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out put bytes in response to a predicted way. Furthernore, a tag may}) ﬁe
fromthe predicted way and only partial tjags are read fromthe 0 APR

non- predi cted ways. The tag is conpared to the tag portion of an input
address, and the- partial tags are conpared to a corresponding partial tag
portion of the input address. If a mss in the predicted way i s detected,

the . partial t%mmmnkmstmfwm@@%@gﬁmgﬁaﬁhe
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artial tag portion of the 1npu
cache i s deternine Iﬁlﬁ%érsmcﬂmmymmmNM!smstl al tags

mat ch t he correspondl ng partl al tags portion of the input address, the-
cache (14) searches the correspondi ng ways to determ ne whether or not the

i nput address hits or msseBA'aK@R@UNpqﬂe T 03-2002 1 US0021756
2 0 APR 2004 CACHE WHI CH PROVI DES PREDI CTED WAYS TO
DI RECT “SEARCH | F. WAY PREDI CTI ON M SSES BACKGROUND OF THE | NVENTI ON 1. '

Techni cal Flle@$h'5§ga§ Flefention is related to the field of processors and,
10 2.

nore particularly, achi ng mechani snms within processors.
Background Art  This invention is related to the field of processors and, more partlcularly, to
caching mechanisms within processors.

10 2. Background Art
EP-A-0 675 443 discloses an apparatus and method for accessing a dxrect-

mapped cache. The cache includes a prediction mechanism which provides a
prediction index and predicts a cache. location that will be a hit. If a miss in the
predicted location occurs, a comparator compares full tags and generates a second

15 - predlctlon index.

WO-A-98/20421 discloses a way prediction structure which predicts a way of
an associative cache in which an access will hit. A tag comparison block determines
whether or not the request address hits in the predicted way, hits in an unpredicted
way or misses, by comparing full tags to the request address. .

20 Computer Architecture Conference Proceedings, Vol. 17, No. 3, June 1989,
Washington, US, R E Kessler et af entitled “Inexpensive Implementations of Set-
Associativity” discloses a partial compare approach in which a first read of the tag
array reads partial tags from each of the stored tags, and compares the partial tags
with corresponding bits of the input address. In the case of a match, a second read of

25 the tag array reads the tag locations which matched in the partial tag comparison ﬁ)
determine if a hit or miss occurred.

JP-A-07334423 discloses a processor including a cache having a cache way
predicting part. The way predicting part predicts which way is to be set up and only a
data storing part for a predicted way or predxcted tag storing part and data storing part

30 are driven.
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1§E>O§\2g,@75 443 di scl oses an apparatus and nethod.for accessing a direct-
mapped -cache. The cache includes a prediction nmechani sm which provi ddS0021756
predi ction index and predicts a cache. location that will be a hit. gé z?,
mss in the predicted |ocation occurs, a conparator conpares full t PR Aap
generates a second 15 prediction index. I¥O- A-98/ 20421 di scl oses a way

predi ction structure which predicts a way of an associ ative cache in which

an access will hit. A tag comparison block determ nes whether or not.the
request address hits in the predicted way, hits in an unpredl cted way or
m sses, by conpart upgtsbaimr proggssotsoadhieve ighgs o rﬁﬁﬁe&@s ?Ek@cﬁﬁng

Archi t ect ur nce Procee Vol e 1989
Washi ngt on, %Ejgﬂﬂ% > ggﬁ’sefn tC q%ﬁqigsml f%&y Wﬁ@ﬁ%ﬁw@om possibiea¢locldfls of
Set - Associ aytleicousistertSwitl SIes dasi rAd ﬁéed% tfie Dc?&%nl n Wﬂl a fl rst

read of the tag array reads pariial tags r mea cetch and-

;:ﬁrrpar es tpéuﬁ%(?}( %Hmd@ngmtb@pm?m% ?gﬁgfblﬁmrbbgogﬂﬂ%éﬁﬁ?g&éass I n-
e casg o EEIESC S 0 e }ag array reads the tag
| ocati ons whic ma[mheg &%o?ﬁ% g‘?f?(t?y&l tﬂé rYaluss af%mQ}’édéﬁrfh@aextf a :
hit or ni sspipeliner stage. JCloAkET JA4ZS diiped S:%]&é a caché
having a cache predi.cting part. The wa e predi tlﬁﬁc}% gcdi1 “whi ch
way is to bEPEEP % sé‘hWP%ﬂsedeﬂéél@k lgnaéiﬁamgthemlodcwcbdl cted way or
predicted tag st r t;0r art 30 are driven. AMENDED
SHEET 14- 03 5002 U%%gf%‘%}% %%E%RZJ”“ 32 1%8 afPB‘Palb’ dnclideoeachesshi eve
hi gh perfor atwhlghrspéddamemoﬂbs/u@detbuabﬁq:re%hﬂy i?:; WL N 2
cycC

cl ock ycI eC|f e short est possible cIock e consi stent
Wi th e ded"ﬁ;g’ygisiﬁ neFHBaX b?rﬁap@%@lfmywﬂmg aéismnsallyolomer :

i nterval ofmémony Iste WaMé:ﬁaﬁﬂﬁ ﬁ,eédéé] t roc ssor orm
their intengded 5 functions. At the end gyéa ocC a g&g? ‘E!‘?

val ues are 8Lt he next 'pipeline stage. d ocked st orage deV| ces (e

registers, latc C ture];helr values in responseto
- a clock signal E?I ni né E?}e‘g%"%%{“’g% getaf% Bl 3/%et pesepiative .
latency, prugusprthe topphecdd loygenived l&eam&enmgﬂ@é aﬁéjﬁ% %%%Qdﬁ%
MenorisLs u st or.e .previ.ou etc ed instruction”an T ata -
f5e §8€%%(Pt th%é LG
" bytes, The ca Wy"‘ﬁ r@vﬂ%“ﬁ@’s?s’);b%anai@bhqid ower
nmenory | at ecaeshell Fonbjtbe dmﬁgm system
including the pr cessof Caches may e or gani ze%&%o%%@% zfg‘}slﬂﬁgatlve'f
structure. 2§ ﬁna%é&?‘ d8otheacsche. Therindtusalects hepatichler s& AHERANIBOAS 2
t wo- di mensgmnpabio ften red- .tqQ as "sets") and
col ums (often r@er rgdﬁ%6 W@é%ﬁ%%ﬁ@%a@%ﬂ@dﬂ dexrishyt es
resi di ng a@etgnﬂmﬂp)eﬁls,numbnnnf)ﬁts %Mﬁm&b&e&mﬁ%ﬁgﬁﬁﬁeﬁiﬁ as an -
t wt €

| nde i nto.the cache. |nd el ects a particul ar se t wo-
| ﬁO Via ‘2l Snded 58 refe t0 25 “ndesin l veay of the cache has one cache line :

storage location which is a member of the selected set (where a cache line is a number
of contiguous bytes treated as a unit for storage in the cache, and may typically be in
the range of 16-64 bytes, although any number of bytes may be deﬁned to compose a
cache line). The addresses associated with bytes stored in the ways of the selected set
25 are examined to determine if any of the addresses stored in the set match the
requested address. If a match is found, the access is said to be a “hit”, and the cache
provides the associated bytes. If a match is not found, the access is said to be a
“miss”. When a miss is detected, the bytes are transferred from the main memory
system into the cache. The addresses associated with bytes stored in the cache are also
30 stored. These stored addresses are referred to as “tags” or -“tag addresses™.

AMENDED SHEET



jdiomeeiopenal array, and therefore the nunber of address bits required for
“the index is deternined by the number of sets configured into the cd&RB21756
The act of selecting a set 20 via an index is referred to as "indexing'.
Each way of the cache has one cache line storage |ocation which i sZ4 APR 2004
menber of the selected set (where a cachtbline is a nunber of contiguous
bytes treated as a unit for storage in the cache, and may typically be'in
the range of 16-64 bytes, although any nunber of bytes may be defined to
.conpose a cache |-ine)., The addresses associated with bytes stored in the

ways of the sel echelieriioned sbayes agrehe kinscstoragel lcation from dach may off thd\iche
addr esses st; reﬁeﬂ.u' e t .requested address. If a match is
found, the te{gc)gess Pesllggl %%&gééfget‘@?'tm ?&ﬁﬁﬁét’ﬁée%’geffeto pelestingcthe 9.
associ at ed Hyfoematidnf staredtdt ohe of theo¥aysds! Bebvided ' [ 0

_ yis 381 Bebvi s 3RE 6P &%@F?co = ?‘ﬁﬁ‘hﬁgi ]

"mss". Wen a m'séiels etected, the bytes are transferre
menmory  syst@h Bn¥dectsk by apieuidingha wayirsslestien dosthei eachd. @ihe hwiny tselsctidror ed

i n the £achgiedfife S ) addresses are referred to-as
"tags" or " tﬁ ag aggd%l gss Spﬁﬁﬁi%%wséﬁgﬁfpﬁéﬁg?%ﬁf Eﬁ%d’é%"f%%e cRchey thep APR
2004 |I'b As meytseloctih ishdetermimedclyc beantining thé aeithif @adot QRd AN of
the cache s _a nenbe oggghe el ect ed ,set ?%2. is accessed I n ?ﬁgggﬁgg to
sel ecting thécwggx{?geotftm. Sand B requssted addresae of the ways is provided as:
t he out put of thgnfriRel LRRkiat j eg: ovi ding a wa

sel ection to the cache.. ‘Fﬁggtwa _s?ﬁ%#%%séﬂ‘f}%p Ffie ?%d%'gaté’fﬁé
ibiste: asmm@@g Lrephn (wlich pravisscal caelte Hrssiorag location PR indtedud ) the

sel ecgpon i ) am.nin . s wthin a set and finding a
‘mat ch b be%ee%’sélﬁggﬂgg ‘%é‘%?’ﬁgt? Xﬁg S?lﬁ‘glqngﬁﬁgﬁﬁap%cﬁ%@gm@ﬁ; gneethet el vy,
set associ aWiwmlmﬁoh@nﬁmd@epﬁbmelaaé@g%m @tﬂil%ﬁg;acc&gﬁﬂp&ﬂ gche

I'nde ue to t

- (which provides one cache_line_storage |ocation per e 10
‘tag conpar i OFFSROBAE Vv selrstion is ysed te date selecs ihe outpuh bytes ifauhit isFetdcted mor e,
since the iy ot know prior to the access, each way is
typically accessed and the corresponding way selection is used to late
select the output bytes if a hit is detected. Accessing all of the ways
AVENDED SHEET 2 0 APR 2004 WD 01/50272 PCT/ US00/ 21756 may cause
undesi:rably high power consunption. Limting power consunption is rapidly
achi eving equal par with increasing operating speed (or frequency) in
nodem processors. Accordingly, a |ow l'atency, |ow power consum ng net hod
for accessing a set associative cache is desired. 5 DI SCLOSURE OF | NVENTI ON
The problens outlined above are in large part solved by a.cache as '
di scl'osed herein. The cache is coupled to receive an input address and ‘a
correspondi ng way prediction. The cache provides output bytes in response
to the predicted way (instead of performng tag conparisons to select the
out put bytes), and thus may reduce access |atency as conpared to
perform ng the tag conparisons. Furthernore, a tag nmay.be read fromthe
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10 predicted way and only partial tags are read fromthe non predicted
ways. The tag is conpared to the tag portion of the input address,?BARR 0Bk

partial t conpared to a corresponding partial tag portion of the
i nput add‘?gzléf.g&ﬁ%f the tag matches the tag portion of thegﬁyﬁﬁ?w&aﬁﬁ ess, a

hit in edi ct i s detected.and the bytes provided, in response to

the pr e%ﬁf@g %%%/uagﬁg}'g‘g Frect: Prot P%%&H%é%‘%'ﬂeﬁm‘ﬁ’éfae yfﬂ‘?"‘f‘%@“ﬂé’ﬁft‘i"@n of
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erm ne

address, a mss in the cache is det . On the other hand, if one or
nore of the partial tags match the corresponding partial tags portion of
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the i .g. b
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0 recejyv a read a S nd a sel ect.ion, and ¢onpri ses
25 5 i e ol Bibabla fa BT U 53 Be e el G o b Pt a5l ey
of par t incthe nreslipted wesis ietesfed. vl haph of the Hartigliags matciothe ¢dmesppdding iriidl 1ag pditioh@y the inplte
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cont em@z}%@g p%ﬁéttg PEE gés ségtr‘]’gt?:d& PR Rt fags fLe ‘ﬁ?‘é%‘l“bé‘%?"“‘ P HYE POy may
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cache cpuirk &subPridnGHRFbBankdde ol 6Pkl et c dress. The
i nstruct,ion cm ?gfgéét assg}(‘:yiﬁlgti ve%@#%gfgﬁgé’glg?@éakﬁgrmg%s%%cnﬂlﬁad:l’@d to
out put gesiiedaad fhe guober of sraysitohe spasched maybp rruced (-8t eschavryihrvinge pertial tageniss etag hot
addr essbe sédréhed)nNSt ruct i on cache is configured, responsive to the fetch
address m ssipng.in a. first way identified by the way prediction, to search
a second mybré’?‘ﬂﬁs@%?‘ﬁ%’atcﬁ%ﬂﬁf%ée?p}%ﬁ# f/bﬁﬁfﬁe W?%%%ﬂﬂ@ﬁ@%&?‘ﬁ%“?‘&’&dof
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Pihet hor SR8 o 3o TN ApERET nf BRI 2oaiP oo b o e B A s
det er mifprddigsssecond way 2 14-d3-2002 US0021756 2 0 APR 2004 TT3487-PCT
of johe cacheaddiosMar £ Pis hi1atd slg%ggg nal 0l t hat the
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pl ur al ipredictibn g@d theifath adthags ThOmstRGH0 B4thd g sdt QssbdiRivs ﬁﬁ%ﬂd&@)&?%&aﬁd%g@ed to
corres Q{]@mﬂﬁj‘gf-{%ﬂ%%e fietch .add\r)tetﬁs 5 BRI EFE_DESCRI| PTI ON DRAW NGS
Ot her objects a VANTA G Sema 19 Hhdndey O fetsthadiresy The msfrrsto Gahs s Senfigweth
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o? e%'etc?l address. Still further, a computer system is contemplated including the processor and an input/output

(I/O) device configured to communicate between the computer system and another computer system to which the
J/O device is couplable.

Moreover, a method is contemplated. A plurality of partial tags are read from a cache responsive to a
40  fetch address. Whether or not the fetch address hits in a predicted way of the cache is determined. A second way
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1@_@3_ 8025 a pipeline diagramillustrating one enbodi nent of a pipeline

‘ |c% may, be enpl oyed by the 10 processor shown in Fig. 1. Fig. 3 idS8021756

bl ock di agram of a branch prediction/fetch PC generation unit, |i N€70 APR 2004

predictao ?.‘pg{, cache shown in Fig. | and an I TLB i | lustrati ng

i nt er conhedt1 ont t her ebet ween according to one enbodinent of the units.

Fig. 4 i%% ihelreaghelfrrmhi respoascanirtaininien thaohe feith didieg @b not eItk fredtitdiyy, |

and 3. Fdfglec5chbSTﬁés@J09&3 gtam W Anetels| shown T'n
byl AT 01 R BN oy MR B

Fig, 4. is a agramillustrating
addr ess 'agl%f"a“s‘g’“?’gg g the segprd W&‘ﬁch’é agpreegponding M@spﬁt@qu@gaddrcst ate machine
whi ch may be enpl oyed by one enmbodi ment of a control circuit shown in Fig.
4, Fgg. 8is af lowhart | i on _operation of one enbodi nent of the
conttol circuit shown in F?M@ﬁw e showmn in fig. 7. Fig. 9
is a flowcharQther bbjersstanchedvamageqeitiatinvestion fwilDBeory WRkinlBah r&jxn%:iﬁgfdﬂg%é ezited

a

cl roul  asbain ki uphlereded . SEAEEN,BLBLESHOMR, T N PO

bl ock di agram of one co stem i ncl udi ng the
processor shﬁ&nlFﬂbloﬁ@amofpnfgﬁmbm@mpxsotaam& di agram of a second

enbodi ment  ofiga2 GRS disprat M RERS 25 in Fig.
1. W}l | e the mven&zl g IS susceptl ble to varlf)&aprpg °f‘7héczlt|m”r;b§ A ]cﬁyeg"yﬂ%
al ternat| veOT%‘?Wém ¥pecific enbodi ments thereof are shown by way of

exanpl e i n tH. Hisavblowgsliagrash malﬂraublepneméhob&t&%céehéﬁﬁn W, $8L Blefiictod, tind f‘

- be undgged s . and det ai |l ed description eret
are not |ntign ehm@?%'{x i g%n%mi g@ﬁ’bﬂf' 5'88P"a‘?‘“bP‘3F‘ﬁﬂ“8f‘§%Med

but on-the M%mGmﬁf%FMwﬁmbmmﬁnmpdlMGat| ons, 4
eqU| val ent s H@Gwﬁﬁo@'ﬂfa@ﬁ:ﬂ@féﬂé@ﬁb&dﬁﬁcﬁﬂg J EH}f‘F? Rit-it and scope of
ende

presen nt on defl .the ap ms. MODE(S) FOR
Y NG leﬁ%ﬁe g‘g'gss‘g’ W@W“@\ﬂd‘#ﬁ‘ﬁm ng nowto Fig. 1, a

bl ock di agréﬁ!@ﬁswmmmmﬁgﬁmeﬁﬁaﬂkwlﬁhm@&h%m@hﬁéméﬁmcm

enbodi @m@@r&m%ﬁ and contenplated. In the enbodinent of Fig. 1,
processor %%Hcleﬁlﬁes a . Fine predictor 12, an instruction cache (I-cache)
14, an alig “%“B?%?@ﬂmfemwmetwm@mmem@mmwﬂs
a pl uperssstiitegliowddeBeld. uni-ts 24A 24D, a predictor m ss decode unit 26, a

m Q@ocode u S anzTen [ ueu n. architectural -
renames Iﬁ f,1?&aﬂdf%vtﬁtur ‘R?At{on %ﬁa,hg%&gc a%?fi%’f’"‘:? 0 6} e ehoyRgify ding j | o
38A, a {7 register file 38B, an int eger executl on core 40A, a
fl oating poiFm l(bhedﬂ&ckaiagrﬁﬂbmﬂ@&bo&nénoacﬂ&wﬁ;&swmn{ 4 og@;: he
(D-cachg);. 44, an external interface unit 46, and a PCéSI e% ﬁsh%@&m
predictor 12 is coupled to predictor 3 AVENDED SHEET WO 01/ 50272 2 0 APR
2004 PCT/ USB0}71 ¥ bigckiagemeps & srgend eribedia @t ofr campiter pysechi imdhidnig feqirethssdGhown
gezer aihiFgnl.unit 18, PC silo 48, and alignment unit 16. Line predictor 12
may al so be 861“%& -cac | -cache 14 is coupled to alignnment unit
.16 and bra prodr et r ShtPH %f‘? YBions BRdifictipns fad platys forgysspegific smbadirpentsr
Coupl ethereal an@hsw by 8y obsiagpienim the Wnintingd Gnd saﬁwetmdesﬁmminaﬂmho PERHl HeOr

m ss dReQdsdRtiveved G i dHSRR0R Whils g&%@n@%@exﬁt?eco %&%A@Zﬁ%g&em

furthe e to map unit 30
mcro d%”‘tfm 9°2'8 isglasgds it pn s!-ecm*m@o@ﬁ Pwue-owrtemvmealm@mms dquivaleds 4nd

cdapl Mvmm\ﬁmummadasﬁsofftﬂelp&se%é:)wen&dﬁtay&e%néd'b[v&egppen&& gyl er 36,
and PC silo 48. Architectural

MODE(§) FOR CARRYING OUT THE INVENTION

Processor Overview

Tumning now to Fig. 1, a block diagram of one embodiment of a processor 10 is shown. Other

35  embodiments are possible and contemplated. In the embodiment of Fig. 1, processor 10 includes a line predictor
12, an instruction cache (I-cache) 14, an alignment unit 16, a branch prediction/fetch PC generation unit 18, a
plurality of decode units 24A-24D, a predictor miss decode unit 26, a microcode unit 28, 2 map unit 30, a retire
queue 32, an architectural renames file 34, a future file 20, a scheduler 36, an integer register file 38A, a floating

point register file 38B, an integer execution core 404, a floating point execution core 40B, a load/store unit 42, a

40 data cache (D-cache) 44, an external interface unit 46, and a PC silo 48, Line predictor 12 is coupled to predictor

3
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renanes file 34 is coupled to future file 20. Scheduler 36 is coupled to
register _files 38A 38B, which are further coupled to each other zﬂd 2004
respecti ve execution cores 40A-40B. Execution cores 40A-40B are f t'Njgr
coupl ed MOHH store unit 42 and schedul er 36. Executi OPCHESM/24TS, i s

Schodul B JgbEtoh Je, SRt Bedueb 3 bl i 1p, 86 i1 T il g, e
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by
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col 15ect foupymit 3 idraecbdé it23D Boaska tblRickdtodd4dmit 280 MAp i€ F0%0 SiupRd o réte fabid 32 1,
Conput 1 ek ey G Srcnt Bl oings A6, i e o SHEES g D P sl oo chrdigore
may e rrp!engmes file 348 @ouplndlttr iutntq fite 205 (Sbheduleraﬁ tstubiipied o e gistérdiles 08 A-88BS whieklart Gurthes
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40 each way. The combination of the partial tag from the predicted way and the remaining tag from the predicted
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accessedW®IF2Rhe number of bits or bytes), the power. FETHNPEITE reduced
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then not “se g%:étsg]gﬁﬁ%f O{Ilhtt%%é%{c%g%(’a}

[ (e.g. the non-predicted ways of instruction
array 72). Remainjng igco@pardier 76 peprares theremphiring tagsom fhe @edicied| weyly azpresprndipgit
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be generated in increasing order (e.g. way O is searched first, and way 3 is searched last, in the present
embodiment). Control circuit 78 continues to assert the stall signal as the search continues. If each of the ways
having partial tag hits have been searched for a hit and no hit has been detected, control circuit 78 asserts the miss
40  signal to external interface unit 46. Accordingly, the missing cache line may be fetched and stored into I-cache 14.
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40 Generally, partial tags cells 100 store the partial tags portion of each tag stored in set 96. For example, in
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read each of. . th ar.tial. tags. Remaining t decoder . 92 decaodes .t.he i ndex
to deterni neI“taHg1 R %@n?g?n:m%ﬂﬁy?ﬁ?%p e&ﬁ’@’gaé'g g?"‘\‘ﬁé?‘da 8&8?1‘9 epset.
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d d elai . S fai i . 3 i
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sel ect | ¥ spii iseill fipfieed angifiys ths poyer ongtmed bie e pespramp may; be igitede Futhemogpin an

lpr ovi ?léﬁ@oﬁmﬁnmﬁfbh W&smﬁﬁﬂﬂ%gwg @ﬁm &@G&gofﬁh_ Je&ntp‘a%cacﬂpism_ iﬂt 2 ¥Rl .
ine to_remaining . tags.cells ird word line to renmini ags, cells
08C. oSy ARt APl B Enef sl g e et bt b el g s 5
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word |'ine, ORg . 8tq ﬁzﬁ%idﬂwﬁiogﬁﬂ%um&iﬁ ﬁ%&&i@ﬁgﬁ%Ec{ergﬁﬁ%ngen%fﬁﬁ%{éﬁﬁg%@di ng .

bit lines _and remal ning 20 tiéq%wsenseanp ( € 5 )

remai ni $Ry ey he qefiemayive phypigaly prsmecd i anpgyitable magner oardivg rvlesign choke- r emai ni ng
tag from t heradigeivad Fipg, ah Sxclighdy tchl 4dre:0 TRPE HoWn illibtratihgd thé PariBRipBflioksthe 1 N
the il lﬁ’t%ﬁzgd%}egsdas ﬁx@}??egltqu%dchg ﬁWBIIbQ llngsg sign?igcant bits of the feich address are to the left in Fig. 6,

40  and the least significant bits are to the right in Fig. 6. As shown in Fig. 6, fetch address 110 is divided into an
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senseanp 102 provides one remaining tag fromthe several remaining tags in
the set, Thus, remaining tag senseanp 102 receives the way selecti 23 é@r
alternative control signals fromrenaining tag decoder. 92) to | A& 2004
one set owodﬁ‘ﬁ%?nes correspondi ng to one of the renaini NBCT/@SW/XEG| S 98A

col | s oReDn 1R kel R iia? e o R i v neG A
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power consurrwﬁiamhoaef@&ﬁﬁdmséh Jn'lnﬂgoirf@feﬁeldqmg{he ol%g,ttchr?,g@'%ﬁg%ensggeﬁa?ter

further re&gge oaggr Al ternativ remal ni n
bei ng 5@: psrddve @@mwuoasa@e@pr éq:ordimlyahe wintberrofi hitsi within offset

. conf§ gufield it s debaxgenaﬁlfoayhe BBy H?iéplvﬂiln e &bRGhE KILCAHRE, 2B eﬁlioglgd%ﬂ

line peg, e renalnln tag sensea colunn
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t he sensearrp hernore, 1n
for a femiodimey ‘%é’&d“det‘ég‘ddﬁmﬂs%Mm@vyms&)&neﬁadpﬁdfewnemhs@dfoﬂear ed
in ® seﬁeld)ultz Forayan®lt, M odCdnibbd@insnt TREO 8 i 1Ak g@ﬁﬁﬂ%f' per &ge%uq?%)f t he

remai ni sea unl es a full tag. r
not ed tﬁap[etqﬁees‘ g'i'c f%ﬁ‘% &%@ﬂ%ﬁ?%%@mﬁ@h@mﬂdﬁus@mm for
conveni ®h@e=3A1 clarity in the dr aw ng only. The cells may be physically

arranged in Sj hoi ce..  Turning now to
Fig. g an ergieg)rﬁp ql‘lé &% E a %lgog% ‘{}%silﬁ(%‘\i V?P ‘f‘%ﬁ‘lﬁﬂ@lf"ﬁé‘lg‘gf’ﬁ%ﬁs
porti orelh}i2s Tae ﬁ% @ngmntoﬁ &4chaddreat £10twhich-icaB&icbylidachd e tormitely
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fetch ggé Z“é?g“ &‘6 %?%ﬁbt@ﬁa"ﬁsme& Elﬁthwm%rsmgﬁ%led%mmwmmzme
_Fr>c:ﬂ #JSO@CZ IsAgh@rentfif the focdtion bid-cadh2 14 amnglﬂd@g fhezdfete Jcmpaname fig 588116186l 1adsl 6.

a i ekdbd Sdag a remainin
tag field %JZJ% ée%le polri%ﬁ%’%gggcc#cﬂ%lﬂlt @?1"}%% &'el%ﬁi‘f“ﬁfefﬁaﬁéw@ﬁ‘*éeétmlf‘i“%y@flzg
are thé“{’ﬁ@és"ﬁﬂe"%tch address 110 which defl ne the offset of the addressed

byt2e wi t hi n Hahﬁmgmdmtid Rt iBsRRed dnfdSdimé Eﬁﬁ&;@u@ﬁ&bﬁar%oﬁeﬁ%?ﬂ%@}g I}\ahgbl I$

W|th|n el d 2.1s de endent upon the n er o AN t he
cache Ilrléér CIEE yt&?lﬁ “%F‘h wg¥ido w?ﬁfmqummmommamme
cachef If%dmpwgéémlamm w&’s%ﬁo‘?@mﬁicoﬁpaﬁkdgt&tlg a!rtﬁl &ﬁletaé 0

si gni f i76 a8 meSiker i ndex udes 't he
bits which formt he&gachebﬁaﬁé ?iglds% lgagf @g 1116, Singe

enbodi MERY PregrRts<hititylnealitf gifesengef dn @mpqummmerebmmmcqmmmm nelieach Of
fet28h a»d:dxr &ﬂ&m&e’llQ:aﬂ% a4 typical9 s@fes Bk fnSﬁ}ecenilpacEek&h Qachd Bres M@ﬂ@cﬁ 'the bQS e
Cl

four way set asso tive

errbodl es.in
st ruct ur e g\Mthcﬁ peomt%éﬁcflgﬁ‘?gﬁ’ké& e gﬁeﬁﬁ%ﬂlﬂl‘i"éﬁf“ ﬂq‘é‘ﬁ“ grpshedeastsisnifignnt bithefs t he
i ndex &g |@@3‘,d1@1){9thpqg bitoarg sefeotedies theopartiabthReld 118 tdihcréase 6O likelil3d of thelaQ

field k& | d
(ol d SaganaRplanss s e bbicic pkahel RIS G5B dQumimiss Oles@olmeron of
fetch g‘&ﬁ?@%‘é‘“’ﬂ@%‘@ﬂn?féag#@rlwc’lffymm@meg-m to uniquely 15 identify a
cadhe line mamﬂﬁ@gt@’ﬁemazﬁ'& o @3 llubtfatell SRIAIRAL, thpoRtion bFife taf AGd % p1% el Set

i e g |

field thin.the. c e. line, the offset snot
st or ed. urfﬁ% M&s‘%eﬁeggdt%mfim gép‘é{‘,‘l‘@wﬁ‘%@ %‘%‘fﬁdvﬁ“?ﬁlﬂﬁpf’m@wfﬁ’éfeﬂ t he
i ndex P@W@fl@ﬁfo Temainipgtag epppbraton740br dompaisdago thé raiairig Nl préviied Bidtag ZRGHET OF €,

conpar Réfhididpaglidl bd) Qhfpriskd Be fefhaihil) c
identifies cgtaqn}kt;)l ne co@?%spon%?l%ggégﬁ%l%gguglﬁeotfgﬁpae@aslg ?elgéﬁhg stored
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35  Generally, the number of bits selected may be a tradeoﬂ" between the accuracy with which ways are eliminated or
included in the search and the amount of power conserved. The larger the number of bits included in the partial
tag, the more likely a way storing a non-matching tag will be eliminated from the search for a hit in a non-
predicted way, but the less power will be conserved. For example, in an embodiment having a four way set
associative cache, one third of the bits in tag field 116 may be allocated to partial tag field 118 while consuining

40  approximately half the power of a full tag réad (since one full tag three partial tags, each one third the size of the
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f dﬁlléﬁ g field 118 is, in the illustrated enbodi nent, the portion of tag
“Tiel provided by tag-array 70 for each way to determ ne which Wayso@m75e
search for a hit. if the predicted way m sses, and is the portion -of Q]

fetch apcugsstprovided to partial tag corrparat ors 76A 76D for corrparl N]Rt-?(gﬂ‘}
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non- pr eae ahehike véais id fd&ss §RE Q361 i aClebly i or . detecti ng
am ssm,%hg g?bodlllgaa L oot TS ea ectmgqga%l??e?lg e %QW&F temaghige 116
to formthe par '3 Kios é‘ﬁ%ﬁ“r‘ﬂe %WHWME@@@WMW@MMWM% :
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“one bwdy, (demnmykexcgj mmue&ﬁolbéufcén !
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M SSGferka but. a S s when corrpare to the partial
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et couteo) circgiy 78 mm@ww(mp iv6). 1 8dditicmilly, memcmms aitfatel waaa of £0mM
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the- ypredi cted vt\g%/ d a}ic Ie Q% gneg%%‘mfﬁ?%%? ags {I{:s é‘cu?‘ﬁ
corresponﬁ’ang f? }-Jtch address (a ' partlal tag hit"). Search
st at e 132Figs9 ishe ﬂgw@m nﬂmtmnhg oferatiort TR elnﬁocﬁﬁé}{t%h%&n%h&rcﬁlpﬁs gﬁghh%ts i ways

whi chadifY & x?sei?&{sfult@ t for a fetch address m sse
g edj ct ed \;vay The is3t2 a?}g' erni%'%:b%?"r?gmsraé" bg ﬁWWSW‘@@SEeF‘TWPWgetCh

at & wrasticplprsosdes ferrasesof anderstapdise, oy svimleomder eny bs aai.C Futethon] ste@atdy Kene
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40
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;121238 xt to Fig. 8, a flowhart is shown illustrating operation of one
.1-@”9'3;?%%%{ of control circuit 78 while the state machine is in accetls0021756
state 130. . Wiile steps 20 are shown in Fig. 8 in a particular order for
ease of ﬁgg%rpgtrandl ng, any suitable order may be used. Furthernore, Xk éfs2004
may - be per med in parallel by the conbinatorial |ogic enployed within
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bl ock 1 t t 78 YTy B Sptermines if
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PoBsSi begvaRs, s are shown in
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séar clprosesyor 10 Eouplibro b co troI circuit 40

78”@&&%&% ga&a dlctlontoll reg”%
deasserts the sta %’g‘f@g )“WG’ m@dmmmzm@nz

Usoozﬁwwewnmm eontallei 208 ds dolygledzb Biis driggR b2 f&ﬂ;ukﬂ)antK@PﬁE aéh
(Steppﬂxﬁﬁ:}rofﬂcﬁdeﬁ%ziﬂﬂﬂizﬁhé&%19“8%&%9%05{ th,egg,it Z?dress 0€s 'not
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the SeptbRNLYNGYhe l‘&é@:}ﬁh I t an a Iona
part|Qﬁ tag hit is det ectcg% @sc%lr‘\fglro ’gm%CUI ﬁ?‘gﬁ? t“?“&t’%@“é“?"?&ﬁlwﬁ% he

~next Ppartial tag hit (step 170). For exanpl e, control circuit 78 may
sel ect t heBusdnitge R0Zyteviden iiaRHRE b¥avenpiRtid: 16 hicl eh arti al
CI rcuit 398 %9 H{eﬁzog

ta it nal | cont rol | “hies ssert
9 ok ooy %&F&%’%Eé gz\?v ‘FOrot R PHAYAR Ragsrived o oncsefthedeaiges(copmepedi B dps | f

the stall_si
3ﬂ or cbridge 20, bz riden 0, Hentifipethe taratt of tgoferation (6.0, sBAKLL, deﬁamr iR the Chsk GFPC bdd

asserzig, thah the Biegsis &1 BiTdus $12). BaslbRbR unj t 174) and
“tran ons fhe ;tate ma l‘O‘J;Dne £0 %2?(%%%%%%%& l‘”g g']’f%%)emlﬁ"sﬂ“d#%

not ed f RAFLHEIEeS i wsRf "tﬁh?EBPP'“%edﬁkéesmépwetmbusabdreﬁmocamed by
conbithedargebdevigtordiss cui try (e.g. conmbinatorial |ogic gates, data flow

el ements gy a flops adders, shifters,
%t a or s ?ﬁg‘% g']d g’?‘ g Jcl?t%(";%% 2 BA@%‘%@?&W 18ys 24 sergpdaphus bridgh 2 kftmay
& iggrPems @dditions] dungtignalit tae §csaert pév mpumutpxe SPREE (ndtRESVAY, Qithe cdlgad’ | bed
Addi frbe mﬁinlcmteﬁﬁltﬂbs&ﬂdaﬂafu? brildge tzh{% n{a? bisg bc‘%§<§!ﬁ% %%ml rﬁ?npgtrfrssg%t?m ﬁé@ow di ngser ted

| ogi gal .y true valu asig or a toyprovig

if i t&f:ao’ nvey sPs @aﬁ E%I"i“f?d?“é d‘E‘i“%”Gfa"é fas ypriqu mna# audcmdiwumm as desired. An
external cache unit (not shown) may further be coupled to CPU bus 224 between processor 10 and bus bridge 202
in other embodiments. Alternatively, the external cache may be coupled to bus bridge 202 and cache control logic

40 for the external cache may be integrated into bus bridge 202. L2 cache 228 is further shown in a backside
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9. L rsely, a signal or bit may be "deasserted” if it conveys a val ue
-1%mgé?\4e of a lack of a particular condition. A signal or bit rrayUS@OZ1756
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cons robinﬁai—xly2ﬁ8cute§ QQUﬂbI@dnaﬁanﬂb& J041 HifriseOBR ANY BV eﬁ?ﬂa L Ack b%ejzﬁ%ryg Far
0 bus "bri dge

Fi nal | of vices 212A 212B ar e- cou
202 1t hPREER: “gi EMEBEAM&@E‘G‘HB‘EHD ey hesuitibde.

provi ded t oP@olcureyiizA-212Brredilaeitive 68d vaiiety efﬁeﬁﬁiﬁmt @cv&&esu&ras, Kampleeorkl SA

devi ce SA/] 20, Processor 10.is coupl ed to bus
br i dgeﬁw‘a t oﬁ'ﬁgg e %%ﬁk{ghsud?;ﬂm‘g#ﬁmtz %‘é‘t (i-\ed Eers $ST (Small
Toget h@ﬁrmpmsm Ingepiace) prddptens @nd; tplpxéaoma@eisx anmﬂ;;amacv&a mmynw.:ﬁmé bﬁ@nous
©XI0LT I\es bORFEARR %, bl il <G o U 16 br il SELAGE BELUEPH oo

process 0, in menory 204, graphics ‘cont r er e
attach%gd?é Pfﬂr‘t}ibﬁﬁ:?‘dém Wien an operation is received from one of the

devi ces corfhaphice dortoilé 208 :Bﬂobddddge:oaﬁ? lthcbb\ﬁ!e:h{d i STkt %Qixdmgﬁrﬁn' i laBH a;]E E%C

t ar get art|cua evice of, in the case o

bus '1'% e;ﬁ’at tﬁe ta m{b&l, sawgg’ﬁ?n% O3l dn e ort i, frndes thraee

oper a%ﬁs‘?"e‘ qﬂﬁétl"!"aﬁfﬁé#l@bl C@éVFiiﬁeﬂveBubtftbtmug@ fradiBain evedrp 04y GraphieStoatréifer an
t2b he

opsr a mﬁm&n&b&%&&m@pw%%&% &%}’ﬂ el t%%ﬂg

proto ﬂgt}g@pe tar t devi_ce or bus
“inter cbé'l F" Po?%ﬁmﬂ'ﬁgo‘blﬁ d@%m higs By ccommgdptes 24081 nay
35 f urdtfeval dof e rfpor akin okt 2080 aForf aendii iopadtiohs, mpﬁ& &asdmﬁdos MRy further be
| nput Caaheio fQARhEPCE m@%ﬁmm a?F&L 7. ﬁxﬁ%%e g%z@%gg, L ed

us brlde216 e inc ud tem

with sec ng%r?éag

200 t 8 nality g suppp r‘?&‘l"%‘i}’ ol ftrgpsacionscas sl ay P&qumalsferggtz@damdawxor

_vﬁ@ [ omemsé -a Displiayl 23563 ahyl quﬁudi@hyapoﬂﬂﬁ@rﬁdmbaggmr w&gwg,lmg@&g% sg;ygteb( not
shown 1= us rocessor and bus
bridge 2 %2 i:dﬂwgt‘e%er 0 |rrents %eqﬁm?%?wméagxt ernal cache may be
coupl ed to bﬁf?wﬂrﬂ?aﬂg‘@“?ﬁ}?%t?%ﬁé”emﬁmbmb%@%n dxveplendn drebbvecache
lr)m yk e e uﬁywwﬂggma%l?"?la:Sﬁ87 CT SOg%tlé?S 2 0 APR 2 84a
acks

conf i %cga‘r%glg“l;lon toE pr no‘cemggygtf'% Ré'l"% 9‘?‘%’ o B| BOesian {Pa shoym g gn. gptional

SPpar RN SREOFPYersyst 200 Procesas g}%myd’cmmler taprogeasot 1. (Mpee gagticglaris; lptestor or

sl gt tm) ndy tbB RRAGEP Epy laﬂproé&soﬁmnrfoe&sﬁeﬁa& g,% w&&némﬁ%&%g\z&%wa an

subs r cess mor

“appl |'(5:% ‘?nge\r,’:14 ltﬁ)“rs grsg IQ%P@%WW‘EW%&&WX%°W%WPH y
execméecwlsﬁhtaamtenmwcmsmﬁﬂdwanMEs DRAM ( Dynami ¢ Random Access

%'%%Amﬁﬁas E‘lg sui t abl e. P%?Wl‘é%ﬁzw o

il u Rland pontamplarrh, I theembgdiment 0E Fig) 11geopipatersyssere BO0Ancludesyevesal pmebssing.
get \k/\modles 3128, B12BasCcan d12D. \Badﬁﬁooaﬁﬁgh&k&btdaﬁp?ed t@bl%ﬂctfv@fidéémy{éf’d&l3illdbt vid 4f)ppy)
is e n Stens I nterface
ad apt“ge%ng&a% t gfi gefﬁée“gﬂ 'H"g %CESF%}&“YwWWE@H? ggﬁ‘%zﬁ | dldigosgliyy s of
var i Gpsessie !@ﬁe@zéﬁl%ﬂemFlpﬂwethmc gwed fo @uwiniese brtwee derprocessig imdescHed,  and

a vanigl. YRR lexdipled pRcitisSlolid PRAGRIGSs §Hﬁ“§:e QOngquEE for communicating with processing

35  node 312B, interface logic 318B for communicating with processing node 312C, and a third interface logic 318C

for communicating with yet another processing node (not shown). Similarly, processing node 312B includes
interface logic 318D, 318E, and 318F; processing node 312C includes interface logic 318G, 318H, and 318J; and
processing node 312D includes interface logic 318J, 318K, and 318L. Processing node 312D is conpled to
communicate with a plurality of input/output devices (e.g. devices 320A-320B in a daisy chain configuration) via

40  interface logic 318L. Other processing nodes may communicate with other I/O devices in a similar fashion.
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or field bus interface cards. G aphics controller 208 is provided to
control- the rendering of text and inmages on a display 226. .G aphi ¢g APR 2004
control | ago3P8p248y enbody a typical graphics accelerator generally known in
the art to render three- dinensional data structures whi Cﬁ?]ggwogé‘yss
effectively Sivedstigpthodast3t/a3idDfimplemenba packepbaddytink @4 intdepRBARILSno8 DR hibaB6n. 15
208 may it fehElR SibOfind o of  AGP bus 210 .in that it cap request and
receive accfésse to a ta?’g%ét%)lﬁﬁlst e%lfg%c%dv?ns |°rjgum%"lf§u°3$il’8§$e(e‘§a?est%"#ﬁ’€r"éﬂ>’°

obt ai n HrEBERackE fipmiprecessipgRofe 3164 to procdssiiz oale 3Bgndiples 324B bte Sised o nNmIPAkes

rapi d f6h photdéshe mlle BIBAOS B hdde r al tions,.
grgpgﬂ CS g‘%g)gr oIgI r6208 r(;apg&fur hdear@g%g con?%uﬁ%e{%g%ﬁggggﬁé 8%)nrﬂ%]focol

-t r ansacPISTHS TROREEF BRfessiag fpdess dlustreged jnigs 1§ ficperally. qachsetsf linpy 824202 indade dnbus
i ncl udeor mere tatolinds) éng o Aol MineshdirEspdiiding Y Mk @& linds] MIAE b PBS cBmrol'\Blel aS

PCl pro r.get inktiator 2Q transactions. D splay 226 is any
- electr o%@g&hf g‘%l% °5§’cg>%e‘m%‘n BN e hé‘? Y RF OREHEdnE frfagiecoopeaept fashian for ap| e
di spl ay°crpEmiraies beikesn proesasiiganddes opip atngipehefehBShioh foraohinaitatibnbetyednal prétissing ay
(" LCD' ) nodBbfdan'tho deficd @} £6ks ohiberts Y e oP EoniFioma et BB ekl RV ity QIS €S
ed as exanples 1 n the above descr ption, any Busar ¥ ures

ha been
ma; ﬁ’oe g‘ﬁ’o }SPT“FB‘B%% the Linkuay; be operatqd;in o Bonroghepantfeshign tting a daisy-chainrsimactuey betwpst Ilom 200
may  bedesicesish shopno QLS FOEDHACTTALCEH b8)Sh@Mel Roh Wik PcaGiR doiPBabott REFSAPT S

(e.g. p ssor _10a shown. as an -_optional 25 conponent of conputer” System
200) . Péng)g singror a ﬁa%s*%ﬁ &P E’E?mB % Bcky tragsmittefly processipg mede 3P4 o

pr oces s@ipeessing goded{2Dhmayepassitgensh ithet pracessing 0dde PIABAR pRdssidghodd 3 10C @5HSm i B, May
be conngctaadsd inD bl fiEn i i nt bus (as.shown in Fig.
10 or S RARICHEE i £ o, Blker blBGARGRUE Linel oot B 10 57 Bebbarr® 1 0
may*be ¥ %‘ﬁ‘gﬂfeisﬂg%ﬁ’eﬁb?it@ﬁwn Bigdd sinmilar to L2 cache 228.

Turni ng now Gederkliygthe Pakketsaid@ béi@dnsdd Ao vhorbit tnes SBLTIRE 3B NSWETMARD A it
shown. %%O&@bgqﬁseasgl %r%ﬂ% 0 ntggg! ILn_the enbodi ment of Fig. 11, conputer
system. Vncl udess Severariss Ph b &y P8 §sLorzeppording glogk: lingsy Skhe packels may D,
Each prisduls sinpmpndpadietsifer injtiatipg aisatiivns probspadets for exain@inmg Yachd dbherchdy} Bd\ésponse
menory @g@gﬁgﬁl;ﬁ;@@gﬁ%ﬁ@g}ﬂ&md w thin each respective processing node
312A 312D. Addit] onal | E{P(P)g:ess.l_ ng nodes 312A-312D include interface

g used TOOETHENRIIIRAS ipedditionfiea Bemnsosntoller andiitssfacs k2io, ma3 12 Bde dhiopr
exanpl enorppoeessi Mjoadlyipealibg A provedsilsl a6del Bhafisdsdf Toakt G rocetdfaddOiay optionally
-com"run!igc%dwgwmr%h RLpcessin 3 .n(g’g}i 312B, interface | ogic 318% ?or
conmuni'cat | ng Wt R processi g Wih 3 pemary, and othey fogie) 25 gosigefs Now prgglacly. 3 8 C
f or corPrsesiannddn gl24-31AD yay compoisdyeocessordOe Estemng) imatics (oAb s @idiades tSiidrdaay | Y,

Pr 0Ces égiB18 Afifin Rd Rl i GILE B8 mehdt} &% &aﬁﬁlk.ogic 318D, 318E, and 318F;
pr (égessi ng de 312C includes I nter face ogi ¢ 3180, 318H, and 3181; and
pr

essi ng NOHEH%PIHA-P 1D mpy cemprisg apy puifabie mesgiydedices, JFor SXegide, amrtno@/B34A-314D
Pr octe}ssxiamgonf;mskew n3 b2itor RAMBUIS| IERA Mmpgonmg)A 3152%&%8 _g,s\ﬁgddnsa(_ sBRk m@h 9 dede¥ RAM, etc.
I nNpu . ces. - N 1.S chal n .
c o’lr[:f ig ‘E'Péaﬁd{)e%s)%é\% gt%g'ﬂ%‘%ir %th’rgﬁ g(%:%%f'lgg | a@"%ﬁ‘%"@“ﬁ?’h@%‘?ﬂg oécggpﬁe@s%@s’ﬂ%ry
comuni3¢ZR wanipchide pmpreqry pARYseidy detming which agdressds ate fapyh kcowhich T mAME BIED 1SHEET 2
0 APR 200Knd86 QilibHRectRinE e 98004128 £ 3mory Gl J;%&Qrea%dr%%uﬁé?%&g&m ement

a packet based link for inter-processing n ni cat 1 on: present
96 one n% f h ﬁg‘rﬂi :

enbodi FEHT POFREE) the gRherency, ot fopa Addseps Hithin eomputerrsystpm 30riscthe Mesen controier3164- g

| i nes 3@ couplel togheahetmory sborigy igtes torppoddais 3o h gmegsr Qﬁaﬁ&i%ﬂls,rm%n%%&oﬁer

processiéns qsemgg%& I 4B are used.to transmt packet rom

processi ng lg%de 1 B??%qmﬁ%ggag%%gmr% G TINpe CWWB@ "'EB'H 1‘?‘?‘%‘@9 0gBHO

324H affe telecrobesent fagipsniMenpry rautioliers 3194t316R maptdupriseoated sisiity fordalefciasto

i 11 ust eddoeribs BAF319D. WhditiaRING bxdhobry corBficls 518430 Mj‘ﬁéuc%_%eﬁqag%gue%%g&g;gﬁén ne

or zpore dat a ‘Ileisnes, one or nore clock Iines correéespondi
|i nes, "and’ o1& 8r nore control |i nes indicating the type of packet being
conveyed. THRenckallylinterfage logic BiSAr3sielay ddmpriss @ GRRty h&t&eﬂﬁx lfeébﬁ}ﬂ:%g%cﬁ&@ frox? the
COMUNj;Rddnl 85 e B 9 BE B s ode r. i a noncoherent i on ]
comuni.cati on bﬁ@%’&%gn a pr ocesl;sllg?ldg;"pgn the fink. 6."“’?“‘6‘ system 500 may em%%y any sultag{e

ow control mechanism for transmitiing packets. For example, in one embodiment, each interface logic 318

stores a count of the number of each type of buffer within the receiver at the other end of the link to which that
40  interface logic is connected. The interface logic does not transmit a packet unless the receiving interface logic has
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14%?§g¥32g an .1/0 device (or a bus bridge to an 1/0 bus of conventi onal

S constTicti on such as the PCl bus or I1SA 10 bus). Furthernore, the |US00BH756
be operated in a non-coherent fashion using a daisy-chain structure Pfﬁmpﬁﬂk

~1/0 deysmepcas shown. It is noted that a packet to be transmtted fromo

processi.n Q.anot her, nmay .pa t.hroygh one or nore internediate

nodes. 3 Eg?gb "ggr g‘r?rps@t{’rg the 3“%%‘(: I‘?ét”%?’ﬁﬁgssﬁ\ﬁﬁ B E"“’g %y rYB8 adaskefpusd dbeeeoixing fnterface

B oo L AP TN S Dot Fha T Ay Su b e Fout gl o5t him
S Sibdighi TN " : y Sui uting algori

may be used. Oher enb%&?nﬁ%@?kgf c%#%ﬁ%er system 300 may include nore 15

or fewer prB@&edsend2iiotPaB maydn amhuwitebie¥d idemioes. Fdn ovamplen/Gidguiced 120ACK20Bidy] Y,

the pambiedesctiBik & fabd EHREINilidoReoeRBtd) Sudd caPl Hard Y Fofd ) vkl eSS 324

betmeg&gﬁﬁgﬁg. Abit time nmay -be the riggﬁéﬁgﬁkPg%bﬁﬁgdg gépg?kfﬁém@?ﬁck

si gnal COBPHE YT TG RIS #ddelephony cprde Redemspaynd ceids landie veismaEnd

pack et datafacquisition ¢akdainich gs GPIBS A bid Bferfaftcld@ packets for maintai ni ng cache

coherency, @nd response packets 1 nrespondi ng to probes and commands. 20
Pr Oces T 2 e .' ® -:- ) H103) --v-'u—- vy .v.n- GO 1-._- : ~Hrve .
i nt er ‘2, 7o Al sa theyfdlowih eREEd intertble A Ad-M a¥a¥a a

L dagn-NR0e  EOPEL Se at | east one proceésor and ﬁay Opiiéhéily o
include a menory controller for communicating with a menory and other |ogic
as desired. Mre particularly, a processing node 312A 312D nay conpri se

processor 10. External interfacmpusrRidarPRicABRgirdes the interface 1ogic
318 within e s.well. as the menpry controller 316. 25 Menories 314A
314D may cg%%?V%@g%%?&fﬁﬁgﬁﬁygpﬁgﬁﬁ?va%@?%@@§ﬂ“?8ﬁ exanpl e, a menory 314A
314D may conprise one or nore RAMBUS DRAMs ( RDRAMs), synchronous DRAMs
(SDRAMs), static RAM etc. The address space of conputer system 300 is

di vi ded anong nenories 314A 314D. Each processing node-312A 312D may
include a nenory nmap used to determ ne which addresses are mapped to which
menori es 314A 314D, and hence to which processi ng node 312A 312D a nenory
.request for a particular address should be routed. In 30 one enbodi nent,
the coherency point for an address w thin conputer system 300 is the nenory
controller 316A 316D coupled to the nenory storing bytes corresponding to
the address. In other words, the nenory controlier 316A 316D is
responsi bl e for ensuring that each nmenory access to the corresponding
menory 314A 314D occurs in a cache coherent fashion. Menory controllers
316A 316D may conprise control circuitry for interfacing to nenories 314A
314D. Additionally, nenory controllers 316A 316D may include request queues
for queuing 35 nmenory requests. Generally, interface |ogic 318A 318L nmay
conprise a variety of buffers for. receiving packets fromthe 1ink and for
-buffering packets to be transmitted upon the fink. Conputer system 300 may
enpl oy any suitable flow control nechanismfor transmtting packets. For
exanpl e, in one enbodi nent, each interface logic 318 _stores a count of the
.nunber of each type of buffer within the receiver at the other end of the
link to which that 40 interface logic is connected. The interface |ogic
does not transmit a packet unless the receiving interface logic has 19
14-03-2002 -= a US0021756 2 0 APR 2004 TT3487-PCT a free buffer to store
t he packet. Asa receiving buffer is freed by routing a packet onward, the
receiving interface logic transmts 'a nessage to the sending interface
llogic.to indicate that the buffer has been freed. Such a nechani sm my be
referred to as a "coupon-based” system 1/0 devices 320A-320B nmay be any
suitable 1/0 devices. For exanple, UO devices 320A- 32013 may.
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"5 include network interface cards, video acceleratqrs, audio cards, ZHaARR 2504

14-08{8002i sk drives or drive controllers, SCSI ( genw@npager Syst ens _
I nterface) adapters and tel ephony cards, npdens, sound cards, and dUS8DREYS6
of data acquisition cards such as GPI'B or field ﬂug ARR &0iace cards. - AN
WUmuff r.;aumPC ntawfGea to W ad 10 Kati and | NDUSTRI AL APPLI CABI LI TY
This invention maybe applicable to processors and conputer systens. 20 -
AVENDED SHEET 2 0 APR 2004 714-03-2002 Repl acenment page US0021756 19 APR

2004 CLAIMS: |' . An n-way set associative cache conprising: a tag array
(70) coupl GMSH ve an index of an address and a way sel ection,
wher ei n sai ray (70) conprises a plurality of ways, and wherein said

tag array (70) is configured to output a first full tag froma first way
identified by said way sel ection; and a control circuit (78) coupled to

said tag arkay (Apwayhet sisocistdietbasRo\d; n’singj;rcmt (78) is configured to
;g

generate a search way sel ection identi search way 10 of said-
plurality .of M%Q@i%@hdmmimdﬂﬁmﬁﬂanQﬁd@éﬂMwﬁ s@edilohSt WAy

of saifl Wayterdd I 70) as,determ ned by a conparison 8f said
first full -tag gﬁg a?‘%géﬁjéﬁﬁép B Qﬁﬁfa?ﬂaandat’hcsﬁisbidagaﬁ}ay (70).

IPISu(r:gIanugg& i.:1(r§:toi I taé? excl %ﬁ%f%t@:ﬁé}ﬁ%%&% %ﬁ%ﬁﬁ%%é%a ful'l
tag stored I@OW‘@ai d tag array (70), and wherein each of said plurality
of partial taysaGRhisEERaRS of .gaid plurality of ways; and said
-.control circuit (78) 1s conggéu?oé’??%ﬁtogéﬂér%gé"@&i@ol_sememvaid saitsslt i on
~ further reFBHdEbistconfigired 30 goncrhiend sdadth Wiy 'ﬂi&&%w&sﬁ,'ﬁ‘: tehing-a
- corrggpondifg.q gg&#%n of said address, and erein-a # _ Wa¥g is .
subsequently re i Jy§ Tesmonsive torsaidagddress missingrinch figst SdyloPGEd €SS tO
" det erm ne phirality ifavdys ofisdid tagd f . 2. A cache as clained in
claim1, furthgr,conprisi ngaga _mJSI {@%ﬁ%W%%Wﬂ@f%MMn i nput
way pr edi e mmw ection, wherein said 25 nmul ti pl exor
" (80) is configusa ! t- bet ween said input way prediction and said
sear ch -Wazﬁ(siel ecgﬁgj araljd'(?@ i Bﬁ%ﬁ%ﬁ%é@mmﬁdlmiMI)ﬁ sai d
tag array phicality pattial tigs excluding QP ' bots 7@%1 s gaupled to
pr oyisde abfgi?%on Cngrol- to sard %ﬂ?%%é%??@ﬁ ’Hd‘g'@tg%ﬁtprﬁur ed to
cause a sel ection 6P ’MWhOfsa{dplm‘aﬁtyofparﬁaltagscom%pondsto o
o one of said plurality of ways; and - ,
N said control cn‘cmt (78) is configured to generate said search way sélecﬁon
_ ﬁnthet responsive to aﬁrstparﬁaltagﬁomsaidswrchwaymatchingacorresponding :
20 .WMnof@dwm,andwherehlasecondﬁzntagisalbmenﬂyrcadﬁomsaid
: mhwayandconlpared;osaidaadmstodetéxmmeifthemisahitinsaids@mh
way. .

. 2 A cache as claimed in claim 1, further comprising a multiplexor (80) coupled
~ to receive an input way prediction and said search way selecﬁon; wherein said
multiplexor (30) is configured to select between said input way prediction and said
search way selection and is coupled to provide said way selection to said tag array
(?f)), and wherein said control circuit (78) is coupled to provide a selection control to
said multiplexor (80) and is configured to cause a selection of said input way
prediction responsive to said contro] circuit (78) not generating said search way
selection, and wherein said control circuit (78) is configured to cause a selection of
said search way selection responsive to generating said search way selection.

25
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prediction responsive to said control circuit 78? not generating s?
1@%:2002/\/@ 30-sel ection, and wherein said cont néplacémentigage 78) i s 0 APR 2004
configured to cause a sel ection of said search way sel ection respoH§9981?%6
generati.ng said search way sel ection. 21 AVENDED! SH&RR 2084 03- 2002
Repl acenent page USOOAPR 2004 2 756 19 APR 2004 A cache as clained in
claiml or claim2, wherein, if said address m sses said search way, said
. control circuit .(78) is confi gured to generate a second search way
. selection. responsive to a second partial tag fromsaid second search way
matching 5 said corresponding portion of said address. 4. A cache as-
clainmed in claiml, 2 or 3, wherein said-control CII’CUIt (78) is .

-configured.to ahvache & chised $h ¢hah lr&sﬂ%iszvﬁhé 4igo-1n
.said first wa and n,gne of said pluralit part tags mat ching Said
correspondﬁ?@‘)‘/’B niral eircuito(74) ee&gﬁdtogemmma secome] séamgitway any .
one of cl ais@ﬁcﬂn &Sﬁz e i.d c Ci rc S confl ured to
assert a mss SiIgna resgtrS é;;%%flopastg?qd{ 5‘2‘?@ t way ,

sear cii ng eaidivontspoadilg portiod dfisidHddnay,s for Whl ch a correspond| ng part| al
15 tag nmatches said corresponding portion of said address, and missing in -

said.each of said pI urality of ways. 6. A processor conprising; a line

~ predictor @l2) gopfd ﬁmﬁ%} e.,a predi ctiQon responsiye, to.a 20
fetch addrgss a%n a cache %‘ 2‘§g’cll’ai'zn‘é"y3 ?ﬂ’fg | e (78) & 5
coupl ed toconﬁ@retbtosasd't a\ulys ﬁgﬂlreépoﬂﬁv@ﬁﬁsﬁ&hﬂdé@ﬁﬁsﬁg a4 first:

processor as cl algr}e IE cl ai m 6 wherein, responsive _to detecting hit in

25 sai d sef¥h atip @gsmmmgaawcmpmcﬁnglportmmﬁmdgured
to-prgvi deadifjessupdat ed way prediction.to said |ine predictor (12). 8. A :

met hod conprising: reading a plurality of partial tags froman n -way set,
.‘associ ati ve cache (14) and 30 a first full tag froma predicted way of the

cache (14)crespgnsive an dr ess AVMENDED SHEET Re IaceTrent age 2 0O
APR 2004 4= (;3‘9‘ %MWWA?E&W&M&M ur ality
of partial (mygsc@@hﬂﬂe@, ?%F&HW Egdrla% g s b’;E

determ nin whet her of not sal d address ts 1n sald predicte f sai d

cache (14) Pltlﬁbtytqfwayajﬁmddndsa coampmldmgcﬂmrﬁai'
secops Waym@fma?@ieg sﬁiﬁc&ﬂéﬂoﬂdﬁg"ﬁo&oﬁ'éfa{& ad 5 °£‘§de i3ing 3 Said each of
' said plurality of ways.

6. A processor comprising:
- a line predmtor (12) conﬁgured to provide a way prediction rasponswe to a
- 20 fotch address; and
a cache (14) as claimed in any one of claims 1 to 5 coupled to receive said
way prediction and said fetch address.

7. A prooessor as claimed in claim 6, wherein, responsive to deteoting a hit in
25 said second way or said additional ways, said cache (14) is configured to provide an
updated way prediction to said line predictor (12).

8. A method comprising:
reading a plurality of partial tags from an n-way set associative cache (14) and
30 a first full tag from a predicted way of the cache (14) responsive to an address,
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determ ning said address does not hit in said pred| cted way of sai %ﬁz
14(89poopai d second way different fromsaid predeptacementpagend a fi rl%g UU’*
partial tag of said plurality of partial tags corresponding to sai

way matching a corresponding portion of said addfids@&PRw8kei n, said
searching includes reading a second fli tag fromsaid 10 second way and
conparing said second full tag to said address. 9. A nethod as clained in
claim8, further conprising: determ ning whether or not said address hits
in said second way; and searching a third way of said oche (14) fora bit in

~response to al.d dcit er ni ni ng sai d address does not bit in said second
way of sai d @é‘lzgw partiabipgsiexcludes at ledst one tog bt inchded iedl Way

and sai d segp sway and a second partial tag of said plurality of partial
t ags correspon ng to said third way matching said correspondl ng portion

of said address. demmilﬂlg Avhotheh Off 18% saldPhddieks! KitsCinddai ?Lc?ﬁfgt | d;rt her
ete n| ng

“conprising; gen ng a mss nal responsive to sa ai d
address do ‘Eomﬁﬁf%isﬁd@lz@g@é@idwd&emdndlone of sai d plurality of

partia§ tags mats&t}b a o] PO of,.sqi d address; and.
geherating a niss %%1 respg‘%&f&gsﬁg 5 @éﬁn TrPrhih g0 Je5Panse 49 3l does
not hit i deabilingrsaill addeessvdves 2d¢ hitGh Rt mediciad ?fgﬁfc&ﬁér(?lﬂ ;geach
way for vvhlchgg c%&esodln artjal tag of said plurality of parti al
tags mat ch&¥08g; ?@E‘p& %@P apd jadfirsidpartisldag o8 ARy SHEET
e of partial tags corresponding to said secondwaymatchingacorrespondingpdrﬁon'of '
- said address, wherein said searching includes reading a second full tag ﬁom said
10 smndwayandwmparmgwdseoondﬁ:ﬂtagtosaxdaddms.

-.-

9. Amethodasclaimedhclaﬁns,ﬁxﬁheréompﬁsing: |
deteuniningwhethcrornots'aidaddtwshitsinsaidsecondway;and '
y smhmgathxrdwayofsaxdcache(M)forahxtmresponsetosaxd
15 dctmmmgsmdaddwssdmnothtmsmdwcondwayofmdmche(l@ said third
' waydlﬁ'ercntﬁ-omsaxdptedxctedwaymdsaxdsecondwayandaseoondparﬂaltagof
 said plurality of partial tags corresponding to said third way matching sa1d
corresponding portion of said address.

20 10. A method as claimed in claini § or claim 9, further comprising:

: . generating a miss signal responsive to said determining said address does not
hit in said predicted way and none of said plurality of partial tags matching said
corresponding portion of said address;and .

generating a miss signal responsive to said determining said address does not
25 hitinsaidptedictedwayandnotdetectingahitinsearchingeachwayforwhicha
corresponding partial tag of said plurality of partial tags matches said corresponding

portion of said address.
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AMENDED SHEET





