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IN\/EI\FI'IO\I Littiiiiiltbririiiiililiiili~1 2. Field of the Invention The

present inveéYRPUR¢¥%el ates to the field of conputer systens. RBFES99/00959
specifically, the present invelticenBiedalesucbohadifigof instruction

caching. 2. Background Information H storically, cached instructions are

stored and organized in an |nstruct| on cache in accordance with the

i nstructions' BeaKGCROURIALQ BNMNTEAN y, each cache lin
instructions that are |ocated spatl ally adjacent to each ot hemlﬂ@mm%ﬂm“‘ l“l
menory. This spatial approach to caching instructions has at

di sadvant age in t h&teldtoft tnei leatenyionequi res mul ti pl e cache |ines ttedye*
accessed whenever execution of a program necessitates branching out from
tlkte m ddle of a cache line or branching into the mddle of a cache line. In
US Patent 5,381,533, Pellbg PARSRI\ENYERtiON selatesctp Hie feldephaompatanpyeiants.t o
organi zi ng casphge dpeelfidiQly] aspidieht avartRierdiRsabaue it s¢ysasdc@sd ot her
di sadvant ages of, .t he spati al approach Under Pel eg and Wi ser's approach,
cached i nstruft50R8  are stored and organi zed in accordance with the

predi cted order of execution. Basic blocks of instructions that are
predicted to 9e segg&n%lj %I ldy}gée&%tng(;\ are organi zed into trace segnents and
stored in the“cach egnment per cache line. The successor
basi c bl ocks stored into a cache line to forma trace segnent are the
branch target basic blo i i) C |0 e e of
t he correspondi ng pr ede%lg%ggtr:albyafgtlaghgtﬁ] sugt%cgg Jxx'ecd’s@éred & %géglﬁ ZIEQ B m

ot her wi se thel@&@@@@wa@asn@%pmea‘wg Nt the ing quc-'tlﬁnsnﬁgwt@a\grebttﬂr@bm The

successive ba$5’§lcml CK&hV‘éafchbflu@ szafé@qnbsrnen@fﬁsema&tarre W&Qe&% WgRfii,al 'y by
way of thef|r$ ocatinpg the

Struc the first ba C
first instruct J&ﬁefﬂBth%ﬁjb t?‘ﬁfa“bénaelﬂ AR IS ?é}ls 3Bp tr‘?l;laftﬂf? tRatac F‘Eﬁ/l de
for trace segrrenm:tlbnsshyaaratﬂnﬂst opk elisabtmntagenos thadttygsisaliptredniizgs t o | ocat e
t he 2 ~ Jl 9 o st be
per f or med eacﬁmtllggrg3 3\1@9‘3 ?:@% %C%Zésléé T?/[—\QR?\%?; ‘%&ﬁ\ltlgg &ezhgr% ngH
exhaust ed. Asnecessitates brartrémlvgloe‘g e |T§Edrd ambreocasheHie at blreracshmgheto
di sadvant age gfe Rghd@ df 1tddnaGiAd the amount of instructions that can be
supplied to the execution units of a processor over a period of tine. This
limtation is especially undesirable for nodern processors with very high

instruction execution rii¥es.PAeM3 3811533, I@heéahﬂ WwhekF daycdldseldearenti tl ed

Har d S t f L Units i hedul ed I\/B. h
Py ocoad: ngs oRHtRaRs BT L BeF VLRI HIFRHCRIBEoUPERI R, Odpome fe o

M cr oar chi t ecakave, diowssed@nd @ber disadive8&geSard the egatialGpprdaake Pndeosed
storing and opga 'a%'dn?Jy?&QQ%%gr% H %%Eh@ci‘%rxé%’u&?b‘?ﬁ”&rb%‘?ox%tdoﬁ?l& o‘fghxt&edEaCh

cache entry (presumab Q conprise_an executign atom c
unit. An execitacsardans@iwityihe pur@dléf%%@qd%g f experiionf Basisrdodisot hat t he

processor caninsgaeBoAS t}@eﬂ dré‘ n‘ﬂ!dii%téﬂ f H8lsbquértlh, @R uB® are organized into
m cro-instructions e

t he 0 r to i'npl enent
macr o- i nst r uctRENEe ngrftﬁ an LFr'i fed B}eo E‘E UY¥eSr OXP)%?“H? SE8TIEt @escathen
atom c uni ts.lifdheThe shictevsdr basid blocks eiored e arcacte s td foma fpaee f et ch
buffer and m cr.0..0p Jenar ot oty dhere, AtepAL BaRl SRk SAARLLA0R: 1R
at the end of the corresponding predecessor basic blocks are predicted to be

taken; otherwise the successor basic blocks are the fall through basic blocks.
The successive basic blocks within a cache line are retrieved sequentially by

way of the first instruction of the first basic block, upon locating the first
instruction.

Because the Peleg and Weiser approach does not provide for
trace segments to span multiple cache lines, address matching to locate the
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and . the second is when there are no | onger enough enpty mcro-op slots in

the . . fil
Sutrers froned bEREdind BR DB pEREEAUNGLE MEleOhe A RBONSAPBEPSREEE o es
of al | owi ngitbaspekg Ilsnedmeyhanetesas&x& apyesel, ﬁ@rPake@nart,d Wedsartapproaeh has and

having to cachasatie Q%‘a@i@%ﬁtéﬂéépbéﬁfg RiniBnBBIHChd a@bw%f%trmﬁor{sat er is
especially deS| rabl e Ilé?éiéfg macr oi nstruction set includes conp

macr o- i nst r RALBRDE $ARP &he RKerUHIGralgHS b BFOGESHi 4E5-A0lpRI10 Ris, it

i s desirabl EirﬂeO Thiseliminewrappesgreinlfyotndesirable ArdnodeaNpZédResE8GhRE

i nstructions, 6C| ud| g c{ecoded n&}cro ops, that has the advantages of Peleg
et al., and"fBf StLYCtIon, GXeqHHPR G2 hei r di sadvantages. 2 Z 5 JUN
Z003 wo o00i a~so~ SUMVARY OF THE INVENTI ON PCT/ US991 00959 A cache menory is
constituted wth a da arra ntrol Io ata rra cludes a
nunber of data |ines, I\}gfhl ' ﬁe Eilr FB“?S%B& Eﬁfawaé‘f ﬁber of
trace segnehasgeomcpmsct tirgtsi mn@ymmlhell)d&tlaediuleet Maqimrllﬁﬁdi’ngcetedam sfegrent s
that span midi phiugRifolishes okaa}eﬁg%ge%ﬁﬁﬂ  afBWictS ACRiSQUPENt

i ncl udes one or nDre race S avi Hg one or nore basi‘c bl ocks
of i nstruct Ne¥s30 nilver- dadPs %é‘eD hanp&iropeserb yioagotd aeganizinge,

and the dat @aclhbaqas@hcaoﬂyweAelcnﬁohra%eu@%mntEm &Qh@%ﬁ%’ﬂnu a}Iy
nenoers olf a

associ at ed ) R tfj.eval of the.trace se
T T re (Riadunghl i eroe LSt cmerith A, PGB LRS- dARa | i ne
storing theetdcusiontataceicaegment simatiest godup e tiaceozedimenhe pancksthen

ly | h
sogment moriet SSBh b R ETRITUAR, ﬂ%fo gaeéaf?tr@*é%ﬁ%hu&ﬂogg‘éek@é!g%sr""°e
I n one enboby tenprotdssor s imgpdemens neacgoinstroctipss.ofA fillcwmit iingropesedons. I n
one embodi ”Pd?tbmﬁhhggt?\te' &l ngﬂ%g%%dﬁ URRISNtBHO 6 ﬁ.l?\fﬁﬁatgt}egébé thhne storing

the first trace seg a trace segnent ' 'ne storing
the first tWage-eRsgirem ar@ﬁb@ﬁdbbuéfef PREANEEGNRMIBENSTatoT al BeFeAreaddeasss

mat Chhggdantﬁfe@ﬁxtmddaﬁaeam:leﬁtthb hﬁnid}ﬁg;é@ﬂn%i%&w&tdfﬁ!d’&ﬁitn]?dt hl n
one enbodi nen e addre chin erfor sin e
Sdar ese_bi {¥oulth Pt fate niRg Taat 1 Mise 3 EXeagt BLiied 50Tre! MR #ed dat a
| i ne i ndeedtheasetandds tvakerd ithete dreace l@@mou@mmptpemtgomgbts inl thean N
ways of S sg{l%nep‘?&d B byt ?ﬁé’&b’]ﬂsﬂhc{ ace segment nenbers is further -

qualified wwth a criteria of ensuring e address matching subset of the
| ocation addresses nmaintained in association with the various ways of a

cont ol i nf or Tt i on Sbeionet | LB PEIEE RO hurey obSilad At
segnent Wi t‘lﬁ‘cradé“&raéa s‘fg%r‘fﬁ%?éy‘(ﬁé‘lt?g‘?st%t%&c‘c’e%% 2 EN ﬁbor\rynen? Rasic| ogi caI
manner is nislodk @bﬁ@d@m\l@@k@tﬁpﬂi Llﬁ&bbﬁd hEhenguccm:aE\aa dtabdelirigo@psa
mufti-line trace se netnt are ﬁ‘@alr?? resl¥ ﬁé{ gastb nfﬁ\art on th
partial sedUehfHfFO3BEGEf At o o SSREGPRAN: PBASHERAE & §dmafrr?‘one N
ways of S smssuehbnchemmlpd’esrcoa'q:dhx dad@otineruatioastthac decrtnivo 2 largay

i ndex |ndexI|\ ‘Prﬁ@‘f@y the set of the predecessor data line, as well
as a way in ex |n exing i o a way of 3 z ~ ~uN 2003 wo oo/ azsoz

PCT/ US99/ 00959 the set of the successor data line is maintained, when

appl i cable. Additi onahws iRiPaedeise b hade sehetveh tda@ﬁfllbﬁstlb?i @:mthe
successive data lLines of ,a nufti-line . trace scgae mai nt,ai I n one

enbodi ment O8RS Caghedi MAUTYGHRNS, dRGHIARE G TRICEOPr ﬁdbed to
termnate Ca%fwn afofl Pelep uetal paadaifevihraacd., srgmeithounttene data |ine, and
conti nue C?fi'h%%%ﬁﬁf the instructions of the trace segnent in another data
line. In o , a nunber of trace segnment term nating conditions
are al so enployed to term nate caching of instructions as one trace
segnent, and continue caching of instructions as a new trace segnent. In
one enbodi nent, the control logic includes two state
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machi nes o erating the cache nmenory in an execution node and a trac
segment buﬂ'IQj r’f‘oh‘g Each node includes a nunmber of operati né’cgf"ﬁ%%”ﬁ]'race
segnents are built under the trace segnent build node, and their nenbers

-are subsequetUMMAaRaf S2F dad FERNAYNinder the execution node. BRI EF

DESCRI PTI ON OF DRAW NGS The pr esent invention will be described by way of
exenpl ary enbodi nents, put not limtations, ustrated in the acconpanying
drawi ngs in which |ike /géf’%}i‘eeﬁ'lf’é’goﬂ'ef?o‘f@%it’rﬁefjawlé‘laeFrétﬁ’t%”a)éﬁ‘H |‘?9Wnéqch
Figure 1 is aodal:oqkneddagraarmy inclatieatimgmber af Hatarina yndahstcohtiodtbgiod

operated, in_accqrd odi nent of, t ent in i,on;
Figure 2 is QPSF%E%?%|sgcbrFaarﬁ‘Pm%L?§tcf'rmf?%e S‘?q{%e’hta R Pgtrﬁc e %‘fc‘?u%ta
i'nstructionsliaes, iowchadingedtace segreedsst ehadrspay, muktiplectatadimes. Wt h one
enbodi ment; Figures 3 - 5 illustrate the content of a tag entry, a data
line and a mcro-op, in accordance with one enmbodinent; Figures 6 - 7 are
two state diagrams il | dstare pmgotimentnerch tracepegrheriomciules ot OF apereat es

the cache megmry ’segﬂmé‘ﬁcrﬁEH%?@h% %eae &rmepé BRAE bl&latwfei%séuct@n@r e
pi peline diagrans lustratin nner in which cache re d

performed, iWiHteasarace %m%@e@#ﬁw%ﬂymg@ne dBtaddie @ataume@oos
PCT/ US99/ 00989 aFthWL-Qﬁ\ethace ddoraeRt Peipgl ste@ﬁxeﬂtxéﬂ?&@odlitleds(ldg?ltﬂ [t he
manner in 4 ch on%k?natlonvvltham rocode segu e

accor dance ‘f‘?g %fr ﬁrﬂ%feg’ﬁf?ﬁﬁf’ee”fgefs Ol ﬁ‘bg f&csgfﬁmem is "
illustrati ngatdm&npﬁs&ﬁm:t byrfm&hilmﬁatmgoum dhatiai lme stotingathadibt trase selgrhemm

pOI nt er ( ! P) IﬂgéF&g%e ?[Ian%l é ent %Hgdtﬁen SGF?ECSg[:U ﬁ?&c%tl tt@\ mamm

enbodi nent ; gure iagram’i e manner
whi ch fet chi dgtaokines etcmrcg)sh& serpetrﬁogrfme sagnsmtdna@heés baged omghe data

embodi ment ;- Kihgatriggléhiise aeﬂelgﬁggs@aam&er a[R bhé BRI FRARIOhS
whi ch cache writes are gr formed, in accordance with one enbodiment; Figure :

15 is a bl ocRredFra@FOaﬁPPIq USERFER mﬁér%ﬁswrtsau mai nt enance is perforrred when
a trace segnent is overwittencl obbered, in accordance with one enbodi nent;

and Figure 16 is a bl ogk o‘%'\'eagxkﬁ‘g‘dir'n'er‘{?:tar BaBIn AR Sha R InRY for each

data line storing the first trace segment member of a trace segment. The

data line storing the first trace segment member of a trace segment is located -
by address matching an access address against the location addresses

maintained. In one embodiment, the address matching is performed using

a subset of the address bits, and a matching data line is validated as to

whether the data line indeed contains the first trace segment member being
sought. In an N ways of S sets embodiment, storing of trace segment

members is further qualified with a criteria of ensuring the address

matching subset of the location addresses maintained in association with

the various ways of a data line set, if any, is unique.

In one embodiment, at least partial control information
sequentially associating each data line of a trace segment with its
predecessor as well its successor data line in a logical manner is maintained,
where applicable. The successive data lines of a multi-line trace segment
are located, relying at least in part on the partial sequential association
control information maintained. In one N ways of S sets embodiment, for
each data line of a trace segment, a way index indexing into a way of the set
of the predecessor data line, as well as a way index indexing into a way of
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enbodi ment .WBEYAFED DESCRI PTION OF THE | NVENTI ON I n the folAGHF$Rg/00959 ‘
description, vari ous aspects of the present invention will| be described.
However, it wiltel ssseoldpparerasseb datpline dkmain@ined, vremppptifghiet he present

i nvention rrayAaetﬂ%ﬁ&my cde?rauéterramd §arfetaaron@ht BSRALIS tHY sidiesAUe R
| anati on, eci fi C nunmbers, materials and

i nventi on. ur poses, 0

confi gurati o(r]tén%‘r §e‘t“111%r1’tIW TACHPRENeRb! %W taies t hor ough under st andi ng

of the present invention. However, it will also be apparent to one skilled

in the art that the pregent |nv$n on may be $raf:tigaeg wi.t hout the specific
P Bried

details. In other instatt88¢ SR B 2GR RF EERIGIRg nplified
in order not ct(mcb'hsnslraeetehqalpyedeottermme icachingRef enstiragtiomsnof a thagure 1 a

k di | f
ot esent | nvemeBi RS rERbE Nt BrE AR BERhyE alilRg NS TRHEUPRE o Br e on
i nvention conpateseg@anhimenaiher fdatndineoniny et mgpduzsnt coupirdrtaf teacsh
other as showpofof tebelhttt %Eﬁﬁﬁﬂ%mdélg@@tnp@g@épqOrf@ﬂgfr%'aft%%gr:lqirntghﬁ

conprises tag rra% , iate extractor Q

coupl ed to o AERITICHORS 28 PTe TR o SATBIB, RGnEIAine GCEiithob IBRTSHIR 259 wo
00~. ~~S0~ 2 &exuwrg&ogeg?gmusggl 00959 - As in conventional cache nenories,
data array 14 conprises a plurality of data lines, and tag array 12
conprises a plurality of tag entries corresponding to the data |ines.

Toget her, the tag ent rihsoamdmﬂrmdmwmeﬁmocrwitrcg ldgicaincludes fvos statache | i nes
of cache nemp Q. | e co 0 ontrol

| ogic 26 oper Cﬁln@ﬁ%\egggﬁ tHQ to Ceg?éﬁryl n%?r ‘?ﬁébﬁ‘sﬁﬁg) ’fe‘ )

or gani zi ng ttsegmttdwulqhsmcvct&:t'ﬁ@ds nyyde inebedesegrantber of. qpera&lg |staibmd| ng
trace SegnentﬁraEQ%E ﬁ%@s H}Qt‘ﬁ%ﬂ Gnﬁ f ehd H98Sse tBuﬁ& g'%q thdif! udes

one or nore trac gmen ers O one or basi ¢

i nstructi ons,M&M féééh spbgapendlynioN @teﬁﬁm%fefe@&%wwrdhé eXgEutiPn FBOdgnd
the data lines of a nmufti-line trace segrrent bei ng sequentially associ ated
(logically). ' menbers of a nmufti-line trace

segnent is a by-—~tt1-S z he data line storing the first
trace segnment nenber of the multiline trace segnment, and then succe55| vel y
| ocating the remaining fo

menbers based the data fﬁé@r&éeﬂ??n Hnﬂgﬁﬂeﬁtg |daF£§%é§o§?av% %?e?

descri bed noreenbedinpentsi by nomlmnen@mo Hatsated iThehe mqommnsdng are

decoded mi cr o+ARANRE IABGRRN 78S Fefekées deFBRS Sintiki élefhénms thes & twiich! al so
appreci ate that by tra;le cachi ng |nstruct|on or decoded mcro-ops in this

manner, i.e, allowing a'GH&ed iSadHERY HIBTaFaUATRINGIRCHACIEMIEY, t he
anount of |n$bhl9nmteﬂsaﬁchaperated caacded suephith bricoenbe décentibf ene uni t s of
a processor eL?._:tn)teH%x%txé than the rate that can be sustained by the prior
art approach JESENT % by virtue of allow ng nufti-data |ine trace
caching, the size of th%gpr@@rlam blospgliagram Widstrasingatheomarinealin ywhichol | ed
wi il be | argehcned hAGHUAN £kl dPEaAlIRGnRE HELHrRY! ida a;ateaheé With BRES Orm
| oop unrolling optimzation xi'mze" exploitation o rocessor

per f or mance. embadimentit | the generated code of prograns will be nore

conpact, which in turn Mfghtesl $ag {[|asHREhHY SRAAE ofRtdapRAFHGldAA Rl s ti me
savings. Figure. 2 illustrat ea?trace segnent, 28 of the present invention in

further detai® MifiP-PRelULBFCELRNGE Wi QRBAPIRANMENmy 256 sets embodi ment of
data array 14 storing iFig txfescetl-orwretthatstafeedtd mﬂetﬂumtcattm@ﬂse afanner in

h h | | ed
The art w Fft“'aféﬁf\e%qrit@dl?ﬁ% SRFRET zéghéﬁ'r?%ré Bl de e R HAN Gl ' s

ot her non- seenassdonang organi zations nmay be enployed to practlce t he
present invention. Mor h ;; ' i .any
ki nd. Furthernore, foreiﬂ §%53¥ giﬁ? E??%%Bﬂ&%gﬁ¥“?§fh??gggﬁééﬁggﬂ?JHgnber
of a trace seymshtcaghe reads atgnpadfosmad, BorecosbnROTithSY 6 imient; be
referred to as a trace segnent head, with the |ast trace segnment nenber of
a trace segnent referred to as a trace segnent tail, and the internediate
trace segnent menbers referred to as trace segnent bodies. In the
degenerate case of a two-nenber trace segnent, the second trace segnent
menber is a trace segnment body as well as a trace segnent tail, and in the
degenerate case of a single nenber tracé segnent, the singular trace
segnent nenber is a trace segnment head, a trace segnent body, as well as a
trace segnent tail at the sane tine. For the illustrated enbodi nent, a

| ocation address is maintained for each data line storing the first trace
segnent nenber of a trace segnent. The data line storing the first trace
segnent nenber of a trace segnent IS Iocated by address natchlng an access

o o, o o, o o
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successor ine is maintained. Additionally, a predet er

5 JUN 2003 wo oo~ a230~ CT/ US]E;) £9 9 - rlel at.i onshi p,,b % hhe successi ve
‘data lines of a nufti- ‘érets BHBIREINS FEBFAIEP ﬁ‘éﬁsff 18 ttHe TR Hat ed
enbodi ment , awhmhtebrdbxfnadahawhuhrmntxerdnodatsquenmdstmmﬁs insacptayed to
termnate cach1 Ih‘ %hr%%kltons of a trace segnent in one data |line, and
conti nue cachl FAStructions of V" the trace segment in anot her
data line. Furt her nDreFlaumM)eﬂr agfipeling diagsgmeliusttitigniitd ngreendnt i ons
are al so enplhoyed &84 EROAMAICATRKD thebfuctioh SO IE! (1) 3RS AR LidBRry _
segment, and contjnue caching of jnstructions as a ne race segnent. -

the ill ustrai®sastdtniuipgeerdancaavighone smeodignertnat | ng conditions incl ude

+he encountering of a 'regml%ls H%ﬁp@hﬂé‘&larglﬂé?ﬁﬂ QRistHdinIREOARBINRLR 2

"l arge" nunber o{i ﬁro 0 Only redet er,m ned nynber of m cro-ops of
 he encount eM3dCRJats 6‘?‘6“? ﬂE’Fr‘% ergHmE el s RETRHANEE PHEN OB€r ent  dat a
| i ne, and thenmbedignafs of the next nacr o- |nstruct| on will be cached in a

new data |line. What consti tu#{1 " olenlﬁeg macrno ns &r ucg\ on is apRI i cation
dependent. It will be apptiéc ﬂ%? 0 ggg Vgt CaFPITRAE  he
present i nvenrthioh caelye beites ace ipeefdrmiedh 1m@n@3rdnna&lv1demﬂe&inbodrmeops of a
macro-i nstruction bei ng: : i ta

|l ine term nating condi ?l%nshﬁrt‘ﬁggocﬂ@l g%ﬁeﬂﬁﬂh%ﬁgg %gglt%ﬁ%?mttgﬁa&ae

M cro-op aft & parfprragadt whenrferace SeEMEN disorvarusi tenel gbbezmdbhe apecrlance

M Cro-ops pekyitk 3 éﬁgg@ﬁﬁeh@%n@een reached. The branch micro-op wll be
cached in a new data |ine. oneéieoggégl ment, the predetern ned threshold

is two. However, it i FiEise Brée 2ggm HYSLrating £ CaMRRIEREYEEm t he
present i nveaﬁit@hlerfay phectidiagtthe gteydritlinoentidr, hauiccardieaehetioned

t hr eshol ds for maacl rgrj{gl al | owabl e branch instructions or branch m cro-ops
per trace Hb‘?ﬂ if one is enployed, the threshold may be | ess than
or greater than tvvo For the illustrated enbodi ment, the data |line

termnating WA&iE@@éﬂﬁﬁﬁr@w@pj@ﬁgWW@ Njon of not having enough
room for all e 0- OpS O "NEeW nacr o-I nstruction. The m cro-ops of
the "new' macro-instruction will be cached in a new data |ine instead. In

other words, for the il usd FdliadirghBedtipenh, vatibusiaepectarst ok esent

macr o- i nst ructl on. are ch sane d wever ‘ 3
appr eci at ed HY&Hio WQE%FIC&&C’ng‘EV\E—‘%%e%erZ ﬂl %efﬁﬁaf%t%@ﬁsﬁl% ‘%)6’959
in the art, thaanrthaetﬁe prasent irorentiyn ﬂneymaaptactteeld writh amilgrsonoper all a
macro-instru he n t I e trated
enbodi nent , g#ecésaﬁpﬁ} &res %gﬁn{\ﬁea 2t %g }gdgﬁpl tl %ﬁgslo Pﬁ%at%)ﬁérsh%&%

condi tion of nﬂmherbuﬁaw@@@n g eronifigairatipns, aﬂ%oiﬁé\f@fth lmtomqruouercafpée@m at ed

by those ski mcﬁ'@utﬁvﬂ &rh?eréltrahdlﬁ %fﬂh@%‘?@sten't nx\{@émhm mwbeexpna%ucﬁgometh a
data line takin ltip froma, fill buffer, For.the | ustrat ed

enbodi ment RRBATEIh (R °§‘§g°11félhﬁ {rofhg ﬁ&tthﬁbt%nﬁﬁst%ﬁévqrmma@yt he practiced
encount er i nngfhoEm thadpedeic ctataxﬂu:hlrrraﬂre@una*ahu@, lwnem kabwah €altliresOsrea

w th adai 11 oRaeed andimg PERCRpp BT SahaEh Bd et oMW 1 Qitch

trace segnent having nore than one indirect branch macr o-i nstruction,

call, and/or a call relt{gife?rmg‘?{ovw étlu!ésf F%g QHrHﬂIstratt@ fo@a branch

segnent term nati ng con f ur I Nc ncount erli

ni spredi ct i oBmbodimhertef Hie C@@wemq;y %frfherﬁ@lsfnmtpmvm'@p\t jsothowr A
i11ustrated grRYGHAE Haché MRethbpf Q0TIARE Prededit ThiSk fi\d a1 @8 Jrué)tfher

|nclude the encountéring of a " run trac
14 and control ?oglc 26, cou;?l%d to each %ther a5 shown. For the illustrated

embodiment, cache memory 10 further comprises tag array 12, immediate

extractor 18, and fill buffers 20, coupled to each other and to the above

enumerated elements as shown.



'segrrent ha gsopunber of micro-ops that exceeds a predeter 9 dul 2(][]3
al | owabl e twrd]a@e segnent Iength in terms of nunber of m cro g@ﬂjgg?j%%?ace
segnment. In one enbod|K§ tQ,engredFCEl m need ma}xsl rpa £ ets. Howeve

as will be appreciat ed By tP0%E TS REmpRes S pETIESyeﬁ PHRIASSGh rray
be practi cedpimnrtahtyoof di tahlonets, anqirtegietraynihedm}maemrpluamldtyi of tageeritses

enpl oyed, th e r 64 sets.

Figure 3 ill g% tes | #’ %br{a gﬁte%u ISI% ﬁeﬁ%aﬁt%éégarééﬁggs ar{{lg& entry in tag
array 12 in a@cmmeg\dattm lmﬁe fprrasesheilinasmi eishe poemong 10 [ deweseed

enbodi ment, ﬁgk@e&we&@o&arwché%emane%ﬁ coRgatlogiRbdPbpesdfled TalHe fOr

denoti ng V\/net er the corrcz’Le ond mg data [ine is a trace segment ead and/ or
a trace segnBW¥Maryilo tq cacheinplErchpRS inydataarrayi e OFBRRZEND SR FRFNESt a | i ne

ks a trace Sﬁ@ﬁﬁ@hoh@ %rtrzidce Q‘gh'ie:’&'sté apg, getudink &r&ﬁée%&ﬁém@ltﬂﬂt S i ne

is also a trac body, e trace se ad and tail,
e the i ROBEERYuee. Fasharer éemeta%glea%@&eﬂamqs? FaEg SepEnt
illustrated fhemb2rd ol dNeZi0OBone basicarisoks BETRIHSEIAIABIwath eaﬁfbadteent t ag

entry 30 further o ri,ses S iR I| r add in the
event that tH&CDHr Sbbeél géit ﬂ(‘ ealtgs%alet%‘ga)‘(c:lethge&la 1 %e & "’15?? 32
(Valid) for tecmoidgmyemnatingseqiiestiaidy as@qyaﬂeddlogioally heReﬂriayst oatfmjtrace
enbodi nment , r N?ﬁg ts 42
(Prev Way) fo%g? am#@%ﬁwfgg‘a&ﬁ?{ﬂg h?%’frsip% Pfl%é %me)mg}a?g?!e
successor r'@ée“%@éhﬁﬁitat%ﬂﬁérmf%rtee§Hé€:fﬂ‘a|cééle8§i‘ent§|r’f\§”@@f gdhamugleci fy

the "way" | oggd t&@e%@gﬁﬁﬁtsm%&%u@&@sw B e6@IRQ tHtatdn hinik %daﬁp'hn%?e
illustrated enhodi

ntry 30 does no ny bit notlng
Lhe set | dertPRRGANEAREFoRE: HES a%eeeebmeaﬂﬁerﬁ%&sa 58 atadines] fagel or
the illust raieqdeﬁﬁbbﬁksﬂiemhonb (L) BetdesdeMcﬂ frmmaetﬁw ipdlothe Iaumeessor and
pr edecessor in e i Q
respectivel y‘g| V\ﬁ ’%S (gt 'ﬁ%r%e%@?%(%ﬁ | ca | %ér(?%gﬁegrcﬁ‘rar&eroﬁfn%é Cgiqqsne,
and S i s nunber of sets of data array 14 In an alternate enbodi nent,

addi tional bits may bergigl d;.%rﬁ&dmtﬁ@@pemtau% sgﬁre'cgﬁgtﬂ'\&' ti,ems of the

successor and Rredecessor lines; i.n other word cessor and
pr edecessor ‘H’a 0 Inssuckigns s Jesoseddmiigrospps e thisppanpak iig. R{lepHAS ed

enbodi nent , ¥ni3f {pHrt RAlltiptiaats tigeb) e ABoGut BY inbirh&icya (H! P),

and bit 56 (uIPva for identifyi t he next |nst uction:
poi nter (ul PEN RggH d&?d E%Egeoexeﬁéltt’lpﬁ‘c‘t‘?8¥ o?gclr%r(%cessor W’ﬂ]@f’ ??f&?f E)h‘ht er
(NLIP), and whetHae canlbR sistaiakd dy tblePpiisr attsappreadhes Eumrthannyrepbynt er into

d- onl
macro.; not s urieof AfMnd Bul] lﬁpﬁstfaﬁe%‘ﬁcﬁﬂé"@glz@dof“t%f‘%m the
fact that |H§PP%&Q4toW11béémUﬁ@maﬁCFlﬁE wphed peibibadarger aeffesivalias t er ni nat ed

as a result QfmtRErGNARURERT f&f a &ceRpéeto PREfRIN P eir8Ningd BpAREzatio
enbodi nment , NLTP |1§%n ntgoiled for, a trace@%e ment tlgl onI1 é ?n anall :

alternate enfBodiHeAtiZe NEKRIOHRINR of BIESS T oPeHOITPaRES séj‘n%ﬁ%/ syedheand a
trace segmentenadyd dedleve|progsamstwillbe segretimpadt, whishrihaum rglldeadl| P

wi th each trace se nta e .of not having to calculate
it in real tPrfBemlogytslﬁ’@C%\?gathFucgoﬂg%gcgh Sgﬁesa ng the trace

segnent nenbers, e.g. when the renaining trace segnent is

overw i t tencl obber ed (9 be2SHBL LRSI echibhyabB b poERRR kot EOR ™Y 19

constructed when the co

speci fi cal | yin fiigther Wetehbndﬁmﬁntw Qfa?éh@xﬁfmﬁbarfy Hoy/ay gifswtatee@chhmrg 1,

each tag entdf)ﬁaltéaa%?wﬁehﬁ inBtrlichibndwhdtedre c?ézod@elmerbhﬁasc?&rrhﬁ@ﬂpndl ng
data Line is constru

t er in whic achta 5 JUN
2003 WD 00/ 4DSECtEs: Lge“@fo@@lga SELINEPRS £? &l O‘é{nélh‘?%e%ﬂbﬁééndheta%se
fields will vbg] &ﬁﬁ@&ia@@ﬁth@tﬁ@f sizdebakkt hsooiate Ehghiy, @s weldiag ofhdd horsbeat e
in further detail one enbodi ment

t
shown, for tAeOGI3E RIERRIZAHOBREBAY ??Enetmpeoé’ceﬁia %ngqticge %ﬁr@gm)tr%gghgpx
m cro-ops ( MPsove4. tHéambtma?oﬁsﬂf na@ypei ine s uetibn5 & (ar@Pkired i durdennidrag

whet h h d
code) deno ibethe oBin Rttt (St Pkt SgERen SRrbReF B elelie BB o

the uOP code respectively. For the illustrated enbodi nent, each uOP 54
further conprises bits 60 (delta IP) denoting the delta i ncrement for the
macro-instruction's instruction pointe, bit 62 (delta IP valid) denoting
whet her delta I P denoted by bits 60 is valid or not, bits 64 (Br Tgt)
specifying a branch target address if the uOP is a branch m cro-op, and
bits 68 (FOP code) denoting a floating point opcode if the uOP is a
floating point operation. For the illustrated enbodinent, this information
is provided by a macro-instruction decoder. The purpose and usage of these



-and \'/i ce versa. It should also be noted that the specific nunber of2b5| t‘gy 2003
used for eachod42802d can be sel ected according to vari ous desiQIMUS9I9/00959

consi derations, and that the nunbers specified herein are for ease of

‘under st andi ngvilhiee pefesmenit toi asva htdce segRedng heiadg widwthmiakt tracdsegmentl, as

descri bed ear] | i i RN [ i ncl udes

i medi at e extf?%@%’%f B% tté%% éﬁérﬁq&&rj ?%?gggg.%ql e ?ggéﬁg@t@ggggﬁ t%\g is used

to extract aibhreameldiaterigete $agmeent inesbarstreterrgmbitmeetracBseggent dodiasoning

uoP 54 for a by al dE e SR GWlAteAb & trg4 LedinC @t | anch

addr esses, aépt hgggxa%%m I'S (?eaﬁ out eg?oegata array 14, %%@h&ﬁ??‘%\ t he

1Li near i nst SEgEEBhIHINAERIS 7 [TAre 3888 DOy as wel et traceaspgraeny iad, rrdt he

cor r espondi ngnttﬁeg_d%géﬁé’ra:@@):aééoﬁh Shgleuhehble? tAlRGBHAME T HRAGABSRIr trace
cal cul ation circui f nch addressSes. Besi de head LA

t8¥ ﬁr cal cul ati nl%gbr ,
NLI P 50 is r688@ENt BIUNARKY & HECF Ges ﬁtgﬁ?ﬂ't%rtra(%lséﬁ’inﬁﬂf BAdki actretlas & or
cal cul ati ng &mem@gmém&hnmtthemam& fies., whose input includes the output
of the branch addreéss calculation circuitry. Mcroop instruction pointer
(ulP) 48 and M5 Ptr 56 areis routed to a m crocode sequences for fetching
the remai ni ng uOPs of &ocdhplidxstratadoeinbodiment,om locktion Ridreddid 2003 WO
00/ 42502 PCT/ : bt d re. sel [ OPs
out put by dafiary a0 13 20h Ba IR BHAE i SF LBEk L Dan Rl AL B
buf fers 20 atecasegmentplineddaiy imsiwaing thendsstarasesegmeniaamdesof 2

execution di rtxea%is@gmléﬂfc@sf l%chié%b’b?raﬁdtrés%r}%ﬁ&'hﬁﬁ ahQckéd Rdesdad mindi@y 12
and 14, as the dat %%ndth of t'he'dacﬁ,a% fronm a megary to a decoder, and
therefore fréPRatvg aedradess MRipfainedy frgtRerspore;, dhe aarress MAKRIREE size of
a fla_t aI i Be% TpE@frortrh:a hidihp st sueised of the di dees, bitd, lahdbuffaedtng Qatatinede

mul tiple buffe

. o faciliitate gonstructing,multiple data.lines at the sane
(e CE T b aelstnt B Hethes R Sl Bbs Macht bnlelr et tirshdface featnane |
as the decodeterubBsbeingt saqygghtst Adddiomtlly, tsherithg@fertaei segnent tragmberais 12,
and correspondi L nesy af 4.1 ' I | @gi
26, i addl ¢ rakngs AALACY IPRDLCARYR B SNy T RERL B cn B e
oper ati on of the lgcabignfagddresses maifried inagsoriztiony stiththe vadoraAYRMS ¢ha
whi ch controldatPHhE 586 ipﬁ)ﬁ)ﬂ,éi&&i:hit;h@. enbodi ment of cache nmenory 10
illustrated in Fig. 1. Control |logic 26 operates cache nenory 10 basically
in one of two conpl enentary nodes, an execution node, which is illustrated -
in Fig. 6, and a traceLsegneihé¢rmate lechbdimme, ovhdrctiradessdgrherst mehelskrs ar&i g.
7. In one enbpdi nent., . the. r usi ve of one
anot her, WheIagsgsa@l%ﬂag%eo%]ﬁéﬁh"‘%\%@%ﬁ’éﬁ??&% %h%&?ﬁﬁ@@ﬁegi&gﬁgﬁ%ar bitration
circuitry foemdealimentcsisinesematching isoparéomrhedrarsicg ¢ll mddeessnaiys.oper at e
concurrently. In one enbodi nent, the two conpl enentary nodes are controlled
by two correspondi ng state naghi nes, an execution nmpde state nmachine and a
trace segment buil di ngFRPdRe dtlupbatrek gmpodizyendopreida! qandrqlrindéemnatioanent i on
may be pract seqebndally aBodating @sh ddtatihesohinges trabx eggtheanboddder shidt e
machi ne oper at.gs..in ane %fs SQYEn is%a%eslo i.dlle statéa.s78, .t}eadec{o kug 3t ate
80, body | ool e arEaesset fAtLii dngylogitl manfer ibmnimatied veyledve g6,
body ni ss st pagid&onar infaroeathen lseqsemtially@ssotsatigeach dreclineg stonngle
state machin S e: : : L,on by
an executi on?r&r%%? é%{?legthﬁﬁg‘g?ﬁwmf}p}%g}lgﬁgﬁr gg%?ﬁ??%‘ngqglggﬁ ?@%‘egode
state nmachi nis alsamstinitainedf rbhe pureessivatdatadines gleadnylsivling teacatsegs®nihen

cont rol | 0gi g:2fchted, HeRAAE ?%dr%nec%%%riti‘aﬂsé%éntﬁl R A& On REARSP

m spredi ction condition, oOr, et ects "e] t her fet%hfro,mLIPpr It
detects an eHHopRatippdBakdyined: Marespesiiigatlyofpr qach datading pjoyingsa Yyace
001 42502 PCTAASAGKOOEEP oW hdil & wayhieddx indkuipgsings @ W&y obtecsttiginhende state
machi ne causes traceq?zegig%nt head to ,be |,a0ked u%{“F l.add ess ma}tchl ng a
next |P, prolfeigetiPridfda HEgts TR IURInGaf e fOE fALH %//,m%a THE 2t Cnenor y
addLesses F?kdgraémelcba‘dmr bbéyta acey Belpxen tiehmgjmtolﬁmqabfmemdﬁthgate )
machi ne w C et t,r.ac 0 . S t ed with a
At S L8 MERTaed SRHRBRORESE PHUE R

"new' next I]s-’,J

anch m'spre Ion ¢ ected by an
execution unit, prior to the conpletion of the current |ookup., If the head
| ookup process proceeds to the end, the process will result in either a
cache hit or cache mss. If the head | ookup process results in a cache hit,
and the trace segnent head is not al soya trace segnent tail, and the trace

segnent head data line did not end wwth a conpl ex macro-instruction,
execution node state machi ne causes the mcro-ops of the trace segnent head
to be output to the execution units, and transitions to body | ookup state
82. If the head | ookup process results in a cache hit, the trace segnent
head is also a trace segnent tail, and the trace segnent head/tail data

Y ..
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-While in body | ook up state 82, execution node state nmachi ne causes the
next traceWsbtid¥2 body to be | ooked up. For the ill ustrat eBCEHBIPORENt , as
described earlier, the next trace segnent body is located in the data line
‘of set X + 1relstohshi® batwesn thid sueseedveylanekineay abinudti-4ideotfraccheegruenent
tag entry, w X he current set, Sis the nunber of sets of data
array 14, a\rqlgge%/{%létdtlﬁghi' ndexed way. In an alternate enbodi nent, the next
trace segnment body is located in the data line of set Y (denoted by a set
identifier bit) in way pYiindexasirRiedEnborayeRt, tSndRbef of kRt YReeNt tag
entry. Once | ocated, execution node staée machi ne cayses the uOPs of the
trace segnente’FyapiNg ‘E)%“‘g‘lﬁll%‘étlsleg‘ﬁlﬁée LB AGTTHM SR ERING LS HIUS HORS
state machi na tigRedaasnént ihbfe sladd Einapahd eohiinuesativingafybetinstroendns bace
segnment 13 k\\/\D 00/ 42502 2 .5 JU%ZO&Bt FiCT/ U?99 00959 Odi’%ﬁ’ t 0 .he | ooked
up, and t hei FNSERSe SEEREUR AR gt [ FREEHERFe A0 1BiRsT £f tFace s
getting cacheegrnest teimliﬁmj\I%ntdndiéanhade ks empbeyeskegneenmihatel cachimg of

L

encount eri ng. li ne i ] 0 =l pstruction,  nor

o ormed of AR B & 8RB Rt bR R bR B St g R S hE e B
execution unnew. trke segmnent] ustrat ed enbodi nent, decoded m cro-ops of a
macro-instruction may include one or nore branch mcro-ops. \Wile in body

| ook up state 82, if control |ogic 26 iz informed of the detection of a
macro branch ni-spredi cEiosrtheyillspisaisd emaodieent itha dakd dige texménating mode

state nmachi neodigiohs inkteudodie kROKuXePNECEES " cafitb b aftictd- oS rbasdn tRathead

| ookup state ,80.,1f. the pody J ookup process resylts in a, cache hit, and the
data. i ne dodecis Bk aw BrEe ORTRER! AREFSPRE: AR bR s ed bR ne
is a trace sefjminto-dbpklof theeaubuateredd®nsplakenpahingeruttiansirt isesredt i t ai |
state 84 aft h fi. th r t gall h ut . 15 the
body | ookup ﬁeoé%rggHEééﬁ théltel ﬁn% t@a?ﬂg?%{agg Ozgntgietrheg??i'é{)cgg{lf\%téugﬁ%necYV i th a
conpl ex macr be icadtadun romew aledz link o rWhetleorsst dtitesrm Cdtinnplex’ anadrdr ons t o
m crocode se : ; t 3 ' been
ﬂ{éﬁgxg%nl( %@g@&%ﬁﬁn%@ﬁ%@ﬁh hewHEps aggﬁéc?%ﬂe@ H12eH s B 1%

output. If the process results in a cathe m ss,” execufl on node
state nachi ni theaadi thiadibe pgeradynnerkons mavebe ragiced ayvjthsgneonall

execution nodeccieal £\ iFREBpHSf WNeend-insanatiby Heehgeichedo head | ookup state
80. Simlarly, at body m ss state 88, execution node state machine al so
unconditionally returns to head | ookup state 80. It is possible to get a
cache niss while | ooki Fgrupe allustastedsegbediméongythe betalise tbonindtng
illustrated i B Wt t bber ed
by anot her t?‘sﬁc%gms)gg_%ﬁﬁé?éa{éﬁ?%etthﬁe naglr'llte%m?% o\j\!%%lbclﬁﬁ?}gp 15\(‘:\56%nff? afpa l'ine
targets are peldeteragin@sl thigghpldeef saximym abowvatde branch me-PPRPRr and t he
like). At l\/Btrﬁée?;% t@ﬁﬁt 8%EGEEA Qéhdm@%g ﬁ{e?&t%ﬁrmqh%das]opl wilbe lcAEhdH &H?COde
sequencer to ou e remai ning UOPS 0 e data )Jine, endi .conmpl ex

macr o- i nst r UREY SRR gy ?&?erﬁfﬂg"i‘t‘%ﬁf’ﬁ' HiaecHF?fget‘éW’é\ﬂg tf‘ﬁ%&'}ﬁ?‘gr‘% Qe
sequencer t oHdwever Lintwill bd hppesaatatriy thdse skillel iveti aotjtthutpressntl ong as it
is not inforned pf the detection,of.a macrolm cr ranch m.sprediction
condi ti on by g clayoRe Briq2Ratbid okt ok P ReiinM SRERHORA] Rl

al | owance i fmakimamni ailoweakde brandheirdétustions rorofraachusicos-oips rreribragech

m spredicti o Mi j j Lds ' chi ne
transitions % ck tb“ﬁggé%F‘Sggﬁg%@?g%%%qw%%lw gggbs%g%%g%%@
00142507 PCTthapgse?.00959 is inforned of the detection of a macro branch

m spredi ction condition. Execution node state nmachine transitions back to
idle state 78 if it is_inforned of the detection of, a mcro branch

mi sprediction conditi oROT ﬁb‘{,@watp eé%bﬁcﬁl&'ﬂ‘e’}to p¢ daig ﬁ}ée By t he

m crocode seguentshs fhathertinblaglef thei @ireldtion tafuidt it enoerghi oy fuOR3! of
the data 4v |ine. endiRr;sg gorrpl ex, Mmacro=instructi ?H execut i 02 tFDd’e state
machi ne t r anSEtTEAS GRS BHAy NESHKIRCET M #3191 [HE TSF%OP? 04 1S "ASY a trace
segnent tai lmaamdinsariaidn stildbe @dhed in henedatdata line ingead t dncthsegmeds,
tail. At tr I st at , t .md hi itionally
transi 11 ons 06 PR o8 BodRHERL AL Bt OpS b A MBI R

condi ti on (dwabeddn bige shmecdatpllmee flewsvary Hd@llbbgﬁentectﬂﬂfdd?}’hﬁtﬂlée§gél@
machine). [In other words, trace build state 90 of execcition node is
essentially a wait state.) Trace segnent build node state nachi ne operates
in one of seven states, idle state 92,gfetch request state 94, waiting for
uOPs state 96, bypassing uOPs state 98, fill buffer wite to arrays state
100, M5 and fill buffer wite to arrays state 102, and head | ookup state
104. As shown, trace segnent build state machine starts off in idle state
92, upon reset or upon detection by an execution unit of a macro/mcro
branch m sprediction condition. Trace segnent build node state machine

e e r



-state 92 tﬁ"fft{«? request state 94 when control logic 26 detects a ded U 2003
i ssue an i RSt PP on fetch request, i.e. an access to cachePPENSIYPNUY has
resulted in a cache At fetch request state 94, trace segnment build
‘node state meﬁhﬁerbgfbgege%ﬁwﬂﬁgﬁme@.rw @ PERCHBEUEEN MTBopSefidd to an

instruction fRi&H-wRtiuctidAtachadshtiens than vaé datg liner uOPs state 96. At
waiting for uOPs state 96, trace segnent build node state machi ne renmains
in the state, until valid uOPs are provided to fill buffers 22. At such
time, trace segnent buitat tiedidlustratee] antidditaeht, aheldﬁ@rl&metterbﬁhaﬁ& uOPs

state 98. At b SS_ U st at trac e ITB.ChI ne
causes the vEPFATIRaL T Pefidthe ERifisRs BTHL obtersolafiaE Bh: execut on
units, and céivwaves it willbesappraciatdd by dadse sllqlldm:l trethd mgt thegpossedt tion is
encount ered. jlfedfig, ﬂ?éyable'pf}ﬁct‘i&rd”w@xté% ? éél&xﬂg ﬁmﬁlt;&% f?l'l‘scﬁfé%%rﬁﬂg of
a conpl ex macr ol nstruct’ trace segment te machine
transitions baffes. 2 5 JUN 2003 WO OOI 4250’? PCT/ US99/ 00959 mi cr ocode
sequencer and fill buffer vvrite to tag and data arrays state 102. For ot her
data line term nating ﬁ:ond ns if t ypasseg uOPs built up in fill

buf fers 20 are not cac P?Hé@ds%‘ﬁ‘ﬁ’é’ e tge fERFe SeRm e ntgERiipgting

returns to webhinihr{OincusdRs tlsé aheo Beriplheran &e:mmqa&aae}gmmrobw | d node
state nachlnetrar}smlonsfromb ass ffer wite to

ill
arrays stat e AGHHCHPIACTF FALl R KU | “feé’e&rﬁéwg %f?feref@degtbﬁ’e thosfipl et ed
data |ine isskilbaisfrethreedrtj tiat wahrzetcpundahga¢}ougt trenprésent agvartibrd atay
arrays 12 an r cations
' data arragel jracﬁgé:cfum? Q‘;iléh Ergice tsggmehl H§§m% rglﬁpﬂg]p bdgtegéagra%c%
S. Recal | thmaqrormahuaﬂmrermé@lé zend%cu‘ aredlt retue. | ocations in data array 14
are the locations of one of the ways of an indexed set. In one enbodi nent,
the way is sel ected by way, pr.edi ction. @Iéernatl vel y, an LRU approach may
be used. Furthermore, WRERhEdEHstrACdAMEAL MR eﬁralcgesegg}qr}taqer@d@etégg

mat chi ng apptoﬂdhldr@rfdraﬁd@ mlutps the eacsurs@ngif ahbechcht hdspufddiapgs oach may
be further qua he assurance t hat the tag matchi ng subsets of

the tag addrggglefa?% %se?ve P inh%t&ﬁfleo eXSPULR i ndexed set) will be

uni que. In other words, if a non-LRU way has a correspondi ng tag matchi ng
subset of ifs tag addr ] 8 it %ﬁ{g G -
the tag address of the??)?léggnqrnugéagea ,ﬁngglﬁ%fhﬁ%%@gege rnl g%@?@?ft‘%d N
i nst ead of tﬁen@tms\/@yth@p@ﬁl%q fh%gnm\@f@jraﬂaq |3ne‘°|n|8t61rtr&§8arﬂif’f@ata

arrays 12 ange enﬂﬁaemgegwﬂﬁbémﬂ ﬁufﬂ@d@ssmttexea;@elalerédeteﬁmm@s back to
waiting for u st at 6 i.f the data |line that vvas!ég: E%:ﬁq n.into data
|

array 14 s MROEUTALRRIFLFRC SR [ENgTy [XFS B Ra&Phot
encount er ed) pet ftratclaesegmdntterincta’teaerlnbndlmsntathmf @u:ed&egnumd taNimumas é4

t buil i, f t
SO DUt o dfokobe STl et PRl pendarlhian a8l el e
bui | d node sinateatiqachiayebe rPah‘étilCteFioWStht or ne&wtc?omﬁeg@emeﬁomawm and

fill buffer uhdteohe it 3cnAnfedahd ARLBNSmSIALE A7 beibRel B trgletiata |1 ne

is witten i g and ta arrays 12 and 14 as ‘described earlier for
state 100. Seffrace segnent build node state machi ne does not
transition out of the state until it has been signaled by the M5 that the

for the execut  on uni t EIEU5Son TBERAER FoAHE AREUCA B Had fRen GEF R 86 Bi e
100, trace semmrgrih thgiarchynbzién atairdanee hiithether presen i mventionwak ¢ ﬁga for 16
VO 00/ 42502 & LUl Lg%odzg@\y%gg 93580 eaﬁ;n@a@m R1idad BB BEQT A5 2
encount er ed)forldendtmg/vw ket thetepridspendingadatedine ey itase seghienttheade

segment bui | ghpge, HRLS g&%h't RAL. trfammewm a&@séfdhee @5&&@&%&1&“&{1@ NLI P

is unknown, and to t okup e NLIP i's
‘Addi ti onal | yling p%eér@e@mnenbgpﬁm Ms) ﬂ‘skflbﬁt%ier?&&t’f ﬁéqueaﬁene}%éa&aolnﬂ%e

idle state lﬂ‘saﬁ@cslﬁrtpicelsegh& 2@0620@5 wesl 43ahb fidatsb@enbabad aRdCHEEL 9B, branch
m spredi ction has been d C

one of the ut i,on
| ookup statehfozﬁmgﬁ"]ééé“%’e‘ ﬁ%nge ratengge des e}eed?rﬁ h’ieﬁelﬁg)étfg‘és‘f\flﬁgatetdace
segnent head to be | ooked up based on the known NLIP (through conpl enentary
execution node state nmachine). Trace segnent build node state nachi ne
transitions to idle state 92 if the | o8kup resulted in a hit (as inforned
by conpl enentary execution node state nachine), otherw se, trace segnent
buil d node state machine transitions to fetch request state 94. Fromfetch
request state 94, trace segnent build node state machine transitions to the
other states as described earlier. Referring nowto Figures 8 - 15, wherein
e| ght p| pel i ne d| agrams | I I ust rat| ng one enbodl ‘ment each of the var| ous

o o, o o . S



-solid lines represents one clock period. The tinme periods denoted gyst"rli,(y 2003
vertical d¥Ot%d23%nes represent fractions of one clock peri BET/USPRINASI
skilled in the art will appreciate that other tinme division or pipeline
~approaches, emdbloddinegt, eugrenaryndh{pithet cormpaisps basis4 fiwy) foer sorihgyelingaa
perform the é‘é?&k’&tc,‘i*ﬁﬁé 'e@@{?t Hﬁgrtﬁé I-8R%s &lxcﬁlﬁllgeii?ta' lihdisd EEEI-afc% s%’?rgn gypodi ment
of the pipeline szugiges emi)/ oye 0 pi peﬁ)l ne race segnent he&l Efookup

oper ati on. Abead,|arst bdt3@d Vahiderior derotigg aphether Aite 3degrevalidhead, tag array
|2 is accessed during the first half of a clock period. Content address

mat ching (CAM | ookup i.s B&rformd during the first quarter of the clock
period. For the ill ust¥af g Blsodited smbashimensy Bdeetr idfe 1 hes e poises he

tag addressepjtdud %m&swyﬂmmsﬂun i(Pee v A lf9akititin Be%@éﬂtial%&@e@fl ray
d4 s accesseézi 17, z ,~ JUN 2003 WO 00/ 425 PCT. Usgﬂ 95 ng, t he
the Gumediate s SL1

ur |
second and tf YFCESRRT FRETREGBRT bBe TG SPES Icﬁhéifbttﬁé‘)CAM
I ookﬁp per f ozmm@p@gﬂﬂ% thélévgéy'r Bcicadbga.rcff&ﬁ;a@hctéh@oﬁ hﬁdl%rlad!ét@siorr] Idekd 1ih§eg
mat chi ng i s perfor t otenti.al hit entry.during the. thir
uar ter ot “tFEF HRGIRCraRa tBeRReRt, B iy, 36 BoBY ot By Bitk U o
be out put ordemwtang that eet identifigatidres foyuhesugoessberndf predecessorkdapelines,
depend! ng ONESNGI RS ekt dittldny! A (R GBA Bcattord! oF 1A' cfedsht URKT At €3
one enbodi nent o e pi pel' i ne stages enployed to pipeline a non-trace
segnent headPTesiékessor dagd lines areadle/aysghent msstylptaand Pookupodpd S,
iI'lustrated, r_éé@@&i\}é??,_kwmrém i8 thé aeeide@iTRatioRBtheaUrred @af iRY, abd §S
accessed durin tge #rst hal f of a claock lQe i od. Concurrently, the way
nf ormat i on PATiTEEel 4R GRIA RirallddesSot™ AHEERAS SRR RERAHGHORY

obt ai ned durbitgnidyebd émﬁﬂoymiard ?e@%’ theee€ idariti fpationd. of | thetsiichessdahad ar r ay
a quarters

14 i d. dur| . hi f .the .clock period,
usi ng the. bk SrRBHRag it rat CHe et RaCRPEERd: e ceeBr SR Bfonshi p.

Ful | tag matlimesngpaiydetloemtegenfaorynssd. during the third quarter of the clock
period. Recall that a trace segnent body/tail may be

overwitten"cl obbered". The retrieved data is then either allowed to be
out put or invalidated Eririheglliustrateshempodimenbrtagfentrie 38| fpekhgsesanpprises

dependi ng orbitus (@PY!Bitsodo (NEIH)Uhhd badsaalIPh MBI IR pfcklidehtiiihpahes one

enbodi nent of the.pipeline stages enpl 0 pipeline uCP output,. Sw tching
to a mecr occfbeé(ts’&:f{)’i@r?d’e’srfﬁﬂéog‘rP%’;’FQTZ?'%I@?’a&keegggﬁmcﬁﬂ?ﬂﬁs&rfféng?rlé”teaﬁalf of
a first cl odkspertion poiuter (YLIRE asecwhdtheal fIPoif wahiel. f L Btis allsacksqabas ad,
detection faq h i e i nelj_t | i rmed, i.e.,
fo detect winhopoiHer BEBE rE iR fRnith BQA hitp s BE A 05

macr o- i nst r wndoanterel qomeplesmineiooinstsictionecwbith alse WP viabid, amblera set,

sel ection sigQpads foofmfa'_ﬁfthteofa\?@{l'?a‘%tinh?ﬁctli’&? Ta@iih ‘&Ir)\ t@béhéd}‘?eﬂéﬂr%{cdggg%ta

sequences are out put.” The ead-only;cgegory é t eBT sequences
i s accessed I MR terpinatedhps agtesylt I dHR ENCPHRIER 3 GAMRIRY ™A Caddi ti onal
processi ng riagtuegen byntdie dthboainee:, MLeRceSintRinel for Aadadensdoigersecond
hal f of the sgcond (il ock_.period. The.out put 1s ;a_r.e t. he daelif/&ghﬁe}% to the
next pi peli et rﬁ e f‘r?naalgﬂp?ge %ﬁe%mﬁé%‘r Fi‘sgm“énTin?ﬁ?lfﬁgtarté?c& one
enmbodi ment cegtient hiepelander theogeegraapt bydyl asowpllpsla treceiGPgmenpteil. swi t chi ng
froma mcr ]G esqd sed
uring the fiadia RSy SEHREIE 1 B Back Jep ol dfEADel RULORCERI e BEF BF
requi red by ndihatiing desaksulge it pred/typsoin e evem itde herdrdughde00959
sequencer 'Sac[?@srsfx%ﬁfegtrh&k éﬁFH{é%BbE's,fe. f Wi fHe Adm&iRak tedel 0d,

i ncl udi ng detectl r the swtch b ondition, iI. remai ni ng uOPs

) ack c e., t
of the dataSPERENt it AY e Heneehbred (abesxpiaineddnPss fﬁav@%@h output. If
the switch back condition is detected, the m crocode sequencer outputs a .
"swi tch back" signal ache nenpry 10. Tag arr 12 is then accessed in
the first half of a sﬁsﬁd%e&w’ ﬁé%i“ﬁﬁ)‘c%?gldwg}?é‘r | SHESPR ‘ﬂaéica&%flrlﬁg t he
V second hali$ pat togetheechfude cbecikicphy, fod, tha®emissdimdrec fecerdhieahenidri 10
reference t ' . 9 [ j o qqﬁ? ' he
pi peline st glégéstg%tﬁgllgﬁé' %’o%gﬁlg;tég ieﬁé folﬁtc %{r?%ge%oﬁpﬁ}%e %5%%@1%&( SIp
cal cul at i on corresponding detadircisi dedtratdd. el hetrngnaer iy widich eaabdeg saty
during the first half of a first clock period. During the second half of
the first clock period, tag matching etc., including the detection of a

trace ending condition are perforned. ;¢oon detection of a trace ending
condition, the NLIP retrieved



'-from'tag array 12 for the current tag entry is output to the next IgS JUN 2003
cal cul ati oo.goRtogui try. The "new' NLIP is returned in the setaReh/sbock
period (if no branch target is predicted). Figure 13 illustrates one
rembodi ment of, e Y ALCURIANESILDE TGS HERRI WP delsPliBE) LN Al BLEN
request in response to’a cache nPss. shown, e fetch request (refrerred
to as a dendPrRlowype) is issued in the next clock period follow ng a cache
mss resulted froma trace head | ookup. For the illustrated enbodi nent, an
instruction translation, | ook-aside ,ﬁuffer (1 TLE% ia accessed during the
next clock period. Fi gtigatresi4iand 3 ihiystaateshelugiberardaai onst embedimentbos
gi |toel ine st i%ﬁﬁ Asﬁf@i'rp&@t@ a:rﬁa)pgﬁ.glémehawht, fngtraf imlsftmmm @h%dql@{eald : t) é2 i Nto

ata array : shown, the "LRU' way o r se is determn in

atirer of ockitpdieodt Ciap At FiRpBis AR WOP D P B SaF M P RESE BASH: o
tag matchi lng(fu(?ﬂ:j peri?)ﬁdfﬁdtim@MéthektmuQP B talat er segnent ?hefd{ ZM@B%G,RU'
way is qualifi e e [ . ag addresses
for all vvaysSr ﬁc{iﬂe‘@%gﬂd HW]%%E%)E% @;ﬂ%ﬁ?%@ugﬁe}fﬁsﬁéﬁégﬁg%%g&q od, the
previ ous wayregistags Xvell as ulP ®@deresphetivelyectadthediiustratedrrent set X is
det er m ned. : ' ' : t he
sel ect ed vvayéng?&glé{l &@’ Fé&htgpﬁ)ng? I?Mh:mté §r?ea.sr ’teﬁ:&gsefiéé%%m;a eg}O%sr{-,gto ; i's
current |y uséltdincaamenefor tmassempsiructipi s Hsrughientpaintebebit 62 (delta
overwr i tt engpaphgf)efbnotiewneReraidtbupasssddabd bikidotievalille St Birgkray 14
oo o B e AR e LT HEE EAESadbIE BUck wPTER T EropRy
period as s : 1My ; T OPRU
i nformati on dralrbiset8 XFOF dopidhdedotifg maflbating poant dpdodieci teku@Er isad, t he
previous taij information j et il S | . 1 f 4 he pext way
of set X - lfllona[gﬁlﬁ Bogltf%?etjta 183‘5&%0{%%“\/\@%%? dsee]%lgﬁalprgg}r\lgg hlr?u]ﬂf,onpﬁgoaata
| i ne corr espempdownigledoby henaenctinstmctibngdacoger. X hepplulpess aind wasigebdfi thieeel as
the trace semmelibcd RhbyAl id i ALNEIoldRGR IRGMBAL ndtbALA AR Bed,

enbodi nent, a trace segnent menber 1's urconditionally mar as t
segnent tail in the second clock period, and then corrected if necessary in
the third clock period; shbQl Be hotdd kit dcth@fithe ihAirmdFnd&abed, aand the

overwrittencl obbering.scenarjo jn further detail. Sho e two | ary

: wn a Xe
trace segmermCiNErEOrgHdnfap ey S0may g stoxgt inthe Gﬂf’e%@“‘{lﬁﬁld@d% erifece
segrment bodynt0Zicaneria. atesheaydaito banbtddhatsherspdcific mehb of Bit@dul o S, ~

way 0 and s - r | : TS2 i ncl udes
trace segneﬁ{seégaféggﬁgglcgﬁ% Fg%;glegéneél ?(fscg)ggﬁ{.s%généﬁl{&?g??ﬁ%io, stored in set
X - 2 modul sossidgagtians, aaud that the mounbersspesiied heegig asetforxeasgagf 1,
respectivel Mmc@%ta%(dif{\?}fhé ﬁ@geﬁte{rggneg)rpo store a new trace segnment tail
112 for TS1. To property associate set X, way 2 to TSI, the previous way
field of set X, way 1 is nodified to index to way 0, as shown. The tail

information of set X R#yrringvaswebackaudyFipeire 1, s lesoribdthgdier sforeRded. Had

t X 1 t ! i | d.t t tail th
Cail i nf or milFeRe Gt smpBaGett Ratud BiTmbRy oSSt AiRea TR Ry 19
data |ine ofanddill Kuffeay20. ImmdiBaterexdtmaegh®m used ko extrdSh biamehrtexgetway

field, and tajl i i Qn; 17 i b i -1
odul o 6wt fiNBiqHA BBinfey ETenRUKLALS JOE satbPatahch Aflarts T
~ 1 nodul o Salcwlafian riscuipdet ealcyigtingdasanghpddresses, phthe ‘aéi’ Fhisoreadtawn i s

cleared. FuigfhRiBASy 14) RNEIERRRACHRE [Lineh PenstORticH pbitier (XY Sof or TS2
has to be updat ed. Az

hown, the. i nmedi ate predecessor t .
overwr i tt endTa5BISEBEENE i‘éégq%’é‘?fil‘ﬁ‘ fk\%FPfffiBSﬂﬁHb& t3g<eIHFy SP) isralee rewtedent
body 108 of tdathd braphvalidress taltalatiovacEraatyefdr daddulatdfg btaichrsddiessésad.

Fioure 16 1 Prnderscs it afblarhanro Bed 8 et uRfayleantBalegore for

practici ng thleuprtesepirciitme fidi ariculasinghihannexexiespiuatipncpaiptare wisgset em 100

‘conpri ses oOF nbodi hment o ' t ' Nt _

Add 11 onal |9 PRI R e RE oF LEBRENG Bagitss SRBBERRDLALNE Wiy
PC TI US99/ 00958siruntion gesnter t{nH)edthand S gite db areisrrouted taeaniehiede

I ncl udes brg A&E98§ AR ES heCAltHn A L IO GE Wl ddnfpfs. MBLO-ASARKon P
calculation crrcuitry m crocode sequences 104, multiplexor 106, execution
units 108, instruction branch prediction unit 110, instruction table

| ook-aside buffer (ilTLB) 112, . and dgcoder 114. These el enents are
coupl ed to each other as shown. Cache nenory 10" is constituted and
operates as earlier described. The rest of the other elenents T02 - 114 are
intended to represent a broad category of these elenents found in the art.
In one enbodi ment, all of these elenents 10° and 102 - 114 are disposed in
the sane processor integrated circuit (chip). In other enbodi nents, various

o o Y " o o o - v o e o, o "



21 z 5 ~uN zoo3 CLAIMS: 1. An apparatus conprising: a) a data arZ@JUN 2003
havi ng a phredlsbdgy of data |ines; and b) control |ogic couppedutm/dbe data '
array to store a plurality of trace segnents of instructions into the data

“I'ines, incl F@gg betRR | | o]
| ocat e each%&t hehﬁtﬁﬁf%ﬁg et%ectt{}%hes sggﬁ%%ﬂf% &Lib nﬁ?sarg{}ﬂ%%dress
mat chi ng a sitrdltle n@cmqqﬂe seithess s, resperheelppar at us as set forth in claim

1, wherein the control logic operates to constitute each trace segnent with

trace segnent nmenbers havjng one or nore |nstruct|on£, and store each trace
segnent nenber in a datBl Prers 2hare needconbwidd upoldedatadingsalongtit es to

Isecluenltlal | )pr%aiiélédi%&Sc&th@n@ﬁie%nbhr&%r?ft%@ Hiﬁé'&ﬂan'sfe’ﬂféd tlfoaﬁa &&Q@Iﬁﬂ% hl n a
ogi cal manner s as. set . for in.claim erein the

eo%t rol | oglaér%igéf‘g 1‘{a@5 aé@évwfé%tk?e‘é?@ﬁf‘tméﬁﬁb%“‘?ﬁ‘oéy fufti-1ine
trace segnerdedoyief, arrsd thmé@nen@oﬁhd\ej@éc@dlet ne fil buffeg 20, fis smtalltef al@aen s}e@rrent
romber of Mg dTHf Yol 16 T B6EuReRIRRL AE Sl eX1 09, LRCH 56y

segnent nmenber
storing r erremnilm;gletbwféessb@gfmdttammmwwcmgemt@hpled@atedlnegeamé\ntaaahe

associ ati ong; k. g B%’.ﬁ?&s'.'z'o”&ﬁlec@@ﬁe E&Méséf‘éhagcc}rﬁf‘olrxﬁfmhr{eyt% 54 A regment

menbers as the data 1 ey occupy are |ocat appar atus as set

forth in cl éhm@codh@rt@?ﬁ tthét S@frﬁtptﬁd ingythee BiRereries of E?grﬁfh)z’ d2nardldr esses

associ at ed VMotrflesFBﬁd Aatd NR&s 8f AhtaNGrd ?4fré§p%_tctﬁ/é?'ce segment nenbers of
the trace segnents to Tacilitate said | dcating t rst trace segnent

menbers of the trace segnents. 5. The apparatus as set forth in claim4,
wherein the apparatus d:umrbelo ginoblihesidtioheasig pmﬂtdjaed anﬁys gptandddy, ess

hi |
Coupledt o A soiraBhedperation 9 f#”éﬁyﬂgﬁﬁ’ési%ﬂ%%soh At AR s per at es
to at | east rpannemin edritkeronaddrlegis Zﬁammrat@ethmembadimma@&omm ed _
addresses Wi g, afbcl‘i’l?x%tr%‘i‘éjc'i ?r?%x%ol '@&"E‘ttrﬁl fo'é@c Q@Bﬁellat&ec%%rﬂn@glcﬁ'yffd st

trace segment ne trace s grre
basically in one of two comp ementary modes, an execution mode, which is

illustrated in Fig. 6, and a trace segment building mode, which is illustrated

in Fig. 7. In one embodiment, the two complementary modes operate

exclusive of one another, whereas in another embodiment, with the l <
provision of arbitration circuitry for shared resources, the two

complementary modes may operate concurrently. In one embodiment, the

two complementary modes are controlled by two corresponding state

machines, an execution mode state machine and a trace segment building

mode state machine. Of course, the present invention may be practiced

with more or less state machines.

Execution mode state machine operates in one of seven states,
idle state 78, head lookup state 80, body lookup state 82, tail state 84,
microcode sequencer (MS) state 86, body miss state 88, and trace build state
90. As shown, execution mode state machine starts off in idle state 78, upon
reset or upon detection by an execution unit of a uOP branch misprediction
condition. Execution mode state machine transitions from idle state 78 to
head lookup state 80 when control logic 26 is informed by an execution unit
of a macro branch misprediction condition, or it detects either a fetch from
LIP or it detects an end of trace segment build condition.

12



'6. The apparatus as set forth in claim5, wherein the control Iogic,25JUN 2003
oper at es t oygpewdzb@l content address natch the mai ntai ned assotivabeahoso
addresses with the access address to locate the data line storing a first

“tr acet segtrrent Irregbter ?Wﬁ%lbrlaﬁaaemup staR®Bd, f&e@msr;i Qﬂ\o%@gt&efrﬂﬁéﬁlﬁél |
operates to validate the firs S r, stored in a partially
mat chi ng dat 2Y5eR& §race AeRant lﬂeeacil P%&%klear%ngy raaééesaser@ﬁgmngrérf%é Ibm ng
sought. 7. Tbeo\aﬁaarka; ltllSe asxisft CEﬂOﬂththl@h&kW a]gam\dwhelmertnbey Q@l@fréﬁles| ogi c
operates to malnta gg é%t ontrol[E inf.or mat i cg g %ddata
tine of a mufa™y al“ﬁ% Pﬁé il'eajﬁéﬁ rrfS e¥n xﬁ?‘ftyorégéoo SRS At a line
with its sucmhsansdaha ttaceemgirena lboigiE procean e be rmermda\pnhla:éﬂné\e 8. The

Appar at Us 2y G OF bnbThchAeh TaislBTFSh LOBIARLAS I EReaty g1 gani zed

i-nto N ways B erat ain a next
way i ndex f oexesationdanit, [pirivs t@fthter:@nmmﬂttxpn|qfrtbetcmam®t§@gln@}nt If gxebpadt he

last data "ﬂ)%ku? e gﬁo&@ﬂs 8aRkicAR, fle %fbder'l%ﬁllﬂ&? i dghé

line. 9. The app tusa set forth in clai wherein the data |1 nes are
or gani zed i nh QU GAEP€ HASSS sets; and the control |ogic operates to store
successi ve trace segnent rrenbers of a multi line trace segnent into

i data |i , ' det d t L at i bet
The successi ve data 1| oo hiad g BRFERLSSHLS Boa Font RS andl e pae
wherein 23 ségmhedithe2d@8nbhelsdat trate segsnemtetady gaahlthedralcetsegme\my&adf S
sets; and thg%%gl%é %ﬂidlxg)&' gnc?pwqF@Eec%ngﬁeg%gctrg'—iﬂsﬁugﬁgﬁ, é)?etcu'ti'aqer)ﬂofd%r each

data |ine of )
state machine causes the micro-ops of the trace segment head to be output

to the execution units, and transitions to body lookup state 82. If the head
lookup process results in a cache hit, the trace segment head is also a trace
segment tail, and the trace segment head/tail data line did not end with a
complex macro-instruction, execution mode state machine causes the
micro-ops of the trace segment head/tail to be output to the execution units,
and transitions the state machine to tail state 84. If the head lookup process
results in a cache hit, and the trace segment head data line ends with a
complex macro-instruction, execution mode state machine causes the -
micro-ops of the trace segment head to be output to the execution units, and
transitions the state machine to MS state 86. If the lookup process results in
a cache miss, cache memory 10 transitions the state machine to trace build
state 90.

While in body look up state 82, execution mode state machine
causes the next trace segment body to be looked up. For the illustrated
embodiment, as described earlier, the next trace segment body is located in
the data line of set X + 1 modulo S in way W indexed by next way bits 40 of
the current tag entry, where X is the current set, S is the number of sets of
data array 14, and W is the indexed way. In an alternate embodiment, the
next trace segment body is located in the data line of set Y (denoted by a set
identifier bit) in way W indexed by next way bits 40 of the current tag entry.
Once located, execution mode state machine causes the uOPs of the trace
segment body to be output to the execution units. Execution mode state
machine remains in this state and continues to cause the next trace segment

13



*mufti-line trace segnent, except the last data line, to index a sgtS JUN 2003
| ocati on &YO 8H42%50redi at e successor data line. 11. The apparPﬁtTGés%@O%'ét

forth in claiml, wherein the control |ogic operates to nmaintain at |east
- parti al conthoslies tof e htkiedrug, omdetivtir 48Xl toibweoufpw, npbhilotatieg theameas

segnent to 3g9 ggtlf &l éﬁ@@%‘a%@hﬂstQﬁd@'ﬁb@n't'r@&cﬂ’@o%ﬁxé tacPLe %@%ﬁ%%&’iﬁ dat a

lines in a Logrcal nenner;” where applicab e appar at as s€t forth
in clai m 11 NOReACEHAATIRS Adtda linfeanding wf@aﬁ.cgérepliemraamwmnmnog J8xs:

and the contffnledgbLa Qﬁﬂr@?ﬁﬁcﬂ&bf@icﬂt@héprédl&@ﬂ @éﬁdﬂt\@)}ﬁ bjdae §0fheach
data line of the. rruftL-Ii,fn hﬁgﬁe se gxce eflrst dataléne to

i ndex a way SFBTEHIHHYE- it pefrat ge ke gdpdl faicreppsrpka

appar at us asna@b-iherrubtibn mipimlhdewies of mdreebeeithr wlicdoegps. furt her
.operates to maintain one or nore control information associated with all or

“sel ected ones of the data lines to optimize performance of said apparatus.
14. The apparatus as ¥8hil¢ ox bhdiydook aipnstass BMércehtroﬂ hegic @6t iscinfooged

further Opeﬁ tf(‘é b FRL YR H}a%r&‘égﬁnémfrﬁ%ﬂﬁ%@i&e t8 %ﬁe{ of ?{)eré‘x tfbrd | N€ 15,

havi ng t he trace seg erei n.
The appar at ugutésemutmrmnde istatk ahachise aheisdihe b Bmhtrpoprmﬂ;mamdlrt her

oper at es t0tﬁ%‘sm&isrba%kr’c%)ﬂeaﬁrlé@)kﬁﬁts'tzpc@ 8@0'IFH% bBagtl%EG Cf%eeés' &gﬁnév' ng a

trace segnment nenper  sto gt erel . The appar set fort
claim 13, wHeARRhe it @apditheidatay fneg #%Stwrenéipwﬁt agomplegimaaion a first

trace segrremstftaﬂnﬁrf budh€e aher 1iHohs gacdredrbndritnailhaxdédgidhenddd statd r ace

t mb t JUN 2003.,17. Th
ppar at us ad asbing Banhtes b drias Share B e e Ghehe A gReT R Al
oper at es t ohmabaemiontput. dfthe badg leelgmprptromsrtresuhtsnm g atohe hit, aedcthedat a
line having 4t nejhashdbhasfh SCOSMRPlexX FIRES-i tr Se iR ket GHBR Thotle &R

t herein
machine transitions to microcode sequencer (MS) state 86 after the uOPs of

the data line has been output. If the body lookup process results in a cache
miss, execution mode state machine transitions to body miss state 88.

At tail state 84, execution mode state machine unconditionally -
returns to head lookup state 80. Similarly, at body miss state 88, execution
mode state machine also unconditionally returns to head lookup state 80. It
is possible to get a cache miss while looking up a trace segment body,
because for the illustrated embodiment, the trace segment body may be
overwrittenclobbered by another trace segment, due to the manner in
which replacement data line targets are selected (by way prediction, least
recently used (LRU), and the like).

At MS state 86, execution mode state machine allows the
microcode sequencer to output the remaining uOPs of the data line ending
complex macro-instruction. Execution mode state machine allows the
microcode sequencer to do so until all remaining uOPs have been output, as
long as it is not informed of the detection of a macro/micro branch
misprediction condition by an execution unit. Execution mode state
machine aborts the allowance if it is informed of the detection of a
macro/micro branch misprediction condition by an execution unit.
Execution mode state machine transitions back to head lookup state 80 if it
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- 18. The apparatus as set forth in claim13, wherein the control Iogzg JUN 2003

further opgy@bfs:sh® maintain a mcro-op pointer for each datarfigeossyi ng a
trace segnment nmenber stored therein. 19. T1' xe apparatus as set forth in

claim13, wheg f?hfbrhﬁé%i SPfHer Qétek%hcoff#match?bré}mﬂ ngéreH‘?ctE@ri RbAHRiGh branch
target addr eﬁﬁfor a data |ine, ere applic g g]pﬁr atus as set
forth in cl aifkacutigRdreris state I‘&%‘?WP%Itralnétﬁ}oé‘s%é atloe‘énef stat@rmihitle stori ng
of instructi gagordedd ot tiRE AefREBBNG! & Miefebetaich Hisisredidtibreephdftigs storing
of instructions of the trace segnent in another data line, in accordance

with a plurality of data line termnating conditions. 21. The apparatus as
set forth in claim20, Hbweeen if b@ntdaltl@gid Ifexst miformed ibygtteomdetdcods i ncl ude

a Condl tl on Of enc .. C ex . .na nSt ruct I | nto
et W eages e | ?‘%Snﬁm%“ga&&w g, WL JORS ofBGRRER | L0
maxi mum 22. lirtaeexa@m emnp easntaetoﬁmtttkrtxom, ekatwticon motersédte Itnlaehdeet a line
term nating CCPA]%H b 9&@9 '1Pt’PLecHat§'TﬁféuiQ tiaNGade § Pa[;r’anch

branch m cro-op, ter m ne maxi mum | or condrt

m cr o- ops pera“tdr@c@l s’%@ ﬁ%\% dp&ehine isat Hrage S%neflfh&alhppar at us as set
forth in claiml1l, wherein the control |ogic operates to term nate storing
of instructions as nenbers of, a. curre trace s and conti nues
storing of instructi onsfa*tatéﬁa‘ff"e%g&é‘t%f’% ﬁ’éﬁﬁ“flpé‘c’g‘méégsr%ﬁtmaml%cordance
\é\n th ﬁ pl ur alurtcymdinctrrzatyetrsﬁgmnts tbedha srtatel mmﬁaammmﬁﬂaf aXbace Qegr'méxu\l 2003
4. The apparatus_ as erein the trace, se

Corm nat | o EORATE FoRationc et o% Beremb P eiEh et prgin: BIdR Bloge
branch macr ostatstmachire). [25.otfdrewapbatrataibudd stdt Foof brdcntioh anod 28,
wherein the Q?ste?ztmll?% Laf:d:patj ng conditions include a condition of
encountering an instruction, after a predeternined maxi mumlinit for
instructions per trace segnent has been reached. 26. The apparatus as set

L o][]g h i nf cl alb m I1OI wher efiricd b&gra @ﬁaba{wsnécw thed neQiphé 998 r&e@'ﬂa‘r&{d c’éb’t of
urrers or ui N e n nmenp ¢} e ution
it ect on bePEYe Sl e shiR 9Rn o tedlaat Soe T atspe Yok dhpael 58 hs et
forth in cl abypﬁssxm@m@mta@&ﬁﬂhbaﬁmwhw tdwarraysmqalte 388, M6 amhElitatféer
extractor co e t ' a AQr | uct i on

poi nt er assog%l eé’ E&r%ﬂ' Stg%afoza%gé \Aﬁog@%{& o%‘{i ?§4 afAteg' % %g%ﬁrout by, the
data array. aegm?nebadgaﬂt@mﬁa@lyr@@ﬁammﬁfhnudlec$tarerﬁ1.,u}vmrr@&erﬁ arhgpon

apparat us f UlfelelicrOgPhh F&B%nqﬂ{‘@gf rzﬁ?éfo?%"itﬁgb?arﬁhuﬁﬁéoﬁﬁeﬁx&fon

cor respondi ng tgqt entyies o | nes cou e con roI

| ogi c; and condition. Trace segment build mode state machine transmons rom |
state 92 to fetch request state 94 when control logic 26 detects a need to issue
an instruction fetch request, i.e. an access to cache memory 10 has resulted

in a cache miss.

At fetch request state 94, trace segment build mode state
machine causes an instruction fetch request to be issued to an instruction
fetch unit, and transitions to waiting for uOPs state 96. At waiting for uOPs
state 96, trace segment build mode state machine remains in the state, until
valid uOPs are provided to fill buffers 22. At such time, trace segment build
mode state machine transitions to bypass uOPs state 98. At bypass uOPs
state 98, trace segment build mode state machine causes the valid uOPs
from fill buffers 20 to be by-passed to the execution units, and continues to
do so, until a data line terminating condition is encountered. If the data
line terminating condition is the encountering of a complex macro-

instruction, trace segment build mode state machine transitions to
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‘the control | ogi c operates to store control information into the ta35JUN 2003

entries toywagidhihate storing and retrieving trace segnent RS Es t he
trace segments. 29. A method for caching instructions conprising: a)

'storing fir SEm‘BFB% 85 sgﬁﬁgnée@%tnrduﬁltl 'b%f%r'v{?g?e {d fa ar%HgdA 5H§y§§ 3o b3 St

trace segnent trace segnent g r 8587 RI0F fRti on i n
associ ati on WPt I‘?thfﬁedﬁft?rllﬂe @aranating C@Bﬁﬂ%\@mﬁ/ tfteh ypryssel wpRe busls grreint

menber, to fagibdfateo &@aidtqracﬁéameufaté st ﬂ@h&bhilﬂ%@@l@ Jt8te’ inB¥RIneOf the
first trace segrrent e tOI‘In R one or rmrelr%écgctl ns in a

second data FERENKE é’aé*é%%rﬁ%lr%‘ ée“%'@ RS TSR SogEent and
d) storing abta&@&satchnee" tragbitiopB tfFeMn byﬁmw@l’@nmé 8rtot filbudfdd mese to

i nf ormati on asso? iéé on with said first data |ine about the second data
kine to faci Iafrtaé{féta% ion of 26 2 5 JUN 2003 the second data |ine and
retrieval of the second trace segnent menber upon locating the first trace

segment menper. 30. Th%ttrFHf Qgﬂftax;a]\sfvﬁ %ttofa%&)n; étgteci nhg c:§>m\l\'*~l(a{<’,dI cril%ltBQﬁr}ern%t hod

further conprises: orin
data line as txanshrrred wg@en@egmxtng@mecn@fn ta@andaiﬁéa seraysrit2 arghd4f)

storing at |easy) H?arttfb@'th@qmgtpitear&ﬁwamm @ﬁ@%catdm ﬁd&iét‘%sﬁ'ré &@ FBLion

in association wth th esecoE dat a qneaout the third data |1
facilitate | Halocatony of e O ”ﬁ%l"%?étsao el eX én]dm%jf%lpeﬁ/aﬁeﬁﬁ“ fha f PhPF‘d trace

segnent m3”bﬁrtex‘iﬂ@@efrﬁiddxﬂéhﬂ@th‘éh@cﬁﬁ@@sﬂﬁx daésars ngeate medTheatiord of Hhe
&

t hod t . forth |
er i nat sd | A HECBRBREEN IS T SO SURTEN e oY Bt A oY
conditions. 82y rleelxdmirhoelltasnaiextelypm .U appaomiBthaywbeused. each of (a),

(b) and gleg]gi:%tg 88Ul NG LLRHESEAADAR e SRl B dd A8 Lhdni T er

approach for looking up a trace segment head, the LRU approach may be
further qualified with the assurance that the tag matching subsets of the tag
addresses for set X + 1 module S (or an indexed set) will be unique. In other
words, if a non-LRU way has a corresponding tag matching subset of its tag
address that is the same as the tag matching subset of the tag address of the
incoming data line, that non-LRU way is selected instead of the LRU way. -

Upon writing the data line into tag and data arrays 12 and 14,
trace segment build mode state machine transitions back to waiting for
uOPs state 96 if the data line that was just written into data array 14 is not a
trace segment tail (i.e., a trace end condition was not encountered). If the
written data line is a trace segment tail, trace segment build mode state
machine transitions back to idle state 92 if next linear instruction pointer
(NLIP) is not known, otherwise, trace segment build mode state machine
transitions to head lookup state 104.

At MS and fill buffer write to tag and data arrays state 102, the
completed data line is written into tag and data arrays 12 and 14 as described
earlier for state 100. However, trace segment build mode state machine does
not transition out of the state until it has been signaled by the MS that the
remaining micro-ops of the complex macro-instruction have all been
output for the execution units. Upon completion of output by the MS, as in
state 100, trace segment build mode state machine transitions to waiting for
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al ong a predicted execution direction. 33. A nethod for caching 25 JUN 2003
i nstructi onwomompaozsi ng: a) locating a first data |ine stori pQT/&AS$IG0835
trace segnment nmenber of a trace segnent by address matching an access

addr ess agai nsOPk @eabionif AR WasEas daed Hh@th%dndJﬂ’la agzeck@ineantal (il fd frate
trace segnent ninber of trac retri e first trace

Seqrent - nonbeF LT AR Wi HHESSEORRRIEA) . Lot BTSN P atiooR SPRSF ¢ han
address i nf orseghent tabiptitaca segoend bddtdmodesttemadniae smooittbrisr @ckllsegnent

reber of e lACR ARITRIp i I6CAEheak A Al LRNLS! A RTRYAEN bei ng

mai nt ai ned i assocl a taline; oca i ng the
second dat a INhéP \M khowtn. amgenﬁﬁychamﬁemdnt éurldempdg stdte seciund trace

segment ”E”betrr %ShE'Qo dhe @R aﬂe"xf%ﬁftr 330%1*&926{ g%creivee‘éeﬁjot Ad. fona%hah%aSt

parti al contro or mat | on ot han a Ss 1 nformation a out e second
data Iine. @lqﬁ@mﬁfm agsg@@lqtm has peen latedgd hyherephtierexequtipnyun
2003 (c) furtdeitsi ncludes retrieving second at | east partial control

i nformati on about a third data Line storing a third trace segnment nenber of
the trace segnent, the second at |east partial control information being
mai ntai ned in associ ati A8head hod s&ﬂendzlplahae béegraenabdil ﬁhﬁodetsl‘md further

d
cegnent menbaPrERGiagsky the Habé pifinnt hRA RS kel Bl fn e ekt
partial cont r§LIR I(lh‘hmughl cmmlal@m&ntahye ekbcuttbrd ahadée istede rB&hxfm)e Tetdeod as
set forth in %%ﬁ{éﬂt?b‘hﬂd"*?r%c?é E‘rra‘t"é‘?né)crhu@”u%ng tl&l?s) to (c?l): st dod¥ tf\é”l&

include retrie?ing mc Fo-instruction froma mcroco
sequences. 3@estlied iptenbi ( a% informiesk by compleaientary, exgrationnmpdy Sfﬁf@I udes

?ﬁceSSIt ng a Vi'ﬁ){c}ﬂfne S@ler@fised@tazelde %&rﬁfb@tlcﬂ%@d@%]gﬁ&hr?ém{t%? tffzht%lﬂ‘i‘@dst %)
e se IS i y a wa e retri eve I rs a eas ar
control inf o;}ﬁﬁﬁ ’i?ﬂuﬁﬁbfﬁat%%% gfé?fﬁrfat%‘a{eéiule?h%t?tea%% trage segmend buil do

state machine transitions to the other states as described earlier.

Referring now to Figures 8 - 15, wherein eight pipeline
diagrams illustrating one embodiment each of the various pipeline stages
employed to pipeline the various operations described earlier are shown. °
These diagrams will be referenced to aid describing one embodiment each of
pipelining the various operations described earlier. The operations
themselves will not be re-described. Refer to the earlier description for
details. In each of these figures, the time period denoted by the vertical
solid lines represents one clock period. The time periods denoted by the
vertical dotted lines represent fractions of one clock period. Those skilled in
the art will appreciate that other time division or pipeline approaches,
including even a non-pipeline approach, may be employed to perform the
above described operations.

Figure 8 illustrates one embodiment of the pipeline stages
employed to pipeline a trace segment head lookup operation. As
illustrated, when looking up a trace segment head, tag array 12 is accessed
during the first half of a clock period. Content address matching (CAM)
lookup is performed during the first quarter of the clock period. For the
illustrated embodiment, only predetermined subsets of the tag addresses bits
are employed during the CAM lookup. In turn, data array 14 is accessed
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-’governed by a predeterm ned set rel ationship between the first and ZFSeJUN 2003
second datwdionesoz 37. The nethod as set forth in clai m 33, pehvess/ st ep
(c) includes accessing a way of a set of data lines of a data array, where
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3. Aly. An. An. RF™V
output or invalidated during the fourth quarter of the clock period,

depending on the result of the full tag matching.

Figure 10 illustrates one embodiment of the pipeline stages
employed to pipeline uOP output switching to a microcode sequencer. Tag
array 12 is accessed during the first half of a first clock period. During the
second half of the first clock period, detection for the microcode sequencer
switch condition is performed, i.e., to detect whether the current data line is
terminated by a complex macro-instruction. If the condition is detected, the
uOP IP, and a selection signal for use to select the uOPs output by the
microcode sequencer are output. The read-only-memory (ROM) of the
microcode sequencer is accessed in the first half of a second clock period,
and any additional processing required by the microcode sequencer is
performed in the second half of the second clock period. The output uOPs
are then delivered to the next pipeline stage in a third clock period.

Figure 11 illustrates one embodiment of the pipeline stages
employed to pipeline uOP output switching from a microcode sequencer.
The ROM of the microcode sequencer is accessed during the first half of a
first clock period. Additional processing required by the microcode
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10%&: () - F410 /q%aégs € 0 / t(o) plpe ine a(l)etch %ugst gw\éyé@onse FE a cache miss. As
shown, the fetch request (referred to as a demand type) is issued in the next
clock period following a cache miss resulted from a trace head lookup. For
the illustrated embodiment, an instruction translation look-aside buffer
(iTLB) is accessed during the next clock period.

Figure 14 illustrates one embodiment of the various pipeline
stages employed to pipeline writing of a completed data line into data array
14. As shown, the "LRU" way of a current set X is determined in a first
clock period. As described earlier, in an embodiment where partial tag
matching is performed when looking up a trace segment head, the "LRU"
way is qualified with the criteria of assuring unique partial tag addresses for
all ways of a set. Concurrently, during the first clock period, the previous
way of set X - 1 modulo S for the selected way of current set X is determined.
(Note that if the previous way of set X - 1 modulo S for the selected way of
set X is not null, it means the selected way of set X is currently used by
another trace segment, which is about to be overwrittenclobbered.) The
uOPs are bypassed and written into data array 14 in a second and a third
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T10%& () - $t $Eepeibwiat of (Ad OtHd} trd@48gehént: In an alternate embodiment, a trace
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second clock period, and then corrected if necessary in the third clock

period.

Figure 15 illustrates the tail maintenance, and the
overwrittenclobbering scenario in further detail. Shown are two exemplary
trace segments TS1 and TS2. For ease of explanation, TS1 includes trace
segment body 102 and trace segment tail 104, stored in set X - 2 modulo S,
way 0 and set X - 1 modulo S, way 0, respectively, whereas TS2 includes trace
segment bodies 106 and 108, and trace segment tail 110, stored in set X - 2
modulo S, way 1, set X - 1 modulo S, way 1, and set X, way 1, respectively.

Set X, way 1 was selected to store a new trace segment tail 112 for TS1. To
properly associate set X, way 1 to TS1, the previous way field of set X, way 1

is modified to index to way 0, as shown. The tail information of set X, way 1

was already set, thus no change is needed. Had set X, way 1 was not ' 2
previously used to store a trace segment tail, the tail information will be set.

In addition, to properly establishing the data line of set X, way 1
as the trace segment tail of TS1, the next way field, and tail information of
TS1's previous tail stored in set X - 1 modulo S, way 0 have to be updated.
As shown, the next way field for set X - 1 modulo S, way 0 is updated to
index way 1, and the tail information is cleared. Furthermore, in one
embodiment, the control information for TS2 has to be updated. As shown,
the immediate predecessor to overwrittenclobbered trace segment tail 110,
that is prior trace segment body 108 of TS2 is converted into trace segment
tail 108 for TS2 instead. This is accomplished by setting the tail bit for set X -
1 modulo S, way 1.

Figure 16 illustrates one embodiment of a computer system
suitable for practicing the present invention. As shown, exemplary
computer system 100 comprises one embodiment of cache memory 10' of
the present invention. Additionally, exemplary computer system 100
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Cache memory 10' is constituted and operates as earlier
described. The rest of the other elements 102 - 114 are intended to represent
a broad category of these elements found in the art. In one embodiment, all
of these elements 10’ and 102 - 114 are disposed in the same processor
integrated circuit (chip). In other embodiments, various ones of the

elements may reside on separate chips.

While the method and apparatus of the present invention
have been described in terms of the above illustrated embodiments, those
skilled in the art will recognize that the invention is not limited to the
embodiments described. The present invention can be practiced with
modification and alteration within the spirit and scope of the appended
claims. The description is thus to be regarded as illustrative instead of

restrictive on the present invention.

Thus, a method and apparatus for trace based instruction
caching has been described.
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a) a data array having a plurality of data lines; and
b) control logic coupled to the data array to store a plurality of trace
segments of instructions into the data lines, including trace segments that span multiple
data lines, and to locate each of the multiple data lines spanning trace segments by

address matching a single location address.

2. The apparatus as set forth in claim 1, wherein the control logic operates to
constitute each trace segment with trace segment members having one or more
instructions, and store each trace segment member in a data line; and the control logic
further operates to sequentially associate the data lines of a multi-line trace segment in a

logical manner.

3. The apparatus as set forth in claim 1, wherein the control logic operates to retrieve
trace segment members of a multi-line trace segment by first locating the data line storing
a first trace segment member of the multi-line trace segment and retrieving the first trace
segment member, and then successively locating the remaining data lines storing
remaining trace segment members based on logical sequential associations of the data
lines, and retrieving the remaining trace segment members as the data lines they occupy

are located.

4, The apparatus as set forth in claim 3, wherein the control logic operates to
maintain addresses associated with the data lines storing the first trace segment members
of the trace segments to facilitate said locating the first trace segment members of the

trace segments.
S. The apparatus as set forth in claim 4, wherein

the apparatus further includes at least partial content address matching circuitry,

and
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matching circuitry operates to at least partial content address match the maintained
associated addresses with an access address to locate the data line storing a first trace

segment member of a trace segment.

6. The apparatus as set forth in claim S, wherein

the control logic operates to partial content address match the maintained
associated addresses with the access address to locate the data line storing a first trace
segment member of a trace segment; and

the control logic further operates to validate the first trace segment member stored
in a partially matching data line is indeed the correct first trace segment member being

sought.

7. The apparatus as set forth in claim 1, wherein the control logic operates to
maintain at least partial control information for each data line of a multi-line trace
segment to sequentially associate the data line with its successor data lines in a logical

manner, where applicable.

8. The apparatus as set forth in claim 7, wherein

the data lines are organized into N ways of S sets; and

the control logic operates to maintain a next way index for each data line of the
multi-line trace segment, except the last data line, to index a way location of an

immediate successor data line.

0. The apparatus as set forth in claim 7, wherein

the data lines are organized into N ways of S sets; and

the control logic operates to store successive trace segment members of a multi-
line trace segment into successive data lines, maintaining a predetermined set relationship

between the successive data lines.

10.  The apparatus as set forth in claim 7, wherein
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the control logic operates to maintain a next set index for each data line of the
multi-line trace segment, except the last data line, to index a set location of an immediate

successor data line.

11.  The apparatus as set forth in claim 1, wherein the control logic operates to
maintain at least partial control information for each data line of a multi-line trace
segment to sequentially associate the data line with its predecessor data lines in a logical

manner, where applicable.

12.  The apparatus as set forth in claim 11, wherein

the data lines are organized into N ways of S sets; and

the control logic operates to maintain a previous way index for each data line of
the multi-line trace segment, except the first data line, to index a way location of an

immediate predecessor data line.

13. The apparatus as set forth in claim 1, wherein the control logic further operates to
maintain one or more control information associated with all or selected ones of the data

lines to optimize performance of said apparatus.

14.  The apparatus as set forth in claim 13, wherein the control logic further operates
to maintain a next instruction pointer for a data line having the last trace segment member

of a trace segment stored therein.

15.  The apparatus as set forth in claim 13, wherein the control logic further operates
to maintain a next instruction pointer for each data line having a trace segment member

stored therein.
16.  The apparatus as set forth in claim 13, wherein the control logic further operates

to maintain a first trace segment member indicator for each data line having the first trace

segment member of a trace segment stored therein.
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18.  The apparatus as set forth in claim 13, wherein the control logic further operates

to maintain a micro-op pointer for each data line having a trace segment member stored

therein.

19.  The apparatus as set forth in claim 13, wherein the control logic further operates

to maintain a branch target address for a data line, where applicable.

20.  The apparatus as set forth in claim 1, wherein the control logic operates to
terminate storing of instructions of a trace segment in one data line, and continues storing
of instructions of the trace segment in another data line, in accordance with a plurality of

data line terminating conditions.

21.  The apparatus as set forth in claim 20, wherein the data line terminating
conditions include a condition of encountering a complex macro-instruction that decodes

into at least M micro-ops, where M is equal to or greater than a predetermined maximum.

22.  The apparatus as set forth in claim 20, wherein the data line terminating
conditions include a condition of encountering a conditional branch micro-op, after a
predetermined maximum limit for conditional branch micro-ops per trace segment has

been reached.

23, The apparatus as set forth in claim 1, wherein the control logic operates to
terminate storing of instructions as members of a current trace segment, and continues
storing of instructions as members of a new trace segment, in accordance with a plurality

of trace segment terminating conditions.
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26.  The apparatus as set forth in claim 1, wherein the apparatus further comprises a
plurality of buffers for building up trace segment members along a predicted execution

direction before storing them into the data lines.

27.  The apparatus as set forth in claim 1, wherein the apparatus further comprises an
immediate extractor coupled to the data array for extracting a branch instruction pointer

associated with a data line whose contents are being output by the data array.

28.  The apparatus as set forth in claim 1, wherein

the apparatus further comprises (c) a tag array having a plurality of corresponding
tag entries of the data lines, and coupled to the control logic; and

the control logic operates to store control information into the tag entries to

facilitate storing and retrieving trace segment members of the trace segments.

29. A method for caching instructions comprising:

a) storing first one or more instructions in a first data line as a first trace
segment member of a trace segment;

b) storing address information in association with the first data line
containing the first trace segment member, to facilitate location of the first data line and
retrieval of the first trace segment member;

c) storing second one or more instructions in a second data line as a second
trace segment member of the trace segment; and

d) storing at least partial control information other than address information

in association with said first data line about the second data line to facilitate location of
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e) storing third one or more instructions in a third data line as a third trace
segment member of the trace segment; and
) storing at least partial control information other than address information
in association with the second data line about the third data line to facilitate location of
the third data line and retrieval of the third trace segment member upon retrieving the

second trace segment member.

31.  The method as set forth in claim 30, wherein each of (a), (b) and (e) is terminated

in accordance with a plurality of data line terminating conditions.

32.  The method as set forth in claim 30, wherein each of (a), (b) and (e) includes
building the first/second/third data line in a buffer for building up trace segment members

along a predicted execution direction.

33. A method for caching instructions comprising:

a) locating a first data line storing a first trace segment member of a trace
segment by address matching an access address against location addresses maintained in
association with first trace segment members of trace segments;

b) retrieving the first trace segment member and first at least partial control
information other than address information about a second data line storing a second
trace segment member of the trace segment, the at least partial control information being
maintained in association with the first data line; and

c) locating the second data line without address matching, and retrieving the
second trace segment member relying at least in part on the retrieved first at least partial

control information other than address information about the second data line.

34, The method as set forth in claim 33, wherein
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third trace segment member relying at least in part on the retrieved second at least partial

control information about the third data line,.

35.  The method as set forth in claim 34, wherein one or more of (b), (c) and (d)

further include retrieving micro-ops of a macro-instruction from a microcode sequencer.

36.  The method as set forth in claim 33, wherein (c) includes accessing a way of a set
of data lines of a data array, where the way of the set is indexed by a way index of the
retrieved first at least partial control information about the second data line, and the set is

governed by a predetermined set relationship between the first and the second data lines.

37.  The method as set forth in claim 33, wherein step (c) includes accessing a way of
a set of data lines of a data array, where the way and the set are indexed by a way index
and a set index of the retrieved first at least partial control information about the second

data line respectively.

38.  The method as set forth in claim 33, wherein said address matching of (a) is
performed with corresponding address bit subsets of the access address and the location
addresses maintained, and (a) further includes validating whether a matching data line

indeed contains the first trace segment member being sought.

39. An apparatus comprising:

a) an execution unit;

b) a cache memory coupled to the execution unit, the cache memory
including a data array having a plurality of data lines, and control logic to store a plurality

of trace segments of instructions into the data lines, including trace segments that span
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41. A computer system comprising:

a) a processor coupled to a cache memory having a data array with a
plurality of data lines, and control logic to store a plurality- of trace segments of
instructions into the data lines, including trace segments that span multiple data lines, and
to locate each of the multiple data lines spanning trace segments by address matching a
single location address; and

b) an input/output component coupled to the processor.

42.  The computer system of claim 41 wherein the cache memory further comprises a

tag array having a plurality of corresponding tag entries of the data lines.
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