~ instructions from main memory or from another level of cache memory. In one

embodiment L1 cache 105 is an internal memory, (i.e., memory inside processor 100), but

other embodiments may use other configurations (e.g., memory external to processor._100).
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address transl ation so that when received by the input
gueue 115, they nmay represent physical addresses or

virtual addresses. Filter circuit 110 is coupled to 13/03/2007

| WOU0-gzs4€ 115, and i nput queue 115 is coupl efTEE2003/027716
HWP 120. Filter circuit 110 may filter out redundant
O cache Iine requests fromthe input filter queue

In o nbodi nent _a cache_| uest c
Ignqt QHT’}@SItl fa@} oytpabgusae L2 may g}ﬂlﬁ%@ﬁpﬂ%ol crrouifry ang ggtrfer memory to
data/instructions froman address | ocation
Pesessaspensti ingudiog aache misarFemH§460.Thus, each entry in
the i nput queue 115 may contain an addr ess for
[o@tl] i eval Iobnaembaijhent céthednvention, thORERdsts thattenter input queue 115
enbodi nent of Fig. 1, the HWP 120 is coupled to out put

el 2ircuit 91 @A r@idBiilestd UTHE e Feuch§ ntQ bR Irefhetto fdrdata,
request queue 152 L2 request queue 152 is coupled to

T R,

term FSB net | S Nt osure
idgaE i e e SRR 0815 g b it SR by b subjeot o
be obvious to one of ordinary skill in _the art that
adddrpsirapglatipmen f&a@wlrﬁwe%vee@édhff ppuausue [ hSeyrpanspEset
data between cache and 20 main nenory, wthout
pliesidabaddnessés aminieal pddressenrtiemmmnus 16 istdospled veimpittotneue 115,
[0013] Monitor 140 may nonitor the cache |line requests

atEingut, quele | NRis@uiyled oq@wPe] 201 Fer 2eui0SH) QBy datenit eddandant
to cache line requests. In one enbodi ment of the

cdcﬂc\! ﬁﬁé %e?lﬂests i) tﬁ@@p&t@t%@ § 140 %Pbl%?%‘hﬁbdﬂh '?M.Pcﬁezlgle

formpart of "the od| ment s

L nventio of0) o
A e oot %%Efzén%cogi%%t i RS fofyp address
forman integral part of the gutput gueue t%25. I\/lem)r)i
logaiinyoregpondneiia p &/ sertie migen iy agagh sy in the input queue’d 15 may
PCT/ US2003/ 027716 150 receives the cache |ine requests
canfainen hédress fonstieevalsd asingle eacht Bees dat a/ i nstructi ons
frommenory, e.g. DRAM 155, via nenory bus 170. Each
[0guEjue deshrthdbedbstimentnf Fég.d, the HWe 20 pusougledue olithht queue 125,
t he out put queue 125, and the L2 request queue 152 may

arfd@ R QREULI25 1@9&1pr‘£{) €01 teUduteﬁé/ 150 MRRAGE: §Achel182 is

|
store the cache line requei the prefetched data an
l,e nd .y 4
oBp St PR e R Y i‘%fls%eél%ﬂsz ey 2Eh bl 130 e font
sidt bus (FSB) 157. Although the term FSB is sometimes used in this disclosure to

describe the cache—t6~memory controllér bus, if will be obvious to one of ordinary skill in

the art that other terminology may be used for a bus that transfers data between cache and

main memory, without deviating from various embodiments of the invention.

[0013] Monitor 140 may monitor the cache line requests (e.g., in the ouiput queue

- 125} and assign detectors to cache line requests. In one embodiment of the invention,

monitor 140 may be coupled to the HWP 120 or may form part of the HWP 120. In other

- embodiments of the invention, the monitor 140 may be coupled to the output queue 125 as

a separate entity, or may form an integral part of the output queue 125. Memory controller
, _ s
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request to the LI cache. If the requested
data/instruction is not found in the Li cache, a

cache nmiss is triggered (e.g., a flag may be set and &3/03/2007

YR RWHIPHET r equest for the needed data/i nstrueCias2003/027716
may be sent to the L2 cache through the intervening
Iogi c). In one O enbodinent, once a first cache |line

uest is received t he 120,

13D e eI FEgep Rt S S g AR o degructions
w |l be required by the EU 160 and send a request for

fromp EremeEK € & RRAM] 15%@@ Buwsy brol 10n Eapl qeee Hescaibedh jerein, ©-8.,
with the first cache line request. If a cache line

the imguispteue §15) die dutpu dudue A5eadPihe 82 hayutE33pedchiss 2caghieave control
line request may be forwarded to external nenory

and buffer cifcQitHRAM hER) andit@ sforBha basHR 1the fequdfs, [(ROFectdendeta and

mul ti ple cache Iine requests to the sane instruction

Oﬂﬁgggﬁ$kgqﬁd@5§ﬁm£elatlvely rare, in one enbodi nment
onl'y cache |'ine requests pertalnlng to cache data

047 el ‘P‘E‘erﬂilea g et s i ﬁ?h?t@c?lfﬁﬁ}'e @

are input directly |nto i nput, queue 115 % )
reqyggihe e i achg. (16 {heirpduestgd dﬁ')afm&wa@l et W@Irm@ L1 cache, a
prefetches in cache lines, or blocks, addresses that
cache anisd i liigpetdde(c gaadlaginnaykbetet 2101 aeavhe lincisquest for¢lesingeded
generate duplicate cache |ine requests. For exanple,

datefinstructisi®ay bé st wORS L3 tcactaf thdbAgh YHedfteARMink flogc ) daloac
m ss occurs for address location 9, then a request

embMinfnC 868e filsN&chdBhe fegﬁ&lzdt' ﬁjsex%cc%@éélr Be t—l‘WIatlQ@ %@H’V@P 12001

I nput Into the input qu ue 115. ver, if later

e TP Bad B it S R0 RER &@”ﬁ%é%ﬂ%%tﬂ?ﬁﬂélﬁo and

ngdressdqocatl on 9)l a second reguest for t I‘?Lr

seng Arequesicior thaf ekt pac 1ﬁ&ue 5@%@&0 the hgehe gloegwith be first cache

_ Filter circuit 110, therefore, may filter 6

linelrziost. 2@ rachatiRoeEreans nabiouRtin thiS2003¢eA 53 16e cathe line
cache line requests for cache |lines that have al ready

reqixe mag &8 tfortirardedpol Extghalehbdy (i.E)€o DRIAM 55 Ngda OEB queue 157.
redundant cache |ine requests by the filter circuit

(00130 may ﬂﬁéé@lﬁltﬁ)ﬁ%ﬁ%lﬂ@gqués@s i SinedndtRIMBhn cache line are
frequency (thereby consum ng | ess power, and bei ng

relalﬁ!vgigllrgrre 1{110011{(‘:1 %@bgﬁ%nen?énl t 4o ;lﬁlg %qgelsjtﬁ %gﬂg@@% t(il F&c‘ﬁ% Iaﬁta Misses
are mt 1Sn3ct g%%gﬂ}lgélt ;{ 5(? dﬂg%{] of t%fes I{ehléltn?nrg tg Icggh%l 1¥13truct10n
missesﬁ are input directly into input queue 115 (see dashed-line arrow in Fig. 1). Since the
HWP 120 prefetches in cache lines, or blocks, addresses that aré within the same block of
memory do not need to generate duplicate cache line requests. For example, if a cache
line consists of 32 bytes and if a cache miss occurs for address location 9, then a request

for a cache line that includes address location 9 is input into the input queue 115.

- However, if later a cache miss occurs for address location 10 (assuming that address

location 10 is in the same cache line as address location 9), then a second request for the

same cache line is not placed in input queue 115. Filter circuit 110, therefore, may filter
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invention, is described with respect to Figures 2 and

6. As illustrated in Figures 2 and 6, at 205 the

filter buffers 605A-D and address register 620 are 13/03/2007
rEQe™MEPeT eared. At 210, a counter | (not sh&flHUSEY3027716
initialized to zero. Counter | may be |ocated in

various circuits, 10 for exanple in filter circuit 600

01.? %%(ieh%tlﬁg ROl Rk tcg(%ig ilingythgf‘ﬁav%rm‘@éﬂ B sk td iRBut queue 115. The

ntion,” coun oints to thé buffer |ocation

erei.n cache |line request r tor
Al G RS G7FF S ddeh o Riss B SR, P by imftbe Frw 120
needed by the EU results in a cache iss,. .If .th to desien)
toqan 83 W GedionRy (hershetCORYRIINEIINSS DPER AL tmm%%fewiﬁf Qeessh
cache miss is triggered. [00171 Tri gerin% a cache
asmosparcd wgtsending adehe dine st quastdadiednpyt gaeucokl s depenshiligache
to 15 the request that triggered the cache mss (i.e.,
m#zscache |line request), to be stored in address
register 620. If no entries are stored in buffers

08RG~ D thE 5aGHEen bi thE MLAHRANAL 119, loae t3lone bMBodiment of the
buffer |location pointed to by counter |. At 225, a

i CPRHCEL P RB0s TR bretanfORA M i pigures 2 nd 6
at %a@ Eg_%[t)lghlzeg}e)\l %g éﬁ;@spggrgﬁ%ﬁqsggéégt%f%Zafage&gget Igln %lgﬁ%fg.re r§§ 210,a

cache 20 line addresses, other enbodinents may store, .
conpteplifobbshovad Binitializad te Gaiearlcounion bmay bg docafeqdf JRBRsLITeults,

(e.g., byte addresses, word addresses, etc.) In one )
foreondilen@rfiltea ctanipéilatrdn comtalieubq. lo.oge smbodiprent piige anvention,

series of exclusive-or gates (not shown), conpares the

colthles] ffints kSthe GREBEIOLAIE WiRAbIQShéhed i@ Qhests atchitorad dexts st 215,
regi ster 620 with the cache line requests stored in

a c%!%{nﬁaﬁéipg 23%@‘:1(%& \?/l(lx:ithér b EALARLLLDR i{Seg & thé BUADEHIASE a cache

es an entry In ers 605A-D,

then in one enbodinent of the jnvention the o
s o e GO0 104 s 30 e Btsesh b g i ie Bigeered
PCT/ US2003/ 027716 address registey, 620.is gi.carded .
[00%/1g. , t Helsgerinseserche RS @pserdle Hldrgsp bt cache iﬁlﬁ gpyresponding to
value). In one enbodi nent of the invention, instead
thofequéss tat diggeret e calodmmidsi(he, 1 eagbe Hnsreaqnestid ty esgored in address
regi ster 620, one processor cycle is allowed to

re@h@pem. 186l cities 6 %lorapmhtR et BDSMEDIBS Ctache line request is stored at
corresponding to the next cache mss) is stored in

o TSR SE0o M0 AL g it At ..

h COISlttrgllie?%lb Whef 1%11-r f %Sad(lirgs%i osfltﬁé ca6c%9 ligé) rense’ltcﬂgg the cache line address of any

entries stored in buffers 605A-D. Although the embodiment of Figure 6 compares cache

line addresses, other embodiments may store in buffers 605A-D and compare other size

- increments (e.g., byte addresses, word addresses, etc.) In one embodiment a comparator

circnit, e.g., comprising a series of exclusive-or gates (not shown), compares the bits of the

cache line requests stored in the address register 620 with the cache line requests stored in

- buffers 605A-D. If the cache line request in address register 620 matches an entry in

buffers 605A-D, then in one embodiment of the invention, the cache line request in
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match an entry in buffers 605A-D, the cache line
request in the buffer pointed to by the counter | is
epl aced with the cache Iine requests stored in 13/03/2007
a &7@%"2"‘@@ ster 620. At 235, in one enbodi NneErRCTHES2003/027716
the invention, after vvrltlng the cache line request to
the buffer, the .0 counter is incremented. At 240, a

t er m. nat cont
ah AR |t%s%dd5%? et et Bl B | UL ue). 1n
count er points to the Iast buffer |oca ﬁ?%’l ddr
Orferfdm@étm% 0f thginvention ipyiead of dissariign thegrsahe Eegeguesty ip address
a wait cycle may be introduced durin whi ch the HWP
registey b2 one processoeycld inellpweiosiapss, ﬁntgtlﬁfr@rc%caeb%hnﬁequﬁsts
thereby freeing up a buffer location for the next
{cogespoad nnahé neachehd hize) iagdredds addi&ss fOHd6] 6A0ndwing the next
enbodi ment of the invention, as cache |ine requests
prggee,sosfep, Mkced, the cache |ine requests advance
serially through the buffer locations in a first-in

(0p4S! - OVl b Qe BBAR i EOH oS AAB G o ifods e &gp@% doss not

request | ["0ca als serV|

i, e eye).the o

it aning opligsed 4 Hring afqﬁisﬁm B S St goby e
one space up to fill the vacancy created in buffer

coppient is 6vplees withithe sache hiae puupdsstersh it ediiers se@steneife At 235, in
line request is copied to free buffer |ocation 605d,

onamchbbiierenl afdhe invemtaony aftemwiifimethe cachs &ne 1&que:tth@thﬂ\b?aff¢r, dhe
the input queue. At 245, if a buffer is available, the

cofeNEis licR@n il €8152405 2 WetetrhiRRidns bfadé, &l §efontrdiiE€610 whether
add| ng the cache Iine request to the buffer at 245,

o(frl1t§tor'fﬁ I ?Qﬁf@erq 13n 2k thd Qunfet B o astb ffer location
i gty @i Frig

gure lustrates

inf@fa 9&6&#{# Epifefiﬂaﬁw”ﬁﬁffﬁ B T oty Selq ey ﬁ%mtroﬁbced during

enbodinent i]Jlustrated in Figure 6 controller 610
whiey s 0 yerviges thgsasksdinegequsets iUndGos e Oy shesetss %?E‘ﬁ%g up 2
the converting of cache m ss addresses to cache |ine
buffenjvesitos fanttie nemt nonirtdnndast cackzcline adiless.r equests to t he
address register 620 as well as to buffers 605A-D when

[0019¢ Dbuf fiegneRdiddiaag JPEEORPerdE) ds 2RI [ie QAR shr@breiced, the

3is aflowdiagramthat ill ustrates the servici ng of
ca&lé(?ig}\@ ré'ﬁ%srté Sfvahf se%agg e BiE49ocatibnShls fifsHintflt-out
sen request for ructl on to cache 105. At

whet h

(F I%?)ﬁ glalng U&gf é?fz{t]l?ﬁl[&gag IIfé%lcaEse En%lggﬁeéﬂn ﬁulfﬁarr ?ociaaor? 66%019 Serviced

(i.e., sent to the HWP to the output queue) the other cache line requests in buffer locations
605b-d move one space up to fill the vacancy created in buffer location 605a. Thus, the

new non-redundant cache line request is copied to free buffer location 605d, and the oldest

entry (in time) is sent to the HWP via the input quene. At 245, if a buffer is available, the

cache line address is written to that buffer. After adding the cache line request to the

* buffer at 245, the cycle may begin again at 215. Although the embodiment of Figure 6

illustrates 4 buffers labeled 605A-D, other embodiments may have a different number of

buffers and/or with other labels. In the embodiment illustrated in Figure 6 controller 610
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- regards to Figure 5.

mss). If there is no cache |ine request, then at 304

the i nput queue 115 triggers a wait cycle and no

action is taken during this tinme. However, if at 302 13/03/2007
tHREWHOS4E cache |ine request to the input quBGEUAG3027716

in one enbodi nment, at 303 the ol dest cache |ine

request 10 (i.e., the cache line request that has been

i n the, i nput .queye 115 .the .l ongest), i t :
it Y o ol ot Bk B MBS afey it the
t hat he |i t I '

Chared e HOBERE YIRS adzess TEORRAD 28201 g0 s GOS T e e
determ nation is nade, e.g. by the HW 120, whether

buffer ppeitjoptimdomgehiaildblme request in the input queue 115

is a request based on an LI cache mss. In one o
[€020pdi menFigafe B ixea flow@igran that Nest-AR the Servisimpatfguedenadies m
the type of mss by checking a flag that corresponds

i ihput @GR, 2asde, EUNSO séRl lé%(%uestqoﬂ@ét@fﬂahﬁaicﬁlhs chanea 0ef At
mss. 1f, at 305, the cache I'ine request is deterni ned

b i I , i e
o{ e Breping i Bl (et R S Rty a cache
reviqusly defined at 307.. In e.embodi nment. .of .t he .
sV B 5 18 CARRCIePaoSt ighithad S IR Y L4R TIRRTFAYat
equal to a previously created _cache |ine prefetch )
cycdepndao, actipmisialeen during ghis e Slomsver if@t # @4 therq s gradgdine
is not an LI cache mss, then at 306 it is determ ned
rdghedt td the inpabqueaertil § sinioae ambbdmeais b3 03iths oldeft cathe lomabuest

amss is an L2 cache mss, the L2 cache line request

(i(eC O RSRONM ragudsOitahBaslbees RORSInFSGkut $1ftHeqe@deet) ivdequeued to
detector as explained with regards to Figure 5.

H%.P 1%4)]11 fopthg 'ﬁ?wjg?gég{_ r@&}uegifng %2&]&5?{?&5& gﬁg ga}'bgﬁe line request

ocation o tors” my oun

mat.ch-det ecti.ng circuitr [ part of t.he.
SR T8 e pavises b o7 BT8R A BlepBloghifis mace,
PCT/ US2003/0 2 7 71 6 enbodi nents, the allocation of )
c.adtydhe HVEP il hsthss thegicgpencl pedheding spqued ipitheppytapene 11515 a
for exanple, by a nonitor 140 that is coupled to
requspitsedjoeare L1 25chel misonkn @wisododiernt of the freventiony dle B, 120

a detector is defined by paraneters including an

dACHA RS She t@;?]abfm‘sts ibgtheckint @flagihhdRvesionds wlthesactdetichs tine
of the cache line request in the input queue may be

re&ﬁésg{orﬂeteﬂﬁjn'é tﬁrﬁgﬁbg io?fnﬁs_h 8r dEIBC IRCaARANRSBqitdst isdBRrmined to be

W ndow si ze. ecti 0n of the detector may be any

o=

eifhior arﬁ.{/éag%grf %Eﬁ#@%aﬁe&ﬁﬁs&# %)te tﬁ? ﬁ%d?’gsssiig icc\)/rﬁpzil'red Rith the detectors

€ga

previously defined at 307. In one embodiment of the invention, a detector is defined as
having an address equal {o a previously created cache line prefetch request. However, if
the cache line request at 305 is not an L1 cache miss, then at 306 it is determined that the

cache miss is an L2 cache miss. If the cache miss is an L2 cache miss, the 1.2 cache line

request (corresponding to the L2 cache miss) is allocated a detector as explained with

[0021] In one embodiment of the invention, the allocation of detectors may be

found by match-detecting circuitry which may form part of the HWP 120. In alternate
9
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detector has not been assigned a direction. A positive
1 may indicate that the detector has a forward
direction, and a negative one may indicate that the 13/03/2007
d¥PELHP5 s a reverse direction. The address RET/AS:e03/027716
detector indicates the address of the next cache line
prefetch 10 request and the direction of the detector

lat the successiv refetch .
A B oE ol R RFER ST 153 b Seharas gy, for
100 a direction of positive i nplies that
HEP Rt RS 140165 5t eteient peiguissieua 2. Bhonggnbodiment of the
fol | owed by 101. tj00221 Figures 4A, 4B illustrate a
ipyegiion |aé5gF‘3&FﬁI11 ngth bmalﬁmetcmclgdmggn@ﬂdre@eh dirtaion, and a
for cache m sses and the dynam c adjusting of the

 windiosizs | Plee aldess df the chehedine reqLestenRdhpi ghe@f mbBe within the

invention. Figure 7 illustrates a nonitor ‘according to

r43e oeiNe Qi bd@bsst-Dethk RMEI 8% TiR: éﬁfb%tz@ﬂ‘?igtﬂb E&%Etig%ay be

t he i nvention, nonitor 700 nay be coup

nat e
ARSIl ELTHE D, gk B st e
SRR ol bery Smeda it “ﬁ%Sgu%q"a?q“éﬁﬁwﬁSﬁ?th%%?fecwr has
reference to Figures 4A, 4B and 7. As Figure 4A
2 fqryvgish dizpelian, apd azepative onpmay inhettethiat the defectorbss 4 sverse
detected, for exanple, by controller 710 coupled the
direstion. ﬁh@u@irds;t 51 thatdetdtor imliosadsitdidiirésPof tHaatext cache line prefetch
represents a detector is initialized, for exanple to

regg¥s) andthedlifection SRthe ka8t s Akkd B c%ﬁ&té"tﬁ@ ElREssiy refetch
direction of detector "D' is zero, (i.e., indicating

R e L L R
LT@#‘S 5031 i o3 T pEpieeh mmereatbe 0 o oy 297

h detector has at |east address bits, one or nore
s i ndifogtses dAs AB illystretsa o diegrm thiat Hovdadbeassigning of
efetched relative to the detector address (direction

;
de? i) for gachhintisseaheditheaynateicediusting bR} wiadow sive acohiifiSto one
behi nd detector (HBD) counter, and a least recently

entbedithdnt afthe h:Rldhn&lﬁgFlghf*e ? NRisEhELE Iﬂoﬂﬁoxf :lc@@rdﬁig e embodiment
det ect or has a val ue of zero, then
7 1 0 whet

of ARURFMBAL 1:Pdhd PH& of
det ector" D res er;; Cngl’ll%?%tl&g’%r esﬂg‘%b0 n%?é’tbg CPE)@E& to
HWh l%j ﬂ{d?csa%d' byV\fmed&Vme %1gu'ré I £n Jltemate embodiments of the invention,
monitor 700 may be a separate circuit that is coupled to output quene 125. The assigning
of detectors is explained with reference to Figures 4A, 4B and 7. As Figure 4A illustrates,

at 401 an L1 cache line request is detected, for example, by controller 710 coupled the

input quetie 115. At 405, a variable “D” that represents a detector is initialized, for

.e);ample to zero. At 415, a determination is made whether the direction of detector “D” is

zero, (i.e., indicating that the direction of the detector has not yet been assigned). In one

embodiment of thc invention, the detectors are stored in buffers 705A-D. .

10
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true. In particular, controller 710 determnes if the

address of detector Dis greater than or equal to th
cache |ine address and whet her the cache |ine addressl3/03/2007

| WOR0BHI28#57t han or equal to the address of detREdVéF2043/027716
m nus the w ndow size. If yes to both, the HBD counter
is 10 increnented and the LRU tag is updat ed. [0024]

ne e dj

P ow o 220 T5ehatts ol oy GG Rk pid st Eﬁ% Bicating the

he .aggr essi.veness vvlth whi dat ref
ffl%rrtj%n Bomattss Gia s BHACE @gmaraar @§§ka; oppdd E{ﬂreﬁaw flag), a
and vice versa. If equation [1l] is true, then a
hitswheask ofclaterior (AB) BBDIwouhitebehing defesios (ERDS goumierdandqleast
LRUtag is set, e.g., with a value 15 indicating the
re¢amtly ubdd ﬂeégQLRa)) da&t. €f thentitetidon fla ofthedetestar.has byalue of zero, then
controller 710 whether the HBD counter for the

#Aab@e Ueerhiastich ¥ #ladg <My donandlaatiorwhean, €. 9.,
three. If the HBD counter is greater than three, then

B el ? 5' \%ﬁe *&?d}dés.{ §%&%{%ﬂné)afddge% gq}e%ctor n’g Faret- ﬁ?zdowsize 1] is

nega In one e I ment o

|nv | t dress det.ect or j.s set
Fhutfueneortiole’ A fstTgifbe gg%resﬂéﬁerrr‘ﬂﬁ@ e

MAndOMISIZG I n one enbodi nent of the 20 invention

egualda the caphe limppddissmandrwhstess tharachulie 2ddgess @@f@f#@&h@t or equal

than three, the process ends at 450. If at 420 )

te theadiess {:ﬂqetdcs)rﬂ:}atm‘ms theheimdat s#25 Ifyed éd bothi thatiBdhcounter 1s

made, e.g. by controller 710, whether det ector"D"

n@cd&ha&saéma@nﬁbtagmme@a 5 det ector"D' address +

w ndowsi ze . .. is true. 11 13/03/2007 WO
@04/ 0254 Cg;é#g,ﬁ / iEAdlaR
con?r ol | e?g%‘i> et é?%nﬁr?gé&r gv%r%rgn tggraéls:(:st& i%%g‘tvesc&ltéo?rg0[l)s 2

ess to the cach dres n

elibal FRPeieHBR el s B LR R §| Alage
to t he address of detector D plus.the w ndow size
VERGRYY pirpindjogies pgeressiie prefeishingied vigayersay Hregpatian [1] is tme then a
increnented and the LRU tag is updated at 452. After
coyrderanatied thn FRIM eoBmttADIncownéad, amdbithe A& REJig se) ckHy with a value
detector "D' at 452, a determnation is nmade at 454
inhieting theHAb:. CALMMRh ditBrrgiheddrels ridua e.§ Yy cdrftrollbe? 1Ahether the
counter is greater than two, than at 456 the

HHED 864t To0he HEL&EL R 2 VAfuel that3§ %retat‘ér Bhi % £NGrecafihk MBD
address of the detector 1s set

~ counter is greater than three, then at 445 the direction of detector “D” is set to negative 1.

In addition, in one embodiment of the invention, at 445 the address of the detector 1s set fo

the cache line address (miss address) minus the window size. In one embodiment of the

- invention, if at 440, the HBD counter does not have a value greater than three, the process

ends at 450. If at 420 equation [1] is false, then at 425 a determination is made, e.g. by

controller 710, whether

detector" D" address < cachelineaddress < det ector” D" address + windowsize ...[2] is

. . . 13

11
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the m ss address plus the wi ndow size. After setting

the address and direction of the detector at 456 the
P %3/03/2007

If at 425 the result of condit

s at 450.
PROCRE SR .
[ 2] |§§talse then at 10 430 the counter "D' i sPCT/US2003/027716

i ncrenmented by one and the process is repeated. [0026]
However, if at 415 the direction of the detector is

[6erxr m nedln pattichiar, REntrAIH Y 0 HQetGh&Y if e aﬂét%s@of detector D is less
deternination is nade, e.g., by controller

i t
‘éﬂ?ﬂ‘tﬁﬁdﬁﬁﬁt‘f&éﬁ?& bie¥Wharel altPh B ine Fond fip %d‘?rss I lgps than or
next [ n addr e that is

‘%?ﬁ?g hé%egmﬁ Fagiecloydy @&&ﬁt dow S’&Peitscéfldltlﬂ&t?]ﬂ%“e then the

fﬁﬁgress 15.0of the assrgned detector. Hence, the data
foyderds dcsanende angd thp ERW=eaistupdeted of 4385 phftrtsncrementing the

the detectors address, and in addition, the data that

AP cewporrud thd LRUtth@fcm eetectonthat 452ne detelehtiation ib nadt at 454

458 the detector direction is equal to one, then at

whéOeaHA®! euntendd grodted than FRSIEIF 1R WAD dVn@PRL dg'rea!tér%aﬂ% than at
whet her det ector"D' address > cachel i neaddress >-

4@@ﬂl@rd1reatorﬁ§f@e%§ﬁrr“DMs'@9tgfsdd Eone, and &L a {ﬁre féje etector is set to

particul ar, controller term nes
f eater 0 u to th cache
t
i r%e%%és%*@gt% R R A SR SR e
n or e to the address of detector
o5 Ui i St 4@ nd 445 oo rsule beRnitm 2bis el then a
i nvention, once a detector is assigned a cache Iine

430 he eeunteri B 18l Htceenoantaddyporvdind ghe mocae arebdangls ahead
and behind the assigned detector 25 are automatically

[0f2Ef et chddowddertifat A10NKK direfioh 3T theHefedlod & dkd?BimddIRt to be
variable "D'" is 12 13/03/ 2007 WD 2004/ 023457

eqRETTb USR0 AR AT HAE i DGR FERLE] BY 1
qpr ocess flows to 41%]&%% 4%%@e°de? gﬁ%nﬁg%rffgﬁ W@aﬁeréhe direction
t her, al.l he detectors _have

ofBelicior 07 Sl Aty Ebefuor MEtpeainn o T icins

been aSSI
th on. % bl I? then at 464 controller 710
% %%%8%%‘5 Phatdatdbeids P’Tﬁf%tﬂtfd hgtempdfesadbat is greater than the address

correspondrn to detector D as well as data

of fisrasegpestiftestprt dlonhe taaiaie that is prefetchel isitieddtn it drasesponds
address to the right of the address of detector D

Wl(hr the detectorsraddrpes) dhd ¢ addiridnl eheriayd thin @h@@onﬁ@ﬁr’itﬁ thd "kt cache
request address). Next, at 465 the det'ector address is

- lins eddresUpdt 45Q tﬁé@et&%r@ﬁﬁe%o@i‘g 4 Esi%0 ?xlléj hdnR 4bb TS tebBRation is

detector direction. The direction
made, e.g., by controller 710, whether

detector" D" address = cachelineaddress > det ector” D" address — windowsize ... [3]is
true. In particular, controller 710 determines if the address of detector D is greater than or
equal to the cache line address and whether the cache line address is greater than or equal

to the address of detector D minus the window size.

C[0027] In one embodiment of the invention, once a detector is assigned a cache

' 1ine address then data corresponding to cache lines ahead and behind the assigned defector

are automatically prefetched. If the condition [3] is false, then the variable “D” is
12
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detector Dis incremented by 2 so that subsequent

prefetches obtain data corresponding to the next tvvo%i
| ine requests. 10 [0028]-1f at 458 the diyf [ ;

3?82§F@E%%F Dis not equal to 1, then at 466 aPC?ﬁkb&)MZT”(

determ nation is made whether detector"D' address <_

cachel i neaddress <_ detector" D' address + w ndowsi ze

incrembdtdd by Bne, BAALT, G Frocess Plotvk @ 4 HY. A1 Q1 Wl teemingioniif made,
the address of detector Dis less than or equal to the

eic.:% onlrBBer48 R&%ﬁwﬁ?ﬁj ‘{h\glftékeg&)g%ltéé@% bEAFRSicht &1 cBE IR & SBiresses.

ess than or equa ess of 15 detector D

| us the w,ndow.size. J|f iti.o IS

i3k LoontReR 5 B i AR bl 710 bfhid! e debbror D and
falls the process flows to 427, [0029] In one .
obiRscarerregronding 1 Acterior Bres wallets daiaicoBPSPRRsinS (e the pdiacent
w ndow si ze in accordance with the nunber of cache .
chiéhedinedlopt dst =1 addrash & HSBghueliihe 7BRess Phdetastgoi(t hingorresponding
ensures that if the window size is too big, then nore
t6l eeqeitighadt @aché Ked seqliddt hddrogRr Mext 20 46 thealeredtonaddress is set
the wi ndow size being too small. Triggering a detector

eg&ﬁ B th iRfecfoP 83dr AR LREHRL tinSesABS ARt BreeAGT T diRction of
ddress and 1s sent to the output queue 125 or the L2

request. queue to.fefc ' .
REHEDan BB B FALEF TRREEA (e o Lo efnding to
i ncreased, and if the FSB queue 732 has too nmany
therfter} @0 ashehngeaysSBed),  then the window size is

reduced. When the w ndow size is reduced fewer

[28bct or sIfzt 458 e diteptippeefadstectos Dipnpbenyabtpsly ten al 466 a

13/ 03/ 2007 PCT/ US2003/ 027716 [0030] At 470, a
detetreinatiorait nide mbethede, e.g., by controller 710 whet her

the nunber of entries in the FSB queue 732 is |ess

deD @R DB B LoRetREES R aMBLML D efdrdst QdRiowsize ...[4]. Tn
enmbodi nent of the invention, the maxi nrum FSB t hr eshol d

| 7 I )] F I | {
P ST LT U AES DRI 8 e R o
detector 5 wi ndow. size 725,  and.the. detector w ndo
cigis §5 rgiodng BT 06 <S5 U AT RSO HRIGS Headdress of
the nunber of entries in the FSB queue 732 is |ess
detheter P plusribsvinderrsm. If porskting! (4] isdrusetiprocesnewaio 4o

a determnation is made, e.g., by controller 710

| Holvetdreif condition 4] is falls the process flows to 427.

[0029] In one embodiment of the invention, the monitor adjusts the window size in
accordance with the number of cache line requests in the FSB queue 732. The algorithm
ensures that if the window size is too big, then more detectors are likely to trjgger as
compared with the window size being too small. Triggering a detector means that the
detector is assigned a cache line address and is sent to the output queue 125 or the L2
request queue to fetch the corresponding data. If the FSB queue 732 is under-utitized, the
window size is increased, and if the FSB queue 732 has too manj/ entries (over-utilized),
then the window size is reduced. When the window size is reduced fewer detectors are

v

triggered.
13
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the detector w ndow size 730 is |ess than the maxi mum

detector wi ndow size 726. |f at 472, the detector 3/0 3/2007
wvodesyeiEe 730 is | ess than the nmaxi mum det ect

Wi ndow si ze 726, 10 than at 474 the detector WQJIUSZO(BMW

size 730 is incremented by one and the process ends at

484. [0031] However, if the nunber of entries in the

[8858] queue A2320, asdatorminatios it inade, tlge by rantroten’7 ESBhether the number
threshold value 727, then at 476 a determnation is

offanteies .the FSBy]uemzfiQIdsﬁmaﬂ A e AFSH ReshRsaRE e 9D7. Inone
entries in the FSB queue 732 is greater than a 15

- efibBaimem $MEeahehthy ldifadtdm 1dB Ih?é% &H’U%ﬁ{e 7‘%911&@ blihffm FSB

in the FSB queue 732 are greater
IS mad

|
WBERNR 28 B imad iR Bl Ot‘f%%"eﬂ%i 4 i A detector

contro
e 730 S at er than he n1n|nun1detector W ndow
Wé‘i’@é"’ S5/ i5r ?’gi&leﬁ?@mf Wénff?@'t Bea G0 ap mﬁa@.%&d@m glonitor

ar eater than the m ni rum detector w ndow Size 725,
790 el thenunder phentdes indhoFSRiqndw38iiy kessthai tHelneaxiB0mi RSB
set equal to the 20 detector w ndow nmi nus one.
thesheMenluei 727 aherd 7184 T2hed cteringieiion isvhadt WS b3 @odiBfldr §10 whether
| ess than the m ni num detector w ndow size 725, the

thelrdeesswaiids, die 7Rs Ie[sggféﬁ]theTlﬁ%ﬁmuH@eté@t Wasl &8 '7§6 If at

adjusted in accordance wth the nunber of entries
41., & 732 has fe entries
perereotl Siftont sk P90 G0 iR SRR RE Lo P e s
the wi ndow size 730 is

th%J He ity %ﬁg%%égéﬂ%{%}s@@ﬁ?wa@d@le@rqcess ends at

%0033] Figure 5 illustrates a flow diagram for
| ocati ng detectors for L2 cache m sses according to

one enbodi nent of the invention. As Figure 5
[0031]ust r attéesyevat, 506 ntunber ofreatites udESBliuede V8T tsncd 1R€ Wan the
L2 cache line. At 510, a variable "D' indicating the

maéhent TIB MaEneld vafud 77t itdh bzes do(yeterﬁmszatmq@ﬁta&@' 'oe,fby
710 to zero. At 515, a determination Is e°.

coﬁﬁ‘olfe? 6 Rmk@kr tl?‘é Qllu%x%glg%f dfﬁ gﬂ;%qg th\@gﬁﬂlgﬁet tj%? 9 ga%tFrQng a

dress <- cac

tru art.icul contraller

‘“’39’1’35]"‘3% i o 725, fE e Bisco sy b Gior B @ie 1aggre greater
" E equal to the cache |ine address and whet her
t 1%“14 ¢ R thrshald il 28 cat g5 ¢ deteaninefioneifuaide; o.g., birsontrolicr

address of detector D plus the w ndow size. If
71¢ wihather tba dpitor wmdom&eltdn’é?(ps @eats tlendse Ainimum detector window
size 725. If at 478, the detector Wmdow size 730 is greater than the minimum detector
window size 725, then at 480 the detector window size variable 730 is set equal fo the

detecior window minus one. However, if at 478 the detector window size 430 is less than

the minimum detector window size 725, the process ends at 484,

[0032] Thus, the window size is adjusted in accordance with the number of entries

in the FSB queue. If the FSB queue 732 has few entries, the detector window size 730 is

-increased. If the FSB queue 732 has too many entries, the window size 730 is reduced.

14
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10 525. If [5] is false, then at 520 a determ nation
is nmade, e.g., by controller 710 whether detector

esloaoesss7>- cachel i neaddress ? det ector" D' Wﬁ@%&?f){ﬂﬁ/2007

- windowsize ... [6] is true. In particular,

controller 710 determnes if the address of detector D

is greater than or equal to the cache Iine address

a3 jwhet heFiguhes dhctraed i flew ditgras Sriaflogpting detectptsdor b2 cache
equal to the address of detector D minus the w ndow

Sisé& actdrdf@ndiohk embbdiinehiSottilidigvéiRnPedease 3 3enas,at 505 the
525. However, if condition [6] is false a

{il\llgﬁlet*; WEhd ﬁﬂ &Qedtf eg@ﬂ?& 8t dime DY § PO LNALLRE «D? %%icatino the

an the nmaxi num nu er o

ct s Jl.ess than

%ﬁe% B ribboriedniialitraly fenr Thr 000 e s Har SleRliaion i

ntified by 54 by controller 710 conpari ng
‘PFH » P8 Y&%%raﬁﬁf%%t%wc%%ﬂ Once the LRU
detector is identified, at 545 the | east recently used
dteetor' )" addrasni cielidinaddrasn< deeecn” Bibilessetindowsize ...[5] is
initializing the | east recently used detector neans
teet thh partictier, dehiesiled 71 Adetepsnes if thetaléress eiletdthr €518 Jesatithn or
setting the direction of the detector to zero. Al so,
e%lﬁilttb Bk dabe HIRDLAdPQY BE BWhetBrdRE Sach@ e a&aﬁeslgmegs%m &r equal to

to zero, and updating the LRU detector counter.

t&%%ddlr%gé)g ﬁ%t&%s)[of) ﬂh‘?s tthN ﬂd% | g8d, %Ed&n%ltf%ggfﬁstm%rﬂﬁespr%ess ends at

previ ous escr

gr ess, of t filtering operatio

Jg S@L E’@S%&P%ﬂsﬁtf E@a@ﬁtsmﬁam%éﬁ GG e, sl f@ whether
m n| mum det ect or wi ndow si ze, 15 WD 2004/ 0264, 57
despar B addrepT FuSRBOBIGRTSTL dotantr T Bt addeess mrindadize ...[6] is
m ni mum nunber of entries in the FSB queue. These
tpar anpirdcdar, catteblleh @l Gdsaninadsafithagddiessif\dete®s D ig@yeale than or
tuned for various operating nodes. For exanple, a

iR €0 BRGLERSINEdaREs fd PRARIRE SR hARYe Qﬁréﬁ %biteﬂth@n or equal

processor is in single threaded (ST) node,

t(l) 2488 @%ﬁe‘téﬁ?qrﬁfhmﬁ{s t]?ea&d%%&f%{z% ?P(%/%ﬁﬁlogﬁﬁgls tlfua Eﬁb process

processor aneous nul
)ene THe para e dj usted. far _other
é%g/arr[ ‘*"? OB i B e T SARIorEBIAPR SoHAeas Sk pontrotler
even be adj usted to accommodat e a conbi nati on

76@ Wb@@ﬁ I otsdess dlemicthe monisnuna nwabertod dategtoss. A§Pds less than the
operational condition.. Various ways of progranm ng

- ntalEnywamambesof deeytotsessiged. byl mong 70ethe JREdtsct@rieidentified

nmore bit(s) are set to indicate the operational
b¢ on0le ki, B9 conttélidtan 0 WerhFaring the time stamps of the detectors. Once the LRU

detector is identified, at 545 the least recently used detector is initialized. In one
embodiment, initializing the least recently used detector means setting the detector address

to the miss address, and setting the direction of the detector to zero. Also, setting the FIBD

‘counter to zero, and the HAD counter to zero, and updating the LRU detector counter.

After the LRU detector is initialized, the process ends at 550.

[0034] As previously described, the aggressiveness of the ﬁltering operation may

be adjusted by adjustmg the parameters for maximum and mmlmum detector window size,
15




10

15

20

10 transl ates the state of these bits into the

associ ated paraneters. I n another enbodi nent, the
, P 13/03/2007

paoarey@ss7are programed directly into regi st egsyysignsicairid
fromwhere the paraneters are accessible to the

relevant circuitry. Qther techniques of programm ng

t he rel evant arameters may al so be used. [0035]
aer maxiph ol EHHmEprRNREns e ibderFSE qulues These@arameters,
filter cache line 15 addresses in the input queue and
angd theckisaediateth eggiedsbeheas, miyiskomnhed e vQﬁi’@ﬁ"ﬂﬁgﬁﬁh modes. For
according to the nunber of entries in the FSB. Wile
dxhapk, Haprdeeiedsivk Usitd; Ry, | in si
pregently c%%gidere% Eg&%gwexangfgggﬁ%ﬁﬁ?ﬁ@ﬁ%@“@?Efﬁgngh
t ( tdy i i1l -be der st ood by, t hose
BErRRSeT) ReR M el s Rt SRR BB T batR8 e processor
:RY.: e equi val e may. be substituted,
IR S Ay oot pe. Seoprempiorsiosy be adjusted fo
i,nvention. 20 Additionally, many nodifications may be
OfisHaPSr g fapdes ang/er ppeaiane! eondiimns enwel, andenaytevas he adjssted to
of the present invention without departing fromthe
ageepmatlaty hgambingtionodivpeptionatl emaliiikgdather @ima single operational
Therefore, it is intended that the present invention
corglitidne Varivut @chyt of progranBdhf iHeWatdm S %gm%'ﬁts&i. In one

di scl osed, but that the invention include all
cIRPSRALHE BAS iH3k) ol Pk ope. of the append

o e P Rl P S0l e ot BR o Rgraware

ural ity of address huffers

)i Sing. I
R A SR Y sf boinig WP avtaripiey Parnysiat. oot cmbodiment,
dresses; and a filter circuit coupled to the

ad
the PRATICTeTS Arg programmed diseatlydnts regisiersniamevhve thetparasabters are
plurality of prefetch addresses with a received
achpsaibly teharrdrvankcirosding Othérttechnijues uf propmtthimgalicketdignt
received prefetch address if the received prefetch
paradehtes siaysalecpealsef.0 any one of the stored plurality of
prefetch addresses; an input queue coupled to the
o63siter cimeMids : d,. ar, e .
[ pr g:f et ch eng’i %%le%g%p e:gﬁa%ﬂ#ﬁ{eﬁe P%{)ﬁu(%&&%gﬁg&ﬁh%{ Pehs g
The apparatus of claim 1l wherein the )
eafsRin U5 ofene ST S PRE Rty PP sigh dxprmmigally sagording
to BRe, O th ?@?I urﬁlj%%@of address buffers if the
red 8’&0‘2 SR -e¥diilg Hhese hastbesy ilhistratag anhdesofibed what
the stored plurality prefetch addresses.
are presently considered to be example embodiments of the present invention, it will be

understood by those skilled in the art that various other modifications may be made, and
equivalents may be substituted, without departing from the true scope of the invention.

Additionally, many modifications may be made to adapt a particular situation to the

~ teachings of the present invention without departing from the central inventive concept

described herein. Therefore, it is intended that the present invention not be limited to the
particular embodiments disclosed, but that the invention include all embodiments falling

within the scope of the appended claims. | :
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3. The apparatus of claim1 wherein the prefetch
addresses conprise at | east one of addresse
m sses in cache and addresses of |nstruct|o Qﬁ%@ggﬁ7
cache. 4. The apparatus of claim 1l wherein the
What is d | u allty of prefetch addresses and the received
a'scﬁ 818t ch address are cache |ine address. 5. The

1. An appa%’:@ §|n§) g.,r o g‘dd\ﬁ@g f‘ferr]s I?gce vla Fnoegtorg ujg% refetch
addresses® %ﬁﬁé}h ctu@un?co diWe AR R LG & WIS 1o DRb & ality of
prefetch adr&fs64 Gith £R6diRA pFéPetthr a%ﬁ»%EQ Raibi Rike? EirdRk tdlfbc@r@'tﬁg B6kiled pR¥etch
address if (e @edeived prefefthabgleRssamal t6 anyldte oaPP ol WhrdHy of bidfetth2ddresses; an
input queuslaeupdddrio thaditdrairdiveaneupuefuets néa gartearp pefeadhadngise edupled to the
umqummea¢tnbm@Hm¢QMmea and instructions fromat |east one
rocessor cache and external nenory. 7. The
2. The ap o elaig owheggingihafiller girfait alpses lt"i‘?ée‘iﬂ)’?ﬁ gqefeq:lh@g@eqssgn one of the
plurality o CEF seQJijf?ra it the received arg@gp aagrgiﬁedoes ot eqyal arngp&ﬁa stoggl plurality

prefetch addfesSes 1 wherein the filter circuit is coupled to a

t
e R L e A SRR el BTy o

address; receiving a secong prefetch address
4. The appaRRaF £1516 TtWiRrdireee bRty 5Es6emedh Etﬂcﬁés@&@éhd@ﬁﬁiﬁ@\&d\pfdfé!ch address
are cache lrfeeadsiess.ed first prefetch address; discarding the

recei ved second prefetch address if the received
5. The appgratis wticigimelfvatetsin theltlicecirsult is celplegito a heyrdwire prefetehestging.rseid
hardware p@?f@tﬁ@?reﬂmed@ Brelelel infematioptrginted de pyge Préf?&h@éfére%& ond

g ess | n ueue th
oo BBl M el B PR G e B
? P] 800 erein Sal [ nput gueue is

7. The app&@tﬂ@ |meéia r‘hq v%eréﬁ{ tgé!\@.ﬁﬁlt 9 &lfe‘?al &n?lé‘ﬂo an L‘Mjéq%Qst lyereOUP! ed

to an out put queue. hod of claim9 wherein
8. The apphra®s pf cﬁélthhe&dﬁﬁ@m@earcc.ofaaﬁupm tah ploe@sér e of an
address of a data mss in cache and an address of an
9. A methofl p@bprighti reseiMingsdirgt prefetableddreds stofiigetherfirstoefetol addressimedRiving a
second Pref%ﬂﬁ*éﬁes% QWQFP&]”Q@ W r@ew@n wgortdrmefsﬂcba@iﬂe sp méth thestpred first prefetch
address; d| c | Sﬁg)n ? @fh@tr%qqlv cp,ré:l Rrgfe b addsessps equal

to the store Eﬁ, rlp% P r%sﬁ i an input queue if
the rece:ve ond re ress; rein said input
gueue is co % ae‘l%?‘d éaf pre;:ﬁi% %hs A Ijﬁ) gﬁ ?’? \H@

etch addresses are cache I'ne a esses 13. A
10. The me%HBfJélﬁﬁ"l SHREShE BraRich Bl Bssed Borfps € hfédst SHéSor aBddress of a data

miss in cacRXARY AhalddiFB &Y irePubabiedist i dabi®. ext ernal bus; a
processor core coupled to a cache nenory and to the

11. The methwtl of ckeiln Irferther sompasipd sendihg the stofedgoefetels sddmstésetp thethardware
prefetch engie@t@i nrefetginifogtiaion peintpd Werbwlttiet sfored prpietsh etddressasldr esses;
a filter circuit coupled to an input queue and to

12.The me{fﬁ% of Feill rgdmew the Prsfafsch égdgeﬁﬁ ﬁrercgcheé'n%qﬁﬁ%ﬁﬁ%s t he

ch ad resses mnt
13.A computer ys enﬁ:om n exte oiij@? us a
processor Bfeo he e all 9%( S ers to
- receive and s‘ﬁff’@ b fﬁ%l;@ o? r@!te s@ss% f | Zﬁ@mf and to the

plurality of s BHfePRth 6 re @@Xtor%ﬂ%l lityldR Brefet (,‘Hra@ e e!s' b éée|9 d prefetch
address, saRifREEdir6lt ta dELEHE FoceRed \HEMR BEIresaftRs ©BeiRIAPrdIStcIC QdRsE thatches
any one of the stolee plupdlitytof prgfset@ddrashet; & rardwakd refetch g coupled to the input

~ queue and to an output queus.

14. The computer system of claim 13 wherein the filter circuit stores the received prefetch address in one of
the plurality of address buffers if the received prefetch address does not match any one of the stored
plurality of prefetch addresses.

~ 15. The computer system of claim 13 wherein the prefetch addresses comprise at least one of addresses of

17




14. The conmputer systemof claim 13 wherein the filter
circuit stores the received prefetch address in_one of
the plurality of address buffers if the r ec b NJ&RjeH 2007
prefetch address does not match any one of the stored
. plurality o refetch addresses. 15. The conputer
data missey 8 PP B SRH SRR Ut e et BEdtiaddr esses
16. The cdrilRt & ?en%f claﬁﬁa% wiPin ﬁ)}fe Rﬂgaﬂ&g?’grg%tcﬁfaddr&sge%g’nd celved prefetch
address areddhe H@LdESSEeS | N cache and addresses of program
Instruction msses in cache. 16. The conputer system

17. The coiputek istimla? cirer Biibrdiheaidbrbe@h bhginga 1o &&t8 Bfdrmation pointed to by
the prefetchdddressees and t he received prefetch address are cache
line addresses. 17. The conputer system of claim 13
18. The coptpateebystegedf dlainy BF wterdin 1ba badeare prefeichmmgine tsddprefetch information that
comprisesjdgeANARIODGA puetioatirend theextenalengif@Y.et ch addr esses. 18.
The conputer system of claim 17 wherein the hardware
:hg' The Cﬂ}p&é\%fygﬁme‘ﬁ @'P'Hﬁﬁ vheran e avtatt aHeyers eupiat foa artitgy that is coupled to
e cache Mmemory, . )
conﬁW|ses data and programinstructions fromthe
external menory. 19. The conputer system of claim 13
wherein the output queue is coupled to an arbiter that
is coupled to the cache nenory. 18
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